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Abstract 
 

Integrated soil fertility management not only helps to prevent soil degradation but also ensures food security. The present 

study was conducted to assess the impact of sesbania green manuring (GM) and different nitrogen (N) application levels on 

soil properties and maize productivity. Maize was grown using six nitrogen levels i.e., 0. 50, 100, 150, 200 and 250 kg ha
-1
 

along with sesbania GM and without GM. The GM improved grain yield (+21%, +37%) due to significant increase in number 

of grains/cob (+13%, +29%) and 1000-grain weight (+14%, +38%) during autumn 2016 and 2017 respectively. Likewise, GM 

also resulted in substantial increase in organic matter (OM) (+40%, +88%), organic carbon (OC) (+39%, +88%), available 

nitrogen (N) (+55%, +210%), total phosphorus (P) (+14%, +112%), and potassium (K) (+11.6%, +19%) as compared with no 

GM. Similarly, application of N at 250 kg ha
-1

 observed higher number of grains/cob, 1000-grain weight, biological and grain 

yield compared with control and other N levels. However, interactive effect of GM and N showed that application of N at 150 

kg ha
-1

 along with GM, outperformed in improving number of grains per cob, 1000-grain weight, maize productivity and 

agronomic N efficiency. In conclusion, sesbania GM improved the soil OM, OC and total soil N compared with no GM. 

Moreover, GM along with N application at 150 kg ha
-1

 harvested higher maize grain yield, agronomic N efficiency and saved 

40% N compared with no GM where N at 250 kg ha
-1

 harvested higher grain yield. © 2019 Friends Science Publishers 
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Introduction 
 

Farmers generally apply excessive doses of macro nutrients 

like nitrogen (N) and phosphorus (P) to get higher crop 

yield. However, the expected yields cannot be achieved 

instead of increased doses of these nutrients (Vitousek et al., 

2009; Chen et al., 2011). The average ratio of farmer’s yield 

over potential yield is 0.41 (Meng et al., 2013), which 

indicates a huge yield gap for maize (Zea mays L.). 

Significant amount of applied N fertilizer is lost into the 

environment (Ju et al., 2009), through nitrates leaching to 

groundwater (Zhou et al., 2016) and greenhouse gas 

emissions (Zheng et al., 2004). Nonetheless, increasing food 

demand due to ever rising population and rising 

environmental problems necessitates improving crop yield 

and efficiency of applied nutrients (Chen et al., 2014; Yu et 

al., 2015). Therefore, it is direly needed to get more grain 

yield with eco-friendly approach, e.g., reduced nutrient 

losses (Vitousek et al., 2009; Chen et al., 2011). 

Replacement of artificial nutrient by green manuring 

(GM) can significantly reduce the use of chemical fertilizers 

in agriculture (Xie et al., 2016). Green manuring is the 

promising strategy to improve nutrient utilization 

efficiencies and therefore, prevents the loss of nutrients 

(Elfstrand et al., 2007; Yasmeen et al., 2018). Moreover, 

GM improves water holding capacity, porosity, soil fertility, 

soil structure and decreased the soil pH. It has central role in 

integrated nutrient management; as it markedly increases the 

efficiency of applied fertilizers and increased OM contents 

which leads to increase in availability of other nutrients (N, 

P, K) and overall soil fertility (Salim et al., 2003). 

More nutrient utilization and crop growth by the 

application of GM are linked with the improved 

physicochemical properties of soil (carbon and N contents, 

bulk density and water conductivity) (Mandal et al., 2003; 

Wasaya et al., 2018). Nitrogen provided by GM can be 

available for plants over a long time when it is co-applied 

with synthetic N (Yang et al., 2015). The co-application of 

inorganic fertilizers and GM restores degraded soils and 

improves the nutrient use efficiency than sole utilization of 

synthetic fertilizers (Monedero et al., 2004). With the 

addition of GM the availability of N to the next crop plants 

increased (Ashraf et al., 2004). Nutrients from organic 

sources are released slowly and they are available for longer 

time for microbial activities which in turns increases their 

availability and thereby crop yield (Talgre et al., 2012). 
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Organic matter level in soil is a key indicator for the 

efficiency of green manure incorporation. For the 

sustenance of agricultural productivity, OM is important as 

it provides different basic nutrient to the plants. Intensive 

agriculture has degraded the soil and yield owing to 

reduction in OM (Lal, 1996). Under low input situations, the 

application of GM enhanced the soil OM level. In earlier 

studies, Nkonya et al. (2005) and Marin et al. (2007) found 

that combination of mineral and organic fertilization showed 

significant improvement in the soil N and soil OM contents. 

