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Abstract

Organic and inorganic nutrients are important for crop productivity and soil health. Present study investigated 

the effects of organic and inorganic manures on maize and their residual impacts on soil physico-chemical 

characteristics. Sheep manure (SM), poultry manure (PM) and farmyard manure (FYM) were applied as organic 

nutrient source while urea, diammonium phosphate (DAP) and sulphate of potash (SOP) were used at different 

concentrations as inorganic nutrients source viz., T
1
: Unfertilized control; T

2
: NPK at 250-150-125 kg ha-1; T

3
: 

SM at 15 t ha-1; T
4
: FYM at 16 t ha-1; T

5
: PM at 13 t ha-1; T

6
: NPK at 150-85-50 + 8 t ha-1 SM; T

7
: NPK at 150-

85-50 + 8.5 t ha-1 FYM  and T
8
: NPK at 150-85-50 + 7 t ha-1 PM. Results showed that growth and yield of maize 

were substantially improved by fertilizer application alongside organic manures whereas soil total organic C 

and total N, P, K contents increased when inorganic fertilizers were applied alone or in combined with organic 

manures. However, soil pH and soil bulk density decreased due to application of organic fertilizer and showed 

a negative correlation with grain yield. Further, a significant and positive correlation (R2= 0.52, 0.91 and 0.55) 

was observed among maize grain yield and available N, P and K contents, respectively in the soil. Conclusively, 

integration of inorganic fertilizers with organic manures can be used with optimum rates to improve crop pro-

ductivity on sustainable basis. This study will be helpful in crafting sustainable nutrient management programs 

in future to enhance crop productivity with high efficiency and minimum nutrient loss. 
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1. Introduction

Maize (Zea mays L.) is the most important cereal 

worldwide (Ashraf et al., 2016a). Only the USA, 

China and Brazil contribute 63% to the global maize 

production whilst Mexico, Argentina, India, Ukraine, 

Indonesia, France, Canada and South Africa are also 

major maize producing countries (FAO, 2012). Many 

factors like soil fertility, imbalanced nutrition, dis-

turbed soil properties, cultivars being grown weed 

infestation etc. limit its yield worldwide. Different 

management practices are adopted to increase and op-

timize the maize yields. For example, use of organic 

manures alongside inorganic fertilizers often lead to 

increased soil organic matter (SOM), soil structure, 

water holding capacity and improved nutrient cycling 

and helps to maintain soil nutrient status, cation ex-

change capacity (CEC) and soil’s biological activity 

(Saha et al.,  2008).  Although chemical fertilizers are 

important input to get higher crop productivity, but 

over reliance on chemical fertilizers is associated with 

decline in some soil properties and crop yields over 

time (Hepperly et al., 2009). Therefore, an integrat-

ed use of inorganic fertilizers with organic manures 

is a sustainable approach for efficient nutrient usage 
which enhances efficiency of the chemical fertilizers 
while reducing nutrient losses (Schoebitz and Vidal, 

2016). Synergistic effects of organic manures with 

inorganic fertilizers accumulate more total nitrogen 

in soils (Huang et al., 2007), but sole application of 

farm yard manure (FYM) resulted in increased yield 

of maize (Anatoliy and Thelen, 2007), higher SOM 

content (44%), improved soil porosity (25%) and 16 

times more water holding capacity (Gangwar et al., 

2006). A long term residual effect on soil organic C 

and soil P (about 7 to 8 years) were reported by Ki-

handa et al., (2006) when organic manure was applied 

in a semi-arid dryland agriculture. Organic manures 

also affect the soil biological activity (Arau Jo and 

Monteiro, 2006), while enhanced phosphorous (P) 

availability is also well reported with the application 

of organic manures in the soil (Toor and Bahl, 1997). 

