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1- Diagnosis and recommendation integrated system
2- Nutrient balance index
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Table 1- Mean+SD and Coefficient of variation (CV) nurient elementsin leaf

O goud Jy ()L

yol,b Lisbon lemon Perl tangerine
H L H L ttes H L H L ttest
(Kg/ir;el);ﬂ“‘ 5144230 4.0848.8 224 466 873" 514330  4.6+133 345 153 11817

1€

(%) N 0.9142.97 0.3242.76 313 233 0.63™ 0944297 0.399+2.77 31.6 41.8 0.54™
(%) P 0.0240.11  0.01£0.10  19.2 12.7 0.68™  0.02+0.09  0.01+0.08 209 122 1.32™
(%) K 0.51+1.85  0.25+1.45 278 17.5 279" 036+1.59  0.57+1.43 235 373 023"

(%) Ca 0.47+3.88 043+3.53  12.1 123 209 0.59+3.44  0.87+3.46 174 25.1 -0.07™
(%) Mg 0.0240.17  0.01£0.16 144 9.1 055 0.1940.34  0.14+0.34  53.8 40.8 0.06™
(mg/kg) Fe  55.5£200.5 462+1242 277 37.1 412" 37.6£167.2 402+137.9 22.1 294 2.05
(mg/kg) Zn 324249 238264 128 9.0 -1.50™ 11.0£32.7  3.6£26.5 339 13.7 1.39™
(mg/kg) Cu  32.8+68.8 8.53+56.8  47.7 150 1.44™ 17.1£28.0  13.7431.7  60.9 433 -0.66™
(mg/kg) Mn  5.6+23.9  3.52421.3  23.6 165 1.53™  4.8+26.1 3.8+24.6 185 154 0.95™

(mg/kg) B 17.3£33.0 11414282 52.6 405 091" 19.74494 17.0+35.1 40.8 423  2.04

It N0 g g 900 GBEL 13 (CV) Ol pundd s 6 9 (218 polis Cumnd (5655ka DRIS (gle 5 - Jgu>
Table 2- DRIS norms, mean of nutrient elementsratio and Coefficient of variation (CV) in Lisbon lemon and Per| tangerine

trees
O goud Jy N,
Lisbon lemon Per| tangerine
ol se . ol geS . ol sbeysd o sbeyd
forms of obe oy, forms of obe oy, forms of oeNk oy forms of oSk oy
. Mean . Mean . M ean . Mean
expression expr ession expression expression

N/P 264 239 B/K 0.002 449 N/P 331 478 Mg/Mn 1392 517
N/K 1.91 23.6 Mg/Ca 0.046 12.7 N/Zn 1084.3 46.1 Mg/B 115.1 86.6
N/Ca 0.79 28.6 Zn/Ca 0.001 13.7 N/B 945.8 61.1 Zn/B 0.88 45.5
Mg/N 0.06 26.5 Ca/Fe 327.0 47.8 P/Ca 0.03 42.9 Fe/N 0.006 71.3
N/Fe 248.6 414 Ca/Cu 609.1 10.9 P/Zn 33.0 13.8 Fe/Zn 5.21 27.9
Zn/N 0.001 30.2 Ca/Mn 1778 22.5 P/Fe 6.8 31.2 Fe/B 4.50 46.5
N/Cu 481.7 30.3 Ca/B 1524 47.5 P/B 28.9 45.9 Cu/N 0.001 58.8
N/Mn 13334 342 Zn/Mg 0016 119 K/N 0.68  70.7 Cu/P 0.04 427
N/B 1163.8 622 Mg/Fe 151 437 K/P 177 36.6 Cu/K 0.002  60.9
P/K 007 167 Mg/Cu 284 126 K/Ca 052  65.0 Cu/Ca 0.001  55.5
P/Ca 0.03 16.9 Mg/Mn 81.1 25.1 K/Zn 579.9 35.8 Cu/Mg 0.01 63.9
Mg/P 1.58 14.2 Mg/B 71.7 56.5 K/Fe 122.5 52.6 Cu/Zn 1.20 47.5
Zn/P 0.03 16.4 Zn/Fe 0.25 46.1 K/B 524.1 61.9 Cu/Fe 0.26 54.1
P/Fe 9.5 38.8 Zn/Cu 0.46 13.1 Ca/N 1.40 41.9 Cu/Mn 1.31 46.9
P/Cu 1.2 19.3 Zn/Mn 1.27 20.1 Ca/Zn 1346.8 329 Cu/B 1.00 63.6
P/Mn 50.1 222 Zn/B 1.09 47.3 Ca/Fe 262.4 29.8 Mn/N 0.001 46.9
P/B 435 502 Fe/Cu 217 381 Ca/B 1176.8  41.1 Mn/P 0.03  23.1
Ca/K 248 188 Cu/B 242 532 Mg/N 0.16 727 Mn/K 0.002 465
Mg/K 0.12 222 Mn/Fe 0.21 56.6 Mg/P 39 35.6 Mn/Ca 0.001 29.0
Zn/K 0.002 24.2 Mn/Cu 0.37 21.2 Mg/K 0.25 45.8 Mn/Zn 0.94 21.9
K/Fe 132.5 40.4 B/Fe 0.27 60.6 Mg/Ca 0.12 71.0 Mn/Fe 0.19 22.5
K/Cu 255.2 269 B/Mn 1.36 42.9 Mg/Zn 129.1 36.3 Mn/B 0.82 47.6

