



Effects of calcium nitrate  application on  some soil properties in apple plantation  in Kashmir, India
Abstract:
Calcium is an  important mineral element needed in the soil for the production of good quality apples. The  investigates effect of calcium nitrate soil application on some post-harvest soil properties in an apple plantation in Kashmir.    
 Soil application of calcium nitrate increased organic carbon, cation exchange capacity, nitrogen, potassium and calcium availability with every enhanced dose in post-harvest soil, whereas available phosphorous, iron, zinc and boron with every enhanced dosage of calcium nitrate showed opposite trend and reduced availability of these nutrients in post-harvest soil. Among doses calcium nitrate soil application @ 300 gram per plant was superior to 200 or 100 gram per plant in both apple varieties. Golden Delicious performed better than Red Chief Camspur but variation was statistically non-significant. Results of research evidenced that calcium nitrate application reduced availability of soil phosphorous and micronutrients, thus mixture of micronutrients must be recommended to maintain availability of these elements to apple plant. Further studies under different ecologies and soil category need to be carried for finding threshold limits of calcium dosage as per plant establishment, moisture variability and plant age.
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Introduction:

The apple (Malus domestica)  has being grown in Asia and Europe from thousands of years. In India, Jammu and Kashmir are  well known for its apple production, ranking first at national level and producing nearly 60 percent of total national production (Hanan, 2015). Apple is  temperate fruit crop of Kashmir valley occupying more than 48 percent of area under fruit crops. Nature has bequeathed Kashmir region with agro climatic surroundings which are beneficial for apple cultivation. The apple plantation covers  50 % of agricultural area  with a 6 percent annual expansion of land under the production of the crop (Government of Jammu and Kashmir, 2017a). In 2018-19, total apple production from Union Territory was 19 lakh tonnes which were almost 77% of total production of the India as a whole.  The Kashmir valley, south regions including Kulgam and Shopian districts  previously famous for rice cultivation are now known the areas with best quality apple. Among major producing districts Baramulla, Kupwara, Shopian, Anantnag and Kulgam covers area of 25307, 19441, 21676, 18426 and 18144 hectares respectively and constitute 62.5% of total area under apple cultivation in UT J&K. Production in above mentioned districts is respectively 479570, 283460, 276226, 259959 and 207873 metric tonnes and constitute overall 74.4% production of UT J&K (Directorate of Horticulture 2019-20). Apple inhabits dynamic places 
in enhancing fruit grower’s income (FAO STAT, 2019). The sector employs almost 7 lakh families and 33 lakh people directly or indirectly (Jha et al., 2019), undoubtedly create job opportunities for the youth in the region. Horticulture plays a  vital role in the economic expansion of the Union Territory with yearly turnover of over INR 300 crores, apart from foreign exchange of over INR 80 crores. 

In high density plantation system maximum numbers of plants are established to achieve absolute output by best use of solar radiation, land, water, nutrient from soil. HDP
 also have better adaptability to modern input saving technique such as drip irrigation, fertigation, mechanical harvesting and mechanical pruning etc. Area expansion under high density plantation is primary priority of the government. High density plantations scheme is projected to brand horticulture lucrative through superior production, higher yield possibilities per hectare, early harvest for targeted markets and launching of insect and pest resistant varieties thereby saving the expenses on pest and disease control.

Nutrient managing plays key role in fruit production and its quality as nutrient are needed for plant life existence. Calcium is crucial nutrient for growth and fruit quality, it acts as a messenger against environmental stresses. Low calcium level causes reduced root expansion, necrosis of leaf, blossom end rot, curling, fruit cracking, bitter pit and deprived fruit storage strength. Calcium is not freely mobile in plants, its deficiency, especially in acidic soil conditions, has a rapid impact on vigorously growing tissues (Mestre et al., 2012). Plant growth, chlorophyll content, membrane permeability and yield are all negatively influenced by calcium deficiency (Montanaro et al., 2015). There has been large curiosity in the usage of calcium due to the advantageous effects on fruit quality and shelf life. Its necessity in avoiding numerous physiological disorders like bitter pit and water core in apple is quite evident. Although soil application is common method of fertilizer use in fruit trees. Calcium Chloride and Calcium Nitrate have historically been used to apply in apples to improve quality and translocation. Keeping in view the above facts, the present investigation  was undertaken to investigate soil application of calcium nitrate at different concentrations on post-harvest nutrient status in acidic soil under high density planting system.
Materials and Methods:

