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Abstract 
This study was conducted to evaluate potassium humate application for reducing the effect of water deficiency on corn crop. Experimental design 
was factorial  split plot experiment on randomized complete block with three replications at Tabriz Branch, Islamic Azad University. Factor A 
included irrigation levels (irrigation after 70, 100 and 130 mm evaporation from basin class A pan), factor B included potassium humate solution with 
different concentrations (0, 1% and 2% v/v) and factor C included different developmental stages (vegetative, reproductive and vegetative+reproductive 
stage). Results showed that drought reduced seed number in row, seed number per ear, seed weight per ear, seed length, seed weight, grain yield and 
harvest index. Potassium humate application increased drought tolerance. Grain yield under water deficit situation was higher than in control, but 
reduction by using potassium humate was lower. The highest grain yield (1539 g m-2) was obtained under irrigation after 100 mm evaporation and 2% 
potassium humate application and the least grain yield (1186 g m-2) was obtained without application of potassium humate. At this irrigation level 
without application of potassium humate, 34% reduction was observed in grain yield, but with application of 2% potassium humate only 14% 
percent reduction was observed. Under water deficiency,  potassium humate application led to decrease of water stress effects on grain yield. 
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Introduction 
Every year the world population will increase by 1.6 to 1.7 percent, 
so every year 90 million people are added to the consumers of 
agricultural products. This means that food production must 
increase to improve the needs of the human diet 11. The production 
of the crop plants directly depends on plants consumption of 
resources such as water and light and the conversion efficiency 
of sources to biological materials 15. Drought is the most costly 
natural disaster that each year in worldwide causes losses of 6-8 
billion dollars and involves more people than any other natural 
disaster. Drought is one of the important stress factors of the 21st 
century. Therefore, for global food security and agricultural 
production, many efforts are needed to develop strategies for 
improving plants resistance to drought 17. In recent years improving 
of the quantity and quality of agricultural products has occurred. 
Humic acids influence on soil physical and chemical properties, 
and absorption of nutrients has increased by use of humic acids, 
leading to improved root growth and fresh and dry yield of plants. 
In many cases, humic compounds reduced required amount of 
fertilizers and improved soil conditions 6. Initial research has shown 
that humic acid increased yield of corn, rye, tobacco, soybean, 
clover and other crops 1. Haghighi et al. 4 reported that under 
different conditions (normal irrigation; normal irrigation + K 
humate, drought, drought + K humate) especially weight of other 
internodes and specific pre-terminal internode had significant 
difference at 1% level. Under the effect of potassium humate, 

under normal irrigation, the especial weight of other internodes 
was reduced from 19.82 to 16.75 g but under dry conditions at the 
end of season increase was from 15.24 to 16.8 g. The effect of 
potassium humate addition on specific weight of pre-terminal 
internode  was reduction  from 18.5 to 15.23 g  under normal irrigation 
condition and  increase from  14.04 to 15.69 g under late-season 
drought condition. Potassium humate can increase the amount of 
storage material under drought conditions in the pre-terminal 
internodes and other internodes. Mollasadeghi et al. 8 reported 
that the maximum chlorophyll content was related to foliar 
application of  200 mg L-1 humic acid at flag leaf emergence.  Humic 
acid concentrations of  200 and 300 mg L-1  gave highest biological 
yield and seed weight, respectively. The best stage of foliar 
application of humic acid  for achievement maximum seed weight 
per spike, seed number per spike and seed weight was flag leaf 
appearance but in most traits significant differences were not seen. 
The lowest percentage of infertile spikelets was achieved by foliar 
application with 300 mg L-1 concentration of humic acid at the time 
of shoot growth. Haghighi et al. 4 reported that potassium humate 
decreased the effect of drought stress on differences between 
plant yield under stress and no stress from 1 ton per acre to 0.1 
ton. The aim of this experiment was evaluation of potassium humate 
application effect by different irrigation levels on the drought 
tolerance of  maize cultivar 604 . 
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Materials and Methods 
This study was conducted as a factorial split plot experiment based 
on randomized complete block design with three replicates during 
growing season of 2009 at Islamic Azad University. Treatments 
were level of irrigation (irrigation after evaporation of 70, 100 and 
130 mm from pan class A), potassium humate foliar application 
with different concentrations (0, 1% and 2%) and at different 
growth stages of corn (vegetative, reproductive and both 
vegetative and reproductive stage). The field consisted of  81 
plots, each plot included  four rows 60 cm apart and with a density 
of 83,000 plants per hectare. All of practices, such as control of 
weeds, pests and diseases, were done regularly during growth 
period. Fertilization was supplied  by  urea 200 kg ha-1 at two stages 
(half at planting and other half at 8-12 leaf stage, the thinning out). 
Irrigation was done to the plant at 12-14 leaf stage once a week 
and after that the irrigation based on evaporation of class A pan 
and treatments of potassium humate foliar application (concentration 
of 1%: 5 litres water and 50 ml humate; concentration of  2%:  5 litres 
water and 100 ml humate). Seeds per row, seed number and weight 
per ear, seed length, 100 seed weight, grain yield and harvest 
index were measured during growth and after harvest. Data were 
analyzed by MSTAT-C software with mean comparison at 5% 
level by Duncan’s method and plotting was done by using Excel 
software. 

