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Abstract: Sustainable crop management relies on the combined use of organic and inorganic sources of nutrients. The
experiment was laid out in a split plot design with manures (control, farmyard manure, sesbania and cluster bean) as
main split and mineral fertilizer rates (control, 40-30, 60-45, 80-60, 90-70 and 120-90 kg N-P,Os ha') as sub-split. The
manures significantly influenced shoot dry weight, N, P and K uptake and soil properties. Conversely, the rates of
mineral fertilizers did not have any effect on soil properties, however, significantly enhanced the shoot dry weight and N,
P and K uptake. The combined use of manures and mineral fertilizers had a significant effect on shoot P uptake.
Farmyard manure was the best manure amendment with 13% reduction in bulk density and 51% increase in organic
matter content over control. Incorporation of farmyard manure increased the shoot dry weight and N, P and K uptake,
respectively by 8, 14, 11 and 8% over control. Among rates of mineral fertilizers, recommended rate of mineral fertilizer
(120-90 kg N-P,05 ha™') was the best treatment with corresponding increase of 26, 81, 56 and 55% in shoot dry weight,
N, P and K uptake over control. Integration of farmyard manure with recommended rate of mineral fertilizer enhanced

shoot P uptake by 17% as comPared to solo application of mineral fertilizers. Through this study, it was concluded that
farmyard manure at 6 tons ha” coupled with mineral fertilizer rate of 120-90 kg N-P,Os ha™ was the best source for

sustainable soil health and wheat production.
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INTRODUCTION

Soils of Pakistan are generally high in pH,
calcareous in nature, low in organic matter content and
deficient in essential plant nutrients [1]. The prevailing
conditions reduce the efficacy of mineral fertilizers and
ultimately affect the productivity of crop [2]. Wheat is an
important cereal crop of Pakistan cultivated on large
area of 9.18 m ha with production of 25.5 m tons [3].
Average crop yield is lower than the other wheat
growing countries of the world. Besides, imbalanced
fertilization is one of the major yield limiting factors. It
not only affects the crop quality, but hampers the crop
yield potential in many countries of the world [4]. In
Pakistan, mostly growers are managing deficiencies of
primary macro nutrients like nitrogen (N) and
phosphorus (P) and to some extent potassium (K) by
applying mineral fertilizers. However, management of
some secondary macro and micronutrients s
completely ignored. Intensive cultivation of high
yielding crop varieties without proper nutrient
management is not only depleting limited nutrient
reservoirs of soil, but also reducing the nutrient use
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efficiency. Moreover, mineral fertilizer requirement
cannot be completely fulfilled by the fertilizer industry
due to wide margin between production capacity and
crop demand. A large quantity of mineral fertilizers,
especially micronutrients is currently being imported.
The high cost of mineral fertilizers, low use efficiency
and less availability makes it difficult to manage crop
production [5]. Integrated plant nutrition management
(IPNM) can be the best alternate approach for better
crop production and sustainable soil health. Under
IPNM, different nutrient sources are collectively used in
a sustainable manner. Incorporation of organic
manures along with mineral fertilizers can help in
improving soil properties and reduce nutrient leaching,
thereby increase the efficacy of mineral fertilizers [6, 7,
8]. Farmyard manure contains 0.05-1.50% N, 0.40-
0.80% P,0s5, and 0.50-1.90% K,O [9]. Application of
farmyard manure enhanced water holding capacity of
soil, cation exchange capacity, soil aeration, seed
germination and plant growth [10]. Similarly, green
manure crops like sesbania (Sesbania aculeate) and
cluster bean (Cyamopsis tetragonoloba) increased soil
organic matter content, nutrient availability, soil fertility
by improving soil physico-chemical and biological
properties and also reduced nutrient losses [11, 12].
Cluster bean may contribute about 220 kg N ha” in
terms of N fixation by nodules [13]. Plowing of sesbania
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as green manure significantly enhanced the paddy
yield [14]. Moreover, integration of farmyard manure
and green manures with mineral fertilizers in wheat-
rice-wheat cropping pattern enhanced yield of both
crops [15]. Similarly, another study reported significant
increase in wheat harvest with the integration of
farmyard manure and mineral fertilizers [16]. Healthy
plants actually produce the highest yield, which is not
possible without healthy soil and balanced fertilization.
Farmyard manure application is relatively a common
practice over green manures. The soil nutrient
dynamics may vary with the type of organic source as
well as the rate of mineral fertilizer. The main aim of
this study was to establish the effective IPNM system
for wheat-cotton-wheat cropping pattern.

