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Biochemical response of rice genotypes
to exogenous gibberellic acid
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Environmental Sciences, India Agricultural Research Institute, New Delhi 110012, India

The most significant physiologi-
cal effect of exogenous gibberel-
lic acid (GA3) on plants is to break
dwarfism and stimulate the elon-
gation of genetically dwarf geno-
types, as these dwarf lines gener-
ally have a low level of endog-
enous GA3 in their tissues (Singh
et al 1978, Suge 1990). However,
the same effects have not always
been noted in all cases. Several
dwarf genotypes of rice and
wheat do not respond to exog-
enous application of GA3 mainly
because their tissues have high
endogenous GA3 (Singh et al
1981, Kumar et al 1992). The GA3-
induced elongation in dwarf
genotypes is mainly attributed to
greater cellular, biochemical, and
physiological activities of the
plants. This study looked at the
biochemical effects of exogenous
GA3 on morphologically GA3-re-
sponding and nonresponding
rice genotypes.

Twenty-five-day-old seed-
lings of two dwarf rice genotypes,
Dwarf mutant (a genotype that
responds morphologically to
GA3) and Cigar (a genotype that
does not respond to GA3), were
transplanted separately in a field
at CARI at 40 × 20-cm spacing
during the wet season. A full dose
of NPK was applied before trans-
planting. Two lines each of both
genotypes were sprayed with 100
ppm GA3 solution, twice at 20 and
45 d after transplanting. Another
two lines of each genotype were
maintained as a control. Plants of
both genotypes were sampled at
flowering and thereafter sepa-

rated into different parts. They
were then dried in a hot-air oven
at 70 °C for 48 h and ground for
chemical analysis. The top three
leaves were sampled for chloro-
phyll and enzyme assays. To es-
timate endogenous hormones (in-
dole acetic acid [IAA] and GA3),
whole plants were cut from the
base and washed thoroughly
with tap water and finally rinsed
with distilled water. Thereafter,
plants were cut into small pieces,
weighed, and preserved in brown
bottles containing a sufficient
amount of methanol at about 5 °C
in the refrigerator. Chlorophyll,
total sugar, starch, N, P, and Fe
contents were determined follow-
ing the methods of Yoshida et al
(1976). Nucleic acid (RNA and
DNA) and phytohormone (IAA
and GA3) contents and activity of
various enzymes (catalase, per-
oxidase, nitrate reductase, ribo-
nuclease, and succinate dehydro-
genase) were measured using the
procedure described by
Mahadevan and Sridhar (1986).

Rice genotypes that showed
distinct morphological and
growth responses to exogenous
GA3 exhibited a differential bio-
chemical response to GA3 as well.
Among the dwarf rice genotypes,
Dwarf mutant, which showed
marked growth and morphologi-
cal response to GA3, registered
the maximum negative biochemi-
cal response to GA3 for chloro-
phyll, nucleic acid (RNA and
DNA), and endogenous IAA and
GA contents in vegetative shoots.
Cigar, which showed a smaller

morphological and growth re-
sponse to exogenous GA3, regis-
tered little biochemical response
also. Exogenous GA3 caused a
greater reduction in contents of
protein and total organic N, P,
and Fe in shoots of Dwarf mutant,
whereas it markedly enhanced
the level of total sugars and starch
in the shoots of the same geno-
type (Table 1). The other geno-
type, Cigar, however, showed
marginal biochemical changes in
its shoots after GA3 application.
A further effect of exogenous GA3

on rice genotypes was the stimu-
lation and inhibition of the activ-
ity of different enzymes. Gener-
ally, GA3 stimulated the activity
of the hydrolytic enzymes (amy-
lase, ribonuclease) and the respi-
ratory enzyme (succinate dehy-
drogenase), while impairing the
activity of nitrate reductase, IAA
oxidase, catalase, and peroxidase
to varying extents in the test
genotypes (Table 2). The bio-
chemical effect of exogenous GA3

was invariably higher in Dwarf
mutant than in Cigar. In general,
the biochemical makeup of shoots
of rice genotypes changed in ac-
cordance with their morphologi-
cal and growth response to exog-
enous GA3.

