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Abstract
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A field experiment was conducted to investigate the integrated effect of biochar and PK fertilizers on soil properties and maize 
yield at the research Farm of The University of Agriculture, Peshawar during summer 2015. The experiment was laid out in Rando-
mized complete block design with three replications. The different levels of biochar were 0, 5, 10 and 15 t ha-1 and PK fertilizers were 
50 - 30 and 100 - 60 kg ha-1. Data on yield parameters, biological yield, plant height, grain yield, stover yield, thousand grain weight, 
and concentrations of NPK in maize grain, stover and soil along with bulk density, pH, EC and organic matter were recorded. The 
results showed that maize yield and yield components were significantly increased with increasing P and K levels. Maximum biolo-
gical yield (7871 kg ha-1), plant height (183 cm), stover yield (5402 kg ha-1), grain yield (2702 kg ha-1), thousand grain weight (252g) 
were recorded in treatments receiving P and K at the rate of 100 - 60 kg ha-1. Sole application of biochar had no significant effect on 
maize yield. However, application of biochar significantly decreased soil bulk density with the lowest value of 1.4 g cm3 was obtained 
at 15 t ha-1. Results further showed that soil organic matter, total nitrogen and ABDTPA extractable P and K were also improved with 
the application of biochar and PK fertilizers. Total NPK uptake was also significantly increased with increasing PK fertilizers levels. 
However, the combined use of biochar at 15 t ha-1 and PK fertilizers at 100 - 60 kg ha-1 was better than sole application of biochar or 
PK fertilizers. These results suggested that combine application of biochar and PK fertilizers improved soil characteristics and yield 
and nutrients of maize. Application of biochar at 15 t ha-1 along with 100 kg P and 60 kg K is recommended for higher maize yields in 
the prevailing soil and environmental conditions.

Introduction
Maize is a principal summer crop cultivated in Pakistan. It is 

multipurpose cereal crop used as food, feed and raw material for 
the human, animals and industries respectively [1]. In Pakistan 
during 2008 - 2009 total area at national level under maize cultiva-
tion was 1052 thousand hectares with a total production of 3605 
thousand tons with average grain yield of 3427 kg ha-1. In Khyber 
Pakhtunkhwa the land under maize cultivation was 509 thousand 
hectare with overall average production of 904 thousand tons with 
an average grain yield of 1776 kg hectare-1 [2]. In developing coun-
tries, maize is directly used and serves as principal diet for about 
200 million peoples. In processed form it is used as starch and fuel. 
Starch in turn enzymatic conversion into products such as dextrin, 

sorbic, sorbitol and lactic acid. It is also used in domestic items such 
as ice cream, syrup, shoe polish, glue, beer, fireworks, ink, batteries, 
mustard, cosmetics, aspirin and paint [3]. Maize is the significant 
source of edible oil. Pakistan uses an enormous expanse of over-
seas exchange to import edible oil every year. The main product of 
maize are dextrin, solid glucose, powder glucose liquid glucose, and 
crystalline dextrose are prepared [4]. 

Maize is an extensive crop having higher potential than other 
cereals crops to consume huge quantity of nutrients from the soil 
during growth [5]. Intensive cultivation, growing of exhaustive cro-
ps, use of unnecessary and insufficient fertilizers supplemented by 
limited use of organic manures have made the soils not only defici-

Citation: Ejaz Ul Haq and Zahir Shah. “Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties”. Acta Scientific Agriculture 3.3 
(2019): 53-69.



ent in the nutrients, but also deteriorated the soil health, produc-
tivity is largely dependent on nutrient management. Maize needs 
fertile soil to produce optimum yield potential. Additions of orga-
nic manure not only supply the plant nutrients but also improve 
soil health [6]. The decrease in maize yields is a result of limited 
use of fertilizer application and nitrogen use efficiency. Degraded 
soils have lower mineral availability as a result of lower cation 
exchange capacity. These soils have low pH levels which result in 
large amount of nutrient loss especially nitrogen through leaching. 
Limited use of organic matter generally results in sandy soils [7]. 

Biochar is a solid fine grained porous material obtained from 
the hermo chemical conversion of plant biomass at relatively low 
temperature (350 - 600°C) in a low oxygen supply [8]. It consist 
of various elements like hydrogen (H), nitrogen (N), oxygen (O2), 
sulphur (S), carbon (C) and ash in different quantities [9]. The qu-
ality which make biochar attractive as soil amendment is being po-
rous highly (Arias., et al. 2008). 

Applying biochar as soil amendment can also enhance soil ferti-
lity and reduces carbon evolution [10]. Formation of biochar from 
biomass increases carbon stability and then applied to soil the soil. 
Similarly, it also reduces increased level of carbon dioxide in at-
mosphere.

It also contains large quantity of corbon which is resistant to 
rapid degradation so it sequester corbon [11]. Application of bi-
ochar can alter soil physical property [12]. As soil application it can 
improve the fertility of agricultural soils [13]. 

Biochar Application Improves soil properties like increased 
water holding capacity, enhanced CEC, higher pH, reduce nutrients 
leaching and provide nutrient to the soil by itself [14]. Amending 
biochar to the soil increases crop yield. Applying biochar as soil 
amendment may improve microbial growth [15]. Amendment of 
biochar as soil conditioner lowers the fertilizer need as it attracts 
and release nutrient slowly for the later use of crop. Also, it impro-
ves the water holding capacity and hence safeguarding crop again-
st water stress, also lower the methane emission from paddy soil. 

Phosphorus is the major nutrient needed by the plant in large 
quantity for greater yield. It concern primarily with propagative 
size increase. In most soils phosphorus is a yield reducing nutrient 
[5]. Potassium is necessary to increase root growth, tolerance to 
drought, enzymatic activities, photosynthesis, cellulose formation, 
transportation of sugar and starch. It also improve protein content 

of plants, maintain turgor, decrease water loss, and protect plants 
against nematodes and diseases [16]. In Pakistan most of soils con-
tain relatively greater amounts of total K, however only a small por-
tion is in the available form to the plants. Most of the soils have < 
150 mg kg-1 of exchangeable K, which is considered a critical limit 
for soil K deficiency [17]. 

The cultivable land is a restricted resource and its extension is 
not possible, thus better crop production on sustainable basis is a 
great concern. There is a diring need of developing new strategies 
like combined use of organic and inorganic fertilizers to the soil, 
in order to preserve and protect the current soil resources and to 
feed the present and future generations. The issue is directly rela-
ted to maintain the soil quality, refers to the capacity of the soil to 
support better crop growth without resulting in soil degradation 
and impairing the environment. This study was therefore proposed 
to evaluate the combined effect of biochar and PK fertilizers on soil 
properties and maize yield in Peshawar valley.  

Objectives

To assess the integrated effect of biochar and PK fertilizer on 
yield of maize and soil quality. 

Main objective 

1. To evaluate the effect of biochar alone and in combination 
with PK fertilizer on yield and yield components of maize. 

2. To determine the effect of combined use of biochar, P and 
K fertilizers on nutrient uptake of maize. 

3. To evaluate the effect of biochar, P and K fertilizers on soil 
properties (bulk density, SOM and total nitrogen). 

Specific objectives 

Hussain., et al. [18] performed a field experiment to evaluate 
the effect of different levels of phosphorus and potassium on the 
yield and yield components of maize. The experiment was laid out 
in RCB Design with four replications in a split plot arrangements, 
with two varieties, i.e. Azam and Kissan-90. There were three leve-
ls each of P and K i.e. (30, 60 and 90 kg ha-1). The results suggested 
that higher rates of potassium and phosphorus fertilizers have sig-
nificantly increased the weight ear-1, grains ear-1 and 1000-grains 
weight. The results further showed that K interacted significantly 
with maize varieties and phosphorus levels, while the sole, combi-
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ned application of phosphorus with varieties, and potassium levels 
was found significant for grain yield of maize. It is concluded from 
the results that variety Azam with 90 kg P ha-1 and 60 K kg ha-1 

performed well for maximum grain yield as compared to variety 
Kissan-90. 

Masood., et al. [4] investigated the effect of phosphorus (P) le-
vels 0, 50, 100, 150 and 200 kg ha-1 on yield of maize crop. Their 
results showed that P levels significantly improved yield and yield 
components. His results further showed that the maximum thou-
sand grain weight (241g), grain yield (2415 kg ha-1), biological 
yield (7999 kg ha-1) and number of grain cob-1 (327) were obtai-
ned with the application of P at the rate of 100 kg ha-1 as compa-
red to the control plots. They concluded that for maximum grain 
yield phosphorus at the rate of 100 kg ha-1 should be applied in the 
agro-ecological conditions of Peshawar. 

Ali., et al. [19] carried out a field experiment to investigate the 
effect of different nitrogen sources (farm yard manure, biochar and 
mineral nitrogen) on yield and yield components of maize crop. 
Their results suggested that yield components of maize crop were 
significantly improved by all the N sources. Results further showed 
that nitrogen application produced maximum plant height and nu-
mber of grains ear-1, while maximum number of rows ear-1, grain 
yield, biological yield and thousand grain weight were obtained 
from combined application of biochar and mineral fertilizer. The 
study suggested that combined application of biochar (30 t ha-1) 
and mineral nitrogen (75 kg ha-1) improved yield and yield compo-
nents of maize crop. 

Arif., et al. [20] investigated the effect of different nitrogen so-
urces (urea, farm yard manure and biochar) on weeds control and 
maize phenology. their result shown that all the parameters were 
significantly increased. their results showed that combined appli-
cation of biochar (25 ton ha-1), nitrogen (150 kg ha- 1) and FYM (10 
ton ha-1) delayed tasseling, silking and maturity in maize crop, whi-
le weeds population were controlled with the combine application 
of biochar (25 ton ha-1) and FYM (5 ton ha-1). These findings sug-
gested that combined application of biochar (25 ton ha-1) and FYM 
(5 ton ha-1) improved maize growth and efficiently weed controlled 
in maize. 

Imran., et al. [21] carried out a field experiment on integrated 
use of biochar (0 and 15 t ha-1) and phosphorus from two sources 
i.e. organic (farmyard manure and poultry manure) and inorganic 

source (SSP) to improve maize productivity. biochar was applied to 
main plots, while phosphorus from two organic sources with the 
ratios (100%, 75%, 50% and 25%) the remaining was compen-
sated from SSP to make a sum of 100 kg Phosphorus ha-1. Study 
shown that maximum 1000 grains weight, grains ear-1 and grain 
yield (285.6g), (366) (4013 kg ha-1) were observed in the treat-
ments receiving 25t biochar than in the control. The study further 
concluded that by combining 50% phosphorous from organic and 
50% from inorganic source given maximum results. 

