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Abstract


In India, particularly in Manipur, the cultivation of fodder crops is given the least attention as most of the agricultural land is devoted to food crops to meet the food demand of our enormous population. As a result, livestock productivity of the state is suffering. In addition, cultivation of single crops repeatedly over years using inorganic sources of nutrients as inputs for the growth and development of the crops in the same field leads to low production at the cost of soil quality deterioration and environmental issues. Therefore, an experiment was carried out to evaluate the productivity of the oat–chickpea intercropping system to assess the effect of mineral and organic fertilizer management using factorial randomized block design with three replications comprising four levels of the cropping system (CS1-sole oat, CS2-sole chickpea, CS3-intercropping of oat with chickpea in a 3:2 row ratio and CS4-intercropping of oat with chickpea in a 3:3 row ratio) in the main plot and three levels of nutrient management (F1—Full RDF(recommended dose of fertilizer)through inorganic source, F2—50% N of RDF + 50% N through FYM(farm yard manure)and F3—50% N of RDF + 50%N through vermicompost) in the sub plot to study their productivity and economic feasibility. Three years of pooled results revealed that the maximum green fodder yield (50.88 t/ha), dry matter yield (11.84 t/ha) and plant height (120.69 cm) of oat was recorded in CS1, which is among the intercropping systems with the highest green fodder yield (40.11 t/ha) and has a plant height of 115.06 cm; this was recorded in CS3 and the highest dry matter yield (8.44 t/ha) was recorded in CS4. Application of F3 to oats gave the highest green fodder yield, dry matter yield and maximum plant height in all three years of the growing period. The maximum seed yield (1.86 t/ha), harvest index (46.05%), stover yield (2.15 t/ha/ha) and plant height (53.55 cm) of chickpea was obtained in CS2, but among the intercropping system, CS4 was statistically significant at a 5% probability level and was superior in seed yield and stover yield, as compared to the CS3cropping system. The application of F2 showed a higher seed yield and stover yield of chickpea. The green forage equivalent yield (85.37 t/ha), land equivalent ratio (LER) (1.63), gross return ($1902/ha), net returns ($1436/ha) and benefit cost ratio (4.19) were recorded to be the highest in the CS4 cropping system of oat and chickpea. This study concludes that CS4, in combination with the application of F3, can be recommended as it provides a higher green forage equivalent yield, LER and other economic benefits, as compared to other cropping systems and nutrient management practices.
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1. Introduction


Livestock productivity, being the backbone of the country (India), provides energy for agricultural operation, animal protein for the rural communities and generates employment opportunity for them [1]. However, livestock productivity in India is far below the world average due to not only priority towards food crops cultivation, but also the poor nutritional quality of forage [2]. Moreover, the continuous cultivation of food crops using inorganic sources of nutrients from the same field encourages soil quality deterioration and environmental issues. Under these circumstances, to increase livestock productivity and to better soil health, cultivation of fodder crops through integrating both organic and inorganic nutrient sources is very required. Oat (Avena sativa L.) is one such fodder crop, grown in winter, with the advantages of being highly nutritious, a bulk amount of fodder as rations for poultry, cattle, sheep and other animals [3] and can be fed in any form—green forage, silage or hay-covering some scarcity periods of the year. Its green forage quantity, as well as quality, is a consequence of its vegetative growth behavior, which is enhanced by the balanced form of nitrogen application [4], especially through integrated nutrient management. Oat is commonly intercropped with legume crops like chickpea, pea, lathyrus, lucern, etc. during the winter season by marginal and sub-marginal farmers in India. Chickpea (Cicer arietinum L.) is a legume crop that is gaining popularity now as an intercrop or succeeding crop as it produces a yield under limited resources and replenishes soil N depletion due to its ability to undergo biological N fixation in roots through symbiosis with Rhizobium leguminoseram. Intercropping, a multi prolonged ‘Intensive cropping’ approach to increase production has the benefit of better utilization of land, erosion reduction, subsistence to farmers during years of changes in the main crop failure, soil fertility and crop productivity enhancement. Cereal-legume based intercropping is always found to be superior to sole cropping and other types of cropping systems due to the additional effect of biological N fixation [5]. The introduction of food-forage intercropping systems with a planting geometry of 3:3 row proportions have a considerable beneficial impact on yield performance, and the inclusion of vermicompost can save 50% of inorganic fertilizers [6]. Growing maize between groundnut rows could produce an additional green fodder yield in the intercropping system without jeopardizing the pod yield of groundnut and could mitigate the fodder scarcity to some extent during the dry season [7]. Numerous studies on cereal/legume intercropping have demonstrated that the amount of N fixed by the legume depends on a variety of factors, including the density, competitiveness, and morphology of the legume [8], as well as the efficiency of the rhizobia symbiosis and the intercropping system [9]. Considering these facts, the present research was designed to confirm the benefits of cereal–legume intercropping and thus to evaluate the best oat–chickpea intercropping system under various mineral and organic fertilizers integrated with nutrient management in Manipur, India.




