
Vol.:(0123456789)1 3

https://doi.org/10.1007/s12517-022-09663-6

ORIGINAL PAPER

Effects of different irrigation intervals and sowing time on yield 
attributing traits of okra (Abelmoschus esculentus L.)

Sahar Keyvan Rad1  · Hamid Madani2  · Hossein Heidari Sharifabadi1  · Mojtaba Mahmoudi3  · 
Ghorban Nourmohamadi1 

Received: 4 October 2021 / Accepted: 8 February 2022 
© Saudi Society for Geosciences 2022

Abstract
Optimum water supply along with appropriate planting date plays the main role with respect to the yield and quality in okra, 
which is usually cultivated for its pods. This study was carried out at the research farm of Azad Islamic University, Tehran, 
Iran, to examine the effect of irrigation regimes and sowing dates on physiological traits, the quality and quantity of seed, 
and pod water use efficiency of okra (Abelmoschus esculentus L.). The results showed a reduction in the growth period from 
sowing to pod harvesting as planting time was delayed. Total chlorophyll content, plant height, and the number of pods/
plants were decreased by drought stress and late planting. However, ash and mucilage content increased under mild drought 
conditions. Also, protein content and pod water use efficiency were significantly increased in late planting. Leaf area (LA) 
and carbohydrate content were considerably affected by the interaction of irrigation regimes and sowing at the flowering 
stage. Based on the results of cluster analysis, it was found that mild drought + June 4, mild drought + June 18, and mild 
drought + July 2 treatments were more closely related to all studied traits. Based on the biplot results, it was observed that 
the protein content, yield, mucilage, and LA had the highest correlation with mild drought + June 4 and mild drought + June 
18 treatments. Also, well watered + June 4, well watered + June 18, and well watered + July 2 treatments showed a strong 
relationship with plant height, total chlorophyll, and fat content of the seed. These findings suggest that delay in planting 
improves water use efficiency, but yield and pod protein content were reduced under this condition.

Keywords Ash · Mucilage content · Antioxidant activity · Phenolic compounds

Introduction

Okra (Abelmoschus esculentus L.) originated in Ethiopia then 
propagated in the Mediterranean and North Africa. Now, it 
is cultivated in tropical and subtropical parts of the world, 
Southeast Asia, Arabia, Thailand, and India (Das et al. 2018; 

Keshavarz and Sadegh-Ghol-Moghadam 2017). The differ-
ent useful fractions of this plant include stem fiber, leaves, 
seed, seed oil, and pods, which have been used as vegetables. 
Also, the okra pod (fruit) contains proteins, carbohydrates, 
mucilage, vitamin C, anthocyanin, and other phenolic com-
pounds, which play a vital role in the human diet and also 
have medical importance like plasma replacement or blood 
volume expander (Da-Costa-Rocha et al. 2014). Okra needs 
a temperature above 25 °C for normal growth and develop-
ment, but the flowering stage is postponed with an increase 
in air temperature. It is a short-day plant, and the critical day 
length reported is 12.30 h (Abd El-Fattah et al. 2020).

Many environmental agronomic factors influence the 
growth, yield, and quality of okra plants (Xu et al. 2019). 
Drought stress is the most important obstacle to achieving 
a high crop yield around the world. Furthermore, saving 
irrigation water and improving crop yields are two related 
and important global issues. Proper planting dates and prac-
tices of irrigation management are some effective techniques 
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for raising utilization of limited water resources in these 
regions (Keshavarz Mirzamohammadi et al. 2021a). It has 
been reported that increasing intervals between irrigation 
and drought conditions, gave a significant decrease in yield 
and yield components but an increase in active constituents 
of okra (Abelmoschus esculentus) such as vitamin C and 
total phenols (Adejumo et al. 2019; Keshavarz et al. 2021). 
However, another researcher reported an increase in flower-
ing and dry yield of okra in mild drought conditions (Singh 
et al. 2014). In another study on basil (Ocimum basilicum L), 
mild drought stress subsequent to the increase in irrigation 
intervals led to an increment in mucilage due to carbohy-
drate accumulation that reshape into secondary metabolites 
(Ghanbari and Ariafar 2013). Fallahi et al. (2017) found 
that drought conditions under light soil did not affect stem 
diameter and plant height of roselle, but instead, calyx yield 
and the number of flowers increased in mild drought stress. 
Keshavarz et al. (2018) defined that drought stress led to a 
reduction in biological and essential oil yield of two mint 
species.