Zhang., et al. [22] investigated the effect of biochar (0, 10, 20 
and 40 t ha-1) on rice production and greenhouse gases emissions. 
They applied biochar before rice transplantation and the emission 
of greenhouse gases (methane, carbon dioxide, and nitrous oxide) 
were observed with close chamber method at seven days interval 
throughout rice growing season. It was concluded from their fin-
dings that biochar had significantly decreased greenhouse gases 
and improved soil pH, total nitrogen, and organic corbon (36.9% to 
18.6%). Soil bulk density was reduced and wheat yield was impro-
ved by biochar addition. The results indicated that biochar addition 
improved rice productivity, soil organic, soil pH, carbon, total nitro-
gen but reduced soil bulk density. 

Rashid and Iqbal [23] carried out a field study on clay loam soils 
to investigate the effect of phosphorus fertilizer on the yield and 
quality of maize fodder. They found that application of phosphorus 
at 53 kg ha-1 improved the yield and maize fodder up to 57 kg ha-1. 
The study further suggested that P concentration, dry matter, crude 
protein, fiber and ash content was also enhanced with phosphorus 
application. 

Masto., et al. [24] carried out a field experiment to assess soil 
nutrients, biological properties and the yield of maize crop as effec-
ted by biochar and lignite fly ash. The results depicted that with 
application of biochar and lignite fly ash to soil improved the maize 
grain yield (11.4%, 28.1% respectively), phosphorus (110%) and 
potassium (64%) due to the presence of plant nutrients in ligni-
te fly ash and biochar. The results further suggested that combin-
ed use of lignite fly ash and biochar increased microbial biomass 
(25.3%), fluorescein hydrolases activity (12.3%), alkaline pho-
sphatase (32.2%) and soil enzymes like dehydrogenase activity 
(60.7%). The study concluded that the increase in yield and soil 
nutrients may be due to the sorption of the organic matter to mine-
ral surface and pH-buffering which provide more reactive network 
for water, air and nutrient contacts in the soil. 
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Widowati and Asnah [25] conducted a field experiment to as-
sess potassium fertilizer uptake and leaching, efficiency and effec-
tiveness of K fertilization as influenced by biochar with various 
treatment combinations (without biochar and KCl, K1 200 kg ha-1 

KCl, BK0 biochar, without KCl, BK1/4 biochar + 50 kg ha-1 KCl, BK 
1/2 biochar + 100 kg ha-1KCl, BK 3/4 biochar + 150 kg ha-1KCl, and 
BK1 biochar + 200 kg ha-1 KCl). The results indicated that biochar 
application increased the availability of K by (14 - 184%), P (179 - 
208%), total N (39 - 53%), Ca++ (61 - 70%) and K+ (69 - 89%). The 
study further suggested that sole application of biochar increased 
the maize yield by 14% over sole application of KCl fertilizer. From 
findings it was concluded that integrated use of KCl and biochar 
(50 kg ha-1) resulted in maximum yield (137%). 

Carter., et al. [26] conducted a pot experiment on soil properties, 
lettuce and cabbage plant growth as influenced by biochar applica-
tion. The results shown that soil pH, some trace metals and exchan-
geable cations such as Mg, Ca and K were improved with applicati-
on of biochar at 25, 50 and 150 g kg-1 to pot compared to no biochar 
treatments. The study further revealed that root biomass, the final 
biomass, plant height and number of leaves were also increased 
biochar application. The maximum biomass of 903% was observed 
in biochar treatments followed by 483% with biochar and fertilizer 
integration at same level. 

Arif., et al. [27] carried out a two year field experiment on maize 
crop in order to investigate the integrated effect of biochar and le-
gumes in summer gap to improve the productivity of cereal based 
cropping system. Wheat-maize-wheat cropping pattern was char-
ted with the adjustment of legumes in summer gap. Legume crops 
(mungbean, cowpea and sesbania) with a control were grown in 
the summer gap with and without biochar application. There were 
two levels of biochar (0 and 50 t ha-1) and four levels (0, 90, 120, 
150 kg ha-1) of N fertilizer applied to succeeding maize crop. The 
study revealed that application of biochar had significantly impro-
ved plant height and grain yield. The plots previously sown with 
legumes produced taller plants and high number of grains ear1. Ni-
trogen application increased plant height, number of grains ear-1, 
thousand grains weight, grain and biological yield. The study fur-
ther revealed that integrating biochar and legumes were found effi-
cient for increasing yield, productivity and profitability. 

Kumar., et al. [28] carried out a field experiment to investigate 
soil health as influenced by biochar. The results suggested that be-
low ground corbon was improved by biochar addition and incre-
ased soil fertility with added bonus of climate change mitigation 

with reduced pollution and emission of trace gases from the soil. 
With the application of biochar microbial activity, soil properties, 
soil organic and inorganic compounds were improved. Soil struc-
ture, crop yield, soil aeration and plant available water in soil was 
increased which in turn enables the plant to live longer with shor-
tage of water. 

Ali., et al. [29] performed field experiments to investigate the 
integrated effect of synthetic fertilizers, farmyard manure and bi-
ochar. The results of the study depicted that grains spike-1, spikes 
m-2, grain yield, thousand grain weight, phosphorus use efficien-
cy, grain phosphorus uptake and biological yield was increased by 
5.6%, 6.64%, 9.96%, 3.73, 29.03%, 19.67%, and 15.36% with the 
application of biochar over no biochar treatments. The results also 
showed that soil C (carbon), P (phosphorus) and K (potassium) by 
54.02, 61.39 and 18.41%, with application of biochar. The results 
further shown the significant increase in soil phosphorus, calcium, 
and potassium and yield component with farmyard manure at 10 t 
ha-1. It was concluded from the results that combination of biochar 
with farmyard manure or mineral nitrogen enhanced yield compo-
nents of wheat and soil quality. 

Usman., et al. [30] conducted a field experiments to evaluate 
the effect of various levels of NPK fertilizer on yield of maize-soy-
bean intercropping and growth parameters. The experiment con-
sisted of two factors: sole and intercrops (cropping system at two 
levels) and NPK fertilizer at three levels (0, 150 and 300 kg ha-1 of 
NPK 20:10:10). The experiment was laid out in RCB (randomized 
complete block design) with split plot arrangement three times 
replicated. The cropping systems were allocated to the main plots 
while the fertilizer levels were in the sub plots and concluded that, 
application of fertilizer significantly improved the yield and yield 
components and growth parameters of the crops in both seasons. 
Increasing levels of NPK fertilizer resulted in significant increase 
in the yield and growth parameters of maize and soybean in both 
years. Intercropping resulted in yield advantage in 2013 and 2014 
showing 35% and 26% land saved respectively. Furthermore, the 
study suggested that productivity advantage obtained from the in-
tercropping. 

A field experiment was carried out to evaluate the integrated 
effect of biochar and PK fertilizers on maize yield and soil proper-
ties at the research Farm of the University of Agriculture Peshawar, 
during summer 2015. The experiment was laid out in a RCB design 
with three replications. The size of treatment plot was kept 4m 

Materials and Methods 
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by 3.5m. There were two factors viz., biochar (mix wood biochar) 
and phosphorus (SSP) + potassium (SOP) fertilizer. The levels of 
biochar applied were (0, 5, 10 and 15 t ha-1), and PK fertilizers at (0, 
0), (50, 30) and (100, 60 kg ha-1) respectively. The recommended 
dose of PK fertilizers for maize is 100, 60 kg ha-1 respectively. 

The N at 150 kg ha-1 as urea was applied as a basal dose to all 
treatment plots. 

The chemical composition of biochar is given in the table.

pH E.C (dsm-1) N (%) P (%) K (%) C (%)
8.1 3.43 2.23 2.3 2.43 54

Table a

The experiment was comprised of the following treatment com-
binations.

Treatment Biochar 
(t ha-1)

Phosphorus 
(kg ha-1)

Potassium 
(kg ha-1)

T1 0 0 0
T2 0 50 30
T3 0 100 60
T4 5 0 0
T5 5 50 30
T6 5 100 60
T7 10 0 0
T8 10 50 30
T9 10 100 60
T10 15 0 0
T11 15 50 30
T12 15 100 60

Table b

Maize variety Azam was sown in rows 75 cm apart with plant 
to plant distance 10 cm. biochar and fertilizers were applied befo-
re sowing and thoroughly mixed into the soil. Remaining ½ N was 
applied at knee height stage. All recommended cultural practices 
were followed during the growing period. Data was recorded on 
plant height, biological yield, stover yield, thousand grain weight 
and grain yield, Grain and plant samples were collected from each 
treatment plot at harvest and analyzed for NPK to determine the 
total nutrient uptake in maize. Data on 1000 grain weight was re-

corded. Soil samples (0 - 15 cm) was collected from each treatment 
plot after crop harvest and analyzed for soil fertility parameters 
(SOM, total N, total P, total K, and bulk density). 

Data was recorded on the following parameters 

Agronomic Parameters 

1. Plant height: From each treatment plot, five maize 
plants were selected randomly at maturity and height 
was measured in centimeters from soil surface to top and 
average plant height was recorded. 

2. Thousand grain weight (g): 1000 grain weight was 
recorded by randomly counting 1000 grains and weighed 
by using electronic balance. 

3. Biological yield (kg ha-1): Data on biological yield was 
recorded by weighing dry plants harvested from two 
central rows of each treatment and then converted into 
kg ha-1. 

4. Grain yield: Grain yield was recorded subsequently after 
shelling dry ears of two central rows from each treatment 
and transformed into kg ha-1. 

5. Strove yield (kg ha-1): Stover yield was measured as 
follow: 

Total biological yield - grain yield = strove yield 

Laboratory Analysis 

The pH and E.C of soil samples was determined in 1:5 soil sus-
pension. Ten gram of soil sample was mixed with 50 ml of distilled 
water and shaken for 30 minutes. The pH of the suspension was 
read using pH meter and E.C using E.C meter after proper calibra-
tion of the instruments. 

Determination of soil pH [31] and E.C (Richards 1954) 

In this method the core sampler (100 cm3) was inserted in soil 
to fill the core completely with care to avoid the compression. Soil 
was removed from the sides of the core. The obtained soil from 
core sampler was dried at 1050C. The bulk density was calculated 
as; 

Bulk density [32] 

The extractable P in soil sample was determined in AB-DTPA 
extract. 10g soil was shaken with 20 ml of AB-DTPA solution for 

Determination of extractable P and K [33] 
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15 minutes. After filtration 5 ml ascorbic acid was added to one ml 
aliquot and volume was made up to 25 ml. After color development 
aliquot was read for P on spectrophotometer at 880 nm. However, 
Potash was read directly in the AB-DTPA extract on Flame photo-
meter. 

