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Abstract

Al-bourky, R. H. A., Al-Mugher, H. Ab.-H. M. & Al-Mosawi, S. T. A. (2025). Effect of different levels of phos-
phate and potassium fertilizer on the growth and yield of sorghum (Sorghum bicolor L.). Bulg. J. Agric. Sci., 31(5), 
910–916

In Al-Bandar experimental field in Al-Muthanna Governorate, a field experiment was conducted in the spring of 2020 and 
2021. The purpose of the research is to determine how much phosphate and potassium fertilizers affect the yield of sorghum 
and its constituent parts. The experiment was conducted using the Caviar variety and the RCBD with three replications. The 
experiment consisted of four fertilizer amounts: 0, 30, 60, and 120 kg K ha-1 for potassium and 0, 40, and 80 kg P ha-1 for 
phosphate. Following the arrival of the plant at 75% flowering, ten plants were randomly chosen from the test units, together 
with the subsequent parameters were measured: plant height, the index of leaf area, the yield of dry fodder (dry matter), the 
quantity of grains within each panicle, 1000 grains (g) and yield ton ha-1. The results indicate that the potassium fertilization 
treatment exceeded 120 kg ha-1 kg K ha-1 in plant height 162.64–162.75 cm, stem diameter 12.77–12.59 mm, dry feed weight 
13.29–12.77 tons ha-1, green fodder weight 27.18 -27.01 tons/ha, and several grains per head 2055.67 And 2134 grains, grain 
yield of 5.56 and 5.78 tons ha-1, the fertilization treatment exceeded 80 kg P ha-1 in plant height 177.44–177.11 cm, stem di-
ameter 12.90–13.07 mm, dry feed weight 11.80–11.38 tons h-1, and green fodder weight 25.94–25.87 tons ha-1 The number of 
grains per head is 2063.25 and 2096.75 grains, and the grain yields are 5.73 and 5.82 tons ha-1, respectively, in both seasons.
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Introduction

Finding unconventional biofuel supplies, such as next-gen-
eration bioenergy crops, is one of the world’s most pressing 
issues today. Sorghum (Sorghum bicolor (L.) Moench) is an 
economically viable crop that can adapt to a wide range of 
agroclimatic conditions and is a potential source of bioenergy. 
In addition to generating grain, sorghum aggregates sugar in 
its stem. This grain crop is becoming increasingly important in 
the global agricultural industry, as it can be used to produce a 
range of products, including chemical and biofuels, food, fuel, 
fiber, and feed. Leading tropical crop sorghum has more genes 
and a larger genome than sugarcane, the crop that holds the 

most promise for producing biomass as efficiently as possible 
and serving as the world’s leading source of ethanol. (Paterson 
et al., 2009). Short growth time, high Brix (%), high biomass 
output, and low water need (4000 m3/ha), as well as greater 
adaptability, are key criteria that draw extra attention to this 
bioenergy crop for scientific research (Reddy et al., 2005). 
Sorghum output has increased with phosphate fertilization; 
nevertheless, there are limited studies on the relationship be-
tween phosphorus (P) sources and effective fertilizer manage-
ment in sorghum production. (Restelatto et al., 2017). A sig-
nificant response of Sorghum to potassium is also reported by 
Sharma and Ramna (1993). In water-stress conditions, potas-
sium affects sorghum’s general parameters (Sharma and Ku-
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mari, 1996). The different cultivars may exhibit independent 
responses to environmental factors (Alhassan et al., 2008). 
The purpose of this research is to investigate how different 
potassium and phosphate fertilizer levels affect sorghum and 
its component yields.

