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Abstract 

Twelve Nagpur mandarin orchards representing most of the area of 

Kalmeshwar tahsil of Nagpur district were selected for its Micronutrient status, 

fruit quality and yield. The soils were silty clay loam to clay in texture, moderate 

to strongly alkaline, non-saline, calcarious with high free CaCO3 content (0.6 to 

20.7%). The primary, secondary and micronutrients DTPA-Zn, Cu was found to 

be responsible for development of Nagpur mandarin orchards and showed 

significant correlation with yield and quality parameters. The CaCO3 showed the 

adverse effect on availability of micronutrients and yield of Nagpur mandarin. 

The yield of Nagpur mandarin i.e. 22.0 to 28.3 tons ha-1 found to be optimum to 

high. DTPA–Zn 0.62–1.14 mg kg-1 and DTPA–Cu 2.68–3.86 mg kg-1 in soils may 

be found optimum for optimum production of Nagpur mandarin in Vidarbha 

region of Maharashtra. The DTPA Zn should also be kept more than critical limit 

for better yield and quality. 

INTRODUCTION 

Globally citrus is the leading fruit crop with a total production of 104.5 million tonnes 

(Mt), with the maximum production of 32.6 Mt in Asia followed by 25.8 Mt in South America. 

Country-wise, Brazil tops the list with a production of 19.9 Mt, followed by 14.1 Mt by USA, 5.7 

Mt by India, anchored at the sixth spot (FAO, 2004). The highest global citrus production comes 

from the soils represented by the order Alfisol, Uitisol, Entisol and Insceptisol (Kohli and 

Srivastava, 1997, Srivastava and Singh, 2002). Among the commercially known citrus fruits, 

mandarin (Citrus reticulate Blanco) tops in area and production followed by sweet orange 

(Citrus sinensis Osbeck), acid lime (Citrus aurantifolia Swingle) and others. In India, citrus is 

grown in an area of 5.63 lakh ha with a total production of 56.8 lakh tonnes with productivity of 

10.1 tonnes (SIA, 2005). Out of which area under orange cv. Mandarin is 2 lakhs ha with a 

production of 16.6 lakh tonnes.  

In terms of area, Maharashtra topped a list (137000 ha. with production 11.17 lakh 

tonnes) followed by Andhra Pradesh and Karnataka in national pool, accounting for 48% of total 

orange production in country. Orange is cultivated in 84000 ha. area in Vidarbha with total 
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production of 5 lakhs tonnes per year. Nagpur district alone has 20965 ha. area under Nagpur 

mandarin. 

Soil is the major factor for determining the success or failure of citrus plantation. The 

cultivation of citrus depends on several factors like presence of free lime, excessive salt, 

defective drainage, and presence of hard pan in the sub-surface, soil texture, mineralogy of soil, 

cation exchange capacity and soil fertility etc. (Srivastava et al., 2001). 

 

MATERIAL AND METHODS 

The present investigation “Soil and Leaf Nutrient Status and Fruit Quality of Orange 

Orchards in Kalmeshwar Tahsil, District Nagpur” was undertaken during the year 2009-2010 to 

assess the characterization of soil, leaf nutrient and fruit qualities of orange from different 

orchards of the mentioned area. 

The orange orchards selected for the present investigation in Kalmeshwar Tahsil of 

Nagpur District were surveyed and twelve orchards were selected on the basis of their yield 

performance for last five years and visual observations. 

General characteristics of area: 

Locations: 

The area selected for the present study covers the part of Kalmeshwar tahsil of Nagpur district 

of Maharashtra State, where orange is grown by the farmers. The selected orange orchards 

located in twelve villages of Kalmeshwar Tahsil. The villages are Yerla-I, Yerla-II, Pilkapar, 

Khumari, Kohali, Sawandri, Ghorad, Ramgiri, Sonkhamb, Pardi-I, Pardi-II, Linga. 

Kalmeshwar extends from 210 10’ 14” N latitude and 760 36’ 48” N longitude at an elevation of 

425 m above mean sea level. 

Selection of Orange Orchards : 

The orange orchards were selected by surveying the study area in Kalmeshwar Tahsil and 

meeting the farmers personally. Therefore twelve orange orchards were selected for the 

present study.  

Collection and processing of soil samples: 

The surface and sub-surface soil samples at a depth of 0-15, 15-30 and 30-45 cm from exposed 

profile will be collected for physical and chemical analysis. 