One gram of air dried soil sample was treated with 10 mL of 
0.5 N K2Cr2O7 and 20 ml of concentrated H2SO4. After 30 minutes, 
200 ml of distilled water added and filtered. After filtering, 2 - 3 
drops of orthophenantholein was added and titrated against 0.5N 
FeSO4.7H2O. The volume of FeSO4.7H2O consumed was noted and 
calculation were done to measure the percent organic matter in the 
soil by following formula: 

Determination of soil Organic matter [34] 

Total N in soil sample was determined by the Kjeldhal Method of 
Bremmer [35]. In this method, 0.25g of the finely ground soil sam-
ple was digested with 3 ml of concentrated H2SO4 in the presence 
of K2SO4, CuSO4 and Se in 100: 10: 1 ratio. After cooling, the digest 
was distilled with 20 ml of 40% NaOH solution into 5 ml boric acid 
mix indicator. The distillate was titrated against 0.01M HCl and the 
amount of N was determined as 1 ml of 0.01M HCl equals 140 ug N. 

Determination of total nitrogen [35] 

Plant Analysis 

Total nitrogen in plant sample was determined by the kjeldhal 
method of Bremmer [35] as described for determining total N in 
soil samples. 

Determination of total N in plant sample 

Total phosphorus and potash in plant samples was determined 
by the wet digestion method using perchloric and nitric acids as 
described by Kue [36]. In this method, 1.0g plant sample was diges-
ted with 10 ml of concentrated HNO3 and 4 ml of perchloric acid 
at 100 - 350C for 1 ½ hours. After cooling the digest was filtered 
and diluted to 100 ml. One ml of the digest was treated with 5 ml 
ascorbic acid and diluted to 25 ml with distilled water and read for 
P on spectrophotometer at 880 nm. Potash was read directly in the 
digest or flame photometer. 

Determination of P and K in plant sample 

The data was statistically analyzed by using analysis of variance 
appropriate for randomized complete block design. Means were 
compared by using LSD test at 5% level of significance, when the 
F-values was significant (Steel and Terrie, 1984). 

Statistical analysis and data management 

A field experiment was conducted at the research farm of the 
Agriculture University Peshawar to evaluate the integrated effect 
of biochar and PK fertilizers on maize yield and yield components 
of maize and soil properties during summer 2015. The results 
obtained are presented below; 

Results and Discussions 

Yield and yields components 

Data obtained on maize plant height as influenced by integrated 
effect of biochar and PK fertilizers are presented in table 1. Analy-
sis of the data showed that maize plant height linearly increased 
with increasing PK levels. The effect of PK fertilizers on maize plant 
height was found significant (P < 0.05). The taller plant height (183 
cm) was recorded in the treatment receiving PK fertilizers at the 
rate of 100 - 60 kg ha-1 followed by 177 cm for treatments receiving 
PK fertilizers at 50 - 30 kg ha-1. The lowest value of 140 cm for plant 
height was recorded in the control. Although not significant, sole 
application of biochar at 10 and 15 t ha-1 had increased plant height 
over control by 15 and 16 cm respectively. 

However, the maximum plant height of 185 cm was observed 
in the treatments receiving biochar at 15 t ha-1 along with PK fer-
tilizers at 100 - 60 kg ha-1. The significance increase in maize plant 
height with PK fertilizers indicate the deficiency of phosphorus, 
potash or both in soil of the experimental site [18,23]. 

 The non-significant effect of biochar on maize plant height is 
not surprising as the effect of biochar is mostly non-significant in 
the short term [37]. This was also only a three months experiment. 
Biochar may exert significant effect in the long - term [37,38]. 

It is therefore suggested that long - term experiment may be 
conducted to realize the real effects of biochar.

Plant height 

Data obtained on 1000 grain weight of maize crop as effected 
by the integrated effect of biochar and PK fertilizers are presented 
in table 1. The results showed that 1000 grain weight was impro-
ved with higher levels of PK fertilizers. The results depicted that 
PK levels significantly increased thousand grain weight of maize 
but the effects of biochar and biochar x PK were nonsignificant (P < 

Thousand grain weight
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0.05). It was further that on average the maximum thousands grain 
weight of 252 g was obtained with PK fertilizer at100 - 60 kg ha-1 
followed by 248g obtained with PK fertilizer at 50 - 30 kg ha-1. Both 
these values were significantly greater than that obtained for the 
control treatment (240g). Moreover, biochar alone or its interacti-
on with PK levels had no significant change in the thousand grain 
weight of maize crop. 

Although the integrated effect of biochar and PK fertilizers was 
non-significant but maximum thousand grain weight of 254g was 
obtained for the treatment receiving highest dose of PK fertilizers 
100 - 60 kg ha-1 along with highest dose of biochar (15 t ha-1). Sole 
amendment of biochar at 5 and 10 t ha-1 had no effect on thousand 
grain weight compared with control. However biochar at 15 t ha-1 
have somehow increased the thousand grain weight (243g) of 
maize as related to the control (240g). The significant increase in 
thousand grain weight of maize with PK fertilizer indicate the de-
ficiency of phosphorus, potash or both in soil of the experimental 
site [18,23]. 

Treatment Plant height Thousand grain 
weight ( g)

PK fertilizers (kg ha-1) ____ (cm) ___ ___ g ___
PK1 (0 kg ha-1) 140 c 240 c
PK2 (50-30 kg ha-1) 177 b 248 b
PK3 (100-60 kg ha-1) 183 a 252 a
LSD (P < 0.05) 7.6 *** 6 ***
Biochar (t ha-1)  
B1 ( 0 t ha-1) 

 
140

 
240

B2 ( 5 t ha-1) 146 239
B3 (10 t ha-1) 154 242
B4 (15 t ha-1) 156 244
LSD (P < 0.05) ns ns
Interaction   
B2 x PK2 

 
174

 
248

B2 x PK3 184 252
B3 x PK2 177 251
B3 x PK3 184 253
B4 x PK2 180 250
B4 x PK3 185 254
LSD (P < 0.05) ns ns

Table 1:  Integrated effect of biochar and PK fertilizers on maize 
plant height and thousand grain weight. 

B (biochar), PK (phosphorus and potassium), ns (non-significant), 
*** (significant) Different letters in columns shows significant dif-
ference between means. 

Data obtained on maize biological yield as effected by the com-
bined effect of biochar and PK fertilizers are shown in table 2. The 
results showed that biological yield was directly proportional to PK 
levels, i.e. yield increased linearly with increasing levels of PK ferti-
lizers. Analysis of the data indicated that PK levels significantly in-
creased the biological yield of maize but the effects of biochar and 
biochar x PK were non-significant (P < 0.05). The results further 
showed that higher biological yield of 7871 kg ha-1 was recorded in 
treatments with PK fertilizers at 100 - 60 kg ha-1 followed by 7788 
kg ha-1 with PK fertilizer at 50 - 30 kg ha-1. Both these values were 
significantly greater than that obtained for the control treatment 
7322 kg ha-1. Moreover biochar alone or its interaction with PK le-
vels had no significant effect on biological yield of maize. 

Although the integrated effect of biochar and PK fertilizer on 
biological yield of maize was non-significant. The maximum biolo-
gical yield of 8063 kg ha-1 was obtained for the treatment receiving 
highest dose of PK fertilizers 100 - 60 kg ha-1 along with highest 
dose of biochar (15 t ha-1). Sole application of biochar at 5 t ha-1 
had no effect on biological yield compared with control. However, 
biochar at 10 and 15 t ha-1 have somehow increased the biological 
yield (7356, 7481 kg ha-1) of maize as compared to control (7322 
kg ha-1) respectively. 

The significant increase in biological yield of maize with PK fer-
tilizers indicate the deficiency of phosphorus, potash or both in soil 
of the experimental site [18,23]. 

The non-significant effect of biochar on biological yield of maize 
is perhaps not surprising as the effect of biochar is mostly non-sig-
nificant in the short term [37]. This was also only a three months 
experiment. Biochar may exert significant effect in the log - term 
[37,38]. It is therefore suggested that long - term experiment may 
be conducted to realize the real effects of biochar. 

Biological yield 

The data obtained on maize grain yield as effected by the inte-
grated effect of biochar and PK fertilizers are presented in table 2. 
The results depicted that grain yield was improved linearly with in-
creasing levels of PK fertilizers. Analysis of the data indicated that 
PK levels significantly improved the grain yield of maize but there 
was no significant effect of biochar and biochar x PK fertilizers. The 
results further showed that on average the maximum grain yield 
of 2702 kg ha-1 was obtained with PK fertilizer at100 - 60 kg ha-1 
followed by 2630 kg ha-1 obtained with PK fertilizer at 50 - 30 kg 
ha-1. Both these values were significantly greater than that obtain-

Grain yield 
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ed for the control treatment 2412 kg ha-1. Moreover biochar only or 
its interaction with PK levels had no significant on the grain yield of 
maize. Although non - significant the maximum grain yield of 2735 
kg ha-1 was obtained for the treatment receiving highest dose of PK 
fertilizers at 100 - 60 kg ha-1 along with highest dose of biochar (15 
t ha-1). Sole application of biochar at 5 and 10 t ha-1 had no effect 
on grain yield compared with control. Grain yield (2513 kg ha-1) of 
maize was somehow enhanced as compared to the control (2412 
kg ha-1) with biochar at 15 t ha-1. 

The significant increase in grain yield of maize with fertilizer 
indicate the deficiency of phosphorus, potash or both in soil of the 
experimental site [18,23]. 

Stover yield of maize as effected by the integrated effect of bi-
ochar and PK fertilizers are shown in Table 2. The results showed 
that stover yield was increased with increasing levels of PK fer-
tilizers. Analysis of the data indicated that PK levels significantly 
increased the stover yield of maize but the effects of biochar and 
biochar x PK were non-significant (P < 0.05). The results further 
showed that maximum stover yield of 5402 kg ha-1 was obtained 
with PK fertilizer at100 - 60 kg ha-1 trailed by 5224 kg ha-1 obtained 
with PK fertilizer at 50 - 30 kg ha-1. Both these values were signifi-
cantly superior to the control (4911 kg ha-1).

 Moreover, biochar alone or its interaction with PK levels did not 
cause any substantial modification in the maize stover yield. 

Although the combined influence of biochar and PK fertilizer 
on maize stover yield was not prominent, the extreme stover yield 
of 5428 kg ha-1 was found for the treatment getting highest dose of 
PK fertilizers at 100 - 60 kg ha-1 along with highest dose of biochar 
(15 t ha-1). Alone application of biochar at 5 and 10 t ha-1 had no 
influence on stover yield related with the control. However biochar 
at 15 t ha-1 have somehow increased the stover yield (4967 kg ha-1) 
of maize related to control (4911 kg ha-1). The significant increase 
in stover yield of maize with PK fertilizer indicate the deficiency of 
phosphorus, potash or both in soil of the experimental site [18,23]. 

