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Abstract

Homobrassinolide (BR) was applied either as a seed treatment or foliar spray to two contrasting wheat vari-
eties, viz. C306 (drought tolerant) and HD2329 (drought susceptible), to examine its effects on plant meta-
bolism and grain yield under irrigated and moisture-stress/rainfed conditions. BR application resulted in
increased relative water content, nitrate reductase activity, chlorophyll content and photosynthesis under
both conditions. BR application also improved membrane stability (lower injury). These beneficial effects
resulted in higher leaf area, biomass production, grain yield and yield related parameters in the treated
plants. All the treatments were significantly better than the untreated control. Generally, 0.05 ppm either
as a seed treatment or foliar spray was more effective than the 0.01 ppm treatment. The drought-tolerant
genotype C306 showed more response to BR application under moisture-stress/rainfed condition than
HD 2329. Increased water uptake, membrane stability and higher carbon dioxide and nitrogen assimilation

rates under stress seemed to be related to homobrassinolide-induced drought tolerance.

1. Introduction

Brassinosteroids are a group of naturally occurring
plant hormones, initially isolated from Brassica
napus pollens [7]. All brassinosteroids charac-
terised from plants are 5-a-cholestane derivatives.
Various physiological responses such as cell elon-
gation and cell division have been ascribed to
them [15, 23, 24]. It has been reported that these
physiological responses are mediated through the
action of brassinosteroids on nucleic acid meta-
bolism. Brassinosteroids increase DNA and RNA
polymerase activity as well as the total DNA,
RNA and protein content in beans and mung-
beans [11]. They are also reported to increase
ATPase activity in maize roots [4, 5], dark CO,
fixation, PEP carboxylase, RuBPCase, soluble
protein and leaf growth [2, 3, 26].

Some brassinosteroids, especially brassinolide
and homobrassinolide have been evaluated for
use in increasing crop yield and stress tolerance.

They are reported to increase ear weight and grain
weight in wheat and grain yield in maize [8, 22, 27].
Brassinosteroid application to crops also helped to
overcome environmental stress [27].

In India about two-thirds of the wheat growing
area is under rainfed condition and thus is prone
to recurring moisture-stress during its entire
growth period. This severely limits the producti-
vity of such wheat crops. Since so many beneficial
effects have been associated with brassinosteroids,
the present experiment was conducted to study
the effect of homobrassinolide on plant meta-
bolism and to examine its efficacy under rainfed
condition.

2. Materials and methods
Wheat (Triticum aestivum L.) cvs. C306 (drought

resistant) and HD2329 (drought susceptible) were
grown in pots and in the field of the division of
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Plant Physiology, IARI, New Delhi in the winter
season of 1991-92. Homobrassinolide (BR) was
supplied by M/s Godrej Soaps Ltd., Bombay in
the form of solution (2mgml™"). Subsequent dilu-
tions were made by dissolving it in water. Tween-20
(0.1%) was used as a surfactant. BR was applied as
a seed treatment (0.01 and 0.05 ppm) or as a foliar
spray (0.01 and 0.05 ppm). The seed treatment was
applied by soaking the seeds in BR solutions for
6h. Control seeds were soaked in distilled water.
Seeds were then air dried for 16 h before sowing.
The foliar spray was applied to run off 25 days
after sowing, on both sides of the leaves for maxi-
mum absorption. About 50ml solution was
sprayed per pot (having four plants each) and
500 ml per plot (3 X 2m) in the field.

In pot culture, seeds were sown in earthen pots
(35 x 35cm) having a sandy loam soil and farm-
yard manure in 6:1 ratio. Fertilizer was applied
at the rate of 120, 60 and 60 ppm of N, P and K
respectively. N was applied in two doses whereas
P and K were given only at the time of sowing.
Four plants were kept in each pot and pots were
divided into two sets. One set which was irrigated
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daily was kept as control and the other was sub-
jected to moisture stress at the anthesis stage
(50% flowering) by withholding the water supply
for seven days. Subsequently pots were watered
and allowed to recover. Ten pots were kept for
each treatment.

