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Abstract 
A triplicate field experiment laid out in randomized complete block design was conducted to eva-
luate different humic acid (HA) application methods at Agricultural Research Farm, of KPK Agri-
cultural University, Peshawar. Three methods of HA application: seed priming, foliar spray and 
soil application were included in the experiment. Humic acid application methods significantly af-
fected pods plant−1, grains pod−1, 1000 grain weights, and grain yield whereas biological yield was 
not significantly affected by HA application methods. Humic acid application at the rate of 3 
kg∙ha−1 resulted in higher number of pods plant−1, thousand grain weights and grain yield, howev-
er it was statistically similar to the treatments where HA was soil applied at rate of 1 and 2 kg∙ha−1, 
seed priming with 0% (water soaked), 1%, 2% HA solution and foliar spray with 0.01%, 0.05% 
and 0.1% of HA solution. It is concluded that HA application in all the three methods significantly 
enhances grain yield and yield components of mungbean. 
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1. Introduction 
Mungbean (Vigna radiata (L.), Wilczek) is an important source of protein and has been grown in the Indo-Pak 
subcontinent since ancient times, where the diet is mostly cereal-based [1]. It is grown mainly for its edible 
seeds, which are cooked, fermented, roasted, sprouted, or milled. Mungbean seeds, like other pulses, are split 
and then cooked as a curry called “Dal”. Mungbean is also used in making soups, noodles, bread, and sweets; 
the seeds roasted with spices are also very popular [2]. In South Asia, improved varieties of mungbean are 
grown on an area of 3 million hectares with a total annual production of 3.1 million tones both under rainfed and 
irrigated conditions. As a result, mungbean consumption in most of the low income countries has increased from 
22% - 66% [3]. Despite all these achievements, yields for the rainfed area are generally low and variable due to 
sparse, erratic rainfall and marginal soils.  

Humic acid (HA) is a vital constituent and an intimate part of soil organic structure. It has been used by many 
scientists, agronomists and farmers for improving soil conditions and plant growth [4] [5]. In plants, humic acids 
have positive effects on enzyme activity, plant nutrients, and growth stimulant and are considered as a “plant 
food”. Humates are most responsive in high carbohydrate crops like potato, carrot, maize, rice, wheat, etc. [4] 
[6]. Humic acid contains 51% to 57% C, 4% to 6% N and 0.2% to 1% P and other micronutrients in minute 
amounts. Application of 1.0 kg∙ha∙ha−1 to the soil can bring appreciable increase (up to 20%) in yields of wheat, 
maize, cotton, sugar beet and groundnut and improvement in soil physico-chemical conditions [7] [8]. Applica-
tion of such minute amounts of HA suggests its enzymatic characteristics. Treating seeds with HA may further 
increase its beneficial effects to enhance crop yield [9]. 

There are usually three main methods of applying micronutrients to crops: soil fertilization, foliar sprays and 
seed treatment. Foliar application of micro-nutrients are effective [10] [11], but this method is too costly to be 
widely practiced by resource-poor farmers in some regions because of the amount of fertilizer, equipment and 
labor required for repeated spraying. Likewise, the difficulty in obtaining high quality micro-nutrient fertilizers 
and spreading them evenly on the soil can be unaffordable. Treating seeds with micronutrients potentially pro-
vides a simple inexpensive method for improving micronutrient plant nutrition [12]-[14].  

To take the advantage of the facts that HA offers great promise for agricultural utilization, this research study 
was initiated to evaluate different methods of HA application for enhancing yield and yield components of 
mungbean. 

