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1. INTRODUCTION 

Sunflower (Helianthus annuus L.) is an 
important oilseed crop, the use of sunflower 
seed by industry has rapidly increased [1]. 
Sunflower is an outstanding comparison 
species for plant physiology studies given its 
complete life cycle, large stationary organ, 
large seeds, and short duration of growth. 
Sunflower, being a local and economic source, 
is oil-rich and globally grown for the needs of 

the industry [2]. Pakistan is currently severely 
deficient in edible oil. Consumption of edible 
oil in Pakistan is directly related to the 
population while the production of edible oil is 
decreasing year by year. The domestic 
production of edible oil is 565 million tones 
and import is 2489 million tones, 82% of the 
oil is imported, cost of edible oil imported is 
142.1 billion rupees [3]. In domestic 
production major share comes from cotton seed 
contributing 53% of total domestic production; 
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ABSTRACT  

The analysis of variance demonstrated a significant (P<0.05) effect 
of various phosphorous rates on sunflower. The application was 
comprised of different phosphorous rates, i.e., P=0 kg ha-1 (control), 
P=42 kg ha-1 (30% < Recommended), P=48 kg ha-1 (20% < 
Recommended), P=60 kg ha-1 (recommended), P=72 kg ha-1 (20% 
> Recommended), and P=78 kg ha-1 (30% > Recommended). 
Statistical analysis showed that varying phosphorous rates 
significantly impacted sunflower growth and yield when compared 
to the control level of 0.00 kg ha-1. The test revealed that adding 78 
kg ha-1 (30% more than recommended) of phosphorous resulted in 
the highest plant height (170.59 ± 1.261a), stem girth cm (8.80 
±0.138a), head diameter (cm) plant-1 (8.80 ±0.138a), seeds head-1 
(2013.7 ± 2.292a), seed index (1000-seed weight, g) (62.42 ± 
0.223a), highest seed weight head-1 (g), (82.54 ± 1.494a), seed yield 
(kg ha-1) (2401.7 ± 9.643a), and the oil content % (42.49 ± 0.363a). 
However, phosphorous 0 kg ha-1 (control) demonstrated the 
minimum results and was observed with plant height cm 146.67 
±0.950e, stem girth 4.78 ±0.152e cm, head diameter (cm) 30.99 ± 
0.633e cm, seeds head-1 (1105.7 ± 0.633e), seed index (1000-seeds 
weight) (41.55 ± 0.696e), seed weight head-1 (g) (62.06 ± 1.115e), 
and oil content of (32.96 ± 1.644e). The experiment's results 
demonstrated that a phosphorous rate of 72 kg/ha (20% more than 
recommended) was suitable for achieving the maximum sunflower 
yield, as there were no significant differences when the phosphorous 
level was increased to 78 kg/ha (30% more than recommended). 

Keywords:  
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Doses, Sunflower, 
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sunflower 33%; rape seed 9% and canola 5%. 
Potential crops, which can meet some 
requirements of edible oil in the country, 
include sunflower, rape seed mustard and 
canola [4]. The sunflower crop has tolerance to 
drought and high temperatures. Consequently, 
sunflower is an alternative for rural producers 
located in semiarid regions [5]. In addition to 
adapting to semiarid regions, sunflower has 
desirable agronomic characteristics, such as a 
short cycle, good productivity, and high oil 
quality and yield, allowing the producer to 
obtain a human and animal food source and 
economic returns in the short term [6]. Highly 
productive crops are achieved through the 
careful adjustment of agricultural practices 
such as tillage, fertilization, weed 
management, and phytosanitary control [7] and 
[8]. For sunflower, balanced nutrition directly 
affects the production of achenes, oil, and fatty 
acid content [9]. Considering various causes 
that lead to low yields, management of 
fertilizers might be of great significance [10]. 
As mentioned in other studies it has also been 
noted that 88% of the Pakistani soils are low in 
phosphorous [11]. To improve the yield and 
quality of sunflower oil, especially 
phosphorous fertilization should be given 
attention [12]. Phosphorous, one of the most 
necessary mineral elements for general plant 
growth and development plays a basic function 
found both in nucleic acids and nucleoproteins, 
which drive the DNA and RNA molecular 
activity [13]. Phosphorus is one of the essential 
nutrients for the growth and development of 
plants. It plays an important role in the 
regulation of various physiological processes 
[14]. High oil content in the seed is significant; 
it contributes to the transportation of 
carbohydrates and protein synthesis, it 
occupies an important place in the energy 
transfer reactions of photosynthesis and 
respiration, by increasing the number of 
flowers and filling developing grains, it also 
increases the size and weight of the grain 
[15],[16],[17]. It has a function akin to that of 

chlorophyll and, by its configuration, enables 
carbohydrates as well as proteins to be 
converted into fat. In this research, the impact 
of the various phosphorus perfusion doses on 
the yield and yield parameters of the plant in 
the Ziyareddin variety seeded in the soils with 
characteristics simulating the conditions of the 
system: Kayseri was investigated [18]. The 
amount of phosphorus in the soil depends on 
management practices, and it is prone to 
environmental loss and transformation. Short-
term crop production and optimum nutrient 
factor levels can be ensured if the nutrient 
supply rates can be matched with the crop 
uptake pattern [19]. The effects of phosphorus 
dose are tenable and a primary component of 
agronomic sunflower. Phosphorus uptake and 
translocation are positively correlated with 
grain yield. When phosphorus is not available 
in sufficient quantities, plant growth is stunted 
and its yield is decreased [20], [21]. 

