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Review Article
[bookmark: _Hlk210059048]Phosphorus and Sulphur on the Growth and Yield of chickpea (Cicer arietinum L.) and Indian mustard (Brassica juncea Coss. L.) in intercropping systems: A Review

ABSTRACT 

	Intercropping is a very important sustainable agricultural practice enhancing crop production, soil fertility, and efficiency. Chickpea (Cicer arietinum L.) and Indian mustard (Brassica juncea Coss. L.) are two commercially popular crops in the rabi season, which respond favorably to nutrient management because of the fact that phosphorus (P) and sulfur (S) are vital to physiological and biochemical processes. Sulfur aids in protein synthesis, enzyme activation and tolerance to stress, whereas phosphorus enhances growth of roots, energy flow, and seed development. This review is a compilation of studies examining the use of phosphorus and sulfur together in intercropping systems of mustard and chickpeas. These results show that P and S alone or in combination have significant positive effects on growth traits including plant height, biomass, leaf area, and nodulation in chickpeas and oil content and protein production in mustard. Through increased absorption of water, root structure and uptake of nutrients, they reduce competition and complementary growth. The increase in yield of grains and oils are attributed to the enhancement of chlorophyll synthesis in mustard and increase in the fixation of nitrogen in the chickpeas. Additionally, by encouraging deeper roots, effective water usage, and antioxidant activity, phosphorus and sulfur increase resistance to drought and salt. Through enhanced microbial activity, these advantages support improved soil health and production. However, further study is required to determine the best dosage, when to apply it, site-specific recommendations, and interactions with other nutrients. In addition to P and S, the function of organic amendments and biofertilizers should be investigated. In conclusion, adding phosphorus and sulfur to chickpea-mustard intercropping is a viable way to improve production, growth, and stress tolerance while promoting sustainable agriculture and food security.
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1. INTRODUCTION 

Among the most vital field crops farmed in India are pulses and oilseeds, which have a major impact on the country's economy and human nutrition. According to Kheroar, (2012), “while oilseeds provide the necessary lipids for human consumption, pulses are the main source of protein”. According to Chand, (2003) and Kheroar, (2012), “by fixing atmospheric nitrogen through root nodules, deep taproots, and leaf fall, pulses contribute significantly to increased soil fertility”. However, oilseeds are essential to India's trade and industrial use. Both crop types may be grown on marginal and sub-marginal fields with little irrigation since they are well-suited to drought conditions. According to Chand, (2003) and Kumar, (2011) “with over 33% of the world's pulse acreage and 22% of its output, India is the world's largest producer and consumer of pulses”. According to Chand, (2003) and Kumawat et al., (2017) “with an average productivity of 650 kg/ha, pulses are grown on over 23 million hectares and produce about 15 million tons yearly”. This is less than the global average of 900 kg/ha and that of nations like the United States, where production may exceed 1600 kg/ha. The main pulse crops are chickpeas, pigeon peas, lentils, and peas. According to Asan et al., (2025), “Chickpeas are the most produced and cultivated crop, with an annual output of 6.70 million tonnes and an area of 8.40 million hectares”. According to Mandal, (1999) and Chand, (2003), “with an average productivity of 800 kg/ha, the 24.3 million hectare oilseed field produces 18.3 million tons yearly”. The main oilseed crops are groundnut, rapeseed-mustard, sesame, and sunflower; combined, these two crops make for 85% of all oilseed output. One important crop in this category, mustard, is grown on 6.0 million hectares and produces 5.9 million tons at a rate of 982 kg/ha.	Comment by husamalsarhan2021@gmail.com: Kumawat et al., (2017)	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: Asan et al., (2025), 	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: deleted	Comment by husamalsarhan2021@gmail.com: 	Comment by husamalsarhan2021@gmail.com: add reference	Comment by husamalsarhan2021@gmail.com: 
