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triticale and barley germplasm will boost production on soils low in boron
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Abstract

Boron deficiency causes grain set failure and yield loss in many of the world’s wheat

growing countries. We suggest growing B efficient genotypes as a means to overcome the
problem. This study evaluated an international germplasm of bread wheat (Triticum aestivum
L.), durum wheat (Triticum durum Dest.), triticale (x Triticosecale Wittmack) and barley
(Hordeum vulgare L.) for B efficiency. The first set of germplasm consisted of bread wheat,
durum wheat and triticale from CIMMYT 1996/97 nurseries and a B efficient check wheat
cv. ‘Fang 60°. The lines were grown in the field on soil with 0.1 and 0.2 , and 0.3 mg HWS
Bkg' for durum wheat and triticale. The grain set index (GSI, percentage grain set in the
first two florets of 10 central spikelets) measured B efficiency in wheat, durum and triticale

genotypes without the need for a B sufficiency control. Three quarters of the lines tested
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were B inefficient, which included all of the durum wheat, 84% of the triticale and 60% of
the bread wheat lines. Six of the bread wheat lines evaluated were in the same B efficient
class as Fang 60. The response to low B was confirmed in a sand culture without added B.
Similarly high frequency of B inefficiency was found in a second set of germplasm which
included bread aﬁd durum wheat, barley and triticalc-lincs from CIMMYT and ICARDA
2000/01 international nurseries. Incorporating the B efficiency trait in germplasm such as
these, would ensure their adaptation to low B soils, and so enable their genetic potential to be

fully realized in some of the world’s difficult production areas.
Keywords: Boron deficiency

Abbreviations: B, boron; HWS, hot water soluble; CIMMYT, the International Maize and
Wheat Improvement Center; GSI, grain set index; ICARDA, International Center for
Agricultural Research in the Dry Areas; 4HTWYT, 4™ High Temperature Wheat Yield Trial;
17ESWYT, 17™ Elite Selection Wheat Yield Trial; 18SAWSN, 18th Semi-Arid Areas Wheat
Screening Nursery; 28IBON, 28™ International Barley Observation Nursery; 28ITYN, 28"
International Triticale Yield Nursery; 28IDYN, 28" International Durum Yield Nursery;
33IDYN, 33" International Durum Yield Nursery; 33ITSN, 33" International Triticale

Screening Nursery; 33IBWSN, 33" International Bread Wheat Screening Nursery.
1. Introduction
In many of the world’s wheat growing areas, from Brazil’s irrigated flood plains (da Silva

and de Andrade, 1980) and Cerrados (da Silva and de Andrade, 1983), China (Li et al., 1978;

Liu et al., 1981) to India’s northwestern states and along the Indo-Nepal border (Tandon and
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Naqvi,1992), Nepal (Misra et al., 1992) and Bangladesh (Reuter, 1987; Rerkasem, 1996),
severe yield losses may be caused by B deficiency, through adverse effects on male fertility
and grain set. These and later studies (Jamjod et al., 1992; Subedi et al., 1997) also reported
large genotypic variatton in the response to B, or B efficiency, in bread wheat. The term B
efficiency is used here without inferring a mechanism, in the same way as defined for Zn
efficiency (Graham, 1984), to designate the ability of a genotype to perform well in soils too
deficient in B for other genotypes. Selecting for B efficiency has been suggested as one cost
effective solution to the problem of yield loss due to boron deficiency in commercially grown

wheat crops (Rerkasem and Jamjod, 1997).

The International Maize and Wheat Improvement Center (CIMMYT) is the world’s single
most important source of wheat germplasm. Each year thousands of lines and breeding
populations from CIMMYT are introduced into countries throughout the world. In the last
four years alone, more than 160 bread wheat, durum wheat, triticale, and barley varieties
derived from CIMMYT germplasm have been released by more than 30 countries
(www.cimmyt.org/Research/wheat). About 55 million hectares of spring bread wheat, nearly
80% of annual spring wheat area in the developing world excluding China, are now sown
each year with varieties developed from the CIMMYT germpiasm. Information about B
efficiency of this major source of bread wheat and durum wheat, triticale and barley
germplasm, especially the portion destined for areas with low B soils, could help to prevent
crop losses due to B deficiency. This study aimed to evaluate the potential to perform in soils

low in B of bread and durum wheat, triticale and barley germplasm.
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2. Materials and methods

An international germplasm of bread and durum wheat and triticale from CIMMYT and
barley from CIMMYT/ICARDA was grown in the field on a sandy loam Tropaqualf soil of
San Sai series and in sand culture in Chiang Mai, Thailand. The first set of germplasm
included 98 lines of bread wheat (the 4AHTWYT and 17ESWYT) and 49 lines each of durum
wheat (28IDYN) and tnticale (28ITYN) and a B efficient check wheat, cv ‘Fang 60’ (Jamjod
et al., 1992). The experiment was arranged as a split plot, with soil B levels in duplicated
mainplots and lines of wheat and triticale (sown, at the seed rate of 3 g m”, in single rows 5
m long, 0.25 m between rows) as subplots. Borax at 0, 1 and 1.5 kg B ha™* was applied to
create the B levels, giving the soil 0.1 (B0.1), 0.2 (B0.2) and 0.3 (B0.3) mg HWS B kg™
Bread wheat are generally less sensitive to B deficiency than durum wheat and triticale
(Rerkasem, unpublished), the 4AHTWYT and 17ESWYT were grown at B0.1 and B0.2 onlry.
At maturity, assessment was made of the number of grains per ear, number of spikelets per
ear, and grain set index (GSI, percentage grain set in the first two florets of 10 central
spikelets, Rerkasem and Loneragan, 1994) from 20 randomly selected ears, and the number

of ears in one m length of row.

The 4AHTWYT, 28ITYN and 28IDYN were also evaluated against Fang 60 in a sand culture
to which no B was supplied. Entries were grown in duplicated earthenware pots (& 30 cm,
30 cm deep) containing washed river quartz sand. The pots were watered twice daily with 1
liter of nutrient solution containing 1000 uM CaCl,, 250 uM MgSQ,, 500 uM KH;PO4, 10 1
M Fe EDTA, 250 uM K;Sb4, 1 uM MnSOs, 0.5 uM ZnSO4, 0.2 pM CuSOy, 0.1 uM CoSOs,
0.1 pM Na;MoOg4 (Broughfon and Dilworth, 1971) and 5 mM KNO;. Grain set index was

assessed at maturity on five ears from each replication for each line.
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The second set of germplasm consisted of 1,108 lines from the 2000/01 international bread
wheat (33IBWSN, 18SAWSN), durum wheat (33IDYN) and triticale (33ITSN) nurseries
from CIMMYT and a‘-barley nursery (28IBON) from CIMMYT/ICARDA. Entries were
sown on soil with 0.1 mg HWS B kg™ in single 5 m rows, with 0.25 m between rows and a
row cach of the B efficiency checks inserted after every 19 entries. The B efficiency checks
were BRB9604 and BRB96-9 (Jamjod and Rerkasem, 1999) for the 28IBON, and Fang 60
and SW41 (Anantawiroon et al., 1997) for the other nurseries. At maturity the GSI was

determined from 20 randomly selected ears for each row.
3. Results
3.1 Responses to boron in bread wheat, durum wheat and triticale

Bread wheat, triticale and durum wheat all exhibited responses to B, where number of grains
per ear and GSI, that varied significantly among the genotypes {(Table 1). Symptoms of B
deficiency observable in bread wheat in BO.1 at anthesis included shrivelled anthers, poorly
developed pollen that did not stain with iodine, and florets that failed to fertilize and
remained open, giving the ears a translucent, “paper lamp” appearance. The paper lamp
effect was also observed in triticale and durum in B0.1 and sometimes in B0.2. In these low
B levels some triticale lines showed a “rat-tail” symptom of the ear tip, in which terminal
spikelets were reduced in size and sometimes compietely degenerated, leaving remnants of
dead, papery white fissue. These symptoms did not occur in bread or durum wheat lines.
There was a significant interaction between the genotype and B effect on the number of
spikelets per ear in triticale, but not in bread wheat or durum. The number of ears m™ was not

affected by B in all three species .
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At BO.1, the B efficient check Fang 60 set grain normally with GSI >85%, while genotypes
evaluated ranged in C;SI from 0% to 100%. Entries with grain set failure in half or more of
their competent florets in B0.1 accounted for three-quarters of the 1996/97 germplasm (Table
2). These included all of the durum lines and all but eight of the triticale lines. Forty percent
of the germplasm was most severely affected by B deficiency in B0.1, with grain set in only
one in five of their competent florets or fewer. These included most of the durum (82%), half
of the triticale, and 14% of the bread wheat lines. Six out of 98 entries of bread wheat, but

none of durum and triticale, had GSI in BO.1 exceeding 85%, the same as B efficient Fang

60.

The species differences were also evident in the responses to B in means of GSI and the
number of grains per ear. The whole nursery mean GSI in B0.1 was highest in bread wheat,
followed by the 28ITYN and 28IDYN, in that order (Table 3). Increasing B level increased
GSlin the B inefficient classes in all three species. In the moderately inefficient classes the
GSI was approaching maximum when B was increased to B0.2, but in the more inefficient
classes, which included all of the durum lines and almost all of the triticale lines, maximum
GSI was not reached until B0.3. Responses to B in the number of grains per ear (Table 4)
followed closely their GSI responses (> = 0.74 for the AHTWYT and 17ESWYT combined;

0.61 for 28ITYN and 0.62 for 28IDYN, all significant at p <0.001).

In sand culture to which B had not been applied (B0O) the AHTWYT, 28ITYN and 28IDYN
lines responded to B deficiency in the same way as in the field at BO.1. In all three species,
the GSI means for each nursery and for each B efficiency class in B0 (Table 5) were almost

identical to those in BO.1 (Table 4), r* for the 4AHTWYT measured at 0.90. Some of the B
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efficient and inefficient bread wheat lines are identified in Table 6. For these individual lines

from the 4HTWYT, their GSI in the sand culture without added B also closely followed those

in the low B soil.

In triticale, the number of spikelets per ear in about one third of the entries was depressed by
B deficiency, with up to 50% depression in the most severe cases (Table 7). The ear size
response to B in the 28ITYN, however, did not correlate with the GSI response (r* = 0.002,
not significant at p < 0.05), neither did those in the 4HTWYT, 17TESWYT (** =0.006 and

28IDYN (% = 0.0004).

3.2 Boron efficiency in the 2000/2001 international germplasm

Through out the experimental plot, the GSI in the B efficient check wheat, Fang 60, was
approaching 100%, and was 84% in BCMU96-9 barley, while it ranged between 70% and
80% in the moderately inefficient wheat SW41 and 60% in BRB9604 (Table 8). Lines with
GSI exceeding 90% included 10% of the 33IBSWYN, 8% of the 18SAWSN, and none of the
28IBON, 33IDYN and 33ITSN. Entries with GSI in the low B soil in same range as or lower
than SW41, the moderately inefficient wheat check, accounted for 71% of the bread wheat,
96% of the triticale and all of the durum wheat and barley in the 2000/01 nurseries. The rat-

tail symptom was observed on many of the barley as well as triticale entries.

4. Discussion

The predominance of B inefficiency in the bread and durum wheat, barley and triticale

germplasm evaluated has a potential to cause serious problems in many of the world’s
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growing areas. Contrary to the often held view of low B requirement and insensitivity to B
deficiency of wheat and related small grains (Lamb, 1967; Marten and Westermann, 1991),
reports of yield loss due to B deficiency have come from many regions. Boron deficiency
has been reported in the field on at least 132 crops in 80 countries in all continents
(Shorrocks, 1997). Large areas of low B soils have been identified in the Americas, Europe,
Africa and Asia, with the single largest contiguous area of B deficiency is in China (Liu et al.,

1981).

Failure of commercial wheat crops due to B deficiency has been reported in China from
Heilongjian in the northeast, (Li et al, 1978) to Yunnan in the southwest (Yang, 1992). The
most extensive area of B deficient wheat so far identified is in one of the poorest corners of
Asia, that extends from the northwest of India into Nepal and Bangladesh, where about one
million ha of crop land is estimated to be adversely affected by B deficiency (Kataki et al.,
2002). Low B soils and incidences of B deficiency are prevalent in the Indian northwestern
states of Bihar, West Bengal, Orissa, Meghalaya and Assam (Sakal and Singh, 1995), where
grain set failure and responses to B in wheat have been reported (e.g. Singh et al., 1976;
Sarkar and Chakraborty, 1980; Mandal and Das, 1988; Dwivedi et al., 1990). A common
local knowledge that the problem extends into neighboring areas of Bangladesh (Reuter,
1987) has been recently confirmed (Kataki et al. 2002). In Nepal B deficiency in wheat and
other crops has been commonly reported from the Terai or flat plains, where half of the
country’s wheat crop is grown (Subedi et al., 1996). Reports of B deficiency-induced
sterility have also begun to come from “less likely” regions. Incidences of B deficiency in
wheat have been reported from Pakistan (Rashid et al., 2002), which is known for high levels
of soil B (Sillanpaa, 1982) or even from areas prone to B toxicity problem. That pockets of B

deficiency may occur among soils with toxic level B has been documented in the Anatolia in
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Turkey {(Gezgin et al. 2002). In cne such pocket B application has been reported to increase
grain yield of durum wheat (cv. C-1252) by 16% (Topal et al., 2002). Bread and durum
wheat, barley and triticale germplasm with the same level of B efficiency as the majority of
those evaluated in this study should be expected to do poorly in all such growing regions that

are prone to B deficiency.

The international germplasm from CIMMY'T, and ICARDA in the case of barley, consists of
superior genetic materials that have incorporated desirable characteristics such as high
yielding capacity and resistance to important diseases. Many developing countries, Nepal
and Bangladesh included, depend on the CIMMYT germplasm as the source of their new
cultivars. In areas prone to B deficiency, the genetic yield potential of this introduced
germplasm cannot be fully utilized because of the B deficiency constraint. Just as we have
found with the CIMMYT germplasm in general, very high proportions of the recommended
and widely grown cultivars in Nepal (Subedi et al., 1997) and Bangladesh (Ahmed et al.,
2002) have been rated as B inefficient. It is not surprising that grain set failure is still
common in farmers’ wheat fields in Bangladesh, especially on the very low B soils in the
northwestern part of the country (Kataki et al, 2002), and Nepal (Pant, 1994; Subedi et al.,
1996). One solution would be to apply B fertilizer, as is routinely done in Brazil. However,
persistence of the probiem in many countries indicates that this seemingly simple and
inexpensive option is not always available to growers. Furthermore, new improved varieties
selected on research stations where B fertilizer has been applied can be expected to fail
commercially, unless advanced breeding lines are assessed for B efficiency before they reach

on-farm tnals.
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Under the low B condition that completely depressed grain set in other genotypes, a few
bread wheat lines have been found to set grain normally, along with the B efficient check
Fang 60. This B efficiency trait confers a remarkabie adaptation to low B soils, so offers a
solution to B deficiency in wheat production. Grain set failure and yield losses may be
prevented by ensuring that germplasm destined for areas prone to B deficiency is B efficient.
A cross between B efficient bread wheat Fang 60 and very inefficient Bonza demonstrated
that gene(s) for B efficiency may be easily transferred (Ngorian, 2001). Responses to B in
the progenies suggested a few major genes controlling B efficiency. There is real scope for
genetic improvement, The source of genes for B efficiency already exists in bread wheat,
screening can be done in the field on soil with low B orin a simple sand culture, as we have
demonstrated. Many of the B efficient genotypes identified were advanced breeding lines,
i.e. ready to be released as cultivars, that were included in CIMMYT international yield
nurseries such as the 4AHTWYT and 17ESWYT. For trticale, durum wheat and barley, a
transfer of relevant genes from B efficient bread wheat such as Fang 60 will probably be
essential. As it is present in the more B efficient bread wheat but not in the less B efficient
durum wheat, triticale and barley, the D genome is of great interest as a possible source of

genes for increasing B efficiency.

The primary effect of B deficiency in bread and durum wheat, barley and triticale was grain
set failure. Boron levels affected grain set in bread wheat lines in the same manner as
previously reported for wheat (Li et al., 1978; da Silva and de Andrade, 1980) and barley
(Ambak and Tadano, 1991). The present study has established that B deficiency has similar
effects on grain set in durum wheat and tn’tical’é, and that the GSI may be used to assess B
efficiency in these species as well as bread wheat (Rerkasem and Loneragan, 1994) and

barley (Jamjod and Rerkasem, 1999). The effect of B deficiency on grain set was equally
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well described using either the GSI or number of grains per ear. However, as the number of
competent florets and the potential number of grains may vary with genotypes and
environment, a B sufficiency control is required to measure the effect of B on the number of
grains per ear in different genotypes and growing conditions. In contrast, the GSI is very
useful to evaluate responses to low B in nurseries with large entry numbers without the need
for a B sufficiency control. The extent of B deficiency in the screening environment may be
indicated by inclusion of a set of check genotypes covering a range of responses to low B.
The GSl is also useful to quantify the problem of grain set failure in wheat, ¢triticale and
barley under a wide range of environmental condition on-farm. The presence of common
varieties with known susceptibility to B deficiency allows verification of B deficiency as the

likely limiting factor.

In some cases, triticale also responded to low B with a depression the number of spikelets per
ear, similar to a previous report on barley (Jamjod and Rerkasem, 1999). The poor
correlation between the effect of B on the number of spikelets per ear and the GSI for
individual genotypes and species suggests that a different process from ear size response may
govern the grain set response. The rat-tail symptom provides a convenient measure for the
effect of B deficiency on spikelet number in barley and triticale. A slight improvement in the
precision of determination of the B effect on triticale may be expected from combining the

GSI and ear size response, but this may not be worth the extra cost of a B sufficiency control.

It is as yet unclear what mechanisms are involved in B efficiency. The differential effects of
B deficiency on B efficient and inefficient genotypes appear not to be reflected in the
concentration of B in their flag leaf or developing ear (Rerkasem and Loneragan, 1994) or the

way they partition B among the various organs (Subedi et al., 1999). Triticale has been
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i2ported to have derived genes for Cu efficiency (Graham, 1979) and Zn efficiency (Cakmak
et al., 1997) from the rye chromosomes. Since triticale is largely B inefficient, the
meghanism for B efﬁci;:ncy is unlikely to be related to those involved in Cu and Zn
efficiency. For tolerance to B toxicity, exclusion of B has been suggested as a primary
mechanism (Nable et al., 1997). In areas where soils have both deficient and toxic levels B
occurring in close proximity, it may be necessary to ensure that selection and breeding for B

efficiency does not inadvertently increase susceptibility to B toxicity, especially in an

international germplasm such as that generated and distributed by CIMMYT and ICARDA.

5. Conclusion

The predominance of B inefficiency in germplasm such as that generated and distributed by
CIMMYT and ICARDA poses a constraint to the realization of its full genetic yield
potential. However, the presence of B efficiency in the germplasm suggests a solution to the
problem of B deficiency in wheat production. We have demonstrated that the B efficiency
trait may confer adaptation to low B soils, and effectively prevent grain set failure and yield
losses. We have further shown that screening for B efficiency can be done easily and
recommend that B efficiency should be included in the breeding objectives for bread and
durum wheat, barley and triticale germplasm destined for growing areas prone to B

deficiency.
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Table 1. The effects of soil B levels (B} by genotypes (G) on the grain set index
(GSI), the number of grain per ear, spikelets per ear and ears per m in bread wheat

(AHTWYT, 17TESWYT), triticale (28ITYN) and durum (28IDYN).

Bread wheat Triticale Durum

4HTWYT [17ESWYT  28ITYN 28IDYN

df (B) 1 1 2 2
Error 1 1 1 2 2
df (Gx B) 49 49 98 98
Error 2 98 08 152 152
GSI (%)
B * k% * ¥k *Hk
GxB * * * *
Grains ear”’
B *xx * *Hk *
GxB * * * *

Spikelets ear™

B NS NS NS NS
GxB NS NS * NS
Ears m*
B NS NS NS NS
GxB NS NS NS NS

*Significant at P <0.05; ** P <0.01; *** P <0.001

NS not significant at P < 0.05.
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Table 2. Frequency distribution of genotypes of bread wheat, triticale and durum by

their grain set index (GSI) in soil in B0.1.4

Class Bread wheat Triticale Durum Total
by GSI 4AHTWYT  I7ESWYT 28ITYN 28IDYN

in BO.1 Frequency (%)

0-20% 143 143 51.0 81.6 40.3
21-50% 57.1 30.6 32.7 18.4 34.7
51-70% 12.2 30.6 163 0.0 14.8
71-85% 12.2 16.3 0.0 0.0 7.1
>85% 4.1 8.2 0.0 0.0 31
Total 49 49 49 49 196

1GSI (%+£SE) of B efficient check, Fang 60

94344 1 855453 91.3+8.8 98.3+14
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Table 3. Responses tc boron in the field in bread wheat, durum wheat and triticale, by

B efficiency class.

Soil Class of genotypes, by GSI in BO.1 Nursery Fang

boron 0-20% 21-50% 51-70% 71-85% >85% mean 60

level Grain set index (%)

Bread wheat (4HTWYT)

0.1 10.2a 35.8a 59.1a 79.3a 89.2a 4252 943a
0.2 71.8b 82.4b 84.4b 89.5b 95.4a 82.5b 98.5a
Bread wheat (17TESWYT)

0.1 13.5a 353a 60.9a 77.5a 87.6a 51.6a 85.5a
0.2 71.5b 79.5b 85.7b 91.70 955a 83.7b 99.0b
Triticale (28ITYN)

0.1 99a  293a 57.6a ne' ne 2472 913a
0.2 62.5b 80.6b 84.5b ne ne 723b 982a
03 95.2¢ 95.1c 97.9¢ ne ne 95.6¢c 96.3a
Durum wheat (28IDYN)

0.1 6.5& 31.4a ne ne ne 128a  983a
02 54.7b 72.3b ne ne ne 58.5b 100.0a
03 88.9¢c 95.8¢c ne ne ne 903c  99.5a

Significant effect of B in each class of genotypes is denoted by different letters by
means of LSD (P < 0.05)

The = no entry in this class
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Table 4. Number of grains per ear in BO.1 relative to B sufficiency (+ standard error)

in different classes of genotypes of bread wheat, triticale and durum wheat grown in

the field.
Class of Bread wheat Durum Triticale
genotypes, by 4HTWYT  17ESWYT  28ITYN 28IDYN

GSIinBO.1 Number of grains ear” in BO.1 relative to B sufficiencyt

0-20% 0.2010.11 0.33+0.08 0.10+£0.01 0.06+0.08
21-50% 0.3940.18 0.5310.20 0.254+0.01 0.14+0.03
51-70% 0.6910.15 0.5710.18 0.4510.07 ne
71-85% 0.8040.18  0.6020.11 ne* ne
>85% 097+0.19  0.7540.14 ne ne
Fang 60 0.9440.26 1.01+0.04 1.051+0.27 1.1440.05
Mean 0.4940.29 0.5640.29 0.2240.17 0.06£0.10

1 B sufficiency was B0.2 for bread wheat and B0.3 for durum wheat and triticale.

1

ne = no entry in this class
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Table 5. Mean grain set index (GSI) of bread wheat, durum wheat and triticale lines
in different boron efficiency classes in sand culture without added boron (B0),

compared with a boron-efficient check, Fang 60.

Class Bread wheat Triticale Durum wheat
by GSI 4HTWYT 28ITYN 28IDYN

in BO.1 Grain set index in BO (%+SD)

0-20 28.4+20.2 10.4£16.7 83115
21-50 58.6+18.6 17.0£18.2 10.3£10.0
51-70 63.5£20.0 39.1+£26.4 net
71-85 67.3£19.8 ne ne
>85 92.0+11.4 ne ne
Nursery mean 57.2+22.7 17.9+£23.9 10.6£16.6
Fang 60 95.0+£7.1 96.4+3.2 97.2+4.0

TNo entry in this class
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Table 6. Grain set inuex (GSI) of various boron efficient and inefficient bread wheat
lines in a soil low in B (0.1 mg HWS B kg™, B0.1) and sand culture without added B

(B0). (Each GSI number is mean of two replicates, +standard deviation)

Boron condition for screening Soil (B0.1) Sand (BO)

Nursery, entry no., variety or cross Grain set index (%+SD)
4HTWYT

| Fang 60 94.3%1.7  95.0+7.1
4 MOCHIS T 88 29.3+8.8 38.8+£14.5
5 FASAN 3.6+12.0 8.3%18.0
12 PATIO0/ALD//PAT72300/3/PVN/4/BOW 92.742.4  89.4%19
13 PATI10/ALD//PAT72300/3/PVN/4/BOW 85.8+0.4 91.6+3.4
15 TRAP#I/BOW 83.5£15.6 85.3+2.1
20 PRINIA 0+0.0  15.8+0.0
30 TIAL 85.0+4.2 824471
17ESWYT

1  Fang 60 85.5+14.1 nd'
6  WEAVER 2.8+3.2 nd
7  CHIL/2*STAR 89.0+0.6 nd
9  TURACO/CHIL 17.8+1.8 nd
28 CHEN/AEGILOPS SQUARROSA 53+04 nd

(TAUS)//BCN

31 STAR/KAUZ/PVN 87.0+1.4 nd
43  KAUZ*2//SAP/MON/3/KAUZ 88.3+11.0 nd
47 CPAN 3004 86.0£16.3 nd

Thd = no data
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Table 7. Effect of B on ear size (number of spikelets per ear) in triticale grown in the

nMawuon 1.1

field at different levels of B, with ranges in parentheses,

B response Number BO.1 B0.2 B0.3

classt of entries Spikelets per ear

Responstve 19 14.66 19.44 2281
(12.7-15.4) (14.8-25.5) (19.4-27.9)

Non-responsive 30 18.04 20.73 20.29
(12.8-248)  (14.1-248)  (13.4-25.6)

Fang 60 12.75 14.10 13.40

LSD (P <0.05) 5.84

tSeparation between responsive and non-responsive classes by means of the

difference for each genotype between B0O.1 and B0.3 in number of spikelets per ear

that is either greater or less than the LSD.
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‘Lable 8. Frequency distribution (%) of boron efficiency classes in selected sets of CIMMY'T

2000/01 international germplasm grown in soil with 0.1 mg HWS B kg™

Grainset  Bread wheat Barley Durum Triticale  Whole
index 33IBS- 18SA- 28IBONt wheat 33ITSN  germ-
class WYN WSN 33IDYN plasm

(%) Frequency (%)

<20 364 23.0 37.0 347 428 354
20-49 250 23.0 39.0 51.0 25.5 29.2
50-74 3.0 28.7 240 143 275 19.5
75-90 20.6 17.2 0.0 0.0 41 11.0
>90 - 10.1 8.0 0.0 0.0 0.0 4.9
Total 388 190 265 49 216 1108

GSI of B efficiency checks (%, with standard deviation in brackets)

SwW41 71.1£74  71.6£55 60.5+6.6F 82.8+1.0 70.1+43

Fang 60 97.2+0.8 96.8+1.2 84.3+£23§ 99301 96.5%08

t From CIMMYT/ICARDA

1 BCMU96-9 and § BRB9604
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Abstract

The genetic control of boron (B) efficiency in wheat (Triticum aestivum L.) was
studied for three genotypes representing B inefficient (I, Bonza), moderately B
inefficient (MI, SW 41) and B efficient (E, Fang 60) categories. Boron efficiency was
expressed as a partially dominant character but the phenotypes of F; hybrids, relative
to parents, indicated genetic control varied from recessive to additive to completely
dominant with different cross combinations and B levels. Major genes were identified
from the evaluation of F,-derived F; populations derived from intercrosses between
the three parents. Monogenic segregation was found in Bonza x SW 41 and SW 41 x
Fang 60 crosses and digenic segregation resulted between Bonza x Fang 60 cross.
Among the three wheat genotypes with widely different B efficiency, genetic

variation for response to B could be accounted for by two genes, Boy/ and Bog2.

Abbreviations: B, boron; E, efficient; GSI, grain set index; HWS, hot water soluble;

I, inefficient; MI, moderately inefficient



Introduction

Low boron (B) soils are widespread in many subtropical wheat growing areas
(Sillanpaa, 1982; Shorrocks, 1997). These include the northern region of Thailand,
where wheat is being promoted (Rerkasem & Jamjod, 1989) and established wheat
growing areas of China (Li et al., 1978), Bangladesh (Kataki et al., 2002),
northwestern India (Sakal & Singh, 1995) and the Terai and mid-hills of Nepal
(Subedi et al., 1996). Boron deficiency causes yield reduction by inducing male
sterility, resulting in grain set failure (Rerkasem & Loneragan, 1994). A wide range
of genotypic variation for response to low B has been identified and genotypes were
classified into distinct B efficiency classes, namely, efficient, moderately efficient,
moderately inefficient and inefficient (Rerkasem & Jamjod, 1997). Below a critical B
level, inefficient genotypes were completely sterile and set no or just a few grains,

while efficient genotypes set grain normally.

Genotypic variation offers a solution to sterility of wheat in low B soils.
Boron efficient genotypes have been found to avoid sterility in the field in low B soils
in Bangladesh, Nepal and northern Thailand where inefficient genotypes sustained
serious yield losses (Rerkasem & Jamjod, 1989; Subedi et al., 1996; Kataki et al.,
2002). Avoidance of B deficiency through selection and breeding for B efficient
cultivars appears to be a promising approach for wheat. Furthermore, the response to
low B in wheat is unique in that at certain levels of B deficiency male fertility, easily
quantified as grain set, is the only adverse effect observed (Rerkdsem et al., 1997).
Wheat therefore offers a model plant on which the effect of B deficiency on male

fertility may be studied without the confounding effects from other physiological



processes. However, the lack of understanding of genetic control of B efficiency

traits involved in grain sct hampers selection and breeding for B efficiency as well as
genotypic variation studies. In this study, we evaluated responses to B of Fy hybrids
and F,-derived F; populations in comparison to those of their B efficient, moderately

inefficient and inefficient parents, to determine their genetic control.

Materials and Methods

Genetic materials

Fang 60 (B efficient; E, Jamjod et al., 1992), SW 41 (moderately B inefficient; MI,
Rerkasem & Loneragan, 1994) and Bonza (B inefficient; I, Rerkasem & Jamjod,
1997) were used as parents. F; hybrid plants of three crosses, Bonza x SW 41, SW 41
x Fang 60 and Bonza xﬂF ang 60, including reciprocal crosses were tested in
Experiment 1 and sown in B sufficient soil to produce F; and F3 generations. F3
populations were tested in sand culture in Experiment 2. The first backcross
population (BC,) was made for the Bonza x SW 41 cross using Bonza as a recurrent

parent, i.e. Bonza x (Bonza x SW 41), and used in Experiment 3.

Experiment 1: Evaluation of F; hybrids to B levels

Parents and F; populations were sown in a low B soil (0.1 mg hot water soluble B kg™")
in the field at Chiang Mai University. The experiment was arranged as a split plot
design with 3 replications. Three B levels were arranged in main plots, including nil

(B0), limed at the rate 2 t ha'' (BL), to accentuate B deficiency (Rerkasem & Jamjod,

4



1989) and boron at the rate 10 kg borax ha'! (B+) applied to the soil. Three parents
(Fang 60, SW 41 and Bonza) and their F, hybrids were arranged in sub plots. In each
plot, 5 plants of each parent and F; were sown in single rows with 0.1 m between plants
and 0.25 m between rows. At boot stage, the first two ears of each plant were bagged to
prevent outcrossing. At maturity, the bagged ears were harvested and the effect of B
deficiency quantified as the grain set index (GSI, percentage of the 20 basal florets from
10 central spikelets with grain; Rerkasem & Loneragan, 1994). Responses to B of

parents and F; hybrids were compared by Duncan’s Multiple Range Test (DMRT).

Experiment 2: Evaluation of Fj-derived F; families

Three populations of F>-derived F; families examined included (Bonza x SW 41),
(SW 41 x Fang 60) and (Bonza x Fang 60). Families were sown in freely drained
earthenware pots (0.3 m diameter and 0.3 m deep) containing washed river quartz
sand with no detectable available B. The sand was watered twice daily with an
otherwise complete nutrient solution without added B (B0). The nutrient sclution was
adapted from Broughton & Dilworth (1971) and consisted of (xM): CaCl,, 1000;
MgSQ04, 250; KH,PO4, 500; FEEDTA, 10; K804, 250; MnSQy, 2; ZnS0,4, 0.5;
+CuS0y4, 0.2; CoSOs, 0.1, Na;MoO,, 0.1 and KNOs, 5000, This sand culture system
has been successfully used in screening for B efficiency in wheat (Rerkasem &
Jamjod, 1997) and barley (Jamjod & Rerkasem, 1999). In each pot, eleven plants per
family or parental line were sown with one plant of the B inefficient genotype, Bonza,
at the center, 1.e. 12 plants per pot. The number of families for each combination
were 85 for (Bonza x SW 41)F;, 92 for (SW 41 x Fang 60)F; and 114 for (Bonza x

Fang 60)F;. Twelve pots of each parental line were included. At boot stage, the first
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two ears from each plant were bagged. At maturity, the bagged ears were harvested

and assessed for grain set with the GSIL.

To classify families into each type of response to B, mean GSI and variance
within family were calculated and related to those of the parents. With respect to B,
the families were classified as homozygous efficient or homozygous inefficient when
their mean and variance were in the range of either efficient or inefficient parents.
Families with means outside the range of the parents but having a variance within the
range of the parents were classified as homozygous intermnediate. Families with a
variance higher than those of parents were classified as segregating. Chi-square
analysis was used for testing goodness of fit of the observed segregation ratio to the
value expected for each of two models. Families for each population were tested for
the monogenic ratio of 1 homozygous efficient : 2 segregating : 1 homozygous
inefficient and for the digenic ratio of 1 homozygous efficient : 14 (homozygous

intermediate + segregating) : 1 homozygous inefficient.

Experiment 3 Evaluation of backcross population

The backcross population (BC,) of Bonza x (Bonza x SW 41), B inefficient recurrent
parent; Bonza and donor parent, SW 41 were tested for response to B in sand culture
without added B as described in Experiment 2. One hundred of BC,F; plants and 50
plants of each parent were sown. At boot stage, the, first two ears from each plant were
bagged. At maturity, plants were harvested and grain set determined based on the
GSI of bagged ears. Chi-square tests were conducted to examine the segregation ratio

of the backcross population with the expected ratio of 1 Bonza type tol heterozygote.



Results
Response of F; hybrids

There was a significant difference in the response to B among the three wheat
genotypes and their F, hybrids (Table 1). The GSI in all genotypes exceeded 80%
when B was applied (B+). The parents differed in GSI in response to the lower B
treatments, BL and BO. Fang 60 was the most efficient and did not show an adverse
effect of B deficiency. SW 41 showed an intermediate B efficiency, with GSI of
58.3% in B0 and 44.2% in BL. With GSI of 32.9% in B0 and 0.2% in BL, Bonza was

the most inefficient.

The GSI of F hybrids relative to their parents varied with the parental
combinations and B treatments. There was no significant difference between

reciprocal crosses at each B level.

With the BL and BO treatments the GSI of the F) hybrids from SW 41 x Fang
60 combinations were not significantly different from the efficient parent, Fang 60.
Those from Bonza x Fang 60 combinations were intermediate between the two
parents but closer to Fang 60 at BL and not different from Fang 60 at BO. In contrast,
F, hybnids of Bonza x SW 41 were not significantly different from the inefficient

parent (Bonza) when grown at BL and were similar to the two parents at BO.

Response of Fr-derived F; populations



As in low B soil, the three parental lines and their Fy populations tested in this study
showed a large range of responses to low B in sand culture (Table 2). Mean GSI of
Bonza, SW 41 and Fang 60 parental lines were between 0-3, 33-69 and 87-99%,
respectively. Mean GSI of F, derived families were within the range of their
respective parents. Within line variances of the inefficient Bonza and efficient Fang
60 parents were between 0-189 while those of the intermediate, moderately inefficient
SW 41 parents were between 657-1328. Within family variances of the F varied

from 0 to 2508 (Table 2).

Means and variances of F3 families for each cross were compared to parents
and classified into homozygous efficient, segregating, homozygous intermediate and
homozygous inefficient types. Families from Bonza x SW 41 and SW 41 x Fang 60
could not be clearly classified into homozygous SW 41 and segregating classes due to
high phenotypic variance within the SW 41 parent (Figure 1a and 1b). Therefore,
families were classified into homozygous inefficient (I) and segregating plus
homozygous moderately inefficient (Seg + MI) for the Bonza x SW 41 cross and
segregating plus homozygous moderately inefficient (Seg + MI) and homozygous
efficient (E) for the SW 41 x Fang 60 cross (Figure 1¢). Chi-square analysis
demonstrated that segregation of F1 families from the crosses Bonza x SW 41 and SW
41 x Fang 60 was consistent with the single gene model (Table 3). Segregation of F,
families from the cross Bonza x Fang 60 qeviated from the monogenic ratio and was

consistent with a two gene model (Table 3).

Response of backcross population



When tested in B0, the inefficient recurrent parent, Bonza set no grain (Figure 2).
The GSI of the donor SW 41 parent ranged between 25% and >75%. Nearly 50% of
the BC, population expressed the same GSI as the recurrent parent. Chi-square
analysis was consistent with 1:1 ratio of Bonza type: heterozygote (y2=1.17,p=

0.5945).

Discussion

The segregation patterns of F»>-derived F; families and the BC; population between
parents with contrasting levels of B efficiency were consistent with B efficiency being
under the control of major genes. The full response range of the three parents was
shown to be controiled by two major independent loci, with the efficient Fang 60
having efficiency alleles at both loci and the moderately inefficient SW 41 having
efficiency alleles at one locus. The B inefficient Bonza is expected to have alleles for
inefficiency at both loci. If the gene symbol Boy is assigned to the loci controlling B
efficiency, the proposed genotypes of these parental lines are as follows: Fang 60
BoglBoyl Bog2Bogs2, SW 41 boylbogql Bogs2Boy2 and Bonza boglbogsl boys2bog2. This
study presents the first clear evidence of genes controlling B efficiency in wheat,
although there have been reports in other crops. For example, Xu et al. (2001)
suggested one major gene controlled B efficiency in oil seed rape, but that possibly
another three minor genes were also associated with B efficiency. Major gene control
of B efficiency has also been reported for celery (Pope & Munger, 1953), tomato

(Wall & Andrus, 1962) and red beet (Tehrani et al., 1971).



The results of this study suggested that the responses of F; hybrids compared
to parents varied with B treatments and parent combinations. Responses of the F,
from the Bonza x SW 41 were close to the B inefficient Bonza at BL and intermediate
to the two parents at B0, suggesting recessive and additive control of B efficiency,
respectively. In contrast, for the crosses SW 41 x Fang 60 and Bonza x Fang 60 at BL
and B0, the GSI of the F| hybrids were close to the B efficient Fang 60, indicating
completely dominant control of B efficiency. The changing response of Fy hybrids
according to their parental combinations and treatments was also found in the study of
tolerance to high concentrations of B (Paull et al., 1991). These responses were
consistent with the hypothesis of Knight (1973) that for a quantitative trait the
response of an Fy hybrid relative to its parents, will vary according to the

environmental conditions.

The nature of the expression of B efficiency will influence the level of the
treatments selected for screening segregating populations in a breeding programme.
For exampie, BO in sand culture was able to identify homozygous inefficient genotype
but could not differ heterozygote from homozygous moderately inefficient genotypes
from an I x MI cross (Figure 2) whereas BL in soil suppressed grain set of both
genotypes (Table 1). However, low levels of B could not be used to discriminate
heterozygotes and homozygous efficient (E) genotypes when screening an F and
other segregating generations due to the dominant gene action (Table 1, Ngorien,
1999). Progeny testing, as shown in the study of F3 (Figure 1), is suggested for

screening segregating populations involvizg B efficient (E) parents.
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As B efficiency in wheat is controlled by major genes, the backcross method is
the most efficient way for transferring B efficiency into locally adapted, inefficient
varieties. Backcross-derived lines between SW 41 (Bo,2) as the donor parent and
Bonza as the recurrent parent are now being developed at Chiang Mai University and
will be evaluated for yield advantage in the next growing season. The Bonza
derivatives carrying Bo,2 will be selected and following further crosses with Fang 60
as a donor parent, lines carrying Bo,l and Bo,2 will be developed for evaluation under

low B conditions.
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Table 1. GSI (%) of three parents, F; hybrids and reciprocal crosses in response to B
levels. BL = limed soil with no added B; B0 = unlimed soil with no added B; B+ =10

kg Borax ha™' added to unlimed soil.

Parents/F; hybrids B treatments”
BL BO B+

Bonza 0.2d 329b 86.0a
SwW 41 442 ¢ 583b 90.8 a
Fang 60 98.1a 99.1a 97.9a
Bonza x SW 41 33d 46.0b 80.6 a
SW 4] x Bonza 9.7d 38.7b 942 a
Bonza x Fang 60 65.8 be 915a 96.9a
Fang 60x Bonza §7.5 ab 97.2a 97.8 a
SW 41 x Fang 60 93.2a 97.0a 93.6a
Fang 60x SW 41 93.1a 98.6a 94.7 a

Flest B“, G“‘, BxG™*

*and *~ Significant at 0.01 and 0.001 probability levels, respectively.

9 Means within a column with the same letter do not differ significantly at 5% level

with Duncan’s Mul*iple Range Test.
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Table 2. Range of mean GSI (%) and variance within family/line of 3 parents and F,-

derived families, from 3 crosses grown in sand culture without added B (B0). Values

are based on 11 plants per F;-derived family.

Line/Family Mean GSI (%) Variance
n Min Mean Max Min Mean  Max
Parents
Bonza 12 0 1 3 0 12 51
SW 41 10 33 52 69 657 953 1328
Fang 60 12 87 94 99 4 75 189
Fj families
(Bonza x SW 41) F3 85 0 17 71 0 466 1907
(SW 41 xFang60)Fy 92 30 69 98 10 625 1586
(Bonzax Fang 60)F; 114 0 41 100 0 759 2508

n = number of parental lines or F; families
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Table 3. Chi-square analysis of the responses to B deficiency of Fy-derived F; families

from three crosses grown in sand culture without added B.

Cross Model” Number of families® %2 P
I Seg+MI
Bonzax SW 41 1:3 Exp. 21.25  63.75 0.18 0.6611
1:15  Exp. 531  79.69 18.65 <0.001
Obs. 23 62
Seg+MI E
SW 41 x Fang 60 3:1 Exp. 69 23 1.06 0.3355
15:1  Exp. 86.25 575 11.65 <0.001
Obs. 73 19
I Seg+Int. E
Bonza x Fang 60 1:2:1  Exp. 28.5 57 28.5 61.34 <0.001
1:14:1 Exp. 7.125 9975 7.125 526 0.078
Obs. 12 92 10

4 Exp.— expected ratio; Obs. — observed ratio.
® E = homezygous efficient, MI = homozygous moderately inefficient, I = homozygous

inefficient, Seg = segregating, Int. = homozygous intermediate.
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Figure 1. Mean GSI (%) and variance within families of F,-derived F; families and
parents grown in sand culture without added B. Note: Mean GSI and variance of
Bonza parent were both 0 and obscured by F; families’ data.

a) Bonza x SW 41

b) SW 41 x Fang 60

¢} Bonza x Fang 60

Figure 2. Response of GSI (%) of backcross population (BC;), recurrent (Bonza) and

donor (SW 41) parents grown in sand culture without added B.
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Contrasting responses to boron deficiency in barley and wheat

Wongmo, J., Jamjod, S. and Rerkasem, B.

Agronomy Department, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200
Thailand

Abstract

To determine if boron (B) deficiency, commonly reported to depress grain set in
wheat, has the same effect in barley, a set of experiments compared five wheat and seven
barley genotypes at various B levels in sand culture and in the field. In sand culture, plants
were grown with levels of added B, from 0 to 10 uM. In the field, they were sown in a low B
soil [0.15 mg hot water soluble (HWS) B kg'] with three B treatments (nil, 2 t lime ha™, 1
kg B ha™"). In sand culture without added B, the genotypes ranged in grain set index (GSI)
from 0 to 93 % for wheat and 0 to 67 % for barley. Boron concentration of the spike and
flag leaf at booting in wheat and barley correlated (r=0.8 - 0.9, p < 0.01) with the e-ffect of

B on GSI. Grain set was the only response, measurable in decreased number of grain spike™
and grains spikelet”’, to low B in wheat. In barley, low B also depressed the number of
spikelet spike™ by 23 to 75 % and induced a “rat-tail- symptom of terminal spikelet

degeneration. There was a weak correlation between spike and flag leaf B and the effect of
B on spike size in barley (r = 0.47 and 0.37, respectively, p < 0.1). In some barley
genotypes, the low B level that depressed grain set sometimes also delayed spike emergence
and depressed the number of spikes plant™ but sometimes increased tillering and dry weight
of straw. These results demonstrate that the phenotype of plant response to low B is more
complex in barley than wheat and may require different strategies for managing B nutnition

of barley including different approaches for selecting B efficient genotypes.
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Introduction

Although it is often reported that cereals have low sensitivity to B deficiency (Marten
and Westerman, 1991; Shorrocks, 1997), wheat (Triticum aestivum L.) and barley (Hordeum
vulgare L.) can be adversely affected by B deficiency in the field. In both species, B
deficiency depresses male fertility, resulting in grain set failure (e.g. see Li et al., 1978 and
da Silva and de Andrade, 1983 for wheat and Ambak and Tadano, 1991 for barley).
Genotypic variation in the response to low B supply has been reported in wheat (Rerkasem
and Jamjod, 1997) and barley (Jamjod and Rerkasem, 1999). Those genotypes that are able
to grow and yield well in soils in which other genotypes are adversely affected by B
deficiency have been called B-efficient genotypes (Rerkasem and Jamjod, 1997). In wheat,
genotypic variation to B has only been expressed in reproductive growth (Rerkasem and
Loneragan, 1994), whereas in barley, it has been reported in both reproductive and
vegetative growth. In barley, however, the B response is somewhat confusing as B
deficiency that depresses male fertility and grain set has been reported to either enhance
(Ambak and Tadano, 1991) or depress (Jamjod and Rerkasem, 1999) vegetative growth.
This study aims to determine how differently barley and wheat phenotypes respond to B
deficiency by comparing a range of wheat and barley genotypes under defined conditions of
B supply. This information has relevance for managing B nutrition in the field and also for

selecting B-efficient genotypes in the future.

Materials and Methods

Barley and wheat genotypes covering a wide range of B efficiency (Jamjod and
Rerkasem, 1999, Anantawiroon et al., 1997) were compared at various levels of B supply 1n
two sand culture experiments, and one experiment in the field and sand culture in Chiang
Mai, Thailand. These genotypes have been identified from extensive screening of
germplasm from the International Maize and Wheat Improvement Center (CIMMYT). In
experiment 1, three genotypes of two-row barley (BRB 9, BCMU 96-9 and CMBL 92029)
and wheat (Fang 60, SW 41 and Tatiara) were grown in sand culture with three levels of

added B, 0, 0.1, 0.3 and 5 uM B. Experiment 2, also in sand culture, compared one genotype
of barley (BRB 9) with one wheat (SW 41) at 0 and 10 uM B. Experiment 3 evaluated seven
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genotypes of two row (BRB 9604, BRB 9, BCMU 96-9, and Stirling) and six row (BRB 2,
FNBL 8309 and LARTC 9408) barley and five genotypes of wheat (Fang 60, Flycatcher,
SW 41, Bonza and Tatiara) in sand culture with two levels of added B, 0 and 10 uM. All of
the sand culture experiments were arranged in three replicates. The same genotypes were
also grown in the field as subplots in main plots of three B levels: BL (soil limed at 2 t ha™ to
accentuate B deficiency), BO (nil) and B10 (10 kg borax ha), arranged in four replicated
blocks.

In the sand culture, plants were grown in earthenware pots (30 cm in diameter, 30 cm
deep) containing washed niver quartz sand. Each pot was watered twice daily with 1 liter of
nutrient solution containing varying levels of added B as described above, and other
nutrients including 1000 pM CaCl,, 500 pM KH,PO4, 250 pM MgSQOy, 250 pM K80y, 10
uM Fe EDTA, 1uM MnSOy, 0.5 pM ZnSQy, 0.2 uM CuSQOy, 0.1 pM Na,MoO, (Broughton
and Dilworth, 1971) and 5 mM KNO;. This nutrient solution has been successfully used to
screen barley (Jamjod and Rerkasem, 1999) and wheat germplasm (Rerkasem and Jamjod,
1997). The field experiment was on a Tropaqualf sandy loam soil of San Sai series with 0.15
mg hot water soluble (HWS) B kg™'. The subplot containing each genotype consisted of 4 x
1 m rows, With 20 cm between rows. For experiments 1 and 2, there was one complete set of
pots for each of two harvests. The first harvest, at boot stage (GS 45, Zadok et al., 1974),
was for determination of spike and flag leaf B. Plant samples were dried, dry ashed and B
concentration determined by the azomethine-H method (Lohse, 1982). Grain set and the
number of spikelets spike” were determined, at maturity in all experiments, on all plants and
tillers in each pot in sand culture, from 20 randomly selected spikes from the 0.6 m middle
section of two central rows in the field experiment. Grain set in wheat was assessed by the
grain set index (GSI), percentage grain set, in the first two florets of 10 central spikelets
{Rerkasem and Loneragan, 1994). The GSI in barley was assessed in the two side florets of
the central spikelets for six-row barley, and the single fertile median florets in two-row
barley (Jamjod and Rerkasem, 1999). Other effects of B that were recorded included
number of tillers plant”, spikes plant'l, spikelets spike™, days to floral initiation and spike

emergence, shoot dry weight at boot stage and grain yield.
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Results and discussion

There were both similarities and major differences in the response to low B of barley
and wheat. Although B deficiency was moderate in the field and extreme in the pot trials,
for the most part, trends were similar across experiments. In the sand culture without added
B, grain set measured with GSI ranged from 0 to >90% in wheat and from 0 to 67% in barley
genotypes (Tables 1, 2). The two most tolerant genotypes were wheat, Fang 60 and
Flycatcher (Table 2). They already had GSI that exceeded 90% even without added B, while
increasing B increased grain set in the other wheat and all barley genotypes. Most sensitive
to B deficiency were Bonza, Tatiara (wheat) and Stirling (barley), which consistently had the
lowest grain set in the lower B levels in pots and in the field (Tables 1 and 2). None of the
barley genotypes was as tolerant as Fang 60, the most tolerant wheat genotype. In addition
to its adverse effect on grain set, B deficiency depressed the number of spikelets spike™ in
barley by 21 to 75 % but not in wheat (Tables 3, 4, 5). Barley spikes that were B deficient
exhibited the “rat-tail* symptom (Figure 1¢) in which terminal spikelets had degenerated into

wisps of white papery tissues similar to copper deficiency (Snowball and Robson, 1983).
The lack of response to low B of the spikelet number in wheat is consistent with previous
reports where a large number of genotypes have been evaluated under a wide range of
conditions (e.g. Subedi et al. 1997; Anantawiroon et al. 1997).

In many of the barley genotypes and one of the wheat (Tatiara), tillering was
increased at the level of B that depressed grain set (Tables 4, 5). This stimulating effect of *
low B was observed even when grain set was completely suppressed. That reproductive
growth can be limited by B deficiency, at a level that is not limiting to vegetative growth, has
been previously reported for both barley (Ambak and Tadano, 1991; Jamjod and Rerkasem,
1999) and wheat (Rerkasem et al., 1997). The increased tillering in low B was reflected in a
significant increase in plant dry weight. However, these extra tillers were largely barren.
The number of spikes plant™ was actually depressed by B deficiency in some of the barley
genotypes, by up to 90%. The extra tillers developed into extra spikes only occasionally, in
BRB 9 barley in experiment 2 and Tatiara wheat in experiment 3. Boron deficiency delayed
spike emergence in some barley but in none of the wheat genotypes (Tables 4, 5). Boron
deficiency delaying spike emergence in barley has been previously reported (Phasook,
2000). The author also showed that there was no effect of B deficiency on the rate of barley

development to the double ridge stage of floral initiation. Apparently unrelated to the
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induction of the reproductive primordia, the delay in spike emergence in barley is likely to
be associated with arrested subsequent ontogeny of the primordia, leading to abnormal
morphology (Figure 1b-d). The relationship between various primary and secondary
reproductive and vegetative responses to low B in barley may not be direct and
straightforward. Responses to B in terms of grain set did not correlate with relative
responses to B in the number of tillers plant™, spikes plant™ and spikelets plant™ (p < 0.05)
Boron concentration in the flag leaf and spike of wheat and barley at boot stage

(Tables 6, 7 and 8) correlated well with the effect of B on their GSI (r=0.8 - 0.9, p <0.01).

However, the grain set response to B could be predicted by tissue B only in some genotypes.
The more severe effect of low B on grain set in Tatiara was clearly associated with lower B
concentrations in its flag leaf and spike. The difference was less clear-cut between Fang 60
and SW 41, and among the barley genotypes covering a relatively narrow range of sensitivity
to B deficiency. Previous reports also found SW 41 to be indistinguishable from Sonora 64,
another B efficient wheat genotype (Rerkasem and Loneragan, 1994) as well as from Fang
60 (Subedi et al., 1999) by their tissue B concentration. Boron deficiency depresses grain set
in wheat by adversely affecting pollen development and stigma function (Rerkasem et al.,
1993), and the same possibly applies in barley. The grain set response to B in wheat
correlated more closely with B concentration in the anther and carpel than in the secondary
reproductive parts of the spike such as lemmas and palea (Rerkasem et al., 1997). Thus
anthers and carpel B may better predict grain set response in different genotypes than in leaf
and ear.

Wheat and barley had the same inflorescence type and are similar in the enclosure of
developing spikes within leaf sheaths. The differential effects of B on spikelet number in
wheat and barley were not reflected in their tissue B concentration. The species had about
the same range of B concentrations in the spike and flag leaf (Tables 6, 7, 8) at the booting
stage, while B deficiency depressed spikelet and spike number only in barley and not in
wheat. Among the barley genotypes, the effect of B on spikelet number in barley correlated
weakly (p < 0.1) with spike (r = 0.47) and flag leaf B (r = 0.37). The response to low B in
spikelet number may be related to differences in B requirement for spikelet development or
the ability to supply B to the growing spike inside the leaf sheath. Wheat could be more
effective in transporting B into developing spikes than barley. However, for wheat
genotypes most sensitive to low B in term of grain set such as Bonza and Tatiara this would

have to happen in spite of a very poor ability to supply B for development and function of
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the primary reproductive organs, anthers and carpel. There is a possibility that differential
demand or supply for B may be related to specific parts of the developing spike and
spikelets, at critical stages of their development.

While mechanisms behind the difference between wheat and barley remain to be
explained, agronomic implications of the findings are clear. In both wheat and barley, the
role of B is critical for grain yield and consideration needs to be given to the time taken for
fertilizer B to enter critical sites in the spike at critical times. Wheat grain yield is depressed
by B deficiency primarily through grain set. The effect may be simply predicted by the GSI,
which may be used to evaluate large numbers of wheat lines for B efficiency (Anantawiroon
et al., 1997; Rerkasem and Jamjod, 2001). In barley, in contrast, the effect of B on grain set
may be attenuated by other responses, depending on the genotype. The combined effect of
low B on grain set and spikelet number on the number of grain spike™ and grain yield in
BRB 9 barley (Table 5) is likely to be found in genotypes that behave like BRB 9604 and
BRB 2 (Table 4). For other genotypes the grain yield may be depressed even further through
the adverse effect of low B on the number of spike plant”, as in BCMU 96-9, FNBL 8309
and LARTC 9408. However, a particularly severe effect of B deficiency (e.g. grain set in
BRB 2 and Stirling and the number of spike plant” in BCMU 96-9), may override all other
responses. The GSI is used to evaluate for B efficiency without the need for a B sufficiency
control, the degree of severity in B deficiency is indicated by a set of B efficiency
{Anantawiroon et al., 1997). The index could also be used in a first round identification of
those barley genotypes that are most sensitive to B deficiency in grain set. However,
genotypes in which grain set is tolerant to low B will need to be assessed for other responses
such as spikelet number and spike number, which can be done only in comparison with a B
sufficiency control. Considerable savings may be achieved by such two-step screening
especially with germplasms with a high proportion of genotypes in which grain set is
sensitive to B deficiency. The rat-tail symptom provides a useful visual marker for the more
severe effect of B deficiency on spikelet number.

This paper has shown that the phenotypic response to B deficiency of barley is more
complex than that in wheat. Different strategies for managing B nutrition are required,

including different approaches to select for B efficient genotypes.
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Table 1. Response in Grain Set Index (%) in two-row barley and wheat to boron supply in

sand culture (Experiment 1).

Species/genotype Added B (uM)
0 0.1 0.3 5.0

Barley
BRB ¢ 32.2aD 57.5bD 67.6 cC 76.7dC
BCMU 96-9 23.4 aC 24.8 aC 28.4 aB 546 bB
CMBL 92029 12.5 aB 13.5 aB 22.0bB 41.6 cA
Wheat
Fang 60 94.8 aF 94.4 aF 98.7 aE 98.5 aD
SW 41 67.3 aE 74.6 bE 77.4 bcD 81.9cC
Tatiara 0.2 aA 1.9 aA 13.0bA 61.2 cB

Effects Boron (B) Genotype (G) BxG

F-test >k *k *k

Differences (by LSD p < 0.05) in the same row are indicated by different lowercase letters

and in the same column by different uppercase letters. ** significant at p < 0.01
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Table 2. Response in Grain Set Index (%) in barley and wheat grown in sand culture with
and without added boron; and in the field with limed soil (BL), no added boron (B0) and

boron treated soil (B+) (Experiment 3).

Species/ Sand culture (uM B) Field soil treatment
genotype 0 10 BL BO B+
Two row barley
BRB 9604 66.9 aC 94.5bC 86.7 aDE 93.4 aF 93.6 aBC
BRB 9 573 aC 94.4bC 61.7 aC 69.1 aDE 83.0 bAB
BCMU 96-9 259 aB 76.1 bA 74.5 aCD 92.4 bF 87.5 abBC
Stirling 0aA 92.2bBC 37.7 aB 52.26C 89.6 cBC
Six row barley
FNBL 8309 56.9 aC 79.0 bAB 80.7 aDE 83.4 aF 90.5 aBC
LARTC 9408 29.8 aB 86.7bABC  69.0aCD 79.4 abEF 91.1 bBC
BRB 2 8.7 aA 83.5bBC 63.9 aCD 65.4 aCD 73.6 aA
Wheat
Fang 60 93.3aD 100 aC 98.2 aE 97.8 aF 98.6 aC
Flycatcher 92.7aD 95.0 aC 72.0 aCD 92.5 bF 95.2 abBC
SW 41 60.8 aC 91.7bBC 72.6 aCD 03.4 bF 954 bBC
Bonza 1.3aA 97.4bC 26.0 aB 31.3aB 87.8bBC
Tatiara 02A 75.3 bA 1.8 A 13.6 aA 71.5 bA
Effects Boron (B) Genotype (G) BxG
F-test ok ** *k

Differences (by LSD p < 0.05) in the same row are indicated by different lowercase letters

and in the same column by different uppercase letters.

** significant at p < 0.01
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Table 3. Response in the number of spikelets spike™ in two-row barley and wheat to boron

supply in sand culture (Experiment 1).

Species/genotype Added B (uM)
0 0.1 0.3 5.0

Barley
BRB 9 89aA 9.9 aA 10.0 aA 9.2aA
BCMU 96-9 20.2 aE 256 cE 24 0bE 24.2 bE
CMBL 92029 13.0aB 15.0 bCD 15.9bD 17.6cD
Wheat
Fang 60 14.3 aC 14.2 aBC 14.6 aBC 14.4 aBC
Sw 4] 13.0aB 13.7aB 13.9aB 14.0 aB
Tatiara 15.7 aD 15.8 aD 15.4 aCD 15.6 aC

Effects Boron (B) Genotype (G) GxB

F-teSt %k ek ok

Differences (by LSD p < 0.05) in the same row are indicated by different lowercase letters

and in the same column by different uppercase letters. ** significant at p < 0.01
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Table 4. Relative boron responses (B0 as % of B10) for tillers, spikes, spikelets, Grain Set

Index (GSI) and time of spike emergence in barley and wheat grown in sand culture

(Experiment 3).

Species/ Tillers Spikes Spikelets Days to spike
genotype plant™ plant” spike™ GSI(%)  emergence
Two-row barley
BRB 9604 103.0ab  84.7b 45.1b 70.8 ¢ 1120b
BRB 9 204.0cd 9450 279 a 60.7 ¢ 1319d
CMU 96-9 260.7 d 10.8 a 249 a 340b 125.4 cd
Stirling 110.9ab 11.6a 352 ab 00a 118.6 be
Six-row barley
FNBL 8309 119.7ab  55.6 ab 76.9 c 72.0¢ 1254 cd
LARTC 9408 237.7d 55.6ab 456b 344b 95.0a
BRB 2 186.7cd 7420 36.8 ab 104 a 118.8 be
Wheat
Fang 60 103.0ab 98.0b 95.0d 933 d 100.6 a
Flycatcher 82.4a 67.6b 87.8 cd 97.6d 1060.0 a
SW 41 109.4ab 98.0b 88.1 cd 66.3 ¢ 101.7 a
Bonza 95.8 ab 79.70b 50.6 cd 13a 990a
Tatiara 151.9bc  1549¢c 97.84d 00a 1023 a
Analysis of variance -
Effects F-test
Boron (B) *k * ok *k ok >k
Genotype (G)  ** *ok * %k ok sk
BxG % *k * ok o **

Differences (by LSD p < 0.05) in the same column are indicated by different letters.

** Significant at p < 0.01
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Table 5. Response of vegetative and reproductive growth in wheat (SW 41) and barley (BRB

9) to boron supply in sand culture (Experiment 2).

Plant Added B (uM B) F-test
response 0 10 0 10 Genotype x Boron
Barley (BRB 9) Wheat (SW 41)

Shoot dry weight (gpot')  40.4b  296a  654c  67.2c *
Tillers plant™ 324b 155a 120a 9.6a **
Day of spike emergence 49.1b 458 a 569c¢ 573¢ *
Spikes plant™ 188¢ 13.1b 72a 64a *
Spikelets spike™ 89a 169b  17.6bc  19.0¢ *
Grains spike™ 2.7b 167¢ 0.la 44.5d *
Grain yield (g pot™) 52a 672b 13a 82.6¢ *
Grain Set Index (%) 246b 98.0c 03a 97.7c¢ *

F-test of genotype by boron interaction, significant level: * p < 0.05, ** p < 0.01.
Differences between B levels in each species are indicated by different lowercase letters (by

LSD p < 0.05).
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Table 6. Boron concentration (mg B kg'') in the flag Jeaf at booting of barley and wheat

grown at four levels of boron in sand culture (Experiment 1).

Species/genotype Added B (uM)
0 0.1 0.3 5.0

Barley
BRB 9 13.2aD 13.4 abD 14.6 beE 15.6 cBC
BCMU 96-9 4.6 aA 5.4 abA 6.5bB 87cA
CMBL 92029 6.9 aB 7.0 aB 7.7 aB 7.7 aA
Wheat
Fang 60 9.3 aC 10.9bC 12.1cD 16.2 dC
SW 41 7.5 aB 7.7 aB 9.3bC 143 ¢B
Tatiara 3.8aA 4.1 aA 4.5 aA 8.1 bA

Effects Boron (B) Genotype (G) BxG

F-test *k *% Aok

Differences (by LSD p < 0.05) in the same row are indicated by different lowercase letters

and in the same column by different uppercase letters. ** significant at p < 0.01
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Table 7. Boron concentration (mg B kg') in the spike at booting of barley and wheat

genotypes grown in sand culture at four levels of boron (Experiment 1).

Species/genotype Added B (uM)
0 0.1 0.3 5.0

Barley
BRB 9 6.6 aB 9.5bC 12.3¢D 12.8cE
BCMU 96-9 9.3bD 8.5 abBC 8.2 aB 9.3bC
CMBL 92029 4.1 aA 5.0 abA 5.7bcA 6.1 cA
Wheat
Fang 60 8.5 aCD 8.8 aBC 9.9bC 104 bD
SW 41 7.8 aC 8.2aB 10.9bC 10.9bD
Tatiara 4.9 aA 5.4 aA 6.4 bcA 7.3bB

Effects Boron (B) Genotype (G) BxG

F-test ok NS ok

Differences (by LSD p < 0.05) in the same row are indicated by different lowercase letters

and in the same column by different uppercase letters. ** significant at p <0.01
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Table 8. Boron concentration in the whole spike and flag leaf of the main stem at booting in

wheat and barley grown with (B10) or without (B0O) boron in sand culture (Experiment 2).

Species/genotype Spike B (mg Bkg') Fiag leaf B (mg B kg™)
BO B10 BO B10
Barley, BRB 9 3.1 4.2 4.3 11.2
Wheat, SW 41 5.2 5.8 3.4 11.5
Effects F-test

Boron (B) ok wok

Genotype (G) *k NS

BxG NS NS

** significant at p < 0.01, NS = not significant, p < 0.05
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Figure 1. The primordia of barley (cv. BRB 9) at lemma - awn primordium stage (Zadok et

al., 1974) showing complete spikelet terminal in sufficient B supply (a) compared with
abnormal primordia (b-d) in B deficiency (arrows showing arrested development of terminal
spikelets). B oron deficient barley spike exhibiting the rat-tail symptom, in which terminal

spikelets had degenerated in to wisps of white papery tissue (e).
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ABSTRACT
Genotypic variation in Boron (B) efficiency in wheat (Triticum aestivum L.) is
expressed as large differences in grain set and pollen sterility under low soil B, but the
mecﬁanisms responsible for such differences are unknown. This paper aims to
determine the mechanism for cultivar difference in B efficiency by comparing B-
efficient (Fang 60) and B-inefficient (SW41) cultivars. Plants were grown with
adequate ''B (10 pM), until the premeiotic interphase stage in anther development,
then transferred into '°B at 0.1 or 10 puM.  After five days, ending at the young
microspore stage, all plants were transferred into adequate ''B. Plants were
sequentially harvested at 0, 1 and 5 days after transferring into '°B, and at anthesis,
anthers were collected and fresh pollen examined for viability. After 5 days in 0.1
pM B, during the critical stage of pollen development, pollen viability in SW41 was
depressed by 47 %, but Fang 60 was not affected. Fang 60 maintained total B
concentration in the ear at 6.8 mg kg DW, in contrast to 3.8 mg kg’ DW in SW 41.
Insensitivity to B deficiency o f Fang 6 0 was associated with its greater capacity to
supply adequate '°B to the ear directly from the root, but not from the previously

taken up ''B when external supply was restricted.
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INTRODUCTION

There are numerous reports of genetic variation in B efficiency among wheat
genotypes (Li et al, 1978; Tandon and Naqvi, 1992; Subedi et al, 1993; Rerkasem et
al, 1993; R erkasem and Jamjod, 1997) and o ther c ereals such as barley (Rerkasem
and Jamjod, 1989). Differences in B efficiency in wheat are generally associated with
differences in the d egree o f pollen sterility or the ability to set grain in low B soil
(Subedi et al, 1993; Rerkasem and Loneragan, 1994; Rerkasem and Jamjod, 1997).
Pollen development in susceptible cultivars is impaired by B limitation resuiting in
pollen grains that are small and misshapen and do not accumulate starch {Rerkasem et
al, 1989; Subedi et al, 1997; Anantawiroon et al, 1997). It has been suggested that the
critical phase of anther development is surrounding pollen meiosis (Rawson, 1996),
especially the period from premeiotic interphase through meiosis to late tetrad
development (Huang et al, 2000; Dell and Huang, 2002). However, the mechanisms
underlying cultivar differences in B efficiency in wheat remain unknown, but clearly
they are associated with B supply to the ear during critical stages of
Microsporogenesis.

