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ABSTRACT
Present study was performed at Department of Soil and Environmental Sciences, University 
of Sargodha in 2017 to evaluate the efficiency of various commercially available domestic and 
imported DAP for growth of sunflower. In this experiment six treatments were used; T1 : Control, 
T2 : P from conventional DAP, T3 : P from Impregnated DAP, T4 : P from Reduced DAP, T5 
: P from Hifa DAP and T6 : P from environmentally smart DAP (polymer coated DAP). The 
duration of experiment was up to maturity of crop. After the completion of experiment different 
yield contributing parameter were recorded and analyzed by standard statistical procedures. It 
was concluded that smart fertilizers were the better source of plant nutrients for better growth 
and nourishment of sunflower. Applications of all types of DAP performed better in improving 
sunflower performance in comparison to conventional DAP. However, environmentally smart 
polymer coated DAP fertilizer performed better for improving plant height (22.25 cm), stem 
diameter (0.97 cm), head diameter (7.28 cm), fresh weight (35.88 g) and achene diameter (2.79 
cm) of sunflower as well as available P concentration (10.92 ppm). In short, environmentally 
smart polymer coated DAP fertilizer (T6) could be helpful to get maximum sunflower yield.
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INTRODUCTION
Sunflower (Helianthus annus L.) is a vital oilseed crop 
after soybean and cotton crop. Sunflower is produced 
at around 23 million hectares in 40 countries of the 
world (Thavaprakash et al., 2002). Sunflower as 
significant decor ability, as manufacturing of heads 
changeable by size and color of flower from cream to 
yellow. Sunflower cultivation area in world is 22.3 M ha 
while seed production is 45 M metric tons and average 
yield stands at 1.2 tons per hectare, respectively 
(FAO, 2017). For the production of grain, sunflower is 
a crop having a high phenotypic adaptability that can 
be cultivated in all continents (Arif et al., 2017). Due 
to its high fiber content and low calories, sunflower 
meal is seeking medicinal importance. Oil of sunflower 
is being employed in the manufacturing of soaps and 
detergents due to its viscous nature and lubricating 
ability (Abbadi et al., 2008; Ahmad et al., 2005).
Introduced in Pakistan in early 1970’s sunflower has 
achieved an important place in the agriculture of 
Pakistan. Enriched with minerals and vitamins and it 
is easily digestible by ruminants (Arshad et al., 2010). 
Sunflower crop is cultivated on 264,000 acres with the 

production of about 142,000 tons seed and 54000 tons 
of oil (GoP, 2019). Sunflower has gained importance 
as oil seed crop because of short duration and having 
ability to acclimate in variety of weather and soil 
situations (Thavaprakash et al., 2002). Despite all 
these, yield of this crop is below average due to poor 
fertility of soils (Anwar-ul-Haq et al., 2006).
Phosphorous (P) is an essential element for raising 
crops, (Holford, 1997). It is vital part of the nucleic 
acid of genes and chromosomes, phospho-protein and 
phospholipids. While world total reserves of P are in 
decline, thirst for P fertilizer is persistently increasing 
accross the globe (Cordell et al., 2009). Throughout the 
world, it is considered as difficult to be available due to 
its dependence on soil reaction being mostly available 
in the range of pH 6.5-7.5 (Aziz et al., 2006). Apatite 
formation of P becomes problematic in Pakistani soils 
because Pakistani soils are alkaline and calcareous 
in nature (Sharif et al., 2013) In Pakistan, about 90% 
soils are P deficient (Ahmad et al., 2006).Its shortage 
being more serious on Pakistani soils because on 
these soils, its management becomes more important 
in Pakistani soils because P is commonly present in 
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relatively insoluble tri-calcium phosphate form (Aziz 
et al., 2006).  For achieving better crop production, 
addition of P fertilizers is compulsory (Rashid and 
Memon, 2005).  Addition of P greatly affects crop yields 
and it application affects dry matter production and 
plant characteristics of sunflower (Ali, 2013).
For the growth of sunflower phosphorus is a major need 
as P deficiency inhibits growth and purple yellowing of 
leaves occur. It affects pinnacle, fruit growth and seed 
production. Flower size also decreases to half and 
fruit head is fall to one-third. P fertilizer is required to 
achieve best crop yields because phosphorus shortage 
in soils is a major restriction to crop production (Ali et 
al., 2014). In the world Agriculture productivity, might 
be improved by effective management of phosphorus 
because its deficiency occur in soils as a result of its 
fixation (Aziz et al., 2006; Tilman et al., 2002; Torber et 
al., 1999). 
One of the most important constraints in achieving 
sustainability in modern agriculture is the less 
efficiency of phosphatic fertilizers in soils with high pH 
and high calcium contents (Collins et al., 2008). This 
problem of efficiency is also prevalent in Pakistani 
soils (NFDC, 2003; Akhtar et al., 2008). Therefore, 
it is inevitable to increase the yield of crops without 
betterment of fertilizer use efficiency of fertilizers 
especially P. Literature reported several strategies to 
improve use efficacy of phosphatic fertilizers. In this 
regard microbes can play important role in increasing  
nutrient use  efficiency (Trolove et al., 2003; Lucy et 
al., 2004). One such technique is the employments 
of phosphorus solubilizing bacteria (impregnated 
DAP) that renders insoluble P as soluble by chelation-
mediated mechanism (Shahroona et al., 2008). 
Organic P is converted into inorganic P by these 
bacteria thereby, enhancing its availability (Parani and 
Saha, 2012). Similarly, use of coated DAP fertilizers 
also improves the efficiency of P fertilizers by providing 
a protection against reaction and subsequent fixation 
with soil components (Du et al., 2006; Imran et al., 
2018; Aziz et al., 2020). This technique makes such 
fertilizer efficient in terms of slowly releasing P and 
thereby, ensures its availability throughout the growth 
period in accordance with the needs of crops (Sharma, 
2006; Morgan et al., 2009). Keeping in view above 
scenario, a pot study was designed in order to check 
effectiveness of various commercially available DAP 
sources to improve growth and yield of sunflower 
(Helianthus annus L.).

