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ABSTRACT 

The important determinant that influences crop growth cycle and directly or indirectly affects crop 
productivity is the efficient nutrient management for a crop. In Pakistan, maize production mainly relies on 
commercial fertilizers. Presently the environmental pollution as a result of higher inorganic fertilization has 
become a burning issue in the field of agriculture. In this connection, in order to evaluate the impact of nitrogen 
sources on various yield characters of maize crop, field experiment was conducted at New Developmental Farm 
of Agricultural University Peshawar, Pakistan in 2009 in a randomized complete block design (RCBD) with 
split plot arrangement having three replications. The experiment comprised of 6 fertilizer treatments i.e. 
control, nitrogen alone (N), farm yard manure alone (FYM), biochar alone (BC), 50% N (mineral) + 50% BC 
and 50% FYM + 50% BC. Data were recorded on plant height, number of rows ear-1, number of grains ear-1, 
ear length, thousand grain weight, grain yield, biological yield and plant at harvest. All the parameters were 
significantly affected except plant at harvest. Among the treatment taller plants and higher number of grains 
ear-1 were produced by plots where sole mineral nitrogen was applied while biochar in combination with 
commercial fertilizer resulted in higher number of rows ear-1, thousand grain weight, grain yield and biological 
yield. Hence application of biochar at the rate of 30 tones ha-1 in combination with mineral nitrogen at the rate 
of 75 kg ha-1 is recommended for improving maize productivity.  
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INTRODUCTION 

Maize (Zea mays L.) is an exhaustive and vigorously growing cereal crop. It is a multipurpose crop that 
provides food for humans, feed for animals (especially poultry and livestock) and raw material for the industries 
(Khan et al., 2008). In Pakistan, it rankes 3rd after wheat and rice; while in Khyber Pakhtunkhwa (KP) province 
it comes 2nd after wheat in importance. At national level, it was cultivated on an area of 0.981 m ha with a total 
production of 36.581 m tons; while the figures in KP province were 0.512 m ha and 1.468 m tons, respectively 
(MINFA, 2010). The green revolution in Pakistan in 1970s caused significant increase in production of the 
cereal crops including maize. But it is now shadowed by soil erosion, perpetual decline in soil organic matter, 
conventional tillage operations and ever escalating prices of synthetic fertilizers (Farhad et al., 2009). The need 
to increase the crop yield, decrease the production cost and maintain the soil health at the same time has become 
a challenge for agricultural scientists to ensure a sustainable agriculture. In order to overcome these challenges, 
several options are under consideration such as incorporation of organic material (FYM, Biochar, Kitchen waste 
and Crop residues) and integrated nutrient management and organic farming all over the world (Angle et al., 
1993).  

As far as the fertilizers are concerned, there is a dire need to intensify efforts on judicious use of the 
available land through integrated application of proper fertilizers especially nitrogenous fertilizer in order to 
meet the food requirements of the ever increasing human population and maintain the soil fertility for optimum 
crop production. Synthetic fertilizers are common but their prices are too exorbitant for the low resource farmers 
of Pakistan. In addition, their continuous use by the progressive and resourceful farmers has increased the soil 
acidity which in turn deteriorates the efforts aimed at crops yield improvement. Therefore, organic manures can 
be supplemented with chemical fertilizers which may diminish the ill effects of the decades-long use of 
synthetic fertilizers (Jama et al., 1997). 

 Ensuring optimum quantity of nutrients in a given soil for a good plant growth is the cry of the day as 
yield potentials vary among soils. Eventually, balanced manuring becomes essential to build up soil health for a 
sustained crop production (Chaudhri et al., 1998). The organic sources definitely enhance the nutrient use 
efficiency of the crops by decreasing the loss of nutrients from the soil and making the existing nutrients readily 
available to the crop plants (Tolessa and Friesen 2001). Sole use of FYM and/or in combination with chemical 
fertilizers can be efficiently utilized for nutrient supplementation (Rasheed et al., 2003). Organic matter e.g. 
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farm yard manure (FYM) etc. promotes seed germination and root growth of the crop plants by improving the 
water holding capacity and aeration of the soil. Therefore, our maize production has got high chances of 
considerable improvement in yield due to sole application of FYM and with conventional fertilizers (Sharma 
and Gupta, 1998). 

