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Abstract

An investigation entitled "Development of Dris norms for sweet orange grown in Narkhed Tehsil,
Nagpur district" was conducted during 2024-25 to evaluate the soil and leaf nutrient status in black
soils. 27 soil and plant samples (0-30 cm) from 6 to 8 year old orchards were analyzed. Soil samples
were tested for fertility status, while leaf samples were assessed for nitrogen, phosphorus, potassium,
sulphur, calcium, magnesium, iron, manganese, zinc, copper and boron content. Fruit yield and quality
parameters were recorded in November 2024. Soil properties varied with pH ranging from 7.08 to 8.01,
EC ranging from 0.156 to 0.290 dS m, OC ranging from 4.31 to 5.82 g kg%, and CaCOs ranging from
2.1 to 4.3%. Macronutrient availability in soil ranged as follows: N (250.08-348.05 kg ha't), P (16.4-
28.8 kg hat), K (400.1-433.9 kg ha®), S (7.6-14.8 mg kg™), Ca (20.01-38.24 cmol (p *) kg*) and Mg
(5.68-14.88 cmol (p® kg™). Micronutrient levels were Fe (3.13-5.76 mg kg%), Mn (5.21-9.45 mg kg%,
Zn (0.18-0.92 mg kg1), Cu (0.30-1.52 mg kg) and B (0.23-0.93 mg kg™). Leaf nutrient content varied
with macronutrients N (1.38-2.67%), P (0.11-0.35%), K (1.38-1.84%), S (0.17-0.29%), Ca (1.44-
1.98%) and Mg (0.34-0.58%) and micronutrients Fe (72.4-128.4 mg kg-1), Mn (34.4-79.2 mg kg-1), Zn
(13.5-23.8 mg kg?), Cu (5.8-9.6 mg kg?') and B (19.8-31.9 mg kg?). The yield of sweet orange
orchards ranged from 8.0 to 23.6 t ha'l, with fruit acidity and TSS ranging from 0.31 to 0.45% and 8.2
to 9.5% respectively.
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Introduction

Sweet orange (Citrus sinensis L. Osbeck), a commercially important fruit crop, is widely
cultivated in tropical and subtropical regions and is increasingly preferred in Vidarbha over
Nagpur mandarin due to better market potential, longer orchard life, and dependable
flowering. Despite its rising popularity, declining productivity in mature orchards is a
growing concern, often linked to imbalanced fertilization particularly the neglect of
micronutrients which affects both yield and fruit quality. Conventional fertilizer
recommendations, based on outdated soil test ratings (Muhr et al., 1965), do not cater to
specific nutrient requirements of citrus cultivars (Srivastava and Singh, 2001c), while leaf
tissue analysis has been proven to better reflect plant nutritional status (Srivastava and Singh,
2002). DRIS (Diagnosis and Recommendation Integrated System), developed by Beaufils
(1973) M and further refined by Walworth and Sumner (1986) [, is considered a more
comprehensive approach as it uses nutrient ratios to detect deficiencies, imbalances, and
excesses. Although research has been conducted on soil fertility and citrus nutrition, studies
correlating leaf nutrient status with fruit yield and quality using DRIS are limited, especially
in black soils of Vidarbha. Hence, the present investigation was undertaken to assess the soil
and leaf nutrient status of sweet orange orchards and to develop DRIS-based norms for
optimizing yield and quality in Narkhed tehsil, Nagpur district.

Materials and Methods
The present investigation, "Development of Dris norms for sweet orange grown in Narkhed
Tehsil, Nagpur district” was undertaken during the year 2024-25 to assess the nutrient status
of soil, leaf, fruit quality and yield of sweet orange from different orchards in the mentioned
area. Surface soil samples (0-30 cm) were collected, avoiding any metallic contamination,
with the help of wooden Khurpi and scoop.
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These soil samples were collected from 27 sweet orange
orchards in Narkhed tehsil of Nagpur district. The samples
were taken from the peripheral area of each tree per orchard,
depending upon the area. The samples were placed in clean
cloth bags, properly labeled, and brought to the laboratory.
After drying in the shade, the soil samples were ground
using a wooden mortar and pestle, passed through 2 mm
sieves and kept in clean polythene bags with proper
labeling. Similarly, leaf samples from the same orchards
were also collected.

