Pure Appl. Biol., 12(1):93-102, March, 2023
http://dx.doi.org/10.19045/bspab.2023.120011

Research Article

Effect of seed priming with salicylic acid
on yield of castor bean genotypes (Ricinus
communis L.) under drought stress
Hassan Raza1, Khuram Mubeen1*, M. Asif Shehzad2, Sarmad Frogh
Arshad2, Abdul Ghaffar1, Hafiz Mohkam Hammad1, Rao M. Ikram1,
Mudassir Aziz1, Matlob Ahmad3, Abdul Khaliq4 and Muhammad Usman5
1. Department of Agronomy, MNS University of Agriculture, Multan, Pakistan
2. Institute of Plant Breading and Biotechnology, MNS University of Agriculture, Multan, Pakistan
3. Department of Agricultural Engineering and Technology, Ghazi University Dera Ghazi Khan Pakistan
4. Soil and Water Testing Laboratory, Kotla Ahmad Road Rajanpur, Pakistan
5. Department of Agronomy, University of Agriculture, Faisalabad, Pakistan
*Corresponding author’s email: khurram.mubeen@mnsuam.edu.pk
Citation
Hassan Raza, Khuram Mubeen, M. Asif Shehzad, Sarmad Frogh Arshad, Abdul Ghaffar, Hafiz Mohkam Hammad,
Rao M. Ikram, Mudassir Aziz, Matlob Ahmad, Abdul Khaliq and Muhammad Usman. Effect of seed priming with
salicylic acid on yield of castor bean genotypes (Ricinus communis L.) under drought stress. Pure and Applied Biology.
Vol. 12, Issue 1, pp93-102. http://dx.doi.org/10.19045/bspab.2023.120011
Received: 15/03/2022
Revised: 13/05/2022
Accepted: 20/05/2022
Online First: 27/05/2022

Abstract
Studies are lacking on the evaluation of newly developed cultivars of castor bean (non-edible oil
seed crop) under drought and varying priming levels in northern irrigated plains of Pakistan.
Hence, field experiment was conducted to evaluate the emergence and yield of two genotypes of
castor bean (NIAB-GOLD and N-2020) having 3 seed priming levels of salicylic acid along with
control T1: hydro priming, T2: 40 mg L-1 SA, T3: 80 mg L-1 SA and T4: 120 mg L-1 SA) after
standardizing the duration of priming to 36 h. The experiment was carried out under randomized
complete block design with split-split plot arrangement by keeping the genotypes in main plot,
drought in sub plot and seed priming in sub-sub plot. Higher branches per plant (9.33), spikes per
plant (11.67), capsules per plant (601.92 g) and seed yield (3.29 tons ha-1) were achieved in N2020 while the 1000-seed weight was higher for NIAB-GOLD. Drought significantly reduced all
the observations recorded except emergence percentage. Higher stem diameter (39.45 mm),
branches per plant (9.67), capsules per plant (586.00), 1000-seed weight (267.04 g) and seed yield
(3.28 tons ha-1) were taken in N-2020 seed priming with 40 mg L-1. Use of salicylic acid @ 40 mg
L-1 at flowering stage may reduce the adversaries of water stress effectively at flowering stage of
castor bean. It can aid in obtaining a good castor bean productivity by using N-2020 as a test
cultivar providing a promising opportunity for the farmers of water scarce areas of Northern
irrigated plains of Pakistan.
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belongs to the Euphorbiaceous family. Castor
Introduction
Castor bean (Ricinus communis L.) is an
bean seed contains around 50% oil contents
important non-edible oil seed crop and it
as this oil is used in petrochemicals,
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automobile, industrial lubricant, medicines,
soaps, paints, cosmetics etc. The total area of
castor bean production worldwide was 1.22
million ha and it was 7.60% higher than the
previous year with castor oil seed production
of 2.05 million tonnes in 2020 [1]. In Pakistan
the total castor oil seed production was 2530
tonnes in 2020 [1].
Environmental stresses such as drought has
become a serious threat to sustainable crop
production in developing countries in South
Asia such as Pakistan [2]. Drought is the
critical factor which has the negative impact
on the production of any crop. Drought
resulted in loss of 29 billion dollars from
2005-2015 worldwide and it is expected that
these losses will become heavier in near
future [3, 4]. It is expected that 50 % of the
total area of Pakistan will become water
deficit by 2050 [5]. Although castor bean is
drought tolerant crop but if crop is exposed to
long term drought, it resulted in the yield loss
[6]. Drought is prominent environmental
stress which reduced the crop yield more than
50% [7]. Drought stress affected the oil
quality of the oil seed crops by affecting the
activities of different enzymes which resulted
into yield loss of the oil seeds [8]. In castor
bean, drought can affect the nutrient
availability [9]. Drought imposed at grain
filling stage in sunflower resulted in the loss
of seed oil [10]. They also explained that
drought stress at grain filling stage reduced
the oleic acid concentration (8-14 %).
Drought stress affected the nitrogen
transportation from root to shoot and oil yield
in sunflower under drought conditions [11].
Drought stress at seed filling stage in
safflower resulted in the reduction of plant
height (5.34 %) as compared to normal
conditions [12]. Drought also significantly
reduced the total seed number (28.2 %), 1000
seeds weight (6.2 %) and seed yield (17.2 %)
as compared with normal conditions.
Drought at seed filling stage also reduced the
biomass yield (17.9 %). It was found that

