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ABSTRACT

The field experiments were conducted during the rainy (kharif) seasons of 2018—19 and 2019-20 at College of
Agriculture, Swami Keshwanand Rajasthan Agricultural University, Bikaner, Rajasthan to study the effect of crop
spacing, mulching and irrigation levels on yield and quality of okra [Abelmoschus esculentus (L.) Moench]. Experiment
was laid out in split plot design (SPD) with four irrigation levels [40, 60, 80 and 100% pan evaporation (PE)] in the
main plot. Two crop geometries (normal sowing and paired row sowing) and three mulches (no mulch, straw and
plastic mulch in black colour) were used in the sub-plot and sub-sub-plot, respectively. The study found that using
40% of PE for irrigation led to the shortest time to first flowering (41.72 days). However, the highest fruit yield, leaf
area index (LAI), total soluble solids (TSS), protein content and cost-benefit ratio (B:C ratio) were achieved when
irrigating at 100% PE followed by 80% PE. Water use efficiency (WUE) was highest (17.24 kg/ha/mm) at 40% PE
irrigation level. The highest fruit yield of 153.1 g/plant and 122.4 g/ha was achieved when straw mulch was applied.
Considering the combined data, it's worth mentioning that the B:C ratio was significantly greater when utilizing 100
PE irrigation without mulch. Conversely, WUE at 19.1 kg/ha/mm, showed a significant increase when employing
40% PE irrigation along with straw mulch. Therefore, the study demonstrates that utilizing paired row sowing with
straw mulch and irrigation at 100% PE resulted in the highest growth attributes, fruit quality of okra and B:C ratio.
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Okra [Abelmoschus esculentus (L.) Moench] is a
significant vegetable plant belonging to the Malvaceae
family (Narayan et al. 2021). The cultivation of okra
centers on its tender fruits, which find extensive use in
diverse culinary dishes. Notably, okra fruit is valued for
its iodine content, making it valuable in the prevention of
goiter. Additionally, its leaves possess anti-inflammatory
properties and are employed in the treatment of dysentery
(Sarkar et al. 2022). Effective water management becomes
crucial, especially in Rajasthan's arid regions, characterized
by scarce water availability, high temperatures, low soil
water retention, and unpredictable rainfall patterns. Drip
irrigation (DI), known for its water-saving benefits, extends
the coverage of irrigation, boosts crop yields, and maximizes
WUE (Yang et al. 2023). Proper crop layout around drip
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lines is essential to maximize the benefits (Mahmoudi
et al. 2020), with DI systems achieving an impressive
efficiency rate up to 90%, surpassing traditional methods.
Drip irrigation has been effective in the cultivation of okra,
improving growth, yield, water use efficiency, and farmer
profits (Neelakanth et al. 2020). Mulching techniques are
widely employed in irrigated crop and when combined with
DI, they prove highly effective in promoting crop growth and
fruit quality. Plastic mulch, helps to raise soil temperature
and retain proper moisture, which is advantageous for
plant growth. In the case of okra cultivation, various
mulching methods are adopted to suppress weeds growth
and conserve moisture around the crop's root zone. Straw
mulching, a chemical-free approach that involves using
organic material to cover the ground, offers several benefits
(Sinha et al. 2019, Busari et al. 2023). In arid and semi-
arid areas, okra farming is typically reserved for the rainy
season because the harsh conditions of high temperatures
and strong winds during spring and summer can lead to
plant losses and decreased fruit production. Considering
these facts, we formulated a hypothesis to explore whether
employing portfolios of efficient management practices
such as improved crop establishment methods like varying
irrigation levels, crop geometry, and mulching could serve
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as innovative approaches. These approaches have shown
promise as potential strategies to boost the profitability of
okra cultivation in areas with scarce water resources.

MATERIALS AND METHODS

The field experiments were conducted during the rainy
(kharif) seasons of 2018—19 and 2019-20 at College of
Agriculture, Swami Keshwanand Rajasthan Agricultural
University, Bikaner (28°01'N and 73°22'E at an altitude
of 234.70 meter amsl.), Rajasthan. Total rainfall received
during the first crop season was 230.2 mm whereas it was
213.8 mm during the second crop season. The temperature
ranged from 35.0 to 39.5°C (max) and 16.7 to 26.9°C (min)
in 2018-19, and from 32.6 to 40.7°C (max) and 15.8 to
28.0°C (min) in 2019-20. The soil was loamy included
0.13% soil organic carbon, 93.4 kg/ha of available N, 14.3
kg/ha of available P, 203.5 kg/ha of available K, EC of
0.16 dS/m, and pH of 8.5 based on the respective methods
and sources (Walkley and Black 1947, Olsen et al. 1954,
Richards 1954, Subbiah and Asija 1956, Metson 1957).

