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ABSTRACT 
 

In order to investigate the effect of seed sowing date and humic acid foliar application on some agronomic traits of bread wheat an 
experiment was conducted in Islamshahr, Iran during 2013 growing season. The experimental design was a complete randomized block 

design arranged in factorial with three replications. The first factor was included two sowing date (middle of November and middle of 
December) and the second factor was included three humic acid levels (0, 4 and 8 liter ha-1). The results indicated that late seed sowing lead 

to significant reduction in agronomic traits such as tiller number, spike number, seed number and seed weight. In addition, vegetative growth 

was affected by late seed sowing and so that shorter plants were observed. Number of days until spike emergence, number of days until 
pollination and number of days until physiological maturity decreased due to late seed sowing. By contrast, humic acid application increased 

plant growth and improved yield and yield components through extending growing period.  
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INTRODUCTION 
 

Wheat (Triticum aestivum L.) is an important crop in 

the world. More than one third population of the 

world depends upon wheat as a staple food crop. It 

lies on the top of all cereal crops in term of calories 

and protein supply [1]. Variation in weather 

conditions is one of the most important constraints 

affecting yield potential [2]. Therefore, one of the 

requirements for obtaining high yield is the choice of 

the suitable sowing date [3]. It has been observed 

that early sowing gives high yield than late sowing 

due to longer growing period [4,5]. Too early sowing 

produces weak plants with poor root system as the 

temperature is above optimum, whereas too late 

planting results in poor tillering and crop grow 

generally slow because of low temperature [6]. 

According to Shafiq [7] early sowing enhanced 

germination per unit area, plant height, spikelets per 

spike, grains per spike and 1000-grain weight over 

late sowing. Sowing the right variety at the right time 

results in wheat flowering when the risk for freeze 

damage is the lowest and before heat stress during 

flowering and grain filling begins. Adequate soil 

moisture conditions are also important.  

Application of organic fertilizers is taken into 

consideration all over the world, because of its 

importance in food safety and environmental health. 

Among organic fertilizers, humates are those that 

have great impact on plant growth and development. 

For instance, humic acid is one of the major 

components of humus. Humates have long been used 

as a soil conditioner, fertilizer and soil supplement. 

Humic acid can be used as growth regulate-hormone 

level improve plant growth and enhance stress 

tolerance [8]. Fortun et al. [9] reported that humic 

acid improves soil structure and change physical 

properties of soil, promote the chelation of many 

elements and make these available to plants, aid in 

correcting plant chlorosis, enhancement of 

photosynthesis density and plant root respiration has 

resulted in greater plant growth with humate 

application [10]. Increase the permeability of plant 

membranes due to humate application resulted in 

improve growth of various groups of beneficial 

microorganisms, accelerate cell division, increased 

root growth and all plant organs for a number of 

horticultural crops and turf grasses, as well as, the 

growth of some trees [11]. It has been also reported 

that humates increase product quality and plant 

tolerance to water deficit stress, salinity, heat, cold, 

disease and pests [12,13]. Yang et al. [14] suggested 

that humic materials can affect physiologic processes 

of plant growth directly or indirectly. Their direct 

effects include increasing of permeability of cellular 

membrane, breathing, biosynthesize nucleic acid, 

ionic absorption, enzymic action and pseudo-

enzymic action. Laboratory experiments on crop 

plants indicated that the use of humic substances as 

media amendments or foliar sprays can promote 

greater root and shoot growth; root branching; leaf 

chlorophyll content; rates of nutrient uptake, 

photosynthesis and respiration [10]. Mollasadeghi et 

al. [15] 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 the 

highest biological yield and seed weight, 

respectively. Haghighi et al.  [16] reported that 

humate application decreased the effect of water 

deficit stress on differences between plant yield 

under stress and no stress from 1 ton per acre to 0.1 

ton. This study was aimed to investigate the effect of 

different humic acid concentrations and different 

sowing date on some agronomic characteristics of 

wheat. 
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MATERIALS AND METHODS 