About 1.5 kg representative soil sample from each of the 15 cm layer was collected in cloth bag 

for laboratory characterization. The bulk soil samples were allowed to air dry and then weighed 

a wooden mortar and pestle was used to crush soil aggregates to pass a 2 mm sieve. Soil 

material passing through the sieve was placed in labeled polythene bags. A small portion of less 

than 2 mm sample was ground to pass a 100 mesh sieve for organic carbon and free calcium 

carbonate determination. 

 

RESULTS AND DISCUSSION 

Physical properties of soils of Nagpur mandarin orchards: 

Particle-size distribution:    

 The distribution of different particle-sizes and their amounts provide many clues about the 

texture of the soil which controls availability of water, nutrients, aeration and provides foothold 

to plants directly and indirectly and modifies environment of rhizosphere for better bio-

chemical reaction to keep the soil in good health. The results of particle-size analysis are 

presented in table 1. The clay in soils varied from 32.5 to 61.5 per cent. It was highest in soils of 

Pardi-II (55.1 to 61.5 %) and lowest in soils of Pilkapar (32.5 to 41.2 %). Clay distribution with 

depth was almost uniform and in general increased with depth in all the soils. The increasing 

trend of clay with depth may be due to removal of fine from surface horizons and their 

subsequent translocation in lower horizons.  

The silt content ranged from 32.1 to 49.4 per cent and it gradually decreased with depth in all 

soils barring soils of Khumari, Sawandri and Kohali. The highest weighted average of silt 

observed in soils of Yerla-I and lowest in Sawandri. 



Journal of Global Biosciences               Vol. 5(1), 2016 pp. 3523-3533 
ISSN 2320-1355  

http://mutagens.co.in                                                                                                                    3525 

The sand content ranged from 2.5 to 26.8 per cent and there was decrease in sand content in all 

the soils except soils of Yerla-I, Pilkapar, Ramgiri and Pardi-I. The highest weighted average of 

sand was recorded in soils of Ramgiri but lowest in soils of Ghorad. 

Bulk density 

Bulk density of soils is the ratio of mass of soil particles to total volume of soil at particular 

defined moisture content. This volume includes the volume of the soil solids, soil water and air. 

The latter two i.e. volume of water and air constitute the total volume of pores. Bulk density of 

soil is influenced by soil texture, structure, consistence, organic matter content, presence or 

absence of cementing agents, compaction and land management practices. 

The bulk density of soils of at field capacity varied from 1.34 to 1.55 Mg m-3 (Table 1). High 

value of 1.55 mg m-3 was noticed in Ramgiri soil due to their high sand content whereas lower 

value (1.34 mg m-3) was noticed in soils of Yerla-I and Ghorad. 

 

Table 1: Particle-size and bulk density.  

Depth (cm) 

Sand 

(2.0 - 0.05) 

Silt 

(0.05 - 0.002) 

Clay 

(<0.002) 
Bulk 

density 

(Mg m-3) ---% of less than 2 mm --- 

YERLA-I 

0 -15 9.8 49.4 40.8 1.34 

15 - 30 12.1 45.0 42.9 1.42 

30 - 45 18.9 42.5 38.6 1.47 

PILAKAPAR 

0 -15 17.6 39.2 41.2 1.38 

15 - 30 23.7 43.8 32.5 1.45 

30 - 45 25.4 40.9 33.7 1.49 

KHUMARI 

0 -15 9.8 38.6 51.6 1.35 

15 - 30 7.5 39.1 53.4 1.36 

30 - 45 4.6 40.3 55.1 1.38 

KOHALI 

0 -15 6.4 41.2 52.4 1.41 

15 - 30 4.2 42.1 53.7 1.41 

30 - 45 3.8 40.1 56.1 1.48 

SAWANDRI 

0 -15 11.5 32.7 55.8 1.40 

15 - 30 5.9 35.0 59.1 1.37 

30 - 45 6.5 34.0 59.5 1.43 

GHORAD 

0 -15 3.8 40.6 55.6 1.35 

15 - 30 3.1 39.1 57.8 1.39 

30 - 45 2.5 37.3 60.2 1.34 

YERLA –II 

0 -15 10.6 44.8 44.6 1.47 

15 - 30 11.1 43.7 45.2 1.41 

30 - 45 11.6 41.3 47.1 1.41 

RAMGIRI 

0 -15 18.5 43.0 38.5 1.48 

15 - 30 21.6 39.0 39.4 1.53 

30 - 45 26.8 32.1 41.1 1.55 

 