skipping one irrigation at flowering stage as
compared to vegetative and grain filling stage
in sunflower resulted into the reduction in
chlorophyll contents, relative water contents,
yield and yield components [13]. The
reduction in plant height, head diameter,
number of achenes were observed when one
irrigation was skipped at pre anthesis and
post anthesis stage in sunflower crop [14].
Seed priming is the technique in which seed
soaking is done in water (Hydro priming),
seed soaking in
osmotic solution
(Osmopriming), seed treatment with high or
low temperature (Thermo-priming), seed
treatment with solid substances (solid mixing
priming), seed treatment with hormones
(Hormopriming) and bio-priming [15]. The
effect of drought stress can be reduced and
the crop performance can be improved by
using the seed priming techniques [16, 17].
Salicylic acid (SA) is a seven-carbon
phenolic compound produced by the plants
which can regulate the growth [18]. Salicylic
acid increased resistance to water stress in
wheat seedling [19]. Salicylic acid (500 µM)
increased the net photosynthetic rate and dry
matter of the plants of H. vulgare [20].
Salicylic acid is dose dependent. It was found
that salicylic acid priming @ 50 mg L-1
resulted into better emergence and early
growth as compared to 100 mg L-1 and no
priming in cucumber [21]. Seed treatment
with SA resulted in greater root and shoot
length compared with untreated seed in rice
[22]. The exogenous application of salicylic
acid improved the leaf relative water contents
under the normal and drought conditions in
canola [23]. They also studied that
chlorophyll contents, protein and proline
contents were also higher in SA applied
treatments as compared to control both in
normal and drought environment.
The ability of a genotype to give more yield
as compared to other genotype under drought
condition is known as drought tolerance.
Castor bean genotypes have not been
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cultivated under the semi-arid conditions of
South Punjab. Moreover, the early stand
establishment of castor bean through seed
priming has not been tested yet. Hence, there
is a need to explore the genotypic response of
castor bean by assessing the early stand
establishment through seed priming at

different doses of SA under drought
conditions.
Materials and Methods
Experimental site
Experiment was conducted at research farm
of MNS University of Agriculture, Multan
Punjab, Pakistan (latitude = 30.1475 o N and
longitude = 71.4436 o E) (Table 1).