2. Materials and Methods 
2.1. Experimental Site  
Peshawar has a warm to hot, semi-arid, sub-tropical, continental climate with mean annual rainfall of about 360 
mm. Summer (May-Sep) has a mean maximum temperature of 40˚C and mean minimum temperature of 25˚C. 
Winter (December to the end of March) has mean minimum temperature of 4˚C and a maximum of 18.4˚C. The 
average winter rainfall is higher than that of summer. The highest winter rainfall has been recorded in March, 
while the highest summer rainfall is in August. Soil of the experimental site is deficient in N, P and available Zn, 
but has adequate K. Canal water is available for irrigation [15]. The soil physico-chemical conditions of the ex-
perimental site is sand 8.7%, silt 51.3%, clay 40.0% (textural class; silty clay loam), organic matter 0.845 g∙kg−1, 
total N 0.04 g∙kg−1, CaCO3 14.4%, pH 1:1 water 8.02, electrical conductivity dS∙m−1 0.87, AB-DTPA extractible 
nutrients P (3.80 mg∙kg−1), K (105 mg∙kg−1), Zn (0.86 mg∙kg−1) [16] [17].  

2.2. Experimental Description 
The experiment was conducted at Agricultural Research Farm of Khyber Pakhtunkhwa Agricultural University, 
Peshawar (34˚01'N latitude, 71˚35'E longitude) during summer 2007. The experiment was laid out in rando-
mized complete block design with three replications. A basal dose of 60 Kg∙P∙ha−1 was applied at sowing time. 
A starter dose of 25 kg N ha−1 was applied at first irrigation. The seed of mungbean variety NM-92 at the rate of 
25 kg∙ha−1 was sown in a plot size of 4 m by 5 m, having 8 rows of 4 m length at row to row distance of 50 cm. 
Mungbean variety NM-92 was developed by hybridization between indigenous mutant line NM-36 and exotic 
Asian Vegetable Research and Development Center (AVRDC) germplasm accession number VC 2768B at 
Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad, Pakistan and released after approval in 1996 
for general cultivation [18]. The lignitic coal derived HA was purchased from the indigenous humic acid pro-
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duction unite (Department of Soil and Environmental Sciences, Khyber Pakhtunkhwa Agriculture University, 
Peshawar). Seed of mungbean was primed in different concentration of HA solutions i.e., (0.5%, 1%, 1.5%, 2%) 
for 8 hours. After priming, the seed was rinsed with tap water and air dried for about 2 hours to avoid sticking of 
seed with hands at sowing time. For soil application HA was applied at the rate of 1, 2 and 3 kg∙ha−1 at the time 
of seedbed preparation. For foliar spray, solutions of HA (0.01%, 0.05%, 0.1%) were sprayed at 5 - 6 leaf stages 
of mungbean. The agronomic practices i.e., irrigation, weeding and hoeing etc. were carried out uniformly for 
all treatments.  

The treatments structure as under: 
T1: Dry seed (control), T2: Seed soaking in water, T3: Seed priming in 0.5% HA solution, T4: Seed priming 

in 1% HA solution, T5: Seed priming in 1.5% HA solution, T6: Seed priming in 2% HA solution, T7: Soil ap-
plication of HA @ 1 kg∙ha−1, T8: Soil application of HA @ 2 kg∙ha−1, T9: Soil application of HA @ 3 kg∙ha−1, 
T10:Foliar application of 0.01% HA solution, T11: Foliar application of 0.05% HA solution and T12: Foliar ap-
plication of 0.1% HA solution. 

Data were recorded on pods/plant, grains/pod, thousand grain weights (g), biological yield (kg∙ha−1), grain 
yield (kg∙ha−1) and harvest index (%). Data on number of pods plant−1 were recorded by randomly selected ten 
plants in each plot and their pods were counted and then averaged. To record number of grains pod−1, grains of 
ten randomly selected pods in each plot were counted and then their average was worked out. For thousand grain 
weights’ data, a random sample of thousand grains was taken from the grain yield of each plot and then weighed 
with an electronic balance. In case of biological and grain yields data, four representative rows were harvested at 
their maturity from each plot, tied into bundles separately. The bundles were sun dried and weighed by spring 
balance for calculating biological yield (kg∙ha−1). For grain yield (kg∙ha−1), their pods were removed from the 
harvested plants, dried, threshed and weighed with the help of an electronic balance.  