Maximum production potential due to agronomic prac-
tices such as time of sowing has been related to high yield. 
An appropriate sowing date promotes plant growth and 
development resulting in higher biological yield and eco-
nomic use of the land. The optimum sowing date ensures 
that the susceptible growth stage of the plant does not coin-
cide with harmful environmental conditions. Okra is a short-
day plant, and long days at the wrong developmental stage 
lead to yield losses (Ghayour et al. 2020). Morphological 
traits and yield components like stem diameter, plant height, 
and branch numbers are influenced by planting due to the 
longer growth period of the first planting date (Singh et al. 
2013). The results of Ghannad et al. (2014) for okra high-
lighted a significant correlation between plant dry matter and 
sowing date and concluded that a wrong sowing date brings 
the loss of economic yield by affecting yield components. 
Asadpour et al. (2020) showed that a delayed sowing date 
decreases the grain yield of maize (Zea mays L.). In a study 
on the effect of five sowing dates on rice, Basyouni Abou-
Khalifa (2010) concluded that the greatest grain yield was 
achieved at sowing dates of May 10 and April 30 (stage 
of milky and maturity, respectively). It was reported that 

a delay in the sowing date from mid-May to mid-July led 
to a 60% flower yield loss and a 58% reduction in the yield 
of the calyx (Ghayour et al. 2020). Ghannad et al. (2014) 
stated that the delay in sowing from March 30 to May 22, 
resulted in lower plant height, harvest index, and fruit yield 
per unit. Also, Morwal and Patel (2017) showed that a delay 
in the sowing time leads to loss of flower yield and biologi-
cal yield but increased water use efficiency of the pod and 
biological yield.

Studies on the effect of irrigation and planting date on 
the quality of seed and water use efficiency are still rare. 
Changes in irrigation scheduling, water deficit techniques, 
and planting date have been widely used to improve the 
quality and quantity of yield and water use efficiency of 
plants. However, the present study aimed to examine the 
influence of different irrigation regimes and panting date 
on some physiological and morphological traits, pod yield, 
seed quality, and water use efficiency of okra (Abelmoschus 
esculentus L.) and to determine the exact quantity of irriga-
tion water to be applied on okra plant grown.

Materials and methods

Site study

This study was carried out at the farm station of Azad 
Islamic University, Tehran, Iran to study the effect of water 
deficit stress and sowing date on the quantitative and quali-
tative yield of okra (Abelmoschus esculentus L.) during 
two consecutive growing seasons of 2017 and 2018. This 
experiment includes nine treatments, which were interac-
tion between three irrigation regimes (well-watered, mild, 
and drought stress) and three planting dates (June 4, June 
18, and July 2). The climate in this province is semidry, 
and annual rainfall is about 250 mm, which mostly occurs 
in autumn and winter between November and April. The 
average minimum and maximum temperatures and precipita-
tion of both years of the present study are shown in Table 1. 
The soil type of the field was sandy loam, which contains 
total N (0.031%), available P (35 mg  kg−1), and available 
K (225 mg  kg−1) with pH and EC 6.96 and 0.82 dS  m−1, 

Table 1  The minimum and 
maximum average temperature 
and precipitation in the growth 
period

Year Month

June July August September October November

2017
  Average air temperature (°C) 24.3 29.7 27.7 21.2 15.08 11.2
  Rain (mm) 0 0 0 0 2.8 3.5

2018
  Average air temperature (°C) 27.2 30.5 31.4 27.6 20.7 14.8
  Rain (mm) 0 0 0 3.2 6.4 7.2
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respectively. Phosphorus (P) at 90 kg  P2O5  ha−1 in the form 
of single superphosphate, potassium (K) at 60 85 kg  ha−1 
phosphorous, and kg  K2O  ha−1 in the form of potassium 
sulfate and 350 kg  ha−1 urea were applied and incorporated 
into the soil before plant sowing.

