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Abstract: Organic farming has positive, impact on environment, soil health, and healthy food 26 

quality. Worldwide demand for organic foods is increasing by leaps and bounds in recent years. 27 

The present investigation was undertaken during 2014 to 2018 to evaluate the effect of cowpea 28 

(Vigna unguiculata) co-culture with maize (Zea mays L.) on productivity enhancement over 29 

prevailing maize-fallow system, and to assess the feasibility of inclusion of short duration winter 30 

crops after maize with appropriate residue management practices on productivity and soil health. 31 

The experiment comprised of six cropping systems in main plot and three soil moisture 32 

conservation (SMC) measures options in sub plot. Results indicated that the inclusion of second 33 

crop in place of fallow and cowpea co-culture with maize increased average maize grain yield by 34 

6.2 to 23.5% as compared to that of maize-fallow (MF). Use of maize stover mulch (MSM) + 35 

weed biomass mulch (WBM) increases maize grain yield by 19.1 and 6.5% over those of MSM 36 

and no mulch (NM), respectively. Various soil moisture conservation (SMC) measures had 37 

significant (p=0.05) effect on crop yields and water productivity. Double cropping system had 38 

significantly (p=0.05) higher amount of soil available NPK, soil organic carbon (SOC), 39 

microbial biomass carbon (MBC) and dehydrogenase activity (DHA) at 0-15 cm and at 15-30 cm 40 

depth than those under MF.  The SWC measures of MSM+WBM had significantly higher 41 

available N, SOC, and MBC by 5.5, 4.8 and 8.1% than those under NM, respectively. 42 

Correspondingly, soils under MSM and MSM+WBM had 2.24 and 2.99% lower bulk density 43 

(ρb) in 0-15 cm and 2.21 and 2.94% lower ρb in 15-30 cm than that of NM. The energy use 44 

efficiency (EUE) was significantly higher under MCV (7.90%) over rest of the cropping 45 

sequences. MSM+WBM and MSM recorded 25.1 and 16.6% higher net energy over NM, 46 

respectively.  The net return (INR 159.99×103/ha) and B:C ratio (2.86) were significantly higher 47 

with MCV system followed by MCR cropping sequence. MSM+WBM had significantly higher 48 

net return (INR 109.44×103/h), B:C ratio (2.46) over those under MSM (INR 97.6×103/h) and 49 

NM (INR 78.61×103/h). Overall the cowpea co-culture with maize and inclusion of short cycle 50 

winter crops along with MSM+WBM in maize-based cropping systems was found productive in 51 

terms of crop and water, profitable, energy efficient and sustained the soil health.  52 

Key words: Crop intensification, energy balance, North East Hill Region, organic farming, soil 53 

health, water productivity 54 

1. Introduction 55 
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The conventional crop production systems largely relies on synthetic agrochemicals, high 56 

yielding cultivars, and crop land expansion, all of which have a strong negative impact on 57 

human, animal, plant and environmental health. The major concern is that agriculture must meet 58 

the twin challenges of feeding burgeoning population, with rising demand for organic food, 59 

while simultaneously minimizing its global environmental impacts. Therefore, despite the high 60 

production capabilities, conventional production systems need to shift towards eco-friendly 61 

agriculture systems which combine low footprint of ecology to produce the crops/commodity to 62 

ensure food, nutritional, soil and environmental security. Substantial evidence indicates that 63 

organic farming has positive, however, dependent impact on environment, soil health, energy 64 

consumption and food safety. As a result the worldwide demand of organic foods has increased 65 

many folds in recent years. Presently, organic agriculture is practiced on ~69.8 million hectares 66 

(Mha) covering ~1.4% of total agricultural land of 181 countries (1). The organic farming has 67 

the potential to provide quality and safe food (2) with premium price of produce (3) compared to 68 

conventional farming. Although the productivity of crops under organic agriculture is reported 69 

lower than the conventional agriculture from many eco-regions (4,5,6) but it has the potential to 70 

contribute to sustainable agriculture (7) through enhanced soil microbial biodiversity (8,9) and 71 

build-up of soil organic matter (SOM) (10). However, low crop and biomass productivity in 72 

organic farming as has been reported by many (11,12,13) may be attributed to limiting factors, 73 

such as nutrient, water and environmental limitations. This is especially important as organic 74 

farming are mostly practiced in rainfed areas which are dependent on rainfall, low success rates 75 

of second crop on residual moisture, non-inclusion of legumes in the system and uncertain 76 

decomposition pattern of SOM. Additionally, most of the available reports on organic farming 77 

are based on single crop and not in systems approach. Thus, the overall land productivity is 78 

mostly lower than those under conventional production systems supported by inorganic nutrient 79 

management and assured irrigation. Hence, inclusion of suitable short duration crop(s) with 80 

appropriate location specific SMC practices may increase the land, water and nutrient 81 

productivity. Thus, there is an urgent need for re-designing the cropping systems for matching 82 

their water requirements including both legumes and manures as realistic approach to organic 83 

farming systems (8).  84 

Hilly regions of eight north eastern Indian states (Arunachal Pradesh, Assam, Meghalaya, 85 

Sikkim, Manipur, Nagaland, Mizoram and Tripura) spread over 26.2 M ha and supports 49 86 
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million populations is popularly known as North Eastern Region (NER) of India. The NER 87 

without Assam which is mostly a valley land is called as North Eastern Hill (NEH) region. The 88 

NER has ~4.0 M ha net cultivated area (14) and dominated by two major cropping systems i.e., 89 

rice and maize-based systems. The region is blessed with high rainfall (2450 per annum) >80% 90 

of which is received during pre-rainy and rainy season (March to October) while very scanty 91 

and/ or no rainfall is received during winter season from November to March. Therefore, region 92 

is mostly dominated by mono-cropping of rice and/or maize. Further, low use of synthetic 93 

fertilizers and chemicals (< 12.0 kg ha-1), plentiful availability of biomass and animal excreta is 94 

the specialty of the region which provides ample opportunities for organic food production 95 

(15,10).  Thus, Government of India has identified NER as potential hub for promoting organic 96 

farming and Sikkim was declared the first organic state of country in 2016. Organic farming-a 97 

system has the capability to produce food with minimal harm to ecosystems, animals or humans-98 

is often proposed as an option in the region. However, critics argue that organic agriculture may 99 

have lower yields and would, therefore, need more land to produce the same amount of food as 100 

conventional farms, resulting in more widespread deforestation and biodiversity loss, and thus, 101 

undermining the environmental benefits of organic practices. But a systematic and credible 102 

research for enhancing the productivity of organic farming is lacking specially from hilly 103 

ecosystems. However, credible evidence is available that crop and land intensification with site 104 

specific best management practices enhances the crop as well as system productivity both in 105 

rainfed and irrigated areas. Thus, it is pertinent to evaluate the crop 106 

intensification/diversification, moisture conservation and fertility restorative practices under 107 

organic management system for sustainable agriculture. In the NEH region of India, maize is the 108 

predominant cereal crop in rainy season (16). Maize is the dominant crop in Sikkim as well. 109 

Maize crop has very wider adaptability, can be grown under rainfed condition and a suitable crop 110 

for organic system during rainy season.  Owing to its growth pattern, and wider planting space 111 

(17) there lies opportunities for inclusion of a leguminous cover crop as intercrop with maize. 112 

Cowpea is suitable and tested intercrop in the region (18) in maize to utilize ground cover with 113 

concurrent acquisition of nutrients from deeper soil layers, providing N through biological 114 

fixation and addition of organic matter after chemical desiccation to soil (19). Legumes have the 115 

ability to mitigate soil nitrogen (N) deficiency through symbiotic biological N2 fixation and 116 

phosphorus (P) deficiency by changing the soil pH of the root zone (20,21). Association of cereal 117 
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and legume crops has potential to enhance yields in cropping systems under organic crop 118 

production (22, 21, 23, 24). Cropping systems has the ability to change the SOC levels through 119 

addition of crop residues and soil aggregation (25, 26). Cowpea intercropped with maize is 120 

reported to considerably increase rhizospheric P availability (20) which is a limiting factor in 121 

acid soils. Thus, a systematic research on inclusion on cowpea as intercrop under maize-based 122 

cropping in acid soils for organic farming is warranted.  123 

Diversification of mono-cropped maize system with the inclusion of leguminous crops is of 124 

paramount importance for enhancing productivity, sustainability and farmers’ income. 125 

Substantial increase in SOC is often reported from intensive multiple cropping systems (27, 28, 126 

29). Hence, the identification of efficient cropping systems is the main source for the efficient 127 

organic production systems. Cultivation of winter crop after maize is hardly possible in hills due 128 

to non-availability of soil moisture and adequate nutrition under organic agriculture. Therefore, 129 

the proper organic nutrition to meet the nutrient demand for rainy and winter season crop in 130 

system is a major challenge. Further, weed menace also affects the growth and development at 131 

initial growth stages of maize under organic condition resulting in low productivity during rainy 132 

season. Growing winter (Rabi) season crops on sloping and upland hilly region (70% of the 133 

region) without suitable soil moisture conservation measure is almost terrible (30). Abundant 134 

amount of organic manure availability (46 million mega gram (Mg)) and relatively high SOC 135 

(15.0-35.0 g kg-1) provides opportunity to use as mulch for sustaining the organic farming 136 

(31,32). Bio-mulching is one of the options to utilize the residual soil moisture for growing 137 

second crop during winter season after harvest of rainy maize. Bio-mulching provides buffering 138 

effect to reduce the negative environmental influence of soil (33), improves physical and 139 

chemical properties of soil, checks soil erosion by reducing runoff and increasing infiltration by 140 

providing more opportune time (34), helps in regulating soil temperature, minimizes evaporation 141 

loss to air and checks weed growth (35,36). The maize stalks after harvesting of cobs/grains 142 

along with locally available weed biomass as mulch may enhance physical and chemical 143 

conditions (37). In addition, the use of crop and weed biomass as mulch in agriculture provides 144 

many benefits to the soil by increasing nutrient cycling, promoting soil enzyme activity and 145 

enhancing soil aggregate stability. Furthermore, the use of crop and weed biomass as mulch not 146 

only conserves the soil moisture but its slow decomposition initiates the formation of SOM and 147 

micro aggregates and subsequently, to that of macro aggregates through binding of SOC to 148 
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diverse clay and silt fraction by following hierarchy theory of aggregation. The formation of 149 

stable soil aggregates and improvement in soil structure are attributed to addition of plant 150 

biomass and subsequent increase the micro porosity in soil which helps in storing more water for 151 

a longer period. However, the performance of these agronomic measures alone and in 152 

combination has not been tested under organic farming systems. In view of these facts and 153 

considering cost effectiveness and wider adoption among the farming community, maize stover 154 

and locally available weed biomass were evaluated for the in situ SMC. Maize stalks are not 155 

frequently been used as fodder mainly due to availability of green fodder during rainy season and 156 

also  due to its quality deterioration after harvest owing to high humid condition in rainy season. 157 

