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ABSTRACT 

The current study was conducted to assess the main and interaction effects of humic acid 

with different levels of phosphate fertilizer on growth of grain sorghum {Sorghum bicolor (L) 

Moench} grown in calcareous soil. two field experiments were carried out consecutively at 

tamiya experiment station Agric. Res. center (A.R.C ), Fayoum Governorate Egypt, during the 

during the summer growing seasons 2019 and 2020. The experimental layout was a split- split 

plot arranged in randomized complete block design with four replications.  

At the vegetative growth results displayed that application of phosphorus fertilizers had a 

significant effect in all growth parameters plant height, stem diameter, number of green and dry 

leaves plant
-1

 and flag leaf area plant
-1

, plant weight. 

Soil application and Foliar spraying of humic acid reflected positive significant influences on 

growth parameters in both seasons. Soil application H20 followed by H10 and Foliar spraying F2 

followed by F1 were the potent treatment for increasing growth parameters compared with control 

treatments (without humic acid). 

Key Words: sorghum (Sorghum bicolcr L Moench.), Humic acid, Phosphorus fertilizers, 

Reclaimed soils, Growth stage, Yield. 
 

INTRODUCTION 

Grain sorghum is an important annual 

cereal crop grown for both grain and palatable 

green forage production Kumar and Chopra, 

2013. It comes at the fifth most important 

cereal crop in the world after wheat, maize, 

rice, and barley in terms of importance and 

production. The most important global 

countries for grain sorghum production are 

USA, Nigeria, Ethiopia, Sudan, Mexico and 

India, while Egypt has ranked nineteen in this 

respect FAO, 2019.  In 2019 Grain sorghum 

cultivated area in Egypt was about 365439 

feddan which producing about 792044 tons 

(FAO, 2019). 
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Phosphorus is one of the most 

important nutrients for higher yield in larger 

quantity (Chen, et al., 1994). Phosphorus is the 

second most crop- limiting nutrient in most 

soils. It is second only to nitrogen in fertilizer 

use. Plant growth behavior is influenced by the 

application of phosphorus. It is needed for 

growth, metabolism of sugar and starch 

photosynthesis, nucleus formation. Energy 

from photosynthesis and the metabolism of 

carbohydrates is stored in phosphate 

compounds for later use in growth and 

reproduction Ayub et al., 2002. 

Calcareous soils cover more than 30% 

of the earth’s land surface and they are the 

main soil of most of the arid and semi-arid 

climates. The calcareous soils in Egypt are 

estimated to be around 0.65 million feddans 

(feddan= 4200 m
2
) Hassan, 2012.  These soils 

contain different amounts of calcium carbonate 

(CaCO3) that affects the physical (such as soil 

water relations) and chemical (such as fertility, 

nutrient availability) soils properties related to 

plant growth. The excess of calcium carbonate 

increases soil pH, whereas a pH higher than 8 

(up to 8.4) leads to reduced access to 

micronutrients, emissions of ammonium and 

reduced solubility and phosphorus uptake. In 

addition, calcareous soils in warmer regions are 

naturally low in organic matter due to high 

temperature Leytem and Mikkelsen, 2005. It 

is assumed that under calcareous soils, humic 

acid improves the growth and yield of sorghum 

and increase the absorption of nutrients as a 

result.  

Humic substances play an important 

role in soil fertility and plant nutrition Pettit, 

2004. Humic acid is known to be among the 

most bio-chemically active materials found in 

the soil. It’s an affective agent to be used as a 

complement to synthetic or organic fertilizers. 

In many instances, regular humic acid presence 

will reduce the need of fertilization due to the 

soil’s and plant’s ability to make better use of 

it. In some occurrences, fertilization can be 

eliminated entirely if sufficient organic 

materials are present which lead to a self-

sustaining soil as a result of microbial 

processes and humus production. In general, 

increasing certain levels of humic acid have a 

number of potential benefits for plants; the 

most important ones are increasing water and 

nutrients holding capacity, enhancing solubility 

of phosphorus Selim et al., 2009. 

Plants suffer from phosphorus 

deficiency problem, in high PH soils especially 

when grown in calcareous soils because of 

formation of calcium phosphate and sub 

sequentially phosphorus becomes the in the 

non- concessional form. In lime soil, most 

likely found in Egypt reduction of available 

soil phosphorous is a common problem for 

plants due to phosphorous fixation into low 

level dissolved compounds e.g. calcium 

phosphate. This is considered nutrition for 

plants Rezazadeh, et al., 2012. 

Hence this study was performed to investigate 

the effect of soil and foliar application of 

humic acid and different levels of phosphate 

fertilizer on growth of grain sorghum grown in 

calcareous soil. 
 

MATERIALS AND METHODS 

Tow field experiments were carried out 

at Tamiya experiment station Agric.Res.center 

(A.R.C ), Fayoum Governorate Egypt, during 

the two successive seasons of 2019and 2020. 

The study was conducted in order to 

investigate the effect of phosphorous levels, 

soil application of humic acid, foliar spraying 

of humic acid and their interactions on growth 

and yield of grain sorghum grown in 

calcareous soil.  

Each experiment included 27 treatments 

arranged in a split split plot design with 4 

replicates. the experimental unit contained 5 

ridges each of 3 m length and 0.6m width, 

resulted an area of 9 m
2
 (1/466 fed ) . 

The treatments were the combinations of:  

1-Three phosphorus levels (100, 200 and 300 

kg/fed), occupied main  

 plots. (P15=100, P30 =200cm and P45 =300 

kg/fed.). 

2-Three levels of humic acid (HA) was applied 

as soil application i. e.  
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(0, 10 and 20 kg/fed), arranged in the sub 

plots.  

