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ABSTRACT 
A field experiment was conducted at Department of Pulses, Tamil Nadu Agricultural University, Coimbatore during kharif season of 2012-
2014 to assess the effect of straw mulch and anti-transpirants on growth and yield of soybean. The results showed that application of bajra 

straw mulch @ 5 t/ha has increased 17.4 per cent yield of soybean compared to without application of mulching material. Among the anti-

transpirants, potassium nitrate (1%) sprayed at 50% flowering stage enhanced more growth vigour, dry matter production (6.5 g/plant), crop 
growth rate (12.69 g/m2/day), number of pods (55.1/plant) and better yield of soybean (1175 kg/ha) and also gained higher benefit cost ratio 

(1.51) which was on par with foliar spray of magnesium carbonate (2%) . The combination of straw mulch plus foliar spray of potassium 

nitrate (1%) sprayed at flowering stage improved the growth, physiological and yield attributes of soybean and it can be recommended as an 
effective on rainfed condition with respect to yield and cost for the soybean. 
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INTRODUCTION 

 

The wonder crop ‘soybean’ (Glycine max L. Merril) is a leguminous crop and belongs to family 

leguminoaceae with sub family papillionaceae. It is also called “Golden Bean” of the 20th century because of its 

nutritive value and regarded a substitute or compliment of protein. It is a unique pulse-cum-oilseed crop with 

about 38-40 per cent and 18-20 per cent oil. Thus it is the major source of edible vegetable oil and of high 

protein feed and food supplement in the world [19]. Soybean is grown mainly as kharif season rainfed crop and 

to increase the economic competitiveness of soybean, the management of moisture stress is essential at critical 

stages of growth period. The most important constraint in soybean cultivation is the deficit of soil moisture 

during flowering to pod filling stage of crop. The cultivation of this crop is more risky due to climatic change, 

insufficient and erratic distribution of rainfall [18]. Plants under water stress can avoid the harmful effect of 

drought through several ways among them stomatal closure, leaf rolling, osmotic adjustments, reductions and 

consequently decreases in cellular expansion, alterations of various essential physiological and biochemical 

processes that can affect growth, productivity and quality [10]. 

Mulching with organic materials aims to cover soil and form a physical barrier to limit soil water 

evaporation, control weeds, maintain a good soil structure and protect crops from soil contamination.  However, 

natural materials such as cereal straw, flax straw, nonwoven wool, or pine needles have also been tried, with 

success varying according to species, environmental conditions and the nature of the organic materials used 

[23]. Mulching increased soil moisture content improved the soil structure and decreased the weed growth and 

thereby enhanced yield in vegetable crops [16]. Less than a per cent of the water absorbed by roots is used for 
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crop growth and development; the remaining 95 per cent is transpired [27]. Reducing transpiration presents an 

opportunity to alleviate adverse effects of water deficit and improve crop productivity under semiarid 

conditions, where transpiration often exceeds water uptake [26]. On other hand, one of the most important 

agronomic approach to reach more and better yield is the foliar application of  anti-transpirants which aimed to 

protect the plants from moisture stress. [32,1]. Considering the beneficial effect of mulching and paucity of 

information with regard to the effect of anti-transpirants on growth and productivity of soybean, the present 

investigation was undertaken to study the effect of straw mulch and anti-transpirants on growth and yield of 

soybean. 

 

MATERIALS AND METHODS 

 

The present study was carried out during the three successive kharif season 2012-2014 at Department of 

Pulses, Tamil Nadu Agricultural University, Coimbatore. This work aimed to study the effect of mulching 

(Bajra straw mulch @ 5 t/ha and without mulching were adopted to main plot) and the foliar application of anti-

transpirants (Magnesium carbonate (2%), Glycerol (5%), Sodium carbonate (2%) potassium nitrate (1%) and 

control as water spray were implemented into sub plot) on the growth, yield and economics of soybean. The 

experimental design was carried out in split plot design and replicated four times. The soil of experimental field 

was red sandy loam and well drained, having low available nitrogen (195 kg/ha), medium available phosphorus 

(10.8 kg/ha) and high available potassium (396 kg/ha). Soil organic carbon content was also low (0.51%) with 

soil pH of 8.0. Soybean variety RKS 18 @ 50 kg/ha seeds were treated with rhizobium @ 50 g/kg and sown on 

25th June 2012, 21st June 2013 and 8th July 2014. Bajra straw mulch @ 5 t/ha was applied to the plots randomly 

immediately after sowing and spraying of anti-transpirants was given at 50 per cent flowering stage of crop. 