Table 1. Physico-chemical properties of studied soil
Soil characteristics

0-15 (cm)

Soil Texture
pH
EC (dSm-1)
Organic matter (%)
Available phosphorus (mg kg-1)
Available potassium (mg kg-1)

8.0
3.14
0.48
12.4
180

Experimental material
The castor bean genotypes (NIAB-GOLD
and N-2020) used in the study were obtained
from Nuclear Institute for Agriculture and
Biology, (NIAB) Faisalabad Pakistan.
Priming durations were preliminary
evaluated under lab at 0 h, 12 h, 24 h, 36 h,
48 h and 60 h. Out of the priming durations
tested, 36 h priming duration was found to be
the most effective.
Crop husbandry
In the field, sowing was done during the last
week of July, 2020 through manual dibbling
on both sides of the bed (75 cm wide). Plant
to plant and row to row distance was 75 cm.
The net plot size was 4.5m × 3m. Before
sowing, the beds were prepared with bed
planter on a well-prepared soil. All P, K and
half dose of Nitrogen were provided at the
sowing time and the remaining half dose was
applied at 4-6 leaf stage. Four irrigations
were given to the crop except the drought
imposing treatments, 1st after the emergence,
2nd at 6 leaf stages, 3rd at flowering stage and
the 4th at seed setting stage. At flowering
stage irrigation was skipped in the drought
imposing treatments.

Soil depth
15-30 (cm)
Loamy
8.0
3.27
0.48
12.4
175

Experimental design and treatments
The experiment consisted of 3 factors, two
genotypes (NIAB-GOLD, N-2020), two
levels of drought (Normal irrigation and
drought at flowering stage) and 3 levels of
salicylic acid (40 mg L-1, 80 mg L-1 and 120
mg L-1) along with control (Hydro priming).
The design used for experiment was
randomized complete block (RCBD) with
split-split plot arrangement keeping the
genotypes in main plot, drought in sub-plot
and seed priming in sub-sub plot and was
repeated thrice.
Observations recorded
Data were recorded for emergence (%) and
different yield and yield related traits.
Emergence percentage was calculated from
each plot after 45 days. Stem diameter (mm)
was calculated by vernier caliper from three
different portions of the stem (upper, middle
and lower) and then averaged. Number of
branches plant-1, spikes per plant, numbers of
capsules plant-1 were measured by selecting
randomly 5 plants from each plot and
averaged. Seed yield was calculated after the
harvesting and threshing of crop plants from
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each treatment and then converted into tons
ha-1.
Statistical analysis
All the data recorded were analyzed by using
DSAASTAT (a computer-based software
tool). Differences in treatment means were
compared by HSD Tukey’s test at 5%
probability level [24].
Results and Discussion
Emergence (%)
Emergence plays a key role in maintenance
of the optimum plant population. Data related
to emergence percentage of two castor bean
genotypes as influenced by different priming
treatments is shown in the Table 2. The
present results showed that significant
difference was found among genotypes.
Higher emergence (73.42%) was recorded in
NIAB-20 and it was 7.58% higher than
NIAB-GOLD
(68.25%).
Significant
influence of seed priming was found on
emergence (p ≤ 0.05). Higher emergence
(74.94%) was noticed in seed priming 40 mg
L-1 SA and it was statistically at par with 80
mg L-1 SA and 120 mg L-1 SA. Lowest
emergence (65.53%) was noted in hydro
priming. Different seed priming treatments
significantly improved the emergence
percentage from 8.17%-13.91 % in NIABGOLD and 6.44-18.11 % in N-2020. Priming
with salicylic acid @ 50 mg L-1 resulted in
higher emergence percentage as compared to
no priming and priming with salicylic acid @
100 mg L-1 in cucumber [21]. Seed priming
with salicylic acid resulted into higher
germination rate as compared to control in
fenugreek [25] and vicia faba [26]. The likely
reasons for increase in emergence percentage
could be the pre-sowing treatment of the
seeds with salicylic acid which would have
improved the enzyme activation process and
resulted into higher emergence.
Branches per plant
Branches per plant is one of the important
parameters as it was reported that higher
branches resulted into higher yield [27].

