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A field investigation entitled "Effect of nano urea on growth, yield and water productivity of okra under
fertigation in Inceptisols" was conducted during kharif season of the year 2023-24 at the Research Farm of
Interfaculty Department of Irrigation Water Management, Post Graduate Institute, Mahatma Phule Krishi
Vidyapeeth, Rahuri. The experiment was laid out in Randomized Block Design (RBD) with ten 10
treatments viz., Ti: DI with 100 % RD of NPK; T,: DI with 75 % RDN; T;: DI with 50 % RDN; T4: DI
with 75 % RDN + 2 sprays of Nano Urea @ 0.5 %; Ts: DI with 75 % RDN + 2 sprays of Nano Urea @
1.0 %; Te: DI with 75 % RDN + 2 sprays of conventional urea @ 1.0 %; T: DI with 50 % RDN + 2
sprays of Nano Urea @ 0.5 %; Tg: DI with 50 % RDN + 2 sprays of Nano Urea @ 1.0 %; To: DI with 50
% RDN + 2 sprays of conventional urea @ 1.0 %; Tio: DI with no fertilizer and foliar sprays (Control).
Recommended dose of P,Os and K>O was applied to all treatments except Tio. The first foliar spray of
nano urea was applied at 30 — 35 days after planting and second spray at 50 — 55 days after planting. The
drip irrigation method was used for irrigation. The result indicated that the growth parameters of okra such
as plant count, plant height, number of leaves and girth of stem found to be significantly highest in
treatment Tii.e. Drip irrigation with 100 % RD of NPK at 30, 60, 90 DAS. At harvest, treatment T shows
significantly highest plant height (252 c¢m), maximum number of leaves (13.67) and maximum girth of
stem (7 cm). The treatment T;, which used a drip irrigation system and 100 % RD of NPK, produced the
significantly highest yield of okra (18.33 t ha™!) than all other treatments. However, it was at par treatment
Ts(17.33 t ha) and T (16.63 t ha') The maximum values of WUE (water use efficiency)was obtained in
treatment T i.e. DI with 100 % RD of NPK (35.39 kg ha! mm), followed by Ts i.e. DI with 75 % RDN +
2 sprays of Nano Urea @ 1.0 % (33.46 kg ha'! mm) and T i.e. DI with 75 % RDN + 2 sprays of
conventional urea @ 1.0 % (32.11 kg ha™! mm).
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Introduction

Okra (Abelmoschus esculentus (L.) Moench) belongs to
family malvaceae, is a common vegetable in India. Okra
seems to be originated around Ethiopia i.e. Abyssinia and
cultivated by ancient Egyptians by 12" century B.C. It is
an annual erect herb 0.9 to 2.1 m in height, hairy, with 3
to 5 lobed palmately cordate leaves. The plants bear 12.5
to 30 cm pyramidal pods. Okra is an economically
important vegetable crop grown in tropical and sub-
tropical parts of the world. This crop is suitable for
cultivation as a garden crop as well as on large
commercial farms. According to FAOSTAT, okra covers
2.53 million hectares of land worldwide, with 11,232,653
tonnes of fruit produced in the year 2022 (Anonymous,
2022). For the 2021-2022 period, APEDA reported that
India produced approximately 7.9 million metric tons of
okra. The production of okra in Maharashtra is about
139.28 tonnes (Anonymous, 2022).

Okra is a highly nutritious crop, often referred to as "the
perfect villager's vegetable" due to its hardiness and rich
nutritional profile. It is particularly valued for its dietary
fibers and distinct seed proteins, which are well-balanced
in the essential amino acids lysine and tryptophan
(Kumar et al., 2010). Every 100 grams of green okra
pods contain approximately 1.8 grams of protein, 6.4
grams of carbohydrates, 1.2 grams of fiber, 18
milligrams of vitamin C and 90 milligrams of calcium.

The fertilizer dose depends upon the fertility of soil and
amount of organic manure applied to the crop. About 20-
25 tonnes ha! of FYM is mixed at the time of land
preparation. Generally, application of 100 kg Nitrogen,
50 kg P»Os and 50 kg K,O is recommended for optimum
yield. Half dose of Nitrogen and full dose of P,Os and
K20 are applied at the time of planting. The remaining
half of Nitrogen is given 30 days after sowing followed
by earthing up operation.