SONKHAMB 

0 -15 5.2 44.6 50.2 1.40 
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15 - 30 4.2 43.2 52.6 1.43 

30 - 45 3.6 41.6 54.8 1.40 

PARDI- I 

0 -15 15.2 41.7 43.1 1.48 

15 - 30 16.2 42.6 41.2 1.42 

30 - 45 19.4 42.2 38.4 1.43 

PARDI –II 

0 -15 5.6 39.3 55.1 1.38 

15 - 30 4.1 37.1 58.8 1.36 

30 - 45 3.2 35.3 61.5 1.37 

LINGA 

0 -15 4.9 41.4 53.7 1.39 

15 - 30 3.2 41.3 55.5 1.38 

30 - 45 2.9 38.2 58.9 1.36 

 

Chemical properties of soils of Nagpur mandarin orchards: 

Soil reaction (pH)  

The pH (soil reaction) is considered one of the most important characteristics of soils because of 

its intrinsic function in various phases of soil development, its direct effect on micro-biological 

activities, its role in deciding availability and uptake of various plant nutrients and its intrinsic 

relationship with other soil constituent determine by chemical analysis. 

The pH of soils varied from 7.2 to 8.8 (Table 2) indicating moderately alkaline to strongly 

alkaline soil reactions. There was slight increase in pH with depth in all the soils. 

Electrical conductivity  

Electrical conductivity gives an insight about the presence of soluble salts and used as one of the 

criteria to differentiate between saline and non- saline soil. The EC ranged from 0.11 dS m-1 in 

soils of Ramgiri to 0.74 dS m-1 in soils of Pardi-II (Table 2). Soils of Ghorad, Pardi-II and Linga 

showed relatively higher values. Sehgal et al. (1965) reported that the high electrical 

conductivity more than 0.5 dS m-1 at 250 C is unsafe for the successful growth of citrus due to 

toxic effect of accumulation of ions in plant tissue. Similar observations were also recorded by 

Malewar et al. (1978), Kalbande et al. (1983) and Borade (2000). 

Organic carbon   

The importance of soil organic carbon (SOC) in sustaining soil productivity is known since the 

dawn of human civilization. Soil organic carbon is of prime importance for various plant 

nutrient cycles and influence soil color, water retention, bulk density, susceptibility to erosion 

and soil structure. It improves soil aggregation and influences infiltration, movement and 

retention of soil water, soil aeration, soil temperature and root penetration. Soil organic carbon 

has very specific role in genesis of soil and used as criteria for placement soils in some taxa such 

as mollic, umbric (epipedons), humic (Great group and subgroup), etc. Sequestration of organic 

carbon is challenge in view of global warming and changing land use system.  

 

Table 2: Chemical properties of soils 

Depth 

(cm) 

pH 

(1:2.5 H2O) 

EC 

(dS  m-1) 

Org. Carbon 

(g kg-1) 

CaCO3 

(%) 

YERLA-I 

0 - 15 8.0 0.14 6.8 10.8 

15 - 30 8.2 0.25 6.2 18.3 

30 - 45 8.5 0.18 5.3 20.7 

PILAKAPAR 

0 - 15 8.1 0.35 7.2 8.2 

15 - 30 8.2 0.14 6.8 5.2 

30 - 45 8.2 0.17 4.7 6.7 
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KHUMARI 