Stover yield 

The results obtained on the integrated effect of biochar and PK 
fertilizers, on soil pH are presented in table 3. The results showed 
that there was no significant difference in soil pH were observed 

Soil properties as influenced by integrated effect of biochar 
and PK fertilizers after maize harvest Soil pH 

Treatments Biological 
Yield

Grain 
yield

Stover 
yield

PK fertilizers (kg ha-1) _____kg ha-1_____
PK1 ( 0 kg ha-1) 7322 c 2448 

c
4911 c

PK2 (50-30 kg ha-1) 7787 b 2630 
b

5224 b

PK3 (100-60 kg ha-1) 7871 a 2702 
a

5402 b

LSD (P <0.05) 306 ** 26 *** 268 **
Biochar  (t ha-1) 

B1 ( 0 t ha-1) 7322 2412 4911
B2 ( 5 t ha-1) 7343 2428 4915
B3 (10 t ha-1) 7357 2437 4919
B4 (15 t ha-1) 7481 2514 4967
LSD (P <0.05) ns ns ns
Interaction  

B2 x PK2 7752 2624 5262
B2 x PK3 7924 2723 5334
B3 x PK2 7802 2631 5272
B3 x PK3 7918 2734 5418
B4 x PK2 7812 2650 5196
B4 x PK3 8063 2735 5428
LSD (P <0.05) ns ns ns

Table 2: Maize biological yield, grain yield and stover yield as 
influenced by integrated effect of biochar and PK fertilizers.

B (biochar), PK (phosphorus and potassium), non – significant 
(ns), * (significant) 

Different letters in columns shows significant difference between 
means. 

among PK fertilizers and biochar treatments. Although not signi-
ficant, soil pH enhanced with increasing levels of biochar amend-
ment. Similarly no significant difference were observed among 
fertilizer treatments. Moreover all the interactions were found 
non-significant. The maximum value of pH 7.60 was recorded in 
the treatments receiving biochar at 15 t ha-1 followed by 7.53 for 
biochar at 10 t ha-1. 

The effect of PK fertilizer alone and in combination with bi-
ochar was non-significant. The non-significant effect of biochar on 
soil pH might be due to existence of calcium carbonate which acts 
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The data on soil EC as influenced by integrated effect of biochar 
and PK fertilizers is presented in table 3. Analysis of the data re-
vealed that there was no significant influence of biochar and PK 
fertilizers on soil EC. Like soil pH, soil EC increased with increasing 
levels of biochar but the differences were however statistically non 
- significant (P < 0.05). Soil EC was not influenced significantly by 
PK fertilizer treatment. The interactions between biochar and PK 
fertilizers for soil EC were also non - significant. The maximum va-
lue of electrical conductivity 0.134 dsm-1 was recorded in the treat-
ments applied with highest level of biochar at 15 t ha-1 followed by 
0.133 dsm-1 biochar at 10 t ha-1 [37,38]. 

Soil EC 

Bulk density of soil as effected by integrated effect of biochar 
and PK fertilizer is given in table 3. Analysis of data revealed that 
application of biochar significantly decreased soil bulk density 
over control. However PK fertilizer alone and in integration with 
biochar had no effect on soil bulk density. The minimum value 1.39 
g cm-3 for soil bulk density was noted in treatments receiving bi-
ochar at higher level (15 t ha-1) followed by 1.41 g cm-3 for biochar 
at 10 t ha-1 (Helene Pühringer, 2016; Chaudhry., et al. 2016). 

Bulk density of soil 

Treatments Soil pH EC Bulk density
PK fertilizers (kg ha-1) ____ _(dsm-1)_ _(g cm-3)_
PK1 (0 kg ha-1) 7.49 0.124 1.45
PK2 (50-30 kg ha-1) 7.49 0.125 1.45
PK3 (100-60 kg ha-1) 7.50 0.125 1.44
LSD (P <0.05) ns ns Ns
Biochar (t ha-1) 

B1 ( 0 t ha-1) 7.49 0.124 1.45
B2 ( 5 t ha-1) 7.53 0.126 1.45
B3 (10 t ha-1) 7.60 0.133 1.41
B4 (15 t ha-1) 7.60 0.135 1.40
LSD (P <0.05) ns ns ns
Interaction  

B2 x PK2 7.53 0.128 1.45
B2 x PK3 7.54 0.129 1.44
B3 x PK2 7.57 0.132 1.41
B3 x PK3 7.58 0.133 1.41
B4 x PK2 7.59 0.133 1.39
B4 x PK3 7.59 0.134 1.40
LSD (P <0.05) ns ns ns

Table 3: Effect of biochar and PK fertilizers on soil pH, EC and 
Bulk density. 

B (biochar), PK (phosphorus and potassium), ns (non – signifi-
cant) 

as buffering agent [38,39]. Biochar may exert significant effect in 
long-term [37,40] as this was short-term study. 

Data obtained on SOM as influenced by biochar and PK ferti-
lizers treatments after crop harvest are presented in table 4. In-
vestigation of the data exposed that soil organic matter was not 
influenced significantly by any level of biochar, PK fertilizers, or 
their interactions. However, increasing biochar application levels 
generally resulted in greater amount of organic matter.

 Although the results were statistically non - significant (P < 
0.05). The maximum rate of soil organic matter % 0.562 was recor-
ded in treatments receiving biochar at 15 t ha-1 followed by 0.555% 
for treatments receiving biochar at 10 t ha-1. The effect of PK ferti-
lizers however have no remarkable effect on soil organic matter 
(Chaudhry., et al. 2016). 

Soil organic matter 

Data acquired on soil total nitrogen as effected by integrated of 
biochar and PK fertilizers are shown in table 4. Study of the data 
shown that soil total nitrogen was not significantly affected by 

Soil total N 

any level of biochar, PK fertilizers or their interactions. However, 
increasing biochar application levels generally resulted in higher 
amount of soil total nitrogen. Although the results were statisti-
cally non - significant (P < 0.05). 

The maximum value of soil total nitrogen 0.127% was recorded 
in treatments receiving biochar at 15 t ha-1 trailed by 0.125% in 
treatments applied with biochar at 10 t ha-1. The minimum value 
for soil total N% 0.119 was observed in the control. The effect of PK 
fertilizers were not remarkable on soil total nitrogen (Chaudhry., 
et al. 2016). 

The non-significant effect of biochar on soil total nitrogen is 
perhaps not surprising as the effect of biochar is mostly non-signi-
ficant in short - term [37,38]. Biochar may exert significant in long-
term [37,38]. It is therefore suggested that long term experiment 
may be conducted to realize the real effect of biochar. 
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Phosphorus concentration in soil as affected by various levels 
of biochar and PK fertilizers are offered in table 4. The results indi-
cated that soil phosphorus content was not significantly increased 
by any level of biochar, PK fertilizers or their interactions. However 
increasing levels of PK fertilizers and biochar levels generally re-
sulted in greater amount of soil phosphorus content. On average 
higher soil P content 2.71 mg kg-1 was recorded in treatments trea-
ted with PK fertilizer at 100 - 60 kg ha-1 followed by 2.69 mg P kg-1 
for treatments receiving PK fertilizers at 50 - 30 kg ha-1, while mi-
nimum phosphorus content 2.49 mg kg-1 was recorded in control 
[41,42]. Response of soil P content to biochar, maximum P content 
2.58 mg kg-1 was observed in the treatments receiving biochar at 
15 t ha-1 followed by 2.56 mg kg-1 for biochar at 10 t ha-1, howe-
ver these results were statistically non-significant (P < 0.05). The 
highest value of soil P was observed in treatments receiving inte-
grated biochar and PK at higher level (15 t ha-1 and 100 - 60 kg ha-1 
respectively), however the results were statically non - significant. 

The non-significant effect of biochar on soil phosphorus content 
is perhaps not surprising as the effect of biochar is mostly non-sig-
nificant in short - term [37,38]. 

AB-DTPA extractable Phosphorus in soil 

Data acquired on soil potassium as effected by integrated of bi-
ochar and PK fertilizers are offered in Table 4. Study of the data 
shown that soil K content was not significantly enhanced by any le-
vel of biochar, PK fertilizers or their interactions. However, increa-
sing K fertilizer levels linearly increased soil K content compare 
to control. Although the results were statistically non - significant 
(P < 0.05). The higher value of soil K 70.33 mg kg-1 was recorded 
in treatments receiving PK fertilizers at 100 - 60 kg ha-1 followed 
by 70.27 mg kg-1 for treatments receiving PK fertilizer at 50 - 30 
kg ha-1 while the lowest value for soil K content 69.2 mg kg-1 was 
recorded in control [41,42]. Sole application of biochar at 10 and 
15 t ha-1 had somehow, improved soil K content. The highest soil K 
content 70.60 mg kg-1 was recorded when biochar and PK fertili-
zers were integrated at 15 t ha-1 and 100 - 60 kg ha-1 respectively. 

AB-DTPA Extractable Soil Potassium 

Integrated effect of biochar and PK fertilizers on Stover and 
grain N, P and K concentration 
N concentration in maize Stover 

The data on total N concentration in maize stover as affected by 
biochar and PK fertilizers are presented in table 5. Analysis of the 

data shown that total N concentration in maize stover was not sig-
nificantly influenced by any level of biochar, PK fertilizers or their 
interactions. However, increasing PK fertilizer levels linearly in-
creased stover N content compare to control. Although the results 
were statistically non - significant (P < 0.05). 

The maximum N 0.52% was recorded in treatments receiving 
PK fertilizers at 100 - 60 kg ha-1 followed by 0.513 for treatments 
receiving PK fertilizer at 50 - 30 kg ha-1 and lowest value 0.496 N% 
was recorded in control [41,42]. Sole application of biochar at 10 
and 15 t ha-1 had somehow increased stover N content. 

The stover N content 0.526% was recorded when biochar and 
PK fertilizers were integrated at 15 t ha-1 and 100 - 60 kg ha-1 re-
spectively followed by 0.524% for biochar and PK at 10 t ha-1 and 
50 - 30 kg ha-1. However the results were statistically non - signi-

Treatments Organic matter N P K
PK fertilizers (kg ha-1) ____%____ __(mg kg-1)__
PK1 (0 kg ha-1) 0.540 0.119 2.49 69.20
PK2 (50-30 kg ha-1) 0.541 0.119 2.69 70.27
PK3 (kg ha-1) 0.542 0.121 2.71 70.33
LSD (P < 0.05) Ns ns ns ns
Biochar (t ha-1) 

B1 (0 t ha-1) 0.540 0.119 2.49 69.20
B2 ( 5 t ha-1) 0.545 0.122 2.53 69.47
B3 (10 t ha-1) 0.561 0.126 2.56 70.07
B4 (15 t ha-1) 0.570 0.128 2.58 70.13
LSD (P < 0.05) ns ns ns ns
Interaction  

B2 x PK2 0.548 0.121 2.70 70.10
B2 x PK3 0.554 0.122 2.71 70.60
B3 x PK2 0.550 0.124 2.70 70.60
B3 x PK3 0.554 0.124 2.70 69.93
B4 x PK2 0.553 0.127 2.68 70.00
B4 x PK3 0.565 0.127 2.72 70.80
LSD (P < 0.05)           ns                              

ns
ns                                       
ns

Table 4: Soil organic matter, total nitrogen, phosphorus and 
potassium as influenced by integrated effect of biochar and PK 

fertilizers. 