 
In order to investigate the effects of humic acid and 

sowing date on some agronomic characteristics of 

wheat a field experiment was conducted at Islamic 

Azad University, Islamshahr, Iran during 2013 

growing season. Thus, a factorial experiment in 

randomized complete block design with three 

replications was carried out. The first factor was 

included two sowing date (middle of November and 

middle of December) and the second factor was 

included three humic acid levels (0, 4 and 8 liter ha-

1). The experimental filed was tilled with 

mouldboard plow and disk in fall. The experimental 

plots were 4 × 2 m, with ten sowing rows. Wheat 

seeds (c.v. Pishtaz) were disinfected using fungicide 

(Thiram, Tetra methyl thiuram disulfide) and then 

sown in the middle of November and December as 

different sowing dates. A seed rate of 150 kg ha-1 

was used to maintain a plant population of 4 million 

plants ha-1. Irrigation was applied as required during 

the crop growing season. The foliar treatment was 

carried out with humic acid solution (0, 4 and 8 liter 

ha-1). These three solutions were sprayed on top of 

the leaves weekly, starting from the beginning of 

stem elongation until grain filling, when the flag leaf 

was green and showed a consistent photosynthetic 

activity. Distilled water was sprayed on leaves of 

control treatments for uniformity. 

Number of days until spike emergence (50% 

appearance), number of days until pollination and 

number of days until physiological maturity were 

counted and registered. After tiller counting, spike 

length (from the end of peduncle to the end of spike) 

and awn length (from middle spikelets) were 

measured. Plant height was measured from crown to 

the end of spike. Spike length was subtracted from 

plant height to calculate stem length. The length of 

the last internode was considered as peduncle length. 

Spike number was in 0.3 m2 was recorded. In order 

to study yield and yield components plots were 

harvested and then 50 plants were selected randomly, 

weighted and dried at 70̊ C for 48 h. Seed number in 

spike, Seed number in m2 and seed weight were 

calculated. Seed filling rate was calculated using 

following formula.  

Seed filling rate = seed yield/ number of days from 

pollination to physiological maturity  

The results were submitted to statistical analysis 

using SAS [17]. The analysis of variance was carried 

out based on the level of significance in the F test (p 

< 0.05). Mean values were compared using Duncan’s 

Multiple Range Test. In addition, Pearson correlation 

was performed. 

 

RESULTS   
 

The analysis of variance indicated that the effect of 

sowing date was significant on most of the traits such 

as tiller number, peduncle length, awn length, spike 

Table 1: Analysis of variance on some agronomic traits of wheat affected by seed sowing date and humic 

acid foliar application 

S.O.V d.f 
Tiller 

number 
Peduncle 

length 
Peduncle  

Awn 
length  

Spike 
length 

Stem 
length  

Plant 
height  

Seed 

weight 
in 

spike 

Spike 

number 

in m2 

Seed 

number in 

m2 

Block 2 ns ns ns ns ns ns ns ns ** ns 

Sowing 
date 

1 ** ** ** * ** ** ** ns ns ns 

Humic 

acid 
2 ** * ns ns ns ** ** ns ** ns 

Interaction  2 ns ns ns ns ns ns ns ns ns ns 

Error 10 0.27 0.33 0.26 0.11 0.11 0.20 0.17 0.01 586.30 311434.12 

C.V (%) 4.95 1.96 3.25 0.43 3.85 0.54 0.44 11.00 4.39 10.55 

*, ** and ns: significant at 0.05, 0.01 probability level and no significant, respectively 

 

Table 2: Analysis of variance on some agronomic traits of wheat affected by seed sowing date and humic 

acid foliar application 

S.O.V d.f 

Seed 

number 

in 

spike 

Seed 

weight  

Seed 

filling 

rate  

Number 

of days 

until spike 

emergence 

Number 

of days 

until 

pollination 

Number of 

days until 

physiological 

maturity 

Seed yield  
Biological 

yield  

Harvest 

index 

Block 2 ns ns ns ns ns ns ns ns ns 

Sowing 

date 
1 ns ns ns ** ** ** ns ns ns 

Humic 
acid 

2 ns * ns ns ** * ns ns ns 

Interaction  2 ns * ns ns ns ns ns ns ns 

Error 10 12.18 2.96 618.90 0.65 0.58 1.45 644956.39 4812336.08 0.50 

C.V (%) 11.42 5.15 13.00 0.48 0.43 0.59 14.80 15.84 1.81 

*, ** and ns: significant at 0.05, 0.01 probability level and no significant, respectively 
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length, stem length, plant height, number of days 

until spike emergence, number of day until 

pollination and number of days until physiological 

maturity (Table 1 and 2). On the other hand, tiller 

number, peduncle length, stem length, plant height, 

spike number in m2, seed weight, number of days 

until pollination and number of days until 

physiological maturity were affected by humic acid 

application (Table 1 and 2). Interaction between 

sowing date and humic acid was significant just on 

the seed weight (Table 2).  

