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Abstract: The rice genotypes viz., PMK 3, ASD 16, MDU 3, MDU 5, CO 47 and RM 96019 were

evaluated under aerobic condition during kharif 2005 to study the physiological traits and yield attributes.

The parameters viz. Rubisco enzyme activity, assay of Nitrate reductase and IAA oxidase enzyme activity

in terms of unoxidised auxin content were found to be significantly high in PMK 3 and low in the cultivar

CO 47. Yield components like number of productive tillers, number filled grains per panicle, spikelet

fertility co-efficient, 1000 grain weight harvest index and grain yield were higher  in  PMK 3 followed

by ASD 16. The genotype CO 47 recorded the least grain yield under aerobic condition. 
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INTRODUCTION

Water is a looming crisis  due to competition[9]

among agricultural, industrial, environmental and

domestic users. A growing scarcity of fresh water will

pose problems for rice production in future years. Even

now, water shortage crisis has already reached parts of

China as well as central and west parts of India,

Pakistan and some parts of Bangladesh. Hence, shifting

gradually from traditional rice production system to

growing rice aerobically, especially in water scarce

irrigated lowlands, can mitigate occurrence of water

related problems. China has pioneered in the

development of aerobic rice and so the IRRI is

studying Chinese methods. The rice is called aerobic

because it is grown in soil where oxygen is present

compared with anaerobic soil where oxygen is absent

due to flooding by irrigation. The use of aerobic rice

varieties will save water which is grown under non

flooded conditions in non-puddled, unsaturated

(aerobic) soil. Nevertheless, varieties adopted for

aerobic condition are being tested in several countries,

but are yet to be widely adopted. With these ideas in

view, this experiment was planned to evaluate the

performance of some rice genotypes in terms of

physiological traits, yield attributes and yield. 

MATERIALS AND METHODS

A  field  experiment  was  conducted  during

kharif (June to September) 2005 at Wetland Farm

(11 N, 77 E, elevation of 426.72m), Tamil Nadu0 0

Agricultural University, Coimbatore, India to study the

physiological traits and yield attributes and yield of

some rice genotypes under aerobic conditions. The

experiment was laid out in Randomized Block Design

(RBD) with six treatments (i.e., six rice cultivars) viz.,

PMK 3, ASD 16, MDU 3, MDU 5, CO 47 and RM

96019 replicated thrice. The soil of the experiment site

was clay loam. The available soil nitrogen, phosphorus

and potassium were 247.5, 15.0, 527.0 kg ha -1

respectively (Soil p 7.3; EC 0.5 dSm ). H -1

The seeds were directly sown at a spacing of 20

x 10 cm. The varieties were randomized to avoid

errors. Irrigation was given after observing the

crackness on the soil surface and hence, the aerobic

condition maintained. The recommended dose of

fertilizers @ 120:38:38 N P K kg / ha was applied.

The full dose of Phosphorus applied as basal and N, K

applied at three splits as topdressing (35-40, 50-55 and

65-70 days after sowing). Proper weed management

and plant protection measures were carried out at the

appropriate time as per the recommendation. The

parameter viz., Rubisco activity interms of soluble

protein content of leaves was estimated by using the

method of Lowry et al.,  and expressed as mg g[14] -1

fresh weight. Nitrate Reductase activity (NRase) in the

functional leaves was determined by adopting the

method of Nicholas et al.,  and the enzyme activity[15]

2  was expressed as µg NO g  h . IAA (Indole Acetic-1 -1

Acid) oxidase activity was estimated by the method

proposed by Parthasarathy et al.,  and the enzyme[18]

activity was expressed as µmoles of unoxidised auxin

g h . The yield components viz., number of productive-1 -1
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Fig. 1: Soluble protein content of rice genotypes under aerobic condition.

tillers, fertility co-efficient, 1000 grain weight and

harvest index were determined at harvest. The data

collected was subjected to statistical analysis in

randomized block design . [7]

RESULTS AND DISCUSSIONS

RUBP case (Ribulose 1, 5 – bisphosphate

carboxylase) accounts for about more than 50 per cent

of the soluble protein content and is the prime enzyme

for carbon fixation in photosynthesis . In the present[16]

study, CO 47 recorded lower soluble protein content

among the six rice genotypes (Fig.1). This observation

corroborated the reports of Jha and Singh  who stated[11]

that soluble protein content was more affected in

susceptible genotypes than tolerant rice genotypes. The

decline was associated with down regulation of PS II

activity and a concomitant increase in free amino acid

content. Similar findings were also supported by

Rajkumar  and Peltzer et al., . The changes in the[20] [19]

photochemistry of chloroplasts in the leaves of water

stressed plants result in the dissipation of excess light

energy in the PSII complex systems, thus generating

active oxygen species, which are potentially dangerous

under stress conditions . These reactive oxygen[19]

species initiated degradation of rubisco . The other[4]

reason for reduced soluble protein might be the

decreased synthesis of rubisco by a rapid decrease in

the abundance of rubisco small subunit and the reduced

rubisco activity aided by the accumulation of light

binding inhibitors within the catalytic sites of the

enzyme under water stress . Gowri  also reported[17] [8 ]

that under aerobic condition, the soluble protein content

was reduced relatively more in ADT 43 rice genotype

than PMK 3. 