The demand for pulses and oilseeds is steadily increasing due to the expanding population. Only 38.67 g of pulses are now available per capita, compared to the recommended daily consumption of 80 g. Likewise, the availability of vegetable oil is insufficient to meet nutritional needs, and substantial amounts are also required to satisfy industrial demands. This supply shortage is concerning, especially given the unchecked rate of population expansion. Since there isn't much room to increase the cultivated area, intercropping techniques and better crop management provide a workable way to boost output. The scarcity of fertilizers is the biggest obstacle to increasing the production of pulses and oilseeds. Nutrient supplementation is either nonexistent or used sparingly for many crops. Because it promotes root growth, enhances nitrogen fixation, and speeds up maturity, phosphorus is essential for increasing legume yields. Although most mustard crops are farmed without phosphatic fertilizers, their use in mustard also increases production by improving nitrogen absorption. In a similar vein, sulfur's advantages in oilseed crops are well known. Therefore, to improve their development and productivity, balanced fertilization with phosphorus for chickpeas and sulfur for mustard is necessary. It has long been customary to grow mustard and chickpeas together, particularly on marginal soils that get rain. The issues including row proportions, sowing dates, fertilizer management, and yield decrease from competition still exist. 	Comment by husamalsarhan2021@gmail.com: add reference	Comment by husamalsarhan2021@gmail.com: 

2. PHOSPHORUS AND SULFUR'S EFFECT ON CHICKPEA GROWTH AND YIELD PROPERTIES
Many researchers have conducted considerable study on the impact of phosphorus on chickpea development and production (Manjhi and Chaudhary, 1971; Dixit et al., 1983; Tomer et al., 1990; Jain et al., 1993; Tomar and Raghu, 1994; Siag, 1995; Saraf et al., 1997, Chand, 2003, among others). According to these experiments, applying phosphorus to chickpeas greatly enhances a number of growth indices and production characteristics. When compared to lesser dosages, Manjhi and Chaudhary (1971) and Roy, (1985), “discovered that spraying 60 kg P₂O₅ per hectare significantly increased growth and yield qualities”. While Chaudhary et al., (1975) saw notable gains in root weight, root length, and nodule dry weight with 25 kg P₂O₅ per hectare, Singh (1971) and Ghatak et al., (1997) found greater nodulation. Phosphorus fertilization enhanced the weight of the pods and seeds, according to Koinov and Vitkov (1976), while Ahlawat et al., (1970) noted comparable gains in cowpea. These results were supported by other research. Rewari et al., (1979) observed a favorable relationship between nitrogen fixation and phosphorus absorption, whereas Mudholkar and Ahlawat (1979) found increased pod number and seed weight. According to Dixit et al., (1983) and Singh et al., (1983), phosphorus levels as high as 40–45 kg P₂O₅ per hectare significantly increased nodulation and grain output.	Comment by BAGHDAD: Dixit et al., 1983; Tomer et al., 1990; Jain et al., 19	Comment by BAGHDAD: Chaudhary et al., (1975)	Comment by BAGHDAD: Ghatak et al., (1997)	Comment by BAGHDAD: Ahlawat et al., (1970)	Comment by BAGHDAD:  Rewari et al., (1979)	Comment by BAGHDAD: add a reason
 	Comment by BAGHDAD: Dixit et al., (1983)	Comment by BAGHDAD: Singh et al., (1983),	Comment by BAGHDAD: That phosphorus

In contrast to pure cropping, Jain et al., (1993) found that intercropping chickpea with linseed in varying row ratios improved gram equivalent production and benefit-cost ratios. According to Tomar and Raghu (1994) and Chand, (2003), “Significant increases in plant height, branches, dry matter, nodules, and yield up to 60 kg P₂O₅ per hectare were noted”. Under low-phosphorus circumstances, According to Siag (1995) and Chaturvedi, (2000), “likewise showed increases in plant height, pods, and 100-seed weight at phosphorus dosages up to 60 kg/ha. In a similar vein”, Saraf et al., and Ghatak et al., (1997) discovered that “higher phosphorus levels led to linear gains in growth and yield characteristics”. Phosphorus dosages up to 60 kg P₂O₅ per hectare were shown to considerably enhance the number of pods per plant, seeds per pod, and thousand-seed weight (Saini and Faroda, 1998 and Ghatak et al., 1997). According to Bahadur et al., (2002) in Bangladesh and Chand, (2003) and Yadav et al., (2019) in India, “Significant improvements in plant height, branches, dry matter, pods, seeds per pod, and seed weight up to 80 kg P₂O₅ per hectare were reported”. All things considered, this corpus of research unequivocally shows that applying phosphorus greatly improves chickpea development and production characteristics. 	