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This study aimed to document the effects of the long-term organic farming (OF) on soil quality, agronomical parameters, crop productivity, and food grain yield compared to the conventional farming (CF) system. The crop used in this study is chickpea (Cicer arietinum), and the field was located at Pantnagar, India, in the foothills of Himalayas. The organic farming approach involved utilizing a blend of farmyard manure and vermicompost, combined with a biopesticide comprising neem oil and cow urine. Chickpea grain micronutrient analysis was done via atomic absorption spectrophotometry. It was found that the physicochemical properties of soil in the organic plot were improved compared to the conventional counterpart. At the post-harvesting stage, the organically managed field had higher soil organic carbon than the conventional field (OF-0.93± 0.05%, CF-0.75 ± 0.12%), higher available nitrogen (OF-317 ± 11 kg/ha, CF-240 ± 22 kg/ha), and more available phosphorus (OF-37.4 ± 1.3 kg/ha, CF-25.2 ± 2.5 kg/ha). The agronomical parameters of the chickpea crop were better under organic cultivation, with a significantly high nodule number, nodule dry weight, and grains per pod. Hence, the grain yield of the crop was better under organic cultivation, with the yield of 1,048 kg ha−1, whereas it was 896.5 kg ha−1 for conventional cultivation. The Fe and Zn contents of organically produced chickpea grains were almost double of their conventional counterpart. Therefore, organic cultivation led to better soil fertility, chickpea grain yield, and nutrient status of the crop. It will be beneficial for the nutritious and sustainable production of chickpeas in Himalayan regions.
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1 INTRODUCTION
Currently, agriculture occupies 38% of Earth’s land cover and is expected to feed a growing population worldwide, which is projected to reach 9.7 billion by 2050 (UN DESA, 2022). It places substantial stress on existing natural resources such as soil, water, and biodiversity, a pressure that is destined to escalate with the continual increase in the human population. Another factor that is forcing the conventional agriculture system to change is climate change. Hence, organic farming has emerged as the need of this hour for providing safe as well as healthy food and long-term agricultural sustainability (Christel et al., 2021; Montgomery and Biklé, 2021).
Organic agriculture comprises “management procedures that work with natural processes to conserve all resources, minimize waste and environmental impact and promote agroecosystem resilience” (Rees et al., 2018; Symochko et al., 2024). The Himalayan Foothills, characterized by its diverse topography and fragile ecosystem, presents a compelling setting for investigating the impact of organic farming on agricultural sustainability. A large number of people in such regions live in rural areas with fragmented and small land holdings. These farmers face issues such as water scarcity, soil erosion, and other natural calamities. Therefore, the majority of the rural population in the hills either survives on subsistence agriculture or migrates for better livelihood opportunities (Bisht, 2021). The low-input nature of organic agriculture and use of easily available natural resources such as dung and urine from livestock make it easier for these small-holder farmers to adopt organic farming. However, there are major deterrents like high organic certification charges, initial yield loss, and a low price for the organic produce (Haneef et al., 2019). Hence, the promotion of techniques used in organic agriculture in these regions by agriculture extension services would be beneficial.
Chickpea (Cicer arietinum) is one of the most important rabi pulse crops in the world and is grown mainly in South Asia and Sub-Saharan Africa (Thudi et al., 2017). India is the largest producer of chickpea in the world, with 65.2% share in area and 65.4% share in production (Dixit, 2021). In India, the scenario of legume farming is very different as compared to that of other major crops like wheat and rice. Small and marginal farmers produce legumes and have a poor resource base (Akpo et al., 2021), as 43.6 percent of chickpea farmers in India are smallholder farmers (FAO, 2018). Agrochemicals used in conventional agriculture are expensive, whereas organic fertilizers are innate substances of either animal or plant origin, such as livestock manure, green manure, and crop residues. Being a waste-to-wealth strategy, it reduces the burden of agricultural production from the financial perspective. Furthermore, our previous study has revealed the suppression of plant and animal pathogens in organically managed soils (Suyal et al., 2021). Hence, spreading awareness about organic farming among these farmers can provide them with a low-input and cost-effective alternative. Therefore, a comparative study of conventional and organic agriculture systems was carried out, with chickpea as a candidate crop. The objective of this study was to understand the organic farming systems in the context of soil health, grain yield, and crop agronomical parameters in the unique agro-ecological zone of the Himalayan Foothills.
