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Abstract: High forage yield and nutritive value are critical to livestock production in 

semiarid regions where poor soil fertility and low organic matter are significant 

challenges for forage production. A randomized complete block study with three 

replications was conducted at Faisalabad, Pakistan, to compare the effects of organic 

(OF) and inorganic (IF) fertilizer in various ratios on soil properties and the production 

of forage maize (Zea mays). Treatments included the 100% recommended I F  d o s e  

(110-60-100kg N - P 2 O 5 - K 2 0  ha-1), 100% dose of cattle manure (CM, 20 t ha-1), 

100% dose of poultry manure (PM, 5 t ha-1), 75% IF + 25% OF (75IF/25CM or PM), 

50% IF + 50% OF (50IF/50CM or PM), 25%IF + 75% OF (25IF/75CM or PM), and an 

unfertilized control (0IF/0OF). The OF improved soil properties when applied 45 before 

sowing and incorporated. Maize growth variables and dry matter (DM) yield were 

maximized with 25IF/75PM (6.17, 7.06, 8.24, 8.99, 7.90, 8.23, 8.53, 9.43, 8.39, and 

8.20 t ha-1 for 0IF/1OF, 100IF/0OF, 75IF/25C, 75IF/25PM, 50IF/50CM, 50IF/50PM, 

25IF/75CM, 25IF/75PM, 0IF/100CM, and 0IF/100PM, respectively, LSD0.05 = 0.57).  

Organic fertilizer, especially PM, improved the soil characteristics. In addition, the 

integrated nutrient package 25IF/75PM (27.5-15-25 N-P2O5-K2O ha-1 + 3.75 t ha-1 PM) 

gave a greater maize forage yield with good nutritive value. 

Keywords: Cattle manure, Forage maize, Inorganic fertilizer; Nutritive value, Organic 

fertilizer, Poultry manure, Soil properties. 
Copyright © 2020 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Livestock is the major component of 

agriculture in semi-arid regions globally. Forage is the 

cheapest source of energy and its adequate supply is 

considered the guarantee of a healthy livestock industry. 

Many forage crops are grown in winter as well as in 

summer, but maize is more succulent and palatable than 

other summer cereal forages [1] and it is highly relished 

by the animals [2] due to its high nutritive value [3]. An 

adequate supply of soil nutrients is essential for 

optimum growth and development of maize [4]. Low 

forage yield of maize is mainly attributed to unsuitable 

sowing methods, sowing of low yielding varieties, 

inadequate moisture supply, and imbalanced soil 

fertility [5]. Poor soil fertility and low organic matter 

(OM) are considered real problems for forage 

production in semi-arid soils [6]. 

 

The addition of organic amendments to restore 

soil OM is rarely given importance to overcome 

nutrient deficiencies because of the convenience of 

applying inorganic products [7]; however, cost of the 

inorganic products has increased, and the organic 

sources are readily available. Soil fertility, water 

holding capacity, drainage and aeration, and the 

ultimate enhancement of forage yield and nutritive 

value may be improved by application of CM and PM 

[8-10] that must be disposed of in an environmentally 

appropriate manner. 

 

The objective of this study was to evaluate 

various IF and OF combinations for soil improvement 

and maize forage production under the agro-ecological 

conditions of semi-arid regions such as Pakistan. 

 

MATERIALS AND METHODS 

http://www.easpublisher.com/
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Site Information 

A field experiment was conducted during the 

summer season to determine the effect of organic and 

inorganic fertilizers on soil properties and maize forage 

yield and nutritive value. This study was carried out at 

the research area of College of Agriculture, Dera Ghazi 

Khan sub Campus, University of Agriculture, 

Faisalabad, Pakistan. The soil was a sandy loam with 

an electrical conductivity (EC) of 4.4 dS m
-1

, pH of 

8.8, phosphorus (4ppm), potassium (140 ppm), and 

0.37% OM, with low water holding capacity. The 

climatic conditions of the area are arid to semi-arid 

where annual rainfall was insufficient to meet crop 

water requirements. Consequently, the only local source 

available for irrigation, brackish groundwater, was used 

as needed to supplement precipitation. 