2. Materials and Methods


2.1. Sampling Location and Soil Properties


The present investigation was carried out at CAU, Experimental Farm, in Andro, Manipur, India at 24°45′ N latitude, 93°56′ E longitude and an altitude of 790 m above the mean sea level (Figure 1) during the winter season of 2015–2016 to the winter season of 2017–2018. This site falls under the eastern Himalayan region (II) and the sub-tropical zone (NEH-4) of the state of Manipur. The climatic condition of the area is subtropical and the average annual rainfall is 1212 mm. The soil falls under the inceptisols order and is clayed in texture (hyperthermic aerichaplaquept according to U.S. soil taxonomy), acidic in reaction (pH 5.24), medium in available N (287.34 N kg/ha), available phosphorus (16.0 P2O5 kg/ha), available potassium (218.0 K2O kg/ha) and organic carbon (1.4%).




2.2. Fertilizer Treatment and Agriculture Management


The experiment was laid out in factorial randomized block design (FRBD) with three replications comprised of four levels of the cropping system (CS1-sole oat, CS2-sole chickpea, CS3-intercropping of oat with chickpea in 3:2 row ratio and CS4-intercropping of oat with chickpea in a 3:3 row ratio) in the main plot (Figure 2) and 3 levels of nutrient management (F1—Full RDF through inorganic source, F2—50% N of RDF + 50% N through FYM and F3—50% N of RDF + 50% N through vermicompost) in the sub plot. The recommended doses of fertilizers (RDF) were 60 kg N/ha, 40 kg P2O5/ha and 40 kg K2O/ha. N, P2O5 and K2O were applied through urea, single super phosphate and muriate of potash, respectively. The variety used in the experiment was JHO-822 for oat and JG-14 for chickpea. The seeds were treated with rhizobium and phosphate solubilizing bacteria (PSB) culture in all the treatments. The plant height of the representative samples was measured with the help of a meter scale from the ground level to the tip of the plant. The green fodder harvested from the net plot was weighed and then converted into tonne per hectare (t/ha) to obtain the green fodder yield. Simultaneously, a random sample of 500 g was taken from each net plot, chopped well and then dried in the sun and oven dried at 65–70 °C until a constant weight was obtained. On the basis of these samples, the green fodder yields were converted into dry fodder yields and were expressed as t/ha [7].




2.3. Soil Sampling


Representative soil samples were collected randomly prior to the commencement of the experiment from several places at the experimental site at a depth of 0–15 cm with the help of soil auger and the collected samples were composited. The samples were dried properly in shade. After grinding, the soil samples were allowed to pass through a 2 mm sieve and stored for the chemical analysis of the soil [10].




2.4. Physical Soil Analysis


The soil texture (clay soil) was determined by the international pipette method [11] after treating the soil with hydrogen peroxide.




2.5. Soil Chemical Analysis


The pH of the experimental soil was determined with the digital pH meter using a soil water suspension of 1:2.5, as described by Jackson [12]. The oxidizable organic carbon was determined using the wet-oxidation method [13]. The available N content of the soil samples was determined using the alkaline potassium permanganate method, as described by Subbiah and Asija [14]. The available phosphorus content of soil was determined by following Bray and Kurtz’ method and the available potassium was extracted from soil using neutral N ammonium acetate at 1:5 soil; the extract ratio and the concentration of potassium present in the extract was determined using aflame photometer, as described by Jackson [12].