The current study was conducted under temperate climate in the year 2022 at Ambri Apple Research Centre, situated at 33º75’ N latitude and 74º86’ E longitude at 1946 meters above mean sea level. Pre-experimental soil samples  were taken from 0-30 cm depth  for understanding soil fertility status of soil to prepare action plan and its execution. The results of the collected sample revealed that the soil is clay loam in texture having slightly acidic in nature, medium in available nitrogen, high in potassium and phosphorus. The micronutrient content of the experimental soil is adequate as per requirement of the crop. The soil of investigational farm is clay loam in texture with moderate cation exchange capacity (CEC) and organic carbon content. The detailed features of experimental soil have been mentioned in Tab

Table 1: Initial soil properties of experimental soil

	Soil property
	Value
	Soil property
	Value

	Electric conductivity (ds m-1)
	0.10
	Available potassium (kg ha-1)
	317.7

	Soil pH (1:2.5)
	6.16
	Available sulphur (kg ha-1)
	13.8

	Cation exchange capacity (c mol kg-1)
	15.0
	Available calcium (ppm)
	1295.5

	Organic carbon (g/kg)
	7.9
	Available magnesium (ppm)

	461.7

	Soil texture
	Clay loam 
	Iron (ppm)
	52.4

	Bulk density (Kg m-3)
	1.25
	Zinc (ppm)
	1.43

	Particle density
	2.61
	Manganese (ppm)
	49.9

	Available nitrogen (kg ha-1)
	259.5
	Copper (ppm)
	1.57

	Available phosphorus (kg ha-1)
	17.52
	Boron (ppm)
	1.32


A suitable 14 years old, well established apple orchard was selected and proper layout was sketched based on treatment combination. After demarcation, randomization of treatment combinations was done using R- software. RBD with 2 factors i.e., varieties, different concentration of calcium nitrate with three replications was executed. Treatment combinations for two Varieties viz Red Chief Camspur and Golden Delicious, constitute 8 treatment combinations per replication and overall, 24 treatment combinations in 3 replications as mentioned below in Table 2. 

Table 2: Treatment combinations of planned experiment

	Treatment combinations for variety Red Chief Camspur

	T1
	Red Chief Camspur, no soil application of Calcium Nitrate

	T2
	Red Chief Camspur, soil application of Calcium Nitrate@100gm/plant

	T3
	Red Chief Camspur, soil application of Calcium Nitrate@200gm/plant

	T4
	Red Chief Camspur, soil application of Calcium Nitrate@300gm/plant

	T5
	Golden Delicious, no soil application of Calcium Nitrate

	T6
	Golden Delicious, soil application of Calcium Nitrate@100gm/plant

	T7
	Golden Delicious, soil application of Calcium Nitrate@200gm/plant

	T8
	Golden Delicious, soil application of Calcium Nitrate@300gm/plant



Soil application of calcium nitrate as per treatments was carried at pea nut stage. The high-density plantation orchard selected was not disturbed, hoeing under the canopy section (4 feet) with Khurpi was done prior to nutrient application to soil. The manual weeding of the experimental plot was done for control of weeds as and when required to keep the field in well condition. One third dose of nitrogen (75g nitrogen per plant) through urea (162.7g urea per plant), full dose of phosphorous (125g P2O5 per plant) through DAP (271g DAP per plant) and half dose of potash (150g K2O per plant) through MOP (250g MOP per plant) were applied three weeks before expected bloom as basal dose. One third dose of nitrogen (75g nitrogen per plant) through urea (162.7g urea per plant) and remaining half dose of potash (150g K2O per plant) through MOP (250g MOP per plant) were applied three weeks after fruit set. Remaining one third dose of nitrogen (75g nitrogen per plant) through urea (162.7g urea per plant) was applied in the first week of July. Other than different calcium treatment combinations all other essential nutrients were applied as per SKUAST-K recommendation. Irrigation to the experimental plot was applied as and when needed, based on wetness of the soil and crop requirement. The availability of moisture in the soil was carefully monitored during the crop growing period. All plant protection processes were performed as per package and practices recommended by SKUAST-Kashmir.