3-Three foliar spraying of humic acid (0, 400 

and 800 mg/L), arranged in the sub-sub 

plots. 

Cultural practices 

     The grains of sorghum {Sorghum 

bicolor (L) Moench } were sown in April 17 

and15 in the 1
st 

and 2
st 

seasons respectively 

after fallow in both seasons. Each sub –sub plot 

was fertilized with NK fertilizers. Nitrogen 

fertilizer was added in the form of ammonium 

nitrate (33.5 % N) at the rate of 90 Kg N/fad, 

splatted into two equal doses , one half after 

thinning (before 1
st 

irrigation), and the other 

half (before 2 
nd 

 irrigation). Potassium fertilizer 

was added in the form of potassium sulphate 

(48% k2o) at the rate of 24 kg k2o/fed., added 

during the field preparation.  

   The plants were thinned to two plants 

per hill before the first irrigation. The first 

irrigation was applied after 21 days after 

sowing and the following irrigation was 

applied at 15 days intervals during the growing 

seasons. Hand hoeing twice was applied after 

20 and 35 days after sowing. The other 

agricultural practices were kept the same as 

normally practices in sorghum field according 

to the recommendation s of ministry of 

agriculture and land reclamation, except for the 

factors under study. The preceding winter crop 

in the first and second seasons of the study was 

wheat. 

Soil characteristics  
 The soil texture of the sites was clay loam in 

both seasons; mechanical as well as chemical 

analysis of the experimental sit was presented 

in table (1).  
 

Table (1) some Physical and chemical analysis of the experimental site" tamiya 

experimental station" in 2019 and 2020 seasons. 

2020         2019              Soil analysis 

A: Mechanical analysis 

34.92 38.00     Sandy % 

22.50 21.20     Silt % 

42.58 40.80     clay% 

Clay loom Clay loom Textural grade        

B:  chemical analysis 

8.20 8.12           PH 

3.96 4.00 E.C(ds/m) at 25
0
C 

1.72 1.68 Organic matter % 

11.14 11.18 CaCo3% 

8.2 8.0 Available N ppm 

 

Data recorded: 

Arandom sample of 5 plants from each plot 

was taken At  

      harvest, in order to determine the 

following  vegetative  characters:  

1. Plant height (cm): The length of the plant 

was measured by a strip from the soil 

surface to the top of the plant. 

2. Stem diameter (cm). 

3. Number of fresh leaves plant
-1

. 

4. Number of dry leaves plant
-1

. 

5. Plant weight (g). 

6. Flag leaf area plant
-1

 (cm
2
) 

     All data obtained in both seasons were 

subjected to analysis using ANAOVA table 

in GenStat Statistical computer software 

(edition12). Treatment means were 

compared using the least significant 

difference (LSD) test according to Gomez 

and Gomez, (1984) at the 5% level of 

significance.  
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RESULTS AND DESCUSSION 

1. Plant Height (cm): 

  Table (2) displays the main and 

interaction impacts of phosphorous 

fertilization, humic acid soil application, 

humic acid foliar application and their 

interactions on plant height at harvest as 

average of the combined analysis for 2019 

and 2020 seasons. Results showed that soil 

application of phosphorus fertilization at 

different rates reflected positive significant 

influences on plant height in comparison 

with the untreated control. Soil application of 

phosphorus fertilization (P45) 300 kg P2O5 

fed
-1

 resulted in the best average of mean 

values of plant height. Increased plant height 

was recorded at higher levels of phosphorus 

application treatments resulted in the 

availability of higher energy in the form of 

ATP molecules which would have helped in 

cell elongation in turn resulted in taller 

plants. Similar results were suggested by 

several investigations, i. e. Al- Taher et al, 

2005; Roy and Khandaker 2010; 

Baghdady 2016 and El-Mahi and 

Salih2019.    

Soil application humic acid had a 

significant effect on plant height (cm) of 

sorghum plants combined analysis for 2019 

and 2020 seasons Table (2). Soil application 

humic acid caused significant increases in 

plant height as compared with control 

treatment (without humic acid). The tallest 

sorghum plants (143.0 cm) were achieved by 

using 20 kg/fed humic acid. Adversely, the 

shortest sorghum plants (135.0 cm) were 

resulted from control treatment (without 

humic acid).  

Different levels of humic acid foliar 

application had a major effect on plant 

height. In this regard, adding 800 mg/L., give 

the highest mean values of plant height, 

followed by 400 mg/L, as compared to 

control treatment (0 mg/L).That could be 

related to the fact that humic acid soil and 

foliar application to grain sorghum plant will 

increase cell membrane permeability and 

may have hormone-like activity. These 

results are in good agreement with those 

obtained by El-Sagheer and Mohamed 

2017; Al-Beiruty et al, 2018; Al-Bawee et 

al, 2019 and Ali et al, 2020 reported that 

plant height was affected significantly, by 

humic acids rates. 

Regarding, the interaction between 

phosphorous treatment and soil application of 

humic acid (P x H) had a significant effect on 

plant height. Grain sorghum plants grown 

under phosphorous treatment (P45) with 

applying 20 kg fed
-1

 humic acid (P45 x H20) 

were recorded the highest plant height 

(146.1cm) followed by (142.5cm) was 

achieved by plants grown under (P30 x H10).  

Whereas the shortest plant (132.2cm) was 

obtained from (P15 x H0). Also, the 

interaction between phosphorous treatment 

and foliar spraying of humic acid (P x F) was 

significant for plant height. Applying 300 kg 

P2O5 fed
-1

 a combined with 800 mg/L of 

foliar spraying of humic (P45 x F2) recorded 

the best values of plant height (147.3cm), 

while the lower values of plant height 

(135.1cm) was achieved by (P15 x F0).  Also 

the interaction between 20 kg fed
-1

 soil 

application of humic acid and 800 mg/L of 

foliar application of humic, (H20 x F2) 

achieved the highest value of plant height. 

