


Response of phosphorus and zinc on yield parameters of chickpea in Khaila, Jalandhar, Punjab, India
Abstract 

A field experiment was conducted during the rabi season of 2023 at the research farm of the Department of Agriculture, Sant Baba Bhag Singh University, Khiala, Jalandhar, Punjab, to assess the response of chickpea yield parameters and economic returns to phosphorus and zinc application. The experiment was arranged in a randomised block design with three replications and ten treatments comprising the recommended fertiliser dose and different phosphorus and zinc levels applied individually or in combination. Yield observations included pods per plant, seeds per pod, test weight, seed index, seed yield, straw yield, biological yield, and harvest index, together with cost of cultivation, gross return, net return, and benefit-cost ratio. Combined phosphorus and zinc application generally produced better yield and economic performance than individual nutrient applications and the control. The highest values were recorded for pods per plant (61.1), seeds per pod (2.67), test weight (270.23 g), seed index (14.20 g), seed yield (20.20 q ha⁻¹), straw yield (24.80 q ha⁻¹), and biological yield (44.70 q ha⁻¹). The same treatment recorded a cost of cultivation of ₹42,056 ha⁻¹, gross return of ₹125,187 ha⁻¹, net return of ₹83,131 ha⁻¹, and a benefit-cost ratio of 1.98. Under the conditions of this experiment, combined phosphorus and zinc application was associated with improved yield-related traits and economic returns in chickpea.
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1. INTRODUCTION
Chickpea (Cicer arietinum L.) is one of the most important winter legume crops and is extensively cultivated in arid and rain-fed regions worldwide. The rabi season is the principal period for chickpea cultivation, and the crop is commonly referred to as Bengal gram or gram. It belongs to the family Leguminosae. Chickpea is an annual, self-pollinating crop cultivated globally for food and various other purposes (Muehlbauer & Sarker, 2017). Depending on prevailing weather conditions during the rabi season, the crop generally completes its life cycle within three to six months. On average, chickpea grains contain approximately 22% protein, 4.5% fat, 63% carbohydrate, 8.0% crude fibre, and 2.7% ash. The quality of chickpea protein is considered superior to that of several other legumes, including pigeon pea, black gram, and green gram (Chavan et al., 1987).
Chickpea is also a valuable source of calcium, iron, niacin, vitamin B, and vitamin C. Its leaves contain malic acid, which is considered beneficial for digestive problems and blood purification. As a pulse crop, chickpea contributes to soil nitrogen enrichment through symbiotic biological nitrogen fixation. Based on seed colour and geographical distribution, chickpea is generally classified into two major types: Kabuli, of Mediterranean and Middle Eastern origin, and desi, of Indian origin. Kabuli chickpea is characterised by large, smooth-coated, ram’s-head-shaped, beige-coloured seeds, whereas desi chickpea possesses smaller, angular, wrinkled, and darker-coloured seeds (Sharma et al., 2013; Saini & Knights, 1984; Miao et al., 2009). Desi cultivars typically have small, angular seeds with relatively thick seed coats and predominantly brown colouration and are generally cultivated in semi-arid tropical environments. In contrast, Kabuli chickpea has larger seeds with smoother seed coats and is commonly grown in temperate regions. Chickpea also plays an important role in maintaining soil productivity by improving the physical, chemical, and biological properties of the soil and by fixing atmospheric nitrogen in root nodules.
India is the world’s largest producer of chickpea, contributing more than 70% of global production. Chickpea production in India exceeded 13.5 million metric tonnes in 2022, whereas Australia ranked second, with an estimated production of 876.5 thousand metric tonnes (FAO, 2023). During 2021–22, India produced 13.75 million tonnes of chickpea from an area of 10.91 million ha, with an average productivity of 12.6 q ha⁻¹ (Directorate of Economics and Statistics, 2023). Chickpea accounts for nearly 50% of total pulse production in India. Maharashtra (25.97% of national production), Madhya Pradesh (18.59%), Rajasthan (20.65%), Gujarat (10.10%), and Uttar Pradesh (5.64%) are among the major chickpea-producing states in the country (FAO, 2024; Directorate of Economics and Statistics, 2024).
Chickpea food products include immature green grain (desi type), mature grain (desi/Kabuli type), flour from mature grain (besan, desi type), roasted grain (desi type), flour from roasted grain (shattu, desi type), split grain or pulse (dahl, desi type), snacks (namkeens, desi and Kabuli types), flakes (desi type), baked products (from flour, desi type), sweets/savouries (from flour, desi type), and various tertiary processed products (cuisines).
Phosphorus, a key nutrient for increasing pulse productivity, is required for plant growth and root development. Phosphorus deficiency in soils is widespread, and crops grown under deficient conditions show significant responses to fertiliser application (Singh & Singh, 2012). It promotes root growth, improves stalk development, enhances grain production and flowering, increases the capacity of legumes to fix nitrogen, improves crop quality, and strengthens crop resistance to disease. Studies have shown that phosphorus increases the yield of pulse crops, including chickpea (Chakali et al., 2022; Lalrinzuali et al., 2023). An adequate supply of phosphorus accelerates nodulation and pod development and promotes maturity in chickpea. Phosphorus application is particularly important for crops cultivated under rain-fed conditions because it promotes greater root development. Recent studies have also reported that chickpea responds well to phosphorus fertilisers (Aluri et al., 2022; Kumar et al., 2019).