Moreover, the type of GM and its decomposition 

determined the quantity of OM accumulation in the soils.  

Some earlier studies unveiled that GM improved the 

maize yield up to 44% and restores soil fertility (Mureithi et 

al., 2002; Odhiambo et al., 2010). Moreover, GM can also 

reduce the dependence on the application of inorganic N. 

Therefore, this two-year field study was designed with the 

hypothesis that GM has the potential to improve soil health 

and crop yield along with sizable reduction in N 

requirement of maize crop. 

 

Materials and Methods 
 

Experimental Site, Soil and Climate 

 

This study was conducted at Agronomic Research Area, 

University of Agriculture, Faisalabad, Pakistan during 

autumn 2016 and 2017. Before sowing and after harvesting, 

soil samples were taken from each experimental plot from 

0–30 cm depth using auger to determine soil 

physiochemical properties given in Table 1. The study site 

comes under sub-tropical regions and weather data during 

the crop growing season of both years is given as Table 2. 

 

Treatment Description and Experimental Design 

 

Maize was grown using six N levels i.e., 0, 50, 100, 150, 

200 and 250 kg ha
-1 

with GM and without GM. Sesbania 

was sown on 28
th
 and 26

th 
May by broadcasting the seed in 

field during 2016 and 2017 respectively and was 

incorporated into the soil at the blooming stage (45 days 

after sowing) as GM while fallow was taken as without GM. 

The maize crop was sown on July 28 and July 24 in 2016 

and 2017, respectively. The experiment was laid out 

following randomized complete block design (RCBD) with 

split plot arrangement keeping GM in main plots and N 

levels in sub-plots. The experiment was replicated three 

times in both years with net plot size of 5 m × 3 m. 

 

Crop Husbandry 

 

Seedbed was prepared by two ploughing followed by one 

planking. Pioneer 30Y87 single cross maize hybrid was 

sown by dibbling method on a well prepared seed bed in 

both years. The crop was sown in 75 cm apart rows with 25 

cm plant to plant distance using seed rate of 25 kg ha
-1

. First 

irrigation was applied post 25 days after sowing, whilst 

remaining irrigations were applied; after an interval of 15 

days until the crop reached to flowering, after that, irrigation 

was applied after every 7 day until the seed formation. Other 

than N, both P and K were applied at; 125 kg ha
-1

 using 

single super phosphate (SSP) and sulphate of potash (SOP). 

Complete P, K and half of N was applied using urea as a 

source for N at sowing and remaining half N was applied 

with first irrigation. 
 

Observations 
 

Yield and Related Traits 
 

Ten cobs from each plot were selected and total number of 

grains were counted and averaged to record number of 

grains per cob and weighed to determine the 1000-grain 

weight. Crop from each plot was harvested at maturity and 

sun dried separately. The cobs along with stalks were 

weighed on digital balance to determine biological yield 

which was converted into t ha
-1

. After shelling, grain weight 

of each plot was recorded and converted into t ha
-1
 

following Mehboob et al. (2018). 
 

Agronomic Nitrogen Efficiency (kg kg
-1

) 
 

Agronomic efficiency of N was calculated as: 
 

 
 

Soil Properties 
 

Using the standard modified methodology of Walkley-

Black method, OM and OC were determined (Moodie et al., 

1959). For the determination of N, P and K, Kjeldhal 

(VELP scientifica, UDK, 126 D) (1883), Olsen (1954) and 

Hanway and Heidel (1952) methods were used respectively. 

 

Statistical Analysis 

 

Collected data were statistically analyzed by analysis of 

variance technique by using MSTAT-C and difference amid 

treatments was compared by using least-significant 

difference test at 5% probability (Steel et al., 1997). 

 

Results 

 

The application of N at different levels and GM had 

significant effect on number of grains per cob, 100-grain 

weight, grain yield and biological yield during both years of 

study. Moreover, the interaction of GM × N significantly 

affected the number of grains per cob and grain yield during 

both years of study while 100-grain weight during 2
nd

 year 

of study only (Table 3). 

