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I. Effects on growth and survival*

Hui-lian Xu**, Atsuhiko SHIDA, Fumio FuraTsuya and Atsuhiko Kumura
(Ageo Laboratory, Nippon-Kayaku Co. Ltd., Saitama 362, Japan)
Received April 1, 1994

Abstract : Spray treatment with 22R, 23R epibrassinolide (EBR, 0.1 ppm) increased the length and dry weight
of both the top and root of sorghum plants under various soil water conditions, although the extent of growth
promotion was small. Under well-watered conditions, abscisic acid treatment (ABA, 50 ppm) inhibited top
growth but promoted root growth. However, under water-stressed conditions, ABA-treated plants grew at a
higher rate than control and EBR-treated plants. The accelerated growth of ABA-treated plants was apparent
both in the top and the root. Treatment with 0.1 ppm EBR + 50 ppm ABA inhibited growth even more than ABA
treatment under well-watered conditions, but it increased the growth rate more than ABA alone under water
stressed conditions. Treatment with EBR+ABA promoted root growth to a larger extent even than ABA
treatment. From the above results, it was concluded that EBR increased the effects of ABA both under
well-watered and water stressed conditions.

Treatment with EBR and ABA increased the survival ability of plant and leaf under severe drought. This effect
of ABA was also enhanced by EBR. Thus, synergistic interaction between ABA and EBR was observed in almost
all aspects examined.
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As is well known, crop production is serious- for example, high and low temperatures, soil
ly affected by various environmental stresses, water deficit, soil salinity, soil acidity, toxic
heavy metals and so on. Of these stresses,
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problem is through appropriate plant growth
regulators. Of those so far known, abscisic acid
is reported to be effective in increasing
drought resistance by both physiological and
morphological changes**5%7. The physiologi-
cal response of ABA-treated plants to water
stress is manifested in diminished stomatal
transpiration and strengthened osmotic
adjustment®>®. The morphological response is
apparent in the developed root®, small-sized
cells and xeromorphically-changed structural
characteristics of leaf surface®.

It is reported that brassinosteroids increase
resistance or tolerance of plants to low temper-
ature®, herbicide toxicity® and soil salinity?.
From these facts it is suggested that brassinos-
teroids can generally increase resistance or
tolerance of plants to stresses, though there is
little or no evidence for increase in drought
resistance®. Thus, the authors examined the
effects of ABA and 22R, 23R epibrassinolide
(EBR), one of the brassinosteroids, on the
growth of sorghum plants under various soil
water regimes to see whether they could be
used as plant regulators in increasing drought
resistance in crops.

Materials and Methods

In the present paper the authors focused on
the effects of ABA, EBR and their combina-
tion on 1) growth rate under various levels of
soil water deficit (Exp. I) and 2) survival
under very severe soil water deficit conditions
(Exp. II).

1. Experiment I

(1) Plant materials

Seeds of grain sorghum (Sorghum bicolor (L.)
Moench cv. Lucky) were sown in 1/5000 a
Wagner pots filled with loamy soil on June 22,
1989. Compound fertilizer (N : P,O, : K,0=
16:14:12) was applied at a rate of 2 g per
pot. The plants were grown in a natural-light
greenhouse, in which air temperature and
humidity were not kept constant (maximum
temperature, ca 36°C; minimum relative
humidity, 4097). On June 27, 1989, when the
seedlings reached the three-leaf stage, they
were thinned out with 4 plants of similar size
remaining per pot.

(2) Soil water regime
« The pots were divided into five groups, i. €.,
SWR-Ito SWR-V. The illustration of the soil
water regimes is shown in Fig. 1. The char-
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acteristics of the soil water conditions and
plant growth were as follows :

SWR-I: After sufficient watering on June 29,
plants were not supplied with water until the
final sampling on July 18. However, they did
not show any sign of wilting during this
period, since the seedlings were still small and
so water consumption was slight. Thus plants
experienced little or no water stress.

SWR-II : Plants were not supplied with water
until July 18, but they did not show any sign
of wilting during this period. On July 18, when
plants showed slight wilting, they were sup-
plied with water and thereafter grew under
sufficient water conditions until August 9,
when they were sampled. Under this water
regime, plants grew practically without water
stress throughout the experimental period.
Plants in this water regime grew the most
vigorously of the five water regimes.
SWR-III : After June 29, the plants were not
supplied with any water until the end of the
experiment (August 2). Consequently, the
plants experienced severe drought in the latter
half of the experimental period.
SWR-1IV : After the first wilting (July 18),
plants were not supplied with water for a
period and then they were watered sufficiently
until the end of the experiment (August 9).
SWR-V : After the first wilting (July 18),
plants were not supplied with water for about
three weeks. Consequently, plant growth was
strongly depressed. After rewatering on
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Fig. 3. Survival of leaves of EBR, ABA, and
50 o EBR + ABA treated and control plants (Exp.
I I m v II, Case 1).
Fig. 2. Effects of EBR, ABA, and EBR+ABA Percentage survival of leaf blade was

treatments on biomass of sorghum plants
under different soil water regimes (Exp. I).
I-V correspond to I-V in Fig. 1.

