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Accepted: Application of organic manures with inorganic fertilizers is considered helpful in
September 14,2020 maintaining the crop productivity and improving soil fertility. Therefore, in this regard,
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Published: either alone or in combination on growth, yield, and postharvest quality of cucumber
January 30, 2021 cv. Summer Green in a field experiment at Rawalakot. This study comprised of six

different treatments including urea (120 kg N ha), PM (120 kg N ha*), urea + PM (90
+ 30 kg N ha), urea + PM (60 + 60 kg N ha), urea + PM (30 + 90 kg N ha!) and a
control. It was organized according to randomized complete block design each with
three replicates. Results showed that application of urea and PM either alone or in
combination significantly affected cucumber growth, yield and postharvest quality.
However, integration of urea with PM yielded better results as compared to other
treatments. Among integrated treatments, application of urea @ 90 kg N ha*and PM
@ 30 kg N ha showed about 26% increase in plant height, 30% increase in leaf area
and 32% increase in number of leaves plant?. Similarly, fruit weight, postharvest
guality and N uptake efficiency were also increased by 36%, 39% and 50%,
respectively. Moreover, application of urea with PM also improved soil organic matter,
total N, available P and K by 53%, 67%, 38% and 25%, respectively. Thus, the results
of present study suggested that integration of urea with PM could be a feasible option
for sustainable cucumber production.
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Introduction

Nitrogen (N) is considered as one of the main
macronutrients needed by plants (Ali et al., 2017).
During the last half of the century significant
improvement in crop yields can be attributed to
elevated nutrient application (Salim and Raza, 2020).
However, inappropriate application of nitrogenous
fertilizers resulted in serious issues on environmental
health and on human lives (Ahmed et al., 2017; Nieder
et al., 2018). Effective nutrient organization is a key
to achieve sustainable crop yield and sustainable
development goals (Zhang et al., 2015; Ye et al., 2019;
Oldroyd and Leyser, 2020), which will not only
reduce the cost of production but also will help in
minimizing the environmental concerns.

After crop harvest N applied greater than the crop
requirement remains in the soil as residual N and in
crops residues. Both sources of nitrogen not only
affect the quality of groundwater due to leaching of
nitrates, but also cause air pollution by emission of
nitrous oxide (EKinci et al., 2019). Consequently,
meeting N nutrient requirement of crops without
compromising on yield gains and environment will be
a vital test for agriculturists (Cameron et al., 2013).
Crop management and application of manures
significantly influence soil N dynamics. Manure
application potentially lead to soil quality
improvement and nutrient increment including N.
Moreover, manures can add energy reserve for soil
micro-organisms and a vital source of soil nutrients
(e et al., 2019). Recently, the demand for organic
manures has been increased (Teng et al., 2018).
Application of manures in agricultural soils is a
feasible approach which can be tried to address the
issue of excessive application of fertilizer N. Organic
manures have shown significant interaction with
nitrogenous fertilizers (Petersen et al., 2012). Poultry
manure (PM), is a good option among organic
manures which has the potential to provide nutrients
for raising crops and improving soil fertility on
sustainable basis (Dikinya and Mufwanzala, 2010;
Zydelis et al., 2019). When applied by Ashworth et al.
(2020), PM not only extended the N supply for a
longer period, but also helped in improving ion-
exchange and water-holding capacity of soil.
However, N from PM is released at slower rates via
mineralization which may not meet growing crop N
requirements (Adeyeye et al., 2017). On contrary to
that, inorganic fertilizers i.e. urea when applied to soil,
yields high level of available N early in the crop

)

e

:

T
¥ '8 Asian | Agric & Biol. 2021(1).
) J Ag (1)

5;11

growth that exceeds plant demand and lead to
potential N losses (Adeyeye et al., 2017). Therefore,
integrated N management practice i.e. combined
application of PM with urea could be helpful for
sustainable crop production and soil quality.
Cucumber (Cucumis sativus L.) is an important
member of Cucurbitaceae family which plays a
critical role in human diet. Generally, it is a good
source of water (96.3%), carbohydrates (2.7%),
proteins (0.4%), minerals (0.4%) and fats (0.1%). It is
also a good basis of vitamins (B, C) and dietary fiber
in different proportions (Singh et al., 2004; Rajasree
et al., 2016; Rolnik and Olas, 2020). As a result of its
high nutritional benefits, its production is gradually
increasing, both in fields and greenhouses (Zarei et al.,
2019). This increased production resulted in depletion
of soil organic matter along with compromising on
biotic and abiotic constituents of soils.