                                     Results and Discussion 
Analysis of variance of data showed that there were significant 
differences between irrigation levels, humate concentrations and 
humate application times in some traits (Table 1). 

The number of seeds per row: The maximum seed number per row 
was 13 by irrigation after 70 mm evaporation  and by application 
of 2% potassium humate, and minimum number of seeds was 10.5 
in control (Fig. 1). By application of 2% potassium humate seed 
number per row increased 30% in complete irrigation. In surface 
irrigation after evaporation of 130 mm from evaporation pan 
without potassium humate application the seed number per row 
was 37% lower. Reduction by using 1% and 2% potassium humate 
concentration was 0.05 and 0.97 unit, respectively (Fig. 1). 
According to this, under water deficiency conditions, using of 
potassium humate in corn reduced the drought stress effect on 
seed number per row, but the effect of  2% potassium humate  was 
lower. 

Seed number per ear: The highest seed number per ear was 466 
by irrigation after 130 mm evaporation from pan and application 
of 2% potassium humate (Fig. 2). Application of 2% potassium 
humate increased seed number per ear 26%. Without using 
potassium humate, water deficiency decreased seed number per 
ear,  irrigation after 100 and 130 mm evaporation decreased the 
seed number per ear 21 and 32 percent, respectively. Mollasadeghi 
et al. 8  reported that seed number per inflorescence, biomass and 
yield increased by potassium humate application, but the seed 
weight was not affected by potassium humate. Arankon et al. 1 
reported that the humic acid increases fruit number in strawberry. 
Moser et al. 9 reported that drought before pollination reduced 
the row number per ear and seed number in each row. Other 
researchers reported that drought before pollination due to 
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Figure 2. Effect of irrigation level and potassium humate application 
on number of seeds per ear. 

SoV df 

Seed 

number  

in row 

Seed number

per ear 

Seed weight

per ear 

Seed 

length 

Seed 

1000 

weight 

Grain 

yield 

Harvest 

index 

Replication 2 33.262 373322.1 15639.63 0.039 106.758 847744.1 304.504 

Irrigation level (A) 2 1.244 49456.01 19470 0.037 1588.965 1519391 177.278 

Error 4 58.387 78319.09 1714.828 0.03 569.668 267279.4 241.401 

Humate 

Concentration (B) 
2 29.633* 45359.716* 8705.297** 0.050** 775.714* 549212.85** 298.499**

