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Abstract

:

Effects of non-leguminous cover crops and their times of chopping on the yield and quality of no-till baby corn (Zea mays L.) were evaluated during two kharif seasons (May-August in 2014 and 2015) under subtropical climatic conditions of Punjab, India. The experiment was laid out in a split-plot design with four replications at Punjab Agricultural University’s Research Farm. Three cover crops (pearl millet (Pennisetum glaucum L.), fodder maize (Zea mays L.), and sorghum (Sorghum bicolor L.)) and the control (no cover crop) were in the main plots and chopping time treatments (25, 35, 45 days after planting (DAP)) in the subplots. During both kharif seasons, the yield (cob and fodder yield) and dry matter accumulation of baby corn following cover crop treatments, especially pearl millet, were significantly (p ≤ 0.05) higher than the control, and improved with increments in chopping time from 25 to 45 DAP. The effect of cover crops on baby corn quality (i.e., protein, starch, total soluble solids, crude fiber, total solid, and sugar content) did not differ among treatments, while increasing increments in chopping time had a significant effect on the protein and sugar content of baby corn. The use of cover crops and increment in chopping time helped in enhancing topsoil quality, especially available nitrogen; yet, the effect of cover crops and their times of chopping on topsoil organic carbon, phosphorus, and potassium did not differ among treatments. During both seasons, there was no significant interaction between cover crop and time of chopping among treatments with respect to baby corn yield and quality, as well as topsoil quality parameters.
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1. Introduction


Maize (Zea mays L.), also called corn, is the third most important cereal crop in the world after rice and wheat as a source of calories and in terms of the value of production [1,2,3]. The importance of maize worldwide is driven by its multiple uses as human food, livestock feed, a variety of food and industrial products, and seed [4]. Maize is grown as a food crop (i.e., grain maize) in many tropical areas, particularly in Latin American, African, and Asian countries, including India. In 2014, India produced about 23.7 million tons of maize on 9.3 million ha [5]. The average maize yield in India was 2.56 t⋅ha−1 during 2015–2016, less than one-quarter of that obtained in the United States of America (USA), and less than half of that obtained in China and Brazil [6].



As a C4 plant, maize has a higher grain yield potential than other major cereal grains (i.e., wheat and rice) [7]. Maize can be directly consumed as food at different stages of crop development, from baby corn to mature grain. Baby corn is the young, fresh, and finger-like ears of fully-grown standard cultivars, which are harvested immediately after the silks emerge (i.e., within 2 or 3 days of silk emergence) and before pollination and fertilization [8,9]. In general, except for the length of time from the establishment to harvest, baby corn cultivation practices are similar to those of maize cultivation. Baby corn has increasingly gained popularity as a valued vegetable throughout the world. In India, baby corn has also emerged as a potential remunerative crop, especially among progressive farmers.



Maize, a heavy user of nutrients, requires more nitrogen (N) compared to other mineral nutrients. Shivay et al. [10] reported that increasing N application rate significantly increased leaf area index, dry matter accumulation, and net assimilation rate at different growth stages of maize. Cover crops (leguminous or non-leguminous cover crops) or green manures (particularly leguminous green manures) have the potential to fully or partially replace inorganic N fertilizer, particularly for high N-requiring cereal crops such as maize, and thereby promote the use of sustainable production practices. Leguminous cover crops are commonly used to provide N for use by subsequent crops [11,12]. Leguminous crops contribute N through symbiotic dinitrogen (N2) fixation, reduce N fertilizer needs for subsequent crop, and increase soil N retention [13,14]. While leguminous cover crops are used as N sources to supplement or replace inorganic N fertilizer, non-leguminous cover crops have the potential to enhance soil organic matter by increasing biomass production and by scavenging nutrients, especially N leftover from previous crops [15]. Non-leguminous cover crops have been also reported to reduce nitrate leaching losses [16,17]. The use of legume-grass mixtures could combine the benefits of both, including N fixation, biomass production, and N scavenging [18,19].



The selection of cover crops for a given region requires, among others, knowledge of their growth potentials [20,21]. The major climatic variables affecting cover crop selection include temperature and rainfall [22]. Non-leguminous cover crops have become more important in tropical and subtropical areas, such as Punjab in India where crop residues in conventional systems are not enough to compensate for the loss of soil organic matter due to high rates of mineralization [23]. Additionally, the limited availability of farmyard manures could be overcome by using non-leguminous cover crops, especially in subtropical areas of Punjab by sowing them before Kharif baby corn (i.e., monsoon crop). In Punjab, these non-leguminous cover crops often include pearl millet (Pennisetum glaucum L.), fodder maize, and sorghum (Sorghum bicolor L.).



Cover crops could jump-start no-till, resulting in yield increases [3]. Hoorman et al. [3] reported that maize yields dropped slightly for the first five to seven years after switching to no-till because continuous conventional tillage oxidized the soil organic matter and soil productivity declined with time. However, long-term (i.e., seven to nine years), no-till practices improved soil health by getting microbes and soil fauna back into balance, restored nutrients lost by conventional tillage and increased organic matter levels, resulting in higher maize yields than conventionally tilled fields [3]. Hoorman et al. [3] suggested that cover crops could be an important part of a continuous no-till system for maintaining short-term as well as increasing long-term maize yields. The effects of leguminous cover crops on improved maize yield and enhanced soil N under no-till conditions have been repeatedly stressed in the literature [24,25,26,27,28,29]. Despite non-leguminous cover crops having beneficial effects on crop production, there remains a paucity of information about their effects on no-till maize or baby corn production, especially under subtropical conditions of Punjab, India.



In Punjab, planting Kharif non-leguminous cover crops has been often recommended in the second fortnight of April [30]. The benefits of non-leguminous cover crops as fodder crops could be obtained by cutting 50-day old crops before planting subsequent maize or baby corn crop [30]. Non-leguminous cover crops can be chopped before their flowering stages, and subsequent maize or baby corn crop can be planted under no-till conditions. The effects of leguminous cover crops such as sunn hemp (Crotolaria juncea), cowpea (Vigna unguiculata), and dhaincha (Sesbania aculeata) and their times of chopping on maize growth and yield have been evaluated in very few studies. Salaria [31] reported that the combination of leguminous cover crops (sunn hemp, cowpea, and dhaincha) and their times of chopping increased average maize grain yield by 15.3% over the control under subtropical climatic conditions. A significant interaction between leguminous cover crops and increment in chopping time indicated that chopping of cover crops at 45 days after planting (DAP) increased average maize grain yield by 12.9% and 24.6% over chopping at 35 DAP and 25 DAP, respectively [31]. Moreover, the manner in which leguminous cover crops have been used, various N levels as well as time of chopping, have improved available soil nitrogen (N), phosphorus (P), potassium (K) and organic carbon at harvest during a kharif no-till maize growing season [31]. In contrast, very little is known about the effects of non-leguminous cover crops and their times of chopping on the yield and quality of baby corn grown under tropical or subtropical climatic conditions. Therefore, the objective of this study was to evaluate the effects of non-leguminous cover crops (pearl millet, fodder maize, and sorghum) and increments in chopping time (25 DAP, 35 DAP, and 45 DAP) on the yield and quality of no-till baby corn during kharif seasons under the subtropical climatic conditions of Punjab, India.