Small-scale cucumber farmers in AJK state are facing
soil fertility linked issues in cucumber production.
Moreover, soils of this region are poor in nutrient
status (i.e. nitrogen), therefore, these soils can hardly
sustain the levels of required production without
supplemental fertilization (Malik et al., 2000).
Similarly, merely inorganic fertilization is not
sufficient to achieve long-term  sustainable
production. Therefore, application of organic manures
with N fertilizers will not only help in maintaining the
crop productivity but it will also help in improving
fertility of soil. Considering these facts, this study was
designed to assess the integrated effect of urea
fertilizer and PM on growth, fruit yield and
postharvest quality of cucumber under field
conditions.

Material and Methods

Description of experimental site and design

This study was performed during 2017-18 at the
Agricultural Research Area of University of Poonch
Rawalakot (33-36°N latitude and 73-75°E longitude).
This area consists of mainly hills and mountains
having sub-humid temperate climate. Rainfall ranges
from 500-2000  mm per annum while mean
temperature goes up to 30°C (max.) in summer and
0°C in winter. Experimental area (125 m?) was
manually cleared and debris were removed. Seeds of
cucumber cv. Summer Green, obtained from local
market, sown in glass house and at two-leaf stage,
seedlings were transplanted in the field according to
randomized complete block design (RCBD) with



Noosheen Zahid et al.

three replicates. In field 12 seedlings were planted in
each bed having 30 cm plant-to-plant distance and 70
cm row-to-row distance. This study comprised of six
different treatments: urea (120 kg N ha*), PM (120 kg
N ha?), urea + PM (90 + 30 kg N ha), urea + PM (60
+ 60 kg N ha?), urea + PM (30 + 90 kg N ha?)
including control.

A full dosage of PM was soil incorporated before
transplantation of seedlings. While, application of
urea was done in three uniform splits, i.e. first dose
was applied at transplanting stage, second after
transplanting (one month later) and third at fruiting
time. Further, 60 kg ha?® potash and 80 kg ha®
phosphorus (P) were also applied as a basal dose
(Okoli and Nweke, 2015).

Physicochemical attributes of soil and PM
Physiochemical analysis of randomly selected soil
samples (Pre and post experiment, 0-30 cm depth)
from experimental site and PM used in this
experiment was done at Horticulture Lab, University
of Poonch Rawalakot. Before chemical analysis PM
was air dried, mashed and sieved (2 mm sieve). Before
application, soil and PM samples were collected to
analyze soil pH, total N, available P, total organic
carbon, available potassium (K) and texture (Table 1).
Total N was calculated by Kjeldhal method as given
by Saez-Plaza et al. (2013), available P by Follain et
al. (2009) method, available K by Affinnih et al.
(2014) method, total organic carbon by wet-oxidation
procedure given by Mingorance et al. (2007) and
texture of soil was measured using hydrometeric
method given by Beretta et al. (2014).

Effect of urea and PM (alone and combined) on
growth parameters of cucumber was studied on the
basis of survival percentage, no. of leaves plant? (20
days after transplantation), average no. of branches
plant?, plant height, leaf area, no. of leaves plant™.
Efficacy of urea and PM (alone and combined) on
parameters related to yield of cucumber were studied
by counting no. of days to flower, no. of female
flowers, avg. no. of fruit plant?, length of fruit,
diameter of fruit, weight of fruit and no. of seeds fruit
!, Effect of urea and PM (alone and combined) on
postharvest quality of cucumber were recorded by
measuring relative water content, total soluble solids
using refractometer and ascorbic acid using standard
methods (AOAC, 1990; Method No. 967.22).
Efficacy of urea and PM (alone and combined) on N
concentration and N-uptake efficiency was also
measured. Collected samples were initially air dried,

Wz,
e}

:

T
¥ '8 Asian | Agric & Biol. 2021(1).
) J Ag (1)

5;11

sliced into tiny pieces, dried again (65°C) in an oven
to attain a constant sample weight. Oven dried plant
material grind in a Micro Wiley Mill having 1-mm
sieve. Kjeldahl method was used to measure total N
concentration. N-uptake efficiency by cucumber was
taken based on plant N concentration and dry matter
yield. N content were examined at vegetative,
flowering and harvesting stages. Fruit N (%) was also
determined at three stages of fruit development i.e.
young fruit, pre-mature fruit and mature fruit. N-
uptake efficiency was also measured by using the
formula given below (Jiang et al., 2016).
N-uptake by fertilized treatment-N uptake by control

N-uptake effici = — - %100
uplake etheiency Amount of total N fertilizer applied

After completion of experiment, samples of soil from
all the treatments were taken in triplicate and analyzed
for soil organic matter, total N, available P and
available K to estimate the changes in their content.