Ancient farmers used to rely on organic manures for 

crop production that proved good for soil health but 

was slow in response on crop yields. Now, swift eco-

nomic development has led the farmers to use mineral 

fertilizers as they are more economical, affordable, 

easy to use and quick in response. However, their 

intensive application is leading to land degradation, 

deteriorated soil health and leaching of nutrients into 

the underground water thereby posing environmental 

risks to human and animal health.  So, there is a need 

to draw a mid-way between organic and inorganic ex-

tremities that may sustain crop yields without dete-

riorating soil fertility and/or productivity. Keeping all 

these aspects in consideration, the present study was 

therefore conducted to evaluate the effects of organic 

and inorganic manures on growth and yield of maize 

and to assess their residual impacts on soil properties.

 

2. Materials and Methods

2.1. Site description and treatments

The experiment was conducted at Agronomic Re-

search Farm, University of Agriculture Faisalabad, 

Pakistan (31.25°N latitude, 73.09°E longitude, al-

titude 184 m). The soil of experimental site belongs 

to Lyallpur soil series (Aridisol-fine-silty, mixed, hy-

perthermic Ustalfic, Haplargid in USDA classification 
and Haplic Yermosols in FAO classification). This is a 
semi-arid region with annual rainfall of 200-250 mm 

and the maximum and minimum temperature 4.4 

°C (in January) and 48 °C (in June) (Ashraf et al., 

2016b). The experiment was laid out in randomized 
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complete block design (RCBD) in triplicate. The net 

plot size was 8 m × 4.5 m with six rows in each plot 

having 75 cm and 20 cm distance between and with-

in rows, respectively with 65000 plants ha-1 plant 

population. Urea (46% N), di-ammonium phos-

phate (DAP) (18% N, 46% P) and sulfate of potash 

SOP (50% K) were used as inorganic sources while 

farmyard manure (FYM), poultry manure (PM) and 

sheep manure (SM) were used as organic nutrient 

source. Random samples of FYM, PM and sheep 

manures were collected from the bulks separately, 

air-dried, ground, sieved and then analyzed for  dry 

matter, total organic C, total N, total P, total K and 

C:N ratio (Chapman and Pratt 1961). Composition 

of organic manures used in the experiment is given 

in the Table 1. 

Following treatments were used in this experiment: 

T
1
: Unfertilized control  

T
2
: NPK at 250-150-125 kg ha-1

T
3
: SM at 15 t ha-1 

T
4
: FYM at 16 t ha-1

T
5
: PM at 13 t ha-1 

T
6
: NPK at 150-85-50 + 8 t ha-1 SM 

T
7
: NPK at 150-85-50 + 8.5 t ha-1 FYM 

T
8
: NPK at 150-85-50 + 7 t ha-1 PM 2.2

2.2. Soil characteristics determination 

Soil samples (0-30 cm) were collected from different 

locations of the experimental site and mixed thorough-

ly to make a composite sample to determine its physi-

co-chemical characteristics (Table 2). After air drying 

and grinding, it was passed through 2-mm sieve and 

following soil properties were determined: (i) soil bulk 

density, (ii) soil organic carbon, (iii) Soil pH, (iv) total 

N, P, K contents, and (v) cation exchange capacity, ac-

cording to methods devised by Sparks (1996).

Table 1. Composition of organic manures used in the experiment

O.C. = organic carbon; D.M.= dry matter 

2.3. Growth and yield

Leaf samples were taken at 15 days interval till har-

vesting for the determination of leaf area index (LAI) 

and measured by formula: LAI = L × W × A , 

Where: L is leaf length, W is the maximum leaf width 

and A is a factor of 0.75 for maize crop described by 

Dwyer and Stewart (1986). Only the maximum values 

achieved regarding LAI are presented in the table 3. 

Furthermore, grain and biological yield were recorded 

at crop maturity from each plot. Finally harvest index 

(HI) was calculated as the percentage (%) of grain 

yield / total plant dry biomass. 