 

Main effects of seed sowing date are given in table 3. 

According to the results, early seed sowing (middle 

of November) increased tiller number, peduncle 

length, awn length, spike length, stem length, plant 

height, number of days until spike emergence, 

number of days until pollination and number of days 

until physiological maturity compared with late 

sowing date (middle of December) (Table 3). In 

other words, late seed sowing decreased growing 

period. It appears that reduction in growing period 

cause low water and nutrient availability and limit 

vegetative growth in wheat plants. Reduction in plant 

growth and development as well as biological yield 

on account of late seed sowing might be due to 

shorter growing period before tillering stage, when it 

is critical to accumulate assimilates and cold 

tolerance factors such as anthocyanins [18]. These 

results are in accordance with those of Sharief and 

Keshta [19] who found 20 days delay in seed sowing 

would decrease biological yield significantly.  

Similarly, Chen et al. [20] have shown that early 

seed sowing decreases risk of late season drought 

stress and improve dry matter accumulation in plants. 

Moreover, late seed sowing produces slim and weak 

plants susceptible to lodging. It has been reported 

that late seed sowing increases possibility of cold 

related injuries due to reduced nitrogen uptake and 

carbohydrate accumulation [21].  It seems that 

reduction in plant height due to late seed sowing is 

followed by a short growing period and limited 

vegetative growth. 

Less tiller number and shorter plants as a result of 

late seed sowing might be due to short vegetative 

growth stage [22]. The effect of late seed sowing is 

more touchable in regions with harsh winters [23]. 

Late seed sowing of irrigated wheat is not 

recommended because of two main reasons, firstly, 

late seed sowing increase germination and seedling 

establishment time. Delay in seedling 

establishment that could be caused by cold 

environment, decreases tillering, stem elongation and 

flowering periods. Secondly, reduced tiller number 

as one of the most important yield components 

causes reduced spike number, seed number and 

finally seed yield [24]. Similarly, early seed showing 

can damage crop growth and production through a 

number of channels, including by encountering 

young seedlings with cold conditions and by 

sterilizing florets [25]. 

As mentioned before, the effect of humic acid 

application was significant on some agronomic traits 

of wheat. Main effects of humic acid application are 

presented in table 4. The results indicate that humic 

acid increases tiller number compared with control 

treatment; however there was no significant 

difference between 4 and 8 liter ha-1 humic acid 

treatments (Table 4). Similar results were found in 

case of peduncle length so that 8 liter ha-1 humic acid 

increased peduncle length and there was no 

significant difference between control and 4 liter ha-1 

humic acid treatments (Table 4). Stem length 

positively responded to humic acid application, in 

other words, humic acid application increased stem 

length (Table 4). Although, no significant difference 

Table 3: Main effect of sowing date on some agronomic traits of wheat 

Sowing date 
Tiller 

number 

Peduncle 
length 

(cm) 

Peduncle 

(cm) 

Awn 
length  

(mm) 

Spike 
length 

(cm) 

Stem 
length 

(cm) 

Plant 
height 

(cm) 

Number of 

days until 

spike 
emergence 

Number 

of days 

until 
pollination 

Number of 

days until 

physiological 
maturity 

November 11.95a 31.48a 16.51a 77.08a 9.23a  88.33a 97.55a 172.44a 178.44a 206.33a 

December 9.22b 27.58b 15.10b 76.73b 8.70b 79.35b 88.04b 161.77b 170.44b 201.22b 

Values within the same column and followed by the same letter are not different at P < 0.05 by an ANOVA protected Duncan’s 
Multiple Range Test. 

 

Table 4: Main effect of humic acid on some agronomic traits of wheat 

Sowing 

date 

Tiller 

number 

Peduncle 

length (cm) 

Stem 
length 

(cm) 

Plant 
height 

(cm) 

Spike 
number in 

m2 

Number of 
days until 

pollination 

Number of days until 

physiological maturity 

0 liter ha-1 9.74b 29.05b 83.00b 91.83b 522.33b 173.33b 202.50b 

4 liter ha-1 10.68a 29.51ab 83.96a 93.10a 551.33ab 174.83a 203.66ab 

8 liter ha-1 11.34a 30.03a 84.55a 93.46a 577.83a 175.16a 205.16a 

Values within the same column and followed by the same letter are not different at P < 0.05 by an ANOVA protected Duncan’s 

Multiple Range Test 
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was observed between two levels of humic acid, 

plant height increased on account of humic acid 

application (Table 4). Spike number in m2 increased 

because of humic acid application (Table 4). 

