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Abstract: A field experiment was conducted during winter season 2018-19 and 2019-20 at the Research Farm, College of 
Agriculture, Gwalior (M.P.) to study the effect of moisture conservation practices on Indian mustard-chickpea intercropping 
under rainfed conditions.  The treatments comprised of four intercropping systems and four moisture conservation practices 
which were evaluated in randomized block design (factorial) with three replications.  The  results revealed that the seed and 
straw yield (23.05 and 24.21q/ha) were found significantly higher in case of 1:4 and 2:4 intercropping systems, respectively, 
followed by chickpea grown alone. The mustard grown alone produced the lowest seed (13.54 q/ha) and straw (23.32 q/ha). 
Straw and weed mulching brought about equally higher seed and straw yields of mustard plus chickpea. This was followed 

by soil mulching.  The lowest yields were obtained under no mulching treatment. The M+ ch (2:4) recorded maximum oil 
content (41.47%) and protein content (24.37%).  This was closely followed by M+ ch (1:4) treatment (39.76 and 24.06%, 
respectively). Sole mustard or sole chickpea recorded the lowest values. The oil yield was found significantly maximum 
(529.12 kg/ha) under sole cropping of mustard, followed by M + ch (2:4) i.e. 334.76 kg/ha and then M + ch (1:4) 
i.e.183.41kg/ha. Similarly protein yield was found significantly highest under sole cropping of chickpea (519.04 kg/ha).  
This was followed by M + ch(1:4) i.e. 446.09 kg/ha and then M + ch (2:4) i.e.395.55 kg/ha. Sole mustard and sole chickpea 
recorded significantly higher nutrient uptake.  This was followed by mustard + chickpea (1:4 row ratio) and then mustard + 
chickpea (2:4 row ratio).  Weed mulching registered maximum N, P and K uptake by grain and straw of mustard and 

chickpea. 
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INTRODUCTION 

 

ulses and oilseeds form an integral part of the 

vegetarian diet of the large population of India. 
The uptake of nutrient by the high yielding varieties 

of pulses and oilseeds is generally greater than their 

additions in the soil. Moreover the imbalanced and 

insufficient use of chemical and organic fertilizers 

aggravates the deficiency of multinutrients in the 

soil. Under raibnfed conditions, the proper 

intercropping systems and moisture conservaion 

practices may also be helpful to mitigate this 

problem. Cultivation of   Indian mustard (Brassica 

juncea) as an intercrop in chickpea (Cicer arietinum) 

is common in India under rainfed conditions.  Such 

technology of intercropping increases the 
productivity per unit area per unit time. Under this 

situation, two crops of different root-shoot growing 

nature are grown at a certain proportion and row 

ratio. There by intercropping increases the cropping 

intensity, total productivity and profitability under 

efficient utilization of soil, water, nutrients and 

sunlight in time and space.  Moisture conservation 

practices play the most important role when crops are 

grown totally under rainfed conditions. Mulching, 

antitranspirant etc. play significant role in the success 

of dryland agriculture. Organic mulches are poor 
conductor of heat that effectively reduce soil 

temperature and maintain residual soil moisture for a 

longer period. Regar et al. (2007) found that straw 

mulching (5 t/ha) significantly increased the seed 

yield of rainfed Indian mustard by 17.7% over no 
mulch with enhanced water use efficiency.  Looking  

to all these facts, the present research was taken up.   

 

MATERIALS AND METHODS 

 

The field experiment was conducted during winter 

season 2018-19 and 2019-20  at the  Research Farm, 

College of Agriculture, Gwalior (M.P.). The field 

soil was sandy-loam having pH 7.7, electrical 

conductivity 0.16 dS/m, organic carbon 0.48%, and  

available N, P2O5 &  K2O 219, 16.5 and 284 kg/ha, 

respectively. The treatments consisted of four 
intercropping systems (sole mustard, sole chickpea, 

mustard + chickpea 1:4 and 2:4 row ratios) in the 

main-plots and four moisture conservation practices 

(no mulch, soil, paddy-straw and weed mulching) in 

the sub-plots. The treatments were laid out in split-

plot design with three replications.  The Indian 

mustard var. RVM-3 and chickpea var.RVG-2-2 

were sown @ 5 and 80kgf seed/ha, respectively 

keeping 30 cm row spacing. The crops were sown on  

10 to 25  October and harvested on 26  to  31 March 

during 2018-19 and 2019-20, respectively.  
Fertilizers @ 60:30:20:20 kg/ha NPKS were applied 
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to Indian mustard and 20:50:20:20 kg/ha NPKS to 

chickpea.  NPKS fertilizers were applied through 

urea, SSP, MOP and elemental sulphur, respectively.  