In broccoli (Brassica oleracea var. italica Plenck-ev—Gommander), greater
remobilization of B into the inflorescence was responsible for the avoidance of
anatomical disorders in the inflorescence due to B deficiency in some cultivars (Shelp
et al, 1992). Similarly, Stangoulis (2001) recently reported that greater B efficiency
in the—oilseed rape (Brassica napus L.) cv.uitivar Huashuang) was associated with
retranslocation of "B from old leaves whereas B-inefficient cultivars lacked this
capacity. However, both of these studies were carried out with Brassica species

which exhibit a degree of phloem mobility of B in contrast to many other species
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which do not (Brown and Shelp, 1997). Huang et al (2001) showed that some '°B,
incorporated into vegetative plant parts following absorption from the external
solution, was capable of retranslocation into the ear of wheat. However, the authors
concluded that the amount of ' °B retranslocated w as i nsignificant relative to the B
demand of the ear. Since only a B-inefficient cultivar, Wilgoyne, was used in this
study (Rerkasem unpublished), the possibility remains that the capacity to
retranslocate B into the ear may differ across cultivars, and that this difference may
allow thethe mechanism of B efficiency in wheat to be identified. The avoidance of
male infertility in B-efficient cultivars may involve the ability to supply B adequately
into the nontranspiring anthers or the developing ear. This experiment set out to
examine B responses of efficient and inefficient wheat genotypes during the most
critical stage in pollen formation and to compare the routes of B mobilization into the
ear.
RESULTS AND DISCUSSION:

Huang et al. (2000) suggested that the period of pollen development from the
premeiotic interphase to the late tetrad was the main phase sensitive to B deficiency.
They also postulated that B deficiency during meiosis might impair the formation of
pollen cell walls and cell expansion, leading to a reduction in pollen viability in
wheat. Pollen viability in B-inefficient SW 41 was nearly halved when the extermal B
supply was interrupted during this critical stage (Figure 1}. The same treatment had
no effect on pollen viability of Fang 60. This is consistent with known differences in
the sensitivity to B deficiency of the genotypes as represented by their male fertility
and grain set in low B (Anantawiroon et al, 1997; Subedi et al, 1999).

The differential response to short-termn B deficiency in SW 41 and Fang 60 was

associated with significantly lower concentration of B in the ear of SW 41 (Table 2).
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Thus, the B-efficient and inefficient genotypes in this study are distinguishable by the
B concentration in their ears. This difference was not detected by others who have
reported genotypic variation in responses to low B for male fertility and grain set
(Rerkasem and Lordkaew, 1996) including a comparison between SW 41 and Fang 60
(Subedi et al-, 1999). In these previous studies, determination of B in the ear was not
done until booting. By this time, the B deficient wheat ear may have continued to
accumulate B in the palea, lemma and other secondary sexual parts of the ear
although damage to the pollen had already occurred. The present results suggest that
it may be feasible to distinguish between the B-efficient and inefficient genotypes by
early B analysis of the ear. However, timing of the analysis will be critical. Sampling
for the ear has to be d one immediately upon the completion of the critical meiotic
stage of pollen development.

Boron concentrations in upper canopy leaves of Fang 60 were also greater than
those in SW 41 after 5 days of low B supply (Table 2). This suggests that cultivar
difference in sensitivity to B deficiency may be associated with the pattern of B
distribution within the plant when B was limited. The greater ability of Fang 60 to
distribute B into the developing ear may contribute to its tolerance to low external B.
The reproductive plant-parts of wheat, the anthers and carpels, were found to require
B at greater concentration for their normal development than leaves (Rerkasem et al,
1997, Huang et al, 2000). The greater amount of B distributed into the apical regions
of the plant may increase the opportunity for reproductive success.

A suggestion has been made by some that previously accumulated B might be
effectively remobilized to supply the ear of B-efficient genotypes, such Fang 60,
when external supply becomes limited {Rawson, 1996; Subedi et al, 1999). We found

this to be unsupportable by three sets of results, which instead suggested that the
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primary mechanism for B efficiency in Fang 60 to be associated with its long distance
transport directly from the root. Firstly, accumulation of ''B in the ear of both SW 41
and Fang 60 seemed to have stopped after ''B in the nutrient solution was replaced by
'B. The content of ''B in the ear of either SW 41 or Fang 60 did not increase after
the '°B treatments were imposed (Table 3). Dataon the content of’ Bintheear
provided the second piece of supporting evidence that the mechanism for B efficiency
is related to direct supply from the root and not recycled B from some plant parts. In
the low B treatment, the '°B content in the ear of B-efficient Fang 60 was three times
that of the B-inefficient SW 41 (Table 4). Examination of the '°B:!'B ratio provides
the third piece of evidence. The ratio of '’B:''B increased significantly with time
durix}g the 5 days that the B'' supply was replaced by '°B (Table 5) but at different
rates in the two genotypes. The increase in the ratio of B'®:B'' with time after the
transfer from ''B to '°B was much stronger in Fang 60 than SW 41, especially with
lower external B. During the 5 days in which external B was lowered to 0.1 uM, the
198.""B ratio in Fang 6G was increased from 0.17 to 1.15 and less so in SW 41, from
0.11to 0.38.

In conclusion, pollen viability of the B-efficient Fang 60 was not affected by
withholding B during the critical stage of microsporogenesis while pollen viability in
inefficient SW 41 was nearly halved. The genotypic difference in B efficiency is
related to the greater ability of Fang 60 to accumulate and distribute B into the
developing ear than SW41. By using ''B and '°B, we were able to demonstrate that
net B movement into the ear, when external supply was restricted, did not come from
the ''B previously taken up by the plant. The greater amount of '°B accumulated by

Fang 60 in low B further confirmed that the primary mechanism for B efficiency in
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Fang 60 is its greater capacity to supply adequate B to the ear directly from the root,
enabling Fang 60 to avoid pollen sterility caused by B deficiency.
MATERIALS AND METHODS

Plant material and culture

This experiment selected two spring wheat cultivars from the efficient (cv.
Fang 60) and inefficient (cv. SW 41) classes of B efficiency determined by Rerkasem
and Jamjod (1997). Seeds were imbibed in aerated 2 mM CaSO, solution for 24
hours and germinated on paper towels moistened with 2 mM CaSQO, for 48 hours in
the dark at 25 °C. Seeds of SW41 were germinated 1 day before seeds of Fang 60 in
order to synchronize the stage of ear development at microsporogenesis. Seedlings
were transferred into trays containing 8 L of 1/3 strength nutrient solution (Huang et
al, 1996) with a concentration of 01 uM "B and 5 mM 2-[N-
Morpholino]ethanesulfonic acid. The pH was adjusted dailyto 6.0 £ 0.2 with 1 M
KOH or 10 % H;SO4. Four days after germination, the plants were grown ina 5 L
full-strength basal nutrient solution that contained 10 pM ''B and aliquots of all
nutrients were added to each pot during the experiment by the programmed nutrient
addition as described in Huang et al. (1996). Tillers were restricted to a maximum of
4 tillers plant”, by removing extra tillers as they emerged from the 5" onward. The
stage of growth was determined by dissection of spare plants at the 6, 7 and 8 leaf
stages and the stage of pollen development was determined on extra B--adequate
plants with—using DAPI (4’-6-Diamidino-2-phenylindole 2HCI, Sigma Lot 104F-
0542) test-fluorescence {(Vergne, Delvallee and Dumas,is this style of 3 authors OK?
1987). Ten uM ''B was supplied continuously up to the-late premeiotic interphase
/early meiosis in the main stem (Bennett et al, 1973). The plants were then treated

with either 0.1 or 10 uM of 99.43 % °B-enriched boric acid continuously up to the
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late tetrad, after which the plants were returned to solutions with 10 uM ''B up to
anthesis (Table 1). '°B was used as a tracer for B distribution to the ear during critical
stage of microsporogenesis, while ''B was used as a tracer for B remobilization to the
car.

The pH was adjusted to 6.0 + 0.2 with 1 M KOH or 10 % H,SO,. The pots
were randomly distributed in temperature-controlled water baths (18-22 °C) and
repositioned daily within the baths and shifted between baths every 3 days. The
growth conditions in the glasshouse were: mean air temperature 27.5 °C (range:20-
35); mean PAR (photosynthetic active radiation) 1165 pmol m™ s (range: 960-1900)
. Nutrient solutions wereas aerated with filtered air and the dry weight increments of
extra plants were used to calculate the amount of nutrients required to maintain
nutrient supply by programmed nutrient addition (Asher and Blamey, 1987).
Analytical grade ¢ hemicals w ere used to make up the nutrient solutions and water,
purified by passing through a column packed with B-specific resin (IRA-743, Sigma
Chemical Co.), was used for making up all nutrient solutions. Between the treatments,
the roots were washed with DI water, then rinsed three times in 5 mM CaSOq
solution, in order to remove unbound B from root free space.

Sampling and plant analysis

The first harvest was taken before the '°B treatment at the beginning of the
critical stage of pollen development in the main stem (Huang et al, 2000) (Table 1).
The second and third harvests were taken 1 day and 5 days (late tetrad stage) after the
"B treatment began. At each harvest, three pots (replicates) of plants (two plants
each) were taken from each cultivar. The plants were subdivided into flag leaf, ear,
penultimate leaf, stem between flag leaf and penultimate leaf of the main stem. All

samples w ere analysed for ' 'Band '® B- content. The fourth harvest was taken at
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anthesis. From three replicate pots (replicatestwo plants per pots) efplant-{two-plants

each) fromr-of each cultivar, pollen was taken from the central 4 spikelets of the main
shoot ear. Pollen at anthesis was tested for viability with the fluorochromatic (FCR)
method (Heslop-Harrison and Shivanna, 1984). The plant samples were oven-dried
(70 °C). Dry samples were ground in a stainless steel mill and dry-ashed in 1 % nitric
acid as described in Huang et al; (2001) and B concentration was determined usingby
an inductively coupled plasma automatic emission spectrometer (ICP-AES) (Zarcinas
et al, 1987).
Statistical analysis

Data were analyzed statistically by analysis of variance. Significantly

different means were separated at the 0.05 probability level.
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microsporogenesis (days 0-5: see Table 1) on pollen viability in two
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Table 1. B oron treatments, harvest times and stage of p ollen development at each

harvest of the main stem.

Days* Harvest B treatment Pollen development stage during treatment
10 uM ''B Seedling to white anther (premeiotic stage)
0 1 10uM B Late premeiotic stage/ early meiosis
1 2 0.1, 10 uM '°B After late premeiotic stage by:24he. still
unclear
5 3 0.1, 10 pM '°B Late tetrad to young microspore stage
4 10uM'"'B Anthesis

*= duration of low and adequate ''B treatment.

Table Il Total B concentration in plant parts (mg kg”' DW) after 5 days of varied B

supply treatment. Values are means of three replicates + SE.

Plant part B treatment Genotype
(M '°B) Fang 60 SW 41
Ear 0.1 6.8+0.7 38103
10 12+ 14 7.8+05
Flag leaf 0.1 13£23 93+£0.6
10 2114 20+£0.5

12
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Penultimate leaf 0.1 17+0.4 13+0.7

10 19£0.5 20+ 0.8
Stem segment between flag 0.1 40+0.4 47+03
leaf and penuitimate 10 62109 59106
leavesf

Table lIl. The content of ''B in the ear (ug ear’} at day 0 (D), day 1 (D1) and day 5

(D3) of B treatment.
B' treatment Fang 60 SW 41
(uMB'%) DO D1 D5 DO DI D5
0.1 0.117 0.098 0.108 0.130 0.100 0.104
10 0.117 0.079 0.070 0.130 0.086 0.140

LSD(o‘os) ={.038

Table IV. The content of B in the ear (ug ear’) atrday 1 (D1) and day 5 (D5) of B

treatment.
B treatment Fang 60 SW 41
(uM B) D1 D5 Dl D5
0.1 0.016 0.122 0.011 0.03%
10 0.039 0.170 0.043 0.193

LSD(o,os) =(.028

Table V. The ratio of "B : /B in ear at day 1 (D1) and day 5 (D5) of B treatment.

Values are means of three replicates.

13
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Fang 60

B treatment

(uM B'%) D1
0.1 0.17
10 0.49

SW 4t
D5 D1 D5
1.15 0.11 0.38
2.62 0.50 1.38

LSD(ovgs) =(.021

14
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Abstract

Shifting cultivators in Thailand widely attribute the maintainance of crop productivity to pada (Macaranga den-
ticulata (Bl.) Muell. Arg.), rotation cycles having become much shorter than the customary 10-20 years. This
paper examines the use of pada in a 7-year rotation on an acid soil with low available soil P (24 mg kg~! by
Bray H). Dense pada patches in 7-year-old fallow averaged 43 tons ha™! of above ground biomass, 20% more
than sparse patches. The biomass in dense pada contained disproportionately more P, K, Ca and Mg (34%, 92%,
80% and 107% more, respectively) than in sparse pada patches. Slashing and burning 7-year-old fallow with
dense pada produced a subsequent rice yield that was three time that with sparse pada. Rice grown after dense
pada had been slashed and burned after three years yielded less than one third of that after a full 7-year rotation.
It is, as yet, unclear how rice yield in dense pada patches is enhanced in the full 7-year rotation. Nutrient con-
centrations in the mature rice were generaily either the same or higher in the sparse than dense pada patches. In
dense pada patches rice accurnulated twice to four times as much nutrients as in sparse pada patches, and a much
larger fraction of the nutrients was stored in the fallow. Uptake of nutrients in the sparse pada patches may have
been limited by some factor that either governs availability of the nutrients released by burning or depressing
rice growth and so its nutrient demand.

Introduction

Rotational shifting cultivation has been shown to be
a productive and sustainable form of land use in
mountainous areas where land is sufficiently plentiful
to allow a fallow period of 10-20 years (Kunstadter
1978). Population pressure combined with an increas-
ing demand for conservation (from watersheds, ero-
sion control, carbon sequestration to biodiversity) by
society at large, however, have made certain that this
luxury of very long fallows is now no longer an op-
tion for most shifting cultivators in Southeast Asia
(Rerkasem and Rerkasem 1995} and elsewhere. Con-
siderable interest, therefore, has arisen in approaches
that might maintain crop productivity with shorter fal-
low. Numerous efforts, especially in Africa, have

gone into identification of trees and other plants as
fallow—enriching species (e.g., Tarawali (1991) and
Kwesiga and Coe (1994), Mafongoya and Nair
(1997), Kaya and Nair (2001)). This paper reports on
the use of a local tree called pada for fallow improve-
ment that has helped to maintain upland rice yield at
reasonable levels of 2 to 4 Mg ha™' on a seven years
rotation.

Pada (Macaranga denticulata (Bl.) Muell. Arg.) is
well known for its fallow-enriching property amongst
the various ethnic groups who make a living on rota-
tional shifting cultivation in northern Thailand. It is
known as Teen Tao amongst the Khamu and H'tin
who populate the northeastern mountains, on the bor-
der with Laos. Pada is the name in Skaw Karen (Thai-
land’s largest minority group, now concentrated along
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the western border with Myanmar), while the Pwo
Karen call it Letha. The Lua (who are belicved to
have been the dominant group in the region until
about a thousand years ago) call it Tong Coab. The
Akha (a group not known to practice rotational shift-
ing cultivation in Thailand) call the tree Loom Piah.
Amongst lowland Thai it is vanously called Tong
Taeb, Tong Tao, Tao Maew, Por Khee Haed or Bai
Hoo Chang. Pada is a small evergreen tree of the Eu-
phorbiaceae family, that can reach 19 m in height and
up to 40 cm in diameter at breast height. Macaranga
is a relatively large genus of pioneer species (Whit-
more §982). Some 80 species have been identified in
Africa and 200 in the Eastern Tropics, although not
all are pioneer species. M. gigantea and M. kurzii also
occur in the study village of Huai Tee Cha, but ac-
cording to farmers pada is the only species with a fal-
low-improving property. The presence of pada in the
fallow is believed to be responsible for maintaining
productivity of upland rice in the shorter rotation.
This study set out to measure the effect of pada on
nutrient accumulation and upland rice yield in farm-
ers’ fields in a village where rotational shifting culti-
vation is still the dominant cropping system.

Materials and methods

The study was conducted in the rotational shifting
cultivation fields of the village of Huai Tee Cha
(19°78’ N, 93°84" E), Sob Moei District, Mae Hong
Son Province, about 250 km southwest of Chiang
Mai. The soil is reddish clay loam. Before commenc-
ing plant and soil sampling, we took 30 days to be-
come acquainted with the system by interviewing
farmers and extensive field walks. The communally
managed shifting cultivation area was divided into
fields that are cropped in different years, designated
by the year in which rice was last grown (Figure 1).
According to the villagers this rotation has taken
place for about 200 years, ever since Tee Cha was
settled from a neighbouring village. A preliminary
study of vegetation composition of the fallow forests
was carried out in February and March (the village’s
normal slashing and burning season) of 2000. Trees
were recognized as pada or ‘others’. From areas with
high and low density pada (defined in collaboration
with farmers and designated dense and sparse pada),
density of pada and other species was determined in
three replicates of 10 x 10 m quadrats. Dominant
‘other’ species were Microcos peniculata, Lithocar-
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pus sp., Phoebe lanceolata and Glochidion sphaerog-
ynum (Further information about vegetation compo-
sttion as well as tree density, biomass and nutrient
contents of fallow areas with different ages will be
reported elsewhere).

Mature fallow before slashing and burning

As field 1994/2000 was to be slashed and burned it
was sampled for biomass and nutrient contents. Dry
weight (sub-samples dried to constant weight at 80
°C) of the above ground live biomass, divided into
pada and others, and litter were determined. The sam-
ples, whole plants in case of pada and others, were
analyzed for N. P, K, Ca and Mg. Before burning soil
samples were taken from the same area at 0-30 and
30-60 cm for determination of pH (water, 1:1), or-
ganic matter content (Walkley-Black), available P
(Bray I1, Wanatabe and Olsen (1962)), K, Ca and Mg
(1 N NH_,OAc pH7).

The upland rice crop

A detailed study of the upland rice was carried out on
the crop belonging to one farmer, Nopporn. At 30
days from sowing, samples (whole tops) of ten rice
plants each were taken from the sparse and dense
pada area for determination of N, P, K, Ca and Mg.
At the same time soil samples were taken for deter-
mination of fertility characteristics at 0—30 and 30-60
cm depth. At maturity, samples of the rice crop were
taken in 2 x 5 m quadrats from the sparse and dense
pada areas. In addition, 1 x 1 m samples of rice at
maturity were also taken from sparse and dense pada
areas from five other farmers in the same village. The
rice samples were threshed in the field and separated
into grain and straw. Grain yield was determined af-
ter 3 days of sun drying (to water content of about
12%), straw yield was measured after drying for 48
hours at 80 °C. Sub-samples from Nopporn's field
were also evaluated for the yield components, ie.
number of hills m™2, plants hill~', tillers hili~}, pani-
cles plant™' and 1,000 seed weight, and analyzed for
N, P, K, Ca and Mg in the grain and straw.
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Results and discussion
Fallow biomass and nutrient conteni

After seven years of regrowth (the rice cropping year
is considered year | of regrowth, as fallow regenera-
tion begins with upland rice emergence) above
ground biomass averaged 43 Mg ha™' in dense pada
patches, about 20% more than that in sparse paiches
(Table 1). Pada contributed more than half of the bio-
mass in the dense patches, and only 39% in sparse
patches. There was also considerably more litter in
dense pada patches. The above ground biomass in
dense pada patches contained 536 kg N, 38 kg P, 253
kg K, 132 kg Ca and 46 kg Mg ha™'. This was 10%

more N, 34% more P, 92% more K, 80% more Ca
and 107% more Mg than that in the sparse pada
patches {(Table 2). In the mature fallow of § vears ro-
tation in the village of Pa Pae (18°15° N 98°3' E) in
the same vicinity where no pada was found (Sabhasri
1978) 143 kg N, 16 kg P and 176 kg K ha™' were
reported to have accumulated in the 63 t of above
ground biomass (Zinke et al. 1978). The slight differ-
ence in total biomass N between sparse and dense
pada patches in this study is accounted for by other
species, which in sparse pada contributed as much N
as pada in the dense pada patches. Pada was clearly
crucial to the accumulation of extra P, K, Ca and Mg,
though not so much for N. The higher amount of nu-
trients accumulated in dense pada came largelv from
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Table 1. Total aboveground biomass in the fallow vegetation after seven years of regeneration of a rotational shifting cultivation system in

northern Thailand.

Sparse pada Dense pada Significant difference by t-test
Mg ha™’

Pada 9.4 222 p <001

Other species 21.6 14.2 p < 0.0t

Litter 4.7 6.4 p <001

Total 357 428 p <005

Table 2. Above ground nutrient contents in the fallow vegetation after seven years of regeneration of a rotational shitling cultivation system

in northern Thailand.

Vegetation type Nutrient element

Dense pada

Sparse pada Significant difference

Nutrient content (kg ha™")

Pada N 289
P 21
K 97
Ca 72
Mg 10
Other N 191
P 12
K 118
Ca 28
Mg 23
Litter N 56
P 5
K 38
Ca 32
Mg 13
Total N 536
P 39
K 253
Ca 132
Mg 46

131 p <001
6 p <001
32 p < 0.01
21 p < 0.01
6 p <005
297 p <00l
18 p < 0.05
85 p < 0.0!
36 NS
6 p < 0.0l
59 NS

NS
14 p <0.01
i6 p <005
10 NS
488 p < 0.01
29 p < 0.05
132 p <001
73 p <001
22 p< 00l .

pada in the case of P, pada and litter in the case of
Ca, and from other species as well as pada and litter
in the case of K and Mg. Pada roots were found to be
associated with a diversity (genera and species) and
abundance of arbuscular mycorrhizal fungi, both in
the number of spores found in the rhizosphere and in
root colonization (Youpensook et al. (in press)).

Soil fertility characteristics before slashing and
burning and under rice

The study site was on a very acid soil. with pH 4.3
(1:1 water) before burning (Table 3). As others have
previously shown (e.g., Nye and Greenland (1964)

and Sanchez (1976)), buming clearly had a strong
liming effect. Thirty days after rice sowing, pH of the
surface soil measured 4.8, and slightly less deeper in
the soil profile. Soil organic matter content declined
slightly from around 4% before burning to 3.6% by
the time rice was 30 days old. The first rainfalls of
the season that germinated the rice may have contrib-
uted to this decline by stimulating microbial activity.
Available soil P was generally very low at 2-4
mg kg~'. There were significant but very small effects
of pada density and burning on available P. The high-
est P value (Bray 1I) was 4.3 mg kg~', in dense pada
patches after burning, which is very low indeed com-
pared with about 12 mg kg™* considered to be suffi-
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Table 3. Fertility charactenstics of the soil of the study area, in a rotational shifting cultivation system in northern Thailand, before burning

and 30 days after rice sowing.

Pada density Time pH (1:1 water) Organic matter (%) P K Ca Mg
(mg kg™') (meg 100 g~")

Depth, 0-30 cm

Sparse Before® 4.30 3.96 223 133 0.53 0.27
After® 4.79 3.60 134 181 0.64 0.48

Dense Before 4.26 4.19 2.62 148 0.78 0.65
After 4.83 3.84 3.70 198 Q.75 0.67

Depth, 30-60 cm

Sparse Before 4.29 3.87 1.53 107 0.38 0.13
After 4.41 3.43 3.00 156 0.47 049

Dense Before 4.24 97 202 1o 0.56 0.37
After 4.58 373 4.29 178 0.59 0.50

Significant effects by analysis of variance

Effects Pada NS NS * NS * *
Time * * * * NS NS
Depth NS NS NS * * *

PxT, TxD, PxT, PxTxD NS NS NS NS NS NS

a} Before burning; b} After burning and 30 days from rice sowing

cient (Sanchez 1976). There was no significant differ-
ence in soil pH, organic matter and extractable K
content between dense and sparse pada patches (Ta-
ble 3}. On the other hand, dense pada was associated
with 47% more extractable Ca and twice to three
times as much extractable Mg than in the sparse pada
patches.

Pada establishment

As upland rice germinated after the first rains, pada
emerged in thick pink carpets among the rice. Farm-
ers do not treat pada as weeds, they are not routinely
removed when the rice is weeded by hand. Thinning
may be done where the density is considered too high
and some attempts are sometimes made to transplant
seedlings to low density areas. At rice maturity, about
six months after sowing, and when pada had reached
almost 1.5 m height, the number of pada averaged
about 7 plants m~2 in dense patches, twice that in
sparse patches (Table 4). In the fields cropped in dif-
ferent years, there was a trend of pada density de-
crease with fallow age (data not shown). In the 1995
field (slashed and burned in 2001), dense pada
patches averaged 0.4 pada-tree m~2, and 0.1 pada-tree
m~2 in sparse patches. Since these are a fraction of
the numbers of pada seedlings in the first year, the
problem of low pada density must have been associ-

Table 4. Density of trees, pada and other species, after 6 months
and 7 years in a rotational shifting cultivation system in northern
Thailand.

Species Pada density Trees/m?
6 months* 7 years®
Pada Sparse 327+ 032 0.10 x 0.01
Dense 6.60 £ 0.12 042 = 0.02
Otherst Sparse ND 0.12 = 0.01
Dense ND 0.21 = Q.01

a) At rice harvest ND = not determined, very few other plants at
this time; b) Before slashing and burning for the next crop, the rice
year is year 1 of regrowth; ¥ Major species included Microcos
peniculata, Lithocarpus sp., Phoebe lanceolata and Glochidion
sphaerogynum. Values are mean = standard ervors of three repli-
cates.

ated with survival of the seedlings rather than recruit-
ment.

Upland rice nutrition and yield

Rice plants at one month in dense pada contained N
and K at significantly higher concentrations than
those in sparse pada patches (Table 5). No significant
difference was found in the concentration of P, Ca and
Mg. Based on published data (Reuter et al. 1997), the
rice crop at 30 days was deficient in N and K in sparse
pada area, and deficient in P in both sparse and dense
pada area.
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Table 5. Nutrient concentration in the upland rice {whole tops) at
36 days from sowing, in areas following pada at low and high den-
sities in a rotational shifting cultivation system in nerthern Thai-
land.

Concentration (%) Sparse pada Dense pada
N 2.76* 4.06"

P 0.29 032

K 3.60* 4.99"

Ca 0.19 0.26

Mg 0.22 0.24

a) For same nutrient element, different letters designate significant
difference by LSD (p < 0.05).

In 7-year rotation, rice grain yield in the dense
pada area determined from detailed measurements in
a field belonging to one farmer, averaged 2.57
Mg ha~!, three times that in the sparse pada area
(Table 6). Simitar effects of pada density on the rice
grain and straw yield were observed in 7-year rota-
tion fields belonging to five other farmers {(Table 7).
The higher yield in dense pada patches was associ-
ated largely with a higher number of panicles and
percentage of fertile tillers, and to a less extent higher
plant density and number of tillers hill~! (Table 8).
The effect was clearly cumulative, requiring more
than three years of fallow.

How did high pada density increase the rice yield?
Rice grown in dense pada patches that were slashed
and burned after three years of fallow yielded only
0.74 Mg ha~' of grain (Table 6). Clearly, the higher
rice yield was not due to some pre-existing condition
in the dense pada patches. As discussed above, the
growth of rice at 30 days in sparse pada patches may
have been limited by N and K deficiency, and more
severely by P deficiency. By maturity, the concentra-
tion of N and Mg in the rice grain and P in both grain
and straw were higher in the sparse than in the dense
pada area (Table 9). The concentration of straw N and
Mg and grain K were not different between rice in
sparse and dense pada area. Straw K was the only
case of nutrient concentration in rice in dense pada
exceeding that in the sparse area. Critical K defi-
ciency concentrations have been reported at 0.4% in
the grain and 1% in the straw (Reuter et al. 1997).
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Compared with these, K deficiency is not indicated
by the the grain K concentration at 0.45% and straw
K at 1.91% in the rice in the sparse pada patches,

At maturity, the rice crop accumulated twice as
much N, P, Ca and Mg and four times K in the dense
as in the sparse pada patches (Table 9). However, the
amount of N, P and K taken up by the rice crop ac-
counted for a much smaller fraction of the nutrients
accumulated above ground in 7-year old-fallow in the
sparse (4%, 15% and 16%, for N, P and K, respec-
tively) than in the dense pada patches (9%, 25% and
30%, respectively). The rice Ca and Mg uptake rela-
tive to the nutrient in fallow biomass were somewhat
closer between sparse (13% for Ca; 5% for Mg) and
dense (15% and 6%, respectively) pada patches. Al-
though much of the above ground N in the failow
would have been lost with burning, most of the P, K,
Ca and Mg could be assumed to remain in the ash.
Much more nutrients would have been present in the
root zone of rice than was taken up by the rice crop.
The much smaller fraction of fallow accumulated P
and K taken up by rice in sparse compared with dense
pada patches suggested that the uptake of these nutsi-
ents was limited by some factor(s). Such a factor may
limit uptake through demand by depressing growth
and yield of the rice or through availability of the nuo-
trients released by burning. Further explanation is not
yet possible from data obtained so far.

This paper has shown that upland rice in a 7-year
rotation yielded three times as much grain with pada
at 0.42 rees m~2 as with 0.10 trees m~2 in the fallow,
and that the effect was not due to some pre-existing
condition in the high pada patches. The factor most
immediately relevant to the farmers of Huai Tee Cha,
and others who similarly depend on rotational shift-
ing cultivation for their living in the mountainous re-
gion of mainland Southeast Asia, is if and how this
effect of dense pada may be transferred to areas with
sparse or no pada. The answer may be dependent on
identification of (a) factors that are limiting to the
survival of pada seedlings, and (b) how pada affects
rice yield. Both of these are currently under investi-
gation.,
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Tuble 6. The yield of upland rice in seven and four years rotation, in areas following pada at low and high densities during the fallow period,

in 2 rotational shifting coliivation system in northern Thailand.

Pada density Dense Sparse Dense Rotation effect
Rotation 7 years T years 4 years
Yield (Mg ha™'}
Grain 2.57¢ 0.83" 0.74% p<0.01
Straw 2.35* 0.97" 0.72¢ p < 0.01
Total 492 1.79" t.47¢ p < 0.01
Harvest Index 523 46.1 50.7

2) Numbers in same row followed by different letters are significantly different by LSD {p < 0.05).

Table 7. Range and variation of rice yield in seven year rotation, in areas following pada at low and high densities during the fallow period,

in a system of rotational shifting cultivation in northem Thailand.

Yield Grain Straw
Pada density Dense Sparse Dense Sparse
Mg ha~*
Maximum 4.53 1.56 3.80 1.75
Minimum 2.48 0.71 2.21 0.86
Mean (of 8§ fields, 6 farms) 34 1.15 274 1.19
Standard deviation 0.71 0.33 0.59 0.30

Table 8. Yield components of upland fice in a rotational shifting
cultivation system in northern Thailand with dense and sparse pada
densities during the fallow period.

Tabie 9. Nutrient concentration and contents at maturity of the rice
after fallow with dense and sparse pada in a rotational shifting cul-
tivation system in northern Thailand.

Yield component Pada density Significant Difference* Grain® Straw*®
Dense  Sparse Pada density Dense Sparse Dense Sparse
Hills m~? 6.2 5.5 ** {a} Nutrient conceatration (%)
Tillers hill™! 139 10.3 * N 1.13* 1.42% 0.48 0.63
Panictes hill~' i2.3 7.1 wE P 0.23¢ 031" 0.04~ a.10"
Panicles m™ 76.7 39.0 *x K 0.42 045 2.47° 191+
Fertile panicies (%)  90.1 66.6 - Ca 0.11 0.10 0.33 0.36
1000 seed weight {(g) 29.1 29.4 NS Mg 0.11 0.13% 0.13 0.13
a) NS = not significant {p < 0.05); ** = significant (p < 0.01) (b} Nutrient content (kg/ha)
N 34.1° 13.G¢ 13.6% 7.3
] & b a
Acknowledgements d 76 33 z 10
K 13.1" 54 62.9° 16.1¢
. . Ca kAL 1.t= g1 35
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Determinants of a premium-priced, special-quality rice

M. Leesawatwong, 5. Jamjod, and B. Rerkasem, Agronomy Department, Faculty of Agriculture, Chiang Mai University,
Chiang Mai 50200; S. Pinjai, Chiangmai Chaiwiwat Ricemill Co., Ltd., Chiang Mai 50100, Thailand

E-mail: g4368102@&cm.edu

Thai Jasmine or Thai Hom Mali
is Thailand's special-quality rice
for which local consumers and
export markets are willing to pay
a premium price. Thai Jasmine
rice does not always receive a pre-
mium price from buyers. The
price varies, depending on where
the crop is grown. For example,
milled rice {special grade, 100%
head rice) from Prao is sold at a
retail price of 22 baht kg
(US$1 = 43 baht), that from
Sanpatong costs 20 baht kg',
whereas Mae Chanrice fetches 16
baht kg™'. Milled rice from Prao
with 5% broken grain is priced at
17 baht kg™. In this paper, we ex-
amined the relationship between
quality parameters used by com-
mercial rice buyers and the price
they pay for KDML 105.

Twenty-seven 500-g samples
of unhusked KDML 105 were col-
lected from farmers’ fields in
Chiang Mai in the upper part of
northern Thailand, as well as 20
samples from Nakornsawan in
the lower north. The samples
were priced and rated for quality
characteristics by a commercial
rice buyer (Chiangmai Chai-
wiwat Ricemill Co., Ltd.}). The
quality characteristics evaluated
were grain moisture, percentage
head rice yield, aroma, vitre-
ousness, and translucency. Grain
moisture was measured by a
Riceter series L grain moisture
tester (Kett Electric Laboratory).
A small sample (20-30 g) of rice
was unhusked on a board with a
roller. An experienced rice buyer
rated percentage head recovery,
vitreousness, translucency, and
aroma, using a 0-3 scale.

34

All 27 samples from Chiang
Mai were priced above 7,000 baht
tt (US$162). In contrast, samples
from Nakornsawan were more
varied and received prices rang-
ing from less than 5,500 to more
than 7,000 baht t*. Only 10% of
the samples from Nakornsawan
were judged to be of premium
quality and priced at more than
7,000 baht t*; 40% were priced at
less than 5,500 baht t. Grain
moisture did not exceed the stan-
dard 14% in any of the samples—
those from Chiang Mai ranged
from 13.3% to 14.0%, while the
Nakornsawan samples had 11.2-
12.0%. The prices of Nakorn-
sawan samples were determined
primarily by their aroma and
vitreousness scores, with percent-
age head rice and translucency
having relatively minor effects
{equation 1).

grain translucency, and vit-
reousness. In such a situation, at-
tention to factors that influence
percentage head rice would en-
sure that farmers are paid pre-
mium prices for their harvest.
Grain moisture at harvest and dur-
ing application of N fertilizer has
been shown to strongly affect head
rice percentage (Nangju and De
Datta 1970, Jongkaewattana et al
1993}. The problern is much more
complicated for farmers in areas
where important quality param-
eters, such as aroma and
vitreousness, are highly variable
as we found in Nakormnsawan. In
such a situation, production of
Thai Jasmine rice that will fetch
premium prices will not be pos-
sible until environmental factors
governing these quality param-
eters are identified and controlled.

P =3,259.7 + 28.8X,* + 403.5X,* + 357.1X;* + TL.OX,» r*=0.82**(1)

where P = sample price, X, = per-
centage head rice, X, = aroma
score, X; = vitreousness, score,
and X, = translucency score.

All 27 samples from Chiang
Mai received the full score of 3 for
vitreousness, translucency, and
aroma. Price was determined by
only one quality characteristic,
percentage head rice (equation 2).

P = 6,969.4 + 11.3X,*** @)
© = 0.92"

These results illustrate the ef-
fect of geographic differences on
special-quality rice. The Chiang
Mai samples represent areas that
produce rice with high-quality
characteristics in terms of aroma,
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The effect of nitrogen on rice grain iron

C. Prom-u-thai and B. Rerkasem, Department of Agronomy Faculty of Agriculture,
Chiang Mai University, Chiang Mai 50200, Thailand. E - mail: g4268101@cm.edu

Previous studies have shown that iron (Fe) content of rice grain may vary widely
among rice genotypes (Senadhira et al., 1998; Prom-u-thai and Rerkasem, 2001). In
addition, grain Fe may also be affected by environmental and management conditions.
This experiment measured grain Fe concentration in five rice genotypes (KDML105,
IR68144, UBON2, BASMATI370 and RDG6) grown under three levels of N (0, 60, 120 kg
N ha'). The field experiment was in a split plot design with three replications. Basal
fertilizer consisted of 15 kg P,Os and 15 kg K;0 ha'. The basal fertilizer and haif of the
N were applied at transplanting, and the other half of N was applied after four weeks. Fe
concentration was determined in mature grain, as unhusked (whole grain with palea and
lemma intact) and brown rice (palea and lemma removed), husk (palea and lemma) and
polished grain (30 second), by dry-ashing and atomic absorption spectrometry (Emmanuel
et al., 1984). |

In all five genotypes, grain yield was increased slightly by the application of 60 kg
N ha"', but there was no further effect of increasing N to 120 kg N ha™ (p < 0.05) (Table
1). Nitrogen fertilizer generally increased N content of the rice grain (Table 2). On the
other hand, grain Fe concentrations in the five genotypes were affected by N rate
differently (Table 3). The Fe concentration in unhusked rice of KDML.105, IR68144,
Basmati370 and RD6 increased with N to the rate 120 kg N ha™’. Nitrogen had no effect
on Fe in unhusked grain of UBON2. Much higher concentrations of Fe were found in the
rice husk compared with the rest of the grain. Nitrogen levels had no effect on Fe

concentration in brown rice and husk. Basmati370 was an exception, the Fe in brow rice



Accepted for International Rice Research Notes, Dec 2003 n1awusn 1.7

of this genotype was increased with N to the rate of 120 kg N ha'. To produce white rice,
the mill normally polishes brown rice for about 30 seconds. In this study, we found that
grain Fe concentration generally declined after polishing, indicating that a high proportion
of Fe is contained in the bran or polishing. In UBON2 and RD2, grain Fe in white rice in
N60 and N120 was about twice as much that in NO. There was similar, although slightly
less, effect of N in Basmati370. In [R68144 the grain Fe in white rice at N120 was
slightly less than these at NO and N60, but in KDML105, the grain Fe in white rice
showed no response to nitrogen. However, the grain Fe in unhusked, brown and white
rice were not correlated with grain N in rice grain and grain yield at three levels of N
application.

Different parts of the rice grain: the husk, the bran and the endosperm, appeared
to contain Fe at different concentrations and their Fe contents responded differently to
nitrogen fertilizer. The effect of nitrogen fertilizer on grain Fe appeared to be mostly in
the husk. The Fe concentration in unhusked rice was only weakly correlated with that in

brown rice (r = 0.66) and white rice (r = 0.42).
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Table 1 G;'ain yield (t ha™) of five genotypes grown at three levels of nitrogen (0, 60,

120 kg N ha™)

Genotypes Grain yield (t ha™)
NO - Ne6o ‘ N120
KDMLI105 3.6 4.0 38
IR68144 2.7 4.7 3.9
UBON?2 4.1 4.0 3.7
RD6 3.1 34 33
BASMATI370 3.7 33 34
32a 3.8b 36b
Analysis of variance
p(Genotypes) ns
p(Nitrogen) <0.05
p(G X N) ns
LSD (nitrogen, 0.05) 0.4
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Table 2. The N concentration (%N) in unhusked rice of five genotypes grown under three

levels of N (0, 60, 120 kg N ha™')

Genotypes Grain N concentration {%N)
NO N60 N120

KDMLI105 1.3 aA 1.6 aB 1.8 bB
[R68144 1.5 aA 1.6 aA 1.9 bcB
UBON2 1.5 aA 1.6 aA 2.0cB
RD6 1.3 aA 1.6 aB 1.8bB
BASMATI370 1.3 aA 1.5aA 1.5 aA
Analysis of variance

p(Genotypes) < (.01

p(Nitrogen) < 0.01

p(G X N) < 0.0t

LSD (nitrogen, 0.05) 0.30
LSD (genotypes, 0.05) 0.20

Lower case for comparison of the genotype effect

Upper case for comparison of the N effect
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Table 3. The Fe concentration in unhusked, brown rice husk and polished grain (white

grain) at 30 and 60 seconds of five genotypes grown under three levels of N (0, 60, 120 kg

N ha'
Genotypes N Fe concentration (mg Fe kg™)
Unhusked Brown rice White (30s)'  Husk
KDML105 NO 13.0a 7.8 a 79a 36.0a
N60O 14.6 ab 82a 7.22a 326a
NI120 16.1b 88a 73 a 374a
IR68144 NO 158a 135a 1230 379a
N60 172a 130a 13.6b 383 a
Ni20 21.1b 13.1a 10.0a 486 a
UBON2 NO 138a 93a 46a 42.7a
N60 13.6a 81a 88b 448 a
N120 135a 83a 6.5 ab 48.5 a
RD6 NO 152a 82a 51a 398a
N60 158b 83a 103 b 513 a
N120 183b 90a 820 442 a
BASMATI NO 15.6a 10.8 a 76a 358a
N60 163a 12.1 ab 6.5a 375a
NI120 18.3b 1240 i0.2b 473b
Analysis of
variance
p(Genotypes) < Q.01 <0.01 <0.01 <0.01
p(Nitrogen) <0.01 ns < 0.05 <0.05
p(GXN) <0.05 <0.05 <0.01 <0.05
LSD (0.05) 2.6 1.5 2.3 11.5

*LSD used to comparison the different at the same genotypes .t different treatment
$ Polished for 30 seconds
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FIGURE 1 A mosaic of mountain
land uses: vicinity of Mae Cham
viliage, Chiang Mai, Thaitand.
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Agrodiversity Lessons in

Mountain Land Management

Intensification of crop production in the
mountains has long been perceived as
unsustainable. However, since the late 1980s
it has become increasingly evident that
decline and coffapse are not afways
inevitable. The present article provides exam-
ples from the highlands of northern Thailand
to show that local food security can be
improved while impacts on the resource base
and the environment are minimized. This was

A mountain agroecosystem
on the verge of collapse

The following account of the Hmong vil-
fage of Pah Poo Chom (see following
description) found in the {iles of the Tribal
Research Center in Chiang Mai aptly por-
trays the dire situation of the highlands of
northern Thailland in the 1970s and 1980s:

After seven years most of the sur-
rounding forests had been cleared
and cropped with rice, opium and
maize. There was increasing competi-
tion for land from the neighboring
villages of Thai, Labu and Lisu. In
1970 the village grew 35 rai (5.6 ha)
of opium, but the vield was very low.
The village was exiremely poor, and
more than 55% ol the toial adule pop-

achieved with the help of cropping systems
developed and adapted by farmers them-
selves (Figure 1). Studying farmers’ manage-
ment techniques will allow this success to he
repeated elsewhere, but only if it is based on
the idea of dynamic variation in cropping sys-
term management that occurs within and
hetween mountain agroecosystems, defined
as agrodiversity.

ulation was addicted to opium. Many
had to make = living from employ-
ment ocutside the village.

The highlands of northern Thailand
are populated by several ethnic groups.
The people originally made a living from
slash-and-burn systems of land use broadly
classified as rotational and pioneer types
of shifting cultivation. Rotational shifting
cultivators {(Karen, H’un, Lua, and
Ehamu) rypically settled in one place to
grow rice and associated crops in a system
of rotaiion involving 1 year of cropping
and Y9-14 years of fallow. Pioneer shifting
cultivators (Hmong. I.ahu, Lisu, Yao,
Akha, and Haw) were migratory.

It was a harsh way of life with a con-
stant risk of crop failure. The system was



Editorial

Dear Readers,

This issue of Mountain Research and Development is the first in the Interna-
tronal Year of Mountains (IYMZ2002). The basic purpose of IYMZ2002, as declared by
the UN General Assembly, is “to promote the conservation and sustainable develop-
ment of mowntain regions, therely ensuring the well being of mountain and lowland
rommunities.”

In order lo achieve this purpose, natural resouvces in mountain regions need {o be
used in a sustainable way that avoids overuse and degradation. The Global Assess-
ment of Sotl Degradation (GLASOD) published by the United Nations Environment
Programme (UNEP) and the International Soil Reference and Information Centre
(ISRIC} in 1990 showed that one-Jourth of the world’s agricultural land—correspon-
ding to one-tenth of the Earth’s land area—has been demaged by long-term soil
degradation owing primarily to water and wind evosion. Although there has been no
wupdate of this global assessment, the issue of land and soil degradation has been
included in several global agendas and formal frameworks.

Mountains are particularly susceptible to soil evosion caused by surface runoff due to
high rainfall, steep slopes with evodible soils, growing pressure o use marginal lands
Jor agriculture in some areas, abandonment of agropasteral land in other areas, and
the construction of infrastructure for economic activities. Because mountains also
serve as water towers, providing water not only in mountain areas but for the sur-
rounding lowlands as well, land degradation in mountains has serious impacts on
the global supply of fresh water and on growing water-related conflicts.

The present issue focuses on efforts to avoid and combat land degradation; experi-
ences need to be documenied and exchanged so that existing knowledge can be used
Jfor better land management. Hence the development section presents examples of sue-
cessful soil and water management, focusing on revival of a degraded region in Ser-
bia, agrodiversity in Thailand, confour bunds and hedgerows in the Philippines, live
Sfences to protect sloping lands in Ecuador, and spring sanctuaries in the Indian
Himalaya. An article on the World Overview of Conservation Approaches and Tech-
nologies (WOCAT), a knowledge management system in which over 35 institutions
worldwide collaborate, illustrates tools that can be used to document and exchange
local experiences at the global level. Articles in the research section demonstrate the
wealth of knowledge about land use, land cover change, resource management in
mountain areas, and the potential for improved use of resources.

Additional efforts are needed at the local, national and global levels to raise aware-
ness of the possibilities of reducing land degradation, showing the potential for
improved land management in mountains regions as well as the impact of successful
management techniques on the livelihoods of people in the mountains and the sur-
rounding lowlands. This will be a significant contribution to the overall purpose of
IYM2002.

Hanspeter Liniger and Gudrun Schwilch, CDE,
Guest Editors of the Development Section

Hans Hurni, Editor-in-Chief



nevertheless sufficiently productive and
sustainable as long as land and mature
forests were plentiful. Since the 1950s,
however, internal and external pressures
have been mounting. These include rapid
population growth and growing national
concerns about loss of forest cover, soil
erosion, and other impacts on the envi-
ronment and natural resources, especially
water. Agricultural land has been drastical-
ly reduced by demarcation of large areas
for watersheds, national parks, and
wildlife sanctuaries.

Coping with change

In addition to increased pressure on the
land, there were other changes in the
1980s. Law enforcement against opium
became more rigorous. New opportunities
emerged as the result of increased integra-
tion into the national economy, better
communications, and access by road. New
cropping systems and modification of old
ones appear Lo have raised productivity.
Some form of forest conservation is prac-
ticed in almost every village. Four sample
villages (Figure 2) illustrate that success
was not restricted to any particular ethnic
group and that it did not come about
because of the transfer of any single magic
external technology. It was the product of
many different innovations and practices,
some originating locally, others imported
into the mountains, but all adapted to
individual fields, farms, and villages.

Pah Poo Chom is a Blue Hmong vil-
lage situated in Chiang Dao, 100 km north
of Chiang Mai. The community first set-
tled on a mountain ridge in 1963. Most of
the surrounding forests had been cleared
by 1970 and cropped with rice, maize, and
opium. A major investment during the
1970s to develop wetland rice cultivation
was unsuccessful. Productivity was too low
to feed a population of 116; the village
was on the brink of collapse. But Pah Poo
Chom has become a very different village
since the early 1990s. With a population of
about 250, it now uses only about 30% of
its land. The steeper slopes are covered
with forests. Obvious signs of prosperity
can be seen in the number of pick-up
trucks and other consumer goods. Cash
cropping, with sprinkler-irrigated lichee
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FIGURE 2 Map of 4 sample villages:
Pah Poo Chom, Mae Rid Pagae, Loh Pah
Krai, and Tee Cha. (Map by Andreas
Brodbeck)

and vegetables, has been adopted on a
major scale, but successful management of
local plant genetic resources has also con-
tributed to food security and income gen-
eration.

Loh Pah Krai was a typical opium-
growing Lahu village. With their pioneer-
ing form of shifting cultivation, the vil-
lagers moved through the highlands grow-
ing opium, maize, and upland rice. After
“eating up forests in three provinces,” they
settled at Mae Ai, north of Chiang Mai, in
the mid-1960s. A sizeable tract of irrigated
rice land was bought from lowland Thais.
By the early 1990s the village was making a
living from rice—soybean cropping systems
in the irrigated ficlds and maize-legume
systenis on the slopes. Several farmers now
have elaborate home gardens with 30-40
species, including annual crops, fruit and
other trees, local and introduced vegeta-
bles, herbs and spices, and various semido-
mesticated species.

-
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FIGURE 3 Uplana rice field after
harvest, with pada. (Photo by
Kanok Rerkasem)
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Mae Rid Pagae is a Skaw Karen village
in Mae Hong Son, near Myanmar. In the
past, the village subsisted on rotational
shifting cultivation supplemented by limit~
ed irrigated wetland rice and off-farm
employment in the nearby town of Mae
Sariang in bad years. The introduction of
cabbage in the early 1980s raised produc-
tivity significantly. The success of Mae Rid
Pagae, however, is not a matter of just
growing cabbage; new cropping systems
have evolved, incorporating cabbage pro-
duction and components of traditional
cropping systems. Cabbage is grown in
paddies with irrigation in the dry season,

A local fallow-enriching species,

Macaranga denticulata Muell. Arg. (pada)

Pada is a small tree of the family Euphorbiaceae. [1s primary use is in fallow
enrichment; the wood may be used for fuel and the (eaves for wrapping. Dur-
Ing the cropping vear, pada seediings emerge in thick carpets among the rice.
Farmers manage pada in a number of ways; the seedlings are not considered
weeds and are thus not eradicated during hand weeding, but dense stands
may be thinned. Seedlings may also be transplanted to areas with poor estab-
lishment. A good stand of pada reaches almost over the farmers' head by the
time of rice harvest (Figure 3). Dense stands of pada (4000 trees/ha) are
associated with an upland rice yield that is about twice that with

1000 trees/ha or fewer. However, after only 3 years of dense pada the rice
yield is only 1 quarter of that after 6 years. Attempts to trensfer pada to
neighboring villages have s¢ far been unsuccessful.

aMawudn 1.8

after wet season rice. On the slopes,
upland rice and cabbage are grown in
rotation. Rice yield has doubled or
tripled, possibly because of the residual
effects of fertilizers and clean weeding
cabbage.

Tee Cha is a Pwo Karen village, est
lished more than 200 years ago, in the!
ween watershed on the Myanmar border
in Mae Hong Son. It is one of the few
lages where rotational shifting cultivati
is still productve. Good forest cover do
nates the village landscape. The croppiil
systemt in Tee Cha is predominantly subi
tence and is managed partly on a comm
nal basis. Although situated in a less
densely populated area than most high-
land villages, it is also experiencing extes
nal and internal pressures on the land, i
a much-shortened rotation, maintenanc
of productivity is attributed to an inneva-
tive use of local fallow-enriching species,
especially pada { Macaranga denticulata '
Muell. Arg.) (see Box 1 and Figure 3). I
addirion, local domesticated, semidomes
ticated, and wild species contribute signi
cantly to food security.

The agrodiversity approach

“Agrodiversity” ts used here as a means af
anulyzing and understanding innovation
and management of cropping systems in
the mountains. Agrodiversity has been
defined as the dynamic variation in crop-
ping systems, output, and management
practice that occurs within and between
agroecosystems. It is characterized by bio-
physical differences and the many chang-
ing ways in which farmers manage diverse
genetic resources and natural variability
and their practices in dynamic social and
economic contexts {Brookfield 2001).

Diversity in the biophysical environment
The highlands are places of great diversity
in the biophysical environment. Successful
cropping systems are often those that can
take advaniage of special sets of condi-
tions. Utilizing 16 ha of former paddy for
irrigated orchards and vegetable fields,
Pah Poo Chom has no major soil erosion
problems. Pah Poo Chom is but 1 of
numercus highland villages that have tak-
en advantage of gravitation'to supply
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BOX 2

Knowledge and skill in crop management of mountain farmers

Headman, Hmong viliage of Khun Sa Nai, Chiang Mai, on wetland rice cultiva-
tion in narrow highland valleys:
The soil is warm in the bottom fields. We need one kind of rice. At the top
we need another kind because the soil is cold and hard.

piped water for domestic use and irriga-
tion. Tee Cha’s "luck” in the presence of
pada and other natural fallow-enriching
species is shared by few other shifting-cul-
livation villages in the neighborhood (see
Box 1)

The primary constraint on technology
transfer from the ourside is poor charac-
terizition and documentation of the bio-
phisical environment of the highlands.

Ou the other hand, the farmers’ under-
standing of the local biophysical environ-
ment is well known among those familiar
with the mountains of northern Thailand
{see Box 2). Farmers readily speak about
viriations in soil, temperature, water, posi-
lion on the slope, the special characteris-
tics of local plants, and various seasonal
coelitions. Much can therefore be

learned from them, but this requires more
tlian a few hours of visits by national and
mlernational “experts.”

H'tin farmer in Namsod, Nan, on effects of trees in upland rice:
Du (Pterocarpus sp) is good for rice, which you can see growing right up to
the trees. We can leave many of these in the field; they are good timber
too, But see how no rice grows under this mamuen (Irvingia malayana);
you don't want them in the rice field. We keep just this one tree for the
seed that children love.

Headman, Hmong village of Khun Sa Nai, Chiang Mai, on rice for poor soils:
Akha rice Is good for peor soils. For upiand fields with poor soils, we get
our rice seeds from the Akha.

Karen farmer, Pang Gorm, Nan, on legumes and upland rice:
You cannot drow these legumes just anywhere among the rice; they are
very aggressive and will climb everywhere and smother the rice. We gdrow a
few hills of these on the edge of the field and provide some dead twigs
and branches for them to climb. But this tua lawd or tua sord (a cowpea)
is one we can grow amaong the rice. ts branches will grow several meters,
but always stay hugging the ground and never ctimb or do the rice any
harm.

Diversity in management and innovation
Saophang Saetao (Figure 4) is one of the
few farmers in Pah Poo Chom who man-
age agroforest edges to produce medicinal
plimts and a special kind of bamboo for
miking a waditional Hmong musical
insirument known as can, as well as wild
vepriables, timber, and herbs, like other
firmers. Saophang’s knowledge of forestry
anil traditional medicine and his skill in
crafting the highly priced can are especial-
lpimportant to agroforest edge manage-
ment. Other farmers, mainly women, marn-
age the hedges for traditional food plants.
Wilil vegetables from Pah Poo Chom’s
agiforest edges sell well in Chiang Mai
City. The managers of agroforest edges in

Karen farmer, Mae Rid Pagae village, Mae Hong Son. on the seasonality of
insect pests in vegelables:
We have to sprav a lot in the dry season, but hardly ever in the wet sea-
son. See how everything is growing in the forest when it rains? The insects
have plenty to eat and don't need to come and eat our vegetahles. But in
the dry season there is nothing for them to eat except our crops.

Karen farmer, Mae Sariang, Mae Hong Son. on soil erosion and land forma-

tion: .
Soil loss from those fields at the top is good. We need a few more years
before this fand (at the bottom of the sfope) can be leveled and bunded for
weltland rice. But soil loss from that fleld up there is no good because it
will ruin the wetland rice field just befow it. Luckily, the field is under my
control, so | can take care that the forest cover is never cleared and the
s0il not disturbed.

Pal Poo Chom are all old farmers who
have retained knowledge and skiils from
the tipium-based cropping systems.
Younger farmers tend to focus only on
cabbage and lichee.

Saophang and others like him can be
galled “expert farmers,” whose qualifying
gharacteristic is their crop management
ability. Those who specialize in food crops
other than rice are usually women, whose
special gender-related skills and knowl-
edge are exemplified by the management
of numerous domesticated and semido-
mésticated food plants, including 20-30
different kinds sown mixed with rice (Fig-

ure 5). It is not always easy to identify
expert farmers, however; those who are
most capable are not necessarily the most
outspoken or articulate.

Diversity in local genetic resources

Plant genetic resources available for local
use are the key to the successful new crop-
ping systems discussed previously. Produc-
tion of cabbage, pepper, carrot, lettuce,
tomato, potato, etc relies on the most
modern varieties of imported seed. These,
however, have not displaced traditional
local germ plasm, even in villages that
have gone into commercial production on
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FIGURE 4 Saophang Saetao and
a can made with a special bamboo
from his agroforest edge. (Photo
by Kanok Rerkasem)

a major scale. Local plant species and vari-
eties continue to contribute significantly
to food security, especially where there are
problems with the market, for example,
when vegetable prices collapse or the
lichee trees do not set fruit. Local plant
genetic resources are even more valuable
to those with limited access to the market,
including villages with poor transporta-
tion such as Tee Cha and people who have
not been highly successtul with cash crop-
ping, which includes the village poor
everywhere.

Wild und semidomesticated species, as
well as rice and the various crop species
associated with it, all contribute to food
security. Saophang’s agroforest hedge in
Pah Poo Chom contains 92 species of
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plants. In addition to pada, other soil-
improving species are only beginning to
be identitied and chuaracterized by
researchers. Rice is still the primary sub
tence crop in most highland villages,
although its relative importance has
declined with the spread of new cash
crops. Virtually all of the rice varieties
grown in the mountains are from local
germ plasm. At least 15 local varieties ks
been identified in Tee Cha; each farmer
grows 2-5 varictics. Taste preference for
traditional varicties is one reason for lagk
of success with “improved” rice varieties!
the highlands. The other reason is that
new varieties bred for wide adaptation
have failed to meet the diversity of bio-
physical conditions in the highlands.
Through their maintenance of the local
germ plasm of native strains of rice, othe
tood crops, and semidomesticated specie
these farmers provide the world at large
with a valuable scrvice of i situ conserva:
tion of plant genetic resources.
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Diversity In institutional arrangements
The ability of local institutions to manage
the common resources of land, water, an
forests can be the 1 condition on which
the success or failure of new cropping sy
tems depends. When former opium-grow-
ing villages bought their irrigated rice
land in order to settle down, in addition
to transfer of technology for growing wei-
land vice they had to adapt rather com-
plex communal institutions to the man-
agement of the irrigation system. The
Lahu of Loh Pah Krai have had to learn
manage sharing of irrigation water within
the village and with neighboring villages
as well as to organize maintenance of the
physical structures of the irrigation sys-
tem. In contrast, conflicts have crupted
between highland and lowland villages in
many areas where institutions for water
sharing were poorly developed. The pres-
ence of roaming livestock is often the pri-
mary constraint on vegetable production.
Commeon sense might suggest fences, bul
in Mae Rid Pagae the enforcement of a
communal law is an additional factor.
Owners of the vegetable fields have a
responsibility to make their fences cattle-
proof during the day. Livestock owners ats
fined for damages that occur at night,
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FIGURE 5 A seed mixture of
rice and 24 other kinds of crops
sown by Mrs Inar in Tee Cha.
{Phote by Kanok Rerkasem)
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key to these successes is local innovarions
that have come about through (1) farm-
ers” knowledge of spatial and temporal
diversity of their biophysical environment,
(2) local availability of plant genetic
resources and farmers’ knowledge of their
special adaptation and ather characteris-
tics, (3) the crop management skills of
individual farmers, and (4) effeciive insti-
tutional arrangements for dealing with the
management of common resources, The
ability to manage this “agrodiversity” to

the advantage of their specific cropping or

land use system is the unique qualification
of successful, expert farmers. Analysis of
the 4 elements of agrodiversity is useful in
any attempt to improve the performance
of crop production in mountain agroeco-
systems by outside experts.

Benjavan Rerkasem is professor of plant nutrition at
the Faculty of Agriculture, Chiang Mai University, and
Senior Research Schoiar with the Thailand Research
Fund. She leads a group of about 30 researchers who
focus on management of local plant genetic resources to
meet focal needs for food and nutrition securily while con-
serving agrobiodiversity,
benjavan@chiangmai.ac.th
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Jose Nestor M- Garcia. A doption and Maintenance of Contour Bunds

Robert V, Gerrits
HoberEAC Cramt and Hedgerows in a Dynamic Environment
Experience in the Philippine Uplands

The widespread adoption of scil conservation decreasing hedgerow guality, and ..__

technologies by farmers {notably contour ance of hedgerows raised concerns &
hedgerows) observed in Guba, Cebu City, sustainability. The dynamic nature of Uil
Philippines, is not often observed elsewhere farming systems suggests the need fol'é

. in the country. Adoption of these technolo- tocation-specific farming system develns
gies was because of the interaction of such framework, which provides farmers willh
phenomena as site-specific factors, appropri- ongoing extension for continual promati
ate extension systems, and technologies. appropriate conservation practices.

However, lack of hedgerow maintenarnce,

and households, wransect walks, and -'
visits were conducted in various localll

Guba is located approximately 20§
northwest of Cebu City center and 134
tively accessible by means of 3 diredt,
unscaled gravel roads. The site’s climg
characterized by lack of a pronouncel
maximuin rainy period. Soils are hemg
geneous but primarily acidic, heavy i
loams, with slight to severe eradihiliy
susceptibility to waterlogging. A co
tion project begun in 1981 in Barangs
Guba, Cebu City, spread to the 9
boring barangays (villages) of the G
ering a total area of around 78 km? (I}
ure 1).

Livelihood based on farming

Farming is the primary source of liveld
hood for moest households. Local R

C!ﬁ;g?aln:%;;g;-\g;egf;;dlaon A high rate of adoption ment oppolrtumnos mr:lmle cummclq!
showing cultivation on steep ging, spraying, harvesting and hauliy i
slopes and some conservatian The rate of adoption of soil conservation mangoes, contract firewood and chine
farming in the foreground. {Phote 2 1 . hus )
by R. V. Gerrits) wehnologies by upland farnsers in the production, and the purchase and s
Philippines has remained low, with few bamboo. Off-farm emplovinent by o
successful projects. One such project is more of the younger farm-household
located in the hintertands of Cebu City, members also provides some cash inth
implemented by the Mag-uugmad Founda- The average farm size is 1 ha ol Al
tion, Inc (MFI), a nonprofit, nonstock, able and Disposable or Public Foresi
farmer-based NGO concerned with the Lands. Key persons interviewed suggs
declining status of upland farmers, degra-  that 30% of the farmers are tenanis ufl
dation of upland resources, and the down-  either rent some land in addition td i
stream effects of resource degradation. existing (hut small) landholdings ors
Surveys conducted from 1993 to 1997in 8§  wholly dependent on rented land. M
upland project sites throughout the tenants have long-term tenancy agrees
Philippines revealed that the rate at which (in some cases, intergenerational), i
soil conservation technologies are adopt- ing a feeling of security of tenure. THEl
ed at the MFI Guba site represents a phe- growing accessibility of the site has
nomenon rarely seen elsewhere in the about increased commercialization ol
Philippines. A l-weck informal survey was farming. This leads farmers to restrigt
conducted to determine the reasons for maize cultvation to the first of two i
this widespread adoption and to analyze cropping periods and utilize the se 3

sustainability. Interviews with key persons the culiivation of vegetables. Flowers,
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Abstract:

One way to improve iron (Fe} intake in those who suffer from Fe deficiency anemia is to
increase Fe content in the grain people consume. In this study, we show how a preliminary
determination of grain Fe in rice may be made with reaction to Perls’ Prussian blue, a stain for Fe
(ITT). Differential localization of Fe in parts of the grain is indicated by intensity of reaction of
tissue Fe to the dye. The blue colour reaction was most intense in the embryo, weak in the
aleurone layer of the pericarp and invisibie in the endosperm. The staining intensity varied with
region of the embryo, generally .being strongest in the scutellum, intermediate in the coleorhiza
and weakest in the coleoptile. Variation in the reaction to Perls’ Prussian blue was observed
among eleven rice cultivars with varying grain Fe contents. The intensity of the blue colour
reaction in the embryo of different rice cultivars was indicative of their grain Fe contents for both
brown and white (polished) rice. Those with high grain Fg, >14 mg Fe kg™, were clearly
distinguishable from those with <10 mg Fe kg™ with Perls” Prussian blue. We suggest that this
simple staining procedure may be used to quickly screen for high Fe contents in large germplasms
containing hundreds of rice entries, using reactions in genotypes with known grain contents as

standards.