Table-1: Physicochemical properties of soil and PM
before planting cucumber (Cucumis sativus L.) (n=3)

Parameters Soil PM
pH 7.40 6.78
Total N (%) 0.016 2.91
Available P (mg kg?) 5.66 1.90
Available K (mg kg?) 96.67 1.05
Soil organic matter (%) 0.33 -
Sand (g kg?) 450 -
Silt (g kg?) 260 -
Clay (g kg?) 280 -

Statistical analysis

Statistical design used for this study was RCBD with
each treatment replicated thrice and every replication
consisted of twelve plants. The experiment was
repeated twice and results were pooled for analysis as
the important outcomes of separate analysis showed
almost parallel results across the experiment. Data
collected during this study was subjected to AVONA.
Statistical software Statistix 8.1 (Analytical software,
Tallahassee, FL, USA) was used for analysis, while
the treatment means comparison was done by Tukey’s
testat P < 0.05.

Results

Effect of urea and PM (alone and combined) on
growth parameters of cucumber
Results regarding growth parameters of cucumber
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were significantly (P < 0.05) influenced by urea, PM
and their combination when compared with control
(Table 2). Application of urea @ 120 kg N ha'
significantly improved growth when compared with
PM @ 120 kg N ha™. However, application of urea
with PM further improved the growth of cucumber
compared to its sole application. Among the
integrated treatments where urea was combined with
PM, maximum seedling survival percentage (85.6%),
maximum no. of leaves plant® after 20 days of
transplantation (11.9), avg. no. of branches plant?
(13.4), plant height (560.2 cm), leaf area (215.3 cm?)
and no. of leaves plant™ (64.5) were recorded in the
treatment where urea @ 90 kg N ha was combined
with PM @ 30 kg N ha?. Conversely, among the
integrated treatments lowest seedling survival
percentage (29.0%), minimum no. of leaves plant™
after 20 days of transplantation (6.4), avg. no. of
branches plant? (4.8), plant height (153.2 c¢cm), leaf
area (111.2 cm?) and no. of leaves plant™ (24.4) were
recorded in control treatment. Other combined
treatments of urea + PM (60 + 60 kg N ha) and urea
+ PM (30 + 90 kg N ha?) also showed comparatively
better results when compared with control in terms of
all the parameters recorded, however, the efficiency of
those treatments was not that considerable as urea +
PM (90 + 30 kg N ha).

Effect of urea and PM (alone and combined) on
yield parameters of cucumber

Yield attributes of cucumber were significantly (P <
0.05) affected by the application of urea, PM either
alone or in combination when compared with control
(Table 3). Application of urea @ 120 kg N ha'
significantly improved growth when compared with
PM @ 120 kg N ha™. However, application of urea
with PM further improved the growth of cucumber
compared to its sole application. Among integrated
treatments, least no. of days to flower (29.9),
maximum no. of female flowers (23.4), avg. no. of
fruit plant® (15.50), length of fruit (25.64 cm),
diameter of fruit (7.48 cm), weight of fruit (894.0 g)
and no. of seeds fruit? (459.9) were recorded in the
treatment where urea @ 90 kg N ha was combined
with PM @ 30 kg N ha™. On the other hand, highest
no. of days to flower (59.6), minimum no. of female
flowers (6.8), avg. no. of fruit plant™ (4.4), length of
fruit (13.0 cm), diameter of fruit (2.6 cm), weight of
fruit (247.5 g) and no. of seeds fruit? (142.8) were
recorded in control treatment. Other combined
treatments of urea + PM (60 + 60 kg N ha) and urea
+PM (30 + 90 kg N ha?) also showed comparatively
better results when compared with control in terms of
all the parameters recorded, however, the efficiency of
those treatments was not that considerable as urea +
PM (90 + 30 kg N ha).