MATERIALS AND METHODS

The experiment was carried out under semi-arid
subtropical environment located at a altitude of 14 m of
marine level in Sindh province of, Pakistan.
Temperature varied between 10-36°C during the
growth period (October to December) of crop. The
experiment was laid out in a split plot design with four
organic manures (control, farmyard manure, sesbania
and cluster bean) as main split and mineral fertilizer
rates (control, 40-30, 60-45, 80-60, 90-70 and 120-90
kg N-P,0s ha'1) as sub-split replicated four times.
Farmyard manure was applied at 6 tons ha”, sesbania
and cluster bean were sown and plowed into the
experimental field at flowering stage before the sowing
of wheat crop. In addition, all the treatments received a
basal rate of K (60 kg K;O ha'1). One composite
sample from each organic manure treatment was
analyzed for N, P and K contents following the
standard procedures [17]. Addition of nutrients in soil
via organic manures was calculated on the basis of
nutrient content in the dried matter. The incorporation
of farmyard manure, cluster bean and sesbania added
112, 158 and 146 kg N ha”, 27, 13 and 15 kg P ha™
and 105, 147 and 142 kg K ha'1, respectively. Mineral
fertilizer application was carried out as per treatment
requirement. All of P,O5 (DAP), K;O (SOP) and half of
N (urea) were applied as basal rate and the leftover N
at 1% irrigation. Wheat variety NIA-Sarang was sown by
drilling method at 30 cm row to row distance. All the
cultural practices were performed as per requirement of
the crop. Fifteen plant shoots were randomly harvested
after 45 days of sowing and the data regarding growth
traits was recorded. The harvested material was
washed with deionized water and dried at 70°C till its
constant weight and ground in Willey’s mill. Nitrogen in
the plant material was determined by using modified

Kjeldahl's method [18]. For P and K determination,
plant material was digested in 5:1 acid mixture
(HNO3:HCIO,). The digests were separately used to
determine P by developing blue coloured complex
using spectrophotometer (UV-1800, Shimadzu-Japan)
and K directly by emission spectrophotometry using
flame photometer (Jenway-PFP 7, Essex-England)
[17]. The nutrient content determined was used to
calculate the uptake [19]. The composite soil samples
collected from each experimental unit at the time of
plant harvest were air-dried, ground in a wooden pestle
mortar, passed through 2 mm sieve and analyzed for
pH1.25, bulk and particle density and organic matter
content following the standard procedures [17]. The
data obtained was statistically analyzed for analysis of
variance test using computer software Statistix 8.1 [20].
The significant parameters were followed by Tukey’s
honestly significance difference (HSD) test for
separation of means at alpha 0.05 probability level.

RESULTS

Organic manures significantly (p<0.05) influenced
biomass production, nutrient contents, all soil
properties, except soil porosity and pH (Table 1).
Mineral fertilizers also had a significant (p<0.05) effect
on shoot dry matter yield and nutrient (N, P and K)
content with exception to bulk density, soil porosity,
organic matter and pH. The interaction of organic
manures and mineral fertilizers had non-significant
effect on all soil properties except shoot P uptake.

Shoot Dry Weight Per Plant

Shoot dry weight was significantly influenced with
the incorporation of organic manures and rates of
mineral fertilizers (Table 1 and Figure 1a and b). In
case of organic manures, maximum shoot dry weight of
0.263 g plant'1 (8% over mineral fertilizer) was noted in
plots fertilized with farmyard manure. However, plowing
of sesbania and cluster bean into the soil could not
significantly increase the shoot dry weight. The rates of
mineral fertilizers produced capricious effects on shoot
dry weight. The heaviest shoot dry weight of 0.278 g
plant” (26% over control) was noted in plots fertilized
with recommended rate of mineral fertilizer (120-90 kg
N-P,0s ha™). In case of interactive effects of organic
manures and mineral fertilizer, the highest shoot dry
weight of 0.288 g plant” (4.3% over recommended rate
of mineral fertilizer and 38% over control) was noticed,
where farmyard manure was integrated with
recommended rate of mineral fertilizer.