Keywords: Oryza sativa, Rice, Seed, Iron localization, Perl’s Prussian blue, Detection



Accepted by ScienceAsia MAWLIS 1.9

Introduction

Increasing Fe content in the grain people consume is considered one way to increase Fe
intake in those suffering from Fe-deficiency anemia.” Previous studies have shown that grain Fe
content can vary widely among rice genotypes. Most of the commonly eaten rice varieties in Asia
contain only about 10 mg Fe kg in brown rice, but genotypes with 15 mg Fe kg'l' o; more have
been found.®” Selection and breeding for rice of higher grain Fe content is possible. However, in
the past, Fe content of rice grain can only be measured by chemical analysis. This poses a
problem when dealing with large numbers and limited amount of samples as in screening of
germplasms and evaluation for Fe contents in progenies of crosses. Furthermore, even though the
method for chemical analysis for Fe is well established, contamination is still a problem in many
labs which has resulted in unusually high grain Fe contents being reported. The application of the
Prussian blue stain® has made possible rapid estimation of the amount of non-hemoglobin Fe in the
marrow and in the blood of humans? and other vertebrates.? Biologically active Fe is normally
very tightly complexed to protein, as in hemoglobin or myoglobin. Fortunately, there are various
mechanisms within the tissue which allow the Fe to be detected, in the form of Fe (III) surrounded
by hemosiderin. This Fe is reported to be easily stained with Perls’ Prussian blue reaction.®? We
set out to see if Perls’ Prussian blue may be used to detect the localization of grain Fe in rice, and

whether seed with different grain Fe contents may be distinguished by the intensity of staining.

Materials and Methods
Seed of 11 genotypes of rice (Oryza sativa) were obtained from plants grown on San Sai
soil under wetland condition in the Department of Agronomy field plot at Chiang Mai University,
Thailand. The genotypes included IR68144 (a high yielding variety from IRRI), Basmati 370 {(a
traditional cultivar from Pakistan), KDML 105, RD 6, Hom Klong Luang]l (3 popular aromatic rice

cultivars from Thailand), Neaw Ubon 2, Hom Pu Pan, Hom Nang Fa (3 newly released Thai




F

varieties), and CMU 122, CMU 123, CMU 124 (3 upland Thai varieties). Seed Fe concentration
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was determined by wet-ashing and Inductive Couple Plasma Spectrophotometry; ICP? in mature
grain as whole grain brown rice (palea and lemma removed, complete with embryo) or white rice
(milled and polished, embryo largely removed). The Perls’ Prussian blue reaction was determined
on individual grains of brown rice, with three replications for each cultivar. After the husk was
removed, the seeds were imbibed in distilled water for 4-5 hours, and were cut in half lengthwise
through the embryo with a teflon knife (Advanced Personna Brand) in a Petri dish. The specimens

- were submerged in freshly prepared Perls’ Prussian blue’ solution (2% hydrocloric acid mixed with
2% potassium ferrocyanide) for 10 minutes. The seed were then gently washed continuously in
distilled water for 2 minutes. The ferric Fe is released from any attachments to protein by treatment
with dilute hydrochloric acid and then reacts with a dilute solution of potassium ferrocyanide to
produce an insoluble compound, ferric ferro cyanide (Prussian blue).®> The intensity of staining was

| rated from O (no staining), + (weak staining) to +++ (most intense) under a stereo microscope.

Results and Discussion

Perls’ Prussian blué staining has been recommended as a method for locating Fe (I1I) in
animal tissue because it is fast, reproducible and the reagent penetrates bulky tissue to give a
distinctive blue reaction.' The technique has recently been used to report the presence of iron in

the aleurone layer of rice grain.4 In this paper, we show for the first time a pattemn of staining

with Perls’ Prussian blue within the rice grain that clearly indicates differential localization of Fe
(Figure 1). The staining was most intense in the embryo, weak in the aleurone layer of the
pericarp, and not detectable in the endosperm (Table 1). Differences were also seen in different
parts of the embryo (Figure 2, Table 2). The staining was weakest in tﬁe coleoptile, intermediate
in the coleorhiza and strongest in the scutellum, which was similar to the embryo as a whole. The
most intense blue colour (+++) in the embryo (and the scutellum) was associated with the grain Fe

content of >13 mg Fe kg™ for brown rice and >10 mg Fe kg™ for polished rice (Table 2). The
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intensity of staining was less well correlated with grain Fe at lower concentrations as cultivars
with embryo staining rated as + and ++ were not distinguishable by their grain Fe contents. No
reaction with Perls’ Prussian blue was observed in the endosperm, even at 15.6 mg Fe kg™ as
found in white, polished IR68144. The Fe present in the endospenm may not be in the form that
reacts with the dye, or possibly the concentration of Fe in the endosperm may be below the limit
of visible staining by Perls’ Prussian blue. By contrast, staining of the embryo of Neaw Ubon 2
(19.9 + 1.8 mg Fe kg'"), although faint (+) was still clearly visible. The reaction to Perls’ Prussian
blue in the aleurone layer of the pericarp also followed roughly the Fe contents of whole grain in
individual rice cultivars, but the distinction is less clear between cultivars with high and low grain

Fe.
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Table 1 Differential staining with Perls’ Prussian blue in parts of the grain of 11 rice cultivars.

Variety Intensity of staining, part of grain *
Embryo Aleurone layer Endosperm
[R68144 +++§ + 0
KDML 105 -t + 0
BASMATI 370 +++ + 0
Hom Klong Luang 1 ++ + 0
Hom Nang Fa ++ 0 0
Hom Pu Pan ++ 0 0
Neaw Ubon 2 + 0 0
RD 6 _ + + 0
CMU 122 +++ ++ 0
CMU 123 ++ + 0 0
CMU 124 + 4+ + + + 0

* Whole grain with embryo, without palea and lemma.
§ 0 = no stain; + weak staining; + + moderate staining; + + + intense staining.

Three seeds for each variety gave the same rating.
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able 2 Differential staining with Perls’ Prussian blue in different parts of the embryo and grain

Fe concentration in 11 rice cultivars.

Variety Whol Part of embryo mg Fekg™ 1

e Scutellum Coleoptile Coleorhiza  Brown rice White

Intensity of staining | rice

d #E ++ + & = ++ + 197+ 15.6 +

{DML105 ++ ++ - ++ 7.8+ 724

MATI 370 * o ot + & # * #* & 143 £ 8.0+

Klong Luang 1 & * % % i 19« RE
Nang Fa # + et 0 * 8.0+ -
Pu Pan k- + + 0 * 8.4+ %

aw Ubon 2 <+ + 0 * 8.1« 7.8 %

+ + + - 8.6+ 7.5#

122 L ) ++ 4+ + + ++ + 18.7 & 138 &

123 # 4= +++ e * & & 15.84 11.4 £

124 +++ ++ + ++ dn ik 32+ 10.1 &

= no colour; + weak staining; ++ moderate staining; +++ intense staining

| Brown rice was whole grain with embryo, without palea and lemma; white rice had palea and
ima removed by milling, and pericarp removed by polishing, embryo largely abscent. Each
e was mean of three analyses.

ot determined

hree seeds for each vaniety gave the same rating,.
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Figure 1 Stereo-micrographs of brown rice grains cut longitudinally in half, showing

distribution and ntensity of staining with Perls’Prussian blue. Most of the Fe (III) reaction
1s located in embryo part of the grain. Em, embryo; en, endosperm; al, aleurone layer.
Cultivars: A, [R68144; B, CMUI122; C, Neaw Ubon 2; D, KDML 105; E, Basmati 370, T,

Hom Pu Pan
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Figure 2 Stereo micrographs of brown rice grain cut longitudinally in half, showing the

distribution and density of staining with Perls’ Prussian blue. A-E showing the different .

reaction in different part of embryo: em, en: endospernm, sc¢: scutellum, cr: coleorhiza, cp:
coleoptile. F showing the reaction of Perls’ Prussian blue in aleurone layer of KDML 105,
Cultivars; IR68144; A, Hom Klong Luangl; B, CMU 124; C, CMU 122, D, Basmati 370;
E, KDML 105; F

LS
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ABSTRACT

The spread of modern crop varieties has led to a concern about genetic erosion and
decline in local crop genetic diversity. To preserve genetic resources it is now generally
accepted that in situ conservation is required along side with ex situ conservation.
Conservation of natural species of plants and animals may be achieved by conserving their
natural habitats. Agricultural environment, however, is influenced by rapidly evolving
social and economic forces and continuously emerging technological innovations. The
same principles for conserving natural species cannot be applied to in situ conservation of
crop diversity. Genefic systems of crop species are also highly dynamic, subject to selection
pressure driven by increasingly precise tools for genetic management, including modern
biotechnology, changing human needs and preferences. It is unrealistic and unjust to
expect farmers to keep their traditional crop varieties in a state of suspended animation.
Sustainable and equitable conservation of crop genetic diversity on farm requires two basic
sets of understanding. The first is related to the structure and dynamics of the genetic
system. This will help to determine (i) what may not be worth the cost of saving and what
may worth conserving almost at any cost, and (ii) in what direction future changes may be
expected in the germplasm so that management strategies may be adjusted accordingly.
The second is related to how farmers manage and make use of local crop varieties.
Biophysical differences and the many changing ways in which farmers manage diverse
genetic resources and natural variability and their practices in dynamic social and economic
context characterize the agricultural environment, or niche, in which crop diversity is to be
conserved. Variation in both the genetfic system and the niche need to be considered at
various organizational levels, from the broadest global level to regional, national, down to
local village, farm, field and individual plants. This paper presents the idea of
“agrodiversity”, as a means to analyze and understand Thai rice farmers’ innovation and
management of their cropping systems and crop genetic resources. Through agrodiversity
analysis, which focuses on the dynamic variation in cropping systems, output, and
management practice that occurs within and between agroecosystems, niches for diversity
in the local rice genetic resources may be identified and enhanced on farm.

IN SITU CONSERVATION OF LOCAL CROP GENETIC RESQURCES

Widespread adoption of modemn high yielding crop varieties has led to a concern about
eroston in local crop genetic resources and loss of diversity. Replacement of older varieties
by modern improved varieties has accelerated in the past 50 years in what is now commonly
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known as the Green Revolution. High Yielding Vaneties (HYVs) of rice has almost completely
replaced traditional varieties in most rice growing countries in Asia (Kaosa-ard and Rerkasem,
2000). Erosion of local crop germplasm has also resulted from complete change in land use
systems. Upland rice, usually grown in some form of shifting cultivation in the mountainous
region of mainland Southeast Asia, is rich in genetic diversity (e.g. see Fu and Chen, 1999;
Gong et al,, 2001; Rerkasem et al., 2002). Land use changes, to wetland rice, extensive
plantations of cash and export-oriented tree and industrial crops and large-scale vegetable
production, have all resulted in losses of local varieties from farmers’ fields.

Responding to this concern, conservation efforts were at first directed at ex situ
conservation. Seeds of the world’s major food crops were collected from throughout the
world and preserved at international centers belonging to the CG system (the Consultative
Group for International Agricultural Research, also known as the CGIAR) and various other
national and international facilities. From the late 1980’s weaknesses in the ex situ conservation
began to be identified. Some pointed out that the evolutionary process that gave rise to
genetic diversity is stopped in the cold storage of ex sifu conservation (Harris, 1989). Many
were also worried about the concentration, and thus control, of agricultural genetic resources
in developed countries and intermational centers, and the lack of recognition of the contributions
of developing countries and farmers (Fowler and Mooney, 1990). In situ conservation is seen
by many to be the answer to these problems, and has since received much attention and
efforts (e.g. see Smale, 1998; Brush, 1999; Almekinders and De Boef, 2000).

According to the United Nations Convention on Biological Diversity (UN CBD), in
situ conservation of germplasm involves “the conservation of ecosystems and natural habitats
and the maintenance and recovery of viable populations of species in their natural surroundings
and, in the case of domesticated or cultivated species, in the surroundings where they have
developed their distinctive properties” (Reid et al., 1993). For natural populations of wild
species, which have reached a steady state or “climax” in a given environment, preserving
the environment would then maintain the habitat and so conserving the populations.
Throughout the 1990’s much efforts and resources have been expended towards in situ
conservation of crop germplasm as if they were wild species, but it is becoming increasingly
clear that this has not worked (Louette, 1999; Almekinders and De Boef, 2000; Julian Berthaud,
in CIMMYT, 2001).

To preserve “‘domesticated or cultivated species, in the surroundings where they have
developed their distinctive properties” is to ask farmers to keep their cropping systems in the
state of suspended animation. This is unrealistic as well as unjust. It may be possible to
provide redress to the economic equity problem by paying farmers to keep their old cropping
systems and their traditional varieties. However, such a system of in situ conservation will
serve no different purpose from the ex situ conservation system, but with an added burden of
much more complicated management logistics. Furthermore, it has been argued that past
evolution of diversity may not be reproduced in such “museum farms”, and any genetic
changes that may take place in them may be totally irrelevant to future needs (Holden et al.,
1993).

Agricultural germplasms are shaped by social and economic as well as biophysical
factors. Agricultural habitats and selection pressures are very different from natural ones in
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that they are continually modified by management decisions of individual farmers responding
fo various socio-economic and physical factors and technological breakthroughs. Agricultural
habitats are also changeable in a time frame that is much shorter than in natural ecosystems.
They can also be highly fragmented into many different niches, often even on single farms,
where different genotypes may exist side by side for managerial as well as ecological reasons.
Crop genetic systems are subject to the process of human selection and manipulation, which
have become most precise and drastic with the advent of molecular biology and genetic
engineering. The comparative advantage of in situ conservation lies in the capacity of in situ
populations to store large number of alleles and genotypes (Brown, 1999).

High Yielding Varieties (HVYs), the hallmark of the Green Revolution, are now grown
in almost all of the rice cultivating countries of Asia, from China, India, Indonesia, Malaysia,
Philippines to Vietnam. Rice yield in individual countries has doubled or tripled, but at the
cost of local rice varieties being almost completely replaced by modern HYVs. Thailand 1s
an exception, the new HY Vs make up only 20% of its main rice crop, local rice varieties are
still grown in farmers’ field in many areas of the country. Local rice varieties remain a key
component of many rice-based agroecosystems in the country, especially in the North.
Northern Thailand lies in the heart of the primary centre of diversity for rice, which extends
over remote mountainous neighbouring areas of India, Myanmar, China, L.aos and Vietnam.
The region is of strategic importance for sustainable management of the world rice genetic
system. As Thailand moves along its path in development, even with occasional stumbling
like the economic crisis of 1997, the key question for in situ conservation is whether there is
room for it in the country’s rice fields of the future. To answer this we suggest looking at (a)
niches for different rice varieties in Thailand’s rice-based cropping systems, and (b) structure
and dynamics in the local rice genetic systems.

THE NICHE FOR LOCAL RICE GENETIC RESOURCES IN
THAILAND’S RICE-BASED CROPPING SYSTEMS

A survey by the Office of Agricultural Economics found over 10 million rai (1.6 million
ha) of traditional rice varieties still grown throughout the country in 1996 (Table 1). For
efficiency in the production system as well as long term prospect for in situ conservation it
will be useful to identify how much of the current traditional rice area has resulted from
inertia in the extension process and how much has resulted from real biophysical, economic
and social constraints. The rice area under traditional varieties is spread through all the four
regions (Table 2). Before lack of availability and access to improved varieties is considered
as the reason for persistence of traditional varieties, it should be pointed out that research
stations or centres of the That Rice Research Institute have been located in many of these
provinces for half a century or longer, long before the arrival of the Green Revolution in the
early 1970’s. Some, e.g. Chinat, Surin, Hantra in Ayuthya, and Koksamrong in Lopburi, are
among the country’s oldest and most famous rice research stations where several “improved”
rice varieties have been developed. In other words, lack of access to “improved” varieties is
not likely to be the main reason for continued use for many of the local varieties.




132 | 2 CMU. Journal (2002) Vol. 1(2) -

aMawudn 1.10

Table 1. Distributions of rice varieties grown in different regions of Thailand, wet season

1996.

Type of Planted area, by region (rai)

varieties North Northeast Central South Country
Traditional 3,014,894 3,094,039 2,607,659 2,082,006 10,798,598
RD6t 2,328,716 13,630,741 3,607 23,962 15,987,026
RDI15% 225, 15 1,477,434 60,019 19,759 1,780,921
KDML105% 904,483 11,048,752 1,071,809 89,398 13,114,442
Selected

traditionalf 2,110,234 1,235,470 1,805,123 76,423 5,227,250
HYVs 4,281,649 1,202,151 4,308,705 590,341 10,382,846
Total 12,863,685 31,688,587 9,856,922 2,881,889 57,291,083

T RD6 and RD15 are derived from KDML 105 by mutation with radiation
I Local traditional varieties that have be selected by pure line method and released by the Rice Research Institute

of Thailand.

Source: Adapted from QAE, 1998.

Table 2. Areas of traditional rice varieties in Thailand

Region: provinces Area (rai) % of rice land
in region

North: Kamphaeng Phet, Sukhothai, Phitsanulok, 2,609,751 20.3

Pichit, Nakhon Sawan, Uthai Thani, Phetchabun

Northeast: Loei, Udon Thani, Sakonakom, 2,726,469 8.6

Ubon Ratchathani, Srisaket, Surin, Buriram,

Khon Kaen, Chaiphum, Nakom Ratchasima

Central: Lopburi, Chainat, Ayuthaya, 1,937,813 19.7

Nakhon Nayok, Prachinburi, Chachoengsao,

Sakaew, Kanchanabun

South: Chumporn, Surathani, Nakon Si Thammarat, 1,743,562 60.5

Pattalung, Songkhla, Pattani, Narathiwat

Total 9,017,595 83.5%

Countryi 10,798,598 18.8

T % of traditional rice area in whole country

I Country total includes small areas in other provinces (< 100,000 rai each)} not included in above total for each
region, % of country rice area of 57.3 million rai planted to traditional varieties in the whole country
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For many important foed crops, numerous traditional vaneties or landraces continue to
be grown, often along side the HY Vs (e.g. potatoes in the Andes, maize in Mexico and wheat
in Turkey, cassava in Peru and sorghum in Ethiopia (see review by Brush, 1995; and more
extensive reviews for rice, wheat and maize in Smale, 1998; Pingali and Smale, 2002). The
last two authors argued that intensification of crop production and productivity gains do not
always have to be associated with losses of genetic diversity. Brush (1995) suggested that
land fragmentation; marginal agronomic condition, economic isolation and cultural preference
and identity are the major reasons for the continuing use and conservation of the landraces.
Some of these factors appear to be operating in the case of rice in northern Thailand
(Gypmantasid et al., 1980; Rerkasem and Rerkasem, 1984; Rerkasem et al., 1994), but there
may also be other factors. The probability that a Turkish farmer will choose to grow a traditional
variety of wheat or not was shown to depend on a complexity of factors including grain
quality, yield risk, market opportunity, climatic constraints and agronomic consideration (Meng,
et al., 1998). That the continued use and preservation of traditional crop varieties by farmers
is determined by a complexity of biophysical, economic and social reasons is increasingly
being accepted in the literature (Pingali and Smale, 2000).

A picture of distribution of the various rice varieties, by province, in the whole country
has been provided by a survey by the Office of Agricultural Economics in 1996/97 (OAE,
1998). The distribution of major varieties and types by region is shown in Table 1, and by
selected provinces in Table 3. Notable are the predominance of HY Vs in some provinces,
traditional varieties in others and the KDML varieties (KDML105 plus RD6 and RD15, which
were derived from KDML 105 by mutation) in many others. Together KDML105, RD6 and
RD15 accounted for more than half of all the rice planted in the country’s main growing
season, and almost the entire planted area in some provinces. Wide adaptation to variation in
the biophysical environment of the varieties is clearly indicated. This is further enhanced by
the shorter growing season of RD15, by about 2 weeks, thus extending the niche into areas
with earlier ending of the wet season. The conversion of non-glutinous KDML105 into
glutinous RD6 has enabled it to fit neatly into the niche in the upper part of Northern and
Northeastern Thailand where glutinous rice is the staple. Being non-responsive to fertilizer,
they are usually planted with minimumn inputs. All three produce quality rice which find
ready markets for local use as well as for export, especially for KDML105 and RD15 which
are exported at premium prices as Thai Jasmine or Hom Mali. The HY Vs, on the other hand,
tend to be grown in irrigated area and are given much higher inputs of fertilizers and pesticides.
The average yield for HY Vs is about 50% higher than traditional varieties, including the
KDML types (OAE, 1998). The price for HYV rice is, however, only about half that of
Jasmine rice. What conditions then describe the niche for traditional varieties that are still
grown, including in irrigated areas in some provinces?

The means to analyze and understand farmer’s innovation and management of their
cropping systems and crop genetic resources is here termed “agrodiversity” (Brookfield, 2001).
Agrodiversity focuses on the dynamic variation in cropping systems, out put, and management
practice that occurs within and between agroecosystems. These may be defined as four different
aspects of variations in rice-based cropping systems, namely, diversity in the biophysical
environment, diversity in farmers’ management innovation and diversity in institutional
arrangements and diversity in the local rice genetic resources themselves.
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Table 3. Distribution of major rice varieties in selected provinces, growing season 1996.

Traditional KDML HY Vs Selected Total
typet traditonaly
Area (rai)

North
Chiang Rai 83,753 860,210 47,678 991,641
Chiang Mai 31,494 392,722 8,078 84,146 516,440
Nakhon Sawan 1,039,489 185,852 970,260 95,228 2,290,829
Kamphaeng Phet 124,651 76,767 1,048,619 10,365 1,260,402
Phitsanulok 130,357 145,572 792 285 284,760 1,352,974
Northeast
Udon Thani 131,579 1,492,798 63,065 . 352,501 2,039,943
Nongkai 48,104 1,048,475 40,369 29,048 1,165,996
Nakon Ratchasima 388.482 2,036,127 588,275 127,782 3,140,666
Ubon Ratchathani 162,959 2,490,683 111,376 126,789 2,891,807
Surin 473,682 2,351,466 0 0 2,825,148
Yasothorn 21,419 970,876 0 3,725 996,020
Central
Ayuthya 354,515 0 319,345 201,250 875,110
Prachin Bun 407,390 121,808 16,054 188,928 734,180
Nakon Nayok 261,141 18,775 161,095 7,321 448 332
Kanchanaburi 163,947 10,269 197,600 3,223 375,039
South
Surat Thani 193,677 25,117 67,179 - 29,670 315,643
Nakon Si Thammarat 603,207 32,116 239,749 946 876,018

t KDML105 plus RD6 and RD15 which have been developed from KDML105 by mutation through radiation
} Traditional varieties that have been selected by pure line selction and released by the Thai Rice Research
Institute

Source: OAE, 1998.

Diversity in the biophysical environment

Rice in Thailand is grown in six basically different environment related primarily to
water and sometimes temperature regimes. Upland rice is grown on dry soil. It is found from
about 1,000 m in elevation in the northern part (up to 200 N) of the country down to just a few
hundred meters further south (to about 140 N). Mountain wetland rice is grown in flooded
soil, with water depth of 20-30 cm, in highland valleys and terraced fields at 600 » 1,000 m in
elevation. Irrigated nice, for which the water depth can be controlled at 20 » 30 cm, accounts
for some 25% of the country’s lowland rice land. Lowland rain-fed rice is grown on relatively
flat land, 400 m in elevation or lower, without water control. Drought is the primary constraint.
Deep water and floating rice is grown in low-lying areas where water depth may reach several
meters. These first five environments are in the wet season, with planting from May to August,
harvesting from October to December. The sixth is dry season rice, grown where there is
water for irrigation, from about January to June. Archeological evidence indicated that rice
has been grown in the North (Gorman, 1969} and Northeast {(Solheim, 1972) of the area now
called Thailand for at least 6,000 years. Some of these agricultural habitats would have been
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in existence for at least a few thousand years. The myriad local populations of rice in each
habitat would have gone through as many episodes of meiosis and recombination, and as
many seasons of the evolutionary process and selection by farmers. Local populations in
these major habitats may be expected to be significantly different from one another, and this
would be ground to make sure that each is conserved.

While it is generally known that the high yielding potential of rice HY Vs is best expressed
where irrigation is available, however, the percentage of rice area planted to HY Vs correlated
only slightly (R? = 0.36) with the percentage of irrigated rice land in each province (Figure
1). The relationship between the proportion of rice land that was planted to traditional varieties
and irrigation is even weaker (R?=0.04). Irrigation is still probably the single most effective
factor that removes variation in the biophysical environment for rice. Potential for further
increase in irrigation area for the whole of Thailand beyond the current 25% is constrained by
numerous economic, ecological, social and political reasons. The picture is slightly different
in the highlands, where cultivation of wetland rice is seen as one of the major ways to increase
productivity and sustainability of production. Support for investment for the development of
highland paddy began with foreign assistance programs, and continues today.

According to the Department of Land Development, only two fifths of the country’s
rice Jand is judged suitable for rice growing, about haif are only moderately suitable, the rest
is affected by some serious constraints (Siamwalla and Na Ranong, 1990). For example,
some 3 million rai of the Central Plain (Supanburi, Ayuthya, Pathumthani and Nakorn Nayok)
are affected by acidity with pH up to 4.5, with another 300,000 rai of acid sulphate soils,
affected by extreme acidity of pH < 4.5. In addition, variations in water depth and the timing
of inundation have created an enormous diversity in water regimes in the country’s river
valleys such as the Central Plain (Takaya, 1987). About 5.6 million rai of land in the Northeast
are affected by salt with another 16 million rai of rice land identified as susceptible to
salinization.

+ HY Vs (0.36)
100 - » o Traditional vars (0.04)
o &
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Figure 1. Relationships between percentages of rice land with irrigation and area planted to high yielding
(HY'Vs) and traditional (Traditional vars) rice varieties in Thailand, by province (R2 in brackets).
Source: data from OAE, 1998.
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In addition to these broad scale variations, farmer’s choice of rice variety may be
influenced by local or micro level of vartations in the biophysical environment that can occur
within single farms. Different varieties may be required for even small differences in water
depth of 5-15 cm or delays of 2-3 weeks in field drainage at the end of the season (Rerkasem
and Rerkasem, 1984). Places of great micro level variations in the biophysical environment
may be found in the highlands, where differences in elevation, slope aspects and gradients
and soils may occur over short distances, often within single farms. While there is yet no
systematic inventory, there are many anecdotal reports of genetic richness of rice in the
highlands of Northemn Thailand (e.g. see Dennis, 1987; Pankao, 1996; Chantaraprayoon,
1997; Rerkasem et al., 2002). Differential adaptation in different rice varieties to these different
biophysical niches is recognized by farmers. For example: Bue Chomee (wild fowl rice) is
said to be better adapted to lower temperatures of highland paddies some varieties are more
responsive to the improved condition of residual fertility and weed control in rotation with
cabbage. Akha rice is believed to be good for poor soils. And so on (Rerkasem et al., 2002).
Although less than 1% of the country’s rice crop is grown in the mountainous highlands,
highland rice is therefore of special importance to in situ conservation of Thailand’s native
rice genetic resources.

At the broad-scale or macro level are variations in soil, temperature and rainfall in the
whole of Thailand that have already been characterized and mapped, agricultural zones have
been demarcated. Detail maps of the country’s soils and agricultural zones are accessible
from the website of the Department of Land Development {(www.ldd.go.th). Variation at the
fields and farms is poorly defined. Although such micro level variations could be characterized
with a new technology of “precision agriculture”, now being promoted as a fertilizer
management tool on individual farms in developed countries. Logistic, economic and technical
constraints together make it impossible to imagine such precision being applied in resource
poor farms of developing countries. Farmers are the only source of this crucial information.
Obviously it is not possible to ask every farmer and neither are all farmers equally
knowledgeable. Patterns of local variation may be derived from information provided by
those farmers who are well informed on local variation in the biophysical environment (Suthi,
1985; Rerkasem et al., 2002), supported by strategic measurements and instrumentation.

Because different crop genotypes may be adapted to different habitats, diversity in the
biophysical environment is the primary basis for diversity in local crop genetic resources.
However, field fragmentation is generally considered inefficient in the management of large
commercial farms. On small farms it would be tolerated and so local crop genetic diversity
preserved only if it does not interfere with farmers’ management objectives. Local varieties
will be maintained only if they are part of sufficiently productive cropping systems that can
meet the need of the farm household better than other alternatives. Such diversity of rice-
based cropping systems were commonly found in the Chiang Mai Valley in the early 1980’s,
and each of the condition for a rice variety was termed “agroecological niche” (Rerkasem
and Rerkasem, 1984). They have also been found with other crops in other parts of the
world, the term “mutiniche” has been suggested for habitat fragmentation which is
economically and socially viable (Bellon, 1996).

Diversity in farmers’ management and innovation

Farmers’ management and innovation affect local genetic resources in two different
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ways. A farmer may influence local crop genetic system by his/her direct choices over the
genetic stock, or through various agronomic practices and care given to the crop. The fate of
a local rice variety is determined by the collective choice of individual farmers who may
choose or not to choose to grow and perpetuate it. Unlike the pure line varieties from plant
breeders, local crop varieties are commonly genetically heterogeneous. Genetic make up of
a local variety may be affected by how its seed is propagated from season t¢ season, and
whether selection pressure is applied by the farmer when he/she pick the seed for growing in
the next season. Different varieties are sometimes deliberately mixed together for various
agronomic and other reasons (Dennis, 1987). Genetic shifts may also occur with changes in
cultivation practices from land preparation, planting, fertilization, pest management to harvest
and seed storage. The diversity of habitats and different ways in which the crop genetic
system is manipulated are the condition on which local genetic diversity of a particular crop
may be derived.

Rice farmers in Thailand have been practicing selection of their seed stock long before
anyone even thought about “participatory plant breeding”. Evidence of this may be seen in
the 20,000 entries of local rice varieties in the national genebank (Vutiyano, 2000). Some of
these would have been results of farmer’s selection from existing diverse populations. Others
could most probably have arisen from progenies of wild X cultivated rice hybridization that
commonly emerged in rice fields throughout the country (Oka, 1988; Chitrakorn, 1995). In
the field during harvest time in 2001 we saw again the practice common in the Chiang Mai
Valley in the 1980s (Rerkasem and Rerkasem, 1984) in which some farmers selected seed for
next season planting from panicles with specific appearances. Many who grow glutinous
rice also believe that unless they practice seed selection the eating quality will deteriorate and
cooked rice becomes hard. Others believe that changing their seed stock by reintroduction of
the same varieties from other areas will “re-invigorate™ the variety. It would be useful to
know what impact these practices have on diversity in the local rice genetic resources, and
what will happen when their function is no longer valued on farm. The use of “certified
seed”, in which genetic homogeneity is ensured, will certainly limit variation within populations
and opportunity for selection by farmers.

In addition to the conscious selection of seed stock, which directly affects genetic make
up of varieties, the rice genetic system may also be influenced by cultivation practices. Some
of these are in the form of simple variety replacement. Thus irrigation would have replaced
deep water and floating rice varieties with those that require better water control. When
shifting cultivation is replaced by wetland rice in the highlands, whole sets of upland rice
germplasm disappeared. Other changes are less obvious. Improved growing condition for
upland rice in rotation with cabbage in the highlands means that preference would be given to
those varieties that are able to respond to the better condition with higher yield. Another set
of information that would be useful to in situ conservation of Thailand’s native rice germplasm
would include answers to the question how local rice genetic system is affected by “modern™
practices in the production system. These included planting method, double cropping, chemical
weed control, use of chemical fertilizer, combined harvesting, the use of new rice varieties,
from those which are more genetically compatible with local wild rice to transgenic rice. In
Vietnam, weedy rice has been reported to have become invasive in the south where rice 1s
direct seeded and not in the north where it is transplanted, and more serious in the summer »
autumn crop than in other seasons (Chin et al., 2000). Farmers in Kanchanburi and Nakorn
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Nayok reported that wild rice that had existed for a long time in the village swamps had
become invasive in the rice field since the arrival of combined harvester and chemical weed
control.

Diversity in institutional arrangement

As part of the Green Revolution, habitats for wetland rice in Asia were made uniform
by large publicly funded irrigation development projects. These provided support for land
leveling, irrigation water and support programs that guaranteed cheap and sometimes free
inputs of fertilizers and pesticides as well as guaranteed market and prices. Farmers in the
Philippines were persuaded to grow “improved” instead of their own varieties by government
supported programs that excluded traditional varieties from various services provided (Basilio
and Razon, 2000). The adoption of the Green Revolution rice in Asia, from India to Indonesia,
was strongly persuaded with various supports and incentives by the government that sometimes
enforced at the point of the gun (Pretty, 1995).

Clearly, government actions do not necessarily always have to lead to losses of niches
and diversity. The conventional procedure for centralized rice breeding programs in Thailand
is the “official adoption” of local “elite” varieties. Genetically heterogeneous local populations
have been genetically homogenized through the “pure line selection” method, i.e. the whole
population of a particular variety becomes genetically homogenous as every plant is descended
from one single homozygous parent. Thus a local elite from Bangkhla near Bangkok named
Khao Dawk Mali, became KDML105, Pingaew became Pingaew 56, Nahng Mon became
Nahng Mon 4, Muey Nawng became Muey Nawng 48E and Muey Nawng 62M, and so on. It
would be useful for national breeding programmes to re-examine a suggestion made many
years ago (Allard and Bradshaw, 1964) that gene diversity in populations may bring about
populational buffering to stabilize yield. A recent study in China showed experimentally that
genetic heterogeneity in the field can help to overcome the vulnerability of crops to diseases
{(Zhu et al., 2000).

Local traditions and institutions that may affect usage and conservation of crop genetic
resources may vary from ceremonial and ritualistic roles of some crop varieties to customary
rules governing usage of common resource including sharing and exchanges of germplasm,
to market and trade arrangements. In some areas the management of hired or exchanged
labor requires that certain crop management practices such as transplanting and harvesting of
different fields is staggered over a length of time. In such areas different varieties that require
to be planted and harvested at different times will always be needed (Rerkasem and Rerkasem,
1984). Such needs can vary among ethnic groups and from place to place. The effect of
cultural difference is most clearly illustrated by the change of dominance between non-
glutinous KDML 105 and glutinous but otherwise closely related RD6 rice in the North and
Northeastern provinces. KDML105 dominates in all those provinces where non-glutinous
rice is staple and where glutinous rice is staple RD6 becomes dominant (Table 4). Where
crop genetic resources are treated as common property, and are readily exchanged and shared,
many will contribute to its conservation and selection, and so genetic variation. Those heirloom
varieties that are jealously guarded within clans and families are likely to be unique. The
application of intellectual property laws to new crop varieties is generally expected to provide
private incentives for crop genetic improvement. With the intention to encourage conservation,
Thailand’s New Plant Variety Protection Act 2542 also provided protection to community’s
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right to traditional varieties. It remains to be seen if these legislation have the intended
effects. Various other forms of institutional arrangements apart from the national government
and its formal laws, regulations and development policies, may also influence local crop
genetic resources.

Table 4. Choice between glutinous (RD6) and non-glutinous (KDML105 and RD15) of
closely related varietiest in some provinces of Thailand.

Province RD6 RD15 KDML Total
105 KDML7 area
% {rai)
North
Chiang Rai (G)$ 87.1 104 23 860,210
Payao (G) 76.9 20.6 e 445,846
Lampang (G) 938 03 59 285,198
Lampoon (G) 88.4 1.4 10.2 105,131
Chiang Mai (G) 88.0 1.5 10.4 392,722
Mae Hong Son (NG) 54 - 946 40,783
Tak (NG) 254 p 72.4 92,572
Kamphaeng Phet (NG) - 9.5 90.5 76,767
Sukhothai (NG) 344 £3:3 i, 183,238
Phrae (NG) 96.8 2.6 0.5 153,874
Nan (NG) 100.0 - - 17,009
Uttaradit (NG/G) 45.2 - 54.8 87,084
Phitsanulok (NG) 35.8 - 64.2 145,563
Pichit (NG} - - 100.0 50,575
Nakon Sawan (NG) 36.1 - 63.9 185,852
Uthai Thani (NG) - - 100.0 14,522
Petchabun (NG) 36.4 - 63.6 320,768
Northeast
Loei (G) 88.9 - 11.1 131,320
Nongbua Lampoo (G) 91.3 - 8.7 722913
Udon Thani (G) 92.1 4.2 36 1,492,798
Nongkai (G) 90.7 4.0 2.3 1,048,475
Skol Nakom (G) 90.9 - 9.1 1,272,770
Nakon Panom (G) 69.7 3.5 26.8 669,264
Mookdaham (G) 95.6 - 4.4 323,626
Yasothorn (NG/G) 443 16.7 389 970,876
Amnaj Charoen (G/NG) 49.5 2.9 47.6 921,890
Ubon Ratchatani (G) 60.9 g 36.1 2,490,683
Srisaket (NG) 10.3 54 84. 2,348,563
Surin (NG) 3.6 13.2 83.2 2,351,466
Burirum (NG) 17.9 9.5 1.6 2,053,461
Mahasarakam (G) 74.6 8.5 16.9 1,534,349
Roi-et (G) 56.5 38 39.7 2,168,133
Kalasin (G) 83.3 - 16.7 950,823
Khon Kaen (G) 85.2 1.8 13.0 1,769,046
Chayapoom (G/NG) 45.7 8.7 45.6 900,344
Nakon Rachasima (NG) 20.5 6.4 73.1 2,036,127

t Combined area under nonglutinous KDML. 105 and RD1S and giutinous RD6. Both RD 6 and RD 15 are
derived from KDML105 by mutation with radiation.
I Province where glutinous (G) and non-glutinous (NG) rice is main staple.
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The arrival of markets may mean that farmers’ choice of varieties will be determined
elsewhere as well as locally. The market is not necessarily always an enemy of diversity but
may actually help to enhance it. It has been shown that income elasticity of demand for
special quality grains may be higher than the income elasticity of demand for the cereal itself
(Pingali et al., 1997). For example, an increasing interest in blue corn, waxy Hmong com or
hand milled hill rice in city markets may add an economic incentive for certain groups of
farmers to maintain their traditional varieties. Thus special quality rice such as Basmati rice
from Pakistan and India, Jasmine rice from Thailand and traditional japonica rice in Korea
and Japan are fetching premium prices. Many different kinds of rice, with variously different
pericarp pigmentation, can now be seen the rice retail market throughout Thailand. Some
hilltribe farmers in Northern Thailand now regularly sell their own hand milled hill rice and
with the proceeds buy twice to four times as much rice from the lowland market. In Chiang
Mai some farmers find ready market and good prices for special rice that are fed to prized
fighting cocks.

Within this broader picture, niche diversity may still be found because of numerous
different variations and combinations of the socio-economic conditions of individual farm
households. Some poor farmers in the North and Northeastern regions of Thailand find the
good eating quality of RD 6 to be a disadvantage in their household economics. They reasoned
that because “it tastes so good, we tend to eat too much, so the harvest nins out before the
next season crop is ripe”. Farmers in some rainfed rice area in Chiang Mai choose to grow
traditional tall varieties because they can also sell the straw as mulch for garlic, shallot and
onion. Ethnic minority groups have special varieties that are preferred for home consumption.
Traditional varieties are also kept for medicinal purpose, as “heirlooms” (“our mothes/
grandmother said to keep this™), or even as “pet rice” (“we are not sure why we keep this, but
we like it”).

DIVERSITY IN THAILAND’S LOCAL RICE GENETIC SYSTEM

How much diversity remains in Thailand’s local rice germplasm? Which processes
contributed to genetic changes in the past, which of them are likely to continue to do so into
the future? With only one fifth the country’s rice land planted to traditional local varieties,
many of the old varieties have clearly disappeared from farmers’ field. However, planted
area tells only partial and incomplete story, and similarly number of traditional varieties that
are still grown. Most papers on in situ conservation refer to the names and types recognized
by farmers. Diversity, by definition, is measurable by the statistical term of “variance”. In
applied genetics, it refers to the variance of “a gene” within a population. Thus the variance
may be measured among alternative forms (polymorphism) of a gene (alleles) at individual
gene positions on a chromosome (loci), among several loci, among individual plants n a
population or among populations (Brown et al., 1990). Diversity may be estimated from
variances of morphological or physiological expressions of the gene. With the advent of
molecular genetics, we can now measure the variance of actual DNA sequences of a gene or
a specific length of DNA (a DNA marker). In addition to quantifying diversity by measuring
the variance of genes and DNA markers within and between populations, an understanding
of the structure and dynamics of the diversity and their causation is crucial to the management
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of crop genetic systems. Furthermore, “coancestry” of homologous genes in individuals and
populations of local varieties, and the evolutionary forces affecting the whole genome may
be learned from estimates of marker diversity (Brown, 1999). Such knowledge would inform
decisions on which populations need to be conserved and what conditions are needed to
enhance in situ conservation in the long run.

The structure of diversity

The ex situ collection of rice germplasm at the National Rice Genebank, which began
in 1937, holds 24,000 entries. Among these there were 5,900 that did not share the same
name (Vutiyano, 2000). Number of named varieties is misleading. Among the 6,000 entries
that have so far been characterized by various morphological and some physiological traits
(Vutiyano, 2001), varieties with the same name were often clearly different. Some generic
names, especially by colour of the husk, e.g. red, white, yellow, and so on, are often given to
very different rice from different parts of the country. Luang On (soft yellow) was one of the
most popular names, it was borne by 32 different entries. Some of the other popular names
were Tong Ma Eng (“gold that came by itself”, 9 entries), Kao Daeng (16 entries for “red
rice™), Khao Tahaeng (19), Khao Puang (17), Luang (18 entries for yellow), Luang Thong
(24 entries for “golden yellow™), and Luang Pratew (12). A total of 34 populations of rice
were collected from Rangsit and Ayuthya with the name Pingaew. Apart from obvious
morphological (grain shape and size, grain quality) and physiological (some were deep water
rice some were regular wetland rice) differences, DNA analysis of 36 SSLP (Simple Sequence
Length Polymorphism) markers showed that all except 4 of the populations differed from
one another by more than 50% (Vanavichit et al., 2001).

In contrast to “improved” varieties that come out of breeding programs, local varieties
carry a great amount of genetic diversity within individual populations. Genetic diversity in
both morphological traits and isozymes were observed in one population collected from the
lowland and one from the upland of Chiang Mai (Oka, 1988). However, this aspect of diversity
existing in local rice germplasm remains to be investigated. Studies of local germplasm
often treat each named variety as genetically homogenous (e.g. Chitrakorn, 1995; Pankao,
1996; Chantaraprayoon, 1997). Variation in morphological traits such as the presence of
awns, hull and pericarp colour and some physiological ones such as time of heading can be
commenly observed in farmers” field. Some of the variation may have resulted from accidental
and random mixing of seeds. Some farmers may also deliberately mix seeds from different
varieties. Isozyme analyses of “admixtures” showed that some were indeed random mixtures
of discreet types, but others exhibited continuous variations that indicated natural heterogeneity
(Dennis, 1987). Some variations are recognized as useful by farmers, as long as they do not
interfere with or may be useful in crop management or usage. Bue Chomee (wild fowl rice),
one of the most popular varieties for highland paddy in Northern Thailand contains considerable
variation in heading dates, but matures uniformly. Variation in dates of heading is valued for
the flexibility provided against gall midge, one of the region’s most prevalent insect pest that
i1s most damaging at panicle initiation. A measure of yield stability is provided by those
panicles that initiated at different times and so escaping damage. Bue Chomee also cooks
uniformly. Most of the women farmers, who are usually responsible for cooking, insist that
rice that are accidental or random mixtures are not acceptable because they cook badly, as
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different types would require different length of time to cook. The within variety genetic
diversity could be an important component of in situ conservation of rice genetic resources.
At Chiang Mai University we are investigating within variety diversity of Bue Chomee and
other popular local varieties such as Bue Polo (large grain rice), Bue Hmong (Hmong rice,
responsive to improved condition in rotation with cabbage and other highly fertilised
vegetables) that have arisen from farmers’ selection.

The six major biophysical environments listed above may be a good starting place to
conceptualize the structure of the genetic system of Thailand’s native rice. Adaptation barriers,
especially lethal ones, could indicate separation of genepools. An obvious example would be
the limited chance of survival in low lying areas of the Central Plains for rice from other
environments without flood tolerance and/or “floating ability™, ability to keep up with rising
flood water by stem elongation. Rice from the Central Plain sets seed poorly, producing
largely empty grain, when grown in the North, and similarly when rice from the lowlands is
grown in the highlands. Unlike natural species, crop plants not only have to survive a move
into a2 new environment but must also be reasonably productive. Generally upland varieties
will survive and produce seed under wetland conditions, and vice versa. However, varieties
that are equally productive under dryland and wetland conditions are rare, Sew Maechan and
Kae Noi are two known exceptions. Photosensitivity prevents most local populations from
being grown in the dry season. Although many would flower in the longer days of April and
May, most of them produce only a few panicles and are not sufficiently productive as dry
season crop. Ecological, management, technological and other considerations may provide
the basis for further differentiation of populations. Populations may also be very different if
they had been separated for a very long time. Truly indigenous populations of lowland rainfed
rice from the neighbourhood of the two prehistoric sites of earliest records of rice, the Spirit
Cave in the North (Gorman, 1969) and Non Nok Tha in the Northeast (Solheim, 1972) might
be expected to be very different. A group of glutinous rice from the Northeast has been found
with grain shape that was clearly distinct from non-glutinous rice and glutinous rice from
other parts of the country (Figure 2).
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Figure 2. Distribution of grain size (length:width) of a set of glutinous rice germplasm from the Northeast
(NE-glutinous) compared with non-glutinous {Non-glutinous) and glutinous {glutinous) rice from the rest of
the country. The lines separating grain with different shapes were adapted from Oka (1988).
Source: Plotted with data from QAE {1998}
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Genetic changes over time

Local use and management of rice germplasm has influenced local diversity of rice
genetic resources in the past in two major ways. The first is by introduction of new genetic
materials from elsewhere, and the second is by selection from existing diversity, from within
populations as well as between them. Introduction of new germplasm from elsewhere was
common even when it was not so easy to travel around the country (Rerkasem and Rerkasem,
1984). Information about promising varieties and seeds were disseminated by those with
opportunities to travel such as traders, migrants and those visiting relatives. Rice brought
from “home” is still grown by many recent migrants who arrived in Thailand in 1950’s from
China, Myanmar and Laos. The pace and range of new germplasm introduction has increased
with “modern” development and improved communication and transportation in the past
50 years or so.

The establishment of the Rice Department in 1954, later renamed Rice Research Institute,
has been instrumental in germplasm exchanges between different regions and introducing
really “exotic” germplasm, from outside the country, including those that are products of
modern plant breeding even incorporation of genes from wild relatives of rice. Some of these
have lost their original official names and been incorporated into the “local germplasm™. In
Kamphaeng Phet, a very popular “local” variety known as Cee See turns out to be an early
HYV imported from the Philippines named C4-63 introduced into Thailand in the mid 1960’s.
The name Bue Kaset is often encountered among local Karen rice names (Bue is rice in
Karen). Close enquiries found that the name refers to many different kinds of rice, including
HY Vs, that have originated from governmental, non-governmental and foreign aid programmes
that were identified with Kaser, a local euphemism for modern agriculture.

Examples of contributions from recent introductions into the local germplasm are
provided by Supanburi 1 (released 1994) and Pathumtani 1 (released 2000). Supanburi 1, an
HYYV, is commonly grown in double cropping, irrigated area around Kanchanburi and
Ratchaburi, northwest of Bangkok. It’s breeder’s code is SPR85163-5-1-1-2, and its pedigree
1s IR25393-57-2-3/RD23//IR27316-96-3-2-2///SPRLR77205-3-2-1-1/SPRLR79134-51-2-2
(Somrith and Chitrakorn, 2001). Supanburi | in farmers’ field, however, appears to be
genetically diverse and very different from the certified Supanburi I from the national Rice
Research Institute. A “mixing in” with local germplasm, including wild rice, is suspected.
This may have happened mechanically with the spread of combined harvesting, or genetically
by geneflow through local wild rice (see below). Pathumtani 1, a semi-dwarf, non-
photosensitive, aromatic rice, is a potential source of genes from Oryza nivara. The parentage
of Pathumtanit 1 includes IR50, which had incorporated genes for resistance to grassy stunt
virus from the wild rice, Q. nivara (Chitrakorn, pers. comm:.).

Rice is largely self-fertilizing. Even at the 0.03% > 0.1%, natural cross fertilization
contributes significantly to geneflow between genotypes (e.g. Brown, 1957; Rea?o and Pham,
1998). A much greater extent of geneflow can be expected to be mediated by the cross-
fertilizing wild rice (Oryza rufipogon) which is common throughout the country. Numerous
observations have been made of “hybrid swarms” between wild and cultivated rice in Thailand
(Oka and Chang, 1961; Morishima et al., 1984; Chitrakorn, 1995). Our survey of the Chiang
Mai Valley in the early 1980’s found that farmers were very much aware of these new forms
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(Rerkasem and Rerkasem, 1984). Because of their largely weedy habit, most were avoided
when panicles were selected for seed. But plants exhibiting hybrid vigor were sometimes
observed (Morishima et al., 1984), they would presumably be progenitors of emerging new
local varieties. The process of geneflow through wild rice is therefore likely to have played
acrucial role in past evolution of local rice germplasm. This raises two other issues for future
in situ conservation: (i) the emergence of weedy rice as serious weed and (11) the possibility
of “contamination” of local genepool by genetically modified rice.

Weedy rice, first noted in Malaysia in 1988, the Philippines in 1990 and Vietnam in
1994, is suddenly becoming a serious problem in the rice fields of Asia (Mortimer et al.,
2000). In Thailand invasive populations of wild rice have been found in Kanchanaburi,
Ratchaburi, Nakorn Nayok and several provinces in the Northeast in 2001 > 2002 (Chanya
Maneechote, pers. coram.). The cause of this sudden invasiveness is still to be identified, and
will probably vary from place to place. For example, the weedy rice in Malaysia has been
shown, by means of DNA fingerprinting, to be very different from wild rice as well as the
crop rice it had invaded, (Mortimer et al., 2000). On the other hand, several signs of
introgression were exhibited in rice fields in Kanchanaburi, Thailand. Gene flow between
species is suggested by the appearance of many domesticated traits (e.g. prolific reproductive
capacity, lower dormancy, husk and pericarp colour, grain shape and size, grain quality, panicle
type, awnlessness, shattering resistance and photoperiod response) in the wild population
and wild traits (awns, stigma colour and exertion, grain type, pericarp colour, shattering, etc.)
in the cultivated population. Where weedy rice has resulted from introgression between wild
and crop rice, an obvious dilermuna has been raised for in sitw conservation of wild rice
population. Heavy infestation can mean complete crop failure (Puckridge et al., 1988; Chin
et al., 2000). The problem of weedy rice is a serious threat to rice production so that they have
now become targets for eradicatton (Mortimer et al., 2000). The implication of wild rice
eradication on the process of geneflow and diversity in cultivated rice should be carefully
considered.

Anyone concerned about “contamination” of local Oryza genepool should be reminded
that geneflow is an ongoing process that has been going on for a long time. Large scale
introduction of “exotic” rice germplasm into rice fields in the country probably began about
the same time as the Green Revolution. RD1, Thailand’s own first HY'V, a progeny of a cross
between IR8 and Leuang Thong, was released in 1969 (Somrith and Chitrakom, 2001). Other
HYVs that followed had various foreign germplasm in their parentage, e.g. TN1 (Taiwan),
Sigadis (Indonesia), C4-63 (early Philippines HY V), and various IRRI germplasm featuring
wild rice in their pedigree. These “foreign” genes that have been incorporated into the local
genepool for some 40 years have at least all come from within the species Oryza sativa, or its
close relatives with the same genus Orzya. Introduction of transgeneic rice would mean
potential for geneflow from transgenes from others species. An obvious cause for concern
would be herbicide resistace in a genetically modified rice that could be incorporated into
local wild rice populations.
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THE NICHE FOR LOCAL RICE GENETIC DIVERSITY
IN THAILAND’S FUTURE CROPPING SYSTEMS

According to Brown (1999) conservation of genetic resources may have any of the
following aims, individually or together:
1. Conserving the maximum number of multilocus genotypes and mximum allelic
richness;
2. Safeguarding the evolutionary processes that generate new multilocus genotypes;
and
3. Improving the population performance and increasing the productivity in a defined
range of local environments.
Some have suggested that to conserve local genetic resources it may be necessary to conserve
the whole agricultural systems (Qualset et al., 1997). Agricultural systems, however, have
always been changing and will continue to change. How then may the above conservation
objectives be reached in agricultural systems that must change and evolve to meet the needs
and opportunities of those who make a living from growing rice? Conflicts, and possible
trade-offs, can occur between the conservation objectives. Indeed, modern plant breeding
has done so well by the improvement of population performance and increasing productivity
(objective 3). Its very success has led to the increased dominance of the few improved varieties
and displacement of local germplasm, and thus threatening objectives 1 and 2 in the first
place. There may also be conflicts between the conservation objectives, which may not be
those of farmers’ or local communities but driven by national needs and aspiration, and farmers’
production and livelihood objectives.

Most ideal in conservation are those “win-win” situations in which local people are
able to make a decent living while resources are being conserved. Understanding the
agrodiversity of local rice genetic systems as presented above is expected enable such win-
win situations involving local rice genetic resources to be identified, and the conditions for
their success explained so that they may be encouraged in other locations. Furthermore
trade-offs between the various sets of objectives, production vs. conservation and local vs.
national, may be weighed and addressed.
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Overcoming wheat sterility problem with boron efficiency
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Abstract

Grain set failure, due to boron (B) deficiency-induced sterility of the anthers and pollen, is a cause of yield loss in many
wheat growing areas of Asia. This paper illustrates a range of genotypic variation in the response to B that can be found in
the wheat germplasm, and offers 2 solution in selection and breeding for boron efficiency. ;

Introduction

Boron (B) deficiency is a cause of yield loss in many
of the world’s wheat growing areas, from Brazil's irrigated
varzeas (flood plains) of Sao Paulo and Minas Gerais (da
Silva and de Andrade, 1980) and Cemados (da Silva and de
Andrade, 1983). to India’s states of West Bengal, Assam,
Orissa and along the Indo-Nepal border (Tandon and
Naqvi.1992), Nepal (Misra et af., 1992), China (Li er al,
1978) and Bangladesh (Reuter, 1987: Rerkasem, 1995).
Boron deficiency depresses wheat yield through an adverse
effect on male fertility, and so depressing grain set and
seed yield. There are also reports of genotypic variation in
the response to B in wheat (Jamjod er a/, 1992; Rerkasem
and Loneragan. 1994; Subedi et al., 1997). Selecting for B
efficiency has been suggested as one cost effective solution
to the problem of yield loss due to boron deficiency in
farmers’ wheat crops (Rerkasem and Jamjod. 1997a).

Materials and methads

Three sets of bread wheat (29IBWSN, 4HTWYT,
17ESWYT) and one each of durum (28!DYN) and triticale
(2BITYN) genotypes from the International Centre for
Wheat and Maize Improvement (CIMMYT) were screened
in a sand culture without added B, in duplicated blocks at
Chiang Mai in Thailand. with boron efficient wheat Fang
60 as local control. Entries from the last four sets were
also sown in single rows in duplicated blocks soil with 0.1,
0.2 and 0.3 mg hot water soluble B kg™ in the field. The
effect of boron deficiency was measured with the Grain Set
Index (GSI) from 10-20 randomly selected ears {(Rerkasem
and Loneragan 1994).

Results and discussion

In sand cuiture without added B in which Fang 60 set
grain pormally (GSI > 85%). the mean GSI (+SD) for
4HTWYT was 57.2422.7. 17ESWYT 42.7126.5,
29ISWYN  19.3127.0, 2BIDYN 10.6+£16.6, 2BITYN
17.9£23.9.

Rated on the basis of GSI in sand culture without
added B (Anantawiroon ef al 1997) entries were found to
be largely B inefficient (Table I). All of the durum entrics
were inefficient, so were all of the triticale except one that
was moderately efficient. The frequency for B efficiency
was slightly higher among the bread wheat, being the

highest in 4HTWYT followed by I7ESWYT and
29IBWSN. In the soil with 0.1 mg HWSB kg™ mean GSI
of the different B efficiency classes generally followed
those in the sand culture, and grain set was increased with
increasing soil B (Table 2). For durum, triticale and some
of the very inefficient bread wheat, however, soil B had to
be increased to 0.3 mg HWSB kg™ before the GSI would
exceed 85% (data not shown). Potential usefulness of the
germplasm in low B soils areas in Bangladesh, Nepal,
India, China and other countries has been severely limited
by this very high frequency of extreme B inefficiency.

Table I. Frequency distribution (%) of bread wheat,
durum and triticale genotypes in four efficiency classes,
by GSI in sand culture without added B*

Nursery or  Number Frequency
trial® of (%)

entries  V[* [ ME E
29IBWSN 409 713 200 22 a.s
AHTWYT 49 102 510 347 40
I7TESWYT 49 204 673 102 20
28IDYN 49 878 122 O 0
281TYN 49 . 5.1 469 2.0 0

a) V! = very incflicient (GSI < 20%), 1 = ineflicient (GSI =
21-70%%), ME = moderately efficient (GSI 71-85%), E =
efficient (GSI > 85%)

b} From CIMMYT, Mexico: the 29* International Bread
Wheat Screening Nursery; 4* High Temperature Wheat
Yield Trial, 17th Elite Selection Wheat Yield Trial, 28th
Intemnational Durum Yicld Nursery, 28th International
Triticale Yicld Nursery.

With B efficiency, as in Fang 60 and efficient
genotypes identified in the 4HTWYT, normal grain set can
be achieved in low B soil without B fertiliser. It is likely
that genetic factor(s) involved in B efficiency are availabie
in initial bread wheat populations used to genérate the
CIMMYT germplasm. The parentage of Fang 60, the most
B efficient wheat found so far, can be frequently
encountered in the pedigrees of CIMMYT wheat
{Skovmand et o/ 2000). However, an increase in the
frequency of efficient genotypes in the germplasm may be
possible only if B efficiency is specifically included as a
breeding objective.
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For many wheat growing areas on low B soils that are
still unfamiliar with fertiliser use, B efficient genotypes
offer a more effcctive solution that is embodied in the seed
so there is little problem with technology transfer. It may
be prudent, however. to examine how B efficiency and
sensitivity to B toxicity are related. It has been
demonstrated that B efficiency is not simply the mirror
image of sensitivity to B toxicity (Rerkasem and Jamjod
1997b). Sensitivity to B toxicity in wheat is controfled
largely through B exclusion (Nable er al 1997). While the
mechanistic explanation of B efficiency remains to be
worked out, there is a possibility there may be some link
berween the mechanism controlling B efficiency and those
controlling sensitivity to B toxicity.

The CIMMYT germplasm consists of superior genetic
materials that have incorporated desirable characteristics
such as high yiclding capability and resistance to important
diseases. It therefore promises well for the solution to the
boron deficiency-induced steritity problem that some boron
efficient genotypes were identified in the wheat
germplasm. This together with the predominance of boron
inefficiency in the germptasm tested so far have led us to
suggest that, for wheat improvement programmes serving
large tracks of low B soils found in other wheat growing
regions as well as Asia. {a) screening for B efficiency
would be extremely worthwhile in germpalsm evaluation
and (b) increasing the frequency of B efficiency should be
included as a breeding objective.
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Table 2. Boron responses in bread wheat, durum and triticale in different B efficiency classes (GSI, % + SE)

B efficiency class AHTWYT 17TESWYT

28IDYN 28ITYN

Soil B* mg kg 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2

Very inefficient 9.0+6.6 70.5217.8  350£10.9 63.2£15.6 11.9497 5474127 16.9t1.3  62.5¢73
Inefficient 402114 8224160 48.0+17.2 8494103 12,6279 723349 312421  80.612.7
Moderately efficient  552+15.1 863479 76.0+144 906+25 NE NE 53.946.7  84.5+127
Efficient 89.2+100 95.4%2.6 71.5£5.4 92.8£3.2 NE NE NE NE
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a) Hot water soluble B. HWSB
b) NE=noentry
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Abstract

Iron deficiency anemia can be found world wide, especially in Asia. Preschool children and pregnant women are the most
commonty affected. For most people, more than 50 percent of their iron intake comes from cereals. Rice, which is the
staple food in Thailand. has the lowest iron concentration among the cereals. A solution to iron deficiency may be found by
increasing iron concentration in the rice grain. In this experiment, we measured grain iron concentration in 38 Thai rice
genotypes grown under wetland and well-drained conditions. The grain iron concentration was found to vary with genotype
and water conditions. from 12-25 mg Fe kg™ in unhusked rice and 7-19 mg Fe kg™ in brown rice. Grain iron concentrations
under dryland condition was higher than that under wetiand condition for about half of the genotypes, and in the other half

of the genotypes there was no effect of water condition on the grain iron.

Introduction

Iron (Fe) deficiency anemia is a worldwide problem.
In Asia, some 60-70% of pre-school children and pregnant
women are reported 10 be affected (IFPRI, 1999). For
most people, more than half of their daily Fe intake comes
from cereals (Juliano. 1993). This has recently been
confirmed by a detailed study in Mindanao, the Philippines
(Senadhira et al., 1998). Virally everyone, rich as well
as poor, gets about half of their Fe intake from cereals.

Rice is the staple foed for most people in Asia as well
as Thailand. but unfortunately it has the reputation for
having the lowest Fe concentration in grain among the
cereals (Senadhira er al.. 1998). On the other hand. a study
at TRR! has found genotypic variation in grain Fe
concentration ranging from 10-22 mg Fe kg™ (Senadhira
et al.. 1998). So it has been suggested that increasing Fe
concentration of rice grain may offer a means to increase
daily Fe intake. and hence help to reduce the incidence of
Fe defictency anemia. This study sets out to evaluate the
level of grain Fe in standard varieties of Thai rice, and also
to explore the range of grain Fe that can be found in local
Thai rice cultivars,

Materials and methods

This experiment evaluated a total of 38 rice genotypes
from Thailand under two soil conditions, in three
replications. Eight rice plants were grown in each black
plastic bag comtaining 8 kg of soil {(San sai series). The
soil conditions were waterlogging (W+, the black plastic
bag was submerged in a 20 L container of water, the soil
surface was submerged under 10 cm of water) and dryland
(WO. well-drained soil). Basal fertiliser was applied at the
rate of 0.23 g N por’. 0.23 g P,O. pot”’ and 0.23 g K;0
pot”' one week after transplanting. and 0.34 g N pot”, 0.34
g P,O; pot” and 0.34 g K,0 pot™* four weeks later. [ron
concentration was determined in mature grain either as
unhusked (whole grain with palea and lemma intact) and
brown rice (palea and lemma removed) by dry-ashing and
atomic absorption spectrometry (Emmanuel er af., 1984).

Results

A wide range of grain Fe concentration was found
among the 38 genotypes of Thai rice. The Fe
concentration in unhusked rice in W+, the normal wetland
condition, ranged from 12 to 23 mg Fe kg-1. Six
genotypes were between 16-19 mg Fe kg-1. Most of the
remainder ranged between 13-16 mg Fe kg-1. In brown
rice the grain Fe ranged between 7 and 15 mg Fe kg-1,
which was lower than in unhusked. Most of the genotypes
had less than 10 mg Fe kg-1 (Table la). In WO {well-
drained soil) the Fe concentration in unhusked rice ranged
from 14-24 mg Fe kg-1. Two genotypes had more than
22 mg Fe kg-1. Most of the genotypes ranged between 16-
22 mg Fe kg-1. In brown rice the prain Fé ranged between
8-19 mg Fe kg-1. Nine genotypes were between 13-19 mg
Fe kg-, and most of the remainder less than 13 mg Fe kg-1
(Table 1b). There was no correlation between Fe
concentration in unhusked and brown rice in either W+
(R2=0.26) or W0 (R2=0.29).

Grain Fe concentrations in brown rice in W+
correlated with that in ‘W0 (R’™=0.53) (Figure 1). From
Figure 1 it may be seen that genotypes tended to have
higher grain Fe concentration in W0 than in W+,

Discussion

Northern Thailand has been designated as one of the
centers of diversity of Oryza sativa (Chang, 1976). That a
diverse range of grain Fe concentration has been found in
focal rice cultivars is to be expected. Most standard Thai
cultivars are, however, among the lowest in grain Fe, e.g.
KDML105 and RD 6 had < 10 mg Fe kg in both dryland
and wetland conditions. On the other hand, in some
traditional upland cultivars, e.g. CMUI122, CMUI23,
especially high grain Fe, > 16 mg Fe kg, was obtained
under dryland condition, in which they are nommally
grown. It is sucprising that the grain Fe concentration of
rice grown under drytand condition should be the same as
or even higher than that grown under wetland condition.
When soils are flooded, the concentration of Fe** in the



Dev. Plant Soil Sci. 92:350-351

soil solution increases to several times that in agrated soil
(Ponnamperuma, 1972). Rice plants growing in flooded
soil have been reported to contain Fe at many times those
growing in well-drained soil (Beyrouty er af., 1994). In
this study. however, we have found that grain Fe
concentration of rice growing in flooded soil either was the
same as or less than those growing in well-drain soils.
Clearly, Fe concentration in the rice grain is not directly
related to total Fe in the whole plant.

Table 1. Number of rice genotypes with various grain Fe
concentrations in unhusked rice and brown rice under
wetland and dryland conditions.

mg Fe kg™ Number of rice
genotypes
Unhusked Brown
(a) Wetland condition
<10 0 27
10.1-13.0 6 8
13.1 -16.0 25 3
16.1-19.0 6 0
19.1 -22.0 0 0
>22 ! 0
Total 38 38
Mean + SD 14.7+1.9 8.7+£1.7
Range 12-23 7-15
(b) Dryland condition
<10 0 15
10.1-13.0 0 14
13.1-16.0 5 8
16.1-19.0 14 1
19.1 -22.0 17 0
> 22 2 0
Total 38 38
Mean + SD 18.8+42.4 11126
Range 14-24 8-19
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Figure I. The relationship between Fe concentrations in
brown rice of 38 cultivars grown under W0 and W+
conditions (R*=0.53)
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Biotechnology and agriculture
Benjavan Rerkasem

Raging debates for and against genctically modified (GM) crops compel me to
begin with a declaration about my beliefs regarding biotechnology. [t is as
foolish to be blindly for genetically modified crops as to be unthinkingly against
them. Much more than just the genetically modified crops, biotechnology (Box
1) is a powerful, Promethean tcol that can help us manage plants, animals,
microbes and other life forms and processes including human health, for our
benefits. The amival of genetically modified crops in the region is inevitable,
regardless of national policies and protests by guardians of public interest. To
ask if genetically modified crops would be good or bad for the Mekong Region is
as pointless as asking if fire is good or bad. However, if not handled properly
biotechnology may cause much more serious harm than the original Promethean
gift It would be more relevant to question where the weakness lies in the
Mekong Region’s capacity to: 1) forestall any adverse impact that may arise
from genetically modified crops; and 2) reap full benefits from biotechnology,
and what it will take to fil] this gap within the next 30 years.