Soil samples from three replications were taken at 0 to 30 cm depth in both varieties were 100, 200 and 300 grams of calcium nitrate per plant as per treatment combinations were applied. Collected samples of soil were dried at the room temperature, grinded with help of mortar and pestle to be sieved through 2mm sieve. Labelling of sieved samples were done and then were kept in polythene bags for chemical analysis. The fast titration method of Walkley and Black was used to determine organic carbon (OC). Cation exchange capacity (CEC) was estimated as per procedure given by Rhoades (1983). Available nitrogen was estimated by using alkaline potassium permanganate method (Subbiah and Asija, 1956). Available phosphorus was extracted with 0.5 M NaHCO3 (Olsen et al., 1954). Available potassium was extracted with Neutral Normal Ammonium Acetate (Jackson, 1973). Calcium was estimated by using DTPA extraction method (Lindsay and Norvel, 1978), whereas iron and zinc were measured by extracting a portion of 10 gm of soil sample with 20 ml of diethyl triamine pentaacetic acid and boron was determined by using the Colorimetric method (Burger and Truog, 1944). The data generated from investigation was analysed and interpreted by using advanced standard statistical procedure. 
Results and discussions:



Fertile soil and its nutrient supplying capacity are essential factors for achieving larger apple yield and better quality. This is because a healthy plant establishment depends on healthy roots to absorb water and nutrients from the soil rhizosphere. The fertility status of the soil is highly influenced by interactions between physical, chemical and biological properties of the soil.  


As depicted in Table 3 the organic carbon ranges from 0.783 to 0.857%. This shows that the level of organic carbon in the experimental soil lies in the medium range. Organic carbon content in soil did not show any significant statistical difference in case of apple varieties, whereas organic carbon by soil application of calcium nitrate @ 100, 200 and 300 grams per plant varied significantly. The consequent factor is the rate of calcium nitrate soil application that exhibited a clear trend with the highest increase. The lowest organic carbon 0.788 % was recorded in control where no soil application of calcium nitrate was applied , whereas soil application of calcium nitrate @ 100, 200 and 300 grams per plant had organic carbon mean values of 0.820, 0.835 and 0.852% respectively. The organic carbon in the soil positively affects the physical and chemical properties of the soil, such as water infiltration ability, moisture holding capacity, nutrient availability and the biological activity of microorganisms. The level of soil organic matter correlates strongly to the cation exchange capacity and acts as the source of numerous plant nutrients, especially nitrogen. 
Table 3:
Effect of calcium nitrate soil application on post-harvest soil organic carbon (%) of experimental soil

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control (no application)
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	0.793
	0.820
	0.843
	0.857
	0.828

	
	Golden Delicious
	0.783
	0.820
	0.827
	0.847
	0.819

	
	Mean
	0.788
	0.820
	0.835
	0.852
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	0.012
	NS


            Soil Cation exchange capacity (CEC) varied widely by applying calcium nitrate to soil as shown in Table 4. Calcium nitrate rates @ 100, 200 and 300 grams per plant revealed a clear difference in soil CEC. Lowest soil CEC (15.0 C mol/kg) was recorded in control and highest (18.30 C mol/kg) in treatment where 300 g per plant calcium nitrate soil application was done. Soil CEC in case of soil calcium nitrate application followed increasing trend with mean values 15.5,16.7 and 18.0 cmol kg-1 in soil calcium nitrate application @ 100, 200 and 300 grams per plant respectively, while as in case of varieties mean values were 16.6 and 16.0.

Table 4:
Effect of calcium nitrate soil application on post-harvest cation exchange capacity (cmol kg-1) of experimental soil

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	15.0
	16.0
	17.0
	18.3
	16.6

	
	Golden Delicious
	15.0
	15.0
	16.3
	17.7
	16.0

	
	Mean
	15.0
	15.5
	16.7
	18.0
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	0.95
	NS


Soil available nitrogen is referred to as a pool of total nitrogen, which plants can assimilate. Table 5 presents the available nitrogen status of post-harvest soil of the experimental field. Apparently, the higher available nitrogen is found under higher calcium soil nitrate application. It appears that apple varieties have no significant effect on available nitrogen in post-harvest soil. Soil available nitrogen varied from 257.4 to 269 kg ha-1. Statistical analyses indicate that there are significant differences in the available nitrogen content among the calcium nitrate doses @100, 200 and 300 grams per plant. In case of rate of application, it showed an increasing trend with mean values of 262.3, 265.5 and 268.1 kg ha-1 for 100, 200 and 300 gram per plant soil calcium nitrate application. 