Experiment design

The nine treatments were randomly employed in a split plot 
with three replicates. Irrigation regimes were distributed in 
the main plots, which included three irrigation levels (irri-
gation after 30%, 45%, and 60% (severe stress) depletion of 
available water were known as control, mild, and drought 
stress, respectively) (Keshavarz Mirzamohammadi et al. 
2021b), while planting date treatments were arranged in 
subplots. Seeds of okra (Abelmoschus esculentus L.) were 
directly sowed in prepared plots (divided into four rows with 
60 apart and 30 cm between the plants on the row) on June 
4, June 18, and July 2 in both years. After germination, the 
seedlings were thinned to reach optimum density. The seed-
lings were irrigated in 80% field capacity when needed until 
they were completely established. The amounts of water to 
plots were controlled by contour. All plots were fertilized 
uniformly during soil preparation in the spring of each year.

Data collection

For the total chlorophyll assay and LA, the samples of leaves 
were harvested within 4 weeks after flowering. The total 
chlorophyll content was determined by the method of Arnon 
(1949) based on Eq. 1, while leaf area was determined by 
using the model [LA = 0.34(LW)1.12] modified by Omolaiye 
et al. (2015), where LA = leaf area, L = leaf length, and 
W = leaf width.

The harvest was performed at the physiological maturity 
stage from the first of October to the first of November (in 
both years) by harvesting the four middle rows. The traits 
included plant height, number of pods (fruit) per plant, and 
pod yield. Edible pods were harvested, counted (per plant), 
and weighed. Samples of okra fruits from each plot were 
analyzed for the carbohydrate, crude protein, crude fat, and 
ash of the okra fruits, which were determined using standard 
chemical methods described by the Association of Official 
Analytical Chemists (AOAC 2003). For this purpose, the 
pods of okra were blended. After that, they were diluted 
with ten times their weight with water (1:10). The viscous 
solution was separated from the debris using a fine cloth. 
Mucilage of the extracted viscous liquid was measured using 
a viscometer (Thanatcha and Pranee 2011). The pod yield 

(1)

Total chlorophyll = [20.2(A645) + 8.02(A663) ×
V

1000W

per plot was converted to pod yield as kg  ha−1. Pod water use 
efficiency  (WUEpod) was calculated by dividing the dry pod 
yield (marketable yields) by the volume of applied water.

Statistical analysis

Analyses of variance (ANOVA) were performed using the 
SAS software (SAS Institute Inc. ver. 9.2). Two-year data 
was analyzed according to combined years because Bartlett’s 
test was not significant for all traits measured. Differences 
between the mean values of okra plant responses with the 
level of irrigation regimes and planting date were analyzed 
with the least significant difference (LSD) test at a signifi-
cance of α ≤ 0.05. General correlations between parameters 
were examined with Pearson’s correlation coefficients. Prin-
cipal component analysis (PCA) based on biplot (SAS 9.1) 
was applied to consider the visualization of similarities or 
differences and interrelationships by acute and obtuse angles 
among all parameters. Clustering analysis (S-PLUS ver. 6.1 
software, Insightful Corporation, USA) aims at classifying 
objects based on the minimum variance linking method and 
similarity of input data for the existing parameters using 
Ward’s hierarchical approach and Euclidean distance to 
organize data into groups.