GA3 induced a reduction in
contents of inorganic nutrients
(N, P, and Fe), chlorophyll,
nucleic acids, and endogenous
hormones in shoots of the most
GA3-responsive genotype, Dwarf
mutant. This was perhaps due to
their greater use, as their bio-
mass was enhanced markedly by
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GA3 application (Singh and Ram
1997). However, the higher carbo-
hydrate content, especially in the
stem of the GA3-responsive geno-
type, may be caused by the
greater increase in photosynthetic
production (shoot growth) as the
leaf area of this genotype in-
creased significantly after GA3

application. A greater leaf area
produces higher amounts of car-
bohydrates in rice plants
(Yoshida 1972). Kim and Hue
(1988) and Prakash and
Prathapasenan (1990) have also
reported the stimulation of hy-
drolytic and respiratory enzymes
and suppression of catalase, per-
oxidase, nitrate reductase, and
IAA oxidase by GA3 in rice as
shown in this study.
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Table 1. Effect of exogenous application of GA3 on the organic and inorganic nutrient content in shoots of rice genotypes.

N (%)   Carbohydrates (%)

Genotype/
Fe

treatment
Protein N Soluble N Total N P (%) (mg 100 g-1)  Total sugars Starch

Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf

Dwarf mutant
Control 1.2 3.2 0.4 0.3 1.5 3.5 0.4 0.4 53 95 1.0 0.7 4.0 1.0
GA3 0.4 1.1 0.3 0.3 0.6 1.3 0.3 0.3 45 70 2.5 0.8 4.5 0.4
% of control 32 33 80 100 43 38 64 65 85 74 240 118 115 42

Cigar
Control 1.2 2.8 0.3 0.3 1.5 3.1 0.4 0.4 80 63 0.4 1.1 1.6 0.3
GA3 1.0 2.5 0.4 0.3 1.7 2.8 0.4 0.3 90 63 0.6 0.9 1.7 0.2
% of control 88 90 125 80 90 90 105 88 111 100 107 82 105 73

Table 2. Effect of exogenous application of GA3 on the activity of different enzymes in rice genotypes.

  Nitrate reductase   Amylase Ribonuclease Succinate    IAA oxidase   Catalase
PeroxidaseGenotype/

(µmol NO2 (mg starch  (mg P g–1 h–1)  dehydrogenase (mg IAA (mg H2O2 (OD g–1 h–1)treatment
g–1 h–1)    g–1 h–1) (OD g–1 h–1)a g–1 h–1)    g–1 h–1)

Dwarf mutant
Control 0.97 2.80 0.18 0.27 1.22 24.5 0.66
GA3 0.54 3.04 0.19 0.28 2.00 23.0 0.60
% of control 55 108 109 102 90 94 92

Cigar
Control 2.14 2.80 0.09 0.24 1.15 22.3 0.64
GA3 1.70 3.06 0.11 0.29 1.00 20.6 0.55
% of control 79 109 125 119 86 92 87

aOD = optical density.

Singh BD, Singh RP, Singh RB. 1981.
Endogenous gibberellin and
amylase activity in dwarf strain of
rice (Oryza sativa). Experientia
37:363-365.

Singh S, Ram T. 1997. Growth response
of diverse rice genotypes to
exogenous application of GA3. Int.
Rice Res. Notes 22:31.

Suge H. 1990. Survey of gibberellin in
rice lines having dwarfing genes
and in autotetraploid lines. Jpn. J.
Breed. 40:21-31.

Yoshida S. 1972. Physiological aspects
of grain yield. Annu. Rev. Plant
Physiol. 23:437-467.