A× B 4 15.035* 47816.123** 7968.521** 0.071** 294.261 717404.059** 96.990** 

Time of humate 

application (C) 
2 4.818 2625.383 491.616 0.045** 64.171 51592.14 8.76 

A× C 4 2.818 10335.96 378.874 0.053** 448.986* 22122.38 11.148 

B × C 4 14.137 2997.049 910.09 0.043** 50.482 54978.08 19.114 

C× B× C 8 8.207 13577.54 1709.460* 0.033** 85.749 110295.6 49.759 

Error 48 6.078 9984.113 627.86 0.008 157.972 5182 24.425 

C.V.  23.05 21.95 14.06 7.48 12.66 15.47 12.81 

Table 1. Analysis of variance of traits  under study. 
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Figure 1. Effect of irrigation level and potassium humate application 
on number of seeds per row. 
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reducing seed number reduces grain yield. Two theories for this 
decline are expressed. 1) Biophysical and nutritional reasons 
reduce the seed number under drought conditions. Researchers 
reported that silk formation delay can be due to reduction of  seed 
number per ear. By the way, when pollen from fully irrigated plants 
is artificially added to the plants exposed to drought, the eggs are 
formed, but the development is stopped, even if the drought is 
removed before pollination. Reduction in assimilates during 
drought associated with inhibition of carbohydrate metabolism 
in the ovary reduces allocation of carbohydrates to the ear and 
finally causes lack of seed formation. 2) Hormones or chemicals 
induce infertility,  ABA increases infertility in wheat and drought 
increases the production of phytohormones 2. Boomsma et al. 3 
reported that the drought stress decreased cell development and 
division which  led to reduction in leaf area of corn. Therefore, the 
reduced assimilates can ultimately decrease the number of filled 
grains. The seed number per ear in corn under long-period drought 
conditions was reduced by 60 percent. Drought two weeks before 
pollination reduced seed number per ear by 30 percent, but this 
loss was balanced by 25% increase of seed weight 7.  In water 
deficiency situation, 2% potassium humate application reduced 
stress effects of water deficiency on seed number per ear (Fig. 2). 

Seed weight in ear: There was significant difference in seed weight 
per ear between irrigation after 70 mm evaporation and 2% 
potassium humate application. The highest seed weight at 
vegetative stage was 249 g and lowest in control (Fig. 3). In irrigation 
after 100 mm evaporation, the highest seed weight per ear was 
obtained by using of 2% potassium humate at vegetative growth 
stage and reproductive stage (185 g) and lowest seed weight per 
ear was obtained at the reproductive growth stage with no 
application of potassium humate. Irrigation after 130 mm 
evaporation  reduced seed weight per ear with no application of 
potassium humate. Except of  2% potassium humate application 
at vegetative and reproductive stages with irrigation after 130 mm 
evaporation and 1% potassium humate application at vegetative 
and reproductive stages with  irrigation after 100 mm evaporation, 
there was no significant decrease in grain weight per ear in 
comparison to control. Lack of water after 100 mm and 130 mm 
evaporation  reduced significantly seed weight per ear  (Fig. 3). 
According to results, potassium humate could induce drought 
tolerance in plants. Molasadegi et al. 8 showed that application of 

potassium humate increased tolerance to drought in wheat. One 
reason for increasing resistance to drought can be due to increasing 
growth of roots which supply the water for normal plant growth. 
Exogenous auxin hormone in seedling increased geotropism 
induction to root growth 13. It was reported that a lipid-free removal 
of humic compounds facilitates liberation of the auxin-like 
compounds to the rhizosphere which increases root growth  10. 

Seed length: Seed length increased only under full irrigation and 
application of 2% potassium humate at reproductive stage (Fig. 
4). This treatment increased seed length 39 percent compared to 
full irrigation in the absence of potassium humate application. Humic 
acid is one of the soil components that can improve the absorption 
and availability of nutrients  and affects  soil chemical, physical and 
biological properties 14. In the study by Zaghloul et al. 16 application 
of potassium humate led to increase of nitrogen, phosphorus and 
potassium in the plant due to increasing absorption and transfer 
of nutrients in plants by enhancing metabolism. So humate with 
its positive effects on physiological processes including 
photosynthesis and facilitating the transfer of materials within 
the plant can improve the grain growth. Also humic acids increase 
the availability of phosphate and absorption of phosphorus by 
plants. Increase in potassium level with increasing application of 
potassium humate can also increase potassium in plants. Humic 
acid improves biological nitrogen fixation and increases the 
diameter of the nodes 4. Increasing absorption of nutrients  can 
have important role on grain growth. 

Hundred seed weight: Increasing drought decreased 100 seed 
weight (Fig. 5). Decrease was more pronounced at vegetative 
stage. Application of potassium humate at vegetative stage and 
both at vegetative and reproductive stages reduced seed weight 
under increasing water deficiency. The use of potassium humate 
at reproductive stage alone increased the resistance of seed weight 
to drought. Mollasadeghi et al. 8 reported that on different wheat 
cultivars the impact of potassium humate on drought stress 
decreased and difference between yields  under stress and no 
stress condition decreased from 1 to 0.1 t ha-1. In many studies, 
drought before pollination affected both seed number and 1000 
seed weight 9. Also  dry weight of corn grains decreased. Moser 
et al. 9 reported that drought before pollination reduced seed 
weight in corn. 