The soil pH and electrical conductivity were determined in
1:2.5 soil: water suspension (Jackson, 1973) [l respectively
and analysis of organic carbon (Walkley and Black, 1934)
341 and free calcium carbonate (Piper, 1966) €. Soil
fertility analyses consisted of alkaline potassium permangate
(KMnOQy) distillation for available N (Subbiah and Asija,
1956) [28  sodium bicarbonate (NaHCOs;) (pH 8.5)
extractable P as Olsen-P, 1 N neutral ammonium acetate
(NH4OAC) extractable-K, Ca and Mg (Piper, 1966) €],
available sulphur (Chesnin and Yien, 1951) and 1 N (pH
7.3), diethylenetriamine-pentaacetic acid (DTPA)-calcium
chloride (CaCl.) extractable Fe, Mn, Cu and Zn (Lindsay
and Norvell, 1978) [*4 and available boron (Gupta, 1979) €,
The leaf samples were thoroughly washed, ground using
Willey grinding machine to obtain homogenous samples and
subsequently digested in tri-acid mixture of perchloric acid
(HCIO4) : nitric acid (HNO3): sulfuric acid (H2SO4) in 2:5:1
(Chapman and Pratt, 1961) Bl Analyses made consisted of
N by auto-nitrogen analyzer (Model-Perkin Elmer-2410,
Perkin Elmer, Waltham, MA), P using vanadomolybdo-
phosphoric acid method, K flame photometrically, Ca, Mg
titrimetrically ~ (versenate titration),  sulphur  using
turbidimetric method, micronutrients (Fe, Mn, Cu and Zn)
by atomic absorption spectrophotometer (Model GBC-908)
and boron by dry ashing method.

Six well developed and mature fruits were randomly
selected from each sweet orange orchards and were used for
quality parameter analysis. After harvesting of the orchards,
yield data was collected from the farmers in the month of
November 2024. The titratable acidity was estimated by
titrating juice with 0.1 N NaOH by using the method as
suggested by Ranganna, 2001 8, The total soluble solids
(TSS) of Sweet orange fruit juice was recorded by using
hand refractometer.

The whole population, i.e. total number of orchards were
divided into two groups based on yield as low yielding and
high yielding sub-population as per principle of third
quartile method (Nageshwara Rao, 1983) [*3l. From selected
54 orchards, 46 orchards were classified as low yielding,
whereas 8 orchards were classified as high yielding. The
procedure of DRIS norms initially developed by Beaufils
(1973) ™M and modified by Bhargava (2002) @ was used
through a PC based program. DRIS norms for soils were
calculated as per procedure developed by Filho (2004) [l
The norms for optimum level of nutrients in soils were
derived using them as mean of high yielding orchards as the
mean for optimum. The range of optimum was the value
derived from mean-4/3 to + 4/3 standard deviation. As such,
new five-tier system of classification of soil characteristics
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has been established as new ratings for soil fertility, viz.
deficient, low, optimum, high and excess for each soil
parameter.

Results and Discussion

Based on the data of nutrient composition of the leaf
samples for the nutrients N, P, K, S, Fe, Mn, Zn, Cu and B,
all possible combinations/expressions for each pair of
nutrients (eg.: N/P, P/N) were calculated for all the eight
nutrients. The mean, variance and CV for all these
expressions were calculated separately for low and high
yielding populations as per methodology described. Only
those expressions, which have high variance ratio between
low and high yielding populations, were selected for
inclusion in the indices under DRIS. The corresponding
mean values of selected forms of expression of high
yielding population were considered as DRIS norms and are
utilised in calculating the DRIS indices. The forms of
expressions along with norms are given table 1.

Based on the nutrient ratios selected (Table 1) and using the
data of their means, CV and functional values, the nutrient
indices were calculated using equations for different
nutrients for all the orchards and the data are presented in
table 2. Nutritional imbalance index were also given based
on DRIS indices.

For any given orchard, the more negative the index, the
more the requirement of a particular nutrient it represents,
relative to other nutrients used in diagnosis. Alternatively,
the more the positive value for nutrient index indicates that
the corresponding nutrient is present in relatively excess
quantity. The nutrient indices were prioritized and arranged
in order of their requirement for all the orchards under study
(Table 2).

The absolute sum values of the nutrients indices generate an
additional index denominated Nutritional Imbalance Index
(NIBI). This index can be useful to the plant nutritional
status indication, without however, hinting their causes. The
higher the sum value, the larger will be the indication of
plant nutritional unbalance and therefore, the lower will be
the yield.

