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NUTRIENT EFFICIENCY FROM LOCAL GENETIC RESOURCE 
FOR BETTER CROP PRODUCTION

EXECUTIVE SUMMARY
Thailand is rich in genetic resource that can be exploited to help in nutrient management 

in agriculture, to improve economic efficiency in crop production and to reduce impact on the 
environment that includes emission of greenhouse gases.  These can be found in indigenous 
cultivated plant species and their wild relatives like rice and sugarcane, in wild plant species and 
in symbiotic bacteria and fungi.  This project has contributed to knowledge in nutrient efficiency 
for crop production in three sets of objectives as follows. 

1. To identify key processes and mechanisms controlling useful traits (adaptation and 
grain quality) associated with nutrient efficiency in rice. 
Rice varieties adapted to soil acidity identified out-performed sensitive varieties in 

farmers’ fields, in yield and nutrient contents.  Tolerance was associated with the ability (a) to 
keep extending the roots into the acidic soil layers, and (b) to retain aluminium (Al) in the roots, 
so keeping it away from the shoot.  Iron (Fe) toxicity depressed root growth, plant dry weight, 
height and tillering.  Leaf bronzing and tillering are simple indicators that can distinguish 
between tolerance and sensitivity in rice varieties.  Application of Zn alleviated the effect of Fe 
toxicity in rice, thus providing a simple mean to overcome the problem in farmers’ field.  A wide 
range of grain Zn density has been found in Thai rice varieties, but with some major GxE effects.  
Some rice varieties had significantly higher Zn concentration when grown in submerged soil 
than in aerobic soil, especially those with exceptional high Zn.  In general, white rice contains a 
lot less Zn than brown rice, as a significant proportion of the Zn is removed during polishing, but 
with significant milling loss of Zn among.  Analysis of F1s and F2s suggested that grain Fe in 
rice was controlled by additive, recessive gene action that differed by two genes in the parents, 
suggesting that it should be simple to breed for higher grain Fe density.

2. To increase understanding on B efficiency in cereals and effects of B deficiency on 
fiber quality, from effects of B deficiency and fiber quality and genomic syntheny of 
B efficiency in rice, wheat and maize. 
Studies of boron efficiency included experiments on wheat, and maize, with wheat work 

being more advanced, as it built on earlier work.  Boron efficiency genes have been located on 
chromosome 4D.  Backcrosses BC3 of BonzaBo2 have been made to create 12 isogenic lines for 
further genetic studies.  In contrast to the effect on male fertility in wheat and barley, B 
deficiency in maize had adverse effects on the female reproductive system first, via function of 
the silk in pollen germination.  No difference was found in the effect of B deficiency on their 
vegetative growth, but a range of B efficiency was found in relation to the reproductive growth 
of 7 maize varieties commonly grown in Thailand.  Concentration of B in the pollen, tassel, silk, 
ear-leaf and flag-leaf all indicated B status that affected grain set and grain yield.  Silk B is the 
most direct measure of B status for reproduction, but the ear leaf, flag leaf and tassel are useful 
indicator of B status that can be determined early and remedied by a B spray on the silk if 
necessary.   No evidence of B deficiency adversely affecting fiber quality in eucalyptus was 
found.  However, significant variation in B efficiency and responses to B among the clones mean 
that B efficiency may be useful in eucalyptus clones selected for areas in the north and northeast 
with widespread low B soils.

3. To identify factors and processes controlling contributions from AM fungi to 
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general soil health and nutrient cycling in legume and non-legume species.
We have found that when phosphorus was limiting, inoculation with soil freshly collected 

from the rhizosphere of pada (Macaranga denticulata), which contains an abundant and diverse 
population of natural AM fungi, increased accumulation of nutrients, plant growth and yield in 
food crops of shifting cultivation, including rice, maize, job’s tears and sorghum, just as it did in 
the fallow enriching tree pada.  However, AM fungi in the rhizosphere of these food crops are 
much less diverse than in the rhizosphere of pada.    Natural population of AM fungi from the 
root zone of pada was also effective in improving growth of rubber seedlings.  In addition to P 
deficiency, adverse effect of soil acidity was found alleviated by AM fungi. Mimosa invisa a 
common leguminous ‘weed’ of the lowlands have also been found associated with an abundant 
and diverse (25 species in 2 main genera) of AM fungi.  The soil from root zone of mimosa 
proved to be as effective as that from pada on improving the growth of rubber seedlings.  