2.6. Green Forage Equivalent Yield


The yield of the individual crop was converted into the equivalent yield (t/ha) on the basis of the prevailing market price of the crop [15]. It was calculated by the following formula:


  Oat   equivalent   yield =    yield   of   oat    +    yield   of   chickpea   ×   price   of   chickpea     price   of   oat     



(1)








2.7. Land Equivalent Ratio (LER)


LER was calculated as per the method given by Willey and Osiru [16]. It was calculated as follows:


LER = LER (oat) + LER (Chickpea)










  LER   ( Oat ) =   Yield   of   oat   under   intercropping   Yield   of   oat   under   sole   cropping    



(2)






  LER   ( Chickpea ) =   Yield   of   chickpea   under   intercropping   Yield   of   chickpea   under   sole   cropping    



(3)






LER > 1 indicates yield advantage










LER = 1 indicates no gain or no loss










LER < 1 indicates yield loss












2.8. Economic Analysis


The treatment wise gross monetary returns were worked out by considering the prevailing market prices of the produce during the year of experimentation. The net return was calculated by subtracting the cost of the cultivation from the gross return of the respective treatment. This is expressed as the net returns in $/ha and the benefit cost ratio of each treatment was worked out by dividing the gross return by the cost of cultivation of the respective treatments.




2.9. Statistical Analysis


All the data pertaining to the present investigation were computed for statistical analysis using Fischer’s method of analysis of variance (ANOVA) and interpreted as outlined by Gomez and Gomez [17]. The interpretation of data was, however, based on 5% probability levels. Critical difference values were calculated wherever the ‘F’ test was found to be significant, and the treatment means were compared following critical differences (CD), as suggested by Gomez and Gomez [17] for significance ata5% probability level.





3. Results and Discussion


3.1. Effect of Cropping System and Nutrient Management on Productivity of Oat


The pooled results (Table 1) of three years of study revealed that the green fodder yield and dry matter yield differed significantly at a 5% probability level with cropping systems. The highest green fodder (50.88 t/ha) and dry matter yield (11.84 t/ha) was recorded in CS1; among the intercropping systems, CS3 produced higher green fodder and dry matter yield than CS4 in all the three years. This might be due to a higher plant population, which has a 60% oat population in the CS3 cropping system and a 50% population in the CS4 cropping system. This might be due to the additional benefits of more biological N fixation by chickpea as compared to sole oat, where no biological N fixation occurred. The result was in agreement with the research outcomes of Tuna and Orak [18] and Kokten and Tansi [19]. Three years of pooled results show that the highest plant height of oat was recorded in CS1 over the intercropping system, which might be due to less nutrient competition and no shading effects by chickpea. Among the intercropping systems, the plant height was found to be higher inCS3. However, there was no significant effect of different levels of cropping system on the plant height of oat. These findings are similar to those obtained by Chongloi and Sharma [6].



Different levels of nutrient management also significantly influence the green fodder yield and dry matter yield of oat. The pooled results (Table 1) from three years of study showed that the highest green forage yield (44.84 t/ha) and dry matter yield (10.38 t/ha) was obtained from F3. The increase in green fodder yield may be due to the positive effect of vermicompost addition as organics, which thereby improve the selected biological and chemical properties of the soil [20] and improve microbial growth present in the earthworm cast of vermicompost, thus enabling better nutrient cycling and promoting plant growth [21]. Similar results have been reported by Kumar et al. [22]. However, different levels of nutrient management exhibited no significant effect on plant height. However, the highest plant height (117.25 cm) was observed when F3 was applied.