2. MATERIALS AND METHODS 

2.1 Methodology 

The objective of the field experiment was to 
find to evaluate the effect of phosphorus rate on 
the growth and yield of sunflower and to find 
out the suitable dose of phosphorus for 
obtaining maximum yield of sunflower. A 
complete randomized block design was used 
for the experiment, and the net plot size was 6 
m x 3 m = 18 m2. The recommended methods 
for getting the land ready for sunflower crops 
were put into practice. Three replications of the 
study were conducted, with a focus on the local 
variety HO-1. Phosphorus was one of the 
fertilizers added to the soil. The sunflower crop 
received two timely irrigations, and measures 
were taken to control diseases, weeds, and 
pests at the experimental sites. 

2.2 Culture Practices 

Two rounds of ploughing and surface leveling 
were used to meticulously prepare the soil. 
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Throughout the first ten days after crop 
formation, five plants from each plot were 
chosen at intervals of five days in order to 
observe the agronomical characteristics of the 
plants. All of which were recorded. 

2.3 Different Treatments of Phosphorus  

T1 = Phosphorus 00 kg ha-1 (control) 
T2 = phosphorus less than 30% 42 kg ha-1 
T3 = phosphorus less than 20% 48 kg ha-1 
T4 = phosphorus 60 kg ha-1 (recommended rates) 
T5 = phosphorus more than 20% 72 kg ha-1 
T6 = phosphorus more than 30% 78 kg ha-1 

Fifteen plants were taken from each 
experimental unit throughout the maturity 
stage in order to determine their plant height 
(cm), stem girth (cm), head diameter (cm). The 
seed heads were separated from each plant, 
threshed, and used to calculate the number of 
seeds head-1, seed weight head-1 (g), weight of 
1000 seeds (seed index), seed yield (kg ha-1), 
and oil content (%). 

2.4 Analytical Statistics 

Using the computer program Statistix-8.1, the 
gathered data was treated to an ANOVA 
(Statistics, 2006). LSD (Least Significant 
Difference) was used to analyzed treatment 
differences at P<0.05. 

3. RESULTS 

3.1 Plant Height (cm) Plant-1 

Table 1 Analysis of variance (p <0.05) showed 
that varying phosphorous rates significantly 
impacted sunflower growth and yield. The 
sunflower yielded results at various levels of 
phosphorus. The highest plant height (cm) of 
(170.59 ± 1.261a) was recorded in Treatment 6 

= phosphorus, more than 30 % 78 kg ha-1. 
Followed by Treatment 5 = phosphorus, more 
than 20% 72 kg ha-1 plant height (cm) of (167.58 
±0.772a). Further, the minimum plant height 
(cm) of (146.67 ±0.950e) was observed in 
control Treatment 1 = phosphorus 0 kg ha-1 
(control). 

3.2 Stem Girth (cm) 

Table 1 Analysis of variance (p <0.05) showed 
that varying phosphorous rates significantly 
impacted sunflower growth and yield. The 
sunflower yielded results at various levels of 
phosphorus. The stem girth (cm) of 8.80 
±0.138a was recorded in Treatment 6 = 
phosphorus, more than 30% 78 kg ha-1. 
Followed by Treatment 5 = phosphorus, more 
than 20% 72 kg ha-1 stem girth (cm) of 8.76 
±0.125a. Further, the least stem girth (cm) of 
4.78 ±0.152e was observed in control 
Treatment 1 = Phosphorus 0 kg ha-1 (control). 

Table 1. Agronomic traits of sunflower are affected by sole and integrated applied soil fertilizers 

Treatments Plant height 
(cm) 

Stem girth 
(cm) 

Head diameter 
(cm) 

T1 = Phosphorus 00 kg ha-1 (Control)   146.67 ±0.950e 4.78 ±0.152e 30.99 ± 0.633e 
T2 = Phosphorus less than 30% 42 kg ha-1 150.71 ±4.274d 5.51 ±0.068d 36.71 ± 0.317d 
T3 = Phosphorus less than 20% 48 kg ha-1 154.81 ±1.163c 6.63 ±0.037c 40.55 ± 1.082c 
T4 = Phosphorus 60 kg ha-1 (Recommended 
rates) 164.78 ±0.988b 7.64 ±0.036b 44.19 ± 0.647b 

T5 = Phosphorus more than 20%  72 kg ha-1 167.58 ±0.772a 8.76 ±0.125a 48.68 ± 0.259a 
T6 = Phosphorus more than 30% 78 kg ha-1 170.59 ± 1.261a 8.80 ±0.138a 49.70 ± 2.292a 
S.E.± 1.6252 0.0895 0.9070 
LSD 0.05 2.228 2.228 2.228 
P-value 0.0000 0.0000 0.0000 
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3.3 Head Diameter (cm) Plant  

Table 1 Analysis of variance (p <0.05) showed 
that varying phosphorous rates significantly 
impacted sunflower growth and yield. The 
results demonstrated a significant impact on 
sunflower growth and yield at various levels of 
phosphorus. The head diameter (cm) plant-1 of 
8.80 ±0.138a was recorded in Treatment 6 = 
phosphorus, more than 30% 78 kg ha-1. 
Followed by Treatment 5 = phosphorus, more 
than 20% 72 kg ha-1 head diameter (cm) plant-
1 of (8.76 ±0.125a). Further, the minimum 
head diameter (cm) plant-1 of 4.78 ±0.152e 
was observed in control Treatment 1 = 
Phosphorus 0 kg ha-1 (control). 