4. Nitrogen Fixation in Sugarcane  (during period of extension: 20 July 2009 – 19 July 
2010)
Nitrogen fixing endophytic bacteria were found to occur naturally in sugarcane in 

Thailand by isolation of the bacteria from all parts of the sugarcane plant in N free culture media 
and N balance studies in N-free sand culture.  Detail studies of the endophyte populations have 
been conducted in local and commercial sugarcane varieties and wild sugarcane, indicating that 
the N fixing endophytes occur widely and naturally in sugarcane, in the same manner as the 
population of micro-organisms that help to digest cellulose in the guts of ruminants.  Nitrogen 
balance studies of commercial sugarcane varieties found a wide range of N fixing potential in 
different plants of the same varieties.  Measurement of N status of the sugarcane plant with 
chlorophyll meter correlated well with positive N balance in N-free sand culture.

Implications of main research findings
1. From variation in Al and Fe toxicity tolerance to grain richness in nutrients (Fe and Zn) in 

local rice germplasm the project has contributed to the knowledge that Thailand’s local rice 
germplasm is rich in functional traits as well as having background genetic diversity that 
puts it in an intermediate stage of domestication between a wild ancestor and modern 
varieties.  We have also found that farmers’ tradition of rice seed selection and exchange has 
a key role in maintaining genetic diversity in Thailand’s rice germplasm.  The work on 
diversity in functional traits has now expanded to include resistance to the rice gall midge, 
an insect pest at 400-500 m that has expanded its range to higher elevation to almost 1,000 
m, presumably because of global warming. 

2. Results of effects of Zn fertilizer and Fe toxicity tolerant rice varieties have led to further 
research on management of rice in Fe toxic soil in Lao PDR, funded by HarvestPlus and 
International Zinc Association. 

3. Confirmation of Pathumthani 1, which produces export quality jasmine rice as being well 
adapted to aerobic conditions in the field, has led to evaluation of adaptation to aerobic 
condition of more varieties with potential for jasmine rice production. 

4. Results of Fe density in rice grain have led to bioavailability studies that have shown that 
although the Fe concentration may be lowered by milling, the Fe in white rice is generally 
much more biologically available than brown rice.

5. Although B deficiency affects both wheat and maize through fertilization failure, the fact 
that maize is affected via female fertility has implications for both further understanding of 
how B deficiency adversely affects reproduction in cereals and how B fertilizer may be 
managed to alleviate the problem.    
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6. The critical value for B deficiency established for reproductive development of maize can be 
used to diagnose for B deficiency that can affect seed set and seed yield.  Flag leaf B and ear 
leaf B, although less direct than silk B, can be measured before anthesis and B applied to the 
silk as needed. 

7. Now that we know B deficiency affects maize primarily through the silk, applying B on the 
silk has a potential to improve maize yield, and especially in hybrid maize seed production, 
in the north and northeast , where soils are low in B. 

8. The finding that some eucalyptus clones are more B efficient means that selection for B 
efficiency could save the cost of B fertilizer and prevent loss of wood yield in plantations on 
low B soils in the north and northeast.

9. Plants that are associated with a rich diversity of AM fungi population, such as the tree 
macaranga and the weed mimosa, are ideal hosts for the production of AM fungi inoculants.  
Other plants should be investigated for the purpose.  The management of the AM fungi in an 
ecosystem as in the rotational shifting cultivation with the macaranga as the key host for the 
AM fungi as the key host could be a model for the field crops.

10. Results from the study of procedures for evaluating symbiotic nitrogen fixation in sugarcane 
have led to a new project to develop method for screening and selecting sugarcane clones for 
nitrogen fixation along with regular traits such as local adaptation, resistance to major pests 
and diseases and high cane and sugar yield, and to isolate and study the N fixing endophytes 
and develop method for inoculating sugarcane cuttings.

11. The project contributed to national plan for coping with climate change in section on 
adaptation to climate change of Thailand’s agriculture. 

12. Thailand has the potential to benefit from its naturally occurring N fixing endophytic 
bacteria in sugarcane, and so lower the cost of N fertilizer and reducing the release of green 
house gas N2O to the atmosphere.  Management of N in the sugarcane crop for maximum 
benefits from the N fixing endophytes can be done by monitoring the crop for N status. 

OUTPUTS
 Two sets of expected outputs proposed and achieved are as follows: 

Project outputs Proposed Achieved 
1.  Capacity building   
Next generation research leaders† 6(4)† 8(6) 
New researchers plus PhD students‡ 3 4+11‡ 
Graduate students 3 MS 8 PhD 20 MS 17 PhD 
Graduate studies completed during project  2 MS 7 PhD 9 MS 14 PhD 
2.  Publication and dissemination   
Papers in international refereed journals    

Published/accepted 12 18(15)§ 
Manuscripts under preparation  6 

Technical papers in Thai/local publication  28 
Conference papers  98 
Newspaper articles  10 
Farmers’ handbooks and pamphlet  1 3 
3.  Contribution to national plan for coping 
with climate change: adaptation of Thailand’s 
agriculture 

1

†Post doctoral fellows in brackets.  ‡8 RGJ and 3 CHE and others
§ISI/SCOPUS journals in brackets 
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