Table-2: Efficacy of urea and PM (alone and combined) on growth parameters of cucumber (Cucumis

sativus L.)

Seedling No. of leaves | Avg. no.of | Plant Leaf No. of
Treatments Survival plant? branches height area leaves
percentage 20 DAT plant? (cm) (cm?) plant?
Control 29.0c 6.4d 48¢c 153.2¢c | 111.2¢c 244 ¢
Urea (120 kg N ha?) 60.5b 9.2 bc 95b 487.4a |160.7abc| 46.8bc
PM (120 kg N ha®) 60.0b 8.5 bed 89b 3405b | 139.6 bc | 39.3cd
Urea (90 kg N ha'') + PM (30 kg N ha?) 85.5a 119a 13.4a 560.2a | 215.3a 64.5a
Urea (60 kg N ha'') + PM (60 kg N ha?) 62.2b 10.7 ab 11.3ab 335.9b | 185.7ab 50.2b
Urea (30 kg N ha'l) + PM (90 kg N ha?) 48.8 bc 7.6cd 9.3b 285.1b | 126.2 bc 35.9d

LSD 0.05 19.96 2.51 3.74 76.24 60.51 9.78

PM: Poultry manure; N: Nitrogen; DAT: days after transplanting; LSD: Least significant difference

According to ANOVA and Tukey’s test at P < 0.05, means showing different letters are significantly different.
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Table-3: Efficacy of urea and PM (alone and combined) on yield parameters of cucumber (Cucumis sativus

L.) Treatments No. of da_ys to | No. of female Avg. no. of Ler)gth of Diameter of Weight of | No. of_seeds
flowering flowers fruit plant® fruit (cm) fruit (cm) fruit (g) fruit!

Control 59.6 a 6.8e 4.4d 13.0d 26d 2475d 142.8d
Urea (120 kg N ha) 410¢c 141c 11.1b 21.1b 55b 583.0 bc 342.2b
PM (120 kg N ha®) 49.4b 13.2¢ 9.2c 16.5¢ 4.4 bc 556.5¢ 252.7¢
Urea (90 kg N ha*) + PM (30 kg N ha) 299e 234a 155a 25.6a 74a 894.0a 4599 a
Urea (60 kg N ha*) + PM (60 kg N ha™) 37.4d 19.1b 12.3b 224D 54b 802.4 ab 350.8b
Urea (30 kg N ha'*) + PM (90 kg N ha™) 505b 10.9d 84c 16.1c 41c 336.2 cd 2388¢
LSD 0.05 341 1.92 1.68 2.60 1.27 223.28 41.82

PM: Poultry manure; N: Nitrogen; LSD: Least significant difference
According to ANOVA and Tukey’s test at P < 0.05, means showing different letters are significantly different.

Effect of urea and PM (alone and combined) on
postharvest quality of cucumber

Postharvest quality of cucumber was significantly (P
< 0.05) influenced by the application of urea, PM
either alone or in combination when compared with
control (Table 4). Application of urea @ 120 kg N ha
Lsignificantly improved growth when compared with
PM @ 120 kg N ha. However, application of urea
with PM further improved the growth of cucumber
compared to its sole application. Among integrated
treatments, highest amount of relative water content
(88.1), total soluble solids (3.1%) and ascorbic acid
(0.6%) were recorded in the treatment where urea @
90 kg N ha*was combined with PM @ 30 kg N ha™.
On the other hand, the lowest amount of relative water
content (47.5), total soluble solids (1.0%) and ascorbic
acid (0.1%) were recorded in control treatment.

Table-4: Efficacy of urea and PM (alone and
combined) on postharvest quality of cucumber
(Cucumis sativus L.)

According to ANOVA and Tukey’s test at P < 0.05,
means showing different letters are significantly
different.

Effect of urea and PM (alone and combined) on
plant N concentration and N-uptake efficiency by
cucumber

N content of cucumber root, shoot and leaf were
significantly (P < 0.05) influenced by the application
of urea, PM either alone or in combination when
compared with control (Fig. 1). Application of urea @
120 kg N ha*significantly enhanced N content when
compared with PM @ 120 kg N ha?. However,
application of urea with PM further enhanced
cucumber root, shoot and leaf N content at all stages
i.e. vegetative, flowering and harvesting. Among
integrated treatments, highest N content of root [Fig.
1 (a, b, ¢)], shoot [Fig. 1 (d, e, f)] and leaf [Fig. 1 (g,
h, i)] were recorded in the treatment where urea @ 90
kg N ha*was combined with PM @ 30 kg N ha™.