Table 5:
Effect of calcium nitrate soil application on post-harvest soil available nitrogen (kg ha-1) of experimental soil 

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	259.5
	263.3
	266.9
	269.0
	264.7

	
	Golden Delicious
	257.4
	261.2
	264.2
	267.2
	262.5

	
	Mean
	258.5
	262.3
	265.5
	268.1
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	2.4
	NS


The concentration of the available phosphorus ranged from 14.72 to 16.54 kg ha-1 (Table 6), indicating the concentration  was moderate  and would need a little dose to raise the P content to high. The major problem of getting soil P into plant tissue in a slightly acidic condition is that the supply of phosphorus in experimental soil is low and applying calcium to soil fixes it. In experimental soil, phosphate ions might bind to Fe and Al ions or absorb to the surfaces of insoluble Fe, Al and Mn hydrous oxides to form insoluble phosphates. There was a non-significant variation in phosphorus concentration in the case of both apple varieties. Apparently, treatments containing higher calcium nitrate application reacted with soil P, making it unavailable to the apple trees. Calcium nitrate applications at varying rates exhibited a  difference in available phosphorus. Lowest available average phosphorus 14.78 kg ha-1, was observed when calcium nitrate was applied @ 300 gram per plant, followed by 15.15 kg ha-1 in 200-gram calcium nitrate per plant and 15.71 kg ha-1 in case of 100-gram calcium nitrate per plant. The highest phosphorus 16.29 kg ha-1 have been observed where no calcium nitrate was applied. The variation in availability was statistically significant in calcium nitrate doses whereas variety had no significance on available phosphorus content of soil.

Table 6:
Effect of calcium nitrate soil application on post-harvest soil available phosphorous (kg ha-1) of experimental soil 

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	16.54
	15.74
	15.13
	14.84
	15.56

	
	Golden Delicious
	16.03
	15.68
	15.15
	14.72
	15.40

	
	Mean
	16.29
	15.71
	15.14
	14.78
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	0.23
	NS


The available potassium varied significantly for calcium nitrate doses and non-significantly in apple varieties. We found significant decrease in soil available potassium with every enhanced level of calcium nitrate. Lowest available potassium 303.7 kg ha-1 was observed at higher calcium dose and higher available potassium level 310.7 kg ha-1 was found in control without any calcium nitrate application (Table 7). All the values of verities and their interactions with calcium nitrate were statistically non-significant.
Table 7:
Effect of calcium nitrate soil application on post-harvest soil available potassium (kg ha-1) of experimental soil 

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	310.0
	307.7
	305.7
	303.7
	306.8

	
	Golden Delicious
	311.3
	308.0
	306.0
	303.7
	307.3

	
	Mean
	310.7
	307.8
	305.8
	303.7
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	0.97
	NS


Calcium is an essential macronutrient; it moves into plants mainly by mass flow and is easily leached from soils if not adsorbed to the soil. Calcium occurs predominantly as exchangeable and solution Ca+2 and its absorption by plants depends on the amount of solution Ca+2, soil pH, % Ca saturation on the CEC, quantity of other exchangeable ions and the type of clay. It is important to note that Ca uptake is passive and restricted to the non-suberized portion of young root tips, thus limiting the capacity of Ca+2 sorption. The main effects of treatments among calcium nitrate doses showed significant differences in calcium availability in experimental soil (Table8). The calcium application increased the soil pH, thus favoring Ca+2 adsorption and uptake. Soil exchangeable calcium significantly varied in different rates of application in both varieties. Lowest exchangeable calcium of 1276 was recorded in control whereas maximum calcium 1370.3 was observed in 300 gram per plant calcium nitrate application. Rate of calcium nitrate application had an increasing trend with mean values 1334.0, 1348.5 and 1370.3 ppm for low, medium and high doses of calcium nitrate soil application.

Table 8:
Effect of calcium nitrate soil application on post-harvest available calcium (ppm) of experimental soil 

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	1274.4
	1330.2
	1349.6
	1370.5
	1331.2

	
	Golden Delicious
	1278.6
	1337.7
	1347.5
	1370.1
	1333.5

	
	Mean
	1276.5
	1334.0
	1348.5
	1370.3
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	5.749
	NS


Soil available iron, zinc and boron are pools of total iron, zinc and boron that plants can assimilate. Table 9, Table 10 and Table 11 presents the available iron, zinc and boron status of post-harvest soil of the experimental field. Antagonistic effect of calcium nitrate soil application on iron, zinc and boron is revealed by apparently, the higher available iron, zinc and boron concentration in post-harvest soil samples are in control and their availability decreases with every enhanced dose of calcium nitrate soil application. It appears that apple varieties have no significant effect on available iron, zinc and boron in post-harvest soil. Soil available iron, zinc and boron varied from 43.05 to 47.91, 1.18 to 1.27 and 0.895 to 1.045 ppm respectively. Statistical analyses indicate that there are significant differences in the available iron, zinc and boron content among the calcium nitrate doses @100, 200 and 300 grams per plant. In case of application rate showed decreasing trend with mean values of 46.30, 45.06 and 43.78 in iron and 1.23, 1.21 and 1.18 in case of zinc and 1.00, 0.950 and o.895 ppm in boron @100, 200 and 300 gram calcium nitrate per plant, whereas values in control for all three elements were 47.55 and 1.27 and 1.045 ppm respectively. 

