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Abstract

In the topmost leaves of low-irradiance (LI) tolerant CO 43 and LI susceptible IR 20
rice cultivars, the contents of chlorophyll (chl) @ and b and carotenoids and the Hill
reaction activity increased under LI. The increase was greater in cv. CO 43 than that
in cv. IR 20, and in Chl b than in Chl a. The contents of soluble proteins and
reducing sugars and nitrate reductase activity of the leaves decreased while the
content of non-reducing sugars increased due to shading. The decrease in reducing
sugars was greater in cv. CO 43 than in cv. IR 20. On the other hand, the decrease in
soluble proteins and nitrate reductase was much less in cv. CO 43 as compared with
cv. IR 20.

Introduction

The productivity of crop plants is affected during the monsoon period when cloudy
weather prevails for long period of every day. In peninsular India, this is a problem
during October to December when the North-East monsoon brings rain. This
monsoon coupled with the winter season brings down the yield of rice very much.
Though high yielding rice cultivars are available, their susceptibility to low
irradiance (LI) makes them inefficient yielders. Attempts were made in this study to
understand LI tolerance in rice by comparing the biochemical changes taking place in
a LI tolerant cultivar and a LI susceptible cultivar under the LI stress.

Materials and methods

The rice cultivars IR 20 (LI susceptible) and CO 43 (LI tolerant) were raised in pots
during June to October, 1991. Irradiance was reduced to about 50 % of sunlight by
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white gada cloth:

1. from transplanting to panicle initiation (T),
2. from transplanting to flowering (T,),

3. from panicle initiation to flowering (T5),

4. from transplanting to harvest (T,),

5. from panicle initiation to harvest (Ts),

6. from flowering to harvest (Tg).

All other agronomic practices were common to all the treatments and the
treatments were replicated five times.

The topmost fully opened leaf was taken immediately after the stress period for
analysis. The leaves from the unshaded plants collected at panicle initiation,
flowering and harvest stages served as controls. The pigments were estimated
spectrophotometrically in 80 % acetone by the method of Arnon (1949). Hill reaction
activity was assayed by measuring the reduction of 2,5-dichlorophenol indophenol at
600 nm in a Beckman UV-VIS spectrophotometer model DU 64 before and after
irradiation. Sugars were determined by the Somogyi (1952) method using alkaline
copper and arsenomolybdate reagents in the ethanol extract of the leaf before and
after acid hydrolysis. The soluble protein content was estimated in the ethanol extract
according to Lowry ez al. (1951). Catalase activity was measured as reported by Abel
(1974), the activity of nitrate reductase (NRA) by the method of Nicholas et al.
(1976), and phosphatases according to Plummer (1978). The analyses from each
replication were done in triplicate.

Results and discussion

Shading increased the Chl a and Chl b contents of both the rice cultivars (Table 1).
The longer the shading treatment, the higher was the increase in pigment content.The

Table 1. Effect of low irradiance on pigment contents of rice cultivars IR 20 and CO 43 [g kg'l(fm.)].

Chl (a + b) Chla Chl b Chl a/b Ratio  Carotenoids

IR20 CO43 IR20 CO43 IR20 CO43 IR20 C0O43 IR20 CO43
T, 283 361 200 270 073 091 276 297 091 1.15
Control 206 248 154 187 052 060 299 311 068 0.83
T, 441 429 309 299 133 130 233 230 1.1l 1.11
T, 391 368 281 267 110 161 255 263 094 095
Control 335 291 246 211 089 080 274 265 085 08l
T, 316 343 231 257 08 08 274 298 0091 1.14
T, 303 316 217 232 08 084 253 276 084 1.03
T, 293 330 207 245 08 085 242 288 079 090
Control 254 211 188 158 065 052 287 303 068 0.70
CD between 0.09 0.08 0.06 0.14 0.04
treatments
CD between 0.24 0.20 0.16 0.37 0.11
cultivars
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Chl a/b ratio was also decreased and the decrease was proportional to the period of
shading. A similar trend was obtained with carotenoids content. The differences
between the treatments and the cultivars were statistically significant. The increase in
pigment contents was much higher in cv. CO 43 than that observed in cv. IR 20. The
total Chl content was increased by a maximum of 62.8 % over control at harvest in
cv. CO 43 as compared to 24.5 % in cv. IR 20 for the same treatment.