The interaction between phosphorous 

treatment (P), soil application of humic acid 

(H) and foliar spraying of humic acid (F) had 

significant effect on plant height. Applying 

of phosphorus fertilization at 45 kg P fed
-1

 a 

combined with  soil application of humic 

acid at 20 kg fed
-1

 and foliar spraying of 

humic acid at 800 mg/L (P45 x H20 x F2) was 

recorded the highest value of plant height 

(151.3cm).

2. Stem diameter (cm): 
 Data given in (Table 3) obviously 

show the average of stem diameter of 

sorghum plants as a result of phosphorous 

fertilizers levels, soil application of humic 

acid, foliar spraying of humic acid and their 

interactions. 
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 Soil application of phosphorus 

fertilization treatments had significant effect 

on stem diameter. Phosphorus fertilization at 

300 kg P2O5 fed
-1

 (P45) gave the highest 

value of stem diameter (2.71 cm). On the 

other hand, the lowest value of stem diameter 

(2.55 cm) was resulted by phosphorus 

fertilization 100 kg P2O5 fed
-1  

 (P15). Overall 

improvement in growth of sorghum plants 

under the influence of increasing rate of 

phosphorus levels could be ascribed due to 

the potential role of P fertilizer in modifying 

soil and plant environment conducive for 

better development of both morphological 

and biochemical components of the growth. 

A similar result was observed by Al-Taher 

et al, 2005.  

 Humic acid soil application i.e., 10, 

20 kg fed.
-1

, reflected positive significant 

influences on stem diameter in comparison 

with the untreated control.  Plots treated with 

(H20) 20 kg of humic acid fed
-1

 gave the 

highest average value of stem diameter (2.75 

cm). The mentioned treatment increased stem 

diameter than the untreated control by 9.56 

%. 
 

Table (2): Effect of phosphorus fertilizers (P) levels, humic acid soil application (H), 

humic acid foliar application (F) and their interactions on plant height (cm) at 

harvest of sorghum plants (combined analysis for 2019 and 2020 seasons). 

Phosphorus 

fertilizers 

(P) 

Humic Acid 

soil application 

(H) 

Humic Acid foliar application  (F) 

F0 

(Control) 

F1 

(400 mg/L) 

F2 

(800 mg/L) 
Mean 

100 k g P2O5 

( P15) 

H0 Control 131.7 132.9 132.0 132.2 

H10 10 kg/fed. 134.4 136.0 139.2 136.5 

H20 20 kg/fed. 139.3 140.9 140.8 140.3 

Mean 135.1 136.6 137.3 136.4 

 

200 k g P2O5 

(P30) 

H0 Control 134.8 136.4 136.6 135.9 

H10 10 kg/fed. 136.3 147.0 142.8 142.0 

H20 20 kg/fed. 139.3 143.4 144.8 142.5 

Mean 136.8 142.3 141.4 140.2 

 

300 k g P2O5 

(P45) 

H0 Control 128.7 137.2 144.5 136.8 

H10 10 kg/fed. 145.2 143.6 146.2 145.0 

H20 20 kg/fed. 140.2 146.7 151.3 146.1 

Mean 138.0 142.5 147.3 142.6 

Means of   

humic acid soil 

application 

H0 Control 131.7 135.5 137.7 135.0 

H10 10 kg/fed. 138.6 142.2 142.7 141.2 

H20 20 kg/fed. 139.6 143.7 145.6 143.0 

Mean 136.7 140.5 142.0 139.7 

L.S.D.  5% for 

Super phosphate  (P) 1.15 

Humic Acid Powder (H) 1.46 

Humic Acid foliar (F) 1.06 

Interaction : (P x H) 2.80 

                  : (P x F) 1.81 

                  : (H x F) N.S. 

                  :(P x H x F) 3.43 

Different levels of humic acid foliar 

application had a major effect on stem 

diameter. In this regard, adding 800 mg/L., 

give the highest mean values of stem 

diameter (2.70 cm), followed by 400 mg/L 

recorded (2.62 cm), as compared to control 

treatment (0 mg/L.,) gave (2.60 cm). The 

increase in growth characteristics in response 

to humic acid may be due to the presence of 

growth promoting substances like indole 

acetic acid (IAA), gibberellins and auxin in 

its structure that are directly involved in cell 

respiration, photosynthesis, oxidative 

phosphorylation, protein synthesis, and 
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various enzymatic reactions.  The findings 

obtained are comparable to those obtained by 

Al-Bawee et al, 2019 reported that stem 

diameter was affected, significantly, by 

humic acids rates.  

 Combined analysis revealed 

significant differences between the 

interaction between phosphorus fertilization 

(P) and humic acid soil application (H). 

Phosphorous treatment (P45) with applying 

20 kg fed
-1

 humic acid (H20) gave the highest 

value of stem diameter, while the lowest 

value of stem diameter was observed when 

applied (P45) combined with the (H0). 

 Data in (Table 3) indicated that the 

interaction between phosphorus fertilization 

and humic Acid foliar application (P x H) 

which was significant effect. The interaction 

between (P45 x F2) achieved the highest 

average of value of stem diameter. On the 

other hand, the lowest value for this character 

was recorded by phosphorus fertilization 

(P15) and humic acid foliar application (F0). 

Also thе intеrасtiоn bеtwееn humic acid soil 

application (H) аnd humic acid foliar 

application (H х F) had а signifiсаnt еffесt on 

stem diameter. The highest stem diameter 

value (2.86cm) was obtained by the 

interaction between (H20 x F2). 

 The intеrасtiоn bеtwееn phosphorous 

treatment (P), soil application of humic acid 

(H) and foliar application of humic acid (F) 

had a signifiсаnt еffесt of stem diameter. 

