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Abstract: Onion (Allium cepa L.) is an important commercial plant. Pakistan is a main onion growing country globally. The study was conducted to find out the nutrient status of onion growing areas of tehsil Baghbana, Balochistan. Soil samples were collected from 05 union councils including 50 samples in depth of 0-20cm. For location referencing of the soil samples latitude and longitude values of the sample’s points were recorded. The location was logged by Canota software and maps were using by remote sensing tool (Google earth). The soil nutrient analysis was conducted at Agriculture Research Institute (ARI) Quetta. Soil nutrient level including soil texture, pH, EC, Organic matter, Lime content & AB-DTPA extractable P content were examined. The findings showed variation in soil texture, although the pH values range from 7.69 to 8.81 (Mean 8.1, Mode. 8.04). 76% soils were medium alkaline (pH:7.6-8.2) while remaining 24% were strongly alkaline (pH: 8.3-9.0). The EC values (dSm-1) ranged between 0.19 to 2.84 (Mean. 0.60, Mode.0.46). Only 04% of soil samples were very slightly saline (EC: 2-4) whereas, remaining 96% were non-saline (EC: <2). Results of organic matter showed that soil samples ranged 0.13 to1.02% (Mean.0.52%, Mode.0.32%). Majority (98%) of the samples low in organic matter (OM:<0.86%), while there is 02% were medium in organic matter (OM: 0.86-1.29%). The lime content (CaCO3) lied between 13.3 to 45.7% (Mean. 31.09%, Mode.17.20%). Mostly (96%) soils were strongly calcareous (CaCO3: >15) and remaining 04% were moderately (CaCO3: 2-15) calcareous. The results of AB-DTPA showed the phosphorus level at tehsil Baghbana, Balochistan soil were deficient (94%) & ranged between 2.15 to 4.20 mg kg-1
1. Introduction
Onion (Allium cepa L.) is an herbaceous, biennial, monocotyledonous crop and one of the oldest vegetables known to be cultivated for nearly 5000 years, with its production increasing significantly in recent years (Shaheen et al., 2007). Globally, around 48 million tons of onions are produced annually, mainly by China, the United States, Pakistan, India, and Turkey (FAO, 2011). Onion is widely used in daily diets and is rich in nutrients such as vitamin C, calcium, proteins, and carbohydrates, making it a highly valued crop (Rana et al., 2021). 
Pakistan is the seventh-largest producer of onions, Sindh (39 percent) is the largest producer of onions in the country, then Khyber Pakhtunkhwa (35 percent), Punjab (18 percent), and Baluchistan (8.5 percent) follow (Saqib, 2012). In 2023-24, the total production of onions was 1.92 million tons in Pakistan (Hussain, 2024), out of which Balochistan's production was 509,545 tons, in which area Khuzdar was ranked first in terms of production with a total of 98,814 tons (GOP, 2024). The best irrigation timing, nutrient control, and understanding of the soil characteristics are the keys to the maximum onion yield (Reddy et al., 2020). 
Phosphorus which is an important nutrient needed by plants is usually insufficient, and almost all the soils in Pakistan have less than 10 mg/kg Olsen P (Memon et al., 1992), and inadequate availability of phosphorus greatly lowers crop productivity (Richardson et al., 2009). Fertility of soil is pegged on the level of P, K, and N which are assimilated by plants through soil water or by exchange between soil colloids and plants (Yang et al., 2001). The contemporary techniques such as VIS spectroscopy and remote sensing are being applied more and more in an attempt to estimate soil nutrients, stress, and crop development (Li et al., 2014). DMT technologies are developed at a high pace, but there is scanty information on the existing P and total N mapping (Yiming et al., 2018). LANDSAT was the first remote sensing product to be commercialized in 1972, and it offers effective large-scale data about soil and crops (Ben-Dor, 2001), which aids in monitoring the conditions of crops, the variability of their nutrients, and the fertility of the soil (Li et al., 2014). These tools are increasingly becoming indispensable to the improvement of onion production across the world with the emergence of smart agriculture (Khan and Shehryar, 2023).