Materials and Methods

To investigate the impact of potassium and phosphate fer-
tilizers on sorghum growth and yield, a field experiment was 
conducted in the Al-Muthanna Governorate (Al-Bandar re-
gion), southern Iraq, during the 2020 and 2021 seasons. Table 
1 displays the physical and chemical characteristics of the soil, 
The RCBD was utilized in the experiment, The aim of this 
research is to Knowledge of effect Potassium and Phosphate 
Fertilizers on growth and feed yield of corn with three repli-
cations that included four levels of potassium fertilizer which 
are 0, 30, 60 and 120 kg K ha-1 and three levels of phosphate 
fertilizer 0, 40, 80 kg P ha-1, The experimental unit included 
four meadows, length of 4 m, the distance between one mower 
and another 0.75 cm, and between one seed and another 20 
cm. Three seeds were planted in one jar, and after germination, 
only one plant remained in the jar. Fertilizer was added, 46% 
urea, at 200 kg ha-1, with two batches, the first at planting and 
the second after 45 days of planting, and phosphate fertilizer 
when preparing the land in the form of triple superphosphate 
(Al-Tahir et al., 2013). Ten plants were randomly selected 
from the experimental units. Upon the arrival of the plant at 
75% flowering, the following characteristics were measured, 
including plant height, leaf area index (leaf length * width * 
0.75) according to Stickler et al. (1961), the average biomass 
yield (dry matter) (t ha-1) from the harvest of one marrow. 
When the plants reached maturity (as indicated by yellowing), 
ten plants were randomly selected, including the number of 
seeds per panicle, the average weight of 1000 grains (g), and 
the grain yield. The Genstat 12 software was used to evaluate 
the data statistically.

Results and Discussion

Plant height (cm)
Results of Table 2 indicated was a significant of adding 

phosphorus in the characteristic of plant height and for the 

two seasons 2021-2020, as the treatment P3 gave the high-
est average of plant height and for the two seasons, 171.54 
cm and 169.86 cm, respectively, with an increase of 9.8 
and 24.96% over control treatment, treatment P2 came In 
the second place, with an increase of 10.86 and 23%, com-
pared to the control treatment that gave the lowest mean of 
plant height 137.27, 138.09 cm respectively. P impacts on 
the balance of phytohormones must be taken into consider-
ation when interpreting the effects of P application on plant 
growth and development (Marschner, 1986). Accordingly, 
shoot development is a result of elevated cytokinin com-
pared to auxin levels (Fosket, 1994). P supply has an im-
pact on cytokinin synthesis and export, albeit less so than 
when N applications are involved (Salama and Wareing, 
1979). The low levels of endogenous cytokinins in birch 
seedlings under conditions of nitrogen and phosphorus de-
ficiency suggest that the availability of these growth regula-
tors under these conditions may limit average growth rates 
(Horgan and Wareing, 1980). Zones of rapid cell division 
are associated with both primary and secondary growth 
(Taiz and Zeiger,1991), and cytokinin has been proposed 
as a potential primary hormone for plant cell division (Fos-
ket, 1994). By combining the study’s findings with those 
from other studies, we can speculate that P’s effect on plant 
height may be cytokinin-mediated. These findings support 
the findings of Al-Tahir et al. (2013) and Elmedani (1997), 
which indicate that plant height increases with increasing 
phosphate fertilizer levels.

As for the addition of potassium fertilizer, an increase in 
plant height was observed, with a significant difference, as 
the treatment K4 and K3 gave the highest average of plant 
height of 162.75 and 153.68 cm, respectively, compared with 
the control treatment that gave the lowest average of plant 
height of 146.80 cm, and the average of increase to 6.23 and 
11 63% in the first season and 10.86% 6.18% in the second 
season of the treatments k3 and k4 for the control treatment 
sequentially The reason for the increase in plant height with 
the increase in the potassium level is attributed to the role of 
potassium in activating the photosynthesis process, increas-
ing the division of living cells of the plant and encouraging 
the growth of meristematic tissues. The results showed a 
significant superiority of phosphorus over potassium treat-
ments, resulting in a notable increase in plant height.

Table 1. Some physical and chemical characteristics of the soil of the experiment field in Al Bandar station (Al-Muth-
anna Governoaverage)

Soil structure K P N EC(ds.m) PH SeasonSand, % Clay, % Silt, %
38 24.82 38 0.75 8.12 18 4.5 8.1 2014

37.3 24 39 0.9 8 16 4.45 7.72 2015
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Stem diameter (mm)
The results of Table 3 indicated that there were signifi-

