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ABSTRACT
To explore this, A study was done to understand the effect of different levels of phosphorus on growth and yield of Garden pea variety Pusa Pragati. The investigation was carried out at Field of Horticulture Department, School of Agriculture Research and Technology, Sardar Patel University, Balaghat, (M.P.) during the Rabi season of 2023-24. The aim was to investigate how different phosphorus levels affect the growth, development, yield attributes, seed quality, plant and soil chemistry of garden peas. The study included seven treatments out of which T1 (CONTROL) with no fertilizer and six different phosphorus levels (T2: 100 kg P2O5/ha, T3: 90 kg P2O5/ha, T4: 80 kg P2O5/ha, T5: 70kg P2O5/ha, T6: 60 kg P2O5/ha, T7: 50 kg P2O5/ha). The field trials were set up in a RBD design with three replications. The results indicated that phosphorus application significantly influences growth and yield traits, with the highest levels (100 kg P2O5/ha) promoting early flowering, seed maturity, increased LAI, plant height and improved seed yield. However, medium phosphorus levels (80kg P2O5/ha) yielded comparable results. 	Comment by Perves Ahmed: the effect of different phosphorus levels on	Comment by Perves Ahmed: Leaf area index (LAI)
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Introduction 
The Garden pea (Pisum sativum L.) belonging to Fabaceae family is a diploid vegetable crop (2n = 2x = 14). It consists of seven chromosomes and seven linkage groups. Due to erratic chromosomal numbering in the pea, the roman and Arabic numerals 1 = VI, 2 = I, 3 = V, 4 = IV, 5 = III, 6 = II, and 7 = VII are used to refer to the chromosome numbers and linkage group numbers, respectively (Smykal et al 2012). It involves both cultivated (P. abyssinicum) and wild species (P. elatius and P. fulvum) (Ellis et al., 2011). Ethiopia and Near East are its secondary origin centres, with the Mediterranean region serving as its primary centre of origin (Blixit 1970). 	Comment by Perves Ahmed: Missing in the references. Pl add 	Comment by Perves Ahmed: Missing in the references
The annual production area is 9.5 million hectares; it is one of the significant and highly valued pulse crops in the world, ranking fourth after common bean, chickpea, and cowpea. China is leading in green pea production, producing 11.3 million tonnes in 2020. China is followed in production by India (5.7 million tonnes), Pakistan (0.22 million tonnes), Algeria (0.21 million tonnes), the United States (0.28 million tonnes), France (0.27 million tonnes), the United Kingdom (0.16 million tonnes), and Egypt (0.15 million tonnes). In 2020, Spain and Peru rounded out the top 10. Canada (4.6 million tonnes in 2020), the Russian Federation (2.7 million tonnes), and China (1.4 million tonnes) are the major dry pea producers, followed by the United States, India, France, Ukraine, Ethiopia, Germany, and Spain (FAOSTAT 2021). India alone contributes about 20 percent of the total pea production in the world. In Madhya Pradesh the garden pea production has a specific place as a vegetable crop. A total area of 31,360 hectares was dedicated to green pea production The production of pulses has been increasing over the past three years, from 2018-19 to 2020-21. 	Comment by Perves Ahmed: Please include in the reference list
The response of phosphorus depends upon many factors like climate, variety and soil type and availability of nutrients during the period of growth. The requirement of phosphorus in legumes like pea is higher than other crops for their root development and metabolic activities. Phosphorus is the vital component of DNA, RNA, ATP and photosynthetic systems and catalyse a number of biochemical reactions from the beginning of seedling growth through to the formation of grain at maturity. Improper use of fertilizer is one of the major causes of poor yield of crops. Phosphorus is essential for seed production as it enhances root growth and promotes plant maturity. Therefore, an attempt has been made to evaluate pea varieties under different levels of phosphorus to see the effect on the growth and yield as well as the economics of pea seed production. Very high proportion of P in soil is insoluble and hence not available to the plants directly. About three fourth of the soluble P applied to the soil is converted in to insoluble form and only about one-fourth remained is available to the plants in the year of its application (Dubey, 1997)
MATERIALAND METHODS
The experiment was laid out in Randomized Block Design (RBD) with 07 treatments and three replications. For this purpose, 21 plots were made in Horticulture Research Farm, School of Agriculture Science Technology and Research, Sardar Patel University, Balaghat (M.P.) 481331 during late winter season academic year 2022-23. The treatment combinations included T1:Control, 60:100:70 N:P:K, 60:90:70 N:P:K, 60:80:70 N:P:K, 70:70:70 N:P:K, 60:60:70 N:P:K, 60:50:70 N:P:K, N:P:K (60:80:70), FYM at 20 t/ha, and RDF (60:80:70 N:P:K). Balaghat District is located the south-eastern portion of the Satpura Range and the upper valley of the Wainganga River. The district extends from 21°19’ to 22°24’ north latitude and 79°31’ to 81°30’ east longitude.	Comment by Perves Ahmed: seven	Comment by Perves Ahmed: Please rearrange the sentences