0 -15 8.1 0.18 6.9 5.3 

15 - 30 8.1 0.16 5.5 5.7 

30 - 45 7.9 0.19 4.5 6.2 

KOHALI 

0 - 15 7.8 0.45 5.3 4.5 

15 - 30 7.9 0.18 4.5 5.6 

30 - 45 7.9 0.38 3.9 3.6 

SAWANDRI 

0 - 15 8.1 0.21 6.8 5.1 

15 - 30 8.3 0.38 6.0 6.8 

30 - 45 8.5 0.19 5.2 6.6 

GHORAD 

0 - 15 7.8 0.72 7.6 5.5 

15 - 30 8.1 0.35 7.0 4.5 

30 - 45 8.2 0.35 6.1 4.2 

YERLA-II 

0 -15 8.2 0.19 6.3 12.8 

15 - 30 8.1 0.18 5.2 9.7 

30 - 45 8.4 0.28 4.5 16.7 

RAMGIRI 

0 - 15 7.2 0.22 6.7 2.6 

15 - 30 7.3 0.18 6.2 0.6 

30 - 45 7.5 0.11 3.7 0.6 

SONKHAMB 

0 - 15 7.3 0.33 7.7 3.5 

15 - 30 7.3 0.25 6.8 3.3 

30 - 45 7.4 0.32 6.2 4.3 

PARDI -I 

0 - 15 8.0 0.54 6.1 12.6 

15 - 30 8.2 0.30 5.3 19.1 

30 - 45 8.3 0.21 4.6 15.7 

PARDI -II 

0 - 15 8.3 0.62 7.1 5.2 

15 - 30 8.5 0.68 6.7 6.1 

30 - 45 8.8 0.74 5.4 7.5 

LINGA 

0 -15 8.1 0.31 7.8 2.2 

15 - 30 8.2 0.38 6.9 2.6 

30 - 45 8.2 0.43 5.6 2.5 

The organic carbon content of the soils varied from 3.7 to 7.8 g kg-1 (Table 2) and in general 

decreased with depth. The maximum values were observed in soils of Linga (5.6 to 7.8 g kg-1), 

whereas the minimum in soils of Ramgiri (3.7 to 6.7 g kg-1). The surface samples of all the soils 

except Kohali had organic carbon more than 0.6 % as it is known that citrus orchards contribute 

more towards accumulation of organic carbon ( Naitam and Bhattarcharyya, 2004; Chakravarty 

and Barua, 1983). 

 

Calcium Carbonate : 

Presence of free calcium carbonate denotes the calcareousness of soil. Calcareous soil can be 

identified in field if it contains sufficient calcium carbonate (or magnesium / other carbonates) 

by effervescence when react with cold dilute HCL. The calcium not only improves the structure 



Journal of Global Biosciences               Vol. 5(1), 2016 pp. 3523-3533 
ISSN 2320-1355  

http://mutagens.co.in                                                                                                                    3528 

of soil but is also concerned with the decomposition of soil organic matter and synthesis of 

humus.  

The calcium carbonate content ranged between 0.6 to 20.7 per cent (Table 2). The CaCO3 

gradually increased with depth in all the soils but there was sudden increase in soils of Yerla-I 

and Pardi-I. This trend has been mainly due to leaching of bicarbonates during rainy season 

from the upper layer and subsequent precipitation during the hot and dry periods prevailing in 

the area. Presence of lime in moderate amount is good for citrus cultivation but excess amount 

of lime especially in the pedogenic form (Pal et al., 2000) is toxic and harmful and it is an 

important contributing factor for deficiencies of zinc, iron, manganese and other elements 

which remain unavailable.      

 

Nutritional status of soils:  

Micronutrients:  

The term micronutrients denote the elements, which are essential for the plant but are required 

in small amounts. The main source of micronutrients in soil is the parent material or rocks from 

which the soils have been formed. From the nature of parent material of soil, it is possible to 

have an idea of the deficiency or excess of micronutrient in it.  

The over exploitation of soil which are naturally degraded are confronted by a number of 

problems, among them micronutrients deficiency is common feature in soils of India (Ram 

Sakal, 2001) and in particular, Fe, Mn, Cu and Zn deficiencies are of paramount importance in 

soils of Maharashtra. In view of the fact that pH, ESP and CaCO3 controls the availability of 

micronutrient in shrink-swell soils, Kharker et al (1991) reported that the presence of excess 

powdery lime (CaCO3) reduces the availability of phosphorus and micronutrients like Zn, Mn, Fe 

and Cu in mandarin orchards in Vidarbha region. 

Data pertaining to micronutrient (Table 4) showed that there is significant variation in DTPA 

extractable micronutrient. DTPA-Zn in the soils varied from 0.24 to 1.14 mg kg-1 with higher 

values in Linga soils. DTPA-Zn showed that the availability of Zn in surface sample of these soils 

was higher to magnitude of 0.62 to 1.14 mg kg-1 except Yerla-I, Pilkapar and Pardi-I soils. The 

surface samples of these soils were above the critical level set as 0.6 mg kg-1 (Lindsay and 

Norvel). Zn value of soil of Yerla-I, Pilkapar and Pardi-I fall below the critical level and thus 

needs immediate attention through orchard management. 

