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ABSTRACT
The integrated use of slurry from a biogas digester (bioslurry), poultry manure and
chemical fertilizer has potential to replace sole application of nitrogen as chemical
fertilizer and improve maize productivity in a sustainable way. Field studies were
designed using a randomized complete block design with a split plot arrangement
during 2012-13. The trials included three tillage systems (minimum, conventional and
deep tillage) with combinations of the different sources of nitrogen (bioslurry, poultry
manure and chemical fertilizer), applying 100, 50 and 25% of the recommended
nitrogen application to improve maize productivity. The results showed that deep tillage
treatment with the recommended nitrogen application rate of the chemical fertilizer
alone produced maximum plant height, stem diameter, cob length, cob diameter and
number of grain rows per cob. However, deep tillage treatment with the recommended
nitrogen application rate applied as 50% chemical fertilizer, 25% poultry manure and
25% bioslurry produced maximum 1000 grain weight, biological yield, grain yield and
N uptake in maize grains as compared to other treatments. The maximum fertilizer N
recovery efficiency in maize grains and value to cost ratio were observed in treatment
where recommended nitrogen application rate applied as 50% chemical fertilizer, 25%
poultry manure and 25% bioslurry. The potential of bioslurry and poultry manure to
improve soil organic carbon (SOC) sequestration and soil fertility under different tillage
systems were also studied in the silt loam soils of Haripur, Pakistan. The results showed
that tillage systems, nitrogen treatments and their interaction significantly increased
SOC stocks, total porosity, soil total nitrogen, available phosphorus, potassium and
significantly decreased bulk density. The maximum soil total nitrogen was recorded in
the deep tillage system with 100% nitrogen applied as poultry manure. The maximum
soil available phosphorus and potassium were observed in the deep tillage system with
100% nitrogen applied as bioslurry. The maximum SOC stocks were observed in
ix

minimum tillage with 100% nitrogen applied as bioslurry. These experimental
measurements were used to evaluate a dynamic simulation model of soil organic matter
turnover, RothC, which was then used to estimate future carbon sequestration. The
correlation between experimental and simulated values was highly significant and the
root mean square error was within experimental error, suggesting that RothC is
providing an acceptable representation of the changes in soil carbon that are occurring
in this experiment. The uncertainty in simulations was less than 3%. Simulations using
future weather scenarios suggest that addition of the recommended rate of nitrogen in
8.4 t ha-1 y-1 bioslurry increases soil carbon sequestration over 100 years (2012-2112)
by 24.9±0.7 t ha-1 compared to the control where no organic waste was applied. This
sequesters 7.5±0.2 t ha-1 more carbon than if the same amount of nitrogen is applied as
poultry manure, requiring an application rate of 7.5 t ha-1 y-1. If the same amounts of
bioslurry and poultry manure are applied, carbon sequestration is still significantly
greater for bioslurry than for poultry manure (4.5±0.2 t ha-1). Losses of carbon with
climate change were highest under climate scenario B2 (environmental protection with
regionalisation) and B1 (environmental protection with globalisation), followed by
A1B (economic growth with globalisation), with minimum losses from A2 (economic
growth with regionalisation). These predicted losses are likely to be more than
compensated for by application of organic fertilizers at the rates needed to supply
sufficient nitrogen to the crops. The findings can be concluded that the integrated use
of bioslurry and poultry manure with a reduced rate of chemical fertilizer application
improved maize productivity, soil carbon sequestration and reduced the cost of
chemical fertilizers.
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1- INTRODUCTION

Maize is a tropical plant, cultivated in temperate, tropical and subtropical regions of the
world (Abuzar et al., 2011). It is an important feed crop throughout the world. In Pakistan,
maize ranks 3rd in crop production after wheat and rice. Maize grain contains starch (72%),
proteins (10%), fibre (8.5%), sugar (3%), oil (4.8%), and ash (1.7%) (Chaudhry, 1983). It is a
short period crop that can be grown in the spring and autumn, and is able to efficiently utilize
inputs, resulting in high yield per unit area and time. The soil and climate in Pakistan are
favourable for maize production, but still maize yield per unit yield in Pakistan is lower than
in many other countries (GOP, 2013). Deficiencies of N, phosphorus (P) and organic matter in
Pakistani soils are major factors that hinder maize production (Ali et al., 2011). To meet the
food requirements of the increasing population, there is need to determine the best soil and
nutrient management practices to improve the yield of the maize crop on sustainable basis in
Pakistan (Mahmood, 1994).
The fertilizer prices have increased from the last few years in Pakistan. The integrated
use of chemical fertilizer with organic sources is an opportunity to cope this challenge. Annual
fertilizer demand of urea in Pakistan is 5.7 million tons (Zaheer, 2013). According to an
estimate, 726 thousand tons of nitrogen (N) from farmyard manure and 101 thousand tons of
N from poultry manure if it is properly managed, is available in Pakistan (FAO, 2004). Saleh
(2012) pointed out that there is 652 million kilograms of farmyard manure produced daily from
the cattle and buffalo in Pakistan, from this we can produce 16.3 million cubic meters of the
biogas per day and 21 million tons of bio-fertilizer per year. Poultry manure and residue from
a biogas digester, “bioslurry”, are good sources of nutrients and their applications can improve
soil fertility on a sustainable basis. The poultry industry is progressing quickly in our country,
and this will produce high quantities of poultry faeces. This will be utilized properly, so that,
it will not pollute the environment. This can be used as an organic fertilizer for crops.
Alternatively, poultry manure / farmyard manure may be used to produce biogas by anaerobic
digestion process carried out in biodigestor, and then bioslurry produced may be applied to the
crops as a stable organic fertilizer. Islam et al. (2010) suggested that bioslurry is an
environmentally friendly and non-polluting organic fertilizer that could be used as a source of
organic matter and nutrients for sustainable crop production. The use of bioslurry as organic
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fertilizer is not well known in Pakistan as compared to other countries, i.e. China, India and
Bangladesh etc. Sanwal et al. (2007) stated that organic fertilizers are better than expensive
chemical fertilizers because they contains growth promoting agents that are important for
increasing soil fertility and productivity of crop. Ahmad et al. (1996) stated that the integrated
use of organic and inorganic nutrient sources can improve nutrient use efficiency by reducing
environmental hazards.
Bioslurry, the residue from anaerobic digestion can be used as a high quality organic
fertilizer because during the fermentation process in the biogas plant, only 25-30% of the
organic matter is converted into biogas while 70-75% in the bioslurry (Islam, 2006). Cameron
et al. (2004) suggested that bioslurry could be used as soil conditioner. Mellek et al. (2010)
observed that bioslurry of dairy cattle manure improved soil structure, increased soil total
porosity, water infiltration rate and reduced soil bulk density.
Poultry manure is an inexpensive source of plant nutrients and widely available in
Pakistan due to the rapid expansion of the poultry industry. Poultry manure can also be used as
an organic fertilizer, if it is properly stored, handled and spread. Kingery et al. (1994) observed
that the addition of poultry manure can increase SOC fractions to improve soil quality and
productivity.
The use as an organic fertilizer of bioslurry, the solid residue from anaerobic digestion,
is not well known to farmers in Pakistan and little research has been conducted to test the
effectiveness of bioslurry as a fertilizer for different crops in Pakistan. Bioslurry contains
available N, P, potassium (K) and micronutrients (Gupta, 2007), and can be used as soil
conditioner to improve soil physical properties by increasing SOM contents (Nasir et al., 2012).
In recent years, the poultry industry in Pakistan has grown and poultry excreta/manure can also
be used as an effective organic fertilizer because it contains high levels of all macro nutrients
required for plant growth.
Optimum plant production can be achieved by proper selection of tillage practices,
fertilizer and organic residues. Incorporation of organic residues by tillage could improve soil
productivity and increase the organic matter content of the soil (Khan et al., 2009). Deep tillage
improves soil aeration and water infiltration by breaking up hard pans, enhances root growth,
increases nutrient availability by mineralization processes and improves the soil physical
properties that lead to high crop growth and increased plant yield (Bennie and Botha, 1986).
It is important to understand the changes in soil physical properties due to the
application of organic fertilizers in order to evaluate the impact of organic fertilizers on the
environment and productivity (Scherer et al., 2010). The study of SOC and total N dynamics
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is also important because they are linked with atmospheric concentrations of greenhouse gases
(GHG) carbon dioxide (CO2) and nitrous oxide (N2O). Soil management and land use can affect
emissions of these GHG (Lal, 2009). There is a need to quantify the change in SOC stocks and
total N in order to better understand the impact of climate change. Soil organic matter
simulation models are a useful method for evaluating the effect of soil management on SOC
and N dynamics (Leite et al., 2008).
Soil organic matter (SOM) is important for maintaining a productive soil to sustainably
maximize yield to meet the food demand of increasing world population and mitigate the
impacts of climate change. It is a reservoir of nutrients, especially nitrogen (N), phosphorous
(P), potassium (K), sulphur (S) and micronutrients, and helps to prevent leaching losses of
nutrients. In Pakistani soils, the SOM is less than 10 g kg-1 (Azam, 1988) while productive soils
will usually require SOM levels of 25-30 g kg-1 soil (Islam, 2006; BARC, 2005). The SOM in
our soils is deteriorating day by day due to a hot climate which is conducive to rapid
mineralization. Lugo and Brown (1993) suggested that intensive cropping and poor soil
management practices are also responsible for loss of SOM. Deep tillage practices increase soil
aeration and accelerate decomposition of SOM (Post and Kwon, 2000). Many studies provide
evidence that improved soil management practices can increase SOM content (Lal, 2004a). No
tillage systems reduce the turnover of soil aggregates and reduce exposure of labile SOM to
microbial decomposition, so sequestering soil organic carbon (SOC) (Paustian et al., 2000).
Zero tillage and addition of organic residues are cost effective and environmentally friendly
methods to enhance SOC sequestration and may also improve soil fertility in some cases
(Freibauer et al., 2004; Lal, 2004a). Changes in SOC stocks can either mitigate or worsen
climate change as the soil holds a significant proportions of global carbon (C); global C budgets
estimate that 1500 Pg C (petagrams C) are stored in soil as compared to 760 Pg C (petagrams
C) in atmosphere (Smith et al., 2008; Powlson et al., 2011). Thirty to fifty percent of SOC is
lost due to intensive tillage practices (Davidson and Ackerman, 1993). Improved SOC
management is widely considered to be the best options to mitigate global climate change (Lal,
2002; Post et al., 2004). The estimated potential of SOC sequestration in Pakistan is 8-15 Tg
C (teragrams C) y-1 with a monetary value of $800-100 million y-1calculated on the basis of
European union price of $20Mg-1 CO2 (Khan and Lal, 2007).
Fertilization can affect the SOC contents, but the reported impacts are contradictory.
Some studies suggest that an inorganic N fertilizer increases SOC content over unfertilized
plots (Tong et al., 2009; Batlle-Bayer et al., 2010), whereas other studies explore that SOC
either does not change (López-Bellido et al. ,2010; Luo et al., 2010a) or decreases with
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application of inorganic N fertilizers (Manna et al., 2006; ; Li and Zhang, 2007; Khan et al.,
2007a)while it can be beneficial to sequester SOC with organic amendments (Sainju et al.,
2008). The combined use of organic and inorganic fertilizers can help to maintain the soil
quality and for increased crop productivity. The balanced application of organic manures with
chemical fertilizers has been observed not only to increase SOC contents but also improve soil
productivity (Blair et al., 2006; Powlson et al., 2012).
Soil organic matter is very important for maintaining soil fertility but its contents in the
soil are highly influenced by different tillage practices. Excessive tillage can deteriorate the
soil structure, accelerating the decomposition of SOM by exposing a higher surface area to the
decomposers in the soil (Lal, 1993). In Pakistan, farmers mainly use tractor drawn machinery
to cultivate soils to a depth of 8-15 cm; continuous cultivation to the same depth can lead to
the build-up of a hard pan below 15 cm depth. This hard pan is harmful to plant growth by
obstructing the movement of air, water and plant root (Iqbal et al., 2005). Deep tillage is useful
to break up this hard pan.
Against this background, the objectives of the PhD project are as follows;
1. To determine the impact of different tillage practices with different nitrogen sources on
maize productivity and to investigate the potential of different organic fertilizers for
reducing expenditure on chemical fertilizers.
2. To investigate the potential of different quality fertilizers on SOC sequestration under
the changing weather conditions of Haripur-Hazara Division of Pakistan.
3. To investigate and compare the residual effects of different nitrogen sources and tillage
practices on soil properties and subsequent wheat productivity
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2- REVIEW OF LITERATURE

Research work relating to improving maize productivity and soil organic carbon
sequestration through bioslurry (BS) and poultry manure (PM) under different tillage systems
available in Pakistan and elsewhere is discussed below:
2.1 Effect of tillage and different organic sources of nitrogen on crop productivity
Inorganic fertilizers are important for increasing crop yield in intensive cultivation
systems, but it is difficult for small scale and low income farmers to afford to buy them. Dong
and Li (2010) suggest that these farmers should use organic manures including PM, cow dung,
crop residues and BS in either liquid or solid form as a substitute for the inorganic fertilizers.
Edwards et al. (2007) stated that the nutrients present in organic manures are released slowly
and the long term accumulation of organic matter in soil has residual effects that support better
root formation and development, and ultimately leads to increased crop yields as compared to
inorganic fertilizers. Menale et al. (2008) suggested that the use of organic wastes reduces the
money spent on inorganic fertilizer and improves environmental conditions and public health.
Tillage has an impact on crop yields. From experiments conducted in Agronomic
Research Area, University of Agriculture, Faisalabad, Pakistan during 2008-09, Wasaya et al.
(2012) concluded that tillage improved plant height, biological yield, harvest index and shelling
percentage of maize. The plots where a chisel plough was used produced tallest plants, and
highest biological yield, harvest index and shelling percentage compared to plots tilled using a
mouldboard board plough. In trials conducted in experimental site of National Agriculture
Research Center, Islamabad, Pakistan during 2009, Memon et al. (2012) found that compared
to conventional tillage, deep tillage significantly affected growth components of maize and
produced taller plants, more grains per cob and increased grain weight, resulting in increased
grain and biological yield as weight.
Ali et al. (2012a) studied the effect of tillage (reduced, conventional and deep tillage)
with ten different fertilizers treatments (mineral N fertilizer, PM and farmyard manure (FYM))
on different phonological parameters of maize crop and concluded that deep tillage resulted in
significantly earlier emergence of the crop as compared to reduced or conventional tillage.
Another experiment conducted by Ali et al. (2012b) in New Development Farm of
Agricultural University, Peshawar, Pakistan in 2010, included ten fertilizer treatments (mineral
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N fertilizer, FYM and PM) with three tillage systems (reduced, conventional and deep tillage).
This work concluded that conventional tillage with combined organic and inorganic N sources
improved maize yield over deep tillage. Khan et al. (2010) investigated the effect of tillage
with FYM applications on sandy clay loam soil in Research Area of Institute of Soil and
Environmental Sciences, University of Agriculture, Faisalabad, Pakistan. Three tillage systems
(deep, conventional and minimum tillage) with three FYM levels (20 t ha-1, 40 t ha-1 and
control) were included in the trial. The tillage method significantly affected the soil physical
properties, resulting in increasing saturated hydraulic conductivity and decreased bulk density.
They reported that applications of 40 t ha-1FYM with minimum tillage supplied the maximum
amount of N (0.079%).
Integrating mineral and organic sources of N has been observed to improve maize
yields. Memon et al (2012) observed improvements in dry matter yield when NPK fertilizer
and FYM were applied together in a deep tillage system compared to sole application of either
NPK fertilizer or FYM. Ali et al. (2012b) observed that sole application of mineral N fertilizer
at a rate of a 150 kg ha-1 delayed phenological parameters and physiological maturity of maize
compared to combined application of mineral N and FYM or PM. The results indicate that
maximum ear length, grain and biological yield were obtained with 1:1 mineral N fertilizer and
PM combinations, and maximum number of grains per ear and total grain number were
obtained with 1:1 mineral N fertilizer and FYM. Shah et al. (2010) investigated the results of
integrated application of mineral and organic N sources (FYM, PM and filter cake) in maize
crop. The results showed that integrating applications of PM, FYM& filter cake with mineral
N (urea) resulted in an upward trend in the yield of maize. The maximum biomass and stover
yield of maize were obtained where 100% FYM was applied, while maximum grain yield,
agronomic efficiency and N use efficiency were recorded in treatments applying 25% FYM +
75% urea as mineral N source. They concluded that 75% mineral N with 25% organic N is the
optimum combination for high yield on sustainable basis. Khaliq et al. (2004) investigated the
yields of two maize hybrids, Pioneer 3062 and Pioneer 3012, with combined application of
FYM or PM with urea on a sandy clay loam soil. Hybrid pioneer 3062 showed a better response
to all parameters except number the grains cob-1 as compare to other. The results revealed that
combined use of PM and urea resulted in the greatest improvement in crop performance
amongst all treatments.
The response of cereals to manure and inorganic fertilizer is non-linear, reaching after
which the yield can actually decline. Hammad et al. (2011) conducted field experiments on
wheat. Five organic manures were applied at a rate of 10 t ha-1(green manure (GM), FYM, PM,
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press mud (PRM) and sewage sludge (SS)) were applied. One inorganic fertilizer treatment
containing the recommended dose of NPK (150, 115, 60 kg ha-1) and one control were also
included. The results revealed that treatments with GM, PM and SS showed the maximum
economic yield (3.65 t ha-1). Singh and Agarwal (2001) also studied the effect of FYM and N
on the yield of wheat (Triticum aestivum L.) and concluded that wheat yield and yield
parameters were increased significantly with the increasing of FYM up to 20 t ha-1, but the
response declined when the rate of FYM was increased further from 20 to 30 t ha-1. Tanveer et
al. (2010) assessed the effect of mineral N and P with or without FYM on growth and yield of
wheat crop and concluded that maximum grain and biological yield were obtained in treatments
containing full fertilizer NP with FYM as compared to FYM only. Aslam et al. (2010)
evaluated the effects of organic (FYM and PM) and inorganic sources of P on the growth
parameters as well as yield of mung beans (Vigna radiate L.) and the results significantly
improved mung bean productivity. Natarajan et al. (2008) also conducted field experiments
during kharif and rabi period of 2001-02 and 2002-03. They observed appreciable improvement
in growth components (plant height, and number of tillers) and grain yield with application of
a green manure (Sesbania aculeate), FYM, PM together with inorganic N (urea). The integrated
use of 50% organic N as Sesbania aculeate with 50% inorganic N as urea resulted in a
significant yield improvement with 24% and 25% increase in kharif and rabi rice respectively
over 100% inorganic N alone. Rao et al. (2004) revealed that treatment where 50% mineral N
and 50% N from organic sources (glyricidia leaves (GL), PM, FYM and neem cake (NC)
produced significantly higher yield of rice than other treatments. The growth and yield
parameters were lowest where 100% of the N was supplied through organic sources (FYM N50
with GL N50). Arif. et al. (2012) studied the effect of different N sources (FYM, biochar and
mineral N fertilizer) on yield of maize and reported that sole mineral N fertilizer produced taller
plants as well as highest no. of grains ear-1 as compared to sole application of FYM and biochar,
however, biochar at a rate of 30 t ha-1 with mineral N fertilizer at a rate of 75 kg ha-1 is
recommended for highest yield of maize.
2.2 Effect of bioslurry application on crop productivity
A biogas digester produces methane gas for household combustion and this benefits
soil fertility by replacing the burning of dung cake for cooking and producing digested slurry
that can be used as manure for crops. The slurry contains many micro- as well as macronutrients in a more concentrated and available form than in the raw materials. Fentaw (2010)
stated that BS not only improves range of different soil properties but also provides nutrients
to crops. Application of BS can improve soil structure, water holding capacity, cation exchange
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capacity, electrical conductivity, bulk density, reduce soil erosion, prevent leaching of nutrients
and provide nutrients to soil micro-flora. It is free from weed seeds and pathogens as compared
to FYM and fresh dung as it is obtained by anaerobic digestion and during this process, many
weed seeds are killed due to the presence of high levels ammonium. It can also be used in
liquid, dried and composted form (Dhobighat and Painyapani, 2006; Menale et al, 2008). The
use of BS in different forms improves not only yield, but also quality of crops, fruits and
vegetables. Another study of Dhobighat and Painyapani (2006) showed that BS improved yield
of rice and maize by 34% and wheat by 25%, respectively.
The rate at which BS should be applied depends on the crop and specific conditions in
the field. Nasir et al. (2010) carried out an experiment to investigate the impact on crop yield
of BS compared to FYM. The treatment containing the recommended level of chemical
fertilizer gave a high yield of maize, while the other treatment containing BS at a rate of 20 t
ha-1provides next superior results. Mohabbat et al. (2008) and IFPRI (2010) also stated that
application of BS in liquid and composted form alone at a rate of 20 t ha-1 or with full dose of
chemical fertilizer at a rate of 10 t ha-1significantly increased the yield of maize with respect to
the control. Islam et al. (2010) examined the effectiveness of three different levels of BS as a
source of N for maize fodder and concluded that application of 70 kg of BS N ha-1 significantly
higher amounts of biomass in maize fodder than 60 and 82 kg of BS N ha-1. Rahman et al.
(2008) also investigated the effect of different levels (0, 10, 12 and 14 t ha-1) of BS as a source
of N fertilizer on yield of maize fodder. Their results showed that application of dried BS at a
rate of 12 t ha-1resulted in the maximum maize fodder yield and nutrient contents. Fentaw
(2010) suggested that organic manures should be applied at varying rates according to the
climatic conditions of the area. He recommended that organic manures should be applied at a
rate of 8-12 t ha-1 in the wetter areas of Ethiopia, while in other areas, application rates of 3.56.0 t ha-1 gives the maximum yield.
Bioslurry has also been shown to be an effective fertilizer for other crops. In Pakistan,
Akhter (2011) carried out a series of experiments on different crops and recommended using
50% of N from BS and 50% from inorganic fertilizer to increase the growth and yield of wheat,
rice and potato. Nasir et al. (2012) studied the impact of dried BS on cabbage growth, yield
and soil heath in relation to nutrient availability and the results suggested that BS mobilized
nutrients more effectively than inorganic fertilizers. Jeptoo et al. (2013) carried out another
field study to investigate the effect of cattle BS on growth and yield of carrot sand
recommended that application of BS should be applied at a rate of 7.8 t ha-1to increase the yield
and quality of carrots.
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2.3 Effect of poultry manure on crop productivity
The optimum rate of PM application to maize is again dependent on the soil and
environmental conditions. Boateng et al. (2006) compared the results of eight treatments of
PM for yield of maize and recommended that PM should be applied at a rate of2 t ha-1 with
NPK (30:20:20 kg ha-1)for maximum yield of maize. The study showed that PM could be used
as alternative source of valuable mineral N fertilizer. Olofintoye et al. (2010) investigated the
effect of timing of applications of urea and P Mon yield of maize and suggested that PM should
be used on marginal soils without N fertilizer. Olofintoye et al. (2010) found that PM promoted
maize growth and yield as compared to urea when it was applied between planting and 4 weeks
after planting. Ali et al. (2011) also conducted field trials with PM applications to maize and
concluded that the highest 1000-grain weight, grain and biological yield in maize were obtained
when half mineral N fertilizer with half PM was applied. Ali et al. (2011) conducted another
experiment on two different maize varieties and applied eleven different N treatments of
organic and inorganic sources. The results revealed that application of 50% N from mineral N
fertilizer with 50% N from PM increased yield and yield components of the cultivar, Jalal.
Ayoola and Makinde (2009) assessed the impact of N enriched organic fertilizer derived from
municipal waste, cow dung and PM on the growth of maize and concluded that PM applied at
a rate of 2.5 t ha-1fortified with 100 kg urea gave the highest yield of maize. Nasim et al.
(2012) observed that application of 100 kg N ha-1 as urea with 100 kg N ha-1 as PM produced
maximum yield of maize. In field experiments conducted by Uwah et al. (2011), PM applied
at a rate of 10 t ha-1 with 80 kg ha-1 N fertilizer increased total dry matter, cob and grain yield
in sweet maize in Calabar, Nigeria. Farhad et al. (2011) observed that PM significantly affected
yield of spring maize and the highest marginal rate of return was obtained in plots where PM
was applied at a rate of 12 t ha-1 as compared to recommended NPK (250, 120 and 120 kg ha1

), this was due to high cost of synthetic fertilizers.