The crops were grown under rainfed conditions 

applying recommended package of practices.  The 

winter rains received during the cropping season 
were 461.6 and 458.7 mm in 2018 and 2019, 

respectively.  The seed and straw samples were 

analysed for their N, P and K concentrations by 

adopting standard procedures (Jackson, 1973).  The 

uptake of nutrient was calculated by multiplying the 

nutrient concentration values with the yield data. 

Seed protein and seed oil content were determined as 

per procedure given by A.O.A.C. (1997) and 

A.O.C.S. (1964). 

 

RESULTS AND DISCUSSION 

 

Productivity parameters 

The seed and straw yield (23.05 and 24.21q/ha) were 

found significantly higher in case of 1:4 and 2:4 

intercropping systems, respectively followed by 

chickpea grown alone which gave lower performance 

with respect to productivity parameters. The mustard 

grown alone produced the lowest seed (13.54 q/ha) 

and straw (23.32 q/ha). There was similar changes in 

the harvest stage in both the years.  The trend of 

increases and decreases in seed and straw yields 

obtained due to these treatments was exactly in 
accordance with the  similar increases in yield-

attributing characters as well as the increased 

vegetative growth which added straw yield. The 

increase in the overall yield of mustard grain in the 

intercropping system might be owing to the nutrient 

sparing effect of leguminous chickpea. It is well 

evident that the atmosphere nitrogen fixed by 

bacteria in the root nodules of leguminous chickpea 

import nitrogen enrichment to non-leguminous 

mustard grown in combination increasing the yield of 

mustard. The results support the observations of  

Kumar et al. (2012) and Devi et al. (2014).  
Amongst the mulching practices, straw and weed 

mulching brought about equally higher seed and 

straw yields of mustard plus chickpea. This was 

followed by soil mulching. The trend of increases in 

seed and straw yields under these treatments was due 

to the similar increases in the yield-attributing 

characters as well as increased vegetative growth. 

Increase in grain and straw yield due to moisture 

conservation practices might be due to overcoming 

of reduced weed competition higher soil moisture 

retention and conservation of soil moisture in later 
stage of the crop which resulted into improved yield 

attributes and ultimately the yields.  Similar results 

have also been reported by many research workers 

(Lakhpale and Shrivastava, 2006; Regar et al., 2007; 

Awasthi et al., 2007 and Lal et al., 2015). 

Nutritional quality of grain 

The M+ Ch (2:4) recorded maximum oil content 

(41.47%) and protein content (24.37%).  This was 

closely followed by M+ Ch (1:4) treatment (39.76 

and 24.06%, respectively). Sole mustard or sole 

chickpea recorded the lowest values of oil and 

protein contents. The equal response of intercropping 

in both the row ratios in improving seed quality may 

be attributed to their significant role in regulating the 
photosynthesis, root-enlargement and better 

microbial activities by one way or other. 

The variation in grain protein content among these 

genotypes might be owing to the differences in the 

synthesis of protein through amino acids as a result 

of N-metabolism. In case of variation in grain oil 

content among the genotypes might be due to 

variation in the synthesis of fatty acids and their 

esterification by accelerating biochemical reactions 

in glyoxalate cycle (Dwivedi and Bapat, 1998).  

The oil yield was found significantly maximum 

(529.12 kg/ha) under sole cropping of mustard, 
followed by M + Ch (2:4) i.e. 334.76 kg/ha and then 

M + Ch (1:4) i.e.183.41kg/ha. Similarly protein yield 

was found significantly highest under sole cropping 

of chickpea (519.04 kg/ha).  This was followed by M 

+ Ch(1:4) i.e. 446.09 kg/ha and then M + Ch (2:4) 

i.e.395.55 kg/ha. 