In the field, sowing was done under irrigated and
rainfed conditions in plots measuring 3 x 2 meters.
Sowing was done at a uniform seed rate of
100kgha™". Under irrigated conditions fertilizer
was applied at the rate of 100, 60 and 60kgha™"
of N, P and K. Half of N was applied as a basal
dressing and half at the time of first irrigation.
Under rainfed conditions fertilizer was given at
the rate of 60, 40 and 40 kg ha™! of N, P and K at
the time of sowing. The experiment was laid out
in randomized block design and each treatment
was quadruplicated.

All biochemical estimations were carried out
on flag leaves on the seventh day of stress under
moisture-stress and irrigated conditions in pot-
grown plants. Samples were collected between 10
to 11 a.m. and kept in ice.

The relative water content (RWC) was determined
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Fig. 1. Effect of homobrassinolide (BR) application on relative water content under irrigated and moisture-stress conditions in pots.
Vertical bars I and | denotes LSD (p = 0.05) for BR and varieties respectively.



by recording the turgid weight and dry weight of
0.5g fresh weight leaf discs [25]. Turgid weights
were achieved by keeping leaf discs (1.0cm dia-
meter) in petri-dishes in double distilled water for 4 h.

Fresh weight-Dry weight

RWC = - -
¢ Turgid weight-Dry weight

100

In-vivo nitrate reductase (EC 1.6.6.1) activity
(NRA) was assayed in the flag leaves. About
200 mg fresh samples were cut into 2-3mm slices
and placed in test tubes in a 5ml reaction mixture
containing 5% n-propanol, 0.2 M pot. nitrate and
0.1 M pot. phosphate buffer (pH7.5). The test
tubes were stoppered and incubated in the dark
at 30°C for 1 h. The reaction was stopped by pla-
cing test tubes in boiling water for 2 minutes. To
estimate the amount of nitrite formed 0.5ml
aliquots from the reaction mixture were removed
and mixed with 1ml each of sulfanilamide
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(1% in 1NHCl) and naphthylethylene diamine
dihydrochloride (0.02% aqueous solution). After
20 minutes, 2.5ml of distilled water was added to
each tube and the absorbance was recorded
spectrophotometrically at 540 nm.

The rate of photosynthesis (Pn) was measured
with a battery operated portable LCA-2 model
infra-red gas analyser (ADC, England) under
natural sunlight (1500 x.Em™*s™"). A Parkinson
leaf chamber for cereal leaves was used [16].

Leaf chlorophyll (Chl) contents were estimated
by taking 0.05 g fresh leaf discs (without midrib),
from the leaves which were used earlier for Pn
estimation, in test tubes containing 10 ml dimethyl
sulfoxide (DMSO) [9]. Test tubes were heated at
65°C for 4h. After cooling, the absorbance was
recorded in a spectrophotometer at 645, 652 and
663 nm. Chlorophyll was calculated according to
the formula given by Arnon [1].
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Fig. 2. Effect of homobrassinolide (BR) application on nitrate reductase activity under irrigated and moisture-stress conditions in pots
Vertical bars I and | denotes LSD (p = 0.05) for BR and varieties respectively.
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Membrane stability of leaf tissue was calculated
as the percentage injury. Leaf discs of 1.0cm
diameter (0.1g) were placed in test tubes and
washed three times with double-distilled water.
For both control (irrigated) (C) and stressed (T)
leaves about 10ml of double distilled water was
added and test tubes were closed by aluminium
foil. Leaf discs were maintained at 30 °C for 4h.
After shaking well their electrical conductivity was
measured using conductivity meter. Thereafter, the
leaf discs were killed by boiling for 15min. After
cooling to room temperature, the electrical conduc-
tivity was measured again. Percent injury was calcu-
lated according to the formula [18].

(1-T/Ty)
(1-Ci/Cy)

where T, and T, are first and second conductivity

Percent injury = 1 — x 100

var. HD 2329

measurements of the stressed leaves and C; and
C, are first and second conductivity measurements
of the controls respectively. Observations on
RWC, NRA, Pn, Chl and membrane injury are
mean of six replicates.