2 MATERIALS AND METHODS
2.1 Experimental site
The experimental site was situated within the organic farming block at the Breeder Seed Production Center (BSPC) of G.B. Pant University of Agriculture and Technology, Pantnagar, India (29.5° N/79.30° E). This field experiment was conducted on Pant Kabuli Chana-1 variety of chickpea. The soil of the experimental plot taxonomically belongs to the order Mollisol, sub order Udoll, and great group–Hapludoll (USDA classification). The soil is silty clay loam in texture.
The field had been under the described conventional and organic management for past 8 years at the time of this study. The detailed weather conditions of the experimental site and field layout are given in Supplementary Material (Supplementary Figures S1, S2). For the present study, the chickpea plots treated with organic and conventional methods were considered. Two plots (165 m2 each) were under organic management and two plots under conventional management. The treatment details are given in Table 1.
TABLE 1 | Treatments used in the study.
[image: Table 1]2.2 Soil and plant sampling and analysis
Soil samples were collected in triplicate from the depth of 0–15 cm at the pre-sowing and post-harvesting stages. The samples were taken at equal distances along the diagonal of the field. The soil samples were not collected from the same locations at the two stages. The following parameters were calculated using the respective protocols: soil pH, soil organic carbon (Walkley and Black, 1934), available nitrogen (Subbiah and Asija, 1956), available phosphorus (Olsen, 1954), available potassium, and available soil micronutrients such as Fe, Zn, Cu, and Mn (Lindsay and Norvell, 1978).
Five plants per treatment were collected from both organically and conventionally managed fields. The plants were collected at equal distances along the diagonal of the field. The plant sampling was done twice: during the flowering stage (for root and shoot length, plant fresh weight, plant dry weight, nodule numbers, nodule dry weight, and number of branches) and the harvesting stage of chickpea (for no. of pods per plant, no. of grains per pod, weight per 100 grains, and numbers of plants per sq. m.). The yield in kilograms per hectare (kg ha-1) was recorded after the harvesting of the crop.
2.3 Chickpea grain micronutrient content
The analysis was done using the slightly modified wet oxidation method of Zasoski and Burau (1977). Chickpea grains were dried at 70°C for 48 h in an oven. Dried grains were powdered and passed through a 0.5-mm sieve. A dried grain sample (0.2 g) was mixed with 5 mL of a digestion acid mixture (mixture of perchloric acid: nitric acid in the ratio 4:9) and kept overnight at room temperature. The digestion was carried out on a hot plate at 80–90°C for 1 h until vapors stopped coming. Then, the temperature was increased to 180–200°C, and the digestion was carried out until a clear/yellowish solution was obtained (1–2 h). The obtained extract was filtered using Whatman filter paper 1 and then diluted up to 50 mL. The sample filtrates were analyzed via atomic absorption spectrophotometry. For the analysis, the instrument was calibrated using standard solutions of respective micronutrients bought from PerkinElmer. The concentration of micronutrients was calculated as follows: concentration of element in grain (ppm) = reading (in ppm) x dilution factor.
2.4 Statistical analysis
The values of above parameters were expressed as mean ± SEM. Student’s t-test (p ≤ 0.05) was carried out using SPSS software to assess any significant variation between the means of traits under the organic and conventional modes of crop production.
3 RESULTS
A significant difference was found in the soil pH of organic and conventional soils. Before sowing, the pH of organically managed soil was near neutral, i.e., 6.9, while the pH of conventional soil was slightly alkaline, i.e., 7.7 (p < 0.00095) (Figure 1). After crop harvesting, the pH of the organically managed soil decreased to 6.4, while that of conventional soil increased to 7.9 (p < 0.00095).
[image: Figure 1]FIGURE 1 | Physicochemical parameters of organic (O) and conventionally (C) managed soils at the pre-sowing and post-harvesting stages. Iron concentration (A); zinc concentration (B); copper concentration (C); manganese concentration (D); available nitrogen concentration (E); available phosphorus concentration (F); available potassium concentration (G); organic carbon concentration (H); and pH (I).