 The purpose of the study is to map soils of the regions where onion is grown in Baghbana, District Khuzdar, in order to offer farmers, the valuable information to enhance the possibility of growing onions. It aims to evaluate the most important physico-chemical characteristics of the soil and identify the level of phosphorus in such fields. The study also comes up with maps of areas that are deficient in phosphorus so that farmers can embrace better soil and nutrient management methods in order to get more produce.
2. Materials and Methods
The study was conducted to determine the phosphorus (P) of soils in the major onions producing areas of tehsil Baghbana, District Khuzdar, Balochistan. Laboratory tests were all done at the Directorate of Soil, Water, and Plant Analysis, Agriculture Research Institute (ARI), Quetta, which has facilities of standard soil physico-chemical tests. 
Fifty (50) soil samples were taken in the main onion yielding fields of five Union Councils of tehsil Baghbana namely Baghbana-1, Baghbana-2, Sasol, Parko and Tutak showed in figure 1. These regions were chosen since they are the agricultural regions which have onions which are grown on commercial basis. Sampling of soil was done according to random sample as outlined by Shaikh et al. (2001) where subsamples were represented by several samples in each site and mixed thoroughly together to represent a composite sample. 
The samples were gathered to the upper 20 cm of the soil profile as it is a crucial depth in assessment of nutrient availability to onion roots. Laboratory analysis was performed using a 2-mm sieve after the samples were air-dried, ground and sieved. The geographic coordinates (latitude and longitude) of each sampling point were taken down to provide the correct spatial representation by use of Canota mobile application. The treatment of the study was the five Union Councils and two replications of each sample was done to increase the reliability and accuracy of the results. The texture, electrical conductivity (EC), pH, and calcium carbonate (CaCO 3), organic matter, and AB-DTPA extractable phosphorus of the soil samples were tested according to the measures taken by Shaikh et al. (2001). These parameters have been chosen since they are highly linked to nutrient availability and soil fertility especially phosphorus onion uptake. 
The study area had a spatial phosphorus deficiency map by the use of Google Earth, which was generated on the basis of the sample coordinates gathered during the sampling process. The version of Google earth that was used in the study was version 7.12.2041 that enabled it to plot accurately, visualization and map the sampling sites. CorelDRAW Graphics Suite X7 was also used to undertake further refining and map designing to enhance clarity and quality of presentation. These mapping tools were useful in determining the distribution of phosphorus levels in various fields in tehsil Baghbana. Microsoft Excel-2013 was used to calculate descriptive statistics such as minimum, maximum, mean, mode, standard deviation and coefficient of variation. 
Statistix 8.1 was used to perform correlation analysis between soil parameters to establish how soil properties and phosphorus availability are interrelated. Generalized map of tehsil Baghbana and a detailed map of all 50 sampling sites were drawn, and the respective coordinate of each was given in Table 1.
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Map 1: Map of Tehsil Baghbana, Balochistan: General Overview and Soil Sampling Sites in Onion Growing Areas (See Table 1 for Details).