The experiment was laid out in split plot design (SPD)
having 4 irrigation levels (40, 60, 80 and 100% PE) in main-
plots and 2 crop geometry in sub-plots (normal sowing with
50 cm row spacing and paired row sowing at 30 cm x 70
cm) and mulch in sub-sub plots (no mulch, straw, and plastic
mulch in black colour) with three replications. Drip irrigation
was applied based on local evaporative demand data from an
Agro-meteorological observatory at University in Bikaner,
Rajasthan (Table 1). Two different crop geometries were
tested, each with equal plant populations: one with two rows
at 50 cm spacing around lateral lines and 50 cm spacing
between groups of crop rows, and the other with two rows
at 30 cm spacing around laterals and 70 cm spacing between
groups of crop rows. Mulch, either mustard straw at a rate
of 10 t/ha or plastic sheeting (25 micron in black colour),
was used between rows at 20 DAS in marked plots. The
well rotten FYM @220 g/ha was applied at the time of
field preparation. Uniform full doses of 60 kg/ha P,Oq,
50 kg/ha K, O, and half dose of 50 kg/ha through single super
phosphate, muriate of potash, and urea, respectively, were
applied at the time of sowing as basal dose and remaining
half dose of N was top dressed at 30 DAS.

Data were collected for various parameters, including
plant population at harvest, days to first flowering, fruit
yield per plant, and per hectare, LAI, TSS content, protein
content, WUE and B:C ratio. The leaf area index was
calculated by using this equation:

LAI (cm?2) =L x W x K

where L, Leaf length (cm); W, Leaf width (cm) and K,
0.62 for okra.

The nitrogen content in fruit was assessed using the
colorimetric method given by Snell and Snell (1949).
Subsequently, the protein content was computed as:

Protein (mg/100 g) = Nitrogen x 6.25
Data subjected to analysis of variance (ANOVA) and
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statistical analysis was done by Microsoft Excel (Microsoft
Corporation, USA) packages.

RESULTS AND DISCUSSION

Effect of irrigation levels, crop geometry and mulches
on yield attributes: The highest fruit yield, averaging
160.9, 163.6, and 162.3 g/plant, was achieved under 100%
PE drip irrigation. Conversely, the lowest fruit yield was
observed with 40% PE drip irrigation, where average yield
115.7, 117.4, and 116.5 g/plant (Table 1). Higher irrigation
levels (80% and 100% PE) ensured stress-free conditions,
supporting optimal plant growth throughout the growing
season (Basit et al. 2021). Paired row sowing (pooled)
significantly higher (147.4 g/plant) fruit yield compared
to normal sowing (140.9 g/plant). Straw mulch increased
yield by 17.9% on a pooled basis compared to no mulch
(Table 1). Straw mulch's effectiveness can be attributed
to its ability to reduce evaporation and moderate soil
temperature, improved moisture availability and nutrient
uptake, thus accelerating plant growth and ultimately higher
fruit production (Kavian et al. 2020).

The interaction between drip irrigation levels and
mulches significantly influenced fruit yield (Table 2).
In both years and pooled analysis, mulches consistently
improved fruit yield compared to no mulch, with 100%
PE drip irrigation yielding the best results. Specifically, the
combination of 100% PE drip irrigation with straw mulch

Table 1 Effect of irrigation levels, crop geometry and mulches on
fruit yield of okra

Treatment Fruit yield/plant (g) Fruit yield/ha (q)
2018— 2019— Pooled 2018- 2019— Pooled
19 20 19 20
Irrigation levels
40% PE 1157 117.4 116.5 92.00 92.79 92.39
60% PE 140.7 1402 1404 111.7 111.5 111.6
80% PE 156.7 158.0 1574 124.8 125.8 1253
100% PE 160.9 163.6 1623 1284 130.5 1294
SEm=+ 2.69  2.66 1.89 2,05 224 152