Comment by BAGHDAD: 		Comment by BAGHDAD: Saraf et al., add the year	Comment by BAGHDAD: Ghatak et al., (1997)	Comment by BAGHDAD: Ghatak et al., 1997 and Saini and Faroda, 1998 	Comment by BAGHDAD: Bahadur et al., (2002)	Comment by BAGHDAD: Yadav et al., (2019)
3. SULFUR AND PHOSPHORUS EFFECTS ON CHICKPEA YIELD CHARACTERISTICS
Numerous studies have demonstrated that chickpeas react favorably to phosphorus fertilizer, and they are produced on a variety of soil types throughout India. Numerous studies have documented the impact of phosphorus on chickpea grain production, biological yield, and by-products in various agroclimatic areas; response rates vary according on soil conditions and management techniques. In comparison to lesser dosages, Manjhi and Chaudhary (1971) found that spraying 60 kg P₂O₅ per hectare greatly boosted the chickpea seed production. Similarly, Singh and Yadav (1972) found that phosphorus dosages of 22.5, 45, and 67.5 kg P₂O₅ per hectare, respectively, increased yields above untreated control plots by 3.81, 5.08, and 6.12 quintals per hectare. They discovered that 60 kg P₂O₅ per acre produced the highest yield. According to Mudholkar et al., (1979), the ideal dosage for optimizing the chickpea's economic production was 40 kg P₂O₅ per hectare. According to Parihar (1990), working in West Bengal, observed significant increases in grain and straw production in response to phosphorus doses as high as 75 kg P,O,N as phosphorus but up to 50 kg P,O,N exhibited the highest yield, working in sandy loam in western Uttar Pradesh, Singh and Singh (1989) employed phosphorus dosages.	Comment by BAGHDAD: 	 	Comment by BAGHDAD: Mudholkar et al., (1979),	Comment by BAGHDAD: Although 
Such tendencies had been confirmed by more recent studies. Dadhich and Moli (1991) and Joseph and Verma (1994) and Ghatak et al., (1997) and Chand, (2003) and Brown, (2018) have shown that “doses of 45-60 kg P 2 O 5/ha tremendously increased the yields of grain and straw”. Siag (1995) found that on phosphorus-deficient soils, 60 kg P2O5 per hectare generated significantly higher yields than less dosage (Siddiqui, 2005). Saini and Faroda (1998) and Chand, (2003) realized maximum yields at phosphorus dosages of 60 and 80 kg P2O5/acre. More recent studies that have investigated the effects of phosphorus doses on chickpea growth and development indicate that phosphorus doses up to 80 kg P2O5 became significant in improving the seed as well as biological yield in Bangladesh (Bahadur et al. 2002). All things considered, these investigations unequivocally demonstrate that applying phosphorus increases chickpea output. The majority of studies backs up the idea that phosphorus is essential for increasing chickpea yield, even if the ideal dosage varies from 30 to 80 kg P₂O₅ per hectare based on soil type and environment. These results highlight how crucial phosphorus control is to higher yields and more sustainable agricultural production.	Comment by BAGHDAD: 		Comment by BAGHDAD: Ghatak et al., (1997)	Comment by BAGHDAD: Bahadur et al. 2002
4. PHOSPHORUS ON QUALITY, NPK UPTAKE, AND ECONOMICS OF CHICKPEA
As a crucial element in protein synthesis, nitrogen is essential to plant development. Applying phosphorus to legumes, such as chickpeas, encourages the growth of nitrogen-fixing rhizobium bacteria in addition to root development. According to Singh and Yadav (1971), applying phosphorus to chickpea seeds increased their protein content when compared to untreated control plots. Similar increases in the crude protein content of soybean seeds were noted by Kapoor and Gupta (1977) when phosphorus was administered at rates of 56 and 112 kg P₂O₅ per hectare. Dohariya et al., (1995) and Chand, (2003) found that 40 kg P₂O₅ per acre had the greatest net cost-to-benefit (C:B) ratio of 1:1.11 in terms of economic advantages. According to Siag (1995) and Chand, (2003), “phosphorus greatly increased the benefit-cost ratio, which peaked at 6.86:1 at 60 kg P₂O₅ per hectare”. According to Singh