@ advances Adv. Technol. 2023, 3(1), 1-19
in Technology

Review

Etfect of Surface and Drip Irrigation on Growth, Yield and
Water Use Efficiency of Okra (Abelmoschus esculentus) — A
Review

I. Imrana Farhan* and M. Sugirtharan

Department of Agricultural Engineering, Faculty of Agriculture, Eastern University, Chenkalady 30350, Sri Lanka

Email correspondence: imranaibrahim17@gmail.com (I. I. Farhan)

Received: 3 November 2022; Revised: 13 December 2022; Accepted: 25 December 2022; Published:
12 January 2023

Abstract

Water scarcity is a major constraint in vegetable crop production and exacerbates food insecurity in developing
countries. In the future, promoting the cultivation and consumption of vegetables having diversified nutrients under
suitable irrigation techniques would be an inevitable practice in mitigating the adverse consequences of food insecurity
(i.e., malnutrition and diseases). Okra (Abelmoschus esculentus); a fruit vegetable, consumed in several countries to fight
against poverty and malnutrition due to its rich nutrient content with impressive health benefits. However, okra
cultivation during the dry season is mainly dependent upon water availability. Therefore, this review study is
conducted to highlight; 1) the impact of surface and drip irrigation on the growth, yield, and water use efficiency
(WUE) of okra, and 2) the effect of surface and drip irrigation in combination with fertilizer and mulch on growth and
development of okra. According to the analysis of available literature, among surface irrigation methods, although
furrow irrigation has been widely practiced among traditional farmers, growing okra under alternate furrow irrigation
with black plastic mulch at the furrow bottom has a positive impact on increasing the WUE. On other hand, the
combination of nitrogen fertigation along with mulching under a 25-micron thickness black plastic sheet is an effective
means to achieve a better yield advantage under drip irrigation. Further, foliar treatment of organic fertilizers like
humic acid, putrescine, and application of organic manures like chicken manure attribute to enhanced growth and
quality okra pods under regulated deficit irrigation through the drip system. However, despite the surface drip
irrigation, investing in sub-surface drip irrigation by placing the laterals between 0.10 to 0.15 m of depth below the soil
surface with daily irrigation assures the better performance of okra in sandy loam soil conditions. This compilation
will support future researchers, and farmers as an approach to sustainable okra production under water-scarce
conditions according to the availability of resources.
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Introduction

Water is crucial for agricultural production and food security [1]. As the global population is estimated to
reach 10 billion people by 2050, 1.8 billion people living in the world will be facing absolute water scarcity,
and two-thirds of the world’s population could be living under water-stressed conditions, surging the food
demand by more than 50 percent [2, 3]. In the future, it is a threat that food-insecure communities can face
both acute and chronic hunger, where children are more at risk of conditions stemming from malnutrition,
such as stunting and wasting, and chronic illnesses due to poor diet, especially in developing countries [4].
Therefore, precise application of water with irrigation management is needed in vegetable crop production
[5]. Efforts are now needed to harness the available quantities of water and put them to efficient use to
realize higher productivity per drop of available water [6], and a greater emphasis wants to be given to
improving irrigation practices to enhance vegetable crop production and sustain productivity levels [7].
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Among the vegetable crops, there is okra, (Abelmoschus esculentus); a warm-season annual herbaceous
vegetable crop belonging to the Family Malvaceae or Mallow [8] has a considerable area under cultivation
in Africa and Asia with enormous socio-economic potential [9]. It is sensitive to frost and low temperatures
and has a wide range of adaptability to waterlogging and drought conditions [10, 11]. It is a multi-purpose
crop due to its various uses of fresh leaves, buds, flowers, pods, stems, and seeds. Immature fruits of okra
are consumed as vegetables and can be used in salads, soups, and stews, fresh or dried, fried or boiled [12].
Moreover, okra is a powerhouse of essential nutrients and active ingredients (i.e., dietary fiber, vitamins,
oils, polysaccharides, polyphenols), which makes it have antioxidant, anti-inflammatory, hypoglycemic,
hypolipidemic, and other functions [13]. In developing countries, among rural communities, it plays a
significant role in mitigating food insecurity and alleviating malnutrition due to the presence of diversified
dietary components [12, 14].

However, growing okra requires large amounts of water despite its considerable resistance to drought. In
general, the lack of water during the growing season has deleterious effects on the yield and the maximum
yield loss occurs when continuous water shortages are persisted until the first harvest [15, 16]. Thus,
irrigation has been a major boost for obtaining high okra yield during dry season farming due to the high
prevalence of sunshine hours that promotes the metabolism reaction of photosynthesis [17]. Under an
adequate supply of moisture, the proper functioning of stomata might increase the photosynthetic
efficiency as well as the translocation of photosynthates from sources leaves to sink [18, 19].

Therefore, water-saving irrigation methods should be followed in order to save water and maximize okra
yield. Various studies have been researched on the irrigation system and yield relationship of okra in
specific locations, with specific cultural and water management practices. Nevertheless, there is no proper
resource as one whole document collectively containing the summarized results of the research reported
mainly in developing countries, relevant to the response of okra to the surface and drip irrigation. Therefore,
this review study gives a compilation on; 1) the impact of surface and drip irrigation on the growth, yield,
and WUE of okra, and 2) the effect of surface and drip irrigation in combination with fertilizer and mulch
on growth and development of okra.

In order to conduct this review study, an analysis of relevant literature originating from numerous sources
such as research articles, technical reports, and official websites, spanning almost 25 years was taken for
compilation. This compilation will support farmers in developing countries in the proper identification and
adoption of suitable irrigation techniques to meet future demand in ensuring food security, and future
research as an approach to sustainable okra production under water-scarce conditions in mitigating

malnutrition.