Effect of Organic Manure and Mineral Fertilizers on Wheat Growth

Journal of Basic & Applied Sciences, 2017, Volume 13 561

Table 1: Mean of Squares from Analysis of Variance Table Showing Significance Level for Various Parameters under

Organic Manures and Mineral Fertilizer Application

Parameter Organic Manures Mineral fertilizer Organic manures x Mineral fertilizer
Bulk density 0.5498*** 0.0011 " 0.00105™
Soil Porosity 46.4585"° 2.0624 ° 3.9212"°
Soil organic matter 0.4915%** 0.0062 ™° 0.0019"°
Soil pH 0.01756™° 0.5579 "¢ 0.09957M°
Shoot dry matter yield 0.00139* 0.00484** 0.00006"°
Shoot N uptake 11.124** 59.138*** 0.7980"°
Shoot P uptake 0.0345*** 0.0702*** 0.0010***
Shoot K uptake 3.5357* 52.2848*** 0.3888"°
NS - non-significant, * and ***significant at HSD level of 0.05 and 0.001, respectively.
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Figure 1: Effect of organic manures (a) and mineral fertilizer application (b) on shoot dry weight.

Nitrogen Uptake in Shoot

Application of organic manures and mineral
fertilizers significantly influenced the N uptake of shoot
(Table 1 and Figure 2). In contrast to organic manures,
the maximum N uptake of 12.7 kg ha™ (14% over
control) was recorded in plots fertilized with farmyard
manure (Figure 2a). Considering the rates of mineral
fertilizers, the highest N uptake of 14.1 kg ha™ (81%
over control) was noticed in plots fertilized with
recommended rate of mineral fertilizer (Figure 2b). As
for interactive effects of organic and mineral fertilizers,
the highest N uptake of 14.7 kg ha™ (7% over
recommended rate of mineral fertilizer and more than
twofold over control) was obtained where farmyard
manure was integrated with recommended rate of
mineral fertilizer with no significant differences.

Potassium Uptake in Shoot

Potassium uptake of shoot was also significantly
influenced with application of organic manures and

mineral fertilizers alone (Table 1 and Figure 2). Highest
K uptake of 13.4 kg ha™ (8% over control) was
recorded with the application farmyard manure (Figure
2a). Considering mineral fertilizer rates, maximum
shoot K uptake of 15.1 kg ha™ (66% over control) was
noticed at recommended rate of mineral fertilizer
(Figure 2b). In contrast to solo application of each
organic manures and mineral fertilizers, the interaction
of the two (although non-significant) gave the highest K
uptake of 16.2 kg ha™ (8% over recommended rate of
mineral fertilizer and 95% over control).

Phosphorus Uptake in Shoot

Shoot P uptake was significantly influenced with the
incorporation of organic manures, mineral fertilizers
and the combination of the two (Table 1 and Figure 3).
Farmyard manure was found to be the most effective
among organic manures having highest shoot P uptake
of 0.55 kg ha™' (11% over control). Among rates of
mineral fertilizers, recommended rate was the most
effective with 56% increase in shoot P uptake over
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Figure 2: Effect of organic manures (a) and mineral fertilizer application (b) on N and K uptake.
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Figure 3: Effect of organic manures and mineral fertilizer application on P uptake.

control. In case of interaction, the highest shoot P
uptake of 0.635 kg ha™ (17% over recommended rate
of mineral fertilizer and 82% over control) was
recorded, where farmyard manure was incorporated
with recommended rate of mineral fertilizers.

Soil Properties

Application of organic manures produced variable
effects on soil properties (Table 2). Soil bulk density
was significantly influenced with application of organic
and green manures. Application of organic manures
reduced the bulk density of soil. Plots fertilized with
farmyard manure reduced bulk density by 13%,
compared to the plots fertilized with mineral fertilizers
(Table 3). Both green manure crops i.e. sesbania and
cluster bean produced almost equal effects on soil bulk
density and reduced it by 5% over mineral fertilizer.

Rates of mineral fertilizers alone and in combination
with organic manures did not have any significant effect
on soil bulk density. Organic matter content of soil
increased significantly with the application of farmyard
manure and cluster bean (Table 2). Incorporation of
farmyard manure and plowing of sesbania enhanced
the soil organic matter content, respectively by 51 and
31% over control. The data presented in Table 3
revealed that application of organic manures (farmyard
manure, sesbania and cluster bean) and rates of
mineral fertilizers could not significantly influence the
soil pH and porosity.