and Singh (1997) and Chand, (2003), “applying 40 kg P₂O₅ per hectare in a 4:1 row ratio of mustard to chickpeas considerably enhanced net yields”. Similarly, Ghatak et al., (1997) and Singh et al., (1997) and Chand (2003), “verified that in both pure and intercropped systems, phosphorus administration up to 60 kg P₂O₅ per hectare improved N and P absorption”. Additional research by Singh et al. (1998) and Chand (2003), “revealed that the highest net yields, 60 kg P₂O₅ per hectare, were obtained when chickpea and mustard were interplanted in a 3:1 row ratio”. Additionally, phosphate fertilization increased chickpea protein output and nitrogen and phosphorus absorption, according to Reddy and Ahlawat (1998). In conclusion, the studies discussed here demonstrate that adding phosphorus to chickpea seeds greatly increases their protein content and improves their absorption of nutrients, especially phosphorus and nitrogen. The majority of research revealed that protein content and nutrient absorption significantly increased with dosages ranging from 60 to 80 kg P₂O₅ per hectare. However, depending on the local agro-climatic circumstances, economic advantages, as evaluated by net profit, were frequently maximum at lower doses—between 30 and 45 kg P₂O₅ per hectare. These results demonstrate how crucial phosphorus control is for raising crop quality as well as nutrient efficiency and profitability in chickpea farming.	Comment by BAGHDAD: 		Comment by BAGHDAD: Dohariya et al., (1995)	Comment by BAGHDAD: Ghatak et al., (1997)	Comment by BAGHDAD: Singh et al., (1997)	Comment by BAGHDAD: Singh et al. (1998)
5. SULFUR AND PHOSPHORUS EFFECTS ON MUSTARD GROWTH AND YIELD CHARACTERISTICS
A number of research works have indicated that mustard responds well to phosphorus and sulfur application that enhances growth and production properties in different types of soil and conditions. Bhan and Singh (1976) and According to Singh and Singh (1997) and Chand, (2003), “established that when phosphorus was applied at up to 50 kg/hectare of P 2 O 5, substantial growth in plant height, the number of siliqua per plant as well as seed production per plant was obtained”. Also, Singh (1977) found out that phosphorus caused an increase in seed weight and siliqua count. Singh (1979) discovered that the dosages of phosphorus to 50 ppm enhanced the development of dry matter whereas dosages beyond 100 ppm did not have any noticeable impact. “Likewise, phosphorus treatment increased production of dry matter to a maximum of 40 kg P 2 O 5 per hectare as reported” by Vir and Verma (1979) and Chand, (2003). In Gujarati conditions, Patel et al. (1980) established that phosphorus levels of 50 to 75 kg P₂O 5 of phosphorus in the soil enhanced growth and yield characteristics significantly. Chaniara and Damor (1982) found that on sandy loam soils with a moderate phosphorus supply, phosphorus enhanced yield and growth by a significant but not always statistically significant increment of up to 50 kg P₂O 5 hectare. According to Singh et al., (1991) and Chand (2003), “in Varanasi, found that up to 40 kg P₂O₅ per hectare resulted in notable improvements in plant height, branch number, dry matter, siliqua count, seed weight, and 1000-seed weight”. According to Prasad et al. (1990) and Banik, N. C. (2012), also noted that “applying 100 kg of P₂O₅ per hectare coupled with 10 tons of poultry manure produced the maximum dry matter and seed yield”.	Comment by BAGHDAD: 		Comment by BAGHDAD: Patel et al. (1980)	Comment by BAGHDAD: Singh et al., (1991	Comment by BAGHDAD: Prasad et al. (1990)
Tyagi and Rana (1992) and Chand (2003) found that “growth features increased up to 80 kg P₂O₅ per hectare after examining four different phosphorus levels (0, 40, 80, and 120 kg P₂O₅/ha)”. Increased phosphorus dosages improved yield attributes in Rajasthan, according to Punia et al., (1993). Significant increases in siliqua count and seed weight were seen by Arthamwar et al. (1996) when they compared 0, 40, and 80 kg P₂O₅ per hectare; the response was strongest at 40 kg P₂O₅ per hectare. Significant improvements were reported by Jaggi and Sharma (1997) at dosages as low as 26.2 kg P₂O₅ per acre. According to Bhari et al., (2000) and Chand (2003) in their experiments “in Rajasthan observed that to a maximum level of 45 kg P 2 O 5 per hectare, there was a significant increase in plant height, secondary branches and siliqua number per plant, of summary, phosphorus, in their experiments substantially improved the development characteristics of mustard, including height of plant, number of secondary branches and numbers of siliqua per plant, dry matter and seed weight”. The effective phosphorus dosages was found to range between 26 and 100 kg P 2O 5 per acre depending on the environment. According to Chand (2003), “in most cases, the impact on 1000-seed weight was minimal and only noticeable up to 40 kg P₂O₅ per hectare”.	Comment by BAGHDAD: Punia et al., (1993).	Comment by BAGHDAD: Arthamwar et al. (1996)	Comment by BAGHDAD: Bhari et al., (2000)