Green manuring compared with no GM, and higher 

levels of N application compared with control and lower N 

Agronomic N efficiency Grain yield of N fertilized plot- Grain yield of unfertilized plot   

              Quantity of N applied 
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levels significantly improved number of grains/cob, 1000-

grain weight, grain and biological yields of autumn sown 

maize in both years of study (Table 3). Maximum 1000-

grain weight was recorded when N was applied at 250 kg 

ha
-1

 during first year while biological yield during both 

years of study (Table 3). However, during autumn 2017, 

maximum 1000-grain weight was recorded by application 

of N at 250 kg ha
-1

 along with GM which was statistically 

similar with N application at 150 and 200 kg ha
-1

 (Fig. 2). 

Likewise, maximum number of grains per cob were 

recorded where GM was practiced along with application of 

N at 250 kg ha
-1

 during both years of experimentation but 

was statistically at par with N application at 150 and 200 kg 

ha
-1

 during second year of study (Fig. 1). Moreover, 

maximum grain yield was noticed where GM was done 

along with N application at 250 kg N ha
-1

 during first year, 

and during 2
nd

 year maximum was with GM and N 

application at 150 kg N ha
-1

 which was statistically similar 

with 200 and 250 kg N ha
-1

 (Fig. 3). 
 

Soil Properties 

 

GM application had significant effect on all soil characters 

while N application had non-significant effect on the all soil 

characteristics except total N. Likewise, interaction of GM 

and N rates was also non-significant for all the parameters 

except total N (Table 5). 

Maximum OM and OC was recorded with GM and 

minimum OM and OC was by no GM (Table 5). Likewise, 

maximum total N, available P and available K was noted in 

GM plots, whereas the minimum total N, available P and 

available K was recorded from plots where no GM was 

done (Table 4). Similarly, interactive effect of GM and N 

rates improved the total soil N during second year of study 

(Fig. 4). 

 

Agronomic Nitrogen Efficiency 
 

Agronomic N efficiency was also improved by the 

application of GM and different N rates. In 2016, maximum 

agronomic N efficiency was recorded with GM as compared 

with no GM (Table 4). In case N application, maximum 

agronomic N efficiency was recorded with application of N 

at 150 kg ha
-1

 during first year (Table 4). During second 

year, the maximum agronomic N efficiency was recorded 

with GM along with N application at 150 kg ha
-1

 (Fig. 5). 

Table 1: Physico-chemical analysis of soil 

 
 2016 2017 

 No green manuring  Green manuring  No green manuring  Green manuring  

Organic matter (%) 0.58 0.72 0.56 0.93 
Organic carbon (%) 0.44 0.54 0.42 0.70 

Total soil nitrogen (%) 0.065 0.07 0.054 0.10 

Available phosphorus (mg kg-1) 4.96 5.00 4.61 6.97 
Available potassium (mg kg-1) 169.39 179.09 171.36 193.14 

 

Table 2: Weather conditions during both growth seasons 

 
Months Maximum mean temperature(0C) Monthly total rainfall (mm) 

 2016 2017 2016 2017 
July  32.2 33.5 193.4 160.9 

August  31.1 33.2 47.9 66.3 

September 31.0 30.5 12.0 35.6 
October  26.7 27.1 22.2 0.0 

November 20.1 18.0 0.0 1.5 
Source: Meteorological Observatory, Department of Crop Physiology, University of Agriculture, Faisalabad, Pakistan 

 

Table 3: Effect of green manuring and different nitrogen rates on yield and related traits of autumn sown maize 

 
Treatments Number of grains/cob 1000-grain weight (g) Grain yield (t ha-1) Biological yield (t ha-1) 

 2016 2017 2016 2017 2016 2017 2016 2017 
No green manuring  296 B 290 B 249 B 249 B 3.42 B 3.34 B 11.2 B 11.4 B 

Green manuring  336 A 376 A 284 A 345 A 4.15 A 4.58 A 13.3 A 13.9 A 

LSD value at 5% 6.57 46.7 19.6 24.7 0.06 0.14 0.20 2.16 
Nitrogen levels (kg ha-1) 

0 216 F 223 D 163 E 224 C 2.31 F 2.42 E 8.8 D 9.02 B 

50 252 E 247 D 200 D 247 BC 2.79 E 2.81 D 9.2 CD 9.83 B 
100 308 D 317 C 255 C 272 B 3.38 D 3.42 B 11.0 C 11.4 B 

150 348 C 385 B 268 C 346 A 4.14 C 4.80 B 12.8 B 14.6 A 

200 374 B 399 B 330 B 340 A 4.63 B 4.95 B 14.3 B 15.1 A 
250 401 A 429 A 381 A 356 A 5.46 A 5.37 A 17.5 A 15.8 A 

LSD value at 5% 12.3 290 B 22.3 37.9 0.24 0.19 1.77 2.47 

GM×NL * * NS * * * NS NS 
Means sharing different letters within a column differ from each other at P ≤ 0.05 