Conversion of nitrate to nitrite is a basic process

in nitrogen metabolism. Nitrate reductase, the key

enzyme is sensitive to environmental fluctuations. In

the present study, nitrate reductase activity was found

to be reduced to a significant level under aerobic

condition particularly in the susceptible cultivar CO 47

(Fig. 2). It is similar to the findings of Liu et al.,  in[13]

upland rice, Saxena et al.,  on different rice[21]

genotypes under drought, Jha and Singh  under low[11]

moisture stress condition and Gowri  in aerobic rice.[8]

The nitrate reductase enzyme is highly sensitive

towards oxidative stress and decreased activity might

be due to breakdown of proteins under water stress

conditions . The reduction in Nitrate reductase activity[12]

might have been due to breakdown of proteins and

thus reduced protein pools including key enzymes.

Auxin contents are highest in the regions of active

cell  division  viz.,  the  apical  meristems, cambium,

developing fruit, embryo and endosperm, and in young

leaves. Jain et al.,  reported about the inverse[10]

relationship between IAA oxidase activity and

endogenous IAA content. In the present study,

Fig. 2: NRase activity of rice cultivars under aerobic

condition.

Fig. 3: Effect of IAA oxidase activity of rice cultivars

under aerobic condition.
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Table 1: Yield components and yield of rice cultivars under aerobic condition

Genotypes Num ber of productive Num ber of spikelets Spikelet fertility 1000 grain Grain yield Harvest

per panicletillers m co-efficient weight (g) (Kg ha ) index-2 -1

PM K 3 468.3 116.1 85.31 21.12 4298.52 0.39

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ASD 16 504.4 111.3 81.04 20.06 3068.74 0.36

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M DU 3 516.2 106.0 81.20 19.46 2833.24 0.32

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

M DU 5 402.2 99.2 73.68 19.42 2227.40 0.30

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CO 47 341.8 99.0 55.80 19.18 1407.82 0.25

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

RM  96019 441.3 113.0 84.79 19.54 2807.84 0.33

M ean 433.5 104.6 74.95 19.27 2710.04 0.31

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

SEd 22.5 5.38 3.90 0.51 134.03 0.012

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

CD (P=0.05) 48.0 11.47 8.32 1.21 285.68 0.037

irrespective of the genotypes, IAA oxidase activity in

terms of unoxidised auxin showed declining trend after
panicle initiation (Fig.3) which is similar to the

findings of Gowri . Water stress may lead to[8]

premature increase in the physiological age of the plant

as indicated by increased IAA oxidase activity . Such[3]

an increase in age would be likely to decrease in

photosynthetic activity and respiration. Jain et al.,[10]

reported about the inverse relationship between IAA

oxidase activity and endogenous IAA content. In
comparison with huge information on auxin content

during plant growth and development, information is
scanty on the changes in auxin content under aerobic

condition in rice.
Yield and yield attributing parameters are the

ultimate manifestation of a plant’s ability to survive,
grow and produce yield under water limited situation

regardless of the tolerance mechanisms involved.
Aerobic condition significantly reduced grain yield,

mainly through reduction in filled grain percentage,
spikelets number per panicle and number of productive

tillers per hill in the rice cultivar CO 47 (Table 1).
Fukai et al.,  reported close relationship of grain yield[6]

under water stress with grain number, and grain weight
was relatively stable across environments. Further grain

number was determined by spikelet number and filled
grain percentage. The reduced spikelet number per

panicle  may probably be due to reduced leaf area
index and increased diffusive resistance. Increased

diffusive resistance might have reduced photosynthesis
leading to reduced assimilate supply . The present[1 ,2]

study revealed that the cultivar CO 47 showed poor
spikelet fertility co-efficient. These observations were

supported by earlier reports . Limitations of[6 ,1]

assimilate supply particularly during reproductive stage

affected spikelet number per panicle and filled grain
percentage . Reduction in leaf water potential at[2 ,6]

anthesis caused poor panicle exertion  and this might[5]

be the reason for less number of grains due to

pollination abnormalities. 

Conclusion: The cultivar PMK 3 performed well under
aerated condition by expressing its supremacy with
more soluble protein content, better NRase activity and
higher yield and yield components. To make aerobic
rice successful, new varieties and management practices
should be developed. Since this is a new concept, we
need to screen more fertilizer responsive and high
yielding cultivars adapted to aerobic condition. Plant
physiologists and breeders have to respond to the
challenge of breeding varieties and knowing the
physiological mechanism that perform well under
aerobic conditions. 
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