2.4. Data analysis 

Dataset was statistically analyzed by using statistix 8.1 

software (Analytical, Tallahassee, Florida, USA) while 

the difference amongst treatments were separated by 

using least significant difference (LSD) test at p≤0.05.
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Table 2. Physico-chemical characteristics of soil before experiment

Table 3. Effect of organic and inorganic manures on LAI, grain weight, grain and biological yield as well as 

harvest index

Table values (means of three replicates ± S.E.) sharing a letter in common within a column do not differ signifi-

cantly (p<0.05). Values within parenthesis are percentage increase over control. T
1
: Unfertilized control; T

2
: NPK 

at 250-150-125 kg ha-1; T
3
: SM at 15 t ha-1  ;T

4
: FYM at16 t ha-1;T

5
: PM at 13 t ha-1 ; T

6
: NPK at 150-85-50 + 8 t 

ha-1 SM ; T
7
: NPK at 150-85-50 + 8.5 t ha-1 FYM; T

8
: NPK at 150-85-50 + 7 t ha-1 PM. SM : sheep manure ; FYM 

: farm yard manure ; PM : poultry manure.
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3. Results 

Growth and yield attributes of maize were substan-

tially affected by organic and inorganic sources of 

nutrients (Table 3). Integrated use of chemical fertil-

izer with poultry manure (PM) (NPK150-85-50 + 7.0 

t ha-1) resulted in maximum leaf area index (LAI), 

1000-grain weight, grain yield, and biological yield. 

However, values for harvest index were highest in 

T6. Unfertilized controlled plots showed the low-

est values for growth and yield attributes of maize.  

Hence, combined application of organic and inor-

ganic nutrient sources improved maize  performance 

than sole application of organic or inorganic fertil-

izer, nonetheless, PM remained more effective re-

garding maize growth and yield than FYM and SM. 

Results showed that soil pH, soil P, total organic C 

and total N were significantly affected by the appli-
cation of organic and inorganic fertilizers. 

Application of manures (organic or inorganic) 

alone or in combination reduced the soil pH. Soil 

pH value of 7.5 was recorded in control (a little 

alkaline) whilst; minimum pH value (7.0) was re-

corded in T
4
 followed by T

3
, T

5
 and T

7
 where or-

ganic manures were applied both alone or in com-

bination (Figure 1a). 

Figure 1. Residual Impact of organic and inorganic manures on (a) soil pH, (b) Bulk density, and (c) on C:N ratio 

after crop harvest. Vertical bars sharing a letter in common are not significantly different at p<0.05. Treatment 

description is same as in table 3.  
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Figure 2. Residual Impact of organic and inorganic manures on (a) Soil organic carbon (%), b) Total N (%), (c) 

Total P (ppm), (d) Total K (ppm) after crop harvest. Vertical bars sharing a letter in common are not significantly 
different at p<0.05. Treatment description is same as in table 3.

Hence, addition of organic manures irrespective to its 

nature, reduced soil pH.  Significant differences among 
the treatments were observed in soil bulk density as 

compared to the control. All plots treated with organic 

manures alone showed substantial reduction in soil 

bulk density followed by the plots where inorganic and 

organic fertilizers were applied in combination. Maxi-

mum bulk density was recorded in control treatments, 

however minimum was recorded in T
4
 which is at par 

with T
2
 and T

5
 (Figure 1b). C: N ratio of the soil treated 

with organic and inorganic manures affected signifi-

cantly  (p≤0.05)  (Figure 1c).   In  comparison  to  sole

application of organic manure, combined application 

of both organic and inorganic manures showed lower 

values for C: N ratio. Among organic manures, C: N 

ratio trend was: SM ˃ FYM ˃ PM.  The lower values 
of C/N ratio for PM represent its higher N contents than 

FYM and SM.  