3.4 Seeds Head  

Table 2 Analysis of variance (p <0.05) showed 
that varying phosphorous rates significantly 
impacted sunflower growth and yield. The 
sunflower yielded results at various levels of 
phosphorus. The seeds head-1 of (2013.7 ± 
2.292a) was recorded in treatment Treatment 6 
= phosphorus, more than 30% 78 kg ha-1. 
Followed by Treatment 5 = phosphorus more 
than 20% 72 kg ha-1 seeds head-1 of (1815.7 ± 
0.259b). Further, the minimum seeds head-1 of 
(1105.7 ± 0.633e) was observed in control 
Treatment 1 = Phosphorus 0 kg ha-1 (control). 

3.5 Seed Index (1000-Seed Weight, g) 

Table 2 Analysis of variance (p <0.05) showed 
that varying phosphorous rates significantly 
impacted sunflower growth and yield. The 
result showed that a seed index (1000-seed 
weight, g) was (62.42 ± 0.223a) in Treatment 6 
= phosphorus, which is more than 30% 78 kg 
ha-1. T5 = phosphorus more than 20% 72 kg 
ha-1 seed index (1000-seed weight, g) of 
(61.64 ± 0.640a). Additionally, the least seed 
index (1000-seed weight, g) of (41.55 ± 
0.696e) was recorded in control T1 = 
Phosphorus 0 kg ha-1 (control). 

3.6 Seed Weight Head (g) 

Table 2 Analysis of variance (p <0.05) showed 
that varying phosphorous rates significantly 
impacted sunflower growth and yield. The 
results indicated that the seed weight head-1 (g) 
in treatment T6 = phosphorus increased by 
more than 30% at 78 kg ha-1. Applying T5 = 
phosphorus at a rate of more than 20% at 72 kg 
ha-1 resulted in seeds with a weight head-1 (g) 
of 82.27 to 0.475a. Further, the minimum seed 
weight head-1 (g) of (62.06 ± 1.115e) was 
observed in control T1 = Phosphorus 0 kg ha-1 
(control). 

Table 2. Agronomic traits of sunflower are affected by sole and integrated applied soil fertilizers 

Treatments Seeds head-1 
Seed index 
(1000-seeds 
weight, g) 

Seed weight 
head-1 (g) 

T1 = Phosphorus 00 kg ha-1 (Control)   1105.7 ± 0.633e 41.55 ± 0.696e 62.06 ± 1.115e 
T2 = Phosphorus less than 30% 42 kg ha-1 1350.3 ± 0.317d 46.15 ± 0.236d 65.91 ± 0.654d 
T3 = Phosphorus less than 20% 48 kg ha-1 1581.3 ± 1.082c 48.60 ± 0.652c 71.45 ± 1.003c 
T4 = Phosphorus 60 kg ha-1 (Recommended 
rates) 1791.0 ± 0.647b 56.09 ± 0.730b 75.54 ± 1.263b 

T5 = Phosphorus more than 20% 72 kg ha-1 1815.7 ± 0.259b 61.64 ± 0.640a 82.27 ± 0.475a 
T6 = Phosphorus more than 30% 78 kg ha-1 2013.7 ± 2.292a 62.42 ± 0.223a 82.54 ± 1.494a  
S.E.± 74.002 0.3596 0.8229 
LSD 0.05 2.228 2.228 2.228 
P-value 0.0000 0.0000 0.0000 
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Table 3. Agronomic traits of sunflower are affected by sole and integrated applied soil fertilizers 

Treatments Seed yield (kg ha-1) Oil content (%) 

T1 = Phosphorus 00 kg ha-1 (Control)   1532.3 ± 35.019d 32.96 ± 1.644e 
T2 = Phosphorus less than 30% 42 kg ha-1 1691 ± 45.825c 35.80 ± 0.478d 
T3 = Phosphorus less than 20% 48 kg ha-1 1710 ± 86.863c 37.74 ± 0.350c 
T4 = Phosphorus 60 kg ha-1 (Recommended rates) 1815.3 ± 10b 39.58 ± 0.530b 
T5 = Phosphorus more than 20% 72 kg ha-1 2380 ± 12.583a 42.39 ± 0.625a 
T6 = Phosphorus more than 30% 78 kg ha-1 2401.7 ± 9.643a 42.49 ± 0.363a 
S.E.± 31.962 0.6884 
LSD 0.05 2.228 2.228 
P-value   0.0000 0.0000 

3.7 Seed Yield (kg ha-1) 

Table 3 Analysis of variance (p <0.05) showed 
that varying phosphorous rates significantly 
impacted sunflower growth and yield. The 
sunflower seed yield kg ha-1 at different 
phosphorus levels was found to be 2401.7 ± 
9.643a kg ha-1, with more than 30% more 
seeds (78 kg ha-1) in treatment T6 = 
phosphorus. Followed by T5 = phosphorus, 
more than 20% 72 kg ha-1 seed yield (kg ha-1) 
of (2380 ± 12.583a). Further, the least seed 
yield (kg ha-1) of (1532.3 ± 35.019d) was 
observed in control T1 = Phosphorus 0 kg ha-1 
(control). 