Yoshida S, Forno DA, Cock JH, Gomez
KA. 1976. Laboratory manual for
physiological studies of rice. Los
Baños (Philippines): International
Rice Research Institute. 70 p.

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○



70 June 2003

Water management in direct-seeded lowland rice
R. Balasubramanian and J. Krishnarajan, Department of Agronomy, Tamil Nadu Agricultural University (TNAU),
Coimbatore 641003, India

Lack of proper water manage-
ment is probably the most wide-
spread constraint to higher rice
yields (Sharma and Sarkar 1994).
Hence, a rice production method
that inherently requires less wa-
ter or is more water-efficient
would have an advantage over
the traditional transplanting sys-
tem.

The water requirement can be
reduced by changing the irriga-
tion schedule and method of crop
establishment (Kim et al 1992).
Wet seeding, in lieu of transplant-
ing, offers a significant opportu-
nity for improved management of
irrigation water (Bhuiyan et al
1995). The present study aimed to
reduce the irrigation requirement
and improve productivity in wet-
seeded puddled lowland rice.

The experiment was con-
ducted on the wetland farms of
TNAU during kharif (dry season,
Jun-Oct 1997) and rabi (wet sea-
son, Sep 1997-Jan 1998) on clay
loam soil with pH (1:2 w/v wa-
ter) 7.66, electrical conductivity
0.5 dS m–1, field capacity 30%, or-
ganic carbon 0.73%, and bulk
density 1.33 g cm–3. Soil available
NPK was 248, 6.6, and 456.5 kg
ha–1, respectively. The amount of
rainfall received during kharif
was 249 mm and that during rabi
was 514 mm. Sprouted seeds of
ASD18 (kharif) and IR20 (rabi)
were sown using a drum seeder.

Details of the experiment—
plot size, seeding date, transplant-
ing date (for T9), and harvest
dates—which were the same in all
treatments, are given in Table 1.

Land preparation and leveling
were done 1 d after soaking the
soil. Before sowing, the field was
kept drained to keep it saturated
to facilitate easy sowing and en-
sure early and uniform establish-
ment of seedlings. After sowing,
the field was kept moist, taking
care not to flood it or have cracks
form for the first 5 d by provid-
ing light irrigation and drainage.
Because of slow establishment of
seedlings, irrigation treatments
were imposed 20 d after sowing
(DAS). Up to 20 DAS, only light
irrigation to a depth of 2 cm was
given equally to all treatments
and this was taken into account
when total water use was com-
puted. All the plots and replica-
tions were demarcated by buffer
and irrigation channels. A plot
was provided with buffer chan-
nels on all sides to arrest interplot
seepage and hydraulic conductiv-
ity.

The experiment was laid out
in a randomized block design
with nine irrigation regimes: irri-
gation to 5 cm depth 1 d after dis-
appearance of ponded water
(DADPW) (T1), irrigation to 5 cm
depth 3 DADPW (T2), continuous
submergence in 2.5-cm-deep wa-

ter throughout the crop period
(T3), irrigation to 2.5-cm depth 1
DADPW (T4), irrigation to 2.5-cm
depth 3 DADPW (T5), saturation
throughout the crop period (T6),
maintaining 5-cm depth of water
during critical stages and main-
taining saturation during other
stages (T7), maintaining 2.5-cm
depth of water during critical
stages and maintaining satura-
tion during other stages (T8), and
irrigation of transplanted rice to
5-cm depth 1 DADPW (T9).  All
treatments were replicated three
times. In T9, irrigation was given
until water depth reached 5 cm
(or 2.5 cm). Again, a water depth
of 5 cm (or 2.5 cm) was provided
either 1 or 3 DADPW, depending
on the treatment.