cant differences in the characteristic of the stem diameter, 
as the addition of phosphorous led to a significant increase 
of both seasons, as the treatment P3 gave the highest aver-
age stem diameter of 12.9 and 13.09 mm respectively for 
the two seasons, with an increase of 21.92 and 21.24% with 
the control treatment. It gave the lowest average of 10.58 
and 10.78 mm, respectively. It also caused an increase in the 
averages of potassium addition to an increase in the diameter 
of the stem, with a significant difference, as the treatment K4 
and K3 gave the highest average of stem diameter was 12.77 
and 11.77 mm respectively in the first season, compared to 
the control treatment that gave 10.68 As for the second sea-
son, treatment K4 and K2 outperformed and gave 12.59 and 
12.03 mm, respectively, compared with the control treatment 
that gave 11.03 mm. The growth of the meristematic tissue 
and thus the increase in the diameter of the stem is consistent 
with (Al-Bourky et al), as the results of the analysis showed 
that there was no significant overlap between phosphorus 
and potassium treatments in the characteristic of stem diame-
ter in the first season, while significant differences appeared. 
The effect of the interaction of phosphorus and potassium 
treatments in the second season may indicate the intercon-
nection of these two elements in plant growth.

Dry Feed Weight (ton h-1)
It is evident from Table 4 that there are significant differ-

ences in the average weight of dry feed with an increase in 
phosphorous levels, as the treatment exceeded P3 and gave 
11.80 and 11.38 (tons. h-1) for the two seasons respectively, 
and an increase of which was compared to the control treat-
ment P0, which gave the lowest average of 10.58 and 9.57 
(tons. h-1) This is in agreement with the findings of Cobb et 
al. (2016) and Erasmo and Petilli (1997); Abdelhalim et al. 
(2019) that the addition of phosphorus led to an increase in 
the weight of the dry feed, that the increase in potassium lev-
els led to a significant increase in the weight of the dry feed 
and outperformed the treatment K3. In the quality of dry fod-
der, it gave the highest mean of 13.29 and 12.38 tons. ha-1 for 
both seasons, respectively, with an increase of % compared 
with the control treatment that gave the lowest average of 
9.36 and 8.78 (tons. ha-1). The growth in stem diameter and 
height is the cause of the rise in dry plant fodder’s weight. 
The analysis’s findings regarding the effect of potassium 
for both seasons and the interaction revealed a substantial 
overlap between the phosphorus and potassium treatments, 
which significantly raised the feed’s dry weight.

Green fodder (ton h-1)
The results of Table 5 indicate that there are significant 

differences in the average weight of green fodder with an 
increase in phosphorus levels, as the treatment P3 outper-
formed the green fodder for both seasons and gave 25.91 
and 25.87 tons. h-1, respectively, compared with the control 
treatment that gave the lowest average of 24.09 and 24.23 

Table 2. Effect of phosphate and potassium fertilizer levels on plant height (cm) and for the two seasons 2020-2021
Season 2020 2021
plant height (cm) P1 P2 P3 means P1 P2 P3 Means
K1 132.66 143.54 160.86 145.69 133.96 146.67 159.76 146.80
K2 136.76 146.50 165.60 149.62 135.09 149.83 162.97 149.30
K3 136.27 150.64 177.44 154.78 137.90 152.64 177.11 155.88
K4 143.40 162.24 182.27 162.64 145.40 163.24 179.60 162.75
means 137.27 150.73 171.54 153.18 138.09 153.10 169.86 153.68

L.s.d 0.05 K P K*P K P K*P 
3.492** 3.024** 6.04* 4.32** 3.74** 7.49*

Table 3. Effect phosphate and potassium fertilizer levels on stem diameter (mm) and for the two seasons 2018-2019
Season 2020 2021
Stem Diameter P1 P2 P3 Means P1 P2 P3 Means
K1 9.38 10.68 11.97 10.68 9.71 11.01 12.38 11.03
K2 9.94 11.57 13.11 11.54 10.27 11.86 13.95 12.03
K3 11.33 11.39 12.59 11.77 11.91 11.37 12.20 11.83
K4 11.65 12.76 13.91 12.77 11.24 12.77 13.75 12.59
means 10.58 11.60 12.90 11.69 10.78 11.75 13.07 11.87

L.s.d 0.05 K P K*P K P K*P
1.261* 1.092** Ns 0.732** 0.634** 1.268*
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tons. h-1, respectively, and this is consistent with what was 
found Phosphorous is involved in most of the vital processes 
of plants, including the breakdown of carbohydrates and oth-
er substances Resulting from photosynthesis to release the 
energy needed for biological processes and in the formation 
of cell membranes Plant membranes such as plasma mem-
branes, mitochondria, chloroplasts, and gap membranes by 
forming phospholipids such as lecithin. It also contributes 
to the formation of DNA  (Important in the process of Ri-
bonucleic acid, RNA), carrying the genotypes and Deoxy-
ribonucleic acid, Protein composition, and the composition 
of some energy-rich compounds, such as Adenosine triphos-
phate (ATP). Energy is formed as a result of photosynthesis 
by photophosphorylation