2.4 Organic manure and soil organic carbon contents
Soil organic matter consists of decomposed plant and animal materials including
microbial organisms but not including fresh and un-decomposed surface residues i.e. straw and
litter etc. The SOM is important for maintaining physical, chemical and ecological stability of
the soil. When it decomposes, it releases plant nutrients in a form which is used by plants and
also provides energy used by bacteria and other soil micro-organisms. It also binds soil particles
and improves water holding capacity. It forms complexes with micro-nutrients i.e. iron,
manganese, copper and boron through binding and prevent loss by leaching.

9

The SOM content is affected by organic manure and fertilizer applications. Enke et al.
(2013) examined the effect of long term fertilizations on the SOC fractions in the soil profile;
the results demonstrated that SOC concentration at 0-20 cm soil depth increased with time
except in the unfertilized control. These results also indicated that long term additions of
organic manure increased soil C pools in soils receiving N fertilizer applications. In field
experiments started in 1973, Kundu et al. (2007) investigated the combination of inorganic
fertilizer and FYM on SOC contents at 0-45 cm soil depth. The results showed that SOC
contents increased up to 40 and 70 % in NPK + FYM plots with respect to NPK and control
plots.
Tillage also affects the SOM contents. Dou and Hons (2006) investigated the effect of
tillage, cropping system and N fertilization on SOC and soil N pools and their results revealed
that NT improved cropping intensity and N fertilizations sequestered larger amounts of SOC
and total soil N.
2.5 Tillage practices, soil carbon sequestration and climate change
Currently the key focus of researchers from all over the world is to reduce the level of
atmospheric carbon dioxide through improving agriculture productivity and controlling carbon
sequestration. Smith et al. (2007) stated that agriculture activities release 10-12% of
atmospheric greenhouse gases (CO2, CH4 and N2O). VandenBygaart et al. (2003) explain that
the SOC is lost as CO2 when soils in natural state are converted into agriculture land. Ussiri
and Lal (2009) quantified the impact of long term tillage practices on SOC and CO2 emission.
The results showed that no tillage reduced emission of CO2 (0.70 and 0.60 Mg C ha-1 y-1) with
respect to minimum and conventional tillage. Lal and Kimble (1997) and Lal et al. (1998)
recommended conservation tillage as the best management practices, for increasing the SOC
content. Paustian et al. (1997) estimated that zero tillage increased soil C by 285 g m-2 with
respect to conventional tillage.
The SOC is changing with change in tillage practices. Conventional tillage systems
result in greater loss of SOC (Dalal and Mayer, 1986) and destruction of soil aggregates (Tisdall
and Oades, 1982) as physically protected SOM is exposed to microbial attack (Beare et al.,
1994).There is some disagreement over the impact of tillage on C sequestration. King et al.
(2004) estimated that zero tillage (ZT) increases C storage by 145-235 kg C ha-1 y-1 whereas
minimal tillage sequestered only 40 kg C ha-1 y-1. Smith et al. (2005) estimated that C
sequestered by zero tillage was 400 kg C ha-1 y-1 and by minimum tillage 200 kg C ha-1 y-1.
Oorts et al. (2007) suggested 140 kg C ha-1 y-1was sequestered under zero tillage. Powlson and
Jenkinson (1981) conducted an experiment and stated that there was small difference in SOC
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levels under conventional and reduced tillage but they found a significantly diverse distribution
of C levels within soil profile.
2.6 Concluding remarks
The above review has suggested the following statements
1. The role of bioslurry and poultry manure with respect to SOC sequestration has not
yet been studied in detail for maize crop.
2. Information on the impact of the integrated use of bioslurry, poultry manure and
chemical fertilizer on maize productivity and potential of different quality fertilizers
on reducing expenditure on chemical fertilizer is lacking in the literature especially
with respect to Pakistan.
3. Residual effect of bioslurry and poultry manure under different tillage systems in
humid subtropical condition is not well studied before.
4. The bioslurry may mobilize the soil nutrients better than chemical fertilizers and
may be efficient in improving soil health in relation to nutrient availability.
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3- MATERIALS AND METHODS

A series of field experiments were conducted at Gujar and Seed Nursery Farm, Mang, Haripur
(33.90°N-72.91°E), Khyber Pukhunkhawa (Pakistan) for investigating effect of organic
inorganic amendments with or without chemical N fertilizers on growth and yield of maize.
Moreover, field experiments were also conducted for evaluating the residual effects of different
organic amendments on the growth and yield of subsequent wheat crop. Most of the work
presented in this manuscript was done in Department of Agricultural Sciences, University of
Haripur, however, some part of chemical analyses were completed in at Institute of Soil and
Environmental Sciences, University of Agriculture, Faisalabad (Pakistan). A portion of study
was also completed at Institute of Biological and Environmental Sciences, University of
Aberdeen, UK under International Research Support Initiative Program (IRSIP), funded by
Higher Education Commission (Pakistan). The research work given in this manuscript consists
of following experiments:
i.

Response of maize to different nitrogen sources and tillage systems under humid
subtropical conditions (study-I)

ii.

Impact of different nitrogen sources and tillage systems on soil carbon sequestration
and soil properties under maize-wheat-maize crop rotation (study-II)

iii.

Residual effects of tillage practices and different nitrogen sources on soil properties
and wheat productivity (study-III)
Study-I and II were conducted for two years and data of two years was pooled to

drawing final conclusions.
3.1 Overview of Haripur meteorology
The experimental site for field experiments was Gujar and Seed Nursery Farm, Mang,
Haripur (33.90°N 72.91°E), Khyber Pukhunkhawa, Pakistan. This site is situated in humid
subtropical region according to Köppen Climatic Classification, categorized by high
temperature and evenly distributed rainfall throughout the year (Shahzad et al., 2015). The
climatic conditions of this area are considered the most suitable for maize-wheat cropping
pattern. The overview of climatic conditions at Haripur is given in Figure 1. During year 2013,
average rainfall was 317mm in July, 670 mm in August, 336 mm in September and 58 mm in
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October as compared to 2012 that received less rainfall of 145 mm in July, 410 mm in August,
182 mm in September and 8.2 mm in Octoberas per data collected from Research and
Development Division, Pakistan Meteorological Department, Islamabad, Pakistan (Figure 1).

3.2 STUDY–1
Response of maize to different nitrogen sources and tillage systems under
humid subtropical conditions
This study was conducted during 2012 to investigate the different combination of
chemical N, bioslurry and poultry manure on the growth and yield of maize under field
conditions. The study was repeated again by using same treatment plan and methodology next
year (2013) for precision of results. The experiment was carried out by following procedures
as given below:
3.2.1 Site of experiment
The experiment was conducted at Gujar and Seed Nursery Farm, Mang, Haripur,
Khyber Pukhunkhawa, Pakistan.
3.2.2 Experimental design
The experiment was laid out according to RCBD split plot with four replicates (Figure
2) as described by Steel et al. (1997).
3.2.3 Treatment plan
Treatment plan consisted of 10 combinations of N sources and three type of tillage
operation. Ten different combinations of N consisted of various percentages of N from
chemical fertilizers, bioslurry and poultry manure (Table 1) while three types of tillage systems
were shallow, conventional and deep tillage.
3.2.4 Collection of bioslurry and poultry manure
The bioslurry derived from cattle manure was collected from the outlet of a 35 m 3
biogas plant located at Muhammad Siddique Farm, Changi Bandi, Haripur Pakistan. This
biogas digester was established almost 36 months earlier. It was air-dried under shaded
conditions at room temperature 25 °C.
The poultry manure was poultry excreta mixed with bedding material. It was collected from an
environmentally controlled poultry shed (temperature= 24°C and relative humidity=60-70%)
of ~ 8000-16000 broiler birds located at Muhammad Siddique Farm, Changi Bandi, Haripur
Pakistan and allowed to decompose naturally by heaping it in the pits at the farm of Muhammad
Siddique, Changi Bandi, Haripur Pakistan in the shade for three months.
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Figure 1a: Metrological data of the experimental site (Research and Development
Division, Pakistan Meteorological Department, Islamabad).
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500

400
300
200
100
0

Year

Evaporation (mm / month)

350
300

Monthly evaporation over open pan (mm)
Averaged data

250
200
150
100
50
0

Year

Figure 1b: Metrological data of the experimental site (Research and Development
Division, Pakistan Meteorological Department, Islamabad).
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Table 1: Combinations of organic and inorganic source of fertilizer treatments used in the trials
Percentage of recommended N application
rate

N1
N2
N3
N4
N5
N6
N7
N8
N9
N10

Poultry manure

Bioslurry

Applied
Available macronutrient from poultry manure
rate of
(kg ha-1)
poultry
Poultry
Chemical
manure
C
N
P
K
manure
Bioslurry
fertilizer
(t ha-1)
0
0
0
0
0
100
100
0
0
7.5
2670
135
107
95
0
100
0
50
0
50
3.8
1335
67.5
54
48
0
50
50
50
50
0
3.8
1335
67.5
54
48
25
25
50
1.9
668
33.8
27
24
50
25
25
3.8
1335
67.5
54
48
25
50
25
1.9
668
33.8
27
24
Note: Note – P and K added as chemical fertilizer to ensure P and K did not limit crop growth
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
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Applied
rate of
bioslurry
(t ha-1)
8.4
4.2
4.2
2.1
2.1
4.2

Available macronutrient from bioslurry
ha-1)

(kg

Applied rate of
chemical fertilizers
(kg ha-1)

C

N

P

K

N

P

K

2832
1416
1416
708
708
1416

-

132
66
66
33
33
66

114
57
57
28
28
57

135
67.5
67.5
67.5
33.8
33.8

125
125
125
125
125
125
125
125
125

125
125
125
125
125
125
125
125
125

135
67.5
67.5
33.8
33.8
67.5

Table 2: Soil characteristics used in RothC simulations
1

N1
N2
N3
N4
N5
N6
N7
N8
N9
N10

At start of experiment
(assumed steady state)
2
Bulk
Measured
Depth
density
C (g) in
(cm)
(g cm-3)
100 g soil
1.45
0.28
30
1.45
0.28
30
1.45
0.28
30
1.45
1.45
1.45
1.45
1.45
1.45
1.45

0.28
0.28
0.28
0.28
0.28
0.28
0.28

30
30
30
30
30
30
30

1

1

At harvest 2012

2

12.18
12.18
12.18

Bulk
density
(g cm-3)
1.43
1.42
1.34

Measured
C (g) in
100 g soil
0.287
0.290
0.334

12.18
12.18
12.18
12.18
12.18
12.18
12.18

1.32
1.40
1.39
1.33
1.41
1.38
1.35

0.342
0.298
0.299
0.318
0.303
0.324
0.327

SOC (t
ha-1)

3

Depth
(cm)

SOC (t
ha-1)

Biological
yield (t ha-1)

30
30
30

12.29
12.36
13.41

9.7
16.4
14.7

30
30
30
30
30
30
30

13.52
12.54
12.45
12.72
12.75
13.34
13.25

11.6
15.8
15.6
13.4
16.4
15.1
12.6

2

22.1
26.1
21.9

Bulk
density
(g cm-3)
1.42
1.41
1.33

Measured
C (g) in
100 g soil
0.297
0.302
0.343

22.1
23.1
20.9
21.3
26.7
21.3
21.4

1.31
1.38
1.35
1.32
1.39
1.36
1.33

0.352
0.321
0.329
0.332
0.325
0.336
0.339

3

Harvest
index

At harvest 2013

Depth
(cm)

SOC (t
ha-1)

3
Biological
yield (t ha-1)

30
30
30

12.69
12.82
13.69

9.7
16.4
14.8

24.2
27.2
22.6

30
30
30
30
30
30
30

13.82
13.29
13.34
13.11
13.58
13.61
13.57

11.8
15.9
15.7
13.6
16.4
15.2
12.8

22.9
23.6
21.9
22.0
27.8
22.1
21.7

Notes: Soil bulk density, measured C in 100g soil and SOC were measured at 0-30cm soil depth. 1values assumed to remain constant for the duration of the experiment are
clay content = 18.8%, water content at wilting point = 30 mm in 30 cm depth of soil, water content at field = 90 mm in 30 cm depth of soil; 2values from Shahzad et al.
(under review); 3 values from Shahzad et al. (2015).
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
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3

Harvest
index

3.2.5 Analyses of bioslurry and poultry manure
The samples of bioslurry and poultry manure were analyzed in the laboratory of
Soil Fertility and Plant Nutrition, Institute of Soil and Environmental Sciences, University
of Agriculture, Faisalabad and Ayub Agriculture Research Institute (AARI), Faisalabad.
The samples of bioslurry and poultry manure were ground and oven dried to constant
weight and then stored in labelled plastic bottles. The samples were digested by the method
described by Wolf (1982) and Kjeldhal method was used to measure total N (Bremner and
Mulvancy, 1982). The available P was determined by spectrophotometer (Watanabe and
Olsen, 1965), while K by flame photometer (Knudsen et al., 1982). The analyses of
bioslurry and poultry manure are given in Table 3.
3.2.6 Soil physical and chemical analyses
The composite sample was taken from the surface soil layer of 0-30 cm depth from
a field of experimental area at Gujar and Seed Nursery Farm, Mang, Haripur, Khyber
Pukhunkhawa, Pakistan. It was air-dried, ground and sieved through 2mm sieve. A
composite sample was taken and analyzed for physical and chemical properties (Table 4)
using the methods described by Page et al. (1982) and Motsara and Roy (2008) or methods
otherwise used are mentioned.
3.2.6.1 Mechanical analyses
Fifty grams of air dried soil sample was taken in beaker. Then 40 mL of 1% sodium
hexametaphosphate solution and 150 mL of distilled water were added. These soil samples
were kept for overnight soaking. Next day soil suspension was stirred with a mechanical
stirrer for 10 minutes and transferred to 1 L plastic cylinder. With the help of metal plunger
the suspension was shaken vigorously. By using Bouyoucos Hydrometer first reading was
recorded after 40 seconds of the shaking and second reading was noted after 2 h (Moodie
et al., 1959). Soil textural class was established by using textural class triangle of United
States Department of Agriculture, USA.
3.2.6.2 Soil pH
Air dried soil (5 g) was weighed in 50 mL plastic beaker, 5 mL of distilled water
with automatic pipette was added, mixed thoroughly for 5 seconds and allowed to stand for
10 minutes. The pH was recorded by pH meter (3510 JENWAY) with glass electrode after
standardizing the meter with buffer of 9.5 and 4.0 pH as standards (McLean, 1982).
3.2.6.3 Organic matter
Organic matter was determined by Walkely and Black method. Two gram soil
sample was mixed with 10 mL 1 N potassium dichromate solution and 20 mL concentrated
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Table 3: Chemical analyses of biogas slurry and poultry manure (on dry weight basis)
Determination

A.

B.

Composition (g kg-1)
2012

2013

Nitrogen

16.0

16.1

Phosphorous (P2O5 )

15.6

15.8

Potassium (K2O)

13.5

13.4

Organic carbon

336

342

Nitrogen

18.0

18.1

Phosphorous (P2O5 )

14.2

14.3

Potassium (K2O)

12.6

12.7

Organic carbon

354

360

Biogas slurry

Poultry Manure
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H2SO4. Then 150 mL of distilled water, 10 mL of 85% phosphoric acid, 0.2 g of sodium
fluoride and 30 drops of diphenylamine indicator (0.5 g diphenylamine + 20 mL distilled
water + 100 mL conc.H2SO4) were added into it. The solution was back titrated against 0.5
N FeSO4solution to a brilliant green end point. A blank was also run (Jackson, 1962).
3.2.6.4 Total nitrogen
Nitrogen was determined by Gunning and Hibbard’s method of sulphuric acid
digestion and distillation of ammonium into 4% boric acid by macro distillation apparatus
(Jackson, 1962).
3.2.6.5 Available phosphorus
Five gram soil was extracted with 0.5 M NaHCO3 solution (pH 8.5). Then 5 mL
aliquot of clear filtrate was taken in 25 mL volumetric flasks and added to it 5 mL of colour
developing reagent (ascorbic acid, ammonium molybdate, antimony potassium tartarate
and sulphuric acid). Volume was made up to the mark with distilled water and reading was
recorded by spectrophotometer model ANA-720W TOKYO, Photoelectric Co. Ltd. (Olsen
and Sommers, 1982).
3.2.6.6 Extractable potassium
Five gram soil was saturated with 50 mL of 1 M ammonium acetate solution (pH
7.0). Extraction was made with same solution and extractable or available K was
determined by Sherwood 410 flame photometer (Carson, 1980).
3.2.6.7 Soil bulk density
Soil bulk density was determined by core method. The core sampler was pressed in
the soil far enough depth to fill the core. The sampler was carefully removed and the soil
was trimmed extending out of the core with a sharp knife. Soil was oven dried at 105oC
(Blake and Hartage, 1986) to a constant weight, cooled and weighed. Soil volume was taken
equal to inner volume of core sampler.
ρb =

Dw
Sv

where, ρb is the soil bulk density (g cm-3), Dw is the dry soil weight (g), Sv is the soil
volume (cm-3)
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Table 4: Physico-chemical characteristics of experimental site
Parameter

Unit

Value

Sand

%

21.2

Silt

%

60.0

Clay

%

18.8

Textural class

Silt loam

pH

7.8

Organic matter

%

0.49

Total N

%

0.024

Available P

mg kg-1 soil

13.5

Extractable K

mg kg-1 soil

93

Soil bulk density

g cm-3

1.45
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3.2.7 Methodology
Minimum tillage was carried out using a rotavator followed by planking to the depth
of 4-6 cm. In the case of conventional tillage, the soil was cultivated twice using a tine
plough followed by planking. With the third treatment, the soil was ploughed with a chisel
plough followed by tine plough and planking. Experiments were laid out using a split plot
randomized complete block design (RCBD). The tillage systems were kept in the main
plots while N treatments were distributed in sub plots. Each treatment was repeated four
times. The net plot size for each replication was 4.5 m × 4.5 m. Organic amendments
(bioslurry and decomposed poultry manure) were applied to relevant plots, according to the
treatment plan and incorporated into the soil three weeks before sowing of maize crop
(2012-13). Maize (Zea mays) cv. F-1 Azam (a recommended maize variety of this area that
required less N, P and K fertilizer requirements than hybrids) was sown on 8th of July in
2012 while on 7th July in 2013. Sowing was done by hand with row to row distance at 75
cm and plant to plant distance of 25 cm. Plant populations were maintained at 108 plants
per plot. In all plots, the recommended levels of N, P and K were achieved by adding
chemical fertilizers after calculating the available nutrients in poultry manure and bioslurry.
The recommended dose of P and K was incorporated into the soil at the time of sowing of
crop and N was applied in two splits (at sowing and at flowering). Irrigation was applied
equally across all treatments as and when needed at different plant growth stages in addition
to the rainfall received during the growing period of the crop up until the physiological
maturity of the crop. Thinning was done at 3 to 4 leaf stage to keep a single plant at each
hill. The crop was kept free from weeds by hoeing. Other agronomic management, such as
the insecticide application was kept even for all treatments. The crop was harvested
manually at 4th and 9th of November in 2012 and 2013, respectively.
3.2.8 Parameter Studied
The following measurements were taken during both years of the experiment;
3.2.8.1 Plant height at maturity (cm)
The height of ten randomly selected plants in each subplot was measured from the
ground surface to the top of the plant.
3.2.8.2 Stem diameter (cm)
Ten plants at maturity were selected at random from each subplot, the stem diameter
(top, middle and bottom) was measured using a vernier calliper and then the average values
were recorded.
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3.2.8.3 Cob length (cm)
The average length of ten cobs selected at random from each subplot was recorded.
3.2.8.4 Cob diameter (cm)
The diameter of ten cobs, randomly selected from each subplot, was measured in
three places by using a vernier calliper and average was recorded.
3.2.8.5 Number of grain rows per cob
Ten cobs were selected at random from each subplot and average number of grain
rows in each cob was recorded.
3.2.8.6 1000-grain weight (g)
Three random samples of 1000 grains were taken from the seed lot of each subplot,
weighed and averaged.
3.2.8.7 Biological yield (t ha-1)
This comprised the grain, stover and pith yield. The crop from each subplot was
harvested manually, sun-dried and then weighted to determine biological yield.
3.2.8.8 Grain yield (t ha-1)
This was calculated from each subplot and then converted to t ha-1.
3.2.8.9 Harvest index (%)
It is the ratio of economic yield to biological yield. The harvest index (HI) was determined
from the grain yield (t ha-1) and biological yield (t ha-1) as
HI (%) =