At anthesis, samples were also taken for leaf arca
per plant and biomass per plant. Leaf area was
measured by an automatic leaf area meter (LI
3100) and biomass was estimated by oven drying
plant samples at 65 °C for a week.

Grain yield and yield components were recorded
for field grown crops under irrigated and rainfed
conditions. All data were statistically analysed.

3. Results

The results show a negative influence of moisture-
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Fig. 3. Effect of homobrassinolide (BR) application on chlorophyll and photosynthesis under irrigated and moisture-stress conditions in

pots. Vertical bars I denotes LSD (p = 0.05) for BR.
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Fig. 4. Effect of homobrassinolide (BR) application on percent membrane injury in pots. Vertical bars I and | denotes LSD (p = 0.05) for

BR and varieties respectively.

stress on various physiological parameters. Homo-
brassinolide (BR) application in general had a
stimulatory effect under stress conditions. BR
application significantly increased RWC in both
the varieties under irrigated and moisture stress
conditions (Figure 1). Spray treatment at
0.05 ppm gave the best results under both condi-
tions in the two varieties.

Highly significant increases in NR activity were
caused by the BR applications (Figure 2). Gener-
ally, foliar application at the higher concentration
of 0.05 pm was most effective. The increase in NR
activity was observed both under irrigated and
moisture-stress conditions. Whilst under irrigated
conditions the increase in NR activity was more
in HD2329, under moisture-stress C306 showed
a greater response at all concentrations. The
differences between different BR treatments were
significant.

Total Chl and Pn were recorded only in
cv. HD2329 (Figure 3). Different concentrations

and modes of application gave variable responses.
Whilst under moisture-stress conditions maximum
Chl content was induced by 0.05 ppm spray and the
highest Pn was observed with the 0.01 ppm spray
treatment, under irrigated conditions maximum
Pn and Chl were observed in 0.05 ppm seed treat-
ment. Though in the case of Chl all the treatments
showed significant differences amongst themselves,
in the case of Pn the differences between the BR
treatments were not significant. However, all the
treatments were significantly higher than the
untreated control.

Homobrassinolide application  significantly
decreased percent membrane injury (increased
membrane stability) (Figure 4). The greater response
was observed at 0.05ppm spray treatment (63%
and 45% decrease in membrane injury in C306
and HD2329 respectively over control) followed
by 0.05ppm seed treatment. The differences
between different treatments were also highly
significant.
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Fig. 5. Effect of homobrassinolide (BR) application on leaf area per plant and biomass per plant under irrigated and moisture-stress
conditions in pots. Vertical bars I and | denotes LSD (p = 0.05) for BR and varieties respectively.

Leaf area and biomass recorded at anthesis were
significantly higher in BR-treated plants under
both irrigated and moisture-stress conditions
(Figure 5). No set pattern was observable for dif-
ferent concentrations and mode of application.
Maximum leaf area under irrigated conditions
was observed for the 0.05ppm seed treatment in

both C306 and HD2329. Biomass under irrigated
conditions was maximum for the 0.01 ppm and
0.05ppm spray treatments in C306 and HD2329
respectively. However, under moisture-stress, the
0.05ppm spray treatment induced maximum leaf
area and biomass production in both the
varieties. Under moisture-stress conditions the
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Table 1. Effect of homobrassinolide application on yield and yield related parameters of wheat grown in irrigated and rainfed conditions