Use of DRIS with soil data provides an advantage of taking
into account, the nutrient balance and ranking nutrients in
terms of abundance relative to optimal levels. The concept
of an optimum soil nutrient balance is promoted as the basic
cation saturation ratio (McLean, 1977) 2 advocating the
use of specific fractional level of nutrient saturation of
cation exchange capacity rather than nutrient ratios.
Optimizing soil fertility has recently emerged as a new field
of investigation which ensures maximum yield under a wide
range of soil conditions. According to DRIS norms, the
adequate range of available soil nutrients N, P, K and S
were found in the range of 248.2 to 317.7, 16.4 to 29.9,
400.4 to 431.2 and 9.5 to 15.5 (kg ha') with a mean of
287.3, 24.66, 417.9 and 13.09 (kg ha?) respectively. The
adequate range of micronutrients Fe, Mn, Zn, Cu and B
were found in the range of 3.13 to 5.57, 5.58 t0 9.37, 0.22 to
0.79, 0.32 to 1.50 and 0.40 to 0.93 (mg kg™) with a mean of
4.37, 7.42, 0.47, 0.96 and 0.61 (mg kg?) respectively.
(Table 3).
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Table 1: Selected forms of expressions or norms for different nutrients in sweet orange

S No. Nutrient norms Low yield orchards (n=46) High yield orchards (n=8) Variance ratio
Mean Variance (VL) CV (%) | Mean Variance (VH) CV (%) (VL/VH)
1 N/P 9.47 40.00 66.81 9.63 74.94 89.91 0.53
2 N/K 141 8.47 206.39 1.35 29.74 402.66 0.28
3 N/S 9.39 120.99 117.14 9.08 121.05 121.14 1.00
4 N/Fe 0.02 0.0008 121.88 0.02 0.0196 120.19 1.46
5 N/Mn 0.04 0.0011 94.33 0.03 0.0346 84.12 1.39
6 N/Zn 0.13 0.02 118.56 0.11 0.01 104.17 1.73
7 N/Cu 0.28 0.13 128.82 0.25 0.36 236.48 0.35
8 N/B 0.08 0.01 115.02 0.08 0.01 106.55 111
9 P/IK 0.15 0.21 308.94 0.14 0.40 447.85 0.53
10 P/S 0.99 3.02 175.35 0.94 1.62 134.73 1.87
11 P/Fe 0.0024 2.0491 182.44 | 0.0020 2.05 133.68 2.7416
12 P/Mn 0.0038 2.9299 141.20 | 0.0036 2.93 93.56 2.5803
13 P/Zn 0.01 0.00056 177.46 0.01 0.00017 115.87 3.24
14 P/Cu 0.03 0.0031 192.82 0.03 0.0047 263.03 0.66
15 P/B 0.01 0.0023 172.17 0.01 0.0038 118.51 2.08
16 K/S 6.66 14.29 56.76 6.71 4.07 30.08 3.51
17 K/Fe 0.02 0.00010 59.05 0.01 0.0145 29.85 0.48
18 K/Mn 0.03 0.00014 45.70 0.03 2.8613 20.89 1.00
19 K/zn 0.09 0.0027 57.44 0.08 0.00043 25.87 6.08
20 K/Cu 0.20 0.0027 62.41 0.19 0.0120 58.73 1.24
21 K/B 0.06 0.0020 55.73 0.06 0.0114 26.46 3.90
22 S/Fe 0.0024 6.4908 104.04 | 0.0021 4.6272 99.22 4.52
23 S/Mn 0.0038 9.2807 80.53 0.69 7.0297 69.44 0.90
24 S/zZn 0.01 0.00017 101.21 0.01 0.00010 86.00 0.08
25 S/Cu 0.03 0.0010 109.97 0.03 0.0029 195.22 0.35
26 S/B 0.01 0.0040 98.19 0.01 0.0064 87.96 2.13
27 Fe/Mn 1.55 1.44 77.40 1.76 1.52 69.99 0.95
28 Fe/Zn 5.38 27.42 97.27 5.55 23.18 86.68 1.18
29 Fe/Cu 11.76 154.40 105.69 | 12.86 639.90 196.76 0.24
30 Fe/B 3.35 10.01 94.37 4.09 13.17 88.65 0.76
31 Mn/Zn 3.47 18.98 125.68 3.15 15.26 123.84 1.24
32 Mn/Cu 7.57 106.90 136.56 7.30 421.21 281.13 0.25
33 Mn/B 2.16 6.93 121.94 2.32 8.67 126.67 0.80
34 Zn/Cu 2.18 5.63 108.66 231 27.61 227.01 0.20
35 Zn/B 0.62 0.37 97.02 0.74 0.57 102.28 0.64
36 Cu/B 0.29 0.06 89.29 0.32 0.02 45.06 3.15
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Table 2: DRIS indices and nutritional imbalance index (NIBI) for selected sweet orange orchards