Recent studies further indicate that chickpea growth, yield components, and phosphorus-use efficiency are influenced by phosphorus availability, fertiliser source, soil conditions, and genotype, underscoring the importance of context-specific phosphorus management (Ndiaye et al., 2026; Delfim et al., 2024).
Zinc is essential for promoting certain metabolic reactions. It is required for the production of chlorophyll and carbohydrates. Zinc is directly or indirectly involved in several enzyme systems, auxin metabolism, and protein synthesis. It is believed to promote RNA synthesis, which is required for protein production. At several locations, normal crop yields could not be achieved despite the judicious use of NPK fertilisers because of micronutrient deficiencies in the soil, particularly zinc. Zinc is also a vital plant nutrient for plant growth and development and contributes to improved nodulation, N fixation, and yield in several legumes. It is essential for nucleic acid and protein synthesis and for the uptake of N and P by plants (Ullah et al., 2019; Ramaprasad et al., 2011). Zinc also contributes to protein synthesis, floral initiation, seed development, and internode elongation. Zinc deficiency reduces pollen viability, alters the size, shape, and exudates of the stigma, and can inhibit contact between the stigma and pollen (Pandey et al., 2006).
Studies have shown that chickpea seed yield responds to zinc fertilisation under dryland or zinc-deficient conditions, while integrated optimisation of nitrogen, phosphorus, and zinc inputs can support satisfactory yield with reduced fertiliser use (Hidoto et al., 2016; Khan et al., 2003; Parvin et al., 2025).
A favourable balance between phosphorus and zinc should be maintained for optimum plant growth. Sharma et al. (2000) reported the antagonistic effect of P levels on Zn nutrition in crops. Information on the Zn-P relationship in an important crop such as chickpea is inadequate, especially where both interacting nutrients are deficient (Meena et al., 2001).
Related recent work has examined integrated Rhizobium, phosphorus, and zinc management in chickpea in relation to soil physico-chemical properties (Kumar et al., 2025), while integrated nutrient management in chickpea-based systems has been evaluated for productivity and resource-use outcomes (Patel et al., 2007; Choudhary et al., 2014; Himavarsha et al., 2025).
Research gap
Despite the recognised importance of both nutrients, information on the zinc-phosphorus relationship in chickpea remains inadequate, particularly under conditions where both phosphorus and zinc are deficient.
Objective
Therefore, the present study was undertaken to evaluate the response of chickpea yield attributes and economics to phosphorus and zinc application, individually and in combination.
MATERIAL AND METHODS
A field experiment was conducted during the rabi season of 2023 at the agricultural research farm of the Department of Agriculture, Sant Baba Bhag Singh University, Khiala, Jalandhar, Punjab, India. The site lies within the trans-Gangetic plain agro-climatic zone in the central plains of Punjab, at an elevation of approximately 247 m above mean sea level and within 30°–33° N latitude and 76°–56° E longitude. The region is characterised by very hot summers and cold winters, with normal maximum temperatures of approximately 42°C in summer and 25.9°C in winter. The rainy season generally extends from June to September, and the experimental area receives an average rainfall of about 500–700 mm, with most precipitation occurring in July and November being the driest month. These climatic conditions are suitable for chickpea, a cool-season crop that grows well at temperatures of approximately 18–25°C.
The experiment was laid out in a randomised block design (RBD) with ten treatments and three replications. The treatments comprised the recommended fertiliser dose and different levels of phosphorus and zinc applied individually or in combination. Urea, single superphosphate (SSP), and muriate of potash (MOP) were used as nutrient sources, with the recommended N-P-K dose specified as 20-40-20 kg ha⁻¹. Phosphorus and zinc were applied basally according to the respective treatment schedule, enabling comparison of the responses to individual and combined nutrient applications under the same field conditions.
For data collection, plants were selected randomly from each plot, and yield-related observations were recorded. The parameters assessed included the number of pods per plant, number of seeds per pod, 1,000-seed test weight, seed index, seed yield, straw yield, biological yield, and harvest index. The 1,000-seed test weight was determined after harvest by counting and weighing 1,000 seeds, while seed yield was determined from the net area of each plot after harvesting and threshing. Seed, straw, and biological yields were expressed on a hectare basis. Harvest index was calculated as the proportion of grain yield to total biomass yield, expressed as a percentage, following Donald (1962), using the formula given below.
Harvest index (%) =          Grain yield 
                                          Biomass yield × 100
Economic performance was evaluated separately for each treatment using the cost of cultivation (₹ ha⁻¹), gross return (₹ ha⁻¹), net return (₹ ha⁻¹), and benefit-cost ratio. The cost of cultivation included the fixed and variable costs incurred in crop production. Net return was estimated by deducting the total cost of cultivation from the gross return, using the relationship given below.
Net Return per rupees invested =              Net Profit 
                                                                      Total Cultivation Cost 
The benefit-cost ratio was calculated separately for each treatment by dividing the net return obtained from that treatment by the corresponding total cost of cultivation. This ratio was used to compare the relative economic performance of the different phosphorus and zinc treatments.