3.2. Effect of Cropping System and Nutrient Management on Productivity of Chickpea


Pooled experimental results from three years (Table 2) showed that the seed yield of chickpea (1.86 t/ha), harvest index (44.94%), stover yield (2.15 t/ha), and plant height (53.55 cm) was recorded to be superior in CS2, as compared to other intercropping systems. This might be due to a greater plant population undergoing bacterial N fixation, less competition for sunlight, moisture and nutrients in CS2. Kakon et al. [23], in regards tomaize-pea, Ayub and Shoiab [24], in regards tosorghum and guar, and Naik et al. [25], in regards tomaize legume intercropping systems, noticed similar observations. The lower seed yield, harvest index, stover yield and plant height in CS3 and CS4 cropping systems might be due to the adverse effects of a higher plant population after the addition of 100 percent of CS2 population; these two cropping systems have 60 and 50 percent of the CS1 population, respectively. The seed yield and stover yield were significantly affected by the intercropping system and the harvest index and plant height were not affected by the intercropping system. Among the intercropping systems, the highest seed yield (1.60 t/ha), stover yield (1.97 t/ha) and plant height (52.48 cm) was observed in CS4 and the maximum harvest index (44.22%) was recorded in CS3. The intercropping system of CS4 had more space, air, sunlight and more biological N fixation as compared to the CS3 intercropping system, which could inflect better plant height, stover yield and consequently seed yield than the intercropping system of CS3 [26]. Among the intercropping systems, the CS4 cropping system outperformed CS3 in terms of yield attributes and the yield of chickpea. In both the intercropping systems, although the cereal crop oat obtained benefits from chickpea, there was no beneficial effect of oat on chickpea crop performance. This resulted in a reduced yield of chickpea under the intercrop system.



However, different levels of nutrient management at a 5% probability level significantly influenced the harvest index and stover yield of chickpea and the seed yield and plant height were not significantly affected by different levels of nutrient management. However, the pooled results of three years (Table 2) revealed that the highest seed yield (1.62 t/ha) and stover yield (2.04 t/ha) of chickpea was recorded with the application of F3. The plants under this combination developed healthy roots and enabled plants to absorb relatively more moisture and nutrients from lower strata, which sustain and increase the crop productivity due to the beneficial effects of decomposed organic matter that was derived in connection with physicochemical properties of the soil [27]. This might also be because of the adequate supply of nutrients throughout the growth period and due to the slow release of primary and secondary nutrients, which increases the green forage yield and dry forage yield. Similar findings were reported by Wailare and Kesarwani [28] and Pandey [29]. The lowest seed yield was recorded in F1 and the lowest stover yield was observed in F3. The above results are similar to the findings obtained by Dixit and Khatik [30], who reported that an significant increase in straw yield was obtained due to the incorporation of 50% RDF along with 10t FYM over the sole application of either 100% RDF or 10t FYM. The highest harvest index (46.44%) was observed in F3 and differed significantly by organic and inorganic fertilizer application. The reasons may be owing to the use of vermicompost, which is a rich source of major nutrients and also contains micronutrients, which are readily available for the development of plant [6]. The results regarding plant height, as presented in Table 2, showed a nonsignificant effect of integrated nutrient management, however the maximum plant height (53.62 cm) was recorded in F1. This result was found to be contrary to Chongloi and Sharma [6] and Zada et al. [31] findings, who reported that a significant increased in plant height was obtained with the incorporation of organic manures (vermicompost and FYM) and inorganic fertilizers.




3.3. Effect of Cropping System and Nutrient Management on Green Forage Equivalent Yield of Oat and Chickpea


The pooled results of three years, as represented in Table 3, depicted a significant effect of the green forage yield with the cropping system. The highest green forage equivalent yield (85.34 t/ha) was obtained in the intercropping system of CS4.This might be due to advantages in biological N fixation by the legume crop on oat [32]. In the intercropping system of CS4, oat had the additional benefit of more biological N fixation by chickpea, as compared to the CS3 intercropping system, where biological N fixation was comparatively less. The green forage equivalent yield was the lowest (50.88 t/ha) in CS1due to the absence of legume crop chickpea to undergo biological N fixation. The result was in agreement with the research outcomes obtained by Biswas et al. [32] in oat-lathyrus intercropping and Chongloi and Sharma [6] in the oat–pea intercropping. The findings are also in close conformity with the findings obtained by Sharma et al. [33].