Biochar contains some important plant nutrients which significantly effect maize crop growth. Maize 
yield and nutrient uptake were significantly improved with increasing biochar application rate in combination 
with other commercial fertilizer. Yield characteristics and water use efficiency of maize was increased from 50 
to 100% when biochar application rate was increased from 15 to 20 t ha-1 (Uzoma et al., 2011). Nutrient uptake 
and crop growth rate was increased with higher biochar applications (Yeboah et al., 2009). Maize yield and 
yield components showed positive response when biochar was used as soil amendment because it improves the 
field-saturated hydraulic conductivity of the sandy soil, as a result net WUE also increased and more moisture 
and nutrients were available to the crop through out the growing season (Steiner at al., 2007). Biochar amended 
soils resulted in better crop establishment and positively increased crop growth rate and net assimilation rate 
which resulted in higher corn productivity (Uzoma et al., 2011). Synthetic fertilizer use can be minimized as 
biochar reduces the need for fertilizer because biochar increases soil microbial life, resulting in more carbon 
storage in soil. Nitrogen losses can be controlled by incorporation of biochar as it retains nitrogen, reduces 
emissions of nitrous oxide and Increase cation exchange capacity (Chan et al., 2008)  

Keeping in view the importance of FYM, biochar and integrated nutrient management, the present 
study was therefore conducted to compare different levels of synthetic fertilizer with FYM and Biochar and 
investigate best possible combinations of organic and inorganic fertilizers. 

MATERIALS AND METHODS 

A field experiment entitled “Potential use of Biochar for improving productivity of maize” was 
conducted at New Developmental Farm, Agricultural University, Peshawar, Pakistan during summer 2009. The 
experiment was laid out in RCB design having three replications with split plot arrangement with a sub plot size 
of 3m by 3m. Row to row and plant to plant distance was kept 75 and 25 cm respectively to get normal plant 
population of 65000 plants ha-1The treatments consisted of control (No fertilizer), Biochar alone, Biochar + 
FYM, Biochar + minearal N, mineral N alone and FYM alone. Biochar was applied at the rate of 30 tons ha-1 
while mineral nitrogen was applied at the rate of 150 kg ha-1 respectively. Farm yard manure was applied at the 
rate of 10 tons ha-1.  The field was ploughed two times before sowing followed by planking to break the clods 
and level the field. Seed drill was used for seed sowing. Maize cultivar ‘Azam’ was sown at the seed rate of 30 
kg ha-1. The field was sprayed with insecticide at seedling stage to control stem borer and shoot flies. Thinning 
was done at knee stage and manual hoeing was done at seedling stage.   

Data were recorded on plant height, ear length, number of grains ear-1, number of rows ear-1, thousand 
grain weights, grain yield, biological yield and number plant at harvest ha-1 (Final plant population at harvesting 
time). Ten plants in each plot were randomly selected; their length was measured in cm and then averaged tp get 
plant height data. Ears from randomly selected five plants were removed and their lengths were measured in cm 
and then averaged to record ear length data. Rows in each ear were counted and then averaged to calculate rows 
ear-1. Grains from ten randomly selected ears of each treatment were shelled, counted and converted into 
average number of grains ear-1. Thousand grains were counted at random from each sub plot of each treatment 
and weighed at 12% moisture content. The grain yield was determined by harvesting four central rows in each 
subplot. The ears from harvested plants were detached and then were threshed, weighed and converted into kg 
ha-1. Four rows were harvested and data on biological yield was recorded as weight of stalk along with husk at 
harvest. After shelling the cob weight were also added to the weight of each sub plot and then converted into kg 
ha-1. 

 Data collected were analyzed statistically according to the procedure relevant to RCB design. 
Upon significant F-Test, least significance difference (LSD) test was used for mean comparison to identify the 
significant components of the treatment means (Jan et al., 2009). 