6. NUTRIENT MANAGEMENT HAS A BIG IMPACT ON MUSTARD 
Output, and a lot of research done in different agroclimatic settings has shown that phosphorus application has a big impact. According to Chundawat et al., (1975), increasing phosphorus levels significantly increased mustard seed output. In a similar vein, phosphorus considerably increased seed output as compared to untreated control plots, according to Mudholkar and Ahlawat (1979). In contrast, Pandey et al., (1979) and Chand (2003), “observed that phosphorus treatment had no discernible influence on yield at all when they tried with 0, 20, and 40 kg P₂O₅ per hectare on sandy loam soil close to New Delhi”. Later, Patel et al. (1980) and Chand (2003) verified that phosphorus increased mustard output in Gujarat. While Chaniara and Damor (1982) found no discernible increase in production under medium fertile soils in Gujarat, Vir and Verma (1981) determined that the ideal dose for highest yield was 36.7 kg P₂O₅ per hectare. According to Mandal and Gaffar (1983), phosphorus treatments of up to 105 kg P₂O₅ per hectare significantly increased seed output in Bangladesh. Joarder (1983) added that compared to lesser dosages, 80 kg P₂O₅ per hectare greatly enhanced rapeseed output. Applying 40 kg P₂O₅ per acre considerably increased yields compared to no phosphorus, as validated by Dhillon and Vig (1985). 	Comment by BAGHDAD: 		Comment by BAGHDAD: ReParaphrase 	Comment by BAGHDAD: Chundawat et al., (1975),	Comment by BAGHDAD: Pandey et al., (1979)	Comment by BAGHDAD: Patel et al. (1980)
Singh et al. (1994) replicated the similar results in slightly alkaline soils of Ghaziabad. According to Arthamwar et al., (1996) and Chand (2003) observed that “40 kg P 2 O 5 per hectare yielded significantly higher seed and biological weight as compared with higher doses”. Jaggi and Sharma (1997) reported a yield of 21.5 quintals/hectare with 26.2 kg/hectar P 2O 5. Intercropping with P₂O 5 system of 40 kg per hectare yielded higher results by Singh and Singh (1997), but yielded signifiably higher results by Khafi et al., (1997) as well, specifically in respect of seed production. As reported by Bhari et al., (2000) and Chand (2003), “on faintly alkaline sandy soils, up to 45 kg PTwO5 kg/h increased phosphorus dosage multiplied mustard production to a maximum of 19%”. Although some research indicated non-significant responses in certain soil conditions, the majority of studies found that phosphorus considerably increased yields up to the highest levels evaluated.	Comment by BAGHDAD: Singh et al. (1994)	Comment by BAGHDAD: Arthamwar et al., (1996)	Comment by BAGHDAD: Khafi et al., (1997)	Comment by BAGHDAD: Bhari et al., (2000)
7. NPK UPTAKE, MUSTARD QUALITY, AND ECONOMIC FACTORS ASSOCIATED WITH PHOSPHORUS
According to Chand (2003), although findings “vary depending on the location and circumstances, several studies have documented the substantial impact of phosphorus on the quality, nutrient absorption, and economic returns of mustard”. According to Chaniara and Damor (1982) and Chand (2003), “the oil content of mustard seeds was not significantly impacted by the application of phosphorus”. Likewise, Singh et al., (1991) and Siddiqui, (2005) “discovered that there was no definite effect of phosphorus on oil content”. But according to Reddy et al., (1988) and Chand (2003), “raising the phosphorus levels from 0 to 30 kg P₂O₅ per hectare greatly enhanced the crop's absorption of both nitrogen and phosphorus”. According to Prasad et al. (1991) and Kaparwan et al., (2020), “mustard absorbed the most phosphorus, sulfur, and iron when 100 kg P₂O₅ and 10 tons of poultry manure per hectare were applied, as opposed to smaller amounts”. 	Comment by BAGHDAD: 		Comment by BAGHDAD: Singh et al., (1991)	Comment by BAGHDAD: Reddy et al., (1988)	Comment by BAGHDAD: Prasad et al. (1991) and Kaparwan et al., (2020),