3.8 Oil Content (%) 

Table 3 Analysis of variance (p <0.05) showed 
that varying phosphorous rates significantly 
impacted sunflower growth and yield.  The 
result proved in sunflower at various levels of 
phosphorus: oil content (%) of (42.49 ± 0.363a) 
was recorded in treatment T6 = phosphorus, 
more than 30% 78 kg ha-1. Followed by T5 = 
phosphorus, more than 20% 72 kg ha-1 oil 
content (%) of (42.39 ± 0.625a). Further, the 
minimum oil content (%) of (32.96 ± 1.644e) 
was observed in control T1 = Phosphorus 0 kg 
ha-1 (control).  

4. DISCUSSION 

Sunflower (Helianthus annuus L.), one of the 
world's most adaptable and widely distributed 
oilseed crops, accounts for more than 12% of 
edible vegetable oil and is the fourth most 
produced oil crop worldwide [22]. Behind oil 
palm, soybean, and rapeseed, which together 
account for more than 87% of the world's 
vegetable oil output [23]. Globally, people 
consume this essential oilseed due to its high 
content of unsaturated fatty acids and low 
cholesterol, both essential for a balanced diet 
[24]. Our research produced the following 
results: Statistical analysis showed that varying 
phosphorous rates significantly impacted 
sunflower growth and yield when compared to 
the control level of 0.00 kg ha-1. Adding 78 kg 
ha-1 (30% more than what is recommended) of 
phosphorous led to the highest plant height 
(170.59 ± 1.261a), stem girth cm (8.80 
±0.138a), head diameter (cm) plant-1 (8.80 
±0.138a), seeds head-1 (2013.7 ± 2.292a), seed 
index (1000-seed weight, g) (62.42 ± 0.223a), 
highest seed weight head-1 (g), (82.54 ± 
1.494a), seed yield (kg ha-1) (2401.7 ± 9.643a), 
and the oil content % (42.49 ± 0.363a). 
According to the study findings, there was a 
significant interaction between phosphorus and 
nitrogen in the achene yield [25]. These results 
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are consistent with those published by [26], 
[27] of the HO-1 variety of sunflower reported 
the maximum plant height and Highest stem 
girth in sunflower varieties treated with N 90 
kg ha-1, P 45 kg ha-1, and K 45 kg ha-1, 
Applying 150% and 125% RDF, above 100% 
RDF, significantly increased grain yield by 
14.34% and 11.47%, respectively.  [28] 
Observed that enhanced yield-attributing 
characteristics, such as head diameter, number 
of packed seeds, and test weight, may be 
responsible for the greater grain production. 
[29] found that applying 150% RDF (2104 kg 
ha-1) significantly increases grain yield 
compared to 100% RDF (1840 kg ha-1), but it 
is comparable to applying 125% RDF (2051 kg 
ha-1). After applying 135 kg P2O5 ha-1, 
researchers measured a head diameter of 16.81 
cm, which was greater than that of 45 kg P2O5 
ha-1, but comparable to applying 90 kg P2O5 
ha-1. The control Treatment recorded the 
lowest head diameter, measuring 13.55 cm 
[30]. Among the P levels, 135 kg P2O5 ha-1 
and 0 kg P2O5 ha-1 significantly produced the 
highest and lowest number of filled seeds head-
1, respectively [31]. Similarity, the amount of 
packed seeds head-1 at 135 kg P2O5 ha-1 was 
equivalent to 90 kg P2O5 ha-1. However, when 
compared to 1000 grain weights (g), the 
amounts of phosphorus and sulphur may not be 
significant [32]. [33] Observed a similar 
association between higher phosphorus levels 
and higher seed yields. Applying 135 kg P2O5 
ha-1, or 90 kg P2O5 ha-1, produced a 
significantly larger seed yield (1750 kg ha-1) 
than the equivalent lower level of 45 kg P2O5 
ha-1, which produced the lowest seed yield 
(1263 kg ha-1) [34] reported similar results. 
Therefore, it is concluded that a balanced 
fertilizer is better than the application of 
treatments alone [35]. It is recommended that 
characteristics that contribute to the yield of 
sunflower remain substantially influenced by 
the use of phosphorus. P at 100 kg ha-1, 
followed by P5 at 75 kg ha-1, is the most 
effective fertilizer for the development and 