Table 1: Details of sampling sites selected from onion growing areas of tehsil Baghbana, Balochistan
	S. No
	Village
	Union council
	Longitude 
	Latitude 

	1
	Kondi
	




Baghbana-1
	27°93.216
	66°52.688

	2
	Gorawa
	
	27°92.241
	66°51.202

	3
	Khair Kappar
	
	27°89.578
	66°46.249

	4
	Bhit Qambarani
	
	27°98.674
	66°56.494

	5
	Natwani
	
	27°97.632
	66°58.118

	6
	Khad Shaar
	
	27°99.754
	66°61.086

	7
	Hassan zai
	
	28°00.876
	66°62.578

	8
	Bajoi
	
	28°01.627
	66°63.339

	9
	Qaim Khanzai
	
	28°02.677
	66°64.827

	10
	Khair Changa
	
	28°03.798
	66°66.280

	11
	Ali Zai
	
	28°05.398
	66°66.624

	12
	Kalan
	
	27°97.491
	66°45.260

	13
	Peshak
	



Baghbana-2
	27°93.121
	66°36.825

	14
	Samban
	
	27°99.459
	66°49.770

	15
	Gori sing
	
	28°00.293
	66°50.416

	16
	Mir Shaar
	
	28°01.358
	66°52.797

	17
	Anjeeri
	
	28°02.279
	66°55.299

	18
	Mehmoodani
	
	28°03.154
	66°56.847

	19
	Raij
	
	28°05.124
	66°58.256

	20
	Anari
	
	28°05.686
	66°61.760

	21
	Raadani
	
	28°04.775
	66°63.170

	22
	Khandozai
	
	28°04.335
	66°64.871

	23
	Saraap
	




Sasol
	27°87.449
	66°69.967

	24
	Sor dhaat
	
	27°89.337
	66°71.670

	25
	Sharifabad
	
	27°90.587
	66°71.913

	26
	Zehreen Ghat
	
	27°91.012
	66°71.717

	27
	Khad Shaar
	
	27°91.831
	66°71.615

	28
	Shaank
	
	27°92.544
	66°71.209

	29
	Talaph
	
	27°93.258
	66°70.347

	30
	Kadan
	
	27°94.303
	66°70.044

	31
	Ghat
	
	27°91.807
	66°73.711

	32
	Bidrang
	
	27°91.219
	66°73.303

	33
	Ushtari
	



Parko
	27°86.586
	66°17.115

	34
	Qamarabad
	
	27°86.166
	66°16.269

	35
	Saraap
	
	27°87.835
	66°17.506

	36
	Khati parko
	
	27°88.707
	66°18.478

	37
	Mengalabad
	
	27°89.807
	66°19.682

	38
	Bithaar
	
	27°89.901
	66°20.681

	39
	Jo Parko
	
	27°90.189
	66°21.608

	40
	Besaar
	
	27°89.113
	66°22.153

	41
	Kark 
	



Tutak
	28°01.762
	66°45.582

	42
	Abi Noghe
	
	28°02.616
	66°44.272

	43
	Killi Qayumabad
	
	28°03.036
	66°43.183

	44
	Hinar Noghe
	
	28°04.310
	66°44.289

	45
	Killi Pirbakhsh
	
	28°05.605
	66°44.752

	46
	Darwazo
	
	27°99.103
	66°32.541

	47
	Sardari Shaar
	
	27°97.562
	66°28.145

	48
	Balbal
	
	27°97.993
	66°27.571

	49
	Mayyi
	
	27°95.871
	66°23.896

	50
	Kaori
	
	27°96.260
	66°25.765



3. RESULTS
The study was aimed to examine the phosphorus (P) content of the main onion growing areas of the tehsil Baghbana, Balochistan with relationship of P and selected soil properties. The mapping of study areas according to the nutrient status of soil samples, so that it can easily selected for cropping in future. The findings of the study are explained below:
i. Soil Texture
The soil texture analysis of 50 samples from five Union Councils of tehsil Baghbana, Balochistan, showed substantial variation across the study area. Limited irrigation in the plains has shifted agriculture toward the mountainous regions. Silty loam was the most dominant class, representing 38% of the samples, followed by 16% silty clay loam and clay, 12% clay loam and sandy loam, 4% sandy clay loam, and 2% silty clay in the Mayi area. Sand content ranged from 10.30% to 60.30% (mean 29.60%, CV 46.75%), silt from 14.00% to 70.10% (mean 41.40%, CV 37.91%), and clay from 8.80% to 68.10% (mean 29.36%, CV 50.51%), reflecting notable differences in soil formation. The soils are largely fine-textured, providing good moisture retention but potentially lower aeration. This variability emphasizes the importance of site-specific soil management for optimal crop production, irrigation, and nutrient application (Map 2).
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Map 2: Soil texture of soil samples collected from onion growing areas of tehsil Baghbana, Balochistan (For details see Table. 2)



ii. Soil pH 
[image: ]The pH of the soils where the onions were planted in tehsil Baghbana was between 7.69 and 8.81 with the average being 8.18 with the highest frequency of 8.04. The low coefficient of variation (3.38) and standard deviation (0.28) show that there is quite a stable pH value as compared to the locations. According to the classification of Ankerman and Richard (1989), out of the 100 percent of the soil samples, 76 percent of the samples are medium alkaline (pH 7.6-8.2) and the other 24 percent is strongly alkaline (pH 8.3-9.0). This implies that the study area is full of alkaline soil, which is likely to affect the performance of crops and the availability of nutrients (Map 3).