Irrigation Under Water Scarce Condition

Importance of Irrigation Scheduling in Okra

In okra, vegetative, flowering as well as early pod-filling stages are the sensitive stages to drought stress in
okra based on total photosynthetic leaf area, membrane damage, and overall growth, biomass, and yield
performance [20]. Therefore, controlled irrigation is essential for a high yield of okra as the crop is sensitive
to both over and under-irrigation [21]. One of the traditional irrigation techniques is irrigation scheduling
which aims at achieving an optimum water supply for productivity, with soil water content maintained

close to field capacity [22]. Irrigation scheduling involves the definition of the time and amount of water
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application to a crop, as per management objectives [23]. Scheduling irrigation is very crucial to make the
most efficient water use, as over or under-irrigation reduces the yield. Irrigation frequency is one of the
most important factors in irrigation scheduling. An optimum level of irrigation intervals is important for
the judicious use of water. Due to the differences in soil moisture and wetting pattern, crop yields may be
different when the same quantity of water is applied under different irrigation frequencies. Typically, the
higher the irrigation frequency, the smaller the wetted soil volume, and the higher mean soil water content
can be maintained in the wetted soil volume during a period when the total irrigation water is equal [24].
Undoubtedly, timing, duration, severity, and speed in the development of profile moisture deficit play vital
roles in determining the response of the crop to soil water stress [25].

Deficit Irrigation

Several crops and genotypes have developed different degrees of drought tolerance, drought resistance, or
compensatory growth to deal with stressful periods. The highest crop productivity is achieved for higher-
yielding varieties with an optimal water supply and soil fertility. But, under conditions of limited water
supply crops will adapt to water stress and can produce well with less water. From the viewpoint of
improving water productivity, there is a growing concern, about an irrigation practice whereby water
supply is reduced below maximum levels and mild effect is allowed with minimum effects on yield [26]. It
is expected that any reduction in yield will be insignificant compared to the benefits gained through

diverting the saved water to irrigate other crops [27].

Irrigation Systems

Surface and Drip Irrigation Systems

Many irrigation methods have been developed to increase water use efficiency (WUE) in arid or semi-arid
regions including surface irrigation and drip irrigation depending on the availability of water and micro-
irrigation facilities [19]. Among the surface irrigation methods, furrow irrigation is a popular technique
among farming communities, where the shortage of irrigation water is severe [28]. Among furrow irrigation
techniques, conventional furrow irrigation (CFI) is arguably the most traditional method (Figure 1) despite
its low WUE. At the same time, alternate furrow irrigation (AFI) is a more efficient and easily implemented
method (Figure 2) by alternately irrigating two adjacent furrows to promote abscisic acid (ABA) synthesis
by roots on the dry side to reduce stomatal conductance and thus transpiration [29, 30, 31]. At present, AFI
has been replacing CFI in most semiarid regions as the dominant irrigation method among surface

irrigation methods [32].



Adv. Technol. 2023, 3(1), 1-19

¥ ¥ ¥
V Y ¥
XVge 1, Ridge XY A Y Ridge
Al oMMl AN e ATe M |
W W Xy ¥ P P ‘
71 /ﬁ 7 ’1/ﬁ P {i/* Furrow l 1 ¥ * 1 * Furrow ‘

Wetted zone

Figure 1. Conventional furrow irrigation method, where every Figure 2. Alternate furrow irrigation method in which two
furrow is irrigated. adjacent furrows are alternately irrigated instead of all
furrows.

Moreover, drip irrigation has high water application efficiency, and increased water productivity [33, 34,
35], and under conditions of scarce water supply, regulated deficit irrigation through drip technology
optimizes crop water productivity (CWP) [36, 37]. In addition, it was found that the drip method of
irrigation could reduce about 15% of cultivation cost, save about 47% of water resources and electrical
energy, and augment about 49% of the productivity of okra over the same crop cultivated under the
conventional flood method of irrigation. However, the initial high investment needed for installing drip
systems remains the main impediment to the widespread adoption of it, especially in crops like okra, which

is not a long-duration annual crop [38].

Impact of Surface and Drip Irrigation on Growth Components of Okra

Plant Height

In furrow-irrigated okra, full root-zone irrigation (FRI) produced higher plant height (0.603-0.710 m), than
that produced under alternate partial root-zone irrigation (APRI) (0.523-0.678 m) and fixed partial root-
zone irrigation (FPRI) (0.501-0.643 m) [39]. Likewise, Panigrahi et al. [40] reported that APRI and FRI
produced the plant height of 0.5-0.7m and 0.4-0.7 m, respectively, which indicates the need of higher soil
moisture for okra plant growth since more frequent irrigation resulted in higher vegetative growth under
both APRI and FRI. Furthermore, they revealed that plant height was higher under APRI + black plastic
mulch (BPM) over APRI alone and FRI, which resulted in the better metabolic activity of the plants
probably caused by a consistent supply of optimum soil moisture in the root-zone coupled with effective
rooting of the plants under BPM [41, 42]. Under drip irrigated conditions, a maximum average plant height
of 48.73 cm was obtained at 80% of cumulative pan evaporation along with 80% of recommended doses of
N fertilizer whereas a minimum plant height of 20.5 cm was observed at 60% of cumulative pan evaporation
along with 60% of recommended doses of N fertilizer [43] in sandy loam soil. Further, Job et al. [44] reported
that drip at 1.0 ET (Crop evapotranspiration) with 100% fertigation recorded the highest plant height of
1.78 m. While Haris et al. [45] observed the maximum plant height (105.85 cm) at 80% ET as compared to
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100 and 60% ET and stated that irrigation at once in two days was found to be better than daily and once
in three days irrigation. In contrast to the above findings, there are few reports suggesting that different

irrigation levels had no significant influence on okra height [46, 47, 48].