2. Materials and Methods


2.1. Experimental Site


The field experiment was conducted at the Research Farm of the Department of Agronomy, Punjab Agricultural University, Ludhiana, India (latitude 30°53′58.27″ N, longitude 75°47′50.26″ E, at an altitude of 247 m above mean sea level) during two summer or kharif seasons (i.e., May–August in 2014 and 2015). The soil of the experimental field was sandy loam (coarse-loamy, calcareous, mixed, hyperthermic Typic Ustochrept) containing 3.3·g·kg−1 organic carbon [32]. On average, within the 0–180 cm soil depths, soil pH, electrical conductivity (EC), soil water content at 30 kPa (i.e., soil water content at field capacity), and soil water content at 1500 kPa (i.e., soil water content at wilting point) were 8.0, 0.20·dS·cm−1, 13.23%, and 7.61%, respectively [32]. As reported by Kukal and Sidhu [32], the soil in the experimental field was generally low in content of KMnO4-extractable N (152·kg·ha−1), and medium in content of 0.5 N NaHCO3-extractable P (13.7·kg·ha−1) and available K (145·kg·ha−1).




2.2. Weather Conditions


The experimental site was located in a region characterized by a subtropical, semi-arid climate with three distinct seasons: hot and dry summer (April–June) when kharif crops are grown, hot and humid monsoon (July–September), and cold winter (November–January) when rabi crops are grown. Weather data obtained from the meteorological observatory at Punjab Agricultural University, which was approximately 500 m from the experimental site, included maximum and minimum air temperatures, relative humidity, rainfall, and soil evaporation during two kharif seasons (2014–2015) (Figure 1). The weekly average maximum air temperature varied between 38.8 °C and 46.4 °C in 2014 (6 May–26 August) and between 38.9 °C and 48.2 °C in 2015 (6 May–26 August). The weekly average minimum air temperature ranged between 20.7 °C and 29.3 °C and 24.1 °C and 27.9 °C during 2014 and 2015, respectively. The weekly average relative humidity ranged from 43.9% to 84.4% in 2014 and from 29.6% to 81.1% in 2015. The experimental site received considerably less rainfall (161 mm) during the kharif season in 2014 compared to the kharif season in 2015 (197 mm). The weekly average soil evaporation rates varied from 24 mm to 80 mm and from 23.3 mm to 84 mm during 2014 and 2015, respectively.




2.3. Experimental Design and Agronomic Practices


The experimental field was divided into forty plots each 11 m × 3 m in size. All plots were subjected to no-till practices during both kharif seasons (2014–2015). The experiment was laid out in a split-plot randomized complete block design with four replications, which were comprised of three cover crops (i.e., non-leguminous pearl millet, fodder maize, and sorghum) and the control (no cover crop) in the main plots and cover crop chopping time treatments (i.e., 25 DAP, 35 DAP, and 45 DAP) in the sub-plots. All cover crops (pearl millet, fodder maize, and sorghum) were manually sown using the dibbling method on 5 May, 15 May, and 25 May during the kharif season in 2014, while all cover crops were sown on 9 May, 19 May, and 29 May during the kharif season in 2015. No fertilizers were applied to cover crops. The cover crops were chopped on 19 June in 2014 and on 22 June in 2015, corresponding to 25 DAP, 35 DAP, and 45 DAP at the time of chopping. The 25-, 35-, and 45-day old cover crops were chopped in situ using a chopper-cum-spreader and left uniformly on the soil surface. The chopper-cum-spreader used in this study was a tractor mounted flail type chopper, which was designed and developed by the Central Institute of Agricultural Engineering (CIAE), Bhopal, India [33]. The chopper cut cover crops above the ground level and chopped them into small pieces (i.e., 5–10 cm in length). The blades of the chopper were covered to prevent the spread of chopped cover crops from one plot to another. Baby corn was then planted on 19 June in 2014 and 22 June in 2015.



Baby corn (variety G-5414, Syngenta, India) was sown at a rate of 40·kg·ha−1 by the dibbling method at a row × plant spacing of 30 cm × 20 cm recommended by Dhaliwal and Kular for baby corn [30]. The recommended doses of N, P and K were used at rate of 120·kg·N·ha−1 as urea, 50·kg·P·ha−1 as diammonium phosphate and 30·kg·K2O ha−1 as muriate of potash, respectively [30,34]. Half of the N and full doses of P and K were applied to baby corn as basal doses. The remaining dose of N was top-dressed at the knee-high stage of the baby corn. Prior to planting cover crops, pre-sowing flood irrigation was applied to all plots during both kharif seasons (2014–2015). Cover crops were sown when the soil water content was at field capacity in experimental plots. No post-sowing irrigation was applied to cover crops. As shown in Figure 1, a significant amount of rainfall during both seasons resulted in sufficient soil water content for cover crops. After chopping cover crops, all treatment plots had sufficient soil water content for the emergence of baby corn. A first irrigation was applied to baby corn at 8 DAP during both seasons. Additional irrigations were applied at two critical growth stages of water stress [35], i.e., at the knee-high stage and at the tassel emergence and silking stage, respectively.




2.4. Harvest of Baby Corn and Yield


To determine the dry matter accumulation, a plant sample of baby corn was collected at harvest from each treatment plot, sun-dried, and then oven-dried to a constant weight at 60 °C for 48–72 h. Generally, the dry matter accumulation provides an indicator of the growth and metabolic efficiency of the plant (i.e., an indicator of the crop yield) [31]. During both kharif seasons, baby corn cobs for each treatment plot was hand-harvested at two picking dates. The cobs were ready for first picking at 55 DAP when the silk length was about 2–4 cm. The second harvest was performed 5 days after the first harvest date. Baby corn can be marketed as green ears (with husk) and dehusked ears. All collected cobs, immediately after harvest, were dehusked by hand to remove their outer sheaths and weighed, and baby corn cob yield for each plot was recorded. After the completion of cob-picking, the crop was harvested, and green fodder (i.e., green stems and leaves of baby corn) yield for each plot was determined.




2.5. Quality Parameters of Baby Corn


The protein content (%) of baby corn cobs from individual treatments was estimated by multiplying its N content by the factor 6.25 [36]. The N content (%) was determined using the Kjeldahl distillation method [37]. The total soluble solids (TSS) (%) was determined with a hand-held digital refractometer (Erma, Tokyo, Japan) following the procedure described by Nelson and Sommers [38]. The total sugar content (%) of baby corn was estimated using the modified Nelson-Somogyi method [39,40]. The measurement of total solids content or dry matter content (% in relation to sample weight) of a baby corn cob was made by placing the sample (15 g) in a hot air oven at a temperature of 70 °C for 16–18 h until a constant mass was obtained. The dried sample was cooled down to room temperature in a desiccator, and the total solids content was determined as the remaining weight of the sample after drying.