 

Treatments 

Organic fertilizers were collected from nearby 

villages and analyzed before the application (Table-1). 

 

Table-1: Composition of organic manure fertilizers 

(CM from cattle and PM from poultry) applied to 

forage maize at Faisalabad, Pakistan 

Characteristic CM PM 

pH 7.79 7.60 

EC 0.55 0.26 

N (%) 1.81 2.16 

P (%) 0.94 1.24 

K (%) 0.92 0.81 

Organic carbon (%) 24.18 15.29 

C/N 13.25 7.64 

 

T reatments included the 100% recommended 

I F  d o s e  (110-60-100kg N - P 2 O 5 - K 2 0  ha
-1

, 

100IF/0OF), 100% dose of OF (CM = 20 t ha
-1

, 

0IF/100CM; PM = 5 t ha
-1

, 0IF/100PM; collectively 

0IF/100OF), 75% IF
 
+ 25% OF (75IF/25CM or PM; 

collectively 75IF/25OF), 50% IF + 50% OF 

(50IF/50CM or PM; collectively 50IF/50OF), 25%IF + 

75% OF (25IF/75CM or PM; collectively 75IF/25OF), 

and an unfertilized control (0IF/0OF). 

 

Test Management 

Plots, 1.5m × 5m, were laid out in randomized 

complete block design with three replications. During 

conventional seedbed preparation, organic fertilizers 

were applied to their respective plots according to the 

treatment plan and mixed thoroughly with the soil 45 

days before sowing to allow them to be decomposed 

completely. Maize (cv Pak-Afgoi) was sown using a 

single-row hand drill on a well-prepared seedbed at 

100 kg seed ha
-1

 in 30 cm rows on 29 July. The 

inorganic fertilizer N, P, and K were applied as urea, di-

ammonium phosphate, and sulfate of potash, 

respectively. For inorganic fertilizer treatments, half the 

N dose and the full doses of P2O5 and K2O were applied 

at the time of sowing and the remaining half of the N 

dose was applied 25 days after sowing (DAS). 

 

Irrigations with brackish groundwater were 

applied seven days after complete seed germination, 

again at the four leaf stage, and finally after three weeks 

of crop growth. Predominant pests were termite 

(Microtermes obesi) and shoot fly (Atherigonna 

reversura) at the early maize growth stages and stem 

borer (Chilo partellus) during later maize growth 

stages. The maize shoot fly was controlled with 

Carbofuran. Weeds were controlled by manual hoeing 

twice. 

 

Measurements 

Soil sampling pre-sowing and post-harvesting 

was done with a soil augur at three different points 

within each plot, which were thoroughly mixed to form 

a composite sample. Saturated soil paste pH was 

measured with a portable pH meter (Method 21a, [11]) 

and EC was measured with a digital conductivity meter 

(Method 3a and 4b) [11]. Soil P, K, and OM were 

determined by following the procedures given in Ryan 

et al. [12]. 

 

Seven DAS, all plants were counted within a 

1-m
-2

 quadrat in each plot. Immediately prior to 

harvesting, the height of five randomly selected plants 

from each plot was measured from ground to the tip of 

the longest leaf. Stem diameter was calculated as the 

average of measurements taken with a Vernier caliper 

from the base, middle, and top portion of these plants. 

Leaves were removed from these plants with scissors 

and counted. A representative sample of leaves (10 g) 

was used to calculate the leaf area manually according 

to the following equation [13, 14]: 

Leaf area= L (cm) × W (cm) × 0.75, 

 

Where L and W are leaf length and width in 

centimeters, respectively, and 0.75 is correction factor 

for maize fodder. 

 

Harvesting was done on 4 October, 65 DAS, 

when the crop attained about 50% tasseling. A selected 

area (1.5m x 5m) of each plot was harvested manually 

with a sickle and weighed in the field. Five plants were 

selected randomly and weighed separately to obtain 

subsample fresh weight. These subsamples were then 

sundried in the field for 5 days before being placed in 

forced-air oven at 70
o
C for 72 hours, after which their 

dry weight was recorded to calculate dry weight per 

plant, DM content, and DM yield. The oven-dried 

whole plant samples were ground to pass a 1-mm 

screen and analyzed for crude protein (CP) and ash 

according to AOAC methods [15]. 

