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Introduction

Wheat is an important crop for almost 50% 
of the world’s population and can be grown 

easily under in rainy and irrigation conditions (Munir 
et al., 2007). It is considered a key important staple 

crop and is the most demanded grain around the 
globe. Within cereals, wheat (Triticum aestivum L.) 
crop is more significant crop in the world in terms 
of overall growth, production, utilization and growing 
area around the globe (Ranjana and Kumar, 2013). 
In Pakistan, wheat is a most adopted cereal crop 
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and it’s getting more fame continuously because of 
its daily consumption and the use of its products in 
different ways (Laghari et al., 2010). Wheat accounts 
about 72% of total calories and 125kg/year is the 
per capita consumption of wheat (Khan et al., 2015). 
In Pakistan, wheat accounts for 1.7% of GDP and 
adds about 9.1% of value addition. In developing 
countries, the potential of better production of several 
crops is declined due to insufficient management and 
restrictions associated with nutrition. The irrational 
use of fertilizers has increased the NPK ratio instead 
of reducing it to a balanced proportion, because there 
are huge differences in N and P uptake. This is the 
main factor that limits the productivity of many 
crops around the globe. Balanced use of fertilizers 
and fertilization is always vital to maximize yield and 
production (Ghosh et al., 2006). 

Phosphorus is essential and important nutrient in 
different crops. Phosphorus application is mandatory 
to enhance amount of P in the soil to obtain the 
best crop yield as several yield related factors. P is 
commonly added to soils in the form of organic and 
mineral fertilizers (Sawan et al., 2006). Its role in 
increasing efficiency of photosynthesis, area of leaf, 
weight of dry root and shoot as well is significant 
and helps in storage of energy, development of root 
and early ripening and enhance the P contents in 
desired plant part (Mohanty et al., 2006). Phosphorus 
is not only essential and necessary to increase yield 
and related traits of field crops but also had an impact 
to improve the quality of several characteristics 
and qualities of various products of origin of plant, 
while their reduction can restrict growth, flowering 
delay and maturity as well (Chaubey and Kaushik, 
2000) that can reduce yields by 10-15% (Shenoy and 
Kalagudi, 2005). Phosphorus inputs that are provided 
as inorganic fertilizers usually get fixed in the soil 
and become unavailable for the crops. Its deficiency 
becomes more prevalent in calcareous and alkaline 
soils (Sarwar, 2005; Sabah et al., 2014, 2020).

Soils of Pakistan are P inadequate and P fixing 
and its insufficiency restricts the crop generation 
and overall production on less than 90% because 
of high pH and calcareous soil nature (Gill et al., 
2004). So, its management is the matter of prime 
significance. One useful strategy to enhance P is 
to apply mineral fertilizers which are most likely 
exceptionally troublesome because of their high 
expenses and simultaneously these are not good for 

healthy environment. Also, the significant segment 
of P fertilizer applied is become fixed with soil 
components, lessening the adequacy of applied P 
sources (Gahoonia et al., 2000). Accessibility of P 
in soil can be enhanced by the application of natural 
manures because these organic manures loosely bind 
nutrient ions and reduces their fixation in mineral 
soils (Mohanty et al., 2006).
 
Phosphorus acquisition, application, utilization and 
exploitation of differences among different crop 
species and even cultivars would be a promising 
system to build use productivity of applied P and 
soil available P. Agribusiness profitability could be 
expanded through proficient usage and P management 
because of fixation of P in our soils due to having 
high soil calcium content (Aziz et al., 2006). Current 
trial was done to appraise role of agro based industry 
wastes on the P bioavailability from rock phosphate 
used as phosphocompost (phosphate rich organic 
manure abbreviated as PROM) and P up take by 
spring wheat plants.
 
Materials and Methods

Formation of phosphate rich organic manure (PROM)
Phosphate rich organic manure (PROM) was prepared 
to check the solubilization of rock phosphate. For this 
purpose, cow dung, press mud and rock phosphate 
were used in 1:2 mixed thoroughly in a container 
and left for three weeks. After three weeks, 2% urea 
solution was sprayed on it and placed it for one week. 
Later on, mixture was supplied with 2% DAP and 
again left for one week. After this, the mixture was air 
dried and sieved for storage and further used. PROM 
thus prepared contain Total N: 2%, Total P2O5: 3.8%, 
Total K2O: 2.0, 2% Urea: Total Nitrogen: 0.92%, 2% 
DAP (N: 0.36%, P2O5: 0.92%).