Data recorded for all measured characters were compiled in MS Excel and statistically analysed using OPSTAT. The treatment means were subjected to analysis of variance (ANOVA) appropriate for a randomised block design to evaluate variation among the ten phosphorus and zinc treatments across the three replications.

RESULTS AND DISCUSSION 
Number of pods per plant 
The number of pods per plant is an important primary yield component. Significant differences in the number of pods per plant were observed among phosphorus and zinc treatments. Treatment T9 recorded the highest number of pods per plant (61.1 ± 0.65), whereas T0 recorded the minimum number (36.7 ± 0.66). Similar results have also been reported under different phosphorus and zinc treatments (Onasanya et al., 2009; Badini et al., 2015; Kumar et al., 2023).
Number of seeds per pod 
The number of seeds per pod is also an important yield-determining factor. Differences in the number of seeds per pod were observed among phosphorus and zinc treatments. Treatment T9 recorded the maximum number of seeds per pod (2.67 ± 0.33), whereas T0 recorded 1.67 ± 0.33. Similar responses in the number of seeds per pod have been reported under different phosphorus and zinc treatments (Yadav et al., 2022; Balai et al., 2017; Ali et al., 2017; Meena et al., 2006).
Table 1: Effect of Phosphorus and Zinc Sources on Number of Pods and Seeds Per Plant in Chickpea
	Treatments
	No. of pods per plant
	No. of Seeds Per Pod

	Control (RDF)
	36.7 ± 0.66
	      1.67 ± 0.33

	Zinc (10 Kg/hectare)
	38.6 ± 0.96
	      1.00 ± 0.57

	Zinc (15 Kg/ hectare)
	45.4 ± 0.85
	     1.00 ± 0.57

	Zinc (20 Kg/ hectare)
	        47.1 ± 0.33
	      1.33 ± 0.67

	Phosphorus (10 Kg/hectare)
	49.2 ± 0.32
	      1.67 ± 0.33

	Phosphorus (15 Kg/ hectare)
	51.1 ± 0.38
	      1.33 ± 0.33

	Phosphorus (15 Kg/ hectare)
	53.8 ± 0.12
	       1.33 ± 0.33

	Zinc (10 Kg/hectare) + Phosphorus (10 Kg/hectare)
	56.7 ± 0.34
	       1.67 ± 0.33