However, the green forage equivalent was not significantly affected by different nutrient management systems. However, the three years of pooled results revealed that the highest green forage equivalent yield (683.47 t/ha) was recorded in F3. The reasons might be due to the integration of vermicompost with inorganic fertilizers, which gave quick responses over other organic nutrient source. Vermicompost increases the chemical fertilizer use efficiency and therefore might be owing to the adequate and continuous supply of nutrients at different stages due to sufficient amount of nutrients by easy mineralization in comparison to FYM at a constant level that resulted in higher plant growth. Similar findings were also reported by Biswas et al. [34], Chongloi and Sharma [6] and Godara et al. [35].




3.4. Effect of Cropping System and Nutrient Management on Land Equivalent Ratio of Oat and Chickpea


The pooled results of three years of experiment (Table 3) showed that intercropping combination and different levels of nutrient management had no significant effect on the land equivalent ratio. However, among the different intercropping systems, CS4 fetched the highest LER (1.63), followed by CS3(1.51). This indicates that the area planted to the sole crop would need to be 6.3% and 5.1% greater than the area planted to the intercrop CS4 and CS3 cropping system to produce the same yield, respectively. The reason might be due to a higher plant population of chickpea intheCS4 intercropping system undergoing more biological N fixation. This directly reflected on the better yield of both the crops compared to other CS3 intercropping systems, CS2 and CS1.A better chickpea yield was due to less shading effect and better utilization of available resources, which also contributed to a greater land equivalent ratio (LER) in CS4. These results are in close conformity with those obtained by Dariush et al. [36] and Sharma et al. [37]. Similar results were also reported by Patel et al. [38] and Pierre et al. [39] in maize-cluster bean and maize–soybean intercropping systems, respectively. However, application of F1 and F2 were not statistically different, but were found to have higher LER values as compared to the application ofF3.




3.5. Economics


The three years of pooled results (Table 4) showed that gross returns, net returns and the cost benefit ratio were significantly affected by different cropping systems. The CS4intercropping system was recorded to have a significantly higher gross return ($1902/ha), net return ($1436/ha), and a benefit cost ratio (4.19) relative to the rest of the cropping systems. Sharma et al.[33] also found a similar type of result in pearl millet and cluster bean intercropping system. Whereas, different levels of nutrient management also exhibited significant effect on gross and net returns as well as benefit cost ratio. The highest gross returns ($1525/ha) and the highest net returns ($1062/ha) was obtained in F3 and F2, respectively. The reason might be due to the overall better production of forage yield that leads to higher net returns. However, the maximum benefit cost ratio (3.69) was noticed where F1was applied and the minimum benefit cost ratio was recorded in F3. This might be due to the cheaper cost of chemical fertilizers as compared to the cost of FYM and Vermicompost since the benefit cost ratio depends on the gross income and total cost of production per plots. These findings are in corroboration with those reported by Meena [40] and in close conformity with Shivranet al. [41].





4. Conclusions


This study confirms that the cereal–legume intercropping system positively influences crop performance. Based on the results, it can be concluded that the 3:3 intercropping system of oat–chickpea (CS4) using 50% inorganic N and 50% N from vermicompost (F3) has performed the best, and it can therefore be recommended to achieve higher green forage and seed yield of oat and chickpea.
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Figure 1. Location of the study area. 
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Figure 2. Planting pattern in the intercropping system. 
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Table 1. Effect of the cropping system and nutrient management on the productivity of oat.






Table 1. Effect of the cropping system and nutrient management on the productivity of oat.





	
Treatment

	
Oat




	
Green Fodder Yield (t/ha)

	
Dry Matter Yield (t/ha)

	
Plant Height (cm)




	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled

	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled

	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled






	
A. Intercropping system




	
Sole Oat (CS1)

	
53.35

	
53.17

	
49.28

	
50.88

	
16.17

	
12.10

	
8.37

	
11.84

	
125.81

	
118.81

	
117.45

	
120.69




	
Sole Chickpea (CS2)

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
Oat + Chickpea in 3:2 row ratio (CS3)

	
39.35

	
39.99

	
41.29

	
40.11

	
8.95

	
8.45

	
7.10

	
8.14

	
122.59

	
110.55

	
112.04

	
115.06




	
Oat + Chickpea in 3:3 row ratio (CS4)