Use of high-analysis fertilizers like urea, di-ammonium
phosphate and muriate of potash has been associated with
lower efficiency, ranging from 20 to 50 % for nitrogen,
10-25 % for phosphorus and 70-80 % for potassium.
About 30-40 % of urea is utilized by plants and the rest
gets wasted due to quick chemical transformation as a
result of leaching, volatilization, denitrification efc.
(Chinnamuthu and Boopathi, 2009).

Nano fertilizers are defined as "synthesized or modified
versions of traditional fertilizers, fertilizer bulk materials,

or extracts from various botanical, microbial, or animal
sources, created through chemical, physical, mechanical
or biological methods, often utilizing nanotechnology,
though not limited to it" (Kumar et al., 2021). Nano urea,
with a size of 30-40 nm, can easily penetrate stomata and
enter through plasmodesmata (40 nm), where it
participates in metabolic processes by binding with
various carrier proteins. According to Rahale (2011),
nano fertilizers improved nutrient use efficiency (NUE)
by up to 45 % compared to the control. Nano fertilizers
are emerging as a promising approach to nutrient
conservation, especially nitrogen conservation, and
environmental protection (Dutta and Anurag, 2021).

Understanding the growth patterns of okra and yield
attributes influenced by nano wurea is crucial. By
evaluating these factors, this research aims to determine
whether nano urea can be a viable solution for improving
okra production while addressing soil fertility challenges
associated with Inceptisols. Therefore the research
experiment was planned on “Effect of nano urea on
growth, yield and water productivity of okra under
fertigation in Inceptisols” during Kharif 2023 at
Interfaculty =~ Department  of  Irrigation = Water
Management, PGI, MPKV, Rahuri.

Materials and Methods

The field experiment entitled, “Effect of nano urea on
growth, yield and water productivity of okra under
fertigation in Inceptisols” was conducted at Instructional
farm of Inter-Faculty Department of Irrigation Water
Management, Post Graduate Institute, MPKV, Rahuri,
Dist.Ahilyanagar (Maharashtra) during Kharif season,
2023-24.Geographically, the Instructional farm of Inter
Faculty Department of Post Graduate Institute, Rahuri is
situated between 19° 00” and 19° 57 North latitude and
between 74° 32” and 74° 19” East longitude. The altitude
is 495 to 569 m above from sea level. Soil of the
experimental plot was well drained clay loamy in texture,
low in available nitrogen (177.9 kg ha'), medium in
available phosphorus (20.73 kg ha''), high in available
potassium (318.57 kg ha') and slightly alkaline in
reaction (pH 7.74). The EC and organic carbon content
was 0.36 dSm' and 0.76 % respectively. The field
capacity and permanent wilting point was 38.11% and
15.90% respectively. Agro climatically the region located
in scarcity zone of Maharashtra. The mean maximum
temperature during experimentation period was ranging
from 27.10°C to 33.9°C, while mean minimum
temperature was ranging from 15.5°C to 23.9°C. The
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experiment was laid out in Randomized Block Design
(RBD) with ten 10 treatments viz., Ti: DI with 100 %
RD of NPK; T»: DI with 75 % RDN; Ts: DI with 50 %
RDN; T4: DI with 75 % RDN + 2 sprays of Nano Urea @
0.5 %; Ts: DI with 75 % RDN + 2 sprays of Nano Urea
@ 1.0 %; Ts: DI with 75 % RDN + 2 sprays of
conventional urea @ 1.0 %; T7: DI with 50 % RDN + 2
sprays of Nano Urea @ 0.5 %; Tg: DI with 50 % RDN +
2 sprays of Nano Urea @ 1.0 %; To: DI with 50 % RDN
+ 2 sprays of conventional urea @ 1.0 %; T1o: DI with no
fertilizer and foliar sprays (Control). Recommended dose
of P,Os and K»,O was applied to all treatments except To.
The first foliar spray of nano urea was applied at 30 — 35
days after planting, and second spray at 50 — 55 days
after planting.Sowing of okra seeds of KAJARI (NOH-
1684) variety was done on 28" August, 2023 at 0.45 m x
0.20 m spacing. The recommended dose of fertilizer for
okra is 100:50:50 N, P,Os, K,0O kg ha'.There was drip
irrigation set up and irrigation was provided as per
requirement.In case of drip irrigation treatments, the
irrigation scheduling was done on the basis of
climatological approach. Irrigation was scheduled on
alternate days in all drip irrigated treatments. The
reference crop evapotranspiration (ETy) estimated using
FAO-56 recommended Penman-Monteith method on
climatological approach (Allen et al., 1998). The depth of
irrigation water to be applied was calculated using the
formula,