Applying of phosphorus fertilization at 300 

kg P2O5 fed
-1

, soil application of humic acid 

at 20 kg fed
-1

 and foliar spraying of humic 

acid at 800 mg/L (P45 x H20 x F2) was 

recorded the highest values of stem diameter 

(2.96cm). On the оthеr hand, phosphorous 

treatment (P15), soil application of humic acid 

(H0) and foliar spraying of humic acid (F0) 

gave the lowest value of stem diameter 

(2.33cm).   

3. Number of green leaves plant
-1

: 

Table (4) displays the main and 

interaction impacts of phosphorous levels, 

soil application of humic acid, foliar 

application of humic acid and their 

interactions on number of green leaves/plant 

at harvest as an average of the (combined 

analysis) for two seasons of 2019 and 2020. 

Soil application of phosphorus 

fertilization at the rates of 300 kg P2O5 fed
-1

, 

(P45) significantly resulted in higher mean 

values of number of green leaves plant
-1

 than 

the control treatment 100 kg P2O5 fed
-1 

(P15). 

Phosphorus is an important element affecting 

the growth of plants right from the cellular to 

whole plant level. These growth parameters 

include plant height, leaf area, leaf number 

and shoot dry biomass. It plays an important 

role in cell division and cell enlargement.  A 

similar result was observed by Al-Taher et 

al, 2005. 

Soil application of humic acid reflected 

positive effects on number of green leaves 

plant
-1

 in comparison with the untreated 

control. The highest number of green leaves 

plant
-1

 (7.75) was recorded by humic acid at 

20 kg fed
-1

. While, the minimum values of 

this trait (6.56) was given by the control 

treatment (without humic acid).Similar 

findings on the enhancing impact of humic 

acid on number of leaves plant
-1

 of maize 

were obtained by Daur and Bakhashwain, 

2013.    
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Table (3): Effect of phosphorus fertilizers (P) levels, humic acid soil application (H), 

humic acid foliar application (F) and their interactions on stem diameter (cm) at 

harvest  of sorghum plants (combined analysis for 2019 and 2020 seasons). 

Phosphorus 

fertilizers 

(P) 

Humic Acid 

soil application 

(H) 

Humic Acid foliar application  (F) 

F0 

(Control)  

F1 

(400 mg/L) 

F2 

(800 mg/L)  
Mean 

100 kg P2O5 

( P15) 

H0 Control 2.33 2.36 2.36 2.35 

H10 10 kg/fed. 2.50 2.58 2.56 2.55 

H20 20 kg/fed. 2.68 2.66 2.92 2.76 

Mean 2.51 2.54 2.61 2.55 

 

200 kg P2O5 

(P30) 

H0 Control 2.55 2.52 2.69 2.59 

H10 10 kg/fed. 2.66 2.64 2.76 2.69 

H20 20 kg/fed. 2.70 2.65 2.69 2.68 

Mean 2.64 2.61 2.72 2.65 

 

300 kg P2O5 

(P45) 

H0 Control 2.62 2.55 2.64 2.60 

H10 10 kg/fed. 2.70 2.69 2.75 2.71 

H20 20 kg/fed. 2.62 2.90 2.96 2.83 

Mean 2.64 2.71 2.78 2.71 

Means of   

humic acid soil 

application 

H0 Control 2.50 2.48 2.56 2.51 

H10 10 kg/fed. 2.62 2.64 2.69 2.65 

H20 20 kg/fed. 2.67 2.74 2.86 2.75 

Mean 2.60 2.62 2.70 2.64 

L.S.D.  5% for 

Super phosphate  (P) 0.051 

Humic Acid Powder (H) 0.059 

Humic Acid foliar (F) 0.038 

Interaction : (P x H) 0.093 

                  : (P x F) N.S. 

                  : (H x F) 0.078 

                  :(P x H x F) 0.130 

Foliar spraying of humic acid 
treatments was significantly superior to 
untreated plots. Foliar application of humic 
acid F2 (800 mg/L) increased number of 
green leaves plant

-1
 of sorghum plants 

compared with control treatment by 12.43%. 
This is probably by protecting the 
photosynthetic pigments, the photosynthetic 
apparatus and increasing the metabolic 
activities relevant to growth through 
enhancing cell division and/or cell 
enlargement. Similar findings on the 
enhancing impact of humic acid on number 
of leaves plant

-1
 of sorghum were obtained 

by El-Sagheer and Mohamed 2017 and Al- 
Bawee et al, 2019.  

Results in (Tаblе 4) illustrated that the 
intеrасtiоn phosphorous treatment and soil 
application of humic acid (P x H) had а 
signifiсаnt еffесt on number of green leaves 

plant
-1

 value (8.15) were оbtаinеd by 200 kg 
P2O5 fed

-1 
of

 
phosphorous treatment 

 
 with 20 

kg fed
-1

 of soil application of humic acid (P30 
х H20). 

The intеrасtiоn bеtwееn phosphorous 
fertilizers trеаtmеnt and foliar application of 
humic acid (P х F) had а signifiсаnt еffесt on 
number of green leaves plant

-1
. On the other 

hand the highest values of number of green 
leaves (8.26) were prоduсеd by applying of 
soil application of humic acid (H20) 
combined with foliar application of humic 
acid (F2). 