Relative Total | A orbic Table-5: Efficacy of urea and PM (alone and
Treatments water | soluble | ol combined) on N-uptake efficiency (%) by
content | solids (%) (%) . .
cucumber (Cucumis sativus L.)
Control 475¢c 10¢c 0.1d N-uptake
-1 Treatments -up
Urea (120 kg N hal) 65.7 bc 2.3ab 05b efficiency (%)
PM (120 kg N ha'l) 60.5 bc 1.4 bc 0.2¢ Urea (120 kg N ha®) 23.6d
g{za(égoklg(gNNhgi_)l) + 88.1a 31a 06a PM (120 kg N ha’l) 39.0 bc
T Urea (90 kg N ha') + PM (30 kg N ha?) 62.0a
Urea (60 kg N ha®) + 713ab 26a 05b
PM (60 kg N ha'!) ' ' ) Urea (60 kg N ha) + PM (60 kg N ha?) 48.7b
Urea (30 kg N hat) + 1 -1
PM (90 kg N ha'l) 58.7 bc 1.4 bc 0.2¢c Urea (30 kg N hat) + PM (90 kg N ha't) 27.6cd
LSD 0.05 18.12 1.0 0.07 LSD 0.05 12.26

PM: Poultry manure; N: Nitrogen; LSD: Least
significant difference
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According to ANOVA and Tukey’s test at P < 0.05,
means showing different letters are significantly
different.

Fruit N content showed similar trend and the highest
N content in cucumber fruits at young, pre-mature and
mature fruit stages were found in the treatment where
urea @ 90 kg N ha*was combined with PM @ 30 kg
N ha? [Fig. 2 (a, b, ¢)]. N-uptake efficiency (%) was
also enhanced by the combined application of urea
and PM and maximum N-uptake efficiency (62.0%)
was observed in the treatment where urea @ 90 kg N
ha'was combined with PM @ 30 kg N ha* (Table 5).
On the other hand, lowest N-uptake efficiency
(23.6%) was recorded in the treatment where urea @
120 kg N ha was applied alone.

Effect of urea and PM (alone and combined) on soil
properties

Soil organic matter, total N, available P and available
K were estimated after the completion of experiment.
Results regarding these parameters revealed that a
significant (P < 0.05) influence of urea combined with
PM was recorded on soil properties [(Fig. 3 (a, b, c,
d)]. Among integrated treatments, the highest values
of soil organic matter (0.9%), total N (0.04%),
available P (9.2 mg kg?) and available K (130.0 mg
kg™) were recorded in the treatment where urea @ 90
kg N hawas combined with PM @ 30 kg N ha™. On
the other hand, the lowest soil organic matter (0.3%)
and total N (0.016%) were found in control treatment.
Auvailable P (5.3 mg kg?) and available K (86.6 mg kg
1) content were the lowest in treatment where urea was
applied @ 120 kg N ha* alone which was followed by
the control treatment (5.66 mg kg™) and (96.6 mg kg
1), respectively.

Discussion

Result of the present study revealed that growth, yield
and postharvest quality of cucumber was improved,
and the highest values were recorded in treatments
where urea was combined with PM rather than sole
application of either urea or PM. Improved growth,
yield and postharvest quality of cucumber in those
treatments could be attributed to the synchronization
of nutrient release from urea and PM (Ghanbarian et
al., 2008). Soil is storehouse of nutrients and plays
vital role for production of fruits and vegetables.
However, its fertility is degrading day by day due to
intensive crop production, heavy fertilization, and
mono cropping (Bennet et al., 2012). High doses of
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chemical fertilizers have shown negative impact on
soil fertility, while reduced applications have lowered
the crop yields (Pradeepkumar et al., 2017). Addition
of manures i.e. PM in soil sustain crop yields and
improves soil properties and fertility (Dikinya and
Mufwanzala, 2010; Enujeke, 2013). Further,
incorporation of organic manure with N increases the
availability of P in soil and results in increased uptake
of nutrients (Adeyeye et al., 2107). This increased
uptake of nutrients resulted in increased number of
leaves per branch and number of branches per plant
(Adeyeye et al., 2107).