ETc=Kc x ETy

Where,

ETc¢ = Evapotranspiration of crop (mm)
Kc= Crop coefficient

ET¢= Reference evapotranspiration (mm)

The water use efficiency in different treatment was
calculated by formula,
Y

WUE = :
Water applied

Where,
WUE = Water use efficiency (kg ha! mm)

Y = Yield (kg ha™')

The observations was recorded periodically to study the
growth attributes.

Results and Discussion
Growth Characters

The data indicating to growth parameters viz., plant
height, number of leaves plant'and girth of stem as
influenced by different treatments are presented in Table
1. The average plant height, number of leaves plant and
girth of stem were (230.80 cm, 11.45 and 6.28 cm,
respectively) at harvest of okra.

The treatment DI with 100 % RD of NPK (T;) recorded
significantly maximum plant height (252 cm) at harvest.
However, it was at par with treatment Ts (DI with 75 %
RDN + 2 sprays of Nano Urea @ 1.0 %) and Ts (DI with
75 % RDN + 2 sprays of conventional urea @ 1.0 %) at
90 DAS and at harvest.

This might be due to effect of application of 100 %
recommended dose of fertilizer which has increased
nutrient availability in soil at all the growth stages of
crop. The results also suggests that significant increase in
plant height across the treatments with nano urea
(especially Ts) plays a crucial role in promoting early and
sustained growth.

Nano urea's efficiency in delivering nitrogen more
precisely to the plant could be attributed to the enhanced
nutrient uptake, leading to greater biomass accumulation.
Similar results was reported by Bhukya (2024) in maize
crop.

The treatment T; (DI with 100 % RD of NPK) recorded
maximum number of leaves (13.67) at harvest. However,
it was at par with Treatment Ts and Ts. The result suggest
that the full recommended dose of nitrogen is effective in
promoting vegetative growth, as nitrogen plays a crucial
role in leaf development and photosynthesis. Similar
findings were obtained by Merghany et al, (2019) in
cucumber crop.

The treatment T; (DI with 100 % RD of NPK) recorded
significantly maximum girth of stem (7.00 cm) at
harvest. However, it was at par with Ts (DI with 75 %
RDN + 2 sprays of nano urea @ 1.0 %) and Ts (DI with
75 % RDN + 2 sprays of conventional urea @ 1.0 %) at
harvest. Maximum girth of stem in T, among all
treatments due to effect of application of 100 %
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recommended dose of fertilizer which has increased
nutrient availability in soil at all the growth stages of
crop. The result also suggests that nano urea application,
even with reduced nitrogen doses, can maintain plant
growth and stem strength comparable to the full
recommended dose of conventional NPK. Similar results
were reported by Subramani et al., (2023) in okra crop.

Yield Attributing Characters

The data regarding the yield attributing charactersas

influenced by different treatments arepresented in Table
2. The average number of fruitplant™, average weight of
fruits plant'and total yield (21.88, 163.14 g, 15.02 t ha™)
of okra obtained during investigation.

Average Number of Fruits Plant!

The data regarding average number of fruits plant™! are
presented in 2. The significantly higher number of fruits
plant! was recorded in treatment Tii.e. DI with 100 %
RD of NPK (30.33), however, it was at par with Tsi.e. DI
with 75 % RDN + 2 sprays of Nano Urea @ 1.0 %
(27.33) and Tei.e. DI with 75 % RDN + 2 sprays of
conventional urea @ 1.0 % (26.33).

The result indicated that, maximum number of fruits
plant'in treatmentTii.e. DI with 100 % RD of NPK,
might be due to maximum number of leaves produced in
this treatment. It is agreement with findings of Kushwah
et al, (2008) in okra crop. Treatment Tio (DI with no
fertilizer and foliar sprays) recorded the lowest number
of fruits plant'i.e. 15.21. The lowest number of fruits
plantin Tiodue to lack of fertilization rendered to the
soil.

Average Weight of Fruits Plant!