Thus, maize stalks are either removed from fields or burned. Hence, the present investigation 158 

was undertaken to test the hypothesis whether intercropping of cowpea in maize and subsequent 159 

cultivation of winter (second) crop on residual moisture with surface application crop/weed 160 

biomass enhances crop, water, energy productivity and soil health in comparison to business as 161 

usual (maize-fallow system) under organic management. The specific objectives of study were: 162 

1) evaluate the effect of cowpea co-culture with maize in maize-based system on productivity 163 

enhancement over prevailing maize fallow system, and 2) study the feasibility of inclusion of 164 

short duration winter crop after maize on residual soil moisture with appropriate residue 165 

management practice for enhancement of productivity and soil health. 166 

2. Materials and Methods 167 

A four year (2014-15 to 2017-18) field experiment was conducted to study the feasibility of 168 

inclusion of winter season crops after rainy season maize co-culture with cowpea under organic 169 

rainfed condition.  170 

2.1. Experimental site  171 

The experimental site is located in the leap of North East Himalayas, India. The Research 172 

Farm of ICAR-National Organic Farming Research Institute, Gangtok, Sikkim, India (Formerly 173 

ICAR Research Complex for North Eastern Himalaya, Sikkim Centre)  is located at 27o32’ N latitude, 174 

88o60’ E longitude with an altitude of 1350 meter above mean sea level. The field was under 175 

organic management practices since, 2005 and maize crop was sown before study to confound 176 

the effect of previous treatments. Soil samples were collected prior to initiation of the treatment 177 
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imposition randomly from the experimental plots at a depth of 0 to 30 cm and analyzed as per the 178 

standard procedures. Soil of the experimental site was sandy loam in texture, deep and free from 179 

hard pan and gravels (Haplumbrepts). The SOC content (12.1 g kg-1) of the soil was determined 180 

by TOC analyzer (ElementerVario Select, Germany) following dry combustion method (38). The 181 

available soil N. P and K determined following procedures as suggested by Prasad et al. (39) 182 

were 322.7 kg ha-1, 16.1 kg ha-1, and 338.9 kg ha-1, respectively. The pH of the soil was 5.7 183 

(1:2.5 soil and water ratio) and bulk density (ρb) was 1.35 Mg m-3 (core sampler method).  184 

2.2. Weather  185 

The metrological data was obtained from meteorological observatory (IMD) at ICAR-186 

National Organic Farming Research Institute, Gangtok, Sikkim. Long period average (30 years) 187 

total rainfall of the region is 3057.3 mm. The experimental site received cumulative mean total 188 

rainfall of 2946.3 mm during 2014-18.  Almost >80% of the total rainfall was received during 189 

mid of March to end of September. Variation in temperature was observed across the years 190 

during experimentation, maximum temperature (mean value of four years) was recorded in May 191 

(28.3˚C) while minimum temperature was recorded in January (7.3˚C) during the crop growing 192 

season. The mean temperature, relative humidity, rainfall and sunshine hours at the experimental 193 

site from 2014-18 are depicted in Fig. 1, 2. 194 

2.3. Experimental design and treatment details 195 

The experiments was laid out in a split plot design with six treatment combinations of 196 

cropping sequences viz., maize–fallow (MF), maize + cowpea–rapeseed (MCRs), maize + 197 

cowpea–buckwheat (MCBw), maize + cowpea–barley (MCB), maize + cowpea–vegetable pea 198 

(MCV) and maize + cowpea–rajmash (MCR) in main plots, along with three mulching as in-situ 199 

organic soil moisture conservation (SMC) practices viz., no-mulch (NM), maize stover mulch 200 

(MSM) and maize stover + weed biomass mulch (MSM+WBM) in sub-plots. The 30% of the 201 

total harvested maize stover was used as maize stover mulch (MSM) and applied to the winter 202 

season crops at 10 days after sowing. While mixed weed biomass was collected from adjoining 203 

areas of cultivated field and applied @ 5.0 Mg/ha   fresh weight basis along with MSM at 10 days 204 

after sowing of winter season crops. The maize crop was sown in the month of March every 205 

year. While the winter season crops were sown in the last fortnight of September every year. 206 
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Maize crop was sown at a spacing of 60 cm × 20 cm. Cowpea was grown as an intercrop (2+1) 207 

in between rows of maize at 20 cm plant spacing. Recommended doses of N to each crops were 208 

applied through mixed compost (MC), vermicompost (VC) and neem cake (Table 1). The 209 

treatment combinations were replicated three times and same plots were maintained for 210 

respective treatments during the four years of experimentation. The gross plot size was 3.5 m × 3 211 

m. The details of cultivars used, their duration, spacing, time of sowing and recommended doses 212 

are presented in Table 1. 213 

2.4. Crop management  214 

Individual plots were thoroughly prepared by manually operated power tiller with a view 215 

to avoid the mixing of the soil in different plots with different nutrient treatments. Organic 216 

nutrients were applied as per the recommended dose of N to the individual crop (Table 2). The 217 

detailed nutrient composition of different mulching materials and organic inputs is given in 218 

Table 2. Neem cake and mixed weed biomass had N contents of 31.8 g/kg and 25.8 g/kg, 219 

respectively. Other nutrient elements that were analyzed are P, K and C. Neem cake (NC) had 220 

the highest P content (9.7 g/kg) followed by mixed weed biomass (7.2 g/kg) and the lowest P 221 

content was in vermicompost (VC) (5.9 g/kg). Mixed weed biomass (448.5 g/kg) and VC (312.7 222 

g/kg) had the highest and the lowest C content, respectively. The combination of mixed compost 223 

(prepared from farmyard manure and locally available biomass), VC and NC were used for 224 

organic nutrition.  The full amount of well decomposed mixed compost (MC) was applied prior 225 

to sowing in all the crops. While VC and NC were applied in furrows opened for sowing of the 226 

crops. Weeds were managed by manual hand weeding twice at 20 and 40 days after sowing 227 

(DAS) followed by earthing up in maize while two manual weeding was done at 20 and 40 DAS 228 

in all the winter season crops. As preventive measure of insects’ pest and diseases, seeds were 229 

treated with Trichoderma sp. @ 4 g/kg for each crop prior to sowing. Neem oil (1500 ppm) @ 5 230 

ml/l of water was applied for management of aphids, white fly etc. at 10 days interval for 2-3 231 

times during winter season crops. 232 

2.5. Harvesting and economic yield 233 

Maize crop was harvested at maturity stage during the first fortnight of August in all the 234 

years. While the cowpea green pods were harvested during second fortnight of May to first 235 

fortnight of June during all the years. Fresh yield of cowpea was recorded immediately after 236 
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harvest.  Maize cob was removed manually by using a sickle and the stover harvested 237 

immediately after removal of cobs. The net plot area of 3.0 × 2.5 m2 was considered for 238 

measurements of maize grain yield. The harvested biomass and cob was kept at threshing floor 239 

for 5-6 days for sun drying. The maize grains from cob were removed by manual maize sheller. 240 

Grain yield of maize was recorded at 14% moisture content for all the years and converted into 241 

Mg/ha. Similarly, winter season crops were also harvested at their physiological maturity by 242 

sickle. Cowpea and vegetable pea pod were picked at 60-65 days after sowing in each year. 243 

Except cowpea and vegetable pea other crops were harvested manually at their physiological 244 

maturity and observations on yields of respective crops were recorded. After threshing and 245 

cleaning yield were recorded at 14% moisture level and reported into Mg/ha. 246 

2.6. Economics 247 

The variable and fixed costs were used for obtaining of cost of cultivation which was 248 

based on the prevailing market price of organic inputs (2017-18). The gross returns, net returns 249 

and benefit cost (B:C) ratio of different cropping systems and SMC measures were computed 250 

from the cost incurred for different organic inputs and the sale price of the produce/output. The 251 

net return was calculated by deducting cost of cultivation from gross return. While the B:C ratio 252 

was obtained by dividing gross return with the cost of cultivation. The sale prices of various 253 

outputs were: maize grain INR 15000/Mg, cowpea pod INR 24000/Mg, rapeseed seed INR 254 

40000/Mg, buckwheat seed INR 20000/Mg, barley seed INR 15000/Mg, vegetable pod INR 255 

50000/Mg and rajmash INR 70000/Mg. Since prices of different outputs are based on the 256 

prevailing market prices the economics presented may change as per the market situation and 257 

demand.  All economic parameters were calculated by using the formulae given by Babu et al. 258 

(40). 259 

Maize equivalent yield (MEY) 260 

MEY =  Ya (Pa)/Pm 261 

Where, Ya is the yield of crop a (t/ha of economic harvest), Pa is the price of crop a, and Pb is 262 

the price of maize 263 

2.7. Energetics 264 
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The energy input is dependent on direct and indirect renewable and non-renewable 265 

energy which consists of diesel, human power and electricity, while the indirect energy contains 266 

seed, farmyard manure (FYM), pesticides and machinery. The input energy and its conversion to 267 

energy equivalents was done by multiplying their per unit energy equivalents (41). The farm 268 

produce (seed and straw yield) was also converted into energy in terms of energy output (MJ) 269 

using crop yields multiplied by their energy equivalents per unit. Based on the energy 270 

equivalents of the inputs and output, energy use efficiency (EUE), energy productivity (EP), 271 

energy intensity in physical terms and energy intensity in economic terms were calculated (39). 272 

2.8. Soil sampling and analysis 273 

The soil samples were collected after completion of four cropping cycles from 0-30 cm 274 

depth from each plot for analysis of physico-chemical properties. The soil was analyzed for ρb, 275 

pH, SOC, available N, P and K, soil microbial biomass carbon (SMBC), dehydrogenase 276 

activities (DHA) and acid phosphatase activities. Dry combustion method (38) was used for 277 

determination of total soil C using TOC analyzer (ElementarVario Select, Germany). It was 278 

assumed that SOC value is equal to total soil C with negligible inorganic C concentration as the 279 

pH of the soil < 7.0 (42). The alkaline permanganate method (43) was used for analysis of 280 

available N in soil; available P was estimated by NaHCO3 (44) spectro-photometrically (880 281 

nm); and available K was determined by neutral normal NH4OAc extraction using flame 282 

photometer (45). The soil fumigation technique (46) was used for determining the SMBC. The 283 

DHA of soil was analyzed by the procedure suggested by Tabatabai (47) by reducing 2,3,5-284 

triphenyl tetrazolium chloride (48). The ρb was estimated by using a core method of 5.6 cm and 285 

5.1 cm diameter at 0-15 cm and 15-30 cm depth and oven dried at 105 °C from each plot (49).  286 

2.9. Water productivity 287 

Water productivity was calculated by dividing grain yield obtained from different winter 288 

season crops (kg/ha m-3) with crop water requirement (ETc). The crop water requirement value 289 

(ETc) was estimated by multiplying reference evapotranspiration (ETo) (16). The reference 290 

evapotranspiration (ETo) value was obtained from pan evaporation data recorded at IMD station. 291 

