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ABSTRACT

The occurrence of Manganese (Mn) deficiency in crop is widespread
geographically, and is usually associated with soils with high pH. Soils particularly
prone to Mn deficiency include acidic upland soils, alkaline and calcareous soils,
degraded paddy soils, leached sandy soils, old acid sulfate soils, alkaline and
calcareous organic soils, and highly weathered soils. Manganese deficiency can be a
constraint in upland rice and rice grown in aerobic soil. In these two conditions,
availability of Mn is low and may be inadequate for the rice plant. As the solubility
of Mn increases under submergence, manganese deficiency is uncommon in wetland
rice, but can cause yield losses in upland rice and rainfed rice when the soil is not
flooded. Manganese deficiency causes chlorosis (leaves loosing chlorophyll),
decreases grain yield, carbohydrate content and grain number. Manganese deficiency
can be a problem for rainfed rice on calcareous soils such as Lopburi, Banmi,
Saraburi, Takhli soil series in Thailand, when rainfall is insufficient for submergence.

It can also be a problem in upland rice on calcareous soils in the highlands that have
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derived from limestone, e.g. in Pang Ma Pha and Pai District of Mae Hong Son
Province.

Genotypic variation in Mn efficiency has been reported in many plant species,
but no information is available in rice. On the other hand, productive upland and
rainfed rice cropping systems based on local varieties have been found that soils were
prone to Mn deficiency in Thailand. | hypothesized that a certain degree of tolerance
to low Mn supply may present in some rice genotypes. This study set out to evaluate
responses to Mn deficiency in Thai rice and explore the machanisms of acquisition,
uptake and utilization of Mn efficient and inefficient rice genotypes.

The first study evaluated Thai rice genotypes for Mn efficiency. Five rice
genotypes, PSL1, RD10, SKN, Jao-Leaungll and KDML105 (often grown in rainfed
condition) were grown in well drained sand culture with two levels of applied Mn: 0
and 0.5 mg/ L (Mng and Mngs). Relative number of leaves, tillers and Mn uptake
were measured for performance in Mng relative to Mngs. KDML105 had higher
relative number of leaves and number of tillers than other genotypes. KDML105 had
the highest relative Mn uptake whereas PSL1 had the lowest. KDML105 was judged
to be most tolerant to Mn deficiency, i.e. Mn efficient and PSL1 was judged Mn
inefficient. The Mn efficient KDML105 was selected for evaluating Mn efficiency
mechanisms in comparison with Mn inefficient, PSL1.

Seed of eleven upland rice genotypes, Sam Lern, Mon Kong (1), Mon Kong
(2), Haw (1), Haw (2), Haw (3), Haw (4), Phee, Ja Nor Moey, Haw Kaw and Jee Dao
were collected from area calcareous soil in Pang-Ma-Pha district, Mae Hong Son
province, northern of Thailand. The rice genotypes in this study was provided by Mae

Hong Son Rice Research Center. Each seed accession was devided into 3 sub
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samples (SS1, SS2 and SS3). Genotypic variation for Mn efficiency in upland rice
was studied for more details in nutrient solution without added Mn. The 11 seed
accessions were investigated in comparison with KDML105 as standard Mn efficient
and PSL1 as Mn inefficient checks. The variation of Mn efficiency was found among
individual plants of each seed accession and seed accession sharing the same name,
with some as efficient as KDML105 and some as inefficient as PSL1. Seed accession
of upland rice like Sam Lern and Haw (3) which were classified as Mn efficient
genotypes had high variation within and between genotypes based on their number of
leaves, tillers and YEB-1 chlorophyll content. Sam Lern and Haw (3) were more Mn
efficient than Mn inefficient check PSL1 and similar to Mn efficient check
KDML105. The external grain characters of Sam Lern, Haw (3) and Haw kaw
showed small variation (low %CV). Sam Lern, Haw (3) and Haw Kaw were
evaluated for response to Mn. Each genotype was multiplied from seed in SS3 and 20
seeds from each plant was kept separately from each accession, one seed from each
line. One upland rice variety; Bue Bang (BB) identified as tolerant to Al toxicity was
included for comparison along with two standard checks, KDML105 and PSL1. Seed
of BB, KDML105 and PSL1 were pure line. These rice genotypes were grown in
nutrient solution with and without added Mn. Sam Lern, BB and KDML105 were the
most Mn efficienct genotypes based on relative YEB-1 chlorophyll content, relative
shoot and root dry weight. Moreover, relative Mn uptake efficiency of BB, Sam Lern,
Haw (3) and KDML105 showed more Mn efficient genotypes.