The starch content (%) of a baby corn cob sample (i.e., about 5 g sample) was determined using the colorimetric method [41]. After the sugars present in the sample were extracted until a quantitative test with anthrone gave no green color, the sample was cooled and mixed with perchloric acid, solubilized, filtered, and diluted. The diluted solution was mixed with anthrone reagent and boiled until the reaction was completed. The solution was then allowed to cool, and its absorbance was measured at 630 nm in a spectrophotometer. The concentration of starch was calculated from a standard curve. A standard curve was prepared using 0.5, 1.0, and 1.5 mL of starch standard solution in a 100 mL volumetric flask. A 5 mL solution from each sample was used to develop the standard curve, i.e., a plot of absorbance versus concentration.



The crude fiber content (%) of baby corn cob was determined using the method described by Ranganna [41] and Horwitz [42]. About 2 g of baby corn cob sample was placed into the crucible, dissolved in 200 mL of sulfuric acid (H2SO4) solution, and boiled for 30 min in a digestion flask with the condenser. The hydrolyzed mixture was filtered, and the residue was rinsed with hot water to remove acid from the filtrate in the crucible. The residue from acid digestion was washed again in the flask with 200 mL of sodium hydroxide (NaOH) solution and boiled for 30 min. The hydrolyzed sample was again filtered, and the residue was rinsed with hot water to ensure that the crucible was free of alkalinity. The residue in the crucible was oven-dried at 105 °C until a constant mass was attained. The crucible containing dry residue was weighed and placed in a muffle furnace at 550 °C for 5 h. The crucible with ash was cooled to room temperature in a desiccator and weighed. The crude fiber content of baby corn cob sample was then calculated as:


     Crude   fiber   content   ( % ) =         Weight   of   crucible   with   dry   residue    −    Weight   of   crucible   with   ash     Weight   of   sample   taken    ×    100     












2.6. Soil Analysis


Prior to planting cover crops in 2014, soil samples within the topsoil (0–20 cm soil depth) were collected from the experimental field to determine soil texture and soil chemical properties (Table 1). To determine soil chemical properties following cover crop treatments, soil samples (0–20 cm) were collected from all cover crop and control treatment plots immediately after harvesting baby corn in 2014 and 2015. The available soil nitrogen (N) was determined using the modified alkaline permanganate extraction method proposed by Subbaiah and Asija [43], the available soil phosphorus (P) using the sodium bicarbonate extraction method described by Olsen [44], and the available soil potassium (i.e., the ammonium acetate extractable K) using the method described by Merwin and Peech [45]. The chromic acid titration method [46] was used to determine the soil organic carbon.




2.7. Statistical Analysis


The analysis of variance (ANOVA) was performed using the General Linear Model (GLM) procedure of SAS software version 9.4 (SAS Institute, Cary, NC, USA). The appropriate error term was used to evaluate each factor and interaction. The main plot factors (cover crops) and sub-plot factors (times of chopping) were considered as fixed variables, and the data in 2014 and 2015 was considered as random variables. Differences among treatment means were compared using Fisher’s protected least significance difference (LSD) test. Statistical significance was evaluated at p ≤ 0.05.





3. Results and Discussion


3.1. Cover Crop Effects on Dry Matter Accumulation and Cob Yield of Baby Corn


The dry matter content of baby corn following non-leguminous cover crop treatments (pearl millet, fodder maize, and sorghum) was determined at harvest. The combination of cover crops and different times of chopping (25 DAP, 35 DAP, and 45 DAP) resulted in a higher amount of dry matter accumulation of baby corn compared to the control (no cover crop treatment) in 2014 and 2015 (Table 2). Similar enhanced dry matter content following cover crops and their times of chopping under no-till maize production was also reported by Salaria [31]. However, Salaria [31] evaluated leguminous cover crops (e.g., sunnhemp, cowpea, and dhaincha) and different N levels for their effects on dry matter yield of maize grown under subtropical climatic conditions.



On average, the dry matter of baby corn in 2014 and 2015 (4.34 t·ha−1 and 4.40 t·ha−1, respectively) was significantly (p ≤ 0.05) higher following pearl millet cover crop treatment than following sorghum cover crop and control treatments. However, the dry matter of baby corn following fodder maize cover crop was similar to that observed following pearl millet cover crop in both years. In a review study, Dar et al. [47] reported that the dry matter yield of baby corn grown in India varied from 6.0 to 8.0 t·ha−1 during rabi and late-rabi seasons and from 8.0 to 9.0 t·ha−1 during kharif and summer seasons. The higher dry matter yield of baby corn reported by different studies was mainly influenced by various agronomic practices including closer crop geometries (i.e., closer row spacing) and higher rates of N application [47]. Eltelib et al. [48] observed that the dry matter yield of maize ranged from 3.7 to 12.2 t·ha−1 based on the amount of fertilizer application especially different levels of N application.



The maximum cob yield of baby corn was observed following pearl millet cover crop treatment in both years (Table 2). The cob yield of baby corn (1.45 t·ha−1 and 1.50 t·ha−1 in 2014 and 2015, respectively) was significantly (p ≤ 0.05) higher following pearl millet than no cover crop (i.e., control) and sorghum cover crop. The cob yield of baby corn following fodder maize cover crop was statistically similar to the cob yield observed following pearl millet cover crop treatment in both years. On average, pearl millet cover crop treatment resulted in a relatively higher amount of green fodder yield of 20.52 t·ha−1 and 20.56 t·ha−1 in 2014 and 2015, respectively (Table 2). The green fodder yield of baby corn following sorghum was slightly lower than that of the control treatment in both years. However, the fodder yield of baby corn in both years was not significantly different between all cover crops and the control. Although information pertinent to the effect of non-leguminous and leguminous cover crops on cob and fodder yields of baby corn grown under subtropical climatic conditions is very limited, comparable results have been reported by several studies. For instance, as reported by Dar et al. [47], the yield of baby corn or sweet corn grown in India generally varied from 1.2 to 12.7 t·ha−1, while the fodder yield of baby corn (sum of green fodder yield and dry fodder yield) ranged from 4.12 to 27.0 t·ha−1. Baby corn intercropped with fodder legumes, such as maize, cowpea, clusterbean (Cyamopsis tetragonoloba L.), and pillipesara (Phaseolus trilobus L.), has been reported to produce 28.6 to 50.5 t·ha−1 green fodder and 5.1 to 8.8 t·ha−1 dry fodder yield of baby corn during rabi season [49]. The higher baby corn and fodder yield data reported in previous studies [47,49] were primarily attributed to high rates of N application, plant densities, and planting patterns.



In situ chopping of cover crops at 25 DAP, 35 DAP, and 45 DAP was likely to provide a large quantity of cover crop biomass, which could improve soil physical properties such as soil water retention and soil temperature. Cover crop residues could also provide additional nutrients for better growth responses of the subsequent crop [50]. Accordingly, compared to the control, the relatively higher dry matter accumulation of baby corn observed following all cover crop treatments was most likely due to the improved soil conditions. During both years, pearl millet cover crop was growing faster than sorghum and fodder maize. The relatively fast-growing deep root system of pearl millet [51,52] might scavenge more nutrients, resulting in more biomass production and dry matter accumulation of baby corn following this non-leguminous cover crop treatment (Table 2). The use of pearl millet as a cover crop to enhance biomass production and nutrients for subsequent crops has been reported in different studies (e.g., [53,54,55,56]). Schonbeck and Morse [53] reported that pearl millet cover crop could produce biomass from 7.0 to 12 t·ha−1. Pearl millet cover crop has been also reported to improve N use efficiency by a succeeding maize crop [54], provide 60–80% of the potassium nutrient needed for the subsequent crop [55], and improve soil organic matter and inhibit soil-borne diseases [56].