MATERIALS AND METHODS
Current study was conducted in pots on phosphorus  
scarce environment to check effectiveness of different 

DAP sources (all almost containing 46 % P2O5) available 
in the market for improvement in growth and yield of 
sunflower (Helianthus annus L.) at Department of Soil 
and Environmental Sciences, University of Sargodha, 
Pakistan during 2017 with fine-loamy, mixed, hyper 
thermic, ustollic, haplargid soil (FAO, 2017). Hybrid 
seed of sunflower hysun-33 was collected from ICI 
Pakistan and used in this study. The seeds were 
sterilized after washing several times with distilled 
water. The experiment was conducted on sandy 
clay loam textured soil. The physical and chemical 
characteristics of soil were tested before sowing of 
crop (Table 1). Seeds were sown manually in each pot 
with seeds value of 5 seeds per pot. Hybrid seeds of 
sunflower were planted in each pot 15-20 days after 
germination extra plants removed and maintained as  
2 plants per pot. Statistical design was Completely 
Randomized Design (CRD). The pots were divided into 
six main groups according to domestic and imported 
DAP (contain 46 % P2O5) sources such as;

T1   =  Control (no external P)
T2   =  P as Conventional DAP
T3   =  P as Impregnated DAP
T4   =  P as Reduced DAP
T5   =  P as Hifa DAP
T6   =  P as Environmentally smart DAP

All the fertilizer treatments were applied according 
to the treatment plan @ 120-70-50 kg per hectare 
N as urea, P as DAP and K as sulfate of potash. 
After the harvesting of crops following parameters 
were recorded. Growth related parameters and 
available P content of sunflower were recorded using 
standard procedures. Olsen method was employed 
for determination of available P content (Olsen et al., 
1954). Statistical design used to analyze the data were 
Completely Randomized Design (CRD) and mean 
comparison were done by least significant difference 
(LSD) test at 5% probability level (Steel et al., 1997).

RESULTS AND DISCUSSION 

Plant height (cm)
Results indicated that the effect of DAP on plant height 
of sunflower showed substantial increase in plant height 
by all treatments (Fig. 1). The maximum plant height 
(22.25cm) of sunflower was recorded in the treatment 
(T6). On the other hand, minimum plant height was 
found in control (15.8cm). It was noticed that T6 where 
environmentally smart DAP was applied was the best 
treatment with respect to plant height and proved 
superior as compared to other treatments. Application 
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of inorganic fertilizers improved the plant growth. 
However, this impact was more pronounced when 
environmentally safe DAP fertilizers (coated polymer 
DAP) was used. Which resulted in slow release of P 
from DAP and subsequent protection from losses due 
to fixation of P with soil components. Improvement in 
growth media nutrition ultimately resulted in better crop 
growth and yield. These results are accorded with the 
finding of Aziz et al. (2020) and Imran et al. (2018). Noor 
et al. (2017) also suggested that application of polymer 
coated fertilizers improved the growth and nutrition 
of plants by reducing the losses and maintaining the 
provision of P consistently during the growth period.