In current study it was observed that the treatment in
which urea @ 90 kg ha*was combined with PM @ 30
kg ha?l, seedling survival percentage, number of
branches, plant height and number of leaves plant?
were increased to maximum (Table 2). Application of
PM with fertilizer N is reported to increase leaf
surface area and number of leaves plant® which
ultimately lead to higher photosynthetic rate and
consequently higher vyields (Quansah, 2010).
Similarly, in this study maximum fruit weight, fruit
length and diameter were recorded in those treatments
where urea was combined with PM (Table 3).
Reduction in number of days to flowering and
increased number of female flowers in combined
treatments of urea and PM could be attributed to the
increased uptake of N followed by increased
gibberallic acid production which increased plant
vigor (Anjanappa et al., 2012). So, it could be
attributed that gibberellic acid was responsible for
increased flower production and more female flowers
in cucumber. Our findings are at par with the findings
of Ewulo et al. (2008), who reported that PM
increased nutrient content and nutrient uptake leading
to improved crop yields. Increased growth and yield
of cucumber in treatments where urea was combined
with PM could be related to the phenomenon that
microbes present in PM sustained N mineralization,
thereby providing N at a constant rate according to the
requirements of the crop (Onwu et al., 2008; Zydelis
et al., 2019). Generally, it is considered that the
organic matter obtained from animal origin is helpful
in increasing soil organic matter which s
consequently responsible for increased vegetative
growth and crop yield (Eifediyi et al., 2017).
Increased amount of N and available P in case of
combined treatments ensured an increase of N in roots,
shoots, leaves and fruit of cucumber (Fig 1 and 2). This
increased concentration of N in roots resulted in
increased root and shoot diameter. In connection to
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that, a positive correlation was reported with higher N
content in leaves and fruit yield (Baiyeri and
Tenkouano, 2008). Additionally, it has also been
observed that PM helped to change the soil properties
and also improved the cation exchange capacity which
was helpful in absorption of macronutrients (Onwu et
al., 2014). Similarly, an increased amount of N content
can lead to increased concentration of vitamin B1 and
several antioxidants in fruits (Mozafar, 2008).
Cucumbers also contain several antioxidants,
including vitamin C, beta-carotene and manganese, as
well as flavonoids, triterpenes and lignans that have
anti-inflammatory properties (Chu et al., 2002). So, in
this study, combined treatment of urea + PM (90 + 30
kg ha') showed the highest amount of N in cucumber
fruits which can improve vitamins and antioxidants
found in cucumber essential for human health.

It was observed that addition of PM with urea resulted
in increased amount of soil organic matter, total N,
available P and K (Fig 3). The reason behind this could
be the amount of added PM which was also evident
from this study since the highest soil organic matter was
found in those treatments where maximum PM was
applied (Dikinya and Mufwanzala, 2010). Increased N
content in soil treated with PM could be related to soil
organic matter i.e. the higher soil organic matter the
higher total N. Similarly, enhanced available P in soil
after PM application was possibly due to the amount of
P present in PM (Eghball and Power, 1999). On the
other hand, higher K content in PM treatment was
possibly due to 1) amount of K present in PM and 2)
release of colloids from PM with tremendous cation
exchange properties that attracted and released K from
non-exchangeable pool (Panwar et al., 2010). It was
also reported that application of organic manures
reduced K fixation which also enhanced K availability
and uptake (Ramesh et al., 2009). Results of this study
were in line with the findings of Bulluck et al. (2002)
who reported that available K content in soil
significantly increased in treatments where manures
were applied. Moreover, it was also observed that
application of PM with urea significantly enhanced N-
uptake efficiency (Table 5). Similar results were
reported by Nweke and Nsoanya (2015) when organic
manure was combined with chemical fertilizer. They
explained that this increased nutrient uptake efficiency
was due to the availability and release of nutrients by
PM throughout the growing period.
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Conclusion

It can be concluded from this study that integration of
PM with urea is a feasible option for sustainable
production of cucumber and improving soil fertility.
Application of urea @ 90 kg N ha* combined with PM
@ 30 kg N ha! proved to be the most promising
combination. Improved growth, yield and postharvest
quality of cucumber were mainly due to the increased
nutrient availability and uptake. Therefore, integration
of organic manure with inorganic fertilizers could be
recommended for environment friendly sustainable
agriculture.
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