	
37.93

	
38.93

	
38.75

	
38.16

	
10.32

	
8.82

	
6.53

	
8.44

	
117.44

	
109.30

	
113.41

	
113.38




	
SEm±

	
0.68

	
0.48

	
0.66

	
0.48

	
0.22

	
0.27

	
0.29

	
0.09

	
3.65

	
1.69

	
2.15

	
1.82




	
CD at 5%

	
2.67

	
1.88

	
2.59

	
1.90

	
0.85

	
1.07

	
1.14

	
0.67

	
NS

	
6.64

	
NS

	
NS




	
B. Nutrient management




	
Full RDF through inorganic source-N, P2O5& K2O @ 60: 40:40 kg/ha. (F1)

	
41.44

	
42.23

	
40.55

	
41.81

	
10.31

	
8.78

	
6.78

	
8.72

	
119.85

	
112.96

	
115.67

	
116.16




	
50% N of RDF + 50% N through FYM (F2)

	
43.76

	
44.12

	
41.43

	
42.49

	
11.79

	
9.76

	
7.04

	
9.32

	
122.78

	
110.00

	
114.41

	
115.73




	
50% N of RDF + 50% N through Vermicompost (F3)

	
45.42

	
45.74

	
47.34

	
44.84

	
13.33

	
10.83

	
8.18

	
10.38

	
123.22

	
115.70

	
112.81

	
117.25




	
SEm±

	
0.68

	
0.60

	
0.65

	
0.32

	
0.22

	
0.44

	
0.23

	
0.17

	
1.98

	
2.26

	
2.33

	
1.04




	
CD at 5%

	
2.10

	
1.84

	
2.01

	
0.99

	
0.68

	
1.36

	
0.69

	
0.51

	
NS

	
NS

	
NS

	
NS








RDF: Recommended dose of fertilizer; FYM: Farm yard manure; NS: Non significant; SEm: Standard error mean; CD: Critical difference; The data were computed for statistical analysis by using Fischer’s method of analysis of variance (ANOVA) and interpreted as outlined by Gomez and Gomez [17]. The level of significance use in ‘F’ and ‘T’ tests had a0.05 probability. Wherever the ‘F’ ratio was found to be non-significant, the critical difference wasnot mentioned, but was indicated as ‘NS’. The interpretation of data was however based on 5% probability levels by Duncan’s multiple-range test.













 





Table 2. Effect of the cropping system and nutrient management on the productivity of chickpea.






Table 2. Effect of the cropping system and nutrient management on the productivity of chickpea.





	
Treatment

	
Chickpea




	
Seed Yield (t/ha)

	
Harvest Index (%)

	
Stover Yield (t/ha)

	
Plant Height (cm)




	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled

	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled

	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled

	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled






	
A. Intercropping system




	
Sole Oat (CS1)

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-

	
-




	
Sole Chickpea (CS2)

	
1.75

	
1.98

	
1.86

	
1.86

	
46.22

	
47.44

	
44.49

	
46.05

	
2.08

	
2.06

	
2.31

	
2.15

	
54.11

	
51.93

	
54.63

	
53.55




	
Oat + Chickpeain 3:2 row ratio (CS3)

	
1.30

	
1.36

	
1.24

	
1.30

	
44.62

	
45.89

	
42.19

	
44.22

	
1.62

	
1.57

	
1.71

	
1.64

	
57.11

	
49.63

	
49.63

	
52.12




	
Oat + Chickpeain 3:3 row ratio (CS4)

	
1.57

	
1.69

	
1.54

	
1.60

	
44.39

	
44.89

	
41.42

	
43.52

	
1.97

	
1.75

	
2.20

	
1.97

	
53.00

	
53.15

	
51.30

	
52.48




	
SEm±

	
0.05

	
0.04

	
0.08

	
0.04

	
1.43

	
0.56

	
3.68

	
1.81

	
0.07

	
0.06

	
0.19

	
0.09

	
2.15

	
1.09

	
2.59

	
1.58




	
CD at 5%

	
0.20

	
0.16

	
NS

	
0.15

	
NS

	
NS

	
NS

	
NS

	
0.26

	
0.24

	
NS

	
0.36

	
NS

	
NS

	
NS

	
NS




	
B. Nutrient management




	
Full RDF through inorganic source-N, P2O5& K2O @ 60: 40:40 kg/ha. (F1)