Observations were recorded on growth and yield attributes at appropriate crop stages. The data included days to 50 percent emergence, leaf area index (LAI), plant height at harvest stage, days to 50 percent flowering, and days to maturity. Yield attributes such as number of pods per plant, number of seeds per pod, and seed yield (q/ha) were also recorded. Data collected from randomly selected plants in each plot were averaged and statistically analyzed using analysis of variance (ANOVA) as per the procedure given by Panse and Sukhatme (1985).	Comment by Perves Ahmed: Missing in the reference list
RESULTS AND DISCUSSION
Days to 50 per cent emergence	Comment by Perves Ahmed: %
The outcomes of different phosphorus levels for days to 50% emergence is presented in table 1 and graphically presented in figure 1. The mean days to 50 percent emergence ranges from 14.64 days to 16.20 days for different phosphorus levels. There is no significant effect on 50% germination of different phosphorus levels. The different levels phosphorus levels did not significantly affect emergence in any of the years, possibly because the germinating seeds initially rely on energy from their cotyledons, with phosphorus uptake occurring later as roots develop. This effect may be due to increased available soil phosphorus at the start of the third year. Phosphorus is crucial for energetic metabolism and biosynthetic processes as it is a component of ATP, NAD, NADP, and RNA, which are vital for cell multiplication and rapid vegetative growth (Kanaujia et al., 1997). These findings are consistent with the studies by Kanaujia et al., (1998) and Sinha et al., (2000), who also reported earlier flowering with higher phosphorus application. The non-significant effect of phosphorus levels may be attributed to the additional rainfall shortly after sowing.	Comment by Perves Ahmed: Missing in the references
Days to 50% flowering
The results of different phosphorus levels on days to 50 percent flowering were significant (Table 1) and graphically illustrated in figure 1. The treatment T2(60:100:70 N: P: K) resulted in the earliest flowering, taking the fewest days (48.2 days) and was significantly earlier than the recommended phosphorus level T4 (60:80:70 N: P: K), the late flowering occurs, taking maximum days for 50% flowering (57.7 days). In case of only FYM the 50 % flowering occurs at 60 days after sowing. All the phosphorus treatments show the early flowering as compared to treatment T1 (control) takes 59.5 days for 50 % flowering.	Comment by Perves Ahmed: showed	Comment by Perves Ahmed: That took
Leaf area index (LAI)
The effects of different phosphorus levels, as well as their interactions, on the leaf area index (LAI) are shown in table 1 and presented in figure.1 The treatment T2 (60:90:70 N: P: K) recorded highest leaf area index (7.61) during rabi season 2024 which is significantly higher than other treatments and recommended dose of fertilizers. The treatment T7 (60:50:70 N: P: K) recorded the lowest leaf area index (5.50), which is less than recommended dose of fertilizers but significantly higher than the treatment T1(CONTROL) recorded 5.14. The Leaf Area Index (LAI) is a key growth parameter because higher LAI values generally mean higher productivity due to increased light absorption (Salisbury and Ross, 1986). In this study, Higher phosphorus levels T2 (60:100:70 N: P: K) and T3 (60:90:70 N: P: K) increased LAI, with T2 significantly outperforming T4 (60:80:70 N: P: K) and others treatments. This demonstrates the positive effects higher amount application of phosphorus at critical stages. Similar findings have been reported by Yadav et al., (1993) and Kasturi Krishna and Ahlawat (2000) in their studies on peas. Barky et al., (1985) also observed that reducing phosphorus level at any stage—such as vegetative growth, flowering, or pod formation—led to a decrease in leaf area. 	Comment by Perves Ahmed: Missing in the reference list	Comment by Perves Ahmed: Missing in the reference list
  Plant height (cm)
The outcomes of different phosphorus levels on plant height are presented in table 2 and graphically presented in figure 2
The maximum plant height was recorded under treatment T2 (60:100:70 N: P: K) 49.70 cm, which is significantly higher than the recommended dose of fertilizers i.e. T4 (60:80:70 N: P: K) show 45.50 cm, and T1 (CONTROL) recorded 38.82 cm. The lowest plant height was recorded for treatment T7 (60:50:70 N: P: K) 42.56 cm which is than recommended dose of fertilizer T4 recorded 45.50cm and taller than T1(CONTROL) 38.82cm. for treatment T3 (60:90:70 N: P: K), T5 (60:70:70 N: P: K), T6(60:70:70 N: P: K) the plant height was recorded 47.65 cm, 44.90 cm, 43.68 cm respectively, show significantly taller plant than control.  Plant height is another critical growth factor that directly impacts yield. The study found that the highest phosphorus level T2 (60:100:70 N: P: K) resulted in the tallest plants, although it was comparable to T7 (60:50:70 N: P: K).  The higher phosphorus levels represent the significant difference in plant height for different treatments, supporting the findings for LAI. These results align with those reported by Rathi et al., (1995) and Bahadur and Singh (1990) regarding the effects of phosphorus on field peas and garden peas, respectively. Reddy and Ahlawat (1998) also observed that applying two irrigations during the branching and pod development stages significantly increased plant height in chickpeas compared to no irrigation.
Pods/plant