The machanism of Mn acquisition were examined in Mn efficient
(KDML105) and inefficient (PSL1) rice genotypes for the possibility of the presence

of root exudates. This study explored the possibility of the effect of root exudates
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from Mn efficient to enhance Mn inefficient plants growing nearby. The two rice
genotypes, PSL1 and KDML105 were grown together in the same pot and separately
in sand culture with two levels of applied Mn. The possibility that some root exudates
may be the basis for Mn efficiency in KDML105 was indicated by the transfer of Mn
to PSL 1 growing in the same pot. Relative YEB-1 chlorophyll content, number of
leaves, tillers, shoot dry weight, root dry weight and Mn uptake efficiency in PSL1

grown without added Mn were increased when grown with KDML105.

To reconcile the results from these two experiments, verification of the Mn**
reduction power of root exudates from roots of the Mn efficient and inefficient rice
genotypes were examined in the next two experiments. PSL1 and KDML105 were
grown in sand culture with 4 treatment of applied Mn as follows: 1) 0 mg Mn/L (Mng)
2) 0.5 mg Mn/L from Mn-EDTA (Mn(I1)o5 3) 0.25 mg Mn/L from Mn-EDTA and
0.25 mg Mn/L. from KMnO4 (Mn(l1)g25+ Mn(IV)o25 4) 0.5 mg Mn/L from KMnO,
(Mn(IV)p5). KDML105 grew better with Mn(1V) than PSL1, and having higher
YEB-1 chlorophyll content, number of leaves, number of tillers and Mn uptake
efficiency in all status of Mn. In contrast, PSL1 was less effective in utilizing Mn(l1),
its chlorophyll content number of leaves, number of tillers and Mn uptake efficiency
in Mn(IV)o5 lower than in Mn(1l) o5, and lower than those in KDML105. The roots
of KDML105 grown in Mn deficiency demonstrated reduction power by the
decolorization (Mnll colorless) of filter paper impregnated with Mn oxide (MnlV,
brown) and by acidifying the rhizosphere. PSL1 could not change the colour of
MnlV oxide on filter paper and had no effect on rhizosphere pH when grown in Mn

deficiency condition.



PSL1 and KDML105 were compared in nutrient solution with or without
aeration without added Mn. The difference in oxygen supply did not effect to
different response in KDML105 and PSL1 based on YEB-1 chlorophyll content, root
and shoot length when grow in Mn deficiency. Therefore, plant grown in still
condition or without aeration was chosen for evaluating Mn efficiency in rice.

The response to a range of external supply of Mn was evaluated in Mn
efficient KDML105 and Mn inefficient PSL1. They were grown in still solution
culture with three levels of applied Mn: 0, 0.25 and 0.5 mg/ L (Mno, Mng2s and
Mngs). Chlorophyll content, number of leaves and number of tillers of KDML105
was higher than PSL1 that was more likely to be relating to a higher Mn uptake
efficiency because of a more efficient to take up more Mn from external root into
plant under Mn deficiency. Therefore, KDML105 was clearly to be the Mn uptake
efficient genotype.

KDML105 and PSL1 were further studied for their Mn utilization efficiency
in the production of biomass and partitioning of carbohydrates and grain yiled. The
two rice genotypes were grown at two applied Mn levels, Mn,, and Mngs that were
grown in solution culture. In MnO, relative shoot dry weight, root dry weight and
relative TNC (total nonstructural carbohydrate) concentration in shoot of KDML105
was the highest excepted in relative TNC concentration in root was lower than PSL1.
This may reflect the Mn inefficient genotypes, PSL1 need to increase root growth by
increasing the absorptive root surface area to take up the required amount of Mn.
Therefore, TNC partitioning to shoot of PSL1 was affected, resulted in inhibiting of
shoot growth. However, Mn deficiency impaired essential growth functions and TNC

production. The present result of different in grain yields of KDML105 and PSL1



with and without added Mn in solution culture could be used effectively to determine
Mn efficiency. At Mn deficiency, KDML105 was able to produce high yield whereas
PSL1 was not. Responsible of KDML105 and PSL1 were classified into two
response groups. KDML105 was Mn efficient responders which produced high yields
at low Mn levels and responded to Mn additions. PSL1 was Mn inefficient
responders, which produced low yields at low levels of Mn and had a high response to
added nutrients.

In conclusion, KDML105 manifested a significant better performance in Mn
acquisition, Mn uptake and Mn utilization compared with others when subjected to a
depleted Mn supply was referred to as ‘Mn efficient’. While PSL1 can be described
as Mn inefficient in all traits. Some Mn efficient genotypes have also been identified
in local Thai rice germplasm, but none better than KDML105. Based on this finding,
rice genotypes tolerant to Mn deficiency and understanding the machanisms of Mn
efficiency can facilitate management of the rice crop in both upland and lowland rice
condition and provide a potentially useful source of parental material for future crop
improvement programmes designed to produce rice lines tolerant to depleted Mn
supply. However, genetic variation will be evaluated for Mn tolerance in upland rice
grown in different limeston areas. Especially for Sam Lern, it will be confirmed for
genetic variation within genotype by DNA analysis and evaluated mechanism of Mn

efficiency in this rice genotype.
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