Stem Diameter/ Stem Girth

The stem diameter under different levels of drip irrigation was reported to be higher than conventional
furrow irrigation (CFI) [49]. This increase in stem girth can be attributed to conserve soil moisture, seedling
emergence, and improved plant growth. In addition, the mean stem diameter under drip irrigation after 90
days of plant growth was 0.81cm while under surface irrigation was 0.61cm [50]. However, in furrow-
irrigated okra, Panigrahi and Sahu [39] revealed that the FRI produced a higher stem diameter (20.5-22.0
mm) than that produced under APRI (15.6-17.8 mm) and FRI (14.8-15.2 mm). Meanwhile, the stem diameter
under drip irrigation based on a 100% irrigation requirement with Black Liner Low-Density Polyethylene
film of a 25-micron thickness (LLDPE) plastic mulch is 62.4 % higher than the stem diameter of okra under

furrow irrigation without mulch [49].

Number of Nodes

In okra, yield is directly proportional to the number of nodes, as the number of nodes increases, the number
of pods also increases, and vice-versa. Almost all nodes, except a few lower bears a single pod in their leaf
axial [18]. Anyhow, it is noteworthy that, irrigation levels had no significant influence on a number of nodes
per plant [43, 45].

Number of Branches

A maximum number of branches (3.9 plant ') were observed under APRI at 25% available soil moisture
depletion (ASMD) + BPM, followed by APRI at 25% ASMD in furrow-irrigated okra [40]. Aliyu et al. [51]
reported that 5 and 8-day irrigation intervals produced a higher number of branches than the 11-day
irrigation interval, which indicates that the higher number of branches produced in the plants with short

intervals is due to the provision of sufficient moisture which enables them to utilize resources efficiently.
Number of Leaves

The number of leaves produced under drip irrigation was significantly higher than watering can-irrigated
plants, which could determine to a large extent the assimilates for growth and yield of okra [47]. In addition,
the percentage increase of the number of leaves per plant in drip irrigation with 100% of full irrigation
requirement over furrow irrigation was 112% [49]. This increase in the number of leaves may be due to the
increase in the number of branches, which increased the rate of photosynthesis, produced more biomass,
and induced early flowering, and increased the number of flowers in plants [52]. Further, drip irrigation
with 100 % of full irrigation requirement was superior to conventional furrow irrigation, whereas drip
irrigation with 80 % of full irrigation requirement and 60 % of full irrigation requirement were statistically
at par with furrow irrigation treatment. However, the findings of Tiwari et al. [53] and Jayapiratha et al.
[54] is contrary to the above statements, stating that irrigation methods had no significant influence in terms
of the number of leaves in the okra plant.

Flowering Initiation

The increase in total biomass production interacts with ecological factors and affects the growth and
flowering of plants [55]. According to Konyeha and Alatise [56], the period of flowering and fruiting was
most critical in terms of water requirement in okra, and as such, adequate irrigation water application

should be ensured during the period. Jayapiratha et al. [54] found that the highest percentage of flowering

5



Adv. Technol. 2023, 3(1), 1-19

was around 50% from 30 minutes of drip irrigation compared to control surface irrigation and there were
no significant differences in the number of flowers in the drip irrigation duration of 15 and 30 minutes.
Thus, flowering could be promoted by avoiding water stress in the plant canopy. Nevertheless, the finding
of Tiwari et al. [53] contrasts with the above statements. Further, Al-Ubaidi et al. [52] reported that,
irrigation at 3 days interval positively affected the growth parameters and thus enhanced the flowering
initiation and the flower initiation whereas irrigation at 5 days interval increased the number of flowers in
okra. Aliyu et al. [51] found that 5 days and 8 days intervals recorded fewer numbers of days to attain 50%
flowering which was statistically different from 11 days intervals, which reveals that shorter irrigation

intervals gave plants a chance to grow and attain flowering stage within fewer days.

Root Morphology (Root Weight, Root Length and Distribution, Root Fitness)

In okra, the morphological characteristics increase with the enhancement of water availability and decrease
by the increasing irrigation interval [15]. Root morphology governs the efficient utilization of water and
nutrients for crop production [39]. Different studies have shown a significant relationship of different
irrigation supplies with root length, which triggers the accumulation of dry matter to the roots. As roots
are in direct contact with soil and the first to be affected by water logging and growth is not faster under
surface irrigation [50]. However, among different furrow irrigation treatments, Panigrahi and Sahu [39]
observed that the plants under APRI treatment produced higher root lengths (16.6-18.9 m) and produced
thinner roots. Therefore, the higher root length with finer roots, in conjunction with better nutrient
availability in soil produced the higher nutrient content in leaves and pods of alternate partially irrigated
plants. Further, they stated that the root length under different furrow irrigation treatments increased with
the increase in ASMD from 25% to 50%, indicating the effect of soil water deficit on increasing root length
of the plants. The higher root length at 50% ASMD was probably caused by osmotic adjustment and
prolonged root cell expansion under mild water stress in this treatment [57]. In addition, Panigrahi and
Sahu [39] revealed that when root elongation is decreased by soil water stress at 50% ASMD under furrow
irrigation, root weight increases, probably due to the suberization of roots under this treatment [58].
Consequently, Jayapiratha et al. [54] observed the maximum root growth up to 60 cm below the soil surface
under drip irrigation, and it was only about 40 cm under basin irrigation. This could be due to the vertical
movement of water into the soil profile in drip irrigation influenced the deep root system and slow and
frequent application of water through emitters promoted root zone development (Figure 3). Whereas under
basin irrigated conditions, lateral spreading of water (Figure 4) affected root growth [46, 54, 59].
Furthermore, Chandra and Singh [49] found that different levels of drip irrigation (100%, 80%, and 60% of
full irrigation requirement) provided appropriate moisture at field capacity and better root development

compared to furrow irrigation treatment which facilitated luxuriant growth.
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Effect of Surface and Drip Irrigation on Yield of Okra Irrigation Interval and Yield Components