The crop coefficient (Kc) value was obtained by devising growth stages into four equal stages 292 

and the respective Kc value was taken from FAO-56 (50). The summed value of all the four 293 
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stages revealed the total water requirement (ETc) of respective crops grown during winter 294 

season.  295 

2.10. Statistical analysis 296 

The experimental data were subjected to analysis of variance (ANOVA) and significance was 297 

estimated by test of significance (51). The overall statistical differences among the treatments 298 

was tested with appropriate least significant difference (LSD) value at 5% probability (p=0.05) 299 

3. Results and Discussion 300 

3.1. Nutrient content of different inputs 301 

Nutrient content of different plant biomass and organic manures applied in this 302 

experiment is presented in Table 2. NC had the highest content of N (31.8±3.1 g/kg) and K 303 

(12.6±1.2 g/kg) followed by mixed weed biomass (N 25.8±4.6 g/kg and K 11.1±1.2 g/kg) while 304 

maize stover had the lowest content of all the nutrients (Table 2). Mixed weed biomass was rich 305 

in P (7.2±1.5 g/kg) and C (448.5±54.3 g/kg) whiles the lowest in VC (P 5.9±0.8 g/kg and C 306 

312.7±56.4 g/kg). The higher content of N and K in NC attributed to the concentration of 307 

nutrient in cake after oil extraction. However, more nutrient content in mixed weed biomass 308 

might be because of its being an admixture of various nutrient rich plants. Weed plants are 309 

generally rich nutrient than their crop counterpart (52). Thus, use of weed biomass provides an 310 

opportunity for nutrient recycling and soil moisture conservation provides and helps in 311 

productvity enhancement and mangement of noxious weeds.  312 

3.2. Operation-wise energy utilization pattern 313 

Total energy inputs ranged from 1343 to 11045 MJ/ha under different maize-based 314 

cropping sequences (Table 3). Cultivation of rajmash (11045 MJ/ha) followed by maize (10273 315 

MJ/ha) required maximum energy inputs. The highest use of energy in rajmash and maize 316 

cultivation is attributed to the high requirement of nutrients of these crops and subsequently laid 317 

high use of organic manure. It is evident that among all the management practices/operations 318 

with regard to individual crop organic nutrient management has the highest share of input energy 319 

followed by farm machineries and labour. The total energy input was lowest with intercropping 320 

of cowpea (1343 MJ/ha) with maize followed by rapeseed (6717 MJ/ha). The lowest energy was 321 
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consumed in land preparation operation (31 MJ/ha) while the maximum energy was consumed 322 

for organic fertilization to each crop in maize-based cropping sequence.  323 

3.3. Maize and cowpea yield 324 

The maize grain yield varied significantly among the different cropping sequences across 325 

the years except the year of establishment. The inclusion of second crop in place of fallow and 326 

cowpea intercropping increased average maize grain yield by 6.2 to 23.5% as compared to that 327 

of MF. Intercropping cereals with legumes have the potentially to enhance productivity and soil 328 

fertility (53, 54). This might have attributed to the higher yield of maize grain under other 329 

cropping sequences than those produced by MF. Inclusion of second crop in place of fallow 330 

might have attributed to higher growth and development of maize-led higher grain yield because 331 

the addition of 2nd crop may supply the additional organic matter to soil which helps in building 332 

of plant available essential nutrient. The dynamics of nutrients in organic manures is different 333 

from inorganic fertilizer in soil. The organic manures releases nutrient slowly in the soil, 334 

approximately 30-40% of nutrient present in organic manure may be available to 1st crop (55) 335 

and rest of it is utilized by subsequent crops. That might be the mechanism which is responsible 336 

for higher yield of maize after inclusion of second crop than that of MF. Cropping sequences, 337 

MCV produced significantly higher maize grain yield than the other cropping sequences but 338 

remained at par with MCR after second year onwards. Maize grain yield reflected a variable 339 

trend in diverse cropping sequences over the years. Maize grain yield decreased over the years 340 

under sequences of MF, MCRs, MCBw, MCB (Fig 3). At the end of fourth year, the mean maize 341 

grain yields of previous three year were  2.02 to 11.97% lower than those over 1st year yield (3.5 342 

to 3.7 Mg/ha) under MF, MCRs, MCBw and MCB cropping sequences. However, the magnitude 343 

of yield decline was highest in MF (11.97%) and lowest in MCBw (2.02). Whereas, on one hand 344 

the three year mean yield of maize grain under MCV and MCR were 9.9% and 1.4% higher over 345 

their respective first year yields (Fig 3). Under an organic production system, there are two main 346 

ways to supply the crop N requirements: introducing or reinforcing legumes in crop rotations 347 

and/or using organic amendments allowed for organic farming. Legumes must be able to fulfill 348 

their own N needs, by fixing atmospheric N2, and must supply enough N for the succeeding 349 

crops (56). Increase in crop yield through intensification involving legumes is reported by many 350 

researchers (57, 58). While comparing the mean yield of four years, significantly higher maize 351 
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grain yield was recorded in MCV cropping sequence (3.94 t/ha) followed by MCR (3.84 t/ha) 352 

than those under other cropping sequences (Table 4). MCV cropping sequence produced 23.5, 353 

15.5, 10.4 and 2.6% higher maize grain yield than the MF, MCRs, MCBw, MCB, and MCR 354 

sequences, respectively.  The yield enhancement in MCV system may be due to better 355 

physiological and biological growth rate of maize. Inclusion of vegetable pea had several 356 

positive effects on soil like fixes atmospheric N, improves soil aggregation and helps in building 357 

soil fertility and subsequently leads to higher productivity of succeeding crop (59, 60). The 358 

intercropping of cowpea with maize not only increased the maize grain yield but it also provided 359 

an additional pod yield (1.45 to 1.60 Mg/ha) for vegetable purpose. However, the pod yield of 360 

intercropped cowpea was marginally greater under MCV (1.60 Mg/ha) followed by MCR (1.59 361 

Mg/ha) than those under other cropping sequences (Table 4). The inclusion of cowpea as 362 

intercrop in maize has a myriad of  benefits e.g., suppression of weeds, protection of soil carbon 363 

and nutrient loss due to high and intense rainfall in hilly region, fixation of atmospheric N, 364 

improvement in soil health and many more (18), all these factors might have contributed to 365 

higher yield of maize. The entire biomass of cowpea was left on soil surface as in-situ mulch 366 

which on decomposition might have improved the overall soil health resulting in further yield 367 

improvements when compared to sole maize. There are many reports that inclusion of legumes 368 

in cereal-based cropping sequences enhanced the availability of N through the symbiotic 369 

biological N fixation and increasing the availability of P by changing the soil pH in the 370 

rhizosphere (20, 61, 21, 23). The acid soils have high P fixation capacity in the form of Fe and 371 

Al phosphate. The inclusion of pulses in cropping systems can moderate the soil pH and 372 

increases the P availability leading to higher system productivity (62). 373 

Use of mulches during winter season to conserve the soil moisture not only increases the 374 

productivity of winter crop but it also has significant effect on productivity of succeeding crops. 375 

In our study MSM alone and MSM+WBM applied during winter produced higher maize grain 376 

yield than that with NM from second year onwards. During the first year, the effects were not 377 

significant because mulch was not applied to the crop prior to maize. Maize grown on residual 378 

effect of MSM+WBM produced higher grain yield over those under MSM and NM. Similarly, 379 

maize grain yield under MSM was significantly higher than that of NM. Use of MSM+WBM 380 

increased maize grain yield by 19.1 and 6.5% over MSM and NM, respectively. Cowpea as 381 

intercrop under maize yielded higher pod yield under MSM+WBM (1.31 t/ha) compared to that 382 
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under MSM (1.27 t/ha) and NM (1.22 t/ha). Improvement in soil health and plant available 383 

nutrient due to application of diverse mulches might have attributed to higher maize grain and 384 

cowpea pod yields than NM. Mulching play a vital role by improving soil physical properties 385 

leading to increase in aggregation, infiltration and reduction in erosion loss (63,36,64,18) all of 386 

these might `at have attributed to higher plant growth and yield of crops. Furthermore, use of 387 

MSM+WBM might have reduced the weed infestation covering the soil surface, hence most of 388 

the broad leaves weed did not emerge from surface due to physical impedance (65,66) and 389 

provided a competition free environment for growth and development of crops, leading to higher 390 

maize and cowpea yields.  391 

3.4. System productivity  392 

Among the cropping sequences, MCV registered significantly higher system productivity 393 

(12.11 t/ha) compared to all other systems tested. Increase in crop yield through intensification is 394 

reported from many regions of the world (57,58). Intensification of MF cropping system with 395 

intercropping of cowpea and through inclusion of second crop on residual soil moisture 396 

increased system productivity (67,68). 397 

Among all the mulches, crops grown with MSM+WBM produced highest yield (8.73 t/ha) 398 

while the lowest was registered under NM (7.06 t/ha). Average yield over four years was more 399 

with MSM alone and MSM+WBM by 7.5 and 23.7 per cent respectively over NM. Increase in 400 

system productivity with double mulching comprising retention of previous crop residues along 401 

with external application of weed biomass has been previously reported Das et al. (37).  402 

3.5. Yield of winter season crops  403 

The yields of all the winter crops were significantly higher under MSM+WBM as 404 

compared to those under MSM and NM (Table. 6). Average yield of rapeseed was by 37.2 and 405 

17.1% higher under MSM+WBM than those under NM and MSM, respectively. 406 

Similarly, buckwheat yield was 46.8 and 10.8% higher under MSM+WBM compared to NM 407 

and MSM, respectively. However, the increment in terms of yield increase was the highest in 408 

case of barley (73.1 and 12.8%) and rajmash (45.5 and 15.3%) under MSM+WBM over NM and 409 

MSM, respectively. Mulching increases in soil moisture content and plant available water, 410 
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moderate soil temperature, promotes soil aggregation and builds SOM (69,70) which might have 411 

contributed to higher yield of winter crops.   412 

3.6. Water productivity 413 

Water productivity (WP) of rapeseed, buckwheat, barley, vegetable pea and rajmash was 414 

significantly (p=0.05) influenced by different SMC measures (Table 6,7,8). Among the winter 415 

season crops, rapeseed had minimum WP (0.79 to 1.07 kg/m) while maximum was in vegetable 416 

pea (3.86 to 4.95 kg/m). Use of MSM+WBM in winter crops enhanced WP than the use of MSM 417 

and NM. The highest WP of vegetable pea was due to cumulative effect of higher yield 418 

corresponds to short duration. In-field residue retention or straw mulching is an effective practice 419 

which promotes water conservation by reducing soil water evaporation during the summer fallow 420 

period (71), which can increase WP by 25 to 46% (63,72,73). In the dry season, when compared 421 

with NM, the mulch treatments increased WP significantly which was attributed to the increase 422 

in available soil moisture. This indicated that crop residue retention is more beneficial when soil 423 

moisture and precipitation is limiting. As other studies have shown the application of mulch or 424 

retention of plant residue on the soil surface improves soil hydrothermal properties and thus, 425 

decreases evaporation and increases WUE (74). Mulch treatments improved the yield of winter 426 

crops thereby increasing WP.  427 

3.7. Soil health 428 

Soil health is an interactive function of physical, chemical and biological properties (75,76). 429 