	Zinc (15 kg/ hectare) + Phosphorus (15 Kg/hectare)
	58.1 ± 0.67
	      1.67 ± 0.33

	Zinc (20 kg/ hectare) + Phosphorus (20 Kg/hectare)
	       61.1 ± 0.65
	       2.67 ± 0.33

	C.D.
	1.343
	         NS

	SE(m)
	0.449
	0.457

	SE(d)
	0.634
	0.646

	C.V.
	1.56
	5.597


The graphical presentation of the percentage of pods under the different treatments applied in the field is given below.

Fig 1: Effect of Zinc and Phosphorus Sources on Pods in Chickpea
Test Weight
The 1,000 seeds were counted after harvest and weighed. Treatment T9 recorded the maximum 1,000-seed weight (270.23 g plant⁻¹), which was higher than those of the other treatments and the control (239.46 ± 0.21) (Kumar et al., 2023; Gupta et al., 2021; Sharma et al., 2016; Singh et al., 2018). Similar results for test weight have also been reported under different phosphorus and zinc treatments.
Table 2: Effect of Phosphorus and Zinc Sources on Test Weight of Chickpea
	Treatments

	Test Weight (in g)

	Control (RDF)
	239.46 ± 0.21

	Zinc (10 Kg/hectare)
	242.56 ± 0.12

	Zinc (15 Kg/ hectare)
	245.33 ± 0.68

	Zinc (20 Kg/ hectare)
	249.96 ± 0.44

	Phosphorus (10 Kg/hectare)
	251.77 ± 0.82

	Phosphorus (15 Kg/ hectare)
	255.39 ± 0.48

	Phosphorus (15 Kg/ hectare)
	261.07 ± 0.09

	Zinc (10 Kg/hectare) + Phosphorus (10 Kg/hectare)
	264.07 ± 0.58

	Zinc (15 kg/ hectare) + Phosphorus (15 Kg/hectare)
	266.30 ± 1.23

	Zinc (15 kg/ hectare) + Phosphorus (20 Kg/hectare)
	270.23 ± 0.69

	C.D.
	              1.35

	SE(m)
	              0.451

	SE(d)
	              0.638

	C.V.
	              0.337


The graphical presentation of the percentage of leaves under the different treatments applied in the field is given below.


Fig. 2: Effect of Zinc and Phosphorus Sources on Test Weight of Chickpea
Seed index (g)
Seed index is also an important parameter of seed yield. Differences in seed index were observed among phosphorus and zinc treatments. The maximum seed index was observed in T9 (14.20 g), whereas the minimum seed index was observed in T0 (8.83 g). Similar responses in seed index under phosphorus and zinc treatments have also been reported (Kumar et al., 2024; Pal et al., 2019; Shivran et al., 2017; Ram et al., 2024).
Seed Yield (q ha⁻¹)
Seed yield increased with Zn content, whereas uptake in grain and straw decreased significantly with increasing phosphorus levels. Increasing phosphorus application significantly increased the available nitrogen, phosphorus, and potassium contents in the soil after crop harvest. Seed yield was determined from the net area of each plot by weighing the seeds after harvest and threshing. The maximum seed yield (20.20 q ha-1) was observed in T9, whereas the minimum seed yield (12.44 q ha-1) was observed in T0. Similar findings have been reported by Kaundal et al. (2023) and Khan et al. (2021).
Straw yield (q ha⁻¹) 
Straw yield is directly related to total vegetative development per unit area and, to a lesser extent, to reproductive growth. Significant differences in straw yield were observed among phosphorus and zinc treatments. The highest straw yield was recorded in T9 (24.80 q ha⁻¹), whereas the lowest straw yield was recorded in T0 (14.04 q ha⁻¹). Palla and Dawson (2022) also reported similar results under different nutrient treatments.
Biological yield (q ha⁻¹) 
Biological yield represents the total dry matter produced by a plant system through physiological and biochemical processes. Significant differences in biological yield were observed among phosphorus and zinc treatments. The highest biological yield was recorded in T9 (44.70), whereas the lowest was recorded in T0 (26.14). Similar findings under different phosphorus and zinc treatments have been reported by Khourgamy and Farnia (2009), Neenu et al. (2014), and Kumar et al. (2009).