Map 3:  pH of soil samples collected from onion growing areas of tehsil Baghbana, Balochistan (For detail see Table. 2)


iii. Soil Electrical Conductivity (EC)
Electrical conductivity values showed wider variability, ranging from 0.19 to 2.84 dS m⁻¹, with an average of 0.60 dS m⁻¹ and a mode of 0.46 dS m⁻¹. The high coefficient of variation (75.97%) and standard deviation (0.45) indicate large fluctuations in soil salinity across sampling sites. Using the classification of Jackson (1962), 96% of the samples are non-saline (<2 dS m⁻¹), while only 4% fall into the very slightly saline category (2-4 dS m⁻¹). According to the mapped data, 48 locations are non-saline, and only two villages-Bhit Qambarani and Ushtari-show slightly saline conditions. Overall, the soils of tehsil Baghbana are predominantly non-saline, suitable for onion cultivation, though localized salinity requires careful management (Map 4).
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Map 4: Electric conductivity of soil samples collected form onion growing areas of tehsil Baghbana, Balochistan (For details see Table.2).


                                                                                                                              
iv. Organic Matter
There was also a significant variation in the organic matter content in the tehsil Baghbana onion growing areas with the maximum range being 0.13% to 1.02 percent with an average of 0.52 percent and a frequency of 0.32 percent. The standard deviation (0.16 percent) and coefficient of variation (31.80 percent) show that there is a medium level of variability among the sampling sites. The FAO (1986) classification shows that 98% of the samples have a low organic matter (<0.86%), and only one sample (Killi Pirbakhsh, 1.02%), which is 2% of the samples, is medium. Such general lack of organic matter implies low soil fertility and emphasizes the necessity of organic additives into the soil like farmyard manure or the compost to enhance soil structure and nutrient availability (Map 5). 
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Map 5: Organic matter of soil samples collected from onion growing areas of tehsil Baghbana, Balochistan (For details see Table 2)



v. Lime Content (CaCO₃)
[image: ]As showed in table 2 lime content across the 50 soil samples ranged from 13.3% to 45.7%, with an average of 31.09% and a most frequent value of 17.2%. The standard deviation (9.14%) and coefficient of variation (29.39%) indicate noticeable differences among locations. Based on the Reconnaissance Soil Survey (1972) classification, 96% of the samples were categorized as strongly calcareous (>15%), while only 4% represented by samples from Samban and Kalan were moderately calcareous (3-15%). High lime content is characteristic of arid-region soils and may reduce the availability of phosphorus, iron, and micronutrients, thus influencing the nutrient management strategies required for crop production in the region (Map 6)








Map 6: Lime content of soil samples collected from onion growing areas of tehsil Baghbana, Balochistan (For details see Table 2)

vi. AB-DTPA Extractable Phosphorus (mg/kg)
[image: ]The AB-DTPA extractable phosphorus (P) content of soils collected from onion-growing areas of tehsil Baghbana showed relatively narrow variation. The P levels ranged from 2.15 to 4.20 mg/kg, with a mean value of 3.10 mg/kg and a most frequent (modal) value of 3.12 mg/kg. The standard deviation (0.41) and coefficient of variation (13.23%) indicate only minor variability in P availability across the sampled locations. According to the classification proposed by Sultanpur and Schwab (1977), the majority of the soils fall in the low phosphorus category (<4 mg/kg). Specifically, 94% of the samples were categorized as low, while only 6% of the samples showed moderate P levels (4–7 mg/kg). The villages exhibiting moderate phosphorus availability include Kadan, Mengalabad, and Killi Pirbakhsh, as reflected in the mapped data. The results reveal that phosphorus deficiency is widespread in the onion-growing soils of tehsil Baghbana. This highlights the need for appropriate fertilization strategies, particularly the application of phosphorus-containing fertilizers, to improve soil fertility and support optimal onion production (Map 7). 
