B (biochar), PK (phosphorus and potassium), ns (non – significant).
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ficant (P < 0.05). The increase in N content in maize stover with 
PK fertilizers is may be due higher biological yield and grain yield.

Phosphorus concentration in maize Stover 

P content in maize stover as affected by biochar and PK ferti-
lizers are presented in Table 5. Analysis of the data shown that P 
content in maize stover was significantly (P < 0.05) influenced by 
PK fertilizers. Increasing PK fertilizer levels linearly increased sto-
ver P content. The maximum P content 0.315% was recorded in 
treatments receiving PK fertilizers at 100 - 60 kg ha-1 followed by 
0.281% for treatments receiving PK fertilizer at 50 - 30 kg ha-1 and 
the lowest value 0.173 P% was recorded in control [23,41,42]. Sole 
application of biochar at 10 and 15 t ha-1 had somehow increased P 
content in maize stover. 

The maximum stover P content 0.329% was recorded when bi-
ochar and PK fertilizers were integrated at 15 t ha-1 and 100 - 60 kg 
ha-1 respectively followed by 0.204% for biochar and PK at 10 t ha-1 

and 50 -30 kg ha-1. However the results were statistically non - sig-
nificant (P < 0.05). The non-significant effect of biochar on stover P 
content is perhaps not surprising as the effect of biochar is mostly 
non-significant in short-term [37,38]. Biochar may exert signifi-
cant in long - term [37,38]. It is therefore suggested that long term 
experiment may be conducted to realize the real effect of biochar. 

Potassium concentration in maize Stover 

Potassium concentration in maize Stover as effected by biochar 
and PK fertilizers are presented in table 5. Analysis of the data 
shown that K content in maize Stover was significantly (P < 0.05) 
influenced by PK fertilizers. Increasing PK fertilizer levels linearly 
increased Stover K content. The maximum K content 0.694% was 
recorded in treatments receiving PK fertilizers at 100 - 60 kg ha-1 

followed by 0.651% for treatments receiving PK fertilizer at 50 - 30 
kg ha-1 and the lowest value 0.505 P% was recorded in the control 
[23,41,42]. Sole application of biochar at 10 and 15 t ha-1 had some-
how increased K content in maize Stover. 

The maximum Stover K content 0.715% was recorded when bi-
ochar and PK fertilizers were integrated at 15 t ha-1 and 100 - 60 kg 
ha-1 respectively followed by 0.706% for biochar and PK at 10 t ha-1 
and 50 - 30 kg ha-1. However the results were statistically non - sig-
nificant (P < 0.05). The non-significant effect of biochar on Stover K 
content is perhaps not surprising as the effect of biochar is mostly 
non-significant in short - term [37,38]. 

Treatments N in maize 
stover

P in maize 
stover

K in maize 
stover

PK fertilizers (kg ha-1) ______ (%)____
PK1 (0 kg ha-1) 0.496 0.17 c 0.505 c
PK2 (50-30 kg ha-1) 0.513 0.28 b 0.651 b
PK3 (100-60 kg ha-1) 0.524 0.31 a 0.694 a
LSD (P < 0.05) ns 0.023*** 0.037***
Biocahr (t ha-1)  
B1 (0 t ha-1) 

 
0.496

 
0.17

 
0.505

B2 ( 5 t ha-1) 0.506 0.18 0.519
B3 (10 t ha-1) 0.508 0.20 0.523
B4 (15 t ha-1) 0.517 0.22 0.532
LSD (P < 0.05) 0.033 0.028 0.042
B2 x PK2 0.510 0.28 0.661
B2 x PK3 0.519 0.33 0.696
B3 x PK2 0.513 0.29 0.652
B3 x PK3 0.525 0.34 0.706
B4 x PK2 0.524 0.29 0.684
B4 x PK3 0.526 0.33 0.715
LSD (P < 0.05) 0.057 0.05 0.073

Table 5: Effect of biochar and PK fertilizers on N, P and K content 
in maize stover.

B (biochar), PK (phosphorus and Potassium), ns (non – signifi-
cant), *** (significant) 

Different letters in columns shows significant difference between 
means. 

N concentration in maize grain (%) 

The data on total N concentration in maize grain as affected by 
biochar and PK fertilizers are presented in Table 6. Analysis of the 
data shown that total N concentration in maize grain was not signi-
ficantly influenced by any level of biochar, PK fertilizers or their in-
teractions. However, increasing biochar level at 15 t ha-1 produced 
maximum N concentration in grain compare to control. Although 
the results were statistically non - significant (P < 0.05).

 The maximum N 1.14% in maize grain was recorded in treat-
ments receiving biochar at 15 t ha-1 followed by 1.07% N for treat-
ments receiving biochar at 10 t ha-1 and lowest value 0.93 N% was 
recorded in control. [37,38]. Sole application applications of PK 
fertilizers also increased N content in grain over control [41,42]. 
There was no prominent effect of biochar and PK fertilizers inte-
gration on grain N content. 
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The non-significant effect of biochar on N content in mazi grain 
is perhaps not surprising as the effect of biochar is mostly non-sig-
nificant in short-term [37,38]. 

Phosphorus concentration in maize grain 

P concentration in maize grain as effected by biochar and PK 
fertilizers are presented in table 6. Analysis of the data shown that 
P content in maize grain was significantly (P < 0.05) influenced 
by PK fertilizers. Increasing PK fertilizer levels linearly increased 
grain P content. 

 The maximum P content 0.685% was recorded in treatments 
receiving PK fertilizers at 100 - 60 kg ha-1 followed by 0.631% for 
treatments receiving PK fertilizer at 50 - 30 kg ha-1 and the lowest 
value 0.173 P% was recorded in control [23,41,42]. Sole applicati-
on of biochar at 10 and 15 t ha-1 had somehow increased P content 
in maize grain. The maximum P content 0.713% in maize grain was 
recorded when biochar and PK fertilizers were integrated at 15 t 
ha-1 and 100 - 60 kg ha-1 respectively followed by 0.680% for bi-
ochar and PK at 10 t ha-1 and 50 -30 kg ha-1. However the results 
were statistically non - significant (P < 0.05). 

 The non-significant effect of biochar on stover P content is per-
haps not surprising as the effect of biochar is mostly non-signifi-
cant in short - term [37,38]. 

Potassium concentration in maize grain 

K concentration in maize grain as effected by biochar and PK 
fertilizers are presented in table 6. Analysis of the data shown that 
K content in maize Stover was significantly (P < 0.05) influenced 
by PK fertilizers. Increasing PK fertilizer levels linearly increa-
sed grain K content. The maximum grain K content 0.244% was 
recorded in treatments receiving PK fertilizers at 100 - 60 kg ha-1 
followed by 0.219% for treatments receiving PK fertilizer at 50 - 
30 kg ha-1 and the lowest value 0.116 K% was recorded in control 
[23,41,42]. Sole application of biochar at 10 and 15 t ha-1 had some 
increased K content in maize Stover over control. 

The maximum Stover K content 0.248% was recorded when bi-
ochar and PK fertilizers were integrated at 15 t ha-1 and 100 - 60 
kg ha-1 respectively followed by 0.247% for biochar and PK at 10 t 
ha-1 and 50 - 30 kg ha-1. However the results were statistically non 
- significant (P < 0.05). 

Treatments N in maize 
grain

P in maize 
grain

K in maize 
grain

PK fertilizers (kg ha-1) _____ (%)____
PK1 (0 kg  ha-1) 0.93 0.42 c 0.116 c
PK2 (50-30 kg ha-1) 0.99 0.64 b 0.221 b
PK3 (100-60kg ha-1) 1.01 0.67 a 0.241 a
LSD (P < 0.05) ns 0.044*** 0.04***
Biochar ( t ha-1) 

B1 (0 t ha-1) 0.93 0.42 0.116
B1 ( 5 t ha-1) 1.0 0.45 0.134
B2 (10 t ha-1) 1.07 0.53 0.153
B3 (15 t ha-1) 1.14 0.54 0.158
LSD (P < 0.05) ns ns ns
Interaction  

B2 x PK2 0.96 0.61 0.221
B2 x PK3 1.04 0.68 0.240
B3 x PK2 1.05 0.63 0.210
B3 x PK3 1.05 0.68 0.247
B4 x PK2 1.11 0.64 0.223
B4 x PK3 1.09 0.71 0.248
LSD (P < 0.05) ns ns ns

Table 6: Grain N, P and K content as influenced by integrated ef-
fect of biochar and PK fertilizers. 

B (biochar), PK (phosphorus and potassium), ns (non – signifi-
cant), *** (significant)

Total N, P and K uptake in maize grain and stover as effected by 
integrated effect of biochar and PK fertilizers 

Total N uptake in maize grain and stover as effected by biochar 
and PK fertilizers are presented in table 7. Analysis of the data 
shown that total N uptake in maize grain and Stover was signifi-
cantly (P < 0.05) influenced by PK fertilizers. Increasing PK fertili-
zer levels linearly increased total N uptake in maize. The maximum 
N uptake 125 kg ha-1 was observed in treatments receiving PK fer-
tilizers at 100 - 60 kg ha-1 followed by 121 kg ha-1 for treatments 
receiving PK fertilizer at 50 - 30 kg ha-1 while the lowest N uptake 
105 kg ha-1 was recorded in the control (Baque., et al. 2006). Sole 
application of biochar at 10 and 15 t ha-1 had somehow increased 
total N uptake but the results were at par with control. 

Total N uptake in maize grain and stover 
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The maximum value of total N uptake 129 kg ha-1 was recorded 
when biochar and PK fertilizers were integrated at 15 t ha-1 and 
100 - 60 kg ha-1 respectively followed by 122 kg ha-1 for biochar 
and PK at 10 t ha-1 and 50 -30 kg ha-1. However the results were sta-
tistically non - significant (P < 0.05). The non-significant effect of 
biochar on total N uptake of maize is perhaps not surprising as the 
effect of biochar is mostly non-significant in short - term [37,38]. 
Biochar may exert significant in long - term [37,38]. It is therefore 
suggested that long term experiment may be conducted to realize 
the real effect of biochar. 