2.3. Statistical Analysis 
The data recorded were analyzed statistically using analysis of variance techniques appropriate for randomized 
complete block design. For analysis excel worksheet was programmed. Means were compared using LSD test at 
0.05 level of probability, when the p-values were significant. Five single degree of freedom contrasts were used 
to make comparison among the application methods and control with rest of the treatments [19]. 

3. Results and Discussion 
3.1. Pods Plant−1 
Data regarding pods plant−1 are shown in Table 1. Analysis of the data revealed that pods plant−1 was signifi-
cantly affected by HA application methods. Soil application of HA at the rate of 3 kg∙ha−1 resulted in maximum 
number of pods plant−1, followed by foliar spray each of 0.05% and 0.1% of HA solution which were at par with 
one another. Minimum pods plant−1 were noted for dry seed. 

Planned mean comparison indicated that the differences between control vs. rest, control vs. water soaked, 
seed priming vs. foliar spray and seed priming vs. soil application were significant for pods plant−1, while the 
difference between foliar spray vs. soil application was not significant (Table 2). Dry seed produced lower 
number of pods plant−1 as compared to the mean of rest of the treatments and water soaked seed. Seed priming 
produced lesser number of pods plant−1 as compared to soil application and foliar spray. Here the resultant high-
er number of pods due to soil application of HA can be correlated with its intrinsic ability of undistinguished di-
rect and indirect positive effect on plant growth [20] [21]. Collectively, soil application of HA modify aggrega-
tion, aeration, and permeability of soil as well as increase its water holding capacity. Apart from that HA in-
creases microbial activity, consequently increases the rate of organic matter mineralization and solubilization. 
This further enhances the availability of macro and micro nutrients to meet the demand of rapid growing crops. 
The hormonal activity of HA also regulates endogenous hormonal mechanism [20]-[22]. Similar results were 
reported by Ashraf et al. [23] who found that soaking of seeds in 0.005% aqueous humate followed by spraying 
of humate solution significantly increased pods plant−1 in mungbean. Our results are also in line with that of 
Shuixiu and Ruizhen [24] who reported that KOMIX, a HA-containing organic fertilizer significantly increased 
number of pods plant−1 in spring soybean. The HA amendment in soil enhanced the water holding capacity and  
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Table 1. Pods/plant, grains/pod, thousand grain weights, grain yield and biological yield as affected by humic acid (HA) appli-
cation methods in mungbean.                                                                                      

Treatments Pods plant−1 Grains pod−1 1000 grain weights 
(g) 

Grain yield 
(kg∙ha−1) 

Biological yield 
(kg∙ha−1) 

Dry seed 13.0f 9.4b 40.9d 550c 3325 

Water soaked 18.1cde 10.7a 43.1bcd 973ab 4480 

Seed priming in 
0.5% HA solution 

15.7ef 11.0a 43.3bcd 805bc 3625 

Seed priming in 
1% HA solution 

16.8de 10.8a 44.9abcd 820ab 3825 

Seed priming in 
1.5% HA solution 

16.6de 11.7a 46.6abc 803bc 3240 

Seed priming in 
2% HA solution 

19.8bcd 11.0a 43.6bcd 843ab 3875 

Soil application 
@ 1 kg∙ha−1 HA 

21.2bc 11.3a 42.8cd 883ab 3875 

Soil application 
@ 2 kg∙ha−1 HA 

22.2ab 11.0a 48.5a 1058ab 4875 

Soil application 
@ 3 kg∙ha−1 HA 

25.3a 11.6a 49.4a 1085a 4575 

Foliar Spray of 
0.01% HA solution 

21.8ab 11.2a 46.2abc 833ab 4500 

Foliar Spray of 
0.05% HA solution 

22.9ab 11.1a 47.9ab 884ab 4600 

Foliar Spray of 
0.1% HA solution 

22.9ab 11.1a 46.9abc 870ab 4355 

LSD ≤ 0.05 3.51 1.14 4.85 267 ns 

Means in the same column followed by different superscripts’ letters are significantly different from one another at 5% level of probability. ns: 
Non-significant. 
 