August 8, the plants began to regrow gradu-
ally.

(8) Treatments of ABA and EBR

The 4 plants in the same pot were treated as
one set and sprayed with 1) water (control),
2) EBR (Nippon-Kayaku Co. Ltd.) 0.1 ppm,
3) ABA (Tokyo Kassei Industry Co. Ltd.) 50
ppm, and 4) EBR 0.1 ppm+ABA 50 ppm,
respectively. This method of treatment was
adopted to compare the effect on plants under
exactly the same soil water conditions. ‘‘Sin-
glamine” (Sankyo Co. Ltd.) was used as a
wetting agent for the treatments, including the
water control. Spraying was conducted four
times to make sure of the effect, that is, on
June 30, July 3, 6, and 9 in all of the soil water
regimes. Sufficient solution was spayed onto
the plant surface until the leaves were wet
completely and the solution ran down along
the leaf surface.

2. Experiment II

Experiment II was conducted to examine
the effects of ABA and EBR on the survival of
sorghum plants under two instances of severe
drought conditions.

In case 1, the growing procedure and the
soil water regime were the same as those of

examined in 10 plants of each treatment.

SWR-V in Exp. L. In case 2, the period of no
water supply was prolonged by 5 days. In
other aspects, there was no difference from
Case 1.

Survival of leaf blade (9]) was represented
by the proportion of green area to the total
estimated on sight. Death or survival of a plant
was judged from appearance of the plant after
rewatering. When new young leaves began to
grow, the plant was regarded as surviving and

if they did not, as dead.
Results

1. Experiment I

The results of Exp. I are shown in Table 1
and Fig. 2.

(1) EBR

Spray treatment with EBR increased length
and dry weight of both top and root in all of
the soil regimes. In general, however, the
extent of growth promotion was not large, with
the largest growth observed in SWR-V.

(2) ABA

Under well watered conditions (SWR-I),
ABA inhibited growth as expressed in the dry
weight of whole plant, but promoted root
growth and, as a consequence, increased the
root top ratio. In contrast, ABA promoted
growth in terms of both length and dry weight
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Table 1. Effects of epibrassinolide (EBR) and abscisic acid (ABA) on growth of sorghum plants at
vegetative stage under various soil water conditions (Exp.]).
Water condition  Treatment Length Root Dry matter
and sampling Top  Root* R/T number* Tg, Root  Total R/T
(em)  (cm) (%) (g) (g) (g) (%)
I : No stress, Control 734 454 624 9.04 0.75% 0.2052 0.962 284
sampled at the EBR 754 568 75588 9.64 0.814 0.236° 1.04*8 304
end of four ABA 658 558 8458¢P 10.18 0.638 0.246° 0.898 398
time treatments EBR + ABA 59¢ 53" 91¢ 9.24 0.44¢ 0.2292>  0.67¢ 53¢
II : Rewatered Control 13042 402> 308b 20.33>  9.]16AB2  1.8712 11.032Ba 202
after treatment EBR 1424 442 27° 23.38 9.16482 1.871% 11.032Ba 902
and sampled 21  ABA 1314 43ab 338b 19.7ab  8.02B>  1.639%®  9.663> 222
days after EBR + ABA 1158 39b 342 20.4° 4.92¢ 1.473® 6.39¢ 218
III : Under water Control 79ABa 554 688 11.18 2.308 0.555* 2.852¢ 252
stress for 15 EBR 8540 618 723b 11.82 2418 0.5674 2.974 242
days and then ABA 7788 g]B 80v° 11.02 2.4082 0.75782  3.16° 320
sampled EBR + ABA 758 554 78¢ 11.62 2.09> 0.6908>  2.78¢ 31p
[V : Stressed for Control 1202 392 322 17.5%8  6.378¢ 1.1832 7.552 192
9 days, rewatered EBR 128 45° 3582 17.6%%  6.85° 1.2572 8.11° 182
then sampled 12 ABA 130° 412 3282 18.44%  6.488>  1.2472 7.738>  2]ab
days after EBR + ABA 1218 43abp 362 19.78¢  5.98¢ 1.2802 7.268 22b
V : Stressed for 21 Control 494 172 388 13.58 1.8442  (0.4772 2.32%2 262
days, rewatered EBR 69482 263p 36ap 15.8° 2.114 0.6222> 2,734 262
and sempled 13  ABA 878> 29P 34b¢ 17.8¢ 2482 (.683P 3.16%  30°
days after EBR +ABA 978¢c 31° 32¢ 17.7¢ 2.648 0.709° 3.448 300

* Root length is the mean of total nodal roots and root number is for total nodal roots. 20 plants of each

treatment were examined. The superscript with different small letters means significant difference at P <
0.05 level and that with different capital letters, at P <0.01 level.