Experimental scheme
Design of research was completely randomized design 
(CRD) using and 14 treatments and 06 replications. 
T1 = No fertilizer addition; T2 = Recommended NPK 
from chemical fertilizer N used as urea, P used as TSP 
and K used as sulfate of potash; T3 = T1 + all P from 
PROM (phosphorus rich organic manure); T4 = T1 + 
all P from FYM; T5 = T1 + all P from compost; T6 = T1 
+ all P from press mud; T7 = T1 + P half from mineral 
sources and half from PROM; T8 = T1 + P half from 
mineral sources and half from FYM; T9 = T1 + P half 
from mineral sources and half from compost; T10 = 
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T1 + P half from mineral sources and half from press 
mud; T11 = T2 + all P from PROM; T12 = T2 + all P 
from FYM; T13 = T2 + all P from compost; T14 = T2 + 
all P from press mud.

Procedure of crop cultivation
Soil was selected by analyzing and added into pots @ 
20 kg/pot. To attain a uniform column of soil in pots, 
irrigation was applied through tap water. In each pot, 
05 seeds of wheat cultivar “Punjab-2011” were sown 
but only 03 plants were maintained after germination. 
After germination, total phosphorus and potassium 
were applied but half dose of nitrogen was applied 
and after 25 days of germination, remaining nitrogen 
was applied. To provide nitrogen, phosphorus and 
potassium to wheat plants, urea, DAP (diammonium 
phosphate), PROM (phosphate rich organic manure) 
and potassium sulphate were applied as NPK 
sources respectively. About forty days after treatment 
completion, leaf samples were collected for the 
determination of chemical analysis.

Soil and plant analysis
Various properties of soil were studied (Table 1) 
pre and post crop cultivation. For analysis of soil, 
analytical methods provided in Hand Book 60 of 
U.S Salinity Laboratory Staff (1969) were adopted. 
The procedures other than these methods are also 
mentioned separately. Method of Moodie et al. (1959) 
was adopted for organic matter determination. Soil 
available P was determined by using methodology of 
Watnabe and Olsen (1965).

Table 1: Soil properties before cultivation.
Parameters Unit Value
Soil pH - 7.7
Soil EC dSm-1 0.81
Soil organic matter % 0.59
Sodium absorption ratio - 3.82
Total soil N % 0.29
Available soil P ppm 7.8
Extractable soil K ppm 129.7
Soil Textural Class - Clay loam

Statistical analysis
The data were collected and analyzed statistically by 
using Statistix 8.1 software for analysis of variance 
(ANOVA) technique and LSD test at 5% level of 
probability (Steel et al., 1997).

Results and Discussion

Soil pH
A significant impact of mineral fertilizer and 
organic manures was imparted on pH of the soil of 
experimental area. Figure 1 depicted that application 
of chemical fertilizer increased soil pH. The application 
of recommended NPK from chemical fertilizer (T2) 
recorded highest pH (8.66) of soil which was followed 
by T1 + all P from PROM (T3). The application of T1 
+ half P from mineral fertilizer + half P from FYM 
(T8) and T1 + half P from mineral fertilizer + half 
P from compost (T9) produced 8.19 pH of the soil. 
The minimum value of pH of soil (7.24) was recorded 
with T13 (T2 + all P from compost). It was disclosed 
that application of chemical fertilizers significantly 
augmented the values of pH of the soil as compared 
to organic manures.

Figure 1: Effect of various organic and chemical fertilizers alone and 
in combination on soil pH.