Irrigation intervals significantly affect the pod length, number of pods per plant, and pod weight of okra
[51]. Consequently, Al-Ubaidi et al. [52] reported that irrigation every 3 days increased fruit diameter. They
further stated that irrigation every 5 days significantly increased the length of fruits, while irrigation every
7 days influenced the fruit dry matter percentage and total soluble solids. According to Aliyu et al. [51], 5-
and 8-days irrigation intervals resulted in significantly longer pods than the 11 days irrigation interval,
which may be due to the moisture stress in plants that were irrigated at 11 days intervals which lead to a
reduction in the pod length. As well as the increase in the growth rate leads to an increase in the hormones,
which increases the pod length [60]. Furthermore, the maximum number of pickings and pods per plant
(11 and 17 respectively) recorded with the irrigation applied at 5 days interval was significantly highest
over the rest of the treatments and lowest (9.0 and 15.33 respectively) in irrigation applied at 9 days interval
[18]. Similarly, Aliyu et al. [51] recorded higher pod weight from 5- and 8-day irrigation intervals, and this
could be a result of the availability of moisture for photosynthesis and translocation of photosynthates for
pod development which is limited at 11 days intervals. Thus, frequent irrigation increases the size and
weight of fruit [61]. Further, the yield obtained from 7-day and 10-day irrigation intervals was at par with
one another and a significant reduction in the growth and yield of okra was noticed when irrigation was
scheduled at longer intervals of 10 or 12 days [27]. Pod length is a tone character for economic yield which
depends upon various factors such as the genetic makeup of the cultivars and their response to prevailing
environmental conditions. This reflects that the more the nitrogen fertilizer dose the better will be pod
length [62]. The results agree with those of Arora et al. [63] who reported that pod length in okra was
significantly improved by the application of nitrogen. Accordingly, Aliyu et al. [51] reported the longest
pods (5.1 cm) in the plot that had a combination of 5 days irrigation interval and 100 kg N ha! while the
shortest pods (2.8 cm) were in the plot that combined 11 days of irrigation interval and 0 kg N ha-.

Yield Components in Response to Surface and Drip Irrigation

Different levels of drip irrigation treatment significantly increase fruit size in comparison to control
treatment of furrow irrigation [53]. Nevertheless, Tiwari et al. [53] further revealed that supply of 100%
irrigation requirement through drip significantly influence fruit length of okra over supply of 60%

irrigation requirement through drip. Further, it was observed that the fruit size response at the supply of
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100% irrigation requirement and 80% of water requirement through drip was statistically at par with each
other [44, 49]. Moreover, Chandra and Singh [49] found the highest fruit weight (22.7 g) under the treatment
of drip irrigation based on 100% irrigation with LLDPE mulch, followed by drip irrigation based on 80%
irrigation with LLDPE mulch (22.3 g). In addition, irrigation methods and mulch significantly affected fruit
length. Tiwari et al. [53] reported the highest fruit length in drip irrigation with plastic mulch and was
statistically significant at a 5% level over furrow irrigation with plastic mulch. Similarly, Chandra and Singh
[49] found the highest fruit length under the treatment of drip irrigation based on 100% of full irrigation
with LLDPE with a value of 20.9 cm, followed by drip irrigation based on 80% of full irrigation with LLDPE
with a value of 20.1 cm and lowest for conventional furrow irrigation with a value of 16.7 cm. The result is
in line with the findings of [64].

However, water deficit during vegetative growth leads to a reduction in yield [65]. The low utilization of
water-deficient crops has poor carbohydrate utilization, which leads to a decrease in fruit size [66]. This
was evident from the results of Sam-Amoah et al. [67], where irrigation at 100% Crop Water Requirement
(CWR), 90% CWR, and 80% CWR gave 21, 16, and 9 pods, respectively. They further found that the yield
parameters were greater in deficit irrigation-chicken manure combination than deficit irrigation alone and
reported that when the level of chicken manure increased from 5-10 t hal, pod weight, pod length, and
stem circumference were also increased at the same level of surface irrigation applied. This may be due to

the availability of chicken manure in a readily accessible form for easy absorption by the plant roots.

Total Yield in Response to Surface and Drip Irrigation
The following table shows the combined result of the maximum yield obtained from three different surface

irrigation treatments in different regions of developing countries (Table 1).