Table 2. Planned mean comparisons for pods/plant, grains/pod, thousand grain weights, grain yield and biological yield as af-
fected by humic acid (HA) application methods in mungbean.                                                         

Planned mean comparison 

Treatment Pods/plant Grains/pod 1000 grain weights 
(g) 

Grain yield 
(kg∙ha−1) 

Biological yield 
(kg∙ha−1) 

Control vs. 13.0** 9.0** 41** 550** 3325** 

Rest 20.3 11.1 45.7 896 4166 

Control vs. 13.0** 9.4** 40.9** 550** 3325** 

Water 18.1 10.7 43.1 973 4480 

Seed priming vs. 17.2** 11.1ns 44.6ns 818* 3641* 

Foliar spray 22.5 11.1 47.0 862 4485 

Seed priming vs. 17.2** 11.1ns 44.6ns 818ns 3641* 

Soil application 22.9 11.3 46.9 1009 4442 

Foliar spray vs. 22.5ns 11.1ns 47.0ns 862ns 4485ns 

Soil application 22.9 11.3 46.9 1009 4442 
** and * = Significant at 1% and 5% level of probability, respectively. ns = non significant. 
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this property was exploited by Almarshadi and Ismail, [25] under dry land conditions. Our results may also 
coincide with their experiment as they reported that higher moisture regime of soil due to HA increased the 
number of tillers in barley.  

3.2. Grains Pod−1  
Statistical analysis of the data indicated that HA application methods significantly affected grains pod−1. Appli-
cation of HA in any form produced enhanced and statistically similar grains pod−1 as compared to control. 
Highest number of grains pod−1 was produced by HA applied at rate of 3 kg∙ha−1 followed by seed primed in  
1.5% HA solution (11.7), which were at par with each other. Lowest number of grains pod−1 (9.4) was produced 
by seed soaked in water (Table 1).  

Planned mean comparison suggested that the differences between control vs. rest and control vs. water soaked 
were significant for grain pod−1, while all other comparisons were not significant (Table 2). Dry seed produced 
lower number of grains pod−1 as compared to the mean of rest of the treatments and water soaked seed. 

Higher number of grains pod−1 may be due to the indirect positive effect of HA on chlorophyll content. The 
increase in chlorophyll content promotes photosynthetic activities which, in turn, diverts more photo-assimilates 
towards higher number of sinks [22]. This prominent effect is reported in most of the crop species like mustard, 
Brassica raya, aerobic rice, wheat [21] [26]-[28]. The HA application shows its beneficial effect on number of 
grains pod−1 either applied alone or in combined application with full recommended dose of macronutrient. The 
same was recently reported by Vanitha and Mohandass, [28], they got highest filled grain percentage by HA ap-
plication with recommended full nutrient dose under subsurface irrigation in aerobic rice. Almarshadi and Ismail, 
[25] also reported the significant effect on number of grains/spike in dry land soil amendment with HA. Fur-
thermore, Our result are in conformity with Atak and Kaya [29] and Sharif et al. [30] who reported higher num-
ber of grains ear−1 in wheat and maize with soil application of HA as compared to control. Our results are also in 
line with Ashraf et al. [23] who reported that soaking of seeds in 0.005% aqueous humate followed by spraying 
of humate solution resulted in higher grain weight as compared to dry seed in spring soybean.  

3.3. Thousand Grain Weights 
Data regarding thousand grain weights and their planned mean comparison are presented in Table 1 and Table 2, 
respectively. Perusal of the data indicated that HA application methods significantly affected thousand grain 
weights. Soil application of HA at the rate of 3 kg∙ha−1 resulted in greater grain weight followed by soil applica-
tion of HA at the rate of 2 kg∙ha−1. Lowest thousand grain weights were produced by dry seed. Planned mean 
comparison revealed that the differences between control vs. rest and control vs. water was significant for thou-
sand grain weights while all other comparisons were not significant. Dry seed produced lower thousand grain 
weights as compared to the rest of the treatments and water soaked seed.  