Orchards N P K S Fe Mn Zn Cu B NIBI
1 0.23 2.58 2.25 8.64 139 | -3.38 | -5.36 6.88 11.1 24.33
2 221 | -1.89 1.25 561 | -3.83 | 2.87 -3.81 1.45 -0.41 3.45
3 -2.52 | 2.73 782 | -1.32 | -154 | 1.99 4.87 6.91 -4.4 14.54
4 -2.32 | 045 9.32 | -2.21 | 4.97 3.89 5.56 -9.95 0.91 10.62
5 121 | -144 | -421 | 852 1.62 4.47 -3.78 11.2 341 21
6 0.26 2.93 3.34 333 | -5,55 | -7.76 4.56 -2.34 6.79 5.56
7 1.83 3.56 1.23 219 | -3.96 | -8.56 5.89 -4.56 9.71 7.33
8 -4.58 | 0.28 3.67 2.76 2.88 1.67 -7.78 4.67 8.39 11.96
9 0.04 371 | -6.87 | -7.51 | 3.38 10.7 1.34 -5.98 0.07 -1.12
10 394 | -765 | 234 6.56 2.47 12.5 -9.45 1.11 5.14 16.96
11 1.57 034 | -8.71 | 5.67 1.37 | -6.89 2.56 3.31 3.34 2.56
12 -0.39 | 4.42 10.1 | -147 | 6.53 15.9 4.65 -6.34 7.51 40.91
13 0.05 167 | -7.23 | 391 2.28 7.85 6.87 -5.42 -0.57 9.41
14 138 | -3.98 | 6.21 476 | -3.39 | 3.74 9.34 -10.3 0.86 8.62
15 3.96 1.23 121 | -168 | 4.87 6.78 -16.9 5.87 4.48 9.82
16 -1.89 | -0.33 | 292 456 | -856 | -9.98 185 8.87 4.88 18.97
17 4.87 256 | -1.45 0.5 3.35 10.4 -12.6 9.91 -1.79 15.75
18 134 | -223 | 3.13 189 | -5.16 | -4.46 2.77 0.66 -1.42 -2.15
19 1.79 356 | -271 | 2.78 2.22 3.58 -1.87 -4.87 -0.09 3.06
20 244 | -212 | 4.65 5.11 10.7 2.96 0.48 2.77 -2.82 24.17
21 -0.32 1.23 0.15 | -212 | 2.85 1.34 3.54 1.77 5.42 13.86
22 3.74 045 | -543 | 4.87 0.76 | -0.36 1.78 -6.88 -3.08 -4.15
23 1.44 5.67 4.9 188 | -3.67 | 6.67 -6.98 3.71 -0.61 13.01
24 289 | -213 | 991 | -049 | 354 3.81 9.89 4.49 4.41 36.32
25 -254 | 4.21 2.34 132 | -0.37 | -7.89 5.51 1.41 -0.54 3.45
26 3.66 5.53 7.78 391 | -3.98 11.3 -6.68 -0.67 -0.28 20.57
27 5.78 2.34 | -2.34 | 2.87 2.72 15.9 12.7 -4.72 3.62 38.87
28 6.12 3.97 119 | -149 | -441 | 461 15.1 2.56 -5.3 22.35
29 325 | -1.82 | 2.35 1.57 251 | -1.23 8.89 3.78 -3.78 15.52