Among readers of this paper will be many who ask if biotechnology will help
poor farmers eg. those in the Mekong Region who have been left behind by the
Green Revolution and other technological gains in the last 30 years. In this
chapter' | begin by examining some answers to this question. I then review local
capacity for biotechnology and other essential sciences, followed by an
examination of the status of local plant genetic resources, and potential impact of
biotechnology and intellectual property laws. In the final section | suggest some
opportunities for addressing current shortcomings.

Will biotechnology help poor farmers in the Mekong countries?

A simple answer to this might be in the cost of investment for different kinds of
biotechnology. The cheapest.-is tissue culture, which is already being used
widely in orchid and mushroom culture in the region. It is also used as a tool in
plant breeding eg. in anther and embryo culture. At the other end of the scale, it

' Research at the Chiang Mai University Plant Nutrition laboratory is funded by Thailand Research
Fund, McKnight Foundation, USAID and the European Union. 1 would also like to specifically
recognise contributions from Dr Sansanes Jamjod, Dr Chanya Maneechote and Professor Barbara
Schaal on some of the information and ideas on genetic diversity and gene flow presented in this
chapter.
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long run, as it acts as a strong disincentive for private investment in crop
improvement.

The alarm about potential ecological risks from genetically modified crops has
been raised by some scientists (Altied 2000). Such concerns include resistance
that can develop in major pest species and effects of substances that are products
of transgenic modification (eg. B¢ and other toxins) on non-target organisms
through the whole trophic chain down to soil insects and micro-organisms.
However, since fire was discovered, no technology has ever been absolutely
without risk. It 1s important that these ecological risks are not considered in
isolation. For example, the ecological risks of Bt cotton should be weighed
against the ecological, human health and economic cost of pesticide use. By
banning commercial planting of Bt cotton, Thailand has also missed an
oppertunity to monitor and weigh tradeoffs among all of these risks under local
conditions.

Although genes are costly to identify and develop, once isolated they can be used
in many different crops and ways. For example the B¢ gene, which confers
resistance to other insects as well as cotton bollworm, can also be used to protect
against particular insect pests in corn, cabbage, rice and soybean. Ounce a gene is
incorporated into a crop species, plant breeders without capacity for DNA
technology may use the gene by the old fashioned methods of manual cross
fertilisation and backcrossing. The more widely a gene is used, the more thinly
can its research and development costs be spread. The licensing of B¢ cotton
from Monsanto in China could hold valuable lessons for other Mekong Region
countries.

The case made against genetically modified crops is often based on a wide range
of reasons associated with individual cases, and rarely on the actual problem
specific to biotechnology. The safety record of the introduction of and
experimentation with genetically modified crops in the region has indeed been
miserable. The case made against Bt cotton in Thailand was based on
accusations of a dereliction of duty on the part of the director general of the
Department of Agriculture; a hard driving American culture of lobbying; the
questionable ethics of politicians, public servants and scientists; and predatory
business practices (Biothai website). These may indeed be important issues in
the safe and equitable use of biotechnology in the region, in the way that bad
driving is a major cause of traffic accidents throughout the Mekong Region. To
make these into indictments against biotechnology, however, is like saying cars
must be banned altogether because we cannot get anyone to follow traffic laws,
traffic police can be bribed, and the poor pedestrians and cyclists are more often
killed than the rich in big expensive cars. On the other hand, some may consider
nuclear energy to be a more appropriate analogy. While there are still so many
uncertainties associated with risks from biotechnology, local regulatory as well
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Commercially developed 8¢ cotton and other genetically moditied crops offer at
least one option through which poor farmers may choose to solve their food
security problems. The obstacle to farmers taking this option is not the price of
genes that their private owners will extract, but rather, public dissent. [t would
take a particularly inept seed company to set up prices that are beyond the reach
of growers or to push a technology that will bankrupt them. If unconstrained by
public dissent, Cambodia, Lao PDR, Myanmar and Vietnam can simply choose
to follow China’s example in adopting biotechnology if they so choose.
Genetically modified crops may also be transferred from China, as has already
happened with hybrid rice in Vietnam. Public rejection of food made from
genetically modified crops in importing countries in Asia and Europe is an
important constraint for the whole region.

Private seed companies, however, will not of their own volition pay attention to
potential adverse impacts of genetically modified crops. There is also no profit
motive for private investment in many of the crops and problems that are
umportant to local farmers eg. rice and cassava. Furthermore, there are questions
regarding use and conservation of the region’s valuable local plant genetic
resources. Transfer of technology from outside the region, including the
international agricultural centres, will always make a valuable contribution.
However, for reasons that will be made clear later, the Mekong Region will have
to increasingly rely on its own public research capacity. To fully exploit the
potential of biotechnology and to forestall any adverse impacts on human health
and the environment requires an agricultural research capacity far beyond
modern biotechnology with its focus on genes and DNA.

Uniqueness of the Mekong Region’s problems

The Mekong Region is unique and we cannot just sit and wait for knowledge to
be transferred from richer places.

The region contains the centres of diversity of many valuable crop species,
including fruit (mango, banana, citrus), vegetables (the eggplants, gingers),
orchids and timber species as well as sugar cane and the all important rice and its
wild relatives. Many problems specific to these primary gene pools are
overlooked or ignored by others in developed couatries. The issue of genetic
erosion of wild maize is important to Mexico, its native land, but is of no
particular concern in the USA or Europe where it is not a native.

Furthermore, many aspects of the problems of these native species require close
monitoring. Hybrid swarms, resulting from crosses between cultivated and wild
rice, are common in the region. These are probably the primary source of
diversity in local rice germplasm; new local varieties continue to be selected
from these by farmers. They are also likely to give us clues to the dynamics of
the local Oryza (the rice genus) gene pool. However, these hybrids closely
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rather uneven in the Mekong Region. A mumimal capacity is indicated in
Cambodia, Myanmar and Lao PDR by the absence of these countries from
regional collaborations such as the Asian Rice Biotechnology Network, Astan
Maize Biotechnology Network, and so on. Vietnam participates in the Asian
Rice Biotechnology Network. It has shown interest in biotechnology, but
investment has so far been relatively limited (ADB 2001).

China’s enthusiasm for biotechnology 1s matched by its investment in research
funding through programmes such as the National Program on High Technology
Development (known as the 863 programme) and the National Program on Basic
Research in which agricultural biotechnology is a major component (Quifa
Zhang 2000). Capacity building has been served by special grants in the 863
programme to promote research by young scientists. National Key Laboratories
have been established in the general areas of agricultural biotechnology, crop
genetics and breeding in north, central and south China. The labs have been well
equipped fo conduct biotechnology and molecular biology research.
Opportunities, facilities and support for biotechnology research are also provided
by the Ministry of Agriculture, Ministry of Education and Chinese Academy of
Sciences. The strength in biotechnology achieved by China can also be gauged
by the number of intermationally competitive grants Chinese scientists have won
(eg. three or four of the new projects in the highly competitive Collaborative
Crop Research Programme of the McKnight Foundation have been won by
China). The list of crops on which biotechnology research has been conducted in
China include rice, wheat, corn, cotton, tomato, potato, cucumber, papaya and
tobacco. Most of these are important in Yunnan, papaya and tobacco are indeed
uniquely so. From this, and also research papers from Yunnan that have begun
to appear in intemationally refereed joumnals (Nature, Thearetical and Applied
Genetics, Genetica etc.), it might be concluded that Yunnag, being carried along
with the rest of China, is probably most advanced in terms of biotechnology
capacity in the Mekong Region.

Held up as the success story of biotechnology in a developing country is
Thailand’s happy experience with a diagnosis for viral pathogens of shrimps with
a DNA probe. This has been credited with saving the country’s shrimp farming
at Jeast US$1 billion since 1996. The country’s commitment to biotechnology 1s
evident in the establishment of the National Centre for Genetic Engineering and
Biotechnology (Biotec) in 1991. Biotec spends 30% of its research and
development (R&D) budget on in-house research, and 70% is allocated to
designated research projects conducted by universities and research institutions
in the country. Biotec’s current focuses are on shrimp farming; technology for
the utilisation of cassava; rice (disease resistance and genome project); dairy
(reproductive technology); genetic engineering (from disease resistant papaya
and tomato, Br cotton, to drought tolerant and aromatic rice); DNA finger
printing (pathogens); and supporting trade with DNA diagnoses (to comply with

299



aawuon 1.13

BIOTECHNOLOGY & AGRICULTURE

combination with a no-tillage practice that together protect the soil surface and
draw nitrogen from the atmosphere.

Factors limiting crop production on the acid soils in the mountains of the
Mekong Region, however, cannot be assumed to be the same as those in South
America. They may also differ from place to place in the region, as do
opportunities for a solution. Traditional rice varieties grown by Karen farmers in
northern Thailand can yield reasonably well at a pH as low as four with a very
low [evel of available essential nutrients such as phosphorus. Acid tolerance and
phosphorus efficiency genes are apparently already available amongst the local
rice germplasm of the Mekong Region’s uplands. A research question that could
help improve food security for people who live on some of these acid upland
soils might be why the Karen rice that can often yield up to 4 ton/ha, sometimes
yields only 0.8 ton/ha on neighbouring fields.

Currently lacking in the Mekong Region is capacity in the basic sciences needed
to define such local problems, and to evaluate potential solutions. Recent
progress in seemingly abstract understanding of boron nutrition in plants
illustrates this second point. Soils low in boron are widespread from Yunnan to
northern Myanmar, northern and northeastern Thailand and probably throughout
northern Lao PDR and Vietnam. Nutrient management of crops produced on
these soils would greatly benefit if we knew which of the major crop species -
(annuals and trees, mango, longan, lychee, durian, mangosteen, papaya,
rambutan, jack fruit, tamarind etc as well as ptoneer forest species), are able to
recycle boron from their old leaves. This, in tum, rests on a basic understanding
of boron mobility in the phloem of these local species.

The usefulness of such basic knowledge became evident when a group at the
University of California at Davis showed that genetic modification to confer the
ability to produce boron transporting sugar-alcohols has also enabled the plant to
recycle boron accumulated in old tissues via the phloem and re-use it to build
new leaves, flowers and fruit when supply from the soil runs out at critical times.
But this research applies to temperate species such as apple, almond and walnut,
and is not applicable to our important species such as durian, mango, fychee and
longan. There is no altemative to getting to know our own crops on a case by
case basis. Of course we could wait until someone else in Australia, California
or South America conducts this basic research. But this comes with the risk of
the Mekong Region losing its comparative advantage in its local crops to sub-
tropical regions in these developed countries.

The sitvation with rice quality i1s another example of a bottleneck in crop
improvement that biotechnology can help to correct. Rice quality used to be the
preoccupation of just Thailand, but is now also worrying Vietnam and China
sitting on their million ton mountains of unsold hybrid rice, and no doubt other
Mekong Region countries too as their stock of unsold rice begins to grow.
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The progress has been sufficient for direct technology transfer from elsewhere,
notably in the case of maize, rice and also the intensive livestock and feed
industry. Unfortunately capacity for basic science related to agriculture that is
needed to make the fullest use of biotechnology, as well as to forestall potential
dangers, is still extremely limited.

The allocation of Royal Golden Jubilee PhD scholarships provides a rough
measure of this in Thailand. Only 76 of these scholarships, allocated nation-
wide on the basis of the professors’ proven record in research, were won by
agricultural science between 1998 and 2001. This is compared with the 400 that
went to medical and biological science, and almost 300 to the physical sciences
and engineering combined. The achievement of agricultural science becomes
even smaller in proportion to the number and size of agricultural science
faculties in the whole country. The focus on technology transfer may explain the
direction taken by agricuitural research in the past 30 years. While sufficient for
the particular purpese, it also means that capacity for basic, mechanistic,
explanatory research in agricultural sciences is much more limited than in the
medical, biological and physical sciences. In the meanwhile it has become
abundantly clear that farmers are much more effective in conducting adaptive
research than young agricultural science graduates. Countless on-farm adaptive
experiments are being conducted each season by farmers all over the region.

Poor linkages between researchers and farmers

Another critical weakness in agricultural research that will undermine
biotechnology’s effectiveness, is the link between agricultural research and
farmers and farming in the region. This on-the-ground intelligence failure may
be even more destructive than those wrongly targeted missiles. Farming
systems, participatory research, participatory plant breeding, and numerous other
ideas and methods aiming to improve researchers’ recognition of the need to
understand and respond to on-farm conditions have come and gone without
much real, lasting effect. In part this is because the region’s (much the same in
many other places the world over) agricultural research has been entirely supply
driven. There are limited mechanisms to assess research results for relevance to
farmers’ real needs as well as scientific and tecbnical quality. The team from
Mahidol University and Chulalongkorm University that worked on the DNA
probe for shrimp pathogens was made up of laboratory based scientists who
probably had never heard of participatory research and similar jargons. They
are, however, world-class biologists, whq worked on a clearly defined problem
in close collaboration with the shrimp industty and its farmers (Morakot
Tanticharoen 1999).

Indeed, real differences can be made even by old-fashioned soil science and plant
nutrition, backed up by dependable laboratory analyses, as demonstrated by a
group at King Mongkut Institute of Technology in Thailand, working closely
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incentives to researchers is not beyond reach in this region. The questions are
ftow might some of this strength be redirected towards agriculture and also
whether it 1s a realistic goal for the Mekong Region as a whole to aim towards.

Possible adverse impacts of biotechnology

Genetically modified crops are generally the focus of safety concerns related to
biotechnology. The concemns focus on two areas: (a) food safety and (b) the
environment, specifically genetic erosion.

Food safety

The concemn about food safety related to genetically modified crops is still
largely based on fear of the unknown. Evidence of poisoning from food made
from genetically modified crops is specific to certain compounds and groups of
people and is actually quite rare. [t would be most informative and useful to
compare the frequency of cases of critical food poisoning from genetically
modified crops and other forms of contamination, inciuding ‘natural’ (from
fungi, insects, and herbal ‘medicines’) as well as ‘unnatural’ ones (eg.
methylated spirit, pesticides and prescription drugs). A recent United Kingdom
updated review of genetically modified plants for food use and human health
{The Royal Society 2002) pointed out that ‘novel foods’ (including so-called
health food and organically grown food) should be subjected to the same
stringent nutritional safety assessment that is currently applied to infant formulas.

Three other conclusions of this Royal Society review may interest those readers
of this book concemed about the safety of foods derived from GM crops.

Firstly: “The allergenic risks posed by GM food plants are in principle no
greater than those posed by conventionally derived crops or by plants introduced
Jfrom other areas of the world.”

Secondly: “Plant viral DNA sequences are commonly used in the construction of
the genes inserted into GM plants, and concern has been expressed about this.
Having reviewed the scientific evidence we conclude that the risks to human
healith associated with the use of specific viral DNA sequences in GM plants are
negligible.” .

Thirdly: “One concern associated with GM foods is the possibility that genes
introduced into GM plants might become incorporated into the consumer’s
genetic make-up. Since the Royal Society’s 1998 report various papers have
been published on the topic. The results need to be viewed in the context of a
normal diet, which for humans and animals comprises large amounts of DNA.
This DNA is derived not only from the cells of food sources, but also from any
contaminating microbes and viruses. Given the very long history of DNA
consumption from a wide variety of sources, we conciude that such consumption
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contributions in precisely measuring the extent of diversity that exists, its
geographic and ecological structure and dynamics. However, support from other
sciences for basic understanding of plants and their environment (agronomy,
biochemistry, botany, ecology, ecophysiology, evolution and genetics, as well as
economics and the social reasons for germplasm conservation), will be essential.

Box2 Why is genetic diversity important?

Conventional plant breeding teaches that genes associated with low yield potential in
landraces can be eliminated through pure line selection, Data from the 1950s from Thai
Rice Department supporting this have been cited (Oka 1988). But Oka went on,
“However, the yield data have come from experiments under the same cultural
management (optimal condition of experimental stations - BR) for a few years and
provide ro information on yield stability under changing environments. Gene diversity
in populations would bring about population buffering to stabilise yield, as discussed by
Allard and Bradshaw (1964)". Indeed, a preliminary study at Chiang Mai University
suggests that a very high degree of genetic diversity within a local rice variety called
Bue Chamee (wild fowl rice, in Karenese) may be the reason for its success in highland
paddies over a wide area in the mountains of northern Thailand with a highly diverse
biophysical and socioeconomic environment. Characterisation of local genetic diversity,
with morphological and physiological analysis, aided by modem biotechnology, will
enable the true value of genetic diversity to be precisely measured. [t may then be
possible to select for productivity without sacrificing diversity.

Many consider the erosion of the Oryza genetic system in the Mekong Region to
have begun with releases of modern varieties which replaced numerous older
varieties with only a few mew ones. The modem vareties are products of
modemn plant breeding. They include promising local varieties that have been
through pure line selection to make them genetically homogenous; they also
include high yielding vardeties and hybnid rice. In Thailand high yielding
varieties are still grown on a relatively limited scale. However, Thailand has
taken to ‘improving’ local elite varieties since the 1950s. Through pure line
selection, a local Thai elite variety from Bangkhla near Bangkok named Khao
Dawk Mali became KDML105, which gave rise to RD15 and a glutinous rice
RD6 through mutation breeding. These three varieties together account for 60%
the country’s main season planting, and more than 90% of the rice area in many
provinces (OAE 1998). The three are, unfortunately, genetically very close. In
the early 1990s a blast epidemic decimated tens of thousand hectares of this
presumably homogenous population of the KDML 105 stock in several
provinces. This genetic homogenisation of local traditional cultivars continues in
Thailand, and is now being repeated with local rice germplasm in Lao PDR
(CGLAR website) and possibly Myanmar.
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research team from Chiang Mai University has since found other similarly
genetically diverse populations in other parts of Thailand.

Gene flow from introduced germplasm into wild populations would have been
going on ever since rice varieties were moved around the region (eg. with the
different waves of migrations from southem China into Myanmar, Thailand, Lao
PDR and Vietnam and various maritime, river and over-land trade traffics that
plied the whole of the region, including mountainous areas long before colonial
time). The introduction of GM rice and the advent of modern biotechnology,
however, add some new and potentially dangerous elements to the local rice-wild
rice genetic system.

This involves the process of gene ‘transformation’ ie. introduction of the ‘exotic’
or ‘trans’ genes from other species. The Bt gene that confers tolerance to insect
damage comes from a bacterium called Bacillus thuringiensis. Other GM crops
often contain genes transferred from micro-organisms, including viruses. A
potential danger lies in the possibility of genetic interactions of these transgenes
with other major genetic systems, from the crop species and its wild relatives to
pests, pathogens and weeds and beneficial insects, micro-organisms such as
nitrogen fixing bacteria and mycorrhizal fungi, and various other life forms down
the trophic chain. The simplest scenano for such genetic interactions would be
an ‘escape’ of a gene for resistance to specific herbicides from GM rice into wild
rice. The biotechnology method of embryo culture and embryo rescue has also
enabled ‘wide-crosses’ (ie. hybridisation between rice and other species of the
Oryza genus) to be made. Wild rice is increasingly used as a source of disease
resistance and other useful genes (eg. cytoplasmic male sterility for hybrid rice).
For example, Pathumthani 1, one of Thailand’s new non—photoserisitive,
aromatic rices, contains some wild rice genes.® The genetic barrier between
cultivated rice and its wild relatives is likely to be much reduced in cultivated
rice varieties that have incorporated wild rice genes. A recent study by the USA
National Research Council concluded that gene migration between the transgenic
crop and wild populations of squash in the United States could pose an
environmental risk (NRC 2000). This risk is associated with introgression of the
transgenes (of the transgenic yellow squash, Freedom II, which is resistant to
watermelon mosaic virus 2 and zucchini yellow mosaic virus) into wild
populations.

Even more recent is a report of definitive evidence of transgenic contamination
in local maize germplasm in the remote mountainous region of Sierra Norte de
Oxaca, in Mexico (Quist and Chapela 2001). In this native germplasm, the
researchers found weak but clear evidence of p-35S, a promoter from the
cauliflower mosaic virus, ‘widely used in transgenic crops, presence of the

5 Songkran Chitrakomn, personal communication.
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International and national legal framework

The Agreement on Trade Related Aspects of Intellectual Property Rights
(TRIPS)® has obliged developing countries to enact laws to confer ownership
rights to intellectual and tangible property which are products of creativity,
invention, and know-how (intellectual property) as well as biological materials
and devices (tangible property). Means of protecting such property that have
been applied to plant germplasm include patents, trade secrets, trademarks and
geographic marks and appellation origin. ’

The last one allows legal rights to make and market certain kinds of products to
certain geographical regions only, eg. Champagne from the region by that name
in France, and similarly for Bordeaux, Burgundy, Cognac, Scotch, and so on.
This is currently applied to wine and spirits only, but there are signs that
agreements are being reached in the World Trade Organisation {WTQ) to extend
the application to food and other agricultural products as well. On the plus side
for the Mekong Region, it will mean that no one else will be allowed to export
That rice or Yunnan ham. But there will also be a down side, in that the Mekong
Region will no longer be able to export Basmati and Japanese rice, or other
products claimed by other geographical regions.

The UPOV (International Union for the Protection of New Varieties of Piants)
Convention of 1961 established the principle that an improved variety can be
legally owned by the breeder. The Convention is concerned with protecting the
results of conventional plant breeding, so is generally believed to have the full
weight of the seed industry behind it. The Exceptions of the Breeder’s Right
{Article 15) allows plant breeders to use without restriction protected varieties in
the production of new varieties. In its 1991 revision the UPOV Convention was
brought in line with contemporary technological developments. In particular, it
extended protection to ‘essentially derived varieties’ in an attempt to strengthen
protection for plant breeders who initially develop a new and distinct variety
against others who merely make derivations from the initial work. Article 14,
5(c) says that “Essentially derived varieties may be obtained for example by the
selection of a natural or induced mutant, or of a somaclonal variant, the
selection of a variant individual from plants of the initial variety, backcrossing
or transformation by genetic engineering".

Many developed countries have enacted legislation to protect plant breeders’
rights in new varieties which complies with the UPOV Coavention. For
. example, Australia’s Plant Variety Right Act 1987 broadly followed the criteria
for protection agreed under UPOV, and its Plant Breeders’ Rights Act 1994

¢ One of the trade agreements made in the General Agreement on Tariffs and Trade (GATT),
known as the Uruguay Round, which concluded on December 15, 1993, In specific reference to
the protection of plant varieties, the TRIPS Agreement “requires that protection be provided either
by patents or by an effective sul generis system or a combination of both” (Article 273 (b)).
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0O the protection of intellectual property rights of plant breeders in order to
provide incentives for research and development of new plant varieties,
based on the principles of biological safety and food security; and

Q the protection of the rights of farmers and local communities to share in the
benefits from development of new varieties based on ‘their’ traditional
varieties, in order to provide incentives to communities to conserve
traditional and local plant varieties.

However, for all its high minded intentions, the law still lacks a mechanism for
implementation two years after its enactment. Among the obstacles for the
NPVP 2542’s streamiined implementation, especially for communities” rights, is
genetic variation within populations of local rice varieties. For various
biological, ecological and management reasons, local rice varieties are often not
genetically uniform, but are mixtures of several genotypes. Varations are
sometimes obvious and can be distinguished visually, others are less obvious and
can be distinguished only with special tests. Yet, like other laws originally
designed to protect plant breeders’ rights, the application of NPVP 2542 is based
on the plant variety’s uniformity and its ability to ‘breed true’ ie. all primary
traits are maintained in succeeding generations. A community or communities
can claim ownership to a particular local variety only if they can show that it is
genetically uniform and breeds true. The NPVP 2542 law will therefore not
allow claims to many local rice varieties in the region. It would be unrealistic,
and logistically and financially impossible, to expect public institutions such as
the Department of Agriculture to bear the burden of such proof.

The drive to apply the NPVP 2542 to communities’ rights to germplasm is often
based on the fear of ‘biopiracy’ by multi-nationals. However, all who champion
the property rights of local communities should be made aware of potential
conflicts among local communities in the application of the NPVP 2542. Local
germplasm has historically been an ‘open source’ resource, and many have
contributed to development and conservation of local varieties. There is also a
potential confusion in the use of names for local varieties, which is often the only
handle for local recognition of a variety. The same name is sometimes used for
different varieties, and one variety may be known by different names in different
locations. Again it would be unrealistic and costly to put the burden of proof of
ownership on a public institution such as the Department of Agriculture. Neither
will it be adequate to simply post property right claims at the district or sub-
district office (as is now common practice with land ownership claims) and
expect other comumunities to register their objection.

It is as yet unclear if the objectives of the NPVP 2542 will be realised by the
application of the law. But enforcement of the law can help prevent piracy of
privately developed crop varieties as well as GM crops such as Br cotton.
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That Rice Research Institute. Some of this variation may have come from the
original farmers® heterozygous population at Bangkla that had not been through
pure-line selection.

This genetic variation within the population has apparently not done Thailand’s
internal high quality rice market and its US$ 300 million a year export any harm.
It however complicates the application of NPVP 2542, and weakens the
protection of its local germplasm. For a start the Thai Rice Research Institute
will have to determine which of its many breeders’ versions of KDMLI10S is the
‘real’ one that is protected by the faw. NPVP 2542 may even encourage a form
of biopiracy. A private person or company can simply select any of the
numerous forms of local variety that have been grown by some farmers for a
long time. Strict enforcement of the law would force these farmers to pay a
licensing fee to the owner of the registered ‘new variety’, who would also be
legally empowered to sell the variety or take it out of the country.

Patent and plant breeders rights laws in developed countries (eg. Australia,
Europe, Japan and the USA) all empower individuals and corporations to poach
at will from the common pool of plant genetic resources, including the part that
is being ‘held in trust’ by CGIAR centres.® According to the tradition of
germplasm sharing, farmers and communities may not object sharing with others
even in far away countries. The problem anses because original users of the
common genetic resource can now be ‘fenced out’ by the new legal owners
empowered by the various property right laws.

Yet another aspect of the property right problem is highlighted by the issue of
rice quality in Thailand. Like any other rice producing country, Thailand badly
needs R&D to improve acceptability to farmers of new ‘improved’ rice varieties
released from its breeding programmes, to make better use of all of the new
inventions and improvements in rice genetics, including higher yields, more B-
carotene, more iron and zinc etc. Furthermore it will enable rice breeders to
explore other definitions of ‘quality’ to expand the country’s market opportunity,
and lessen dependence on just the one single quality type of Thai Hom Mali.
Apart from reducing the risk in the market, this will also mitigate the risk in the
production system which is currently too dependent on a very narrow gene pool
of KDML105 and its mutant sisters, RD6 and RD15.

In order to do this, as discussed above, Thailand will need capacity in
biochemistry, genetics (the old-fashioned Mendellian kind as well as molecular)
and ecophysiology. Skills need to be -acquired, tools (gas chromatography,
various spectrometry and electron microscopy, and so on) mastered to enable
various quality characteristics to be quantified, and screening procedures

® As referred to clsewhere, several CGIAR members, including IRRI, have been involved in recent
disputes about germplasm ownership.

315



n1awuon 1.13

BIOTECHNCLOGY & AGRICULTURE

Harnessing biotechnology for the Mekong Region:
the next 30 years

Building local technical capacity

Pre-fabricated GM crops and modem biotechnology alone are definitely not
going to be enough to enable the Mekong Region to reap the full benefits of
biotechnology. And without some local capacity for understanding the key
functions and processes in the region’s important plants, animals and microbes,
the GM crops that will inevitably arrive will pose a real threat. The question is
whether the Mekong Region can develop the necessary local capacity to handle
these threats and make the most of what biotechnology has to offer.

My answer to this is “Why not? . If the capacity for agricultural science in the
region has been somewhat limited, it was surely not because of any lack of
aptitude but more because there has been no real demand for, and so no
investment in, good research. Now suddenly Thailand and Yunnan are awash
with public money chasing good research, and Vietnam most probably will soon
follow. On the evidence of our record, good and useful agricultural science will
not simply just happen because of all this money.

The region is as much in need of capacity in agricultural research management as
in technical capacity. A number of regional and relatively long term (say, 10 to
15 years) projects on well chosen agricultural problems could explore and teach
how this could be done. The next generation of scientists and professors will be
part of this process by making graduate programmes, especially already
established and well funded ones like Thailand’s Royal Golden Jubilee PhD
programme, and perhaps the equivalent in China and Vietnam, an integral part of
this effort. Provisions for graduate level training in Thailand, Vietnam and
Yunnan for individuals from Cambodia, Lao PDR and Myanmar in the first 10 to
15 years would help towards building local capacity for graduate training, and
thus perpetuate such capacity in these countries afterwards. Carefully matched
collaboration with advanced labs in developed countries can also make valuable
contributions. Issues of intellectual property will need to be addressed in any
collaboration in general, and on germplasm specifically.

Intellectuat and tangible property rights

The current climate of suspicion and mistrust surrounding the property rights
relating germplasm and research findings are an obstacle to collaboration and a
distraction for working scientists. Sofne standard air-tight memoranda of
agreement for sharing biologtcal materials, information and trade secrets for the
purpose of germplasm research would help calm nerves and remove the fears
that are now holding up much needed collaboration. However, there is no
alternative to researchers in public institutions, including universities, having
some basic intellectual property rights capacity. Innovations often simply
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regional or provincial licensing agreement, along with their efficacy over space
and time. Such experimentation could also explore research management
capacity that will have to deal with not only the technical agronomic, biological
and ecological side of GM crops, but aiso how to manage conflicting interests of
different stakeholders, from farmers, consumers and NGOs who have appointed
themselves guardians of public safety.

Looking after native germplasm

Clearly rice needs careful biotechnology management to safeguard the species’
native gene pool. This could also teach lessons on the management of gene
pools of other native species. Evidence of gene migration in Oryza discussed
above clearly points to a danger from GM rice. It appears that how a GM rice
hybridises with locai wild rice and how their progenies behave could be
important cnteria that must be determined before any GM rice can be released
into the field in the Mekong Region. Understanding phylogeography of local
cultivated and wild rice populations on the other hand will help with gene pool
management at the national level. For example, stringent standards for releasing
GM rice might need to be enforced only in regions with genetically unique rice
populations and not everywhere.

Concluding remarks

The case of rice and wild rice raises the possibility that the whole gene pool of a
native crop species and its wild refatives may become contaminated and
decimated through gene migration. Much has been achieved in transfer of
biotechnology to Asia in the last 10 years or so. But in the Mekong Region there
is still insufficient capacity to adapt biotechnology for local use and to forestall
any potential harmful impacts. There are no *widely adapted’ GM crops nor
safety protocols that can be simply and safely transferred from elsewhere. The
region needs to develop its own regulatory and local scientific capacity to cope
with biotechnology. Such technical capacity is, however, dependent on a local
capacity for managing agricultural science research that can find the fine balance
between understanding and application.
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Uplands land use
Kanok Rerkasem

The uplands of mainiand Southeast Asia stretch from Myanmar to Vietnam and
include parts of Cambodia, Lao PDR, Thailand and neighbouring Yunnan
Province of China. The uplands, defined here as lands more than 600 metres
above sea level, encompass about half of the total land area of the Mekong
Region. The uplands are home to many diverse ethnic groups and include
pockets characterised by rapid population growth and severe poverty.
Significant land use changes are taking place, many of which are leading to
tensions within and between upland communities, and between ‘upstream’ and
‘downstream” watershed communities. Food security remains one of the major
challenges for upland communities and the governments in the region, but the
changing socioeconomic landscape has seen-other related concerns emerge.

Agricultural production for subsistence, traditionally dominated by shifting
cultivation, is rapidly being replaced or added to by other forms of land use.
There are still some communities which rely almost totally on the produce from
their subsistence agricultural system. However, many more are now involved in
some type of commercial production. New enterprises and land uses are
providing new opportunities, but also creating tensions and conflicts. These
conflicts arise from internal and external pressures, including govermment
policies. In this chapter I discuss some concerns, focusing on: 1) tensions
between crop production, commercialisation and ecosystem/biodiversity
conservation; 2) relevance and effectiveness of public policies; and 3) conflicts.

Although I do make some reference to all parts of the Mekong Region, I draw
most of my examples from northern Thatland, Vietham and Lao PDR. At the
end of the chapter I put forward a series of questions for policy makers and
researchers. Interventions aiming to support poor and marginalised people in the
uplands should address these questions, and of course others which are beyond
the scope of this particular chapter.

Crop production, commercialisation and ecosystem/biodiversity
conservation

A number of factors contribute to the tension between crop production and

protection of ecosystems and biodiversity at local and watershed levels. These

include the complex relationships between internal and external factors such as

population levels and growth, migration, state land tenure policies, customary

tenure arrangements, commercialisation, social obligations within traditional

323



nNauuln 1.14

UPLANDS LAND USE
Table 1 Ethnic minority groups in the Mekong Region (by country)
Country Number of Population (million people) % Total

ethnic groups
Minorities Toral

Cambodia 36 0.31 9.45 3.3
Lac PDR 47 2.01 4.88 41.2
Myanmar >12 >6.8 46.55 14.6
Thailand 10 0.79 58.27 1.4
Vietnam 53 9.88 73.81 134
Yunnan 25 13 42 31
Total 183 32.79 23496 14

Sources: Derived from various texts (Ma Yin 1989, World Resources Institute 1994, Kampe
1997). The data include some ethnic minority people not resident in uplands.

Large-scale infrastructure development projects, such as construction of the Nam
Ngum dam in Lao PDR or the Hoa Binh dam in Vietnam, have also displaced
peaple and affected land use in surrounding areas. For example, between 50—
60,000 people from the Muong and Tai minorities were displaced by the huge
Hoa Binh project whose reservoir extends 230 kilometres back from the dam
wall on the Song Da (Black) River, flooding about 200 km® of forests and
farmland (Hirsch 1998).

There has been a large increase in capital intensive and land extensive
monocropping in the uplands. In some parts of the region, this is not a new
phenomenon. For example, following the end of the civil war in China in 1949,
the communist government promoted the transformation of large parts of the
Yunnan uplands. Rubber', sugarcane, tea trees and other plantation crops were
introduced or vastly expanded. Opium cultivation was totally eradicated. Credit,
inputs and terracing earthworks were initially subsidised as part of this
transformation. Plantations were seen as ‘modern’ agriculture replacing the
‘primitive’ shifting agriculture practised by the area’s ethnic minorities, such as
the Hani, Jino, Lisu and other smaller groups. Masses of Han Chinese were
relocated to work in the collective plantations. Many Han migrants settled in the
southernmost counties of Xishuangbanna and Simao in the Lancang Jiang valley
(Upper Mekong watershed) and the Red River valley, areas bordering on
Myanmar, Lao PDR and Vietnam (Chapman 1991, Kanok Rerkasem 1999). Part
of the Yunnan transformation also saw many upland communities move to lower
elevations, when land was available, to get involved in wet rice cultivation.
During this period, the introduction of hybrid rice — via the Green Revolution —
promoted large increases in yields. Due to recent decentralisation to increasingly

! Rubber plantations are usually located fower than 600 metres above sea level, hence their impact
above that height is indirect. -
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evaluated. There is concern that intensive farming systems, driven by business
goals, are linked to increased destruction of natural forests, biodiversity
reduction and general land and water degradation associated with soil erosion,
soil fertiiity depletion, water pollution etc..

The commercial production of high value crops, vegetables and fruit trees also
requires substantial water in the dry season. Sprinkler-fed irrigation is
economically feasible and relatively easy to install. Large expansion of
commercial production in the uplands will increase water use in upstream
watersheds and reduce water availability downstream. The extent of future
impacts of this problem has yet to be quantified but conflicts over upstream
water use are increasing, especially in Thailand. Vietnam’s upland landscapes
are also changing with the advent, for example, of large areas of coffee
monocultures and less degrading tree crops such as persimmon, apricot, plum
and lychee.

It must be remembered that Thailand uplands are relatively well-connected to
markets, aided by large-scale infrastructure development, especially highway
networks. Other parts of the region, such as parts of the Vietnam uplands, are far
less well-connected which obviously disadvantages producers by giving them
fewer practical options. A separate basic issue is that all the commercial
systems, reliant on external markets, are vulnerable to unpredictable market
prices. At the time of writing, the troubles facing coffee producers dealing with
a world-wide glut offer a harsh lesson that getting the agronomy right is only part
of the battle. These problems have diminished the potential of the alternative
crops to improve the general livelihoods for the upland ethnic minority
populations.

[t has been recognised for some time that the promotion of cash crops in the
Mekong Region, especially subtropical and temperate species of vegetables, fruit
and cut flowers, has to be considered in relation to international trade agreements
administered by the World Trade Organisation (WTO}, and large-scale
infrastructure development such as highway networks and international river
transport (TDRI 1994). There will be strong market competition for these
commodities. For example, China, which is the biggest producer of these crops
and boasts a more favourable climate and lower costs of production, could
successfully take over the Mekong Region markets and jeopardise development
efforts in the promotion of cash crops on a wider scale. Of the Mekong Region
countries, Vietnam is next in line to join the WTO. Nevertheless, with or
without trade agreements, legal and ‘illegal’ trade in these crops has already
spread throughout the border areas of the region.

There are many proposals for governments in the region to develop collaborative
programmes for large scale production of major cash crops and forest
plantations. Some private sectors and agribusiness companies have already
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exploitation for timber production. Each has been used to restrict people’s
access to forested areas.

In Vietnam, a policy push for ‘non-shifting’ agriculture was adopted in the 1980s
aiming to fundamentally change the dominant type of farming system by an
estimated 2.9 million people from 400,000 ethnic minority families in 34
mountainous provinces (Sargent et al. 1991). This has involved a comprehensive
socioeconomic development programme for ethnic minorities, as well as for
forest protection and restoration. State funds have been directly channelled to
projects in the form of cash payments and interest-free loans to households
contracted to protect and restore forests. It is claimed that at least 600,000
people in 378 communes have stopped shifting cultivation, with some 140,000
hectares coming under permanent crop production. A mid 1990s study reported
an increase in forest cover of 47,000 hectares of newly planted forests and
70,900 ha of tree plantations for industry (Le Duy Hung 1995). Agroforestry
development is also promoted with support from government to sustain local
livelihoods based on multiple sources of products (Do Dinh Sam et al. 1997).
The greatest incentive in this programme was a revised land law providing up to
50 years tenure for iand users investing in commercial tree crops. However, no
funds were made available for land improvements. Consequently, rehabilitating
degraded forest has proven very difficult.

Table 2 Extent of land under shifting cultivation in mountain areas of the Mekong Region

Country Area (10° ha) % forest used for
Land Forest Shifting shifting
cultivation cultivation
Cambodia 17,652 12,163 n.a na
Lao PDR 23,080 13,173 400 304
Myanmar 65,774 28,856 181 0.63
Thailand 51,177 12,735 400 3.14
-N. Thailand . 16,966 7,523 400 5.32
Vietnam 32,536 8,312 3,500 42.1
Yunnan/China 39,410 9,533 130 1.36
Total 229,629 84,772 >4,611 5.44

Sources: (Fujisaka 1991, Lovelace 199!, Do Dinh Sam 1994, i3anetjee 1995, FAQ 1995, TDRI
1997)

The beneficiaries of the programme have turned out to be the lowland majority
ie. the ethnic Vietnamese, or Kinh groups. Limited funds and prejudice against
ethnic minority cultures have been the major constraints to extending this kind of
programme to remote mountain communities. A further weakness of this
programme is the lack of community participation and local initiative. As the
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Box 1  Understanding traditional land use

There is still much to be learnt about traditional land uses, such as shifting cultivation. |
Even the terminology and classification of shifting cultivation remain to be c¢larified as
knowledge about shifting cultivation increases. For example, the ‘pioneer’ form of
shifting culitivation was classified as the most destructive form in terms of forests and
natural regeneration processes (Grandstaff 1980). Others see it as a system with a very
long fallow -period (Kunstadter and Chapman 1978, Chunthaboon Sutthi 1996). As
productive land for cultivation is diminishing, the so-called ‘pioneer’ shifting cultivators
turm to rotational practice with managed fallow. A practical taxonomy of shifting
cultivation may have significant value for the design and development of altematives to
shifting cultivation. Above ali, a shifting cultivation community tends to practise a
mosaic pattern of land use eg. the Tay of northern Vietnam incorporate wet rice fields,
homegardens, fish ponds, livestock, tree gardens, swiddens, managed fallow and forests.
The whole production system may be referred to collectively as a2 composite swidden
(Rambo 1996, Rambo and Le Trong Cuc 1998).

Mosaic patterns of land use are quite common in mountain areas of Southeast Asia. This
production approach can be found even in a former pioneer shifting cultivation
community (TDRI 1994). A study in the Hmong village of Pah Poo Chom in Chiang
Mai Province of northern Thailand has shown that after eradication of opium growing,
these former pioneer swiddeners have completely tumed to alternative cash crops,
cabbage and lychee in particular. On the surface, the village land use system is very
simple and dominated by a few cash crops, but household subsistence is derived from
numerous additional livelihood activities. These include the production of upland rice
from small swidden fields and the distribution of harvests from some 52 species of non-
rice swidden crops grown along field edges and in homegardens (maize, waxy corm,
sweet sorghum as well as many local vegetables and root crops). Another part of the
mosaic is the sale of local livestock and collection of minor forest products from
community-managed forests or household agroforestry plots. These mosaic patterns of
land use are also now being classed as agroforestry landscapes (Thomas 2002).

Forest cover

Forest cover policies are obviously connected to shifting cultivation policies.
Governments in Vietnam and Yunnan are hoping to increase forest cover by
increasing incentives such as long term land allocation to individual households.
These various experiments provide opportunities for the regional exchange of
lessons and experiences to improve the situation.

In Vietnam the government has been paying cash to encourage upland farmers to
plant and manage forest trees. Public funds have underpinned initiatives such as
Programme 327, which was established in 1992 to provide state loans for
agricuitural and forest development on degraded lands and for forest protection

*Urban migration and off-farm employment in general have increasingly been incorporated into the
livelihood strategies of upland peoples, but these factors are beyond the scope of this chapter.
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population pressure. However, this strategy shifts the pressure to traditional
upland populations and the environment. In Vietnam, the government had plans
to move five million lowlanders to the uplands in the 1970s and 1980s. In Dak
Lak province alone, resettlement policies brought in more than 300,000 people,
mostly northerners, between 1976 and 1996. During the same period, however,
spontaneous migration brought in about another 350,000 people. The results
were deforestation, water scarcity and conflict between resource users (Ahmad
2000). The upland plateau of middle Vietnam may be capable of carrying a
greater population, but systems need developing which are more economically
and ecologically sustainable. The massive transfer of lowland populations with
inappropriate practices of non-traditional shifting cultivation may upset the
traditional practices that continue to exist in mountain areas, threatening local
livelihoods and environmental well being. For example, land competition would
threaten the practice of long fallow in rotational shifting cultivation. Shorter
fallows lead to severe land degradation and impede natural forest regeneration.

In Lao PDR, despite a sparse upland population, the government still adopted a
policy of relocation from the hills for many reasons eg. forest protection,
improved access to government support and services, prevention of illicit crop
growing, promoting sedentary settlement and so on. In Palaveck of Muang Hom
district near Xieng Khuang, massive numbers of Lao Soung (highland ethnic
minorities, in this case principally Hmong) have moved down to the valley floors
for wet rice cultivation as an alternative to traditional shifting cultivation with
opium. Development of paddy terraces was encouraged with government
incentives eg. land tenure, agricultural tax breaks, extension services and
infrastructure development (roads, small-scale irrigation etc.). Other government
policies, especially large infrastructure development such as dams and national
highways, also drove many upland communities to relocate. In the Nam Ngum
area, large populations of Lao Thueng (midland ethnic minorities) have resettled
along the roadside with the high expectation of eamning alternative income. In
the case of dam construction, where villagers are moved from the reservoir sites
and often receive little support from the government, the settlers resume shifting
cultivation in the hills above the reservoir, with consequences for the reservoir’s
sedimentation load.

In the early 1960s, Thailand also adopted resettlement schemes for hill tribes in
the north. The concept of resettlement was to. develop the remote upland
peoples. A few Nikhom Chao Kao (resettlement areas for hill tribes) were
established to bring hundreds of thousands of upland people to lowland sites.
The Thai experience of resettlement was not successful, however, and most
people could not remain in the nikhom areas, fleeing instead to join relatives
returning to their original villages in the mountains (Chupinit Kesmanee 1987-8).
The problems were due to inadequate support for subsistence, unsuitable sites for
farming, a lack of necessary infrastructure and so on. But today, resettlement of
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Box3 The effort to reduce opium production in northern Thailand

Thirty years of experience have now been gained from an enormous effort by Thailand's
govermnment, with assistance from international donors and agencies, at a cost of more
than US$206 million (Renard 2001) to eradicate opium production. The initial emphasis
in northern Thailand was on eradicating illicit opium cultivation, promoting border
security and pursuing social integration. In 1972, an opium eradication campaign was
promoted through a development strategy of crop replacement. A wide range of cash
crops (both annuals and perennials) was introduced to replace income from opium.
Infrastructure, road construction in particular, was developed extensively to support large
scale production of cash crops for external markets. In 1983 the Office of Narcotics
Control Board and the United Nations Funds for Drug Abuse Control jointly identified
some 72 major opium-producing areas in northern provinces to target large scale
highland development projects. This Area Planning Approach helped to target
development efforts to about 60% of the entire area of opium growing in the country
(ONCB 1983). As a consequence, opium production in northern Thailand declined
sharply from over 145 tons in 1965 to about 30 tons in the 1980s and a further drop to the
insignificant level of an average of 14.5 tons for the past five years, 1995-2000 (Kanok
Rerkasem 1999, ONCB 2001). At the same time the importance of traditional land use
has zlso declined.

Traditional shifting cultivation is now very rare and permanent cropping has become the
mazjor type of land use. Long-fallow shifting cultivation is constrained from exceeding a
seven-year cycle and many former opium growers have tumed to production of cash
crops and commercial fruit trées for external markets. Taken together with the
population increase and other extemnal forces, competition for land and natural resources
is increasing. Sustainability of land use has become a critical problem and social conflict
in land use within upland communities and between the upland and the lowland
communities has increased.

Throughout the long development effort in the uplands of northern Thailand, the
approach evolved from the initial implementation of the crop replacement approach in
the early 1970s to integrated rural development from the 1970s to late 1980s and a
participatory approach from 1990 up to the present. Despite some of the negative
consequences, development in northern Thailand has been offered as an ‘Alternative
Development Model’ for neighbouring countries like Lac PDR, Myanmar and Vietham
for opium eradication projects (UNDCP 2000). Regional collzboration in upland
development projects would indeed benefit from careful evaluation of this Thai
experience. Many initiatives are being proposed, including the United Nations
International Drug Control Programme (UNDCP) Regional Cooperation on the
Eradication of Illicit Dmg Crops and Alternative Development and the World
Agroforestry Centre’s Global Project on Alternatives to Slash and Burn (ASB).

Traditional shifting cultivation is becoming rare in the region, especially Yunnan
in China, Vietnam and northern Thailand. In Mae Chaem and Mae Sarieng of
northern Thailand, for example, the fallow period of the former long-fallow
shifting cultivation systems of the Karen and Lua people has now been reduced
to five years or less. Without extemnal inputs, the productivity of upland rice of

335




N1awusn 1.14

UPLANDS LAND USE

This issue of land security in Thailand is one of the main areas for concern in
highland development and political debates. Thailand is unique in the region for
its refusal to grant land rights to ethnic minorities and hence many highlanders
reside in areas which are claimed by the state. There are virtually no tenure
arrangements. Traditional land tenure arrangements should be taken into account
in order to promote sustainable use of land and forest protection, Karen in
Thailand, for example, are known to have strong community control over land
use and land allocation to member households, following customary rules and
regulations (Prasert Trakamsupakorn 1997). Protected areas such as headwater
and utility forests are community owned and managed. Land for shifting
cultivation and fallow fields are shared and allocated to individual households in
the cropping phase. Only paddy lands are privately owned. Without recognition
of the value of these traditional land tenure practices, land disputes and conflict
over land resources designated for other uses often arise between the villages and
other stakeholders, especially forestry department rangers.

The Thailand situation differs from other countries in the Mekong Region, where
local administration and social integration of ethnic minorities is more advanced
(Chayan Vaddhanaphuti 1996). With little progress made in the past, there have
been many land disputes and conflicts at various scales, including within single
communities, between communities, as well as between communities and
government agencies. Instead of enabling communities to play a role in forest
and watershed protection, intervention has involved increased imposition of state
control to maintain the functions of ecosystems and biodiversity through strict
nature preservation. This then puts pressure on village land by appropriating it
for other uses such as forest conservation and reforestation and aggravates land
disputes in local communities. Consistent with the on-going processes of
decentralisation and innovation required by the 1997 Constitution, present
forestry policies make mention of local participation and the roles of community
organisations (eg. fambon administration organisations at the subdistrict level).
However, it is questionable whether such concepts have been absorbed into the
institutional culture of forestry and other departments. In the non-governmental
sector, participatory land use and local watershed management are becoming
popular approaches to conflict resolution, land use planning, monitoring and
evaluation at the local level (Uraivan Tan Kim-yong 1990, Prasong Jantakad and
Carson 1998). Over 30 NGOs are using such approaches with almost 500
villages, forming networks in the northern provinces to participate in the process
of local and national campaigns for land use rights and a community forestry bill
(Table 3).

On the operational side, participatory approaches are being used in Thailand to
empower communities to reduce land disputes between villages in local
watersheds. The process of public participation in policy is still in the project
phase and the state has yet to put it into effect on a large scale. It remains to be
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economic and political factors (eg. majority and state prejudice against
minorities, insurgency concerns, drug-related issues etc). Lowland communities
often blame upland people for land and forest degradation, and especially a
decline in waier volume, which they attribute to both shifting cultivation and
extensive cash crop production. Lowlanders also criticise uplanders for chemical
pollution in natural streams. While in some instances such claims might be true,
the wholesale stereotyping of upland land use practices is unwarranted.
Depletion of lowland water may be associated with increasing water use in the
uplands due to different types of land use, including state forest plantations with
high water requirements, but it is also associated with a dramatic increase in dry
season production (and water demand) by lowlanders. Shifting cultivation
includes many types of land and forest management and some types are
inappropriate. But upland farming also includes a diversity of traditional land
and forest management practices that check soil erosion, sustain fertility and crop
productivity with biological processes and conserve natural biodiversity in
village land use systems. Whatever the roots of the tension, resolving land and
forest degradation will mean eliminating misconceptions about land degradation
and biodiversity protection with specific reference to upland communities.

Policy intervention questions

Interventions that could support the poor and marginalised people of the uplands
are raised here in the form of key questions.

Are there examples within the region of successful cases of upland management where
people can make a living while protecting the environment and biodiversity?

Examples of ‘best practice’ in land management in the Mekong Region uplands
are claimed frequently with very little systematic investigation and
documentation. Much is known about farmers’ management and conservation of
biodiversity but good analysis of this indigenous management is much harder to
find. That is, the literature is rich in description but poor in critical analysis. I
therefore propose that case studies are needed to analyse both successful and
unsuccessful land management practices so as to help identify useful strategies
and necessary conditions for success. The conditions may focus on biophysical,
technical as well as institutional aspects of management systems. The results
could then be used in the design and development of alternative upland
management policies. It would also be useful to have a utilitarian taxonomy of
the traditional land management practices of shifting cultivators across the
region.

An interdisciplinary approach would be appropriate for the above field-based
study. A range of appropriate tools and methods should also be chosen for field
investigation as well as analysing the results. Many tools and methods are now
available eg. participatory appraisal (Chambers 1983, Pretty et al. 1995,
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Lessons leamed from the case studies proposed above could be exchanged
through community interaction, cross-country visits and regional training
SESSIoNS.

How can government agencies play a significant rofe in building, fostering and supporting
local capacity and community organisation at the grassroots level, and its effeclive
interaction with other levels?

For future development to be consistent with a “people’s participation’ paradigm,
government agencies, development workers and other relevant actors will have
to shift from implementing a conventional top down approach to more interactive
approaches at various levels of administrative structures and social organisation.
This will involve:

O Providing effective, transparent and accountable mechanisms linking local
(community) resource management to provincial, prefecture and district
governments and govermnmental agencies involved in formulating and
implementing policies at national and other relevant levels.

O Increasing technical capacity for appraisal, monitoring and evaluation,
including appropriate information ‘feedback’ mechanisms and channels for
two-way flows of information.

Q@ Coordinating the sharing and “wise use’ of common resources, including
equitable distribution of costs and benefits among villages sharing
watersheds and between upland and lowland villages.

O Incorporating and promoting land management and sustainable livelihood
systems of rural communities, taking into account the management of
environmental services and biodiversity-rich ecosystems.

Research questions to support sustainable land use

Several critical research questions about sustainable land use in the Mekong
Region uplands remain to be answered. The following questions focus on issues
related to upland land use in transition. The research area covers a wide
spectrum of land use, from traditional shifting cultivation to permanent fields.
Various questions will need to deal with institutional aspects, while others may
be purely technical.

1. How can the productivity of upland rice and associated crops be maintained
with shorter fallow cycles?

2. How can cash crops be grown, especially on acidic steep land, with
minimum soil erosion?

3. How can productivity of upland crops be maintained or improved with
minimum use of water and agricultural chemicals?
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I. How may the six countries learn from each other’s developmental lessons in
upland management, including successful and unsuccessful experiences?

2. What is the real local cost of “exporting” cash cropping to marginal land in
other countries within the region? There are many proposals for
governments in the region to develop collaborative programmes for large-
scale production of major cash crops and forest plantations. Some private
sectors and agro-industrial companies have aiready conducted such
programmes on a commercial basis. Examples include maize and soybean
production for Thailand in Lao PDR and Myanmar, eucalyptus plantations
for the Chinese pulp industry in Thailand, rubber plantations for China in the
Wa area of Myanmar, and so on.

3. What impact will major Mekong Region infrastructure development (eg.
roads, bridges and Mekong River traffic) have on upland land use
sustainability?

4. How may the devastating effects of regional trade in minor forest products
be minimised, and the extraction process be managed sustainably? Can
some of the species be domesticated and properly managed?
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1. CROP RESPONSES TO LOW BORON

Adverse effects of boron (B) deficiency on physiological processes are
associated with both vegetative growth and reproductive growth (Dell and
Huang, 1997). The vegetative processes reportedly affected by B deficiency
are root and leaf growth, vascular differentiation and assimilate partitioning;
reproductive ones include flower and gametes development, fertilisation and
fruit growth. Boron responses of crops in farmers’ fields, however, can be
very different from those that interest plant nutritionists and physiologists.
The adverse effect of B deficiency on individual physiological processes is
relevant to farmers only when it also affects crop productivity, i.e. its
economic return. Such effects may be associated with whole plant responses
or directly involved in the forrnation of the quantity of yield (e.g. fruit and
grain set) and/or quality of the product.

1.1 Physiological vs. Field Responses

Field responses to B application have been documented on 132 crops in
80 countries (Shorrocks, 1997). However, not all of the physiological
responses to low B documented are encountered in field grown crops on low
B soils. Two of the most rapid response to B depletion or deficiency are
inhibition or cessation of root (Bohnsack and Albert, 1977; Dugger, 1983,

Boron in Plant and Animal Nutrition, Edited by Goldbach et al.,
Kluwer Academic/Plenum Publishers, New York 2002 269
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Marschner, 1995, Shelp, 1993, Dell and Huang, 1997} and leaf elongation
(e.g. Kirk and Loneragan, 1988, Noppakoonwong et al., 1993, Huang et al.,
1996). However, reports of such effects of B deficiency from the field are
extremely rare. Some of these responses do not lend themselves readily to
field observation. Some of the physiological responses are also less relevant
to whole plant and crop response than others.

Some of the physiological processes are less sensitive to B deficiency
than others. Without detectable effect on vegetative growth, B deficiency
may cause yield losses in field grown wheat through grain set failure
{Rerkasem and Loneragan, 1994). The B level sufficient in meeting demand
for vegetative growth in wheat can be insufficient for its anther and pollen
development (Rerkasem et al 1997a). In barley, the level of B that is
limiting to grain set may also depress the number of spikelets spike™ (Jamjod
and Rerkasem, 1999), while tillering may actually be promoted (Ambak and
Tadano, 1991). In oilseed rape reproductive growth has been found to be
more sensitive to B deficiency than vegetative growth, with root growth
even less sensitive than above ground vegetative plant parts (Asad, 1998).
For B deficiency to become limiting to root growth, external B had to drop
to about half the level that was limiting to above ground vegetative growth.
Thus long before B deficiency can become severe enough to limit above
ground vegetative or root growth, field grown crops may have already failed
through the adverse effect on reproductive growth and seed yield.

1.2 The B Limiting Step

Differential sensitivity to B deficiency may also be found among
individual steps of each developmental stage. The most sensitive, which
might be called “the B limiting step(s)”, will be the one(s) through which
whole plant response and crop performance are limited by B deficiency.
Adverse cffects of B deficiency on reproductive growth have been reported
to be associated with male sterility in many cereal species. Cross pollination
experiments have established that male fertility is the B limiting step in
wheat {Rerkasem et al., 1993; Rerkasem and Jamjod, 1997a). While B
deficiency also causes male sterility in maize, the B limiting step may be
pollen germination which is dependent on B concentration in the stigma or
silk rather than male fertility (Vaughan, 1977, Agarwala et al., 1981). For
barley, it is yet unclear that B deficiency depresses grain set primarily
through pollen germination as well as causing male sterility. However, the
same level of B deficiency that depresses grain set has also been reported to
depress the number of spikelet spike' at the same time (Jamjod and
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Rerkasem, 1999). Thus, barley grain yield may be depressed by B
deficiency through its compounding effects on at least two B limiting steps.

The adverse effect of B deficiency on reproductive development may be
related to higher demand for B in reproductive tissues or difficulties in
supplying B to them, or both. In those crop species in which B is
immobilised in older tissues, reproduction may fail due to B deficiency even
while large amounts of B is present in the whole plant (Brown and Shelp,
1997). When the old B can be recycled to supply elevated demand for
reproduction, plant B could be more efficiently used, as has been
demonstrated in a gene transfer experiment in tobacco (Brown et al., 1999).
Phloem loading, transport and utilisation of B for reproduction were ail
enhanced as the result of the sorbitol production activated by the introduced
gene. The management of crop B nutrition may be made more efficiently,
by means of genetic manipulation or fertiliser management, if the B limiting
step can be identified.

1.3 The Timing of Boron Sensitive Events

In addition to their relative sensitivity to B deficiency, the relevance of
the B response of certain physiological processes to whole plant response,
and thus that of crop productivity, may also be dependent on the
chronological order of their occurrence. Boron deficiency during early
growth, e.g. adversely affecting germination and seedling growth, may have
a direct bearing on final seed yield quite independently of how other
physiological processes respond to B. In China, survival of transplanted
oilseed rape seedlings may sometimes be depressed by B deficiency, an
effect that can closely correlate (R? = 0.77) with seed yield (Xue et al, 1998).
The seed of grain legumes containing insufficient B when sown in low B
soils may grow into abnormal seedlings (Rerkasem et al, 1990, Rerkasem et
al, 1997a). These abnormalities during early growth, which include the
absence of the entire cpicotyl, no growth after unifoliate leaves, ragged
trifoliate leaves, or arrested apical growth accompanied by premature lateral
branching, may have a long lasting effect that is reflected in a depression of
seed yield. Sensitivity to B deficiency of male gametogenesis is especially
important to yield response to B in cereals, e.g. wheat (Rerkasem et al, 1993)
and barley (Jamjod and Rerkasem, 1999). The adverse effect of B on male
fertility is less relevant in those species in which B deficiency causes the loss
of flower buds or whole flowers before anthesis. A typical symptom of B
deficiency in field grown sunflower is the corky and briftle peduncle that
develops into a horizontal break that can result in the loss of the whole
flower head (Fernandez et al.,, 1985, Rerkasem, 1986). Similarly, flower
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buds in B deficient black gram may begin to shed as soon as they are formed
{Rerkasem et al., 1987a).

1.4 Boron and Quality

Apart from quantity of yield, the B limiting step in crop production may
be associated with the quality and therefore price of the harvested crop, i.e.
seed and fruit. A specific symptom of B deficiency that has been known for
a long time is the hollow heart in peanut (Harris and Brolmann,1966).
Boron deficiency has to be severe enough to cause at least 40 percent of
hollow heart to have any effect on seed yield, but in some markets a marked
reduction in price can result from only one or two percent of hollow heart.
Percentage hollow heart has been found closely correlated to infection by the
Aflatoxin causing fungus, Aspergillus flavus, {Rerkasem et al., 1988),
although it is still unclear if this is a specific association with the low seed B
status or a secondary one of damaged seed in general. The adverse effect of
low seed B on germination, found at < 10 mg B kg in green gram (Bell et
al.,, 1989) and soybean (Rerkasem et al., 1997a), can be expected in other
species. The management of B for fruit production is complicated by the
different effects of B on yield and various quality charactenistics. For
example, the B level that has no effect on fruit number or yield may be
limiting fruit size and shelf life in avocado (Smith et al., 1997).

The case of apple in Yunnan in south-western China (Dong et al., 1997)
illustrates the complex situation of B nutrition in fruit trees for which
optimum B levels may be quite different for yield and various quality
characteristics, which are also different from those associated with other
physiological responses. To manage for optimum apple production in
China, orchards with Golden Delicious at 7 x 7 m spacing generally try to
keep about 400 fruit per mature tree, thinning excess fruit by hand as
necessary. The effect of B deficiency in causing fruit abscission is of no
consequence as long as it does not leave fewer than 25% of the total fruit set.
The low B that causes about 75% fruit drop, however, is likely to be also
limiting to fruit size. Applying B increases fruit size and sugar:acidity ratio,
but beyond a certain level this may have adverse effects on other quality
characteristics including a loss of fruit firmness and overshooting the market
preferred sugar:acidity ratio.
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2. OVERCOMING BORON DEFICIENCY IN
FARMER’S CROP

On most agricultural soils, it should be possible to correct the problem of
B deficiency with an application of 1-2 kg B ha'. Incidences of B
deficiency that continue to occur in farmers’ fields throughout the world
clearly indicate inaccessibility of this simple and relatively inexpensive
solution to many farmers. The on-farm management problem associated
with B deficiency is related to the difficulty of diagnosis and the
management of B fertilisers.

2.1 Diagnosis

Although various methodologies for diagnosing B deficiency have been
available for a long time (Bell, 1997), affected crops in farmers’ fields are
rarely diagnosed as such. Few farmers in the developing world are aware of
soil and plant analyses as a means to determine if crop nutrition is the yield
limiting factor. For those who happen to have the knowledge, supporting
logistics that would enable samples to be properly collected, analysed and
results interpreted and returmed in good time are virtually nonexistent.
Exceptions are industrial crops such as rubber and large oil palm estates and
timber plantations. Quality control of analytical standard is another common
problem in labs that are in operation. Furthermore only a few labs in parts of
the developing world where B deficiency is a problem are set up to conduct
B analyses in soil or plant, although the equipment and other costs involved
are relatively inexpensive. Using visua! symptoms that are distinctive and
specific to B deficiency for diagnosis can be effective and cost very little.
The hollow heart symptom in peanut has been successfully used to map
areas prone to B deficiency in Thailand, percentage of seed with hollow
heart in a crop used to indicate the severity of deficiency (Rerkasem et al
1987b). The major bottleneck is getting such information through to farmers
and farm advisors. Booklets or postcards containing distinct and specific
symptoms of a few crops common to the area, e.g. peanut, papaya, mango
will do for many tropical countries, that can be made widely available may
go a long way towards alleviating B deficiency in farmers’ crops.

In addition to zll the difficulties above, another obstacle to overcoming B
deficiency in farmers’ crops is related to its highly variable nature. Year to
year variation in crop B responses due to climatic conditions is well known,
and continues to be reported in the literature (e.g. Xue et al, 1998).
Compounding this variability is the wide range of genotypic variation in the
response to low B that can be found in many species of the world's major



nmawudn 1.15

274 Benjavan Rerkasem

food crops (see below for more detail discussion on the topic). Incidences of
B deficiency observed in farmers’ field in one year may not be confirmed
next year when the weather becomes less dry, less humid or less cold, or
farmers switch back to older varieties known to be unaffected in the same
way. The final verification of B deficiency diagnosis with fertiliser trials can
also be rendered erroneous by B contamination in the basal fertilisers used.
Many formulae of compound fertilisers and macro-nutrients in Asia have be
found to contain large amounts of B (Bell et al, 1990},

2.2 Management of Boron Fertiliser

Brazil, Bangladesh, China, Nepal and Thailand are some of the countries
where B deficiency has been identified on broad national or regional scale.
Among these, the only country where B fertiliser is routinely applied to
farmers’ crops is Brazil. Brazilian farmers on low B soils are required to
include B in their fertiliser management package as a condition for securing
farm loans. In the other countries, incidences of B deficiency continue to be
common among farmer’s crops. Boron fertiliser is applied only
occasionally, mostly to high valued crops. For example, tobacco fertiliser in
Northern Thailand and Yunnan in south-western China have contained B for
many decades. In Thailand foliar B application is routine in vegetables
production and orchards of tropical fruits, e.g. durian, rambutan and
mangosteen, even in areas where B deficiency has never been diagnosed
such as near Bangkok and in the South (Sumitra Poovarodom, pers comm).
For high value crops, this trend to apply B as a preventive as well as a
corrective measure, can also be found in other countries.

For many important field crops, e.g. wheat and pulses, however, the
uncertainty of diagnosis combined with the uncertainty of return means that
B deficiency may continue to be an important cause of yield loss in many
parts of the world. Breeding and selecting for B efficiency may offer a
solution. In the next section this paper will examine potential and limitation
of genotypic variation in B efficiency as a means for overcoming B
deficiency, and also other implications of genotypic variation in B efficiency
in crop B nutrition.

3. GENOTYPIC VARIATION IN BORON
EFFICIENCY

In many crop species, genotypes growing on the same soil may be found
affected differently by B deficiency. Such genotypic variation in the
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response to low B has been reported in monocotyledons and dicotyledons,
herbaceous plants and trees, field crops, vegetables, fruits and timber species
(Rerkasem and Jamjod, 1997b). Nutrient efficiency has been defined as the
ability of a genotype to grow and yield well in soils too deficient for a
standard genotypes (Graham, 1984). The practical interest in B efficiency in
crop introduction and breeding program is, however, to eliminate genotypes
that are less B efficient than existing materials as well as to identify those
that may be even more efficient. Furthermore, for B it is generally the newly
introduced germplasm that are adeversely affected by deficiency when older
established genotypes are not (Rerkasem and Jamjod, 1997b, Anatawiroon et
al., 1997, Srivastava et al., 2000). Many authors have successfully evaluated
genotypes for B efficiency based simply on their performance in low B
relative to the performance in B sufficiency (e.g. Xue et al., 1998, Stangoulis
et al,, 2000). It appears that B efficiency could be defined either without
reference to standard genotypes, as these authors have done, or with standard
genotypes that can be either more B efficient or inefficient, or preferably
both.