Results and discussion

The results showed that the different irrigation regimes 
differed in all studied traits except WUE (Table 2). Sow-
ing date treatments differed significantly in terms of LA, 
plant height, the number of pods/plants, yield, protein, and 
WUE. The two-way interaction of irrigation regimes × sow-
ing date treatments was significant for LA and carbohydrates 
(Table 2).

The results of cluster analysis showed that all the treat-
ments were divided into three separate groups so that the 
interaction of severe drought + June 4, severe drought + June 
18, and severe drought + July 2  (T7,  T8, and  T9, respectively) 
treatments were placed in one group and well watered + June 
4, well-watered + June 18, and well-watered + July 2  (T1,  T2, 
and  T3, respectively) treatments were placed in the other 
group. Also, based on the results of cluster analysis, it was 
found that mild drought + June 4, mild drought + June 18, 
and mild drought + July 2  (T4,  T5, and  T6) treatments were 
more closely related to all studied traits and were placed 
in a group (Fig. 1). The results of the principal component 
analysis showed that the first and second components had 
the highest relative variance with 58% and 23%, respectively, 
and accounted for a total of 82% of the total variance. Based 
on the biplot obtained from the first and second components, 
it was observed that the protein content, yield, mucilage, and 
LA had the highest correlation with T5 and T4 treatments. 
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Also, T1, T2, and T3 treatments showed a strong relation-
ship with plant height, total chlorophyll, and fat content of 
the seed (Fig. 1).

Total chlorophyll, leaf area (LA), and plant height

The data relating to the total chlorophyll content (Table 3), 
the well-watered irrigation (3.6 mg  g−1 FW), showed maxi-
mum value for total chlorophyll content, which was higher 
than mild (22%) and severe (30%) drought stress. However, 
there was a significant difference between mild and severe 
drought in terms of total chlorophyll content. When com-
pared with the control irrigation (well-watered), mild and 
severe drought stress decreased LA by 29% and 39%, respec-
tively (averaged over the sowing date treatments) (Table 4). 
The maximum LA belonged to the well-watered treatment 
and on-time planting (July 4) with an average of 0.74  m2, 
which was 9.4% and 14.8% higher than the mild and severe 
drought stress, respectively (Table 4). Well-watered took a 
significantly greater plant height (60.2 cm) than mild and 
severe drought stress by an average of 24% and 35%, respec-
tively (Table 3). The generation of reactive oxygen species 
(ROS) and free radicals such as  O2−,  H2O2, and OH in the 
plant cell is another result of stomatal closure, which yielded 
in peroxidation of chlorophyll, mitochondria, peroxisomes, 
and chloroplasts (Keshavarz 2020). Also, to avoid conse-
quent damage, the chlorophyll needs to be degraded quickly 
by the chlorophyllase enzyme (Aghdasi et al. 2018b). In fact, 
water shortage leads to increase ROS in chloroplast and 
caused destruction to chlorophyll molecules. Our results are 
in harmony with those found by Karami et al. (2016) on soy-
bean cultivars [Glycine max (L.) Merr.], which indicated that 
drought stress reduced plant growth, leaf area index (LAI), 
and plant height due to shortage in the vegetative growth 
stage and also disturbance in photosynthesis and low carbo-
hydrate production. In addition, a prolonged growth period 
allowed the crops to use growth resources like light, water, 
and nutrient, which finally increased the growth of the crops. 
Similar findings in respect to drought stress and sowing date 
have been reported by Asadipour and Madani (2017) and 
Rah Khosravani et al. (2017) on okra (Abelmoschus escu-
lentus L.) and maize (Zea mays L.) hybrids, respectively.