Total P uptake in maize grain and stover as effected by biochar 
and PK fertilizers are presented in table 7. Analysis of the data 
shown that total P uptake in maize grain and Stover was signifi-
cantly (P < 0.05) influenced by PK fertilizers. Increasing PK ferti-
lizer levels linearly increased total P uptake in maize. The maxi-
mum P uptake 81 kg ha-1 was observed in treatments receiving PK 
fertilizers at 100 - 60 kg ha-1 followed by 71 kg ha-1 for treatments 
receiving PK fertilizer at 50 - 30 kg ha-1 while the lowest P uptake 
49 kg ha-1 was recorded in control. Sole application of biochar at 10 
and 15 t ha-1 had somehow increased total P uptake but the results 
were at par with the control. 

The maximum value of total P uptake 84 kg ha-1 was recorded 
when biochar and PK fertilizers were integrated at 15 t ha-1 and 
100 - 60 kg ha-1 respectively followed by 81 kg ha-1 for biochar and 
PK at 10 t ha-1 and 50 -30 kg ha-1. However the results were statis-
tically non - significant (P < 0.05). The non-significant effect of bi-
ochar on P uptake is perhaps not surprising as the effect of biochar 
is mostly non-significant in short - term [37,38].

Total P uptake in maize grain and stover 

Total K uptake in maize grain and stover as effected by biochar 
and PK fertilizers are presented in table 7. Analysis of the data 
shown that total K uptake in maize grain and Stover was signifi-
cantly (P < 0.05) influenced by PK fertilizers. Increasing PK ferti-
lizers levels linearly increased total K uptake in maize. The maxi-
mum K uptake 75 kg ha-1 was observed in the treatments receiving 
PK fertilizers at 100 - 60 kg ha-1 followed by 71 kg ha-1 for treat-
ments receiving PK fertilizer at 50 - 30 kg ha-1 while the lowest K 
uptake 49 kg ha-1 was recorded in control. Sole application of bi-
ochar at 10 and 15 t ha-1 had somehow increased total K uptake but 
the results were statistically non- significant. 

Total K uptake in maize grain and stover 

The maximum value of total K uptake 78 kg ha-1 was recorded 
when biochar and PK fertilizers were integrated at 15 t ha-1 and 
100 - 60 kg ha-1 respectively followed by 75.5 kg ha-1 for biochar 
and PK at 10 t ha-1 and 50 -30 kg ha-1. However the results were 
statistically non - significant (P < 0.05). Biochar may exert signifi-
cant in long - term [37,38]. It is therefore suggested that long term 
experiment may be conducted to realize the real effect of biochar. 

Treatments N uptake 
in maize

P uptake 
in maize

K uptake 
in maize

PK fertilizers (kg ha-1) ______(kg ha-1)_____
PK1 (0 kg ha-1) 105 c 44 c 45 c
PK2 ( 50-30 kg ha-1) 117 b 72 a 68 b
PK3 (100-60 kg ha-1) 121 a 78 b 74 a
LSD (P < 0.05) 8* 4*** 5***
Biochar (t ha-1)  
B1 (0 t ha-1) 

 
105

 
44

 
45

B1 ( 5 t ha-1) 112 45 48
B2 (10 t ha-1) 116 53 50
B3 (15 t ha-1) 123 53 52
LSD (P < 0.05) Ns ns ns
Interaction   
B1 x PK2 

 
118

 
69

 
69

B1 x PK3 124 80 74
B2 x PK2 122 72 67
B2 x PK3 125 81 76
B3 x PK2 128 72 71
B3 x PK3 129 84 78
LSD ns ns ns

Table 7: Total N, P and K uptake in maize grain and stover as ef-
fected by biochar and PK fertilizers.

B (biochar), PK (phosphorus and potassium), ns (non – signifi-
cant), * (significant) 

A field experiment was conducted to assess the integrated effect 
of biochar and PK fertilizers on maize yield and soil properties at 
the Research Farm of Agriculture University Peshawar during sum-
mer 2015. The experiment was laid out in RCB design with three 
replications. The size of treatment plot was kept 4 m by 3.5 m. The 
different doses of biochar and PK fertilizers were applied at the 
rate of (0, 5, 10 and 15 t ha-1) while PK fertilizers were applied at 
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rate of (50 - 30 and 100 - 60) of recommended dose. The PK doses 
were added to the soil in the form of single super phosphate and 
sulphate of potash, respectively. The soil under experiment was al-
kaline calcarious in nature. Maize crop was sown on 25 - 06 - 2015 
and harvested on 5 - 10 - 2015. Surface samples at 15 cm depth 
were collected for analysis of physico - chemical characteristics 
before and after harvest. 

The results indicated that plant height, biological yield, stover 
yield, grain yield and thousand grain weight improved significantly 
with PK fertilizers while sole application of biochar had no signifi-
cant effect on yield and yield component of maize. However maxim 
plant height, biological yield, stover yield, grain yield, and thou-
sand grain weight (185 cm), (8063 kg ha-1), (5428 kg ha1), (2735 kg 
ha-1), (254 g) were observed in treatments treated with full dose of 
PK fertilizers along with biochar at 15 t ha-1 respectively, while the 
lowest plant height, biological yield, stover yield, grain yield and 
thousand grain weight were observed in the control. 

Soil bulk density was significantly decreased with higher level 
of biochar. PK fertilizers had no significant effect on soil bulk den-
sity. The lowest value (1.38 gcm-3) for bulk density was recorded in 
the treatments receiving biochar at 15 t ha-1. 

Soil pH, EC, organic matter and soil total nitrogen was increa-
sed with biochar at highest dose but results were statistically non 
- significant (P < 0.05) while PK fertilizers had no prominent effect 
on soil pH, EC, organic matter and soil total nitrogen. The maxi-
mum pH, EC, organic matter and total nitrogen was observed in the 
treatments receiving biochar at 15 t ha-1. The maximum pH (7.60), 
EC (1.35 dsm-1), O.M (0.57%), and total N (0.128%) was recorded 
in treatments receiving biochar at 15 t ha-1 respectively, while the 
lowest values for pH, EC, organic matter and total nitrogen were 
recorded in the control. 

AB-DTPA extractable P and K were increased with increasing PK 
fertilizers levels but the results were non - significant. Sole applica-
tion of biochar at higher level also increased soil extractable P and 
K. The maximum P (2.72 mg kg-1) and K (70.80 mg kg-1) concen-
tration was recorded in the treatments receiving biochar and PK 
fertilizers at 15 t ha-1 and 100 - 60 kg ha-1 respectively, while lowest 
values for P and K (2.49 mg kg-1) and (69.20) recorded respectively 
in the control. 

Total P and K concentration in maize stover were significantly 
increased with increasing PK levels. Sole application biochar had 
no significant on P, and K concentration in maize stover. However, 

the maximum stover P (0.33%) and K (0.715%) concentration was 
observed in the treatments receiving higher level of PK fertilizers 
along with higher of biochar respectively, while the lowest was re-
corded in the control. 

Total P and K concentration in maize grain was significantly in-
creased with increasing PK levels. Sole application biochar had no 
significant on N, P, and K concentration in maize stover. However, 
the maximum stover P (0.71%) and K (0.247%) concentration was 
observed in the treatments receiving higher level of PK fertilizers 
along with higher of biochar respectively, while the lowest was re-
corded in the control. 

Total N, P and K uptake in maize was significantly increased 
with increasing PK fertilizers levels. Sole application biochar had 
no significant on total N, P, and K uptake in maize. However, the 
maximum N (129 kg ha-1) P (84 kg ha-1) and K uptake (78 kg ha-1) 
was observed in the treatments receiving higher level of PK fertili-
zers along with higher of biochar respectively, while the lowest was 
recorded in the control [43-54]. 

Based on findings the following conclusions could be drawn 
from the experiment conducted are 

Conclusions 

o Plant height, biological yield, Stover yield, grain yield and 
thousand grain weight were increased significantly with 
increasing level of PK fertilizer. 

o Integrating biochar at 15 t ha-1 and PK fertilizers at 100 
- 60 kg ha-1 produced maximum plant height biological 
yield, Stover yield, thousand grain weight and total grain 
yield then sole PK fertilizer. 

o Biochar application 10 and 15 t ha-1 had somehow 
increased yield and yield component over control 

o Soil total N, organic matter, soil pH, soil EC was increased 
with increasing level of biochar then over PK fertilizers 
alone and control. 

o Soil bulk density was significantly decrease by biochar at 
10 and 15 t ha-1 

o Soil ABDTPA P and K was higher when combined biochar 
and PK fertilizer 

o N, P and K uptake was higher for biochar and PK fertilizers 
when integrated at higher level. 

Based on conclusions it can be recommended that; 

Recommendations 

Citation: Ejaz Ul Haq and Zahir Shah. “Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties”. Acta Scientific Agriculture 3.3 
(2019): 53-69.

66

Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties



Bibliography

o The combine use of biochar 15 t ha-1 with PK fertilizers 
100 - 60 kg ha-1 showed maximum results for yield and 
yield components and soil quality then sole PK fertilizers 
hence recommended for given crop and soil. 

o Biochar at 15 t ha-1 and above may be applied to improve 
soil properties. 

o Long - term experiment may be conducted to realize the 
real effect of biochar. 

1. Khaliq T., et al. “Effectiveness of farmyard manure, poultry ma-
nure and nitrogen for corn productivity”. International Journal 
of Agriculture and Biology 6 (2004): 260-263. 

2. MINFAL. “Agricultural Statistics of Pakistan 2005-06”. Ministry 
of Food, Agriculture and Livestock (Economic Wing), Islam-
abad, Pakistan (2006): 18-19. 

3. Plessis JD (2003).

4. Masood., et al. “Effect of different phosphorus levels on the 
yield and yield components of maize”. Sarhad Journal of Agri-
culture 27 (2011): 167-170. 

5. Chen ML., et al. “Mathematical models and best combination 
of high yield cultivation technique for rapeseed variety Zheny-
ouyoum”. Acta Agriculture Zhejiangensi 6 (1994): 22-26. 

6. Kannan RL., et al. “Effect of integrated nutrient management 
on soil fertility and productivity in maize”. Bulletin of Environ-
ment, Pharmacology and Life Sciences 2 (2013): 61-67. 

7. Cushion E., et al. “Bioenergy development issues and impacts 
for poverty and natural resource management”. World Bank 
Publications (2010). 

8. Amonette J and S Joseph. “Characteristics of biochar Micro-
chemical properties”. In biochar for environmental manage-
ment: Science and Technology (J Lehmann and S Joseph, eds.). 
Earthscan London (2009): 33-52. 