Data prеsеntеd in (Tаblе 4), shоwеd 
thе еffесt оf thе intеrасtiоn bеtwееn 
phosphorous treatment (P), soil application 
of humic acid (H) and foliar application of 
humic (F) on number of green leaves were 
not signifiсаn. 
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4. Number of dry leaves plant
-1

: 
The average of mean number of dry 

leaves plant
-1

 as affected by phosphorus 
fertilization; humic acid and their interaction 
are given in the Table (5). The available 
results divulge that the impact of phosphorus 
fertilization treatments on number of dry 
leaves plant

-1
 was significant. P15 (control 

treatment) produced the highest value of 
number of dry leaves plant

-1
, which increased 

number of dry leaves plant
-1

 than P45 (300 kg 
P2O5) by 10.29 %. 

 All humic acid soil application 
treatments were significantly superior to 
untreated plots. H20 and H10 treatments 
were the effective humic acid soil application 
treatments for decreasing number of dry 
leaves plant-1. The two mentioned treatments 
decreasing number of dry leaves plant-1 than 

control treatment H0 by 13.54, and 9.85 % 
respectively 

  All humic acid foliar application 
treatments were significantly superior to 
untreated plots. F2 treatment was the 
effective humic acid foliar application 
treatments for decreasing number of dry 
leaves plant

-1
. The mentioned previous 

treatment decreasing number of dry leaves 
plant

-1
 than control treatment F0 by 14.17%.  
Results in (Table 5) illustrated that the 

intеrасtiоn bеtwееn phosphorous fertilizers 
trеаtmеnt and foliar application of humic 
acid (P х F) had а signifiсаnt еffесt on 
number of fresh leaves plant

-1
. The lowest 

values of number of dry leaves (5.21) were 
prоduсеd by applying of soil application of 
humic acid (H20) combined with foliar 
application of humic acid (F2). 

Table (4): Effect of phosphorus fertilizers (P) levels, humic acid soil application (H), humic acid 

foliar application (F) and their interactions on number of green leaves/plant at 

harvest  of sorghum plants (combined analysis for 2019 and 2020 seasons). 

Phosphorus 
fertilizers 

(P) 

Humic Acid 
soil application   

(H) 

Humic Acid foliar application  (F) 

F0 
(Control)  

F1 
(400 mg/L) 

F2 
(800 mg/L)  

Mean 

100 kg P2O5 

( P15) 

H0 Control 5.65 6.48 6.84 6.33 
H10 10 kg/fed. 6.58 6.95 8.30 7.28 

H20 20 kg/fed. 6.31 6.99 8.04 7.11 

Mean 6.18 6.81 7.73 6.91 

 
200 kg P2O5 

(P30) 

H0 Control 6.52 7.30 7.09 6.97 
H10 10 kg/fed. 6.46 7.72 8.17 7.45 
H20 20 kg/fed. 8.05 7.69 8.71 8.15 
Mean 7.01 7.57 7.99 7.52 

 
300 kg P2O5 

(P45) 

H0 Control 6.51 6.44 6.23 6.39 
H10 10 kg/fed. 7.60 7.17 7.77 7.51 
H20 20 kg/fed. 7.90 8.07 8.02 8.00 
Mean 7.34 7.23 7.34 7.30 

Means of   
humic acid 

soil 
application 

H0 Control 6.23 6.74 6.72 6.56 
H10 10 kg/fed. 6.88 7.28 8.08 7.41 
H20 20 kg/fed. 7.42 7.59 8.26 7.75 
Mean 6.84 7.20 7.69 7.24 

L.S.D.  5% for 
Super phosphate  (P) 0.46 
Humic Acid Powder (H) 0.17 
Humic Acid foliar (F) 0.31 
Interaction : (P x H) 0.493 
                  : (P x F) 0.599 
                  : (H x F) 0.462 
                  :(P x H x F) N.S. 

5. Plant weight (g):  

Table (6) displays the main and 

interaction impacts of phosphorous levels, 

soil application of humic acid, foliar 

application of humic acid and their 

interactions on plant weight (g) at harvest as 

an average of the two experimental seasons 

of 2019 and 2020. 
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 Results showed that soil application 

of phosphorus fertilization at different rates 

reflected positive significant influences on 

plant weight in comparison with the 

untreated control. Soil application of 

phosphorus fertilization (P45) 300 kg P2O5 

fed
-1

 resulted in the best average of mean 

values of plant weight (454.91 g). Adversely 

of that, the lowest values of dry weight of 

sorghum plants (386.98g) was proceeded 

from fertilizing sorghum plants with the 

lowest phosphorus level (P15) 100 kg P2O5 

fed
-1

. A similar set of findings was also 

published by Camacho et al, 2002; Abou-

Amer and Kewan 2014; Roy et al, 2015 

and Pritam et al, 2019.  

 

Table (5): Effect of phosphorus fertilizers (P) levels, humic acid soil application (H), 

humic acid foliar application (F) and their interaction on number of dry leaves 

plant
-1

 at harvest  of sorghum plants (combined analysis for 2019 and 2020 

seasons). 

Phosphorus 

fertilizers 

(P) 

Humic Acid soil 

application 

(H) 

Humic Acid foliar application  (F) 

F0 

(Control)  

F1 

(400 mg/L) 

F2 

(800 mg/L)  
Mean 

100 kg P2O5 

( P15) 

H0 Control 7.90 6.28 5.66 6.61 

H10 10 kg/fed. 6.57 5.84 5.40 5.94 

H20 20 kg/fed. 6.34 6.52 6.03 6.30 

Mean 6.94 6.21 5.70 6.28 

 

200 kg P2O5 

(P30) 

H0 Control 6.44 6.11 6.49 6.34 

H10 10 kg/fed. 6.20 6.43 5.38 6.00 

H20 20 kg/fed. 5.98 6.10 5.06 5.71 

Mean 6.21 6.21 5.64 6.02 

 

300 kg P2O5 

(P45) 

H0 Control 6.94 5.88 6.78 6.54 

H10 10 kg/fed. 6.10 6.10 4.69 5.63 

H20 20 kg/fed. 5.30 5.08 4.14 4.84 

Mean 6.11 5.69 5.21 5.67 

Means of   

humic acid soil 

application 

H0 Control 7.09 6.09 6.31 6.50 

H10 10 kg/fed. 6.29 6.12 5.16 5.86 

H20 20 kg/fed. 5.88 5.90 5.07 5.62 

Mean 6.42 6.04 5.51 5.99 

L.S.D.  5% for 

Super phosphate  (P) 0.47 

Humic Acid Powder (H) 0.31 

Humic Acid foliar (F) 0.43 

Interaction : (P x H) N.S. 