Number of branches per plant are represented
in the Table 2. Genotypes, drought and seed
priming significantly affected the branches
per plant. More branches per plant (9.33)
were noticed in N-2020 while lower branches
per plant (8.25) were produced in NIABGOLD. Under normal conditions, castor bean
produced more branches (16.50%) than
drought. Drought stress at initial flowering
and seed filling stage significantly caused
reduction in branches per plant in soybean
crop [28]. Drought decreased the branches
per plant by 43% at reproductive stage of the
crop as compared with proper irrigation [29].
Priming was very effective methodology to
improve the branches per plant. Different SA
priming treatments increased the branches
per plant by 8.04-12.04 % and 4.94-24.94 %
in NIAB-GOLD under normal and drought
conditions, respectively. N-2020 recorded
the highest improvement in branches per
plant by 7.65-34.56 % and 8.33-20.83 %
under normal and drought, respectively. It
was studied that priming with salicylic acid
in different linseed cultivars produced more
branches per plant up to 26% and 25% in
consecutive
years
[30].
Exogenous
application of SA individually and along with
gibberellic acid significantly improved the
branches in canola [31]. Increase in branches
was probably due to synergistic role and
protective effect of SA in cell division
process.
Stem diameter (mm)
Significant difference was found among
drought treatments (p ≤ 0.05). Normal
irrigation recorded the highest stem diameter
(40.34 mm). Whereas the minimum (37.02
mm) was measured under drought at
flowering stage (Table 3). The reduction in
stem diameter might be due to lower radius
growth of stem under drought conditions.
Seed priming treatments were also
significant. Larger stem diameter (39.46 mm)
was observed where 40 mg L-1 SA was
applied and there was statistically non-
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significant difference in plots where 80 mg L1
SA and 120 mg L-1 SA were applied where
the stem diameter was 39.04 mm and 38.22
mm, respectively. Seed priming with
salicylic acid @ 50 mg L-1 and 100 mg L-1
achieved higher stem diameter by 43% and
20% in okra, respectively [32]. Salicylic acid
application as a foliar was highly significant
in improving the stem diameter in sunflower
[33]. Stem diameter was reduced by 50.58%
in castor bean when the irrigation was applied
at 15 days interval as compared to 5 days
interval [34]. The genotypes were nonsignificant regarding stem diameter.
However, the three-way interaction of
genotypes, drought and seed priming was
non-significant.
Spikes per plant
As the genotypes were significant so higher
number of spikes per plant (9.33) were
noticed in N-2020 and it was 16.06% more
than NIAB-GOLD (8.04). Drought was also
significant regarding spikes per plant. More
spikes per plant (9.41) were calculated under
normal irrigation conditions while the
drought at flowering recorded the lower
spikes per plant (7.96). Lower spikes could
have resulted from flower abortion due to
drought stress. Drought reduced the number
of spikes per plant by 20.60% in different
genotypes of wheat [35]. Spikes per plant
were also influenced by different priming
treatments. Higher spikes per plant (9.25)
were counted in seed priming with 120 mg L1
SA (Table 4). Similar spikes per plant were
also recorded in plots where castor seeds
were treated with 80 mg L-1 SA and 40 mg L1
SA. The minimum spikes per plant (7.33)
were taken in hydro priming. Similar results
were found when foliar applied salicylic acid
in wheat crop significantly enhanced the
number of spikes per plant [36].
Capsules per plant
Significant differences were found among all
three main effects (i.e. genotypes, drought
and seed priming). Moreover, the interaction