Grain yield
× 100
Biological yield

3.2.8.10 Leaf area index
The leaf area index (LAI) describing the leaf area (assimilatory source) per unit land
area, was calculated by the formula given by Radford (1967);
𝐴leaf = 𝐿 × 𝑊 × 0.75
Where Aleaf is the mean area of a leaf (m2), L is the average length of a leaf (m), and W is
the average width of a leaf (m).
𝐴plant = 𝐴leaf × 𝑛leaf
Where Aplant is the total leaf area of a plant (m2) and nleaf is the number of leaves on each
plant.
𝐿𝐴𝐼 = 𝐴plant × 𝑛plant
Where, nplant is the number of plants per m-2.
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3.2.8.11 Crop growth rate (g m-2 day-1)
The rate of crop growth, R (g m-2 day-1), was calculated using the formula given by
Hunt (1978);
𝑅=

𝑊2 − 𝑊1
𝑡2 − 𝑡1

Where, W1 is the dry weight at first harvest (g m-2), W2 is dry weight m-2 ground area at
second harvest (g m-2), t1 is the time of the first harvest (days), t2 is the time of the second
harvest (days)
3.2.8.12 Net assimilation rate (g m-2 day-1)
The net assimilation rate, NAR (g m-2 day-1), was calculated by the formula provided
by Hunt (1978):
𝑊hary
𝐿𝐴𝐷
Where Whary is the dry weight at harvest (g m-2) and LAD is the leaf area duration (days),
𝑁𝐴𝑅 =

given by
LAD =

(LAI1+LAI2)×(t2−t1)
2

Where, LAI1 is the the leaf area index at first harvest and LAI2 is the leaf area index at
second harvest
3.2.8.13 Nitrogen uptake (kg ha-1) and Recovery Efficiency (%) of N fertilizers
To determine N concentration in maize grains, the grains samples were dried and
ground to get powder. The powdered sample material (1.0 g) was digested using 20 mL of
H2SO4 (conc.) and 8 g of digestion mixture (K2SO4: FeSO4: CuSO4 = 10: 1: 0.5) for each
sample. When the solution became transparent and yellowish green, it was allowed to cool
and transferred to 100 mL volumetric flask and made up to the mark. The solution was
filtered and used for further analyses.
Aliquot (10 mL) was taken from the above-prepared solution for distillation at
Kjeldhal ammonium distillation unit. Nitrogen evolved as ammonia was collected in
receiver containing boric acid (4%) solution and mixed indicator (Bromocresol green and
methyl red) and titrated against 0.1N H2SO4 (Jackson, 1962).
The N uptake by maize grains (kg ha-1) are calculated as follows;
𝑁 𝑢𝑝𝑡𝑎𝑘𝑒 𝑏𝑦 𝑔𝑟𝑎𝑖𝑛𝑠 = 𝑁 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑠 𝑖𝑛 𝑔𝑟𝑎𝑖𝑛𝑠 (%) × 𝑔𝑟𝑎𝑖𝑛 𝑦𝑖𝑒𝑙𝑑 (𝑘𝑔/ℎ𝑎)
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Recovery efficiency (RE) of N fertilizers calculated by using formula:
𝑅𝐸 𝑓𝑜𝑟 𝑁 𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟𝑠 (%) =

𝑁 𝑢𝑝𝑡𝑎𝑘𝑒 𝑖𝑛 𝑁 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 − 𝑁 𝑢𝑝𝑡𝑎𝑘𝑒 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100
𝑁 𝑎𝑝𝑝𝑙𝑖𝑒𝑑

3.2.8.14 Value to cost ratio
Value to cost ratio (VCR) for integrated use of nitrogen fertilizers were calculated
by the procedure described by Shah et al. (2010).

3.3 STUDY–II
Impact of different nitrogen sources and tillage systems on soil carbon
sequestration and soil properties under maize-wheat-maize crop rotation
This study was conducted during 2012 to investigate the impact of different
combination of chemical N, bioslurry and poultry manure on soil carbon sequestration and
soil properties under maize-wheat-maize crop rotation under field conditions. The study
was repeated again by using same treatment plan and methodology next year (2013) for
precision of results. The experiment was carried out by following procedures as given
below:
3.3.1 Site of experiment
The experiment was conducted at Gujar and Seed Nursery Farm, Mang, Haripur,
Khyber Pukhunkhawa, Pakistan.
3.3.2 Experimental design
The experiment was laid out according to RCBD split plot with four replicates as
described by Steel et al. (1997).
3.3.3 Treatment plan
Same as is given in section 3.2.3.
3.3.4 Collection of bioslurry and poultry manure
Same as is given in section 3.2.4.
3.3.5 Analyses of bioslurry and poultry manure
Same as given in 3.2.5.
3.3.6 Field Experiment
Same as is given in section 3.2.7.
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3.3.7 Parameter Studied
After harvest of crop, soil samples were taken to a depth of 0-30. Samples were air
dried in the shade, ground and passed through a 2 mm sieve.
The following measurements were taken at the harvest of maize crop during both years of
the experiment;
3.3.7.1 Total Nitrogen (g kg-1)
Same procedure as is given in section 3.2.6.4.
3.3.7.2 Available Phosphorus (mg kg-1)
Same procedure as is given in section 3.2.6.5.
3.3.7.3 Extractable Potassium (mg kg-1)
Same procedure as is given in section 3.2.6.6.
3.3.7.4 Soil bulk density (g cm-3)
Same procedure as is given in section 3.2.6.7.
3.3.7.5 Total porosity (m3 m-3)
Total porosity of the soil, ft (m3 m-3) was calculated from bulk density, ρb (g cm-3)
and particle density, ρp (g cm-3) using the following formula described by Lowery et al.
(1996).
𝑓 =1−(

𝜌𝑏
)
𝜌𝑝

3.3.7.6 SOC sequestration (kg C ha-1 y-1)
The SOC contents of soil at 0-30 cm depth was determined by the modified
Walkley-Black method (Walkley and Black, 1934) and then used to calculate Csequestration.
𝐶oxd = 10 ×

(𝑉blank − 𝑉sample)×0.3×M
𝑊s

𝑇𝑂𝐶 = 1.33 × 𝐶oxd
𝑆𝑂𝑀 = 1.724 × 𝑇𝑂𝐶
where, Coxd is the oxidizable organic carbon (g kg-1),Vblank is the volume of ferrous
ammonium sulphate solution used for blank (cm3), Vsample is the volume of ferrous
ammonium sulphate solution used for the soil sample (cm3), M is the molarity of ferrous
sulphate solution (mol dm-3), Ws is the weight of soil (g), TOC is the total organic carbon
(g kg-1), and SOM is the soil organic matter (g kg-1).
The total SOC stocks were determined using the formula presented by Smith (2000);
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𝐶stocks = (

𝐶
) × ρb×D×100
100

Where, Cstock is the SOC stocks (t ha-1), C is the SOC contents (%), ρb is the soil bulk
density (g cm–3), D is the soil depth (cm) to which carbon is measured, 100 is the factor to
convert g cm-2 to t ha-1.
The SOC sequestration rate, ΔTOC (kg C ha-1 y-1), was calculated using the formula given
below;
Δ𝑇𝑂𝐶 =

𝑇𝑂𝐶treatment − 𝑇𝑂𝐶control
𝑡

Where, TOCtreatment and TOCcontrol are the soil organic carbon stocks in the treatment and
control respectively (t ha-1), and t is the time of experiment (2y)
This is re-expressed as carbon dioxide equivalents (CO2e) by multiplying by 3.67.
3.3.7.7 Modelling approach
A new spreadsheet version of Roth-C model (Smith et al., 2014) was developed to
compare the short and long term impact of different organic fertilizers on soil C stocks.
3.3.7.7.1 Simulation approach
The RothC-26.3 model of C turnover in soils (Coleman and Jenkinson, 1996) was
used to simulate changes in soil C content following application of urea, bioslurry and
poultry manure. Because the differences in soil C stocks with N treatments in the different
tillage systems was not statistically significant, the impact of tillage was not explicitly
simulated; the simulations used the mean measurements in each N treatment over all tillage
systems. Simulating the impact of applications of bioslurry compared to poultry manure in
the field is a new application of RothC; previously, this has only been done using laboratory
data (Smith et al., 2014). Changes in plant inputs were accounted for in proportion to
changes in yield. Decomposability of incorporated organic waste was defined using the
proportion of decomposable plant material (DPM) to stabilized organic matter (HUM),
following the approach presented by Smith et al. (2014). The decomposition rate constants
of these pools are defined as 10 per year for DPM and 0.02 per year for HUM (Coleman
and Jenkinson, 1996), so the ratio of DPM to HUM determines the rate of organic waste
decomposition. Incubation studies by Bernal et al. (1998) and Marcato et al. (2009)
provided data to set the ratio of DPM:HUM in poultry manure and bioslurry. According to
Smith et al. (2014), this gave a DPM:HUM ratio of 31.45 for poultry manure and 0.14 for
bioslurry. Monthly inputs of poultry manure or bioslurry were applied according to the
management of the trial, initially using the DPM:HUM ratios given by Smith et al. (2014).
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Inputs required by the model are crop yield, air temperature (°C), monthly rainfall
(mm), monthly open-pan evaporation (mm), soil texture (% clay content), pH, average soil
water content (mm), SOC content (t ha-1), land use and management data (Table 1, 2, 4)
(Figure 1). Plant inputs needed to achieve the measured soil C before the trials started were
estimated by running the model to steady state using default plant inputs, and then adjusting
plant inputs according to the ratio of measured and simulated SOC contents (Smith et al.,
2005);
𝑃𝐼adjusted =

𝑇𝑂𝐶measured
𝑇𝑂𝐶model

× PIdef

where 𝑃𝐼adjusted is plant C input used in the next iteration (t ha-1),𝑇𝑂𝐶measured is measured
soil C (t ha-1), 𝑇𝑂𝐶model is soil C calculated at steady state (t ha-1), and PIdef is plant C input
used in the previous iteration (t ha-1).
The simulation of SOC at steady state also provides the starting proportions of SOC
in the different active compartments of DPM, resistant plant material (RPM), microbial
biomass (BIO) and HUM. Inert organic matter (IOM) is defined in RothC as the fraction
of SOM that is biologically inert and has radioactive age is more than 50,000 years. This
was set using equation given by Falloon et al. (1998). The proportions of SOC in the
different pools characterises the decomposability of the SOM. This can then be used to run
the model forward and determine how changes on organic matter inputs and weather
conditions will affect the long term sequestration of C in the soil.
Following the approach given by Smith et al. (2005), it was assumed that plant
inputs in the control were equivalent to those calculated at steady state, and plant inputs in
the fertilized trials could be obtained using the ratio of biological yield in the trial, 𝐵𝑌trial (t
ha-1), and the control, 𝐵𝑌control (t ha-1):
𝑃𝐼trial = 𝑃𝐼control ×

𝐵𝑌trial
𝐵𝑌control

However, this ratio did not provide a good fit to the chemical fertilizer trial measurements,
overestimating plant inputs by a factor close to the harvest index. Therefore, plant inputs
were instead calculated using the following formula to account for harvest index (𝐻𝐼):
(𝐵𝑌trial−𝐵𝑌control)

𝑃𝐼trial = 𝑃𝐼control × (1 + 𝐻𝐼 (

𝐵𝑌control

))

The values for biological yield and harvest index are given in Table 2. The model was then
run for each trial, starting with SOC pools calculated for the control and estimating plant
and organic fertilizer inputs as described above.
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3.3.7.7.2 Model evaluation
The accuracy of simulations of the measured values in the field trials was quantified
as described by Smith et al. (1996). The correlation coefficient (r) was used to determine
degree of association between simulations and measurements. The percentage bias was
calculated as the relative error. The root mean squared error (RMSE) provided average
percentage deviation of simulated soil C from measured values; this value was used as an
estimate of uncertainty in the simulation of the amount and decomposability of C added to
the soil in the organic fertilizer. Ideally, in order to capture the long term SOM turnover
processes, the accuracy of the simulations would be evaluated against measurements from
long term trials where composted poultry manure and bioslurry had been added annually
for at least 25 years. However, these long term trials do not yet exist. The evaluation
presented here provides an assessment of how well the model captures the short term
decomposability of the organic matter in the bioslurry and compost. Because these are
derived from newly digested and decomposed fresh plant materials, it can be assumed that
these materials are turning over rapidly. Therefore, the decomposability of the organic
fertilizers can be defined using the relatively short term trials presented here. After several
years of decomposition, the organic matter added to the soil can be treated as being a part
of the SOM, the longer term decomposability being determined by the proportions of C that
have entered the different SOC pools defined in the model, as given by the short term
decomposition processes. RothC simulations of long term SOC turnover have already been
rigorously evaluated in a wide range of different environments (e.g. Coleman and
Jenkinson, 1996). Taken together with the short term evaluations of decomposability
presented here, this then allows RothC to be used with confidence to simulate the long term
projections of C sequestration associated with applications of bioslurry or compost.
3.3.7.7.3 Climatic Scenario
The model was run forward to simulate changes in SOC over the next 100 years from
2012 to 2112. The climate data for future climate scenarios from 2014 to 2100 were
obtained using the following procedure:
(1) Future monthly temperature and precipitation for four SRES emissions scenarios
for the grid cell containing the site were extracted from the ClimGen Emissions
Scenario dataset (Osborne et al., 2014). These scenarios were economic growth
with globalisation (A1B), economic growth with regionalisation (A2),
environmental protection with globalisation (B1) and environmental protection
with regionalisation (B2).
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(2) Historic monthly temperature and precipitation were obtained from average
monthly values over the period 2001-2013 for the relevant grid cell, extracted from
CRU TS version 3.22 observed gridded dataset (Harris et al., 2013). This time
period was chosen to coincide with the time period of on-site climate observations.
(3) Future monthly climate anomalies were calculated for 2014 to 2100, for each SRES
scenario by subtracting the CRU historic monthly average from the ClimGen future
monthly climate.
(4) Absolute future monthly temperature and precipitation for each SRES scenario
were then calculated by applying monthly anomalies to average monthly climate
for the site, calculated from on-site measurements covering the period 2001-2013.
(5) Monthly potential evapotranspiration for 2001-2100 was calculated using the
Thornthwaite method (1948).
We used this climate anomalies approach rather than using the ClimGenEmission
Scenario forecasts directly because there were some small differences between the CRU
observed data for the grid cell and the on-site measurements. These differences would have
introduced a small additional error in the future climate. We used CRU observed data as
the baseline for calculation of anomalies because CRU observed data were also used as the
baseline for the ClimGen climate scenario generator (Osborne, 2009). This enables the
calculated anomalies to be free from artefacts that can result from using data generated
using different gridding methods.
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Table 5: The four SRES scenario families of the Fourth Assessment Report vs.
projected global average surface warming until 2100

Globalisation
(homogeneous

world)

More economic focus

More environmental focus

A1

B1







Rapid economic growt
h due to spread of new
and efficient
technology
(groups: A1T; A1B; A
1Fl)
World population 9
billion on 2050 and
decline
Social and cultural
interactions
1.4 - 6.4 °C









Regionalisation
A2
(heterogeneous world)





B2
Regionally oriented
economic development
Continue increasing
population
Self-reliant nations
2.0 - 5.4°C








Global, social
environmental
sustainability
World more integrated
and more ecologically
friendly
Rapid economic growth
as in A1, but in service
and information
technology
World population 9
billion on 2050 and
decline
Introduction of clean
and resources efficient
technologies
1.1 - 2.9 °C
Local environmental
sustainability
World is divided and
more ecological
friendly
Continue increasing
population but slower
than A2
Intermediate level of
economic development
Less rapid and more
fragmented technology
change than A1 and B1
1.4 - 3.8 °C
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3.4 STUDY–III
Residual effects of tillage practices and different nitrogen sources on soil
properties and wheat productivity
3.4.1 Objective
The objective of study-III was to investigate the residual effect of applied organic
amendments to maize on growth and productivity of subsequent wheat (Triticum aestivum
L.) crop on the following year.
3.4.2 Site of experiment
The site and even layout of the experiment was kept same as was followed for maize
crop. For detail, see section 3.2.1.
3.4.3 Experimental design
Same as was followed for maize sown prior to wheat (see section 3.2.2).
3.4.4 Treatment plan
Similar treatment plan as well as experiment layout was followed for maize
subsequent wheat crop. Nothing was applied in that field where organic amendments
(poultry manure, bioslurry or both) were applied in previous crop. The recommended rates
of N, P and K were applied to the current wheat crop; 60, 50 and 50 kg ha-1, respectively.
The chemical fertilizer N was applied as urea and di-ammonium phosphate, P as diammonium phosphate and K as potassium sulphate. The tillage systems were kept same as
followed in the maize i.e. deep, conventional and shallow tillage. Overview of fertilizer
treatment plan followed for maize subsequent wheat is given in next page.
3.4.5 Soil physical and chemical analyses
The composite sample was taken from the surface soil layer of 0-30 cm depth after
harvest of maize and analyzed by using procedures as discussed earlier in section 3.2.6.
Overview of wheat pre-sowing soil analyses is given below:
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Table 6: Overview of fertilizer treatments plan followed for maize and for subsequent wheat crop
Fertilizer treatment plan for previous maize crop

-

Chemical fertilizer (kg ha-1)
N
P
135 (100%)
125 (100%)
125 (100%)
-

K
125(100%)
125(100%)

-

8.4(100%)

-

125 (100%)

125(100%)

Fertilizer treatment plan for wheat crop subsequent to maize
crop
PM
BS
(t ha-1) (t ha-1)
Chemical fertilizer (kg ha-1)
N
P
K
60 (100%)
50 (100%)
50 (100%)
60 (100%)
50 (100%)
50 (100%)
60 (100%)
50 (100%)
50 (100%)

3.8(50%)
3.8(50%)
1.9(25%)
3.8(50%)
1.9(25%)

4.2(50%)
4.2(50%)
2.1(25%)
2.1(25%)
4.2(50%)

67.5 (50%)
67.5 (50%)
67.5 (50%)
33.8 (25%)
33.8 (25%)

125 (100%)
125 (100%)
125 (100%)
125 (100%)
125 (100%)
125 (100%)

125(100%)
125(100%)
125(100%)
125(100%)
125(100%)
125(100%)

-

PM
(t ha-1)

BS
(t ha-1)

7.5(100%)

N4
N5

N1
N2
N3

N6
N7
N8
N9
N10

-

60 (100%)
60 (100%)
60 (100%)
60 (100%)
60 (100%)
60 (100%)

50 (100%)
50 (100%)
50 (100%)
50 (100%)
50 (100%)
50 (100%)

50 (100%)
50 (100%)
50 (100%)
50 (100%)
50 (100%)
50 (100%)

Whereas
PM = Poultry manure
BS = Biogas slurry
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
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Table 7: Physico-chemical characteristics of experimental site after harvesting of
Maize

Treatments

Soil organic
matter
(g kg-1)

Soil total
N
(g kg-1)

Available P
(mg kg-1 soil)

Extractable
K
mg kg-1 soil

N1
N2
N3
N4
N5
N6
N7
N8
N9
N10

4.95
5.00
5.76
5.90
5.14
5.15
5.48
5.22
5.59
5.64

0.294
0.316
0.356
0.347
0.338
0.326
0.348
0.335
0.344
0.334

15.6
16.3
22.7
25.0
22.3
23.5
24.9
21.8
22.6
24.5

95.3
96.8
119.8
147.1
105.7
131.1
145.6
103.5
109.9
140.4

Soil bulk
density
(g cm-3)
1.43
1.42
1.34
1.32
1.40
1.39
1.33
1.41
1.38
1.35

Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
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3.4.6 Methodology
Same as followed for maize (see section 3.2.7).
3.4.7 Parameter Studied
The following measurements were taken during both years of the experiment;
3.4.7.1 Plant height at maturity (cm)
The height of ten randomly selected plants in each subplot was measured from the
ground surface to the top of the plant.
3.4.7.2 Spike length (cm)
The spike length were randomly measured from each subplot and mean was
calculated.
3.4.7.3 1000-grain weight (g)
Three random samples of 1000 grains were taken from the seed lot of each subplot,
weighed and averaged.
3.4.7.4 Biological yield (t ha-1)
This comprised the grain and straw yield. The crop from each subplot was harvested
manually, sun-dried and then weighted to determine biological yield.
3.4.7.5 Grain yield (t ha-1)
This was calculated from each subplot and then converted to t ha-1.
3.4.8 Plant chemical analyses
To determine N concentration in plant shoots, the steps carried out were same as
given in section 3.2.8.13 for plant analyses of maize. For P determination; vanadatemolybdate spectrophotometric procedure was followed (Jones et al., 1991). Potassium was
determined by flame photometer 410 Sherwood (Chapman and Pratt, 1961).
3.4.9 Soil chemical analyses
To determine N, P, K and organic matter contents in soil, following steps carried
out were same as given in section 3.2.6.
3.5 Statistical analyses
All data obtained from experiments were analyzed statistically according to the
analysis of variance (ANOVA) as detailed by Steel et al. (1997) using Statistix-8.1
software. Significant differences (p <0.05) among means were identified using Tukey’s
Honestly Significant Difference (HSD) at 5% probability level.
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Figure 3a: Demonstration of Field Trials (2012) at Seed and Nursery Farm Mang,
Haripur Pakistan
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Figure 3b: Demonstration of Field Trials (2013) at Seed and Nursery Farm Mang,
Haripur Pakistan
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Figure 4: Fellowship visit to Institute of Biological and Environmental Sciences,
University of Aberdeen, UK.
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4- RESULTS AND DISCUSSIONS

The results discussed in this chapter are the outcomes of a series of field experiments
conducted for investigating effect of organic inorganic amendments with or without
chemical N fertilizers on growth and yield of maize while their residual effects of different
organic amendments on the growth and yield of subsequent wheat crop. All field
experiments were conducted at Gujar and Seed Nursery Farm, Mang, Haripur (33.90°N72.91°E), Khyber Pukhunkhawa (Pakistan). The experimental site is situated in humid
subtropical region and the climatic conditions of this area are considered the most suitable
for maize-wheat cropping pattern. That is why; maize-wheat cropping pattering is followed
by the majority of the farmers. The results of following experiments are discussed in this
section:
i.