To breathe in the process of oxidative phosphorylation 
and  NADPH2, which gives an estimated energy of about 
52 000 calories. Mole- (Amandeep, 2012). The addition of 
potassium fertilizer also increased the weight of green fod-
der, with a significant difference, as the treatment exceed-
ed K4 for both seasons, yielding 27.18 and 27.01 tons. ha-1, 
compared to the control treatment, which gave the lowest 
average. It was 22.39 and 23.03 tons. ha-1, respectively. The 
increase in the average green fodder weight may be attribut-
ed to the increase in the efficiency of the photosynthesis pro-
cess, the manufacture of foodstuffs and their storage in the 

shoots, as well as the stimulation of many enzymes that lead 
to an increase in the resulting shoots. Adding potassium fer-
tilizer is consistent with what Mutlag et al., (2015) found. As 
for the overlap, the effect of phosphorus and potassium was 
significant in the weight of green fodder for both seasons.

Number of grains per panicle-1

The results of Table 6 indicate that there are significant 
differences in the characteristic of the number of pills per 
panicle when adding levels of phosphorus, as the treat-
ment exceeded P2 and P3 and gave the highest averages of 
1931.75 and 2063.25 in the first season 2002.75 and 2096.75 
for the second season, respectively, with an increase of 36.18 
and 45 .45% in the first season 52.73 and 59.9% in the sec-
ond season. The increase in the number of grains in the pan-
icle may be attributed to the positive effect of phosphorus on 
increasing growth characteristics, which leads to an increase 
in the efficiency of photosynthesis and the production of its 
products, thereby preparing the emerging grains to meet the 
requirements of processed food, which contributes signifi-
cantly. It is effective in its durability and fullness, as well as 
its impact on increasing the percentage of fertility in flowers. 
Ali et al., (2007) and Dar et al., (2018) also found that the 
addition of phosphorus significantly increased the number of 
grains in the spike of the wheat crop.

Table 4. The effect of phosphate and potassium fertilizer levels on dry feed weight (tons h-1) and for the two seasons 
2020–2021
Season 2020 2021
The dry weight 
of the feed P1 P2 P3 Means P1 P2 P3 Means

K1 8.69 9.46 9.94 9.36 8.37 8.83 8.96 8.72
K2 9.09 9.95 10.55 9.86 9.09 9.48 9.89 9.49
K3 11.73 11.73 12.47 11.98 10.11 11.89 12.81 11.60
K4 12.82 12.82 14.23 13.29 10.69 12.59 13.85 12.38
means 10.58 10.99 11.80 11.12 9.57 10.70 11.38 10.55

L.s.d 0.05 K P K*P K P K*P 
0.42** 0.36** 0.73* 0.187** 0.162** 0.325**

Table 5. The effect of phosphate and potassium fertilizer levels on green fodder weight (tons ha-1) and for the two sea-
sons 2020–2021
Season 2020 2021
Green fodder P1 P2 P3 Means P1 P2 P3 Means
K1 21.48 22.12 23.56 22.39 22.39 22.80 23.89 23.03
K2 23.26 23.97 24.34 23.86 23.26 23.66 23.70 23.54
K3 25.43 26.42 27.40 26.42 25.43 26.42 27.39 26.41
K4 26.19 27.02 28.33 27.18 25.84 26.70 28.50 27.01
means 24.09 24.88 25.91 24.96 24.23 24.90 25.87 25.00

L.s.d 0.05 K P K*P K P K*P
0.56** 0.49** Ns 0.29** 0.25** 0.51**
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The results of Table 6 indicated that the increase in 
potassium levels had a significant effect on the number of 
pills in the panicle. The treatment exceeded K3 and K4, 
as it yielded 1851.33 and 2055.67, respectively, in the first 
season, and resulted in increases of 12.02% and 24.38%, 
respectively, in the first season, with additional increases 
of 8.9% and 26.54%. This may be attributed to the direct 
effect of potassium in controlling plant hormones related 
to flower formation, pollination, and fertilization, which is 
consistent with findings by Al-Maghribi (2004) and Al-Ani 
(2011).