9. Masek O. “Biochar production technologies” (2009). 

10. Cornelissen G., et al. “Biochar effect on maize yield and soil 
characteristics in five conservation farming sites in zambia”. 
Agronomy 3 (2013): 256-274. 

11. Glaser B., et al. “Ameliorating physical and chemical proper-
ties of highly weathered soils in the tropics with charcoal -a 
review”. Biology and Fertility of Soils 35 (2002): 219-230. 

12. Venterea RT and JM Baker. “Effects of soil physical non unifor-
mity on chamber-based gas flux estimates”. Soil Science Society 
of America 72 (2008): 1410-1417. 

13. Marris E. “Putting the carbon back black is the new green na-
ture”. 442 (2006): 624-626. 

14. Lehmann J and S Joseph. “Biochar for environmental manage-
ment”. Earthscan Publisher Ltd. (2009): 658-978. 

15. Pietikainen., et al. “Charcoal as a habitat for microbes and its 
effect on the microbial community of the underlying humus”. 
Oikos International 89 (2000): 231-242. 

16. Thomson B. “Potassium” (2008). 

17. Bajwa., et al. “Soil and fertilizer potassium”. In: soil science. 
(eds.). E. Bashir, and R. Bantle. National Book Foundation, Is-
lamabad, Pakistan (1996): 317-341. 

18. Hussain., et al. “Response of maize varieties to phosphorus and 
potassium levels”. Sarhad Journal of Agriculture 23 (2007). 

19. Arif M., et al. “Effect of biochar, fym and mineral nitrogen alone 
and in combination on yield and yield components of maize”. 
Sarhad Journal of Agriculture 28 (2012). 

20. Arif M., et al. “Effect of biochar, fym and nitrogen on weeds and 
maize phenology”. Weed Science Society of Pakistan 18 (2012): 
475-484. 

21. Imran M., et al. “Integration of biochar with organic and inor-
ganic sources of phosphorous for improving maize productiv-
ity”. Journal of Environment and Earth Science 4 (2014). 

22. Zhanga A., et al. “Effects of biochar amendment on soil qual-
ity, crop yield and greenhouse gas emission in a Chinese rice 
paddy: A field study of 2 consecutive rice growing cycles”. Field 
Crops Research 127 (2012): 153-160. 

23. Rashid M and M Iqbal. “Effect of phosphorus fertilizer on the 
yield and quality of maize (zea mays l) fodder on clay loam 
soil”. The Journal of Animal and Plant Sciences 22 (2012): 
199203. 

24. Masto., et al. “Co-application of biochar and lignite fly ash 
on soil nutrients and biological parameters at different crop 
growth stages ofmaiz”. Ecological Engineering 58 (2013): 314- 
322. 

25. Widowati and Asnah. “Biochar can enhance potassium fertil-
ization efficiency and Economic feasibility of maize cultiva-
tion”. Journal of Agricultural Science 6 (2014). 

Citation: Ejaz Ul Haq and Zahir Shah. “Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties”. Acta Scientific Agriculture 3.3 
(2019): 53-69.

67

Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties

https://www.researchgate.net/publication/242489130_Effectiveness_of_Farmyard_Manure_Poultry_Manure_and_Nitrogen_for_Corn_Zea_mays_L_Productivity
https://www.researchgate.net/publication/242489130_Effectiveness_of_Farmyard_Manure_Poultry_Manure_and_Nitrogen_for_Corn_Zea_mays_L_Productivity
https://www.researchgate.net/publication/242489130_Effectiveness_of_Farmyard_Manure_Poultry_Manure_and_Nitrogen_for_Corn_Zea_mays_L_Productivity
https://www.researchgate.net/publication/268011160_EFFECT_OF_DIFFERENT_PHOSPHORUS_LEVELS_ON_THE_YIELD_AND_YIELD_COMPONENTS_OF_MAIZE
https://www.researchgate.net/publication/268011160_EFFECT_OF_DIFFERENT_PHOSPHORUS_LEVELS_ON_THE_YIELD_AND_YIELD_COMPONENTS_OF_MAIZE
https://www.researchgate.net/publication/268011160_EFFECT_OF_DIFFERENT_PHOSPHORUS_LEVELS_ON_THE_YIELD_AND_YIELD_COMPONENTS_OF_MAIZE
http://bepls.com/july_2013/10.pdf
http://bepls.com/july_2013/10.pdf
http://bepls.com/july_2013/10.pdf
http://www.geos.ed.ac.uk/sccs/biochar/%20documents/BiocharLaunch-OMasek.pdf.
https://www.mdpi.com/2073-4395/3/2/256
https://www.mdpi.com/2073-4395/3/2/256
https://www.mdpi.com/2073-4395/3/2/256
https://dl.sciencesocieties.org/publications/sssaj/abstracts/72/5/1410?access=0&view=pdf
https://dl.sciencesocieties.org/publications/sssaj/abstracts/72/5/1410?access=0&view=pdf
https://dl.sciencesocieties.org/publications/sssaj/abstracts/72/5/1410?access=0&view=pdf
http://www.back-to-basic.net/efu/pdfs/ptassium.pdf
http://www.aup.edu.pk/sj_pdf/RESPONSE%20OF%20MAIZE%20VARIETIES%20TO.pdf
http://www.aup.edu.pk/sj_pdf/RESPONSE%20OF%20MAIZE%20VARIETIES%20TO.pdf
https://www.aup.edu.pk/sj_pdf/EFFECT%20OF%20BIOCHAR,%20FYM%20AND%20MINERAL%20NITROGEN%20-35-2012.pdf
https://www.aup.edu.pk/sj_pdf/EFFECT%20OF%20BIOCHAR,%20FYM%20AND%20MINERAL%20NITROGEN%20-35-2012.pdf
https://www.aup.edu.pk/sj_pdf/EFFECT%20OF%20BIOCHAR,%20FYM%20AND%20MINERAL%20NITROGEN%20-35-2012.pdf
https://www.researchgate.net/publication/280132996_Effect_of_biochar_FYM_and_nitrogen_on_weeds_and_maize_phenology
https://www.researchgate.net/publication/280132996_Effect_of_biochar_FYM_and_nitrogen_on_weeds_and_maize_phenology
https://www.researchgate.net/publication/280132996_Effect_of_biochar_FYM_and_nitrogen_on_weeds_and_maize_phenology
https://www.researchgate.net/publication/270157818_Integration_of_Biochar_with_Organic_and_Inorganic_Sources_of_Phosphorous_for_Improving_Maize_Productivity
https://www.researchgate.net/publication/270157818_Integration_of_Biochar_with_Organic_and_Inorganic_Sources_of_Phosphorous_for_Improving_Maize_Productivity
https://www.researchgate.net/publication/270157818_Integration_of_Biochar_with_Organic_and_Inorganic_Sources_of_Phosphorous_for_Improving_Maize_Productivity
https://www.sciencedirect.com/science/article/pii/S037842901100387X
https://www.sciencedirect.com/science/article/pii/S037842901100387X
https://www.sciencedirect.com/science/article/pii/S037842901100387X
https://www.sciencedirect.com/science/article/pii/S037842901100387X
https://www.researchgate.net/publication/289155837_Effect_of_phosphorus_fertilizer_on_the_yield_and_quality_of_maize_Zea_mays_L_fodder_on_clay_loam_soil
https://www.researchgate.net/publication/289155837_Effect_of_phosphorus_fertilizer_on_the_yield_and_quality_of_maize_Zea_mays_L_fodder_on_clay_loam_soil
https://www.researchgate.net/publication/289155837_Effect_of_phosphorus_fertilizer_on_the_yield_and_quality_of_maize_Zea_mays_L_fodder_on_clay_loam_soil
https://www.researchgate.net/publication/289155837_Effect_of_phosphorus_fertilizer_on_the_yield_and_quality_of_maize_Zea_mays_L_fodder_on_clay_loam_soil
https://www.researchgate.net/publication/278325632_Co-application_of_biochar_and_lignite_fly_ash_on_soil_nutrients_and_biological_parameters_at_different_crop_growth_stages_of_Zea_mays
https://www.researchgate.net/publication/278325632_Co-application_of_biochar_and_lignite_fly_ash_on_soil_nutrients_and_biological_parameters_at_different_crop_growth_stages_of_Zea_mays
https://www.researchgate.net/publication/278325632_Co-application_of_biochar_and_lignite_fly_ash_on_soil_nutrients_and_biological_parameters_at_different_crop_growth_stages_of_Zea_mays
https://www.researchgate.net/publication/278325632_Co-application_of_biochar_and_lignite_fly_ash_on_soil_nutrients_and_biological_parameters_at_different_crop_growth_stages_of_Zea_mays
https://www.researchgate.net/publication/311344419_Biochar_Can_Enhance_Potassium_Fertilization_Efficiency_and_Economic_Feasibility_of_Maize_Cultivation
https://www.researchgate.net/publication/311344419_Biochar_Can_Enhance_Potassium_Fertilization_Efficiency_and_Economic_Feasibility_of_Maize_Cultivation
https://www.researchgate.net/publication/311344419_Biochar_Can_Enhance_Potassium_Fertilization_Efficiency_and_Economic_Feasibility_of_Maize_Cultivation


26. Carter S., et al. “The impact of biochar application on soil prop-
erties and plant growth of pot grown lettuce (lactuca sativa) 
and cabbage (brassica chinensis)”. Agronomy 3 (2013): 404-
418. 

27. Arif M., et al. “Integration of biochar and legumes in summer 
gap for enhancing productivity of cereal based cropping sys-
tem”. Sarhad Journal of Agriculture 30 (2014): 393-403. 

28. Kumar., et al. “Impact of biochar on soil health”. International 
Journal of Advanced Research 2 (2014): 933950. 

29. K Ali., et al. “Biochar: a novel tool to enhance wheat productiv-
ity and soil fertility on sustainable basis under wheat-maize-
wheat cropping pattern”. Pakistan Journal of Botany 47(2015): 
1023-1031. 

30. Usman., et al. “Effect of three levels of npk fertilizer on growth 
parameters and yield of maize-soybean intercrop”. Interna-
tional Journal of Scientific and Research Publications 5 (2015). 

31. Mclean EO. “Soil pH and lime requirement”. In AL Page, RH Mil-
lelr and DR Keeney (ed). Methods of Soil Analysis Part 2.2nd 
edition. Agronomy 9 (1982): 209-223. 

32. Blake GR and KH Hartge. “Bulk density”. In Klute, A. (Ed). 
Methods of Soil Analysis, Part 1. Physical and Mineralogical 
Methods of Madison, WI. American Society of Agronomy, and 
Soil Science Society of America (1984): 363-375. 