Changes in any of these properties affect the soil functioning and productivity (77,78). Soil 430 

properties like, ρb, SOC (SOC), available N, P, K and MBC, DHA were significantly affected by 431 

the different cropping sequences and mulches (Table 8).  Available N in top 0-15 cm (373.1 432 

kg/ha) and 15-30 cm (366.0 kg/ha) under MCV cropping systems was significantly greater than 433 

those under soils of other cropping sequences (330.3 to 362.4 kg/ha in 0-15 cm and 323.2 to 434 

357.3 kg/ha in 15-30 cm). Generally, available N. P and K were higher in top 0-15 cm than that 435 

of 15-30 cm soil depth. Soils under maize-winter crop systems had significantly higher amount 436 

of available NPK at both the depths under study (0-15 cm and at 15-30 cm) over MF. Available 437 

P was significantly higher in 0-15 cm (18.6 kg/ha) under MCBw over the soils under MF and 438 

MCB but remained at par with rest of the treatments. Similarly, in 15-30 cm, MCBw cropping 439 
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system had higher available P than the soils under other cropping sequences. Cropping sequence 440 

MCBw had 12.7 and 9.9% higher available P than that under MF at 0-15 and 15-30 cm, 441 

respectively.  Herein, inclusion of legumes did not significantly effect changes in available P as 442 

compared to other crops in the system. Soils under cropping system MCV had significantly 443 

higher available K (436.9 and 437.7 kg ha-1 at 0-15 cm and 15-30 cm, respectively) over soils of 444 

rest of the systems under study. The lowest amount of K was reported under MCB at 0-15 cm 445 

(334.2 kg/ha) while MF at 15-30 cm (329.1 kg/ha). 446 

The plant available nutrients (N, P and K) were significantly influenced by different SMC 447 

measures used in this study. MSM+WBM had significantly higher available N in both the soil 448 

layers of 0-15 cm (357.9 kg/ha) and 15-30 cm (352.1 kg/ha) than the soils under MSM and NM.  449 

Plant available P and K had shown a trend similar to that of available N at 0-15 cm and 15-30 cm 450 

depths. Plant available P was 5.8 and 5.5% higher in soils under MSM+WBM and available K 451 

was 1.5 and 2.0% higher than the soil under NM at 0-15 cm and 15-30 cm depth, respectively. 452 

The plant available N, P and K concentration under MSM+WBM and MSM might have been 453 

higher mainly due to more favourable and congenial conditions for mineralization of added 454 

biomass than NM. Generally, organic mulches viz., maize stover and weed biomass used under 455 

study was rich in P and K, that might have attributed to higher available P and K than NM. 456 

The SOC concentration was relatively higher in upper layer of soil (0-15cm) as compared to 457 

deeper layer (15-30 cm). Intensified cropping sequence (maize+cowpea-winter crops) had 458 

significantly higher SOC concentration at both the depths (0-15 cm and 15-30 cm) than the plots 459 

under MF. Cropping sequence MCV had significantly higher SOC (13.9 g kg-1 and 13.6 g kg-1) 460 

at 0-15 cm and 15-30 cm depths than under rest of the sequences. The higher SOC concentration 461 

under different intensified cropping sequences might be due to the addition of more root biomass 462 

in four cropping cycles as compared to MF. Generation of more biomass of MCP might have 463 

attributed to higher SOC concentration under MCV than the soils under other cropping 464 

sequences and MF at both the soil depths. Studies suggested that relatively higher SOC is 465 

indicator of positive soil productivity (29). Hence, inclusion of legumes in maize-based mono-466 

cropping system under organic farming may have the ability to enhance the SOC value (79,80).  467 

Mulching increased the SOC concentration because of decomposition and release of C in soil. 468 

MSM+WBM had 5.5 and 4.8% higher SOC at 0-15 cm and 15-30 cm depths than those under 469 
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NM, respectively. Similarly, MSM also had 3.14 and 3.2% higher SOC than NM at 0-15 and 15-470 

30 cm depths, respectively. The higher SOC concentration under different SMC measures were 471 

mainly attributed to long term application of crop residue as organic inputs having higher OC 472 

(37).   473 

The ρb after completion of four cropping cycles was significantly affected by different 474 

cropping sequences. Intensified cropping sequences had relatively lower ρb compared to that 475 

under MF. Relatively lower ρb was observed at surface (0-15 cm) as compared to the deeper 476 

layer (15-30 cm). The results are in contrasts to the findings of others where cropping sequences 477 

have failed to show any significant effect on ρb (81). In our study the higher ρb value may be 478 

due to compaction under MF. Addition of relatively more root biomass and incorporation more 479 

organic inputs under intensified cropping sequences than MF might have reduced ρb under the 480 

present study.  481 

Application of different SMC measures reduced the ρb than that under NM. Soils under 482 

MSM and MSM+WBM had 2.24 and 2.99% lower ρb at 0-15 cm and 2.21 and 2.94% lower ρb 483 

at 0-15 cm depth than that of NM. The application of SMC measures improved the physical soil 484 

properties thereby enhanced the total soil porosity (82) and subsequently reduced the soil ρb. 485 

Both MBC and DHA were significantly higher in soils under intensified cropping 486 

sequences as compared to those under MF. Cropping sequence MCV had significantly higher 487 

MBC (355.9 µg g-1 soil) and DHA (16.43 µg/g soil) when compared with all other cropping 488 

sequences and MF. The lowest MBC (247.4 µg/g soil) and DHA (11.55 µg/g soil) was registered 489 

in soils under MF. Addition of more organic matter through root biomass for different diversified 490 

cropping systems having leguminous crops increased the microbial activity which promotes 491 

micro-aggregates to form macro-aggregates which are particularly held by fungal hyphae, 492 

polysaccharides and fibrous roots (37).  493 

Different SMC measures had shown significant effect on MBC and DHA after four cropping 494 

cycles. The MBC and DHA were significantly higher under MSM and MSM+WBM than those 495 

under NM. The soils under MSM+WBM and MSM recorded 8.1 and 5.7% higher MBC than 496 

NM. Similarly, DHA value was 10.0 and 6.0% higher under MSM+WBM and MSM than NM, 497 

respectively. Plant and weed biomass mulching improved the physical condition of soil that 498 

might have enhanced the MBC and DHA activities in soils.  499 
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3.8. Energy analysis in cropping system 500 

Energy consumption in agriculture sector mainly involves machines, labour, input used and 501 

diesel. Under organic production systems it is necessary to reduce the energy consumption and to 502 

enhance the energy productivity to overcome the worldwide growing energy demands in 503 

agriculture sector.  In the present study, cropping sequence MF had required lowest energy input 504 

(10610 MJ/ha) while MCR had maximum energy input (23066 MJ/ha). The gross energy output 505 

was significantly influenced by diversified cropping sequences. Among the sequences, MCV 506 

recorded significantly higher gross energy output (155962 MJ/ha) over rest of the treatments. All 507 

the cropping sequences had significantly higher gross energy output over MF. Similar trends 508 

were also found in net energy output. EUE was significantly higher under MCV (7.90%) over 509 

rest of the cropping sequences. Energy productivity was higher with MCV but varied response 510 

was observed for other cropping sequences. Among the diversified cropping sequences, MCR 511 

had significantly higher energy productivity in physical terms (1.37 MJ/kg) over all other 512 

sequences. MCB had significantly higher energy productivity in economic terms (1.98 MJ/ha) 513 

over the rest of the cropping sequences. Substantially higher energy input under MCR was 514 

mainly due to higher N used for production and also other inputs having higher initial energy 515 

value. The lowest energy productivity under MF (0.95 kg/MJ) was due to mono-cropping of 516 

maize. Relatively higher energy output was recorded under diversified cropping sequences 517 

compared to sole maize. Higher grain and biomass yields with corresponding energy value were 518 

reflected in MCV over other cropping sequences. Similarly, higher EUE and EP were also 519 

reflected under MCV cropping sequence over others. The lower energy productivity in physical 520 

terms was recorded under MCV cropping sequence. However, lower economic productivity was 521 

observed under MCR cropping sequence followed by MF.  522 

The MSM+WBM produced significantly higher gross energy output (130226 MJ/ha) over 523 

MSM and NM. Similar trends were followed for net energy output. MSM+WBM and MSM had 524 

25.1 and 16.6% higher net energy over NM, respectively.  The EUE was also significantly higher 525 

under MSM+WBM (1.09%) followed by MSM (1.04%). Energy productivity in economic terms 526 

was 12.8 and 8.3% lower under MSM+WBM and MSM than that of NM.  527 

3.9. Economics  528 
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Economic analysis (Table 10) indicated that the highest cost was incurred in MCV cropping 529 

system [INR85,587/ha (INR is Indian Rupees and 1 US $65.13 INR in April 2018)] followed by 530 

MCR (INR 78,347 /ha). The lowest cost was incurred in MF system (INR 37,940/ha). This was 531 

because the highly intensified system involved more input, labour and other cost for managing 532 

the crop throughout the year. However, the net return (INR 159.99 ×103/ha) and B:C ratio (2.86) 533 

was significantly higher with MCV system followed by MCR cropping system. This was due to 534 

higher system productivity of crops by growing three crops in a year. On the other hand, the 535 

lowest return and B:C ratio (1.76) was recorded in MF cropping system. This can be attributed to 536 

variation in yield, cost of cultivation and prices of economic produce of component crops of 537 

cropping systems. Increase in net returns and benefit cost ratio with inclusion of high value crops 538 

in cropping systems have also been reported by several workers (83,84) 539 

The highest cost was incurred for MSM+WBM (INR 71,355/h) followed by MSM (INR 540 

70,522/h). The higher cost in MSM+WBM and MSM compared to NM was due to the labour 541 

cost and cost of organic mulches. Gross returns was significantly higher under MSM+WBM 542 

(INR 180.8×103/h) followed by MSM (INR 168.19×103/h) and lowest with NM (146.22×103/h). 543 

Similarly, significantly higher net returns were observed under MSM+WBM (INR 544 

109.44×103/h) under MSM (INR 97.6×103/h) and NM (INR 78.61×103/h). Benefit to cost ratio 545 

(B:C ratio) was also significantly higher under MSM+WBM  (2.46) than that of MSM (2.31) and 546 

NM  (2.11). Higher yields under MSM+WBM was reflected in net returns and B:C ratio over 547 

MSM and NM. The higher net returns and B:C ratio in maize-toria cropping systems with double 548 

mulching was also reported by Das et al. (37).  549 

4. Conclusions 550 

The results presented in the study proved the hypothesis that inclusion of legumes as an 551 

intercrop in maize-based cropping system and short cycle winter crops after maize enhances the 552 

crop, water, energy productivity and soil health as compared to maize-fallow under organic 553 

production systems. The inclusion of second crop (winter season crop after maize) and co-culture 554 

of cowpea enhanced the maize grain yield by 6.2-23.5% when compared with maize-fallow 555 