Stem diameter (cm)
Data regarding stem diameter indicated that stem 
diameter gave considerable response to DAP fertilizer 
(Fig. 2). It was found that stem diameter indicated that 
DAP fertilizer had significant effect on stem diameter 

of sunflower plant. The maximum stem diameter 
(0.97 cm) of sunflower was recorded in treatment T6. 
On the other hand, stem diameter of (0.78 cm) and 
(0.85cm) was noted with T2 and T3. The treatments T4 
and T5 were statistically non-significant with each other  
showing (0.95cm) stem diameter of sunflower in both 
treatments. The lowest stem diameter of sunflower  
obtained with T1 (control). Improvement in growth 
and growth parameters of sunflower is due to better 
provision of nutrients from coated or impregnated DAP 
as compared to conventional DAP that was non coated 
(Noor et al., 2017; Imran et al., 2018; Aziz et al., 2020).

Head diameter:
Data about head diameter indicated that DAP fertilizer 
had significant effect on head diameter of sunflower 
plant (Fig. 3). The maximum head diameter (7.28 cm) 
of sunflower was recorded in treatment T6. While, head 

Table 1.  Original analysis of soil used in experiment

Sr. No. Determinations Unit Value
1 Saturation percentage % 29.0
2 pHs - 8.15
3 ECe dS m-1 1.28

4 Carbonates (CO3
2-) m molcL-1 -

5 Bicarbonates (HCO3
-) m molcL-1 4.95

6 Chlorides (Cl-1) m molcL-1 4.8

7 Sulphates (SO4
2-) m molcL-1 3.05

8 Calcium + Magnesium (Ca2++ Mg2+) m molcL-1 4.8

9 Sodium (Na+) m molcL-1 7.4
10 Sodium adsorption ratio (SAR) (m mol L-1)1/2 4.77
11 Clay % 25.0
12 Silt % 22.0
13 Sand % 53.0
14 Textural class - Sandy clay loam
15 Organic matter % 0.65
16 Available Phosphorus/ Olsen P mg/kg 6.00
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diameter of (6.55 cm) and (6.78 cm) was noted with 
T2 and T3. The lowest head diameter of sunflower was 
obtained with T1 (5.5 cm). These results are accorded 
with the findings of Huett and Gogel (2000); Niemiera 
and Leda (2007); Shoji et al. (2001); Simonne and 
Hutchinson (2005); Yaseen et al. (2017).

They reported an increase in grain yield and growth of 
crop plants by the application of coated DAP fertilizers 
as compared to conventional DAP (non-coated). The 
possible reasons could be higher availability of P from 
environmentally safe (coated) DAP and favorable 
growth conditions of media that ultimately lead to 
better plant growth. Noor et al. (2017) and Imran et al. 
(2018) also supported these findings and reported that 
P application was significant increase in plant growth. 
The increase in grain yield and yield parameters by 
using coated DAP might have resulted from better crop 
growth and net assimilation rate. Hussain and Haq 
(2000) and Amanullah et al. (2009) also supported 
these findings by concluding that phosphorus fertilizers 
influence crop growth and yields.

Fresh weight:
Fresh weight of the plants was indicated in Fig. 4. It 
determines the biological yield of sunflower plant.  It 
was noticed that among all the treatments, maximum 
fresh weight (35.88 g/plant) of sunflower was obtained 
with treatment (T6). On the other hand, fresh weight of 
treatment (T2, T3, T4 and T5) was obtained 16.75, 18.5, 
24.19, 25.37 g/plant. The minimum fresh weight of 
sunflower was obtained with T1 (13.125 g/plant) which 
was control. It was concluded that maximum increase 
in growth, and yield of sunflower plants was obtained 
by the application of environmentally smart DAP. It   
concluded that smart fertilizers are the better source 

for better growth and nourishment (Irfan et al., 2017; 
Sarkar et al., 2018). Use of coated DAP fertilizers 
(Environmentally safe) also improved the efficiency of 
P fertilizers by providing a protection against reaction 
and subsequent fixation with soil components (Imran 
et al., 2018).  This technique makes such fertilizer 
efficient in terms of slowly releasing P and thereby, 
ensures its availability throughout the growth period 
in accordance with the needs of crops (Yaseen et al., 
2017). Similarly, Huett and Gogel (2000), Niemiera and 
Leda (2007); Ali et al. (2014); Simonne and Hutchinson 
(2005) also reported enhancement in growth and yield 
by the employment of coated DAP.