Phosphorus treatment up to 60 kg P₂O₅ per hectare considerably enhanced nitrogen and phosphorus absorption in both pure and intercropped mustard, according to Singh et al., (1997). In two-year studies, Ghatak et al., (1997) and Thakur and Chand (1998) and Chand (2003) discovered that “gobhi sarson had a much greater absorption of nitrogen and sulfur with 60 kg P₂O₅ per hectare, however the rise was only noticeable for one year”. According to Chand, (2003), “determined that the ideal dosage was 40 kg P₂O₅ per hectare, which produced the maximum net return of Rs. 8,415 per hectare with a benefit-cost ratio of 2.74”. According to Bhari et al., (2000) and Chand, (2003), “the maximum phosphorus dose of 45 kg P₂O₅ per hectare produced the highest net return of Rs. 5,509 per hectare and a benefit-cost ratio of 1.20”. As a result, “the absorption of nitrogen and phosphorus continuously improved with phosphorus treatment up to 60 kg P₂O₅ per hectare, even though the majority of studies indicate that phosphorus had little influence on mustard seed oil content, with substantial increases observed only up to 40 kg P₂O₅ per hectare” by Ghatak et al., (1997) and Chand, (2003). Additionally, under different agro-climatic conditions, phosphorus dosages ranging from 40 to 90 kg P₂O₅ per hectare enhanced net profit.	Comment by BAGHDAD: Singh et al., (1997).	Comment by BAGHDAD: Ghatak et al., (1997)	Comment by BAGHDAD: to Bhari et al., (2000)	Comment by BAGHDAD: Ghatak et al., (1997)
8. PERFORMANCE OF CHICKPEA AND MUSTARD IN INTERCROPPING SYSTEMS
Researchers in the nation's various agroclimatic zones have extensively examined the intercropping of mustard and chickpeas. Despite being presented in different ways, their results consistently show how intercropping increases productivity and profitability. A two-year research in Varanasi, Singh et al., (1987) and Chand (2003) found that alternating paired rows of mustard with two rows of chickpea separated at 30 to 90 cm increased mustard production. This resulted in improved intercropping equivalent ratios (IER) of 1.54 and 1.64 when compared to other spacing patterns. Intercropping systems were more economically productive than growing only mustard or chickpeas, according to Kushwaha (1987). According to Kumar and Singh (1987) and Zhang (2018) and Yadav et al., (2019), the yield of chickpeas was reduced in all intercropping combinations because there were fewer branches and pods per plant in pure stands. In a same vein, pure stands produced the most mustard. However, intercropping arrangements resulted in greater seed yield equivalent and land equivalent ratios (LER), with a 3:1 row ratio recording the greatest LER (1.23). 	Comment by BAGHDAD: Singh et al., (1987)	Comment by BAGHDAD: Yadav et al., (2019),
In comparison to pure cropping, Singh and Pal (1993) found that a 3:1 row ratio was more profitable and produced the greatest IER (1.77). They also found that when intercropping, mustard contributed 39% of the potential yield, whereas chickpeas provided 74.6%. When comparing a 2:6 row ratio to solid cropping, Yadav and Rathi (1995) discovered that mustard output decreased to 21.17% (6.44 q/ha), while it still made a beneficial contribution. According to Gaur and Singh (1996), a 5:1 row ratio of intercropping produced a greater net return (Rs. 10,563/ha) than a 1:1 row ratio (Rs. 10,519/ha). Singh (1996) found that under a 5:1 row ratio under watershed circumstances, the yields of mustard and chickpeas were 5.20 q/ha and 22.5 q/ha, respectively. Compared to solo chickpea, a 2:1 row ratio produced 45.9% more, according to Prasad et al., (1997). Five chickpea cultivars were compared in Kanpur's pure and intercropping systems by Prasad et al. (2000). They found that compared to solo planting of either crop, intercropping with mustard yielded higher chickpea equivalent yields (35.56 q/ha) and was more profitable (Rs. 35,261/ha). In general, producing mustard and chickpeas together has been shown to be more profitable and productive than growing either crop alone. Intercropping increases net profit per hectare, land equivalent ratio, and seed yield equivalent. Under a range of agroclimatic conditions, the 3:1 and 6:2 row ratios consistently outperformed the others, yielding greater returns and yields.	Comment by BAGHDAD: Prasad et al., (1997	Comment by BAGHDAD: Prasad et al. (2000).