Mn/K 0.002  26.2 Mg/Fe 27.1 52.9
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DRIS s,

Table 3-Range of nutrient elements macro and micro nutrient in leaf of Lisbon lemon and Per| tangerine
treesusing DRIS method

Oy 904 Jn N,U

. . RPN . .

s o S8 2Lj Ver o S8 2Lj 2L
Element Low  Sufficient High higf)ll Low Sufficient High Very
high

(%)N <1.7 1.7-4.2 4.2-54 >5.4 <1.7 1.7-4.2 4.2-5.5 >5.5
(%)P <0.08  0.08-0.14 0.14-0.17 >0.17 <0.07 0.07-0.12 0.12-0.15 >0.15
(%)K <1.2 1.2-2.5 2.5-3.2 >3.2 <1.1 1.1-2.1 2.1-2.6 >2.6
(%)Ca <3.2 3.2-45 4.5-5.1 >5.1 <2.6 2.6-4.2 4.2-5.0 >5.0

(%)Mg  <0.13  0.13-0.20 0.20-0.23 >0.23 <0.09 0.09-0.6 0.6-0.9 >0.9
(mg/kg)Fe <1265 126.5-274.6 274.6-348.6 >348.6 <117.1 117.1-217.5 217.5-267.6 >267.6
(mg/kg)Zn <20.7  20.7-29.2 29.2-33.5 >33.5 <18.1 18.1-47.4 47.4-62.1 >62.1
(mg/kg)Cu <25.1 25.1-112.5 112.5-156.3 >156.6 <5.2 5.2-50.1 50.1-73.5 >73.5
(mg/kg)Mn <164  16.4-31.5  31.5-38.9 >38.9 <19.6 19.6-32.5 32.5-38.9 >38.9
(mg/kg)B  <9.8 9.8-56.1 56.1-79.2 >79.2 <22.1 22.1-74.7 74.7-101.1  >101.1
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Table 4- DRIS indicesfor macro and micro nutrients

O goud

Lisbon lemon

I(N)=1/9 [f(N/P)+f(N/K)+(N/Ca)-f(Mg/N)-f(Zn/N)-+f(N/Fe)+f(N/Cu)+f(N/Mn)+f(N/B)]

I(P)=1/9 [-f(N/P)+(P/K)+f(P/Ca)-f(Mg/P)-f(Zn/P)+f(P/Fe)+f(P/Cu)+f(P/Mn)+{(P/B)]

I(K)=1/9 [-f(N/K)-f(P/K)-f(Ca/K)-f(Mg/K)-f(Zn/K)+f(K/Fe)-f(Mn/K)-f(K/Mn)-f(B/K)]

1(Ca)=1/9 [-f(N/Ca)-f(P/Ca)+f(Ca/K)-f(Mg/Ca)-f{(Zn/Ca)+f(Ca/Fe)+f(Ca/Cu)+f(Ca/Mn)+f(Ca/B)]
I(Mg)=1/9 [f(Mg/N)+f(Mg/P)+f(Mg/K)+f(Mg/Ca)-f(Zn/Mg)+f(Mg/Fe)+f(Mg/Cu)+f(Mg/Mn)+f(Mg/B)]
I(Fe)=1/9 [-f(N/Fe)-f(P/Fe)-f(K/Fe)-f(Ca/Fe)-f(Mg/Fe)-f(Zn/Fe)+f(Fe/Cu)-f(Mn/Fe)-f(B/Fe)]