Table 9:
Effect of calcium nitrate soil application on post-harvest iron (ppm) of experimental soil

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	47.197
	46.680
	45.733
	44.507
	46.029

	
	Golden Delicious
	47.907
	46.000
	44.383
	43.050
	45.335

	
	Mean
	47.552
	46.340
	45.058
	43.778
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	1.034
	NS


Table 10:
Effect of calcium nitrate soil application on post-harvest zinc (ppm) of experimental soil

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	1.273
	1.243
	1.223
	1.183
	1.231

	
	Golden Delicious
	1.260
	1.220
	1.200
	1.183
	1.216

	
	Mean
	1.267
	1.232
	1.212
	1.183
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	0.0187
	NS


Table 11:
Effect of calcium nitrate soil application on post-harvest boron (ppm) of experimental soil

	Factors and their Treatment Combinations
	Calcium Nitrate

	
	Control
	100g plant-1
	200g plant-1
	300g plant-1
	Mean

	Varieties
	Red Chief Camspur
	1.037
	1.003
	0.947
	0.900
	0.972

	
	Golden Delicious
	1.053
	0.997
	0.953
	0.890
	0.973

	
	Mean
	1.045
	1.000
	0.950
	0.895
	

	CD Value at (5%)
	Varieties
	Calcium Nitrate
	Interaction

	
	NS
	0.034
	NS


                   Our results depicted from Table 3 to Table 11, showed that we do not find significant variation in soil properties to that of its initial features in case of varieties, but calcium nitrates doses had significant variation in all mentioned soil properties. Soil organic carbon ranged from 0.788 to 0.852 %, CEC ranged from 15.0 to 18.0, Available N ranged from (258.5 to 268.1 kg ha-1), available P ranged from (14.78 to 16.29 kg ha-1), available K ranged from 303.7 to 310.7 kg ha-1), available Ca ranged from (1276.5 to 1370.3 ppm), Fe ranged from (43.778 to 47.552 ppm), available Zn ranged from (1.267 to 1.183 ppm), available boron ranged from 0.895 to 1.045 ppm). Fertile soil and its nutrient supplying capacity are essential factors for achieving larger yield and maintaining soil health. This is because a healthy plant establishment depends on healthy roots to absorb water and nutrients from the soil rhizosphere. The post-harvest fertility status of soil carried for different soil properties were statistically significant by using different doses of calcium nitrate on soil organic carbon, cation exchange capacity, nitrogen, phosphorus potassium, calcium, iron, zinc and boron. Uptake of NO3- can cause H+ influx (or OH- efflux) with a rhizosphere pH increase Danner (2015). Soil calcium nitrate application increased pH of soil which influenced the charge of soil organic matter. Together the total quantity of negative surface charge on minerals and organic matter increased soil carbon and ultimately the soil cation exchange capacity (CEC). The cation exchange capacity (CEC) is one of the most important properties influencing nutrient availability and retention in the soil Danner (2015). Weng et al., (2022) observed that soil treated with Ca (NO3)2 increases the pH of soil, the cation-anion balance which facilitates NO3- (anion) or NH4+ (cation) uptake and consequent changes in rhizosphere pH. The nitrate treatments could lead to surplus uptake of anions over cations by plants. Furthermore, greater shoot growth in the nitrate treatment may have also contributed to greater nitrate uptake and consequently greater soil alkalization which significantly enhanced availability of nitrogen, potassium and calcium in soil. The phosphorus and micronutrient availability decreased by applying calcium nitrate to the soil as it either got fixed or declined by change in soil pH (Amiri et al., 2007). 
Conclusion:
             
Among the dosage calcium nitrate soil applications at 300 gram per plant performed better than calcium nitrate soil application at  200 or 100 gram per plant in increasing organic carbon, CEC and available nitrogen, potassium and calcium content in post-harvest soil. But with every enhanced dose of calcium nitrate plant availability of soil phosphorous and micronutrients decreased. Our study did not find any adversity of dosage on plant health, but need of soil application of micronutrients mixtures raised to maintain their accurate concentration in soil and plant.
 Further studies under different ecologies and soil category need to be carried for finding threshold limits of calcium dosage as per plant establishment, moisture variability and plant age.
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