Map 7: AB-DTPA extractable P of soil samples collected from onion growing areas of tehsil Baghbana, Balochistan (For details see Table. 2)








Table 2: Comprehensive Physicochemical Properties and Phosphorus Availability of Soils from Onion Growing Areas of Tehsil Baghbana, Balochistan.

	S. No
	Village
	Union council
	pH
	EC
(dS/m)
	Sand
(%)
	Silt
(%)
	Clay
(%)
	Textural
Class
	Organic
Matter (%)
	CaCo3
(%)
	AB- DTPAP
(mg/kg)

	1
	Kondi
	




Baghbana-1
	7.75
	0.61
	22.5
	58.2
	19.3
	Silt loam
	0.58
	38.1
	3.12

	2
	Gorawa
	
	7.93
	0.33
	29.8
	25.5
	44.7
	Clay
	0.49
	20.3
	3.06

	3
	Khair Kappar
	
	8.41
	0.62
	19.1
	52.2
	28.7
	Silt clay loam
	0.32
	31.5
	2.55

	4
	Bhit Qambarani
	
	8.72
	2.84
	17.8
	27.6
	54.6
	Clay
	0.44
	24.1
	2.98

	5
	Natwani
	
	7.83
	0.74
	15.2
	54.7
	30.1
	Silt clay loam
	0.57
	15.7
	3.12

	6
	Khad Shaar
	
	7.94
	0.26
	17.2
	59.3
	23.5
	Silt loam
	0.32
	39.3
	3.12

	7
	Hassan zai
	
	8.04
	0.79
	18.5
	54.3
	27.2
	Silt clay loam
	0.48
	26.2
	3.13

	8
	Bajoi
	
	8.13
	0.72
	35.8
	29.5
	34.7
	Clay loam
	0.29
	37.0
	3.10

	9
	Qaim Khanzai
	
	8.23
	0.26
	20.7
	54.2
	25.1
	Silt loam
	0.44
	17.2
	3.36

	10
	Khair Changa
	
	8.17
	0.82
	12.7
	57.1
	30.2
	Silt clay loam
	0.36
	20.5
	3.22

	11
	Ali Zai
	
	7.90
	0.31
	28.2
	51.9
	19.9
	Silt loam
	0.54
	36.1
	3.69

	12
	Kalan
	
	8.25
	0.34
	60.3
	21.5
	18.2
	Sandy loam
	0.42
	13.3
	2.96

	13
	Peshak
	



Baghbana-2
	7.98
	0.50
	32.1
	52.2
	15.7
	Silt loam
	0.58
	18.7
	2.98

	14
	Samban
	
	8.23
	0.52
	35.3
	26.0
	38.7
	Clay loam
	0.45
	14.8
	2.50

	15
	Gori sing
	
	8.05
	0.46
	50.1
	25.5
	24.4
	Sandy clay loam
	0.65
	20.1
	3.11

	16
	Mir Shaar
	
	8.00
	0.23
	29.5
	51.2
	19.3
	Silt loam
	0.56
	31.4
	2.15

	17
	Anjeeri
	
	7.73
	0.58
	58.4
	25.3
	16.3
	Sandy loam
	0.41
	32.3
	3.04

	18
	Mehmoodani
	
	8.03
	0.44
	27.2
	60.7
	12.1
	Silt loam
	0.54
	39.1
	3.11

	19
	Raij
	
	8.22
	0.45
	15.5
	21.3
	63.2
	Clay
	0.42
	41.3
	3.55

	20
	Anari
	
	8.00
	0.67
	25.3
	57.2
	17.5
	Silt loam
	0.63
	37.5
	2.55

	21
	Raadani
	
	8.10
	0.50
	21.4
	63.7
	14.9
	Silt loam
	0.65
	18.1
	3.22

	22