Table 1. Surface irrigation treatments and the maximum yield obtained

S.No Location Treatments Maximum yield References
(Kg ha?)
1 Sindh, Pakistan AFI 13118 [68]
CFI 14158

Flood Irrigation 9900

2 China AFI 15096.96 [69]
Every Furrow 19163.63
Irrigation (EFI)
3 Tandojam, EFI 8518 [70]
Pakistan
AFI 7621

Accordingly, the yield obtained under EFI was 10.5% greater than the yield obtained under AFI method
and 31.40% when compared with the traditional method [70]. However, the difference in yield was not
significant enough and could be compensated by saving a considerable amount of irrigation under AFI

method [69]. In the AFI plots, okra plant roots were partially wetted, which may have resulted in reduced
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stomatal conductance, and plant transpiration. However, photosynthesis and dry matter accumulation are
likely to be less affected by this stomatal closure, which is attributed to this non-significant reduction in
crop yield with AFI compared with CFIL. In addition, if plants are rooted partly in dry soil, a significant
amount of abscisic acid is produced in the roots and transported to the shoot where the stomatal opening
is regulated. Nevertheless, photosynthesis is less affected by such partial stomatal closure since
photosynthesis and stomatal opening have a saturation relationship [71]. Meanwhile, APRI produced 4.1-
6.0 % higher pod yield than FRI [39]. The higher yield under APRI was probably caused by: (1) better
availability of nutrients with optimum soil moisture content, fewer weeds, and the higher nutrient up-take
by more fine roots under this treatment and (2) a higher percentage of photosynthates used by the plants
towards reproductive growth (fruiting) than the vegetative growth in APRI treatment over that of FRI.
Further, Asadipour and Madani [72] reported that the highest fresh pod yield (9993.5 kg ha-1) was obtained
at 5 days irrigation interval and significant fresh pod yield reduction was found when increasing the
irrigation intervals from 5 days to 10 days, in furrow-irrigated okra. Similarly, [18] found that irrigation
scheduled at 5 days irrigation interval produced the highest total yield plant (188.38g) and yield ha (9516
kg) whereas the lowest was obtained for irrigation applied at 9 days interval. The result is because of the
prevalence of soil moisture conditions congenial for the physiological and metabolic activities of okra
plants which favored proper vegetative growth that ultimately reflected higher pod yield.

Furthermore, Memon et al. [73] conducted an experiment involving two treatments in okra, i.e.,, To as
furrow bottom without plastic sheet and Ti as furrow bottom with a plastic sheet where irrigation was
applied with an interval of 6-8 days and measured with cut-throat flume. They reported okra yield of 7,575
kg ha' and 8,332 kg ha' for the treatments To and T, respectively. The increased yield is due to the
installation of a plastic sheet under the furrow bottom, controlled leaching, and facilitated the uptake of a
sufficient amount of soil moisture and soluble nutrients to plant roots. Correspondingly, a study was
conducted by Almasraf and Hommadi [73], by installing a polyethylene membrane within the root zone of
the okra crop inside the greenhouse. The experiment involved treatments viz. T1 was using a membrane
sheet installed under the soil surface, T2 was without a membrane sheet (controlled irrigation) and Ts was
without using a membrane sheet and uncontrolled of irrigation process. The irrigation schedule was carried
out for treatments T1 and T2 through the growing season when the soil water depletion reached 50 % of the
available water. The total collection of the yield value for treatment T1 was more than that in treatments T2
and Ts by 17.4 % and 40.3 %, respectively. This increase in the crop yield in treatment T1 was due to the
water and fertilizer materials which were detente above the membrane sheet utilized by the plant by
capillary rise.

Moreover, furrow-irrigated okra showed a 54 to 57% lower yield than drip-irrigated okra crop [75]. In
addition, yield per hectare land area was reported to be 15160 kg, 15140 kg corresponding to 15 minutes
duration and 30-minute duration through drip irrigation on a daily basis whereas 10840 kg ha! yield was
reported for basin irrigation treatment with three days irrigation interval as a control in okra plant [54].
According to the study of Saxena and Gupta [76], the yield increase for okra under drip irrigation was
20.69% with a water saving of 44.92%. Likewise, drip irrigation increased okra yield by 30.34% and brought
about a water saving of 41.23% compared to the conventional method [77]. Furthermore, the maximum
mean yield of 249.7 kg ha! was obtained under drip irrigation and the mean yield under surface irrigation
was only 155.65 kg ha-! [50]. This is because drip irrigation provides a consistent supply of water to the
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entire root area on a continuous basis so that “drench and dry-out” stresses are reduced [47].

In addition, Sedara et al. [78] conducted an experiment comprising the treatments of 100 full irrigation
treatments (FIT), 80 FIT, 60 FIT, and 40 FIT, respectively. Their results revealed that there was no difference
in the mean of the yield obtained in 100 FIT, 80 FIT, and 60 FIT, which implies that a 40% reduction in crop
water requirement had no negative effect on the okra yield. Therefore, they concluded that okra crops
irrigated under 60FIT should be adopted in the study area and this would save 40% of water to irrigate
additional land.

On another hand, a significantly higher yield was obtained with drip irrigation at 80% evapotranspiration
and daily irrigation gave a significantly higher yield than once in two days and three days schedules [45].
According to Farias et al. [79], irrigation with 125% crop evapotranspiration (ETc) obtained the highest yield
value (0.6325 kg plant”; 21090 kg ha') and 0% ETc obtained the lowest yield value (0.0775 kg plant-!; 2580
kg ha?), under drip irrigation. Despite that, the yield response of okra crops under subsurface drip
irrigation was found to be 56.4% higher than that of the furrow irrigation treatment [80]. While Vadar et al.
[81] noticed that the highest yield of 18270 kg ha" was obtained for the interaction effect of 1.0 IW /CPE
irrigation regime and 0.15 m depth of lateral under sub-surface drip irrigation (SDI). Further, they
concluded, the higher the level of irrigation regime, the more the amount of water applied which maintains
a more congenial moisture regime within the root zone, which may result in higher okra yield under higher
irrigation regimes. Similarly, Singh and Rajput [82] also suggested placing the laterals between 0.10 to 0.15
m of depth below the soil surface to obtain higher okra yield under the SDI system in sandy loam soil. In
another study, Mahmoudi et al. [83] reported that the combinations of treated wastewater (TWW) and SDI
produced the highest yield and growth rather than using tap water under SDI. Further, they recommended
the application of TWW under (5-15) cm depth of emission to obtain higher okra productivity.