(MF) system. Among the cropping sequences, MCV had higher system productivity, lower ρb, 556 

higher SOC, MBC and DHA, N and K compared to all other sequences. Similarly, the residual 557 

effect of MSM+WBM had positive effect leading to enhanced maize yield by 19.1 and 6.5% 558 
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over MSM and NM, respectively. Moreover, application of MSM+WBM enhanced the yield of 559 

all the winter season crops compared to NM. The MSM+WBM as SMC measures had 23.7% 560 

higher SP than those under NM. Among the OSMC, maximum water productivity, higher SOC, 561 

MBC, DHA, available N and P and lower ρb was under MSM+WBM. Therefore, the present 562 

study provides the information to stakeholders and the policy-makers for sustainable organic 563 

production, the technology of co-culture of cowpea with maize in rainy season and inclusion of 564 

short duration winter vegetable pea along with organic soil moisture conservation measures 565 

(MSM+WBM) after harvest of rainy maize in maize-based cropping sequence is favourable for 566 

higher productivity of crop, water, energy and soil health.  567 

Author Contributions: Conceptualization, Ravikant Avasthe, Gulab Singh Yadav, Anup Das 568 

and K.P. Mohapatra; Data curation, Gulab Singh Yadav and Puscal Sharma; Formal analysis, 569 

Subhash Babu, Amit Kumar and Puscal Sharma; Investigation, Raghavendra Singh and Subhash 570 

Babu; Methodology, Raghavendra Singh and Anup Das; Project administration, Ravikant 571 

Avasthe; Resources, Ravikant Avasthe; Software, Gulab Singh Yadav; Supervision, Ravikant 572 

Avasthe; Visualization, K.P. Mohapatra; Writing – original draft, Raghavendra Singh, Subhash 573 

Babu and Gulab Singh Yadav; Writing – review & editing, Raghavendra Singh, Subhash Babu, 574 

Gulab Singh Yadav, Anup Das, K.P. Mohapatra and Amit Kumar. 575 

Funding: This research was funded by Indian Council of Agricultural Research- Research 576 

Complex for North Eastern Hill Region, Umiam, Meghalaya, India under Institute Project. 577 

Acknowledgements: Authors are thankful to the Director, Indian Council of Agricultural 578 

Research- Research Complex for North Eastern Hill Region, Umiam, Meghalaya, India for 579 

providing support the necessary facilities to conduct this research. 580 

Disclosure: The authors declare no potential conflict of interest. 581 

References 582 

1. Willer, H.; Lernoud, J. The World of Organic Agriculture. Statistics and Emerging 583 

Trends. Research Institute of Organic Agriculture (FiBL), Frick, and IFOAM – Organics 584 

International, Bonn.2019. 585 

2. Giles, J. Is organic food better for us? Nature. 2004, 428, 96-797. 586 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.20944/preprints201907.0207.v1


21 
 

3. Gopinath, K. A.; Saha, R.; Mina, B.L.; Pande, H.; Kundu, S.; Gupta, H. S. 2008. 587 

Influence of organic amendments on growth, yield and quality of wheat and on soil 588 

properties during transition to organic production. Nutr Cycl Agroecosys. 2008, 82, 51-589 

60.  [DOI 10. 1007/s10705-008-9168-0] 590 

4. De Ponti, T.; Rijk, B.; van Ittersum, M.K. The crop yield gap between organic and 591 

conventional agriculture. Agric. Syst. 2012, 108, 1–9. 592 

5. Seufert, V.; Ramankutty, N.; Foley, J.A. Comparing the yields of organic and 593 

conventional agriculture. Nature. 2012, 485, 229–232. 594 

6. Ponisio, L.C.; M'Gonigle, L.K.; Mace, K.C.; Palomino, J.; de Valpine, P.; Kremen, C. 595 

Diversification practices reduce organic to conventional yield gap. Proc. R. Soc. B. 2015, 596 

282, 20141396. 597 

7. Stockdale, E.A.; Lampkin, N.H.; Hovi, M.; Keatinge R.; Lennartsson, E.K.M.; 598 

Macdonald, D.W.; Padel, S.; Tattersall, F.H.; Wolfe, M.S.; Watson, C.A. Agronomic and 599 

environmental implications of organic farming systems. Adv Agron. 2001, 70, 261–327. 600 

8. Mäder, P.; Fliessbach, A.; Dubois, D.; Gunst, L.; Fried, P.; Niggli, U. Soil fertility and 601 

biodiversity in organic farming. Science. 2002, 296, 1694–1697. 602 

9. Tsiafouli, M.A.; Thébault, E.; Sgardelis, S.P.; De Ruiter, P.C.; Van Der Putten, W.H.; 603 

Birkhofer, K.; Hemerik, L.; De Vries, F.T.; Bardgett, R.D.; Brady, M.V. Intensive 604 

agriculture reduces soil biodiversity across Europe. Global Change Biol. 2014, 21, 973–605 

985. 606 

10. Das, A.; Patel, D.P.; Kumar, M.; Ramkrushna, G.I.; Mukherjee, A.; Layek, J.; Ngachan, 607 

S.V.; Buragohain, J. Impact of seven years of organic farming on soil and produce quality 608 

and crop yields in eastern Himalayas, India. Agr Ecosys Environ. 2017, 236:142-153  609 

11. Badgley, C.; Moghtader, J.; Quintero, E.; Zakern, E.; Chappell, J.; Avilés-Vázquez, K.; 610 

Samulon, A.; Perfecto, I. Organic agriculture and the global food supply. Renew. Agric. 611 

Food Syst. 2007, 22, 86–108.  612 

12. Kirchmann, H.; Bergström, L.; Kätterer, T.; Andrén, O.; Andersson, R. Can organic crop 613 

production feed the world? In Organic Crop Production—Ambitions and Limitations; 614 

Kirchmann, H., Bergström, L., Eds.; Springer: Doordrecht, The Netherlands. 2008, 39–615 

74. 616 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.20944/preprints201907.0207.v1


22 
 

13. Timsina, J. Can organic sources of nutrients increase crop yields to meet global food 617 

demand? Agronomy 2018, 8, 214. [doi:10.3390/agronomy8100214] 618 

14. Yadav, G.S.; Das, A.; Lal, R.; Babu, S.; Meena, R.S.; Patil, S.B.; Saha, P.; Datta, M. 619 

Conservation tillage and mulching effects on the adaptive capacity of direct-seeded 620 

upland rice (Oryza sativa L.) to alleviate weed and moisture stresses in the North Eastern 621 

Himalayan Region of India. Arch. Agron. Soil Sci. 2018, 64, 9, 1254-1267. 622 

15. Sanwal, S.K.; Laxminarayana, K.; , R.K.; Rai N.; Yadav D.S.; Bhuyan, M. Effect of 623 

Organic Manures on Soil Fertility, Growth, Physiology, Yield and Quality of Turmeric. 624 

Indian J Hortic. 2007, 64, 4, 444-449 625 

16. Das, A.; Ghosh, P.K.; Lal, R.; Saha, R.; Ngachan S.V. Soil quality effect of conservation 626 

practices in maize–rapeseed cropping system in Eastern Himalaya. Land Degrad Dev. 627 

2014. [DOI: 10.1002/ldr.2325] 628 

17. Saha, R.; Chaudhary, R. S.; Somasundaram, J. Soil health management under hill 629 

agroecosystem of North East India. Appl Environ Soil Sci. 2012, 9[ 630 

doi:10.1155/2012/696174] 631 

18. Yadav, G.S.; Das, A.; Lal, R.; Babu, S.; Datta, M.; Meena, R.S.; Patil, S.B.; Singh, R. 632 

Impact of no-till and mulching on soil carbon sequestration under rice (Oryza sativa L.)-633 

rapeseed (Brassica campestris L. var. rapeseed) cropping system in hilly agro-ecosystem 634 

of the Eastern Himalayas, India. Agr Ecosys Environ. 2019, 275, 81-92. 635 

19. Pacheco, L. P.; Leandro, W. M.; Machado, P. L. O. A.; Assis, R.L.; Cobucci, T.; Madari, 636 

B. E.; Petter, F. A. 2011. Produção de fitomassa e acúmulo e liberação de nutrientes por 637 

plantas de cobertura na safrinha. Pesqu Agropec Bras. 2011, 46, 1, 17–25.  638 

20. Alkama N.; Bolou Bi Bolou, E.; Vailhe H.; Roger L.; Ounane S.M.; Drevon J.J. 2009. 639 

Genotypic variability in P use efficiency for symbiotic nitrogen fixation is associated 640 

with variation of proton efflux in cowpea rhizosphere. Soil Biol Biochem. 2009, 41, 641 

1814–1823. 642 

21. Betencourt E.; Duputel M.; Colomb B.; Desclaux D.; Hinsinger P. Intercropping 643 

promotes the ability of durum wheat and chickpea to increase rhizosphere phosphorus 644 

availability in a low P soil. Soil Biol Biochem. 2012, 46, 21–33. 645 

22. Mueller, T.; Thorup-Kristensen, K. N-fixation of selected green manure plants in an 646 

organic crop rotation. Biol Agric Hortic. 2001, 18, 345-363. 647 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.20944/preprints201907.0207.v1


23 
 

23. Latati M.; Blavet D.;  Alkama N.; Laoufi H.;  Drevon J. J.; Gérard F.; Pansu M.;  Ounane 648 

S. M. The intercropping cowpea-maize improves soil phosphorus availability and maize 649 

yields in an alkaline soil. Plant Soil. 2014, 385,181–191. 650 

24. Nascente, A. S.; Stone, L.F. Cover crops as affecting soil chemical and physical 651 

properties and development of upland rice and soybean cultivated in rotation. Rice 652 

Science. 2018, 25, 6, 340−349. 653 

25. Stetson, S.J.; Osborne, S.L.; Schumacher, T.E.; Eynard, A.; Chilom, G.; Rice, J.; Nichols, 654 

K.A.; Pikul, J.L. Corn residue removal impact on topsoil organic carbon in a corn-655 

soybean rotation. Soil Sci. Soc. Am. J. 2012, 76, 4, 1399–1406. 656 

26. Zuber, S.M.; Behnke, G.D.; Nafziger, E.D.; Villamil, M.B. Crop rotation and tillage 657 

effects on soil physical and chemical properties in Illinois. Agron. J. 2015, 107, 3, 971–658 

978. 659 

27. Franzluebbers, A.J.;  Stuedemann, J.A.; Schomberg, H.H.; Wilkinson, S.R.. Soil organic 660 

C and N pools under long-term pasture management in the Southern Piedmont USA. Soil 661 

Biol. Biochem. 2000, 32, 469-478. 662 

28. Gaba, S.; Lescourrent, F.; Boudsocq, S.; Enjalbert, J.; Hinsinger, P.; Journet, E.P.; 663 

Navas, M.L.; Wery, J.; Louarn, G.; Malézieux, E.; Pelzer, E.; Prudent, M.; Lafontaine, 664 