DTPA-Fe content in all the soil samples ranged from 5.20 to 18.6 mg kg-1 and in surface samples 

it ranged from 8.64 to18.6 mg kg-1 with a tendency and showed to decreased with depth. In 

general, surface samples had higher concentration of DTPA micronutrient cations due to higher 

organic carbon and biological activity (Jagdish Prasad and Gajbhiye 1999). Kadao et al. (2002), 

reported that low availability of Fe in soils is due to interfering action of CaCO3 and in the 

availability of iron by precipitating it due to higher pH. 

The DTPA-Cu in different samples of Nagpur mandarin orchards varied from 0.82 to 3.12 mg kg-

1. DTPA-Cu data showed that Cu content was higher in surface samples and that decreased with 

depth. The higher DTPA-Cu in surface samples may be due to chelation with organic carbon 

(Marathe et al 2003). 

The DTPA-Mn in different samples of Nagpur mandarin orchards varied from 3.68 to 9.82 mg 

kg-1 and it was higher in surface samples in all the soils. The higher DTPA-Mn was found in Linga 

soils (5.92 to 9.82 mg kg-1) whereas lower value found in Pardi-I soils (3.68 to 4.86 mg kg-1). 
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Table 3: Micronutrient cations in soils  

Depth 

(cm) 

Zn 

mg kg-1 

Cu 

mg kg-1 

Fe 

mg kg-1 

Mn 

mg kg-1 

YERLA-I 

0 -15 0.32 1.88 8.64 4.84 

15 – 30 0.30 1.14 8.04 4.92 

30 - 45 0.24 0.92 5.20 3.90 

PILAKAPAR 

0 -15 0.56 2.88 10.82 8.48 

15 – 30 0.48 1.72 9.54 5.25 

30 - 45 0.36 1.46 9.36 4.92 

KHUMARI 

0 -15 0.64 2.96 14.28 6.95 

15 – 30 0.58 2.38 11.06 5.55 

30 - 45 0.48 2.54 12.94 5.26 

KOHALI 

0 -15 0.72 2.92 15.06 6.47 

15 – 30 0.56 2.58 10.56 5.17 

30 - 45 0.48 1.86 9.94 4.66 

SAWANDRI 

0 -15 0.78 3.86 13.16 6.12 

15 – 30 0.62 1.69 12.86 5.82 

30 - 45 0.51 1.58 10.68 5.67 

GHORAD 

0 -15 0.80 3.12 10.36 7.80 

15 – 30 0.74 2.88 8.46 5.61 

30 - 45 0.64 1.96 8.12 5.32 

YERLA-II 

0 -15 0.66 2.10 9.54 5.18 

15 – 30 0.44 1.32 7.14 4.88 

30 - 45 0.32 1.94 6.00 4.94 

RAMGIRI 

0 -15 0.85 2.92 18.6 9.16 

15 – 30 0.71 2.54 16.6 7.34 

30 - 45 0.54 1.72 15.9 8.18 

SONKHAMB 

0 -15 0.78 2.18 12.5 6.18 

15 – 30 0.52 2.66 11.6 6.06 

30 - 45 0.50 1.54 8.20 4.86 

PARDI-I 

0 -15 0.41 1.16 8.64 4.86 

15 – 30 0.28 1.84 7.97 3.68 

30 - 45 0.26 1.62 6.66 3.90 

PARDI -II 

0 -15 0.62 2.68 12.20 6.62 

15 – 30 0.59 0.94 10.64 4.72 

30 - 45 0.56 0.82 7.88 5.56 

LINGA 

0 -15 1.14 3.12 14.68 9.82 

15 – 30 0.92 2.95 12.85 7.60 

30 - 45 0.80 2.84 10.56 5.92 
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Yield data and fruit quality of Nagpur mandarin: 

Yield data: 

The yield data of Nagpur mandarin orchards is presented in table 4. The yield of Nagpur 

mandarin orchards varied from 8.0 to 28.3 t ha-1. The maximum yield recorded in Linga orchard 

(28.3 tons ha-1) and minimum in Yerla-I   (8.0 tons ha-1). It was revealed from the data that the 

higher yield was observed in soils akin to Vertisols than the Inceptisols and Entisols. Similar 

observations were also recorded by Awasthi et al. (1984) and Marathe et al. (2003). 