 

STATISTICAL ANALYSIS 
Soil characteristics and maize crop growth and 

forage yield and nutritive value data were analyzed by 

using CO-STAT (Cohort Software, Birmingham, UK). 

Fisher’s Analysis of Variance (ANOVA) and least 

significant differences (LSD) were applied at the 5% 
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probability level to compare treatment means when 

differences were observed [16]. 

 

RESULTS AND DISCUSSION 
Soil Data 

Results of soil characteristics analyses are 

shown in Table-2. Differences between treatments in 

pre-sowing samples are likely associated with treatment 

application timing such that incorporating the manure 

treatments 45 days before sowing was effective in 

reducing EC and increasing P, K, and OM, while there 

was no significant effect on pH. Among the manure 

treatments, pre-sowing soil phosphorus with PM was 

increased more than pre-sowing soil P of CM (Table-2). 

Conversely, pre-sowing soil K was greater at all IF/OF 

ratios when CM was applied compared to PM. 

Additionally, soil OM was greater when CM was the 

organic fertilizer source compared to when PM was the 

source (Tables-1 and 2). That CM contains more OM 

content than other manures has been reported elsewhere 

[17]. 

 

Post-harvest EC was influenced by fertilizer 

treatments such that the addition of OF reduced soil EC 

increasingly as the proportion of OF increased 

compared to the unfertilized control (0IF/0OF) and the 

full rate of fertilizer (100IF/0OF) (Table-2). Post-

harvest soil pH was influenced by fertilizer treatments 

such that there was an apparent increase in pH when 

manure was not applied, while there was little change as 

the proportion of OF increased until the proportion of 

OF increased to 100%, which led to an apparent 

decrease in soil pH (Table-2). Overall, soil phosphorus, 

potassium, and OM were lower across treatments, 

compared to the pre-sowing sample, but ranking did not 

change (Table-2). 

 

Salinity is a major issue of semiarid regions 

that may be mitigated by the application of organic 

fertilizers as well as integrated nutrient management 

[22]. The decrease in EC might be due to the positive 

effects manure applications, particularly CM, have in 

mitigating the negative influence of the salts on soil [17, 

18]. The increase in the EC of soil after harvesting over 

EC before sowing, in most cases (Table-2), might be 

due to the irrigation with brackish water [19], which had 

greater EC (4.98 dS m
-1

). The reason for low pH (Table-

2) was likely the addition of OF [19, 20]. Minimum soil 

pH was observed where PM and CM were used as the 

only fertilizers in tomato culture [20]. The increase in 

available P (Table-2) might be due to the greater 

proportion of P in the PM (Table-1) [21]. Our results 

regarding potassium (Table-2) are consistent to the 

reports of others [17, 20] that CM contains a greater 

concentration of the potassium than other manures. Our 

OM contents (Table-2) also are corroborated [17] that 

level of OM is greater in CM than other OF sources 

(Table-1). 

 

Table-2: Pre-sowing and post-harvest soil characteristics as influenced by the application of organic [OF: cattle 

manure (CM) or poultry manure (PM)] and inorganic (IF) fertilizers to forage maize in various ratios at 