9. IMPACT OF MUSTARD ON CHICKPEA IN INTERCROPPING SYSTEMS
Numerous researchers from various agroclimatic zones have extensively examined the effects of mustard on chickpeas cultivated in intercropping systems. These studies, which used different row ratios and sowing strategies, have typically shown that mustard has a negative impact on chickpea growth and production. The results are summed up as follows: In order to assess intercropping, Gangasaran and Giri (1985) substituted mustard for chickpeas in the fifth, seventh, and ninth rows. They saw a 45.78%, 32.82%, and 29.83% decrease in chickpea grain production, respectively. As the percentage of chickpea rows rose, the detrimental effect was shown to diminish. Intercropping systems were evaluated by Kumar and Singh (1987) in Pantnagar under rainfed circumstances. One row of mustard was planted in between the fourth and fifth rows of chickpeas. According to Bhatnagar et al., (1991), chickpea yield decreases for 3:1, 4:1, 6:1, and 7:1 row ratios were 5.33%, 5.17%, 6.35%, and 11.38%, respectively, in Rajasthan. In comparison to pure chickpea, Mandal et al. (1991) found somewhat greater chickpea equivalent yields (4.36% and 0.51%) in 2:1 and 5:1 row ratios. Based on two-year data, Singh (1991) observed that a 3:1 row intercropping technique reduced chickpea grain output by 3.58%. Hussan et al., (1991) discovered that intercropping chickpeas with mustard yielded higher profits than doing so with lentil, coriander, or linseed.	Comment by BAGHDAD: 		Comment by BAGHDAD: Bhatnagar et al., (1991)	Comment by BAGHDAD: Hussan et al., (1991
At Daltonganj, Upasani (1994) found that a 1:1 row ratio increased the output of chickpea grain equivalent by 8.45%. Rana et al., (1996) from New Delhi observed intercropping decreases of 20% and 15% in chickpea output over two years, whereas Singh and Srivastava (1995) tried an 8:2 row ratio. According to Quayyam et al., (1996), pure chickpea produced 1.15 and 1.04 t/ha under rainfed circumstances, but intercropping chickpea with mustard in a 100% + 33% combination produced 1.30 and 1.26 t/ha equivalent. According to Singh and Srivastava (1997) of Kanpur, chickpeas grown in an 8:2 row ratio produced 22.32 q/ha, or 72% of the yield obtained from solitary cropping (27.15 q/ha). According to Singh et al. (1997), intercropping chickpeas and mustard resulted in equal yields that were 23.2% and 46.0% greater than those of solitary chickpea and mustard, respectively. In Kota, Rajasthan, Prasad et al., (1997) discovered that intercropping in a 2:1 row ratio produced 20.7 q/ha, which was 45.9% more than solo chickpea. According to Kumar and Prasad (1998), mustard yielded 33% with a 20% plant stand in intercropping, but chickpeas yielded 73% of their potential yield with an 80% plant stand. According to Punia et al., (1999), the competitive impacts of mustard caused chickpea to produce 79.4% in a 5:1 row ratio as opposed to its lone stand. Intercropping in an 8:2 row ratio considerably increased chickpea yields, with negative impacts ranging from 0.57% to 4.09%, whereas mustard yields were 8.93% to 13.08% greater than in solo planting, according to Prasad et al., (2000) at Kanpur. The aggregate outcomes of these studies indicate that the yields of chickpeas are usually reduced when mustard is planted together with chickpeas. The primary reasons are the suffocating and shading effects of mustard that hamper the access of chickpeas to nutrients and sunlight. 	Comment by BAGHDAD: Rana et al., (1996)	Comment by BAGHDAD: Quayyam et al., (1996)	Comment by BAGHDAD: Singh 	. (1997),	Comment by BAGHDAD: Prasad et al., (1997)	Comment by BAGHDAD: Punia et al., (1999),	Comment by BAGHDAD: Prasad et al., (2000)