                  : (P x F) 0.73 

                  : (H x F) N.S 

                  :(P x H x F) N.S. 
 

Soil application and foliar spraying of 

humic acid was responsible for producing 

significantly, heaviest plants than the 

untreated control. the average of mean values 

of plant weight showed that soil application 

of humic acid at 20 kg fed
-1

 seems to be 

suitable and recorded the heaviest mean 

values of plant weight. Also, foliar spraying 

of humic acid at 800 mg/L resulted in the 

best mean values of plant weight. On the 

other side, the lowest values of dry weight of 

sorghum plants (379.50 and 394.92g) were 

given by using the control treatment (without 

humic acid) in both two addition methods 

soil and foliar application, respectively.  

Humic acid stimulate plant growth by the 

assimilation of major and minor elements, 

enzyme activation and /or inhibition, changes 

in membrane permeability, protein synthesis. 

The obtained findings are consistent with 
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those previously published by Eyheraguibed 

et al, 2008; Hamad and Manal Taantawy 

2018 and Al-Bawee et al, 2019.  
Regarding, the interaction between 

phosphorous treatment and soil application of 

humic acid (P x H) had a significant effect on 

plant weight. Grain sorghum plants grown 

under phosphorous treatment (P45) with 

applying 20 kg fed
-1

 humic acid (P45 x H20) 

were recorded the heaviest plant weight 

(494.30g). As well, the interaction between 

phosphorous treatment and foliar spraying of 

humic acid (P x F) was significant for plant 

height. Applying 300 kg P2O5 fed
-1

 a 

combined with 800 mg/L of foliar spraying 

of humic (P45 x F2) recorded the best values 

of plant weight , while the lower values of 

plant height was achieved by (P15 x F0).  Also 

the interaction between 20 kg fed
-1

 soil 

application of humic acid and 800 mg/L of 

foliar application of humic, (H20 x F2) 

achieved the highest value of plant weight 

(497.06 g). 

The interaction between phosphorous 

treatments (P), soil application of humic acid 

(H) and foliar spraying of humic acid (F) had 

significant effect on plant weight. Applying 

of phosphorus fertilization at 45 kg P fed
-1

 a 

combined with soil application of humic acid 

at 20 kg fed
-1

 and foliar spraying of humic 

acid at 800 mg/L (P45 x H20 x F2) was 

recorded the highest value(529.66g). 
 

Table (6): Effect of phosphorus fertilizers (P) levels, humic acid soil application (H), 

humic acid foliar application (F) and their interactions on plant weight (g) at 

harvest  of sorghum plants (combined analysis for 2019 and 2020 seasons). 

Phosphorus 

fertilizers 

 (P) 

Humic Acid 

soil application 

(H) 

Humic Acid foliar application  (F) 

F0 

(Control)  

F1 

(400 mg/L) 

F2 

(800 mg/L)  
Mean 

100 kg P2O5 

( P15) 

H0 Control 314.01 328.22 341.12 327.79 

H10 10 kg/fed. 383.01 383.00 447.01 404.34 

H20 20 kg/fed. 373.61 434.54 478.29 428.81 

Mean 356.88 381.92 422.14 386.98 

 

200 kg P2O5  

(P30) 

H0 Control 350.88 370.44 424.33 381.88 

H10 10 kg/fed. 413.00 459.42 490.01 454.14 

H20 20 kg/fed. 433.35 466.94 483.23 461.18 

Mean 399.08 432.27 465.86 432.40 

 

300 kg P2O5 

 (P45) 

H0 Control 430.77 399.83 455.88 428.83 

H10 10 kg/fed. 395.88 431.57 497.30 441.58 

H20 20 kg/fed. 459.73 493.53 529.66 494.30 

Mean 428.79 441.65 494.28 454.91 

Means of   

humic acid 

soil 

application  

H0 Control 365.22 366.16 407.11 379.50 

H10 10 kg/fed. 397.30 424.66 478.11 433.36 

H20 20 kg/fed. 422.23 465.00 497.06 461.43 

Mean 394.92 418.61 460.76 424.76 

L.S.D.  5% for 

Super phosphate  (P) 8.36 

Humic Acid Powder (H) 11.09 

Humic Acid foliar (F) 8.86 

Interaction : (P x H) 17.16 

                  : (P x F) N.S. 

                  : (H x F) 16.44 

                  :(P x H x F) 27.29 

 

6. Flag leaf area (cm
2
): 

 Data given in (Table 7) obviously 

show the average of flag leaf area of 

sorghum plant as a result of phosphorous 

fertilizers levels, soil application of humic 

acid, foliar spraying of humic acid and their 

interactions. 
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 Soil application of phosphorus 

fertilization treatments had significant effect 

on flag leaf area. Phosphorus fertilization at 

300 kg P2O5 fed
-1

 (P45) gave the highest 

value of flag leaf area (406.36 cm
2
). On the 

other hand, the lowest value of flag leaf area 

(360.24cm
2
) was resulted by phosphorus 

fertilization 100 kg P2O5 fed
-1  

 (P15). 