	
1.48

	
1.61

	
1.49

	
1.53

	
44.77

	
45.69

	
42.48

	
44.54

	
1.83

	
1.81

	
2.02

	
1.88

	
56.22

	
52.18

	
52.44

	
53.62




	
50% N of RDF + 50% N through FYM (F2)

	
1.52

	
1.68

	
1.55

	
1.62

	
41.71

	
43.48

	
40.46

	
42.81

	
2.14

	
1.77

	
2.31

	
2.04

	
55.33

	
50.82

	
51.67

	
52.60




	
50% N of RDF + 50% N through Vermicompost (F3)

	
1.62

	
1.74

	
1.60

	
1.61

	
48.75

	
49.05

	
45.60

	
46.44

	
1.70

	
1.80

	
1.90

	
1.84

	
52.67

	
51.71

	
51.44

	
51.94




	
SEm±

	
0.04

	
0.07

	
0.05

	
0.04

	
1.35

	
0.42

	
1.46

	
0.59

	
0.07

	
0.06

	
0.07

	
0.03

	
1.84

	
1.49

	
1.18

	
0.76




	
CD at 5%

	
NS

	
NS

	
NS

	
NS

	
4.17

	
1.29

	
NS

	
1.83

	
0.23

	
NS

	
0.21

	
0.09

	
NS

	
NS

	
NS

	
NS








RDF: Recommended dose of fertilizer; FYM: Farmyard manure; NS: Non significant; SEm: Standard error mean; CD: Critical difference; the data were computed for statistical analysis using Fischer’s method of analysis of variance (ANOVA) and interpreted as outlined by Gomez and Gomez [17]. The level of significance use in ‘F’ and ‘T’ tests was 0.05 probability. Wherever the ‘F’ ratio was found to be non-significant, the critical difference has not been mentioned, but was indicated as ‘NS’. The interpretation of data was, however, based on 5% probability levels by Duncan’s multiple-range test.













 





Table 3. Effect of cropping system and nutrient management on the performance of oat–chickpea.






Table 3. Effect of cropping system and nutrient management on the performance of oat–chickpea.





	
Treatment

	
Green Forage Equivalent Yield (t/ha)

	
LER of Intercropping System




	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled

	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled






	
A. Intercropping system




	
Sole Oat (CS1)

	
53.35

	
53.17

	
49.28

	
50.88

	
1

	
1

	
1

	
1




	
Sole Chickpea (CS2)

	
51.52

	
58.43

	
54.77

	
54.91

	
1

	
1

	
1

	
1




	
Oat + Chickpeain 3:2 row ratio (CS3)

	
77.61

	
80.23

	
76.50

	
78.01

	
1.53

	
1.50

	
1.51

	
1.51




	
Oat + Chickpeain 3:3 row ratio (CS4)

	
84.14

	
88.78

	
84.34

	
85.37

	
1.63

	
1.63

	
1.62

	
1.63




	
SEm±

	
0.82

	
1.07

	
1.89

	
0.87

	
0.02

	
0.04

	
0.05

	
0.03




	
CD at 5%

	
2.82

	
3.69

	
6.53

	
3.01

	
0.12

	
NS

	
NS

	
NS




	
B. Nutrient management




	
Full RDF through inorganic source-N, P2O5& K2O @ 60: 40:40 kg/ha (F1)

	
63.73

	
67.32

	
64.33

	
65.63

	
1.55

	
1.66

	
1.54

	
1.58




	
50% N of RDF + 50% N through FYM (F2)

	
66.39

	
70.28

	
65.99

	
67.91

	
1.63

	
1.55

	
1.56

	
1.58




	
50% N of RDF + 50% N through vermicompost (F3)