Overall, chopping of cover crops at 45 DAP showed a significant (p ≤ 0.05) effect on the dry matter accumulation of baby corn cob and green fodder yield of baby corn in both years (Table 2). The amount of dry matter accumulated in baby corn after chopping cover crops at 45 DAP (i.e., an average yield of 4.40 t·ha−1 and 4.43 t·ha−1 in 2014 and 2015, respectively) was significantly higher than the dry matter accumulation after chopping at 25 DAP and 35 DAP. Similarly, the average cob yield of baby corn observed after chopping cover crops at 45 DAP (i.e., 1.40 t·ha−1 and 1.41 t·ha−1 in 2014 and 2015, respectively) was significantly higher than those observed after chopping at 25 DAP and 35 DAP. The average green fodder yield of baby corn observed after chopping at 45 DAP (i.e., 20.31 t·ha−1 and t·ha−1 in 2014 and 2015, respectively) was slightly higher than those observed after chopping at 25 DAP and 35 DAP. However, the fodder yield of baby corn in both years was not significantly different among time of chopping treatments. Overall, the results suggested that chopping all non-leguminous cover crops, particularly pearl millet, at 45 DAP could enhance dry mass accumulation and cob and fodder yield of succeeding kharif baby corn under no-till practices. Another aspect to be noted in Table 2 is that during both kharif seasons, the interaction of cover crops and their times of chopping on the dry matter accumulation and cob and fodder yield were not significant among treatments.




3.2. Cover Crop Effects on Baby Corn Quality Parameters


3.2.1. Protein Content


The protein content of baby corn cob following non-leguminous cover crop treatments in 2014 and 2015 is presented in Table 3, suggesting that the average protein content of baby corn following cover crop treatments was slightly higher than that of no cover crop (i.e., control) treatment. On average, the higher amount of protein content of baby corn cob (12.15% and 12.26% in 2014 and 2015, respectively) was observed following pearl millet cover crop treatment. The reason might be attributed to the maximum amount of cover crop dry matter produced by pearl millet treatment that resulted in a higher amount of N available for use by subsequent baby corn, contributing to higher N uptake by baby corn. However, in both years, there was no statistically significant (p ≤ 0.05) difference in the protein content of baby corn cob between all cover crops and the control. To the best of our knowledge, very little is known about the effect of non-leguminous cover crops on the protein content of baby corn; however, similar results of the protein content in baby corn intercropped with leguminous crops were reported by several studies. For instance, Kumar and Venkateswarlu [49] reported that the protein content of baby corn intercropped with fodder legumes (e.g., maize, cowpea, clusterbean, and pillipesara) varied from 7.01% to 8.73% during rabi season. The protein content of baby corn was significantly influenced by plant densities and fertilization practices, especially high rates of inorganic N levels in different studies (e.g., [57,58]). Hooda and Kawatra [59] reported that the protein content of baby corn (17.9%) was similar or slightly higher than vegetables like cabbage, bitter gourd, eggplant, French beans, and spinach. Comparable results (i.e., protein content varied between 10.3% and 12.96%) were also reported for sweet corn and maize [60,61]. The protein content of forage maize has been reported to vary from 3.67% to 9.06% under different levels of N application [48].



The average protein content of baby corn cob after chopping cover crops at 45 DAP was significantly (p ≤ 0.05) higher than the protein content obtained after chopping at 25 DAP (Table 3). The protein content of baby corn cob was not significantly different after chopping cover crops at 35 DAP and 45 DAP. On average, the maximum protein content (12.60% and 12.68% in 2014 and 2015, respectively) was observed after chopping cover crops at 45 DAP. As mentioned earlier, the higher protein content of baby corn could be explained by the higher dry matter of cover crops and resulting higher amount of N associated with increment in chopping time from 25 DAP to 45 DAP. There was no interaction of cover crops and their times of chopping on the protein content of baby corn cob among treatments (Table 3).




3.2.2. Starch Content


The starch content of baby corn cob, as shown in Table 3, was not significantly (p ≤ 0.05) different between all cover crops and the control in both years. On average, the maximum starch content (2.41% in both years) was observed following pearl millet cover crop treatment. There is a paucity of quantitative information on the starch content of baby corn following non-leguminous cover crop treatments. Nevertheless, evaluation of nutritional compositions of baby corn or sweet corn in several studies reported different starch content values for baby corn. For instance, Hooda and Kawatra [59] reported a starch content value of 15.6% for baby corn. Ugur and Maden [62] suggested that sweet corn would contain 10% to 11% starch. Generally, the average starch content of baby corn decreased with increment in chopping time from 25 DAP to 45 DAP. On average, the maximum starch content of baby corn (2.41% and 2.42% in 2014 and 2015, respectively) was observed after chopping cover crops at 25 DAP. As shown in Table 3, there was no interaction of cover crops and their times of chopping on the starch content of baby corn cob in both years.




3.2.3. Crude Fiber Content


The average crude fiber content of baby corn cob varied between 2.40% and 2.41% among cover crop and control treatments in both years (Table 3). The average crude fiber content was not significantly (p ≤ 0.05) different between all cover crops and the control. A slightly lower amount of crude fiber was observed following pearl millet cover crop and no cover crop (control) treatments compared to fodder maize and sorghum cover crop treatments. The lower crude fiber content of baby corn in this study might be explained by the higher protein content of baby corn (Table 3), which generally decreased the deposition of lignin and cellulose [62]. Nutritional evaluation of baby corn for crude fiber content has yielded contrasting results in different studies. For instance, similar results of lower crude fiber contents of baby corn (4.53–5.89%) were reported by several studies (e.g., [57,59,63]). Shobha et al. [64] evaluated the quality of eleven maize genotypes at baby corn and grain maturity stages and observed lower crude fiber contents ranging from 1.96% to 2.40% among maize genotypes. In contrast, Kumar and Venkateswarlu [49] reported higher crude fiber content of baby corn (i.e., 23.76–25.71%) intercropped with fodder legumes (e.g., maize, cowpea, clusterbean, and pillipesara). Eltelib et al. [48] also reported that the crude fiber content of maize varied between 21.13% and 22.1%. The higher crude fiber contents of baby corn or maize in their studies were significantly influenced by high rates of N application.



The crude fiber content of baby corn cob was not significantly (p ≤ 0.05) different after chopping cover crops at 25 DAP, 35 DAP, and 45 DAP in both years (Table 3). On average, the minimum amount of crude fiber content in baby corn cob (i.e., 2.10% in both years) was observed after chopping cover crops at 45 DAP. There was no statistically significant interaction between cover crops and their times of chopping among treatments with respect to the crude fiber content of baby corn cob.