DISCUSSION

The current scenario of Pakistani soils with regard
to poor soil fertility status, low organic matter content
and nutrient application rates, not only hampers the
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Table 2: Effect of Organic Manures on Soil Properties

Organic manures Bulk density (g cm™) Soil porosity (%) Soil organic matter (%) Soil pH
Control 1.190 A 78A 0.780 C 50.1 A
Farmyard manure 1.056 C 7.7A 1.181 A 53.7A
Cluster bean 1.132B 7.7A 0.970B 51.5A
Sesbania 1.133B 78A 1.022 AB 52.9A
Means followed by different letters are significantly different from each other @ 5% probability level.
Table 3: Effect of Mineral Fertilizer Rates on Soil Properties
Fertilizer treatments N-P,0; (kg ha™) Bulk density (g cm™) Soil porosity (%) Soil organic matter (%) Soil pH
Control 1.143 A 52.3A 0.972 A 7.7A
40-30 1127 A 51.8 A 0.966 A 76A
60-45 1122 A 52.2A 1.002 A 78A
80-60 1.116 A 51.8 A 1.028 A 7.7A
90-70 1123 A 52.6 A 0.978 A 77A
120-90 1134 A 51.5A 0.982 A 7.7A

Means followed by different letters are significantly different from each other @ 5% probability level.

yield targets but also adversely affect the properties of
soil [21]. Under this study, the soil was amended with
farmyard manure, cluster bean and sesbania with and
without different mineral fertilizer rates using IPNM
approach. The basic concept behind was that the crop
growth and properties of soil will improve. The
improvement in water use efficiency, eventually
increases the biomass production [22]. Incorporation of
organic manures and rate of mineral fertilizers
significantly influenced shoot dry matter yield of wheat
[23]. Increase in fresh weight of wheat with the
incorporation of organic fertilizers have also been
reported [24]. Increase in shoot dry matter yield at
recommended rate of mineral fertilizer is due to the
availability of nutrients. These studies reported highest
N (154.7 kg ha) and P (20.5 kg ha™) uptake at 150-75
kg N-P,0Os5 ha™. Improvement in crop vyields under
balanced fertilizer application has been reported by
number of scientists [25, 16]. Application of organic and
mineral fertilizers also affected the nutrient uptake of
shoot. Farmyard manure and recommended rate of
mineral fertilizers were found to have maximum NPK
uptake in shoot. Incorporation of farmyard manure
provided ideal conditions to plant by increasing P
mobilization and improving microbial activities [26, 27].
Incorporation of organic manures alone and along with
mineral fertilizers increased N and P uptake in plant
[28]. Moreover, significant increase in N and P uptake
has been reported at higher rates of N and P fertilizer.

Organic manures actually provide supplement nutrients
to plant and increase growth parameters of wheat crop
[29]. Incorporation of farmyard manure, cluster bean
and sesbania produced positive effects on soil
properties and significantly reduced soil bulk density.
Farmyard manure was found as best organic manure
treatment for reduction of bulk density and
enhancement of organic matter in soil, followed by
green manures (sesbania and cluster bean). Among
three organic manures, the superiority of farmyard
manure in advancement of soil properties may be due
to its large quantity (6 tons ha™ year™). The studies [30]
also supported this and reported that incorporation of
farmyard manure at 6 tons ha™ produced higher paddy
yield and improvement in soil properties compared to
lower rates. The research reports [8] regarding
farmyard manure use were also in line with our studies.
Soil porosity and pH were however, not significantly
influenced by farmyard manure or even other two
manures. This might be due to the high environmental
temperature and buffering capacity of soil. Increase in
global warming eventually deceases soil organic
carbon stocks [31]. Application of poultry manure at
different rats did not change pH of Calcisols due its
hypo-buffering capacity [32]. A slight increase in
porosity was noted with application of farmyard
manure. Application of mineral fertilizer with and
without organic manures produced a non-significant
effect on almost all soil properties, unlike solo
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application of organic manures with special reference
to farmyard manure. Research reports [12] are in
accordance with the results, where organic manures
enhanced soil organic matter content and physical
properties. Improved soil properties and growth of
maize plants by using organic manures has also been
reported elsewhere [33, 34, 35]. Soils amended
constantly with organic manures give fruitful results.

CONCLUSION

Application of organic manures in conjunction with
mineral fertilizers can improve soil properties, wheat
growth and nutrient uptake. It can be concluded from
the results of this study that application of farmyard
manure was the best among three organic manures
followed by similar performance of both sesbania and
cluster bean. Farmyard manure (6 tons ha'1) coupled
with recommended mineral fertilizer rate (120-90 kg N-
P20s5 ha'1) improved dry shoot weight and nutrient
uptake at early growth stage of wheat crop. Long term
application of these manures can further improve the
wheat growth and soil properties in a sustainable
manner.
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