10. IMPACT OF CHICKPEA ON MUSTARD
The effects of intercropping between mustard and chickpea have been experimented with a wide range of planting patterns and geometries. These researches show the effectiveness of chickpeas in enhancing the yield of mustard in diverse agroclimatic conditions. Gangasaran and Giri (1985) carried out dryland trials in New Delhi from 1979 to 1981. According to Chand, (2003) and Zhang, (2018) and Sarkar, (2018), “in contrast to 100% mustard rows in pure cropping, they examined mustard yields in intercropping systems where one row of mustard was planted in place of every fifth, seventh, and ninth row of chickpeas”. These intercropping systems represented 20%, 14.20%, and 11.11% of the total mustard yields, respectively. According to Zhang, (2018) and Yadav et al., (2019), “compared to proportional mustard rows in intercropping, the seed yield of mustard in these intercropped systems increased by 35.21%, 32.71%, and 25.55%, respectively, to 55.21%, 46.99%, and 36.66% of the yield in single cropping”. In their tests in New Delhi, Kumar and Singh (1987) and Zhang (2018) substituted one row of mustard for every fourth and fifth row of chickpeas, creating rows that were 25% and 20% mustard, respectively. The mustard seed yield increased by 24.62%31.19% and 24.62% over the corresponding rows in intercropping, reaching 56.19% and 44.62% of the yield achieved in pure mustard cropping. Verma et al. (1989) investigated the intercropping of chickpeas and mustard from 1984 to 1986. Mustard and chickpea yielded 0.94 and 3.12 t/ha in pure stands, respectively. In order to achieve 33.33%, 25%, and 20% mustard rows, one row of mustard was planted for every third, fourth, and fifth row of chickpeas (Zhang, 2018) and According to Yadav et al., (2019). Intercropping increased mustard yields by 30%, 24%, and 23%, respectively, to 63.10%, 49.03%, and 43.02% of the yield in pure cropping.	Comment by BAGHDAD: Yadav et al., (2019),	Comment by BAGHDAD: ?	Comment by BAGHDAD: 24.26% and 31.19% 	Comment by BAGHDAD: ?	Comment by BAGHDAD: Verma et al. (1989)	Comment by BAGHDAD: Yadav et al., (2019).	Comment by BAGHDAD: 	Comment by BAGHDAD: 43.02%49.03%, and 63.10%, 	Comment by BAGHDAD: ?
11. CONCLUSION
It has been demonstrated that adding phosphorus and sulfur to intercropping systems of chickpeas and Indian mustard improves plant development, biomass accumulation, and grain and oil yields. These nutrients are essential for enhancing stress tolerance, nutrient absorption, and root growth. Whereas sulfur enhances the production of oil and protein metabolism in mustard, phosphorus enhances fixation of nitrogen in chickpeas and growth of roots. Their combined application boosts crop interactions of intercropping systems by reducing competition and improving complementarity.
Moreover, phosphorus and sulfur supplementation stimulate the growth of microbes, soil fertility, and nutrient cycling- all of which are essential to achieving long-term sustainability. Growing drought and salinity stress highlights the importance of maximizing nutrients to climate-resistant agriculture. Nevertheless, research remains required in the following aspects of application methods, site-specific nutritional prescriptions, and the inclusion of other important nutrients. All things considered, applying phosphorus and sulfur through intercropping provides a useful, economical, and environmentally responsible way to boost output and encourage sustainable agricultural methods, especially for smallholder farmers in areas with nutrient-deficient soils.
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