3.2.4. Total Soluble Solids and Total Solid Content


There was no statistically significant (p ≤ 0.05) difference in the total soluble solids (TSS) content of baby corn cob between all cover crops and the control in both years (Table 4). On average, the maximum amount of TSS (8.88 °Brix and 8.89 °Brix in 2014 and 2015, respectively) was observed following pearl millet cover crop treatment. Information about the effect of non-leguminous cover crops on the TSS content of baby corn is still limited; however, similar TSS values were reported by several studies that evaluated nutritional composition of baby corn. For instance, Joshi and Chilwal [58] reported that the TSS of baby corn varied from 8.1 to 9.5 °Brix. However, Khan et al. [65] found relatively higher TSS values in sweet corn cob ranging from 14.31 to 16.56 °Brix, which were attributed to agronomic practices associated with transplanting dates and higher N levels. Ugur and Maden [62] reported that average TSS values in sweet corn varied from 8.52 to 20.64 °Brix with the progression of the cultivation period among different sweet corn varieties. In contrast, Shobha et al. [64] observed relatively lower TSS content values of maize at the baby corn stage, ranging from 5.06 to 5.86 °Brix among different maize genotypes.



The TSS content of baby corn cob was not significantly (p ≤ 0.05) different among the time of chopping treatments, i.e., after chopping cover crops at 25 DAP, 35 DAP, and 45 DAP in both years. The average amount of TSS was increased with increment in chopping time from 25 DAP to 45 DAP. For example, in 2014, the highest amount of TSS (8.90 Brix) was observed after chopping cover crops at 45 DAP, followed by chopping at 35 DAP (8.77 Brix), and the TSS was the lowest after chopping cover crops at 25 DAP (Table 4). There was no statistically significant interaction between cover crops and their times of chopping among treatments with respect to the TSS of baby corn cob.



As shown in Table 4, there was no statistically significant (p ≤ 0.05) difference in the total solid content (i.e., dry matter content) of baby corn cob between all cover crops and the control in both years. To the best of our knowledge, there is almost no information on total solids content or dry matter content of baby corn cob following leguminous or non-leguminous cover crops. On average, the maximum total solids content of baby corn cob (15.16% and 14.97% in 2014 and 2015, respectively) was observed following pearl millet treatment, followed by no cover crop (control) treatment (15.04% and 14.95% in 2014 and 2015, respectively). The total solids content of baby corn cob was not significantly different among the time of chopping treatments, i.e., after chopping cover crops at 25 DAP, 35 DAP, and 45 DAP. The total solids content of baby corn observed after chopping cover crops at each time was statistically similar, with the highest amount after chopping cover crops at 45 DAP in both years. There was no interaction of cover crops and their times of chopping on the total solids content of baby corn among treatments (Table 4).




3.2.5. Sugar Content


Similar to the starch content of baby corn, there was no statistically significant (p ≤ 0.05) difference in the sugar content of baby corn cob between all cover crops and the control in both years (Table 4). On average, the maximum sugar content of baby corn cob (7.1% and 7.3% in 2014 and 2015, respectively) was observed following pearl millet treatment. Like other baby corn quality parameters discussed earlier, evaluation of nutritional composition of baby corn or sweet corn in several studies reported different total sugar content values for baby corn. Shobha et al. [64] evaluated the total sugar content among different maize genotypes at the baby corn stage and reported that the total sugar content ranged from 0.40% to 0.89%. The total sugar content of baby corn has been also reported to vary from 0.002% to 2.3% (e.g., [57,61]). Prajwal Kumar et al. [63] reported relatively lower total sugar content of baby corn, ranging from 0.021% to 0.025%. In contrast, Rosli and Anis [66] reported that baby corn contained a significantly higher total sugar content of 10.7–21.48%.



In both years, the average sugar content of baby corn cob increased with increment in chopping time from 25 DAP to 45 DAP (Table 4). Notably, on average, the sugar content of baby corn after chopping cover crops at 45 DAP was significantly (p ≤ 0.05) higher than the sugar content observed after chopping cover crops at 25 DAP and 35 DAP. There was no interaction of cover crop treatments and their times of chopping on the sugar content of baby corn among treatments (Table 4).





3.3. Cover Crop Effects on Soil Quality Parameters


3.3.1. Soil Organic Carbon


The amount of soil organic carbon content in different treatment plots in the topsoil (0–20 cm), presented in Table 5, was determined after the harvest of baby corn in both years. All cover crop treatments resulted in slightly higher average soil organic carbon content (i.e., ranging from 0.32% to 0.35% during 2014–2015) compared to the control (i.e., ranging from 0.31% to 0.32% during 2014–2015) (Table 5). Sharma et al. [67] suggested that although cover crops were highly decomposable, increased soil organic matter following cover crops was only confined to the topsoil (0–20 cm). However, in this study, there was no statistically significant (p ≤ 0.05) difference in soil organic carbon content between all cover crops and the control in both years. Among only cover crop treatments, the soil organic carbon content was slightly higher following pearl millet and sorghum treatments than that observed following fodder maize treatment. The enhanced organic carbon content in the topsoil (0–20 cm) following non-leguminous cover crops (i.e., pearl millet, fodder maize, and sorghum) was most likely due to increased biomass or dry matter accumulation produced by these cover crop treatments under no-till practices [15,68,69]. It is worth noting that the soil organic carbon content is a good indicator of soil quality [38,70].



Generally, improved soil organic carbon following various cover crop treatments have been reported in numerous studies (e.g., [13,50,67,71,72]). Sainju et al. [68] reported that a non-leguminous cover crop (rye) was better than legumes (hairy vetch and crimson clover) in increasing soil organic carbon. Several studies observed that the use of both leguminous and non-leguminous cover crops and conservation tillage practices increased soil organic carbon content under maize production systems (e.g., [69,73]). On average, the soil organic carbon after chopping cover crops at 45 DAP was significantly (p ≤ 0.05) higher than the soil organic carbon observed after chopping cover crops at 25 DAP and 35 DAP in both years (Table 5). In both years, there was no statistically significant interaction between cover crops and their times of chopping among treatments with respect to the soil organic carbon.




3.3.2. Available Soil Nitrogen


The amount of available soil nitrogen (N) in different treatment plots in the topsoil (0–20 cm), which was determined after the harvest of baby corn in both years, is presented in Table 5. The use of pearl millet, fodder maize, and sorghum cover crops improved available topsoil N content at harvest in 2014 and 2015 (Table 6) compared to N values observed at the beginning of this study (Table 1).



On average, all cover crop treatments generally resulted in significantly (p ≤ 0.05) higher available soil N as compared to the control (Table 6). Sharma et al. [67] also reported that most of the changes in soil chemical properties (e.g., soil N) following cover crops appeared to be confined in the topsoil (0–20 cm). Among cover crop treatments, the amount of available soil N following pearl millet (196.7 kg·ha−1 and 196.4 t·ha−1 in 2014 and 2015, respectively) was significantly higher than the available soil N observed following fodder maize and sorghum cover crops.