	Khandozai
	
	7.97
	0.46
	11.5
	53.2
	35.3
	Silt clay loam
	0.55
	37.7
	3.12

	23
	Saraap
	




Sasol
	8.17
	0.33
	39.1
	32.2
	28.7
	Clay loam
	0.56
	44.3
	3.45

	24
	Sor dhaat
	
	8.27
	0.59
	29.1
	70.1
	8.8
	Silt loam
	0.42
	27.9
	2.65

	25
	Sharifabad
	
	8.28
	0.53
	21.8
	24.5
	53.7
	Clay
	0.76
	31.1
	2.95

	26
	Zehreen Ghat
	
	8.70
	0.42
	35.2
	52.1
	12.7
	Silt loam
	0.72
	45.7
	3.15

	27
	Khad Shaar
	
	7.97
	0.58
	55.3
	30.0
	14.8
	Sandy loam
	0.61
	38.9
	2.84

	28
	Shaank
	
	8.25
	0.54
	30.3
	50.2
	19.5
	Silt loam
	0.57
	43.5
	3.54

	29
	Talaph
	
	8.81
	0.74
	16.4
	46.0
	37.6
	Silt clay loam
	0.41
	27.1
	2.73

	30
	Kadan
	
	8.46
	0.42
	57.1
	26.6
	16.5
	Sandy loam
	0.74
	31.7
	4.01

	31
	Ghat
	
	8.63
	0.71
	21.5
	55.3
	23.2
	Silt loam
	0.62
	35.3
	3.22

	32
	Bidrang
	
	8.12
	0.89
	31.6
	50.1
	18.3
	Silt loam
	0.47
	40.1
	2.55

	33
	Ushtari
	



Parko
	7.88
	2.28
	23.9
	61.4
	14.7
	Silt loam
	0.49
	21.7
	3.05

	34
	Qamarabad
	
	8.04
	0.32
	10.8
	21.1
	68.1
	Clay
	0.37
	38.5
	2.84

	35
	Saraap
	
	7.97
	1.05
	15.1
	49.1
	35.8
	Silt clay loam
	0.61
	19.9
	3.54

	36
	Khati parko
	
	7.69
	0.84
	26.1
	50.7
	23.2
	Silt loam
	0.78
	40.3
	3.04

	37
	Mengalabad
	
	8.32
	0.46
	36.8
	14.0
	49.2
	Clay
	0.63
	43.1
	4.03

	38
	Bithaar
	
	8.47
	0.41
	50.7
	23.5
	25.8
	Sandy clay loam
	0.32
	27.5
	2.65

	39
	Jo Parko
	
	8.40
	0.35
	43.3
	18.1
	38.6
	Clay loam
	0.56
	29.1
	3.11

	40
	Besaar
	
	8.43
	0.42
	20.6
	58.2
	21.2
	Silt loam
	0.78
	43.2
	3.21

	41
	Kark 
	



Tutak
	8.21
	0.42
	53.9
	30.0
	16.1
	Sandy loam
	0.45
	29.5
	2.96

	42
	Abi Noghe
	
	8.09
	0.83
	27.2
	53.7
	19.1
	Silt loam
	0.63
	30.7
	3.56

	43
	Killi Qayumabad
	
	8.22
	0.31
	19.4
	54.4
	36.2
	Silt clay loam
	0.35
	37.8
	2.69

	44
	Hinar Noghe
	
	8.04
	0.46
	24.5
	55.1
	20.4
	Silt loam
	0.64
	24.0
	3.45

	45
	Killi Pirbakhsh
	
	8.77
	0.71
	28.3
	18.5
	53.2
	Clay
	1.02
	17.2
	4.20

	46
	Darwazo
	
	7.84
	0.25
	55.7
	31.4
	12.9
	Sandy loam
	0.62
	41.9
	3.05

	47
	Sardari Shaar
	
	7.74
	0.26
	44.3
	21.6
	34.1
	Clay loam
	0.47
	43.7
	3.01

	48
	Balbal
	
	8.41
	0.54
	12.5
	25.3
	62.2