The data regarding weight of fruits are presented in Table
2. The weight of fruits plant™ was recorded significantly
highest for the treatment Tii.e. DI with 100 % RD of
NPK (216.15 g), however, it was at par with Tsi.e. DI
with 75 % RDN + 2 sprays of Nano Urea @ 1.0 %
(209.67 g) and Tei.e. DI with 75 % RDN + 2 sprays of
conventional urea @ 1.0 % (208.0 g). The weight of okra
fruit itself is the function of photosynthesis by plant and
its translocation efficiency.

The photosynthetic productions in turn affected by all the
growth parameters such as plant height and number of
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leaves which ultimately increase the number of fruits
plant™ and weight of fruits plant™, in different treatments.
Similar results were reported by Asawale and Kale
(2021) in okra crop. Treatment Ty (DI with no fertilizer
and foliar sprays) recorded the lowest weight of fruits
plant'i.e. 120.04 g. The lowest weight of fruits plant™” in
Tio due to lack of proper nutrition.

Yield

The data regarding the yield of okra in tones ha™ are
presented in Table 2. From the data, it was observed that
DI with 100 % RD of NPK (T, 18.33 t ha') recorded
significantly maximum yield. However, it was at par with
treatment i.e. DI with 75 % RDN + 2 sprays of Nano
Urea @ 1.0 % (Ts, 17.33 tha!) and DI with 75 % RDN +
2 sprays of conventional urea @ 1.0 % (Ts, 16.63 t ha™).
Similar results were reported by Asawale and Kale
(2021); Kushwaha et al., (2008) and Hemavathi (2022) in
okra crop.

The treatment Ts (DI with 75 % RDN + 2 sprays of nano
urea @ 1.0 %) showed the highest increase in yield as
compared to T> (DI with 75 % RDN) at 15.32%, followed
by Te (DI with 75 % RDN + 2 sprays of conventional
urea @ 1.0 %) with 10.67%.

However, when compared to T3 (DI with 50 % RDN); Ts
(DI with 50 % RDN + 2 sprays of Nano Urea @ 1.0 %)
showed a 6.86% increase in yield, making nano urea an
effective option even with reduced nitrogen levels.

The marginal difference between the treatmentsT, and Ts
highlights the potential of nano urea to replace some
portion of soil applied nitrogen without compromising
yield. The increased yield is due to effectiveness of nano
urea liquid in delivering nitrogen to plants is more than
the conventional urea. Similar results were obtained by
Subramani et al., (2023); Merghany et al., (2019).

Water Productivity of Okra

The average water requirement for okra under drip
irrigation was 518 mm. This was significantly lower
compared to conventional irrigation methods, as water
was delivered directly to the root zone. This targeted
approach enhanced water application efficiency and
minimized water losses due to percolation, infiltration,
evaporation, and the fixation of phosphorus and
potassium in the soil (Sharma and Kaushal, 2015).
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Table.1 Growth characters of okra as influenced by different treatments at harvest

Treatments

DI with 100 % RD of NPK
DI with 75 % RDN
DI with 50 % RDN
DI with 75 % RDN + 2 sprays of Nano Urea @ 0.5 %
DI with 75 % RDN + 2 sprays of Nano Urea @ 1.0 %
DI with 75 % RDN + 2 sprays of conventional urea @ 1.0 %
DI with 50 % RDN + 2 sprays of Nano Urea @ 0.5 %
DI with 50 % RDN + 2 sprays of Nano Urea @ 1.0 %
DI with 50 % RDN + 2 sprays of conventional urea @ 1.0 %
DI with no fertilizer and foliar sprays (Control)

S.E.(m) £

CDat5%

General mean

Growth characters

Plant height Number of Girth of
(cm) leaves plant  stem (cm)
1

252.00 13.67 7.00
242 .33 11.67 6.33
221.33 9.33 5.80
245.67 12.67 6.47
250.67 13.33 6.77
247.67 13.20 6.67
226.00 9.67 6.10
236.00 10.67 6.13
229.33 12.90 6.13
157.00 7.33 5.43
1.859 0.17 0.15
5.52 0.59 0.43
230.80 11.45 6.28

2 Average number of fruits plant™, average weight of fruits plant! (g) and yield of green fruits of okra
as influenced by different treatments