The enhanced soil N content following various cover crops have been observed in numerous studies (e.g., [67,68,72]). Substantial changes in soil total N content were primarily due to long-term use of cover crops, which increased total soil N through additions of fixed N or prevention of N losses (e.g., [67,74]). The evaluation of the effects of leguminous and non-leguminous cover crops on soil N has yielded contrasting results in different studies for different crops. For instance, Kuo et al. [20] observed that leguminous cover crops, particularly hairy vetch, were more effective than non-leguminous cover crops (i.e., rye and annual ryegrass) in increasing soil inorganic N levels. In contrast, Sainju et al. [68] suggested that a non-leguminous cover crop (rye) was much more effective than legumes (hairy vetch and crimson clover) in increasing N availability in the soil.



Compared to legumes, the use of non-leguminous cover crops has been reported to reduce the loss of nitrate through leaching [16,17,75,76,77]. McCracken et al. [16] observed that a non-leguminous cover crop (rye) was much more effective than a leguminous cover crop (hairy vetch) in reducing nitrate leaching. A direct evaluation of the efficacy of non-leguminous cover crops in scavenging N was not examined in this study; however, the non-leguminous cover crop has been recognized for its potential as a scavenger of soil N [15,78]. Moreover, all non-leguminous cover crops, particularly pearl millet, were more likely to reduce nitrate leaching. Overall, as shown in Table 6, the contribution from non-leguminous cover crops to N availability in the topsoil (0–20 cm) suggested that inorganic fertilizer nutrients could be reduced in kharif no-till baby corn production.



In both years, the average amount of available soil N was increased with an increase in the time of chopping of cover crops from 25 DAP to 45 DAP (Table 6). On average, the available soil N after chopping cover crops at 45 DAP was significantly (p ≤ 0.05) higher than the soil N observed after chopping cover crops at 25 DAP. However, the available soil N was not significantly different among increment in chopping time treatments 35 DAP and 45 DAP in both the years. There was no interaction of cover crops and their times of chopping on the available soil N among treatments.




3.3.3. Available Soil Phosphorus


The amount of available soil phosphorus (P) at different treatment plots in the topsoil (0–20 cm), which was determined after the harvest of baby corn in both years, is presented in Table 6. There was no statistically significant (p ≤ 0.05) difference in the average available soil P between all cover crops and the control in 2014 and 2015. The average available soil P among all cover crop and control treatments ranged from 21.2 to 23.2 kg⋅ha−1 during 2014–2015. The use of cover crop treatments did not markedly increase available topsoil P content at harvest (Table 6) compared to p values observed at the beginning of this study (Table 1). Several studies showed that soil P content could be conserved or maintained and/or enhanced (primarily in the topsoil) by various cover crop species [67,79]. Cover crops could also accumulate P near the soil surface due to the deposition of crop residue [67]. However, cover crops have been shown to have relatively little effect on soil P availability, even though cover crops increased crop dry matter accumulation and recycled a large amount of P to the soil surface [80]. Cover crops could improve P uptake of succeeding crops by converting unavailable native P and residual fertilizer P to chemical forms that are more available to succeeding crops, resulting in lower soil P concentrations [67].



In both years, the average amount of available soil P was increased with an increase in the time of chopping of cover crops from 25 DAP to 45 DAP (Table 6). On average, the available soil P after chopping cover crops at 45 DAP (23.9 kg·ha−1 in both years) was significantly (p ≤ 0.05) higher than the soil P observed after chopping cover crops at 25 and 35 DAP. As shown in Table 6, there was no statistically significant interaction between cover crops and their times of chopping among treatments with respect to the available soil P.




3.3.4. Available Soil Potassium


As shown in Table 6, the amount of available soil potassium (K) in the topsoil (0–20 cm), which was determined after the harvest of baby corn in both years, was not significantly (p ≤ 0.05) different between all cover crops and the control. The average available soil K among all cover crop and control treatments ranged from 158.1 to 163.9 kg·ha−1 during 2014–2015. The amount of available soil K following pearl millet treatment was higher than the available soil K observed following sorghum and fodder maize cover crops, and no cover crop (i.e., control), particularly in 2015 kharif season when the amount of available soil K following pearl millet cover crop was significantly higher than following sorghum, fodder maize, and control treatments. In both years, the average amount of available soil K was increased with increment in chopping time from 25 DAP to 45 DAP. On average, the available soil K after chopping cover crops at 45 DAP (164.0 kg·ha−1 and 165.4 kg·ha−1 in 2014 and 2015, respectively) was significantly higher than after chopping cover crops at 25 DAP and 35 DAP. Similar to the available soil N and P content, there was no interaction of cover crops and their times of chopping on the available soil K among treatments in both years. The use of cover crops treatments did not markedly increase topsoil K content at harvest (Table 6) compared to K values observed at the beginning of this study (Table 1). The enhanced soil K content following various cover crops have been observed in several studies (e.g., [81,82]). Studies also suggested that cover crops could accumulate K at the soil surface due to deposition of crop residue and lack of surface-applied fertilizers [81,82]. However, the succeeding crop in its growing season could take up soil K at a much higher rate than the addition of K by cover crops, resulting in lower soil K concentrations [82].






4. Conclusions


Effects of three non-leguminous cover crops (pearl millet, fodder maize, and sorghum) and their times of chopping on the yield and quality of no-till baby corn were evaluated during two kharif seasons (during 2014–2015) under subtropical climatic conditions of Punjab, India. During both kharif seasons, the yield (cob and green fodder yield) and dry matter accumulation of baby corn following cover crop treatments were significantly higher than the control (no cover crop) and improved with increment in chopping time from 25 DAP to 45 DAP. Among cover crop treatments, the yield (cob and green fodder yield) and dry matter accumulation of baby corn following pearl millet cover crop were significantly higher compared to fodder maize and sorghum cover crop and control treatments. Chopping of cover crops at 45 DAP showed significantly higher yield and dry matter accumulation of baby corn over chopping at 25 DAP and 35 DAP. The effect of cover crops on baby corn quality parameters (i.e., protein, starch, crude fiber, total soluble solids (TSS), total solid, and sugar content) was not significant among treatments during both kharif seasons, while increment in chopping time (from 25 DAP to 45 DAP) had a significant effect on the protein and sugar content of baby corn cob. The use of cover crops and increment in chopping time generally helped in enhancing topsoil quality at harvest, especially available soil N. However, the effect of cover crops and their times of chopping on other topsoil quality parameters (i.e., organic carbon content, and available soil P and K) did not differ among treatments. During both kharif seasons, there was no significant interaction between cover crops and their times of chopping among treatments with respect to baby corn yield and quality as well as topsoil quality parameters. Based on the results during two kharif seasons, it is suggested that non-leguminous cover crops and their times of chopping evaluated in this study could be used for sustainable maize crop production system to improve baby corn growth and yield, baby corn quality, and topsoil quality. However, long-term evaluation of these non-leguminous cover crops and increment in chopping time on kharif baby corn yield and quality, as well as soil quality under subtropical climatic conditions, is needed.
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Figure 1. Weekly average weather data observed at the experimental site during both kharif seasons (6 May–26 August in 2014 and 2015). 
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Table 1. Selected soil chemical properties of the experimental field determined prior to planting non-leguminous cover crops during kharif season (May–August) in 2014.
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Soil Depth (cm)

	
Particle Size Distribution (%)

	
Soil Texture β

	
Organic Carbon (%)

	
Nutrient Content (kg⋅ha−1)




	
Sand

	
Silt

	
Clay

	
Available N

	
Available P

	
Available K






	
0–20

	
74.3

	
19.8

	
5.9

	
Sandy Loam

	
0.30

	
179.6

	
20.1

	
156.7








β According to USDA (United States Department of Agriculture) classification.
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Table 2. Effects of cover crops and their times of chopping (at different days after planting (DAP)) on the dry matter of baby corn, the cob yield of baby corn, and the green fodder yield of baby corn during both kharif seasons (May–August in 2014 and 2015).