Seeds were sown in lines at 30 cm apart and 10 cm between plants. The recommended dose of 20:80:40:40 kg 

NPKS/ha in the form of urea, single super phosphate, muriate of potash and gypsum were applied to all plots uniformly 

in lines and incorporated at the time of sowing. Crop was harvested at maturity, threshed and plot-wise seed yield in 

kg/ha were recorded. Data from individual experimental or site-years were pooled into one dataset and subjected 

to analysis of variance using as per standard method prescribed by Gomez and Gomez, [15]. 

 

RESULTS AND DISCUSSION 

 

The results of the present investigation showed that significant differences on the dry matter production, 

crop growth rate, relative water content and rainfall use efficiency due to the application of straw mulch and 

spraying of anti-transpirants. The source sink relationship mainly depends on these important above mentioned 

parameters. 

 

Dry matter production: 

Bajra straw mulch @ 5 t/ha recorded higher dry matter production of 1.92, 4.80 and 6.80 g/plant at 30, 45 

and 60 DAS respectively (Table 1). Generally, mulching plants by straw mulch leads to keeping higher moisture 

content in the soil and this in turn favour the production of more dry matter content of different plant parts. The 

increase in plant dry matter under optimum soil moisture could be attributed to the effect of water on some 

quantitative and qualitative changes that take place in certain metabolic processes of plant cells [33]. The 

availability of high soil moisture reduces stomatal closure; this opens the pathway for the exchange of water, 

carbon dioxide and oxygen, resulting in increases in photosynthetic rate and thereby increasing vegetative 

growth such as plant height, leaf area and lateral shoot number [22].  

Among the anit-tranpirants, foliar application of potassium nitrate (1%) obtained more dry matter 

production (1.84, 4.71 and 6.50 g/plant) at 30, 45 and 60 DAS respectively, which was comparable with 

application of magnesium carbonate (2%) and glycerol (5%). This might to which are directly related to 

physiological processes in plant and helped in increasing the biomass production by improving the reproductive 

phase and might have contributed for increased yield. In this respect, Bittelli et al. [4] reported that occasional or 

episodic drought events can be counteracted through the use of anti-transpirants applied to foliage to limit the 

water loss. These anti-transpirants are able to increase the leaf resistance to water vapour loss, thus improving 

plant water use and increasing biomass or yield [31]. On the contrary, the less vigour growth was detected with 

control plants (treated with water). This result is similar to that in sweet pepper [14], cowpea [10] and radish 

plants [11]. 

 

Crop growth rate: 

The data pertaining to crop growth rate (CGR) was recorded at 30, 45 and 60 DAS respectively (Table 1). 

Marked difference in CGR was observed due to the mulching and anti-tranpirant spray. A steady increase in 

CGR was noticed between 30-45 DAS and 45-60 DAS stage was a steep decline in CGR. At all the crop growth 

stages, the bajra straw mulch @ 5 t/ha recorded higher crop growth rate of 12.40 g/m2/day) at 30-45 DAS. This 
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might be because of moisture stress on mulched plots early in initial and other growth stages. Reduced quantity 

of available moisture might be the reason for slow crop growth and development in uncontrolled plot. Similar 

finding was observed in sweet potato [25] crop yield was higher in straw mulching than plastic mulch due to 

more numbers of panicles, crop growth rate and dry matter accumulation. 

There was a significant difference in CGR among the foliar spray of potassium nitrate (1%) was distinctly 

superior (12.69 g/m2/day) over other anti-tranpirants in their CGR between 45 and 60 DAS. This was followed 

by magnesium carbonate (2%) and glycerol (5%) sprayed with CGR of 12.31 and 12.15 g/m2/day respectively. 

Increase in crop growth rate was due to availability of potassium to plants through foliar spray. Potassium 

regulates the osmotic turgor of cells and water balance which is driving force for cell division and elongation. 

Similar results of increase in plant height due to foliar nutrition of KNO3 and potassium solution during drought 

in chickpea [6]. 

 

Relative water content: 

Relative water content (RWC) is the important moisture stress factor of growth and the observations on this 

parameter were recorded at 30, 45 and 60 DAS (Table 1). In the experiment study, application of bajra straw 

mulch @ 5 t/ha increased more RWC of 83.1, 84.6 and 78.3 per cent at 30, 45 and 60 DAS respectively. This 

might to be overcome moisture stress by which and also cover soil surface around the plants to create suitable 

condition for the growth.  As soil water conditions become more constant, plants are able to utilize water and 

increase the production. Soil under the mulch remains loose, friable and leading to suitable environment for root 

penetration and conserves more moisture [3].  At 30 and 45 DAS, foliar spray of anti-tranpirant as potassium 

nitrate (1%) observed there was a no marked variation in RWC. However, more RWC values (74.8 per cent) 

observed at 60 DAS which was comparable with application of magnesium carbonate (2%) and glycerol (5%). 