Figure 4. Effect of irrigation level and potassium humate application 
on seed length. 
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Figure 3. Effect of irrigation level and potassium humate 
application on seed weight in ear. 
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Grain yield: Water deficiency reduced grain yield compared to 
control, but reduction was lower by the use of potassium humate 
(Fig. 6). The highest grain yield (1539 g m-2) was obtained under 
irrigation after 100 mm evaporation and  2% potassium humate 
application  and the least grain yield (1186 g m-2) was obtained 
without application of potassium humate. At this irrigation level 
without application of potassium humate, 34% reduction was 
observed in grain yield,  but with application of 2% potassium 
humate only 14 percent reduction was observed. The highest 
grain yield by irrigation after 130 mm evaporation was under 
application of potassium humate and the least yield (975 g m-2) 
was obtained without application of potassium humate. Irrigation 
after 130 mm evaporation without potassium humate decreased 
the yield 45% (Fig. 6).  Water deficit in corn is one of limiting 
factors of yield and at the time of pollination, drought may have 
severe impact on yield 9. The drought stress decreases the corn 
yield due to three main mechanisms: 1) by reducing the amount of 
photosynthetic active radiation received by vegetation canopy 
(due to decreasing  growth of leaves and leaf premature 
senescence, 2) by reducing efficiency of energy and 3) by reducing 
the harvest index (due to less allocation of assimilates to crop 
economic yield) 5.  By using 1% and 2%  potassium humate, the 
yield reduction was 275 and 213 units, respectively. Under water 
deficiency,  potassium humate application led to decrease of water 
stress effects on grain yield (Fig. 6). 

Harvest index: Under irrigation after 70 and 100 mm evaporation 
with application of 1% and 2% potassium humate harvest index 
was increased  (Fig. 7). Under irrigation after 130 mm evaporation 

Figure 5. Effect of  irrigation level and growth stage on  100 seed 
weight. 
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Figure 7. Effect of irrigation level and potassium humate 
application on harvest index. 
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by using of potassium humate harvest index decreased. Highest 
harvest index was 44 percent achieved after 70 mm evaporation 
by using 1%  potassium humate and the least was 31 percent  by 
irrigation after 130 mm evaporation and using of 2% potassium 
humate. Moser et al. 9 reported that drought before pollination 
reduced the number of rows per ear, seed number per row and 
seed weight. In this experiment, water stress led to increasing 
harvest index also. Patil et al. 12 reported that on soybean humate 
application increased plant growth.  Molasadegi et al. 8 showed 
that the use of potassium humate increased drought tolerance in 
wheat. In our study, potassium humate application led to 
increasing yield and harvest index. 

Conclusions 
In general the results of these investigations showed that water 
deficiency reduced significantly yield related traits but application 
of 2% potassium humate increased  seed number per ear and row. 
Application of 2% potassium humate at the vegetative and 
reproductive stages under drought conditions increased  100 seed 
weight. Application of  2% potassium humate at the reproductive 
stage led to increasing seed length only in full irrigation. 
Application of potassium humate at the reproductive stage 
increased the resistance of seed against drought. In fully irrigated 
conditions, a significant difference was not observed between 
treatments of different concentrations of potassium humate.Water 
deficiency decreased grain yield and harvest index compared to 
control, but the rate of decrease was lower with the application of 
potassium humate. By the irrigration after 100 mm evaporation  in 
control, 34% reduction was observed in corn grain yield, but with 
application of 2% potassium humate only 14 percent yield 
reduction was observed.  With irrigation after 130 mm evaporation 
the yield declined 45.6 percent, but  with application of 1% and 2% 
potassium humate decrease was 29.4 and 19.5%, respectively. So 
dehydration can lead to decrease in corn yield but application of 
potassium humate reduced drought effect. 
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Figure 6. Effect of irrigation level and potassium humate 
application on grain yield. 
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