30 -1.11 4.67 1.75 -0.35 0.78 5.91 -4.46 6.44 4.81 18.44
31 3.32 577 | -359 | 513 | -434 | 128 0.99 2.79 0.27 23.14
32 545 | -0.68 | 1.57 6.33 6.65 | -6.81 3.38 -5.13 -3.72 7.04
33 -0.19 | 0.27 2.92 0.14 1.47 0.32 0.80 0.15 4,52 10.4
34 421 1.30 3.00 222 | -155 | -5.45 9.75 -0.76 5.81 18.53
35 1.25 045 | -0.15 | 142 | -1.10 | -4.68 8.42 -1.008 -7.71 -3.108
36 1.58 270 | -2.22 1.20 0.85 0.11 3.32 -0.75 0.05 6.84
37 -1.68 | -062 | 021 | -470 | 0.83 | -1.53 5.10 0.109 -9.39 -11.67
38 381 | -0.81 | -1.31 | -1.38 | 0.03 1.09 3.39 -0.012 2.51 7.31
39 -0.20 | 3.55 3.71 1.94 141 | -0.20 7.55 -1.62 0.17 16.31
40 -0.56 | 6.79 2.82 1.47 0.05 1.59 -2.27 0.96 6.82 17.67
41 2.00 | -0.06 | 1.37 1.97 1.18 5.76 4.88 0.69 9.29 27.08
42 -1.01 1.06 2.45 0.23 | -0.72 | 0.52 4,52 0.49 -0.43 7.11
43 -8.02 | 3.19 734 | -049 | 065 | -1.56 4.93 1.72 18.47 26.23
44 -0.67 1.99 1.01 1.93 1.48 1.89 -1.83 -0.31 -0.68 481
45 -046 | 0.27 | -0.84 | -0.03 | 1.76 0.73 -2.35 0.68 2.72 2.48
46 0.07 | -1.14 | 051 0.06 330 | -3.75 | -1.46 0.39 -0.57 -2.59
47 0.20 0.81 4.37 2.16 | -0.19 | 0.03 -2.79 0.97 0.42 5.98
48 251 | -1.23 | 031 141 | -214 | -1.76 5.48 -1.17 35 6.91
49 -164 | 184 0.72 | -3.64 | 0.94 0.01 -3.02 -0.53 1.72 -3.6
50 -2.65 | 3.69 456 | -3.99 | 1.72 0.82 6.36 1.52 -6.93 5.1
51 033 | -0.15 | 193 | -1.01 | -0.01 1.76 4.38 0.19 9.83 17.25
52 0.05 | -0.85 | -346 | -0.25 | -2.06 | -3.43 | -1.73 -0.66 0.57 -11.82
53 6.28 332 | 538 | 391 0.42 1.94 2.016 -1.26 -6.62 4.62
54 0.73 036 | -1.73 | 056 | -1.06 | -1.34 3.69 -0.73 12.67 13.15
No. of orchards deficient 11 10 14 12 16 17 18 15 12 -
No. of orchards optimum 16 16 7 10 13 9 3 18 17 -
No. of orchards excess 27 28 33 32 25 28 33 21 25 -
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Table 3: Adequate range of available soil nutrient derived from
DRIS based analysis

Nutrients Range Mean *Critical limit
N (kg ha) 248.2-317.7 | 287.3 280
P (kg ha'l) 16.4-29.9 24.66 30
K (kg ha'!) 400.1-431.2 | 4179 180
S (mg kgt 9.5-15.5 13.09 10
Fe (mg kg?) 3.13-5.57 4.37 4.5
Mn (mg kg™?) 5.58-9.37 7.42 2.5
Zn (mg kgt) 0.22-0.79 0.47 0.6
Cu (mg kgt 0.32-1.50 0.96 0.2
B (mg kg?) 0.40-0.93 0.61 -

*Critical limit of six-tier approach (Ramamoorthy and Bajaj,1969)

Table 4: Adequate range of leaf nutrient derived from DRIS based

analysis
Nutrients Range Mean *Optimum level
N (%) 1.38-2.78 2.15 1.98-2.57
P (%) 0.11-0.34 0.22 0.091-0.17
K (%) 1.41-1.83 1.58 1.33-1.72
S (%) 0.21-0.30 0.25 -
Fe (mg kg?) 79.3-122.9 | 97.53 69.5-137.1
Mn (mg kg1 36.8-81.3 | 61.62 42.2-87.0
Zn (mg kg1 15.8-23.2 | 19.16 11.6-28.7
Cu (mg kg1 6.1-8.5 7.9 6.6-15.8
B (mg kg?) 19.8-29.8 | 24.68 -

* Optimum level suggested earlier (Srivastava and Singh 20032
2004b) [22, 23, 24]

It was noticed that according to DRIS norms, the adequate
range of leaf nutrients N, P, K and S were found in the range
of 1.38 t0 2.78, 0.11 to 0.34, 1.41 to 1.83 and 0.21 to 0.30%
percent respectively. The adequate range of leaf nutrients
Fe, Mn, Zn, Cu and B were found in the range of 79.3 to
122.9, 36.8 to 81.3, 15.8 t0 23.2, 6.1 to 8.5 and 19.8 t0 29.8
(mg kg™) respectively (Table 4).

It was observed that the earlier optimum ranges suggested
for leaf nutrients by Srivastava and Singh (2003?; 2004°) [22
23, 24 was required to be modified for the sweet orange
yields.

Conclusion

It was concluded that the evaluation of soil nutrient status
and leaf nutrient content in various sweet orange orchards
revealed significant variation and nutrient imbalance. Out of
54 sweet orange orchards studied with DRIS norms, the leaf
nutrient content showed the imbalance of macronutrients in
39 orchards and micronutrients in 42 orchards.

Therefore, the optimum soil and leaf nutrient content norms
derived from DRIS indices are better guide for balance
nutrient management in orchards.
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