seed yield of sunflower [36]. Phosphorus (P) 
fertilizer has been shown to increase plant 
growth and production [37]. Phosphorus plays 
a vital role in plant development, and its 
application increases during the early, active 
phase of development when it increases the 
above physiological parameters [38]. 
However, [39] observed that the application of 
phosphorus may also have contributed to 
increases in seed yield factors and parameters. 
Phosphorus level application significantly 
impacted sunflower growth and seed yield 
compared to the control (no fertilizer) [40] 
According to previous results, [41] also 
examined how applying phosphorus at the right 
time and quantity significantly improved 
growth and seed yield. However, as the 
quantity of phosphorus increases, the seed 
yield increases as well. Similar to this, 
increasing phosphorus dosages led to an 
increase in grain production [42]. Plant growth 
and seed yield in sunflowers have strongly 
responded to the increasing availability of 
phosphorus [43]. Phosphate fertilizers contain 
significant amounts of solvable phosphorus, 
and when rainwater occurs shortly after their 
application, it can lead to an increase and a 
decrease in the absorption of phosphorus in the 
soil [44]. Increasing the external application of 
phosphorus can result in both soil interaction 
replacements and plant absorption [45]. Even 
in the absence of additional phosphorus 
supplementation, the roots and shoots of 
sunflower plants exhibit this substitution [46]. 
However, the plot fertilized with phosphorus at 
100 kg ha-1 produced the maximum grain yield 
of sunflower; it is therefore recommended at 75 
kg ha-1 that for obtaining higher development 
and grain yield of sunflower, phosphorus 
should be applied at 75 kg ha-1. Furthermore, 
[47] confirmed that the recommended dose of 
phosphorus fertilizer for sunflowers (75 kg ha-
1) resulted in a higher seed yield and came 
highly recommended for local farmers. 
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5. CONCLUSIONS 

The results demonstrated that varying 
phosphorus dosages positively and 
significantly impacted sunflower growth and 
yield. However, the data suggests that T6 = 
phosphorous more than 30% @ 78 kg ha-1 led 
to superior sunflower growth and yield, while 
T5 = phosphorous more than 20% @ 72 kg ha-
1 yielded the best results. To make this research 
practically useful, the emphasis should be 
placed on the development of guidelines for the 
phosphorus application rates depending on the 
type of soil and conditions in which the 
fertilizer is to be applied. Engage farmers in the 
field to conduct experiments on the field to get 
results from real-life practices. Provide simple 
phosphorus application charts and stress on the 
cost of yield ratio in order to encourage the use 
of phosphorus. Also, include overviews of the 
topic suggesting how phosphorus management 
boosts the ground’s fertility capabilities and 
future crop. These recommendations can be 
supported by on-field experiments undertaken 
with the farmers. In addition, the use of cost 
benefit analysis will assist farmers in 
minimizing the input costs while at the same 
time maximizing on yield. Thus, it is possible 
to avoid the disconnection between research 
findings and on-farm application of the results 
and achieve long-term sustainability of 
agriculture and its economic profitability. 

REFERENCES 

1. Adeleke BS, Babalola OO. Oilseed crop 
sunflower (Helianthus annuus) as a source 
of food: Nutritional and health benefits. 
Food Science & Nutrition. 2020;8(9). 
https://doi.org/10.1002/fsn3.1783 

2. Roy A, Singh M. Exploring the Genetic 
Wealth of Sunflower (Helianthus annuus 
L.): A Comprehensive Review on Its 
Products and By-Products. Journal of 
advances in biology & biotechnology. 

2024;27(6):388-
402.https://doi.org/10.9734/jabb/2024/v27i
6898 

3. Naveed M, Mehboob I, Shaker MA, 
Hussain MB, Farooq M. Biofertilizers in 
Pakistan: initiatives and limitations. 
International Journal of Agriculture and 
Biology. 2015;17(3):411-420. 

4. Kumar N, Singh V, Choudhary A. Effect of 
different levels of phosphorus and sulphur 
on growth and yield of sunflower 
(Helianthus annuus L.). Res Environ Life 
Sci. 2016;9(9):1150-1152. 

5. Vilvert E, Lana M, Zander P, Sieber S. 
Multi-model approach for assessing the 
sunflower food value chain in Tanzania. 
Agricultural Systems. 2018;159:103-110. 
https://doi.org/10.1016/j.agsy.2017.10.014 

6. Viana TV de A, Lima AD, Marinho AB, 
Duarte JM de L, Azevedo BM de, Costa SC. 
Irrigation depths and soil coverings in 
sunflower crop under semiarid conditions. 
Irriga . 2012;17(2):126-136. 

7. Arif MS, Riaz M, Shahzad SM, et al. 
Associative interplay of plant growth 
promoting rhizobacteria (Pseudomonas 
aeruginosa QS40) with nitrogen fertilizers 
improves sunflower (Helianthus annuus L.) 
productivity and fertility of aridisol. 
Applied Soil Ecology. 2016;108:238-
247.https://doi.org/10.1016/j.apsoil.2016.0
8.016 

8. Nafady NA, Hashem M, Hassan EA, 
Ahmed HAM, Alamri SA. The combined 
effect of arbuscular mycorrhizae and plant-
growth-promoting yeast improves 
sunflower defense against Macrophomina 
phaseolina diseases. Biological Control. 
2019;138:104049. 
https://doi.org/10.1016/j.biocontrol.2019.1
04049 

https://doi.org/10.1002/fsn3.1783
https://doi.org/10.9734/jabb/2024/v27i6898
https://doi.org/10.9734/jabb/2024/v27i6898
https://doi.org/10.1016/j.agsy.2017.10.014
https://doi.org/10.1016/j.apsoil.2016.08.016
https://doi.org/10.1016/j.apsoil.2016.08.016
https://doi.org/10.1016/j.biocontrol.2019.104049
https://doi.org/10.1016/j.biocontrol.2019.104049


66 | Effect of Different Phosphorous Doses on Growth  
 

    TSF JOURNAL OF BIOLOGY 
    Volume 2 Issue 2, Fall 2024 

9. Ullah S, Akmal M. Response of sunflower 
to integrated management of nitrogen, 
phosphorus and sulphur. Sarhad J Agric. 
2018;34(4):740-748. 