RESULTS AND DISCUSSION 

Plant Height (cm) 

Data regarding plant height of maize are presented in Table I. Significant variation in maize plant 
height was caused by different N sources. Tallest plants (188 cm) were observed in plots where sole mineral 
nitrogen was applied at the rate of 150 kg ha-1 which was at par with incorporation of half biochar and half 
mineral nitrogen (184 cm). Short stature plants (135 cm) were observed in control plots. Application of sole 
mineral N and incorporation resulted in taller plants as compared to other treatments. This increase in plant 
height could be attributed to positive effect of N on vigorous vegetative growth (Khan et al., 2008).  
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Ear Length (cm) 

 Data regarding ear length of maize are reported in Table I. Ear length of maize was significantly 
affected by various N sources (organic and inorganic) and their combinations. Integrated application of biochar 
and mineral N resulted in lengthy ears (16 cm) which was at par with mineral N application (15 cm). Control 
plots resulted in shorter ears of maize (8 cm). Timely availability of nutrients mainly N from organic source 
(Biochar and FYM) might have increased the dry matter accumulation and better crop growth that has positively 
changed the physiological functions of maize crop. Combined application of organic and inorganic fertilizer 
might have positively affected maize ear characteristics due to incorporation of the biochar that improved soil 
physical properties as the use of synthetic fertilizer increases mineralization and diorites the soil productivity 
(Uzoma et al., 2011). Lengthy ears in integrated N management plots may be attributed to higher growth rate 
i.e. NAR and CGR of maize over other treatments. Chan et al. (2007) reported that ear length and ear diameter 
increased when N was applied in integration with biochar as compared to sole N application. 

Number of Rows Ear-1 

Number of rows ear-1 of maize was significantly affected by integrated nitrogen management (Table I). 
Incorporation of half biochar and half mineral N resulted in higher number of rows ear-1 (13.67) of maize which 
was at par with sole mineral N application at the rate of 150 kg ha-1 (12.33). Less number of rows ear-1 (8.67) 
was observed in control plots.  The highest number of rows ear-1 obtained in biochar amended with mineral N 
plots could also be attributed to improved uptake of N by maize through enhancing the organic matter 
decomposition-mineralization process, or indirectly maize root development. Our results confirm the findings of 
Bocchi and Tano (1994) and Ali et al. (2011) who reported that soil physio-chemical properties could be 
improve and corn yield can be increased by the application of different organic matters in combination with 
commercial nitrogenous fertilizers.  

Number of Grains Ear-1 

            Data concerning number of grains ear-1 are presented in Table I. Statistical analysis of the data indicated 
that different nutrient management techniques caused significant variation in grains ear-1 of maize crop. Biochar 
in combination with commercial fertilizer resulted in maximum number of grains ear-1 (342) followed by sole 
application of commercial fertilizer (267). Fewer grains ear-1 were noted in control plots (142). The increase in 
maize grains ear-1 was mainly because of  the improvement in the CEC of the soil, a decrease in the hydraulic 
conductivity of the soil and an increase in the carbon, nitrogen and phosphorus content of the soil (Uzoma et al., 
2011). Similar results are reported by Liang et al. (2006) who reported that biochar  is a porous material with 
high surface area  thus it can significantly affect soil moisture and nutrient dynamics and yield characteristics 
like number of grains ear-1 and grain yield of corn. 

Table I   Plant height, ear length, number of rows ear-1 and grains ear-1 of maize as affected by integrated nutrient management  
Treatments Plant  height (cm) Ear length (cm) Number of rows ear-1 Grains ear-1 
Control 135 c 8 d 8.67 b 142 c 
Biochar 142 c 12 bc 10.00 b 214 b 
BC + FYM 144 c 14 ab 9.67 b 260 b 
BC+ NPK 184 a 16 a 13.67 a 342 a 
NPK 188 a 15 a 12.33 a 267 b 
FYM 147 c 11c 10.00 b 239 b 
LSD 16.14 2.52 1.616 62.57 
Means for each categories (Column) followed by different letters are significantly different from each other at 5% level of 
probability. 