Soil electrical conductivity (dS m-1)
Effect of various organic and mineral fertilizers 
alone or in mixture on soil EC was checked. Figure 
2 exposed that incorporation of various sources of 
nutrition alone or combined substantially increased 
soil EC. However, among all tested treatments, the 
maximum EC (2.75 dS m-1) of soil was noted under 
T2 + all P from compost (T13). Treatments T5 (T1 + 
all P from compost) and T9 (T1 + ½ P from mineral 
fertilizer + ½ P from compost) showed same values 
of soil EC (2.55 dS m-1). The minimum EC (1.25 dS 
m-1) of soil was observed with T1 (Recommended N, 
K and P = 0).

Figure 2: Effect of various organic and chemical fertilizers alone and 
in combination on soil EC.

Soil organic matter (%)
Figure 3 depicted significant impact of various 
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sources of nutrients (organic and mineral) on soil 
organic matter (%) of experimental area. Highest soil 
organic matter (0.903%) was observed in treatment 
grown under T5 (T1 + all P from compost) (Figure 3). 
Soil organic matter of 0.806, 0.798 and 0.826% was 
recorded in T7 (T1 + half P from mineral fertilizer 
+ half P from PROM), T12 (T2 + all P from FYM) 
and T13 (T2 + all P from compost) respectively. These 
three treatments (T7, T12 andT13) were statistically 
similar. However, the lowest organic matter (0.58 %) 
in soil was measured under T1 (Recommended N, K 
and P = 0). Thus, adding organic materials improved 
percentage of soil organic matter over chemical 
fertilization.

Figure 3: Effect of various organic and chemical fertilizers alone and 
in combination on soil organic matter.

Phosphorus concentration in soil (ppm)
Figure 4 showed that addition of various nutritional 
sources boosted P in soil. Application of T2 + all P 
from PROM (T11) recorded the highest values of P 
(8.73 ppm) in soil which was followed by T12 (T2 + all 
P from FYM) and T13 (T2 + all P from compost) that 
produced 8.10 and 8.15 ppm of P in soil. Minimum 
values of P (6.11 ppm) in soil were measured with T1 
(Recommended N, K and P = 0). It is concluded from 
the data, all treatments containing P either chemical 
or organic enhanced the P in soil as compared to T1.

Figure 4: Effect of various organic and chemical fertilizers alone and 
in combination on soil phosphorus.

Water soluble potassium in soil (mmolc L-1) 
Figure 5 showed incorporation of nutritional sources 
in any form (organic or mineral) considerably boosted 
the K in soil whether used alone or in combined form. 
However, between all the treatments the maximum 
K (3.45 mmolc L-1) in soil was measured under the 
application of T4 (T1 + all P from FYM) which was 
followed by T14 (T2 + all P from press mud) that 

produced 3.37 mmolc L-1of K in soil. The lowest K 
(2.65 mmolc L-1) in soil was obtained with T11 (T2 + 
all P from PROM). It is depicted from results that 
T4 treatment was found more effective to produce 
highest value of K in soil.

Figure 5: Effect of various organic and chemical fertilizers alone and 
in combination on water soil potassium in soil.

Nitrogen concentration in wheat plants (%)
Maximum N contents (0.911%) in wheat plant was 
noted in the treatment grown under T11 (T2 + all P 
from PROM) (Figure 6). Given data displayed in 
Figure 6 also intimated that N contents in wheat plant 
of 0.816, 0.820 and 0.821% were recorded under T4 
(T1 + all P from FYM), T13 (T2 + all P from compost) 
and T6 (T1 + all P from press mud), respectively. These 
3 treatments (T4, T6 and T13) demonstrated non-
significant differences in terms of statistics. The T1 
(Recommended N, K and P = 0) and T3 (T1 + all P 
from PROM) produced lower values of N in wheat 
plants than all other treatments. 

Figure 6: Effect of various organic and chemical fertilizers alone and 
in combination on nitrogen content in wheat plants.

Phosphorus concentration in wheat plants (%)
Data about P contents in wheat plants as exhibited in 
Figure 7 showed positive impact of applied organic 
and mineral nutrient sources on P contents in wheat 
plant. T12 (T2 + all P from FYM) produced highest 
P contents (0.235%) in wheat plants which were 
followed by T11 (T2 + all P from PROM) and T7 (T1 
+ half P from mineral fertilizer + half P from PROM) 
that produced 0.228 and 0.220% P contents in wheat 
plants, respectively. While the minimum values P 
contents (0.118%) in wheat plants were measured 
with T1 (Recommended N, K and P = 0). According to 
data, T12 performed well than other tested treatments 
in term of P contents in wheat plants.
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Figure 7: Effect of various organic and chemical fertilizers alone and 
in combination on phosphorus content in wheat plants.