3.1 Soil-derived micronutrients
There was a significant difference in the level of iron present in organic and conventional soils at both stages. The iron content of organically managed soil was 72.25 and 70.58 ppm at the pre-sowing and post-harvesting stages, respectively (Figure 1). The iron content of conventional soil was 60.53 ppm (pre-sowing) and 62.72 ppm (post-harvesting), which was significantly lower than that of organically managed soil (p = 0.0001). However, none of the soils were deficient in iron. Zinc content was sufficient in organically managed soil (1.56 ppm). However, conventional soil was deficient with 0.61 ppm of zinc (Figure 3B). At both stages, zinc was significantly higher in the organically managed soil (p = 0.00014).
The copper content in both the soils was high. At the pre-sowing stage, the copper content of organically managed soil was 5.03 ppm and that of conventional soil was 4.93 ppm. There was no significant difference between both the soils in terms of copper content (p = 0.189) (Figure 1). Furthermore, the manganese content of both the soils was high. It was significantly higher (p < 0.05) for conventional soil at both the stages. At the pre-sowing state, manganese content for conventional soil was 35.83 ppm, and for organically managed soil, it was 22.8 ppm (p = 0.000015). At the post-harvesting stage, it was 32.29 ppm (conventional treatment) and 18.14 ppm (organic treatment) (p = 0.00006) (Figure 1).
3.2 Soil-derived macronutrients
The SOC at the pre-sowing stage was significantly higher (p = 0.002) for the organic plots with 0.98% organic carbon than for the conventional plots with 0.79% of organic carbon. After harvesting, a similar trend was observed in both the treatments, with SOC of the organically managed soil at 0.93% and that of conventional soil at 0.75% (p = 0.0002) (Supplementary Table S1). In the case of available phosphorus, it was 38.6 kg ha−1 during the pre-sowing stage, for organically managed soil and 37.4 kg ha−1 after harvesting. Contrary to that, the available phosphorus was 33.47 kg ha−1 in conventional soil, which decreased to 25.2 kg ha−1 after harvesting. Furthermore, the available phosphorus was significantly lower (p = 0.0245) in conventional soil than in organically managed soil at both pre-sowing and post-harvesting stages (Figure 1).
The available nitrogen in the pre-sowing stage soil was 298 kg ha−1 (medium) for organically managed soil and 219.3 kg ha−1 (low) for conventional soil (Supplementary Table S2). After harvesting, the available nitrogen increased in both the soil systems. It increased to 317.3 kg ha−1 for organically managed soil and 240.3 kg ha−1 for conventional soil. However, at both the stages, conventional soil had significantly lower (p = 0.0002) nitrogen content than the organically managed soil (Figure 1). Similarly, the available potassium content in both the soils was in the medium range. At the pre-sowing stage in organically managed soil, it was 205.96 kg ha−1, and in conventional soil, it was 204.5 kg ha−1 (p = 0.0245). After harvesting, there was a slight decrease in the available potassium content of both soils; it was 197.7 kg ha−1 for organically managed soil and 191.1 kg ha−1 in conventional soil (p = 0.0245) (Supplementary Table S3). There was no significant difference observed between both the soils in terms of “available potassium” content.
3.3 Agronomical parameters of the crop
The root length and shoot length of organic chickpea plants were found to be higher than those of conventional plants (Figures 2A, B). However, the results were not statistically significant (p < 0.05). Furthermore, the dry weight for organic and conventional plants was 3.21 g and 1.63 g, respectively (Figure 2C). There was a significant difference (p < 0.05) in dry weight and fresh weight of the plants. The nodule numbers per plant for organic plants (10.6) were significantly higher than those of conventional plants (8.2) (Figure 2D). Similarly, the nodule dry weight (mg/plant) was also significantly higher for organic plants (52.42 mg) than their counterparts (39.08 mg) (Figure 2E).
[image: Figure 2]FIGURE 2 | Agronomical parameters of organically (O) and conventionally (C) grown chickpea at flowering and harvesting stages: root and shoot length (A); plant fresh weight (B); plant dry weight (C); nodule numbers (D); nodule dry weight (E); number of branches (F); no. of pods per plant (G) no. of grains per pod (H); weight per 100 grains (I); and numbers of plants per sq. m. (J).