Genetic diversity of B efficiency can mean a difference between
complete crop failure and normal yield in some crop species. In bread wheat
the most efficient genotypes will set grain and yield normally in soils in
which the most inefficient set no grain at all (Rerkasem and Jamjod, 1997a).
Similariy for lentil, Nepalese landraces named ‘Simal’ and ‘Simrik’ yielded
1.2 t/ha of grain on a soil in which a very large proportion of introduced
germplasm was so adversely affected by B deficiency that they yielded
nothing at all (Srivastava et al., 2000). Another crop species with almost as
large differences between the most B inefficient and efficient is black gram
(Rerkasem, 1991). In other species, e.g. oilseed rape (Xue et al,, 1998,
Stangoulis et al, 2000), green gram (Rerkasem, 1991), sunflower (Blamey et
al., 1984), and barley (Jamjod and Rerkasem, 1999), the differences may not
be quite so large. However, even in such species B efficiency can mean a
difference between a crop that is an economic failure or success. Selecting
for B efficiency therefore offers a simple means by which yield and
economic loss due to B deficiency can be prevented, especially in those
crops in which B fertiliser application is for some reason not feasible.

4. CROP BREEDING AND IMPROVEMENT FOR
LOW BORON SOILS

Yield and economic losses are the obvious outcome for growing B
inefficient crop varieties on low B soils. In addition, B inefficiency in
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introduced germplasm can be a major obstacle to crop improvement. For
example, in China the introduction of high quality cultivars of oilseed rape,
low in either or both of erucic acid and glucosinolates, have led to severe
yield losses due to their extreme B inefficiency (Yang et al., 1993).
Similarly, 82% of a lentil germplasm, numbering almost 500 entries,
introduced into Nepal for the purpose of improving local lentil production,
were found to be extremely inefficient compared with local landraces
(Srivastava et al.,, 2000). Our own evaluation of CIMMYT germplasm also
found very high frequencies of B inefficiency in bread wheat, and also
durum and triticale that are distributed widely throughout the wheat growing
world (Table 1).

Table 1. Frequency distribution (%) of boron inefficiency in bread wheat, durum and triticale
genotypes by GSI in sand culture without added B*

Nursery or trial® Number of Frequency (%)
entries
Inefficient. Moderately Efficient
efficient
29IBWSN 409 97.3 22 0.5
4HTWYT 49 61.2 34.7 4.0
17ESWYT 49 87.7 10.2 2.0
28IDYN 49 100.0 0.0 0.0
28ITYN 49 98.0 20 0.0
28ITYN 49 98.0 2.0 0.0

a) Inefficient, GSI = 0-70%; Moderately efficient, GSI = 71-85%; Efficient, GSI > 85%,
with Fang 60 as B efficient standard.

b) From CIMMYT, Mexico: the 29" Intemational Bread Wheat Screening Nursery; 4™
High Temperature Wheat Yicld Trizl, 17th Elite Selection Wheat Yield Trial, 28th
International Durum Yield Nursery, 28th International Triticale Yield Nursery.

Source: Adapted from Rerkasem and Jamjod (2001)

When the soil on which a crop breeding and improvement program is
carried out is diagnosed with B deficiency, a common course of action is to
apply B fertiliser over the whole station. For lentil in Nepal, it has been
suggested that evaluation of introduced germplasm should be conducted on
soils in which B is not limiting (Srivastava et al., 2000). However, unless B
deficiency as the limiting factor for a particular crop species has also been
removed from farmers’ fields, screening for B efficiency should be essential
at some stage before materials selected for superior agronomic
characteristics reach the farmer’s field. Evaluating for B efficiency can
greatly enhance the cost effectiveness of crop improvement and breeding
program serving soils prone to B deficiency, especially in those species in
which genotypic variation in the response to low B in the soil is very large as
found in wheat and lentil. Such screening would ensure that B inefficient
genotypes that are certain to fail in farmers’ fields are eliminated before they
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reach costly yield trials and on-farm evaluation. With all of our knowledge
and understanding on the subject, it would indeed be a pity if farmers’ crops
should fail just because newly released, supposedly “improved”, varieties
happen to B inefficient.

Where B efficiency already exists, increasing the frequency in germplasm
would be a simple matter of including B efficiency as one of the breeding
objectives. The parentage of B efficient Fang 60 and Sonora 64 are actually
very common among the pedigrees of CIMMYT wheat (Skovmand et al
2000). The relatively high frequency of B efficiency in the 4dHTWYT in
Table 1 is therefore not surprising. As we have seen in Thailand’s wheat
improvement programn (Rerkasem and Jamjod, 1997), unintended selection
pressure can quickly lead to increases in the frequency of B efficiency. A
similar selection pressure clearly does not exist for the rest of the
germplasm. Boron efficiency is not one of the breeding objectives of this
major international breeding program at CIMMYT, and international yield
trials and nurseries in Table 1 are intended for a wide range of environments
most of which do not have B deficiency as a limiting factor. However, a2 B
inefficiency frequency of 90% to almost 100% would defmitely be a
constraint to the potential usefulness of the germplasm on low B soils.

5. CONCLUSION

There are numerous observations and reports of physiological responses
to B deficiency in plants. Not all of these are equally relevant to whole plant
responses in the field and productivity of farmers’ crops. The key to
understanding crop B nutrition is the B limiting step, through which whole
plant response and crop performance are limited by B deficiency. The
management of crop B nutrition may be made more efficiently, by means of
genetic manipulation or fertiliser management, if the B limiting step can be
identified. The evidence of a wide range of genotypic variation in B
efficiency in major crop species has two implications to crop production on
low B soils. Firstly, economic success and failure for the particular crop that
individual farmers grow will depend on the degree of B efficiency of the
crop varieties grown. Secondly, a crop breeding and improvement program
will have failed if farmers are constrained from adopting newly released,
supposedly improved crop varieties because of their B inefficiency. It is
encouraging that work on B efficiency now goes on in major crop species
such as wheat, lentil and other pulses and oilseed rape on low B soils such as
Nepal, Bangladesh, and China. The problem of B deficiency in these and
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other crops on low B soils will not be overcome unless crop improvement
objectives specifically include B efficiency or B fertiliser is applied.
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1. INTRODUCTION

Wheat production in Bangladesh has grown from about 32,000 tons from
60,000 ha in 1961 to almost 2 million tons from 800,000 ha by the year
2000. Wheat has contributed significantly to the country’s food security.
Bangladesh wheat crop, however, often suffers from the problem of grain set
failure. Boron (B) deficiency has been identified as one major cause of this
problem. Soils on which wheat is grown in Bangladesh commonly contain
0.1-0.3 mg hot water soluble B kg (HWS B), at which B deficiency has
been shown to cause grain set failure through male sterility (Li et al 1978§;
Rerkasem and Loneragan 1994). On the other hand, wheat genotypes have
been shown to respond differently to low B {Rerkasem and Jamjod, 1997).
This study evaluated a set of wheat varieties and advanced breeding lines
from Bangladesh national breeding program to assess their response to B in
two experiments conducted at Chiang Mai University, Thailand.

2. MATERIALS AND METHODS
Experiment 1 compared three Bangladeshi wheat varieties (Gourab,
Kanchan, and Sourav) with two B inefficient (SW 41 and E 12) and one B

efficient (Fang 60) standard genotypes in a sand culture at 4 levels of added

Boron in Plant and Animal Nutrition, Edited by Goldbach et al.,
Kluwer Academic/Plenum Publishers, New York 2002 299
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B (0, 0.1, 0.3 and 10 uM), in three replicates. Experiment 2 evaluated 37
released varieties and advanced breeding lines of wheat from Bangladesh
national wheat programme, in duplicate blocks, in the sand culture with 0
and 10 uM of added B (B0 and B10) and in a low B soil (0.1 mg HWS B kg
“Vin the field. Also included in the experiment were the three B efficiency
checks from experiment 1. In sand culture, plants were grown in freely
drained earthenware pots (¢J 30 cm, 30 cm deep) containing washed river
quartz sand. The pots were watered twice daily with 1 liter of nutrient
solution (1000 pM CaCl,, 250 pM MgSO, 500 uM KH,PO,, 10 pM
FeEDTA, 250 pM K,S0,, 1 pM MnS0O,, 0.5 pM ZnSO,, 0.2 uM CuSO,, 0.1
uM Co0S0,, 0.1 uM Na,MoO, and 5 mM KNO; ) with the varying levels of
B. The pots were flushed with water once every 4-5 weeks to wash out
excess salt. In the ficld, entries were sown in duplicate blocks, each entry in
one meter row with 0.25 m spacing between rows. At maturity the B effect
was assessed on grain set and yield components in the main stem from all
plants in pots and from ten randomiy selected ears from the field.

3. RESULTS AND DISCUSSION

In sand culture without added B, Kanchan and Gourab had similar Grain
Set Index {GSI, Rerkasem and Loneragan, 1994) as the B inefficient SW41
and E-12 at about 20% compared with 59 % in Sourav and 89 % in the B
efficient Fang 60 (Tab. 1).

Table 1. Effect of boron on grain set (GSI, %) in three major wheat varieties from Bangladesh
compared with B efficient (Fang 60} and inefficient (SW 41, E-12) checks

Variety/ Boron level {:M)

Genotype 0 0.1 0.3 10
Kanchan 19.7aA 82.1bcBC 83.1bA 84.0bA
Gourab 22.6aA 86.8bC 91.9bBC 91.1bAB
Sourav 58.8aB 88.6bC 93.9bC 91.4bAB
Fang 60 (E)* 89.1aC 92.7aD 88.2AB 931.9aB
SW 4l (1) 20.73A 67.8bA 84.7cAB 88.1cAB
E-12 (Vi) 14.7aA 74.9bAB 34.9cAB 86.8cAB

F-test Genotype ** Boron ** GxB **

Differences (by LSD p < 0.03) in same row indicated by lowercase letters and in same
column by uppercase letters. ** significant at p < 0.01
a) E = efficient, I = inefficient, VI = very inefficient

Without added B, the GSI of 37 varieties and advanced breeding lines
from Bangladesh ranged from 4% to 55% while it was 82% in Fang 60, 30%
in SW 41 and 17% in E-12. Increasing B in the nutrient solution to 10 pM
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increased GSI to 80% to 90% in most genotypes. The GSI in B0 of the
germplasm correlated well with the GSI in B0 relative to B10 (Fig. 1). As
previously suggested (Anantawiroon et al 1997), the inclusion of B efficient
and inefficient checks enable germplasms to be evaluated for B efficiency in
low B in the absence of B sufficiency control. Based on their GSI in sand
cuiture without added B, out of 37 genotypes from Bangladesh, 6 may be
considered very inefficient, 28 inefficient and 3 moderately inefficient no
genotype was even moderately efficient (Tab. 2). The B inefficiency of the
germplasm was confirmed in the field.
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Figure I. GSI in BO and GSI in B0 relative to B10 for a wheat germplasm from Bangladesh.
Solid circles are. from top, B efficient (Fang 60}, and B inefficient (SW 41 and E-12) checks

The two common Bangladeshi varieties, Gourab and Kanchan, were in
the same B inefficient class as SW 41. More than 90% of the germplasm
tested, which contained released varieties and advanced breeding lines from
Bangladesh, was also in this same B inefficient class. The remainders,
including the standard variety Sourav were only slightly less inefficient. For
an area with widespread low B soils where B fertilizer is still rarely applied
in farmers’ field, it seems that breeding and selecting for B efficiency would
be desirable, especially since genetic sources for B efficiency already exist.
It is known that B fertilizer is sometimes applied on station where breeding
programs are conducted, to enable germplasm evaluation without the yield
potential being limited by B. However, for genotypes destined for low B
soils where B fertilizer is not used by farmers, evaluation of B efficiency
would be essential some time before advanced breeding lines reach on-farm
trials.
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Table 2. Frequency distribution of boron efficiency in a wheat germplasm from Bangladesh
and their response to boron

Boron GSI (%) Number Mean GSI (%) in each class®
Efficiency class® in BO of entries BO B10 Field®
Very inefficient 0-20 7 9.8 84.5 28.2
Inefficient 21-50 27 ng 8315 47.0
Moderately 51-70 3 53.7 88.4 62.0
inefficient

Moderate efficient 71-85 0 ne ne ne
Efficient >85 0 ne ne ne
Fang GO (Efficient) 825 97.1 84.3
SW 41 (Inefficient) 29.9 85.5 338
E-12 (Very Inefficient) 16.8 §5.5 38.8

a) Rerkasem and Jamjod (1997) b) ne =noentry ¢) Soil with 0.1 mg HWS B kg™

4, CONCLUSION

A wheat germplasm from Bangladesh evaluated for B efficiency has
been found to be largely inefficient. Considering the widespread occurrence
of low B soils in the country, we suggest that boron efficiency should be
included as one of the wheat breeding objectives.
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1. INTRODUCTION

Boron deficiency causes male sterility in wheat but sensitivity differs
among cultivars. In previous studies, a B- inefficient cultivar (cv. SW41)
growing in sand culture at low B supply produced pollen that appeared
normal at vacuolated young microspore stage, but by anthesis, had become
deformed and empty containing no starch (Rerkasem et al, 1997). {t has
been suggested that the adverse effect of B deficiency may be related to the
B requirement during the critical phase of anther development surrounding
pollen meiosis: the period from premeiotic interphase through meiosis to
late tetrad (Rawson, 1996; Huang et al., 2000). This study was to test the
effect of short term B deficiency on pollen quality of B efficient and
inefficient wheat cultivars to determine whether different sensitivities to B
deficiency during critical stages of pollen microsporogenesis might explain
the known cultivar differences in B efficiency.

Boron in Plant and Animal Nuirition, Edited by Goldbach et al.,
Kluwer Academic/Pienum Publishers, New York 2002 181
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2. MATERIALS AND METHODS

Seed of wheat (Fang 60-B efficient and SW 41-inefficient: see Rerkasem
et al. 1997) were imbibed in aerated 2 mM CaSQ, solution for 24 hours n
the dark at 25°C. Seedlings were then transferred into trays containing 8 L.
1/3 strength nutrient solution with 10 uM H;BO; and (give final conc in 8L)
MES (2-[N-Morpholino]ethanesulfonic acid) solution and pH was adjusted
to 6.0 £ 0.2 everyday with 1 M KOH or 10 % H,S80,. Four days after
germination, uniform seedlings were transferred to pots containing 5 L of
complete nutrient solution with adequate B (10 pM). Nutrient solution was
continuously aerated with filtered air and the dry weight increment of extra
plants was used to calculate the amount of nutrients for maintaining nutrient
supply with programmed nutrient additton (Asher and Blamey, 1987).
Seedling roots were rinsed in three changes of 5 mM CaSQ; solution in
order to remove B adsorbed on the root surface before transplanting. Two
uniform plants per pot were transferred into the B treatments: either low B
(0.1 uM B, -B) or adequate B (10 pM B, +B) during the critical stage of
pollen development (premeiotic to late tetrad). Pollen developmental stages
were identified by dissecting extra plants and staining the rmicrospores with
DAPI (4’-6-Diamidino-2-phenylindole2HCl, Sigma Lot 104F-0542) and
examining them under a UV-fluorescence microscope (Vergne et al., 1987).
After 5 days of treatment, plants were transferred back to adequate solution
B supply (10 pM) and harvested at anthesis. Anthers were coliccted and
fresh pollen examined for viability by the fluorochromatic (FCR) test
(Heslop-Harrison et al, 1984) and absence or presence of nuclei by DAPI
Starch accumulation in pollen was assessed by the iodine (KI/1,) test.

3. RESULTS AND DISCUSSION

Withholding B for 5 days depressed pollen viability at anthesis in the B-
inefficient wheat cultivar (cv. SW 41) by 40-70 % (Fig. 1). In contrast to
previous reports, starch accumulation in both cultivars was not affected by
the temporary B deficiency (Tab. 1). Furthermore, the pollen of SW41 in B-
also appeared to differ from SW41 in B+ and Fang 60 in B- and B+ in two
other respects. Many of the pollen of SW41 in B- remained attached in
pairs and their mitotic nuclei were fewer (Fig. 2).

The cultivar SW41 was more sensitive to B deficiency during the critical
stage of microsporogenesis than Fang 60. B deficiency during meiosis has
been previously shown to inhibit anther elongation and severely depressed
pollen viability (Huang et al., 2000). In SW 41, B deficiency decreased B
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content 1n anthers (Rerkasem et al., 1997). It is possible that the adverse
effect of pollen development is caused by inadequate supply of B to the ear
and anthers. Rerkasem and Loneragan (1994) and Rerkasem et al. (1997)
could not detect any difference in flag leaf and whole ear B concentrations
between tolerant and susceptible cultivars and Subedi et al. (1999) even
found that a tolerant cultivar had lower B in the flag leaf. Therefore, it is
unclear whether cultivars differ in B demand or ability to deliver B into the
ear. However, B deficient Fang 60 and SW 41 did not differ in their pattem
of B partitioning after flag leaf emergence onwards (Subedi et al.,, 1999).
This contradicts a conclusion drawn by Rawson (1996) that the tolerant
genotypes can utilise previously stored B when uptake is limited during the
critical reproductive stage. Therefore, the mechanism for B efficiency is
still unclear.

Unlike in previous reports (e.g. Li et al,, 1978 and Da Silva and da
Andrade, 1980), this study found the effect of low B on pollen viability
without any effect on starch accumulation. Starch accumulation was not
sensitive to B withdrawal in the 5 days during premeiotic to late tetrad. In
wheat, starch is normally visible about 12 to 24 h after pollen grain mitosis [
and the microspore was packed with numerous starch at mitosis II (Bennett
et al, 1973). In this study, the B supply would have been restored during
starch accumulation. It is unclear what role B plays in starch accumulation,
if any. The presence of starch obviocusly does not indicate viable pollen. On
the other hand, it is interesting that inviable pollen can continue to
accumulate starch.



nawudn 1.17

184 Nachiangmai D et al.

9

z 0O .

s 91 -

s 60

>

- T
5 4 " B 8|
g 20
0 -- — —

Fang 60 SWd4i Fang60 SW 4]

Figure . The effect of short term B deficiency on pollen viability (%) in two wheat cultivars
by fluorochromatic (FCR) test.
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Figure 2. The pollen at anthesis by DAPI test; (a) +B, Fang 60: (b}+B, SW 41, (¢} -B, Fang
60, (dy-B, SW 41.

Table I. Reaction to KI/I, staining for starch in the pollen of two wheat cultivars at anthesis.

Cultivar Boron treatment

-B + B
Fang 60 +++ +H
SW 41 ++4 +++

+++ = most pollen were stained black.
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NORTHERN THAILAND covers an area of approximately 171000 km? and its 17
provinces are characterized by long mountain ridges and narrow valleys, Four
major rivers, the Ping, Wang, Yom and Nan, flow southward and are the major
tributaries of the country’s biggest waterway, the Chao Phraya. The area
shares borders with Laos and Myanmar, and contacts with neighbouring
countries in the Mekong subregion can be traced back as far as 1050, the Thai
Era of Lan Na (Penth, 2000). The population is now close to one million,
made up of several main ethnic minority groups, including Karen?, Hmong,
Lahu, Lisu, Yao, Akha, H'tin, and other small minority groups such as Lua,
Khamu, Shan and Yunnanese (Haw) Chinese (National Security Council and
National Economic and Social Development Board, 1993; Department of
Public Welfare, 1995). Virtually all of these people make a living by growing
rice for subsistence and other crops for cash income, which in the days before
the 1970s and 1980s included the opium poppy (Papaver somniferum).
Originally, crop production activities were based on two broad groups of tra-
ditional shifting cultivation land-use systems, termed rotational and pioneer -
shifting cultivation (Kunstadter et. al.,, 1978: Grandstaff, 1980). Rotational
shifting cultivators typically settled in one place, and grew crops in a rotation
involving 1 year of cropping and 5-10 years of fallow. Pioneer shifting culti-
valors were migratory. Crops were grown on land cleared from mature
forests, and the whole village would pick up and move to a new site after a
few years of continuous cropping. Traditionally, opium was the major cash
crop of the pioneer shifting cultivators. This system, which may or may not
have been practised in its classic form, had been particularly severely abused
for its destructive impact on biodiversity and the soil.

The land-use systems have undergone marked changes since 1960. In this
chapter, we describe these changes in general, and provide examples from
four villages to highlight some positive and negative aspects of the new
systems.

The highlands in the context of national policy

Development efforts of the Thai government began in the highlands in the
1970s. With support from various international assistance schemes, they were
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directed at eradicating opium poppy cultivation. Central to these efforts were
attempts to develop alternative cash crops. The first highland development
master plan was initiated in 1983 with assistance from the United Nations
Fund for Drug Abuse Control (UNFDAC). It targeted areas and groups
involved in opium poppy cultivation (Office of the Narcotic Crops Control
Board and UNFDAC, 1983). A second master plan of a similar nature fol-
lowed in 1988. An important element of these master plans was the
coordination of a large number of development activities initiated and sup-
ported by several international agencies and bilateral assistance agreements,
and implemented as numerous ‘highland development projects’.

These largely externally funded projects, which lasted untii the late 1990s,
helped to direct considerable public investment into the highlands in the
form of road building, schools, health services and electrification, as well as
the transfer of agricultural technology. Currently public investment for devel-
opment comes from the Royal Thai Government. There has been a national
master plan for highland community development, the environment and nar-
cotic crop control for a period of five years from 1997 to 2001. Apart from
this, the highlands receive public investment allocation on the same basis as
the rest of the country. Support for development in the highlands is now at a
much tower level than in the 30 years before 1990. The exceptions are a hand-
fu!l of villages that continue to receive substantial financial, technical and
marketing assistance for their cash cropping through the Royal Project,
which is partly funded privately through the Royal Project Foundation and
partly publicly from a budget allocation to the Ministry of Agriculture and
Cooperatives.

Establishment of permanent villages

Traditionally villages were highly mobile. Pioneer shifting cultivators moved
in.search of new forests after 5-10 years of continuous cropping. The vitlages
of rotational shifting cultivators also split to establish new settlements when
the population grew too large to be accommodated by the existing land. By
the mid-1970s, however, movement had virtually stopped. Many Hmong,
Lisu, Lahu and Akha villages became permanently settled in the 1960s or ear-
lier. They acknowledged the increasing difficulty of finding new forests to
clear. To settle, they frequently bought developed wet-rice land and the asso-
ciated technology, including the irrigation system, from lowland Thai or
Karen farmers. Apparently opium production was sufficiently productive to
allow at least some highland farmers to accumulate enough wealth to buy
irrigated wet-rice land and invest in commercial crop production.

The trend towards permanent settlement was reinforced by national pol-
icies instituted since the 1960s. Originally very few people in the mountains
who belonged to any of the ethnic minority groups were recognized as
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citizens of Thailand.? Permanent settlement is still required as a first step
towards official recognition and eventually to Thai citizenship. Citizenship
has been granted to only about one-third of the population. Prevision of
health and education services, roads and electricity offered further incentives
to settle permanently. There was also pressure through the national conser.
vation and reforestation policy. Although the highlands had always beeq
regarded by law as national property. they had until relatively recently beep
treated as a [ree good. In the past 40 years large areas of the hightands have
been designated watershed areas, national parks, forest and wildlife reserves,
with strict enforcement of conservation faws. All of these factors combined to
make village movement and setting up of new settlements virtually
impossible.

New cropping systems

New cropping systems have developed with permanent settlement. Thanks to
strict enforcement of drug control laws, opium poppy cultivation has almost
disappeared. To meet demand for home consumption by older addicts some
small areas of cultivation remain, but these are well hidden. Wet-rice is grown
by all ethnic groups. often in small highland valleys. Where dry season irriga-
tion is available, rice may be followed by another crop, usually soybean or
vegetables. Areas suitable for wet-rice are keenly sought after, but the
amount of relatively flat land with sufficient water supply is limited.
Cultivation on the slopes is still widespread, and much of it is on very steep
gradients. Some land is cropped annually, some with two or three years fal-
low, and occasionally with the original full cycle of 5-10 years fallow. Upland
rice, maize and various other food and cash crops are grown. The very short
fallow periods, and sometimes lack of a fallow period, are associated with low
yields and heavy weeding requirements. Farmers are reluctant to apply costly
fertilizers and pesticides to subsistence-crops, but do use them on high-value
cash crops such as cabbages, coffee, tomato, potato, ginger, lettuce and flow-
ers. Furthermore, all of the high-value crops that are grown in the dry season
are irrigated by a system of sprinkler irrigation fed gravitationally from
mountain streams and springs. These raise another set of problems.

Sustainability problems of cropping intensification

Improved national transportation, rising incomes in Bangkok and other
cities, and a temperate environment, combine to create special opportunities
for crop production in the highlands. The cooler climate provides an advan-
tage for the production of temperate fruits, vegetables and flowers. During
the monsoon season, vegetable production in the highlands has far fewer
problems with insect damage than in the lowlands and there is better surface
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drainage on the slopes. Lychees are harvested much earlier and fetch very
high prices. Research to find aliernatives to opium and to evaluate new crop
species and types began in the 1970s, and has continued with increasing com-
mercial interests and initiatives. The two most recent additions are potato
production to supply the fast-growing demand of manufacturers of potato
products, and hybrid maize seed production. Commercial seed producers
have discovered that the mountains provide the ideal conditions for isolation
of populations to prevent unintended cross-fertilization between breeding
lines.

All of the new cash crops are subject to wild price fluctuations. Downturns
in prices threaten the food security of poor village families who have con-
verted completely to cash cropping. The new crops require heavy fertilizer
and pesticide applications. Intensive cultivation with a bare soil surface dur-
ing the wet season contributes to soil erosion and has led to sedimentation
behind dams and weirs and in paddy fields. There are also downstream hydro-
logical consequences. Expansion of irrigated cropping in the highlands has
been blamed for many mountain streams and springs running dry in the dry
season. Conflicts have erupted between highland and lowland cornmunities
on these issues. In the Mae Taeng Irnigation Project of the Royal Irrigation
Department. for example. the decline of dry season stream flow during the
five months December to April from 1972 to 1991 led to an overall reduction
of flow of 60.8 million m? over the 19 years, averaged at 3.2 million m3 per
year (Thailand Development Research Institute, 1995). In-1993 an ugly con-
frontation broke out between an upstream Hmong community in Paklouy
village and lowland farmers in Chom Thong district of Chiang Mai valley who
had their water supply for irrigation dry up (Benjasilaraks and Silaraks, 1999;
Rakyuthitham, 2000). Few of the accusations and counter accusations are
substantiated by actual measurements, and it is not certain how the problem
of upstream-and downstream conflict can be tesolved in a near future.

Against this general background, the highlands are nevertheless a place of
much diversity in both the environment and how farmers and communities
respond to new challenges and opportunities. The case studies below, cover-
ing people with diverse ethnic backgrounds and contrasting traditional land-
management systems, illustrate local innovation and adaptability. The villages
are located in Chiang Mai and Mae Hong Son provinces (Figure 22.1). Two
of these, Loh Pah Krai and Pah Poo Chom, are former opium-growing,
pioneer shifting cultivator villages. The other two, Mae Rid Pagae and Tee
Cha, are Karen, who are traditionally sedentary.

Loh Pah Krai ~ from opium to wet-rice and home gardens

This Lahu village had been a typical pioneer shifting cultivator village before
the villagers settled at Mae Ai. north of Chiang Mai, in the mid-1960s. Within

[
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the life-time of some of the older members, the village had moved through
and, in their own words, "eaten up several forests’ in Chiang Rai and Chiang
Mai provinces. To settle permanently, the village bought a sizeable tract of
irrigated rice land from some lowland Thais. This was not simply a transfer of
land ownership. Along with the land, the Lahu farmers also secured the tech-
nological and management skills associated with wet-rice cultivation and the
irrigation system. By the mid-1990s they had adopted a double crop system
of rice and soybean in the wet-rice fields, and developed an effective scheme
for sharing scarce dry season water with downstream villages as well as within
the village.

When thev first settled. the village was also growing some upland
rice and maize on the slopes in short two or three year rotations. By the
early 1990s most of the upland fields were cropped every year, often with
double-cropping systems of maize or upland rice followed by a grain
legume, such as soybean. payee (Lablab purpureus) or ome of the
Vigna species. A number of fields within ten minutes walk from the
village houses had been developed into home gardens. Some 33
cultivated species were identified in one of the gardens (Table 22.1). Many of
the species were grown for sale outside the village, but others provided a
year-round supply of focd. herbs, spices and animal feed. The food crops were
readily shared within the village. Some species were incorporated into vege-
tative contour conservation strips, for example, lemongrass {Cymbopogon
citraties), pigeonpea (Cajanus cajun) and cha-om (Acacia pennata subsp.
insuavis).

Pah Poo Chom — many ways to biodiversity utilization and
conservation

Pah Poo Chom is a Blue Hmong village situated in Mae Taeng watershed,
north of Chiang Mai. The villagers settled on a mountain ridge at 940 m
above sea level in 1963. and by 1970 most of the surrounding forests had
been cleared and cropped with rice. maize and opium. According to the
Tribal Research Centre of the Department of Public Welfare, the village was
in a stage of extreme poverty, crop yields were low, and opium addicts
accounted for 80 per cent of the adult male population and also included
some women and even young children (Oughton, 1970; Oughton and Imong,
1970). Based on evidence from this village and many other highland villages,
imminent collapse was predicted for highland cropping systems in the 1960s
and 1970s (see Keen, 1972: Walker, 1975; Cooper, 1984). Since the early
1990s Pah Poo Chom has been transformed. Cash cropping has been
adopted in a major way. but successful management of its biological diver-
sity has also contributed to food security, income generation and
conservation of biological diversity.
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Table 22.1 Crop species found in a home garden belonging to a tarmer from Loh py
Krai, Mae Ai District, Thailand

Crop type Common name Screntific name
Introduced tree crops Bamboo Dendrocalamus asper
Lychee Litchi chinensis
Santol Sandoricum koeljape
Mango Mangifera indica
Jackfruit Artocarpus heterophylius
Tamarind Tamarindus indica
New crops grown for cash Adzuki bean Vigna angularis
Soybean Glycine max
Payee Lablab purpureus
Ginger Zingiber officinale
Green gram Vigna radiata
Local plants Cha-om Acacia pennata subsp. insuavis
Banana Musa sapientum
Papaya Carica papaya
Jujube Ziziphus jujuba
Upland rice Oryza sativa
Maize Zea mays
Sugarcane Saccharum officinarum
Sweet sorghum Sorghum vulgare
Ma Kua Solanum spp.
Chilli pepper Capsicum spp.
Pineappte Ananas comosus
Pumpkin Cucurbita moschata

Wax or white gourd
Cowpea, several lypes

Benincasa cerifera
Vigna unguiculata

Pigeonpea Cajanus cafun
Mustard green Brassica spp.

Taro Colocasia spp.

Pak Ped Vernonia sithetensis
Lemongrass Cymbopogon citratus
Sweel potato lpomoea batatas
Tobacco Nicotiana tabacum
Sesame Sesamum indicum

Source: Rerkasem et al, {1995)

Lychee trees and sprinkler-irrigated vegetables, principally cabbage, have

become the main source of cash income. Villagers market most of their vege-
tables in Chiang Mati, carrying them in their own pick-up trucks. Agricultural
land now accounts for only one-quarter of the village land. The balance 1s
made up of natural forests, two parts conservation forest and one part utility
forest dominated by bamboos, especially Dendrocalamus and Bambusa
species (Figure 22.2). The largest number of species was found in the conser-
vation forests, followed by the utility forests, the home gardens, agroforest
edges between fields and lychee/vegetable intercrops (Table 22.2)4 A large
proportion of the species in each Land-use Stage are used. Harvesting bam-
boo shoots for sale is an important source of income especiaily for poorer
villagers, Traditional crops that were part of the opium and upland rice swid-
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Figure 22.2 Land-use map of Fah Poo Chom, Thailand

dens have been conserved and incorporated into new cropping systems. The
wild, semi-domesticated and traditional crops and vegetables from Pah Poo
Chom (see, for example, Table 22.3) contribute significantly to village food
security. They also find ready demand among the urban Hmong community
around the Chiang Mati market. A traditional Hmong waxy or glutinous corn
is now popular in the city market. Several clumps of a special bamboo are
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managed by one old man, who crafts them into the Can, a traditionat Hmonp
musical instrument. Sold for 30004000 baht’ each, several of these are made

each year and are sometimes exported to Hmong communities in Laos.

Table 22.2 Number of plant species in various Land-use Stages and Field Types of
Pah Poo Chom village, Thailand

Land-use Stage/Field Type Number of Species’
Total Used % Used

Conservation forests (10 X 10 m) 152 133 87.5
Utility forests (10 x 10 m} 135 110 815
Bamboo dominant 89 82 921
Agroforest edges {total in the 3 sample plots) 89 68 76.4
Wild mangc dominated (10 X 10 m) 33 27 81.8
Wetter area (10 X 30 m) 18 14 77.8
Patch close to village, near road (20 » 50 m) 63 48 73.0
Home gardens (total in two gardens) 68 57 83.8
Garden 1 (30 X 30 m) 45 38 84.4
Garden 2 (25 X 30 m.) 45 34 756
Lycheefvegetable intercrops (10 X 10 m) 34 12 353
Upper slopes 19 12 63.2
Lower slopes 12 5 41.7

"Numbers of spacies do not add up to the total in each category and grand total because some species
occurred in more than one sample.
Source: Field Survey (1999)

Table 22.3 Useful piant species and their numbers in one semi-cultivated field
(5 X 10 m) in Pah Poo Chom, Thailand

Species with common or local name Number of plants
in sample
Domesticated Zea mays Waxy corn (Kaopode in Hmong) 300
Allium ascalonicum  Shaliot 1150
Brassica juncea Leaf mustard (Pak-kahd in Hmong) 250
Cucwrbita moschata Pumpkin 4
Coriandrum sativum Coriander 5
Ipornoea balafas Sweet potato 3
Litchi chinensis Lychee seedlings 1
Serni-domesticated Momordica sp. Wild bitter gourd 20
Solanum torvum Susumber 1
Wild herbaceous  Crassocephalum Lum Phast 1
crepidioides
Amaranthus viridis  Amaranth 1
Asytasiella neesiana Edible fern 11
Phrynium capitatum Tong Sard for food wrapping 9 clumps
Musa acuminata Wild banana 22 hills
Zingiberaceae sp.  Kong: edible fruit, leaves for 5 hills
lining rice storage container,
fibre for rope making
Total 15 species 1783

Source: Field Survey {2000)
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Mae Rid Pagae — cash cropping improving food security

Mae Rid Pagae is a Skaw Karen village at 1200 m above sea level, some four
tours by road from Chiang Mai. In the past, the limited irrigated wetland and
‘sustainable’ rotational shifting cultivation provided enough food for the
population only in some years. There were sometimes bad years in which pro-
duction fell short and many had to walk to the nearby town of Mae Sariang
to seek work. As the population grew and the national conservation policy
limited expansion of crop production into forest land, the problem of food
security worsened. The luxury of adequate rice production with long fallow
rotation in traditional shifting cuitivation was impossible and farmers had to
find viable alternatives to support their livelihood.

Cabbage production began in the early 1980s. Currently, visiting traders
buy direct from farmers and truck the crop to Bangkok and beyond.
However, it is not a monoculture of cabbage that has been adopted by Mae
Rid lagae. Instead. new cropping systems have evolved, incorporating trad-
itional components and the cabbage. In the irrigated fields, cabbage is grown
with irrigation in the dry season following the wet-season rice. On the slopes,
upland rice and cabbage are grown in alternate years, The problem of sharply
fluctuating prices has not cased, but rice vield has been greatly boosted by the
incorporation of cabbage. This is probably due to the residual organic and
inorganic fertilizers used in cabbage production, and the effect of clean-
weeding of the cabbage in reducing weed infestation of rice. Farmers’ reports
of rice yield having doubled or tripled have since been confirmed in crop-
cutting surveys.

The village also has the advantage of a well-structured soil that is iess sus-
ceptible to erosion than many others. Vegetative contour strips have been
adopted, incorporating weed species such as Cirromolaena odorata, to check
water flow down the slopes. However. farmers do acknowledge that they
have begun to receive complaints from downstream villages about perceived
water contamination with pesticides. In practice, the use of pesticides is
limited to the dry season crops that are grown in areas with supplementary
irrigation only.

Tee Cha - Pada fallow, a local innovation

In 1999 the population of Tee Cha numbered 148 in 41 houscholds. The Pwo
Karen village, established more than 200 years ago, is situated almost on the
Myanmar border in Mae Hong Son province. It is one of a few villages where
rotational shifting cultivation is still apparently sufficiently productive to
meet food security needs (Figure 22.3). A good forest cover, with numerous
uses and services. dominates land use. Being relatively isolated, lack of access
to the market limits cash cropping. The cropping system in Tee Cha is

1



NMawudn 1.18

230 Culivating Biodiversity

i TR N :
" 199412000 | i TEE CHA
) i o9 | ]

Doi Khun Tang ~ waterway: Huai and River

i I

village boundgary
== leeder toads
4 viftage and homegardens

headwater/consenation
loresis

ulility foress: intervillage
ulility forests: dry dipterocarp
[ ulity forests: dry deciduaus

viltage. wet rice &
hemegardens

[ fattow fields

traditional community
forests & agroloresis

i 1995 U l

~
Ban Hu?i Yak

Huai Tee Cha
Ban Poo Kaew

Huai Chai Yong

Ban Huai Chai Yong

Figure 22.3 Land-use map of Tee Cha, Thailand

predominantly subsistence and is managed partly on a communal basis.
Upland rice is grown in rotation with six years of fallow. The fallow manage-
ment, mainly controlling fire and restricting the use of the regenerating
forest, felling and burning the mature fallow, and the allocation of land-use
rights, are communally organized. Managing the rice crop is an individual
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enterprise for each farm household, although there is much <haring and
exchanging of germplasm and labour.

The seven-year cycle where land is cropped with upland rice every seventh
year, is much shorter than the traditional ten-year or more cycie that used to
be common in the region. Farmers attribute sustainability of the shorter crop-
ping rotation to the dominance of Pada (Macaranga denticulata Muell. Arg.)
during the fallow years. The fallow-enriching properties are recognized by
other ethnic groups of northern Thailand, the H'tin and Khamu, who cali it
Teen Tao (Tong Tac in northern lowland Thai). and by forest ecologists
(Whitmore, 1982). Pada is a small tree of the. Euphorbiaceae family and it
begins to flower and produce seed after three vears. In the cropping vear.
Pada seedlings emerge as a thick carpet among the rice. presumably from a
seed bank that accumulated during the previous three years. Farmers manage
Pada in a number of wavs. The seedlings are not considered weeds, so are not
destroyed during hand weeding of the rice. However stands may be thinned
if they become too densc and seedlings mayv be transplanted to areas with
poor establishment.

The observations of farmers about the tree’s value is corroborated by field
observations. Preliminary measurements indicate that Pada trees play a
major role in nutrient cycling of the cropping svstem. Nutrients such as nitro-
gen, phosphorus and potassium have been found to accumulate in the
biomass of Pada-dominated fallow after the sixth vear in much greater
amounts than in Pada-less fallow after ten years (Zinke et al.. 1978). A good
stand of Pada, which reaches almost over the farmers’ head by the time of
rice harvest, is associated with an upland rice vield that is about twice the
yield with few or no Pada. Attempts to establish Pada in neighbouring vil-
lages where it does not occur naturally. however. have so far been
unsuccessful

Adapting to change

Since the 1960s land use in the highlands of Northern Thailand has under-
gone dramatic change due t¢ external and internal pressures, which have
included national conservation and highland development policies. popula-
tion growth and rising expectations and aspirations of the villagers
themselves. Intensive land use has replaced traditional shifting cultivation but
some villagers, by using local innovations, have been better able to adjust
their land-use systems to cope with the impact of change on food security and
the environment.

Many other successful cropping systems and practices can be found in
other villages throughout the mountains of northern Thailand. These obser-
vations belie the general belief that intensification of agriculture in the
mountains is not sustainable and inevitably leads to vield decline and
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degradation. To understand how some farmers and villages in these difficy
environments succeed, however, has required a holistic approach to the study
of village land management that recognizes variations in time, space and the
management units that exist in the agroecosystem. We conctude this chapter
with three characteristic factors that have contributed to these farmers more
successfully adapting to change.

First, the mountains are agroecosystems with great diversity. This diversiyy
includes variability in: '

O the physical environment, for example, soil properties and microciimates

o the social and economic context of the farming system

O the local management capacity that may range from the different agro-
nomic skills and ability to learn of the individual farmers. to the
community’s capacity to manage common resources or interact effectively
with the market or the provincial and national government.

Second, there is a great diversity of plant genetic resources available in these
mountain villages, including domesticated, semi-domesticated and wild
species that are little known to outsiders, but that have been incorporated
into successful new cropping systems.

Third, the innovations that have given rise to new cropping systems would
not have materialized without the farmers’ intimate knowledge of the specific
sets of physical and socio-economic conditions defining their particular
environment and the knowledge of the plant genetic resources available to
them.

Innovations and knowledge originating from the outside can become
useful only when they happen to fit local conditions. Modern agriculture and
its various associated sciences have a great potential to benefit these moun-
tain farmers. The challenge is to identify how they can be made relevant to
local needs and conditions. Since it will never be possible to completely char-
acterize the local variability, the best thing is to work closely with farmers.
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Chapter 17

1 PLEC began work in Amazomwan Brazil in 1992, and work in Amapd, already
begun under another project, was then incorporaied into PLEC. The task reported
here overlaps the period of the two projects.

2 For more complete discussions of the formation of the smallholder timber industry
see Pinedo-Vasquez et al. (2001) and Sears ¢t al. (2000).

Chapter 18
1 Translated by Liang Luohui, Managing Coordinator of PLEC.

Chapter 19

1 This was a student paper when it was wnitlen in the mid-1990s. Even though there
have been some changes in the stluation at Baka. and in the market for Amonium
villosum, since that time. the paper is reprinted without substantial change.

2 55000 mu s approximately 3700 hectares: 1 ha is equivalent to 15 mu.

Chapter 20

1 We thank San Long, and Mi Ba for helping us in the field work. Liang Luohui has
given invaluable assistance with linalization of the English version of this paper.
Kevin Coffey advised on the use and interprelation of the indices employed.

Chapter 21

1 One hectare is equivalent to 15 mu.

Chapter 22

1 The authors wish to acknowledge support for part of the-work reported in this
chapter from UNU-PLEC and Thailand Research Fund

2 Karen, Hmong, Lahu, Lisu are some of the most common ethnic minority groups
living in the mountainous areas of mainland Southeast Asia.

3 Although some groups, including the Karen. have been in Thailand for several hun-
dred years, others are migrants within the twentieth century.

4 Use of these edges between fields is a particulariy distinctive feature of the Pah Poo
Chom system. A few are substantial, with natural as well as planted trees. The crops
and other products obtained from them are mainly used for self-provisioning. and
in this respect they constitute an important diversification of what is otherwise
largely a commercial system of land use.

5 At the time of this research US$1 = Bt43.

6 Research into Pada currently being undertaken includes its biology of seed pro-
duction and dormancy, its contribution to productivity of upland rice in the
cropping system, its role in nutrient cycling and relationship with other key faliow
species. The role of mycorrhiza and nitrogen-fixing endophytes in the nutrition of
Pada is also being investigated. This work is supported by UNU-PLEC and
Thailand Research Fund.
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Response of upland and lowland rice cultivars to waterlogged and well-drained soil conditions

(AU Buaga’ Richard W. Bell’ iaziugy925yal gninyy’
'niadne 15 aasinuasmaas v Inodode vy Foaluyl 50200

*School of Environmental Science, Murdoch University, Murdoch, WA 6150, Australia

Abstract : Rice in Thailand is mostly grown in rainfed lowland ecosystems, where water supply is variable during the
growing scason. However, there is limited understanding of how Thai rice cultivars adapt to changes in water regime.
The objective of this work was to examine the responses of upland and lowland rice cultivars to waterlogged and well-
drained soil conditions. Two upland (Sew Mae Jun and Kae Noi) and two lowland (Chainat 1 and KDML105) cultivars
were compared in waterlogged (W+, the soil surface was submerged under 10 cm. of water) and well-drained (W0, water
the plant everyday but not have water standing in the pot) soil, with three replications. There were separate pots for each
harvested at 2, 4, and 8§ weeks in which root and shoot length, root and shoot dry weight, total root volume, aerenchyma
development and nutrient content were measured. Shoot and root growth of all cultivars grown in waterlogging
throughout were higher than in drainage throughout, except Kae Noi. Shoot and root growth of Kae Noti in both of
waterlogged and well-drained soil conditions were not different. Aerenchyma development of Sew Mae Jun and KDML
105 were not different in two water soils conditions, while Kae Noi was higher in W+ at 5 cm from the root tips. Nutrient
contents of all cultivars were also generally higher in waterlogged soils. Nitrogen contents of upland rice cultivars in
well-drained soil were higher than lowland rice cultivars. Moreover, nitrogen contents of upland rice cultivars were equal
in both s0il water conditions. Whereas, lowland rice cultivars in well-drained soil were 50% less than in waterlogged soil
conditions. Phosphorus contents had the same response to soil water conditions as nitrogen contents. Specific nutrient
uptake of root, Kae Noi and KDML 105 were equal in both of soil water conditions, while Sew Mae Jun and Chainat 1 in
weil-drained soil were higher than in waterlogged soil.
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Table I Root dry weight of four rice cultivars when grown in waterlogging (W+) and well-drainage (W0) soil

conditions at 4 weeks.

Root dry weight (g)
Cultivar

W+ wWo
Sew Mae Jun 0.36 Ba 0.16 Bb
Kae Noi .28 Ba 0.30 Aa
Chainat 1 0.49 Aa 0.25 Ab
KDML 105 0.50 Aa 0.20 Ab

Mean 0.41 0.23
F-test LSD, .

c” -
W’ 0.07
GxW’ 0.13

ns = non significant (p<0.05), * significant at p < 0.05. The difference between water treatments in the same row is

indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case letters.

Table 2 Root dry weight, shoot dry weight and total dry weight of four rice cultivars when grown in waterlogging

(W+) and well-drainage (W0) soil conditions at 8 weeks.

RDW {g/plant) SDW (g/plant) Total dry weight {g/plant)
Cultivars
W+ Wwo W+ Wwo W+ Wi
Sew Mae Jun 3.86 Ba 2.07 Bb 13.0Aa 11.7Aa 16.68 Ba 13.77 Aa
Kae Noi 3.46 Ba 3.32 Aa 89Ca 11.2 Aa 11.36 Ca 14.52 Aa
Chainat { 5.53 Aa 1.26 Bb 15.6 Aa 8.9 Bb 21.13 Aa 16.16 Ab
KDML 105 3.92 Ba 2,16 Bb 17.5 Aa 11.1Ab 2142 Aa 13.26 Ab
Mean 4.19 2.20 13.76 10.73
F-test LSD, . F-test LSD,,. F-test LSD,,,
G" - G" - G" -
w’ 0.47 w’ 217 w’ 3.54
GxW’ 0.94 Gxw’ 4.34 GxW’ 5.01

i

§
i

ns = nen significant (p<0.05), * significant at p < 0.05. The difference between water treatments in the same row is

; Indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case

letters.
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Table 3 Shoot length of 4 rice cultivars when grown in waterlogging (W+) and well-drainage (W0) soil conditions

at § weeks.

Shoot length (cm)

Cultivar
W+ wo
Sew Mae Jun 80.6 Ba 68.4 Ab
Kae Noi 73.2Ca 67.9 Aa
Chainat 1 60.3 Da 51.9 Bh
KDML 103 92.2 Aa 633 Ab
Mean 76.58 62.90
F-test LSD, .
G~ -
w’ 2.98
Gxw’ 5.96

ns = non significant (p<0.03), * significant at p < 0.05. The difference between water treatments in the same row is

indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case letters.

Table 4 Nitrogen, phosphorus, and potassium contents (mg/plant) of four rice cultivars when grown under

waterlogged and well-drained soil conditions for 8 weeks.

N contents (mg)} P contents (mg) K contents (mg)
Cultivars
W+ W W+ wo W+ Wwo
Sew Mae Jun 6.04 Aba 5.34 Aba 2.48 BCa 1.54 Aa 2.79 2.54
Kae Noi 5.16 Ba 6.56 Aa 228 Ca 1.82 Aa 2.1 2.38
Chainat 1 6.60 Aba 3.38Bb 338 ABa 1.10 Ab 3.14 1.82
KDML 105 816Aa  428ABb 357 Aa 1.54 Ab 1.64 238
Mean 6.49 4.89 2.92 150 295a 2285
F-test LSD, F-test LSD,,, F-test LSD,,
¢" - G" - G~ -
W 114 w' 0.48 W’ 0.53
GxW’ 2.29 GxW 0.96 GxW"™ -

ns = non significant (p<0.05), * significant at p < 0.05. The difference between water treatments in the same row

isindicated by lower case letters. The difference between cultivars in the same column is indicated by upper case letters.
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Table 5 Nutrient uptake (mg /g root DW) in 4 rice cultivars under waterlogged and well drained soil conditions

for 8 weeks.
N uptake (mg/g RDW) P uptake (mg/g RDW) K uptake (mg/g RDW)
Cultivars
W+ wo W+ wo W+ Wi
Sew Mae Jun 1.57T Ab 2.57 ABa 0.64 0.74 0.73 Ab 1.22 Aa
Kae Noi 1.49 Aa 2.02 Ba .66 0.56 0.65 Aa 0.73 Ba
Chainat 1 1.19 Ab 2.70 Aa 0.61 0.88 0.57 Ab 1.46 Aa
KDML 105 2.65 Aa 2.11 ABa 0.89 0.80 0.92 Aa 1.19 Aa
Mean 158 235 0.70 0.75 0.72 115
F-test LSD,,. F-test LSD, . F-test LSD,
" - G" - G~ -
w’ 0.34 w" - w’ 0.20
GxW 0.68 GxW* - Gx W’ 0.40

ns = non significant (p<0.05), * significant at p < 0.05. The difference between water treatments in the same row is

indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case letters.

Table 6 Root-shoot ratio and Relative response to water of four rice cultivars when grown in waterlogging (W+)

and wel-drainage (W0) soil conditions at § weeks.

Cultivar Root-Shoot Ratio Relative response to water
W+ W0 WHW+
Sew Mae Jun 0.30 ABa 0.18 Bb 0828
Kae Noi 039 Aa 0.30 Aa 1.17 A
Chainat 1 0.36 Aa 0.14 Bb 048 C
KDML 105 0.23 Ba 0.21 ABa 0.69 BC
Mean 0.32 0.21 0.79
F-test LSD,,, F-test LSD, .
G’ 0.072 G 0.29
w’ 0.051
GxW’ 0.10

ns = non significant (p<0.05), * significant at p < 0.05. The difference betwecn water treatments in the same row is

indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case jetters.
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(KN-W+) {KDML105 W+)

Figure 1 Aerenchyma appearance of Kae Noi (KN) and KDML 105 in waterlogged (W+) and well-drained soil

condition at 5 cm from the terminl root.
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Comparative Response to Boron deficiency in Barley and Wheat

Keywords: Barley, Boron deficiency, Boron efficiency, Wheat
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Jumnein Wongmo, Sansanee Jamjod and Benjavan Rerkasem

Abstract

To determine if boron (B) deficiency, commonly reported to depress grain set
in wheat, has the same effect in barley, two experiments compared three wheat and
three barley genotypes at various B levels in sand culture. Plants were grown with
varied levels of added B, from 0 to 10 pM. Without added B, the genotypes ranged in
Grain Set Index (GSI) from 0 to 93 % for wheat and 0 to 67 % for barley. Boron
concentration of the ear and flag leaf at boot stage in wheat and barley correlated

(r=0.8 - 0.9, p <0.01) with the effect of B on GSL Grain set was the only response
to low B, also measurable in decreased number of grains ear”’ and grains spikelet”, in
wheat. In barley, B deficiency also depressed the number of spikelets ear”’ by 23 to

75 % and induced a “rat-tail” symptom of terminal spikelet degeneration. There was
a weak correlation between ear and flag leaf B and the effect of B on ear size in barley
(r=10.47 and 0.37, respectively, p < 0.1). In some barley genotypes, the low B level
that depressed grain set sometimes also delayed ear emergence and depressed the
number of ears plant™ but sometimes increased tillering. These results demonstrate
that the phenotypic response to low B is more complex in barley than wheat.
Different strategies may be required for managing B nutrition and different
approaches for selecting B efficient genotypes in the two species.
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Table 1. Response in Grain Set Index (%) in barley and wheat to boron supply in sand
culture (Experiment 1).

Added B (uM)

Species/genotype 0 51 03 50
Barley
BRB ¢ 32.2aD 57.5bD 67.6 cC 76.7 dC
BCMU 96-9 23.4aC 24.8 aC 28.4 aB 54.6 bB
CMBL 92029 12.5 aB 13.5aB 22.0bB 41.6 cA
Wheat
Fang 60 94.8 aF 94.4 aF 98.7 aE 98.5 aD
SW 41 67.3 aE 74.6 bE 77.4 beD 81.9¢C
Tatiara 0.2aA 1.9 aA 13.0bA 61.2cB

Effects Genotype Boron GxB

F-test >k * ok "k
Differences (by LSD p < 0.05) in the same row are indicated by different lowercase
letters and in the same column by different uppercase letters. ** significant at p
<0.01

Table 2. Response in the number of spikelets ear’ in barley and wheat to boron
supply in sand culture (Experiment 1).

Added B (M)

Species/genotype 0 01 03 50
Barley
BRB 9 8.92A 9.9 aA 10.0 aA 9.2 aA
BCMU 96-9 20.2 aE 25.6cE 240 bE 24.2 bE
CMBL 92029 13.0aB 15.0bCD 15.9bD 17.6 cD
Wheat
Fang 60 14.3 aC 14.2 aBC 14.6 aBC 14.4 aBC
SW 41 13.0 aB 13.7aB 13.9aB 14.0 aB
Tatiara 15.7 aD 15.8aD 15.4 aCD 15.6 aC

Effects Genotype (G) Boron (B) GxB

F-teSt * & * ¥ Ak
Differences (by LSD p < 0.05) in the same row are indicated by different lowercase
letters and in the same column by different uppercase letters. ** significant at p
<0.01
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Table 3. Response of vegetative and reproductive growth in wheat (SW 41) and
barley (BRB 9) to boron supply in sand culture (Experiment 2).

Added B (UM B)

0 10 0 10 GxB

Wheat (SW 41) Barley (BRB 9)
Shoot dry weight (g pot™) 65.4 ¢ 67.2 ¢ 40.4b 296a *
Tillers plant™ 120a 9.6a 32.4b 155a **
Day of ear emergence 569¢c 573¢ 49.1b 458 a *
Spikes plant™ 72a 6.4a 18.8¢ 13.1b *
Spikelets spike™ 17.6 be 19.0 ¢ 89a 1690 *
Grains spike™ 0.1a 44.5d 2.7b 16.7¢ *
Grain yield (g pot™) 13a 82.6 ¢ 52a 6720 *
Grain Set Index (%) 03a 97.7¢ 2460 980¢c *

F-test of genotype by boron interaction, significant level: * p < 0.05, ** p < 0.01.
Differences between B levels in each species are indicated by different lowercase

letters (by LSD p < 0.05)
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Table 4. Boron concentration (mg B kg‘l) in ears and flag leafs at booting of barley
and wheat genotypes grown in sand culture at four levels of boron (Experiment 1).

Added B (M)
Species/genotype 0 01 03 50
Boron concentration (mg B kg™ ) in flag leafs
Barley
BRB 9 13.2aD 13.4 abD 14.6 beE 15.6 cBC
BCMU 96-9 4.6 aA 5.4 abA 6.5bB 8.7cA
CMBL 92029 6.9 aB 7.0 aB) 7.7 aB) 7.7 aA
Wheat
Fang 60 9.3aC 10.9bC 12.1¢D 16.2dC
SW 41 7.5 aB 7.7 aB 9.3bC 14.3 cB
Tatiara 3.8aA 4.1 aA 4.5aA 8.1 bA
Boron concentration (mg B kg') in ears
Barley
BRB 9 6.6 aB 9.5bC 123c¢D 12.8 cE
BCMU 96-9 9.3bD 8.5 abBC 8.2 aB 9.3bC
CMBL 92029 4.1 aA 5.0 abA 5.7bcA 6.1cA
Wheat
Fang 60 8.5aCD 8.8aBC 9.9bC 10.4bD
SW 41 7.8 aC 8.2 aB 10.9 bC 10.9bD
Tatiara 4.9 aA 5.4 aA 6.4 bcA 7.3bB
Effects  Genotype (G) Boron (B) GxB
F-test (ear) NS ** *#
F-test (flag leaf) *% o **

Differences (by LSD p < 0.05) in the same row are indicated by different lowercase
letters and in the same column by different uppercase letters. NS = not significant, p
<0.05. ** significant at p < 0.01
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Boron Response in Cowpea
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Abstract

Legume species are economically important in Thailand. Some species are tolerant to boron (B) deficiency, ¢.g.
soybean and green gram. Boron deficiency affects seed quality in some species e.g. peanut, green gram and
black gram. However, there is a lack of information on B response of cowpea (Vigna unguiculata). Two
experiments were conducted in sand culture with two cowpea cultivars {(Cowpea 1 and Cowpea 2) grown at
Agronomy Department, Faculty of Agriculture, Chiang Mai University from August 2001 to April 2002. In the
first experiment, two cowpea cultivars were compared in sand culture with 3 levels of added B (0, 1 and 10 LM
B referred to B0, B1 and B10 respectively) to the nutrient solution. In both cultivars, in B0, B deficiency was
adversely affected by flowering and no pod was produced. When B was increased to BI, both cowpea cultivars
flowered and set pods normally. Further increase B level to B10 had no significant effect on seed yield and the
yield components. However, seed B concentration was increased by thef/N1] B increase. From 4 mg B/kg at
B1, the seed B concentration was increased 4 times at B10. In the second experiment, seeds from the first
experiment (seed from Bl = SB1, seed from B10 = SB10) were sown in two levels of added B (Oand 10 tMB
referred to BO, B10 respectively). External B level had no effect on germination percentage of the cowpea, while
seed B had a slight effect. SB1 seeds of both cultivars averaged 95.3% germination compared with 99.3% from
SB10. When grown in B0, SB1 seeds from both cultivars produced seedlings that averaged 22.1% abnormal
compared with almost none from SB10 seeds. When grown in B 10, however, almost all seedlings were normal.
These results have shown that B deficiency depressed seed yield in cowpea by adversely affecting flower
development and pod set. At the level of B that had no effect on seed yield, low level of external or soil B may
depress seed B concentration which may then in tum adversely affect seed quality in term of germination and

seedling growth when sown in low B soil.
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Table 1 Number of pods pot_l of two cowpea cultivars grown in tree levels of added B.

Cowpeal Cowpeal Mean

BO 0 0 0
B1 39 21 30.0
B10 49 17 330
Mean 44.0A 19.0B 31.5
G B GxB

F-test *¥ ns ns

LSD 10.5 - -

0.05

Table 2 Number of seeds pod'l of two cowpea cultivars grown in tree levels of

added B.
Cowpeal Cowpea2 Mean
BO 0 0 0
Bl 12 10 15.0
B10 13 11 12.0
Mean 12.5A 10.5B 1.5
G B GxB
F-test * ns ns
LSD 1.8 - -

0.5

ns = non significant
*  =significant at p< 0.05

** = significant at p < 0.01



nsasinu@s (ud) ACCEPTED nawudn 1.21

Table 3 100 seeds weight (g) of two cowpea cultivars grown in tree levels of added

B.

Cowpeal Cowpea2 Mean

Bl 13.0 18.1 15.6

B10 104 18.2 14.3
Mean 11.7A 18.15B 14.95

G B GxB

F-test el ns ns
LSD . 1.62 - -

Table 4 Seed yield (g pot'l) of two cowpex cultivars grown in tree levels of added B.

Cowpeal Cowpeal Mean

BO 0 0 0
B1 59.1 372 48.15
B10 653 35.6 50.45
Mean 62.20A 36.40B 49.30
G B GxB

F-test ** ns ns

LSy s 10.5 - -

Table 5 B concentration (mgB kg°') of two cowpea cultivars grown in two levels of

added B.
Cowpeal Cowpeal Mean
BI 3.6C 4.0C 38
B1¢ 18.4A 15.3B 16.9
Mean 11.0 9.7 10.3
G B GxB
F-test ns b *
LSD - 1.85 2.16

ns = non significant
*  =significant at p< 0.05

** = gignificant at p < 0.01
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Table 6 Seed germination (%) of two cowpea cultivars grown in two levels of

added B.
Levels of B Seed source Cowpeal Cowpea2 Mean
(L) (L)
BO SB1 93.1 96.9 95
SB10 98.8 100 99.4
BI10 SB1 93.1 98.1 95.6
SB10 99.4 98.8 99.1
Mean 96.1B 98.5A 97.3
SB1 93.1 97.5 95.3b
SB10 99.1 99.4 99.3a
G B SB GxB GxSB BxSB GxBxSB
F-test * ns b ns ns ns ns
LSD 2.17 - 2.17 - - - -

0.05

Table 7 Normal Seedling (%) of two cowpea cultivars grown in two levels of added

B.
Levels of B Seed source Cowpeal Cowpeal Mean
(M) (L)

B0 SB1 75.8 80.1 77.9B
SB10 100.0 99.4 99.7A

Mean 87.9 89.8 88.8
B10 SB1 97.8 99.3 98.6A
SB10 100.0 99.4 99.7A

Mean 98.9 99.4 99.2

SB1 91.2 929 92.1

SB10 99.3 99.4 99.3

G B SB GxB GxSB BxSB GxBxSB
F-test ns * ** ns ns *x ns
LSD - 7.2 7.2 - - 10.18 -

0.05

ns = non significant *

= significant at p< 0.05 ** = significant at p < 0.01

10
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Agrobiodiversity management of Pada (Macaranga denticulata (Bl.) Muell. Arg.) in

Traditional Shifting Cultivation of Pwe Karen in Northern Thailand.
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Abstract

The rotational shifting cultivation of Pwo Karen communities in Sop Moei of Mae Hong Son province
was decreased rotate cycling from 10-15 to 7 years. They had found the beneficial effect of a pioneer bush
species: Macaranga denticulata (Bl.) Muell. Arg., on rice yields in their tradition shifting cultivation. The
effects are readily observable in patches where the trees grow vigorously and evenly in dense stands before

cutting and burning for cuitivation. Local people know the ptant well with the name “Pada” in Karen. Karen
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farmers in Sop Moei have been able to develop management practice and enable pada to evenly establish with
dense canopy in the fallow period plots of their rotational shifting cultivation. This study was aiming (o assess
the positive effect of pada on upland rice in rotational shifting agriculture. The result incepted that by the end of
6 years fallow regrowth, the total amount of fallow biomass accumnulate could be as high as 42.7 t.ha”. This
provides the total amount of 535 kg N, 38 kg P, 254 kg K, 132 kg Ca and 46 kg Mg ha'. During cropping
period, yield of upland rice after dense population of pada was up to 3.04 tha', which was three times higher
than those in the sparse population. Against this background the important of pada effective fallow enriched
species maybe addressed and its contribution to sustain productivity of upland rice productivity should be
examination.