10. Aslam, M., M.A. Khan, I.U. Awan, E.A. 
Khan, A.A. Khan and G. Jilani. Effect of 
single and combined use of various organic 
amendments on wheat grown over green 
manured soil: I. Growth and yield 
attributes. Pak. J. Nutr., 2011;10: 640-646. 

11. Shaheen A, Azhar Naeem M, Jilani G, 
Shafiq M. Restoring the Land Productivity 
of Eroded Land through Soil Water 
Conservation and Improved Fertilizer 
Application on Pothwar plateau in Punjab 
Province, Pakistan. Plant Production 
Science. 2011;14(2):196-201. 
https://doi.org/10.1626/pps.14.196 

12. Olena Sydiakina, Mykola Ivaniv. 
Sunflower hybrids productivity depending 
on the rates of mineral fertilizers in the 
south of Ukraine. Helia. 2023;46(79):245-
259. https://doi.org/10.1515/helia-2023-
0010 

13. Paz-Ares J, Puga MI, Rojas-Triana M, et al. 
Plant adaptation to low phosphorus 
availability: Core signaling, crosstalks, and 
applied implications. Molecular Plant. 
2022;15(1):104-
124.https://doi.org/10.1016/j.molp.2021.12
.005 

14. Kaleri AA, Laghari GM, Gandahi AW, 
Kaleri AH, Nizamani MM. Integrated foliar 
fertilizer effects on growth and Yield of 
sunflower. Pakistan Journal of Agriculture, 
Agricultural Engineering and Veterinary 
Sciences. 2019;35((1) June):25-28. 
Accessed February 8, 2025. 
http://pjaaevs.sau.edu.pk/index.php/ojs 

15. Wang Z, Hu Y, Zhang S, Sun Y. Artificial 
photosynthesis systems for solar energy 
conversion and storage: platforms and their 
realities. Chemical Society Reviews. 

2022;51(15):6704-6737. 
https://doi.org/10.1039/d1cs01008e 

16. Manzoor D, Ansari MA, Asif Ali Kaleri, et 
al. Impact of Different Rates of Phosphatic 
Fertilizer on the Growth and Yield of 
Sunflower (Helianthus annuus L.). Jammu 
Kashmir Journal of Agriculture. 
2024;4(1):15-20. Accessed February 8, 
2025. 
https://jkjagri.com/index.php/journal/articl
e/view/113 

17. Asif Ali Kaleri, Ansari MA, Habibullah 
Rajper, et al. The Impact of Nitrogen 
Potassium and Zinc Concentrations on the 
Development and Productivity of Safflower 
(Carthamus tinctorius L.). Jammu Kashmir 
Journal of Agriculture. 2023;3(3):259-264. 
Accessed February 8, 2025. 
https://jkjagri.com/index.php/journal/articl
e/view/106 

18. Fatima N, Ghulam Mustafa Laghari, Asif 
Ali Kaleri, et al. Effect of Different 
Farmyard Manure Doses and Phosphorus 
Rates on Growth and Yield of Sunflower 
(Helianthus annuus L.). Jammu Kashmir 
Journal of Agriculture. 2024;4(2):181-187. 
Accessed February 8, 2025. 
https://jkjagri.com/index.php/journal/articl
e/view/162 

19. Wahid F, Fahad S, Danish S, et al. 
Sustainable Management with Mycorrhizae 
and Phosphate Solubilizing Bacteria for 
Enhanced Phosphorus Uptake in 
Calcareous Soils. Agriculture. 
2020;10(8):334. 
https://doi.org/10.3390/agriculture10080334 

20. Chen X, Liu P, Zhao B, et al. Root 
physiological adaptations that enhance the 
grain yield and nutrient use efficiency of 
maize (Zea mays L) and their dependency 
on phosphorus placement depth. Field 
Crops Research. 2022;276:108378-

https://doi.org/10.1626/pps.14.196
https://doi.org/10.1515/helia-2023-0010
https://doi.org/10.1515/helia-2023-0010
https://doi.org/10.1016/j.molp.2021.12.005
https://doi.org/10.1016/j.molp.2021.12.005
http://pjaaevs.sau.edu.pk/index.php/ojs
https://doi.org/10.1039/d1cs01008e
https://jkjagri.com/index.php/journal/article/view/113
https://jkjagri.com/index.php/journal/article/view/113
https://jkjagri.com/index.php/journal/article/view/106
https://jkjagri.com/index.php/journal/article/view/106
https://jkjagri.com/index.php/journal/article/view/162
https://jkjagri.com/index.php/journal/article/view/162
https://doi.org/10.3390/agriculture10080334