Surface and Drip Irrigation in Combination with Fertilizer (Organic/ Inorganic) Application

Humic acid is used as an organic fertilizer and an important component of humic substances that can be
used to improve plant growth under water deficit conditions [84]. The interactions between the irrigation
at 100% ETc and foliar spray of humic acid at 300 mg 1" and putrescine at 1.5 mM can improve the growth,
yield, and quality of okra fruits under different levels of water deficit conditions [85]. Further, foliar
application of humic acid and putrescine during drought stress period increased plant adaptation to stress
conditions and improved fruit yield of okra under water deficit conditions by increasing relative water
content, proline accumulation, and antioxidant enzyme activities. In addition, the study of Ati et al. [86]
concluded that the role of deficit irrigation and interaction with humic acid levels lead to increased wetted
soil volume inside the root zone, which means the increase in the volume of water stored in the root zone
promoted higher okra yield.

Moreover, Sam-Amoah et al. [67] reported that for efficient water use without any significant yield
reduction, 10% deficit irrigation (90% crop water requirement) with a two-day irrigation interval +10 t ha-!
chicken manure is best for okra production under water stress. Similarly, Abd El-Kader et al. [15] in Egypt
studied the effect of three irrigation levels viz. 1198.8 (I1), 1798.2 (I2), and 2397.6 (Is) m?%/acre with a drip in
conjunction with two organic fertilizers comprising of composted plant residues and chicken manure at
the rate of 6 m3/ acre. They reported that the irrigation water quantity of 1798.2 (I2) m3/acre along with the
two types of organic fertilizers gave the highest yield (3.3 M g/acre) with a 104% increase in yield as

compared to I and Is, revealing that the addition of more of irrigation water caused an increase in the
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uptake of N P K and if compared to the lowest level of irrigation water, it increased the growth parameters
in the expense of okra yield. In addition, the yield increment may be due to the improvement of soil
moisture retention and available moisture by applying both composted plant residues and chicken manure
[86].

Furthermore, all micronutrients have a significant influence on plant physiology either as foliar spray or
by soil application based on soil test values. Balanced application of these nutrients (multi-micronutrient
mix) stimulates enzymatic activities that promote a higher rate of photosynthesis, and respiration and favor
superior vegetative growth and yield in okra [87, 88]. Accordingly, Arya et al. [89] stated that under drip
irrigated conditions, foliar application of KAU multi-mix resulted in greater plant height, leaf area, fruit
length, fruit weight, and fruit yield.

Additionally, different levels of fertilizers, irrigation, and their combination had a significant effect on okra
yield [90]. 5 days irrigation interval in combination with 100kg N ha" may be suitable for increased okra
production under similar soils and agroecological conditions of Sudan Savanna zone of Nigeria [51].
Meanwhile, irrigation at 20% soil water depletion with 100 kg ha'! of nitrogen fertigation (N level)
produced the highest yield in lateritic sandy loam soil conditions under SDI, which could maintain
relatively constant soil moisture status within the root zone of the soil for meeting the daily
evapotranspiration [80]. Thus, high N concentration within the root zone profile maintained under SDI
treatment led to an increase in the cell size of the plants [91]. Furthermore, maximum okra yield (15 890 kg
ha') was reported in 80% fertilizer N dose and 80% drip irrigation level [43]. As well as, the maximum
yield of 21160 kg ha!, with an increased yield of 27.01% was obtained from 80% recommended doses of
fertilizer and 0.8 ET over the traditional method of irrigation [90] which is similar to the finding of Job et
al. [44]. It's noteworthy that, the split application of nutrients by drip fertigation as compared to the
traditional furrow method may have resulted in reduced nutrient wastage and hence, led to better yield in
the drip fertigation method [92]. In contrast to the above findings, Tan et al. [93] found that in okra, a low
level of nitrogen application (30 kg N ha™') with low but daily watering had a significantly higher yield
(1,365 g plot™) than from higher level of nitrogen application (90 kg ha'). They concluded that it might be
due to the efficient utilization of soil nutrients when irrigation treatments removed the condition of
moisture stress in the soil. At the same time, the finding of [94] showed a significant interaction effect of N,
frequency, and amount of irrigation water on okra crop yield. They revealed that it might be due to the
difference in field preparation and not the treatment itself. Further, they concluded that overnight-soaked
seeds were sown directly in the field without making a pit. Thus, due to the existence of a plow pan in the
soil, lady's finger plants grown on the loose shallow surface soils might had likely been influenced by added
water because sub-surface stored water is not readily available unless it is broken through some means of
sub-soiling.

Yield Response for Surface and Drip Irrigation in Combination with Mulch

Okra preferred to hasten its pod yield instead of improving vegetative growth under water deficit
conditions [95]. The deleterious effects of water deficit could be overcome by irrigation or by adopting in-
situ moisture conservation techniques, such as the use of mulches [96]. Mulching is effective in reducing
evaporation, and conserving soil moisture and has been known to modify the hydrothermal regime of soil
[97].