A significant difference among the treatments for soil 
organic carbon and total nitrogen concentrations with 

application of organic and inorganic fertilizers were 

recorded. Application of organic fertilizer alone or in 

combination with inorganic fertilizer has increased the 

overall soil organic carbon and total N  concentration
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(Figure 2 a & b). Treatments with application of or-

ganic manures only (T
4
, T

3
 and T

5
) enhanced soil or-

ganic carbon than combined with inorganic fertilizer. 

Moreover, other treatments also improved soil organ-

ic carbon but remained least effective. Furthermore, 

maximum N concentration of 0.09% was recorded in 

T
3
 where sheep manure was applied but did not differ 

statistically from all other treatments except T
2
 and T

1
.

Application of chemical fertilizers along with or-

ganic amendments improved P and K status of soil 

effectively. T
2
 proved better regarding soil P contents 

while T
6 
and T

3
 enhanced soil K contents substantially 

than control (unfertilized).  Hence, SM proved more 

effective when applied in combination with chemical 

fertilizers than FYM and PM but it is dose dependent.  

However, all three manures improved soil nutrient 

status than control that confirmed the increase in nu-

trient use efficiency of fertilizers when applied with 
organic manures (Figure 2 c & d). 

Maize grain yield was significantly correlated with 
soil characteristics affected by the addition of organic 

and inorganic manures in the soil. A significant posi-
tive correlation was found among grain yield and soil 

total N, P and K contents (R2 = 0.53, 0.91, 0.55), re-

spectively whilst the correlation among grain yield, 

soil organic carbon (SOC) and C: N ratio was also 

remained positive but non-significant. Moreover, a 
negative and non-significant correlation was found 
among maize grain yield, soil pH and soil bulk den-

sity (Figure 3 a-g). 

Figure 3. Correlation among maize grain yield and soil characteristics affected by organic and inorganic nutrient 

sources. *significant at p≤0.05; **significant at p≤0.01.
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4. Discussion

Undoubtedly, intensive cultivation with extreme use 

of chemical fertilizers increased crop productivity but 

on the other hand, it also disturbed the agro-ecosys-

tems and polluted soil and water quality to a great ex-

tent. So, better management practices in which judi-

cious use of fertilizers with some organic manures can 

be adopted to enhance crop productivity without/min-

imum damaging the nature. Here, we studied the indi-

vidual and integrative effects of organic and inorganic 

manures on maize productivity and soil properties and 

found that combined application of both organic and 

inorganic sources of nutrients improved growth and 

yield and related attributes of maize (Table 1). Com-

bination of organic manures might have improved 

the nitrogen use efficiency, micro and macro nutrient 
recovery and help in P solubilization and its uptake 

by the plants and enhanced K availability that in turn 

resulted in better growth and yield of maize. Increased 

organic matter due to application of organic manures 

improved crop performance and soil characteristics 

(Li et al., 2010). Therefore, combined application of 

organic and inorganic fertilizers is considered a good 

option to enhance nutrient recovery, plant growth 

and ultimate yield otherwise higher N and P applica-

tion rates are required to attain better yield in maize 

(Mubeen et al., 2013). Further, these results are also 

in concurrence with Negassa et al. (2001) who found 

that corn yield was increased by 35% when com-

bined (inorganic and organic) nutrients were applied. 

Shisanya et al.  (2009) also reported similar results 

with improved growth and yield related attributes in 

cotton and maize, respectively. Combined application 

of organic and inorganic nutrient sources improved 

synergism and synchronization between nutrient re-

lease and plant recovery thus resulted in better crop 

growth and yield (Huang et al., 2010). Further, ni-

trogen use efficiency was higher in plants receiving 

poultry manure than other organic nutrient sources 

like pig manure, sheep manure, cattle slurry, ammo-

nium sulphate (Rees and Castle, 2002).  Conversely, 

(Javier and Tabien, 2003) did not found any statistical 

difference in rice yield in all plots either applied with 

organic, inorganic or combination of both manures.  