Table 3. Effect of Phosphorus and Zinc Sources on Yields of Chickpea 
	Treatments
	Seed Yield (q/ha)
	Straw Yield (q/ha)
	Seed Index 
	Biological Yield 
	 Harvest Index

	T0
	12.44
	14.04
	8.33
	26.14
	33.79

	T1
	13.25
	14.92
	9.87
	28.09
	35.13

	T2
	13.75
	15.89
	10.14
	30.34
	33.41

	T3
	13.7
	15.95
	11.30
	31.80
	35.53

	T4
	13.18
	14.64
	11.87
	33.67
	35.25

	T5
	13.98
	15.98
	12.17
	35.47
	34.30

	T6
	14.63
	16.60
	12.73
	37.13
	34.29

	T7
	17.63
	19.10
	13.20
	39.27
	33.62

	T8
	19.37
	21.17
	13.87
	41.73
	33.23

	T9
	20.20
	24.80
	14.20
	44.70
	31.77

	C.D.
	0.494
	0.721
	0.554
	0.813
	0.302

	SE(m)
	0.165
	0.241
	0.185
	0.272
	0.101

	SE(d)
	0.233
	0.341
	0.262
	0.384
	0.143

	C.V.
	1.878
	2.41
	2.714
	1.35
	0.513


The graphical presentation of the percentage of leaves under the different treatments applied in the field is given below.

Fig. 3. Effect of zinc and phosphorus sources on various yields of chickpea
Harvest Index
The harvest index recorded in T9 was 31.77, whereas that recorded in T0 was 33.79. Similar findings have been reported by Khan and Singh (2005) and Bhadru et al. (2019).
ECONOMIC ANALYSES 
In the economic analysis, the net profit obtained from the different treatments was calculated. In this study, phosphorus and zinc sources were used in various treatment combinations. The cost of cultivation and gross return varied because of differences in yield. The maximum net return and net return per rupee invested were computed. In chickpea production, the net return per rupee invested should be greater than 1. If it is less than 1, the economic performance of chickpea production is reduced. A farmer or grower incurs a loss if the value is less than 0.
Cost of cultivation (₹ ha⁻¹) 
The effect of phosphorus and zinc treatments on the cost of cultivation is presented in Table 4. Both fixed and variable costs invested in crop production were included in the cost of cultivation. The highest cost of cultivation was recorded in T9 (Rs. 42056), whereas the lowest was recorded in T0 (Rs. 30421; control).
Table 4. Effect of Phosphorus and Zinc Sources on Cost of Cultivation, Gross and Net Return, and Benefit-Cost Ratio in Chickpea
	Treatments
	Cost of cultivation
	Gross return
	Net Return
	B:C Ratio

	           T0
	30421
	49369
	18948
	0.62

	           T1
	31450
	59800
	28350
	0.9

	           T2
	33789
	67800
	34011
	1.01

	           T3
	35450
	72290
	36840
	1.04

	           T4
	36654
	77990
	41336
	1.13

	           T5
	37900
	83619
	45719
	1.21

	           T6
	38500
	88500
	50000
	1.3

	           T7
	38900
	92398
	53498
	1.38

	           T8
	40089
	99813
	59724
	1.49

	           T9
	42056
	125187
	83131
	1.98


*B:C: benefit-cost ratio
Gross return (₹ ha⁻¹) 
A significant increase in gross return was observed with phosphorus and zinc treatments. The highest gross return was recorded in T9 (Rs. 125187), whereas the lowest was recorded in T0 (Rs. 49369; control). Kuniya et al. (2018) reported that gross return increased with fertiliser application.
Net return (₹ ha⁻¹) A significant increase in gross return was observed with an increased seed rate. The maximum net return was observed in T9, whereas the lowest benefit-cost ratio was observed in T0 (control). Katiyar et al. (2017) and Hidoto et al. (2017) reported that net return increased with an increased fertiliser dose. The graphical presentation of gross return, net return, and benefit-cost ratio is given below.
                         