O. Multiple cropping systems as drivers for providing multiple ecosystem services:from 665 

concepts to design. Agron. Sustain. Dev. 2015, 35:607-623. 666 

[https://doi.org/10.1007/s13593-014-0272-z] 667 

29. Tong, Y.; Liu, J.; Li X.; Sun, J.; Herzberger, A.; Wei, D.; Zhang, W.;  Dou, Z.; Zhang, 668 

F. Cropping System Conversion led to Organic Carbon Change in China’s Mollisols 669 

Regions. Scientific Reports. 2017, 7. [doi: 10.1038/s41598-017-18270-5] 670 

30. Ghosh, P.K.; Das, A.; Saha, R.; Kharkarang, E.; Tripathi, A.K.; Munda, G.C.; Ngachan, 671 

S.V. Conservation agriculture towards achieving food security in north east 672 

India.Curr.Sci. 2010, 99, 915–921. 673 

31. Das, A.; Patel, D.P.; Kumar, M’; Ramkrushna, G.I,., Ngachan, S.V.; Layek, J.; M 674 

Lyngdoh. Influence of cropping systems and organic amendments on productivity and 675 

soil health at mid altitude of North East India. Indian J Agric Sci. 2014, 84, 12, 1525–676 

1530. 677 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.1007/s13593-014-0272-z
https://dx.doi.org/10.1038%2Fs41598-017-18270-5
https://doi.org/10.20944/preprints201907.0207.v1


24 
 

32. Patel, D.P.; Das A.; Kumar M.; Munda, G.C.; Ngachan, S.V.; Ramkrushna, G.I.; Layek 678 

J.;, Buragohain, N. J.; Somireddy U. Continuous application of organic amendments 679 

enhance soil health, produce quality and system productivity of vegetable based cropping 680 

systems at subtropical eastern Himalayas. Exp. Agric. 2015, 51, 1, 85–106. 681 

33. Bristow, K.L.; Abrecht, D.G. The physical environment of two semi-arid tropical soils 682 

with partial surface mulch cover. Aust. J. Soil Res. 1989, 27: 577-587. 683 

34. Ghosh, P. K..; Dayal, D.; Bandyopadhay, K. K.; Mohanty, M.. Evaluation of straw and 684 

polythene mulch for enhancing productivity of irrigated summer groundnut. Field Crops 685 

Res. 2006, 99,76–86. 686 

35. Blevins, R.L.; Frye, W.W. Conservation tillage: an ecological approach to soil 687 

management. Adv Agron. 1993, 51:33-78 688 

36. Nalayini, P.; Anandham, R.; Sankaranarayanan; and Rajendran, T. P. (2009). 689 

Polyethylene mulching for enhancing crop productivity and water use efficiency in cotton 690 

(Gossypium hirsutum) and maize (Zea mays) cropping system. Ind. J. Agronomy. 2009, 691 

54, 4, 409-414 692 

37. Das, A.; Ghosh, P.; Verma, M.R.; Munda, G.C.; Ngachan, S.V.; Patel, D.P. Tillage and 693 

resudue mulches effect on productivity of maize (Zea Mays)-Toria (Bressica Campestris) 694 

Cropping System in fragile ecosystem of NorthEast Indian Himalayas. Expt. Agric. 2015, 695 

51, 1, 107-125  [doi:10.1017/S0014479714000179] 696 

38. Nelson, D.W.; Sommers, L.E. Total carbon, organic carbon and organic matter. In: 697 

Spark, D.L. (Ed.), Analysis of Soil and Plants Chemical Methods. SSA Book Series: 5 698 

Soil Sci. Soc. Am. in. Am. Soc. Agr. Inc., Wisconsin, USA.2005.  699 

39. Prasad, R.; Shivay, Y. S.; Kumar, D.; Sharma, S. N. Learning by Doing Exercises in Soil 700 

Fertility, New Delhi: Division of Agronomy, Indian Agricultural Research Institute.2006, 701 

68. 702 

40. Babu, S.; Singh, Raghavendra; Avasthe, R.K.; Yadav, G.S.; Rajkhowa, D.J. 703 

Intensification of maize (Zea mays)-based cropping sequences in rainfed ecosystem 704 

ofikkim Himalayas for improving system productivity, profitability, employment 705 

generation and energy use efficiency under organic management condition. Indian J 706 

Agric Sci. 2016, 86, 6, 778-784. 707 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.20944/preprints201907.0207.v1


25 
 

41. Singh R.; Babu S.; Avasthe R.K.; Yadav, G.S.; Rajkhowa, D.J. Productivity, economic 708 

profitability and energy dynamics of rice (Oryza sativa L.) under diverse tillage and 709 

nutrient management practices in rice-vegetable pea cropping system of Sikkim 710 

Himalayas Indian J Agric Sci. 2016, 86, 3, 326–30 711 

42. Jagadamma, S.; Lal, R.. Distribution of organic carbon in physical fractions of soils as 712 

affected by agricultural management. Biol Fert Soils. 2010, 46, 6, 543–554 713 

43. Subbiah, B. V.; Asija, G. L. A rapid procedure for the determination of available nitrogen 714 

in soils. Curr Sci. 1956, 25, 259–260. 715 

44. Olsen, S.R.; Sommers, L.E. Phosphorus. In: Page, A.L., Miller, R.H., Keeney, D.R. 716 

(Eds.), Methods of Soil Analysis, Part 2: Chemical and Microbiological Properties 717 

Agronomy Monograph 9. ASA and SSSA, Madison, Wisconsin, USA. 1982. 718 

45. Knudsen, D.; Peterson , G.A.;  Pratt , P. F.. 1982. Lithium, Sodium and Potassium. In 719 

Methods of Soil Analysis, Part 2 (2nd edition). 1982, 199-224.  720 

46. Anderson, J.M.; Ingram J.S.I. Tropical Soil Biology and Fertility. CAB. 1993. 721 

47. Tabatabai, M.A. Soil enzymes. In: Methods in Soil Analysis, Part 2: Chemical and 722 

Microbiological Properties (Eds. Page, A.L., Miller, R.H., Keeney, D.R.), American 723 

Society of Agronomy (ASA) – Soil Science Society of America (SSSA), Wisconsin, 724 

USA. 1982. 725 

48. Casida, L.E.; Klein, D.; Santoro, T. Soil dehydrogenase activity. Soil Sci.1964, 98, 371–726 

376. [doi:http://dx.doi.org/ 10.1097/00010694-196412000-00004] 727 

49. Blake, G.R..; Hartge, K.H. Bulk Density, In: Klute, A. (Ed.), Methods of Soil Analysis, 728 

Part I, Second ed. Physical and Mineralogical Methods: Agronomy Monograph no. 9. 729 

ASA SSSA, Madison, WI, USA, 1986, 363–375. 730 

50. Allen, D.E.; Singh, B.P.; Dalal, R.C. Soil health indicators under climate change: a 731 

review of current knowledge. In Soil health and climate change. Springer, Berlin, 732 

Heidelberg. 2011, 25-45. 733 

51. Gomez, K.A.; Gomaz , A.A. Statistical Procedures for Agricultural Research. John Wiley 734 

& Sons, Singapore. 1984. 735 

52. Reddy, K.S.; Gopinathl, K.A.; Kumari, V.V.; Ramesh, K. Weed-Nutrient Interactions in 736 

Agricultural Systems. Indian J Fertil. 2018, 14, 2, 50-58. 737 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.20944/preprints201907.0207.v1


26 
 

53. Kermah, M..; Franke, A.C.; Adjei-Nsiah, S.; Ahiabor, B.D.; Abaidoo, R.C.; Giller, K.E. 738 

Maize-grain legume intercropping for enhanced resource use efficiency and crop 739 

productivity in the Guinea savanna of northern Ghana. Field Crops Res. 2017, 213, 38-740 

50. 741 

54. Masvaya, E.N.; Nyamangara, J.; Descheemaeker, K.; Giller, K.E. Is maize-cowpea 742 

intercropping a viable option for smallholder farms in the risky environments of semi-743 

arid southern Africa?. Field Crops Res. 2017, 209, pp.73-87. 744 

55. Dawson, J.C.; Huggins, D.R.; Jones, S.S. Characterizing nitrogen use efficiency in 745 

natural and agricultural ecosystems to improve the performance of cereal crops in low-746 

input and organic agricultural systems. Field Crops Res. 2008, 107, 89-101. 747 

56. Rodrigues, M.A.; Pereira, A.; Cabanas, J.E.; Dias, L.; Pires, J.; Arrobas, M. Crops use-748 

efficiency of nitrogen from manures permitted in organic farming. Eur J Agron. 2006, 25, 749 

4, 328-335. 750 

57. Cassman, K.G. Ecological intensification of cereal production systems: yield potential, 751 

soil quality, and precision agriculture. Proc Natl Acad Sci U S A. 1999. 96, 11, 5952-752 

5959. 753 

58. Gurr, G.M.; Lu, Z.; Zheng, X.; Xu, H.; Zhu, P.; Chen, G.; Yao, X.; Cheng, J.; Zhu, Z.; 754 

Catindig, J.L.; Villareal, S. Multi-country evidence that crop diversification promotes 755 

ecological intensification of agriculture. Nature Plants. 2016, 2, 3, 16014. 756 

59. Kumar, N.; Hazra, K.K.; Nath, C.P.; Praharaj, C.S.; Singh, U. Grain Legumes for 757 

Resource Conservation and Agricultural Sustainability in South Asia. In Legumes for 758 

Soil Health and Sustainable Management. Springer, Singapore. 2018, 77-107. 759 

60. Meena, R.S.; Das, A.; Yadav, G.S.; Lal, R..; Editors. Legumes for Soil Health and 760 

Sustainable Management. Springer; 2018, 6. 761 

61. Dahmardeh, M.; Ghanbari, A.; Syahsar, B.A.; Ramrodi, M. The role of intercropping 762 

maize (Zea mays L.) and Cowpea (Vigna unguiculata L.) on yield and soil chemical 763 

properties. Afr J Agric Res. 2010, 8. 631–636 764 

62. Das, A.; Babu, S.; Yadav, G.S.; Ansari, M.A.; Singh, R.; Baishya, L.K.; Rajkhowa, D.J.; 765 

Ngachan, S.V. Status and strategies for pulses production for food and nutritional 766 

security in north-eastern region of India. Indian J Agron. 2016, 61, 129-143. 767 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.20944/preprints201907.0207.v1


27 
 

63. Huang, Y.; Chen, L.; Fu, B.; Huang, Z.; Gong, J. The wheat yields and water-use 768 

efficiency in the Loess Plateau: straw mulch and irrigation effects. Agric. Water Manage. 769 