The rice plant adapts itself to LI by increasing the pigment contents so that it
absorbs maximum radiant energy (Murthy er al. 1976, Venkateswarlu et al. 1977,
Nayak and Murty 1980, Jiao 1992). The increase in Chl b was higher than that in
Ch! g thereby lowering the Chl a/b ratio. Though the rise in Chl b was higher in ¢cv.
CO 43, the reduction in Chl a/b ratio was higher in cv. IR 20. According to Reger
and Krauss (1970), there was a shift in photosynthetic pigment contents from Chl a
to Chl b due to LI.
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Fig. 1. Effect of low irradiance on Hill reaction activity of rice cultivars [% increase or decrease over
control].

i

Due to LI, the Hill reaction activity was enhanced at panicle initiation and at
flowering, and decreased at harvest (Fig. 1). The changes were also proportional to
the length of shading period, and they were larger in cv. CO 43 than in cv. IR 20 in
the initial two stages and vice versa. The decrease in Hill activity at harvest might be
due to a generally low rate of photosynthesis (Nayak et al. 1978) and reduced
photosynthetic efficiency of the crop canopy (Venkateswarlu 1977). The soluble
protein content was decreased in all the treatments and the decrease was lower in cv.
CO 43 than in cv. IR 20 (Fig. 2). The soluble protein content represents the ribulose
1,5-bisphosphate carboxylase activity (RuBPC). The decrease in Hill reaction
activity and in soluble protein content ultimately affects the biomass production and
the grain yield.

The contents of total sugars and non-reducing sugars in the leaf increased due to
shading at panicle initiation and at flowering (Table 2) while the contents of the
reducing sugars decreased at all the stages of growth. Reducing sugars are the
metabolically active sugars and reduction of their contents in leaf indicates a
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decrease in metabolic activity of the leaf under shading. Murty and Murty (1982)
reported that the translocation of sugars from the leaf to grain and other parts of the
plant is impaired leading to accumulation of sugars in the leaf. This is probably the
reason for the increase in the non-reducing sugar content of the leaf under LI
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Fig. 2. Effect of low irradiance on soluble protein content in the leaf of rice cultivars {% decrease over
control].

Table 2. Effect of low irradiance on sugar contents [g kg''(fm.)] in leaves of rice cultivars.

Total sugars Reducing sugars Nonreducing sugars
IR 20 CO 43 IR 20 C043 1R20 C0 43

T, 10.79 9.63 3.13 2.24 7.66 739
Control 9.86 8.62 3.43 2.52 6.43 6.10
T, 11.02 10.21 382 1.60 7.21 8.61
T, 10.51 9.46 457 1.86 5.94 7.59
Control 9.97 8.82 477 336 5.19 5.46
T, 9.17 8.57 5.42 4.14 375 4.42
Ts 8.78 881 581 4.63 297 4.18
T, 10.12 9.01 523 3.78 4.89 5.23
Control 10.74 10.67 5.05 342 5.68 725
CD between 0.31 0.09 0.08
treatments

CD between 0.81 0.25 0.21
cultivars

NRA was lowered in all shade treatments and the decrease was less in cv. CO 43
than in cv. IR 20 (Table 3). The maximum decrease in NRA was 16.9 % in
cv.CO 43 when shading was given for the longest period, i.e., from transplanting to
harvest. The decrease in cv. IR 20 was 50 % for the same treatment. Similar results
were obtained by Murty et al. (1975). The acid phosphatase activity increased while
the alkaline phosphatase decreased in all the treatments. Murty et al. (1975) observed
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a lower activity of phosphatase enzymes under LI. The catalase activity increased
during first two stages of the crop and then decreased at harvest. This enzyme is
associated with Chl metabolism and contains iron as prosthetic group (Agarwal et al.
1965). The increased pigment content with higher Chl 5 might correlate with the
higher catalase activity to remove peroxide formed from water during the second
photoreaction.

Table 3. Effect of low irradiance on nitrate reductase, acid phosphatase and alkaline phosphatase
activities in rice leaves.

Nitrate reductase Catalase Acid Alkaline

[ mg(nitrite [rate constant phosphatase phosphatase

reduced) st per g(fm.)] [M(p-nitrophenol  [M(p-nitrophenol

kg'l(fm.)] released) s kg! released) s'! kg1

(protein)] (protein)]

IR 20 CO43 1R20 CO43 1R20 CO43 1R20 C0 43
T, 044 487 1.84 2.45 2.62 1.47 0.208 0.076
Control 0.66 5.07 1.29 2.01 1.48 1.03 0.268 0.088
T, 0.77 7.80 1.59 2.24 2.78 2.15 0.190 0.082
T, 1.06 7.96 1.70 241 248 1.98 0210 0.087
Control 1.21 8.40 1.36 2.04 1.63 1.45 0.282 0.102
T, 1.04 7.87 0.40 0.63 3.15 2.95 0.090 0.058
Ts 1.37 8.13 0.45 0.68 3.30 3.48 0.100 0.060
T 1.65 8.73 0.49 0.69 3.53 3.73 0.057 0.047
Control 2.09 9.47 0.60 0.72 2.00 2.23 0.923 0.072
CD between 0.28 0.06 0.14 0.159
treatments
CD between 0.73 0.15 0.37 0.042
cultivars
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