Faisalabad, Pakistan. Values are the means of three replications 
Fertilizer/ 

Manure 

Ratio1 

Pre-sowing Post-harvest 

EC
2
 pH P K OM EC pH P K OM 

 dS/m
-
 - ppm ppm % dS/m - ppm ppm % 

0IF/0OF 4.38a
3
 8.81a 4.0e 140c 0.37i 4.47a 9.07ab 2.33d 119c 0.11f 

100IF/0OF 4.05ab 8.72a 8.0cd 181b 0.42hi 4.17ab 9.16 a 3.67c 146b 0.32cd 

75IF/25CM 3.37bc 8.76a 7.5d 196a 0.67de 3.42cd 8.95ab 3.67dc 165a 0.31cd 

75IF/25PM 3.16cd 8.78a 8.3cd 176b 0.49gh 3.49bc 8.83abc 4.80ab 146b 0.13ef 

50IF/50CM 3.16cd 8.80a 8.1cd 200a 0.78c 3.27cd 8.82abc 4.33bc 167a 0.38c 

50IF /50PM 3.26bc 8.68a 9.0bc 175b 0.56fg 3.35cd 8.71abc 4.83ab 143b 0.23de 

25IF /75CM 2.86cd 8.66a 7.6d 204a 0.87b 2.99cde 8.85ab 4.33bc 165a 0.55b 

25IF /75PM 3.08cd 8.78a 9.9b 179b 0.62ef 3.11cde 8.86ab 5.46a 141b 0.30cd 

0IF/100CM 2.39d 8.23b 8.4cd 203a 1.20a 2.48e 7.84d 5.17ab 173a 0.83a 

0IF/100PM 2.98cd 8.71a 11.1a 183b 0.72cd 2.70de 8.02cd 5.60a 138b 0.37c 

LSD0.05 0.85 0.41 1.1 9 0.08 0.73 0.82 0.89 9 0.11 
1
For Fertilizer/Manure Ratio treatments, 100IF/0OF signifies the percentage of the full IF rate (110-60-100 kg N-P2O5-

K2O ha
-1

) and the full OF rates of 20 and 5 t ha
-1

 for CM or PM, respectively. 
2
EC, OM, and LSD0.05 signify electrical conductivity, organic matter, cattle manure, poultry manure, and least significant 

difference at P<0.05, respectively. 
3
Means within a column followed by the same letter are not significantly different based on the LSD0.05. 

 

Plant Data 

Plant-based data are shown in Table-3. The 

results showed that maximum numbers of plant of 

maize were germinated when 0IF/100CM was applied, 

although it was not significantly greater than several 

other treatments, including 0IF/100PM and 25IF/75CM, 

which were significantly greater than only 0IF/0OF 

(Table-3). Similar results were reported elsewhere [22] 

for organic manures, especially CM, that add OM to 

soil (Table-1), thereby, improving water holding 
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capacity, porosity, and structure, and ultimately 

germination of maize (Table-3). 

 

Similar trends existed for plant height, stem 

diameter, number of leaves per plant, leaf area, and 

plant dry weight, such that, applying any fertilizer 

increased the measurement over the 0IF/0OF treatment 

(Table-3). Additionally, among treatments receiving 

organic fertilizer, those with PM were greater than 

those with CM, with few exceptions (Table-3). One 

common exception is that 0IF/100CM was usually 

greater than 0IF/100PM (Table-3). 

 

Inorganic P increases plant height in maize 

[23], which supports our results that the application of 

any fertilizer increased plant height (Table-3) [24, 25]. 

Increased plant height of forage sorghum [Sorghum 

bicolor L. (Moench)] compared to the control due to 

integration of PM with inorganic fertilizer was also 

reported elsewhere [1, 26]. 

 

Our stem diameter results (Table-3) are in line 

with the conclusion of others [27] who reported that 

combinations of organic and inorganic fertilizers 

significantly increased the stem girth in maize. 

Similarly, organic amendments along with application 

of inorganic fertilizer increased stem diameter of maize 

sown [28]. Integrating PM with IF increased the stem 

diameter of forage sorghum compared to the control 

[26], although, others [7] reported that IF produced the 

thickest maize plant. 

 

Our results pertaining that 25% PM +75% SSP 

increased number of leaves in maize plants (Table-3) 

are corroborated with findings elsewhere for maize 

[29], okra (Abelmoschus esculentus L.) [30], and 

amaranth (Amaranthus spp.) [31]. Similar results to 

ours for leaf area (Table-3) were also reported by others 

[22, 32]. 