Shoot dry biomass: 
Dry biomass of the sunflower plants was plotted in 
Fig. 5. It was noticed that highest dry biomass (30.2 
g/plant) of sunflower was obtained with treatment 
(T6). Conversely, lowest dry biomass (10.1 g/plant) 
of sunflower was obtained with T1 i.e., control. It was 
concluded that environmentally smart DAP resulted 
in maximum increase in growth, as well as yield of 
sunflower plants. Thus, smart fertilizers are the better 
source for better growth and nourishment (Aziz et al., 
2020; Yaseen et al., 2007). Use of coated DAP fertilizers 
(Environmentally safe) also improved the efficiency of 
P fertilizers by providing a protection against reaction 
and subsequent fixation with soil components (Imran 
et al., 2018).  Outcomes of many researchers match 
with our conclusions Huett and Gogel (2000); Niemiera 
and Leda (2007); Shoji et al. (2001); Simonne and 
Hutchinson (2005); Yaseen et al. (2017).

Root biomass:
Data related to dry root biomass of sunflower as 
depicted in Fig. 6 indicted that highest root dry biomass 
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(21.1 g/plant) of sunflower was obtained with treatment 
(T6). On the other hand, lowest dry biomass (15 g/
plant) sunflower of sunflower was obtained with T1 
i.e., control. It was concluded that environmentally 
smart DAP resulted in that maximum increase in root 
dry biomass of sunflower due to persistent availability 
of P without fixation. Thus, smart fertilizers are the 
better source for growth and nourishment (Ali et al., 
2014; Aziz et al., 2020). Use of coated DAP fertilizers 
(Environmentally safe) also improved the efficiency of 
P fertilizers by providing a protection against reaction 
and subsequent fixation with soil components (Imran 
et al., 2018).  Outcomes of this study were favored by 
many researchers (Huett and Gogel, 2000; Niemiera 
and Leda, 2007; Shoji et al., 2001; Simonne and 
Hutchinson, 2005).

Achene diameter
Data pertaining to achene diameter of the plants were 
shown in Fig. 7. Among all the treatments, maximum 
achene diameter (2.79 cm) of sunflower was obtained 
with treatment (T6). While, least achene diameter of 

sunflower was obtained with T1 (control) with numerical 
value of 1.46 cm. It was found that treatment T6 
(Environmentally smart DAP) was best among all other 
treatments. Improvement in achene diameter was also 
contributed to better uptake of nutrients by sunflower 
due to persistent release of nutrients from coated DAP 
as compared to uncoated or conventional DAP (Xiang 
et al., 2008; Imran et al., 2018).

P content in sunflower seed and shoot
The response of imported and domestic DAP sources 
was recorded on the seed P content (Fig. 8). Results 
ranged from 0.190-2.981% showed that exogenous 
application of P enhanced P content in shoot and seed. 

Fig. 9 depicted P content of shoot tissues, where 
maximum P content was recorded in T6 (0.681%) as 
compared with T1 (0.311%). This numerically higher 
value in T6 might be attributed to novel chemistry of 
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DAP compound. Available phosphorus in growth 
environment determined the availability of P to 
sunflower plant. It was found that available P content 
was significantly higher in all treatments as compared 
to control.

Soil available P content
However, statistical analysis suggested that treatment 
T6 proved superior in this regard and resulted in 
maximum available P concentration (10.92 ppm) 
followed by (9.50 and 9.40 ppm) in T5 and T4. On the 
other hand, minimum available P was found in T1  
where no source of P was applied showing the value of 
6.50 ppm (Fig. 10). Application of mineral fertilizers like 
DAP being instant source of P improved the available 
P content of growth media (Aziz et al., 2006). Available 
P content of growth media was also enhanced in 
all the treatments where DAP was improved by 
innovative approaches such as impregnated DAP 

and environmentally safe DAP coated with polymers 
(Fig. 10). This might be due to lesser probability of 
interaction of P with soil components (Xiang et al. 
2008). Similarly, polymer-coated fertilizers provided 
a remedy to increase efficiency of P fertilizers in our 
soils by protecting it from reaction and fixation with 
soil components and thereby increasing P availability 
(Ali et al., 2017; Imran et al., 2018). Polymer-coated 
phosphatic fertilizers gradually released phosphate 
contents in order to maintain adequate P level in soil 
solution according to plant requirements (Sharma, 
2006; Sarkar et al., 2018; Sarkar et al., 2020).