Potassium concentration in wheat plants (%)
Figure 8 showed the positive influence of added 
nutritional sources on K contents in wheat plants. 
However, among all treatments, maximum K contents 
(2.59%) in wheat were noted under the application of 
T11 (T2 + all P from PROM). Treatments T12 (T2 + 
all P from FYM) and T7 (T1 + half P from mineral 
fertilizer + half P from PROM) recorded 2.30 and 
2.28% K contents in wheat plants. Minimum K 
contents (1.57%) in wheat plants was obtained with 
T1 (Recommended N, K and P = 0). It is intimated 
from the results that T11 was found more efficient to 
produce optimum value of K contents in wheat plants.

Figure 8: Effect of various organic and chemical fertilizers alone and 
in combination on potassium content in wheat plants.

For plant development, phosphorus is considered as 
chief supplement and nutrient since it is engaged 
with cell vitality, movement, transfer, photosynthesis, 
and respiration (Brady and Weil, 2002). It helps in 
expanding the area of leaf, P content of shoot and 
root, weight of shoot dry of plants and crops as 
well and its inadequacy may lessen crop growth, 
development, blooming delaying maturity and flower 
development (Chaubey and Kaushik, 2000). P is 
essential and necessary in tissues of meristematic 
cells, where cells are quickly isolated and multiplied. 
It is basic segment of nucleic acids, phospho-proteins, 
numerous co-compounds of enzymes and phospho-
lipids. Deficiency of P continues biosynthesis of starch. 
Satisfactory phosphorus contents improve numerous 
parts of plant physiology, like photosynthesis 
processes, root elongation, improvement of parallel 
roots and rootlets of fibrous part (Turk and Tawaha, 
2002). 

Our findings are in contrast with the findings of 

Whalen et al. (2002) who described that application 
of FYM can increase the pH in soils. The achievement 
of greater pH values in manure amended soil over 
un-amended soil was due to buffering from organic 
acids as well as bicarbonates in cattle manure. These 
outcomes are in harmony with the verdicts of Dutta et 
al. (2003) who exposed that when inorganic fertilizers 
were applied along with organic fertilizers had a higher 
constructive impact on soil health and improves the 
soil EC than addition of organic fertilizers alone. 
Analogous results are also conveyed by Kaur et al. 
(2005) who stated that application of poultry manure 
and farm yard manure separately or in grouping 
with chemical fertilizers enhanced the status of 
organic matter contents of soil, EC, N, and K status. 
The reduction in soil organic matter contents with 
inorganic fertilizer may be due to stimulated decay of 
soil organic matter by the applied fertilizer which led 
to greater mineralization of nitrogen. Our results are 
further supported by the work of previous researcher 
Titilola (2006) who stated that organic matter in the 
soil increases significantly with organic fertilizer than 
inorganic fertilizer. A significant reduction of 59% 
in soil organic matter was observed with inorganic 
fertilizer. Similarly, Nesgea et al. (2012) also showed 
that application of organic manures enhanced the soil 
organic matter as compared to chemical fertilization. 

The increment in the soil P under combined 
application of chemical fertilizer and PROM might 
have been due to promising soil pH. The favorable 
pH has augmented the P solubility in soil (Sarwar 
et al., 2009). According to the findings of Singh et 
al. (2002) incorporation of manures including animal 
dung and press mud boosted the availability of organic 
matter which resulted in an increase of desorption of 
phosphate and enhanced the P content in the soil. 
The enhancement in soil K with organic manures is 
due to the direct addition of K to the available pool of 
soil and reduction in soil K absorption.
 