33. Saltanpour PN and AP Schwab. “A new soil test for simultane-
ous extraction of macro and micro nutrients in alkaline soils”. 
Communication in Soil Science and Plant Analysis Journal 8 
(1977): 195-207. 

34. Nelson DW and LE Sommers. “Total carbon, organic carbon, 
and organic matter”. In: Methods of Soil Analysis, Part 2, 2 ed., 
AL., et al., Ed. Agronomy. American Society of Agronomy. Inc. 
Madison, WI. 9 (1996): 961-1010. 

35. Bremmer JM. “Nitrogen total”. In Methods of Soil Analysis, Part 
3: Chemical Methods; Sparks, D.L. (ed.); Soil Science Society of 
America: Madison, Wisconsin (1996): 1085-1121. 

36. Kue S. “Phosphorus”. In Method of Soil Analysis Part-3. Chemi-
cal methods (D. L. Spark, ed), SSSA, Inc., ASA, Inc. Madison, 
Wisconsin, USA (1996): 869-919. 

37. Major J., et al. “Maize yield and nutrition during four years 
after biochar to a Colombian Savanna oxisol”. Plant Soil 333 
(2010): 117-128. 

38. Lentz RD and JA Ippolito. “Biochar and manure affect calcare-
ous soil and corn silage nutrient concentrations and uptake”. 
Journal of Environmental Quality 41 (2011). 

39. Gaskin., et al. “Effect of peanut hull and pine chip biochar on 
soil nutrients, corn nutrient status, and yield”. Agronomy Jour-
nal 102 (2010). 

40. Ippolito., et al. “Hardwood biochar inflences calcareous soil 
physicochemical and microbiological status”. Journal of Envi-
ronmental Quality 43 (2014): 681-689. 

41. Srikanth., et al. “Nutrient uptake and yield of hybrid maize 
(Zea mays L.) and soil nutrient status as influenced by plant 
density and fertilizer levels”. The Journal of Agricultural Sci-
ence 5 (2009): 193-196. 

42. Sarwar., et al. “Improvement of soil physical and chemical 
properties with compost application in ricewheat cropping 
system”. Pakistan Journal of Botany 40 (2008): 275-282. 

43. Ayub M., et al. “Response of maize fodder to different levels 
of nitrogen and phosphorus”. Asian Journal of Plant Science 1 
(2002): 352-354. 

44. Gandahi., et al. “Impact of rice husk biochar and macronutri-
ent fertilizer on fodder maize and soil properties”. Internation-
al Journal of Biosciences 7 (2015): 12-21. 

45. Harris., et al. “Descriptive aspects of soil quality, defining Soil 
quality for a sustainable environment”. J. W Doran., et al. Stew-
art (eds). Soil Science Society of America Special Publication 
35 (1994): 23-35. 

46. JJ Bakht., et al. “Uptake of nitrogen as affected by various com-
binations of nitrogen and phosphorus”. Asian Journal of Plant 
Science 1 (2002): 367-369. 

47. Kimetu JM., et al. “Reversibility of soil productivity decline 
with organic matter of different quality along a degradation 
gradient”. Ecosystems (2008). 

48. Mathews., et al. “Phosphorus management and sustainability”. 
In J.H. Cherney and D.J.R. Cherney (eds), Grass for Dairy Cattle 
(1998): 193-222. 

49. Mulvaney RL. “Nitrogen - Inorganic forms”. In D. L. Sparks et 
al.(ed.) Methods of soil analysis. Part 2.Chemical properties. 
SSSA Book Ser. 5. Soil Science Society of America, Madison, WI 
(1996): 1123-1184. 

50. Nigussie., et al. “Effect of biochar application on soil properties 
and nutrient uptake of lettuces (lactuca sativa) grown in chro-
mium polluted soils”. American-Eurasian Journal of Agriculture 
and Environmental Sciences 12 (2012): 369-376. 

51. Ozanne PG. “Phosphate nutrition of plants - a general treatise”. 
In: Khasawneh, F. E., Sample, E.C. and Kamprath EJ. The role 
of phosphorus in agriculture. American Society of Agronomy 
(1980): 559-589. 

Citation: Ejaz Ul Haq and Zahir Shah. “Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties”. Acta Scientific Agriculture 3.3 
(2019): 53-69.

68

Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties

https://www.mdpi.com/2073-4395/3/2/404
https://www.mdpi.com/2073-4395/3/2/404
https://www.mdpi.com/2073-4395/3/2/404
https://www.mdpi.com/2073-4395/3/2/404
https://www.researchgate.net/publication/281822113_Integration_of_Biochar_and_Legumes_in_Summer_Gap_for_Enhancing_Productivity_of_Cereal_Based_Cropping_System
https://www.researchgate.net/publication/281822113_Integration_of_Biochar_and_Legumes_in_Summer_Gap_for_Enhancing_Productivity_of_Cereal_Based_Cropping_System
https://www.researchgate.net/publication/281822113_Integration_of_Biochar_and_Legumes_in_Summer_Gap_for_Enhancing_Productivity_of_Cereal_Based_Cropping_System
https://www.researchgate.net/publication/281704181_Biochar_A_novel_tool_to_enhance_wheat_productivity_and_soil_fertility_on_sustainable_basis_under_wheat-maize-wheat_cropping_pattern
https://www.researchgate.net/publication/281704181_Biochar_A_novel_tool_to_enhance_wheat_productivity_and_soil_fertility_on_sustainable_basis_under_wheat-maize-wheat_cropping_pattern
https://www.researchgate.net/publication/281704181_Biochar_A_novel_tool_to_enhance_wheat_productivity_and_soil_fertility_on_sustainable_basis_under_wheat-maize-wheat_cropping_pattern
https://www.researchgate.net/publication/281704181_Biochar_A_novel_tool_to_enhance_wheat_productivity_and_soil_fertility_on_sustainable_basis_under_wheat-maize-wheat_cropping_pattern
http://www.ijsrp.org/research-paper-0915/ijsrp-p45113.pdf
http://www.ijsrp.org/research-paper-0915/ijsrp-p45113.pdf
http://www.ijsrp.org/research-paper-0915/ijsrp-p45113.pdf
https://www.tandfonline.com/doi/abs/10.1080/00103627709366714
https://www.tandfonline.com/doi/abs/10.1080/00103627709366714
https://www.tandfonline.com/doi/abs/10.1080/00103627709366714
https://www.tandfonline.com/doi/abs/10.1080/00103627709366714
https://link.springer.com/article/10.1007/s11104-010-0327-0
https://link.springer.com/article/10.1007/s11104-010-0327-0
https://link.springer.com/article/10.1007/s11104-010-0327-0
https://www.ncbi.nlm.nih.gov/pubmed/22751045
https://www.ncbi.nlm.nih.gov/pubmed/22751045
https://www.ncbi.nlm.nih.gov/pubmed/22751045
https://www.researchgate.net/publication/43798437_Effect_of_Peanut_Hull_and_Pine_Chip_Biochar_on_Soil_Nutrients_Corn_Nutrient_Status_and_Yield
https://www.researchgate.net/publication/43798437_Effect_of_Peanut_Hull_and_Pine_Chip_Biochar_on_Soil_Nutrients_Corn_Nutrient_Status_and_Yield
https://www.researchgate.net/publication/43798437_Effect_of_Peanut_Hull_and_Pine_Chip_Biochar_on_Soil_Nutrients_Corn_Nutrient_Status_and_Yield
https://www.ncbi.nlm.nih.gov/pubmed/25602669
https://www.ncbi.nlm.nih.gov/pubmed/25602669
https://www.ncbi.nlm.nih.gov/pubmed/25602669
http://www.researchjournal.co.in/upload/assignments/5_193-196-9.pdf
http://www.researchjournal.co.in/upload/assignments/5_193-196-9.pdf
http://www.researchjournal.co.in/upload/assignments/5_193-196-9.pdf
http://www.researchjournal.co.in/upload/assignments/5_193-196-9.pdf
https://pdfs.semanticscholar.org/7b51/9c22965061fce3f173b08ca97f2930f8877e.pdf
https://pdfs.semanticscholar.org/7b51/9c22965061fce3f173b08ca97f2930f8877e.pdf
https://pdfs.semanticscholar.org/7b51/9c22965061fce3f173b08ca97f2930f8877e.pdf
https://scialert.net/fulltextmobile/?doi=ajps.2002.352.354
https://scialert.net/fulltextmobile/?doi=ajps.2002.352.354
https://scialert.net/fulltextmobile/?doi=ajps.2002.352.354
https://www.researchgate.net/publication/282746295_Impact_of_rice_husk_biochar_and_macronutrient_fertilizer_on_fodder_maize_and_soil_properties
https://www.researchgate.net/publication/282746295_Impact_of_rice_husk_biochar_and_macronutrient_fertilizer_on_fodder_maize_and_soil_properties
https://www.researchgate.net/publication/282746295_Impact_of_rice_husk_biochar_and_macronutrient_fertilizer_on_fodder_maize_and_soil_properties
http://agris.fao.org/agris-search/search.do?recordID=DJ2012049557
http://agris.fao.org/agris-search/search.do?recordID=DJ2012049557
http://agris.fao.org/agris-search/search.do?recordID=DJ2012049557
https://link.springer.com/article/10.1007/s10021-008-9154-z
https://link.springer.com/article/10.1007/s10021-008-9154-z
https://link.springer.com/article/10.1007/s10021-008-9154-z
https://pdfs.semanticscholar.org/ffb5/e16d49f0b49debdd7fa3f874c4a25d28ad44.pdf
https://pdfs.semanticscholar.org/ffb5/e16d49f0b49debdd7fa3f874c4a25d28ad44.pdf
https://pdfs.semanticscholar.org/ffb5/e16d49f0b49debdd7fa3f874c4a25d28ad44.pdf
https://pdfs.semanticscholar.org/ffb5/e16d49f0b49debdd7fa3f874c4a25d28ad44.pdf


Volume 3 Issue 3 March 2019
© All rights are reserved by Ejaz Ul Haq and Zahir Shah .

52. Robertson SJ., et al. “Biochar enhances seedling growth and al-
ters root symbioses and properties of sub-boreal forest soils”. 
Canadian Journal of Soil Science 92 (2011): 329-340. 

53. Wojnowska T., et al. Reaction of winter oilseed rape to increas-
ing levels of nitrogen fertilizer application under condition of 
ketizynchernozem”. RoslingOleiste 16 (1995): 173-180. 

54. Zheng W., et al. “Using biochar as a soil amendment for sus-
tainable agriculture” (2010). 

Citation: Ejaz Ul Haq and Zahir Shah. “Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties”. Acta Scientific Agriculture 3.3 
(2019): 53-69.

69

Integrated Effect of Biochar and PK Fertilizers on Maize Yield and Soil Properties


	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