	
69.85

	
72.85

	
68.33

	
68.35

	
1.56

	
1.50

	
1.61

	
1.56




	
SEm±

	
0.93

	
1.48

	
1.24

	
0.80

	
0.04

	
0.03

	
0.05

	
0.02




	
CD at 5%

	
2.78

	
NS

	
NS

	
NS

	
0.11

	
0.11

	
NS

	
NS








LER: Land equivalent ratio; RDF: Recommended dose of fertilizer; FYM: Farmyard manure; NS: Non significant; SEm: Standard error mean; CD: Critical difference; the data were computed for statistical analysis using Fischer’s method of analysis of variance (ANOVA) and interpreted as outlined by Gomez and Gomez [17]. The level of significance use in the ‘F’ and ‘T’ tests was 0.05 probability. Wherever the ‘F’ ratio was found to benon-significant, the critical difference has not been mentioned, but indicated as ‘NS’. The interpretation of data was, however, based on 5% probability levels using Duncan’s multiple-range test.













 





Table 4. Effect of cropping system and nutrient management of oat–chickpea on gross return, net return, and benefit cost ratio.
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Treatment

	
Gross Return ($/ha)

	
Net Return ($/ha)

	
Benefit Cost Ratio




	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled

	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled

	
2015–2016

	
2016–2017

	
2017–2018

	
Pooled






	
A. Intercropping System




	
Sole Oat (CS1)

	
1004

	
1001

	
927

	
958

	
531

	
528

	
455

	
485

	
2.16

	
2.15

	
2.01

	
2.07




	
Sole Chickpea (CS2)

	
1293

	
1466

	
1374

	
1378

	
835

	
1008

	
917

	
920

	
2.86

	
3.26

	
3.05

	
3.07




	
Oat + Chickpea in 3:2 row ratio (CS3)

	
1701

	
1726

	
1693

	
1717

	
1233

	
1295

	
1226

	
1249

	
3.72

	
3.84

	
3.67

	
3.74




	
Oat + Chickpeain 3:3 row ratio (CS4)

	
1874

	
1983

	
1869

	
1902

	
1408

	
1518

	
1404

	
1436

	
4.11

	
4.37

	
4.10

	
4.19




	
SEm±

	
23

	
26

	
48

	
21

	
23

	
26

	
48

	
21

	
0.05

	
0.05

	
0.11

	
0.05




	
CD at 5%

	
78

	
91

	
165

	
73

	
78

	
91

	
165

	
73

	
0.17

	
0.18

	
0.37

	
0.17




	
B. Nutrient management




	
Full RDF through inorganic source-N, P2O5& K2O @ 60: 40:40 kg/ha. (F1)

	
1404

	
1491

	
1397

	
1442

	
1014

	
1100

	
1006

	
1051

	
3.60

	
3.82

	
3.58

	
3.69




	
50% N of RDF + 50% N through FYM (F2)

	
1460

	
1556

	
1447

	
1499

	
1023

	
1119

	
1009

	
1062

	
3.34

	
3.56

	
3.31

	
3.43




	
50% N of RDF + 50% N through Vermicompost (F3)

	
1539

	
1613

	
1554

	
1525

	
970

	
1044

	
985

	
956

	
2.71

	
2.84

	
2.73

	
2.68




	
SEm±

	
22

	
38

	
28

	
19

	
22

	
38

	
28

	
19

	
0.05

	
0.08

	
0.07

	
0.04




	
CD at 5%

	
66

	
NS

	
85

	
58

	
NS

	
NS

	
NS

	
58

	
0.14

	
0.24

	
0.20

	
0.13








RDF: Recommended dose of fertilizer; FYM: Farm yard manure; NS: Non significant; SEm: Standard error mean; CD: Critical difference; the data were computed for statistical analysis using Fischer’s method of analysis of variance (ANOVA) and interpreted as outlined by Gomez and Gomez [17]. The level of significance use in ‘F’ and ‘T’ tests was 0.05 probability. Wherever the ‘F’ ratio was found to be non-significant, the critical difference has not been mentioned, but was indicated as ‘NS’. The interpretation of data was, however, based on 5% probability levels usingDuncan’s multiple-range test.
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