Potassium nitrate provides nitrogen and potassium both which influences the water economy and crop 

growth through its effect on water uptake, root growth, maintenance of turgor, transpiration and stomatal 

behaviour. The obtained results are in good harmony with those of Kadioglu et al. [21]; Hayat et al. [17]. 

 

Rainfall use efficiency: 

Rainfall use efficiency was significantly influenced by the mulching and foliar spray of anti-transpirants 

(Table 2). The maximum value of 3.30 kg/ha/mm was obtained with the application of bajra straw mulch than 

compared to without mulch applied treatment. This might to be warm soil temperatures can have a number of 

positive effects on plant root growth, improve water and nutrient uptake which leads to increased yield and 

efficient utilization of rainfall. These results are in accordance with the findings of Boja [5] who reported that 

mulch create good environment for early vigour of the plant without crop-weed competition. Among the anti-

transpirant, foliar spray of potassium nitrate @ 1% (3.25 kg/ha/mm) distinctly superior to all other anit-

transpirants which was on par with magnesium carbonate (2%) and glycerol (5%) as foliar spray received 

rainfall use efficiency of 3.18 and 3.13 kg/ha/mm. The increment of yield in grasspea under drought stress by 

foliar application of potassium nitrate [30]. 

 

Yield characters: 

Results illustrated in Table (2) represented the effect of mulching and anti-transpirant treatments on yield 

and its components. Significant increase in pods/plant (57.4), 100 seed weight (12.79 g) and yield (1219 kg/ha) 

was observed with mulch application of bajra straw mulch @ 5 t/ha as compared to no mulch (47.0, 12.18 g and 

1006 kg/ha, respectively). Generally, moisture conservation in soil profile through mulches has greater role in 

cell division and cell enlargement in plant. This might be due to availability of moisture will increases cell 

expansion because of turgor pressure and increases of photosynthesis rate, which in turn, increases assimilate 

production and transportation from source to sink thereby increasing yield components [2]. Higher value of 

growth, yield attributes and pod yield was observed with slash grass mulch [29] in cowpea while Kumar et al. 

[24] summarized that use of bio- fertilizer along with mulching proved useful in increasing growth and yield 

attributes of potato crop significantly compared to control. The application of rice straw mulch (4 t/ha) was 

effective in weed management in the Direct Wet-Seeded Rice (DWSR) and significantly high grain yield [9].  

Significant variations in pods/plant, 100 seed weight and yield were observed with different anti-transpirant 

applications. The maximum pods/plant (55.1), 100 seed weight (13.17 g) and yield (1175 kg/ha) was recorded 

with application of potassium nitrate @ 1% markedly higher to all other anit-transpirants which was comparable 

with application of magnesium carbonate (2%) and glycerol (5%). This result, however, point to the good effect 

of the anti-transpirants which are biodegradable organic film formulated to protect plants from injury of shock 

caused by excessive transpiration of water loss through different vegetative plant organs, consequently 

enhancing the vegetative growth. This positive push for the vegetative growth has reflection on fruit yield. In 

this respect, many other investigators had results which in good harmony with those obtained here [7, 32].  
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Interaction of straw mulch and anti-transpirants on yield of soybean: 

The interaction effects of mulches and anti-transpirants with respect to seed yield was found to be 

significant for three consecutive years (Table 3). The highest seed yield (1312 kg/ha) was associated with 

treatment combination of bajra straw mulch + potassium nitrate (1%) compared with no mulch + anti-

transpirants (1037 kg/ha). The next best treatment was straw mulch @ 5t/ha along with magnesium carbonate @ 

2% and glycerol @ 5% (1310 and 1285 kg/ha, respectively). There was significant increase in grain yield due to 

mulching along with anti-transpirants might have due to optimum moisture availability at different growth 

stages improved the growth and yield attributes. The similar finding was observed in wheat [6] and sunflower 

[28] growth and yield attributing characters due to the application of straw mulch and anti-transpirants. 