Moreover, organic manures application along with in-

organic fertilizers also induced alterations in physico-

chemical properties of soil (Figure 1 a-c & Figure 2 

a-d). Addition of organic manures, regardless to its 

nature, abridged soil pH. Similar findings were also 
reported by Yaduvanshi (2003) that a reduction of soil 

pH occurs when green manure or farmyard manure 

was used in alkaline soils. Low pH value for FYM 

is very valuable for calcareous soils (Karami et al., 

2012). Further, reduced bulk density might be due 

to increased soil biopores and soil aeration, higher 

soil organic carbon content, and better soil aggrega-

tion by the application of bulky organic manures that 

ultimately improved soil porosity and water holding 

capacity as well (Gangwar et al., 2006). Organic ma-

nure (from different sources) application enhanced 

soil porosity, soil moisture contents and water holding 

capacity while reduced soil compaction and bulk den-

sity (Papini et al., 2011). Moreover, Bandyopadhyay 

et al. (2010) also reported a negative correlation of 

soil bulk density of top 15 cm soil layer with the or-

ganic carbon contents present in it. 

The lower C:N ratios in soils treated with combined 

organic and inorganic manures might be attributed to 

higher nitrogen availability due to addition of chemi-

cal fertilizer along with organic manures and its re-

tention in the soil, which is consistent with lower 

rates of N losses than C losses during organic manure 

degradation (Chen et al., 2010). Organic amendments 

significantly enhanced SOC thus had a considerable 
effect on soil microbes and nutrient availability and 

uptake, thus may alter the C: N ratio. However, the 

addition of external organic matter with high C: N 
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ratio may also induce accelerated mineralization of 

the extant organic matter thereby releasing the nitro-

gen trapped in the extant organic matter- a phenom-

enon known as priming effect (Fontaine et al. 2004; 

Shahzad et al. 2015). Our results showed that SM 

has higher C: N ratio and lower SOC than FYM and 

PM. These findings are corroborated with the previ-
ous results in literature (Eghball et al., 2004; Huang 

et al., 2007; Agbede et al., 2008). Surface soil or-

ganic carbon buildup probably due to the addition of 

plant residues, root exudates, plant and root biomass 

in the surface layer that decreased with increased 

soil depth regardless of the manures applied (Brar 

et al., 2013).  

Regarding nutrient status of the soil, all three organic 

manures with inorganic fertilizers improved plant 

growth and yield with a significant improvement 
in NPK contents of the soil that affirmed enhanced 
nutrient use efficiency in the presence of organic 
manures. Organic amendments with reduced dose 

of chemical fertilizers might have resulted in elic-

ited microbial activity and nutrient availability more 

than application of chemical fertilizer alone and/or 

unfertilized control. Application of organic amend-

ments improved soil N, P and K concentrations when 

applied with inorganic fertilizers (Hao et al., 2008).  

Organic manures have more beneficial effects on soil 
quality than inorganic fertilizers thereby improving 

nutrient release and their availability to the plants 

(Birkhofer et al., 2008). 

The positive correlations  between soil NPK status 

and the grain yield indicates that the soil nutrient 

status may affects grain yield and its components 

directly. These results are in confirmatory with Lima 
et al. (2009) who stated that incorporation of organic 

manures improves soil physico-chemical properties 

that may have a direct or indirect effect on plant 

growth and yield attributes. 

5. Conclusion     

In crux, application of organic manures has significant in-

fluence on maize productivity and soil physico-chemical 
properties. Manure efficacy regarding morphological 
indices of maize was: found as PM ˃ SM ˃ FYM when 
applied with chemical fertilizers. Further, C: N ratio, soil 

organic carbon and total NPK increased while soil pH 

and soil bulk density were decreased with the integrative 

application of organic manures and chemical fertilizer. 

Hence, organic manures can be applied with chemical 

fertilizers in organic carbon depleted arable soils to im-

prove soil properties and crop productivity. 
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