Similar conclusions were presented by Singh et al. 
(2001), Oo et al. (2010), Selvakumari et al. (2000), 
Dixit and Gupta (2000), Sarwar et al. (2009) as well as 
Chaubey and Kaushik (2000) who reported that when 
inorganic fertilizers were applied along with organic 
sources such as compost, farm yard manure and green 
manure caused excessive improvement in plant N 
contents. Our outcomes are further reinforced by 
the conclusions of Sabah et al. (2014, 2020) showing 
positive impact of nutrients application on growth 
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and yield of wheat as well as boosted the P contents 
in crop plant.
 
Conclusions and Recommendations

Incorporation of any source of nutrients either 
applied individually or in combination boosted the 
growth and nutrients contents in wheat as well as 
properties of the experimental soil. Among all tested 
treatments, highest N and K contents in wheat plants 
were recorded withT11 (T2 + all P from PROM). Soil 
organic matter was observed maximum with T5 (T1 + 
all P from compost). It is concluded that all treatments 
enhanced nutrient content of wheat significantly than 
no phosphorus application but T11 was found more 
effective for achieving the optimum results.

Acknowledgement

Authors are highly grateful to ORIC, University 
of Sargodha for providing funds to accomplish this 
research work.

Novelty Statement

Prom proved enriched source of P nutrition and en-
hanced nutrient content in wheat plants.

Author’s Contribution

Rana Amir Shahzad: Conducted the research trial.
Ghulam Sarwar: Supervised the trail.
Sabir Hussain Shah and Sher Muhammad: 
Technical assistance at every step for write up.
Mukkram Ali Tahir: Co-supervision of the trial.
Noor-us-Sabah: Statistical analysis.
Muhammad Aftab: Proof reading and final editing.
Muhammad Zeeshan Manzoor and Imran 
Shehzad: Helped in all field and lab. work.

Conflict of interest
The authors have declared no conflict of interest.

References

Aziz, T., Rahmatullah, M.A. Maqsood, M.A. 
Tahir, I. Ahmad and M.A. Cheema. 2006. 
Phosphorus utilization by six brassica cultivars 
(Brassica juncea L.) from tri-calcium phosphate, 
a relative insoluble compound. Pak. J. Bot., 38: 

1529-1530.
Brady, N.C. and R.R. Weil. 2002. pH of the soil 

phosphorus and Potassium. In: The Nature and 
Properties of Soils (13th Ed.). Upper Saddle 
River, NJ, Prentice-Hall, Inc.

Chaubey, A.K. and M.K. Kaushik. 2000. Influence 
of levels and sources of phosphorus on yield 
and nodules dry weight of summer green gram. 
Madras Agric. J., 87: 717-719.

Dixit, K.G., and B.R. Gupta. 2000. Effect of 
farmyard manure, chemical and biofertilizers on 
yield and quality of rice (Oryza sativa L.) and 
soil properties.  J. Indian Soc. Soil Sci.,  48(4): 
773-780.

Dutta, S., R. Pal, A. Chakraborty and K. Chakrabarti. 
2003. Influence of integrated plant nutrient 
supply system on soil quality restoration in a red 
and laterite soil. Arch. Agron. Soil Sci., 49(6): 
631-637. https://doi.org/10.1080/0365034031
0001599722

Gahoonia, T.S., F. Asmar, H. Giese, G.G. Nielsen 
and N.E. Nielsen. 2000. Root released organic 
acids and phosphorus uptake of two barley 
cultivars in laboratory and field experiments. 
Eur. J. Agron. Elsevier, 12: 281-289. https://doi.
org/10.1016/S1161-0301(00)00052-6

Ghosh, S.K., S. Hajra, A. Paek and M. Jayaram. 
2006. Mechanisms for chromosome and 
plasmid segregation. Annu. Rev. Biochem., 
75: 211-241. https://doi.org/10.1146/annurev.
biochem.75.101304.124037

Gill, M.A., F. Ahmad., T. Aziz. Rahmatullah and 
M.A. Tahir. 2004. Growth and phosphorus 
uptake by brassica cultivars growth with 
adequate and deficient phosphorus level. Pak. J. 
Agric. Sci., 41(3-4): 114-118.