Keywords: rotation shifting cultivation, fallow regrowth, biomass

uni
MIMINIINEATYBUNHATATNIVILUAT TaummizadeBuNemsdasin wu nms
gnd vionxlsutariia wi3Emah 2 FEdwdufe nisvilsideuncy (pioneer
shifting cultivation) uﬂzﬂ‘l‘iﬁﬂfﬂquﬁﬂu (rotational shifting cultivation)} (Rerkasem, and
o L ] 1 1 A " Ll
Rerkasem, 1994) m139i1lsnyudouszilumailsesnanns Falsvounuasnsezagsen q
%Y a  da a vy i a_ o
it Tudszme Inonyasasvuiigailimsimanuesuuuil ldun nszmise vie day
L d
TagezRseumsnyuoulunmsimsinyasuasNaiai(rotate cycling)tssuu 10151
- o W v A H v ' = A du g4
Tuvaigiman sidouaseiv sziflumsminmsmnuasuuylions seiimsfheiunldiFos o
-3‘ T o o 1 A o 3\ 1 o
Yuegfunnugavduyselvesdu nquinuasasihmainuasuuuiildun Ja Bde ¥ uas
a ¥
e 1fludu
o ar P o W -9 [} 9y a
dmsunsemssaTilithufive aaumes o.oumue v.uvgesaon talinsiinsmnyas
] »
uuu Tsmyudoulunsndadinls uaslusaa 15 Yndnanszoznainstuiimar (fallow
A 3 i Qy 3 4 - J 1 o ]
phase) FuTumuinazfiuie iy 1dlinsRudiuanlmianas Tauinuasnsdungrudy
= 4 ..fz' L o
yilanilaRo duvea (Macaranga denticulata (BL)Muell. Arg.) Yusguiuatadiuinou
] 1 [] L
10 Asudsziinsarelsielgadnls s ldnondavestnalsfidgnluusnaniuga
¥ ]
alldan Anfuineasnstaldiinsieunsdamane ihualasthmawesaueadiduils
d"é' ' ’ v ¥ ad o = o Q8
aztiusgruumiun wilou Pegiuszoznalumsnyudouvoamsilsldssozinm
| 4 » » ¥
samaduiios 7 1 Tesligravesmsiaunlaaiios 6 U mniy
Tudumquenanivesdurlzay Wl indaly ogluaszna Euphorbiaceae i
o o :f' 4 -3 ﬂ‘.
yundidn suflahunae Sdidudnss uazdie Tndnfiga1dds 18-19 mas wazfivunadu

= o : o =
501241909 40 . DA IAUAINTE (Gardner er. al. , 2000) Yzazlinavuiaanlay 1 wavsdl 3 w

= I

' a g A o o a e ' o I e ' o ol d
1uuﬂa$w”"!]:7u 1 IUAR LUOHABIAUISTHTYYD LANDUNIS HTUUIDDUTUNTENITURIA LUDAY




N3AISINYAS (Ud) ACCEPTED nmMawuodn 1.22

El ¥ o o = a o -, a o w e
nhenfunvaviiain mae 2.4*2.3%2.2 wu. saszlidnuazmilszannsoda lliuda i
v
wialvg wu 52 ane 1dhidiinnszned 148 dmdumssenvsandauarmadada
b J YV or 3 v ) s d!‘ 1 s o’
vosRunddadinanisAnymiosinn  Audeaznuiinszewaivuesyluanugannszdni
q’: [l e dg 9/ u’j = Ty . o ar ] N
N 525 89 1370 was 3ul) Audzaziuiiegdeiunatonaisriia Aredagu lu
uorl3n 11 80 wiim dmiuluvadounnarfusennuds 200 vila dwmiuintinginm du
ar | 'J 1 . 1
ﬂzmwag“luﬁa;ﬂs:mw pioneer species ﬁwagiu secondary forests (Whitmore, 1982) LRl
] ] - ﬂ' J o 1 =] = faol =t
Wilszazynviiafivgduiihi pioneer species Tuthufivzinursnswudi 1§ 3 wiia uailifios
1 Iyl i L] ] 1 - A J dl =y é 1
M. denticulaza iy g unmsii i lslinandamuin lusasidn 2 wiadaldun
M. gigantea W2 M. Kurzi Wilinanonandnvodals
Y o dy - 1 = o Ya e o e pr o L] &
nindedunmissduiinannn Tehldifasnundadnmsdesiihldgmstnyina
vosrulzaz luudanthmawilidenandavestnls Tasfnundudzasiinandadnnlslu
] »
sumudsuitszoznaivearlumsiaunlaeie q adels vazer lndludedrdalunmisia

msfudulzas lulasthmaiveunyasns

s =£
IEMSANM
= e I i:j J P P ' ﬂ ' a
amsenyl Isulaunyasnatuiunlumsaine nieeniuvaisaau lasisuiin
o £ ‘l; 1 3 'd = A 4 a 4 a .
winsfnuteria Windu luulaathwariiong s Tdmdoufivzinmsudanrs toimls
dmivtimsmizdgn 2543 noznlwdeumnou 2543 dawlu 3 udnudazulasiivig

. 1 ¥ d' 3 1 L] T
203 * 20 dauannAny S sufsnizvhulaediidulsazivegoienunnivuay

A ¥

A - o Y Ad a & 3
wlasatiawlzasvuegnizianssuig (Nu 3 €1 vinavesnlainiufe 10 ¥ * 10y Fah
L7 - 1 F-} A ar =] n’: 1
winaaftslunawoneendiudvelzaz Avdu q (3audu) uazieruanaiy 1aiugy
] . ¥
dredaierh lleuludeu (gungii 70° w24 9u) emamhminuds
] o P = 3 =1 o 4 .; -
dmSumsfinuninsynuwandavesdnilsll 2543 Mmlaemsgquitud 6 wlas(vua
& ' ¥
23 * 5 1N RIUBUNBATHT (UIWUNNT) NBANYINENTENUVOIANLHU UM UYB AU
»
] e ar Y o Y a
azAn MmN nasdauazsimlsznovvesaniauednals Taslu 3 ulasdhlzazduou
2 ] d o t o e’: 4 ar
winuaz 3 wlasdidudzazdnaunlos quinudletisiuo 2 afondudinfieny 30 Ju
w o 1Y t o ¥ T & - o 1 [an Vo y s
naulgnimiau 10 Audo 1 #7200 uazAouMIINUREY Aaaa1ei TAi T Tins v
Psnasgeomis ldud N, P, K, Ca uaz Mg aninivesddsznovvsanananda 15 naznm
= E ' o = < a e & dv Ad e
nanvesd 13 uazinurardnnUlaunERINTIILBY 9 YDA 5 518 FallvuraNuNnuaT

oAy 1u* 1y Taw 4 wlasssSousurananvesdna iy luannulasifidurizas

]
= 1 ar

._}1' LIy ar L =4 =1 4 -:id 4:’: L]
yusganiu audn 1 wlasssnffoumsuseynaniashlinmishanlasgsszeshiannuy
Yuaz 6 1)



N3a1SINYAS (UT) ACCEPTED nawuln 1.22

HARINARBY
»
1. ¥2993mInaulas (Fallow phase )
(1) msnszawAvesnulzazias lirisdu
[] ::‘ o r = - or 9
Tugrnsnundasvosmsd lsmyudouveunuasns wiimsnszaodtvesdulzazuan
Asfunnauegueatima  snmsAinmud msaseaedvesdulzes lusiasy
- aq ¥ = ¥ 7 oA
usnvoantsnulassliiandutlzazinte 49,350 Auasienas luvazidlsogusanis
: o 4 1 o i 1 o
naudad1d 6 U Swmduilzazmdvviomon 2,600 duaBEnals @13190 1) dusou
- 4 o Ay 1 J 1
voadu Iwiadu q naninmisiulald 6 1 uasiihlzasiusgruuniu (dense area)
. » [
wu s wuan lsiiaduaqiios 1 T 4 vesiwududeazmniudmivlunlasnidudls
4? "9 u’: 1 A 3 o 4'4 [0S =5 1 d.
AzULOYIBY (sparse area) WL IHwiiaduy 9 minnldudzaz §a 2 m (M3 2)
- - d
(2) i maazlTunasgoimisnasay

: Q’ =4 t d‘ - o -] o 5 é‘
lenamlasiniiong 6l Aeunszlinisdanransndmivulasniidulzaziue

o 1

g
Wuswaunn wm'111::‘J'mmzﬁ:uma%amwzi‘luﬁwnﬁ'ﬂuﬁqsmqqﬁq 42.7 RusvlEnNm3
(A1319% 3) Fevzihi it o indusasie 2 Mwamiwmﬁ'ﬂﬁuq sy
vazunlaefifinsnszewdvesdnlzazdeseziinsarmnimdnud e 180 nduzazed
Fioa v venimiinuwtarenun dnniminutafimiednannag ldnnfsiiaauq

dwivhdnfinangemssafazanluduffedy 390%ussw N, P, K, Cauaz
Mg nzﬁmﬂu?aﬂaui‘fua;‘iﬁuﬂ?mwum&nﬁﬂuﬁeﬁa:ﬂuﬁw @1319% 4) Tudasisidu
Vrazegiiiudnammnnsznuhiitiinusgemisinzamnsgganiesniiiudidgn
admdsSoufsufunlasiiidulvazegios FioressinodaludawSinuvesoninves
41215 lugveanislgndnlsdae

2. $39v83n15UgnA% (Cropping phase)

(1) wawndaveadls

Sa

) 9 c;d. 1 = 1] u’: [
HaveIaUMUILLBYBd U asilinenanand 1 151y wunhunfashiidudzezainlu
' 4 & ° ¥ ¥ a - - w 1 ¢ & - '
gFumsnalaniuseh i ldnandalasmdsgats 3.04 Audoiena1d Fezuinifiou 3

i -; v o @ 1 o v e
voaulaafiiawvasiuegodnnszinnszes(l.1s Auasenms)lugacnulas luvaizi@on

3 »
L] -

ot -y r-y-1 z = =i L - =

funardavsadandsvesnisnaulasdumiensd 3 1) wudez 1dnanaainos 0.74
as 1 ¢ & ° A = =t [y o a [] g Y| =t
AuABENA1I FIvzMmuInienlSeuisudundasninissranisnunlaminledfe 61
1 u’ ar a = as ool d e :
duTuduvenimminafvenuluinsudsisufelunlaaniduilzazunAvi 19 14

o L L4 { 4 3 - a1
minagada 2.74 duaownats Tuvagfivian ldvinufasiifivzasoolifios 1.19 duae



5da1sINYaS (Ud) ACCEPTED nawuodn 1.22

] » »
Bnas uaztlelinisnalasPimes 3 Hezldimindadsouiniio 0.72 dFunsienay
(aquemoan) Aes N 5
L] o £y é 1
dmsuludpailsenouvewandasufunnuilasweanounwns  wuhluwas
aldulzazduunneziidnnusresuganiunasiiidullzazsnuiesds 423 %
Anfustalitedfgmuada (5 6) st lsimuludvsssududeneiues i
[ t
uANA1NUBINITIMAYNINADA TIUNAYEITIUIUTIAMAINAIMIIUD 199219 INAY
i : : or o
dumarlumsadesweudniegluuaiifiduilyazdesd 1 Tudnnimin 1000 arda
Tuwyanuuandnserauaandduleasduananavsefidutlzas duauios @15 1d 6)
@) asazaulSnasigeimsvesdud
& d a 3 1 ] e = & (= = [
Wemnwnerdnlslusssrgauananinndmmedlsunasigemisiazsauludau
] ) P v ¥ 3y Ad o ooy ° a
A9 YOIAUT T MUAITIEN 7 Wud AudimunsInnudashiileasdunannesling
> [ ]
azauvesrgemsnaytansludiuvesthonlfen uazwiesdn inanihinldonulaiifidu
Psazsunnies lasmwizesntasig lulasouildvinulasifizaz S rumuin Tavdau
vosdndenez 14 34.1 Alandululasmudosnaiduas luriadl 13.6 Alansululnsoude
o A o g ¥ Aoty I [ [ Py
8na1s luvaziismomsiinsed lAvinnlashiidutzasdesludigvesdissiiies
a a ' ¢ 2 a o ' - d o - v e 4
13.9 Alansy lulasudsenais daesimsiteunwisadunduwdadinalfonminiud
Qe 1 1 dl & 1 Qy 9 .2
ponlivdsninnmisifimies daumnded lduoved ez insna B3 lunlauie Iaaisd)
navasgauas I (13191 7)
(3) MINYUIVUVOITINOINIS
A' - :i J = £-9 q' 9 [
@annsannaIIii 4 SesuraduSnungemsiazauuaz Idudszuy Tay
L - | ﬂio as o : ¥ - P = <
nnnAuRsiInIMsdauazinmawInialasld 6 U uazarsief 7 uamadia USuiusig
smishaudiga lilazanld uaziimaheenlifnszuy dievimnSvuieuiueznyni
rY -1 [] z d L] o ar P
WsalSunadndesminiu wazdioduerdoyanSoudfsuiuzuaadld daasei 8 Tay
oa (s ¥ ' a (@ - d ¥ ¢ o 4 e
whasnilfinaaudzasinonuhesilTnuvessaemsinsuandssmniuignineen
vinszuulAn 89 25.5 way 19.9% w0es1m tulasou Weareda uaz Twunaidou ay

4191

apluazdemuedmivanidulusuinn

Tunisdanis linyudouyssnszmioa ] thufive laeilzasiuaeuluszuy
mn'wﬂx1ﬁ’nawﬁmﬁﬂ'hmsﬁﬂs'nquﬁuuuuuguﬁwmg’az thutlul S dawidesaay
Taofidweriiseraeeslumsidlsmudeunumds 107 Fonnrsfnuives Zinke et dl

(1978) uaz Sabhasri (1978) wuinimunussdsNazauvdwnvaudasld 43 73 uaz 109



Nsd1SINYnS (UY) ACCEPTED nawudn 1.22

= [ LY

' o o_ o i o ar i
UAuNITL 263 27.7 woz 63.1 AudngnMiaud iy uvagimbwminudweafsiazan
[ . ]
nasnnfinan)asld 6 U veenszmdvathudisy Tunlasfilidutzazuine: Igada 42.7 fu
! 4 ' ey o 1 4 Q’ 3
aoienes Tagesqaniniminuisireaudionaunad’ls 77 veadaz Uszinm 60%
dmivludmvsimsazaudinasemis ilefSvufivusenitavenszmios
[ » o ] »
tufseitinisnanad’ld 6 1 fuvesdrzdhuthudifinsiandad® 73 wuilSuasig
oy ] o 1 a o A
21113 luulasnfauzazirunannvesnszmiss Tasmniz 0613035198 M NAN AiD
ar ot = o a o 8w
TuTasiu Woarese uas Twunendoy qafia 535 38 uaz 254 AlanSudeEna1s awddy
Tuvazimsazrusigomslunlasesdizes 1dTnusmoimsie Tulasiou Wearedn

uay Twunendey (o 143 16 14az 179 Hlansuaoanas aude dse 11U

Nutrient Content (kg/ha) References
N P K
Lua system of Pa Pae: 7-year regrowth 143 16 179 Zinke et. al.,1978
Karen system of Tee Cha: 6-year regrowth 535 k] 254

Taona lszozseuveamsviilivyudouTaolidulzaziiludinauluszsuudeans

= L] ¥ 4' ar - 3 2 Y ci 1 2 =5 = ) a‘
sounyusussiiooiiednuwandadnd1s lussauhnoudnegede 71 uddionnanseez

» L

paalataservszdimansenuresulssmnsdullzar uazmsazmniminuialay

f s - ) s P
sauvesthmar i TemanisazaudSnasigemsanas Fazdeandostumsanui
wydulisanszezvesmsi limpudouailimiedies 43 s lirondavestnanauiiy
UL AN DIR A1319N 5)

¥

HavoInIMUINNRYBduzas TuvesnmsRanlasezdena i naniinvosdn'ls
a n: 1 o - =y Y [] ' i
wuvu Taslasilizasdnuanneei i ldnandngada 3.04 duasenatd Tuuwzh

A ° & oy “ 1 &4
wlasndzazd oozl 1dnandaies 1.15 Audoenals 15199 5) ¥adulfon
-1 @ - 1 - o A = L) L3 1
Wounurandad1a15vew i ludindanantminite Favziialuee 0.87-1.85 dAune
[ »

1BNA15 N30 MAUAYY 1.18 AuABIENA1S 1M 1Y (Keen, 1972 1A Kunstadter and Chapman,
1978)

= 1 :f L] : [] = oy rel [ a v

Al INMSANET NI OUIEANUUANAIVBINARAAY1D 1S NUANATUTEHIN
wlasfinnumimmineesdutlsazaiady udanudunuiseniedulzazdudin1ssadiun
wzansnunae I lueuina nisnseaedlvesiutlsazuazmsndoundasdwnlssying
voadulzaznSmunoududu s sunasiaoug Suilufzdesdaamnieiiunausi

0 o

&y lunsdamsthmdr iiseatuniemsaldounasganimdon Insuid Idwuanmin



215a1351N¥AS (Ud) ACCEPTED nMawudn 1.22

- w A - 1 éu a d'. =2 d‘.’ < U 1 Aqv
wIodrniiuitaen idwaiganinmsdnni dnnlfinangemsveahmaatiduls
A oA ' 9 - - & o
siluiimau Tnsazaudeudnganisluszoznaniios 6 1 nsdnufehnuazasuyu
o L3 - a:‘d -} v ] eio e :i
Auuvessgonsluszun limyuBeuiitdsazduiindu madhwsdungueiiddghies
- »

Snwanudiduveamanaatlsluszun Suyudsunaznsfudrvestuma

References
Gardner, S., Sidisunthorn, P. and Anusarnsunthom, V. 2000. Forest Trees of Northern Thailand.
A field guide. Bangkok: Kobfai publishing Project. 560 p.
Keen, F. G. B.,1972. Upland Tenure and Land Use in North Thailand. Bangkok: Siam
Communication Ltd for the SEATO Cultural Programmer. 172 p.
Kerby, I., Elliott, S., Maxwell, J. F., Blakesley, D. and Anusarnsunthorn, V. 2000. Tree Seeds and
Seedlings for Regenerating Forests in Northern Thailand. Chiang Mai:Forest Restoration
Research Unit (FORRU), Chiang Mai University. 151 p.
Kunstadter, P. and Chapman, E.C. 1978. Problems of shifting cultivation and economic
development in northern Thailand. In: P. Kunstadter, E.C. Chapman and S. Sabhasri
(eds.) Farmers in the Forests: Economic Development and Marginal Agriculture in
Northern Thailand. Pp. 3-23. Honolulu: The University Press of Hawaii for East-West
Center.
Rerkasem, K.and Rerkasem, B. 1994.Shifting Cultivation in Thailand Its current situation and
dynamics in the context of highland development. Faculty of Agriculture Chiang Mai University
Thailand. 107 p.
Sabhasri, S., 1978. Effects of forest fallow cultivation on forest production and soil. In: P.
Kunstadter, E.C. chapman and S. Sabhasri (eds.) Farmers in the Forests: Economic Development and
Marginal Agriculture in Northern Thailznd, Pp. 160-184. Honolulu: The University Press of Hawaii
for East-West Center.
Whitmore, T. C. 1982. On pattern and process in forests, In: E. I. Newman (ed.) The Plant
Community as Working Mechanism: Special Publication of the British Ecological Society Produced
to a Tribute to A.S. Watt. Pp. 45-59, Oxford :Blackwell Scientific Publication.
Zinke, P. J., Sabhasri, S. and Kunstadter, P.1978. Soil fertility aspects of the lua’forest fallow
system of shifting cultivation. In: P. Kunstadter, E.C. Chapman and S. Sabhasri (eds.)
Farmers in the Forests: Economic Development and Marginal Agriculture in Northern Thailand. Pp.

134-159. Honolulu: The University Press of Hawaii for East-West Center



o1sansinuas (UY) ACCEPTED nawudn 1.22

Table 1. Number of M. denticulata in monitoring plots.

Stage of Fallow Number of M. denticulata (plants/ha)
Dense Area Sparse Area Average
Beginning of Fallow Regeneration 66,000 32,700 49 350
End of 6-year Fallow Regeneration 4,200 1,000 2,600

Table 2. Number of plants in the fallow at the 6-years of regeneration

Abundance of Number of plants Total
Macaranga in failow (plants/ha)
M. denticulata Other species
Dense area 4200 1220 3420
Sparse area 1000 2090 3090

Table 3. Distribution of biomass and productivity of fallow at the completion of 6 years of regeneration.

Composition of Above Ground Biomass (tha)
6- year Fallow Dense Area of Sparse Area of Average
Macaranga Macaranga
M. denticulata 222 9.4 15.8
Other specics 14.1 21.6 179
Litters 6.4 4.7 5.6
Total 427 35.7 399

Table 4. Distribution of fertility elements in 6 — year fallow regeneration.

Composition of Nutrient Content (kg/ha)
6 — year Fallow Dense Area of M. denticalata Sparse Area of M. denticulata
N P K Ca Mg N P K Ca Mg
M. denticulata 289 21 97 72 10 131 6 32 6
Other species 191 12 1i8 118 23 297 18 85 36 6
Litters 56 5 38 38 13 59 4 14 16 10

Total 535 38 254 254 132 488 134 132 72 22
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Table 5. Effects of Macaranga in fallows on subsequent productivity of upland rice.

naaulin 1.22

Farmer Rice yield Harvest
Macaranga (t/ha)
Abundance Grain Straw Total dry Index {%)
weight
Nipom Dense 2.51 235 4.86 51.6
Sparse 0.83 0.97 1.80 46.1
Naechae Dense 4.53 3.80 8.33 54.4
Sparse 1.56 1.75 331 471
Suyo Dense 299 329 6.28 47.6
Sparse t.14 1.08 2.22 514
Pho Dense 324 2.56 5.80 559
Sparse 1.37 1.40 2.77 49.5
Chaemon Dense 2.80 2.48 5.28 53.0
Sparse 1.50 1.20 2.70 555
Mean Dense 3.04 274 5.78 52.6
Sparse 1.15 1.19 234 49.1
Thongdee dense 0.74 0.72 1.46 50.8

Note: Data from Nopom’s plot were taken 10m x 10m quadrats with three replicates in different

areas of M. denticulata abundance. Crop cutting survey was carried out in other farmers, plots

with smaller quadrat (Im x lm). All plots are 6-years after regrowth accept Thongdee plot.

Thongdee field is a young fallow of only 3-year after regrowth.

Table 6. Effects of Macaranga in fallows on plant establishment and yield components of upland

rice.

Yield Components Abundance of Macaranga in Fallow Significant

Dense Area Sparse Area  Level
Number of hills/m” 6.2 5.5 .05
Number of Plants/hill 3.0 2.7 NS
Number of tillers/plant 4.6 3.8 NS
Number of panicles/plant 41 2.6 05
- % panicle bearing tillers 89.1 28.4
1000 seed weight (g) 29.14 19.10 NS

Note: Number of hills were measured from a total area of 10m’. Statistical significant differences are indicated

by LSD at 0.05% and NS for “not significant”



Nsansinuyas (Vd) ACCEPTED AAWUInN 1.22

Table 7. Nutrient uptake of upland rice at maturity

Adtributes Amount of Nutrient Uptake (kg/ha)
Dense Area of M. denticulata Sparse Area of M. denticulata
N P K Ca Mg N P K Ca Mg
Grain 341 7.6 13.1 3.1 4 13.9 33 5.4 1.1 1.4
Straw i36 2.1 62.9 8.1 33 7.3 1.0 16.1 35 1.5
Total 47.7 97 76.0 1.1 6.7 21.2 4.3 315 4.6 2.9

Table 8. Proportion of nutrient uptake as percentage of total nutrient content in 6 year fallow.

Shifting Cultivation Nutrient Content/Uptake (kg/ha)

Cycle N P K Ca Mg
Total content in fallow 53.5 3.8 254 13.2 46
Total uptake in rice 47.7 9.7 76.0 1.1 6.7
Percentage of total 8.9 255 19.9 84 14.5

Content in fallow
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Screening Thai Rice Genotypes under Iron Deficiency by Leaf Chlorophyll

2 L L4
an U'I‘HSW‘LII}I LAOY FURNITIM GNEIAYY

1 - - ’ o o o o [ ]
ﬂ'lﬂ’J‘h"lW'Hlli AUTINHATFITOAT UH'I’WIU']E?UL‘D’UQ.IMN l‘h’ﬂ\ﬁ'l‘ll! 50200

Abstract : Wetland rice does not suffer from iron deficiency because of high availability of iron in

submerged soil. Iron deficiency is a problem in upland rice and also rice grown without irrigation (non
submerged soil). Besides, iron deficiency is a widespread problem in calcareous soil (pH 7.3-8.5) because of
low availability of iron in the soil and inadequate uptake. Iron deficiency depresses chlorophyll synthesis
(causing iron deficiency chlorosis} resulting from the damage of chloroplast structure. Therefore, Rice
genotypes with high chlorophyll content was tolerant to iron deficiency. This experiment, sctup to screen Thai
rice genotypes which are tolerant to iron deficiency by measuring chiorophyll accumulation in the leaf. Thirty
nine rice genotypes and KDM]I, 105 (local check) were grown in sand culture in concrete boxes. The sand was
watered twice daily with complete nutrient solution without iron. Measurement of leaf chlorophyll was made
with a chlorophyll meter (SPAD 502) sixty days after sowing. Data were analysed by t-test. The results showed
that five rice genotypes, Siw-Lao, Jon-Dang, PRE87003-1-3-1-1, RD 10 and Hom-Pitsanulok 1 had the highest
SPAD value (p<0.05) suggesting that they were least affected by, i.c. most tolerant to iron deficiency. The
tolerant to iron deficiency in these genotypes will b further investigated by comparing their iron uptake and

utilization efficiency.
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Table 1 SPAD value of 39 rice genotypes when grown in iron deficiency (sand culture)

PSS S -

Variety SPAD value P value for comparison
with Check

Dang-Hom 22.10b 0.912"
Siw-Loa 32.13a 0.049*
Kow-Dang 25.60b 0.723™
Kow-Fer-Hi 27.63b 270"
#024 URN 16 17.40b 0.592"
# 052 URN 44 26.93b 0.374"
# 039 URN 31 30.83b 0101
#027 URN 19 26.20b 0.347"
Check 22.70b

# 015URN 07 28.80b 0.157™
Jon-Dang 31.37a 0.038*
SPT 84051 26.60b 0377™
PRE 87603-1-3-1-1 30.83a 0.040*
Sew-Mea-Jun 25.93b 0.532"
Booa-Pa-Tor 22.67h 0917
Hom-Pu-Pan 22.20b 0.955"
Check 21.87b

Booa-Ka 27.17b 0.179™
Joa-Loong 11 22.13b 0.937%
RD 10 27.47a 0.041*
RD 6 23.03b 0.874"
Basmati 5854 27.03b 0.212™
Hom-Nang-Fa 20.30b 0.380"
RD 27 23.63b 0.770™
Neaw-Moong-Piy 23.57b 0.750"
Check 22.53b
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Table 1 Continued.

Variety SPAD value P value for comparison
with Check

Dok-Prow 28.00b 0.385™
RD 15 2333b 0.496"™
KDML (LR 02) 28.57b 0.109™
SPTLR 84051 27.07b 0.743™
RD 6D-20G-27 25.33b 0.719"
KDML 105 21300 0.527"™
Chai-Nat 1 27.03b 0.771"
Hom-Pitsanulok 29.30a 0.025*
Neaw-U-Bon 2 23.93b 0.383"
Check 26.43b

Madhuka 25.30b 0.886"
Neaw-San-Pa-Tong 26.03b 0.755"
Milagrosa ' 23.53b 0.703“
Kow-Koowpaokdom (MaeTang) 22.57b 0.266™
Dang-Konkan 29.20b 0.188™
Ja-Pu-Pu 22.03b 0.147"%
Ja-Nae-Nea 28.90b 0.224™
Check 24.83b

™ not significant, * significant at p < 0.05

Means within a column the same lowercase letter do not differ significantly at 5% with LSD.
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& ¥ v A
msmaaumﬂmauiummm
: The mobility of boron 1n green gram

(Vigna radiata (L.) Wilczek)

aviIm neunae ' uanuyssTe gaYinyy

Abstract: Differences in mobility of boron (B) among species should have a significant bearing on the
susceptibility to B deficiency especially in non-transpiring organs and affect the strategies for control of B
deficiency. Remobilization of boron from old te younger tissues has been reported to vary among plant species,
being essentially immobile in many species and completely mobile in others. This study aimed to verify B
mobility in green gram plants (Vigna radiata (L.) Wilczek cv. Kampaengsan 1). Plants were first grown for 25
days in sand culture with 10 uM B (B10, sufficient) and 0.5 uM B (B0.5, deficient) added to nutrient solution.
Afler that, the sand in all of pots was washed by running water through for 20 minutes twice in one day, 6 hours
apart. Boron treatments were applied to the pots in 3 replicates, as follows, B10 for the first 25 days followed
by BO.5 for the following 30 days (B10/B0.5), with the same B10 (B10/B10) and B(.5 (B0.5/B0.5) throughout
the experiment. Plants were harvested at day 25 and day 55. The main stem of harvested plants was partitioned
into the growing point (all parts above the youngest fully expanded leaf), the youngest fully expanded leaf
blades (YFEL), the stems + petioles below YFEL, the rest of the leaf blades of the main stem {old leaf blades),
the rest of the main stem, roots and their seeds. At 55 days, dry weight of vegetative parts {leaf blades, stems +
petioles roots and nodule) were not different between treatments B10/B10, B10/B0.5 and B0.5/B0.5 but seed
yields was significant lower in B10/B0.5 and even lower in B0.5/B0.5. B content in younger parts (growing
point, YFEL, stems + petioles below YFEL) was much lower than old leaf. However, B content in YFEL and
seeds of B10/B0.5 plants were higher than B0.5/B0.5. These suggested most B was accumulated in old parts
whereas a little B could be mobilized to newly expanded leaf (YFEL) and sceds of B10/B0.5S plants. It was
enough for seed development of these plants that were 64% while in B0.5/B0.5 were 20 % of maximum yields.

It is not clear about source and route of those B and need to examine in the further research.

LY “ P 1 o
unAngs: anumuo lumandsudioluseuluduisiinadedse@niamnisidluseu Taomwiz

¥ 1 14 [3
ssnBImMsvudnige s hifaduitinsnminfes uardiwansznudsiinaildlunsud luilgn
nrsvialusew WBirwamdaduarumaaniluseninstisfiyluanuannsandeudizluseunn
d’ d' n' 1 - 4’ q' L] 4' t 1 A -] . ] ‘=g 4‘ ' L] ot -
Wawenun Wiwileedmnsoundt Ftuitsdung litinsdoutheluseu udinuiludvunnia

1 » » 1] v .

aunsawdeudoluseuld nsdinuindsiiiiaglszasdinenseaounisndeubtoves Tuseuluduier
Wug A WNIudU 1 (Vigna radiata (L) Wilczek cv. Kampaengsan 1) i1n15naass Inslgndandiodlu sand

culture LOTSARWAITATBIWT MBS AT TUTEU 10 1M (B10) uaz 0.5 uM (B0.5) Hhuraan 25 Tu udanin

- - . s - w e . e v
‘medrirls rasounsmand uninenduFosny Foslnd so200
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ThudranswlunssarsTaedabhivinanmmsw 2 afs (4 - 8w aftas 20 wiA Bmfunanssudilu
nsmaseaiiy (1) W Tuseu 10 pM Tu 25 Suusn H5wmmfunJ‘f’;tmuﬂv’fmﬁa:mumqmmﬁﬁmusau
0.5 pMiTuszeziIa1 30 S (B10/B0.5) (2) 19 Tusiou 10 pM pasanisnaaes B1o/B10) uaz (3) Wluseu
0.5 uM AABANIINAABS (BO.5/B0.S) Hudetwiwiiesigld 25 Su uas 55 Fu dnndms i niiue
Tusewlundazdanvesddundn fil (1) veaiisylmi (@rufiedmile luseufigaiivnedudini.
growing point) (2) lue au'?iq ﬂﬁﬂmuﬁmﬁuﬁ (youngest fully expanded leaf blades: YFEL}{(3) Aaunaziu
1uves YFEL (4) luduiimenanus (3o TUUR: old leaf blades) (5) Sdumdnuazflufimas
WA (old stem + petioles) (6) 310 Az (7) iufin Han1InAasImu Woftwe1y 55 u viminudetudau
Ty 818w 390 uazdusin vesdudrdnuudaznssudiidweiudvadndos uddudildiy BloBos
finanaandaduToranaaiios 36 % vazanasda 81 % Tudui 1450 Tuseu 0.5 uM aasanineass 1oz
wuinlSuia Tuseulu seafieiylmi luseufigafivenedudind S rduuazdnluues YFEL vesduiild
SuTusenlu 30 Sunda (B10/B0.5 o B0.5/80.5) Fantesniiludnfiud (luud nasdrdumdnuazfnly
findenanun) et lsfiaududuiond 185y BroBo.s Tufnaluseuluwia uor luseufiqafivgioin
W ganidu Bo.5/B0.S ninwamsnaaswaasiius RafinsazeyTuseulussozusn (B10/B0.S)
vmamsvaansluduiifionn uinuid luseuswnmiannsandeuiolsslusouiigafiveed
@it narwda ufhesdulfuaTuseuiternn uatmuwsoi binardandavesdadvinnni@ud
vinTuTeUAABANTINAABIAY 3.5 11 Feninmisnaassiits hinsuivadaumdafin uazdunisdudos

o ) J a !
voaluseuminan Faveldiinisinuise 'l

Index words: Green gram, Boron, Remobilization 0987 Tusou misindeuldoeloundu

- =5 o & 3 o : :’ ; s

AyRadu51a0M1s Tavsn uazdudoandouduirluniudeslanay (xylem sap) Til6a
[l a ] Al o ¥ dy A » o : : o - ]
daufieginiledu smemisimarioiundeudiehldaiviosIMawy (phloem sap) M3ognds

d o .y a 4 o F I 4
ponldinuimn T lusn ddu viewadly demmemisiiny i utleded s e1undon
9 s £~ 4 ) ] A' A AHA o : 4; [ 1 P =
ufiounduni Ilaioulilfaduduvesfivhilisasimsmoiidind: wu veaniRasiey
titewefinu e unsdusiug (Smith and Loneragan, 1997)

- A v ¥ te W a4 ¥
sgomisisynmgannsamdeuieldlunelaay uddmdumandeudion
¥ [ .
Maduszuandredulyl Tdwrennsandoudioldinn ldvudliaunsanioudw’ld ms
o = A 1 o3 A A v A 9 a
nusentansindsudiovesriaemisni Iady vieiSendinismaeudedeundu
¥ » »

o asq 1 a or a o
anunsomlanawds 1hun msdnsedmanududuvessigiuhnindes Idadn Tavass
nsaamumsindoudwlasldleloTnd msdunasnmsianeimsviasig uazns

nSvuioufTnusigemis ludiuaieeg veans nielulunsfioys1afiu (Marschner, 1995)
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s lusou (8) unaiuandnainsigemisissiadu wuhanuennsaluns
waoudoms Iaduiianuuenaianuluszuilasiiaie (Brown and Shelp, 1997) Tufiasau
Ing) hifinsinAoudron1alvady Hu and Brown (1994) wud en1svialusenludunda

- -3’ & =4 ar d:l o :i 1
484 squash (Cucurbita sp.) NatuUANAI9InAgRie lldimsazasmemsh luiiTuseu
1 d 1 b

uenanildswunduuiomea (Lycopersicon esculentur) Atlgnluaniwnii Tuseinnifiune
- =Y -1 :; 1 é L as
faomsilufvveslussulasuanioinismaesiitarwluuazveulunou Faludiuda
nanfiaududulusougenitdiududin uaniiedwdunzlomaly 3 lumsazaeng

o Tat 1 = J ] - o o 4§ -
amsh L Tuseu nudienisvialusensziavu luluseunazlunda hinsgaun
{Qertli, 1993)

] b4 .

aonlsfin 1dfissnuiidtnnuauselumunioudvluseunisivady
uAAIBE1 1YW Hanson (1991) 1anansalaslviluseu (500 Hadnfudodns) Tasnisdany
n1vlvunusdila (Malus domestica Borkh.} @ 18 (Pyrus communis L..) W AY (Prunus

= ] e — ' !

domestica L.) Waziy83 (Prunus ceasus L) FavuidTwnalysoululufgniavuaaneglu
seavfindifsedului 145 unsvuTusou uazwuiSnunily Guds) inumdudu
Tusougefiga 910A1INABDIYDI Delgado er al. (1994) wuin1s I luseuntuuddu

£NONASY (Olea europaea L.) luszuzonnasn v lvnsnasnenuazma danududuTusou
2 X Za : 2 Lo
wnu Naludweaiuly Aty wWien 1l sauismenuaznadae usnenilildliswau

' . L d 4

Nlusousmnsamdoudio 1y TWaduluziliswddmnimiausanssed (sugar alcohot)
A o - . P a o = . o
¥oweiiinea (sorbitol) Tunvlitla @18 WAL (¥0F (Brown and Hu, 1996) Auws1od3 uns
W6 (Hu et al., 1997)

o

& Fae o A A o a o
Tumistnuadsilifaguszasdimensnasumanioudioveslusouiud v viug
e & ' ' @ dd e ' ‘ &
Aumanau 1 A dlisnsauhdhuiuinsoudanudensnaloseu uyeisse, 2537) ¥
anuianudhludsfunriweansalunmsndoudoTuseurziduysz Tomidenisudley

Jymimsnalusounsly

<
gunsakzIEMs

vanesiinndniinls ausnuasmand uninodedudlmi Taolgndadvaiug
AMWINAY 1 (Vigna radiata (L.) Wilczek cv. Kampaengsan 1) "luﬂizmmisqmw (&urin
gudnaa 50 IwuAAT 79 50 rudmT) S 15 n3zon gnTasdinoeanda 10 wiare
nszON llﬁ”lﬂ’g\.ﬂté‘ﬂ'liT‘HiﬁUnTﬂU'lﬁmlgﬂmhlﬂiﬂﬂﬂiﬂuﬂqnﬂgﬂ Adidels Tofioudmin

@ = = a -1
[ Hdle] ﬂTﬂﬂﬂQﬂiﬁ')‘ﬂU‘] ATUITINTINEAT) HAITNIUARIDN 5ﬂﬁ']t}ﬁ’ﬁﬂ$ﬁ1ﬂﬁ1ﬁﬂ1ﬂ1s
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(Usznov11dae 1000 uM CaCl, 2H,0, 500 yM KH,PO,, 250 xM MgSO,.7H,0, 250 uM K,SO,,
10 uM C,H,0,Fe.H,0, 1 M MnSO,H,0, 0.5 yM ZnSO,.7H,0, 0.2 uM CuS0,.5H,0, 0.1 M
CoSO,.7TH,0, 0.1 M NaMoO,.2H,0 #aui1}a331n Broughton and Dilworth, 1971) #ild Tuseu 2
STAV A0 10 M (BIO, sufficient) $14IU 9 132013 1AL 0.5 xM (BO.5, deficient) 3111 6
nszone waziileftaey 10 Tu couwnimenizoraz 5 fu

i uinfid 1 (1)) douszorfinvesnasn (25 Tu ndaeinmiacen) Tasdy
ferenndui1gsuTusoud 2 sedU (B10 wag BO.S) szduAL 3 n3zan nasvniudig
nsrwlunszaniimae Taoda I8 o mse 2 A% (41— 18u) A¥iaz 20 Wil Loz
n35u33 lumsnaaeuilu (1) W lusewu 10 oM Tu 25 uusn squnldssnidasaza
5190 TiE Tusou 0.5 uM duszeziat 30 Ju B10/B0.5) (2) 1 Tusou 10 uM aaoams
naand BLO/B10) tiaz (3) I 1Usau 0.5 uM #aBaAn1snANDY (B0.5/B0.5) laouaaznsiuit
UsznouTdwdudilios 3 nszane fuiedieinaiadefivery1d ss fu (1)

héresrisiiAuneulugeuguuad g0 °C funar 48 $2Tus uazirlilua 110

o Y 4 Yy W o t [ ' o
i s erimianududuTuseuninisued Lohse (1982) Tundazdiuveididundn

- veafieTnyImi (dhudegmilelusoufigaiivmoduaudi: growing point)
- TUéauﬁqﬂﬁﬂU1u¢T’;Lﬁnﬁ (youngest fully expanded leaf blades: YFEL)
- §runazduluves YFEL
- ludunmdoianua (smi5un 1 TuUA: old leaf blades)
o ¥ o L4 P =~ : .
- fwundnuazd e lufimaenavua (old stem + petioles)
- s (ldsaudusn

o
- a9
HanmIinaaod

naveasluseunemsiosgdulauasrondn

1‘iy1m§'ﬂuﬁwmﬁmﬁamq 25 Sy (H1) #1850 Tusours 2 seiy (B10, BO.5 uM) 3¢
Tituana 1t uUNatA (Table 1.) ?'1"’~115’1m'i'ﬂ1mwia=ﬁ'1wa~1ﬁ‘v wazthvutes atedy die
FnaSoivlaTlends 55 Tu (H2) nandawdavosdudulondi 145uTusew 0.5 uM Tu 30 u
wis (B10/BBO.5 uaz B0.5/B0.5) anaudiemoufudufildsy B1o nasaniinaass uanui
Tudu B10/B0.5 Wnandmuianinnii B0.5/Bo.S szaas 3.5 411 uenvInd dawuinimiin

v [} 3 e ¥ 1 Mo 1Y ar =4 -1 o
whaluauly Ao §1du s vazilusn luwdaznssudtiindaduikesanios
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v v 1 \J -

anudindusazGinaluseuluauniag veany

diewee1yld 25 Tu HD) aududuToseuludredrafsynainvedun 1dsy
Tuseu 0.5 uM T lndiRvsiu vasilufsn 185y Tusew 10 uM finrmduduTuseugaiige
Tudgaannig i tazdgalusin (Table 2.)

d o 1 oa &4 o 3 ' Py v

lumsiivaregisiraian 2 65 1) anudidulusoulunnduvediyanniedi
o 184a lunnnssyds uanudmnududulvsoululuurvesduinlasuTusou 1o um Tu
25 Tuusn (B10/B10 uaz B10/B0.5) Sansgeagiiaifisuiudiuduludu@einy vaziiduild
FuTusou 0.5 uM Aasantsmaasalinududu Tuseunanadu luuminluusazdu Ty
o v o A oo ' v o ' Pri P
tmanudnduluseugaigalusin uensintidaimud anudutuluseululugeungan
oA uAnd uazdrduuaziuluvesluseungaivesduduiivesdu B10/ Bo.s Hrgent
AUAINT1IVBIAY BO.5/ BO.S (Table 2.)

dieRersandalTualusouniegluduaieg vosily (Table 3.) AudTy1 B10 oy

¥ . » +
19 25 JuazanTussunaduuinndidu Bo.s Usyuim 2 vt Taomwizednta luiisidsgeu
A a o ] ] a = o o A n’: -:ly o~ o LY o o dn v
(voaniiauas g v uaz lugeuiigaiivosdusui) NatidieNre1y 14 55 Ju Aududoaild
SuTusou 10 uM anoRA1INAGDI (B10/B10) Haasiinisazau Tuseuluyndiuve i ldun
A 185 Tuseu 0.5 M Tu 30 Sunds (B10/B0.5 iag B0.5/B0.5) TasnlTinaTuseuse
] ] 3 4
fioguinludauiiun Quun uazddundnuazduluimdenmua) vesduduionluynassu
o A =3 ar [ a [] o - [] 1 a o o o e s ¥
7 lefsuiudiuiicound weainiylmi ludeungaiivowduduin uazdrdunazdu
r { AS' s i 1 o 4 o d.r

luvesluseungaiiversduani) s lsfinwdunldsunsulfownlaslusou (B10/B.5)
s Tuseululuseufigafivoedadud (YFEL) uazmdaganidui1d3u Bo.s aaen

MINAQaDY (BO.5/B0.5)
=, <
D TUHAAMTNADDE

o t v el o
vinwansnanezmy ldh TuseudiuInginy 1dTuluszozusnussniinanes
] P v ° P ' o
(810/B0.5) grazaululuun vaziwuhdali Tuseudwunifiansanaoudinelildsly
1 P A o & o o o o o = v o 1 |
gounganveIeduANH tazmaaveadwier wuldnindfina luseulududinangand
¥ o o a4 d A e o « 4
aunvralusounseAn1INAAB (Table 3.) Mfiilawadina1imurlusaiivialuseu
- o - a4 a4 & L ' ' ' oA
mitouiu YT duseuimrdiuiida iaunsovenldnuindulnuvesie deermin
' a d [ 1 o o o ' [
nndmimnuazen i ulued nFeorsmnnTuseui1asulu 25 Tuusndanandesglure
v
o ° s L] t L ] d al
dudeaveadidu saus hisunseveniadunmsvudilusoudana 14 dadnuaiznis

4 ¥ d iy Yt & 1Y - w &
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e Tusen lUdaaunln T oS NaNTRY090 2309 (a2 suterranean clover RUMITWAIU1 U
o a 4 J v oA -
Faglgn#ivsiweinTuseu (Campbell e al,, 1975) Foimidnud sluduilduonde uaz
1 . »
Psinaluseudiarhiannnduilinswankonds luTagilgnii Tuseu Tunisnaassiing
] = - A J - | 1 [] o 3 = Y ; a
NSum Tusouimuduliios 20 uM usetislsaam Tusoulusuinandeviiaiunsah
Tnananannindu B10/B0.5 Tasndu BIO/BI0 tAgd 1.2 1 vmzAuinnd) B0.5/B0.5 0
3.5 M1 (Table 1.)
3 -y o P - ] ar as
msnasiinandndnaaaniioldiulusou 0.5 pM Tuaae 30 Tunds (B10/BO.S
1az BO.5/B0.5) ua hinuwasemsudgmisuaz lulunisnansil iieaninlussus el
msyRugIzosuueasmIvIa luseuyinaimsnsyiRu Tanesdunazly (Marschner,
1995) Tasm 12081989 Tus eI ANSUN IS5 19INaNAR Bell er al. (1990) WUI1A1TVIA
Tusouiuszozdina Midsuuindedu uazdwuwdedolnuesdutivianns
auiudu Tuseunaaaslugndiuvesdudadiorininmnnssuitfiong 55 fu uwa
As’ @ o =y - = -5 ar : o 3 1 ] q' o
NIINMIRAUAHITAMsIS Ay Tnundueiney 25 Tu Wminudeludiud19q fnw
£ . . [l ° = w 4
WINVY (ditution effect) Tuamusminn1fdudonasadidnuuznmandeudvueslusou
] o [ 1 i ar ~ P P
10 stnlsfia wudluluunvesduiildTuTusewiviwe B10/B10) nazduiifinmsnldou
utasszauns i Tuseu B10/Bo.5) denafinududuluseuigegiiooududiudu
A 'ﬁ = P ) ¥ & - ' a &
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vindeoyad lAawsoagl 1d i Tusoudwounilemmsanioudiolfad il
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Table 1. Dry weight (g plant") of green gram at day 25 (H1) and day 55 (H2).

Values are means of three replicates (SE).

B supply
Plant parts” H1 H2
B10O BO.S B10/BE0° B10/B0.5 B0.5/B0.5

Growing point 0.161 (0.020) 6.133 (0.013) 0.486 (0.079) 0.535(0.105) 0.382 (0.053)
YFEL, LB 0.228 (0.004) 0.181 (0.024) 0.557 (0.017) 0.389 (0.201) 0.581 (0.020)
YFEL, S+P 0.079 (0.003) 0.071 {0.006} 0.382 (0.062) 0.372 (0.043) 0.525 (0.054)
Old LB 0.305 (0.017) 0.324 (0.057) 3.014 (0.090) 3.592 (0.420) 4.094 (0.193)
Old §+pP 0.190 (0.003) 0.174 (0.019) 2.621 (0.089) 2.933 (0.321) 3.282 (0.229)
Roots 0.300 (0.008) 0.314 (0.017) 1.697 (0.129) 1.593 (1.139) 1.707 (0.124)
Nodule 0.114 (0.002) 0.115{0.011}) 0.430 (0.080) 0.529 (0.149) 0.675 {0.057)
Seeds 5.537 (0.382) 3.532 (0.256) 1.056 (0.081)
Total 1.376 (0.045) 1.312 {0.066) 14.722 (0.342) 13474 (1.203)  12.302 (0.597)

" Plant parts: Growing point ~ all parts above the youngest fully expanded leaf

YFEL - the youngest fully expanded leaf blades

YFEL, 5+P — the stems + petioles below YFEL

Old LB - the rest of the leaf blades of the main stem (old leaf blades)

Old S+P — the rest of the main stem

"BI10/BI0 -BI10 throughout the experiment

B10/B0.5 - B10 for the first 25 days followed by BO.5 for the following 30 days

B0.5/B0.5 — B{.5 throughout the experiment
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Table 3. Boron contents (ug plant") of green gram at day 25 (H1) and day 55

(H2). Values are means of three replicates (SE).

B supply
Plant parts’ H1 H2
B10 BO.5 B10/B10" B10/B0.5 B0.5/B0.5

Growing point 7.31 (0.81) 2.16 (0.17) 15.55 (1.86) 2.77 (0.48) 2.02 (0.50)
YFEL, LB 9.14 (0.30) 2.49(0.28) 18.34 (1.44) 4.20 (0.60) 2.86 (0.04)
YFEL, $+P 2.99 (0.07) 1.27(0.11) 10.12 (1.19) 2.65 (0.13}) 2.98(0.18)
Old LB £1.52 (0.76) 6.07 (0.98) 117.76 (2.25) 52.04 (0.83) 27.88 (0.95)
Old $+P 4.96 (0.0%) 2.96 (0.37) 56.24 (0.85) 31.74 (1.78) 21.37 (1.40)
Roots 7.11 (0.28) 5.52 (0.26) 33.55(2.32) 24.26 (1.90) 19.16 (0.83)
Seeds 118.26 (7.36) 15.80 (1.50) 4.44 (0.71)
Total 43.03 (1.82) 20.47 (1.20) 369.83 (9.93) 133.47 (2.56) 80.71 (2.76)
*Plant parts: |

Growing point — all parts above the youngest fully expanded leaf

YFEL - the youngest fully expanded leaf blades

YFEL, $+P — the stems + petioles below YFEL

Old LB - the rest of the leaf blades of the main stem {old leaf blades)

Old S+P — the rest of the main stem

"BI0/BI0 -BI10 throughout the experiment

B10/B0.5 - B10 for the first 25 days followed by B0.5 for the following 30 days

B0.5/B0.5 — B0.5 throughout the experiment
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Abstract

Significant wheat yield reductions have been attributed to boron (B} deficiency and toxicity all over the
world. Because of a wide range of genotypic variation in response to both B deficiency and toxicity, there may be
some differences in responses to B. It is as yet unclear how the two responses are related in wheat genotypes. To
measure and examine responses to B toxicity in three wheat genotypes with known B deficiency responses, two
experiments were set out at Multiple Cropping Center and Agronomy Department, Faculty of Agriculture, Chiang
Mai University. Three genotypes used in this experiment were Fang 60 (Efficient; E) Bonza and Turkey 1473
(Incfficient; I} were grown for 23 days in sand culture with five levels of B added to nutrient solution (10, 50, 100,
150, 200 mg B L"), Plant growth was assessed by measuring root and shoot length, root and shoot dry weight, leaf
and tiller number, toxicity symptoms (necrosis, chlorosis and symptom score). From the result, root and shoot
length, root and shoot dry weight of all genotypes were depressed by B concentration higher than 10 mg B L. Fang
60 exhibited the shortest root length whereas shoot length of all genotypes reduced equally. However, root dry
weight of all genotypes were reduced equally by high B concentration whereas shoot dry weight of Fang 60 reduced
the most at 50, 100 and 150 mg B L. Besides, B toxicity depressed tiller number but not leaf number. At 50 mg B
L', all genotypes depressed tiller number except in Bonza. Boron toxicity also affected on symptom of toxicity such
as necrosis and chlorosis by increasing in severe symptom in all genotypes. Boron toxicity symptom developed in
YEB+1 more than in YEB. Bonza exhibited the least symptom of necrosis in YEB and YEB+1 at 50, 100 and 150
mg B L' and also exhibited the least symptom of chlorosis in YEB at 50, 100 and 150 mg B L and in YEB+1 at 50
and 100 mg B L". In case of symptom score, Fang 60 had more severe of B toxicity than Turkey 1473 and Bonza.
So that the symptomn score can be used to separate differences in B toxicity response between genotypes. It has also

been demonstrated that genotype tolerant to B deficiency such as Fang 60 was not tolerant to B toxicity. In contrast,
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Bonza and Turkey {473 (incfficient to B deficiency) were tolerant to B toxicity resulted in less severe symptoms of
B toxicity. Finally, the data in this experiment indicated that there may be some association between tolerant to B

deficiency and to B toxicity.
o’ T
unaads

msviataz a1 YeaTuseu (boron, B) Y Wnaniadnadanaslunaiodszmenialan dieq
nndmmaTnandamatugessulunsneumieaderins vAtasns LRy ves luseuLazAI A
matiimandet i i nmaimsevmieuandiefu fashidufitaihnsaeuaussenans e
wazanuihiiyves Tuseuluiuffnmdiauindemis lusndul ludnvusla oauazasnaey
msapumussren uiufivvesdimminmiuitssfunumunndensve Tuseuuanaiu Saing
naossfiguiitufemunonianumsinyasuazanieisls auzinvasenans sninodesToalmi $19e3
14 lumsnaass 18us Fang 60 (nusenisviaTusew; E) Bonza Las Turkey 1473 (§ouoAen1sv1n
Tusew; ) W Tuseu s szAvlumsazaiosIgeMIsHY (10, 50, 100, 150, 200 mg BL™) 1%sﬂi'11ﬂ1ﬁﬁﬂqn°lu
3w nagsuiunar 23 Su Fuiindeyanmeirinuasdu dfminufesonardu sty §Smuamumie
o]y (81015 necrosis, chiorosis wazns Wz nuiiiuiy) vinansmaasIRLTIIMENTIAURY
au hwiinutasnuasduvestnemanmiufansaiiersiu lusewiinnnd1 10 mg B L' TnuWuf Fang 60
AauemsInanannniige Tuvasinueduvemniugasaariig fu eiwlsiammuiniminutesn
vesdmaEnnWufanasrin fu TuvaeF it iWuvesud Fang 60 anonnnfiqei 50, 100 1az 150 mg
B L mamuiuivvesTuseudiinar snmumisvesdnadanawus hinadednauly # somg BL' §12
manmiufusnneanassniuiug Bonza prwiduRuvesluseuiinar1Mine1n15 necrosis uay chlorosis
nﬁuﬁu‘luﬁnmﬁnnﬁ’uﬁ eI T9EAL I luun (YER) winni lufieoundt (YEB+1) Wuf Bonza uarneeint
necrosis 111 YEB uaz YEB+1 #f 50, 100 ua 150 mg B L” oufiqa uazdaueraseIns chiorosis Youfiealu
11 YEB # 50, 100 02 150 mg B L uazlu YEB+1 Wuf Bonza fansfleinisilouiiqafi 50 waz 100 mg B L
waztiieRes s wesa Ty TaoWasnuududainsewudt Fang 60 uanseinsidufivinndi
79 599091170 Turkey 1473 DL Bonza @ d MU FoiumsIirzuuanudiuRvannsod i
senhaiuilunsmudennuiuin 14 faiuinan 18 noafinudentsviaTuseu Fang 60 Tiny
Aeaniufivvesluseu esnnuaasnugunssveansiiufivuniigs luvasinuisouuedenisvg
Tusewu Bonza U0 Turkey 1473 sznudoanuiuRuvesTusou iesninuaainiuguusvesnmsiiiy
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boron toxicity, wheat, boron deficiency tolerance
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40-42 3. (MW7 1a) WU Fang 60 fnnuemaduasdeiuszdylusouTaomde 20 au. 7
B50 1tz 10 w31, # B100 ua laaasdnit B150 kay B200 Tuvarfinismy Tuseu lifinaseany
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anauwde 23 . 7 B200 dwuanwenduiumuindessdn Tuseududuon B1o A,
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Figure 1 (a) Root length (¢m.) and (b) shoot length
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(cm.) of three wheat genotypes grown in

sand culture with five B treatments at 23 days after sowing. Vertical bars presented as standard

error of 3 replications. (1a) BxG** (significant at p < 0.¢1), (1b) BxG™* (significant at p < 0.05). B

= boron, G = genotype.
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Figure 2 Effect of B treatments on (a) root dry weight (expressed as relative root dry weight

(% of B10)) and (b) shoot dry weight (expressed as relative shoot dry weight (% of B10)) of

three wheat genotypes grown in sand culture at 23 days after sowing. Vertical bars presented as

standard error of 3 replications. (2a) BxG", (2b) BxG" (" non significant at p < 0.05). B =

boran, G = genotype.
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Figure 3 Effect of B treatments on (a) leaf number and (b} tiller number (expressed as relative
tiller number (% of B10)) of three wheat genotypes grown in sand culture at 23 days after
sowing. Vertical bars presented as standard error of 3 replications. (3a) BxG' (non significant

at p < 0.05), (3b) BxG** (significant at p < 0.01). B = boron, G = genotype.
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Figure 4 Effect of B treatments on necrosis (%) of YEB and YEB+1 of three wheat genotypes
grown in sand culture at 23 days after sowing. Vertical bars presented as standard error of 3
replications. BxG™ (YEB), BxG* (YEB+I) (" non significant at p < 0.05, * significant at p <

0.05). B = boron, G = genotype.
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Figure 5 Effect of B treatments on chlorosis (%) of YEB and YEB+1 of three wheat genotypes
grown in sand culture at 23 days after sowing. Vertical bars presented as standard error of 3
replications. BxG" (YEB), BxG* (YEB+1) (" non significant at p < 0.05, * significant at p <

0.05). B =boron, G = genotype.

Table 1 Boron toxicity symptom expression of YEB and YEB+1 of three wheat genotypes

grown in sand culture with five B treatments at 23 days after sowing.

Boron YEB YEB+1

treatments Bonza (I) Turkey 1473(I) Fang 60 (E) Bonza (I) Turkey 1473(I) Fang 60 (E)
BI10 1 1 I { 1 1

B50 1 1 2 2 2 5
B100 1 3 3 3 4 6
BI150 4 6 7 7 8 8
B200 8 8 8 9 9 9

Visual rating Description of B damage

1 na visual symptoms

3 tip necrosis (1 em.)
5 Y4 leaf blade severe chlorosis with > | em. tip necrosis
7 Y2 \eaf blade necrosis

9 teaf dead
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Abstract

Boron (B) deficiency depresses seed quality in mungbeans. Large genotypic variations have been found in
the response of mungbean species to low B in terms of growth and grain yield. This study aims to examine variation
in seed quality response to seed B among genotypes of mungbeans. The objectives of this experiment were to
evaluate B accumulating ability in seeds and B requirement for seedling growth in different genotypes. Black gram
(Vigna mungo (L.) Hepper} genotypes included M1, Regur, CPI79563 and green gram (¥Vigna radiata(L.) Wilczek)
genotypes included KPS1, VC2755, VC1163 were multiplied in sand culture with 4 levels of applied B (0, 0.5, 3 and
5 #M). Sced B of the most of mungbeens genotypes was lowest in BO and increasing solution B from BO 10 B3
increased it. But Seed B concentration of CPI79563 genotype was highest in B0 (243 mg B kg") and it was
decreased to 4.6 mg B kg in B0.5 and it was increased to 18 mg B kg by increasing solution B to B3 and BS.
Genotypes in range of low seed B, 3.9-7.7 mg B/kg, germination of black gram M1 and CPI79563 was limited.
Germination increased with seed B. In general applying B to the germinating medium also increased germination. In
addition to germination percentage, low sced B also adversely affected seedling growth. Differences between
genotypes, however, were associated with the levels of seed B. When germinated in sand without added B, the six
genotypes of mungbeans all fitted into one significant negative correlation (p < 0.01) between seed B concentration
and % abnormal seedlings. The critical seed B concentration for normal seedling growth was 10 mg B/kg, below
this more than half of the seedlings developed abnormally. Applying 10 M B to the nutrient solution overcame the
effect of low seed B in all but two genotypes. The exceptions were black gram M1 and CPI79563, which still had
20% abnormal seedlings in B10. In conclusion, this study has clearly shown that mungbean genotypes differ in the
response to seced B in terms of seed quality, as germination percentage and number of normal seedlings. The black
gram genotype M1 may be considered to the most sensitive among genotypes with the same range of sced B

concentrations.
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Table 1 Effect of solution B on seed yield of six mungbeans genotypes.

genotypes Solution B mean
B0 BO.5 B3 BS
Black gram
Ml 15.7+2.0 i7.4:2.1 7.7 0.6 9.1:2.6 71.8
Regur 2.2:2.1 14.1:3.3 24.0:8.0 22.0:2.6 64.9
CPI79563 0.1 (0.1) 18.4:3.1 41.5:7.1 47.8 4.2 56.4
Green gram
KPS1 18.7 1.4 19.6+:2.1 21.0:3.6 7.0 =1 79.0
VC2755 16.8 +1.8 22.2:2.3 274 +11.2 13.3:3 72.8
VCile3 55:0.9 143 5.9 10.8:2.4 13.2 3.1 750
mean 47.1 78.7 84.5 69.6 70.0

Significant differences in the same low are designated by different lower case letter and in the same column by

different upper case letters. B = Boron level, G = genotype, BxG = interaction between B and G: * significant at p<

0.05, ** p< 0.01

Table 2 Effect of solution B on seed B concentration (mg B kg ) of six mungbeans genotypes

Genotypes Solution B
B0 B0.5 B3 BS

Black gram

Ml 6.2 a AB 138bC 18.0cA 174 ¢ A

Regur 4.9a AB 94bB 17.6c A 171cA

CPI79563 243cC 4.6aA 18.1bA i8.5b AB
Green gram

KPS1 43aA 11.0bB 17.7¢c A 20.7d BC

VC2755 53aAB 110bB 22.0cB 224¢C

YCl1163 69aB 1t.1bB 17.2¢ A 182c A

F test B** G** GxB**

LSD 0.96 117 2.34

0.05

Significant differences in the same low are designated by different lower case letter and in the same column by

different upper case letters. B = Boron level, G = genotype, BxG = interaction between B and G, SB = source of

seed : * significant at p< 0.05, ** p< 0.01



Table 3 Effect of Seced B concentration on % germination of six mungbeans genotypes in two levels of B

application
Treatment Genotype Seed B % Germination
MgBkg'  Solution B levels Mean
B0 B10
1 M1 4.4 70.0 90.0 80.0 A
2 Mi 13.5 100.0 100.0 100.0 B
3 Mi 17.7 95.0 97.5 963 B
4 M1 18.0 94.9 97.5 96.2 B
5 Regur 4.8 90.0 97.5 93.8 B
6 Regur 8.6 100.0 91.5 988 B
7 Regur 17.3 100.0 100.0 100.0 B
8 Regur 17.2 100.0 95.0 975B
9 CPI79563 4.7 775 920.¢ 838 A
10 CPI79563 18.6 1¢0.0 100.0 100.¢ B
11 CPI79563 18.7 92.5 100.0 9.3 B
12 KPS1 39 95.0 92.5 538 B
13 KPS1 114 100.0 100.0 106.0 B
14 KPS1 19.8 97.5 100.0 988 B
15 KPS1 21.2 100.0 100.0 1000 B
16 V(C2758 6.2 97.5 100.0 93.8 B
17 VC2755 11.4 92.5 100.0 963 B
18 VC2755 220 97.5 100.0 98.8 B
19 VC2755 224 100.0 100.0 100.0 B
20 VC1163 7.7 95.0 100.0 975 B
21 vCi163 12.2 97.5 97.5 97.5B
22 VC1i63 16,7 97.5 97.5 975 B
23 VC1163 16.9 97.5 92.5 95.0 B
24 mean 95.1a 976 b
F test Trix* B* TrtxB™
LSD 6.5 1.9

Significant differences in the same low are designated by different lower case letter and in the same column by
different upper case fetters. Trt = treatment combination between genotype and seed B, B = solution B, TrtxB =

interaction between treatment combination and solution B
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Abstract

A fallow enriching tree, Macaranga denticulata Muell. Arg., has been shown to increase
rice yield in a rotational shifting cultivation system in northern Thailand through increased
accumulation of mineral nutrients. As arbuscular mycorrhizal (AM) fungi may play an
important role in nutrient accumulation, AM fungi in the rhizosphere of M. denticulata
and the effects of the indigenous soil inoculum on the host plant were investigated. The
diversity and abundance of AM fungi were documented for the rhizosphere of M.
denticulata in the field for two years. Based on morphology, 29 species of AM fungi were
found in the rhizosphere of M. denticulata growing in farmers’ fields. Root colonization
ranged from 63.5 to 81.5% in the first year and 68.7 to 79.9% in the second year of study.
The highest spore density was observed at the end of the wet season. The effects of
indigenous soil inoculum, and N and P fertilizers on the host plant were investigated in
pots for four months. Inoculation with soil-containing AM fungi strongly increased plant
growth and nutrient contents when P was limiting but N was applied. Application of N and
P together strongly depressed root colonization and spore density of AM fungi, whereas
applying them separately had much less effect. AM fungi may play an important role in
nutrient accumulation in M. denticulata-rich fallow and thus in nutrient cycling that is
beneficial to the maintenance of upland rice yield and sustainability of the rotational

shifting cultivation system.

Key words: Arbuscular mycorrhizal fungi, fertilizer, Macaranga denticulata rotation,

shifting cultivation, Thailand, upland rice
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Introduction

Shifting cultivation is a form of land use that can be productive and sustainable if the
fallow vegetation has an opportunity to grow and accumulate sufficient amount of
nutrients between the cropping phases (Zinke et al., 1978). Macaranga denticulata Muell.
Arg. (Euphorbiaceae) is a small to medium-sized, evergreen tree and is a commmon pioneer
species in moist open areas and secondary forests (Kerby et al., 2000). In the mountains of
Northern Thailand, M. denticulata is used as a fallow enriching species (Rerkasem et al.,
2002). Rice is grown after a mature fallow, in the seventh year, has been slashed and
burned. Rice is cultivated for one crop season and then the forest is allowed to regenerate
for seven years before the next cropping. Karen farmers in the village of Haui Tee Cha,
Sob Moei District of Mae Hong Son Province have been reported to manage this fallow-
enriching species successfully and achieved much higher upland rice yield with dense
stands of M. denticulata compared with fallow plots in which the trees had been poorly
established (Yimyam et al., in press). The effect of M. denticulata was shownlto be
associated with the s pecies ability to accumnulate nutrients, e specially P, K, Ca and Mg
compared with other species of the natural fallow vegetation.

In recent years, there is increasing e vidence t hat microbial ¢ ommunities o f soils
and plants have an important role in the development of sustainable agriculture
(Duponnois et al, 2001). Arbuscular mycorrhizal associations are of widespread
occurrence and represent the natural status of most plant species growing in a normal soil
(Siqueira et al., 1998). AM fungi are known to improve the nutritional status of plants (e.g.

N, P, K, Ca, Mg, Mn, Cu and Zn) resulting in increased growth (Marschner and Dell,
3
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1994; Taylor and Harrier, 2001), to protect plants against root pathogens, to confer
resistance to drought and salinity conditions (Bagyaraj and Varma, 1995), and to increase
the formation of soil aggregates (Douds and Millner, 1999).

This study has two aims. Firstly we set out to examine AM fungi associated with
M. denticulata in a highland rotational shifting cultivation system where the tree is in use
as a fallow enriching species. Secondly, we evaluated the effect of the indigenous soil
inoculum on growth and nutrient accumulation of the host plant as a potential option for

other rotational shifting cultivation farmers.

Materials and methods

The study site

The village of Haui Tee Cha, Sob Moei District, Mae Hong Son Province is located at 19°
78’ N, 93° 84 E, altitude 800 m. This village was established more than 200 years ago.
Good forest cover dominates the village landscape. M. denticulata is a local fallow-
enriching species in this village (Rerkasem et al., 2002). The soil at the study site is an
acidic (pH 4 .83-4.93, 1 :5 soil: distilled w ater) ¢ lay 1 oam ¢ ontaining sand at 33.7%, silt
40.2% and clay 26.1%. The soil contained 0.21-0.29% total nitrogen (Kjeldahl method),
3.00-4.29 mg kg™ available P (Bray II method), 156-196 mg kg™’ extractable K (1 N
NH4OAc, pH 7) and 3.43-3.84% organic matter (Walkley-Black method). The climate of
the study site is tropical monsoonal. Mean seasonal rainfall and maximum-minimum
temperatures for the two sample years (Year one: June 2000-May 2001; Year two: June

2001- May 2002) are given in Table 1.
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Soil and root sampling

In first year, soil and fine root samples (0-20 cm depth} under M. denticulata were
collected from four locations each in dense (4200) and sparse (1000 plants ha™') stands of
M. denticulata in their first year of regeneration from seed. Samples were collected at the
end of the wet (October 2000), cool (February 2001} and hot (May 2001) seasons. In the
second year, comparable soil and root samples were collected seasonally (October 2001 to
May 2002) from four locations each in stands of M. denticulata aged five months, three

and six years.