 

The increase in dry weight per plant of forage 

maize for PM compared to CM, except for at the 

0IF/100OF rates (Table-3) have been reported [32], 

such that, PM, along with IF, increased dry weight per 

plant in maize. The increase might be due to the 

positive response of maize to the integrated and 

continuously slow availability of nutrients. 

Furthermore, plant height, stem diameter, number of 

leaves per plant, and leaf area are contributory factors to 

increase the dry weight per plant. 

 

Forage Yield and Nutritive Value 

Forage is the ultimate source of food for 

livestock. Greater values for plant height, stem 

diameter, number of leaves, and leaf area that 

influenced dry weight per plant also contributed to 

differences in forage yield of maize (Table-3) [7, 32-

34], as well as forage sorghum [2] and maize - sesbania 

(Sesbania sesban L.) mixtures [35]. 

 

Table-3: Plant parameters of forage maize as influenced by the application of organic [OF: cattle manure (CM) or 

poultry manure (PM)] and inorganic (IF) fertilizers applied in various ratios at Faisalabad, Pakistan. Values are 

the means of three replications 

Fertilizer/ 

Manure 

Ratio
1
 

Germinat

ion 

Plant 

height 

Stem 

diameter 

Leaves Leaf 

area 

Dry 

weight 

Yield Crude 

protein 

Ash  

 Plants/m
2
 cm cm No/plant cm

2
/plant g/plant t DM/ha % % 

0IF/0OF 23.3c
2
 141g 1.51f 11.7d 197h 31.57h 6.17f 7.93c 8.76d 

100IF/0Of 24.3bc 185c 1.63e 13.3bc 272f 46.00g 7.06e 8.71b 9.75c 

75IF/25CM 24.7abc 200a 1.90c 13.0bcd 267g 69.90b 8.24cd 9.21ab 9.97bc 

75IF/25PM 24.3bc 201a 2.03b 14.3ab 289bc 73.00a 8.99ab 9.18ab 10.15b 

50IF/50CM 24.3bc 167e 1.62e 12.0cd 283d 54.68f 7.90d 9.15ab 9.92bc 

50IF/50PM 24.7abc 181d 1.72d 12.3cd 269fg 57.84e 8.23cd 9.12ab 9.86c 

25IF/75CM 25.0ab 160f 1.59e 12.0cd 295b 64.92c 8.53bc 9.29a 9.91bc 

25IF/75PM 24.3bc 202a 2.11a 15.3a 298a 79.30a 9.43a 9.40a 10.32a 

0IF/100CM 26.0a 200a 2.01b 14.0ab 279e 66.52c 8.39cd 9.16ab 9.91bc 

0IF/100PM 25.0ab 192b 1.87c 13.0bcd 289c 62.77d 8.20cd 9.48a 10.35a 

LSD0.05
3
 1.5 3 0.05 1.4 4 2.05 0.57 0.50 0.28 

1
For Fertilizer/Manure Ratio treatments, the numbers signify the percentage of the full IF rate (110-60-100 kg N-P2O5-K2O 

ha
-1

) and the full OF rates of 20 or 5 t ha
-1

 for CM or PM, respectively. 
2
Means within a column followed by the same letter are not significantly different based on the LSD0.05. 

3 
LSD0.05 signifies least significant difference at P<0.05. 

 

Soil fertility plays a vital role in improving the 

nutritive value of the forage maize. As expected, 

applying fertilizers increased the CP content of the 

maize forage (Table-3). At the higher rates of 75 and 

100% OF, PM had numerically greater CP than CM. 

The increase in CP (Table-3) is likely due to greater 

concentration of nitrogen in the sources used in the 

present study (Table-1) [35-37]. Applying fertilizers 

also increased the ash content of the maize forage 

without regard to the fertilizer source (Table-3), which 

has been reported elsewhere [36]. 
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CONCLUSIONS 
Organic fertilizer, especially PM, improved the 

soil characteristics. In addition, the integrated nutrient 

package 25IF/75PM (27.5-15-25 N-P2O5-K2O ha
-1

 + 

3.75 t ha
-1

 PM) gave a greater forage yield with good 

nutritive value of maize. 
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