 Humic acid soil application i.e., 10 

and 20 kg fed.
-1

, reflected positive significant 

influences on flag leaf area in comparison 

with the untreated control.  Plots treated with 

(H20) 20 kg of humic acid fed
-1

 gave the 

highest average value of flag leaf area 

(406.74 cm
2
).  

 Humic acid foliar application had a 

major effect on flag leaf area. In this side, 

adding 800 mg/L, give the higher values of 

flag leaf area (400.81 cm
2
), followed by 400 

mg/L, as compared to control treatment (0 

mg/L,). Under calcareous soil conditions, 

foliar application of humic acid can be a 

good practice for improving plant growth and 

uptake of the nutrients studied Çelik et al, 

2011.   

 Combined analysis revealed 

significant differences between the 

interaction between phosphorus fertilization 

(P) and humic acid soil application (H). 

Phosphorous treatment (P45) with applying 

20 kg fed
-1

 humic acid (H20) gave the highest 

value of flag leaf area, while the lowest value 

of flag leaf area was observed when applied 

(P45) combined with the (H0). 

 Data in (Table 7) indicated that the 

interaction between phosphorus fertilization 

and humic acid foliar application (P x H) 

which was significant effect. The interaction 

between (P45 x F2) achieved the highest 

average of value of flag leaf area. On the 

other hand, the lowest value for this character 

was recorded by phosphorus fertilization 

(P15) and humic acid foliar application (F0). 

Also thе intеrасtiоn bеtwееn humic acid soil 

application (H) аnd humic acid foliar 

application (H х F) had а signifiсаnt еffесt on 

flag leaf area. The highest flag leaf area value 

(444.05 cm
2
) was obtained by the interaction 

between (H20 x F2). 

 The intеrасtiоn bеtwееn phosphorous 

treatment (P), soil application of humic acid 

(H) and foliar application of humic acid (F) 

had a signifiсаnt еffесt of flag leaf area. 

Applying of phosphorus fertilization at 300 

kg P2O5 fed
-1

, soil application of humic acid 

at 20 kg fed
-1

 and foliar spraying of humic 

acid at 800 mg/L (P45 x H20 x F2) was 

recorded the highest values of flag leaf area 

(565.22 cm
2
). On the оthеr hand, 

phosphorous treatment (P15), soil application 

of humic acid (H0) and foliar spraying of 

humic acid (F0) gave the lowest value of flag 

leaf area (311.31 cm
2
).   

The increase in growth characteristics 

in response to humic acid may be due to the 

presence of growth promoting substances 

like indole acetic acid (IAA), gibberellins 

and auxin in its structure that are directly 

involved in cell respiration, photosynthesis, 

oxidative phosphorylation, protein synthesis, 

and various enzymatic reactions. This 

increase may also be owing to the effect of 

HA on root development, stimulation of root 

hairs and enhancement of root initiation by 

HA may increase nutrients uptake that 

eventually affected the growth characteristics 

of plant. In addition, this increase might be 

due to the enhanced uptake of minerals 

through the stimulation of microbiological 

activity of soil Arjumend, et al 2015. 

 

 

 

 

 

 

 

 



Abd- El Samie,F.S. et al.                                         FJARD VOL. 35, NO. 3. PP 542-556 (2021) 

 553 

 

Table (7): Effect of phosphorus fertilizers (P) levels, humic acid soil application (H), 

humic acid foliar application (F) and their interactions on flag leaf area (cm
2
) at 

harvest  of sorghum plants (combined analysis for 2019 and 2020 seasons). 

Phosphorus 

fertilizers 

(P) 

Humic Acid soil 

application 

(H) 

Humic Acid foliar application  (F) 

F0 

(Control)  

F1 

(400 mg/L) 

F2 

(800 mg/L)  
Mean 

100 kg P2O5 

( P15) 

H0 Control 311.31 336.01 346.20 331.17 

H10 10 kg/fed. 398.53 336.78 328.20 354.50 

H20 20 kg/fed. 431.97 355.28 397.86 395.03 

Mean 380.60 342.69 357.42 360.24 

 

200 kg P2O5 

(P30) 

H0 Control 318.05 336.53 367.14 340.57 

H10 10 kg/fed. 436.30 325.14 424.41 395.28 

H20 20 kg/fed. 378.67 377.66 369.09 375.14 

Mean 377.67 346.44 386.88 370.33 

 

300 kg P2O5 

(P45) 

H0 Control 431.64 328.33 328.70 362.89 

H10 10 kg/fed. 330.93 407.11 480.44 406.16 

H20 20 kg/fed. 363.02 421.89 565.22 450.04 

Mean 375.20 385.78 458.12 406.36 

Means of   

humic acid soil 

application 

H0 Control 353.66 333.62 347.35 344.88 

H10 10 kg/fed. 388.59 356.34 411.02 385.31 

H20 20 kg/fed. 391.22 384.94 444.05 406.74 

Mean 377.82 358.30 400.81 378.98 

L.S.D.  5% for 

Super phosphate  (P) 21.83 

Humic Acid Powder (H) 18.04 

Humic Acid foliar (F) 25.77 

Interaction : (P x H) 31.82 

                  : (P x F) N.S. 