Response of maize to different nitrogen sources and tillage systems under humid
subtropical conditions (study-I)

ii.

Impact of different nitrogen sources and tillage systems on soil carbon sequestration
and soil properties under maize-wheat-maize crop rotation (study-II)

iii.

Residual effects of tillage practices and different nitrogen sources on soil
properties and wheat productivity (study-III)

4.1. STUDY-I: Effect of different tillage systems and nitrogen sources on
growth and yield parameters of maize (Zea mays L.).

Results and discussion
This study was conducted during 2012 to investigate the different combination of
chemical N, bioslurry and poultry manure on the growth and yield of maize under field
conditions. The study was repeated again by using same treatment plan and methodology
next year (2013) for precision of results. The detail of results along with discussion is given
in next pages:
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4.1.1. Plant height (cm)
Greater plant heights were recorded in 2013 than in 2012. This was due to higher
rainfall during the vegetative growth period of the maize crop in 2013 than in 2012 in the
months of July (317 CF 145mm), August (670 CF 410 mm), September (336 CF 182 mm)
and October (58 CF 8.2 mm). This may have increased the uptake of N by the plants,
resulting in taller plants in 2013 compared to 2012. Tillage systems and N treatments
significantly (p ≤ 0.05) affected the plant height during both of years (Table 8), with similar
trends observed. In 2013, the tallest plants (148 cm) were observed in deep tillage systems,
followed by conventional tillage (146.7 cm), while shortest plants were observed in
minimum tillage systems (145.7 cm). This can be explained by deep tillage reducing the
soil bulk density and improving soil aeration, allowing the increased proliferation of roots
for uptake of nutrients in the early growth period (Mock and Erbch,1977; Pathak et al.,
2004 and Tomar et al., 2005). Similar results were obtained by Smith et al. (1987), Cassel
et al. (1995) and Aikins and Afuakwa (2010) who observed that plant shoot development
was dependent on root development and increasing the depth of tillage lead to the more
vegetative growth of plants. Significant variations in plant height were observed in the
different N treatments. In 2013, when compared to plant height in treatment N1 (125.6 cm)
where no nitrogen was applied, the mean increase in plant height was 23% in treatment N2
(155.2 cm) where 100% of the recommended N application rate was applied as chemical
fertilizer. This was statistically equivalent to the increase in plant height observed in
treatment N8 (153.7 cm) where 50% of the recommended N rate was applied as chemical
fertilizer, 25% as poultry manure and 25% as bioslurry. A 19% increase in plant height was
observed in treatment N5 (150 cm) where 50% of the recommended N rate was applied as
chemical fertilizer and 50% as poultry manure, and in treatment N6 where 50% of the
recommended N rate was applied as chemical fertilizer and 50% as bioslurry, and in
treatment N9 where 25% of the recommended N rate was applied as chemical fertilizer,
50% as poultry manure and 25% as bioslurry. The large increase in plant height in treatment
N8 might be due to achieving the correct balance of the supply of N and the increased water
contents due to application of bioslurry. This low C:N, C:P and C:K ratios of the poultry
manure and bioslurry, may allow the timely release of nutrients to the crop, so providing
sufficient N, P, K as well as water and other nutrients to plants Application of N has a
positive impact on cell division, expansion and enlargement of cells that ultimately leads
to the more vegetative growth of the plants (Idris et al., 2001; Singh and Agarwal, 2001;
Iqbal et al., 2002; Warren et al., 2006). Our results are in agreement with the findings of
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Table 8: Main effect of tillage practices and nitrogen treatments on plant height (cm)
of maize at harvest under field conditions
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012*

Years
2013**

145.4b
146.3ab
147.0a

145.7b
146.7ab
148.0a

1.52

2.27

145.5 A
146.5 AB
147.5 A
1.87

125.4d
154.5a
147.9bc
143.1c
149.8ab
149.6ab
146.4bc
150.8ab
149.3ab
145.3bc
5.73

125.6e
155.2a
148.3b-d
143.4d
150.0a-c
149.8a-c
146.5cd
153.7ab
149.6bc
145.6cd
5.60

125.5 E
154.9 A
148.1 B-D
143.3 D
149.9 A-C
149.7 A-C
146.5 CD
152.3 AB
149.5 A-C
145.4 CD
5.63

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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165

HSD value (2012)=11.75, HSD value (2013)=12.12

160

Plant height (cm)

155
150
145
140
135
130
125
120
115

Nitrogen treatments
MT (2012)

MT (2013)

CT (2012)

CT (2013)

DT (2012)

DT (2013)

The error bars give the 95 % confidence interval.
165

HSD value (2012-13)=11.82

160

Plant height (cm)

155
150
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140
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Nitrogen treatments
MT (2012-13)

CT (2012-13)

DT (2012-13)

The error bars give the 95 % confidence interval.
Figure 5: Interactive effect of tillage practices and different nitrogen treatments on
plant height of maize at harvest during years 2012 and 2013 under field
conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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Nasir et al. (2012), Islam et al. (2010) and Joshi et al. (1994), who observed increased crop
growth in plots treated with cow dung slurry and poultry manure slurry. Similarly, Morsy
(2002) observed taller plants in plots treated with organic waste materials than in untreated
plots.
The interactive effect of tillage system and different N treatments was also
significant at p < 0.05 (Figure 5). In 2013, the mean increase in plant height over the
minimum tillage treatment with no N applied (N1) was 158.9 cm (27%) for the deep tillage
with treatment N2 (N applied 100% as chemical fertilizer), followed by 157.2 cm (26%)
for the deep tillage with treatment N8 (N applied as 50% chemical fertilizer, 25% poultry
manure and 25% bioslurry). Again, these results are consistent with the results of the other
workers, Al-Kaisi and Yan (2005), Dolan et al. (2006) and Sainju et al. (2007), who all
concluded that the integrated use of tillage systems with different organic and inorganic
sources of N would lead to more soil water, soil organic carbon, active C and N fractions
available to the plant, and so would lead to increased crop productivity.
4.1.2. Stem diameter (cm)
As for the plant height, the results from both 2012 and 2013 suggest that tillage and
N source significantly (p ≤ 0.05) impact stem diameter (Table 9). In 2013, the largest stem
diameter (1.696 cm) was observed in the deep tillage system, followed by conventional
tillage (1.648 cm), while the minimum stem diameter was observed in the minimum tillage
system (1.623 cm). Abdalla (2006) and Mohamed et al. (2011) similarly observe that stem
diameter increased with tillage depth.
In 2013, when compared to the stem diameter in treatment N1 (1.347 cm) where no
N was applied, the mean increase in stem diameter (1.970 cm) was 46% in treatment N 2
(100% of the recommended N rate applied as chemical fertilizer), followed by 40% (1.887
cm) in treatment N8 (50% N applied as chemical fertilizer, 25% as poultry manure and 25%
as bioslurry). The stem diameter in treatments N5(50%N applied as chemical fertilizer and
50% as poultry manure), and N8 (50%N as chemical fertilizer, 25% as poultry manure and
25% as bioslurry), are statistically equivalent to each other. Our results are supported by
the findings of Reiad et al. (1997) and Islam et al. (2010), who observed that supply of N
accelerates the vegetative growth of plant and increases stem diameter. Agbede et al.
(2008) and Adelekan et al. (2010) suggested that application of bioslurry and poultry
manure increased stem diameter in maize and sorghum by also providing other nutrients to
crop.
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Table 9: Main effect of tillage practices and nitrogen treatments on stem diameter
(cm) of maize at harvest under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep
HSD 5%

1.610b
1.614ab
1.648a
0.035

1.623b
1.648ab
1.696a
0.067

1.62 B
1.63 AB
1.67 A
0.0477

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

1.321g
1.845a
1.603de
1.481f
1.778ab
1.719bc
1.531ef
1.826a
1.663cd
1.472f
0.077

1.347h
1.970a
1.616ef
1.476g
1.820bc
1.739cd
1.544fg
1.887ab
1.675de
1.483g
0.111

1.33 H
1.91 A
1.61 EF
1.48 G
1.80 BC
1.73 CD
1.54 FG
1.86 AB
1.67 DE
1.48 G
0.0735

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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HSD value (2012)=0.1699, HSD value (2013)=0.2656
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The error bars give the 95 % confidence interval.
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Figure 6: Interactive effect of tillage practices and different nitrogen treatments on
stem diameter of maize at harvest during years 2012 and 2013 under field
conditions.
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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The interactive effect of tillage systems and N treatment was also significant at
p≤0.05 (Figure 6). In 2013, the mean increase in stem diameter over the minimum tillage
treatment with no N applied (N1) was 2.073 cm (54%) for deep tillage with treatment N2
(100% N applied as chemical fertilizer), followed by 1.963 cm (46%) for deep tillage with
treatment N8 (50% N applied as chemical fertilizer, 25% as poultry manure and 25% as
bioslurry). Similar trends in the data were observed during both years. Tillage can
accelerate mineralization N in organic materials (Grace et al., 1993; De Neve and Holfman,
1997) and this can lead to increased microbial activities. For organic residues with low
C:N ratio, this will release N, which is an important element for vegetative growth of plants
(Grace et al., 1993; Agele et al., 2005).
4.1.3. Cob length (cm)
As per previous plant characteristics, the data on cob length (Table 10) showed that
tillage and N treatments had significant (p ≤ 0.05) effect on cob length (Table 10) during
both the years of the experiment. In 2013, longer cobs (13.6 cm) were observed in deep
tillage, followed by conventional tillage (13.3 cm), while the minimum cob length was
observed under minimum tillage (12.3 cm). The increase in the cob length may be
associated with improvement in the physical properties of the soil, increasing soil water
contents (Tomer et al., 2005; Rashidi and Keshavarzpour, 2007). Integrated application of
organic and inorganic N sources significantly (p≤0.05) increased the cob length. In 2013,
when compared to the cob length in treatment N1 (10.3 cm) where no N was applied, the
mean increase in the cob length was 61% (16.6 cm) in treatment N2 (100% of N applied as
chemical fertilizer), and was statistically equivalent to treatment N8 (15.8 cm) where N
applied as 50% as chemical fertilizer, 25% as poultry manure and 25% as bioslurry. The
increased cob length was only 38% (14.2 cm) in treatment N5 (50% N applied as chemical
fertilizer and 50% as poultry manure). As discussed above, the application of organic and
inorganic N sources may improve soil physical properties and increase the rate of
mineralization, to making soil more productive (Huang et al., 2007). Our results are
consistent with the results of Akhter el al. (1999) and Khan (2008), who observed a
significant increase in the cob length with increased rates of N application from different
sources.
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Table 10: Main effect of tillage practices and nitrogen treatments on cob length (cm)
of maize at harvest under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep

12.1b
13.1a
13.3a

12.3b
13.3ab
13.6a

HSD 5%

0.96

1.14

12.2 B
13.2 AB
13.5 A
1.05

9.6g
16.1a
12.8c-e
10.8fg
14.1bc
13.6cd
11.8d-f
15.6ab
12.9cd
11.0e-g
1.81

10.3f
16.6a
12.9cd
11.0ef
14.2bc
13.8c
12.0de
15.8ab
13.1cd
11.2ef
1.6545

9.9 F
16.4 A
12.9 CD
10.9 EF
14.1 BC
13.7 C
11.9 DE
15.7 AB
12.9 CD
11.1 EF
1.692

Effects

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Figure 7: Interactive effect of tillage practices and different nitrogen treatments on
cob length of maize at harvest during years 2012 and 2013 under field
conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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The interactive effect of tillage systems and different N treatments was also found
to be significant at p ≤ 0.05 (Figure 7). In 2013, the mean increase in the cob length over
the minimum tillage treatment with no N applied (N1) was 73% (17.1 cm) for deep tillage
with treatment N2 (100% N applied as chemical fertilizer), followed by 67% (16.5 cm) for
deep tillage with treatment N8 ( 50% N applied as chemical fertilizer, 25% as poultry
manure and 25% as bioslurry).Our results are in line with findings of Costa et al., 2002;
Sims et al., 1995 and Khan et al., 2013, who reported that cob length was increased with
integrated application of organic and inorganic sources of N. Similar trends were observed
in 2012.
4.1.4. Cob diameter (cm)
Tillage and N treatments significantly (p ≤ 0.05) affected cob diameter during 2012
and 2013 (Table 11). In 2013, maximum cob diameter (4.25 cm) was obtained in deep
tillage, followed by conventional tillage (4.19 cm) than minimum tillage (4.16 cm). Our
results are in agreement with the work of Rashidi and Keshavarzpour (2007), who observed
that tillage systems have a positive impact on cob diameter.
In 2013, when compared to the cob diameter in treatment N1 (3.52 cm) where no
N was applied, the mean increase in cob diameter was 31% (4.62 cm) in treatment N2
(100% N was applied as chemical fertilizer), followed by 27% (4.48 cm) in the treatment
N8 (50% N applied as chemical fertilizer, 25% as poultry manure and 25% as bioslurry).
The treatment N3 (100% N applied as poultry manure) and treatment N6 (50% N applied as
chemical fertilizer and 50% as bioslurry) are statistically equivalent to each other.
The increase in cob diameter observed in treatment N8 might be due to increased
photosynthetic activities due to adequate supplies of N from the different sources (Khan,
2008). The combined use of chemical fertilizer, poultry manure and bioslurry increased cob
diameter by providing sufficient nutrients to plant throughout the vegetative period of
growth. Our results are in agreement with Iqbal et al. (2013) who reported that cob diameter
was increased by an additional supply of N from different N sources.
The interactive effect of tillage systems and different N treatments was also
significant at p ≤ 0.05 (Figure 8). In 2013, a mean increase in cob diameter over the
minimum tillage treatment with no N was applied (N1) was 34% (4.72 cm) for treatment
deep tillage with treatment N2 (100% N applied as chemical fertilizer), followed by 31%
(4.61cm) in deep tillage with treatment N8 (50% N applied as chemical fertilizer, 25% as
poultry manure and 25% as bioslurry). These results are consistent with the findings of
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Table 11: Main effect of tillage practices and nitrogen treatments on cob diameter
(cm) of maize at harvest under field conditions
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012*

Years
2013**

4.14b
4.17ab
4.21a

4.16a
4.19ab
4.25a

0.06

0.08

4.15 B
4.17 AB
4.23 A
0.068

3.49g
4.58a
4.22c-e
4.04f
4.33bc
4.26b-d
4.12d-f
4.40b
4.20c-e
4.09ef
0.1495

3.52e
4.62a
4.25cd
4.08d
4.34bc
4.25cd
4.14d
4.48ab
4.19cd
4.09d
0.1780

3.51 G
4.59 A
4.24 CD
4.06 F
4.33 C
4.26 CD
4.13 EF
4.45 B
4.20 DE
4.09 F
0.097

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Figure 8: Interactive effect of tillage practices and different nitrogen treatments on
cob diameter of maize at harvest during years 2012 and 2013 under field
conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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Grace et al. (1993) and Adeyemo and Agele (2010), who observed that tillage systems with
application of different organic and inorganic N sources enhanced the mineralization /
decomposition rate of organic residues and released more of the nutrients that are essential
for plant growth.
4.1.5. Number of cobs per plant
The impact of tillage on the number of cobs per plant was non-significant at (p >
0.05) (Table 12) in either 2012 or 2013. In contrast, the different N treatments had
significant (p ≤ 0.05) impact on the number of cobs per plant at maize harvest (Table 12)
in both of years. In 2013, when compared to the treatment where no N was applied (N1),
the mean increase in the number of cobs per plant 86% (1.84) in treatment N2 (100% N
applied as chemical fertilizer), followed by 78% (1.76) in the treatment N8 (50% N applied
as chemical fertilizer, 25% as poultry manure and 25% as bioslurry). This was statistically
equivalent to the impact of treatment N5 (50% N applied as chemical fertilizer and 50% as
poultry manure). The treatment N3 (100% N applied as poultry manure), N4 (100% N
applied as bioslurry), T7 (50% N applied as poultry manure and 50% as bioslurry) and N10
(25% N applied as chemical fertilizer, 25% as poultry manure and 50% as bioslurry) are
statistically equivalent to each other. The increase in the number of cobs per plant in
treatment N8 may be due to increased supply of nutrients due to rapid mineralization
throughout the growing season of the crop.
Our results are in agreement with the findings of Faooqi (1999), Shah and Arif
(2000), Khaliq et al. (2004), Rashidi and Keshavarzpour (2007), who reported that the
number of cobs per plant increased by application of organic and inorganic fertilizers. The
low supply of N of plants treated with either bioslurry or poultry manure alone leads to
reduce relative crop growth.
The interaction between tillage systems and different N treatments was significant
at p ≤ 0.05 (Figure 9) during both the years. In 2013, the mean increase in the number of
cobs per plant over minimum tillage with the treatment where no N was applied (N1) was
91% (1.87 cm) for deep tillage with treatment N2 (100% N applied as chemical fertilizer),
which is statistically equivalent to the deep tillage with treatment N8 (50% N applied as
chemical fertilizer, 25% as poultry manure and 25% as bioslurry). The increase in the
number of cobs per plant in the deep tillage treatment with N8 might be due to deep tillage
that improving the soil physical properties, loosening the soil and increasing soil water
retention, this in turn accelerates the decomposition of organic residues, supplying
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Table 12: Main effect of tillage practices and nitrogen treatments on number of cobs
per plant of maize at harvest under field conditions
Effects

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep

1.36
1.35
1.37

1.37
1.39
1.46

HSD 5%

NS

NS

0.98c
1.79a
1.17c
1.20c
1.77ab
1.38a-c
1.21c
1.71ab
1.30bc
1.21c
0.432

0.99d
1.84a
1.24cd
1.23cd
1.69ab
1.43a-c
1.25cd
1.76ab
1.36b-d
1.24cd
0.4276

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

Pooled data***
1.36
1.37
1.42
NS
0.99 C
1.82 A
1.21 C
1.21 C
1.68 AB
1.40 A-C
1.23 C
1.74 AB
1.33 BC
1.23 C
0.428

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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HSD value (2012)= 0.89, HSD value (2013)= 0.84
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Figure 9: Interactive effect of tillage practices and different nitrogen treatments on
number of cobs per plant of maize at harvest during years 2012 and 2013
under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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increased nutrients to crops. These results are in agreement with the results of Khurshid el
al. (2006), who observed a significant interaction between different tillage systems and
organic sources, resulting in an increased number of cobs produced per plant.
4.1.6. Number of grain rows per cob
The number of grain rows per cob has a direct relationship with the yield of the
crop, but the actual crop yield also depends upon the size and weight of grain. Tillage
systems and different N treatments significantly (p ≤ 0.05) affected the number of grain
rows per cob (Table 13) in both the years. In 2013, the highest number of grain rows per
cob was observed in deep tillage (14.2), followed by conventional tillage (14.0) and
minimum tillage (13.9). Our results are in agreement with findings of Tahir et al. (2011)
and Ali et al. (2012b), who observed that tillage increased the number of grain rows per
cob. In 2013, when compared the number of grain rows per cob in treatment where no N
was applied (N1), the mean increase was 55% (15) in treatment N2 (100% N applied as
chemical fertilizer). This increase was statistically equivalent to treatment N8 (50% N
applied as chemical fertilizer, 25% as poultry manure and 25% as bioslurry). This increase
in the number of grain rows per cob in treatment N8 may be due to rapid mineralization of
N from the low C:N ratio poultry manure and bioslurry, also releasing the micro and
macronutrients required for more formation of grain rows in cobs. The treatment N5 (50%
N applied as chemical fertilizer and 50% as poultry manure) and N6 (50% N applied as
chemical fertilizer and 50% as bioslurry) are statistically equivalent to each other. These
results are in agreement with Zhang et al. (1998), Khan (2008), Farhad et al. (2009) and
Cheema et al. (2010), who observed that the integrated use of organic manure with
chemical fertilizers increased number of grain rows per cob.
The interactive effect of tillage systems and different N treatments was also found
significant at p ≤ 0.05 (Figure 10). In 2013, the mean increase in the number of grain rows
per cob over minimum tillage with treatment where no N was applied (N1), was 57% (15.2)
for deep tillage with treatment N2 (100% N applied as chemical fertilizer) which is
statistically equivalent to the results from the deep tillage with treatment N8 (50% N applied
as chemical fertilizer, 25% as poultry manure and 25% as bioslurry). The increased number
of grain rows per cob in deep tillage with treatment N8 may be due to higher nutrient
availability, more soil water retention and favourable soil conditions that lead to rapid
mineralization of poultry manure and bioslurry in deep tilled soil and cause vigorous
growth and produced an increase number of grain rows per cob (Dolan et al., 2006 and Li,
2003). Our results are supported by the findings of Zhang et al. (1998), Zortia (2000),
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Table 13: Main effect of tillage practices and nitrogen treatments on number of grain
rows per cobof maize at harvest under field conditions
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012*