CONCLUSION
It was concluded that maximum increase in growth, 
and yield of sunflower plants was obtained by the 
application, of new chemistry of DAP as compared 
to commercial DAP. Moreover, environmentally smart 
fertilizers being coated with polymers were proved to 
be the better source of plant phosphorus nutrition for 
better growth and nourishment.

REFERENCES 
Abbadi, J., J. Gerendas and B. Sattelmacher. 2008. 

Effects of nitrogen supply on growth, yield and 
yield components of safflower and sunflower. Plant 
and Soil, 360:167-180.

Ahmad, G., A. Jan. F. Subhan, M. Akbarand Z. Shah. 
2005. Exploring the optimum plant population and 
nitrogen requirements for higher yield of sunflower 
hybrid Gulshan-98. Sarhad J. Agric., 21:373-375.

Ahmad, W., Rehmatullah, M.A. Gill and T. Aziz. 2006. 
Bioavailability of inorganic phosphorus fractions in 
calcareous soils estimated by neubauer technique, 
iron‐impregnated filter paper, and chemical tests. 
Communications in Soil Science and Plant 
Analysis. 37(9-10):1185-1193.

Akhtar, M.S., Y. Oki and T. Adachi. 2008. Genetic 
variability in phosphorus acquisition and utilization 
efficiency from sparingly soluble P-sources by 
Brassica cultivars under P-stress environment. J. 
Agron. Crop Sci., 194:380-392.

Ali, A. 2013. Nitrogen and phosphorus management 
strategy for better growth and yield of sunflower 
(Helianthus annuus L.) hybrid. Soil Environment, 
32(1):44-48.

Ali, A., M. Sharif, F. Wahid, Z.Q. Zhang, S.N.M. Shah, 
Rafiullah, S. Zaheer, F. Khan and F. Rehman. 
2014. Effect  of  composted  rock  phosphate  
with organic  materials  on  yield and phosphorus 
uptake of berseem and maize. Am. J. Plant Sci., 
5:975-984.

Ali, I., A. Mustafa, M. Yaseen and M. Imran. 2017. 



J. Agric. Res. 2022, 60(1)

                                                   Enhancing sunflower productivity through different phosphorus fertilizer sources   

23

Polymer coated DAP helps in enhancing growth, 
yield and phosphorus use efficiency of wheat 
(Triticum aestivum L.), Journal of Plant Nutrition, 
40(18): 2587-2594.

Amanullah, R.A. Khattak and S.K. Khalil. 2009. Effects 
of plant density and N on phenology and yield of 
maize. J. Plant Nutr., 32(3):245-259.

Anwar-ul-Haq, M.A. Rashid, M.A. Butt, M. Akhter, 
M. Aslam and A. Saeed. 2006. Evaluation of 
sunflower (Helianthus annuus L.) hybrids for yield 
and yield components in central Punjab. J. Agri. 
Res., 44:277-285.

Arif, M., S., S.M. Shahzad, M. Riaz, T. Yasmeen, 
T. Shahzad, M.J. Akhtar, L. Bragazza and 
A. Buttler. 2017. Nitrogen enriched compost 
application combined with plant growth promoting 
rhizobacteria (PGPR) improves seed quality and 
nutrient use efficiency of sunflower. J. Plant Nut. & 
Soil Sci., 180 (4):464-473.

Arshad, M., M.A. Khan, S.A. Jadoon and A.S. Mohmand. 
2010. Factor analysis in sunflower to investigate 
desirable hybrids. Pak. J. Bot., 42:4393-4402.

Aziz, M.Z., M. Yaseen, M. Naveed, X. Wang, K. 
Fatima, Q. Saeed and A. Mustafa. 2020. Polymer-
Paraburkholderia phytofirmans PsJN Coated 
Diammonium Phosphate Enhanced Microbial 
Survival, Phosphorous Use Efficiency, and 
Production of Wheat. Agronomy, 10:1-17. 