2005, 72, 209–222. 770 

64. Lal, R. Soil Health and Carbon Management. Food Energy Seur. 2016,  5, 4, 201-222 771 

65. Teasdale J.R.; Mohler C.L. The quantitative relationship between weed emergence and 772 

the physical properties of mulches. Weed Sci. 2000, 48, 385-392 773 

66. Radicetti, E.; Mancinelli, R.; Campiglia, E. Influence of winter cover crop residue 774 

management on weeds and yield in pepper (Capsicum annuum L.) in a Mediterranean 775 

environment. Crop Prot, 2013, 52, 64-71.  [DOI: 10.1016/j.cropro.2013.05.010]. 776 

67. Rusinamhodzi, L.; Corbeels, M.; Nyamangara, J.; Giller, K.E. Maize–grain legume 777 

intercropping is an attractive option for ecological intensification that reduces climatic 778 

risk for smallholder farmers in central Mozambique. Field Crop Res. 2012, 136, 12-22. 779 

68. Smith, A.; Snapp, S.; Dimes, J.; Gwenambira, C.; Chikowo, R. Doubled-up legume 780 

rotations improve soil fertility and maintain productivity under variable conditions in 781 

maize-based cropping systems in Malawi. Agr Syst. 2016, 145, 139-149. 782 

69. Yang, Y.; Yu, K.; Feng, H. Effects of straw mulching and plastic film mulching on 783 

improving soil organic carbon and nitrogen fractions, crop yield and water use efficiency 784 

in the Loess Plateau, China. Agric Water Manag. 2018, 201, 133-143. 785 

70. Zhou, Z.; Zeng, X.; Chen, K.; Li, Z.; Guo, S.; Shangguan, Y.; Yu, H.; Tu, S.; Qin, Y. 786 

Long-term straw mulch effects on crop yields and soil organic carbon fractions at 787 

different depths under a no-till system on the Chengdu Plain, China. J Soils Sediments, 788 

2019, 1-10. 789 

71. Wanga J.; Ghimirec R.; Xin F.; Sainjud, M.U.; Wenzhao, L. Straw mulching increases 790 

precipitation storage rather than water use efficiency and dryland winter wheat yield. 791 

Agric Water Manag. 2018, 206, 95–101 792 

72. Su, Z.; Zhang, J.; Wu, W.; Cai, D.; Lv, J.; Jiang, G.; Huang, J.; Gao, J.; Hartmann, R..; 793 

Gabriels, D. Effects of conservation tillage practices on winter wheat water-use 794 

efficiency and crop yield on the Loess Plateau. China. Agric. Water Manage. 2007, 87, 795 

307–314. 796 

73. Lu, X.; Li, Z.; Sun, Z.; Bu, Q. Straw mulching reduces maize yield, water, and nitrogen 797 

use in northeastern China. Agron. J. 2015, 107, 406–414. 798 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.20944/preprints201907.0207.v1


28 
 

74. Chakraborty, D.; Garg, R.N.; Tomar, R.K..; Singh, R.; Sharma, S.K..; Singh, R.K..; 799 

Trivedi, S.M.; Mittal, R.B.; Sharma, P.K..; Kamble, K.H. Synthetic and organic mulching 800 

and nitrogen effect on winter wheat (Triticum aestivum L.) in a semi-arid environment. 801 

Agric. Water Manage. 2010, 97, 738–748. 802 

75. Allen, R.G.; Pereira, L.S.; Raes, D.; Smith, M. Crop evapo-transpiration-guidelines for 803 

computing crop water requirements-FAO Irrigation and Drainage Paper 56. Food and 804 

Agricultural Organization of United Nations: Rome. 1998. 805 

76. Frost, P.S.; van Es, H.M.; Rossiter, D.G.; Hobbs, P.R.; Pingali, P.L. Soil health 806 

characterization in smallholder agricultural catchments in India. Appl Soil Ecol. 2019, 807 

138, 171-180 808 

77. Safaei, M..; Bashari, H.; Mosaddeghi, M.R.; Jafari, R. Assessing the impacts of land use 809 

and land cover changes on soil functions using landscape function analysis and soil 810 

quality indicators in semi-arid natural ecosystems. CATENA, 2019, 177, 260-271. 811 

78. Vogel, H.J., Wollschläger, U., Helming, K., Heinrich, U., Willms, M., Wiesmeier, M., 812 

Russell, D., Franko, U. Assesssment of soil functions affected by soil management In: 813 

Schroter, M. Bonn, A., Klotz, S. Seppelt, R., Baessler, C. (eds.) Altas of ecosystem 814 

services: drivers, risks, and societal responses Springer Intrnational Publishing, Cham. 815 

2019, 77-82.  816 

79. Horst, W. J.; Härdter, R. Rotation of maize with cowpea improves yield and nutrient use 817 

of maize compared to maize monocropping in an alfisol in the northern Guinea Savanna 818 

of Ghana. Plant Soil. 1994, 160, 171–183 (1994). 819 

80. Marka, L.; Garye, V. Effects of western corn belt cropping systems on agroecosystem 820 

functions. Agron J. 2003, 95, 316–322. 821 

81. Malhi, S. S.; Moulin, A. P.; Johnston, A. M.; Kutcher, H. R. Short-term and long-term 822 

effects of tillage and crop rotation on soil physical properties, organic C and N in a 823 

Black Chernozem in north eastern Saskatchewan. Can. J. Soil Sci. 2008, 88, 273-282. 824 

82. Mulumba, L.N.;  Lal, R. Mulching effects on selected soil physical properties. Soil Till 825 

Res. 2008, 98, 1, 106-111 826 

83. Das, A.; Patel, D. P.; Ramkrushna, G. I.; Munda, G. C.; Ngachan, S. V.; Kumar; J. 827 

Naropongla, J. Crop diversification, crop and energy productivity under raised and 828 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

https://doi.org/10.20944/preprints201907.0207.v1


29 
 

sunken beds: results from a seven-year study in a high rainfall organic production system, 829 

Biol Agric Horti. 2013, 30, 73-87. 830 

84. Yadav, S. K..; Babu, S.; Yadav, M. K..; Singh, K..; Yadav, G. S.; Pal, S. A review of 831 

organic farming for sustainable agriculture in Northern India. International J Agron. 832 

2013. [http://dx.doi.org/10.1155/ 2013/718145]. 833 

 834 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 July 2019                   doi:10.20944/preprints201907.0207.v1

http://dx.doi.org/10.1155/
https://doi.org/10.20944/preprints201907.0207.v1


30 
 

Table 1. Details of crop cultivars and agronomic practices adopted in the experiment 

 

Crop Cultivar Duration (in 

days) 

Spacing 

(cm) 

Time of sowing Recommended N 

(kg/ ha) 

Maize DA 61 A 125 60 × 20 Second fortnight of March 60 

Cowpea KashiKanchan 90 60 × 20 Second fortnight of March 20 

Rapeseed TS - 36 115 30 × 10 Second fortnight of 

September 

50 

Barley VL Jau 116 145 22.5 × solid sowing Second fortnight of 

September 

50 

Vegetable  Pea VRP 6 92 30 × 15 Second fortnight of 

September 

30 

Rajmash  SKR 57 A 120 30 × 15 Second fortnight of 

September 

60 

 

Table 2. Nutrient content of different inputs used as a nutrition and organic mulches in experiment (N=12) 

Organic input N (g/kg) P (g/ka) K (g/kg) C (g/kg) 

Maize stover 6.3 ± 0.9 3.2 ± 0.6 9.8 ± 1.2 398.8 ± 25.2 

Mixed weed biomass 25.8 ± 4.6 7.2 ± 1.5 11.1 ± 1.2 448.5 ± 54.3 

Mixed compost 12.1 ± 1.9 6.9 ± 1.2 9.3 ± 1.5 372.4 ± 39.2 

Vermicompost  17.3 ± 3.3 5.9 ± 0.8 10.3 ± 1.3 312.7 ± 56.4 

Neem cake 31.8 ± 3.1 9.7 ± 0.9 12.6 ± 1.2 342.9 ± 18.7 

Note ± SD 
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Table  3. Energy inputs of different crops  

Energy value for different crops (MJ/ha) 

Particulars Maize Cowpea Toria Buckwheat Barley Garden pea Rajmash 

Land preparation 31 

 

31 31 31 31 31 

Seed 304 351 114 503 1040 975 1052 

Organic fertilizers 6516 

 

3276 3276 3276 3276 6516 

Bi-pesticides 600 600 600 360 600 600 600 

Farm machineries 1505 

 

1505 1505 1505 1505 1505 

Labour 1317 392 1192 1403 1293 1340 1340 

Total 10273 1343 6717 7078 7745 7727 11045 
 

 

 

 

 

 

 

 

 

 

 

Table  4. Yield of maize and inter-crop (cowpea) as influenced by in-situ moisture conservation measures and cropping systems 
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 Maize yield (t/ha) Intercrop (cowpea) yield (t/ha) 

Cropping 

system 

Y1 Y2 Y3 Y4 Mean Y1 Y2 Y3 Y4 Mean 

Maize-fallow 3.51 3.02 3.05 3.20 3.19 -- -- -- -- -- 

Maize + 

cowpea-Toria 

3.65 3.28 3.30 3.43 3.41 1.56 1.49 1.39 1.46 1.47 

Maize + 

cowpea-

buckwheat 

3.63 3.47 3.58 3.62 3.57 1.64 1.43 1.36 1.42 1.46 

Maize + 

cowpea-barley 

3.55 3.25 3.30 3.47 3.39 1.62 1.42 1.35 1.41 1.45 

Maize + 

cowpea- 

vegetable pea 

3.67 3.95 4.03 4.12 3.94 1.57 1.70 1.51 1.63 1.60 

Maize + 

cowpea-

Rajmash 

3.80 3.71 3.88 3.97 3.84 1.67 1.60 1.49 1.61 1.59 

SEm ± 0.06 0.12 0.06 0.05 0.03 0.04 0.04 0.02 0.02 0.02 

LSD(P=0.05) NS 0.37 0.19 0.18 0.10 NS 0.13 0.06 0.06 0.06 

Moisture conservation measures        

NM 3.61 2.99 3.22 3.29 3.28 1.31 1.22 1.14 1.19 1.22 

MSM 3.61 3.53 3.55 3.68 3.59 1.38 1.25 1.18 1.27 1.27 

MSM+WBM 3.68 3.81 3.79 3.92 3.80 1.34 1.34 1.23 1.31 1.31 
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SEm ± 0.05 0.06 0.06 0.04 0.03 0.05 0.03 0.02 0.01 0.02 

LSD(P=0.05) NS 0.17 0.16 0.11 0.10 NS 0.09 0.05 0.03 0.05 

NM= No-mulch (Control), MSM= maize stover mulch (30%), WBM= weed biomass mulch (5.0 t/ha fresh wt basis) Y1= 2014-15, Y2= 2015-16, 

Y3=2016-17, Y4=2017-18 

 

 

Table  5. Maize equivalent yields as influenced by cropping system and soil moisture conservation measures 

 

Cropping system 

MEY (t/ha) 