Number of pods/plants

A decrease from 10.5 pod/plant to 7.2 pod/plant of okra was 
recorded with decreasing the irrigation supply from control 
to severe drought stress, and this reduction was about 31.4%. 
However, there was no significant difference between mild 
and severe drought stress treatments (Table 3). El-Dissoky 
et al. (2020) and Bake et al. (2014) studied the effect of 
irrigation frequency on calyx yield of roselle (Hibiscus sab-
dariffa L.) and pod/plant in okra, respectively, and found Ta
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that mild drought stress improved the calyx production 
and the number of pods, but the severe drought condition 
reduced these traits. Stress conditions have been shown to 
decrease the number of flowers and fruits (depending on 
the time of the stress severity) because the flowering phase 
involves several processes that are vulnerable to stress con-
ditions (Jasim et al. 2020). From Table 5, it is clear that the 
first sowing date (June 4) registered a maximum number 
of pod/plant (9.7), while the lowest one (8.1) was recorded 
in the third sowing date (July 2) with 16.4% reduction in 

pod number. Given the favorable growth conditions such as 
temperature and sunlight on June 4, plants produced more 
assimilates and yielded higher flowers. Due to a shortened 
vegetative phase, flowering occurred when summer tempera-
tures exceed and flowers are aborted. Previous research has 
reported that optimal planting time leads to better-developed 
plants with higher LAI and carbohydrates than those sown 
later (Rah Khosravani et al. 2017). Accordingly, flower-
ing abortion would be expected to increase during drought 
stress as it decreases the flux of photosynthate supply from 
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Fig. 1  The results of dendrogram based on cluster analysis (A) and 
biplot of first and second components based on principal compo-
nent analysis. T1: well watered + June 4, T2: well watered + June 
18, T3: well watered + July 2, T4: mild drought + June 4, T5: 
mild drought + June 18, T6: mild drought + July 2, T7: severe 

drought + June 4, T8: severe drought + June 18, T9: severe 
drought + July 2. Y1: plant height, Y2: total chlorophyll, Y3: leaf 
area, Y4: yield, Y5: pod water use efficiency, Y6: number of pods/
plants, Y7: protein content, Y8: carbohydrate content, Y9: mucilage, 
Y10: ash, and Y11: fat

Table 3  Morphological and physiological traits of okra (Abelmoschus esculentus L.) from three different irrigation treatments

FW, fresh weight. Means in each column donated by similar letter(s) indicate no significance (p ≤ 5%) by the least significant difference (LSD) 
test

Irrigation Total chlorophyll Plant height No. of pods/plants Yield Fat Protein Ash Mucilage
(mg  g−1 FW) (cm) (kg  ha−1) (%) (%) (%) (%)

Well-watered 3.6 a 60.2 a 10.5 a 2632 a 11.04 a 16.9 a 4.8 b 9.2 b
Mild drought stress 2.8 b 45.4 b 8.2 b 2120 b 8.6 b 16.4 a 4.9 b 9.6 a
Severe drought stress 2.5 b 39.06 b 7.7 b 1882 b 8.8 b 14.08 b 6.1 a 9.7 a

Table 4  Two-way interaction 
irrigation regime × sowing date 
on leaf area and carbohydrate 
percentage

Means donated by similar letters indicate no significance (p ≤ 5%) by the least significant difference (LSD) 
test

Sowing date Leaf area  (m2) Carbohydrate (%)

Well watered Mild drought Severe drought Well watered Mild drought Severe drought

June 4 0.74 a 0.53 d 0.39 g 35.4 ab 30.4 cd 29.6 d
June 18 0.67 b 0.47 e 0.44 ef 37.1 a 30.5 cd 29.9 d
July 2 0.63 c 0.46 e 0.42 fg 33.9 b 31.9 c 30.2 cd

Page 5 of 9    740Arab J Geosci (2022) 15: 740



1 3

source leaves to the vegetative tissues. Also, drought stress 
may change the concentration of abscisic acid (ABA) in 
the plants, and thereby induce flower abortion in drought-
stressed crops (Kumar et al. 2016).