of these three factors was also significant.
Maximum capsules per plant (648.33) were
counted in 40 mg L-1 SA in N-2020 under
normal irrigation succeeded by 630.00 in 80
mg L-1 SA in N-2020 under normal irrigation.
Less capsules per plant (490.00) were
counted in hydro priming in NIAB-GOLD
under drought. As the genotypes were
significant, so maximum capsules per plant
(601.92) were observed in N-2020 as
compared to NIAB-GOLD where the lower
(11.69%) capsules per plant (538.88) were
obtained. Drought also influenced the
capsules per plant significantly. Drought
causing reduction in capsules per plant could
be due to the abortion of flowers. These
results correlates to the findings that drought
stress minimized the capsules per plant in
sesame genotypes [37]. Priming significantly
improved the capsules per plant by 7.1614.21% and 10.45-12.91% in N-2020 and
3.30-4.98% and 6.94-14.97% in NIABGOLD under normal and drought,
respectively. Higher capsules per plant (up to
18%) were observed in seed priming with
salicylic acid @ 200 mg L-1 in different
cultivars of linseed [30]. The increase in
capsules per plant could have been resulted
from higher main and sub branches produced
by the plant [38].
1000-Seed weight (g)
Genotypes were different in terms of 1000
seed weight. NIAB-GOLD (268.23 g)
produced more 1000 seed weight as
compared to N-2020 (258.25 g). Higher
1000-seed weight in NIAB-GOLD indicated
that every genotype has its own potential to
produce seeds with different weight. Drought
at flowering also affected the 1000-seed
weight. These findings are similar to the
results, that drought reduced the 100-seed
weight in dry beans [39], chick pea and faba
bean [40]. Because drought reduced the time
to maturity and resulted into smaller seeds
which could have resulted into lower seed
weight.
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maximum seed yield (3.21 t ha-1) was
observed under normal irrigation whereas the
minimum seed yield was recorded under
drought (2.99 t ha-1). Drought at different
stages of growth decreased the final seed
yield by 23-42% in dry beans [38]. Drought
at flowering and grain filling stage reduced
the seed yield in soybean [43]. The reduction
of grain yield is mainly associated with
reduction in weight of 1000 seeds and seed
weight per plant under drought conditions.
The reduction might be due to flower
shedding under drought [44]. Significant
difference among priming treatments were
found for final seed yield. Highest seed yield
(3.28 t ha-1) was noticed in 40 mg L-1 SA.
However, it was not different from 80 mg L1
SA and 120 mg L-1 SA. Lowest seed yield
(2.73 t ha-1) was recorded in hydro priming.
Drought reduced the grain yield in castor
bean while SA priming improved the grain
yield as compared to control [41]. The
increase in seed yield might be due to the
promotive effect of salicylic acid application,
which could have improved some of the
physiological and biochemical traits such as
cell enlargement, source sink relationship etc.

Priming with salicylic acid significantly
influenced the 1000-seed weight. Maximum
1000-seed weight (267.04 g) was taken in
plots where 40 mg L-1 SA was applied and it
was statistically close to 80 mg L-1 SA and
120 mg L-1 SA where the 1000-seed weight
was 266.40 g and 264.44 g, respectively.
Hydro priming produced the lower 1000-seed
weight (255.08 g). Seed priming with
salicylic acid increased the 100-seed weight
in cow pea under normal as well as in drought
conditions [41] and in sunflower [33].
Drought reduced the 100 seed weight in
castor bean whereas seed priming with
salicylic acid resulted into higher 100 seed
weight as compared to control [42].
Improvement in 100 seed weight is probably
due to the salicylic acid priming effect, which
resulted into higher ion uptake, cell division
and cell elongation.
Seed yield (t ha-1)
The main effects i.e. genotypes, drought and
seed priming were significant for seed yield
(p ≤ 0.05). The data related to seed yield as
shown in the Table 5 suggested that N-2020
(3.25 t ha-1) produced the better seed yield as
compared to NIAB-GOLD (2.95 t ha-1). As
the drought was significant for seed yield,

Table 2. Emergence (%) and number of branches per plant of castor bean genotypes as
influenced by seed priming and drought
Capsules per plant

Seed Priming

Normal

Drought
HSD (5%)

HP
40 mg L-1 SA
80 mg L-1 SA
120 mg L-1 SA
HP
40 mg L-1 SA
80 mg L-1 SA
120 mg L-1 SA
CV (%)

1000 seed weight (g)
Genotypes
NIAB-GOLD
N-2020
NIAB-GOLD
N-2020
535.00 fg
567.67 d
263.57 a-e
253.00 de
561.67 de
648.33 a
279.89 a
261.75 b-e
552.67 d-f
630.00 ab
272.78 ab
266.67 a-e
557.67 de
608.33 c
270.01 a-c
262.72 b-e
490.00 h
542.33 e-g
252.77 de
251.00 e
526.67 g
607.33 c
268.99 a-d
257.53 b-e
524.00 g
612.33 bc
269.88 a-c
256.30 b-e
563.33 d
599.00 c
268.02 a-d
257.03 b-e
1.09
1.95