The number of primary and secondary branches counted at the harvesting stage was slightly higher for organic plants (Figure 2F). Nevertheless, these differences were statistically not significant (p < 0.05) (Supplementary Table S4). Furthermore, the yield components like number of pods per plant, number of grains per pod, and 100 grain weight were higher for organically grown plants (Figure 2G). Number of grains per pod was significantly higher for organically grown plants, with 1.33 grains per pod, while the conventional plants had 1.04 grains per pod (Figure 2H). In addition, 100 grain weight of the organically produced chickpea (26.92 g) was also higher than that of the conventionally produced chickpea (26.57 g), thereby indicating the larger seed size of organic grains (Figure 2I). Erdemci et al. (2017) reported that there was a positive correlation between seed weight and germination percentage in chickpeas, as the larger seeds germinated earlier than smaller seeds. Results showed that the number of plants per square meter was higher in the organic plot, with 29.6 plants per sq. m., as compared to the conventional plot, which had 29.4 plants per sq. m (Figure 2J). However, it was not statistically significant (p < 0.05). The seed yield for the organic plot was 1,048 kg ha−1, whereas it was 896.5 kg ha-1 for the conventional plot. This difference was statistically significant (p < 0.05).
3.4 Micronutrient content of chickpea grain
There was a remarkable difference between the organically produced grains with 72 ppm zinc content and the conventionally produced grains with 42.6 ppm zinc content. The zinc content of organic grains was significantly higher (p < 0.05) than that of conventional grains (Figure 3A) (Supplementary Table S4). The iron content of organic chickpea grain was 212.3 ppm, which was significantly higher (p < 0.05) than that of conventional chickpea grain at 106.3 ppm (Figure 3B). The results are in agreement with those of a study by Gopinath et al. (2016), in which they found that organic foods were richer in iron as opposed to inorganic foods.
[image: Figure 3]FIGURE 3 | Effects of organic (O) and conventional (C) agricultural systems on zinc (A); iron (B); copper (C); and manganese (D) content of chickpea grains.
The copper content of conventionally produced grains was five times more than that of organically produced grains. The copper content of conventional grain was 36 ppm, and that of organic grain was 7.9 ppm (Figure 3C). Furthermore, there was a significant difference between the manganese content in the grains produced by organic agricultural practices and grains produced by conventional agricultural practices. The trend was similar to that of soil manganese content, i.e., organically produced grains had lower manganese content (63.4 ppm) than the conventionally produced grains (73.1 ppm) (Figure 3D).
4 DISCUSSION
The intensification of agriculture, while considered a vital requirement for sustaining the nourishment of the expanding global population, is an intricate matter. It encompasses various complexities and challenges, including environmental degradation from increased chemical inputs and land-use changes (Gomiero et al., 2011), pesticide resistance (Bras et al., 2022), pesticide residues in food products (Geissen et al., 2021), and increased greenhouse gas emissions (Venkat, 2012; Li et al., 2022). Given the indispensable role of agriculture in human survival, continuous enhancements are necessary to align it with environmental sustainability. Organic farming, distinguished by its reliance on minimal external inputs and reduced environmental footprint, offers a promising alternative. India, boasting four biodiversity hotspots including the Himalayas, faces a unique responsibility (Walter and Gillett, 1998). Implementing sustainable farming practices in these ecologically rich regions, viz., the Himalayan Foothills, becomes inevitable to protect and preserve the diverse and fragile ecosystems harbored by them. It has been well-established that native communities of soil microorganisms are adversely affected by conventional agricultural practices like manure application and conventional tillage (Hartman et al., 2018; Khan et al., 2023).
Overall, in this study, the chemical properties of organically managed soil were better in comparison with those of their conventional counterpart. Soil pH of organically managed soil was slightly acidic. This slight acidification of the organically managed soil can be attributed to organic amendments like farmyard manure and vermicompost. It is because soil organic matter upon mineralization releases acids that lower the soil pH (Dhaliwal et al., 2023). Contrary to that, nitrate-based chemical fertilizers may be responsible for increasing the pH of conventional soil, which is slightly alkaline (Zilio et al., 2020). Previously, it has been observed that the pH range of 6–7 is ideal for autotrophic nitrifying and ammonia-oxidizing bacteria (Liang et al., 2017). Therefore, organically managed soil is better suited for agriculturally important microbial groups.