Weight of 1000 grains (g)
It is noticed from the results of Table 7 that there is a 

significant effect only in the first season of phosphate fer-
tilization, as treatment P3 outperformed both treatments 
P2 and P1, reaching 24.96 g, with an increase of 3.2%, and 
no significant differences appeared in the second season, 
and this is consistent with Gemenet et al. (2016). As for 
the potassium fertilization treatment, there were no signif-
icant differences in the weight of 1000 grains in both sea-
sons. Regarding the interaction between phosphorus and 
potassium levels, the 1000 tablets did not yield significant 
results.

Grain yield (tons h-1(
Table 8 shows that there were significant differences in 

the grain yield with an increase in phosphorus levels, as the 
treatment exceeded P3 and gave 5.73 and 5.82 tons. h-1 for 
the two seasons, respectively, compared with the control 
treatment P0, which gave the lowest average of 4.46 and 
4.75 tons. h-1. The reason for the increase in grain yield was 
the increase in phosphate fertilizer levels, which increased 
the number of grains in the panicle and the weight of 1000 
grains. This finding is consistent with those of Abu et al. 
(1990), Al-Khafaji et al. (2000); Al-Fahdawi et al. (2008), 
which also indicate a significant increase. In the yield of ce-
reals and for different crops, increasing phosphorus from 0 
to 52 kg P ha-1.

The results of Table 8 indicated that the addition of po-
tassium fertilizer led to a significant increase in the yield of 
grains, as the treatment exceeded K4 and K3 and gave the 
highest average of 5.56 and 5.47 tons. ha-1., respectively, 
compared with the control treatment that gave the lowest 
averages of 4.51 and 4 62 tons. ha-1 respectively, that the 
increase in the level of potassium addition led to an increase 
in the grain yield due to the positive role of potassium in 
increasing the leaf area, the number of panicle grains and 
the weight of the grain, and it was positively reflected in the 

Table 6. The effect of phosphate and potassium fertilizer levels on the number of grains (head) and for the two seasons 
2020–2021

Season 2020 2021
Number of grains P1 P2 P3 Means P1 P2 P3 Means
K1 1272.00 1767.00 1919.00 1652.67 1306.00 1800.00 1953.00 1686.33
K2 1066.00 1953.00 1956.00 1658.33 678.00 2004.00 1989.00 1557.00
K3 1539.00 1994.00 2021.00 1851.33 1430.00 2027.00 2054.00 1837.00
K4 1797.00 2013.00 2357.00 2055.67 1831.00 2180.00 2391.00 2134.00
means 1418.50 1931.75 2063.25 1804.50 1311.25 2002.75 2096.75 1803.58

L.s.d 0.05
K P K*P K P K*P

259** 224.3** Ns 300** 322** Ns

Table 7. The effect of phosphate and potassium fertilizer levels on the weight of 1000 grains (g) and for the two seasons 
2020–2021
Season 2020 2021
Weight of 1000 grains P1 P2 P3 Means P1 P2 P3 Means
K1 23.89 24.70 25.44 24.68 23.55 24.39 25.17 24.37
K2 24.89 25.04 24.59 24.84 24.52 24.63 24.64 24.60
K3 23.70 24.25 24.63 24.19 24.63 24.68 25.04 24.78
K4 24.19 24.56 25.16 24.64 24.61 24.74 25.34 24.90
means 24.17 24.64 24.96 24.59 24.33 24.61 25.05 24.66

L.s.d 0.05 K P K*P K P K*P
ns 0.522* ns Ns ns ns
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increase in the grain yield per unit area, and this is consistent 
with the findings (Al-rawi and Al-Dulaimi, 2023).

Conclusion

In this study, phosphate and potassium fertilizers have 
been shown to have positive effects on growth characteris-
tics. The increase in levels of both fertilizers in both seasons 
led to an increase in plant height, stem diameter, and dry feed 
weight. At reproductive stages, phosphate and Potassium led 
to a significant response and superiority in terms of number 
of grains per panicle, weight of 1000 grains, and grain yield. 
The effect of both fertilizers had a highly significant effect on 
feed, increasing both dry feed weight and green feed weight. 
That showed how important it is to use compound fertilizers 
with phosphate and potassium to get maximum benefit and 
enhance the growth of corn.
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