Table 2. Effects of cover crops and their times of chopping (at different days after planting (DAP)) on the dry matter of baby corn, the cob yield of baby corn, and the green fodder yield of baby corn during both kharif seasons (May–August in 2014 and 2015).





	
Non-Leguminous Cover Crop

	
Dry Matter of Baby Corn (t·ha−1)

	
Baby Corn Cob Yield (t·ha−1)

	
Fodder Yield of Baby Corn (t·ha−1)




	
Chopping Time of Cover Crop

	
Chopping Time of Cover Crop

	
Chopping Time of Cover Crop




	
25 DAP

	
35 DAP

	
45 DAP

	
Mean

	
25 DAP

	
35 DAP

	
45 DAP

	
Mean

	
25 DAP

	
35 DAP

	
45 DAP

	
Mean






	
2014 Season:




	
Pearl Millet

	
4.09

	
4.34

	
4.60

	
4.34 a z

	
1.39

	
1.41

	
1.57

	
1.45 a

	
20.01

	
20.24

	
21.29

	
20.52 a




	
Fodder Maize

	
4.19

	
4.37

	
4.45

	
4.33 a

	
1.25

	
1.36

	
1.52

	
1.37 a

	
17.95

	
19.05

	
21.09

	
19.37 ab




	
Sorghum

	
3.85

	
4.08

	
4.15

	
4.02 b

	
0.93

	
1.01

	
1.11

	
1.01 b

	
17.83

	
18.04

	
18.55

	
18.14 b




	
Mean

	
4.04 c

	
4.26 b

	
4.40 a

	
-

	
1.19 b

	
1.26 b

	
1.40 a

	
-

	
18.60 b

	
1.10 ab

	
20.31 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
3.56 c

	
-

	
-

	
-

	
0.98 b

	
-

	
-

	
-

	
18.93 ab




	
Cover Crop × Chopping Time

	
NS y

	
NS

	
NS

	

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	




	
2015 Season:




	
Pearl Millet

	
4.18

	
4.38

	
4.65

	
4.40 a

	
1.47

	
1.46

	
1.59

	
1.50 a

	
20.07

	
20.31

	
21.31

	
20.56 a




	
Fodder Maize

	
4.22

	
4.39

	
4.48

	
4.36 a

	
1.30

	
1.40

	
1.52

	
1.40 a

	
18.05

	
19.06

	
21.13

	
19.41 ab




	
Sorghum

	
3.91

	
4.10

	
4.17

	
4.06 b

	
0.99

	
1.03

	
1.13

	
1.05 b

	
17.90

	
18.07

	
18.56

	
18.17 b




	
Mean

	
4.10 c

	
4.29 b

	
4.43 a

	
-

	
1.25 b

	
1.29 b

	
1.41 a

	
-

	
18.67 b

	
19.15 ab

	
20.33 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
3.58 c

	
-

	
-

	
-

	
1.01 b

	
-

	
-

	
-

	
19.20 ab




	
Cover Crop × Chopping Time

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	








z Treatment means in columns for cover crops or rows for DAP across cover crops followed by the same letter are not significantly different. y NS: non-significant interaction at p ≤ 0.05.
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Table 3. Effects of cover crops and their times of chopping (at different days after planting (DAP)) on the protein content, the starch content, and the crude fiber content of baby corn cob during both kharif seasons (May–August in 2014 and 2015).
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Non-Leguminous Cover Crop

	
Protein Content (%)

	
Starch Content (%)

	
Crude Fiber (%)




	
Chopping Time of Cover Crop

	
Chopping Time of Cover Crop

	
Chopping Time of Cover Crop




	
25 DAP

	
35 DAP

	
45 DAP

	
Mean

	
25 DAP

	
35 DAP

	
45 DAP

	
Mean

	
25 DAP

	
35 DAP

	
45 DAP

	
Mean






	
2014 Season:




	
Pearl Millet

	
11.26

	
12.59

	
12.61

	
12.15 a z

	
2.42

	
2.40

	
2.40

	
2.41 a

	
2.10

	
2.11

	
2.10

	
2.10 a




	
Fodder Maize

	
11.33

	
11.92

	
12.63

	
11.96 a

	
2.40

	
2.41

	
2.39

	
2.40 a

	
2.12

	
2.11

	
2.11

	
2.11 a




	
Sorghum

	
11.47

	
12.19

	
12.58

	
12.08 a

	
2.40

	
2.40

	
2.39

	
2.40 a

	
2.12

	
2.12

	
2.11

	
2.11 a




	
Mean

	
11.35 b

	
12.23 a

	
12.60 a

	
-

	
2.41 a

	
2.40 ab

	
2.39 b

	
-

	
2.11 a

	
2.11 a

	
2.10 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
11.79 a

	
-

	
-

	
-

	
2.41 a

	
-

	
-

	
-

	
2.10 a




	
Cover Crop × Chopping Time

	
NS y

	
NS

	
NS

	

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	




	
2015 Season:




	
Pearl Millet

	
11.42

	
12.60

	
12.76

	
12.26 a

	
2.42

	
2.41

	
2.40

	
2.41 a

	
2.11

	
2.10

	
2.10

	
2.10 a




	
Fodder Maize

	
11.35

	
12.63

	
12.70

	
12.22 a

	
2.42

	
2.41

	
2.39

	
2.41 a

	
2.11

	
2.10

	
2.10

	
2.10 a




	
Sorghum

	
11.34

	
12.47

	
12.58

	
12.13 a

	
2.41

	
2.40

	
2.39

	
2.40 a

	
2.12

	
2.10

	
2.11

	
2.11 a




	
Mean

	
11.37 b

	
12.56 a

	
12.68 a

	
-

	
2.42 a

	
2.40 ab

	
2.39 b

	
-

	
2.11 a

	
2.10 a

	
2.10 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
12.02 a

	
-

	
-

	
-

	
2.41 a

	
-

	
-

	
-

	
2.10 a




	
Cover Crop × Chopping Time

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	








z Treatment means in columns for cover crops or rows for DAP across cover crops followed by the same letter are not significantly different. y NS: non-significant interaction at p ≤ 0.05.
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Table 4. Effects of cover crops and their times of chopping (at different days after planting (DAP)) on the total soluble solids (TSS), the total solid content, and the sugar content of baby corn cob during both kharif seasons (May–August in 2014 and 2015).
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Non-leguminous Cover Crop

	
TSS (°Brix)

	
Total Solid (%)

	
Sugar Content (%)