Treatments Average Average
number of weight of
fruits plant  fruits plant?!
! (2
DI with 100 % RD of NPK 30.33 216.15
DI with 75 % RDN 23.87 149.75
DI with 50 % RDN 17.33 140.22
DI with 75 % RDN + 2 sprays of Nano Urea @ 0.5 % 24.67 172.04
DI with 75 % RDN + 2 sprays of Nano Urea @ 1.0 % 27.33 209.67
DI with 75 % RDN + 2 sprays of conventional urea 26.33 208.00
@ 1.0 %
DI with 50 % RDN + 2 sprays of Nano Urea @ 0.5 % 17.68 134.95
DI with 50 % RDN + 2 sprays of Nano Urea @ 1.0 % 18.20 144.27
DI with 50 % RDN + 2 sprays of conventional urea 17.82 136.33
@ 1.0 %
DI with no fertilizer and foliar sprays (Control) 15.21 120.04
S.E.(m) £ 1.42 2.78
C.Dat5% 4.21 8.28
General mean 21.88 163.14
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Yield of
green fruit
of okra
(tha™)

18.33
15.03
13.60
15.33
17.33
16.63

13.80
14.53
14.00

11.56
0.66
1.97

15.02

Per cent
increase in
yield over

T,* and

T3**
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Table.3 Water productivity of okra as influenced by different treatments at harvest

Tr. Treatments

T: DI with 100 % RD of NPK
T, | DI with 75 % RDN
T; DI with 50 % RDN

T4 | DI with 75 % RDN + 2 sprays of Nano Urea @ 0.5 %
Ts DI with 75 % RDN + 2 sprays of Nano Urea @ 1.0 %
T¢ DI with 75 % RDN + 2 sprays of conventional urea @ 1.0 %
T; DI with 50 % RDN + 2 sprays of Nano Urea @ 0.5 %
Ts DI with 50 % RDN + 2 sprays of Nano Urea @ 1.0 %
Ty DI with 50 % RDN + 2 sprays of conventional urea @ 1.0 %

Tio | DI with no fertilizer and foliar sprays (Control)

The treatment T; (DI with 100 % RD of NPK) recorded
significantly higher yield (18.33 t ha') showing the
readily availability of nutrients from water soluble
fertilizers. However, water use efficiency can be
increased either by increasing the numerator (crop yield)
or by decreasing the denominator (total water applied).

The numerator, being plant production, depends on such
plant factors as growth enhancement due to
photosynthesis versus losses due to diseases and pest.
Hence, water use efficiency can be influenced by such
means as pest, disease control, availability and uptake of
nutrients. The data presented in Table 3 revealed that
maximum values of WUE was obtained in treatment T
i.e. DI with 100 % RD of NPK (35.39 kg ha' mm),
followed by Ts i.e. DI with 75 % RDN + 2 sprays of
Nano Urea @ 1.0 % (33.46 kg ha! mm) and T i.e. DI
with 75 % RDN + 2 sprays of conventional urea @ 1.0 %
(32.11 kg ha' mm). The highest values of WUE in
treatment Tiwas might be due to highest yield of okra
obtained in this treatment. Similar results were reported
by Patil (1997) in okra crop.

Nano urea, particularly at 1.0 % concentration, has
demonstrated its potential to significantly enhance WUE,
even at reduced soil nitrogen levels. It closely matches
the water use efficiency of the full recommended NPK
treatment, indicating its effectiveness in sustainable
agriculture.

On the basis of the results obtained from one year
investigation, it can concluded that, the drip irrigation
with 100 % RD of N, P,Os and K>O had the highest
growth characters such as plant height, number of leaves
plant!, girth of stem, yield of okra and maximum water
use efficiency. However, the drip irrigation with 75 %

Total water = Yield of okra WUE
applied (mm) (t hat) (kg ha' mm)
518 18.33 35.39
518 15.03 29.02
518 13.60 26.25
518 15.33 29.60
518 17.33 33.46
518 16.63 32.11
518 13.80 26.64
518 14.53 28.06
518 14.00 27.03
518 11.56 22.31

RDN + 100 % RD of P,Os and K,O + 2 sprays of nano
urea @ 1.0 % and the drip irrigation with 75 % RDN +
100 % RD of P,Os and KO + 2 sprays of conventional
urea @ 1.0 % was found to be the sustainable alternative
without compromising yield of okra grown in clay loam
soil of Western Maharashtra.
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