The maximum number of pods per plant was achieved with T2 (60:100:70 N: P: K) which recorded 15.19 shows higher pod numbers than the recommended dose of fertilizer T4 (60:80:70 N: P: K) i.e. 12.45. The treatment T7 (60:50:70 N: P: K) recorded the least no of pod per plant 10.91, which is significantly less in compression to all the treatments but more than treatment T1(control). The treatment T3 (60:90:70 N: P: K), T5 (60:70:70 N: P: K), and T6 (60:60:70 N: P: K) records 13.78, 11.93 and 11.36 pods per plant respectively. The number of pods per plant is a key factor in determining seed yield. In this Study the highest phosphorus dose (100 kg P2O5/ha) significantly increased the number of pods per plant compared to treatment T7 (50 kg P2 O5Kg/ha), indicating that plants with minimal or no moisture stress tend to perform better across all growth stages (Kasturi Krishna and Ahlawat, 2000). Phosphorus also plays a crucial role in promoting rapid cell division and elongation in meristematic tissues, supporting root development and proliferation, and enhancing flowering, pod formation, and seed development. These findings are consistent with those of Rathi et al., (1995), Singh et al., (2001), and Kaushik and Chaubey (2003), Uddin et al., (2001), Bhatt et al., (2002), and Dass et al. (2005) concerning the role of phosphorus. Tewari and Singh (2000) also observed an increase in the number of pods per plant in French beans with higher doses of P2O5 .	Comment by Perves Ahmed: Missing in the text	Comment by Perves Ahmed: Missing in the reference list
Days to seed maturity
The effect of different phosphorus levels on days to seed maturity are presented in table 1 and illustrated in figure 1. 
The treatment T2 (60:100:70 N: P: K) were recorded significantly early maturity (75.24 days) compared to control (T1), recommended dose of fertilizers (T4) with 80.50 days and other treatments. The treatment T7 (60:50:70 N: P: K) highest days to seed maturation among all the treatments i.e. 85.67 days, which late than the recommended dose of fertilizers but significantly early than the (control) T1 observed 90.44 days. The treatment T3 (60:90:70 N: P: K), T5 (60:70:70 N: P: K) and T6 (60:60:70 N: P: K) showed 78.33, 82.00, 83.54 days respectively, for the seed maturation is comparable early than FYM only and control. Early seed maturity is a desirable trait in garden peas. A higher phosphorus dose T2 (60:100:70 N: P: K) encouraged significantly earlier maturity compared to T7 (60:50:70 N: P: K) suggesting that more water availability prolongs physiological activity while a higher phosphorus dose accelerates it. These findings are consistent with those of Sinha et al., (2000), who also found that a higher phosphorus application resulted in earlier seed maturity.	Comment by Perves Ahmed: recorded	Comment by Perves Ahmed: Missing in the references
Seeds/pod
Out of all the treatment taken for these experiments, the treatment T2 (60:100:70 N: P: K) recorded the maximum number of seeds/pod (7.83) and the least number of seeds per pod was recorded for the treatment T7 (60:50:70 N: P: K) 6.31. The treatment T3 (60:90:70 N: P: K), T4 (60:80:70 N: P: K), T5 (60:70:70 N: P: K), and T6 (60:60:70 N: P: K) were recorded 7.61, 7.18, 6.97 and 6.73 respectively numbers of seed per pod. All the treatments showed the higher number of seed per pod compared to treatment T1 (CONTROL).  Similarly, the number of seeds per pod is another important trait that directly contributes to seed yield; the highest phosphorus level (T2) significantly increased the number of seeds per pod which may be due to the improved phosphorus availability in the soil in subsequent years. Additionally, Bhatt et al., (2002) and Dass et al., (2005) noted a favourable response of phosphorus on the number of seeds per pod in both field and vegetable peas. This effect may be due to increased available soil phosphorus at the start of the third year. Phosphorus is crucial for energetic metabolism and biosynthetic processes as it is a component of ATP, NAD, NADP, and RNA, which are vital for cell multiplication and rapid vegetative growth (Kanaujia et al., 1997). These findings are consistent with the studies by Kanaujia et al., (1998) and Sinha et al., (2000), who also reported earlier flowering with higher phosphorus application. The non-significant effect of phosphorus levels may be attributed to the additional rainfall shortly after sowing.	Comment by Perves Ahmed: number of seed per pod
 Seed yield (q/ha)
The treatment T2 (60:100:70 N: P: K) recorded the highest seed yield per ha (28.57q/ha.), which is significantly higher than the recommended dose T3 (60:80:70 N: P: K) with 26.79 q/ha.  per ha.  and T1 (Control) 16.74q/ha.  Seed yield per ha. Achieving a higher seed yield with good seed quality is the ultimate goal in any seed production program. Consistent with the results for pods per plant, seeds per pod, and biological yield, the highest phosphorus level (100 kg P2O5 Kg/ha) produced significantly higher seed yields compared to lower levels, these findings on the positive effects of phosphorus on seed yield are consistent with those of earlier researchers, including Singh et al., (2001), Kaushik and Chaubey (2003), and Masand et al., (2006). Uddin et al., (2001), Bhatt et al., (2002), and Masand et al., (2006) also reported higher seed yields with the application of higher doses of phosphorus.	Comment by Perves Ahmed: with
Conclusion……………….?	Comment by Perves Ahmed: No conclusion
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Table 1 : Effect of Different Phosphorus Level on Growth and Yield of Garden Pea
	Treatment  Symbols
	Treatment Detailed 
	    