Panigrahi et al. [40] reported the highest pod yield (10025 kg ha') under APRI at 25% ASMD + BPM, which
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was statistically at par with the pod yield under APRI at 50% ASMD + BPM. The higher pod length and
pod weight was probably due to higher nutrient assimilation supported by the availability of more
nutrients in the soil solution under favorable soil moisture and temperature within the plant rhizosphere
[98, 99]. In addition, 50% available soil moisture depletion could impose desirable water stress on okra
plants, improving their fruit yield and quality, without producing higher vegetative growth [40].
Meanwhile, furrow-irrigated pea straw mulched okra plants exhibited 31.4% higher pod yield over non-
mulched plants [27]. These results agree with the finding of Tiwari et al. [53] in okra. Enhancement in
growth and yield of okra under pea straw mulch may be attributed to conserving soil moisture, moderate
plant water status, soil temperature, soil mechanical resistance, and increased availability of plant nutrients
[100, 101, 102]. Further, the use of a drip irrigation system either alone or in combination with mulching
increase the yield of okra by up to 61 % over the surface irrigation method with the same quantity of
irrigation water applied [103]. During the years 2009 and 2010, 13.6 and 14.8 percent higher okra yield was
observed under drip irrigation in comparison to the flood irrigation method, respectively [104]. Thus,
optimum moisture supplied by the trickle method compared to the surface irrigation method under
mulched conditions enhances yield attributes and yield provides the advantage of a drip system over the
furrow irrigation method [105]. Furthermore, the highest yield (14510 kg ha'') was reported under the
treatment with 100% drip irrigation requirement in combination with BPM with a 72% increase in yield as
compared to furrow irrigation [53].

In addition, Chandra and Singh [49] revealed that the highest yield (17440 kg ha') of okra was recorded
under drip irrigation with 100% irrigation with LLDPE mulch, followed by drip irrigation based on a
supply of 80% irrigation requirement with LLDPE mulch (17230 kg ha'). They further stated that drip
irrigation in combination with mulching increased the okra yield significantly over furrow irrigation to the
tune of 60-167 %. The increase in soil temperature and efficient utilization of water and nutrients, resulting
from the use of black polyethylene mulch might be an important reason for the higher yield [106].
According to Parte et al. [107], mulching with plastic sheet proved the best mulch practice that produced
superior growth and yield attributing characters in okra, and it was followed by wheat straw and grasses
mulching. Hence, plastic mulches absorb comparatively large amounts of the incoming radiation and
transmit a considerable part of it to the soil.

Similarly, Sippo et al. [108] recorded the maximum average fruit yield per plant and per hectare as 0.68 kg
plant! and 17200 kg ha! in the combination treatment of 30% ASMD with black plastic mulching. Further,
they found that using a drip irrigation system, BPM resulted in 14.1% water saving while wheat straw
mulch showed only 5.27% over bare soil. This revealed that the BPM and proper drip irrigation scheduling
may increase yield and save water and improve okra yield over control. In addition, a high yield of okra
with minimum ETc was observed under SDI system with plastic mulch treatment [80] due to lower
irrigation water requirement, minimum evaporation, and less weed transpiration under plastic film
compared to the non-mulched conditions [53]. Moreover, maximum pod yield was reported under drip
irrigation at 0.8 pan evaporation fraction in conjunction with either BPM or 100% recommended doses of
nitrogen with 18% saving of water compared with surface irrigation with 100% recommended doses of
nitrogen [64].

Effect of Surface and Drip Irrigation on Water Use Efficiency of Okra
Water use efficiency (WUE) is another important plant adaptation under water stress, which also has been

proposed as an effective selection criterion to identify and/or develop drought-tolerant plants [109, 110].
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To achieve the potential yield of any crop, it must not be allowed to suffer from water stress at any critical
growth stage. At the same time, water should also be utilized efficiently for getting a higher yield per unit
of water applied [111]. WUE can be divided into irrigation water use efficiency (IWUE) and crop water use
efficiency (CWUE).

In furrow-irrigated okra, Memon et al. [70] reported that the crop water productivity (CWP) for AFI method
(3.51 kg m=) was calculated to be greater than CWP obtained under EFI method (1.96 kg m?). Similarly,
Muhammad et al. [69] reported that AFI resulted in water saving through increased IWUE, leading to a
CWP of 5.21 kg m- compared to EFI (2.93 kg m?). Further, INUE was determined as 5.29 kg m?3 for AFI,
2.78 kg m- for CFL, and as 1.37 kg m for flood irrigation [68]. Furthermore, Panigrahi and Sahu [39] found
that the IWUE for APRI as 8.41-9.18 kg m-, as 6.98- 7.85 kg m™ for FPRI and as 6.79-7.25 kg m- for full
irrigation in the field experiment conducted in Bhubaneswar, Orissa.