Yield

A decrease from 2632 to 1882 kg  ha−1 in okra yield was 
recorded with increasing the drought severity from well-
watered to severe drought stress, and this condition sig-
nificantly decreased okra economic yield to 1882 kg  ha−1 
(Table 3), which was 28.4% lower than the well-watered 
condition. In the well-watered condition, there was a strong 
association between leaf area index and plant height and 
the number of pods (Table 6), which means that plants 
with higher high have a much greater number of leaves and 
pods in plants. Stress condition reduces the yield produc-
tion of crops by limitations in the water and essential fer-
tilizer uptake (Keshavarz Mirzamohammadi et al. 2021b). 
It had been reported that reductions in grain yield of rice 
(Oryza sativa L.) in drought conditions seems attributed to 
the reduction in water availability, which reduces cell divi-
sion, lower LAI, and plant height, finally resulting in lower 
dry matter and grain yield (Aghdasi et al. 2018a). They 
stated that the increase in allocation of photosynthates to 
the plant root compared to the shoots is the other reason for 
the reduction in shoot biological yield. In respect of sow-
ing dates, a significant maximum yield (2377 kg  ha−1) was 
achieved when the plant was sown on 4 June with a mini-
mum yield (2027 kg  ha−1) in the case of July 2 sown crop 
(Table 5), which was lower than 4 June by 14.7%. How-
ever, there was no significant difference between June 18 
and July 2. These results are in accordance with those of 
Keshavarz and Khodabin (2019) and Rah Khosravani et al. 
(2017). The higher yield in early sowing was mainly due 
to more number of effective branch  m2, more plant height, 
and greater stem diameter (some data not show). Also, the 
other reason for this result is probably due to the fact that 
the first sowing date resulted in a longer growing period; 
therefore, crops have time to extend their canopy. Also, an 

adequate irrigation supply would eventually yield a higher 
growth rate.

Carbohydrate

Carbohydrate content was higher in the well-watered con-
dition + July 18 (with an average of 37.1%) (Table 4). The 
minimum carbohydrate content (29.6% and 29.6%) was 
recorded in severe drought stress + June 4 and June 18, 
which was statistically in the same group (Table 4). In 
mild drought conditions, there was a positive correlation 
between leaf area and fat content but a negative correlation 
was observed between the leaf area carbohydrate content 
of fruits (Table 6). Water availability limiting significantly 
is the main factor for carbon assimilation and carbohydrate 
production for plant growth (Keshavarz et al. 2016). There-
fore, water shortage and drought stress result in considerable 
yield losses. Under drought conditions, the limited diffusion 
of  CO2 by a reduction in the enzyme activity involved in the 
catalytic reactions in the Calvin–Benson cycle and along the 
mesophyll pathway resulted in the lower carboxylation rate 
efficiency of RuBisCO (Bake et al. 2017).

Crude fat and protein content

On average, the fat content under mild and severe drought 
treatments was significantly lower compared to the plants 
treated by well-watered (22.1% and 22.2%, respectively) 
(Table 3), while, mild and severe drought stress were at the 
same statistical level. The highest pod crude protein content 
(16.9% and 16.4%) was recorded in plants treated with well-
watered and mild drought stress, respectively, while the low-
est protein (14.08%) was recorded in severe drought stress 
treatment (Table 3). The effect of the sowing date was signif-
icant for the pod protein content of okra (Table 2). In other 
words, the mild drought condition decreases fat content but 
increases protein fraction. On average, crude protein content 
increased by 9.8% compared to on-time planting (June 4) 
when the seed was planted on July 2 (Table 5). Crude fat 
comes from carbon assimilation of leaves and green pod 
walls (Karami et al. 2016). Then, the carbohydrates are 
converted into triacylglycerol in the cellular organs (cyto-
sol, plastid, and endoplasmic reticula). Drought stress, by 
affecting the lipid biosynthesis pathways and their enzymatic 
panel, has been reported to decrease the fat content. Stress 
conditions would affect the number of pods or pod length 
(some data not shown), and consequently, reduce available 
carbon assimilation for fat synthesis in the plants. Also, low 
oxygen content in the high air temperature caused a reduc-
tion in adenosine triphosphate (ATP) value and fat accu-
mulation (Marika et al. 2018). Mariani and Ferrante (2017) 
reported a negative correlation between air temperature and 
oxygen level, which affects the fat content. In well-watered 