Evaluation of root colonization

Roots of M. denticulate were washed over a 2 mm sieve under running water. The root
samples were cut into pieces 1-2 c¢m in length, cleared in 10% KOH at121°Cfor15
minutes and rinsed with water on a 90 pm sieve. Cleared roots were stained with 0.05%
trypan blue in lactoglycerol at 121 °C for 15 minutes (Brundrett et al., 1996). Thirty pieces
of fine roots were taken at random from each sample and mounted on microscopic slides

to assess root colonization (McGonigle et al., 1990).

Determination of AM spores

AM spores were separated from 2 x 25 g of each soil sample in the rhizosphere of M.

denticulata by wet sieving through 750, 250, 90, and 53 um mesh sieves. The fractions
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from the 250, 90 and 53 pum sieves were processed separately. Each was centrifuged for
five minutes at 2000 rpm to remove floating debris. The pellet was resuspended in 50%
sucrose with vigorous shaking. The samples were centrifuged for one minute at 2000 rpm
to separate spores from dense soil compartments. After centrifugation, spores in the
supernatant were poured over the finest sieve and washed with water to remove the
sucrose before vacuum filtration on filter paper with gridlines. Spores on filter paper were
kept in Petri dishes. Spores were counted under a stereomicroscope. Different types of
spores were selected to observe under a compound microscope. Identification of AM fungi
was according to morphological characteristics of published AM spore descriptions (e.g.
Schenck and Perez, 1988; INVAM webpages).

In the first year of study, soil and root samples from the rhizosphere of some other
trees (e.g. Cratoxylum formosum Dyer, Dipterocarpus obtusifolius Teysm, Gluta usitata
Hou, Lithocarpus elegansi Hatus ex Soepadmo and Xylia xylacarpa Taub.) in the same

area of study were also collected to evaluate spore density.

Preliminary experiment for the effect of indigenous soil inoculum on the host plant

To assess the potential of soil inoculum to improve the growth of M. denticulata, a pot
trial was undertaken consisting of three treatments (soil inoculum from the rhizosphere at
the village of Haui Tee Cha gollected when?, soil pasteurized with steam for four hours,
non-inoculated) each with three replicate pots. The soilinoculuni contained blabla spores
perg soil The pot soil was an upland soil from Chiang Mai in which no M. denticulata
was growing and was steamed for four hours. It had a pH of 5.9 (in water) and sandy loam

texture (sand 57.5%, silt 24.0% and clay 18.5%). The soil contained 0.09% total N
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(Kjedah! method), 4.10 mg kg™’ available P (Bray II method), 53 mg kg™’ extractable K Qa
N NH4OAc, pH 7) and 1.87% organic matter (Walkley-Black method). Seeds of M.
denticulata from the village of Haui Tee Cha were surface sterilized in 1.2% sodium
hypochloride for five minutes, washed with sterile water twice and sown in a seedling tray
containing the pasteurized soil. After one month (2 cm tall, with three leaves), one
seedling was transplanted into each pot. The pots (20 cm top diameter, 12 cm bottom
diameter and 18 cm depth containing 4 kg air dry soil) were placed in the open at Chiang
Mai University, Chiang Mai, Thailand. Thirty grams of soil inoculum was applied to the
bottom of the planting hole before transplanting. Two weeks after transplanting, nitrogen
fertilizer (urea) at 50 mg N kg™ soil was split applied in three equal weekly doses to every
pot for three weeks and, similarly, potassium chloride at 50 mg K kg™ soil in five equal
weekly doses. The experiment was harvested three months after transplanting. Prior to
harvest, shoot height was recorded for each plant. Shoots were separated from roots at the
soil surface and dried at 70 °C for three days to constant weight. Roots were sampled by
coring (3 cm diameter) twice in each pot from the soil surface to the bottom of the pot,
mid-way between the stem and the pot wall. Roots in one of the soil cores were washed
and dried at 70 °C for three days to calculate root dry weight. Soil from the second soil

core was assessed for spore density and AM fungal colonization of roots.

Pot experiment for the effect of indigenous soil inoculum and fertilizer on the host plant

The experiment was a full factorial with soil inoculation (soil inoculum from rhizosphere
of M. denticulata from a shifting cultivation plot at the village of Haui Tee Cha, and non-

inoculation), two levels of N (urea at 0 and 50 mg N kg™’ soil), and two levels of P
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(superphosphate at 0 and 50 mg P kg’ soil) with four replications. Give Soure

inoculum — was it same as in first experiment and give The soil inoculum contained blab
la spores per g soil The same soil as in the preliminary study was used, but was acidified
with Al(SO4),.18H;0 at the rate of 1 g kg™’ soil before steam pasteurization. After
pasteurization, the soil pH was 4.9 (1:5 in water), thus similar to the field soil in Huai Tee
Cha. Three month-old seedlings (4-5 cm tall, with 4 leaves) of M. denticulate, that were
prepared in the same way as in the preliminary experiment, were transplanted into well
drained clay pots (30 cm top diameter, 23 cm bottom diameter and 27 cm depth)
containing 17 kg pasteurized soil with 50 g of indigenous soil inoculum in the bottom of
the planting hole (inoculated treatment). The N and P treatments were applied weekly in
five weekly doses, beginning two weeks from ftransplanting. Each pot received a basal
treatment of potassium chloride at the rate of 50 mg K kg™ in ten equal weekly doses. The
pots were placed in a greenhouse at Chiang Mai University. At four months, plant height
was measured in all pots and the experiment was harvested with shoot and root samples
treated in the same way as in the preliminary e xperiment. A n ¢ xception w as that there

were four soil cores instead of two, from which two were used to estimate root dry weight

and two for determination of root colonization and spore density. AT AN SHOOL

Statistical analysis
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Statistical tests were performed with SPSS software version 10.0. The data were analyzed
by analysis of variance (ANOVA) to test the effect of the factors or treatments. Duncan’s
Multiple Range Test (P < 0.05) was used to compare means. Was any transformation of

the data required?

Results and discussion

AM fungi from the rhizosphere of M. denticulata ar the village of Haui Tee Cha in

Northern Thailand

AM colonization of M. denticulata fine roots or spore density of the fungi in the
rhizosphere of young M. denticulata plants did not differ with host stand density.
However, root colonization and spore density of AM fungi varied greatly with the season
(P < 0.001), with the highest r oot ¢ olonization and spore density at the end of the wet
season and the lowest at the end of the hot season (Figure 1). The density of AM spores in
the rhizosphere was higher in M. denticulata than in other tree species in the same area
(Table 2). In the second year of study, percent root colonization was slightly less at the
end of the wet season in five month-old trees, but the difference disappeared in older trees

(Figure 2a). Age of M. denticulata did not significantly affect spore density of AM fungi.

This is similar to observations by Jaypatie check spelling as different from the references
and Waidyanatha (1982) on rubber (Hevea). Spore densities at the end of the wet season
were about twice as high as at the end of the cool or hot seasons (Figure 2b). Soil moisture

and temperature in the wet season may be more suitable for spore production of AM fungi

in the rhizosphere of M. denticulata. Schenck and Smith (1982) determined the efficacy of
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AM fungi at soil temperature ranging from 18 to 41 °C and found that maximum
colonization, sporulation and growth enhancement in soybean was at 30 °C.

Root colonization of young M. denticuiata plants in the first year of the study was
only slightty different from the young plants in the second year of the study. Means of root
colonization in the first year were 81.5, 74.6 and 63.5%, and those in the second year were
79.9, 76.2 and 68.7% at the end of the wet, cool and hot seasons, respectively. Results
from both years showed a similar trend in decreasing from the wet to the hot seasons.

Twenty-nine species of AM fungi were recorded from the rhizosphere of M.
denticulata. Based on morphology, they were placed in six genera: Acaulospora,
Archaeospora, Gigaspora, Glomus, Paragiomus and Scutellospora (Table 3).
Acaulospora elegans Trappe & Gerdemann and Glomus multicaule Gerdemann & Bakshi
were the most frequent species, occurring in most samples. The diversity of AM fung
associated with M. denticulata in the area of study was high compared with some other
trees elsewhere. For example, 11 AM fungi were found in the rhizosphere of rubber
(Hevea), Sri Lanka (Jayaratng and Waidyanatha, 1982); 14 AM fungi in bamboo forest,
Taiwan (Wu and Chen, 1986); and 28 AM fungi in a Fucalyptus plantation, South China

(Chen et al., 1998).

Effect of soil inoculation on the host plant

In the preliminary experiment, inoculation with fresh soil markedly (P < 0.01) increased

height and dry weight of M. denticulata, root colonization and spore density of AM fungi.

Pasteurized soil and non-inoculation treatments were similar and stunted (Table 4).

10
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Because of the confirmed soil microbial response, the main experiment was undertaken
without a pasteurized soil control.

In the main pot experiment, there were interactions between the effect of soil
inoculation, and N and P fertilization on plant height, shoot and root dry weights. The
largest response to inoculation occurred when N was applied without P. Without AM
inoculation, N and P fertilizer application, plant height and dry weight of M. denticulata
were clearly depressed by N and P deficiency (Table 5). Applying N or P alone did not
increase plant growth, nor did application of the soil inoculum in the absence of the
fertilizers. Plant height and dry weight were increased significantly with N application, in
combination with either P fertilizer or AM inoculation. The effect of AM incculation was
very small when the N and P fertilizers were applied together.

Shoot N, P and K contents of the host plant were significantly affected by soil
inoculation, and N and P applications (Table 6). Soil inoculum increased the nutrient
content of all treatments. In uninoculated treatments, the N contents of the host plants
were depressed to a similar extent in all treatments except where both N and P were
applied. Further, the shoot P contents were very low in uninoculated plants not supplied
with P fertilizer. By contrast, in inoculated soil treatments, applying only N fertilizer
significantly increased shoot N, P and K contents. Thus, though the soil was deficient in
both P and N for growth of nonmycorrhizal plants, it appears that the AM fungi were more
efficient in accessing and supplying P from soil reserves than N to the host plant.

Root colonization and spore density were significantly affected by soil inoculation,
and N and P fertilizer (P < 0.05). The highest root colonization and spore density occurred
in plants without N and P (Figure 3). Application of both N and P reduced root
colonization and spore density but not when they were applied separately. Many workers

have shown that application of high rates of P can suppress root colonization by AM
11
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fungi (e.g. Kucey and Paul, 1983; Khaliq and Sanders, 2000 and Valentine et al., 2001).
However, N additions have been reported to both stimulate and suppress root colonization
(Sylvia and Neal, 1990). Further, Chamber check correct spelling et al. (1980) reported

that both NH," and NO;™~ depressed AM colonization of Trifolium subterraneum 1oots.

Relevance of findings for hill farmers

In the shifting cultivation area at the village of Haui Tee Cha in Northern Thailand,
Yimyam et al. (in press) reported that, at the end of seven years of fallow regeneration,
above ground biomass of dense stands of M. denticulata was about 22.2 t ha™' and sparse

stands of M. denticulata was about 9.4 t ha™'. The grain yield of upland rice in plots after

dense stands of M. denticulata was about three times higher than in plots after sparse

the above-ground N in the fallow would have been lost with burning by Karen farmers,
most of the P, K and some other nutrients could be assumed to remain in the ash. In this
study, we found that root colonization and spore density of AM fungi in the rhizosphere of
M. denticulata in dense and sparse stands of M. denticulata were not significantly
different. However, regardless of stand density, the AM fungi in the rhizosphere o f M.
denticulata could improve growth and nutrient contents of the host plant. Therefore, dense
stands o f M. denticulata would accumulate more biomass and nutrient content per area

than sparse stands of M. denticulata.  The pot trial suggests that, even though M

12
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denticulata is a colonizer species, it is highly dependent on AM fungi for rapid growth on
soils that are low in available P.

This study has shown that M. denticulate, in the shifting cultivation area of the
village of Haui Tee Cha in Northern Thailand, had a high diversity and e xtensive root
colonization of AM fungi. Further, the AM fungi in soil inoculum improved the growth
and nutrient accurnulation of M. denticulata. Since AM fungi may have a broad host
range, some of the species that were associated with M. denticulata are likely to form
effective associations with upland rice. Work is continuing to determine the contribution
of these fungi to the sustainability of nutrient cycling in rotational shifting cultivation in

the region.
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Table 1. Means of rainfall and maximum-minimum temperatures for the wet (June-

October), cool (November-February) and hot seasons (March-May) in 2000 to 2002.

Seasons Rainfall (mm) Temperature (°C)
1% year 2" year 1* year 2" year
Wet 172.6 188.4 31.7-23.3 31.8-23.2
Cool 0.4 16.2 32.8-15.0 32.3-14.8
Hot 73.7 86.9 35.6-20.8 36.7-19.0

Data from Mae Sariang Station of the Northern Meteorological Center about 15 km from

the study area

Table 2. Spore density of AM fungi associated with common tree species in the area of

study at the end of the cool season.

Tree species Family Spore density (spores g soil)
Cratoxylum formosum Dyer Hypericarpaceae 2
Dipterocarpus obtusifolius Teijsm Dipterocarpaceae 1

Gluta usitata (Wall.) Hou Anacardiaceae 2

Lithocarpus elegans Hatus. Ex Soepadmo  Fagaceae 3

Macaranga denticulata Muell, Arg. Euphorbiaceae 19

Xylia xylocarpa Taub. Leguminosae 3

17
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Table 3. AM fungi associated with M. denticulata in the area of study.

Genus Number of species  Relative frequency of each genus found
Acaulospora 6 ++4+++

Archaeospora 1 +

Gigaspora 2 + 4+

Glomus 17 +++++

Paraglomus 1 +

Scutellospora 2 +4++

+, rarely; + + +, moderately; and + + + + +, frequently found

Table 4. Effect of soil inoculation of the preliminary study on growth of M. denticulata

and AM fungi.

Treatment Height Plant dry wt AM colonization Spore density
(cm) &) (%) (spores g soil)
Live soil inoculum 90a 536a 53.87a 2131 a
Pasteurized soil inoculum 4.2b 0.12b 1.59b 045b
Non-inoculated 320 0.12b 2.78b 03b

Numbers in the same column followed by different letters are significantly different by

Duncan’s Multiple Range Test (P < (.05).
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Table 5. Effect of inoculation and fertilization on height, shoot and root dry weight o f

seven month-old M. denticulata seedlings.

Treatment Height (cm) Shoot dry weight (g) Root dry weight (g)
MONOPO 15.38d 3.93d 3.55¢
MONOP50 25.25¢d 9.47cd 8.67c
MONS0PO 16.00d 5.37d 3.65¢
MONSOP50 42.38b 26.96b 20.66b
MINOPO 21.75¢cd 11.43cd 7.05¢
MINOP50 26.50c 16.52¢ 9.44c
MIN50PO 53.50a 46.26a 30.5%a
MINS50P50 46.88ab 40.64a 27.57ab
Analysis of variance

M * oAk ok k Ak

N okok Hokk *kk

P > *¥ *
MxN *k *kk ok
MxP ok %k %%k a* %
NxP ns ns ns
MxNxP *%k ek *

MO, non-inoculated; M1, inoculated with soil containing AM fungi; NO, no added N; N50,

50 mg N kg™ soil; PO, no added P; P50, 50 mg P kg ™' soil. Means in the same column

followed by different letters are significantly different by Duncan’s Multiple Range Test.

*, k* ekx significant at P < 0.05, 0.01, 0.001 respectively; ns, not significant.
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Table 6. Effect of inoculation and fertilization on shoot N, P and K contents of seven

month-old M. denticulata seedlings.

Treatment Shoot content (mg plant™)

N P K
MONOPO 42.97e 6.87d 44.06d
MONOP50 92.92de 19.60cd 110.46¢cd
MONS0PO 59.96e 8.86d 59.31d
MON50PS50 258.50b 35.90ab 244.66b
MINOPO 114.33cd 18.84cd 107.22¢d
MINOP50 151.33¢ 31.98bc 161.00c
MIN50PO 375.47a 46.34ab 357.98a
MIN50P50 394.44a 49.65a 271.32b
Analysis of variance
M ek ok e e ke % &k
N * k¥ Xk *k ¥
P ek ok Aok *k
MxN ki ns ok
MxP *¥ ns *wk
NxP * ns ns
MxNxP *x ns *

MO, non-inoculated; M1, inoculated with soil containing AM fungi; NG, no added N; N50,

50 mg N kg™’ soil; PO, no added P; P50, 50 mg P kg™' soil. Means in the same column

followed by different letters are significantly different by Duncan’s Multiple Range Test.

¥, wx ¥Exsignificant at P<0.05, 0.01, 0.001 respectively; ns, not significant.
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Distribution and structure of protein and phytin bodies relating to mineral nutrient
contents in seed of four rice genotypes
C. PROM-U-THAI', B. DELL?, G. THOMSON?, B. RERKASEM'
!Department of Agronomy Faculty of Agriculture, Chiang Mai University, Chiang
Mai 50200, Thailand, *School of Biological Sciences and Biotechnology, Murdoch
University, Perth 6150, Australia

Received:
As the nutrient intake of many people is dependent on rice as.their staple food, we
investigated the histochemistry, ultrastructure and elemental composition of storage
protein bodies in four rice genotypes, selected because of differences in their seed Fe
content. Grain was harvested from paddy rice grown in a uniform environment in Chiang
Mai, northern Thailand. In thin sections, endosperm cells of all genotypes had about a
quarter of the number of protein bodies than cells in the embryo and aleurone layer.
Protein bodies were spherical, rod-shaped or irregular in outline and diameters ranged
from <1 to 4 um. The relative distribution and density of protein bodies were similar for
the four genotypes. Some of the protein bodies in the non-endospermic part of the seed
contained crystalline inclusions. From their histochemistry and FEGTEM-EDX-analysis,
showing enrichment in P, Mg, K, Mn, Fe, and Zn, it was concluded that the inclusions
were phytin bodies. The phytin bodies ranged from <1 to 2 um in diametér; and were
round, oval or irregular in shape. Phytin bodies were more abundant in the embryo and
aleurone layer of the high Fe (IR68144, CMU122) than the low.Fc genotypes (KDML105,

UBON2). Seed with more abundant phytin bodies also contained higher concentrations of

Cu, Mn, Mg, K and P.
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INTRODUCTION
Rice is the staple food of most people in Asia, providing organic and inorganic nutrients
that are essential for the human diet. Protein bodies in rice are synthesized during seed
development (Tanaka et al., 1973; Ogawa et al., 1975; Zakana et al., 2000). At seed
maturity, the cereal grain contains two main types of protein bodies, those with and those
without crystalline inclusions. The distribution of protein bodies is generally not unirorm
across the whole grain. For gxample, protein bodies with crystalline inclusions are
common in aleurone cells of rice (Hams and Juliano, 1977; Tanaka et al., 1980; Ogawa et
al., 1987) and sorghum (Balz, 1966; Spichiger, 1969) but are usually absent from much of
the endosperm of rice (Harris and Juliano, 1977; Bechtel and Pomeranz, 1978; Bechtel
and Juliano, 1980). The crystalline inclusions are called phytin bociies by many researcher
because they contain phytin, a salt of myo-inositol hexaphosphoric acid (Ashton and
Williams, 1958; Ogawa et al., 1975). Phytin is usually associated with a wide range of
minerals including Ca, Zn, Fe and Mg (Lolas and Markakis, 1975; Bassiri and
Nahapetian, 1977). Most studies on protein and phytin bodies in rice have focussed on
either the aleurone layer (Ogawa et al., 1975) or the endosperm (Harris and Juliano, 1977,
Bechtel and Juliano, 1980; Tanaka et al., 1980). However, the embryo is an important
source of protein and minerals for human nutrition and for the growth of rice seedlings.
Furthermore, there is no comparative information on protein bodies across rice genotypes.
Hence, this paper documents the type and distribution of storage protein bodies in seed
from four rice genotypes which differ in their seed Fe content (Prom-u-thai and Rerkasem,

2001). As protein content may vary with environmental conditions during plant growth
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(Prida and Mitra, 1989), the seeds used in this experiment were harvested from plants

grown concurrently in one uniform field.

MATERIALS AND METHODS

Plant materials

Seed of rice (Oryza sativa); with high Fe (Table 1) content (IR68144, an improved
genotype from IRRI in the Philippines; and CMU122, an upland Thai genotype) and low
Fe content (KDMLI105, a popular Thai genotype; and Ubon2, a newly released Thai
genotype) were harvested from paddy plants grown in the same season on a sandy loam
(San Sai soil) at Chiang Mai’ University, Thailand (18° 48’ N; 98° 59° E). Nitrogen
concentration of brown rice, separated into embryo and endosperm segments, was
determined colourimetricaly after Kjeldahl digestion (Yoshida et al, 1976). Other
elements were measured by ICP (VISTA Simultaneous ICP-AES Spectrometer, Varian)

after microwave digestion (Huang et al., 2003) using nitric acid (Zarcinas et al, 1987).

Microscopy

For histochemistry, seeds were imbibed for 4-5 hours in distilled water, the
embryo third removed with a teflon blade and fixed in 3% gluteraldehyde in 0.025 M
phosphate buffer, pH 7, at 4 °C overnight. The samples were processed into glycol
methacrylate (Pro Sci Tech, Australia) resin (Feder and O'Brien 1968), and sections (2 p
m, Fig.1 - plane of sectioning) were stained for phytin (toluidine blue O - C.I. 52040),
protein (amido black 10B - C.I. 20470), and starch and carbohydrate (Periodic
Acid/Schiff’s reactiorb (Feder and O'Brien, 1968).

For ultrastructural studies, seeds were imbibed as for light microscopy, and tissues

of the embryo/scutellum region were fixed in 3% gluteraldehyde in 0.1 M HEPES buffer,
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pH 7, at 4 °C overnight. The specimens were dehydrated in acetone and embedded in
Spurr’s resin. Sections (90-150 nm) were stained with 0.1% aqueous lead citrate
(Venable and Coggeshall, 1965) and saturated aqueous uranyl acetate (Millonig, 1976)
and examined in a Philips CM100 transmission electron microscope at 80 kV. For EDX
analysis, the specimens were processed as for normal TEM. Thick sections (150-190 nm)
were placed on formvar-coated titanium grids (Polaron). Grids were mounted on a Gatan
double-tilt low-background (Beryllium cup) specimen holder to minimise interference
from the holder. EDX analysis was carried out by an Oxford Instruments INCA Energy
200 EDX system (ATW window, take-off angle 23% on a JEOL-3000F Field Emission
Gun Transmission Electron Microscope (FEGTEM) at 100 kV. In each case, the eléctron
probe was defocussed to cover an area approximately half the size of the protein body
(over the crystalline inclusions when present) in cells of the embryo. All spectra of macro
and micro-elements were collected for 100 s live time at an acquisition rate of 2-4,000
cps. EDX data were also obtained from control areas without protein bodies in the resin,

cell wall and cytoplasm.

RESULTS
Histochemistry
Protein bodies were abundant in the embryo (coleorhiza, coleoptile, embryonic axis,
scutellum) and aleurone layer, but were scarce in the endochnn (Fig. 2 A, C, E). As for
seed N concentration, the pattern of distribution of protein bodies and their relative
abundance did not differ with rice genotype (Tables 1 & 2).
Toluidine bluc—positix;e phytin bodies were observed in the embryo (mostly in the

embryonic axis and scutellum) and aleurone layer but were absent from the endosperm
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(Fig. 2 B, D, F). The low Fe genotypes, KDML105 and UBON2, had visibly less phytin
bodies than the high Fe genotypes, IR68144 and CMU122 (Table 1, Fig. 3).

Comparison of the distribution of protein and phytin bodies in adjacent sections of
the same cells showed that not all protein bodies contained phytin bodies as inclusions.
Protein bodies without inclusions were present in the coleoptile and coleorhiza but they

also occurred at low frequency in other tissues including the endosperm.

Ultrastructure and EDX analysis

Under the transmission electron microscope, profein bodies varied in shape from
amorphous to spheres and rods (Fig. 4). They occurred in small groups (1-3 units) or in
larger clusters (Fig. 4A). The protein bodies ranged in diameter from < 1 to 4 um in
diameter, depending on cell type. The larger protein bodies occurred in the embryo axis
(Fig. 4A, B, C) and the smaller protein bodies were in the aleurone layer (Fig. 4E) and
scutellum (Fig. 4D). Crystalline inclusions were present in some protein bodies (Fig. 4F).
The crystalline inclusions ranged from <1 to 2 um in diameter and varied in shape (round,
oval and irregular).

From EDX analysis, protein bodies with crystalline inclusions were rich in
macronutrients, especially P, Mg and K, and some also contained Mn, Fe, and Zn (Fig. 5).
There was considerable variation in the micronutrient composition of protein bodies
within the same cell and across cell types. For example, some protein bodies had high
levels of Mn whereas others had high levels of Fe (data not- presented). Also, large
protein bodies appeared to contaix less macro- and micronutrient reserves than small
protein bodies. Areas in the same celis, away from protein bodies, lacked signals for these

elements as did the resin without cells.
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DISCUSSION

The protein bodies of the four rice genotypes were more concentrated in the embryo and
aleurone regions than in the endosperm. Although the density of protein bodies differed
with seed part, it was not genotype dependent. Seed of the four genotypes had similar N
contents and similar relative abundance of protein bodies in thin sections. Previous
investigations on protein bodies in rice have emphasised the endosperm and aleurone
layer (Harms and Juliano, 1977; Bechtel and Juliano, 1980; Tanaka ct.‘al., 1980; Ogawa et
al., 1987). In the endosperm, differences in seed protein content were related to the
number of protein bodies (del Rosario et al., 1968; Juliano et al., 1973), and protein bodies
were more concentrated (del Rosario et al., 1968) and more diverse in their morphology
(Harris and Juliano, 1977; Bechtel and Pomeranz, 1975) in the peripheral than the central
endosperm cells. The protein bodies in our study were similar in size to the protein bodies
in the endosperm of several other rice genotypes (Harris and Juliano, 1977).

For other cereals, protein bodies have been studied in greater detail. For example,
Campbell et al. (1981) showed that protein bodies of wheat endosperm are largely
spherical and occurr in a wide range of sizes up to 30 um in diameter, though small and
numerous protein bodies may occur in the epithelial tissue (Fulcher et al., 1972). In other
parts of the seed, protein bodies are uniform in size in the aleurone layer whereas in the
scutellum they decrease in size towards the scutellar node (Swift and O’Brien, 1971).

Using histochemistry (toluidine blue O), most protein bodies in the embryo and
aleurone layer contained phytin. Phytin was confirmed by EDX‘ analysis of the associated |
macro and micronutrients in the 'crystalline inclusions. In polished rice (embryo
removed), phytin particles have been isolated from the aleurone layer (Ogawa et al., 1975)

with dextran-polyethylene glycol and observed by both scanning and transmission



nawuoan 2.2

electron microscopy (Tanaka et al., 1973). Over 90% of the isolated phytin particles
consisted of phytic acid, K and Mg (Ogawa et al., 1975). Other minerals, including Ca,
Mn, Fe and Cu, were present in rather small amounts. The same laboratory, using TEM
and EDX-analysis, detected phytin in protein bodies in the scutellum and aleurone layer of
rice seed (Tanaka et al.,, 1977). Phytin has been observed previously in some protein
bodies in rice endosperm (Tanaka et al., 1980, Ogawa et al., 1987) but not in all studies
(Tanaka et al., 1977). Phytin has been detected in the aleurone layer of b—arlcy (Jacobsen
et al, 1971) and sorghum (Adams and Novellie, 1975), and is probably universally
present in this tissue in all members of the food Gramineae (O’ Dell et al, 1972).
Furthermore, phytin has been reported in the scutelivm of a number of cereals, including
wheat (Swift and O’Brien, 1971).

The light microscope study showed that the relative distribution of phytin bodies
differed with rice genotype. The high Fe genotypes (IR68144 and CMU122) had more
phytin bodies than the low Fe genotypes (KDML105 and UBON?2), especially in the
embryo where the Fe is more concentrated. This suggests an association between Fe
storage and the distribution of phytin bodies in the seed that is independent of the number
of protein bodies. However, the high Fe genotypes also had higher concentrations of some
other elements, notably Cu, Mn, Mg, K and P in the embryo portion (Table 1). This is to
be expected if the majority of the Fe is associated with phytin and does not accumulate as
a metalloprotein such as ferritin. |

During polishing into white rice, most of the embryo aild aleurone layer is lost.
Hence much of the phytin and mineral nutrient content, including Fe, is lost in milling.
From a human nutrition point of vicv;r, the association of minerals with phytin is

unfortunate as phytin inhibits the bioavailability of some micronutrients in the digestive
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tract (Lolas and Markakis, 1975; Bassiri and Nahapetian, 1977). Work is in progress to
further localize the distribution of Fe and other minerals in these rice genotypes. We are
particularly interested in those genotypes where mineral accumulation is not phytin
dependent. This information is needed to enable breeders to select for traits that may help

to increase the mineral intake of people who depend on rice as their staple food.
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Fig. 1 Light micrograph of median longitudinal section of a rice sced showing location
of tissuc where the phytin and protein bodies were investigated, em; embryonic axis, sc; |

scuteflum, cp; coleoptile, cr; coleorhiza, en; endosperm, al; aleurone layer.

Table 1 The iron andnitrogen concentration in embryo and endosperm in brown rice of

four genotypes
Genotype Embryo (including aleurone layer Endosperm

and scutellum) (including aleurone layer)

Fe (mg Fe/kg) N (%) Fe (u Fe/kg) N (%)

IR68144 422108 2640405 176 £0.5 1.8+0C
CMU122 444+£36 3.0+0.04 127+0.7 14+0.14
KDML105 21.7+06 2.7+0.05 83402 1.4£0.06
UBON2 199418 29£0.02 82406 1.5+0.04

Mean % nitrogen and Fe concentration + SE
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Fig. 2 Light micrograph of KDML105 seed, showing the distribution and abundance of
storage protein (A, C, E — thin arrows) and phytin bodies (B, D, F — thick arrows). A, B
region shown in Fig. 1; C, D — detail of embryonic cell; E, F — detail of aleurone layer. A, C,
E stained with amido black 10B, B, D, F stained with toluidine blue. |

Scale bar A, B, =50 um,C, D, E, F =20 ym.
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Table 2 Relative distribution of storage protein and phytin bodies in three regions of the

seed of four rice genotypes
Cultivar Protein bodies Phytin-like bodies
Endosperm Embryo® Aleurone Endosperm Embryo Aleurone
IR68144 +T +4+++ H+++ ) +++ +++
CMU122 + ++++ ++ 4+ + 0 ++ + +++
KDML105 + + + ++ ++++ 0 ++ ++
UBON2 ++++  ++++ 0 + + ++

1) 0=0,+=1-10,++=11-20,++ +=21-30, + + + + => 30 bodies per section

of the cells
2) ‘Embryenic axis cells
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Fig, 3 Light micrographs of rice seed showing the distribution and density of phytin bodils.
(arrows) detected by toluidine blue in embryonic cells (1A, 1B, 1C) and aleurone cells (2A,
2B, 2C) of three genotypes; IR68144 (A), CMU122 (B): high distribution and UBON2 (C):
the low density of phytin bodies.

Scale bar =20 gm.
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Fig 4.Electron micrographs of rice seed, showing the ultra structure of protein bodies (Pb;
arrow) and phytin bodies (Ph). In embryonic cell, protein bodies without ebvious inclusion
(A — C) occur in larger or small cluster (A) and are spherical (A, B) or amorphous (C). Small
protein bodies occur in the scuteltum (D) and aleurone layer (E). Protein bodics with phytin-
like inclusion in embryonic cell (E).

Genotype; A, C, F=IR68144, B = UBON2, D, E = CMU122

Scale bar; A= 5 pm, B,C, D=2 ym, E=200nm, F= 1 pm
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Fig. 5 Electron micrographs of protein bodies (A, B; arrow) in embryonic cell with phytin
inclusion of IR68144 (A) and EDX-analysis spectrum from A (macronutrient; Al and

micronutrient; A2), Protein bodies without phytin inclusion of KDML105 (B) and EDX-
analysis spectrum from B have no minerals showing in the spectrum (macronutrient; Bl a

micronutrient; B2).
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Abstract

Boron (B) deficiency affect to seedling vigor of mungbean, black gram (Vigna
mungo (L.) Hepper) and green gram (Vigna radiata (L.} Wilczek) and it affect to seed
yield o fblack gram. Using B efficient genotypes can alleviate boron deficiency in
mungbean. The aims of this study were to evaluate responses to B in black gram
(Vigna mungo (L.) Hepper) and green gram (Vigna radiata (L.) Wilczek) genotypes,
to determine the range of B efficiency in the two species and to identify germplasm
for a breeding program to improve B efficiency. Sixteen genotypes of black gram
(BG) and 26 genotypes of green gram (GG) were screened for B efficiency in sand
culture without added B by scoring symptoms in 3 weeks old seedlings. In black
gram, 81.3% of the genotypes were rated as inefficient, 12.5% as moderately
inefficient and one genotype (M1) was identified as efficient. In green gram, no
genotypes were rated as inefficient, 58% were rated as moderately inefficient and
42% as moderately efficient. Six mungbean genotypes: M1 (BG: efficient), Regur
(BG: inefficient), CPI79563 (BG: inefficient), KPS1 (GG: moderately efficient),

VC2755 (GG: moderately efficient), VC1163 (GG: moderately inefficient) were
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selected from the first screening and evaluated in sand culture with 4 levels of applied
B: 0, 0.5, 3 and 5 uM (designated as B0, B0.5, B3, and BS5, respectively). In B0, seed
yield of Regur, CPI79563 and VCI1163 were depressed by B deficiency but MI,
KPS1 and VC2755 were unaffected. Seed yield of M1, KPS1 and VC275, however,
were limited when grown in high B (3 pM B for M1; 5 uM B for KPS1 and
VC2755). The results suggest that B-efficient mungbean genotypes can be readily
identified by screening growth of three weeks old seedlings in sand culture without
added B. The M1 (black gram), KPSl and VC2755 (green gram) genotypes were
apparently B-efficient genotypes and could be used on low B soil and in breeding for

increasing the B efficiency of mungbean.

Key words: Boron deficiency, Boron efficiency, Black gram, Genotypic variation,

Green gram, Mung bean

Introduction

Soils with low available-B are widespread (Sillanpaa, 1982) and extensive areas
of low B soil have been identified in northern Thailand (Rerkasem et al., 1989).
Boron deficiency enhanced abnormal seedlings (Rerkasem et al.,1990) and depressed
seed yield of black gram and green gram in northern Thailand (Predisripipat, 1988).
Boron deficiency could be alleviated by applying B fertilizer but the availability of B
fertilizer depends on many factors such as soil pH, soil texture (Goldberg, 1997), soil
and air temperature (Forno et al., 1979). Alternatively, B-efficient genotypes could be

used on these problem soils.
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Some genetic variation in B efficiency was found in green gram and black gram
genotypes, although most green gram lines were not as sensitive to B deficiency as
black gram (Rerkasem, 1990). However, some genotypes of green gram were
moderately sensitive to B deficiency and some genotypes of black gram were
moderately tolerant to low soil B. A suitable and rapid screening method is needed to
identify B-efficient germplasm for a breeding program for mungbean in northern
Thailand. If the prevalence of abnormal seedling growth in low B is related to seed
yield in low B, than seedlings could be used to screen for B efficiency. The objectives
of this study were to evaluate responses to B deficiency in green gram and black gram
germplasm and determine the range of B efficiency in the two species at both the
seedling stage and at maturity. The aim was to evaluate the effectiveness of a
potential screening method that could identify B-efficient genotypes early in seedling

growth.

Materials and methods

Experiment I: Sand culture screening of seedlings

Sixteen genotypes of black gram and twenty-six genotypes of green gram
were multiplied at Agronomy Department Faculty of Agriculture Chiang Mai
University then all genotypes were screened for B efficiency in sand culture. The
screening was conducted in trays (0.45 m wide, 0.7 m long and 0.35 m deep)
contamning washed river quartz sand. Before sowing, the B concentration of each

genotype was determined using the Azomethine — H procedure (Lohse, 1982) after
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dry ashing . Twenty-four seeds of each genotype were sown separately in 0.4 m rows.
There are were 12 rows per tray. Check varieties with known B efficiency, Regur
(black gram: inefficient Predisripipat, 1988) and KPS1 (green gram: moderately
efficient Rerkasem ,1990) were sown in every tray. Two replication trays were tested.

Trays were supplied twice daily with complete nutrient solution without added B. The

nutrient solution, adapted from Broughton and Dilworth {(1971), consisted of (uM):

KNOs, 5000; CaCl, 1000; MgSO4 250; KH,PO4 500; CH,O,Fe 10; KaSO4 250;

MnSQ, 2; ZnSO, 0.5; CuSQ4 0.1; NaMoO; 0.1. At three weeks after sowing,
seedlings were classified into 8 classes {Table 1) according to symptoms of abnormal

apical and leaf growth (after Rekasem at al., 1990).

Experiment 2: The response of six mungbean genotypes to boron

Three black gram (M1, Regur and CPI179563) and three green gram genotypes
(KPS1, VC2755 and VC1163) were chosen from experiment 1 to represent a range of
B efficiency. The seeds of these genotypes were multiplied again at Agronomy
Department. Than seven seeds of each genotype were sown in freely drained,
earthenware pots (0.3 m diameter and 0.3 m deep) containing washed river quartz
sand. Seeds were inoculated with Rhizobium. Pots were supplied twice daily with the
nutrient solution described in experiment 1, but without KNOs, amended with four
levels of B: 0 (B0), 0.5 (B0.5), 3 (B3) and 5 (B5) uM. Boron treatments and
genotypes were arranged in a factorial combination with 3 replications for each of two
harvest times (H1 and H2). At 15 days after sowing seedlings were thinned to 3 plants
per pot. At the R3 stage (H1), total dry matter, root dry matter, nodule dry matter and
B concentration in the youngest fully expanded leaf (YFEL) of each pot were

determined. At maturity (H2), total dry matter, root dry matter, nodule dry matter,
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seed yield, pods per plant, seed per pod, 1000 seed weight and seed B concentration
were determined. Boron concentration in plant tissue was determined as in experiment
1. Data were analysed statistically by analysis of variance. Mean of treatment was
compared by Least Significant Difference (LSD). Correlation coefficient between
characteristics was computed from the mean of two replications in expeniment I and

three replication in experiment 2.

Results

Experiment 1

At three weeks after germination, seedling scores of check varieties, Regur
and KPS1, were 1-2 and 5-6, respectively. Genotypes were classified into 4
categories, namely, inefficient (I: seedling score 1-2), moderately inefficient (MI:
seedling score 3-4), moderately efficient (ME: seedling score 5-6) and efficient (E:
seedling score 7-8). In the black gram, 81.3% of the genotypes (13 genotypes) were
rated as inefficient, 12.5% (2 genotypes) as moderately inefficient and only one
genotype, M1, as efficient. For the green gram, no genotype was rated as inefficient,
57.7% of genotypes (15 genotypes) were rated as moderately in efficient and 42.3%
(11 genotypes) as moderately efficient (Figure 1).

In the black gram population, there was no relationship between seedling score
and seed B concentration but a significant correlation (p<0.01) between seed B
concentration and seedling score was found when the M1 genotype was omitted (r =

0.666: Figure 2 a). In the green gram population, seed B concentration, which ranged
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from 8.06 to 18.02 mg B kg', did not correlate with seedling score

(r=0.353: Figure 2 b).

Experiment 2

Boron concentrations in the YFEL of all genotypes increased with B supply.
At the R3 stage, the B concentration in the YFEL of M1 was higher than in all other
genotypes in B0, but at high B levels (B3 and BS5), the B concentration in the YFEL
of M1 was similar to most of the other genotypes (Table 2). Shoot dry matter of all
genotypes, at the R3 stage, was not affected by B supply. However, at maturity, shoot
dry matter of M1 and the three green gram genotypes was not affected by B
deficiency but that of M1 and KPS1 was depressed in high B (B3 and B5 for M1; BS
for KPS1). Shoot dry matter at maturity of Regur and CPI79563 genotypes was
depressed at BO (Table 3).

Grain yield and pod number of Regur, CPI79563 and VC1163 genotypes were
depressed by B deficiency at low B supply (B0 for Regur and VC1163: B0 and B0.5
for CPI79563) (Table 4). Grain yield and pod number of M1, KPS1 and VC2755
genotypes were not affected by B deficiency but grain vield of these genotypes was
depressed in high B (Table 4). Most of the variation in seed yield in BO could be
explained by changes in pod number per plant (Figure 3).

Seed weight of Regur, CP179563 and VC1163 geﬂotypes was increased by B
deficiency but seed weight of other genotypes was not affected by B levels (Table 5).
In all genotypes except CPI79563 seed B concentration was increased by increasing B
levels (Table 5). Seed B concentration of CP179563 was very high in B0 although

minimal seed was actually produced.
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Discussion

As in previous studies (Rerkasem, 1990), we have found evidence in genetic
variation of B efficiency in black gram and green gram genotypes. However, whereas
previous reports emphasized the relative B efficiency of green gram and the
inefficiency of black gram, the most efficient genotype in the two experiments was
the black gram, M1. This suggest highly B efficient germplasm exists in both species
and that selection for B efficiency could readily identify superior germplasm for the
low B soils in North and North East Thailand (Rattanarat et al., 1994; Rerkasem,
1994). In addition to M1, two green gram genotypes (KPS1, VC2755) were rated as B
efficient. The efficient genotypes might be sensitive to B toxicity because grain yield
of these genotypes was depressed in high B. Therefore, these B-efficient genotypes
should not be planted in areas with high soil B. Boron deficiency particularly limited
processes related to pod setting in inefficient genotypes. It was shown previously that
B deficiency reduces grain yield by reduces number of pod per plant.

In this study the seedling score from experiment 1 and seed yield in low B
solution in experiment 2 were closely correlated (Figure 4). The genotypes which
produced normal seedlings in low B also produced high grain yield in low B. The
efficient and moderately efficient genotypes from experiment 1 were not affected by
B deficiency in experiment 2. Therefore, screening for B efficiency based on visual
symptoms in seedlings, 3 weeks after germination in low B sand culture appears to be
effective in identifying B-efficient mungbeans. However, the screening method has to
consider in seed B concentration because low B concentration in black gram seed

depresses vigor of seedling (Rerkasem et al., 1990).
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Table 1. Scoring criteria for mungbean seedlings at 3 weeks after germination

Symptom Score
Apical necrosis and plant mortality within 3 weeks from germination 1
Apical necrosis and main shoot missing above the unifoliate leaves 2
Main shoot missing above the first trifoliate leaf. Trifoliate leaf failsto 3

extend, misshapen

Main shoot missing above the first trifoliate leaf. Trifoliate leaf fully
extended but misshapen

Rosette of leaves above the unifoliate leaves

Second trifoliate leaf misshapen

Third trifoliate leaf misshapen

Normal seedling: 2-3 sets of trifoliate leaves and active apical growth

N

o8 -1 N L
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Table 2. Effect of B supply on B concentration in the YFEL (mg Bkg™ dry wt) at the

R3 growth stage
Genotype Solution B concentration (uM)
0 0.5 3 5
Black gram
M1 16.7aB 269bB 429cB 43.0c BC
Regur 100a A 21.1bB 389¢cB 42.0c ABC
CP179563 83aA 145b A 383¢cB 45.0d BC
Green gram
KPS1 6.4aA 162bA  41.5¢cB 478dC
VC2755 87aA 12.7a A 396bB 4145 AB
VC1163 8.8aA 165bA  288cA  36.1dA
F test G** B** GxB**
LSDy.0s 3.0 2.4 6.0

Values within a row are significantly different (P<0.05) unless followed by the same
lower case letter. Values within a column are significantly different (P<0.05) unless
followed by the same capital letter

B=Boron level, G=genotype, BxG=interaction between B and G
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Table 3. Effect of B supply on shoot dry matter (g pot™) in six mungbean genotypes at

two growth stages
Genotype Solution B concentration (uM) Mean
0 0.5 3 5
R3 stage
Black gram
M1 5.8 6.2 42 3.8 50A
Regur 5.4 11.1 10.4 17.1 11.0B
CPI179563 10.8 16.8 20.4 14.3 156C
Green gram
KPS1 12.9 10.0 13.7 94 11.5B
VC2755 11.8 13.5 15.7 13.0 13.5BC
V(1163 5.2 9.0 © 13.0 13.0 10.1 B
F test B™ G** GxB™
LSDy.0s - 4 -
Seed maturnity
Black gram
Ml 60.1b 292a 125a 164a 295
Regur 309a 41.2 ab 38.0ab 61.5b 429
CPI79563 474 a 89.2b 84.60b 1004 b 80.4
Green gram
KPS1 46.2b 40.2 ab 399ab 18.1a 36.1
V(2755 426a 453 a 5402 - 332a 43.8
VC1163 169 a 40.1a 21.2 a 28.1a 26.6
F test B™ G** BxG**
LSDyg g5 - 13.0 25.9

Values within a row are significantly different (P<0.05) unless followed by the same
lower case letter. Values within a column are significantly different (P<0.05) unless
followed by the same capital letter

B=Boron level, G=genotype, BxG=interaction between B and G
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Table 4. Effect of B supply on relative yield (yield as % of yield in sufficient B) and

relative pod number (pod number as % of pod number in sufficient B) in six

mungbean genotypes

Genotype Solution B concentration (uM)
0 0.5 3 5
Relative yield
Black gram
Ml 90.2ab C 160.0bB 446a A 523 a ABC
Regur 90aA 58.7b AB 100.0b B 91.7b BC
CPI79563 03aA 385aA 86.9bAB 1000bC
Green gram
KPS1 892bC 93.6bB 100.0b B 333aA
VC2755 61.6 ab BC 81.3ab AB 100.0b B 48.5a AB
VCl1163 322a AB 100.0b B 75.6 ab AB 92.0bBC
F test B** G BxG**
LSD0.05 21.9 - 46.6
Relative pod number
Black gram
M1 1000bD 95.2bB 483aA 444a A
Regur 10.0 a AB 63.7b AB 88.6bB 1000bB
CPI79563 03aA 519b A 78.5bc AB 100.0cB
Green gram
KPS1 1000bD 72.1b AB 743 b AB 30.2aA
VC2755 68.6 ab CD 73.3ab AB 100.0bB 495aA
VC1163 42.5aBC 1000bB 69.8 ab AB 87.7bB
F test B* G™ BxG**
LSDyg 05 15.1 - 37.0

Values within a row are significantly different (P<0.05) unless followed by the same

lower case letter. Values within a column are significantly different (P<0.05) unless

followed by the same capital letter.

B=Boron level, G=genotype, BxG=interaction between B and G
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Table 5. Effect of B supply on 1000 seed weight and seed B concentration in six

mungbean genotypes

Genotype Solution B concentration (uM)
0 0.5 3 5
1000 seed weight (g)
Black gram
M1 3448 a 30.65a 33.15a 3594 a
Regur 55.89¢ 40.61b 45.70b 36.62a
CPI79563 3779 ¢ 3276 bc 27.52ab 22.25a
Green gram
KPS1 46.50 a 4949 a 49.12 a 53.71a
V(2755 5424 a 52.52a 51.65a 56.90 a
VC1163 62.56 b 54.25a 59.24 ab 59.23 ab
F test B* G** BxG**
LSDg.0s 3.34 4.09 8.16
Seed B concentration (mg B kg™)
Black gram
Mi 6.2aAB 138bC 180c A 174c A
Regur 49aAB 94bB 176 c A 17.1c A
CPI79563 243dC 46aA 18.1b A 185b AB
Green gram
KPS1 43aA 11.0bB 177¢ A 20.7dBC
VC2755 53aAB 11.0bB 220cB 224c¢C
VC1163 6.9aB 11.1bB 17.2c A 182cA
F test B** G** GxB**
LSDg s 0.96 1.17 2.34

Values within a row are significantly different (P<0.05) unless followed by the same

lower case letter. Values within a column are significantly different (P<0.05) unless

followed by the same capital letter.

B=Boron level, G=genotype, BxG=interaction between B and G
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Figure 1. Seedling scores in green gram and black gram genotypes after three weeks
growth in sand culture without added B.

Seedling score 1-2 = inefficient

Seedling score 3-4 = moderately inefficient

Seedling score 5-6 = moderately efficient

Seedling score 7-8 = efficient

(For detailed criteria for scores see Table 1)

Figure 2. The relationship between seed B concentration and seedling score

in black gram (a} and green gram genotypes (b).

Figure 3. The relationship between relative pod number (pod number in BO as % of
pod number insufficient B) and relative yield (seed vield in BO as % of seed

yield in sufficient B).

Figure 4. The relationship between seedling score form in experiment 1 and relative
yield (seed yield in BO as % of seed yield in sufficient B) from experiment 2

(For detailed criteria for seedling scores see Table 1)
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Figure 3
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Figure 4
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Abstract

There is a wide range of genotypic variation in responses to boron (B}
deficiency and toxicity in wheat. Yield reductions in cultivated area occur because of
either B d eficiency or toxicity. T he relationship between B deficiency and toxicity
responses in wheat is not understood. The objectives of this study were to measure the
responses between B deficiency and toxicity in wheat genotypes and examine
relationship between them. Two experiments, with nine genotypes known to differ in
response to B deficiency (Fang 60, CMU 88-9, SW 41, Bonza) and toxicity (Turkey
1473, BT-Schomburgk, Schomburgk, Tatiara, Kenya Farmer), were undertaken. The
response to B deficiency was evaluated in sand culture with two levels of applied B (0
and 10 pM B) in the nutrient solution. After maturity, grain set index (GSI;
percentage of the 20 basal florets from 10 spikelets with grain), grain weight spike™,
tiller plant” and straw yield were measured. B toxicity response was assessed in
solution culture with three levels of B added (0, 100, 150 mg B L'l). After 12 days,
root and shoot length were measured. Tissue B analysis was conducted to compare B
utilization in Fang 60, Bonza and Turkey 1473 by growing in sand culture with three
B added (0, 10, 50 mg B L") for 21 days.

In low B sand, GSI and grain weight spike™ of all genotypes were depressed,
except in Fang 60 (B-efficient), but tiller plant™ and straw yield were not affected. At
toxic levels B, root and shoot length reduction occurred in all genotypes. The tolerant
genotypes, Turkey 1473 and Bonza, maintained the longest root length. However
shoot length did not differ between genotypes. When grown without added B,
deficiency tolerant Fang 60 did not differ significantly in B concentration in the whole

plant and specific parts including YEB and YEB+1 from deficiency sensitive Bonza



and Turkey 1473. When grown at 50 mg B L™, efficient genotype, Fang 60 had higher
B concentration in all parts than inefficient genotype, Bonza and Turkey 1473. Tissue
B in the three genotypes was closely related to their toxicity response but not their
deficiency response. These results suggested that sensitivity to B toxicity in Fang 60
be due to its tendency ability to accumulate more B in its plant part resulting in more
severity symptom and root length reduction. In contrast, Bonza and Turkey1473
tolerant to B toxicity because they accumulated less B in their tissue.

We are postulating that there may be four types of the relationship between B
deficiency and toxicity responses in wheat genotypes, on the basis of GSI and relative
root length comparisons. The genotypes studied fell into three groups: (1) efficient (E)
genotypes sensitive to high B i.e. Fang 60 (high GSI with short root length), (2)
tolerant genotypes (T) sensitive to low B such as Turkey 1473 and Bonza (long root
length w ith 1ow G SI), and (3} i nefficient genotypes sensitive to high B and low B
such as BT-Schomburgk, Shomburgk, Tatiara, Kenya Farmer, SW 41 and CMU 88-9
(low GSI and short root length). The fourth possible type may be those genotypes that
are tolerant to both B deficiency and toxicity, although none has yet been found so

far.

Keywords: Boron deficiency, Boron toxicity, Wheat
Introduction

Boron (B) is an essential micronutrient for crop growth and there is a narrow range
of deficiency and toxicity for growth (Reisenauer et al., 1973) and the sufficient range
is narrow (Mahalakshmi et al., 1995).

Yield reductions in cultivated area occur because of either boron (B) deficiency or
toxicity. Low B in soils contributes to male sterility in wheat and can depress grain
yield. This problem has been reported in many countries in Asia including Nepal
(Subedi, 1992), India (Tandon and Naqvi, 1992), Bangaladesh (Ahmed and Hossain,
1997), China {Yang, 1992) and Thailand (Rerkasem et al., 1989). The application of
B fertilizer can ameliorate yield loss on low B soils (Rerkasem and Jamjod, 1997b),
but the use of B-efficient genotypes is recommended (Jamjod et al., 2000). High B in

soils causes necrosis and chlorosis of vegetative organs resulting in reduced grain



yield in wheat and also affects the growth at all stages of development as found in
South Australia (Cartwright et al., 1984) and Turkey (Kalayci et al., 1998).

There is a wide range of genotypic variation in responses to B deficiency
(Rerkasem and Jamjod, 1997b) and toxicity (Paull et al. 1991) in wheat. Boron
efficiency is an ability of plant to grow well in soil, which is deficient for standard
genotype. Boron efficiency mechanisms might be due to the ability to acquire B from
soil, the way that B is distributed, and its utilisation within plant, while B tolerance
mechanism is the ability to maintain lower B by B restriction in plant. It is as yet
unclear how mechanisms governing tolerance to B deficiency and toxicity are related
in wheat. This study set out to relate responses to B deficiency and toxicity in wheat
genotypes covering a wide range of tolerance to measure the responses b etween B

deficiency and toxicity in wheat genotypes and examine relationship between them.

Materials and methods

Genetic material
Nine standard wheat genotypes were evaluated in sand and solution culture.

Group I Genotypes known the range of response to B deficiency (Rerkasem and
Jamjod, 1997b).

(1) Fang 60 (E; Efficient)

(2) CMU 88-9 (ME; Moderately efficient)

(3) SW 41 (MI; Moderately inefficient)

(4) Bonza (I; Inefficient)
Group 2 Genotypes known the range of response to B toxicity (Chantachume et al.,
1995).

(1) Turkey 1473 (T; Tolerant)

(2) BT-Schomburgk (MT; Moderately tolerant)

(3) Schomburgk and Tatiara (MS; Moderately sensitive)

(4) Kenya Farmer (VS; Very sensitive)

Experiment 1: Sand culture experiment.
Nine wheat genotypes were grown in 0.3 m diameter earthenware pots containing
washed river quartz sand with ten seeds of each genotype. The pots were watered

twice daily with complete nutrient solution at two levels of B added (0 and 10 uM B),



referred to BO and B10, respectively. The complete nutrient solution, adapted from
Broughton and Dilworth (1971), consisted of: CoSQOy4 (0.1 pM) Na;MoG; (0.1 pM)
CuS0; (0.2 uM) ZnSO4 (0.5 pM) MnSO4 (2 pM) FeEDTA (10 uM) K,504 (250 uM)
MgSO4 (250 pM) KH;PO4 (500 pM) CaCl, (1,000 pM) and KNO; (5,000 uM).
Genotypes and B treatments were arranged randomly in blocks with four replications.
After maturity, tiller plant”, straw yield, Grain Set Index (GSI) (measured as
percentage of the 20 basal florets from 10 spikelets with grain) (Rerkasem and

Loneragan, 1994) and grain weight spike™' were measured.

Experiment 2: Solution culture experiment.

Nine wheat genotypes were assessed by the aerated solution culture method
adapted from Campbell et al. (1998) with three levels of B concentrations (0, 100 and
150 mg BL™') assigned as B0, B100 and B150, respectively, prepared from boric acid
(H3B03), ZnS047H;0 (2.5 uM) (Webb and Loneragan, 1990} and Ca(NOs),-4H,0
(500 pM) (Haynes and Robbins, 1948). The B treatments and genotypes were
arranged factorially with t wo replications. P lastic mesh stuck to the underside of a
foam sheet which had a row of holes punched was used in this experimental
apparatus. Foam sheet was placed on plastic box that had the same size of length and
width (0.37x0.23 m) and used the hose of an air pump to pass the air through into the
solution (it was necessary to maintain growth of seedlings).

Seeds of the nine wheat genotypes were germinated in Petridishes for two days at
18 °C. The germinants were transferred to small plastic mesh containers inserted into
foam sheet floating on the surface of a solution in plastic boxes on a laboratory bench
at room temperature. Root and shoot length were measured after 12 days and the
severity of symptoms of B toxicity was by evaluating the percentage of necrosis
(necrosis (%) = (necrosis length/ length of that leaf) x 100). Root length was
measured as the longest seminal root at B100 and B150, relative to BO (relative root’
length; RRL). Likewise, shoot length was measured as the coleoptile length at B100
and B150, relative to BO (relative shoot length; RSL).

Experiment 3: Tissue boron analysis.

Fang 60, Bonza and Turkey 1473 were grown in sand culture to compare B
utilization with three levels of B (0, 10, 50 mg B L) referred to B0, B10, B50
respectively added to nutrient solution adapted from Broughton and Dilworth (1971).



Genotypes and B treatments were arranged factorially with three replications. After
21 days, plants were collected to analyze tissue B concentration by azomethine-H
method (Lohse, 1982) in YEB, YEB+1 and whole plant. Root and shoot length, root
and shoot dry weight, symptom of B toxicity in YEB and YEB+1 were measured.

Statistical analysis
Data were analyzed by analysis of vanance (AOV). Significant differences
between means were calculated by the LSD test at 95% probabilities. Few data were

transformed by square root arcsine transformation and square root transformation.

Results
Response to boron deficiency

There were significant differences between genotypes and boron treatments for
GSI (Figure 1) and grain weight spike”, but not for tiller plant’ and straw yield
(Table 1), in experiment 1. Boron deficiency in wheat (B0) depressed GSI of all
genotype compared with B10 except in Fang 60 (92.2 % GSI at B0). At B10, GSI of
Fang 60 was not different from B0 (94.9 % GSI). Further, the GSI of Turkey 1473
(T), BT-Schomburgk (MT) and Schomburgk (MS) was more severely decreased at BO
than in B-efficient genotypes (GSI<40%). Genotypes that were more susceptible to B
toxicity were also more sensitive to B deficiency (Figure 1), Tatiara (MS) and Kenya
Farmer (VS) had very low GSI<20% at B0) but Tatiara set grain less than Kenya
Farmer.

Grain weight spike was affected by BO in the same way as GSI in all genotypes
(Table 1). Fang 60 had more grain weight spike™ than sensitive ones at both B levels.
For tillering and straw yield, all genotypes were not affected in these characters by B

levels. Tiller plant™” and straw yield were genotype dependent.

Response to boron toxicity

In experiment 2, higher B concentration affected root and shoot length of wheat
genotypes differently (Figure 2). High B affected root length more than shoot length.
The clearest differences in response to B toxicity occurred at B100 and B150 (Table
2). At B100, Bonza showed the least root length reduction (RRL = 70.7%) followed
by Turkey 1473 (RRL = 68.9%) and BT-Schomburgk (RRL = 51.2%), whereas
Kenya Farmer, Tatiara and Fang 60 showed the most reduction in root' length (RRL



range 39.4-50.3%). At B150, Turkey 1473 and Bonza still had less root length
reduction than other genotypes, whereas Fang 60 and Tatiara had the most root length
reduction.

For shoot length, high B supply reduced shoot length (range 75.2-94.0%) but there
was no significant interaction between genotypes and B treatments when assessed by
RSL (% of B0) (Table 2). Leaf necrosis (%) at B100 and B150, was severe in
sensitive genotypes such as Fang 60, Kenya Farmer and SW 41 (necrosis (%) = 47.6,
46.4, 45.7, respectively) (Table 3). Bonza and Turkey 1473 showed less severe
symptoms (26.6 and 30.7%, respectively).

Tissue boron analysis

Boron levels did not affect on root and shoot length, root and shoot dry weight of
wheat genotypes at 21 days after sowing but affected on necrosis (%) significantly
between genotypes (Figure 3). Bonza had the least toxicity symptoms in both YEB
and YEB+1 whereas Fang 60 had the most.

When grown without added B, Fang 60 did not differ significantly in B
concentration in the whole plant and specific parts including YEB and YEB+1 from
Bonza and Turkey 1473 (Table 4). At 50 mg B L, Fang 60 had higher B
concentration in all parts of its plant than Bonza and Turkey 1473. Whole plant B
concentration o f Fang 60 was 806.55mg Bkg ' and 678.19,655.97mg Bkg' in
Bonza and Turkey 1473 respectively. Furthermore, B concentration in YEB and
YEB+1 of Fang 60 was higher than Bonza and Turkey 1473 that was 180.08, 131.82,
142.28 mg B kg respectively in YEB and 273.66, 226.85, 226.17 mg B kg
respectively in YEB+1.

Discussion
From these studies, there had the relationship between B deficiency and toxicity
responses categorized into four groups by assessing GSI (for B deficiency response)
and relative root length (for B toxicity response) (Figure 4):
(1) Genotypes are efficient to B deficiency but sensitive to B toxicity i.e. Fang 60.
(2) Genotypes are inefficient to B deficiency and sensitive to B toxicity i.e. CMU
88-9, SW 41, BT-Schomburgk, Schomburgk, Tatiara, Kenya Farmer.
(3) Genotypes are inefficient to B deficiency but tolerant to B toxicity 1.c. Bonza
and Turkey 1473.



(4) Genotypes are e fficient to B deficiency and tolerant to B toxicity, have not

been found yet. However, such genotypes have so far not been identified.

Relationship between B deficiency and toxicity in wheat in this study was
resemblance with the response in barley. In case of efficient genotype, it has one or
more efficient mechanisms such as the ability to acquire B, the way that B is
distributed, and its utilization within the plant (Rerkasem and Jamjod, 1997a).
Besides, phloem mobility is one of efficient mechanism in efficient genotype whereas
genotype that is unable to translocate B in phloem is found in genotype that tolerate to
B toxicity (Brown and Shelp, 1997). So, genotype that had ability to translocate B in
phloem will susceptibie to B toxicity (Brown and Hu, 1996). Nable (1992) reported
that there has a general frend for species more tolerance of high B concentrations to
be more prone to B deficiency such as tobacco, Eucalyptus and barley.

In the first experiment, the significant interaction between genotype and B
treatment for GSI and grain weight spike’ confirms that genetic variation for B
efficiency occurs in wheat and B deficiency impairs reproductive growth. So that GSI
1s an appropriate index to compare the effect of B on grain set (Anantawiroon et al.,
1997) by avoiding effects from spike type, spike size and it was used for B efficiency
screening by growing wheat in B deficient condition without comparing with B
sufficient condition. Fang 60 still efficient to B deficiency because of high GSI but
not in CMU 88-9. SW 41 and Bonza that were classed in the same range as the study
from Rerkasem and Jamjod (1997a). Besides this, Turkey 1473, BT-Schombirgk,
Schomburgk, Tatiara and Kenya Farmer were sensitive to B deficiency. In addition to
this, B deficiency has no ¢ ffect on tiller plant” and straw yield since B d eficiency
affects on reproductive growth more than on vegetative growth in wheat (Rerkasem
and Loneragan, 1994).

From the results in e xperiment t wo, higher B c oncentrations affected b oth root
and shoot length of all genotypes, but B toxicity reduced root length more than shoot
length. Bonza had long root length as same as Turkey 1473 when grown at higher B
levels which ought to classified as B toxicity tolerance as Chantachume et al. (1995)
have mentioned. By contrast, Fang 60, CMU 88-9, SW 41, BT-Schomburgk,
Schomburgk, Tatiara and Kenya Fammer had short root length which could be
suggested that they were not tolerant to B toxicity. In addition to this, Holloway and
Alston (1992) found that high B concentration will restrict root growth of wheat and
decrease yield (Cartwright et al., 1984) and tolerant genotype had longer root length



than sensitive genotype. Furthermore, susceptible genotypes had more symptoms of
necrosis than tolerant genotypes when grown at higher B concentrations. Therefore,
root length is an appropriate index for selecting or screening tolerance genotype
because of quick and easy method (Campbell et al., 1998; Chantachume et al., 1995).
For tissue B analysis, deficiency tolerant Fang 60 did not differ in B concentration
in the whole plant, YEB and YEB+1 from deficiency sensitive Bonza and Turkey
1473 when grown at 0 mg B L. Therefore genotypic variation for B efficiency did
not measure by tissue B analysis. At 50 mg B L™, Fang 60 had higher B concentration
in any parts of its plant than Bonza and Turkey 1473. Tissue B in the three genotypes
was closely related to their toxicity response (necrosis and chlorosis) but not their
deficiency response. It aiso demonstrated that Fang 60 was not tolerant to B toxicity
due to maintain more B in any parts at high B with resulted in more severity of B
toxicity symptom. In contrast, Bonza and Turkey 1473 remained tolerant to B toxicity
due to ability to maintain less B in any parts at high B. Nable (1988) stated that barley
and wheat cuitivars examined displayed a large range of resistance to B toxicity that
was governed in both species by the ability of cultivars to restrict B accumulation in
the plant. This mechanism is called exclusion. In addition, Nable et al. (1988) found
that tolerant barley genotype was susceptible to B deficiency. Tolerant genotype
accumulated less B concentration than sensitive genotype in both root and shoot. He
concluded that resistance to B toxicity was govemed by the ability of cultivars to
restrict B accumulation in the plant. Fang 60 exemplifies the highest tolerance to B
deficiency and Bonza and Turkey 1473 the highest tolerance to B toxicity. Tissue B
data indicated that their may be some association between responses to the two

extremes of B supply.
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Table I Effects of B supply on grain weight spike™ (g), tiller plant” and straw yield

(g plant™) of nine wheat genotypes grown in sand culture. (Experiment 1)

Grain weight spike™ Tiller plant™ Straw yield

Genotype B supply Mean B supply Mean B supply Mean
BO B10 BO B10 BO B10

Fang 60 0.87aA 1.01aA 0.94 7.3 73 73D 938 936 937D
CMU 88-9 0.52bBC 0.97aA 0.74 6.7 63 65DE 1038 1026 /0.32CD
SW 41 057bB  0.73aB 0.65 6.9 67 G68DE 1086 888 987D
Bonza 037bC  0.59aBC 0.48 8.7 90 S89BC 1527 1411 4694
Turkey 1473 03%9aC  049aCD 0.44 59 64 G6IE 11.80 14.03 J2.92A4BC
BT-Schomburgk 0.19bD  0.62aBC 0.41 109 108 1084 11.07 981 1044CD
Schomburgk 0.14bDE 0.48 aCD 0.31 103 90 968 13.29 13.16 [/3.224B
Tatiara 000bE 035aD 018 8.1 88 85C 11.97 1169 [1.83BCD
Kenya Farmer 0.19bD 037aD 0.28 7.4 63 68DE 1350 913 [1132BCD
Mean 0.36 0.62 0.49 8.0 7.8 7.9 1195 1116 11.55
F-test B** G** BxG** B™ G** BxG™ B™ G** BxG"™
LSDygps 0.05 0.11 0.15 - 1.03 - - 2.62 -
CV (%) 21.83 12.92 22.57

™ not significant (p<0.05), ** significant at p <0.01.