The critical stages include ac-
tive tillering (35–40 DAS), panicle
initiation (55–60 DAS), and flow-
ering (75–80 DAS). In treatments
T7 and T8, irrigation to either 5-
or 2.5-cm depth was imposed
during the critical stage + 1 d
each, before and after the start of
the critical growth stage (i.e., to-
tal of 8 d) only. Further, for treat-
ments T6 (entire growth period),
T7, and T8 (growth period other
than critical period), saturation
was maintained by applying 2 cm
of water when required. Excess/
standing water was not present
and hairline cracks did not de-
velop.

A fertilizer schedule of
120:16.3:31.5 kg NPK ha-1 for
ASD18 (kharif) and 150:21.5:41.5
kg NPK ha–1 for IR20 (rabi) was
followed uniformly in all plots.

Table 1. Plot size and dates of sowing,
transplanting, and harvesting, 1997 kharif and
rabi.

Item Kharif Rabi

Plot size (m2) 24 24
Date of sowing 27 Jun 1997 15 Sept 1997
Date of planting (T9) 23 Jun 1997 18 Oct 1997
Date of harvesting 20 Oct 1997 23 Jan1998
Duration (d) 116 131
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The quantity of water applied
to both the nursery and main field
was measured by using a 90° V
notch. Effective rainfall was
worked out by the evaporation/
precipitation ratio and taken into
account in the determination of
total water use. Hand weeding
was done twice. Grain yield
(rough rice) was measured from
a net plot area (7.2 + 2.6 m2) and
expressed at 14% moisture level.

Irrigation to 5-cm depth 1
DADPW in direct-seeded rice (T1)
and in transplanted rice (T9) re-
corded the highest grain yield of
5.5 and 5.3 t ha–1 during kharif
and rabi, respectively. The high-
est growth and yield-attributing
characters observed in these irri-
gation regimes (data not pre-
sented) resulted in more grain
yield. However, continuous sub-
mergence of rice at 2.5-cm depth
throughout the crop-growing pe-
riod did not give a significantly
different yield. In both seasons, T5

recorded the lowest grain yield
because rice plants experienced

moisture stress and cracks devel-
oped in this irrigation regime
(Table 2).

The quantity of water applied
decreased with an increase in the
interval between irrigations. The
maximum amount of water use
was recorded with transplanted
rice (T9) due to extended land
preparation and nursery estab-
lishment, which resulted in the
lowest water productivity (WP).
T3 recorded the highest WP (0.506
and 0.514 g rice per kg of water
applied during kharif and rabi,
respectively) because higher grain
yield was obtained with a mini-
mum amount of water (Table 2).
Flooding the soil to 1- or 10-cm
depth has no effect on rice yield
(Greenland 1997).

With T3, savings of irrigation
water—about 340 and 308 mm
ha–1 (24.5% and 23.8% over trans-
planted rice in kharif and rabi,
respectively)—were realized
without impairing productivity
and net returns (Table 2). There-
fore, it can be concluded that con-

Table 2. Grain yield and water productivity of direct-seeded rice, Tamil Nadu, India, 1997 kharif and rabi.

Kharif Rabi
Treatmenta

Water use Grain yield Water productivity Water use Grain yield Water productivity
(mm) (t ha–1) (g rice kg–1 water) (mm) (t ha–1)  (g  rice kg–1 water)

T1 1,108 5.5 0.497 1,045 5.1 0.489
T2 998 4.9 0.496 971 4.8 0.489
T3 1,045 5.3 0.506 985 5.1 0.514
T4 1,012 5.1 0.500 967 4.8 0.501
T5 952 4.3 0.456 937 4.2 0.444
T6 956 4.5 0.468 933 4.2 0.454
T7 972 4.8 0.489 955 4.5 0.475
T8 964 4.7 0.483 945 4.4 0.469
T9 1,385 5.4 0.392 1,293 5.3 0.409
    CD at 5% 49.1 0.23 0.23 47.1 0.023 0.203

aFor treatment details, refer to text.

tinuous submergence of the rice
crop in 2.5 cm of water (instead
of 5 cm) is a desirable practice to
achieve higher grain yield and
WP.
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