Many authors [21] [28] [31] have reported the greater influence of HA on root growth and establishment. 
Higher root length in response to HA application fetch increases uptake of macro and micronutrients. The 
heavier grain weight of mungbean treated with soil application of HA showed the improvement of nutrient 
availability of soil and its effect on plant growth [21] [32]. Humic acid enhances the uptake and accumulation of 
nutrients especially N by easing the permeability of cell membrane [21] [31]. Similarly, Solaiman et al. [33] at-
tributed the significantly higher thousand grain weights and other plant growth parameters in chickpea to the ap-
plication of nitrogen. The higher uptake of other macro and micro nutrients due to HA included phosphorus, po-
tassium, calcium, magnesium, iron, and zinc [21] [31]. This is also in line with khan et al. [32], and they ob-
served maximum 1000-grain weight in plots treated with 3 kg∙ha−1 HA with half of the recommended dose in 
wheat. The results are in line with Sharif et al. [20] and Atak and Kaya [29] who reported heavier grains in 
wheat and maize by HA soil application as compared to control treatment. Similarly, Thenmozhi et al. [34] re-
ported heavier 100 kernal weight in groundnut with soil HA application at the rate 10 kg∙ha−1.  

3.4. Grain Yield (kg∙ha−1) 
Perusal of the data indicated that HA application methods significantly affected grain yield. Highest grain yield 
was produced by HA soil application at the rate of 3 kg∙ha−1, followed by HA soil application at the rate of 2 
kg∙ha−1 (Table 1). Dry seed produced the lowest grain yield. Planned mean comparison revealed that the differ-
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ences between control vs. rest and control vs. water soaked were significant for grain yield, while other compar-
isons were not significant. Dry seed produced the lowest grain yield as compared to the mean of rest of treat-
ments and water soaked seed (Table 2).  

The higher grain yield due to HA application in this research corroborates the findings of Khan et al. [32]; 
Vanitha and Mohandass, [28]; Thenmozhi et al. [34]; David and Samule, [26]; Albayrak, [27]; Almarshadi and 
Ismail, [25]. These authors suggested the use of HA due to its beneficial effect on grain yield in several crop 
species like wheat, aerobic rice, groundnut, mustered, Brassica raya, and barley. Moreover, the higher grain 
yield in plots applied with 3 kg∙ha∙ha−1 may be due to higher yield components in the same plots. The results 
further verify those of Sarir et al. [35] and Sharif et al. [30], who reported that HA alone increased the grain 
yield by 72% over the control. Similarly Shuixiu and Ruizhen [24] reported the HA application to soil increased 
the yield of spring soybean. 

3.5. Biological Yield (kg∙ha−1) 
Humic acid application methods did not significantly affect biological yield (Table 1). Planned mean compari-
son indicated that the differences between control vs. rest and control vs. water soaked were significant for bio-
logical yield, while all other comparisons were not significant (Table 2). Dry seed resulted in lower biological 
yield as compared to the mean of rest of treatments and water soaked seed. The results are not in line with those 
of Sarir et al. [35] and Sharif et al. [30] who reported that HA application increased biological yield up to 23% 
and 25%, respectively. Similar results are also reported by Ashraf et al. [23] who observed significant effect on 
total dry matter of mungbean with application HA as soil applied. 

4. Conclusion  
Humic acid (HA) is a vital constituent and an intimate part of soil organic structure. It has been used by many 
scientists, agronomists and farmers for improving soil conditions and plant growth. Humic acid application at 
the rate of 3 kg∙ha−1 resulted in a higher number of pods plant−1, thousand grain weights and grain yield, howev-
er it was statistically similar to the treatments where humic acid was soil applied at rate of 1 and 2 kg∙ha−1, seed 
priming with (water soaked), 0%, 1%, 2% of HA solution and foliar spray with 0.01%, 0.05% and 0.1% of HA 
solution. It is concluded that humic acid application in all the three methods significantly enhances grain yield 
and yield components of mungbean.  
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