Years
2013**

13.9b
14.0ab
14.1a

13.9b
14.0ab
14.2a

0.13

0.17

13.96 B
14.02 AB
14.11 A
0.14

9.7g
15.0a
14.4cd
13.6f
14.8ab
14.8ab
14.2de
14.9ab
14.7bc
13.9ef
0.33

9.7f
15.0a
14.5bc
13.7e
14.9a
14.8ab
14.2cd
15.0a
14.7ab
13.9de
0.3810

9.72 F
15.02 A
14.46 BC
13.67 E
14.83 A
14.83 A
14.19 CD
14.94 A
14.70 AB
13.94 DE
0.3433

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Figure 10: Interactive effect of tillage practices and different nitrogen treatments on
number of grain rows per cob of maize at harvest during years 2012 and
2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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Li et al. (2003), Ma et al. (2005), Mitchell and Shuxin (2005) and Ali et al. (2012b) who
all found that the integrated use of organic and inorganic N sources with proper selection
of tillage systems is an efficient approach to improve maize productivity compared to sole
application of chemical fertilizer or organic manure.
4.1.7. 1000-grain weight (g)
This is an important parameter in determining the yield of the crop. The results of
1000-grain weight, presented in Table-14, shows that tillage systems and N treatments had
a significant (p ≤ 0.05) impact on 1000-grain weight during both the years. Heavier grains
were observed in 2013 as compared to 2012, this might be due to the occurrence of more
rainfall at the anthesis stage, so producing heavier grains.
The heavier grains were obtained with the deep tillage system compared to
conventional and minimum tillage. In 2013, the highest 1000-grain weight was obtained
with the deep tillage system (246.3 g), followed by conventional tillage (240.3 g) and the
lowest in minimum tillage (233.8 g). This might be due to softening of the seed bed for
vigorous plant germination and increased availability of crop nutrients in deeply tilled soils
(Ali et al., 2012b). Our results are consistent with the results of Diaz-Zorita (2000), Khan
et al. (2007) and Wasaya et al. (2011) who reported increased 1000-grain weight in deep
tilled soils.
In 2013, the mean increase in 1000-grain weight over the treatment where no N was
applied (N1) was 84% (272.7 g) for treatment N8 (50% N applied as chemical fertilizer,
25% as poultry manure and 25% as bioslurry), followed by 83% (270.6 g) for treatment N2
(100% N applied as chemical fertilizer). The treatment N5 (50% N applied as chemical
fertilizer and 50% as poultry manure) and N6 (50%N applied as chemical fertilizer and 50%
as bioslurry) were statistically equivalent to each other. The combined application of
chemical fertilizer, bioslurry and poultry manure produced heavier grains than a separate
application of chemical fertilizer, bioslurry and poultry manure in all tillage systems. The
incorporation of bioslurry and poultry manure might reduce the evaporative demand,
supply an adequate amount of water for plant root growth, or might improve soil structure
allowing plant roots to better explore the soil towards the wet area of soil (Negassa et al.,
2001). The higher grain weight was due to the larger size of grains as a result of increased
accumulation of proteins and reserve foods with the seeds. In plots where chemical
fertilizer, poultry manure and bioslurry were applied together, rapid mineralization and
rapid released of nutrients from poultry manure and bioslurry may also have contributed to
protein accumulation. Our results are in agreement with results of Delate and Camberdella
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Table 14: Main effect of tillage practices and nitrogen treatments on 1000-grain
weight (g) of maize at harvest under field conditions
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012*

Years
2013**

233.6b
236.5ab
239.6a

233.8b
240.3ab
246.3a

5.26

12.42

233.7 B
238.4 AB
243.0 A
8.529

146.1g
264.3ab
240.2de
223.5f
260.6bc
254.6c
233.4e
270.5a
246.8d
225.7f
7.57

147.9f
270.6a
244.3cd
226.1e
262.9b
257.3b
238.9d
272.7a
249.8c
230.5e
6.80

147.1 I
267.5 AB
242.3 EF
224.8 H
261.8 BC
255.9 CD
236.2 FG
271.6 A
248.3 DE
228.1 GH
8.56

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Figure 11: Interactive effect of tillage practices and different nitrogen treatments on
1000-grain weight of maize at harvest during years 2012 and 2013 under
field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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(2004), Khaliq et al. (2004), Warren et al. (2006) and Asai et al. (2009), who observed that
use of integrated N sources increased the yield of corn. Similarly, Song et al. (1998) and
Ziedan and Kramany (2001) reported that combined use of organic manure and NPK
fertilizer had a beneficial effect on 1000-grain weight.
The interaction between tillage system and N treatments was also significant at
p≤0.05 (Figure 11). In 2013, the mean increase in 1000-grain weight over minimum tillage
with treatment where no N was applied (N1), was 94% (279.4 g) for the deep tillage with
treatment N8 (50% N applied as chemical fertilizer, 25% as poultry manure and 25% as
bioslurry), followed a 93% (278.3 g) for deep tillage with treatment N2 (100% N applied
as chemical fertilizer). Our results are in agreement with Patil and Sheelavantar (2006),
Yang et al. (2007), Deksissa et al. (2008) and Ali et al. (2011) who reported that the
fertilizing potential of organic sources are improved when they applied with mineral
fertilizer in deep tilled soils.
4.1.8. Biological yield (t ha-1)
The biological yield is the combined result of nutrient uptake and other measures
of plant growth. The data presented in Table 15, shows that tillage systems and N treatments
significantly (p ≤ 0.05) affect biological yield during both 2012 and 2013. The biological
yield was higher during 2013 than 2012 due to good climatic conditions for vegetative
growth of plants.
In 2013, the maximum biological yield was obtained in deep tillage (14.6 t ha-1),
followed by conventional tillage (14.2 t ha-1), while the minimum in minimum tillage the
biological yield was only 13.9 t ha-1. This result was consistent with the results of DiazZortia (2000), Pervaiz et al. (2009) and Memon et al. (2012), who observed that biological
yield of maize increased with increasing tillage intensity.
There was a significant increase in the biological yield by combining the use of
poultry manure, bioslurry and chemical fertilizer. In 2013, the mean increase in biological
yield over the treatment where no N was applied (N1) was 67% (16.4 t ha-1) for treatment
N8 (50%N applied as chemical fertilizer, 25% as poultry manure and 25% as bioslurry).
This was statistically equivalent to treatment N2 (100% N applied as chemical fertilizer).
This increase in biological yield might be due to the adequate supply of nutrients from
bioslurry, poultry manure and chemical fertilizer throughout the growing period of crop
and appropriate soil moisture conditions to favour mineralization and growth of the plant
(Sarir et al., 2005). Our results are in agreement with the results of Chung et al. (2000),
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Table 15: Main effect of tillage practices and nitrogen treatments on biological yield
(t ha-1) of maize at harvest under field conditions
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012*

Years
2013**

13.9b
14.2ab
14.3a

13.9b
14.2ab
14.6a

0.35

0.67

13.9 B
14.2 AB
14.5 A
0.49

9.7h
16.4ab
14.7d
11.6g
15.8a-c
15.6bc
13.4e
16.4a
15.1cd
12.6f
0.73

9.8g
16.4a
14.8c
11.8f
15.9ab
15.7ab
13.6d
16.4a
15.2bc
12.8e
0.7667

9.8 H
16.4 AB
14.8 D
11.7 G
15.9 A-C
15.7 BC
13.5 E
16.4 A
15.2 CD
12.7 F
0.73

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Figure 12: Interactive effect of tillage practices and different nitrogen treatments on
biological yield of maize at harvest during years 2012 and 2013 under field
conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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Patil and Sheelavantar (2006), Deksissa et al. (2008) and Farhat et al. (2009) who reported
that combined use of organic manures with judicious use of chemical fertilizer increased
biological yield of maize crop. Uzoma et al. (2011) reported that biological yield of maize
crop could be increased by 32% by integrating N management as compared to control.
The interaction between tillage system and N treatment was also found to be
significant at p ≤ 0.05 (Figure 12). In 2013, mean increases in biological yield over
minimum tillage with the treatment where no N was applied (N1) was 73% (16.8 t ha-1) for
deep tillage with treatment N8 (50% N applied as chemical fertilizer, 25% as poultry
manure and 25% as bioslurry). This was statistically equivalent to deep tillage with
treatment N2 (100%N applied as chemical fertilizer).
Similar results were obtained by Arif et al. (2012), who observed that biological
yield of maize crops could be increased by improving fertilizer use efficiency and adopting
appropriate cultural practices.
4.1.9. Grain yield (t ha-1)
The data given in Table 16, showed that tillage systems and N treatments
significantly (p ≤ 0.05) affected grain yield during 2012 and 2013, but grain yield was
higher in 2013 than in 2012 due to most environmental conditions that favoured the plant
growth and ultimately lead to a higher grain yield of the crop (Figure 1).
In 2013, the maximum grain yield was obtained in deep tillage (3.58 t ha-1),
followed by conventional tillage (3.37 t ha-1) while minimum grain yield was recorded in
minimum tillage (3.16 t ha-1). This might be due to improvement in soil physical properties
and incorporation of organic residues into soil by deep tillage, which leads to mineralization
of organic N and timely availability of N and other nutrients for plant uptake, producing an
increased grain yield in deep tilled soils (Sanju and Singh, 2001; Dinnes et al., 2002 and
Dolan et al., 2006). Our results are in agreement with the results of Ali et al. (2012b),
Memon et al. (2012) and Wasaya et al. (2012).
Grain yield of maize was responding positively to N application from different
sources. In 2013, the mean increase in grain yield over treatment where no N was applied
(N1) was 92% (4.56 t ha-1) for treatment N8 (50% N applied as chemical fertilizer, 25% as
poultry manure and 25% as bioslurry). This was statistically equivalent for treatment N2
(100%N applied as chemical fertilizer).The treatment N3 (100% N applied as poultry
manure) and N9 (25% N applied as chemical fertilizer, 50% as poultry manure and 25% as
bioslurry) were statistically equivalent. Our results are supported by the work of Boateng
et al. (2006), who reported that maize grain yield increased 35% with integrated N
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Table 16: Main effect of tillage practices and nitrogen treatments on grain yield
(t ha-1) of maize at harvest under field conditions
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012*

Years
2013**

3.07b
3.22ab
3.40a

3.16b
3.37ab
3.58a

0.29

0.42

3.12 B
3.30 AB
3.49 A
0.3204

2.14e
4.28a
3.23bc
2.58de
3.67b
3.28bc
2.84cd
4.38a
3.22bc
2.69d
0.51

2.37e
4.44a
3.37b-d
2.67e
3.78b
3.44bc
2.95c-e
4.56a
3.37b-d
2.76de
0.6137

2.25 E
4.36 A
3.30 BC
2.63 DE
3.72 B
3.36 BC
2.90 CD
4.47 A
3.29 BC
2.73 DE
0.5407

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Figure 13: Interactive effect of tillage practices and different nitrogen treatments on
grain yield of maize at harvest during years 2012 and 2013 under field
conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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management. Sharma and Gupta (1998) and Zhang et al. (1998) suggested that precise
application of organic and inorganic fertilizers could be effective as commercial chemical
fertilizer for yield response. Grain yield is affected by growing conditions as well as crop
management practices.
The interaction between tillage systems and N treatments was also found to be
significant at p ≤ 0.05 (Figure 13). In 2013, the mean increase in grain yield over minimum
tillage with treatment where no N was applied (N1) was 110% (4.81 t ha-1) for deep tillage
with treatment N8 (50% N applied as chemical fertilizer, 25% as poultry manure and 25%
as bioslurry), which is statistically equivalent to deep tillage with treatment N2 (100% N
applied as chemical fertilizer). This might be due to increased availability of N by
mineralization and improved uptake of nutrients following increased decomposition and
mineralization of nutrients or might indirectly lead to the improved root development of
the maize crop, increased soil water content due to retention by organic residues and
increase protection from erosion throughout the growing seasons of maize crop (Beyaert et
al., 2002; Chiroma et al., 2006; Delate and Camberdella, 2004). The timely availability of
nutrients throughout the growing season to the maize crop might be attributed to improved
mineralization by soil decomposer communities/microbes that were stimulated by the urea
applied with organic residues (Khan et al., 2009).

The interaction of mineral N

(urea/chemical fertilizer) and organic residue may cause temporary immobilization of
fertilizer N, improving the synchrony between the N supply and demand (Khan et al.,
2009). Our results are consistent with the findings of Al-Darby and Lowery (1987), Kumar
and Sing (1997), Khaliq et al. (2004), Ma et al. (2005), Mitchell and Shuxin (2005),
Boateng et al. (2006), Deksissa et al. (2008), Cheema et al. (2010), Uwah et al., (2011) and
Ali et al. (2012b), who all reported that the integrated use of organic and inorganic N
sources increased grain yield with respect to the application of chemical fertilizer alone.
4.1.10 Leaf area index
The leaf area index (LAI) is a characterization of physiological plant growth. A
higher value of LAI indicates a higher dry matter content of the crop. The data showing
LAI at 30, 45, 60, 75 and 90 days after sowing (DAS) are presented in Table 17-21. Results
indicate higher values of LAI in 2013 than 2012 due to more favourable environmental
conditions for vegetative growth of the crop (Fig 1). The similar trend was observed during
both the years. The LAI increased from 30 to 75 DAS and then after 75 DAS, it started to
decrease up to the time of harvest (Figure 14).
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Table 17: Main effect of tillage practices and nitrogen treatments on leaf area index
at 30 days after sowing (30 DAS) of maize under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep

0.66b
0.68ab
0.69a

0.67b
0.70ab
0.72a

HSD 5%

0.027

0.0465

0.67 B
0.69 AB
0.71 A
0.0357

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

0.46h
0.85ab
0.67e
0.51gh
0.81bc
0.77cd
0.58f
0.88a
0.72cd
0.54fg
0.061

0.48f
0.88ab
0.69d
0.53ef
0.82bc
0.77c
0.59e
0.90a
0.75cd
0.55ef
0.0719

0.48 H
0.87 AB
0.68 E
0.52 GH
0.81 BC
0.77 CD
0.59 F
0.89 A
0.74 DE
0.55 FG
0.0635

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 18: Main effect of tillage practices and nitrogen treatments on leaf area index
at 45 days after sowing (45 DAS) of maize under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep

2.25b
2.26ab
2.28a

2.26b
2.28ab
2.29a

HSD 5%

0.0156

0.0292

2.26 B
2.27 AB
2.29 A
0.0211

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

1.49h
2.46ab
2.31e
2.19g
2.44b
2.40c
2.26f
2.48a
2.36d
2.22g
0.039

1.51h
2.48a
2.32de
2.22g
2.45ab
2.42bc
2.28ef
2.50a
2.37cd
2.24fg
0.0544

1.50 H
2.47 AB
2.32 E
2.21 G
2.45 BC
2.41 C
2.27 F
2.49 A
2.37 D
2.23 FG
0.0411

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 19: Main effect of tillage practices and nitrogen treatments on leaf area index
at 60 days after sowing (60 DAS) of maize under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep

3.56b
3.62ab
3.65a

3.57b
3.63ab
3.66a

HSD 5%

0.0694

0.0830

3.57 B
3.63 AB
3.66 A
0.0755

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2.40i
3.92ab
3.69ef
3.48h
3.86bc
3.81cd
3.64fg
3.94a
3.76de
3.57g
0.0854

2.41i
3.93ab
3.70ef
3.49h
3.87bc
3.82cd
3.65fg
3.96a
3.77de
3.60g
0.0915

2.41 I
2.93 AB
3.70 EF
3.49 H
3.87 BC
3.82 CD
3.65 FG
3.96 A
3.77 DE
3.59 G
0.0871

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 20: Main effect of tillage practices and nitrogen treatments on leaf area index
at 75 days after sowing (75 DAS) of maize under field conditions

2012*

Years
2013**

4.68b
4.78a
4.84a

4.70b
4.82ab
4.89a

HSD 5%

0.0874

0.1125

4.69 B
4.80 A
4.87 A
0.0878

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

3.08f
5.12ab
4.91cd
4.64e
5.06ab
5.03bc
4.86d
5.18a
4.99bc
4.79d
0.1305

3.15f
5.19ab
4.90cd
4.66e
5.10ab
5.05bc
4.80cd
5.27a
5.02bc
4.82de
0.1977

3.12 H
5.16 AB
4.91 D-F
4.65 G
5.09 A-C
5.05 B-D
4.88 EF
5.23 A
5.01 C-E
4.91 F
0.1439

Effects
Tillage Systems
Minimum
Conventional
Deep

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 21: Main effect of tillage practices and nitrogen treatments on leaf area index
at 90 days after sowing (90 DAS) of maize under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep
HSD 5%

3.59b
3.63ab
3.68a
0.0616

3.60b
3.68ab
3.72a
0.1024

3.60 B
3.66 AB
3.70 A
0.074

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2.27i
4.01ab
3.73ef
3.47h
3.93bc
3.87cd
3.63fg
4.05a
3.80de
3.55gh
0.1101

2.32g
4.07ab
3.78de
3.50f
3.94bc
3.89cd
3.64ef
4.14a
3.84cd
3.56f
0.1555

2.29 H
4.05 AB
3.76 DE
3.49 G
3.94 BC
3.89 C
3.64 EF
4.10 A
3.82 CD
3.56 FG
0.1227

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Nitrogen treatments

LAI (90 DAS)

Figure 14: Effect of different nitrogen treatments on Leaf area index of maize after
30, 45, 60, 75 and 90 DAS during years 2012 and 2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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HSD value (2012)= 0.30, HSD value (2013)= 0.44
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The error bars give the 95 % confidence interval.
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The error bars give the 95 % confidence interval.

Figure 15: Interactive effect of tillage practices and different nitrogen treatments on
leaf area index (LAI) of maize at 75 days after sowing during years 2012
and 2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry

75

Tillage systems and N treatment significantly (p≤0.05) affected LAI at 75 DAS
during 2012 and 2013 (Table 20). In 2013, the maximum LAI (75 DAS) was obtained in
deep tillage (4.89), followed by conventional tillage (4.82) and minimum in minimum
tillage (4.70). Our results are in agreement with Ahmad et al. (2009).
In 2013, the mean increase in LAI (75 DAS) over the treatment where no N was
applied (N1) was 67% (5.27) for treatment N8 (50% N applied as chemical fertilizer, 25%
as poultry manure and 25% as bioslurry), followed by 64% (5.19) for treatment N2 (100%N
applied as chemical fertilizer). The increase in LAI in N supply was due to more cell
enlargement and cell division that ultimately lead to increased expansion of the lead in
terms of length and breadth. This might be due to timely availability of N and slow release
of nutrients from the decomposition/mineralization process of bioslurry and poultry manure
throughout the season. Our results are consistent withRees and Castle (2002), Kumar and
Sundari (2002), Kumar and Walia (2003), Mitchell and Shuxin (2005) and Chiroma et al.
(2006), who reported that high rates of organic and inorganic fertilizers produced superior
growth and high LAI.
The interaction between tillage system and N treatment was also significant at p ≤
0.05 (Figure 15). In 2013, maximum LAI (75 DAS) increased over minimum tillage with
treatment where no N was applied (N1) by 76% (5.46) for deep tillage with treatment N8
(50%N applied as chemical fertilizer, 25% as poultry manure and 25% as bioslurry),
followed by 73% (5.35) for deep tillage with treatment N2 (100%N applied as chemical
fertilizer). Our results are in agreement with results of Chiroma et al. (2006) and Khan et
al. (2009), who reported that application and incorporation of organic residues by tillage
operations increased LAI due to more crop growth resulting from increased uptake of
nutrients and water from the soil.
4.1.11 Mean crop growth rate, net assimilation rate and harvest Index
The average values for mean crop growth rate (CGR) from 30 DAS to 90 DAS, net
assimilation rate (NAR) and harvest index (HI) are presented in Tables 22, 23 and 24.
Tillage systems and N treatments significantly (p ≤ 0.05) affected CGR and NAR during
2012 and 2013, but the impact on HI was non-significantly (p > 0.05). In 2013, the
maximum CGR (18.77 g m-2 day-1) and NAR (7.69 g m-2 day-1) were observed in deep
tillage and minimum CGR (17.70 g m-2 day-1) and NAR (7.39 g m-2 day-1) in minimum
tillage.
In 2013, maximum CGR (22.29 g m-2 day-1), NAR (8.11 g m-2 day-1) and HI (27.7%)
was recorded in treatment N8 (50% N applied as chemical fertilizer, 25% as poultry
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Table 22: Main effect of tillage practices and nitrogen treatments on mean crop
growth rate (g m-2 day-1) of maize under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep

17.55b
17.87ab
18.45a

17.70b
18.17ab
18.77a

HSD 5%

0.8053

1.0471

17.63 B
18.02 AB
18.61 A
0.8869

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

12.35g
21.41ab
17.85cd
14.08ef
20.59ab
20.19ab
16.49de
21.82a
19.40bc
15.34ef
2.1841

12.47g
21.82a
18.15cd
14.30fg
20.77ab
20.41ab
16.72de
22.29a
19.60bc
15.60ef
2.2066

12.41 G
21.62 AB
18.01 CD
14.19 FG
20.68 AB
20.31 AB
16.61 DE
22.06 A
19.50 BC
15.47 EF
2.17

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 23: Main effect of tillage practices and nitrogen treatments on net assimilation
rate (g m-2 day-1) of maize under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep
HSD 5%

7.38b
7.57ab
7.62a
0.2208

7.39b
7.62ab
7.69a
0.2703

7.39 B
7.60 AB
7.66 A
0.2157

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

6.11f
7.95ab
7.62b-e
7.32e
7.84a-c
7.76a-c
7.55c-e
8.02a
7.69a-d
7.39de
0.3486

6.15f
8.05ab
7.66c-e
7.35e
7.86a-c
7.79a-c
7.56c-e
8.11a
7.73b-d
7.41de
0.3514

6.13 F
8.00 AB
7.64 C-E
7.34 E
7.86 A-C
7.78 A-C
7.56 C-E
8.07 A
7.71 B-D
7.40 DE
0.3412

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data

78

Table 24. Main effect of tillage practices and nitrogen treatments on harvest index
(%) of maize under field conditions
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012*

Years
2013**

22.0
22.5
23.5
NS

22.8
23.7
24.3
NS

22.1bc
26.1a
21.9bc
22.1bc
23.1b
20.9c
21.3bc
26.7a
21.3bc
21.4bc
2.16

24.2b
27.2a
22.6bc
22.9bc
23.6bc
21.9bc
22.0bc
27.8a
22.1bc
21.7c
2.5667

Pooled data***
22.3
23.1
23.9
NS
23.1 BC
26.6 AB
22.2 C
22.4 C
23.4 BC
21.4 C
21.5 C
27.2 A
21.7 C
21.5 C
3.64

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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HSD value (2012)= 4.52, HSD value (2013)= 4.72
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The error bars give the 95 % confidence interval.
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The error bars give the 95 % confidence interval.