Means within a row with the same lowercase letter and within a column with the same uppercase letter

do not differ significantly at 5% with LSD.
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Table 2 Relative root length (RRL; % of BO) and relative shoot length (RSL; % of

B0) of nine standard genotypes grown in solution culture with three B supplies.

(Statistical value was transformed by square root arcsine transformation based on the

data) (Experiment 2)
Genotype B supply B supply
RRL Mean RSL Mean
B0 B100 B150 BO B100 BI150
Fang 60 100aA 503bCD 28.1cDE 595 100 93.1 816 9/.6AB
CMU 88-9 100 2aA  38.5bF 3256CD 57.0 100 83.1 788 87348
Sw 41 100aA  48.1bD 332¢CD 604 100 821 759 8608
Bonza 100aA  70.7bA 463cAB 723 100 86.8 692 853B
Turkey 1473 100aA 68.9bAB 48.7cA 726 100 93.0 811 91.4 AB
BT-Schomburgk 100aA 57.2bBC  383¢BC 652 100 90.7 913 9404
Schomburgk 100aA 55.16CD 384c¢BC 645 100 858 794 884 AB
Tatiara 100aA 47.1bDE 24.6¢E 57.2 100 875 733  87.04B
Kenya Farmer 100aA 394bEF 30.1bDE  56.5 100 708 549 752C
Mean 100 52.8 35.6 62.8 100 859 76.2 874
F-test B*= G** BxG** B** G**  BxG™
LSDyg 05 0.023 0.039 0.068 0.039 0.068 -
CV (%) 3.81 539

RRL = (root length at B+/root length at B0) x 100
RSL = (shoot length at B+/shoot length at B0) x 100
™ pot significant (p<0.05), * significant at p<0.05, ** significant at p<0.01

Means within a column with the same letter do not differ significantly at 5% with LSD.




Table 3 Symptom o f B toxicity (% o fnecrosis) o fthe oldest leaf o f nine standard
genotypes grown in solution culture with two levels of B supplies. (Statistical value
was transformed by square root transformation based on the data in this table)

(Experiment 2)

Genotype B treatment Mean Rank
B100 B150

Fang 60 40.9 544 47.6 A 9

CMU 88-9 36.5 41.2 38.9ABC 6

SW 41 37.5 54.0 45.7 AB 7

Bonza 20.3 32.9 266 E 1

Turkey 1473 27.0 344 30.7 DE 2

BT-Schomburgk 31.5 40.4 35.9CD 4

Schomburgk 37.1 40.4 38.7 BC 5

Tatara 32.1 37.9 35.0CD 3

Kenya Farmer 38.6 54.1 46.4 AB §

Mean 33558 43.3a 38.39

F-test B** G** BxG"™

LSDg .05 0.033 0.071 -

CV (%) 7.61

%necrosis = (length of necrosis/length of that leaf) x 100
* not significant (p<0.05), ** significant at p<0.01
Means within a row with the same lowercase letter and within a column with the same

uppercase letter do not differ significantly at 5% with L.SD.
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Table 4 E ffects o f B supply on B concentration (mg B kg')in YEB, YEB+1 and
whole p lant o f three w heat g enotypes grown in sand culture 2 1 d ays a fter sowing.

(Statistical value was transformed by square root transformation based on the data in

this table) (Experiment 3)

Genotypes B supply Mean
BO B10 B50

YEB
Fang 60 (E) 1.60 (1.26) bA 2.05(1.43) bA 180.08 (13.41) aA 61.24 (5.37)
Bonza (I) 2.41(1.55)bA 2.34 (1.53) bA 131.82(11.48) aB 45.53 (4.85)
Turkey 1473 (T) 201 (1.4 bA 3.44(1.85) bA 142.28 (11.87) aB 49.24 (5.04)
Mean 2.01 (1.41) 2.61 (1.60) 151.40(12.25) 32.00 (2.00)
F-test B+ G"™ BxG**
LSDg s 0.53 - 0.92

CV %) 10.58
YEB+1
Fang 60 (E) 7.92(2.81)bA 8.04 (2.84) bA 273.66 (16.53) aA 96.54 (7.39)
Bonza (1) 7.65(2.76) bA 7.80(2.79) bA 226.85 (15.06) aB 80.77 (6.87)
Turkey 1473 (T) 1.65 (1.29) cB 7.69 (2.77) bA 226.17 (15.02) aB 78.50 (6.36)
Mean 5.74¢2.29) 7.84 (2.80) 242,23 (15.54) 85.31 (6.87)
F-test Bx* G** BxG**
LSDyg s 0.44 0.44 0.77
CV (%) 6.49
Whole plant
Fang 60 (E) 2218 (4.71) cA 28.38(533)bA 806.55 (28.40) aA 285.70 (12.81)
Bonza (I) 22.06 (4.69) bA 25.18(5.02) bA 678.19 (26.04) aB 241.81(11.92)

Turkey 1473 (T)

14.86 (3.85) cB

28.84 (5.37) bA

655.97 (25.60) aB

233.22(11.61)

Mean 1970 (4.42) 27.47 (3.24) 713.57 (26.68) 253.58 (12.11)
F-test B** G** BxG**

LSDg0s 0.33 0.33 0.58

CV (%) 2.78

™ not significant (p<0.05), ** significant at p<0.01

Means within a row with the same lowercase letter and within a column with the same uppercase letter

do not differ significantly at 5% with LSD.
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Figure 4 Relationship between RRL (at 150 mg BL™) and GSI (at 0 mg BL™") of nine
standard wheat genotypes that could be categorized into three groups:

(1) GSI>60%, RRL<40% Tolerant to B deficiency but sensitive to B toxicity.

(2) GSI<60%, RRL.<40% Sensitive to B deficiency and toxicity.

(3) GSI<60%, RRI.>40% Sensitive to B deficiency but tolerant to B toxicity.
and the fourth possible group were:

(4) GSI>60%, RRL>40% Tolerant to B deficiency and toxicity that have not

been found yet.
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Abstract

Throughout the rice growing areas of the world, water supply may range from
intermittent rains, irrigation with relatively constant soil saturation, or to flooding several
meters deep. This study sets out to measure the effect of water supply on Fe accumulation
in the rice grain. Two rice genotypes, one with high (IR68144) and one with low
{(KDML105) grain Fe content, were grown in 4 water regimes {(well-drained, W00; early
drainage, from transplanting to anthesis, W0+; waterlogged, W++; late drainage, from
anthesis to harvesting, W-+0). Grain Fe concentration and content in IR68144 were
generally higher than in KDML105. The water regimes affected both grain yield and
grain Fe in the two genotypes differently. . In IR68144, grain Fe concentration in W00
and W++ were lower than in W0+ and W+0 whereas in KDML105, grain Fe
concentrarion in W-+0 was lower than in W00, W0+ and W++. By contrast, in IR68144,
grain Fe content in W+ was lower than in W0+, but there was not differed from in W00
and in W+0. In KDML105, grain Fe content in W-++ was higher than in W00 and W0+,
but there was not differed from W+0. However, a very small fraction of the Fe was
uptake from the shoot into the grain. In IR68144, grain Fe content in W00, W0+, W++
and W+0 were 2.9, 2.8, 1.8, and 2.3% respectively of Fe in the whole shoot, whereas, in

KDML105, 0.7, 0.4, 1.0 and 0.4 respectively, it was lower Fe in shoots allocated to the
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grain than in IR68144. In IR68144, the grain yield was not affected by water regimes
whereas, in KDML105, the grain yield in W++ and W+0 were higher than in WO0C and
WO+, The grain Fe concentration and content was depended on rice genotype and water

supply to the root.

Keyword: Orysa sativa, rice, water supply, grain Fe, transportation

Introduction

It is now generally agreed that increasing grain Fe concentration can help to solve
problems associated with Fe-deﬁcienéy anemia (Senadhira et al., 1998; Welch and
Graham, 1999). Previous studies found that grain Fe varied widely among rice genotypes
and environmental conditions (Senadhira et al., 1998; Prom-u-thai and Rerkasem, 2001;
Lauguet et al., 2001). Throughout the rice growing areas of the world, water supply may
range from intermittent rains, irrigation with relatively constant soil saturation, or to
flooding several meters deep (Naklang et al., 1996; Lauguet et al., 2001; Dingkuhn and Le
Gal, 1996). Rainfed rice crops are commonly grown in either lowland paddies or upland
fields in tropical Asia. Under rainfed, lowland conditions the use of the bunds and
puddling of soils helps retain standing water, whereas aerobic soil conditions are usually
maintained for upland crops (Naklang et al., 1996). Rice yield is highly responsive to
water deficit during reproductive development and grain filling. The most sensitive stage
is flowering, followed by gametogenesis (booting stage) and grain filling (O’ Toole,
1982). Dingkhun and Le Gal (1996) found that early drainage, 3 to 4 days after flowering,
reduced grain yield when compared to late drainage. Rice plants growing in flooded soil
contain much higher levels of Fe then those growing in dry-land soil condition (Beyrouty

et al., 1994). It is not known how grain Fe is influenced by such difference in Fe uptake
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into the rice plant. The literature also lacks data on the distribution of Fe between the
shoot and grain, as well as comparative information across genotypes. This paper
documents how grain Fe is influenced by variation in Fe supply to the root by varying the
water regimes in rice genotypes with high (IR68144) and low (KDML105) grain Fe

content.

Materials and Methods

Two rice gepotypes with high (IR68144 a improved rice genotype from IRRI) and
low grain Fe content (KDML105 a popular genotype from Thailand) were grown under
four soil condittons, in four replications. Five rice plants were grown in each black plastic
bag containing 12 kg of soil (San Sai Series). The soil conditions were W00 (well-drained
soil through out), WO+ (early drainage, the black plastic bag was completely drained 10
days after sowing and then submerged in a 10 L container of water after the anthesis
stage), W+ (waterlogging through out) and W+0 (late drainage, the black plastic bag was
submerged in a 10 L container of water and completely drained after anthesis). Basal
fertilizer was applied at the rate of 0.707 g N/pot, 0.497 g P,Os/pot and 0.497 g K;O/pot
and 0.707 g N/pot, 0.497 g P,Os/pot and (.497 g K,O/pot four weeks later. Iron
concentration was determined in mature grain (unhusked and brown rice), straw by dry-

ashing and atomic absorption spectrometry (Emmanuel ef al., 1984).

Results

The Water regimes affected grain yield and both grain Fe concentration and
content differently in two genotypes. In IR68144, grain Fe concentration in W00 and

W-++ were lower than in W0+ and W+0 whereas in KDML105, grain Fe concentrarion in
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W-+0 was lower than in W00, W0+ and W++ (Fig. 1). By contrast, in IR68144, grain Fe
content in W++ was lower than in WO+, but there was not differed from in W00 and in
W+0. In KDML105, grain Fe content in W++ was higher than in W00 and W0+, but
there was not differed from W+0 (Table 1). Grain Fe concentration and content in
JR68144 was higher than in KDMLI105 in 4 water regimes (Fig. 1 and Table 1). The
effect of water regimes to grain Fe concentration and content were different from the
percent empty grain and grain yield of two genotypes. In IR68144, the percent of empty
grain in W00 and W+0 were higher than in W0+ and W++, but in KDML105, the percent
of empty grain in W0+ and W00 were higher than in W++ and W+0 (Table 2). These was
affected to the grain yield of two genotypes grown in four water regimes. In IR68144, the
grain yield was not affected by water regimes whereas, in KDML105, the grain yield in
W+t and W+0 were higher than in W00 and W0+ (Table 2).

There was no effect of water regimes to Fe concentration in the whole shoot of two
genotypes. The genotype was affected to Fe concentration in the whole shoot. These
were differed from the effect of water regimes to grain Fe concentration in two genotypes.
In IR68144, the Fe concentration in the whole shoot was 389.7 mg Fe/kg whereas in
KDML105 the Fe concentration in the whole shoot was 555.6 mg Fe/kg. However, the
Fe concentration in the grain was only a fraction of that in the whole shoot (Fig. 1).
The Fe content of the whole shoot was affected by genotype and water regime (Table 2).
But, there was no interaction between genotype and water regimes to shoot Fe content.
The Fe content in the whole shoot of KDML105 was higher than IR68144 (Table 2). The
Fe content of the whole shoot in W0+ and W+0 were higher than in W00, but there was
not differed from W++ (Table 2). However, the grain accounted for a very small fraction
of the whole shoot Fe in both genotypes. There was very little percent of Fe from the

shoot was transported into the grain of two genotypes. In [R68144, grain Fe content in
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W00, Wi+, W++ and W0 were 2.9, 2.8, 1.8, and 2.3% respectively of Fe in the whole
shoot, whereas, in KDML105, 0.7, 0.4, 1.0 and 0.4% respectively, it was lower Fe in
shoots allocated to the grain than in IR68144. There was no relationship between the
grain and shoot and Fe concentration and content in two rice genotypes grown in four

water regimes.

Discussion

Previous study found that Fe in soil solution increases to concentrations as high as
600 ppm within 1-3 weeks of submergence and later show a steep, roughly exponential,
decrease to levels of 50-100 ppm, which persist of several months (Cho and
Ponnamperuma, 1971) and in calcareous soil the concentration of water-soluble Fe rarely
exceeds 20 ppm (Ponnamperuma, 1972).

The Fe uptake from the root into the whole shoot was affected by genotype and
water regimes. There was not interacted between genotype and water regime. The Fe
uptake into the whole shoot of two genotypes in W-++ was higher than in W00 in this
study. These were supproted the previous studies that when soils are flooded, the
concentration of Fe*? in the soil solution increases to several times that in aerated soil
(Ponnamperurna, 1972). Furthermore, rice plants growing in flooded soil have been
reported to contain Fe at many times those growing in well-drained soil (Beyrouty et al.,
1994). However, The Fe uptake in the whole shoot in W++ was not differed from in W0+
and W+0. Trust, the Fe uptake into the whole shoot was affected by the stage of rice
growing in different water regimes. The water can be supply to the rice plant before or
after anthesis stage instead of waterlogged throughout. There was no previous result

supported the Fe uptake of rice in different water regimes. However, Fe is an important
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minerals for chlorophyll and enzyme synthesis process in plant function (Marschner,
1995). Therefore, the Fe uptake in rice plant was related to the growth stage of rice in
different water regime may depending on the function of plant on that time. Moreover, Fe
uptake was also affected by rice genotype in four water regimes. The Fe uptake in
KDML105 was higher than in IR68144 in four water regimes. These were related to the
grain Fe concentration and grain yield of two genotypes. The grain Fe concentration in
IR68144 was low in W00 and W++ but the grain yield was not affected by water regimes.
By contrast, the grain Fe concentration in KDML105 was low in W+0 but there was high
grain yield in W++ and W+0.

Rice grain is the edible part of rice plant. Therefore, Fe uptake from the plant into
the grain need to be discuss. In IR68144, the Fe transportation from the shoot into the
grain much higher than in KDML105 in 4 water regimes. There was differed effect from
the uptake of Fe in the whole shoot. In IR68144, Fe transportation from the shoot into the
grain in WO+ was higher than in W+ but there was not differed in W00 and W+0
Whereas, in KDML105 in W++ was higher than in W00 and W0+ but there was not
differed in W+0. The effect of water regimes to Fe uptake into the grain of two genotypes
was not related to the previous studies about Fe in the soil solution ((Ponnamperuma,
1972). Clearly, The effect of water regimes to Fe uptake from the shoot into rice grain of
two genotypes was differed from the uptake of Fe from the soil solution into the whole
plant. However, there was a very small fraction of Fe from the shoot was transported into
the grain in two genotypes. In IR68144, the distribution of Fe in the grain as percent of
total Fe in W00, W0+, W++ and W+0 were 2.9, 2.7, 1.8 and 2.2% respectively, whereas
in KDML105 were 0.9, 0.3, 0.9 and 0.4% respectively.

The Fe distribution in the grain is clearly depending on the rice genotype and water

regimes. Previous study found that grain Fe in rice was varied widely among genotype
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and water condition (Prom-u-thai and Rerkasem, 2001). Grain Fe was increased among
the Fe supply into the soil, e.g. the suppling of nitrogen fertilizer (Senadhira et al., 1998;
Prom-u-thai and Rerkasem, unpublish datas). Therefore, to solve the Fe-deficiency
anemia problem by consuming the Fe from rice grain. High grain Fe content can be
managed by genotype and supplying of Fe into the soil. The supplying of Fe into the soil

was also correlated with the growth stage of rice.
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Fig. 1 Grain Fe concentration in brown rice of two rice genotypes grown under four
water conditions (LSD=1.8)
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Table 1 The Fe content in shoot and grain of two genotypes grown under four water

regimes
Genotype Water condition Fe content (mg Fe/pot)
Shoot Grain

IR68144 woo 20.4 0.6cd
WO+ 255 0.7d
W+t 28.2 0.5bc
W+0 26.9 0.6cd

KDMLS5 w00 23.1 02a
WO+ 66.8 02a
W+ 44.1 04b
W+0 72.0 0.3 ab

Analysis of variance

p (Genotypes) *k ek

p (Water) * ns

p(GXW) ns *%
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Table 1 The dry weight of grain and straw and percent of empty grain of two rice

genotypes grown in different water regimes

Genotype Water condition Dry weight (g/pot) % Empty grain
Grain Straw
IR68144 w00 3160 40.1 ab 25b
WO+ 35.1bc 444%b 10a
W+ 299b 32.1a 9a
W+0 285b 29.6a 16 ab
KDML105 w00 145a 58.1c 62d
WO+ 209a 67.1d 52d
W+ 40.7 ¢ 63.8 cd 18 ab
W+0 372¢ 634c 33c
Analysis of variance
p (Genotypes) * ** ok
p (Water) *x * *¥
p(GXW) ¥ * *k

Lower case used for comparison between each columns
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Abstract

Responses of a F; population between boron (B) efficient (Fang 60) and B inefficient
(Bonza) wheat (Triticum aestivum L.) parents to levels of B were studied in two
experiments. The three B levels; nil (B0), limed at the rate 1 t ha™! (BL) and boron at
the rate 10 kg borax ha™ (B+), were applied to three populations, the two parents and
their F,. Response to B, i.e. number of grains spikelet”, grain set index (GSI) and grain
yield, were found to differ among populations when grown in low B (BL and BO).
Mean grain sets of F, in low B were intermediate between the two parents but closer to
the more efficient parent, Fang 60. This suggests that B efficiency was expressed as a
dominant trait. Segregation of the F; fit 15 B efficient plus intermediate: 1 B inefficient
ratio, indicating that B efficiency was controlled by two genes. From each B level, 24
F, plants with the highest grain set and grain yield were selected and their F3 progenies
were evaluated in sand culture without B in the second experiment. Segregation for
response to B was found within F,-derived F; families selected from all B treatments.
Populations selected from low B (BL and B0) displayed a higher proportion of B
efficient genotypes than those from sufficient B (B+). F; populations selected from BL
and B0 comprised B efficient, homozygous and heterozygous genotypes but no B
inefficient genotype was found. Both B efficient and inefficient genotypes were found
within populations selected under B+ condition, indicating that selecting for B
efficiency in BL and BO is more effective than in B+. In conclusion, B efficiency was
qualitatively inherited in wheat. This character can be improved in breeding
programme by backcrossing. As dominant gene action was involved, progeny testing

method should be employed in selection for B efficient genotype.




Introduction

Low boron (B) soils are widespread in many wheat growing, subtropical areas
(Sillanpaa, 1982). These include the northern and northeastern regions of Thailand,
where wheat 1s being promoted (Rerkasem et al., 1988; Keerati-Kasikom et al., 1987).
Boron deficiency causes yield reduction by inducing male sterility, resulting in grain set
failure (Cheng and Rerkasem, 1993). Wide range of genotypic variation for response to
low B has been identified and genotypes were classified into four distinct groups,
namely, efficient, moderately efficient, moderately inefficient and inefficient (Rerkasem
and Jamjod, 1997). At low B, the inefficient genotypes were completely sterile and set
only a few or no grain, while the efficient genotypes set grain normally. Evidence of
genotypic variation offers a solution to B deficiency through selection and breeding for
B efficient cultivars. In this study, the B efficient (Fang 60) and inefficient (Bonza)
genotypes were used as parents to produce F, generation. Response of F, population to
B levels and their genetic control are described. Understanding response of segregating

population and genetic control will facilitate selection and breeding for B efficiency.

Materials and methods

Genetic materials

Fang 60 (B efficient, Jamjod et al., 1992} and Bonza (B inefficient, Rerkasem and
Jamjod, 1997) were used as parents. F; plants were sown in B sufficient soil to produce

the F, generation. The F» population was tested at 3 levels of B in the soil in



Experiment 1. Seventy-two F; plants were selected and multiplied. Selected Fs3

families were tested in sand culture in Experiment 2.

Experiment 1: Evaluation of F; response to B levels

Parents and F; were sown in a low B soil at Chiang Mai University. The experiment
was arranged as a split plot design with 3 replications. Three B levels assigned to main
plots were nil (BO), limed at the rate 1 t ha' (BL) and B at the rate 10 kg borax ha
(B+), applied to the soil and the three populations, two parents (Fang 60 and Bonza) and
their F3, were sown in sub plots. In each plot, 10 plants each of Fang 60 and Bonza, and
120 F; plants were sown. At booting, the first two emerged ears from each plant were
bagged to prevent outcrossing. At maturity, the bagged ears were harvested and
analysed for number of spikelets ear”, grains spikelet” and Grain Set Index (GSI,
percentage of the 20 basal lorets from 10 central spikelets with grain; Rerkasem and
Loneragan, 1994). All ears from each plant were counted, pooled, threshed and
determined for grain yield. Responses to B of parents and the F, population were
compared by LSD. Chi-square tests were used to examine the segregation ratio of F»

population for each B treatment.

Experiment 2: Evaluation of selected Fr-derived F; families

Twenty-four F, plants which had the highest grain yield and gain set were selected from
each B level, and seeds harvested from these plants represented Fr-derived F; families
selected from BL, BO and B+, All families were grown in trays containing washed river
quartz sand with no detectable available B. Families were grown in rows, 12 plant row
!, with a spacing of 6 cm between plants and 6 cm between rows. Grid rows of Fang 60

and SW 41 parents were included every 6 rows. Trays were watered twice daily with a



complete nutrient solution without added B. At booting, two ears from each plant were
bagged and at maturity the bagged ears were harvested and GSI determined. For each

F; family, mean and within family variance were calculated and compared to both

parents.

Results and discussion

Parents used in this study displayed genotypic differences for response to B (Table 1).
Severe reduction in number of grains spikelet”, grain yield and GSI were found in
Bonza while those of Fang 60 parent were not affected, compared to B+. However, B
had no effect on number of ears plant™ and spikelets ear’' of both parents and their F,.
These findings were consistent to those reported by Jamjod et al. (1992) and Rerkasem

and Jamjod (1997) for Fang 60 which is B efficient and Bonza which is B inefficient.

At B+, mean grain set and grain yield of the F, population and both parents were
similar while in low B the F, population means were intermediate between the two
parents but closer to Fang 60 (Table 1). F; distribution for GSI were used to study the
segregation pattern of F, compared to parents in response to low B (Figure 1). No
segregation of individual F; plants was found when grown in B+. However, when
grown in low B, most of F, plants fell into the range of the efficient parent, Fang 60.
This type of segregation suggested that B efficiency was controlled by dominant gene
action. In addition, low B treatments in this study allow genetic variability to be

expressed and could be used to screen other segregating populations.



As B efficiency was controlled by dominant gene action, the F, segregation ratio
was calculated by the following criteria. If the cross was segregating at a single gene,
the F; population was expected to segregate in a ratio of 3 efficient : 1 inefficient. If the
cross was segregating at two genes, the population was expected to segregate in a ratio
of 15 (efficient + intermediate) : 1 inefficient. In Figure 1, the GSI of Bonza and Fang
60 grown in BL were 2.1 and 96.8 % and in BO were 8.6 and 97.0 % respectively. The
mean GSI of each parent plus one standard deviation was used to classified the response
of F, plants. For example, F; plants grown in BL having GSI less than 10.9 % were
classified as B inefficient. According to this classification, it was found that the
segregation ratio of the F, population grown in BL and B0 fit with 15 efficient plus
intermediate : 1 inefficient ratio (Table 2). This indicates that Fang 60 and Bonza

differed by two genes for B efficiency.

If B efficiency was dominant to inefficiency and controlled by two independent
loci, A and B, then it is expected that genotype of Fang 60 in term of response to B
should be A4BB and Bonza should be aabb. Genotypes of F; plants that fell into the
range of Fang 60 when grown in BL and BO were likely to be A-B- (i.e. A4BB, AABb,
AaBB and AaBb) and those in the range of Bonza were all aabb. Genotypes of F, plants
classified as intermediate were likely to be A-bb (A4bb and Aabb) and aaB- (aaBB and
aaBb). Selection for B efficiency base on phenotype will not effective because it is not
possible to distinguish between heterozygous {(e.g. 4aBb) and homozygous efficient

genotypes.

The value of each F; individual was the expression of its phenotype, which

included both genotypic and environmental effects. The measurement of B response of




F, derived F5 families allowed the genotype of the F; to be identified. Twenty-four F,
plants with the highest grain yield and grain set were selected from each B treatments.
Their F; progenies were tested in low B and assigned into homozygous efficient,
segregating or homozygous inefficient to B by comparing the family’s mean and
variance to the parents. Bonza parental check set no grain while mean GSI of Fang 60
were between 80-90% and variances were <1000 (Figure 2). Although all selected F;
plants had GSI >95%, most of their progenies were segregating when grown in low B.
The segregation within the F3 families selected from BL and BO confirmed the
dominant gene action of B efficiency while segregation of families selected from B+
resulted from random selection for B efficient genes. It is suggested that progeny

testing should be employed in selection for B efficiency.

High proportions of B efficient alleles were found from populations selected

under low B, compared to those selected from B sufficient (Table 3). Four families or 8
% of selected populations from BL and B0 were homozygous efficient but none were
homozygous inefficient. In contrast, in B+ treatment where B efficient genes were
randomly selected, no homozygous efficient and 8 % homozygous inefficient were
found. This indicates that low B in this study exerted selection pressure for B efficiency
and high yield. Moreover, populations selected from non B stress condition were likely
to contain a high proportion of inefficient genotypes (for example, 46 % compared to 29
% of those selected from BL, Table 3). In breeding programmes, genotypes or breeding
materials should be screened for response to B prior to release or promote in low B

arcas.



Most cereal breeding programmes devote a considerable proportion of their
resources to selection for grain yield per se. This involves sowing yield trials at several
contrasting locations within the one target region and retaining those selections with a
comparatively high mean yield. Advanced lines from CIMMYT germplasm, #144,
#1510 and #1015, which are all sister lines, outyiclded National trials during the early
1980s. Line #1015 was released as Fang 60 from Fang Rice and Winter Cereals
Research Station, Chiang Mai, low B site, in 1987, and has shown outstanding yield
performance until now. High correlation.(r = 0.81) between GSI and grain yield was
found when wheat and barley genotypes were grown in low B but no correlation was
found when plants were grown in B sufficient conditions (Jamjod and Rerkasem, 1999).
B efficient genes in Fang 60 might having been unconsciously selected by selecting for

grain yield.

The results of this study demonstrated that B efficiency is qualitatively inherited.
This character can be improved in breeding programmes by backcrossing. As complete
dominant gene action was involved, progeny testing method should be employed in

selection for B efficient genotype.
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Table 1. Response of Fang 60 (E, efficient), Bonza (I, inefficient) and F, grown at nil

boron (B) plus lime (BL), nil B (B0) and 10kg B ha'! (B+) (Experiment 1).

B treatment

Characters/population BL BO B+

Ears plant”
Bonza (I) 9.1 11.7 9.4
F, 10.0 7.5 93
Fang 60 (E) 54 8.1 8.5
LSD(0.05) BxGns

Spikelets ear”
Bonza (I) 153 16.1 17.2
F> 17.2 16.8 17.4
Fang 60 (E) 16.0 16.7 17.0
LSD(0.05) BxGns

Grains spikelet”
Bonza (1) 0.1 0.4 1.9
F, 1.6 1.7 2.2
Fang 60 (E) 2.8 29 3.0
LSD(0.05) BxG 0.3

Grain yield (g plant™)
Bonza (I) 0.2 0.8 6.6
F, 6.3 4.6 6.0
Fang 60 (E) 5.6 8.8 8.1
LSD(0.05) Bx G 3.2

GSI (%)
Bonza (I) 2.1 8.6 89.9
F, 69.9 79.1 87.6
Fang 60 (E) 96.8 97.0 99.3

LSD(0.05)Bx G 8.3
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Table 2. Response of F> population from Fang 60 (B efficient) x Bonza (B inefficient)

grown in 3 levels of B (Experniment 1}.

Number of F; plants

B Model* Efficient + Inefficient y* P

Intermediate

BL Expected 3:1 130.5 435 26.67 <0.01
Expected 15:1 163.1 10.9 0.96 0.33
Observed 160.0 14.0

BG Expected 3:1 146.2 48.7 33.03 <0.01
Expected 15:1 182.9 12.1 0.29 0.61
Observed 181.0 14.0

B+ Expected 3:1 127.5 42.5 - -
Expected 15:1 159.4 10.6 - -
Observed No segregation observed

® Expected ratio for single gene was efficient : inefficient = 3:1 and for two genes was

efficient + intermediate : inefficient = 15:1.

11



Table 3. Variance of F>-derived F; families selected from BL (limed soil), BO (no

added B) and B+ (10 kg B ha™') then grown in sand culture without added

B(Experiment 2). Selections were categorized by GSIL.

Number of family (%)
Variance
Mean 0 1-500 >500- >1000- >1500 Total
1000 1500

BL selection
0-25 17 13 29
>25-50 17 21 38
>50-75 13 12 25
>75-100 8 8
Total 0 8 17 43 33

B0 selection
0-25 4 13 17 33
>25-50 8 25 33
>50-75 8 17 25
>75-100 4 4 8
Total 0 8 21 33 42

B+ selection
0-25 8 4 25 8 46
>25-50 17 21 38
>50-75 4 13 17
>75-100 0
Total 8 4 25 29 44

12
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Figure 1. Grain Set Index (GSI, %) of parents and F, plants of (Fang 60 x Bonza)
grown in:
BL: mean (sd) of Bonza, F, population and Fang 60 were 2.1 (8.8), 69.9 (32.8)
and 96.8 (9.8), respectively.
B0: mean (sd) of Bonza, F, population and Fang 60 were 5.6 (9.0), 79.1 (25.3)
and 97.0 (5.1), respectively.
B+: mean (sd) of Bonza, F, population and Fang 60 were 89.9 (12.9), 87.6

(7.8) and 99.3 (1.4), respectively.

Figure 2. Mean and variance of F;-derived F; families selected from BL (limed soil),
B0 (no added B) and B+ (10 kg B ha™') and of Fang 60 parent grown in sand
culture without B (Experiment 2). Note: Mean GSI and variance of Bonza
parent were both 0 and obscured by F; families’ data. GSI of all selected F;

plants when grown in Experiment 1 were 95-100%.

15



To be submitted to Field Crop Research nawusn 3.5

Boron Deficiency in Wheat: a Review

Benjavan Rerkasem and Sansanee Jamjod
Faculty of Agriculture, Chiang Mai University,
Chiang Mai 50200 Thailand

[y

Incidences of B deficiency in wheat in farmers’ fields
2. B responses
2.1 Vegetative growth
2.2 Reproductive development
2.3 Whole plant response
2.4 Wheat compared with other species
2.5 Variation due to environment
3. Diagnosis, and measuring the effect of B deficiency
4. Adaptation to low B soils
4.1 Genotypic variation
4.2 Genetics of B efficiency
4.3 Boosting wheat production on low B soils with B efficiency

ABSTRACT

Although cereals are generally considered to be insensitive to boron (B) deficiency,
incidences of B deficiency have been reported from many of the world’s wheat
growing countries since the 1960°s. The most extensive region of B deficiency in
wheat so far reported is the adjoining area of eastern Nepal, northeastern India and
northwestern Bangladesh, through to southwestern China. Wheat is more prone to B
deficiency than rice and maize, and some dicotyledons including soybean and
mungbean. Although it has been reported to adversely affect many processes of
wheat growth and development, B deficiency depresses commercial wheat yield
primarily through grain set failure, which is in turn governed by male fertility. The
function of wheat anthers has been found to be impaired when their B concentration
per unit dry weight was 8-10 times that found limiting for vegetative growth. Wheat
genotypes vary greatly in their adaptation to low B soils, B efficient genotypes may
grow and yield normally on low B soils in which inefficient genotypes are so
adversely affected by B deficiency that they set no grain at all. International
germplasm from the International Maize and Wheat Improvement Centre (CIMMYT)
on which most developing countries depend on for their new wheat cultivars is largely
B inefficient. Increasing B efficiency in such internationally important germplasm
should boost production in the world’s growing areas on low B soils.

1. Incidences of boron deficiency in wheat

Boron (B) was shown to be essential to plant growth in 1923 (Warington, 1923).
Among the micronutrients, deficiency of B is the most frequently encountered in the
field (Gupta, 1979). However, along with other cereals, wheat has generally been
considered to have a low requirement for B (Marten and Westermann, 1991). Lack of
reports of deficiency in wheat and other small grains from areas where B deficiency in
other crop species is otherwise widespread such as the USA (Lamb, 1967) further
reinforced the perception of wheat being relatively free of B deficiency problem.
Boron deficiency in field grown wheat was first observed almost concurrently on

1
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different sides of the world following the spread of semi-dwarf, ‘green revolution’
wheat in the 1960’s. Grain set failure associated with male sterility was observed in
wheat in Brazil in 1962 (da Silva and de Andrade, 1980). Diagnosis of B deficiency
was confirmed by positive responses to B application. The same was observed in
Nepal in 1964, among introduced high-yielding Mexican and Indian wheat
germplasm (Misra et al., 1992). Boron deficiency was found to be the cause of almost
complete crop failure in some 40,000 ha of wheat in Heilongjian Province in the north
of China in 1972 and 1973 (Li et al., 1978).

Countries where B deficiency, based on responses to B application, in wheat has been
reported included Bangladesh, Brazil, Bulgaria, China, Finland, India, Madagascar,
Nepal, Pakistan, South Africa, Sweden, Tanzania, Thailand, USA, USSR, Yugoslavia,
Zambia (Shorrocks, 1997). Reports of B deficiency in wheat continue to come out of
India (Singh et al., 1976; Ganguly, 1979; Sarkar and Chakraborty, 1980; Mandal and
Das, 1988; Dwivedi et al, 1990.). Most of these were from the northeastern states of
Bihar, West Bengal, Orissa, Meghalaya and Assam. It was common focal knowledge
in the 1980’s that the problem does not stop at the international borders, but extends
into neighboring areas of Bangladesh and Nepal (Reuter, 1987). “Wheat sterility”,
depressed percentage of florets with grain, has been reported from many parts of
Nepal, with B deficiency, low temperature stress during reproductive development
(Subedi, 1992), waterlogging at flowering, low soil nitrogen and hot dry wind (Misra
et al, 1992) suggested as possible causes. An imprecise way in which the term
“sterility” is used may sometimes lead to inaccurate diagnosis for the causal factor
(see below). Except at higher altitudes, responses to B application have identified B
deficiency as the cause of grain set failure in wheat in Nepal (Sthapit, 1988; Subedi et
al, 1992). Boron deficiency was also found to be the cause of massive sterility
observed in the northern wheat zone of Bangladesh. Application of B increased
wheat yield in farmers’ field by 8.5% to 14% (an equivalent of approximately 60% of
the yield gains due to plant breeding in the past 20 years (D.A. Saunders, pers.
comm.). Recent studies have confirmed widespread problem of B deficiency in wheat
in this part of Asia (Kataki et al., 2001).

The adjoining areas of India, Nepal and Bangladesh is probably the world’s most
extensive area of B deficient wheat so far reported, covering at least several hundred
thousand hectares. The problem of B deficiency affects wheat farmers of area, who
are some the world’s poorest, in two ways. Firstly, they continue to suffer grain set
failure and yield loss each year. Secondly, they are prevented from realizing benefits
from new improved wheat varieties with greater yield potential and better resistance
to important diseases, which tumed out to be poorly adapted to low B soils. Boron
deficient wheat has also been found in northern Thailand (Rerkasem et al., 1989) and
southwestern China to the Myanmar border (Yang, 1992; Rerkasem, 1996). Any
attempt to improve wheat production in Myanmar should keep a close watch on B
deficiency especially with introduced germplasm of semi-dwarf wheat from
CIMMYT (Rerkasem et al., 2003 and see also section on adaptation to low B soils
below).

2. Responses to low boron

2.1 Vegetative growth
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The most rapid response to B deficiency in higher plants is the cessation of root
elongation (Dugger, 1983; Marschner, 1995; Shelp, 1993; Dell and Huang, 1997), but
this has rarely been seen in wheat. Boron deficiency in early vegetative growth is
much less readily inducible in wheat than in dicots. For example, Snowball and
Robson (1983) found that after a transfer to a solution culture to which no B had been
added wheat root continued growing normally for a considerable titne, while root
growth in subterranean clover (Trifolium subterraneum 1.) stopped immediately. In
earlier studies, B deficiency was induced in vegetative growth in wheat only after B in
the nutrient solution had been depleted by plant uptake. Characteristic symptoms in
young wheat plants made B deficient in this way include a longitudinal splitting of the
newer leaves close to the midrib and the development of a saw tooth effect on young
leaves reflecting abnormal cellular development (Snowball and Robson, 1983).

Other evidence of lower requirement for B and lower sensitivity to B deficiency in
wheat has all been based on early vegetative growth. Wheat has been shown to grow
almost normally in a nutrient solution without added B in which various legumes
were adversely affected by B deficiency in a comparison made on 30 days of early
vegetative growth (Chapman et al., 1997). Similarly, the lower external and internal
requirement for B in wheat than sunflower and marri (Corymbia calophylla) were
judged on the basis of an early vegetative growth of 10-20 days (Asad et al., 2001).
The young wheat plants grew well and were free of B deficiency symptoms in a
nutrient solution with <0.13 pM B in which vegetative growth of the two dicots,
marri and sunflower, was severely depressed by B deficiency. Maximum dry weight
was attained in wheat with 2 0.6 pM B in the nutrient solution, compared with > 1.2
pM B for Marri and sunflower. The difference was even greater in the B
concentration in the young open leaf associated with maximum growth, referred by
the authors as internal requirement. Ten days old wheat achieved maximum dry
weight with > 1.2 mg B kg" DW, whereas marri and sunflower did not until they had
exceeded 18-20 mg B kg™ DW. The lower B requirement in graminaceous species
than dicotyledonous species is said to be related to their different cell wall
composition (Marschner, 1995). Their shoots have been shown to contain 4-7 mg B
kg cell wall (CW) compared with 20-40 mg B kg”' CW in dicotyledonous plants
(Matoh, 1997).

These early vegetative responses to B in wheat, however, may or may not correlate
with whole plant responses. None of the effects of low B on early vegetative growth
cited above has ever been observed in the field. An exception is the longitudinal split
along the mid-rib observed in solution culture (Snowball and Robson, 1983) which is
common the field in Thailand, Bangladesh and Nepal (Rerkasem unpublished). In the
field, however, the symptom is extremely ubiquitous and not restricted only to fields
or plants that are otherwise proved to be B deficient.

2.2 Reproductive development

The first symptom of B deficiency in field grown wheat is seen during anthesis, when
florets remain open longer than normal. When viewed from a distance of 3-4 m
against the light, the ears have a translucent appearance, like paper lamps.
Examination of the florets just before or during anthesis show poorly developed
pollen and sometimes anthers, leading to the association between male sterility and B
deficiency (Li et al., 1978; da Silva and de Andrade, 1983; Rerkasem et al., 1989).
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A simple staining with iodine (in a KV, solution) may be used for pollen examination
(Cheng et al., 1992). Dead pollen shows up misshapened, shrivelled and un-stained
by iodine. However, pollen with starch deposits that stain blue black with iodine is
not always viable. A more precise assessment of pollen viability may be made with a
fluorochromatic (FCR) test or staining with 4’-6-Diamidino-2-phenylindole2HCI
(DAPI). Pollen that exhibited an adverse effect of B deficiency in a 30-70%
depression in viability by the FCR test was indistinguishable from B sufficient pollen
by the iodine stain (Nachiangmai et al., 2002). The adverse effect of B deficiency on
pollen viability was also shown in the absence of one or more of the nuclei by the
DAPI test. In addition to male fertility, B deficiency has also been shown to depress
the fertilization process (Cheng et al., 1993). Grain set was partially restored when B
deficient female wheat flowers were fertilized with B sufficient pollen (Rerkasem et
al,, 1993) and further enhanced by an application of B to the stigma (Rerkasem and
Jamjod, 1997).

That male sterility is the primary effect of B deficiency on grain set in wheat has been
demonstrated by an increase in grain set in B deficient plants by hand pollinating with
fertile pollen (Rerkasem et al., 1993). Anthers and carpel account for 2 much larger
proportion of B content of the ear of wheat relative to their dry weight (Rerkasem and
Lordkaew, 1996). Wheat anthers and carpel contain several times the B concentration
of the whole ear (Table 2). Grain set failure was associated with less than 10 mg B
kg in the anthers and 8 mg B kg™ in the carpel (Rerkasem et al., 1997). In contrast,
the critical B deficiency concentration for vegetative growth in wheat has been
estimated at 1 mg B kg dry weight in the youngest open leaf (Huang et al., 1996;
Asad et al., 2001) and 3 mg B kg dry weight in the whole shoot (Reuter et al., 1997;
Asad et al., 2001).

At present it s still unclear what function B is required for in the development of
anthers, pollen and carpel that is different from that for somatic tissues including the
secondary sexual part of the ear such as rachis, glumes and lemmas. Anthers with
lower B contents appeared to have normal tapetum and lignified endothecium
(Rerkasem et al., 1997). These were different from Cu deficient anthers, with their
amoeboid tapetal cells (Jewell et al., 1988) and absent lignification of the
endothecium (Dell, 1981). Pollen abortion has been found to take place some time
after uninucleate vacuolar stage, microsporogenesis in B deficient wheat having
proceeded normally prior to this (Rerkasem et al., 1997). This indicates the B
requirement for the later stage of pollen development after meiotic and at least the
earlier stage of mitotic cell division had occurred.

2.3 Whole plant response

To understand whole plant response to a nutrient deficiency, and thus to apply the
understanding to field grown crops, it is necessary to consider responses of different
growth processes in relation to one another as well as the response of individual
processes. The relationship may be in the chronological order in which the processes
occur in the life cycle of the plant, and in their relative sensitivity to the deficiency.
Irreversible adverse effects that occur earlier may over-ride effects on more sensitive
processes or organs that occur later. Boron deficiency causes flower buds to shed in
some species, e.g. in apple (Malus domestica) (Dong et al., 1997); black gram
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(Noppakoonwong et al., 1997) and sunflower (Blamey, 1987). In such cases it may
be irrelevant if the development of the male and female gametes are more sensitive to
B deficiency if the flower buds had been lost even before meiosis. On the other hand,
a greater sensitivity of the development the stamen or carpel or the fertilization
process may make one of them the limiting-step if the B deficiency is not severe
enough cause prior irreversible damages. A key to understanding B deficiency in
wheat appears to be the relative sensitivity of its reproductive process. Published
accounts of responses to low B in field grown wheat invariably reported on the effect
of B deficiency on male fertility, grain set and grain yield (Table 1). Evidence of
adverse effects of low B on vegetative parameters such as straw yield, tiller number,
and secondary reproductive organs such as number of spikelets ear” is rare. In
contrast to the effect on male fertility and grain set, B deficiency tended to increase
the weight of individual grains. Barley and triticale (x Triticosecale Wittmack) are
different from wheat in one respect. As well as the grain set failure, B deficient
barley and triticale have been reported to have shorter ears (fewer spikelets ear™'), and
also delayed ear emergence in the case of barley (Jamjod and Rerkasem, 1999;
Pasook, 2000; Wongmo, 2001).

In wheat (Subedi et al., 1997; Pant et al., 1998), along with barley (Ambak and
Tandao, 1991; Jamjod and Rerkasem, 1999), the greater requirement for B for
reproductive growth than vegetative growth may be indicated by the effect of B
deficiency that actually increased tillering while at the same time depressing male
fertility and grain set. In addition to the greater functional requirement for B in the
anthers and carpel as discussed above, sensitivity to B deficiency of reproductive
development in wheat, and the other Triticeae cereals, may be related to B supply to
these organs during critical time. Boron is transported from plant roots via the xylem,
driven by water potential gradient created by transpiration. The site of the
reproductive process most sensitive to B deficiency in wheat along with barley,
durum (Triticum durum Dest.} and triticale is in the non-transpiring ear, while it
develops inside the leaf sheath. The effect of B deficiency on male fertility in wheat
may therefore be expected to operate through interrupted supply of B for anthers and
pollen development. On the other hand, it is as yet unclear how wheat avoids the
effect of B deficiency on terminal spikelets development that causes depression in the
number of spikelets ear”’ and the rat-tail symptom barley and triticale.

A greater requirement for B in reproductive than vegetative growth has been shown in
canola and sunflower (Asad et al., 2002). In these species, however, B deficiency
depressed dry weight of vegetative parts along with the flowers, and stamens that
were determined in canola. Similarly in maize, adverse effects of B deficiency on
vegetative growth were observed along with those on the pollen and anthers
(Agarwala et al., 1981). Wheat is different in that male sterility and the associated
grain set failure may be the only observable effect of B deficiency. It offers a unique
model through which the effect of B deficiency on the primary sexual process may be
studied without the confounding effects on other organs and processes.

2.4 Wheat in comparison to other species
Wheat may be judged to be relatively insensitive to B deficiency on the evidence of

its early vegetative growth (see above). In farmers’ fields, however, wheat is more
prone to B deficiency than rice, maize and even some dicotyledons such as soybean
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and mungbean. Cases of B deficiency in wheat in south Asia reviewed above were
generally reported from areas growing rice-wheat, the region’s most common
cropping system. Yet B deficiency has never been observed in the associated rice
crop. One of the earliest reports of B deficiency in wheat was made on rice-wheat
and soybean-wheat cropping systems, in which neither rice nor soybean were
deficient (da Silva and de Andrade, 1983). The wheat crop in a rice-wheat cropping
system recorded grain set failure and yield losses of 30% to 70% over 3 consecutive
years (Rerkasem and Loneragan, 1994). No adverse effect of B deficiency was ever
observed in the rice crops in between the wheat seasons.

This difference between wheat and other crops may be based on relative tolerance to
low B of the species. It may also reflect seasonal effects on plant response to soil B,
since wheat in the subtropics is grown in the coolest months normally to be avoided
for rice, soybean, maize and green gram. In non-alkaline soils wheat grain set and
grain yield were depressed by the same level of hot water soluble (HWS) B that
affected black gram (Vigna mungo (L). Hepper), peanut (Arachis hypogaea L.) and
sunflower (Helianthus annuus) (Bell, 1997). This level of s0il B, <0.12 mg HWS B
kg™, had no adverse effect on rice, soybean, green gram (Bell et al., 1990), maize and
sorghum (Rerkasem, unpublished). However, the other Triticeae cereals, including
barley (Hordeum vulgare L.), have shown responses to B in the same order as wheat
(Jamjod and Rerkasem, 1999; Rerkasem and Jamjod, 2001).

2.5 Variation due to the environment

The variable nature of plant responses to B is well known and evidence of B
deficiency being accentuated by suboptimal environmental conditions such
temperature (too low as well as too high), water stress and high light intensity has
been reviewed by Shorrocks (1997), adding to management difficulties. Variation in
the response to low B among wheat genotypes is well established. On the same soil,
some wheat genotypes may set no grain at all because of B deficiency while others set
grain normally (see section on genotypic variation below). Waterlogging (Pintasen et
al., 1997) and drought (Pant et al., 1998) have both been shown to accentuate B
deficiency in wheat. Researchers in Bangladesh have induced “sterility” by shading,
waterlogging or fogging (decreasing water vapour deficit), but the symptoms
appeared to be very different from those observed in farmers’ fields (Saifuzzaman and
Meisner, 1996). No evidence was presented to show if these treatments had caused
“sterility” by inducing B deficiency. An experiment in controlled environment
showed that the effect of B deficiency in wheat was amplified by low light intensity
but not high humidity (Rawson and Noppakoonwong, 1996). Many observations
indicating an involvement of B in frost resistance have been reviewed, but it is still
unclear if these are simply the effect of B deficiency being accentuated by low
temperature stress (Shorrocks, 1997). On the other hand, the wheat sterility problem
that occurs regularly at high altitudes in Nepal has not responded to B application
(Sthapit, 1988; Subedi, 1992).

3. Diagnosis and measuring effects of B deficiency in wheat
A combination of methods including plant symptoms, soil and plant analysis and

plant response to applied B has been employed for diagnosis of B deficiency (Bell,
1997). Vegetative symptoms are not very useful in wheat as they are hardly ever seen
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in the field. Male sterility, with florets that stay open for many days at anthesis,
followed by grain set failure, are the most common symptoms seen in field grown B
deficient wheat (Li et al., 1978; da Silva and de Andrade, 1980; Sthapit 1988;
Rerkasem et al., 1989; Rerkasem and Loneragan, 1994). However, similar symptoms
associated with male sterility are also caused by Cu deficiency (Graham, 1975). In
wheat Cu deficiency also causes the rat-tail symptom of the ear which B deficiency
does not. It is however necessary to keep in mind that B deficiency does cause the
rat-tail symptom in barley and triticale. Further evidence may be found in local
knowledge of the history of B deficiency in the area. As it is now clear that wheat can
be as prone to B deficiency as some legumes and other dicots, the history of B
deficiency in other crops is also useful. In many crop species, however, genotypes
have been observed to vary widely in their sensitivity to B deficiency, making the
choice genotypes for indicator plants critical. The problem of B deficiency would
never have been suspected in Nepal by the appearance and yield of two local lentil
varieties ‘Simal’ and ‘Simrik’, although it almost completely destroyed an introduced
germplasm of some 500 entries (Srivastava et al., 2000). Locally adapted wheat
varieties such as Sonora 64 and Fang 60 are not very good indicators because they are
extremely well adapted to low B soils (Anantawiroon et al., 1997; Rerkasem et al.,
2003).

Available soil B levels found associated with B deficiency in wheat ranged from
about 0.1 mg HWS B kg™ in Thailand (Rerkasem and Loneragan, 1994) to 0.3 — 0.4
mg HWS B kg™ in China (Li et al., 1978). As in other crops, the critical level of
available soil B is likely to be highly variable. It is influenced by soil characteristics
such as pH, moisture and texture (Shorrocks, 1992; Sims and Johnson, 1991), above
ground conditions of light, humidity and temperature (Shorrocks, 1997) and
genotypes (see below). Incidences of B deficiency in wheat in Bangladesh have been
reported to be completely unrelated to the level of HWS B in the soil (Kataki et al.,
2001). Wheat has been found to respond to B in areas dominated by soils with toxic
levels B such as Pakistan (Rashid et al., 2001). Response to B has been observed in
durum wheat in Turkey (Topal et al., 2001), where pockets of low B soils have also
be found amongst toxicity levels B (Gezgin et al., 2001).

The critical B concentration for early vegetative growth in wheat is reported to be
about 1 mg B kg™ DW (Asad et al., 2001). In contrast, grain set failure in wheat has
been found associated with less than 2 mg B kg™ DW in the ear (Rerkasem and
Lordkaew, 1992) and 3 mg B lcg'l in the flag leaf at boot stage (Rerkasem and
Loneragan, 1994). At these concentrations the flag leaf and ear themselves appeared
normal. The leaf and ear B concentration are all somewhat imprecise for diagnosis
for B deficiency in wheat, for two reasons. The reproductive organs affected by
deficiency, the anthers and carpel, account for only 4% of the whole ear dry weight at
anthesis, and 10% of its B content (Rerkasem, 1996). Furthermore, the critical B
deficiency concentration for the carpel and anthers, at 10-12 mg B kg™’ (Rerkasem et
al., 1997), are several times the values for these vegetative and secondary
reproductive tissues such as the lemma, palae and rachis.

Diagnosis for B deficiency with tissue analysis may be made with the most precision
by analysing for B in the anthers. However, sampling for anthers is logistically
impossible for use in farmers’ fields. It is extremely time consuming, especially with
the samples (larger amounts of B) needed for analysis by the colorimetric method
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with Azomethine-H of Loshe (1982). The final verification of B deficiency is plant
response to apply B. Thus after an observation of massive sterility in wheat in
Bangladesh in 1986/87, widespread B deficiency was verified by the average 14% on-
farm yield increase by B application in 1987/88 and 10% in 1988/89 (D.A. Saunders,
pers. comm.). Although not as effective as B applied to the soil, foliar B may
increase grain set significantly (Rerkasem and Jamjod 1988) and may be sufficient for
the purpose of confirming B deficiency. A source of error in B response trials is
“contamination”. Large amounts of B have been found in common N, P and K
fertilizers in Asia (Bell et al., 1990; Lordkaew, 1995). Thus B deficiency may be
overcome even in the nil B treatment.

The occurrence of wheat sterility in farmer’s field in Nepal (Sthapit, 1988; Misra et
al., 1992; Tiwari, 1996) and Bangladesh (Saifuzzaman and Meisner, 1996) has often
been reported to be highly variable. Confirmation of B deficiency as the cause,
however, has sometimes been hindered by imprecise definition of “sterility”.
Percentage of florets without grain measures the combined success of two different
processes, florets development (photosynthetic capacity) and fertilization (grain set).
Boron deficiency, on the other hand, specifically affects grain set only (see above).
Unless there is a B sufficiency control, grain set failure is more precisely measured
with the grain set index (GSI). The GSI is defined as the percentage grain bearing in
two basal florets of 10 central spikelets (Rerkasem and Loneragan, 1994). Among
florets of a wheat spikelet, the two basal florets are the first to develop, while
development of terminal florets is dependent on the supply of photosynthate. The
absence of a grain in either or both of the basal florets of a spikelet is therefore
indicative of grain set failure. Focusing on central spikelets removes the possibility of
a confounding effect of incompletely developed basal and terminal spikelets. Without
the need for a B sufficiency control, the GSI is very useful to evaluate responses to
low B in nurseries with large entry numbers (Rerkasem and Jamjod, 1997a;
Anantawiroon et al., 1997). The extent of B deficiency in the screening environment
may be indicated by inclusion of a set of check genotypes covering a range of
responses to low B. The GSl is also useful to quantify the problem of grain set failure
in wheat, triticale and barley under a wide range of on-farm environmental conditions.
The presence of common varieties with known susceptibility to B deficiency allows
verification of B deficiency as the likely limiting factor.

4. Adaptation to low B soils
4.1 Genotypic variation

The ability of a genotype to grow and yield well in soils too deficient in a particular
nutrient for a standard genotype has been defined as ‘nutrient efficiency’ (Graham,
1984). This simple definition enables performances of genotypes to be compared
experimentally even when the mechanism behind their differences is yet to be
explained. Without inferring a mechanism, the ability of a genotype to perform well
in soils too deficient in B for other genotypes has been termed B efficiency (Rerkasem
and Jamjod, 1997b). Germplasms of oilseed rape have successfully been evaluated for
B efficiency based on their performance in low B relative to sufficient B (Xue et al,
1998; Stangoulis et al, 2000). ).
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Reports of B deficiency in wheat, from Brazil (da Silva and de Andrade, 1983), China
(Liet al., 1978), to India (Ganguly, 1979), Nepal (Subedi et al., 1997) and Thailand
(Rerkasem et al., 1989), have invariably noted large genotypic variations in the
response to0 B. Variation in B efficiency in wheat is probably the widest possible of
any species in response to a deficiency in any nutrient element. Wheat genotypes
growing in the same low B condition may range from the most inefficient that set no
grain at all to the most efficient that set grain normally (Rerkasem and Jamjod, 1997a;
Rerkasem et al., 2003 ). Boron efficient and inefficient genotypes have been ‘
identified in different countries (Table 3). Some of these, which have shown
consistent responses to low B, have been used as standard B efficiency checks.

Wheat genotypes have been ranked according to their adaptation to low B soils in into
5 different B efficiency classes (Rerkasem and Jamjod, 1997). The most efficient and
most inefficient classes appear to be readily distinguishable by their tissue B
concentrations. Growing in the same low B conditions, B concentration in the flag
leaf and ear of the very inefficient Tatiara were only about half of those of B efficient
Fang 60 (Wongmo et al., 2003). Those belonging to closer B efficiency classes,
however, are less readily distinguishable by the concentration of B in their flag leaf
(Rerkasem and Loneragan, 1994; Subedi et al., 1999) or ear (Rerkasem and
Lordkaew, 1992). Male fertility and grain set are more closely correlated with B
concentration in the anthers than in the leaf or secondary reproductive tissues such as
the palea or lemmas (Rerkasem et al., 1997). Boron efficient genotypes appear to
have escaped male sterility by maintaining anther B above the critical deficiency
concentration (Figure 1).

The ability to recycle B from old tissues is a mechanism that enables some plant
species to escape deficiency when external supply is low. Unique among the essential
plant nutrients, B is freely mobile in the phloem of some species while having
restricted mobility in other spegies, (Brown and Shelp, 1997). Some have suggested
that certain wheat genotypes may be more tolerant to B deficiency than others

because they are able to meet reproductive demand by their ability to recycle B into
growing ears (Rawson, 1996; Subedi et al., 1999; Huang et al., 2001). No evidence of
B remobilization has been found in the B efficient Fang 60 which had escaped B
deficiency caused by withholding B for five days between premeiotic interphase and
young microspore stage (Nachiangmai et al., 2003). The authors were able to trace B
supply to the ear by first providing adequate B supply with ''B at 10 uM and then
labeling the much lowered supply at 0.1 pM with '°B. They clearly demonstrated that
with the lowered external supply to 0.1 pM, inefficient SW41 was unable to maintain
adequate B supply to the ear, and so its pollen viability was depressed by 40-70% by
B deficiency. In contrast, Fang 60 was unaffected by B deficiency because it was

able to meet the demand for pollen development with the 0.1 uM '°B.

4.2 Genetics of B efficiency

Genetic control of B efficiency has been reported for many species (Rerkasem and
Jamjod, 1997). For wheat, analysis of B efficiency in F1s from seven crosses of
genotypes with different adaptation to low B soils led to a suggestion of additive and
dominant gene actions in the control of B efficiency (Jamjod et al., 1992). The Fls by
B efficient Fang 60 as male parent and very inefficient female parents showed
adaptation to low B soil that was almost identical to Fang 60 (Figure 2). The F2
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populations of a Fang 60 x Bonza cross were found to fit the 1:15 ratio of B
inefficient (similar to Bonza) to efficient (more efficient than Bonza to similar to Fang
60), suggesting two dominant genes controlling B efficiency (Ngorian, 2000).

For triticale, durum wheat and barley, a transfer of relevant genes from B efficient
bread wheat such as Fang 60 will probably be essential. As it is present in the more B
efficient bread wheat but not in the less B efficient durum wheat, triticale and barley,
the D genome is of great interest as a possible source of genes for increasing B
efficiency.

4.3 Boosting wheat production on low boron soils with B efficiency

The world’s largest single source of wheat germplasm is the International Maize and
Wheat Improvement Centre (CIMMYT). Thousands of advanced breeding lines are
introduced into developing countries each year in various yield trials, screening and
observation nurseries. Evidence of B inefficiency in the germplasm relative to B
efficient Fang 60 (P/FD//PI/MZ/3/MXP) or Sonora 64 was seen in lines after lines of
male sterile genotypes in the various screening nurseries (e.g. the International Bread
Wheat Screening Nursery, Semi-Arid Areas Wheat Screening Nursery) and yield
trials {e.g. High Temperature Wheat Yield Trial, Elite Selection Wheat Yield Trial) in
stations on low B soils of the Asian subtropics such as Nashipur in Bangladesh,
Chiang Mai in Thailand and Yunnan in China (Rerkasem unpublished, C.E. Mann
and D.A. Saunders, Pers. Comm.). This has been confirmed experimentally
(Rerkasem and Jamjod, 2001; Rerkasem et al., 2003.). Some 30-40% of the
germplasm set only 1-2 grains ear” or none at all in the same low B condition in
which Fang 60 set grain normally. Most developing countries, including Nepal and
Bangladesh, depend on CIMMYT for their new improved wheat cultivars. It is
therefore not surprising that wheat varieties and advanced breeding lines from Nepal
(Subedi et al., 1997) and Bangladesh (Ahmed et al., 2002) are mostly B inefficient.
Similarly, promising lines selected in Thailand that turned out to be susceptible to B
deficiency-induced male sterility when they reached on farm trials included
ARTC87001 (Junco “S’/Buc ‘S’, CM64478, from the 4™ Hot Climate Wheat
Screening Nursery) and SMGBW88001 (Rerkasem, 1996).

By screening the F2s in low B the author demonstrated the ease of transfer of the B
efficiency genes. There is real scope for genetic improvement. The source of genes
for B efficiency already exists in bread wheat, especially in advanced breeding lines
already incorporating high yielding, disease resistance and other desirable
characteristics. Screening can be done in the field on soil with low B or in a simple
sand culture (Anatawiroon et al., 1997; Rerkasem et al., 2003). Many of the B
efficient genotypes identified were advanced breeding lines, i.e. ready to be released
as cultivars, that were included in CIMMYT international yield nurseries such as the
4HTWYT and 17ESWYT.
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Table 1. Responses to boron in wheat.

Responsive Non-responsive  References
Parameters % maxt parameters
Seed yield 51-61 Straw yield Rerkasem et al (1989)
Grains spikelet™ 25-73 Ears m™
mg seed”’ 106-121f  Spikelets ear”
Seed yield 25-65 Straw yield Rerkasem and
Grains spikelet™ 21-57 Ears m™ Loneragan (1994)
Grain set index 31-73 Spikelets ear™
mg seed™”’ 123-141%
Seed yield 3-75 - Subedi et al. (1997)
Grains ear” 9-79
mg seed”! 121-164%
Ears m™ 95-161%
Seed yield 62-88 Above ground Pant et al. (1998)
% ears with grain  63-79 biomass
Grains ear’ 40-85 Plant height
Grain set index 66-75 Spikelets ear!
mg seed™! 120-130%
Ears m 99-116
Grains ear’' 9-67 Florets ear’ Subedi et al. (1999)
Pollen viability 15-78 Dry weight of

roots, stems,

leaves

T Relative to performance in B sufficiency
1 Increased in low B
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Table 2. Boron concentration in different parts of the wheat ear at ear
emergence and anthesis in five wheat cultivars.

Genotype Just emerged Anthesis
Whole ear Anthers Whole ear Carpel
mg B kg™

Swi4l 26 14.0 2.6 6.8

Glenaro 81 3.7 14.3 2.7 9.2

Glennson 29 18.0 25 8.9

Nesser 34 16.7 3.8 10.9

Seri 82 3.5 15.3 2.7 6.7

SE 0.6 5.2 0.7 2.0
Each number is mean of samples from three replicated plots of field grown
plants.

Source: Rerkasem (1995).

Table 3. Boron efficiency of selected Asian wheat varieties and genotypes.

Country of  Efficiency Reference
origin
Bangladesh  Efficient: (Fang 60)' Ahmed et al.,
Inefficient: Kanchan, Gourab, E12, 2002
Sourav, (SW41)?

Inefficient: Ananda, Aghrani, Balaka, Inia  Rerkasem
66, Kanchan, Kalyasona, Sonalika, Veery  unpublished
China Inefficient: Saric F70, Tanori F71, Yang, 1992
Chapingo, Spring 980°
Efficient: Sonora 64

India Inefficient: Janak, UP262, BW5, BW11, Reuter, 1987
BwW43
Inefficient: HP1102, HP1209, HD228S, Tandon and
HUW?206 Nagqvi, 1992
Efficient: HD2307, HDR77, C 306

Nepal Inefficient: (SW41), BL1022, SW23 Subedi et al,,
Efficient: (Fang 60, Sonora 64) 1993
Inefficient: BL1022, Annapuma 4,
Annapurna 3, BL1135, RR21, (SW41) Subedi et al.,
Efficient: BL1249, Nepal 297, (Fang 60) 1999

Thailand Inefficient: Seri, Kauz, SW41, SW23 Jamjod et al.,
Efficient: Fang 60, #144* 1992
Inefficient: SW41 Rerkasem and
Efficient: Sonora 64 Loneragan, 1994
Inefficient: SW41, Bonza’ Wongmo, 2001

Efficient: Fang 60

Boron efficicent check (PVFD//PI/MZ/3/MXP), locally known as 1015 before
release as Fang 60 in 1987 in Thailand.

2 Boron inefficient check (Baya/Emu)

>Ald/Pci

* Another selection from PI/FD//PI/MZ/3/MXP

> Australian variety
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Table 4. Effects of boron fertilizer on wheat line SW41

Boron Seed Ears Spikelets Grains Grain  Harvest
Treatmentt  yield m?  ear’ spikelet’ weight Index
_(kgha?) (mg) (%)
Nil 531 270 15.5 0.49 42 10.4
Soil 2913 290 15.1 2.36 35 44.8
Foliar(31)} 906 272 15.1 1.26 4] 19.2
Foliar(39) 1144 290 14.3 1.23 43 223
Foliar(49) 1325 312 14.8 1.47 40 22.1
Foliar(52) 838 304 14.8 0.97 41 17.1
Foliar(54) 863 314 15.5 10.8 41 16.8
Foliar(57) 1238 316 14.6 1.18 41 20.2
LSD 594 NS NS 0.4 3 9.0
(p<0.05)

t Soil application before sowing, with borax at 1 kg B ha". Foliar application
of at 50 g B ha' (as borax in 0.05% solution, wrv)

1 Time of foliar application in brackets, in days from sowing: 31, tillering; 39,
stem elongation; 4¢, flag leaf visible; 52, flag leaf emerged; 54, boot
stage; 57, anthesis.

Source: Rerkasem and Jamjod, 1989.

Table 5. B efficiency in F3 populations from Fang 60 x Bonza crosses
selected under B deficiency and sufficiency.

GSI in BO| Selected in
BL BO B+

= Bonza 25.0 20.8 41.7
> Bonza 75.0 79.2 58.3

= Fang 29.2 29.2 16.7
Fang 60 85.9 78.9 81.9
Bonza 0 0 0
TP <0.05
Source Ngorian (2000)
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