Y1 Y2 Y3 Y4 Mean 

Maize-fallow 3.51 3.02 3.05 3.19 3.19 

Maize + cowpea-toria 7.30 7.13 6.73 7.23 7.10 

Maize + cowpea-buckwheat 7.57 6.98 6.96 7.28 7.20 

Maize + cowpea-barley 8.17 8.06 7.57 8.37 8.04 

Maize + cowpea- garden pea 11.19 12.58 12.25 12.42 12.11 

Maize + cowpea-rajmash 9.47 10.48 10.40 10.27 10.16 

SEm ± 0.10 0.20 0.08 0.09 0.11 

LSD(P=0.05) 0.30 0.63 0.24 0.27 0.36 

Organic moisture conservation measures 

NM 7.39 6.80 6.75 7.28 7.06 

MSM 7.92 8.26 7.95 8.34 8.12 
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MSM+WBM 8.30 9.06 8.79 8.76 8.73 

SEm ± 0.07 0.07 0.08 0.06 0.07 

LSD(P=0.05) 0.21 0.21 0.22 0.16 0.20 

NM= No-mulch (Control), MSM= maize stover mulch (30%), WBM= weed biomass mulch (5.0 t/ha fresh wt basis) Y1= 2014-15, Y2= 2015-16, 

Y3=2016-17, Y4=2017-18 

 

 

 

Table 6. Yield and water use efficiency of second crop as influenced by in-situ moisture conservation measures 

In- situ 

moisture 

conservation 

measures 

Rapeseed yield 

 (t/ha) 

Water productivity 

(kg/m3) 

Buckwheat yield 

(t/ha) 

Water productivity 

(kg/m3) 

Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 

NM 0.53 0.72 0.56 0.69 0.76 0.91 0.75 0.75 0.84 0.65 0.73 0.79 1.50 1.21 1.15 1.07 

MSM 0.63 0.82 0.65 0.83 0.91 1.04 0.90 0.90 0.95 0.99 0.93 1.12 1.69 1.57 1.57 1.52 

MSM+WBM 0.81 0.90 0.82 0.90 1.16 1.15 1.01 0.98 1.16 1.10 1.02 1.14 2.06 1.69 1.55 1.54 

SEm ± 0.01 0.009 0.01 0.009 0.007 0.004 0.001 0.004 0.01 0.01 0.009 0.01 0.009 0.016 0.010 0.010 

LSD(P=0.05) 0.01 0.01 0.02 0.01 0.021 0.010 0.004 0.013 0.02 0.03 0.01 0.02 0.027 0.045 0.028 0.029 

NM= No-mulch (Control), MSM= maize stover mulch (30%), WBM= weed biomass mulch (5.0 t/ha fresh wt basis), Y1= 2014-15, Y2= 2015-16, 

Y3=2016-17, Y4=2017-18 
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Table 7. Yield and water use efficiency of second crop as influenced by in-situ moisture conservation measures 

In- situ 

moisture 

conservation 

measures 

Barley yield 

 (t/ha) 

Water productivity 

(kg/m3) 

Garden pea yield 

(t/ha) 

Water productivity 

(kg/m3) 

Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 

NM 1.47 1.65 1.37 2.47 1.27 1.17 0.98 1.89 2.98 2.82 2.65 3.38 4.22 4.10 3.41 3.71 

MSM 2.48 2.97 2.34 2.89 2.15 2.12 1.66 2.21 3.5 4.33 4.29 4.13 4.96 5.08 4.12 4.53 

MSM+WBM 2.61 3.4 3.03 3.01 2.26 2.42 2.16 2.30 3.85 5.03 5.02 4.2 5.46 5.33 4.41 4.60 

SEm ± 0.02 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.015 0.03 0.025 0.021 

LSD(P=0.05) 0.06 0.06 0.03 0.06 0.05 0.04 0.02 0.02 0.03 0.03 0.04 0.06 0.044 0.087 0.072 0.062 

NM= No-mulch (Control), MSM= maize stover mulch (30%), WBM= weed biomass mulch (5.0 t/ha fresh wt basis), Y1= 2014-15, Y2= 2015-16, 

Y3= 2016-17, Y4=2017-18 
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Table  8. Yield and water use efficiency of second crop as influenced by in-situ moisture conservation measures 

In- situ moisture 

conservation 

measures 

Rajmash (t/ha) Water productivity (kg/m3) 

Y1 Y2 Y3 Y4 Y1 Y2 Y3 Y4 

NM 0.75 1.02 0.96 0.9 1.31 1.67 1.26 1.20 

MSM 0.86 1.3 1.24 1.18 1.50 1.92 1.55 1.57 

MSM+WBM 1.11 1.44 1.48 1.25 1.94 2.00 1.64 1.67 

SEm ± 0 0.01 0.01 0 0.003 0.013 0.009 0.005 

LSD(P=0.05) 0.01 0.02 0.02 0.01 0.01 0.036 0.027 0.015 

 

NM= No-mulch (Control), MSM= maize stover mulch (30%), WBM= weed biomass mulch (5.0 t/ha fresh wt basis), Y1= 2014-15, Y2= 2015-16, 

Y3=2016-17, Y4=2017-18 
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Table 9. Available nutrient status as influenced by cropping system and mulching (after four cropping cycle) 

Treatment Nitrogen 

(kg/ha) 

P (kg/ha) K (kg/ha) SOC (g/kg) BD (Mg/cm3) Microbial 

biomass 

carbon 

(µg MBC/ 

g soil) 

Dehydro

genase 

activity 

(µg 

TPF/g 

soilh-1) 

Biom

ass 

yield 

(t/ha) 
0-15 

cm 

15-30 

cm 

0-15 

cm 

15-30 

cm 

0-15 

cm 

15-30 

cm 

0-15 

cm 

15-30 

cm 

0-15 

cm 

15-30 

cm 

Cropping system 
Maize-fallow 330.3 323.2 16.5 16.1 345.9 338.6 11.9 11.7 1.34 1.37 247.4 11.55 5.90 

Maize + cowpea - 

toria 

344.8 335.9 17.7 17.1 352.5 329.1 13.1 12.9 1.32 1.35 286.0 13.71 11.56 

Maize + cowpea-

buckwheat 

354.8 349.8 18.6 17.7 391.7 359.1 13.0 12.8 1.32 1.34 285.0 13.54 12.22 

Maize + cowpea - 

barley 

341.0 336.9 17.1 16.2 334.2 332.4 13.2 13.0 1.32 1.34 295.7 15.05 14.38 

Maize + cowpea- 

pea 

373.1 366.0 18.1 17.1 436.9 434.7 13.9 13.6 1.29 1.31 355.9 16.43 15.83 

Maize + cowpea-

rajmash 

362.4 357.3 17.8 17.1 361.6 334.8 13.2 12.9 1.30 1.32 339.8 15.83 14.18 

SEm ± 1.9 1.8 0.4 0.2 3.0 7.9 0.002 0.002 0.005 0.005 6.6 0.20 0.08 

LSD(P=0.05) 5.9 5.7 1.2 0.8 9.4 24.8 0.006 0.005 0.016 0.016 20.7 0.62 0.25 

Moisture conservation measures 
NM 343.2 337.7 17.1 16.4 366.8 349.7 12.7 12.5 1.34 1.36 288.3 13.63 11.50 

MSM 352.1 344.8 17.8 17.1 372.2 357.9 13.1 12.9 1.31 1.33 304.7 14.45 12.49 

MSM+WBM 357.9 352.1 18.1 17.3  372.4 356.7 13.4 13.1 1.30 1.32 311.8 14.99 13.04 

SEm ± 1.0 1.1 0.2 0.2 1.6 3.7 0.001 0.001 0.002 0.004 3.3 0.13 0.06 

LSD(P=0.05) 2.9 3.3 0.6 0.5 4.7 10.8 0.002 0.02 0.007 0.012 9.5 0.37 0.16 
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NM= No-mulch (Control), MSM= maize stover mulch (30%), WBM= weed biomass mulch (5.0 t/ha fresh wt basis) 

 

Table 10.  Effect of cropping system and soil moisture conservation measures on energetics 

Treatment Energy input 

used 

(MJ/ha) 

Gross 

energy 

out put 

(MJ/ha) 

Net 

energy 

output 

(MJ/ha) 

EUE 

(%) 

Energy 

Productivity 

(kg/MJ) 

Energy 

productivity 

in physical 

term 

(MJ/kg) 

Energy 

productivity 

in economic 

term 

(MJ/ha) 

Cropping system 
Maize-fallow 10610 60211 49601 5.67 1.20 0.83 1.59 

Maize + cowpea - toria 18997 111670 92673 5.88 0.90 1.11 1.61 

Maize + cowpea-

buckwheat 

19099 144407 125308 7.56 0.95 1.05 1.98 

Maize + cowpea - 

barley 

19766 130731 110965 6.61 1.12 0.90 1.74 

Maize + cowpea- pea 19748 155962 136214 7.90 1.27 0.79 1.82 

Maize + cowpea-

rajmash 

23066 118000 94934 5.12 0.73 1.37 1.50 

SEm ± -- 970 970 0.05 0.01 0.01 0.01 

LSD(P=0.05) -- 3057 3057 0.16 0.02 0.02 0.04 

Moisture conservation measures 
NM 18491 107716 89225 5.83 0.95 1.09 1.59 

MSM 18556 122548 103992 6.57 1.04 1.00 1.72 

MSM+WBM 18596 130226 111630 6.97 1.09 0.95 1.81 

SEm ± -- 575 575 0.03 0.004 0.004 0.01 

LSD(P=0.05) -- 1663 1663 0.09 0.012 0.012 0.02 

NM= No-mulch (Control), MSM= maize stover mulch (30%), WBM= weed biomass mulch (5.0 t/ha fresh wt basis) 
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Table 11. Economics of the system (pooled over four years) 

Treatment Cost of cultivation (INR/ha) Gross returns 

(INR/ha) 

Net returns (INR./ha) B:C ratio 

Cropping system     

Maize-fallow 37940 66.82 28.88 1.76 

Maize + cowpea - toria 69397 149.20 79.80 2.15 

Maize + cowpea-buckwheat 72847 153.40 80.56 2.10 

Maize + cowpea - barley 74847 168.98 94.13 2.25 

Maize + cowpea- pea 85587 245.58 159.99 2.86 

Maize + cowpea-rajmash 78347 206.44 128.09 2.63 

SEm ± -- 1.38 1.38 0.02 

LSD(P=0.05) -- 4.35 4.35 0.06 

Moisture conservation measure     

NM 67605 146.22 78.61 2.11 

MSM 70522 168.19 97.67 2.31 

MSM+WBM 71355 180.80 109.44 2.46 

SEm ± -- 0.74 0.74 0.01 

LSD(P=0.05) - 2.14 2.14 0.03 

NM= No-mulch (Control), MSM= maize stover mulch (30%), WBM= weed biomass mulch (5.0 t/ha fresh wt basis) 
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Fig. 1. Rainfall data during experimentation (2014-2018) and mean data over 31 years (1983-2013) recorded at ICAR

Research Farm
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Fig. 2. Monthly weather data during 2014-18 
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Fig. 3. Grain yield (Mg/ha) of maize in different CS (Pooled 

over four years)
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