Figure 16: Interactive effect of tillage practices and different nitrogen treatments on
mean crop growth rate (MCGR) of maize during years 2012 and 2013
under field conditions
*
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HSD value (2012)= 0.79, HSD value (2013)= 0.92
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The error bars give the 95 % confidence interval.
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Figure 17: Interactive effect of tillage practices and different nitrogen treatments on
net assimilation rate (NAR) of maize during years 2012 and 2013 under
field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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HSD value (2012)= 4.05, HSD value (2013)= 4.67

30

Harvest Index (%)

28
26
24
22
20
18

Nitrogen treatments
MT (2012)

MT (2013)

CT (2012)

CT (2013)

DT (2012)

DT (2013)

The error bars give the 95 % confidence interval.
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Figure 18: Interactive effect of tillage practices and different nitrogen treatments on
harvest index of maize during years 2012 and 2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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manure and 25% as bioslurry), followed by CGR (21.82 g m-2 day-1), NAR (8.05 g m-2 day1

) and HI (27.1 %) in treatment N2 (100% N applied as chemical fertilizer).
The interaction between tillage systems and different N treatments was also

significant at p≤0.05 (Figure 16-18). In 2013, the mean increase in CGR, NAR and HI over
minimum tillage with the treatment where no N was applied (N1), was 86% (22.72 g m-2
day-1) for CGR, 38% (8.34 g m-2 day-1) for NAR and 21% (28.6%) for HI for deep tillage
with treatment N8 (50% N applied as chemical fertilizer, 25% as poultry manure and 25%
as bioslurry), followed by 82% (22.21 g m-2 day-1) for CGR and 19% (28.2%) for HI for
deep tillage with treatment N2 (100% N applied as chemical fertilizer). Our results are in
agreement with results of Shah and Arif (2001) and Cheema et al. (2010), who reported
that the positive effect of combined use of organic and inorganic fertilizers on harvest index
of the maize crop. The CGR is the product of LAI and NAR (Valero et al., 2005). The high
CGR is a result of the higher LAI, higher NAR or a combination of both and this ultimately
lead to high crop yield. In general CGR is more closely related to LAI than higher NAR.
This might be due to more accumulation of dry matter per unit area or time. Increased CGR
and NAR were observed with integrated use of bioslurry, poultry manure and chemical
fertilizer. This might be due to the low C:N ratio of bioslurry and poultry manure, so
contributing timely mineralization of nutrients to be available to the crop (Amanullah et
al. 2006). Our results are consistent with the results of Chandrashekara and Patill (1997)
and Khan (2008).
4.1.12 Nitrogen uptake (kg ha-1) and Recovery Efficiency (%) of N fertilizers
Tillage systems and nitrogen treatments significantly (p ≤ 0.05) affected the N
concentration in maize grains and N uptake by maize grains (Table 25-26). In 2013,
maximum N (16.51g kg-1) concentration in maize grains and N uptake (60.1 kg ha-1) by
maize grains were observed with deep tillage, while the lowest N (16.31 g kg-1)
concentration and uptake (52.2 kg ha-1) were observed in the minimum tillage system. In
2013, when compared to N (10.06 g kg-1) concentration in maize grains and uptake of N
(23.8 kg ha-1) by maize grains in treatment N1 where no nitrogen was applied, the mean
maximum N (17.85 g kg-1) concentration in maize grains and N uptake (81.4 kg ha-1) by
maize grains were observed in the treatment N8 (50% N applied as chemical fertilizer,
25% as poultry manure and 25% as bioslurry).
The results given in Table 25-28, showed that fertilizer N recovery efficiency in
maize grains were increased with application of chemical fertilizer in conjunction with
biogas slurry and poultry manure. In, 2013, the maximum fertilizer N recovery efficiency
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in maize grains (43 %) were recorded in treatment N8 (50% N applied as chemical fertilizer,
25% as poultry manure and 25% as bioslurry), followed by 40 % in treatment N2 (100% N
applied as chemical fertilizer). This might be due to achieving the correct balance of the
supply of N due to application of bioslurry and poultry manure with chemical fertilizer. Yu
et al. (2010) observed slow decomposition in bioslurry which in turn improve nutrient
uptake and assimilation in plants throughout the growing season of crop. The crop N
efficiency is rarely exceed more than 50% in farmer managed fields. Roberts (2008)
reported that crop N efficiency of 20-30% in the fields managed by farmers under rainfed
conditions and 30-40% under irrigated conditions. Fan et al. (2004) observed the average
fertilizer N recovery efficiency of 30-35% in cereals. Yadvinder-Singh et al. (2004)
reported N recovery of 21-56% in maize crop, while Paul and Beauchamp (1993) observed
N recovery efficiency of 49% and 18% in corn (grain+stover) of the total applied N in urea
and dairy manure, respectively. Roberts (2008) also reported Fertilizer N recovery
efficiencies of averaged 65% in maize crop, 57% for wheat and 46% for rice in researchermanaged experimental plots as compared to 20 to 40% of N recovery efficiencies in onfarms.Our results are supported by Alizadeh et al. (2012) who observed total N recovery
efficiency in maize of 60% in urea treated soils, 42% in poultry manure treated soils, 37%
in cow manure + urea fertilizer treated soils, and lowest 15% in cow manure treated soils.
Groot et al. (2007) reported N recovery efficiency of 20% in surface applied bioslurry
treated soils. Our results are also in accordance with (Nicholson et al., 1999) and Takahashi
et al. (2004), who reported range from 10 to 49% and 14 to 35% of N recovery efficiency
from poultry manure treated soils.
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Table 25: Main effect of tillage practices and nitrogen treatments on N contents (g
kg-1) in maize grains at harvest under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep
HSD 5%

16.22b
16.36ab
16.48a
0.179

16.31b
16.42ab
16.51a
0.163

16.26 B
16.38 AB
16.49 A
0.164

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

10.09e
17.50ab
16.09d
17.34b
16.50c
17.13b
16.45cd
17.83a
17.39b
17.24b
0.381

10.06e
17.58ab
16.65d
17.07c
17.32bc
16.62d
16.47d
17.85a
17.23c
17.27c
0.299

10.07 G
17.54 AB
16.37 F
17.21 CD
16.90 DE
16.87 E
16.45 F
17.84 A
17.30 BC
17.25 BC
0.312

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 26: Main effect of tillage practices and nitrogen treatments on N uptake (kg
ha-1) by maize grains at harvest under field conditions

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep
HSD 5%

50.7b
53.5ab
57.1a
6.094

52.2b
56.2ab
60.1a
6.45

51.4 B
54.9 AB
58.6 A
6.48

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

21.6d
74.9a
52.0bc
44.7c
60.6b
56.2b
46.7c
78.1a
56.0b
46.4c
8.935

23.8e
78.1a
56.1b-d
45.6d
65.5b
57.2bc
48.6cd
81.4a
58.1bc
47.7cd
10.614

22.7 E
76.5 A
54.0 B-D
45.3 D
62.9 B
56.7 BC
47.7 CD
79.7 A
56.9 BC
47.1 D
9.472

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 27: Recovery efficiency (%) of N fertilizers applied to maize crop during 2012 and 2013 under field conditions
2012*
Treatments

Grain yield
(t ha-1)

Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)

2.14
4.28
3.23
2.58
3.67
3.28
2.84
4.38
3.22
2.69

N contents in
grains
(g kg-1)
10.09
17.50
16.09
17.34
16.50
17.13
16.45
17.83
17.39
17.24

N uptake by
grains
(kg ha-1)
21.6
74.9
52.0
44.7
60.6
56.2
46.7
78.1
56.0
46.4

2013**
N recovery
efficiency
(%)
0
39
23
17
29
26
19
42
25
18

Grain yield
(t ha-1)
2.37
4.44
3.37
2.67
3.78
3.44
2.95
4.56
3.37
2.76

N contents
in grains
(g kg-1)
10.06
17.58
16.65
17.07
17.32
16.62
16.47
17.85
17.23
17.27

N uptake by
grains
(kg ha-1)
23.8
78.1
56.1
45.6
65.5
57.2
48.6
81.4
58.1
47.7

N recovery
efficiency
(%)
0
40
24
16
31
25
18
43
25
18

Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
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Table 28: Recovery efficiency (%) of N fertilizers applied to maize crop (average of two year data) under field conditions
2012-13*
Treatments

Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)

Grain yield
(t ha-1)

N contents in grains
(g kg-1)

N uptake by grains
(kg ha-1)

N recovery efficiency
(%)

2.25
4.36
3.30
2.63
3.72
3.36
2.90
4.47
3.29
2.73

10.07
17.54
16.37
17.21
16.90
16.87
16.45
17.84
17.30
17.25

22.7
76.5
54.0
45.3
62.9
56.7
47.7
79.7
56.9
47.1

0
40
23
17
30
25
19
42
25
18

Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of average of 1st and 2nd year data
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HSD value (2012)= 0.8134, HSD value (2013)= 0.6567
N conc. in maize grains (g kg-1)

19.0
17.0
15.0
13.0
11.0
9.0

Nitrogen treatments
MT (2012)

MT (2013)

CT (2012)

CT (2013)

DT (2012)

DT (2013)

The error bars give the 95 % confidence interval.
HSD value (2012-13)= 0.6785

N conc. in maize grains (g kg-1)

20.0
18.0
16.0
14.0
12.0
10.0
8.0

Nitrogen treatments
MT (2012-13)

CT (2012-13)

DT (2012-13)

The error bars give the 95 % confidence interval.

Figure 19: Interactive effect of tillage practices and different nitrogen treatments on
nitrogen (N) concentration in maize grains at harvest during years
2012 and 2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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HSD value (2012)= 20.681, HSD value (2013)= 25.210

N uptake by maize grains(kg ha-1)

100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0

Nitrogen treatments
MT (2012)

MT (2013)

CT (2012)

CT (2013)

DT (2012)

DT (2013)

The error bars give the 95 % confidence interval.
HSD value (2012-13)= 21.944

N uptake in maize grains (kg ha-1)

98.0
88.0
78.0
68.0
58.0
48.0
38.0
28.0
18.0

Nitrogen treatments
MT (2012-13)

CT (2012-13)

DT (2012-13)

The error bars give the 95 % confidence interval.

Figure 20: Interactive effect of tillage practices and different nitrogen treatments on
nitrogen uptake by maize grains at harvest during years 2012 and 2013
under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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4.1.13 Value cost analysis of fertilizers for maize crop
Pakistan is a lower-medium income, developing country in south Asia. Agriculture
contributes 21.4 % in GDP of Pakistan (GOP, 2013). GOP (2013) reported that almost a
hundred percent of our soil is deficient in N, so, application of fertilizer is important to get
high yields. The total demand of urea in Pakistan was 5544 thousand tons during April
2012 to March, 2013 (GOP, 2013). According to study conducted by Rana (2014) that 930
thousand tons of Urea at a cost of $346 million was imported during 2013 in addition to
domestic production to meet the country demand. On the other hand, the country is facing
serious problem of energy shortage of 500mmcfd/day in power sector and in turn affecting
the domestic fertilizer production plants (Nation, 2013). By reducing the demand of
chemical fertilizer by 50%, the country can reduce import and fulfill the demand of country
by strengthening the domestic fertilizer plants and the individual farmer can save $21 dollar
per acre from chemical fertilizer. FAO (2004) reported that 0.726 and 0.101 million tons
of N is available in Pakistan from farmyard manure and poultry manure. According to one
estimate that 21 million tons of bio-fertilizer per annum and 16.3 million cubic meters of
biogas per day produced from 652 million kilograms of farmyard manure (Saleh, 2012).
The use of biogas plants can counter the problem of energy shortage by fulfilling the
household energy demands for cooking etc. and can produce organic fertilizer.
The data of value cost analysis (Table 29) demonstrate that in 2013, the maximum
net return with value cost ratio (VCR) of 12.01 was achieved with treatment N8 (50%N
applied as chemical fertilizer, 25% as poultry manure and 25% as bioslurry), higher than
in treatment N2 (9.52) where N applied 100% as chemical fertilizer. The integrated use of
organic sources with chemical fertilizer at 2:1:1 ratio was economically profitable and
produced high VCR. Our results are supported by the results of Yaduvanshi (2003), Alam
et al. (2004) and Shah et al. (2010), who recorded a higher profit in treatments where
inorganic fertilizer was applied with organic manures.
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Table 29: Cost economics for the integrated use of N fertilizer
Treatments

Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)

Grain
yield
(kg ha-1)
in 2013
2400
4400
3400
2700
3800
3400
2900
4600
3400
2800

Yield
increase
over control
(Kg ha-1)
2000
1000
300
1400
1000
500
2200
1000
400

Value of
increased
yield (Rs.)

Cost of
fertilizer
(Rs.)

Value
cost ratio

42904.0
21452.0
6435.6
30032.8
21452.0
10726.0
47194.4
21452.0
8580.8

4509.0
3750.0
2953.1
4129.5
3731.1
3351.6
3930.3
3740.5
3541.3

9.52
5.72
2.18
7.27
5.75
3.20
12.01
5.74
2.42

Urea @ Rs.33.4 kg-1, Poultry manure @ Rs. 500 t-1, Bioslurry @ Rs. 350 t-1, Maize Grain @ Rs. 21.45
kg-1
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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4.2. STUDY-II: Effect of tillage practices and different nitrogen sources
on soil Soil carbon sequestration and soil properties
4.2.1. Soil organic carbon stocks (t ha-1)
Tillage system significantly (p ≤ 0.05) affected SOC stocks at 0-30 cm soil depth
during 2012-13 (Table 30). In 2013, after harvest of the maize crop, maximum SOC stocks
(13.61 t ha-1) and rate of increase in SOC (491 kg C ha-1 y-1) were observed in minimum
tillage, while lowest SOC stocks (13.05 t ha-1) and rate of increase in C (211 kg C ha-1 y-1)
were observed in deep tillage.
The N treatments also significantly (p ≤ 0.05) affected all parameters under study
during both years (Table 30).In 2013 after harvest of the maize crop, when compared to
SOC stocks (12.69 t ha-1) and increase in soil C (33 kg C ha-1 y-1) in treatment N1 where no
N was applied, the maximum mean SOC stocks (13.82 t ha-1) and increase in soil C (596
kg C ha-1 y-1) were observed in the treatment N4 (100% N applied as bioslurry). The
increase in soil C in treatment N3 (100% N applied as poultry manure) and N9 (25% N
applied as chemical fertilizer, 50% as poultry manure and 25% as bioslurry), N8 (50% N
applied as chemical fertilizer, 25% as poultry manure and 25% as bioslurry) and N10 (25%
N applied as chemical fertilizer, 25% as poultry manure and 50% as bioslurry), N1 (no N
was applied) and N2 (100% N applied as chemical fertilizer) were statistically equivalent.
The interaction between tillage systems and N treatments was also significant at p ≤ 0.05
(Table 31). In 2013 after harvest of the maize crop, when compared to SOC stocks (12.6 t
ha-1) in minimum tillage with treatment N1 where no N was applied, the mean increase was
12% (14.2 t ha-1) in minimum tillage with treatment N4 (100% N applied as bioslurry). The
maximum rate of SOC increase (795 kg C ha-1 y-1) was observed in minimum tillage with
treatment N4 (100% N applied as bioslurry), followed by 676 kg C ha -1 y-1 in minimum
tillage with treatment N9 (25% N applied as chemical fertilizer, 50% as poultry manure and
25% as bioslurry), 671 kg C ha-1 y-1 in minimum tillage with treatment N3 (100% N applied
as poultry manure) and a decrease in SOC (-21 kg C ha-1 y-1) was observed in deep tillage
with treatment N1 where no N was applied.
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Table 30: Main effect of tillage practices and nitrogen treatments on on SOC stocks
(t ha-1) at 0-30 cm depth at maize harvest
Effects

Years
2012*

2013**

Tillage Systems
Minimum
Conventional
Deep

13.10a
12.87b
12.61c

13.61a
13.40b
13.05c

HSD 5%

0.175

0.153

12.29d
12.36d
13.41ab
13.52a
12.54cd
12.45d
12.72c
12.75c
13.34ab
13.25b
0.246

12.69e
12.82e
13.69ab
13.82a
13.29cd
13.34c
13.11d
13.58b
13.61ab
13.57b
0.226

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
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Table 31: Effect of interaction of tillage systems and nitrogen treatments on soil
carbon stocks at 0-30 cm depth at maize harvest
Effects
MT X N1
MT X N2
MT X N3
MT X N4
MT X N5
MT X N6
MT X N7
MT X N8
MT X N9
MT X N10
CT X N1
CT X N2
CT X N3
CT X N4
CT X N5
CT X N6
CT X N7
CT X N8
CT X N9
CT X N10
DT X N1
DT X N2
DT X N3
DT X N4
DT X N5
DT X N6
DT X N7
DT X N8
DT X N9
DT X N10
HSD 5%

Years
2012
2013**
j-n
12.50
12.63n
i-m
12.56
12.96k-n
13.76ab
13.97a-c
a
13.81
14.22a
g-k
12.79
13.56c-h
h-m
12.62
13.58b-g
d-h
13.07
13.50d-i
12.85f-j
13.78b-e
a-c
13.57
13.98ab
a-d
13.48
13.93a-c
l-n
12.31
12.87l-n
l-n
12.31
12.86l-n
a-d
13.50
13.76b-f
13.55a-c 13.82a-d
12.51i-n 13.35f-k
12.49j-n 13.39e-j
12.71h-l 13.14i-l
12.75g-l 13.61b-g
13.27c-f 13.57b-g
13.32b-e 13.63b-g
12.07n
12.59n
mn
12.22
12.63n
e-i
12.97
13.35f-j
c-g
13.18
13.42k-n
l-n
12.30
12.95j-m
12.22mn 13.05j-m
12.38kl-n 12.69mn
12.65h-m 13.34g-k
13.18c-g 13.29g-k
12.94e-j
13.16h-l
0.451
0.412
*

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
MT= Minimum Tillage, CT= Conventional Tillage, DT= Deep Tillage
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
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Increased SOC stocks were observed in minimum tillage system. Blanco-Canqui
and Lal (2007) stated that the increased SOC stocks in the upper soil layer might be due to
the addition of root biomass. Our findings are in agreement with Xiao-Bin et al. (2006)
who observed a greater increase in SOC in minimum ploughed soils. Luo et al. (2010b)
also observed the higher SOC contents in surface soils as compared to below surface soils.
Ghimire et al. (2011) stated that the availability of higher soil water contents and favourable
temperature might have produced a favourable environment for accumulation of SOC
contents in surface soils. The SOC stocks decrease with increasing tillage intensity. This is
likely to be due to increased microbial respiration and more mineralization/oxidation of
organic C pools in deep tilled soils.
The application of organic residues with chemical fertilizer increases the SOC
stocks (Table 31). These results are in agreement with the findings of Jenkinson (1990) and
Khan et al. (2007b). Christensen (1996) reported that application of organic manures
increased organic C pools by 10% compared to chemical fertilizer in Denmark. Duraisami
et al. (2001) noticed that balanced applications of N fertilizer produced higher root and
shoot biomass and in return more addition of these residues to the soil, so increased biomass
of total microbial C in soil. The minimum tillage with treatment N4 (100% N applied as
bioslurry) increased SOC contents by 20% over minimum tillage with treatment N1 (no N
was applied) at 0-30 cm depth (Table 31). The results corroborate the findings of other
studies (Wright and Hons, 2005; Halvorson et al., 2002).
Changes in the rates of increase of SOC with tillage have been investigated by a
number of different scientists. Lindstrom et al. (1998) observed that minimum tillage can
increase SOC by 100-300 kg C ha-1 y-1. Júnior et al. (2012) observed an increase in SOC
of 410 t C ha-1 y-1 under no tillage system in Brazil. The application of organic residues can
increase SOC sequestration rate. Franzluebbers (2005) reported that the average increase
in SOC with application of poultry manure is around 720 kg ha−1 year−1 (17 ± 15% of C
applied). Smith et al. (1997) stated that the addition of 10 t ha-1 of organic residue can
increase the SOC pools by 5.5%. Ghimire et al. (2011) observed low increases in SOC of
140 kg ha-1 y-1 with the application of organic residue alone and high increases in SOC (480
kg ha-1 y-1) with reduced tillage. The addition of residue, slurry and manure increased the
C content by 160, 180, 260 kg ha-1 y-1 (Triberti et al., 2008). Ibrahim (2009) recorded an
increase in SOC of 116 kg C ha-1 m-1 y-1 after the first year of cropping and 90 kg C ha-1 m1

y-1 in the second year of cropping in conventional tillage at 30 t ha-1 organic manure in

rice-wheat crop rotation of Punjab, Pakistan. Ibrahim (2009) observed a rate of increase in
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SOC in agriculture soils of 300-500 kg C ha-1 y-1, while in no tillage systems and cover
cropping this increased to 530 kg C ha-1 y-1 (Franzluebbers, 2005). The rate of SOC
sequestration in organic farm management is 0-500 kg ha-1 y-1 as compared to conventional
agriculture (Freibauer et al., 2004). The climatic conditions can further affect the SOC
sequestration rates. Lal (2004a and 2005) observed that the rate of SOC sequestration may
be around zero in humid and arid climatic conditions to around 1000 kg C ha-1 y-1 in humid
temperate climatic conditions.
4.2.2 Simulations studies to predict changes in soil organic carbon stocks (t ha-1):
The plots of simulated and measured SOC contents for the different treatments are
given in Figure 22. The simulated results of treatments N1 (control), N3 (100% poultry
manure) and N5 (50% poultry manure) provide a good fit to the experimental data, the
simulated values being within the 95% confidence interval of the measured values. The
simulated results of treatment N4 (100% bioslurry) significantly deviated from the
experimental measurements. This suggests the bioslurry used in the experiment was less
degraded in earlier work by Schievano et al. (2011) than in the experiments used to obtain
the DPM:HUM ratio for bioslurry by Smith et al. (2014). In order to provide a fit to
experimental data, a DPM:HUM ratio is closer to 10 is needed. This ratio was used in
simulations of the remaining trials without further adjustment. The simulations for N6 (50%
bioslurry), N8 (25% poultry manure and 25% bioslurry), N9 (50% poultry manure and 25%
bioslurry) and N10 (25% poultry manure and 50% bioslurry) then provide a good fit to the
experimental data, while treatment N7 (50% poultry manure and 50% bioslurry) provides
reasonable fit to the experimental data, one point showing lying just outside the 95%
confidence interval of the measured values. The value RMSE calculated from the results of
the independent trials, those that were not used to adjust the model simulations (N3 and N5N10), was 2.87% (Table 32). This is less than the value of RMSE at the 95% confidence
interval of the experimental data (3.80%), so confirming that the simulations provide a good
fit to the experimental data. The simulations of the independent trials showed a positive
correlation to the measured soil organic carbon stocks (Figure 21). An F-test indicates that
the correlation is highly significant (P<0.05), suggesting a strong association between the
simulated and the measured values (Table 32). The correspondence between the simulated
values and the experimental measurements and the high degree of association suggests that
the model can reliably be used to estimate C sequestration and the uncertainty in the
simulations will be 2.87%. Greater confidence in the accuracy of the model would be
obtained by comparing simulations and measurements of poultry manure and bioslurry
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Figure 21: Relationship between Simulated VS Measured soil carbon (t ha-1)
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Table 32: Model Evaluation
DEGRE OF ASSOCIATION
r = Correlation Coeff.
Assuming no model parameters adjusted, (i.e.k=1),
...
F 