Meanwhile, the efficiency of drip irrigation was recorded as 126.5 % over than that of surface irrigation [50].
Further, the crop WUE was reported to range from 1.45-2.93 kgm- and 1.29-2.43 kgm3in 2005 and 2006,
respectively in drip-irrigated okra plots [112]. Chandra and Singh [49] found that the increase in water
productivity for drip irrigation systems alone over CFI system was 133.3 %. They further revealed, the
increased WUE under drip irrigation is because the drip system provided a precise and measured quantity
of water to individual plants and a lower rate of water loss through evaporation from the soil surface under
drip irrigation. In addition, Jayapiratha et al. [54] found that the maximum WUE of okra for drip irrigation
as 705.2 kg ha! cm™ for 15 minutes duration, whereas only 99.43 kg/ha/cm was obtained through basin
irrigation. In Patna, India, the maximum WUE was recorded at 60% ET under drip treatment in okra plants
[45]. On the contrary, Farias et al. [79] reported that the water depth that provided the highest WUE (35.80
kg.ha'.mm™) was 132.2 mm (125% of ETc) under drip irrigation and the lowest (5.65 kg.ha’.mm") of 0 mm,
equivalent to 0% of ETc on control plot. Further, they concluded, the greater WUE is associated with greater
productivity and the greater availability of water for the plants, allowing the plants to extract better from
the soil solution, to take advantage of the nutrients, besides being able to carry out the photosynthesis
without impediments. Furthermore, Rani and Mariappan [113] found that drip irrigation resulted in
considerable savings of irrigation water besides enhancing WUE. They also revealed that the irrigation
given through drip at the rate of 75% Potential evapotranspiration (PE) recorded significantly higher WUE
followed by irrigation at 100% PE whereas the lower WUE under surface irrigation (18.35 kg/ha/mm and
21.62 kg/ha/mm) might be due to higher consumption of water and lower yield recorded by the treatment.
Meanwhile, the results of Sedara et al. [78] showed that treatment of 60 FIT had a significant effect on IWUE
and CWUE with 0.041 t ha' mm™ and 0.00139 t ha mm-!, respectively, compared to the other treatments
and it was the best among all the other treatments. Further, they noticed a reduction in the IWUE and
CWUE for 80 and 100 FIT, which concluded that the addition of water had no significant effect on the yield
of okra rather, it only led to wastage of water since the crop water requirement was fully met at 60 FIT. In
addition, a study conducted by Rekha et al. [75] at Rajendranagar, Hyderabad on sandy loam on bhendi
(Abelmoschus esculentus), revealed that the higher WUE i.e., 8.23 and 8.10 kg ha’ mm-! were reported when
the crop was drip irrigated at 1.0 Epan and fertigated with 120 kg N ha!:

Moreover, Saxena et al. [114] conducted a study to analyze the performance of okra under drip irrigation
with four levels of saline irrigation water with electrical conductivity; 0.2, 2.0, 4.0, 8.0 dSm™ in three
replications and reported that the WUE reduced with the increase in the salinity of irrigation water. Further,
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they revealed that the highest WUE was reported to be with available freshwater of 0.2 dSm at 0.49; for
the treatments of 2.0, 4.0, 8.0 dSm-! it was reported at 0.49, 0.46 and 0.38 t ha' cm!, respectively.

Furthermore, the use of a plastic sheet at the furrow bottom [73] or the installation of a polyethylene sheet
under surface trickle irrigation [74] helps to conserve water, fertilizers, and pesticides in the root zone of
the plant and prevents water losses by deep percolation and improve the WUE of okra plant. Panigrahi et
al. [40] reported the maximum IWUE from irrigation at 50% ASMD under APRI with BPM followed by
APRI at 25% ASMD + BPM. They resolved that this was due to more frequent irrigation under APRI, caused
by a higher rate of water uptake by okra plants from lower wetted soil volume. Further, Sippo et al. [108]
found that the WUE was highly significant at drip irrigation treatment and the maximum value of 292.38
kg/ha/cm was obtained in drip irrigation scheduled at 30 % ASMD with BPM. This result agrees with the
findings revealed by Brown and Channell-butcher [115] that BPM significantly increased the WUE of the
okra crop over the control experiment. Furthermore, irrigation frequency significantly increased the WUE
and IWUE [116, 117]. Maximum WUE (96.50kg/ha/cm) was recorded with irrigation scheduling at 5 days
interval whereas, the lowest WUE (50.10kg/ha/cm) was observed in irrigation scheduling at 3 days interval
[18]. At longer irrigation intervals, less water and subsequent closure of stomata might reduce the loss of
water than it caused a decrease in CO:2 fixation, which indicated that the photosynthesis was increased at

the cost of water loss resulting in lower WUE [27].

Conclusion

Since the consumption of okra is a piece of proven evidence in reducing the prevalence of malnutrition, in
the future, promoting okra consumption would be a promising option in providing a healthy diet to meet
the dietary needs of rural communities, as an approach to address the issue of food security. Despite the
risk of water scarcity in developing countries, okra can be grown successfully throughout the year,
adopting a suitable irrigation strategy in the sandy loam soil condition. Yet, not enough studies conducted
based on the okra variety that is best suited to grow under water deficit conditions. Anyhow, choosing okra
varieties that is best suited to grow in the region would be a practical solution for this. Further, traditional
farmers reluctant to switch from surface irrigation methods should be encouraged to practice the AFI
method for okra cropping specifically under BPM at the furrow-bottom, where they contribute to
minimizing the infiltration from furrow to bottom and conserving a considerable amount of water leaching.
The farmers already adopting the drip irrigation technique should be progressed to SDI with the emitter
depth of 0.10 m to 0.15m under the soil surface to meet the efficient use of available water by the reduction
of evaporation loss and provide the most suitable moisture regime in the root zone of okra. Apart from that,
combining a drip irrigation system with the application of nitrogen-based inorganic fertilizers, organic
fertilizers like chicken manure, and foliar application of organic fertilizers like humic acid, and putrescine
offers a sensible solution under water deficit conditions. Nevertheless, since okra is not a long-duration
annual crop, farmers are disinclined to espouse drip irrigation techniques. Raising awareness among okra-
cultivating farmers is the main concern for the widespread adoption of drip irrigation techniques in water-
scarce areas. In addition, researchers also have the responsibility to support the relevant authorities in

making favorable decisions for farmers.
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