Khoso et al. | 67 

    TSF JOURNAL OF BIOLOGY 
    Volume 2 Issue 2, Fall 2024 

108378. 
https://doi.org/10.1016/j.fcr.2021.108378 

21. Song Y, Li G, Lowrie R. Leaf nitrogen and 
phosphorus resorption improves wheat 
grain yield in rotation with legume crops in 
south-eastern Australia. Soil and Tillage 
Research. 2021;209:104978. 
https://doi.org/10.1016/j.still.2021.104978 

22. Nasreen, S., Khan, M. A., Zia, M., Ishaque, 
M., Uddin, S. A. L. E. E. M., Arshad, M., & 
Rizvi, Z. F. Response of sunflower to 
various pre-germination techniques for 
breaking seed dormancy. Pakistan Journal 
of Botany,2015,47(2), 413-416. 

23. Rauf, S., Jamil, N., Tariq, S. A., Khan, M., 
Kausar, M., & Kaya, Y. Progress in 
modification of sunflower oil to expand its 
industrial value. Journal of the Science of 
Food and Agriculture. 2017;97(7):1997-
2006. 

24. Alberio C, Izquierdo NG, Aguirrezábal 
LAN. Sunflower Crop Physiology and 
Agronomy. Sunflower. Published online 
2015:53-91. https://doi.org/10.1016/b978-
1-893997-94-3.50009-x 

25. Andriienko O, Vasylkovska K, Andriienko 
A, Vasylkovskyi O, Mostipan M, Salo. 
Response of sunflower hybrids to crop 
density in the steppe of Ukraine. Helia. 
2020;43(72):99-111. 
https://doi.org/10.1515/helia-2020-0011 

26. Ekin Z. Performance of phosphate 
solubilizing bacteria for improving growth 
and yield of sunflower (Helianthus annuus 
L.) in the presence of phosphorus fertilizer. 
African Journal of Biotechnology. 
2010;9(25):3794-3800. 
https://doi.org/10.5897/ajb2010.000-3249 

27. Siddiqui MH, Oad FC, Abbasi MK, 
Gandahi AW. Effect of NPK, 
micronutrients and N-placement on the 

growth and yield of sunflower. Sarhad 
Journal of Agriculture. 2009;25(1):45-52. 

28. Syed, T. H., Ganai, M. R., Ali, T., & Mir, 
A. H. Effect of nitrogen and sulphur 
fertilization on yield of and nutrient uptake 
by sunflower. Journal of the Indian Society 
of Soil Science. 2006;54(3):375-376. 

29. Pinkovskyi H, Tanchyk S. Management of 
productivity of sunflower plants depending 
on terms of sowing and density of standing 
in arid conditions of the Right-bank Steppe 
of Ukraine. Agronomy Science. 
2021;76(1):21-38. 
https://doi.org/10.24326/as.2021.1.2 

30. Selim MM. Introduction to the Integrated 
Nutrient Management Strategies and Their 
Contribution to Yield and Soil Properties. 
International Journal of Agronomy. 
2020;2020:1-14. 
https://doi.org/10.1155/2020/2821678 

31. Soomro ZA, Habib, Asif Kaleri, et al. 
Impact of Different Levels of Phosphorus 
on the Growth, Yield and Oil Content of 
Sunflower (Helianthus annuus L.). Jammu 
Kashmir Journal of Agriculture. 
2023;3(2):137-143. Accessed February 8, 
2025. 
https://jkjagri.com/index.php/journal/articl
e/view/107 

32. Sarkar, R. K., & Mallick, R. B. Influence of 
phosphorus, sulphur and boron on 
productivity and seed quality of sunflower 
(Helianthus annuus L.) in spring 
season. Indian Agriculturist. 
2010;54(1/2):87-92. 

33. Patel, S. R., & Thakur, D. S. Effect of crop 
geometry, phosphorus levels and phosphate 
solubilizing bacteria on growth, yield and 
oil content of sunflower. Journal of 
Oilseeds Research. 2003;(20)153-154. 

34. Gul V, Kara K. Effects of different nitrogen 
doses on yield and quality traits of common 

https://doi.org/10.1016/j.fcr.2021.108378
https://doi.org/10.1016/j.still.2021.104978
https://doi.org/10.1016/b978-1-893997-94-3.50009-x
https://doi.org/10.1016/b978-1-893997-94-3.50009-x
https://doi.org/10.1515/helia-2020-0011
https://doi.org/10.5897/ajb2010.000-3249
https://doi.org/10.24326/as.2021.1.2
https://doi.org/10.1155/2020/2821678
https://jkjagri.com/index.php/journal/article/view/107
https://jkjagri.com/index.php/journal/article/view/107


68 | Effect of Different Phosphorous Doses on Growth  
 

    TSF JOURNAL OF BIOLOGY 
    Volume 2 Issue 2, Fall 2024 

sunflower (Helianthus annuus L.). Turkish 
Journal of Field Crops. 2015;20(2). 
https://doi.org/10.17557/tjfc.40041 

35. Sial, A.K., Shankar, T., Maitra, S., Sairam, 
M., Sagar, L., Kumar, P.P., Thandra, B. and 
Rout, R.K. Effect of nutrient optimization 
on growth, yield and quality of sunflower 
under southern Odisha conditions. Crop 
Research. 2022;57(3):195-201. 