	
Chopping Time of Cover Crop

	
Chopping Time of Cover Crop

	
Chopping Time of Cover Crop




	
25 DAP

	
35 DAP

	
45 DAP

	
Mean

	
25 DAP

	
35 DAP

	
45 DAP

	
Mean

	
25 DAP

	
35 DAP

	
45 DAP

	
Mean






	
2014 Season:




	
Pearl Millet

	
8.82

	
8.88

	
8.95

	
8.88 a z

	
14.93

	
14.95

	
15.60

	
15.16 a

	
6.8

	
7.1

	
7.6

	
7.1 a




	
Fodder Maize

	
8.71

	
8.67

	
8.80

	
8.72 a

	
14.91

	
14.80

	
15.05

	
14.92 a

	
6.7

	
6.9

	
7.2

	
6.9 a




	
Sorghum

	
8.67

	
8.77

	
8.97

	
8.80 a

	
14.93

	
14.94

	
14.94

	
14.94 a

	
6.8

	
7.0

	
7.2

	
7.0 a




	
Mean

	
8.73 a

	
8.77 a

	
8.90 a

	
-

	
14.92 a

	
14.89 a

	
15.20 a

	
-

	
6.8 b

	
7.0 b

	
7.3 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
8.84 a

	
-

	
-

	
-

	
15.04 a

	
-

	
-

	
-

	
6.9 a




	
Cover Crop × Chopping Time

	
NS y

	
NS

	
NS

	

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	




	
2015 Season:




	
Pearl Millet

	
8.85

	
8.89

	
8.95

	
8.89 a

	
14.95

	
14.94

	
15.04

	
14.97 a

	
7.0

	
7.2

	
7.7

	
7.3 a




	
Fodder Maize

	
8.69

	
8.78

	
8.82

	
8.76 a

	
14.97

	
14.82

	
14.90

	
14.89 a

	
6.9

	
7.1

	
7.4

	
7.1 a




	
Sorghum

	
8.70

	
8.77

	
8.92

	
8.79 a

	
14.93

	
14.98

	
14.91

	
14.94 a

	
7.0

	
7.0

	
7.2

	
7.0 a




	
Mean

	
8.74 a

	
8.81 a

	
8.89 a

	
-

	
14.93 a

	
14.91 a

	
14.95 a

	
-

	
7.0 b

	
7.1 b

	
7.4 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
8.72 a

	
-

	
-

	
-

	
14.95 a

	
-

	
-

	
-

	
7.1 a




	
Cover Crop × Chopping Time

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	








z Treatment means in columns for cover crops or rows for DAP across cover crops followed by the same letter are not significantly different. y NS: non-significant interaction at p ≤ 0.05.
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Table 5. Effects of cover crops and their times of chopping (at different days after planting (DAP)) on the organic carbon content in soil at harvest during both kharif seasons (May–August in 2014 and 2015).
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Non-Leguminous Cover Crop

	
Organic Carbon (%)




	
Chopping Time of Cover Crop




	
25 DAP

	
35 DAP

	
45 DAP

	
Mean






	
2014 Season:

	

	

	

	




	
Pearl Millet

	
0.32

	
0.32

	
0.37

	
0.34 a z




	
Fodder Maize

	
0.31

	
0.31

	
0.36

	
0.32 a




	
Sorghum

	
0.34

	
0.35

	
0.36

	
0.35 a




	
Mean

	
0.32 b

	
0.32 b

	
0.36 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
0.32 a




	
Cover Crop × Chopping Time

	
NS y

	
NS

	
NS

	




	
2015 Season:

	

	

	

	




	
Pearl Millet

	
0.35

	
0.34

	
0.37

	
0.35 a




	
Fodder Maize

	
0.35

	
0.33

	
0.34

	
0.34 a




	
Sorghum

	
0.35

	
0.35

	
0.35

	
0.35 a




	
Mean

	
0.35 ab

	
0.34 b

	
0.36 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
0.31 a




	
Cover Crop × Chopping Time

	
NS

	
NS

	
NS

	








z Treatment means in columns for cover crops or rows for DAP across cover crops followed by the same letter are not significantly different. y NS: non-significant interaction at p ≤ 0.05.
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Table 6. Effects of cover crops and their times of chopping (at different days after planting (DAP)) on the available nitrogen (N) content, the phosphorus (P) content, and the potassium (K) content in soil at harvest during both kharif seasons (May–August in 2014 and 2015).
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Non-Leguminous Cover Crop

	
Available N (kg·ha−1)

	
Available P (kg·ha−1)

	
Available K (kg·ha−1)




	
Chopping Time of Cover Crop

	
Chopping Time of Cover Crop

	
Chopping Time of Cover Crop




	
25 DAP

	
35 DAP

	
45 DAP

	
Mean

	
25 DAP

	
35 DAP

	
45 DAP

	
Mean

	
25 DAP

	
35 DAP

	
45 DAP

	
Mean






	
2014 Season:

	




	
Pearl Millet

	
193.4

	
192.1

	
204.8

	
196.7 a z

	
20.4

	
20.1

	
23.0

	
21.2 a

	
155.5

	
162.7

	
170.2

	
162.8 a




	
Fodder Maize

	
183.3

	
191.7

	
194.3

	
189.7 b

	
21.2

	
22.5

	
26.0

	
23.2 a

	
158.8

	
151.9

	
161.9

	
157.5 a




	
Sorghum

	
179.6

	
186.7

	
186.1

	
184.1 c

	
22.1

	
22.6

	
22.7

	
22.4 a

	
156.2

	
161.0

	
159.9

	
159.0 a




	
Mean

	
185.4 b

	
190.1 ab

	
195.0 a

	
-

	
21.2 b

	
21.7 b

	
23.9 a

	
-

	
156.8 b

	
158.5 ab

	
164.0 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
181.5 c

	
-

	
-

	
-

	
22.6 a

	
-

	
-

	
-

	
158.1 a




	
Cover Crop × Chopping Time

	
NS y

	
NS

	
NS

	

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	




	
2015 Season:

	




	
Pearl Millet

	
194.0

	
193.2

	
202.2

	
196.4 a

	
21.0

	
22.1

	
23.1

	
22.0 a

	
157.1

	
163.3

	
171.3

	
163.9 a




	
Fodder Maize

	
183.0

	
187.6

	
195.7

	
188.7 b

	
22.0

	
22.5

	
24.8

	
23.1 a

	
159.0

	
155.4

	
162.6

	
159.0 b




	
Sorghum

	
185.3

	
187.6

	
187.3

	
186.7 b

	
23.1

	
22.9

	
23.8

	
23.2 a

	
157.7

	
163.0

	
162.5

	
161.0 ab




	
Mean

	
187.3 b

	
189.4 ab

	
195.0 a

	
-

	
22.0 b

	
22.5 ab

	
23.9 a

	
-

	
157.9 b

	
160.5 b

	
165.4 a

	
-




	
Control (No Cover Crop)

	
-

	
-

	
-

	
182.8 c

	
-

	
-

	
-

	
22.7 a

	
-

	
-

	
-

	
158.6 b




	
Cover Crop × Chopping Time

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	

	
NS

	
NS

	
NS

	








z Treatment means in columns for cover crops or rows for DAP across cover crops followed by the same letter are not significantly different. y NS: non-significant interaction at p ≤ 0.05.
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