CD (P=0.05) 930 920 582 7.09 7.77 4.68
Crop geometry

Normal 140.2 141.7 1409 111.2 1123 111.8
sowing
Paired row 146.9 1478 1474 1172 1179 117.6
sowing

SEm+ 1.76  1.60 1.19 139 141 099

CD (P=0.05) 5.75 5.20 3.57 453 461 297
Mulch

No mulch 129.8 129.75 129.8 103.1 102.5 102.8
Straw mulch ~ 151.7 154.50 153.1 121.2 123.5 1223
Plastic mulch 149.0 150.2 149.6 1184 1194 1189

SEm+ 203 1.83 137 204 171 133
CD (P=0.05) 586 528 3.87 588 494 3.76
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Table 2 Interaction effect of irrigation levels and mulches on fruit yield (g/plant) of okra
Mulch Irrigation levels
2018-19 2019-20 Pooled
40% PE 60% PE 80% PE 100% 40% PE 60% PE 80% PE 100% 40% PE 60% PE 80% PE 100%
PE PE PE
No mulch 96.1 117.1 147.3 1589 98.9 1132 1519 1549 97.5 1152 149.6 1569
Straw mulch 1269 1538 162.8 163.8 129.1 156.5 1624 170.0 128.0  155.1 162.6  166.9
Plastic mulch 1242 1513 1602 1603 1242  151.0 1598 1659 1242  151.1 160.0  163.1
SEm+ CD SEm(+) CD SEm(+) CD
(P=0.05) (P=0.05) (P=0.05)
Irrigation at same level of mulch 3.52 10.14 3.21 9.24 2.38 6.73
Mulch at same level of irrigation 4.07 11.72 3.67 10.57 2.74 7.74

*CD (P=0.05) for geometry at same level of irrigation; **CD (P=0.05) for irrigation at same level of different mulches.

produced the highest fruit yield (166.9 g/plant), statistically
on par with plastic mulch under the same irrigation level.
Conversely, the lowest fruit yield (97.5 g/plant) was observed
with 40% PE irrigation and no mulch. These findings are
consistent with previous research in okra conducted by
(Kamble et al. 2020, Saha et al. 2020).

In the harvested plots, although paired row sowing
demonstrated the highest plant population per hectare
(Fig. 1A), the crops sown in paired rows with dimensions
of 30 cm x 70 c¢m received optimal

by the plant, causing the root system to deteriorate when
resources are redirected towards the development of flowers
and fruits (Keyvan Rad et al. 2022). Minimum days taken
to first flowering were recorded in straw mulch (42.7) which
was at par with plastic mulches whereas maximum days was
taken to first flowering (46.4 days) in control (no mulch).
Straw mulch took the shortest time to initiate flowering and
fruiting compared to other mulches.

Drip irrigation set at 100% PE, okra exhibited the highest

12018-19 W 2019-20 ™ Pooled A

watering owing to their proximity
to drip lines. At the time of harvest, ~_ 80000
straw mulch'exhibited the highest g 79700 I I I
plant population (79601, 79877 and & I I
79739 plants per hectare in 2018-19, + 79400 I
2019-20 and pooled respectively). _§ 79100 I I
Conversely, the control plot without % I
any mulch treatment displayed the § 78800
lowest plant population, followed +

. . s 78500
by the plastic mulch treatment. Drip g
irrigation facilitated an increase 78200
in the photosynthetic surface area 40% 60% 80% 100% Normal Paired No  Straw Plastic
and a consequent acceleration in PE PEPE sowing ngg mulch - mulch  mulch
the photosynthetic rate, leading to

. Treatments
enhanced plant growth according
to recent studies by Lakshmi et al. 50 [92018-19 W 2019-20 ™ Pooled B
(2023).
The results (Fig. 1B) indicated 5’ 47 I I

that the minimum number of days £ I
for first flower initiation (41.7 days) :‘? 44 I I I I
was recorded with drip level of 40% & I I
PE, while the maximum number of £ 41
days for first flower initiation (46.8 &
days) was recorded with a drip level o 38
of 100% PE. This could be attributed 35
to the limited capacity of the okra W% 60%  80% 100% Normal Paired No  Straw Plastic
crop to assimilate nutrients during its PE PE PE PE sowing  row mulch  mulch  mulch
reproductive phase as opposed to the sowing
vegetative stage. This reduced nutrient Treatments

absorption during reproductive stage
may lead to a decrease in water uptake

Fig. 1 Effect of irrigation levels, crop geometry and mulches on plant population (A) and
days to first flowering (B) of okra.