(a)                                                                                                   (b)
Fig. 4. (a) & (b) Effect of Phosphorus and Zinc on Gross Returns, Net Returns, and Benefit-Cost Ratio of Chickpea
The maximum net return (83131 ha-1) and B:C ratio (1.98) were recorded in T9, whereas the net return (18948 ha-1) and B:C ratio (0.62) were recorded in the control (T0). Similar observations were reported by Hafeez et al. (2013).
Conclusion and Recommendation
Chickpea is one of the oldest legume crops and is the second most important crop worldwide. It is a rich source of protein, fibre, and vitamins and is a staple food for vegetarian populations. Indian farmers prefer chickpea over other pulses because of its ease of cultivation, good yield, and adaptability to various cropping systems. The findings of the present study revealed that the combination of zinc and phosphorus had a positive effect on yield. Zinc application significantly increased yield-attributing characters in chickpea. Crop yield is the cumulative outcome of yield-attributing characters such as pods per plant. This response may be due to the increased availability of zinc to plants following its addition to the soil. Zinc is involved in starch formation, growth-promoting substances such as auxin, seed maturation and production, and protein synthesis. The increase in yield and yield attributes might be due to the active biological role of phosphorus in plant metabolic processes and photosynthesis, which tends to increase flowering, fruiting, and grain formation and ultimately increases yield attributes and yield. The increase in grain and straw yield due to phosphorus may result from the cumulative effect of yield attributes and possibly from the effective uptake and utilisation of nutrients through an extensive root system developed under an adequate phosphorus supply.
Limitations
This study was conducted during a single rabi season at one research farm in Khiala, Jalandhar, with three replications. Consequently, the findings represent the specific environmental, soil, management, and seasonal conditions of the experiment. Treatment responses may differ across locations, seasons, and soil fertility conditions. The study focused on the reported yield attributes and economic indicators; therefore, broader inference beyond the measured variables and experimental conditions should be made cautiously.
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Gross return	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	49369	59800	67800	72290	77990	83619	88500	92398	99813	125187	Net Return	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	18948	28350	34011	36840	41336	45719	50000	53498	59724	83131	




B:C Ratio	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	0.62285920909897763	0.90143084260731321	1.0065701855633491	1.0392101551480959	1.1277350357396192	1.2063060686015832	1.2987012987012987	1.3752699228791774	1.4897852278679937	1.9766739585314819	


PODS IN PLANT

No. of pods per plant	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	36.766666666666673	38.599999999999994	45.4	47.133333333333326	49.20000000000001	51.133333333333333	53.79999999999999	56.766666666666673	58.133333333333326	61.133333333333326	No. of Seeds Per Pod	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	1.63	1.8133333333333299	1.9566666666666701	2.1733333333333298	2.38	2.58	2.73	2.89	2.99	3.02	



TEST WEIGHT

T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	239.4666666666667	242.56666666666663	245.33333333333334	249.9666666666667	251.77333333333334	255.39333333333335	261.07333333333332	264.20999999999998	266.3	270.23333333333335	


Yields

Seed Yield (quatinal/ha)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	12.44	13.25	13.753333333333332	13.699999999999998	13.18	13.979999999999999	14.633333333333333	17.633333333333336	19.366666666666667	20.2	Straw Yield (Quatinal/ha)	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	14.036666666666667	14.920000000000002	15.89	15.946666666666665	14.64	15.979999999999999	16.599999999999998	19.099999999999998	21.166666666666668	24.8	Seed Index 	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	8.8333333333333339	9.8666666666666671	10.136666666666667	11.299999999999999	11.866666666666667	12.166666666666666	12.733333333333334	13.200000000000001	13.866666666666667	14.200000000000001	Biological Yield 	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	26.143333333333331	28.090000000000003	30.33666666666667	31.8	33.666666666666671	35.466666666666661	37.133333333333333	39.266666666666666	41.733333333333341	44.70000000000001	Harvest Index	T0	T1	T2	T3	T4	T5	T6	T7	T8	T9	33.78809129159761	35.125192832562	33.413910559279195	35.534591194968549	35.247524752475243	34.304511278195491	34.290843806104135	33.616298811544993	33.22683706070287	31.76733780760626	