Table 5  Morphological and physiological traits of okra (Abelmoschus 
esculentus L.) from three different sowing date treatments

Means in each column donated by similar letters indicate no signifi-
cance (p ≤ 5%) by the least significant difference (LSD) test

Sowing date Plant height No. of 
pods/
plants

Yield Protein WUEpod

(cm) (kg  ha−1) (%) (kg  kg−1)

June 4 54.5 a 9.7 a 2377 a 14.7 b 0.29 b
June 18 46.4 b 8.6 b 2228 ab 16.3 a 0.32 a
July 2 43.7 b 8.1 b 2027 b 16.3 a 0.34 a
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treatments, the plant uptakes optimal nitrogen, but in 
drought conditions, the water and nitrogen absorption were 
disturbed, which leads to a lower plant protein content. In 
late sowing dates, due to reduction in plant canopy (by high 
air temperature and changes in water balance), the nitrogen 
availability could have been superior to the demand, thus 
boosting the plant protein. Tamagno et al. (2018) reported 
that the foliar application of nitrogen increased the total 
amino acid content of phloem and was directly correlated 
with the plant protein and nitrogen content of soybean [Gly-
cine max (L.) Merr].

Ash and mucilage content

Ash content was affected significantly by irrigation levels 
(Table 2), and the amount of ash under severe drought stress 
(6.1%) was higher than well-watered irrigation and mild 
drought stress (by an average of 21.3% and 19.6% lower than 
severe stress, respectively). In terms of mucilage content, 
severe drought stress considerably increased the mucilage 
content by 5.1% and 4.1% higher than well-watered and mild 
stress, respectively (Table 3). Changes in ash and mucilage 
under drought stress have been shown to depend on stress 
severity, drought duration, and cultivar (Alam et al. 2020; 
Ghanbari and Ariafar 2013). The increase in ash, protein, 
and mucilage contents of plants treated by drought stress 
compared to those of well-watered plants is in agreement 
with the findings of Yang et al. (2010) who stated that plant 
production special high molecular protein during drought 
condition assist them in resisting the effect of water short-
age. Similarly, Keshavarz Mirzamohammadi et al. (2021b) 
reported that drought stress caused increased synthesis of 
ash, protein, and mucilage in isabgol (Plantago ovata Forsk).

Pod water use efficiency  (WUEpod)

The results showed that (Table 5) the pod water use effi-
ciency increased when the sowing date was delayed after 
June 4. Based on our results (Table 5), the highest pod water 
use efficiency was observed on July 2, and it was higher by 
14.7% and 9.3% than the first and second planting dates, 
respectively. However, there was no significant difference 
between the second and third planting dates. Based on har-
vested pod yield and the amount of irrigation, the severe 
drought stress was detected as the best irrigation regime in 
terms of the  WUEpod. As previously mentioned, the yield of 
okra was decreased by delay planting. In our study, since the 
average amount of irrigation water was reduced among the 
delay in planting treatments, the higher pod yield compared 
to water consumption led to a greater  WUEpod. In fact, with 
the delay in planting conditions, reduction in water con-
sumption was more than pod yield loss.

Conclusions

In brief, the drought stress improved the ash and mucilage 
content of pod yield, but the pod yield and protein content 
of pod reduced drought conditions. These results suggest 
that the delay of on-time planting date from June 4 to early 
July (July 2) is possible in improved pod WUE in arid and 
semiarid regions like Tehran (probably due to reducing 
irrigation supply) but not a good strategy to increase the 
quality and quantity of pod production.
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