1

Treatment Ear Nom™' (row) Grain No ear” 1000 grain weight (g) Harvest Index Grain yield gm™2
IR RF IR RF IR RF IR RF IR RF
C306
Control 89 80 40.4 41.4 46.9 42.0 379 31.7 3279 262.0
Seed treatment
0.01 ppm 101 94 43.2 435 475 43.0 40.2 346 392.7 3347
0.05ppm 108 104 49.7 48.7 499 45.1 44.4 36.9 450.5 355.0
Spray 0.01 ppm 107 105 45.5 43.5 48.7 434 42.5 354 448.5 363.7
0.05 ppm 107 101 44.5 45.0 51.3 45.7 4.5 38.3 456.0 373.7
HD2329
Control 102 75 43.0 38.0 43.2 39.1 46.6 38.0 447.4 257.5
Seed treatment
0.01 ppm 114 96 48.8 42.0 44.9 40.4 49.0 40.5 563.8 2932
0.05 ppm 111 93 50.4 43.0 459 41.9 50.8 42.4 554.0 3634
Spray 0.01 ppm 121 86 47.8 42.0 452 41.8 48.9 41.0 522.4 321.0
0.05 ppm 112 95 49.7 42.0 472 433 51.7 423 553.9 346.0
LSD (p = 0.05)
Var. 35 1.7 1.75 0.98 0.42 0.45 0.65 0.37 12.6 6.8
BR 5.5 2.7 2.77 1.55 0.67 0.71 1.02 0.58 19.9 10.8
Var. x BR NS 38 NS NS 0.95 0.99 1.45 0.82 28.1 153

differences between different BR treatments were
also significant both for leaf area and biomass.
However, under irrigated conditions the differences
between the BR treatments were non-significant.

Homobrassinolide application caused significant
increases in grain yield and related parameters such
as ear number per meter row, grain number per ear,
1000 grain weight and harvest index under irrigated
and rainfed conditions in the two varieties (Table
1). Generally 0.05ppm either as a seed treatment
or a spray gave the best result.

4, Discussion

BR induced increases in NR activity in rice and
maize [14,21], photosynthesis in mustard and
wheat [2, 3], chlorophyll in maize [21], membrane
stability in wheat and maize [12,21], biomass in
sugarbeet [20] and yield in wheat, maize, potato,
tomato and cucumber [8,13,22,2627]. The BR-
induced increase in photosynthesis and NR
activity could be due to the improvements in leaf
water balance as indicated by increase RWC
under stress and irrigated conditions and/or
specific enzyme activity [12]. The increase in photo-
synthesis could also be due to the observed

increases in chlorophyll content [21]. Higher leaf
area in BR-treated plants could be due to delay
in leaf senescence/abscission [10] which may
again be a manifestation of increased chlorophyll
content [21].

The results indicate that on an absolute value
basis, C306 responded better to BR applications
than HD2329, especially under moisture-stress/
rainfed conditions. However, on a percentage
basis, HD2329 showed higher NR activity under
moisture-stress and increased biomass under both
conditions. Among the various combinations of
BR application tested, 0.05ppm as a seed treat-
ment or spray produced the most response. All
the treatments were significantly higher than the
control.

It has been reported that BR-induced growth in
plants is mediated through nucleic acid metabolism
[19]. Significant increases in RNA and DNA poly-
merase activity and the synthesis of DNA, RNA
and proteins in BR-treated mungbean and beans
have been reported [11]. This suggests the involve-
ment of BRs in transcription and replication
leading to increases in enzyme activities during
tissue growth. Thus it can be concluded that
BR-induced increase in enzyme proteins leads to
an increased rate of photosynthesis and nitrate
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assimilation. This ultimately results in higher leaf
area and biomass production. BR application is
also reported to increase translocation [6,17]
resulting in increased ear number, grain number
per ear and 1000 grain weight and harvest index
which contributed to higher grain yields.

The observed beneficial effect of BR in terms of
increased metabolic activity and grain yield under
moisture-stress could be due to increased mem-
brane stability [12,21] and/or synthesis of specific
stress proteins [12]. The positive influence of BR
on RWC under stress suggests increased uptake
of water by the treated plants. BR application is
also reported to increase nitrate uptake in rice
plants [14]. Thus it is possible that BR, besides
affecting various metabolic activities, also enhances
water and mineral (nitrogen) uptake resulting in
increased protein synthesis, growth and finally
yield. These actions assumes greater significance
because of its observed ameliorating effects under
moisture-stress [12, 20, 21].
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