Furthermore, soil organic carbon (SOC) serves as a crucial indicator in assessing soil wellbeing, playing a role in both the physical structure and chemical characteristics of the soil. Additionally, it enhances the soil’s capacity to retain water. The increase in soil organic matter has a positive impact on soil microbiota, attributed to the increased availability of energy sources, particularly organic carbon (Liang et al., 2017). The present study suggests that employing organically managed soil management methods is more effective in enhancing soil organic carbon levels. Earlier studies showed that soil phosphorus availability increases with the increase in organic matter in the soil because such soils have higher biological activity (Bhat et al., 2017). The results are consistent with this observation, as in the organically managed soil, both SOC and available phosphorus were significantly higher than those in the conventionally managed soil. Zinc deficiency in soils is the most common micronutrient deficiency worldwide (Suhr et al., 2018). Higher zinc content of organically managed soil can be attributed to the cow dung used for making farmyard manure. It is because micronutrients provided to animals in their feed which are not assimilated by their body make way into their excreta. Hence, overuse of manures consisting of animal slurry can even cause zinc toxicity in soils (Xu et al., 2013). Moreover, higher micronutrient content in organically managed soil can be attributed to its higher soil organic matter content because organic matter acts as a chelating agent for these elements and forms stable bonds with them (Sheoran et al., 2018).
Plant agronomical parameters are greatly influenced by the nutrient status of the soil. The better agronomical parameters of organic chickpea plant can be attributed to better soil structure and chemical properties of organically managed soil. Higher plant biomass (plant dry weight and nodule dry weight) of the organically produced chickpea plants could be due to better synchrony between nutrient release by the microbes and nutrient uptake by the plant. Lim et al. (2015) reported that the application of vermicompost led to increase in plant biomass because of the slow and sustained release of minerals from the compost. The reason for increased nodulation can be attributed to the greater amount of available phosphorus in organically managed soil. It has been reported that phosphorus affects the overall nitrogen-fixing capability of root nodules because there is a high requirement for mineral phosphorus for carrying out biological nitrogen fixation (Valentine et al., 2017). The yield of grain legumes depends upon various yield components, such as the number of pods per plant, number of grains per pod, 100 grain weight, and plants per square meter. If all the yield components increase, the yield will be maximized. Thus, the better seed yield of the organic plot is due to the higher yield components of the organic plants.
Most of the cereals like rice, wheat, and legumes are deficient in Zn (Cakmak and Kutman, 2018). However, the results of this study are contrasting, as in organically grown chickpea grains, there is a high zinc content. Therefore, organically produced grains could be a better choice for food and feed purposes. The micronutrient analysis of grains revealed that conventionally produced chickpea grains had a lesser amount of Zn and Fe. This could be due to the higher copper concentration in the conventional chickpea grain, as it has been reported in previous studies that a high copper concentration can cause decreased absorption of other micronutrients from the soil (Adrees et al., 2015; Colautti et al., 2023). Conventional chickpea grains also had a higher manganese content, which can be attributed to the higher manganese content of the conventional soil. Moreover, Gunes et al. (2007) also revealed that the manganese content of chickpea plant was higher for the plants treated with inorganic phosphorus fertilizers (used in conventional agriculture) as compared to those treated with organic manures.
In our previous study, the comparative microbiomes of the organic and conventional farms used in the present study have been analyzed (Suyal et al., 2021). It has revealed a higher population of nitrogen-fixing and phosphate-solubilizing bacteria in organically managed soils. Moreover, several clinically important bacterial genera, i.e., Staphylococcus, Ruminococcus, Actinobacillus, Treponema, Corynebacterium, Mycobacterium, Prevotella, Coxiella, Enterococcus, Neisseria, Hemophilus, and Mycoplasma, were found completely absent in organic farms. The absence of these human pathogens in organic farms suggests potential benefits for food safety and reduced risk of spread of diseases. However, further research is needed to fully understand the implications of these findings. Therefore, in addition to encouraging PGPR and suppressing pathogens, organic farming is able to enhance crop productivity and soil fertility. In future studies, the co-application of cold-adapted bioinoculants and organic amendments for chickpea will enhance the productivity and soil health of the Himalayan agroecosystem. Marginal and resource-poor farmers of Himalayan regions whose livelihood relies on hill agriculture in the targeted low-nutrient soils will be the direct beneficiaries in this case.
5 CONCLUSION
It is evident from this work that chickpea (variety-Pant Kabuli Chana 1) production in the organic system was nutritious, economical, and environment-friendly. An added advantage of growing leguminous crops in organically managed soil, contrary to other cereal crops, is that they can meet their nitrogen demands by biological nitrogen fixation. In addition to these, support to the farmers in the initial phase of the transition from conventional to organic farming will be beneficial for the farmer and soil ecosystem in general.
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