Kaur, K., K.K. Kapoor and A.P. Gupta. 2005. Impact 
of organic manures with and without mineral 
fertilizers on soil chemical and biological 
properties under tropical conditions.  J. Plant 
Nutr. Soil Sci.,  168(1): 117-122. https://doi.
org/10.1002/jpln.200421442

Khan, W.U., F. Mohammad, F.U. Khan, F.Z. Zafar 
and G. Ghuttai. 2015. Correlation studies 
among productions traits in bread wheat under 
rainfed conditions. Am. Eurasian J. Agric. 
Environ. Sci., 15(8): 2057-2063.

Laghari, K.A., M.A. Sial, M.A., Arain, M.A., 
Dahot, M.S. Mangrio and A.J. Pirzada. 2010. 
Comparative performance of wheat advance 
lines for yield and its associated traits. World 

https://doi.org/10.1080/03650340310001599722
https://doi.org/10.1080/03650340310001599722
https://doi.org/10.1016/S1161-0301(00)00052-6
https://doi.org/10.1016/S1161-0301(00)00052-6
https://doi.org/10.1146/annurev.biochem.75.101304.124037
https://doi.org/10.1146/annurev.biochem.75.101304.124037
https://doi.org/10.1002/jpln.200421442
https://doi.org/10.1002/jpln.200421442


Maintenance of soil health through organic manures

June 2022 | Volume 35 | Issue 2 | Page 272 

Appl. Sci. J., 8(4): 34-37.
Mohanty, S., N.K. Paikaray and Z. Rajan. 2006. 

Availability and uptake of phosphorus from 
organic manures in groundnut (Arachis hypogea 
L.) sequence using radio tracer technique. 
Geoderma, 133: 225-230. https://doi.
org/10.1016/j.geoderma.2005.07.009

Moodie, C.D., N.W. Smith and R.A. McGreey. 
1959. Laboratory manual for soil fertility 
development in corn (Zea mays L.) and 
subsequent grain yield. Crop Sci., 11: 368-372.

Munir, M., M.A. Chaudhary and T.A. Malik. 
2007. Correlation studies among yield and its 
components in bread wheat under drought 
conditions. Int. J. Agric. Biol., 15 (2): 287-290.

Nesgea, S., H. Gebrekidan, J.J. Sharma and T. 
Berhe. 2012. Influence of inorganic and organic 
nutrient sources on soil properties and rain-
fed rice tissue nutrient content in Gambella, 
Ethiopia. Int. J. Biosci., 2(11): 146-165.

Olsen, S.R., C.V. Cole, F. Watanabe and L.A. Dean. 
1954. Estimation of available phosphorus in 
soils. US Dept. Agric., Circular No. 939.

Oo, A.N., P. Banterng, A. Polthanee and V. Trelo-
Ges. 2010. The effect of different fertilizers 
management strategies on growth and 
yield of upland black glutinous rice and soil 
property.  Asian J. Plant Sci.,  9(7): 414-420. 
https://doi.org/10.3923/ajps.2010.414.422

Ranjana and S. Kumar. 2013. Study of genetic 
variability and heritability over extended dates 
of sowing in bread wheat (Triticum aestivum 
L.). Res. Plant Biol., 3(1): 33-36.

Sabah, N.U., G. Sarwar and M.A. Tahir. 2014. Role 
of various nutritional sources for improving 
the yield of wheat under saline-sodic soil 
environment. Pak. J. Agric. Sci., 51(4): 963-967.

Sabah, N.U., M.A. Tahir, G. Sarwar and S. 
Muhammad. 2020. Role of organic amendments 
to enhance soil fertility status and wheat growth 
in salt affected soil. Pak. J. Agric. Res., 33(2): 
228-233. https://doi.org/10.17582/journal.
pjar/2020/33.2.228.233

Sarwar, G., 2005. Use of compost for crop 
production in Pakistan. Ökologie und 
Umweltsicherung. 26/2005. Universität 
Kassel, Fachgebiet Landschaftsökologie und 
Naturschutz, Witzenhausen, Germany.

Sarwar, G., H. Schmeisky, N. Hussain, S. 
Muhammad, M.A. Tahir and U. Saleem. 2009. 
Variations in nutrient concentrations of wheat 

and paddy as affected by different levels of 
compost and chemical fertilizer in normal soil. 
Pak. J. Bot., 41: 2403-2410.