Thousand Grains Weight (g)       

         Data regarding thousand grains weight are given in Table II. Statistical analysis of the data showed that all 
treatment had significant effect on thousand grain weight. Heavier grains (263 g) were produced by biochar + 
mineral N amended plots, which was at par with sole N and biochar + FYM incorporated plots (248 g). Lighter 
grains were recorded in control plots (211 g). The lower N level in the soil results in lighter grain weight due to 
less available N for the optimum plant growth (Khan et al., 2008) and formation of assimilates for healthy 
grains. Organic amendment in the soil (incorporation of biochar and FYM) have thought to reduce the 
evaporation demand, thus have adequate water for plant root growth, or perhaps due to the softness of soil 
caused by organic amendments in which the roots may expand rapidly enough into wet soil to meet crop water 
requirements (Negassa et al., 2001).Our results are also confirmed by the findings of Asai et al., (2009) who 
observed that integrated N strategies convincingly enhance corn yield attributes. Similar findings were shared by 
Delate and Camberdella (2004). 
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Biological Yield (Kg ha-1) 

Data regarding biological yield are given in Table II. Statistical analysis of the data revealed that 
treatment had significant effect on biological yield. Biochar + NPK resulted in maximum biological yield 
(12471 kg ha-1) which was at par with sole NPK application followed by biochar + FYM (10083 kg ha-1). 
Minimum biological yield (8424 kg ha-1) was produced by plots where sole biochar was applied. The increase 
in biological yield of maize in integrated N applied plots may be due the slow release and timely availability of 
Nitrogen from organic sources which were less subjected to loses as compared to mineral N applied which loss 
from soil more rapidly. Similar results were reported by Uzoma et al. (2011) who noted that integrated N 
management had significant effect on maize biomass production and increased maize yield by 32% as compared 
to control. These results are in line with Royo et al. (1999) who reported maize biological yield can be increased 
by improving fertilizer use efficiency and cultural practices. 

Grain Yield (kg ha-1) 

             Grain yield of maize is the ultimate product of various yield components. Biochar, FYM and mineral 
nitrogen caused significant variation in grain yield of maize (Table II). Higher grain yield of 4194 kg ha-1 was 
produced by plots where biochar was applied in combination with chemical fertilizer which was at par with 
application of sole mineral N application (3974 kg ha-1) followed by incorporation of biochar in combination 
with FYM. Lower grain yield (2042 kg ha-1) was recorded for control treatment. Possible explanation for 
increase in grain yield in biochar amendments plots include the effect of biochar on soil physio-chemical 
properties like enhance water holding capacity, increased cation exchange capacity (CEC), and providing a 
medium for adsorption of plant nutrients and  improved  conditions for soil micro-organisms (Sohi et al 2009). 
Biochar efficiently adsorbs ammonia (NH3) (Oya and Iu 2002 and Iyobe et al 2004) and acts as a binder for 
ammonia in soil, therefore having the potential to decrease ammonia volatilization from soil surfaces. These 
results are in accordance with Singh et al., (2010) who suggested that timely availability of N could be insured 
and corn productivity can be positively increased by combined use of mineral N and Organic manures .These 
results are in line with Boateng et al., (2006) and Ali et al., (2011) who found that corn yield was 35% increased 
by integrated N management.  

Number of Plants at Harvest ha-1 

 Data regarding plant at harvest are reported in table II. Analysis of variance showed that biochar, FYM 
and mineral nitrogen did not caused any significant variation in plant at harvest. However higher plants at 
harvest were recorded in plots where sole biochar and biochar in combination with FYM was applied. Sole 
application of FYM resulted in lower plant at harvest.   

Table II  Thousand grain weight (g), biological yield (Kg ha-1), grain yield (Kg ha-1) and number of plant at harvest 
of maize as affected by integrated nutrient management  

Treatments 1000 grain weight (g) Biological yield            
(Kg ha-1) 

Grain yield              
(Kg ha-1) 

Number of Plants at 
Harvest 

Control 211 d 8424 c 2042 d 38 
Biochar 219 bcd 8752 bc 2386 c 41 
BC + FYM 248 ab 10083 b 3190 b 41 
BC+ NPK 263 a 12471 a 4194 a 35 
NPK 243 abc 11892 a 3974 a 37 
FYM 216 cd 9246 bc 2399 c 34 
LSD 31.06 16.27 316.5 ns 
Means for each categories (Column) followed by different letters are significantly different from each other at 5% level of 
probability. 
ns = Non significant 

CONCLUSION AND RECOMMENDATIONS  

From the findings of the experiment it is evident that integrated nutrient management is much better as 
compared to sole organic or inorganic fertilizer. It is concluded that biochar application at the rate of 30 tones 
ha-1 in combination with FYM and nitrogen improved yield and yield components of maize crop.  
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