According to the results, number of days until 

pollination increased when 8 liter ha-1 humic acid 

was applied (Table 4). Similar results were obtained 

in case of number of days until physiological 

maturity (Table 4).  

Humic substances are organic materials that are 

common in terrestrial and aquatic environments. 

These substances refer to a category of naturally 

occurring organic materials result from the 

decomposition of plant and animal residues [26]. 

Organic acids make important contributions to soil 

stability and soil fertility leading to exceptional plant 

growth and micronutrient uptake. For example, 

humic acid have direct effect on biological 

Figure 1: Interaction between seed sowing date and humic acid application on wheat seed weight. Values 

within the same column and followed by the same letter are not different at P < 0.05 by an ANOVA protected 

Duncan’s Multiple Range Test 

c 

bc 

 

bc 
bc 

ab 

a 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

control 4 L ha-1 8 L ha-1 control 4 L ha-1 8 L ha-1 

November  December 

Interaction between sowing date and humic acid application 

Seed 

weight 

(g) 
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membrane permeability and enzymatic activities or 

an indirect effect on plants by changing soil 

structure, increasing cationic exchange capacity, 

stimulating microbiological activity and capacity to 

solubilize or complex certain soil ions [27,28]. The 

effect on humic acid on plant growth has been 

reported by Fong et al. [29]. In addition, Yang et al. 

[30] have found that humic acid affect physiological 

process directly for example increases cell membrane 

permeability, nucleic acid biosynthesis, ion uptake 

and, enzyme activity. Increase in wheat seed yield 

has been reported by Shahryari et al. [31].  

Interaction between seed sowing date and humic acid 

application is illustrated in figure 1. From the results, 

the highest seed weight was obtained when humic 

acid was applied on plants which have been sown in 

the middle of November. It should be note that there 

was no significant difference between 4 and 8 liter 

ha-1 humic acid treatments (Figure 1). The lowest 

seed weight was recorded when wheat seed were 

sown in the middle of November and no humic acid 

was applied (Figure 1). 

Humates are used as soil amendments could increase 

stress tolerance in wide range of crop plants [12,13].  

The results of correlation analysis are demonstrated 

in table 5. There was positive and significant 

correlation between tiller number and some other 

traits such as peduncle length, awn length, spike 

length, stem length, plant height and seed weight. By 

contrast, correlation between tiller number and 

number of days until spike emergence, tiller number 

and number of days until pollination and tiller 

number and number of days until physiological 

maturity was negatively significant. Peduncle length 

positively correlated with spike length, stem length, 

plant height and seed weight, whereas the correlation 

between peduncle length and number of days until 

spike emergence, peduncle length and number of 

days until pollination and peduncle length and 

number of days until physiological maturity was 

negatively significant. Awn length positively 

correlated with plant height while the relationship 

between awn length and seed number in spike was 

negative. Spike length showed a positive correlation 

with stem length and plant height. Correlation 

between spike length and number of days until spike 

emergence, spike length and number of days until 

pollination and spike length and number of days until 

physiological maturity was negatively significant. 

Although, correlation between stem length and plant 

height was positively significant, the correlation with 

number of days until spike emergence, number of 

days until pollination and number of days until 

physiological maturity was significantly negative. 

Seed weight positively correlated with seed number 

and seed filling rate. The results indicated that there 

is positive correlation between spike number and 

seed weight and spike number and seed filling rate. 

Furthermore, positive correlation was observed 

between seed number in m2 and seed number in 

spike, seed filling rate, seed yield and biological 

yield. Correlation between seed filling rate and seed 

yield as well as between seed filling rate and 

biological yield was positively significant. Number 

of days until spike emergence positively correlated 

with number of days until pollination and number of 

days until physiological maturity. Similarly, number 

of days until pollination and number of days until 

physiological maturity positively correlated to each 

other. There was positive and significant correlation 

between seed yield and biological yield.  

 

CONCLUSION 
 

In general, late seed sowing decreases growing 

period length and vegetative growth which result to 

reduce seed yield. In addition, humic acid application 

increases tiller number, peduncle length, stem length, 

plant height, spike number in m2, number of days 

until pollination and number of days until 

physiological maturity. Finally, early seed sowing (in 

the middle of November) and application of 8 liter 

ha-1 humic acid is recommended to improve wheat 

seed yield.  
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