	Clay
	0.13
	26.1
	2.31

	49
	Mayyi
	
	8.53
	0.55
	10.3
	41.2
	48.5
	Silt clay
	0.19
	33.5
	2.83

	50
	Kaori
	
	8.23
	0.19
	35.3
	25.5
	39.2
	Clay loam
	0.23
	30.9
	3.47


	
	Minimum
	7.69
	0.19
	10.30
	14.00
	8.80
	……
	0.13
	13.3
	2.15

	
	Maximum
	8.81
	2.84
	60.30
	70.10
	68.10
	……
	1.02
	45.7
	4.20

	
	Mean
	8.18
	0.60
	29.60
	41.40
	29.36
	……
	0.52
	31.09
	3.10

	
	Mode
	8.04
	0.46
	35.30
	25.50
	19.30
	……
	0.32
	17.2
	3.12

	
	S.D ±
	0.28
	0.45
	13.84
	15.70
	14.83
	……
	0.16
	9.14
	0.41

	
	C.V%
	3.38
	75.97
	46.75
	37.91
	50.51
	……
	31.80
	29.39
	13.23


pH = soil acidity/alkalinity, EC = salinity, Sand/Silt/Clay = soil particle percentages, Textural Class = soil texture, Organic Matter = fertility level, CaCO₃ = calcium carbonate content, AB-DTPA P = available phosphorus (mg/kg).                                      


vii. Relationship of AB-DTPA extractable P with soil properties of onion growing
The relationship between P and other soil properties were statistically (Statistix 8.1) analyzed and given in table (5). It indicated that relationship of sand with clay, clay with pH and organic matter with P was significantly different by P value (<0.05). The sand with silt relationship was highly significant (<0.001) while silt with clay was very highly significant (<0.0001). Whereas, all other properties showed non-significant difference (>0.05).

[bookmark: _Hlk214185363]Table 5: Relationship of AB-DTPA extractable P with soil properties of onion growing area of tehsil Baghbana, Balochistan
	
	Sand
	Silt
	Clay 
	pH
	EC
	CaCO3
	O. Matter

	Silt
	-0.4906**
	
	
	
	
	
	

	Clay
	-0.4285*
	-0.5705***
	
	
	
	
	

	pH
	-0.1099NS
	-0.1789NS
	0.3036*
	
	
	
	

	EC
	-0.1850NS
	0.2290NS
	-0.0775NS
	-0.1736NS
	
	
	

	CaCO3
	0.0493NS
	0.0198NS
	-0.0611NS
	-0.0833NS
	
	
	

	O. Matter
	0.1598NS
	0.0755NS
	-0.2503NS
	-0.0124NS
	0.1744NS
	
	

	Phosphorus
	0.0800NS
	-0.1430NS
	0.0519NS
	0.0772NS
	0.0240NS
	0.0428NS
	0.4838*


NS = non-significant >0.05, * = Significant <0.05, ** = Highly significant <0.001, *** = Very highly significant <0.0001. 