NS = non-significant; * = Significant at P ≤ 0.05 
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Discussion 

 

Results of this two-year field study indicated that GM and 

different N application levels significantly improved the soil 

properties and maize productivity. Higher grain yield was 

due to increase in number of grains per cob and 100-grain 

weight with the application of N and GM (Table 3); as the 

number of grains per cob and 1000-grain weight are key 

yield attributes of maize (Shah et al., 2009). In this studies, 

the increase in number of grains per cob and 1000-grain 

weight were due to improved soil fertility as evident from 

higher soil OM, soil OC and rhizosphere nutrient pool (N, 

P, K) which lead to healthier plant with better 

photosynthesis and assimilates formation and translocation 

towards developing grains (Aziz et al., 2010; Laekemariam 

and Gidago, 2012). In addition, the soil receiving organic 

amendment and adequate N supply also had significant 

enhancement in number of grains per cob and 1000-grain 

weight (Shah and Ahmad, 2006; Shah et al., 2009; 

Odhiambo et al., 2010; Nielsen, 2013).   

Table 4: Effect of green manuring and different nitrogen rates on soil properties of autumn sown maize 

 
Treatments Organic matter (%) Organic carbon (%) Total soil nitrogen (%) Available phosphorus (ppm) Available potassium (ppm) 

 2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 

No green manuring  0.55 B 0.53 B 0.41 B 0.40 B 0.06 B 0.05 B 4.77 B 4.49 B 165 B 169 B 

Green manuring  0.77 A 1.00 A 0.57 A 0.75 A 0.09 A 0.15 A 5.48 A 9.56 A 1846 A 201 A 
LSD value at 5% 0.10 0.07 0.07 0.05 0.03 2.90 0.44 0.21 17.6 14.3 

Nitrogen levels (kg ha-1)      

0 0.62 0.72 0.47 0.54 0.06 D 0.08 E 5.05 6.83 172 183 
50 0.63 0.74 0.47 0.56 0.07 CD 0.09 D 5.08 7.01 173 184 

100 0.64 0.76 0.48 0.57 0.07 C 0.09 CD 5.12 7.04 174 185 

150 0.67 0.78 0.50 0.58 0.08 BC 0.10 C 5.14 7.04 175 186 
200 0.68 0.79 0.51 0.59 0.08 B 0.11 B 5.15 7.10 176 186 

250 0.70 0.81 0.52 0.61 0.09 A 0.13 A 5.19 7.13 179 188 

LSD value at 5% NS NS NS NS 0.01 0.01 NS NS NS NS 
GM×NL NS NS NS NS NS * NS NS NS NS 
Means sharing different letters within a column differ from each other at P ≤ 0.05 

NS = non-significant; * = Significant at P ≤ 0.05 

 

Table 5: Effect of green manuring and different nitrogen rates on agronomic nitrogen efficiency of autumn sown maize 

 
Sources  Agronomic nitrogen efficiency (kg kg-1) 

 2016 2017 

No green manuring  10.5 B 9.02 B 
Green manuring  12.2 A 14.3 A  

LSD value at 5% 0.69 1.69 

Nitrogen levels (kg ha-1)   
0 _ _  

50 9.63 C 7.90 D 

100 10.7 BC 9.98 C 
150 12.2 A 15.9 A  

200 11.4 AB 12.7 B  

250 12.6 A 11.8 B 
LSD value at 5% 1.43 1.42 

GM×NL NS * 
Means sharing different letters within a column differ from each other at P ≤ 0.05 

NS = non-significant; * = Significant at P ≤ 0.05 

 

 
 

Fig. 1: Interactive effect of green manuring and nitrogen levels on number of grains per cob in autumn 2016 (a) and autumn 2017 (b). 