                  : (H x F) 40.24 

                  :(P x H x F) 70.05 
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 الولخص العزبً

حأثيز الإظافت الأرظيت والزش لحاهط الهيىهيك علً نوى وإنخاجيت الذرة الزفيعت الناهيت فً أرض 

 جيزيت ححج هسخىياث هخخلفت هن الخسويد الفىسفاحً
فىسي سيد عبد السويع

*
،إكزام علي هجاور

*
، احود عبد العظين الزفاعي 

**
هحود يىسف حسين، 

**
 

 جاهعت الفيىم –كليت الشراعت  -قسن الوحاصيل* 

 هزكش البحىد الشراعيت –هعهد الوحاصيل الحقليت -قسن بحىد الذرة الزفيعت **

 

( وحذج فىسفىس نهفذاٌ 51، 03، 51)انهذف يٍ هزِ انذساسح انحانيح هى ذمييى ذأشيش شلاشح يعذلاخ يٍ انرسًيذ انفىسفاذً 

( كجى نهفذا03ٌ، 53صفش، )أسظيح، وشلاشح يسرىياخ يٍ حايط انهيىييك فً صىسج هيىياخ انثىذاسيىو كإظافاخ 

 533،033صفش، )كإظافاخ أسظيح، وشلاشح يعذلاخ يٍ انشش انىسلً نحايط انهيىيك فً صىسج هيىياخ انثىذاسيىو 

. انُاييح تانرشتح انجيشيح( هجيٍ شُذويم)عح ، وانرذاخلاخ تيُهًا عهً انًُى انخعشي نُثاذاخ انزسج انشفي(نرش/يههيًىل 

نرحميك انهذف يٍ انذساسح انحانيح َفزخ ذجشتراٌ حمهيراٌ تًضسعح يحطح تحىز غاييح انراتعح نًشكض انثحىز انضساعيح 

 .0303و 0352تانفيىو خلال انًىسى انصيفي نعايً 

تأستع يكشساخ ( لطاعاخ كايهح انعشىائيح)يشذيٍ يعايهح ذى انرُفيز فً ذصًيى انمطع انًُشمح  02ونمذ شًهد كم ذجشتح 

يرش يشتع    2سى وكاَد يساحح كم وحذج ذجشيثيح  03يرش وعشض  0خطىغ تطىل  1أحرىخ انىحذج انرجشيثيح عهً 

 (.   فذاٌ 5/500)

كشساخ حيس تأستعح ي( لطاعاخ كايهح انعشىائيح)اذثع فً انرُفيز انحمهً نهرجاسب اسرعًال ذصًيى انمطع انًُشمح يشذيٍ 

ووصعد انًعايلاخ عشىائيا نجًيع يسرىياخ انعىايم انصلاشح ووظعد يعذلاخ انفىسفىس فً انمطع انشئيسيح، وصعد 

فً انمطع انًُشمح الأونً ، وذى انرىصيع ( هيىياخ انثىذاسيىو)عشىائياً الإظافح الاسظيح نًعذلاخ حايط انهيىييك 

 .انصاَيح  فً انمطع انًُشمح( هيىياخ انثىذاسيىو)يىييك انعشىائً نلإظافح انىسليح نًعذلاخ حايط انه

 :الصفاث الودروست 

 :عُذ انحصاد ذى الاخرياس انعشىائً نخًسح َثاذاخ يٍ انمطع انرجشيثيح فً كلا انًىسًيٍ نرمذيش انصفاخ انرانيح

، ( جى)َثاخ، وصٌ انُثاخ /َثاخ، عذد الاوساق انجافح/، عذد الأوساق انخعشاء(سى)، لطش انساق (سى)اسذفاع انُثاخ 

سى)يساحح وسلح انعهى 
0

 .َثاخ/(

 -:و يوكن حلخيص النخائج الوخحصل عليها كوا يلي

فذاٌ يعُىيح و حممد أغىل اسذفاع نهُثاخ /وحذج 51و  03كاَد الإظافح الأسظيح نهرسًيذ انفىسفاذً تًعذل   -5

سى 515.25)، أكثش يساحح وسلح انعهى ( 2.0)وأكثش عذد نلأوساق انغعح ( سى 0.25)، أكثشلطش نهساق ( سى550.0)

فذاٌ افعم / وحذِ 51تشكم عاو كاَد يعايهح انرسًيذ انفىسفاذً . ، والم عذد الاوساق انجافح  كًرىسػ نهًىسًيٍ ( 0

انًعايلاخ وأدخ انً صيادج غىل انُثاخ ولطش انساق وعذد الاوساق انغعح ويساحح وسلح عهى َثاخ انزسج انشفيعح تُسثح 

 .نهفذاٌ /وحذِ 51عهً انرشذية تانًماسَح تًعايهح انكُرشول %( 50.20و 1.05، 1.25، 5.11)

فذاٌ يعُىيح و حممد أغىل اسذفاع نهُثاخ ، /كجى وحذج 03و  53كاَد الإظافح الأسظيح نهيىياخ انثىذاسيىو  تًعذل  -0

. أكثشلطش نهساق وأكثش عذد نلأوساق انغعح  ، أكثش يساحح وسلح انعهى ، والم عذد الاوساق انجافح  كًرىسػ نهًىسًيٍ 

فذاٌ افعم انًعايلاخ وأدخ انً صيادج غىل انُثاخ / كجى 03تشكم عاو كاَد يعايهح هيىياخ انثىذاسيىو  

ويساحح وسلح عهى َثاخ انزسج انشفيعح (  2.21)وعذد الاوساق انغعح ( سى 0.21)ش انساقولط( سى550.33)

سى 530.25)
0
 .كجى نهفذاٌ وانرً أعطد ألم انميى نهصفاخ انساتك ركشها / يماسَح تًعايهح انكُرشول  صفش(  

اً عهً اسذفاع انُثاخ نرش أشش يعُىي/يهجى 033، 533تًعذل ( هيىياخ انثىذاسيىو)انشش انىسلً نحايط انهيىيك  -0

وأكثش عذد نلأوساق ( سى 0.23)، أكثشلطش نهساق (سى550.3)نرش، أغىل اسذفاع نهُثاخ /يهجى 033وحمك انًعذل 

سى 533.05)، أكثش يساحح وسلح انعهى (  2.02)انغعح 
0

 .    كًرىسػ نهًىسًيٍ(  1.15)، والم عذد الاوساق انجافح (