0.783

n  2   r 2

1  r 
2

22.21
4.60
Yes – Good

F-value at (P=0.05)
Significant association?
DEGREE OF COINCIDENCE
RMSE = Root mean square error of model
RMSE (95% Confidence Limit)
Significant total error?
BIAS
E = Relative Error
E (95% Confidence Limit).
Significant bias?
DESCRIPTIVE STATISTICS
ME = Maximum Error. Best = ABS(M)
Average total error (RMS)
Number of Values

2.87
3.80
No – Good
1.13
=
+/-

3.63
No – Good
0.79
0.38
16
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a)

Treatment N1 (Control )

b)

Treatment N3 (100% Poultry Manure)

100

c)

Treatment N4 (100% Bioslurry)

d)

Treatment N5 (50% Poultry Manure)
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e)

Treatment N6 (50% Bio slurry)

f)

Treatment N7 (50% Poultry Manure and 50% Bioslurry)
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g)

Treatment N8 (25% Poultry Manure and 25% Bioslurry)

h)

Treatment N9 (50% Poultry Manure and 25% Bioslurry)

103

i)

Treatment N10 (25% Poultry Manure and 50% Bioslurry)

Figure 22: Simulations of SOC in trials
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a)

Treatment N1 (Control )

b)

Treatment N3 (100% Poultry Manure)
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c)

Treatment N4 (100% Bioslurry)

d)

Treatment N5 (50% Poultry Manure)
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e)

Treatment N6 (50% Bio slurry)

f)

Treatment N7 (50% Poultry Manure and 50% Bioslurry)
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g)

Treatment N8 (25% Poultry Manure and 25% Bioslurry)

h)

Treatment N9 (50% Poultry Manure and 25% Bioslurry)
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i)

Treatment N10 (25% Poultry Manure and 50% Bioslurry)

Figure 23: Simulations of changes in SOC for 100 years between 2012 and 2112
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Figure 24: Carbon Sequestration for 100 years (t C ha-1) between 2012 and 2112
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applications over the longer term (>25 years). Unfortunately, these data do not yet exist as
no long term trials have been established using bioslurry. Therefore, we must rely on the
results of these short term trials.
Having determined the uncertainty in the simulations using the short term trial
results, the simulations were extended to estimate soil C sequestration over 100 years
between 2012 and 2112 (Figure 23). It should be noted that longer term processes may
introduce additional uncertainty that could not be quantified in these short term trials. After
100 years of the same treatment, the SOC content is close to steady state in all trials.
The total C sequestration over 100 years is given in Figure 24. The maximum simulated C
sequestration over 100 years (24.91 t C ha-1) was observed in treatment N4 (100%
bioslurry), followed by 20.78 t C ha-1 in treatment N7 (50% poultry manure and 50%
bioslurry); no C sequestration is observed in treatment N1 (Control) this is assumed to be
at steady state. Assuming no change in climate, C sequestration over 100 years with 100%
bioslurry is 7.5±0.2 t ha-1 greater than with 100% poultry manure. If the same amount of
bioslurry and poultry manure are applied (8.4 t ha-1), predicted C sequestration over 100
years is 4.5±0.2 t ha-1 more for bioslurry than for poultry manure.
Carbon losses predicted in treatment N1 under different climate change scenarios
revealed that maximum C loss was observed in B2 (1.6±0.05 t/ha) and B1 (1.6±0.05 t/ha),
followed by A1B (1.5±0.04 t/ha) and A2 (1.4±0.04 t/ha) as compared to average present
weather data. Carbon loss was not significantly correlated with temperature (R2 < 0.01 for
all scenarios), but was more highly correlated with soil water (R2 > 0.6 for all scenarios).
The average soil water content increased in order A2 (49.1mm) < A1B (49.5mm) < B2
(50.5mm) < B1 (51.3mm), and C losses increased in a similar order (A2 < A1B < B1 =
B2). Above an average soil water content of 50.5mm, soil water does not limit
decomposition, so C losses for scenarios B1 and B2 are equivalent.
Simulation studies to predict carbon change under different future climatic
scenarios (A1B, A2, B1, B2) between 2012 and 2100 is given in Figure 25. Maximum
carbon sequestration was noticed in weather data averaged over last 10 years (23.51 t ha-1),
followed by statistically equivalent A2 (21.33 t ha-1), B1 (20.61 t ha-1), B2 (20.57 t ha-1)
and A1B (20.08 t ha-1) in treatment N4 (100%N was applied through bioslurry). A
significant amount of carbon is sequestered, whether by incorporating poultry manure and
bioslurry. It is observed that more carbon is sequestered by incorporating bioslurry than
poultry manure. The carbon stocks in treatment N2 (100%N applied as chemical fertilizer)
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a)

A1B (Economic growth with globalization) climatic scenario

b)

A2 (Economic growth with regionalization) climatic scenario
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c)

B1 (Environmental protection with globalization) climatic scenario

d)

B2 (Environmental protection with regionalization) climatic scenario

Figure 25: Carbon loss due to climate change under different future climatic
scenarios
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C Sequestration over 2100 years (t/ha)
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Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
A1B = Economic growth with globalization
A2 = Economic growth with regionalization
B1 = Environmental protection with globalization
B2 = Environmental protection with regionalisation

Figure 26: Carbon Sequestration under different future climatic scenarios between
2012 and 2100
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were decreased by 0.22 t ha-1 under A1B future climatic scenarios and N1 (control) under
different future climatic scenario under study (Figure 26). Moreover, it is noticed that
climate change does not negate the impact on C sequestration (Figure 26).
Long term simulations suggest that C sequestration with continued bioslurry
application will be significantly higher than for poultry manure. Bioslurry applications at
the recommended N rate sequester 4.5±0.2 t ha-1 more soil C than the same amount of
poultry manure. Losses in soil C associated with climate change are likely to be more than
compensated for by application of organic fertilizers. The composted poultry manure
actually contains more C than the bioslurry (354 g kg-1 compared to 336 g kg-1), but the C
in the bioslurry has been more stabilised by the digestion process than the C in the poultry
manure. This results in slower decomposition rate and a greater potential to sequester C in
the soil following application of the bioslurry than the compost.
4.2.3 Soil bulk density (g cm-3) and total porosity (m3 m-3)
Tillage system significantly (p ≤ 0.05) affected ρb and ft at 0-30 cm soil depth
during 2012-13 (Table 33, 34). In 2013 after harvest of the maize crop, maximum ρb (1.38
g cm-3) was observed in minimum tillage, while lowest ρb (1.34 g cm-3) in deep tillage. On
the other hand, the maximum ft (0.494m3 m-3)were observed with deep tillage while, lowest
ft (0.478 m3 m-3)) were recorded in the minimum tillage system.
The N treatments also significantly (p ≤ 0.05) affected the parameters under
discussion during both years (Table 33, 34).In 2013 after harvest of the maize crop, when
compared to ρb (1.42 g cm-3) andft(0.460m3 m-3 in treatment N1 where no N was applied,
the mean maximum ft (0.506m3 m-3) and lowest ρb (1.31 g cm-3) were observed in the
treatment N4 (100% N applied as bioslurry). The statistical equivalence were also observed
for ft between the treatment N3 (100% N applied as poultry manure) and N7 (50% N applied
as poultry manure and 50% as bioslurry).
The interaction between tillage systems and N treatments was also significant at p
≤ 0.05 (Figure 27, 28). In 2013 after harvest of maize crop, the maximum ρb (1.45 g cm-3)
was observed in minimum tillage with treatment N1 where no N was applied, while
minimum ρb (1.28 g cm-3) was observed in deep tillage with treatment N4 (100% N applied
as bioslurry). The maximum ft (0.502 m3m-3) was recorded in treatment deep tillage with
treatment N7 (50%N applied as poultry manure and 50% bioslurry) as compared to
minimum tillage with treatment N1 where no N was applied.
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Table 33: Main effect of tillage practices and nitrogen treatments on on soil bulk
density (g cm-3) at 0-30 cm depth at maize harvest

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep

1.39a
1.37ab
1.36b

1.38a
1.36ab
1.34b

HSD 5%

0.0306

0.0250

1.39 A
1.37 AB
1.35 B
0.0274

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

1.43a
1.42ab
1.34ef
1.32f
1.40a-c
1.39b-d
1.33f
1.41a-c
1.38c-e
1.35d-f
0.0392

1.42a
1.41ab
1.33d-f
1.31g
1.38b-d
1.35d-f
1.32fg
1.39a-c
1.36c-e
1.33e-g
0.0345

1.43 A
1.42 AB
1.34 DE
1.31 E
1.39 BC
1.37 CD
1.32 E
1.40 A-C
1.37 CD
1.34 DE
0.0332

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 34: Main effect of tillage practices and nitrogen treatments on on total porosity
(m3 m-3) at 0-30 cm depth at maize harvest

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep

0.473b
0.482ab
0.487a

0.478b
0.486ab
0.494a

HSD 5%

0.0115

0.0109

0.475 B
0.484 AB
0.490 A
0.0103

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

0.461f
0.464ef
0.495ab
0.502a
0.472d-f
0.477c-e
0.497a
0.470d-f
0.481b-d
0.490a-c
0.0148

0.460f
0.466f
0.498b-d
0.506a
0.479de
0.490b-d
0.502ab
0.472ef
0.490cd
0.497a-c
0.0129

0.462 E
0.465 DE
0.493 AB
0.504 A
0.476 CD
0.484 BC
0.500 A
0.472 C-E
0.484 BC
0.493 AB
0.0125

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data

117

HSD value (2012)= 0.0946, HSD value (2013)= 0.0813

1.50

Soil bulk density (g cm-3)

1.45
1.40
1.35
1.30
1.25
1.20
1.15

Nitrogen treatments
MT (2012)

MT (2013)

CT (2012)

CT (2013)

DT (2012)

DT (2013)

The error bars give the 95 % confidence interval.

Soil bulk density (g cm-3)

1.50

HSD value (2012-13)= 0.0818

1.45
1.40
1.35
1.30
1.25
1.20

Nitrogen treatments
MT (2012-13)

CT (2012-13)

DT (2012-13)

The error bars give the 95 % confidence interval.

Figure 27: Interactive effect of tillage practices and different nitrogen treatments on
soil bulk density at 0-30 cm soil depth at maize harvest during years 2012
and 2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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soil total porosity (m3 m-3)

0.54

HSD value (2012)= 0.036, HSD value (2013)= 0.032

0.52
0.50
0.48
0.46
0.44
0.42
0.40

Nitrogen treatments
MT (2012)

MT (2013)

CT (2012)

CT (2013)

DT (2012)

DT (2013)

The error bars give the 95 % confidence interval.

0.52

HSD value (2012-13)= 0.031

soil total porosity (m3 m-3)

0.51
0.50
0.49
0.48
0.47
0.46
0.45
0.44
0.43
0.42

Nitrogen treatments
MT (2012-13)

CT (2012-13)

DT (2012-13)

The error bars give the 95 % confidence interval.
Figure 28: Interactive effect of tillage practices and different nitrogen treatments on
soil total porosity at 0-30 cm soil depth maize harvest during years 2012
and 2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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The lowest ρb was observed in deep tillage system. These results are in
collaboration with Iqbal et al.(2005) who observed decreased ρb in deep tillage system as
compared to minimum and conventional tillage systems. This might be due to increased
soil pore spaces by breaking of hard layers of soils of the deep tillage system. It was
observed that application of organic residues also decreased the ρb. In 2013, the lowest ρb
(1.31 g cm-3) was observed in treatment N4 (100%N applied as bioslurry) and 1.32 g cm-3
in treatment N7 (50% N applied as poultry manure and 50% as bioslurry). Iqbal et al.
(2005) and Shirani et al. (2002) observed the lowest ρb in farmyard manures treated plots
as compared to control (without manure). Adeleye and Ayeni(2012) observed decreased ρb
in poultry manure treated plots under different tillage systems. Shirani et al. (2002)
reported that lowering of ρb in organic manure treated plots might be due to manure
addition and increased root growth that increased ft and in turn decreased the ρb. The
highest ft was observed in deep tillage system with treatment N4 (100%N applied as
bioslurry) as presented in Figure 28. These results are consistent with Adeleye and Ayeni
(2012). This might be due to loosening of soil by tillage operations and the addition of
organic manure increased soil aggregation that makes the soil more porous.
4.2.4. Soil total N (g kg-1)
Tillage system significantly (p ≤ 0.05) affected soil total N at 0-30 cm soil depth
during 2012-13 (Table 35). In 2013 after harvest of the maize crop, the maximum soil total
N (0.345 g kg-1) was observed with deep tillage while, lowest (0.334 g kg-1) was recorded
in the minimum tillage system.
The N treatments also significantly (p ≤ 0.05) affected the parameter under study
during both years (Table 35).In 2013 after harvest of the maize crop, when compared to
soil total N (0.296 g kg-1) in treatment N1 where no N was applied, the maximum value for
total soil N, averaged over replicates (0.362 g kg-1) were observed in the treatment N3
(100% N applied as poultry manure). The statistical equivalence were also observed for
soil total N between treatment N4 (100% N as bioslurry), N7 (50% N from poultry manure
+ 50% N from bioslurry) and N9 (25%N from chemical fertilizer + 50% N from poultry
manure + 25% N from bioslurry), N8 (50% N applied as chemical fertilizer, 25% as poultry
manure and 25% as bioslurry) and N10 (25%N from chemical fertilizer + 25% N from
poultry manure + 50% N from bioslurry).
The interaction between tillage systems and N treatments was also significant at p
≤ 0.05 (Figure 29). In 2013 after harvest of maize crop, when compared to the maximum
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Table 35: Main effect of tillage practices and nitrogen treatments on soil total N
(g kg-1) at 0-30 cm depth at maize harvest

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep
HSD 5%

0.329b
0.334ab
0.338a
0.0059

0.334b
0.341a
0.345a
0.0061

0.332 B
0.338 AB
0.3411 A
0.0058

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

0.294g
0.316f
0.356a
0.347b
0.338cd
0.326e
0.348b
0.335d
0.344bc
0.334de
0.0076

0.296f
0.320e
0.362a
0.352b
0.346bc
0.337d
0.353b
0.342cd
0.351b
0.341cd
0.0078

0.295 G
0.318 F
0.359 A
0.349 B
0.0342 CD
0.332 E
0.350 B
0.338 D
0.348 BC
0.337 DE
0.0063

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bio slurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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HSD value (2012)= 0.0184, HSD value (2013)= 0.0189

0.380

Soil total N (g kg-1)

0.360
0.340
0.320
0.300
0.280
0.260
0.240

Nitrogen treatments
MT (2012)

MT (2013)

CT (2012)

CT (2013)

DT (2012)

DT (2013)

The error bars give the 95 % confidence interval.
HSD value (2012-13)= 0.0168

0.370

Soil total N (g kg-1)

0.350
0.330
0.310
0.290
0.270
0.250

Nitrogen treatments
MT (2012-13)

CT (2012-13)

DT (2012-13)

The error bars give the 95 % confidence interval.

Figure 29: Interactive effect of tillage practices and different nitrogen treatments on
soil total nitrogen (N) at 0-30 cm soil depth maize harvest during years 2012
and 2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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soil total N (0.359 g kg-1) was recorded in deep tillage with treatment N3 (100% N applied
as poultry manure).
The integrated use of chemical fertilizer, poultry manure and bioslurry increased
soil total N available for plant growth and produced maximum biological and grain yield
in plots where deep tillage system with treatment N8(50%N as chemical fertilizer, 25% as
poultry manure and 25% as bioslurry) was applied (Table 15, 16). Our results are supported
by Muqaddas et al. (2005) who observed maximum N concentration in plots where deep
tillage with farmyard manure was applied. Muqaddas et al. (2005) also stated that deep
tillage mixed the soils, increased the rate of SOM decomposition by exposing
decomposable SOM to the decomposers and hence, increased the nutrient availability to
crops. Our results are in agreement with Matsi et al. (2003).
4.2.5 Soil available P (mg kg-1) and K (mg kg-1)
Tillage system significantly (p ≤ 0.05) affected soil available P and K at 0-30 cm
soil depth during 2012-13 (Table 36, 37). In 2013 after harvest of the maize crop, maximum
soil available P (23 mg kg-1) and K (128.1 mg kg-1) were observed with deep tillage while,
lowest available P (21.2 mg kg-1) and K (144.1 mg kg-1) were recorded in the minimum
tillage system.
The N treatments also significantly (p ≤ 0.05) affected the parameters under
discussion during both years (Table 36, 37).In 2013 after harvest of the maize crop, when
compared to soil available P (15.4 mg kg-1) and K (94.2 mg kg-1) in treatment N1 where no
N was applied, the mean maximum soil available P (25.4 mg kg-1) and K (150.7 mg kg-1)
were observed

in the treatment N4 (100% N applied as bioslurry). The statistical

equivalence were also observed for soil available P between N4 (100% N as bioslurry) and
N7 (50% N applied as poultry manure and 50% as bioslurry), N3 (100% N applied as poultry
manure) and N9 (25% N applied chemical fertilizer, 50% as poultry manure and 25% as
bioslurry), and N5 (50%N from chemical fertilizer + 50% N from poultry) and N8 (50% N
applied as chemical fertilizer, 25% as poultry manure and 25% as bioslurry).
The interaction between tillage systems and N treatments was also significant at p
≤ 0.05 (Figure 30, 31). In 2013 after harvest of maize crop, the maximum soil available P
(26.7 mg kg-1) and K (159 mg kg-1) was noticed in deep tillage with treatment N4 (100% N
applied as bioslurry), while lowest soil available P (14.6 mg kg-1) and K (88.3 mg kg-1) was
in minimum tillage with treatment N1 (where no N was applied).
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Table 36: Main effect of tillage practices and nitrogen treatments on soil available P
(mg kg-1) at 0-30 cm depth at maize harvest

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep
HSD 5%

21.0c
21.9b
22.7a
0.688

21.2b
22.2a
23.0a
0.945

21.1 C
22.1 B
22.8 A
0.713

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

15.6e
16.3e
22.7cd
25.0a
22.3d
23.5bc
24.9a
21.8d
22.6cd
24.5ab
1.147

15.4e
16.2e
22.8cd
25.4a
22.5d
23.9bc
25.4a
22.2d
22.9cd
24.9ab
1.298

15.5 F
16.2 E
22.7 CD
25.2 A
22.4 D
23.7 BC
25.1 A
21.9 D
22.8 CD
24.7 AB
1.14

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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Table 37: Main effect of tillage practices and nitrogen treatments on soil available K
(mg kg-1) at 0-30 cm depth at maize harvest

2012*

Years
2013**

Tillage Systems
Minimum
Conventional
Deep
HSD 5%

112.9b
120.2a
125.4a
5.876

114.1b
122.4a
128.1a
6.758

113.5 B
121.3 A
126.8 A
5.721

Nitrogen Treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

95.3f
96.8ef
119.8c
147.1a
105.7de
131.1b
145.6a
103.5def
109.9d
140.4ab
9.525

94.2f
94.7f
122.4cd
150.7a
109e
133.5bc
148.7a
106.1e
113.7de
142.1ab
11.13

94.7 F
95.3 EF
121.1 C
148.9 A
107.3 D
132.3 B
147.2 A
104.8 DE
111.8 CD
141.3 AB
10.019

Effects

Pooled data***

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean of first year data
**
Mean data of 2nd year
***
Average of 1st and 2nd year data
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HSD value (2012)= 2.568, HSD value (2013)= 3.06

30.0

Soil available P (mg kg-1)
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26.0
24.0
22.0
20.0
18.0
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14.0
12.0
10.0

Nitrogen treatments
MT (2012)

MT (2013)

CT (2012)

CT (2013)

DT (2012)

DT (2013)

The error bars give the 95 % confidence interval.
HSD value (2012-13)= 2.586

28.0
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Figure 30: Interactive effect of tillage practices and different nitrogen treatments on
soil available phosphorous (P) at 0-30 cm soil depth maize harvest during
years 2012 and 2013 under field conditions
*
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HSD value (2012)= 21.5 , HSD value (2013)= 24.9
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Figure 31: Interactive effect of tillage practices and different nitrogen treatments on
soil available potassium (K) at 0-30 cm soil depth maize harvest during
years 2012 and 2013 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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However the soil available P and K was increased by application of organic residues in
deep tillage system. These results are consistent with Khan et al. (2010) who observed more
soil available P and K in the plots treated with farmyard manure under deep tillage system.
Our results are also supported by Muqaddas et al. (2005) who observed maximum soil
available P and K concentration in deep tilled soil where farmyard manure was applied.
Our results are in line with Islam et al. (2006), Nasir et. al. (2010) and Nasir et. al. (2012)
who observed the significant increase of N, P and K in the bioslurry treated plot.