Days to 50 per cent emergence
	
Leaf area index (LAI)

	Plant height (cm)
	Days to 50% flowering

	Days to seed maturity

	Pods/plant

	Seeds/pod

	Seed yield (q/ha)


	T1
	CONTROL
	16.20
	5.14
	38.82
	59.5
	90.44
	10.42
	5.71
	16.74

	T2
	60:100:70 N: P: K
	14.64
	7.61
	49.70
	48.2
	75.24
	15.19
	7.83
	28.57

	T3
	60:90:70 N: P: K
	14.89
	7.30
	47.65
	50.5
	78.33
	13.78
	7.61
	26.79

	T4
	60:80:70 N: P: K
	15.27
	6.75
	45.50
	53
	80.50
	12.45
	7.18
	25.48

	T5
	60:70:70 N: P: K
	15.42
	6.61
	44.90
	55.5
	82.00
	11.93
	6.97
	24.37

	T6
	60:60:70 N: P: K
	15.54
	5.73
	43.68
	56.1
	83.54
	11.36
	6.73
	23.68

	T7
	60:50:70 N: P: K
	15.76
	5.50
	42.56
	57.7
	85.67
	10.91
	6.31
	22.82

	N: P: K
	60:80:70 N: P: K
	15.27
	6.75
	45.50
	53
	80.50
	12.45
	7.18
	25.58

	FYM
	20 ton/h
	15.92
	5.24
	37.25
	60
	89.42
	10.18
	5.0
	18.79

	RDF
	60:80:70
	15.27
	6.75
	45.50
	53
	80.50
	12.45
	7.18
	25.58



                                         




                      Fig  1  : Effect of Different Phosphorus Level on Growth and Yield of Garden Pea
 

T1 – Control,    T2   -   60:100:70 N: P: K        T3  - 60:90:70 N: P: K  T4  -  60:80:70 N: P: K    T5 -    60:70:70 N: P: K         T6   -60:60:70 N: P: K ,  T7   - 60:50:70 N: P: K       NPK   -60:80:70 N: P: K ,  FYM - 20 ton/h , RDF-  60:80:70 kg/ha. 
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