Aziz, T., M.A. Rahmatullah, M.A. Maqsood, M.A. Tahir, 
I. Ahmad and M.A. Cheema. 2006. Phosphorus 
utilization by six Brassica cultivars (Brassica 
junceaL.) from tri-calcium phosphate; a relatively 
insoluble P compound. Pak. J. Bot. 38:1529-1538.

Collins N.C., F. Tardieu and R. Tuberosa. 2008. 
Quantitative trait loci and crop performance under 
abiotic stress: Where do we stand? Plant Physiol., 
147:469-486.

Cordell D, J.O. Drangert  and  S. White. 2009. The 
story of phosphorus: global food security and 
food for thought. Global Environmental Change, 
19:292-305.

Du, C.W., J.M. Zhou and A. Shaviv. 2006. Release 
characteristics of nutrients from polymercoated 
compound controlled release fertilizers. J. Polym. 
Environ., 14:223-230.

FAO. 2017. Soil Fertility Atlas of Pakistan: The 
Punjab Province, Islamabad, Pakistan. Available 
online with update at http : // www. ffc. com. pk / 
marketing-group / kashtkar - desk / soil - fertility - 
atlas- of-pakistan-punjab/.

GoP. 2018-2019. Agricultural statistics of Pakistan. 
Ministry of Food, Agriculture and Livestock. 
Government of Pakistan, Islamabad.

Holford, I.C.R. 1997. Soil phosphorus: its measurement 
and its uptake by plants. Australian Journal of Soil 
Research, 35:227–239.

Huett, D.O. and B.J. Gogel. 2000. Longevities and 
nitrogen, phosphorus, and potassium release 
patterns of polymer-coated controlled release 
fertilizers at 30°C and 40°C. Commun Soil Sci. 
Plant Anal., 31:959-973.

Hussain, M.Z. and I. U. Haq. 2000. Phosphorus 
absorption  capacities  of  KP   soils. In: 
Proceedings of Symposium on integrated plant 
nutrient management held at Islamabad, Pakistan. 
p. 284-296.

Imran, M., M. Irfan, M. Yaseen and N. Rasheed. 
2018. Application of glycerin and polymer coated 
diammonium phosphate in alkaline calcareous 
soil for improving wheat growth, grain yield and 
phosphorus use efficiency. J. Crop Sci. Biotech., 
21(5):425-434.

Irfan M., J.A. Shah, M. Abbas. 2017. Evaluating the 
performance of mungbean genotypes for grain 
yield, phosphorus accumulation and utilization 
efficiency. J. Plant Nutr., 40:2709-2720.

Lucy, M., E. Reed and B.R. Glick. 2004. Application 
of free-living plant growth-promoting rhizobacteria. 
Antonie van Leeuwenhoek. 86:1-25.

Morgan, K.T., K.E. Cushman and S. Sato. 2009. 
Release mechanisms for slow-and controlled-
release fertilizers and strategies for their use in 
vegetable production. Hort. Technol., 19:10-12

NFDC. 2003. Fertilizer Recommendations for Crops: 
Fertilizer Recommendations in Pakistan (a pocket 
guide for extension workers). National Fertilizer 
Development Centre, Islamabad, Pakistan.

Niemiera, A.X. and C.E. Leda. 2007. Nitrogen leaching 
from Osmocote fertilized pine bark at leaching 
fractions of 0 to 0.4. J. Environ. Hort., 11:75-77.

Noor, S., M. Yaseen, M. Naveed and R. Ahmad. 2017. 
Use of controlled release phosphatic fertilizer 
to  improve  growth, yield  and  phosphorus  use 
efficiency  of  wheat  crop. Pak. J. Agri. Sci., 
54:541-547.

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

Parani, K. and B.K. Saha. 2012. Prospects of 
using phosphate solubilizing Pseudomonas as 
biofertilizer. Eur. J. Biol. Sci., 4:40-44.

Rashid. A. and K.S. Memon. 2005. Soil Science. 
3rd print, National Book Foundation, Islamabad, 
Pakistan, p. 291-316.

Sarkar, A., D.R. Biswas, S.C. Datta, T. Roy, P.C. 
Moharana, S.S. Biswas and A. Ghosh. 2018. 



J. Agric. Res. 2022, 60(1)

H. Mustafa et al.

24

Polymer coated novel controlled release rock 
phosphate formulations for improving phosphorus 
use efficiency by wheat in an Inceptisol. Soil and 
Tillage Research, 180:48-62.