 

Table 4: Physical and Chemical characteristics of Nagpur mandarin  

Name of 

village 

Weight of 

fruit 

(gm) 

Peel 

thickness 

(mm) 

Juice 

(%) 

Acidity 

(%) 

TSS 

(%) 

Vitamin C 

(mg 100 ml-1) 

Yield of 

orange 

(t ha-1) 

Yerla-I 136.4 3.6 41.1 0.66 9.1 53.1 8.0 

Pilakapar 163.4 2.7 48.2 0.63 11.3 61.5 22 

Khumari 158.6 2.9 46.1 0.58 11.0 58.4 15.6 

Kohali 149.6 3.0 45.1 0.53 10.6 59.3 14.8 

Sawandri 168.7 3.5 48.8 0.56 11.6 61.4 24.5 

Ghorad 161.5 3.2 45.9 0.48 10.7 60.1 20.5 

Yerla-II 139.6 3.7 44.2 0.63 10.2 58.2 12.5 

Ramgiri 137.6 3.9 47.1 0.52 10.2 57.1 9.6 

Sonkhamb 153.3 3.9 45.1 0.41 11.3 54.1 16 

Pardi-I 147.8 3.4 40.8 0.62 9.2 54.6 11 

Pardi-II 158.4 3.2 47.6 0.57 11.3 57.6 23.2 

Linga 165.6 3.1 48.5 0.54 11.8 62.3 28.3 

 

Weight of fruit: 

The fruit weight of Nagpur mandarin between 136.4 to 168.7 g (Table 4) with an average weight 

of 153.3 g. The data of weight of fruits of orange was almost similar to that of yield of Nagpur 

mandarin (Munshi et al., 1979). 

Thickness of peel: 

The peel thickness of fruits of Nagpur mandarin varied from 2.7 to 3.9 mm (Table 4). The 

average peel thickness of fruits of all the Nagpur mandarin orchards was 3.3 mm (Munshi et al., 

1979 and Marathe et al., 2006). 

 Juice per cent: 

The data regarding juice content in the fruits of Nagpur mandarin is presented in table 5. The 

juice content in Nagpur mandarin fruits varied from 40.8 to 48.8 per cent with an average of 

45.7 per cent. The higher values of juice content was recorded in Sawandri mandarin orchard 

whereas low value in Pardi-I orchard. Similar finding was also recorded by Phuse et al. 2008. 

Acidity per cent: 

The acidity of Nagpur mandarin fruit juice varied from 0.41 to 0.66 per cent (Table 5) with an 

average of 0.56 per cent. The higher value was observed in Yerla-I mandarin orchard whereas 

lower value was observed in Sonkhamb orchard. Similar observations were also recorded by 

Munshi et al. (1979) and Srivastava et al. (2001). 

Total soluble solids (TSS): 

Total soluble solids content in fruit juice of Nagpur mandarin ranged between 9.1 to 11.8 per 

cent (Table 5) with an average of 10.7 per cent. Similar observations were recorded by Marathe 

et al. (2006) and Phuse et al. (2008). 
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Ascorbic acid (Vitamin C): 

The Vitamin C content in fruit juice ranged between 53.1 to 62.3 mg 100 ml-1 (Table 5). The 

higher value of vitamin C was observed in juice of Linga mandarin orchard. Whereas lower 

value was observed in Yerla – I.  

Correlation coefficient between fruit yield and soil Micro nutrient status of Nagpur 

mandarin orchards: 

The micronutrients to give good response in terms of yield. All the four micronutrients (Zn, Fe, 

Cu and Mn) were positively correlated with yield of Nagpur mandarin, but only Zn (r = 0.59) and 

Cu (r = 0.66). Similar observations were reported for Zn, Fe, Mn by Marathe and Bharambe 

(2007).  

Similar correlation results (Table 5) were also observed for weighted mean values of macro and 

micronutrients calculated for samples of 3 layers   0-15, 15-30 and 30-45 cm soil depth.    

 

Table 6:  Correlation coefficient between yield and soil Micro nutrient status surface soil 

(0-15 cm) of mandarin orchards 

Soil Micro nutrients ‘r’ value 

Zn (mg kg-1) 0.59** (0.65**) 

Fe (mg kg-1) 0.14  (0.15) 

Cu (mg kg-1) 0.66** (0.47) 

Mn (mg kg-1) 0.47  (0.36) 

  

*Significant at 1 per cent level 

**Significant at 5 per cent level 

# The values in parenthesis are ‘r’ values calculated on the basis of weighted mean of soil 

nutrients in three layers 0-15, 15-30 and 30-45 cm of soil depth. 