 
Table 1: Effect of bajra straw mulch and foliar spray of anti-tranpirants on dry matter production and crop growth rate of soybean  

Treatment 
Dry matter production (g/plant) Crop growth rate (g/m2/day) Relative water content (%) 

30 DAS 45DAS 60 DAS 30 - 45 DAS 45-60 DAS 30 DAS 45DAS 60 DAS 

 Main plot: Mulching 

M1 - Bajra traw mulch @ 5 
t/ha 

1.92 4.80 6.80 12.40 11.61 83.1 84.6 78.3 

M2 - Control (No  mulch) 1.52 3.77 5.10 10.68 7.18 75.5 74.5 64.7 

SEd± 0.05 0.25 0.30 0.74 1.04 1.90 1.46 1.7 
CD (P=0.05) 0.15 0.36 0.52 0.85 0.93 8.30 0.27 7.3 

Sub plot: Anti-transpirants 

S1 - Magnesium carbonate 

(2%) 
1.81 4.59 6.40 12.15 10.89 78.8 80.1 73.0 

S2 - Glycerol (5%) 1.81 4.53 6.21 12.31 9.84 78.0 79.0 72.0 

S3 - Sodium carbonate (2%) 1.62 4.03 5.40 11.49 7.92 77.0 79.1 68.6 

S4 - Potassium nitrate (1%) 1.84 4.71 6.50 12.69 11.04 70.5 81.5 74.8 
S5 - Control (Water) 1.54 3.56 5.10 9.07 7.29 76.3 78.0 67.7 

SEd± 0.07 0.31 0.31 0.89 1.17 3.8 2.48 1.6 

CD (P=0.05) 0.60 0.37 0.60 1.32 1.20 NS NS 3.3 

 
Table 2: Effect of bajra straw mulch and foliar spray of anti-tranpirants on rainfall use efficiency, yield attributes, net income and benefit 

cost ratio of soybean  

Treatment No. of pods/plant 
100 grain 

weight (g) 

Rainfall use efficiency 

(kg/ha/mm) 

Yield 

(kg/ha) 

Net income 
( /ha) 

B:C ratio 

Main plot: Mulching 

M1 - Straw mulch @ 5 t/ha 57.4 12.79 3.30 1219 38062 1.45 

M2 - Control (No  mulch) 47.0 12.18 2.72 1006 30227 1.39 

SEd± 3.2 0.21 0.09 40 - - 

CD (P=0.05) 4.8 0.53 0.38 112 - - 

Sub plot: Anti-transpirants 

S1 - Magnesium carbonate 

(2%) 
54.8 12.93 3.18 1169 35672 1.47 

S2 - Glycerol (5%) 54.7 12.60 3.13 1167 35684 1.45 

S3 - Sodium carbonate (2%) 50.1 12.33 2.78 1063 32439 1.35 

S4 - Potassium nitrate (1%) 55.1 13.17 3.25 1175 36243 1.51 
S5 - Control (Water) 46.7 11.40 2.70 988 30686 1.31 

SEd± 3.8 0.71 0.13 62 - - 

CD (P=0.05) 4.6 0.92 0.28 96 - - 

 
Table 3: Interaction effect of bajra straw mulch and anti-transpirants on yield of soybean  

Treatment 
Bajra straw mulch (kg/ha) Without mulch (kg/ha) 

2012 2013 2014 Mean 2012 2013 2014 Mean 

Magnesium carbonate (2%) 1340 1400 1190 1310 1000 1116 964 1027 

Glycerol (5%) 1375 1277 1202 1285 1100 1258 986 1027 
Sodium carbonate (2%) 1250 1132 1038 1140 1045 1043 870 986 

Potassium nitrate (1%) 1488 1236 1213 1312 1150 942 1018 1037 

Control (Water) 1100 1008 1023 1044 1011 955 831 932 

Mean  1310 1210 1133 1218 1061 1064 934 1006 

 SEd± CD (P=0.05) 

Mulching 46 44 30 40 127 122 129 86 

Anti-transpirants 73 70 46 112 90.3 102 96 83 

 

Monetary returns: 

Economic analysis of data showed that bajra straw mulch @ 5t/ha registered higher net income (  

38062 ha) with B:C ratio of 1.45 than compared to control treatment (Table 2). Among the anti-

transpirants, foliar spray of potassium nitrate @ 1% received more net income (  36243/ ha) and B:C ratio 

(1.51)  and it was followed by magnesium carbonate @ 2% and glycerol @ 5% recorded higher net income (  

35672 and  35684/ha) and B:C ratio of 1.47 and 1.45 respectively. This might be mprovement in growth and 

yield attributes and ultimate increase in seed yield could be the reason for enhanced economic returns in the 

above treatments. These findings are in conformity with Jayachandran et al. [20]. 
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Conclusion: 

It can be concluded that resource available to has adopting the bajra straw mulch @ 5 t/ha and foliar spray 

of potassium nitrate (1%) or magnesium carbonate (2%) played a greater role in minimizing evapotranspiration, 

due to that available water to plants root varied appreciably, perhaps it can change various physiological 

activities which cause a reduction in transpiration and thus more water become available to plants for better 

growth and production. 
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