March 2024]

Plastic mulch

Straw mulch

Mulch

No mulch

Paired row sowing

Crop
geometry

I

Normal sowing

»
¢ 100% PE

<@

5 oo e[
©

E o e |

OPTIMIZING OKRA CULTIVATION IN ARID REGIONS 273

to improved nitrogen availability
and enhanced activity of the nitrate
& reductase enzyme, both of which
contribute to higher protein levels

(Li et al. 2022). Crop geometry did

not significantly affect protein content,

— with paired row sowing showing
— slightly higher protein content (8.58,
8.89 and 8.74%) compared to normal

sowing (8.4, 8.7 and 8.6%). Straw

— mulch resulted in the highest protein
content (9.11, 9.28 and 9.20%)

I

o
£
oo

[®2018-19 MW 2019-20 I Pooled |

Fig. 2 Effect of irrigation levels, crop geometry and mulches on leaf area index.

LAI measuring 4.85 to 4.95 cm? at harvest (Fig. 2). This
performance was akin to that of 80% PE, surpassing both
60% and 40% PE irrigation levels. Notably, the minimum
LAI during harvest was associated with 40% PE, followed
by 60% PE, possibly due to water stress. These findings
align with prior studies on okra and broccoli (Mahmoudi
et al. 2020). Crop arrangement significantly influenced
LAI with paired row and normal sowing displaying higher
LAI at harvesting stage (4.24 to 4.29 cm?). Straw mulch
demonstrated comparable LAI to plastic mulch, maintaining
the highest values (4.49 to 4.53 cm? at harvest), while no
mulch resulted in the lowest LAI for okra.

Effect of irrigation levels, crop geometry and mulches
on fruit quality attributes: The TSS content in okra fruit
was significantly influenced by DI levels (Fig. 3). 100%
PE drip irrigation had the highest TSS (3.36-3.40°Brix),
akin to 80% PE, surpassing 40%

Leaf area index (cm?)

o compared to no mulch, though it was
& statistically similar to plastic mulch.
— Straw mulch increased protein content
T 1 by 14.85 and 4.55% over no mulch
12 16

and plastic mulch, respectively. This
higher nutrient concentration in plants
under straw mulch can be attributed
to balanced nutrient supply, improved
photosynthetic efficiency, and greater
dry matter production, ultimately leading to increased
nitrogen content and higher protein levels (Kamble et al.
2020).

Effect of irrigation levels, crop geometry and mulches
on water use efficiency: The highest WUE, reaching
17.2 kg/ha/mm, was observed at 40% PE irrigation, while
the lowest, at 14.06 kg/ha/mm, was noted with 100% PE
drip irrigation (Table 3). Increasing DI levels from 40% PE
to 100% PE resulted in a decrease in WUE, primarily due to
reduced water losses, including minimized deep percolation
and runoff. Drip irrigation's precision in delivering water
efficiently to the root zone contributed to higher WUE at
40% PE (Neelakanth et al. 2020). Among mulching
practices, straw mulch exhibited the highest WUE at 17.15
kg/ha/mm, comparable to plastic mulch and superior to no
mulch. Higher WUE values were consistently linked to

and 60% PE. TSS rose by 23.3%

Plastic mulch

—

(40% PE) and 10.8% (60% PE) with

Straw mulch

—

Mulch

100% PE. Adequate water potentially
boosted dry matter, akin to tomato

No mulch

—

findings (Ibrahim et al. 2014). Paired

row sowing had the highest TSS
(3.13-3.17°Brix), followed by normal

Paired row sowing

Crop
geometry

sowing (3.08-3.12°Brix). Straw mulch

Normal sowing

increased TSS (3.16-3.20°Brix) vs

plastic mulch and no mulch.
The protein content in okra fruit

was significantly influenced by DI

levels (Table 3). Okra crops irrigated

with 100% PE drip irrigation had the
highest protein content (9.22, 9.32,

I

and 9.27%), comparable to 80% PE
irrigation but significantly higher than

»
% 100% PE —
5 80% PE —
S 60% PE "
h 40% PE —

T T T T T

2 4 6 8 10

40% PE and 60% PE. This increase

[m2018-19m 2019201 Pooled]