The reverse trend of oil and protein contents and 

their yield/ha was exactly according to the yield of 

mustard and chickpea obtained under their sole 

cropping and intercropping treatments. The grain 

qualities (seed oil and protein contents) were equally 
improved when intercropping was done under 1:4 or 

2:4 row ratios over sole cropping of both the crops. 

The application of paddy straw mulch or weed mulch 

resulted in non-significantly higher (seed oil 40.13 to 

30.30%) and seed protein (24.10 to 24.53%) over the 

soil mulching and no mulching treatment (39.78 

to39.95% to seed oil and 23.51 to 23.94% seed 

protein).The results trend on oil yield and protein 

yield per hectare are eventually the same, because it 

is the resultant of the multiplication of seed oil or 

seed protein percentage with the seed yield per 

hectare.  Thus 2:4 row ratio and weed mulch 
recorded significantly higher oil and protein yields 

over the remaining respective treatments. 

The beneficial effect of different types of mulches on 

crop yield and soil productivity is the result of their 

usefulness and multifarious in role in rhizosphere and 

plant nutrition.  Improved pore space, soil aeration, 

and root development, reduced evaporation, 

increased nutrients absorption and biological 

activities in the rhizosphere are the unique role of 

applied mulches from the different sources. 

Moreover, retained the available soil moisture for a 
longer period. The production of crops was enhanced 

by reducing the unproductive loss of soil moisture 

through surface evaporation and weed growth. 

Similar increases in seed protein in chickpea and 

seed oil in mustard due to straw or weed mulching 

have been supported by Mishra et al. (2001), Kalita 

et al. (2005), Agrawal and Agnihotri (2007). 
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Table 1. Yield and quality of mustard and chickpea as influenced by their intercropping systems and moisture 

conservation practices  
  Treatments Total grain 

yield (q/ha)  

Total straw 

yield (q/ha) 

Seed oil content 

of mustard (%)  

Oil yield of 

mustard 

(kg/ha) 

Grain protein 

content of 

chickpea (%) 

Protein yield of 

chickpea 

(kg/ha) 

Intercropping systems        

Sole mustard  13.54 23.32 38.96 529.12 -- -- 

Sole chickpea  21.95 26.32 -- -- 23.62 519.04 

Mustard + chickpea (1:4) 23.05 28.46 39.76 183.41 24.06 446.09 

Mustard + chickpea (2:4) 24.21 30.40 41.47 334.76 24.37 395.55 

C.D. (P=0.05) 0.55 0.003 0.033 3.88 0.013 1.406 

Moisture conservation        

No mulch  18.90 24.47 39.78 310.61 23.51 412.81 

Soil mulch  20.09 26.18 39.95 336.65 23.94 437.67 

Paddy straw mulch  21.00 27.98 40.13 357.48 24.10 458.01 

Weed mulch  22.73 29.87 40.40 391.64 24.53 505.75 

CD (P=0.05) 0.74 0.003 NS 17.56 0.100 1.805 

Interaction Sig. Sig. NS Sig. Sig. Sig. 

Sig.= Significant,    NS = Non-significant 

 

Table 2. NPK uptake (kg/ha) of mustard and chickpea as influenced by their intercropping systems and moisture 

conservation practices (Pooled for 2 seasons)  
  Treatments N-uptake of  mustard   P- uptake of  mustard   K- uptake of  mustard   N- uptake of  chickpea   P- uptake of  chickpea K- uptake of  chickpea 

Seed Straw  Total Seed Straw  Total Seed Straw  Total Seed Straw  Total Seed Straw  Total Seed Straw  Total 

Intercropping systems                 

Sole mustard  30.35 10.90 41.25 5.79 5.50 11.29 11.57 33.65 45.22 ---- --- --- --- --- --- --- ---- --- 

Sole 

chickpea  

-- --- -- -- -- -- -- -- -- 83.06 22.78 105.84 9.28 3.37 12.65 26.91 24.43 51.34 

Mustard + 

chickpea 

(1:4) 

10.46 2.78 13.24 2.11 1.28 3.39 3.99 8.28 12.27 71.39 20.15 91.54 7.89 2.95 10.84 22.75 21.44 44.19 

Mustard + 

chickpea 

(2:4) 

18.54 5.12 23.66 3.91 2.57 6.48 7.07 14.93 22.00 63.30 18.72 82.02 7.02 2.69 9.71 20.10 19.28 39.38 

C.D. 

