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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
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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



N5a1SiNYAs (UT) ACCEPTED mawudn 1.22

o = ¢ o 1
EUBNUATININIARTINHATAIRAST TuN 27 8. 2546
LY v 1 = = <
msdananumnraevestulzazlulimpuisuveanzimislld
Tumamileveaszma’lng
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
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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”
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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
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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
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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 ¥
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¥ [ .
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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
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Aumanau 1 A dlisnsauhdhuiuinsoudanudensnaloseu uyeisse, 2537) ¥
anuianudhludsfunriweansalunmsndoudoTuseurziduysz Tomidenisudley
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gunsakzIEMs
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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



osdaisinuas (Uy) ACCEPTED AMAWUIN 1.24

(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
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e Tusen lUdaaunln T oS NaNTRY090 2309 (a2 suterranean clover RUMITWAIU1 U
o a 4 J v oA -
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1 . »
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3.5 M1 (Table 1.)
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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.
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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
1231014 Bonza g Turkey 1473 9und19zda B150 Favirlddhaend 2 Wug fisno1a 33 . uas
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Uszana 3 1 (n i 3a) ﬁ'm%’uﬁmmmimfuﬁﬂ'nuuﬂmhﬁ:w‘hqﬁ'uﬁ"lumiﬂammmda
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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



Submitted to Agroforestry Systems n1awuon. 2.1

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.

Acknowledgements

The authors acknowledge financial support from Thailand Research Fund for part of this
research and Chiang Mai University Graduate school for partial support to the first
author’s Ph.D. study. We thank Dr. Kanok R erkasem for the use o f facilities and field
support at the United Nations University’s Programme on People, Land Management and
Environmental Change (UNU-PLEC) site at Haui Tee Cha village and Narit Yimyam for
helping collect the samples. Thanks to the Multiple Cropping Centre, Sithichai Lordkaew,

for soil and plant analysis and the Northern Meteorological Center for climatological data.

References
13



Submitted to Agroforestry Systems niawuon. 2.1

Bagyaraj DJ and Varma A (1995) Interactions between arbuscular mycorrhizal fungi and
plants: their importance in sustainable agriculture in arid and semiarid tropics.
Adv Microbiol Ecol 14: 119-142

Brundrett M, Bougher N, Dell B, Grove T and Malajczuk N (1996) Working with
mycorrhizas in forestry and agriculture. ACIAR Monograph, Canberra, Australia,

374 pp

ber CS, Smith SE and Smith FA (1980) Effects of ammonium and nitrate ions on

mycorrhizal infection, nodulation and growth of Trifolium subterraneum. New
Phytol 85: 47-62

Chen Y, Gong M, Wang F, Chen Y, Zhang M, Dell B and Malajczuk N (1998) Diversity
of putative ectomycorrhizal fungi and arbuscular mycorrhizal fungi in Eucalyptus
plantations in southern China. In: Gong M, Xu D, Chonglu Z, Chen Y,
Dell B and Brundrett M (eds) Mycorrhizal Fungi Biodiversity and Applications of
Inoculation Technology, pp 21-28. Proceedings of the Guangzhou ACIAR
international workshop, Beijing, China

Duponnois R, Plenchette C, Thioulouse J and Cadet P (2001) The mycorrhizal soil
infectivity and arbuscular mycorrhizal fungal spore communities in soils of
different aged fallows in Senegal. App! Soil Ecol 17: 239-251

Douds DD, and Millner PD (1999) Biodiversity of arbuscular mycorrhizal fungi in
agroecosystems. Agric Ecosyst Environ 74: 119-142

nd gvaidyaniifhia UPS (1982) Endomycorrhizas of rubber growing soils

of Sri Lanka and their effect on water uptake. In: Proceeding of Training Course
on Mycorrhizal Research Techniques, pp 328-359. Serdang, Malaysia

Kerby J, Elliot S, Maxwell JF, Blakesley D Anusarmsunthorn V (2000) Tree Seeds and
14



Submitted to Agroforestry Systems nawusn. 2.1

Seedlings for Restoring Forests in Northern Thailand. Biology Department,
Science Faculty, Chiang Mai University, Chiang Mai, Thailand, 151 pp

Khaliq A and Sanders FE (2000) Effects of vesicular-arbuscular mycorrhizal inoculation
on the yield and phosphorus uptake of field-grown barley. Soil Biol Biochem 32:
1691-1696

Kucey RMN and Paul EA (1983) Vesicular arbuscular mycorrhizal spore populations
in various Saskatchewan soils and the effect of inoculation with Glomus mosseae
on faba bean growth in greenhouse and field trials. Can J Soil Sci 63: 87-95

Marschner, H and Dell, B (1994) Nutrient uptake in mycorrhizal symbiosis. Plant Soil
159: 89-102

McGonigle TP, Miller MH, Evans DG, Fairchild GL and Swan JA (1990) A new method
which gives an objective measure of colonization of roots by vesicular-
arbuscular mycorrhizal fungi. New Phytol 115: 495-501

Rerkasem K, Yimyam N, Kosamphan C, Thong-Ngam C and Rerkasem B (2002)
Agrodiversity lessons in mountain land management. Mt Res Dev 22: 4-9

Schenck NC and Perez Y (1988) Manual for identification of VA mycorrhizal fungi 2n
ed. INVAM Gainesville, Florida, USA, 241 pp

Schenck NC and Smith GS (1982) Response of six species of vesicular-arbuscular
mycorrhizal fungi and their effects on soybean at four soil temperatures. New
Phytol 92: 193-201

Siqueira JO, Cameiro MAC, Curi N, Rosado SCS and Davide C (1998) Mycorrhizal
colonization and mycotrophic growth of native woody species as related to
successional groups in Southeastern Brazil. For Ecol Manage 107: 241-252

Sylvia DM and Neal LH (1990) Nitrogen affects the phosphorus response of VA

mycorrhiza. New Phytol 115: 303-310
15



Submitted to Agroforestry Systems nawuon. 2.1

Taylor J and Harrier LA (2001) A comparison of development and mineral nutrition of
micropropagated Fragaria x ananassa cv. Elvira (strawberry) when colonised
by nine species of arbuscular mycorrhizal fungi. Appl Soil Ecol 18: 205-215

Valentine AJ, Osbome BA and Mitchell DT (2001) Interaction between phosphorus
supply and total nutrient availability on mycorrhizal colonization, growth and
photosynthesis of cucumber. Sci Hort 88: 177-189

Wu CG and Chen ZC (1986) The endogonaceae of Taiwan I, a preliminary investigation
on Endogonaceae of bamboo vegetation at Chi-Tou areas, central Taiwan.
Taiwania 31: 65-88

Yimyam N, Rerkasem K and Rerkasem B Fallow enrichment with pada (Macaranga
denticulata (Bl.) Muell. Arg.) trees in rotational shifting cultivation in Northern
Thailand. Agrofor Syst. In press

Zinke P, Sabhasn S and Kunstadter P (1978) Soil fertility aspects of the Lua forest
fallow system of shifting cultivation. In: Kunstader P, Chapman EC and Sabhasn
S (eds) Farmers in the Forest, pp 134-159. University Press of Hawaii, Honolulu

Gheddspellingofallireférences

Bipgures not sent hence not seen

16



Submitted to Agroforestry Systems

nmMawuosn. 2.1

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).

18



Submitted to Agroforestry Systems

nawusn. 2.1

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
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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.



nMawuon 2.2°

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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