 

Correlation coefficient between soil nutrient status and fruit quality of Nagpur mandarin 

orchards: 

The weight of fruit is the important physical characteristics in terms of fruit quality of 

yield of Nagpur mandarin. The micronutrients Zn, Fe, Cu and Mn were also positively correlated 

with the weight per fruit of mandarin (Table7). 

The peel thickness of the fruit showed no relation with soil nutrient status.  

Fruit juice is the important quality of Nagpur mandarin.. The micronutrients (Zn, Cu, Mn) also 

had positive significant correlation with the fruit juice of mandarin with ‘r’ values 0.68, 0.87 and 

0.69, respectively. Similar results also found for 45 cm soil depth. 

Acidity percentage in fruit juice of Nagpur mandarin showed negative correlation with zinc (r = 

- 0.69), copper (r = - 0.68) and manganese (r = - 0.60) in surface soil (0-15 cm). The positive 

significant correlation were observed between the soil nutrient status of surface soil and the 

total soluble solids (TSS) of fruit juice of Nagpur mandarin and the ‘r’ values were 0.69 (Zn) and 

0.76 (Cu). Similar results were also observed for weighted mean values of soil nutrients for 45 

cm soil depth.                    

The ascorbic acid showed the similar relationship with the above soil nutrients as that of juice 

content in Nagpur mandarin. 
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Table 7: Correlation coefficient between soil Micro nutrient status of surface soil (0-15 

cm) and fruit quality of orange orchards 

Parameters 

 Wt. of 

fruit  

(gm) 

Peel 

thickness 

(mm) 

Juice 

(%) 

Acidity 

(%) 

TSS  

(%) 

Ascorbic acid  

(mg 100ml-1) 

Zn (mg kg-1) 0.43 

(0.50) 

0.01 

(-0.09) 

0.68** 

(0.72*) 

-0.69 

(-0.75) 

0.69** 

(0.74*) 

0.61** 

(0.63**) 

Fe (mg kg-1) 0.08 

(0.13) 

-0.31 

(0.05) 

0.52 

(0.55) 

-0.40 

(-0.36) 

0.38 

(0.38) 

0.31 

(0.32) 

Cu (mg kg-1) 0.64** 

(0.51) 

0.03 

(-0.28) 

0.87* 

(0.59**) 

-0.68 

(-0.72) 

0.76* 

(0.60**) 

0.79* 

(0.67**) 

Mn (mg kg-1) 0.38 

(0.24) 

-0.31 

(-0.01) 

0.69** 

(0.67**) 

-0.60 

(-0.52) 

0.56 

(0.52) 

0.61** 

(0.51) 

 

 * Significant at 1 per cent level 

 ** Significant at 5 per cent level 

 #The values in parenthesis are ‘r’ values calculated on the basis of weighted mean of nutrients 

in three layers 0-15, 15-30 and 30-45 cm of soil depth. 

 

Effect of CaCO3 on availability of soil Micro nutrients, yield and quality parameters of 

Nagpur mandarin 

The CaCO3 content in soil was variable and ranged from 0.62 to 20.7 per cent. In surface soils, it 

ranged from 2.2 to 12.8 per cent. It is observed that the yield of Nagpur mandarin was 

negatively correlated with CaCO3 of surface layer (r = - 0.49) and, (r = -0.51) 0-45 cm layer 

respectively. The CaCO3 had significant negative correlation with DTPA Zn (r = -0.77), Fe (r = - 

0.82), Cu (r = - 0.70) and Mn (r = - 0.70). Similar observation recorded for 0-45 cm depth of soil. 

The CaCO3 content in soils also affect the quality of Nagpur mandarin fruits i.e. juice, acidity and 

total soluble solids. The CaCO3 content in surface soils and the quality parameters like juice (r = 

-0.68) and total soluble solids (r = - 0.70) had significant but negative correlation, however, 

acidity had positive significant correlation (r= 0.73). Similar observations also recorded for 0-45 

cm soil depth. Kadu et al. (2010) also reported adverse effect of CaCO3 on yield and quality 

parameter of Nagpur mandarin in Nagpur district.  
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