4. Discussion
The assessment of soil physicochemical properties and nutrient status is crucial for improving crop productivity, particularly for high-value crops such as onion. Onion farming is a major sector of agricultural economy in Balochistan and it is necessary to know soil variability to implement smart and site-specific management methods. The modern precision farming technologies such as yield mapping that is interconnected with the GPS-based soil information systems have also expanded the ability to define the soil fertility and optimize crop inputs (Schubert et al., 2002; Khan and Song, 2023). 
The study findings showed that there was a significant spatial variation in the soil texture of the tehsil Baghbana with silty loam as the prevailing class (38%), transitioned by silty clay loam and clay (16%). The latter results are consistent with the findings of Muhammad et al. (2025) who also described onion-growing regions of tehsil Nal as having primarily heavy-textured soils. The small grained textures of the soils of Baghbana, which have a greater proportion of silt and clay, show evidence of good moisture retention, and in places the case of reduced penetration of the root and aeration. 
[bookmark: _Hlk214251364]Checking of soil reaction (pH) revealed minimal and deviation as the proportion of medium and strongly alkaline were 76 and 24 respectively. Muhammad et al. (2025) also reported similar alkaline conditions of soils in Khuzdar district. A typical feature of arid and semi-arid soils is the presence of high pH that is known to influence the solubility of nutrients, more so, phosphorus and micronutrients. Electrical conductivity (EC) was not harmful to the growth of onions and 96% of the sites were non saline. Two villages only exhibited a level of salinity that was slightly higher. Such findings are in line with Hazaro, District Attock, where Sajid et al. (2025) also found that the EC values in agricultural soils were generally low. The amount of organic matter was very low with 98 percent of the soil samples being lower than 0.86. This small level of organic matter is characteristic of dryland soils and is consistent with previous measurements by Jamal and Jamal (2018), who found that Swabi soils had the same deficiencies.
 Low organic matter decreases the level of soil fertility, water retention, and microbial activity, meaning that organic amendments (farmyard manure or compost) have to be introduced. There was also a high level of lime and 96% of samples were strongly calcareous. According to a report by Talpur et al. (2002), this is a common condition of Pakistani soils, and has the potential of reducing phosphorus supply because of fixation by calcium compounds. Availability of phosphorus became a significant limitation where 94 percent of the soils were grouped as being low in AB-DTPA extractable P. These findings go hand in hand with those of Talpur et al. (2016) and Abdissa et al., (2015), who reported equally low P levels in soils where onions grow and highlighted that the best onion yield is obtained when the soil P levels are about 2.4-4.8 mg kg -1.
The prevalence of P deficiency in this research highlights the importance of the balanced phosphorus application and site-specific management of nutrients. Results of correlation analysis revealed that several properties of the soil had significant relationships. Silt and sand were found to have a very strong negative correlation, which is natural balance of textural aspects. Clay exhibited a lot of associations with sands and silt, which implies a strong interdependence of textual elements. There was a good positive correlation between organic matter and phosphorus which is an indication that organic inputs in soil could increase the P availability. 
Non-significant relationships between most of the other soil properties and P were however evident, which suggests that factors like lime content and pH could have indirect and not direct effects on the P extractability. In general, the analysis demonstrates the high degree of variation in the social properties of soils at the different areas of onion cultivation of tehsil Baghbana. Precision agriculture can be facilitated through the incorporation of soil testing with digital mapping as it has been shown in other studies (Shaikh et al., 2023) to enable identification of areas with low nutrients content and give specific fertilizer prescriptions. These results underscore the importance of better management of soil fertility especially increase in the amount of organic matter and phosphorus to maintain and enhance onion production in the area.
5. Conclusion
Onion (Allium cepa L.) is an herbaceous biennial monocotyledonous plant. Its production is increasing now a days in great focus. About 48 million tons of onion are globally producing per year. It is important to maintain the nutrient status of soil for the high yield of plants. The current study was aimed to find out the nutrient level of onion growing areas of tehsil Baghbana, Khuzdar and its mapping by remote sensing tools. The result of the study revealed that soil texture was distributed in different concentration that is 38% silty loam, 16% silty clay loam and clay, 12% clay loam and sandy loam, 04% sandy clay loam and 02% silty clay. The pH ranged showed that 76% soil samples were medium alkaline and 24% samples were strongly alkaline, the results of EC revealed that 96% soil samples were non-saline and only 04% samples were very slightly saline. Furthermore, organic matter results indicated that 98% soil samples were deficient in organic matter and 02% samples showed medium concentration. The lime content was also examined which indicated that 96% of soil samples were strongly calcareous and 04% samples of soil showed moderately calcareous results. The finding of P AB-DTPA revealed that 94% soil samples were low in P and 06% were moderate. The areas selected for examination were mapped for their nutrient content which will be helpful for farmers and agriculturist in future for selection of site for onion crops.  
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