4.3. STUDY-III: Residual effects of tillage practices, bioslurry and
poultry manure on soil properties and wheat productivity
4.3.1. Growth and yield parameters of wheat
The residual effect of tillage systems was non-significant (p>0.05), while N
treatment had significant (p≤0.05) on plant height, spike length, 1000-grain weight, grain
yield and biological yield (Table 38-42). The maximum plant height (104.9 cm), spike
length (10.88 cm), 1000-grain weight (54.46 g), grain yield (3.55 t ha-1) and biological yield
(13.90 t ha-1) were observed in treatment N4 (100% N applied as bioslurry to the previous
crop) as compared to treatment N1 (where no N was applied to the previous crop). The
treatment N3 (100% N applied as poultry manure to the previous crop) showed next best
results after treatment N4 (100% N applied as bioslurry to the previous crop). The mean
increase in plant height, spike length, 1000-grain weight, grain yield and biological
yieldwas 52, 5, 15, 4 and 3% in treatment N4 (100% of the recommended N application rate
applied as bioslurry in previous crop) as compared to treatment N1 (no N was applied to
previous crop).
The residual effect of tillage systems and N treatments was significant (p≤0.05) on
1000-grain weight (Figure 32), while a non-significant (p>0.05) effect was observed on
plant height, spike length, grain yield and biological yield at wheat harvest. However, the
maximum 1000-grain weight (54.50 g) was observed in deep tillage with treatment N4
(100% N applied as bioslurry in previous crop).
The application of bioslurry and poultry manure might increase the soil organic
matter content, so increasing the soil moisture content and improving uptake of nutrients
by the plant. This could also be attributed to improvement in soil physical properties,
providing a favourable soil environment for plant growth. Increased plant height, 1000grain weight and grain yield was recorded in the deep tillage compared to the minimum
tillage system, while increased biological yield was recorded in the conventional tillage
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Table 38: Residual effect of tillage practices and different nitrogen sources on plant
height (cm) at wheat harvest
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5 %
Interaction (TS X NT)

2012-13̽
98.85
98.85
98.88
NS
68.83c
97.69b
104.27a
104.94a
101.90ab
102.13ab
102.98ab
100.65ab
102.34ab
102.88ab
5.76
NS

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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Table 39: Residual effect of tillage practices and different nitrogen sources on spike
length (cm) at wheat harvest
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%
Interaction (TS X NT)

2012-13̽
10.72
10.72
10.72
NS
10.33c
10.37c
10.83ab
10.88a
10.78ab
10.81ab
10.83ab
10.76b
10.81ab
10.81ab
0.119
NS

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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Table 40: Residual effect of tillage practices and different nitrogen sources on 1000grain weight at wheat harvest
Treatments
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012-13̽
52.44
52.45
52.51
NS
47.31e
49.56d
53.88a-c
54.46a
52.81bc
51.13a-c
53.93a
52.43c
53.45a-c
53.70a-c
1.47

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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56.0

HSD value (2012-13)= 3.01

54.0
52.0
50.0
48.0
46.0
44.0
42.0

Minimum tillage

Nitrogen treatments
Conventional tillage

Deep tillage

The error bars give the 95 % confidence interval.

Figure 32: Interactive effect of tillage practices and different nitrogen treatments on
1000-grain weight of wheat at harvest during years 2012-13 under field
conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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Table 41: Residual effect of tillage practice and different nitrogen sources on grain
yield (t ha-1) at wheat harvest
Effect
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%
Interaction (TS X NT)

2012-13̽
3.48
3.48
3.49
NS
3.40e
3.42e
3.53ab
3.55a
3.48c
3.50bc
3.50bc
3.45d
3.50bc
3.50bc
0.029
NS

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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Table 42: Residual effect of tillage practices and different nitrogen sources on
biological yield (t ha-1) at wheat harvest
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%
Interaction (TS X NT)

2012-13̽
13.79
13.80
13.79
NS
13.48b
13.68ab
13.83a
13.90a
13.80ab
13.82ab
13.90a
13.79ab
13.84a
13.87a
0.335
NS

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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system. The increase in all plant growth and yield parameters except the 1000-grain weight
was statistically non-significant. The increase of plant growth and yield in deep tillage
might be due to improvement of soil physical properties that increased uptake of soil
nutrients. Ozpinar (2005) reported significant effects of tillage systems on 1000-grain
weight. Our results are also consistent with the results of Iqbal (2006) who investigated the
residual effect of different tillage systems and found a non-significant effect of different
tillage practices on wheat growth.
4.3.2. Plant N (g kg-1), P (g kg-1) and K (g kg-1) concentrations in wheat shoots at
harvest
The residual effect of tillage systems was non-significant (p>0.05), while N
treatment had significant (p≤0.05) on plant N, P and K concentrations in wheat shoot at
harvest (Table 43-45). The maximum plant N (4.69 g kg-1) and P (1.22 g kg-1)
concentrations in wheat shoots at harvest were observed in treatment N4 (100% N applied
as bioslurry to the previous crop) and maximum plant K (24.67 g kg-1) concentrations in
wheat shoots at harvest was observed in treatment N3 (100% N applied as poultry manure
to the previous crop) as compared to treatment N1 (where no N was applied to the previous
crop). The mean increase in plant N and P concentrations in wheat shoots at harvest was
13 and 22% in treatment N4 (100% of the residual effect of tillage systems and N treatments
was non-significant (p>0.05) effect on plant N, P and K contents of wheat shoots at harvest.
Higher plant N, P and K concentrations were recorded in wheat shoots at harvest in the
deep tillage systems. This might be due to decrease in soil bulk density and improvement
in soil pore size distribution and aeration by deep tillage system, favoring increased plant
root growth to deeper layers of soil for uptake of nutrients and water (Adeleye and Ayeni,
2012).
The overall effect of tillage systems on plant N, P and K concentrations was nonsignificant. Our results are consistent with Iqbal et al. (2005) and Moshler and Marteus
(1974) who observed that tillage systems had non-significant effect on plant N and P
concentrations, while our results of plant K concentrations are contrast to the results
presented by Iqbal et al. (2005) who observed significantly increased K contents in plant
shoots under deep tillage systems. The application of bioslurry and poultry manure
increased plant N, P and K concentrations in wheat shoots at harvest. The highest values
were observed in N4 (100% N applied as bioslurry in previous crop) and N3 (100% N
applied as poultry manure in previous crops). Adenawoola and Adejoro (2005) reported
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Table 43: Residual effect of tillage practices and different nitrogen sources on plant N
(g kg-1) concentrations at wheat harvest.
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%
Interaction (TS X NT)

2012-13̽
4.55
4.55
4.57
NS
4.13f
4.27e
4.66abc
4.69a
4.62cd
4.61d
4.68a
4.60d
4.63bcd
4.67ab
0.042
NS

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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Table 44: Residual effect of tillage practices and different nitrogen sources on plant P
(g kg-1) concentrations at wheat harvest.
Effects

2012-13̽

Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%
Interaction (TS X NT)

1.16
1.15
1.16
NS
1e
1.10d
1.21ab
1.22a
1.17c
1.18bc
1.20ab
1.12d
1.20ab
1.20ab
0.029
NS

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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Table 45: Residual effect of tillage practices and different nitrogen sources on plant
K (g kg-1) concentrations at wheat harvest
Effects

2012-13̽

Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%
Interaction (TS X NT)

24.50
24.51
24.52
NS
24.07d
24.27c
24.67a
24.63ab
24.55ab
24.58ab
24.61ab
24.50b
24.60ab
24.60ab
NS

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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that the agronomic values of some organic manures are increased more than five times after
post-harvest application as compared to values that are determined during year of
application. Castellanos and Pratt (1981) recorded more plant N concentrations in shoots
while studying the residual effect of farmyard manure and observed that 60% of the total
N applied as farmyard manure was available to first year crop and remaining becoming
available to subsequent crops. Our results are also supported by Iqbal et al. (2005) who
investigated the residual effect of farmyard manure and found significant increase in plant
N and K concentrations in shoots in plots treated with farmyard manure.
4.3.3. Soil total N (%), available P (mg kg-1) and K (mg kg-1) concentrations at wheat
harvest
The residual effect of tillage systems was non-significant (p>0.05), while N
treatment had significant (p≤0.05) effect on soil total N, available P and available K
contents (Table 46-48). The maximum soil total N (0.0361 %), available P (25.1 mg kg-1)
and available K (149.87 mg kg-1) were observed in treatment N4 (100% N applied as
bioslurry to the previous crop) as compared to treatment N1 (where no N was applied to the
previous crop). The mean increase in soil total N, available P and available K was 58, 88
and 178 % in treatment N4 (100% of the recommended N application rate applied as
bioslurry in previous crop) as compared to treatment N1 (no N was applied to previous
crop).
The residual effect of tillage systems and N treatments was significant (p≤0.05) on
soil total N, available P and available K (Table 46-48). The maximum soil total N (0.0373
%), available P (26 mg kg-1) and available K (156.5 mg kg-1) contents were observed in the
minimum tillage with treatment N4 (100% N applied as bioslurry in previous crop).
The total soil N, available P and available K at wheat harvest was non-significantly
affected by tillage system but significantly affected by the combined use of tillage system
and different N sources (Figure 33-35).
Balesdent et al. (2000) observed two times more labile N in untilled soils as
compared to conventional tillage; this might be due to slow turnover rate of manure in
reduced tillage systems (Germon et al., 1991). Our results are consistent with Iqbal et al.
(2005) who studied the residual effect of farmyard manure (0, 10 and 20 t ha-1) under
different tillage systems (zero, minimum, conventional and deep tillage) and found that
tillage systems did not significantly affect the soil nutrients while dairy manure
significantly affected the available P and K in the soil. Our results are also supported by
Weill et al. (1990) who observed highest available P contents in soils where more SOM
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Table 46: Residual effect of tillage practices and different nitrogen sources on soil
total N (%) at 0-30 cm depth at wheat harvest
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012-13̽
0.0288
0.0287
0.0284
NS
0.0228f
0.0253ef
0.0336ab
0.0361a
0.0260ef
0.0265e
0.0323bc
0.0258ef
0.0278de
0.0298cd
0.0033

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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HSD value (2012-13)= 0.0066

0.040
0.038

Soil total N (%)

0.036
0.034
0.032
0.030
0.028
0.026
0.024
0.022
0.020

Nitrogen treatments
Minimum tillage

Conventional tillage

Deep tillage

The error bars give the 95 % confidence interval.
Figure 33: Interactive effect of tillage practices and different nitrogen treatments on
soil total N at 0-30 cm depth at wheat harvest during years 2012-13 under
field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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Table 47: Residual effect of tillage practices and different nitrogen sources on soil
available P (mg kg-1) concentrations at wheat harvest
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012-13̽
21.5
21.5
21.4
NS
13.3h
16.7g
23.6bc
25.1a
22.0ef
22.4de
23.7b
21.7f
21.0cd
23.1bc
0.63

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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HSD value (2012-13)= 1.16

28.0

Soil available P (mg kg-1)

26.0
24.0
22.0
20.0
18.0
16.0
14.0
12.0
10.0

Nitrogen treatments
Minimum tillage

Conventional tillage

Deep tillage

The error bars give the 95 % confidence interval.

Figure 34: Interactive effect of tillage practices and different nitrogen treatments on
soil available P at 0-30 cm depth at wheat harvest during years 2012-13
under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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Table 48: Residual effect of tillage practices and different nitrogen sources on soil
available K (mg kg-1) concentrations at wheat harvest
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012-13̽
113
112
109
NS
53.86f
61.92f
134.70b
149.87a
108.17d
120.92c
136b
96.42e
121.1c
130.8bc
10.413

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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HSD value (2012-13) = 22.93

180.0

Soil available K (mg kg-1)

160.0
140.0
120.0
100.0
80.0
60.0
40.0
20.0
0.0

Nitrogen treatments
Minimum tillage

Conventional tillage

Deep tillage

The error bars give the 95 % confidence interval.
Figure 35: Interactive effect of tillage practices and different nitrogen treatments on
soil available K at 0-30 cm depth at wheat harvest during years 2012-13
under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry
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was accumulated at or near the soil surface, reducing the sorption of soil P into inorganic
soil colloids.
4.3.4. Soil organic matter contents (g kg-1) at wheat harvest
The residual effect of tillage systems and N treatments weresignificant (p≤0.05) on
the SOM contents (Table 49). The maximum SOM (5.9 g kg-1) were observed in treatment
N4 (100% N applied as bioslurry to the previous crop) as compared to treatment N1 (where
no N was applied to the previous crop). The treatment N3 (100% N applied as poultry
manure to the previous crop) showed next best results after treatment N4 (100% N applied
as bioslurry to the previous crop). The mean increase in SOM was 20% in treatment N4
(100% of the recommended N application rate applied as bioslurry in previous crop) as
compared to treatment N1 (no N was applied to previous crop).
The residual effect of tillage systems and N treatments was significant (p≤0.05) on
SOM contents (Table 49). The maximum SOM (5.94 g kg-1) contents was observed in the
minimum tillage with treatment N4 (100% N applied as bioslurry in previous crop).
The SOM contents were significantly affected by tillage system, N treatment and
their interactions (Figure 36). Increase SOM contents were recorded in minimum tillage as
compared to conventional as well as deep tillage systems. This might be due to decreasing
soil temperature by intercepting incoming solar radiations and increasing soil water
retention capacity of soil treated with bioslurry and poultry manure under reduced tillage
system, in turn increasing SOM contents. On the other hand, deep tillage accelerates the
decomposition and mineralization rate of SOM by more exposing it to decomposer in the
soil (Shepherd et al., 2001). Our results are in agreement with Adeleye and Ayeni (2012).
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Table 49: Residual effect of tillage practices, bioslurry and poultry manure on SOM
(g kg-1) at wheat harvest.
Effects
Tillage Systems
Minimum
Conventional
Deep
HSD 5%
Nitrogen treatments
Control (N1)
100-0-0(N2)
0-100-0 (N3)
0-0-100 (N4)
50-50-0 (N5)
50-0-50 (N6)
0-50-50 (N7)
50-25-25 (N8)
25-50-25 (N9)
25-25-50 (N10)
HSD 5%

2012-13̽
5.43a
5.42a
5.37b
0.057
4.91g
4.94g
5.82b
5.93a
5.19e
5.26e
5.70c
5.06f
5.59d
5.65cd
0.073

For each effect, values with superscript same letter(s) in a column do not differ from one another at p = 0.05
according to Tukey HSD test. For each effect, bold values with same letter(s) do not differ from one another
at p = 0.05 according to Tukey HSD test.
Whereas
TS = Tillage systems
NT = Nitrogen treatments
NS = Non significant
N1 = Without N application
N2 = 100%N from chemical fertilizer + 0% N from poultry manure + 0% N from bioslurry
N3 = 0%N from chemical fertilizer + 100% N from poultry manure + 0% N from bioslurry
N4 = 0%N from chemical fertilizer + 0% N from poultry manure + 100% N from bioslurry
N5 = 50%N from chemical fertilizer + 50% N from poultry manure + 0% N from bioslurry
N6 = 50%N from chemical fertilizer + 0% N from poultry manure + 50% N from bioslurry
N7 = 0%N from chemical fertilizer + 50% N from poultry manure + 50% N from bioslurry
N8 = 50%N from chemical fertilizer + 25% N from poultry manure + 25% N from bioslurry
N9 = 25%N from chemical fertilizer + 50% N from poultry manure + 25% N from bioslurry
N10 = 25%N from chemical fertilizer + 25% N from poultry manure + 50% N from bioslurry
*
Mean data of year 2012-13
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7.00

HSD value (2012-13)= 0.132

Soil organic matter (g kg-1)

6.00
5.00
4.00
3.00
2.00
1.00

Minimum tillage

Tillage systems
Conventional tillage

Deep tillage

The error bars give the 95 % confidence interval.

Figure 36: Interactive effect of tillage practices and different nitrogen treatments on
soil organic matter contents at 0-30 cm depth at wheat harvest during
years 2012-13 under field conditions
*

% N from chemical N-% N from poultry manure - % N from bioslurry

148

5- SUMMARY

The field experiments were conducted during 2012 and repeated in 2013 using a
randomized complete block design with a split plot arrangement at the Gujar and Seed
Nursery Farm, Mang, Haripur, Hazara division, Khyber Pukhunkhawa, Pakistan to
investigate the impact of different quality fertilizers on maize productivity and soil organic
carbon sequestration under different tillage systems. The trials included three tillage
systems (minimum, conventional and deep tillage) with combinations of the different
sources of nitrogen (biogas slurry, poultry manure and chemical fertilizer), applying 100,
50 and 25% of the recommended nitrogen application rate. Tillage systems were kept in
main plots, while nitrogen treatments in subplots. Organic amendments (bioslurry and
decomposed poultry manure) were applied to relevant plots, according to the treatment plan
and incorporated into the soil three weeks before sowing of crops. In all plots, the
recommended levels of N, P and K (135-125-125 kg ha-1) were achieved by adding
chemical fertilizers after calculating the available nutrients in poultry manure and bioslurry.
Maize was grown during July 8th, 2012 and second crop in July 7th, 2013. While, the crop
was harvested during November 4th, 2012 and second crop in November 9th, 2013. These
experimental measurements were used to evaluate a dynamic simulation model of soil
organic matter turnover, RothC, which was then used to estimate future carbon
sequestration. The correlation between experimental and simulated values was highly
significant and the root mean square error was within experimental error, suggesting that
RothC is providing an acceptable representation of the changes in soil carbon that are
occurring in this experiment.
Another, field experiment was conducted during 2012-13 at the Gujar and Seed
Nursery Farm, Mang, Haripur, Pakistan to study the residual effects of different tillage
practices (minimum, conventional and deep tillage), and nitrogen treatments (chemical
fertilizer, bioslurry and poultry manure) on soil properties and productivity of a subsequent
wheat (Triticum aestivum) crop. The wheat was sown during November 25th, 2012;
immediately following harvest of the maize crop. Management by minimum till,
conventional tillage and deep tillage was done at the time of wheat sowing. No bioslurry or
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poultry manure was applied to the wheat crop; therefore differences in soil properties and
productivity could be attributed to residual effects of the tillage practices and N treatments
applied to the previous maize crop.For wheat, recommended rates of N, P and K were
applied; 60, 50 and 50 kg ha-1, respectively. The wheat was harvested on March 13th, 2013.
The Results of above described experiments are summarized below:


Deep tillage treatment with the recommended nitrogen application rate of the
chemical fertilizer alone produced maximum plant height, stem diameter, cob
length, cob diameter and number of grain rows per cob. However, deep tillage
treatment with the recommended nitrogen application rate applied as 50% chemical
fertilizer, 25% poultry manure and 25% bioslurry produced maximum 1000 grain
weight, biological yield, grain yield and N uptake in maize grains as compared to
other treatments.



The maximum fertilizer N recovery efficiency in maize grains and value to cost
ratio were observed in treatment where recommended nitrogen application rate
applied as 50% chemical fertilizer, 25% poultry manure and 25% bioslurry.



The maximum soil total nitrogen was recorded in the deep tillage system with 100%
nitrogen applied as poultry manure. The maximum soil available phosphorus and
potassium were observed in the deep tillage system with 100% nitrogen applied as
bioslurry. While, maximum SOC stocks, ft and decreased ρb were observed in
minimum tillage with 100% nitrogen applied as bioslurry.



Simulation studies suggest that addition of 8.4 t ha-1 y-1 bioslurry has potential to
increase SOC over 100 years between 2012 to 2112 by 24.9±0.7 t ha-1 as compared
to other treatments, and can sequester 7.5±0.2 t ha-1 more C than application of 7.5
t ha-1 y-1 poultry manure alone. If the same amounts of bioslurry and poultry manure
are applied, carbon sequestration is still significantly greater for bioslurry than for
poultry manure (4.5±0.2 t ha-1). In this experiment, minimum tillage also retains
more C in the soil than conventional or deep tillage.



Losses of carbon with climate change were highest under climate scenario B2
(environmental protection with regionalisation) and B1 (environmental protection
with globalisation), followed by A1B (economic growth with globalisation), with
minimum losses from A2 (economic growth with regionalisation). These predicted
losses are likely to be more than compensated for by application of organic
fertilizers at the rates needed to supply sufficient nitrogen to the crops.
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The residual effects of tillage systems were non-significant in case of subsequent
wheat growth, soil and plant NPK concentrations except SOM contents, while N
treatments significantly affected all the parameters in study. The interactive effect
of tillage systems and N treatments were found significant in case of 1000-grain
weight, soil total N, available P, available K and SOM contents.



It is concluded that the application of the recommended N application rate applied
at 100% as organic fertilizer either from bioslurry or poultry manure under
minimum tillage system increased SOC stocks, but not gave high biological and
grain yield of maize crop as compared to deep tillage treatment with recommended
N application rate applied at 50% as chemical fertilizer, 25% as poultry manure and
25% as bioslurry. This might be due to deep tillage increased decomposition of
organic residue by mixing it into the soil and more exposing it to the environment,
so released nutrients especially N essential for plant growth.
Recommendations:
It is recommended on the basis of results of this two years study that, instead of
applying chemical fertilizer alone, the recommended N application rate @ 135 kg
ha-1 should be applied in a deep tillage system with 68 kg ha-1 (50% of the
recommended N application rate) of chemical fertilizer, 2 t ha-1 (25% of
recommended N application rate) of poultry manure and 2.25 t ha-1 (25% of the
recommended N application rate) of bioslurry should be applied to improve maize
productivity and SOC sequestration to attain maximum yield on a sustainable basis
in Haripur, Hazara division of Pakistan.

Future aspects:


Further work is needed to optimize C sequestration from bioslurries produced at
different retention times and their impact on crop productivity and soil fertility.



Further work is also required to study potential insect/pest and diseases associated
with application of different quality organic fertilizers.
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