Sawan, M.Z., A.H. Saeb, A.E., Basyony and A.R. 
Alkassas. 2006. Cottonseed, protein, oil yields 
and oil properties as influenced by potassium 
fertilization and foliar application of zinc and 
phosphorus. World J. Agric. Sci., 2: 66-74. 
https://doi.org/10.3989/gya.2007.v58.i1.7

Selvakumari, G., M. Baskar, D. Jayanthi and K.K. 
Mathan. 2000. Effect of integration of fly ash 
with fertilizers and organic manures on nutrient 
availability, yield and nutrient uptake of rice in 
Alfisols. J. Indian Soc. Soil Sci., 48(2): 268-278.

Shenoy, V.V. and G.M. Kalagudi. 2005. Enhancing 
plant phosphorus use efficiency for sustainable 
cropping. Biotechnol. Adv. J. Elsevier, 
23: 501-513. https://doi.org/10.1016/j.
biotechadv.2005.01.004

 Singh, K.N., B. Prasad and S.K. Sinha. 2001. Effect 
of integrated nutrient management on a Typic 
Haplaquant on yield and nutrient availability 
in a rice-wheat cropping system. Aust. J. Agric. 
Res., 52(8): 855-858. https://doi.org/10.1071/
AR00110

Singh, S., R.N. Singh, J. Prasad and B. Kumar. 
2002. Effect of green manuring, FYM and 
Biofertilizer in relation to fertilizer nitrogen on 
yield and major nutrient uptake by upland rice. 
J. Indian Soc. Soil Sci., 50(3): 313-314.

Steel, R.G.D., J.H. Torrie and D.A. Dicky. 1997. 
Principles and procedures of statistics, a 
biometrical approach. 3rd Ed. McGraw Hill, 
Inc. Book Co. NY, USA, pp. 352-358.

Titilola, A.O., 2006. Effects of fertilizer treatments 
on soil chemical properties and crop yields in 
a cassava-based cropping system.  J. Appl. Sci. 
Res., 2(12): 1112-1116.

Turk, M.A. and A.M. Tawaha. 2002. Impact of 
seedling rate, seeding date, rate and method 
of phosphorus application in faba bean (Vicia 
faba L. minor) in the absence of moisture stress. 
Biotechnol. Agron. Soc. Environ., 6: 171-178.

U.S. Salinity Laboratory Staff 1969. Diagnosis 
and Improvements of saline and alkali soils. 
Handbook No. 60. USDA. U.S. Govt. Printing 
Office, Washington, DC, USA.

Watanabe, F.S. and S.R. Olsen. 1965. Test of 
an ascorbic acid method for determining 
phosphorus in water and NaHCO3 
extracts from the soil. Soil Sci. Soc. Am. 

https://doi.org/10.1016/j.geoderma.2005.07.009
https://doi.org/10.1016/j.geoderma.2005.07.009
https://doi.org/10.3923/ajps.2010.414.422
https://doi.org/10.17582/journal.pjar/2020/33.2.228.233
https://doi.org/10.17582/journal.pjar/2020/33.2.228.233
https://doi.org/10.3989/gya.2007.v58.i1.7
https://doi.org/10.1016/j.biotechadv.2005.01.004
https://doi.org/10.1016/j.biotechadv.2005.01.004
https://doi.org/10.1071/AR00110
https://doi.org/10.1071/AR00110


Maintenance of soil health through organic manures

June 2022 | Volume 35 | Issue 2 | Page 273 

J., 29: 677-678. https://doi.org/10.2136/
sssaj1965.03615995002900060025x

Whalen, J.K., C. Chang and G.W. Clayton. 
2002. Cattle manure and lime amendments 

to improve crop production of acidic soils in 
northern Alberta. Can. J. Soil Sci., 82: 227-238. 
https://doi.org/10.4141/S01-030

https://doi.org/10.2136/sssaj1965.03615995002900060025x
https://doi.org/10.2136/sssaj1965.03615995002900060025x
https://doi.org/10.4141/S01-030