I—V here corresponds to I-—V in Fig.1. The developmental stages at sampling were : I and III, the 6th
leaf stage ; II and V, the 10th leaf stage. II, the 8th leaf stage.

in the plants that experienced drought (SWR
-IIT and V). Under SWR-V, where the plants
experienced severe drought over a long period,
the extent of promotion was especially large.

(3) EBR+ABA

Under well watered conditions (SWR-I and
IT), treatment with EBR+ ABA resulted in a
depression in growth which was much larger
than that by ABA alone. In plants that experi-
enced moderate (SWR-III) and a short
(SWR-1IV) drought, the depression was very
small. In SWR-V, where the plants experi-
enced a long and severe drought, growth was
greatly promoted.

2. Experiment II

(1) Degree of survival of plants

In Case 1 and Case 2, treatment with EBR
and ABA seemed to increase the drought
resistance of plants. In both cases, the effect
was larger in ABA than in EBR, and the

largest in ABA+EBR (Table 2).

(2) Survival of leaves

The degree of survival of leaves of plants
under a long and severe drought is shown in
Fig. 3. From this, it is apparent that treatments
with EBR and ABA delayed death of the
leaves considerably. The extent of the effect
was larger in the ABA-treated plants than in
the EBR -treated plants, with the exception of
the 4th leaf. The treatment with EBR+ ABA
showed the largest effect in all of the four
leaves.

Discussion

As described in the section of Results, ABA
inhibited plant growth in soil regimes where
there was no water stress. In contrast, it
promoted growth or delayed death of a plant
or individual leaves in plants which experi-
enced severe drought. Thus, the effect of the
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Table 2. (EBR)
and abscisic acid (ABA) on survival of

Effects of epibrassinolide

sorghum plants under severely water
stressed conditions (Exp. II).

Treatment Survival of plant (Plant/plant)
Case 1 Case 2
Control 7/10* 3/5
EBR 9/10 4/5
ABA 10/10 5/5
EBR+ABA 10/10 5/5

* This means seven of ten plants still alive when
they were rewatered after the drought period.

ABA treatment varied essentially depending
on soil water regimes.

EBR applied alone delayed death of plant
or individual leaves under severe drought to
an extent smaller than that of ABA (Table 2
and Fig. 3). As for the effect on plant growth,
EBR singly applied promoted growth to a
small extent in all the soil regimes, including
well watered and severe drought conditions.
However, when EBR was combined with
ABA, the effect was different from that of
EBR singly applied. That is, EBR greatly
accelerated the inhibitive effects of ABA
under well watered conditions. On the other
hand, EBR accelerated promotive effects of
ABA under severe drought conditions.

Thus it seems that EBR strengthened both
the inhibitive and promotive effects of ABA,
which were observed under well-watered and
drought conditions respectively, though EBR
itself had a weak promotive effect always.
From this it can be said that the combined
effect of ABA and EBR is quite synergistic.

It has been reported that concentration of
endogenous ABA increases under drought
conditions and exogenous ABA gives plants
xeromorphic characteristics®. The present
paper showed that ABA increased drought
resistance in terms of both growth rate and
survival ability under severe drought condi-
tions. EBR strengthened this effect of ABA.

The mechanism for the increase in drought
resistance by ABA and ABA combined with
EBR will be examined in the next paper. What
can be concluded from these results is the
promotion of root growth. Just after four spray
treatments by ABA, growth of root relative to

that of top was greatly increased by the treat-
ment as shown in R/T ratio, both in length
and dry matter (Table 1, SWR-I). ABA
combined with EBR showed the same effect to
a further degree. The promotion of root
growth as above might, at least in part,
account for the drought resistance of plants
under drought conditions in the later period of
growth.

The spraying of ABA combined with EBR
was effective in increasing drought resistance.
However, the same treatment showed a large
inhibitive effect under well-watered condi-
tions. This creates a difficult problem in apply-
ing these plant regulators in areas where reli-
able prediction of water conditions in crop-
growing season can not be expected.
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