(P=0.05) 

0.371 0.148 0.519 0.051 0.081 0.132 0.126 0.459 0.585 0.225 0.169 0.394 0.035 0.027 0.062 0.093 0.194 0.287 

Moisture conservation                 

No mulch  17.68 5.51 23.19 3.44 2.75 6.19 6.71 16.87 23.58 66.06 18.04 84.10 7.30 2.61 9.91 21.12 19.43 40.55 

Soil mulch  19.12 6.01 25.13 3.78 3.02 6.80 7.27 18.34 25.61 70.04 19.62 89.66 7.78 2.86 10.64 22.54 20.73 43.27 

Paddy straw 

mulch  

20.26 6.48 26.74 4.05 3.26 7.31 7.73 19.52 27.25 73.30 21.45 94.75 8.20 3.14 11.34 23.62 22.45 46.07 

Weed mulch  22.07 7.06 29.13 4.47 3.44 7.91 8.46 21.11 29.57 80.93 23.07 104.00 8.97 3.39 12.36 25.75 24.27 50.02 

CD (P=0.05) NS NS NS NS NS NS NS NS NS 12.89 3.41 16.30 1.44 0.55 1.99 4.18 3.58 7.77 

Interaction NS NS NS NS NS NS NS NS NS Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. Sig. 

Sig.= Significant,    NS = Non-significant 

 

Uptake of nutrients by mustard and chickpea 

Amongst intercropping systems,  sole mustard and 

sole chickpea recorded significantly higher nutrient 

uptake.  The maximum uptake of N by grain and 

straw of mustard was 30.35 and 10.90 kg/ha, P-
uptake 5.79 and 5.50 kg/ha, K-uptake 11.57 and 

33.65 kg/ha, respectively.  In case of chickpea, the 

N-uptake by grain 83.06 kg/ha and by straw 22.78 

kg/ha, P-uptake by grain 9.28 kg and by straw 3.37 

kg/ha, K-uptake by grain 26.91 kg and by straw 

24.43 kg/ha.  This was followed by mustard + 

chickpea (1:4 row ratio) and then mustard + chickpea 

(2:4 row ratio).  The  trend of nutrients uptake by 
mustard and chickpea was exactly in accordance with 

the grain and straw yield obtained.   
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Amongst the moisture conservation mulching 

treatments, weed mulching registered maximum N, P 

and K uptake by grain and straw of mustard and 

chickpea. The N-uptake by mustard grain and straw 

was 22.07 and 7.06 kg/ha, respectively. Similarly, P-

uptake was 4.47 kg/ha by grain and 3.44 kg/ha by 
straw.  The K-uptake by grain and straw was 8.46 

and 21.11 kg/ha, respectively.  In case of chickpea, 

the N-uptake by grain and straw was 80.93 and 23.07 

kg/ha,  P-uptake 8.97 and 3.39 kg/ha and K-uptake 

25.75 and 24.27 kg/ha by grain and straw, 

respectively This might be due to maintenance of soil 

moisture at higher level by weed mulch over others 

which enhanced the uptake of nutrients by the plants.  

The greater uptake of nutrients caused higher 

photosynthesis and biosynthesis  of assimilates and 

their  translocation towards the sink (seed).  The 

second best was paddy straw mulching. 
Awasthi et al. (2007) also reported that such 

mulching acts as a soil cover, reduces evaporation 

loss of soil moisture, thereby restores or maintains 

the soil moisture at the higher level as compared to 

no mulching. In fact, the plant growth is severely 

hampered due to moisture stress (lack of moisture) in 

root-zone under rainfed conditions. Therefore, 

sufficient soil moisture is needed for the sufficient 

absorption of nutrients for the actively growing 

plants.  This situation was happened by mulching 

which enhanced the uptake of major nutrients by the 
plants. The greater uptake of nutrients, resulted in 

higher photosynthesis and biosynthesis of assimilates 

and their translocation towards the plant parts (seed 

and straw).  The present results corroborate the 

findings of Chaudhari et al., 2002; Kalita et al., 

2005; Agarwal and Agnihotri, 2007. 
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