TSS (°Brix)

in protein content could be attributed

Fig. 3 Effect of irrigation levels, crop geometry and mulches on TSS content.
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Table 3  Effect of irrigation levels, crop geometry and mulches on protein content, WUE and economics of okra
Treatment Protein content (%) in fruit Water use efficiency (kg/ha/mm) B:C ratio
2018-19 201920  Pooled 2018-19 201920  Pooled 2018-19 201920  Pooled
Irrigation levels
40% PE 7.42 7.85 7.64 18.39 16.09 17.24 2.80 2.81 2.80
60% PE 8.33 8.91 8.62 18.40 15.21 16.81 3.29 3.21 3.25
80% PE 9.07 9.22 9.15 17.48 14.15 15.81 3.62 3.56 3.59
100% PE 9.22 9.32 9.27 15.64 12.48 14.06 3.64 3.54 3.59
SEm=+ 0.16 0.14 0.11 0.42 0.33 0.27 0.07 0.07 0.05
CD (P=0.05) 0.57 0.49 0.33 1.45 1.15 0.82 0.23 0.24 0.15
Crop geometry
Normal sowing 8.44 8.76 8.60 16.94 14.07 15.51 3.24 3.20 3.22
Paired row sowing 8.58 8.89 8.74 18.01 14.90 16.45 3.44 3.36 3.40
SEm=+ 0.13 0.15 0.10 0.22 0.21 0.15 0.04 0.05 0.03
CD (P=0.05) NS NS NS 0.71 0.69 0.46 0.14 0.15 0.09
Mulch
No mulch 7.70 8.32 8.01 15.55 12.73 14.14 3.89 3.74 3.82
Straw mulch 9.11 9.28 9.20 18.68 15.62 17.15 3.51 3.50 3.51
Plastic mulch 8.73 8.88 8.80 18.20 15.10 16.65 2.61 2.59 2.60
SEm=+ 0.14 0.15 0.10 0.37 0.20 0.21 0.06 0.05 0.04
CD (P=0.05) 0.41 0.44 0.29 1.06 0.57 0.59 0.18 0.14 0.11

mulch application, regardless of irrigation levels, improving
soil moisture utilization and reducing evaporation. Straw
mulch acted as a surface barrier, limiting water loss and
positively impacting fruit production, aligning with similar
findings (Kavian ef al. 2020, Changade ef al. 2023).

Effect of irrigation levels, crop geometry and mulches
water use efficiency on B:C ratio: B:C ratio favoured
100% PE drip irrigation, with ratios of 3.62, 3.56 and 3.59,
respectively, followed by 80% PE, outperforming 40% PE
and 60% PE (Table 3). Lower irrigation costs contributed to
higher returns, aligning with findings by Kumar and Kumar
(2020) on straw mulch in fenugreek. These results underscore
the role of DI with mulch in enhancing land and water
productivity, consistent with studies by (Dagore ez al. 2021).
Paired row sowing at 30 cm % 70 cm spacing provided the
highest B:C ratio (3.44, 3.36, 3.40) compared to 50 cm
normal spacing, attributed to increased fruit yield. Similar
findings were reported by Farhan and Sugirtharan (2023).
In contrast, no mulch yielded the highest B:C ratio (3.89,
3.74, 3.82), surpassing straw and plastic mulch, aligning
with findings by Kumar and Kumar (2020).

Study revealed that among the four irrigation levels
considered, 100% PE irrigation emerged as the most
favourable option for promoting better growth, yield,
quality attributes, and achieving a favourable B:C ratio in
okra cultivation followed by 80% PE irrigation. The 40%
PE level of drip irrigation demonstrated the highest WUE.
Furthermore, we observed that adopting paired row sowing
significantly enhanced fruit yield, WUE, and the B:C ratio
compared to normal sowing methods. Incorporating straw
mulch into the cultivation process resulted in significantly

higher LAI, TSS, protein content, B:C ratio and WUE
for okra, with plastic mulch showing comparable results.
Finally, when considering the economic aspect (B:C ratio),
it is worth noting that 100% PE irrigation without mulch
yielded the highest returns. However, in terms of WUE, the
40% PE drip irrigation level combined with either straw or
plastic mulch proved to be the most efficient. These insights
can significantly contribute to improving okra production
in water-limited environments.
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