N0=0 kg N ha-1: N1=50 kg N ha-1: N2=100 kg N ha-1: N3=150 kg N ha-1: N4=200 kg N ha-1: N5=250 kg N ha-1 

          a          b 
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Fig. 2: Interactive effect of green manuring and nitrogen levels on 1000-grain weight in autumn 2017. N0=0 kg N ha-1: N1=50 kg N ha-1: 

N2=100 kg N ha-1: N3=150 kg N ha-1: N4=200 kg N ha-1: N5=250 kg N ha-1 

 

 
 

Fig. 3: Interactive effect of green manuring and nitrogen levels on grain yield (t ha-1) in autumn 2016 (a) and autumn 2017 (b). N0=0 kg 

N ha-1: N1=50 kg N ha-1: N2=100 kg N ha-1: N3=150 kg N ha-1: N4=200 kg N ha-1: N5=250 kg N ha-1 

 

 
 

Fig. 4: Interactive effect of green manuring and nitrogen levels on soil available nitrogen in 2017. N0=0 kg N ha-1: N1=50 kg N ha-1: 

N2=100 kg N ha-1: N3=150 kg N ha-1: N4=200 kg N ha-1: N5=250 kg N ha-1 
 

 
 

Fig. 5: Interactive effect of green manuring and nitrogen levels on agronomic use efficiency in autumn 2017. N1=50 kg N ha-1: N2=100 

kg N ha-1: N3=150 kg N ha-1: N4=200 kg N ha-1: N5=250 kg N ha-1 
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Fig 5: Interactive effect of green manuring and nitrogen levels on agronomic use efficiency in autumn 2017. N1=50 kg N ha-1: 

N2=100 kg N ha-1: N3=150 kg N ha-1: N4=200 kg N ha-1: N5=250 kg N ha-1 
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Nutrient fertilization in optimum amount and their 

continuous supply during whole growing season is 

important for grain formation and to avoid grain abortion 

(Nielsen, 2013). 

Sesbenia GM significantly improved the soil OM and 

OC as green manure addition in soil increased microbial 

population and respiration which increases the 

decomposition of added material and results in significant 

improvement in soil OC and OM contents (Paul and 

Solaiman, 2004; Nawaz et al., 2017; Perdigão et al., 2017) 

as was recorded in this study (Table 4). The incorporation of 

GM drives long-term increase of soil microbial biomass and 

OM (Chander et al., 1997; Biederbeck et al., 1998) and 

which further improves the N- uptake efficiency and 

nutrient retention (Cherr et al., 2006). The growing of 

perennial GM imports additional nutrients as P and K owing 

to deeper root system from soil which remain accessible for 

the succeeding crops (Witter and Johansson, 2001) and 

improved the growth and productivity of crops as recorded 

in this study (Table 4). 

Green manuring also significantly improved the total 

soil N, P and K contents during both years as the addition of 

GM into the soils is even effective in releasing nutrients up 

to three year of plantation (Talgre et al., 2012). Sesbania 

crop forms symbiotic relationships with the gram negative 

rhizobia which led to formation of N fixing nodule on the 

plant root and stem therefore, increased the N pool in the 

soil (Capoen et al., 2010) as maximum N, P and K was 

recorded in the plots where GM was done during both years 

(Table 4). Likewise, Ali et al. (2012) noticed that sesbania 

manuring improves the soil OM, NPK status, soil porosity 

and decreased the soil pH. Moreover, sesbania GM 

considerably increased the soil P and K status (Table 4) as 

the incorporation of GM crops in the soil increased the 

activities of important micro-organism which increased the 

mineralization process and therefore, increased the release 

availability of N, P and K in soil (Adekiya et al., 2017). 

The application of different N rates and GM also 

improved the agronomic N efficiency during both years of 

experimentation as the conjunctive use of chemical and 

organic fertilizers improves the soil health and plant nutrient 

availability (Ayeni et al., 2008). The application of nutrient 

in an integrated manner ensures the maximum use of native 

N components as OM, crop residues, and biological 

nitrogen fixation along with improvement in N recovery 

(Olesen et al., 2004). In a study, Aulakh and Malhi (2004) 

reported significant improvement in agronomic N efficiency 

due to positive interactions among the organic and inorganic 

sources of plant nutrient. 

 

Conclusion 

 

Green manuring with N application at 150 kg ha
-1

 observed 

the same maize productivity as was obtained by application 

of N at the rate 250 kg ha
-1

 without GM. Improvement in 

maize yield with GM was linked with enhanced soil OM 

and availability of nutrients. In conclusion, GM improved 

soil properties, maize productivity and reduced the N 

requirement of maize crop by more than 40%. 
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