HP = Hydro priming, SA = Salicylic acid
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Table 3. Stem diameter and number of spikes per plant of castor bean genotypes as
influenced by seed priming and drought
Emergence (%)
Seed Priming

Normal

Drought
HSD (5%)

HP
40 mg L-1 SA
80 mg L-1 SA
120 mg L-1 SA
HP
40 mg L-1 SA
80 mg L-1 SA
120 mg L-1 SA
CV (%)

NIAB-GOLD
63.94 c
71.43 abc
69.05 bc
69.16 bc
64.05 c
72.84 abc
69.98 bc
65.58 bc

Branches per plant

Genotypes
N-2020
NIAB-GOLD
68.33 bc
8.33 cde
80.70 a
9.33 bcd
74.15 abc
9.33 bcd
75.08 ab
9.00 bcd
65.82 bc
6.67 f
74.82 ab
8.00 def
72.73 abc
8.33 cde
75.75 ab
7.00 ef
4.64
5.99

N-2020
08.67 bcd
11.67 a
10.00 b
09.33 bcd
08.00 def
09.67 bc
08.67 bcd
08.67 bcd

HP = Hydro priming, SA = Salicylic acid

Table 4. Number of capsules per plant and 1000 seed weight of castor bean genotypes as
influenced by seed priming and drought
Seed Priming

Normal

Drought
HSD (5%)

HP
40 mg L-1 SA
80 mg L-1 SA
120 mg L-1 SA
HP
40 mg L-1 SA
80 mg L-1 SA
120 mg L-1 SA
CV (%)

Stem diameter (mm)
Spikes per plant
Genotypes
NIAB-GOLD
NIAB-20
NIAB-GOLD NIAB-20
39.37 ab
39.87 ab
7.33 ef
08.33 c-f
39.63 ab
41.66 a
8.33 c-f
11.67 a
41.37 a
41.38 a
9.00 b-e
11.00 ab
39.26 a-c
40.06 ab
9.67 a-d
10.00 a-c
36.51 d
36.29 d
6.33 f
07.33 ef
38.27 b-d
38.61 b-d
7.67 d-f
08.33 c-f
36.69 d
36.24 d
7.67 d-f
09.00 b-e
36.89 cd
36.69 d
8.33 c-f
09.00 b-e
2.04
7.61

HP = Hydro priming, SA = Salicylic acid

Table 5. Seed yield (Tons ha-1) of castor bean genotypes as influenced by seed priming and
drought
Seed yield (t ha-1)
Genotypes
NIAB-GOLD
N-2020
2.67 de
2.97 c-e
3.08 b-d
3.73 a
3.10 b-d
3.46 ab
3.12 b-d
3.52 ab
2.54 e
2.75 de
3.09 b-d
3.23 bc
3.08 b-d
3.27 bc
2.91 c-e
3.08 b-d
4.71

Seed Priming

Normal

Drought
HSD (5%)

HP
40 mg L-1 SA
80 mg L-1 SA
120 mg L-1 SA
HP
40 mg L-1 SA
80 mg L-1 SA
120 mg L-1 SA
CV (%)

HP = Hydro priming, SA = Salicylic acid
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Conclusion
With the application of salicylic acid, castor
bean emergence, yield and yield related
components could be improved. From
present study it was observed that drought at
flowering stage can reduce the yield and yield
traits up to 10%. Hence it may be concluded
that applying salicylic acid at lower
concentration (i.e. 40 mg L-1) is not only
economical but also increases the yield of
castor bean genotypes and aids in
counteracting the adversaries of water
shortage especially at flowering stage.
Moreover, it was also observed from the
studies that the genotype N-2020 performed
better under drought when compared with
NIAB-GOLD. Hence farmers may adopt N2020 for cultivation in areas with limited
water supply and may apply salicylic acid as
priming agent at 40 mg L-1 for getting
economical castor bean productivity under
drought.
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