36. Kaleri A, Bughio A, Khokhar F, et al. The 
growth and yield of sunflower (Helianthus 
annuus L.) under different organic (farm 
yard manure) and inorganic phosphorus 
doses. Pakistan Journal of Biotechnology. 
2024;21(1):148-154. Accessed February 8, 
2025. 
https://nja.pastic.gov.pk/PJBT/index.php/P
JBT/article/view/104 

37. Zamanian M, Yazdandoost M. Effects of 
Biological and Chemical Sources of 
Fertilizers on Sunflower Yield and its 
Components. Annals of Arid Zone. 
2021;60(3 & 4):63-73. 

38. Murad Ali Magsi, Ansari MA, Asif Ali 
Kaleri, et al. Effect of Various Levels of 
Potassium on the Growth and Yield of 
Sunflower (Helianthus annuus L.). Jammu 
Kashmir Journal of Agriculture. 
2023;3(2):167-171. Accessed February 8, 
2025. 
https://jkjagri.com/index.php/journal/articl
e/view/117 

39. A GM, Hammad KM, El- M, Kandil EE. 
Response of Sunflowers to Compost, 
Mineral and Bio- Fertilization Under 
Conditions of Soil Affected by Salinity. 
Egyptian Academic Journal of Biological 
Sciences, H Botany/Egyptian Academic 
Journal of Biological Sciences, H Botany . 
2025;16(1):1-8. 
https://doi.org/10.21608/eajbsh.2025.403106 

40. Fathi A, Afra JM. Plant Growth and 
Development in Relation to Phosphorus: A 

review. Bulletin of University of 
Agricultural Sciences and Veterinary 
Medicine Cluj-Napoca Agriculture. 
2023;80(1):1-7. 
https://doi.org/10.15835/buasvmcn-
agr:2022.0012 

41. Ding Z, Kheir AMS, Ali MGM, et al. The 
integrated effect of salinity, organic 
amendments, phosphorus fertilizers, and 
deficit irrigation on soil properties, 
phosphorus fractionation and wheat 
productivity. Scientific Reports. 
2020;10(1):1-13. 
https://doi.org/10.1038/s41598-020-59650-
8 

42. Jahil HM, Kamal JAK. Effect of Bacterial 
Inoculation, Bacillus Megaterium, 
Vermicompost, and Phosphate Pock on 
Growth and Yield of sunflower (Helianthus 
annuus L.). IOP Conference Series: Earth 
and Environmental Science. 
2021;735(1):012087. 
https://doi.org/10.1088/1755-
1315/735/1/012087 

43. Ghaffari M, Gholizadeh A, Rauf S, Shariati 
F. Drought‐stress induced changes of fatty 
acid composition affecting sunflower grain 
yield and oil quality. Food Science & 
Nutrition. 2023;11(12):7718-7731. 
https://doi.org/10.1002/fsn3.3690 

44. de Oliveira AKS, Soares EB, dos Santos 
MG, et al. Efficiency of Phosphorus Use in 
Sunflower. Agronomy. 2022;12(7):1558. 
https://doi.org/10.3390/agronomy12071558 

45. Sadozai, G. U., Farhad, M., Khan, M. A., 
Khan, E. A., Niamatullah, M., Baloch, M. 
S., & Wasim, K. Effect of different 
phosphorous levels on growth, yield and 
quality of spring planted sunflower. 
Pakistan Journal of Nutrition. 
2013;12(12):1070. 

46. Soares EB, Paes A, Tavares R, Santos, Lins 
HA, Neto FB. Sunflower performance as a 

https://doi.org/10.17557/tjfc.40041
https://nja.pastic.gov.pk/PJBT/index.php/PJBT/article/view/104
https://nja.pastic.gov.pk/PJBT/index.php/PJBT/article/view/104
https://jkjagri.com/index.php/journal/article/view/117
https://jkjagri.com/index.php/journal/article/view/117
https://doi.org/10.21608/eajbsh.2025.403106
https://doi.org/10.15835/buasvmcn-agr:2022.0012
https://doi.org/10.15835/buasvmcn-agr:2022.0012
https://doi.org/10.1038/s41598-020-59650-8
https://doi.org/10.1038/s41598-020-59650-8
https://doi.org/10.1088/1755-1315/735/1/012087
https://doi.org/10.1088/1755-1315/735/1/012087
https://doi.org/10.1002/fsn3.3690
https://doi.org/10.3390/agronomy12071558


Khoso et al. | 69 

    TSF JOURNAL OF BIOLOGY 
    Volume 2 Issue 2, Fall 2024 

function of phosphate fertilization in 
semiarid conditions. Acta Scientiarum 
Agronomy. 2020;42:e42960-e42960. 
https://doi.org/10.4025/actasciagron.v42i1.
42960 

47. Roy, A. and Singh, M., 2024. Exploring the 
Genetic Wealth of Sunflower (Helianthus 
annuus L.): A Comprehensive Review on 
Its Products and By-Products. Journal of 
Advances in Biology & Biotechnology. 
2024;27(6):388-402.  

 

https://doi.org/10.4025/actasciagron.v42i1.42960
https://doi.org/10.4025/actasciagron.v42i1.42960