Sarkar, A., D.R. Biswas, S.C. Datta, T. Roy, S.S. 
Biswas, A. Ghosh, M. Saha, P.C. Moharana and 
R. Bhattacharyya. 2020. Synthesis of Poly (vinyl 
alcohol) and Liquid Paraffin-Based Controlled 
Release Nitrogen-Phosphorus Formulations for 
Improving Phosphorus Use Efficiency in Wheat. 
Journal of Soil Science and Plant Nutrition, 
20(4):1770-1784.

Shaharoona, B., M. Naveed, M. Arshad and Z.A. 
Zahir. 2008. Fertilizer dependent efficiency of 
Pseudomonads for improving growth, yield and 
nutrient use efficiency of wheat (Triticum aestivum 
L.). Appl.Microbiol. Biotechnol., 79:147-155.

Sharif, M., T. Burni, F. Wahid, F. Khan, S. Khan, A. 
Khan and A. Shah. 2013. Effect of rock phosphate 
composted with organic materials on yield and 
phosphorus uptake of wheat and mung bean 
crops. Pak. J. Bot., 45(4):1349-1356.

Sharma, K.N.S. 2006. Soil phosphorus fraction 
dynamics and phosphorus sorption in a 
continuous maize–wheat cropping system.18th 
World Congress Soil Sci. July 9-15 Philadelphia, 
Pennsylvania, USA.

Shoji, S., J. Delgado, A. Mosier and Y. Miura. 2001. 
Use of controlled release fertilizers and nitrification 
inhibitors to increase nitrogen use efficiency and to 
conserve air and water quality. Commun Soil Sci. 
Plant Anal., 32:1051-1070.

Simonne, E.H. and C.M. Hutchinson. 2005. Controlled-
release fertilizers for vegetable in the era of best 
management practices: Teaching new tricks to an 
old dog. Hort. Technol., 15:36-46.

Steel, R.G.D., J.H. Torrie and D.A. Dicky. 1997. 
Principles and Procedures of Statistics-A 
Biometrical Approach, Singapore: McGraw-Hill 
Book, Singapore.

Thavaprakash, N., S.D. Siva Kumar, K. Raja and G.S. 
Kumar. 2002. Effect of nitrogen and phosphorus 
levels and ratios on seed yield and nutrient uptake 
of sunflower hybrid Dsh-I. Helia, 25:59-68.

Tilman,  D., K.G. Cassma,  P.A.  Matson, R.  Naylor  
and S. Polasky.  2002. Agricultural   sustainability  
and intensive   production   practices.  Nature,  
418:671-677.

Torbert, H.A., K.N. Potter, D.W. Hoffman, T.J. Gerik 
and C.W. Richardson. 1999. Surface residue and 
soil moisture affect fertilizer loss in simulated runoff 
on a heavy clay soil. Agron. J. 91:606-612.

Trolove, S.N., M.J. Hedley, G.J.D. Kirk, N.S. Bolan and 

P. Loganathan. 2003. Progress in selected areas 
of rhizosphere research on P acquisition. Aust. J. 
Soil Sci. 41: 471–499.

Xiang, V., J.J. Yun, H. Ping and L.M. Zao. 2008. Recent 
advances on the technologies to increase fertilizer-
use efficiency. Agric. Sci. China, 7:469-479.

Yaseen, M., M.Z. Aziz, A. Manzoor, M. Naveed, Y. 
Hamid, S. Noor and M.A. Khalid. 2017. Promoting 
growth, yield, and phosphorususe efficiency 
of crops in maize-wheat cropping system by 
using polymer-coated diammonium phosphate. 
Commun. Soil Sci. Plant Anal., 48:646-655.



J. Agric. Res. 2022, 60(1)

                                                   Enhancing sunflower productivity through different phosphorus fertilizer sources   

25

CONTRIBUTION OF AUTHORS
Sr. No. Author’s name Contribution Signature

1. Hira Mustafa Conducted the research and wrote-up the manuscript

2. Mukkram Ali Tahir Supervisor

3. Noor-us-Sabah Member of supervisory committee

4. Ghulam Sarwar Member of supervisory committee

5. Muhammad Zeeshan Manzoor Helped in laboratory analysis

6. Muhammad Aftab Contibuted in sample and data analysis

7. Abid Niaz Contributed in paper write-up

8. Aneela Riaz Proof read the manuscript