(Zn)=1/9 [f(Z1/N)+f(Zn/P)+(Zn/K)+{(Zn/Ca)+(Zn/Mg)+(Zn/Fe) +(Zn/Cu)+i(Zn/Mn)+ f(Zn/B)]
1(Mn)=1/9 [-f(N/Mn)-f(P/Mn)+f(Mn/K)-f(Ca/Mn)-f(Mg/Mn)-f(Zn/Mn)+f(Mn/Fe)+f(Mn/Cu)-f(B/Mn)]
I(Cu)=1/9 [-f(N/Cu)-f(P/Cu)-f(K/Cu)-f(Ca/Cu)-f(Mg/Cu)-f(Zn/Cu)-f(Fe/Cu)-f(Mn/Cu)+{(Cu/B)]
1(B)=1/9 [-f(N/B)-f(P/B)+f(B/K)-f(Ca/B)-f(Mg/B)-f(Zn/B)+{(B/Fe)-f(Cw/B)+(B/Mn)]

I (S,

I(N)=1/9 [f(N/P)-f(K/N)-f(Ca/N)-f(Mg/N)+{(N/Zn)-f(Fe/N)-f( Cu/N)-f(Mn/N)+{(N/B)]

I(P)=1/9 [-f(N/P)-f(K/P)+f(P/Ca)-f(Mg/P)*+{(P/Zn)+{(P/Fe)-f( Cu/P)-f(Mn/P)+{(P/B)]

I(K)=1/9 [f(K/N)+{(K/P)+{(K/Ca)-f(Mg/K)+{(K/Zn)+{(K/Fe)-f(Cu/K)-f(Mn/K)+f(K/B)]

I(Ca)=1/9 [f(Ca/N)-f(P/Ca)-f(K/Ca)-f(Mg/Ca)+f(Ca/Zn)+f(Ca/Fe)-f(Cu/Ca)-f(Mn/Ca)+f(Ca/B)]
I(Mg)=1/9 [f{(Mg/N)+{(Mg/P)+f(Mg/K)+f(Mg/Ca)+f(Mg/Zn)+{(Mg/Fe)-f(Cu/Mg)+f(Mg/Mn)+f(Mg/B)]
I(Fe)=1/9 [f(Fe/N)-f(P/Fe)-f(K/Fe)-f(Ca/Fe)-f(Mg/Fe)+f(Fe/Zn)-f(Cu/Fe)-f(Mn/Fe)+f(Fe/B)]

1(Zn)=1/9 [-f(N/Zn)-f(P/Zn)-f(K/Zn)-f(Ca/Zn)-f{(Mg/Zn)-f(Fe/Zn)-f(Cu/Zn)-f(Mn/Zn)-f(Zn/B)]
I(Mn)=1/9 [f{Mn/N)+{(Mn/P)+{(Mn/K)+{(Mn/Ca)-f(Mg/Mn)+f(Mn/Zn)+{(Mn/Fe)-f(Cu/Mn)+{(Mn/B)]
I(Cu)=1/9 [f(Cu/N)+{{(Cu/P)+{(Cu/K)+{(Cu/Ca)+{(Cu/Mg)+{(Cu/Zn)+{(Cu/Fe)+{(Cu/Mn)+{(Cu/B)]
I(B)=1/9 [-f(N/B)-f(P/B)-f(K/B)-f(Ca/B)-f(Mg/B)-f(Zn/B)-f(Fe/B)-f(Cu/B)-f(Mn/B)]
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Table 5- Determining DRIS indices and priority nutrientsin Lisbon lemon gardenswith low yield

DRISindices

&L oslond 3ySlos e polis (guiy Caglyl
GardenNO. N P K Ca Mg Fe 2Zn Mn Cu B Yield(kg/tree) priority of macro and micro nutrients NBI
1 57 107 21 51 1.5 -122 82 -03 -108 -57 12 Fe>Cu>B>K>Mn>Mg>Ca>N>Zn>P  61.7
2 94 01 -37 16 45 18 26 52 23 -140 15 B>K>Zn>Cu >P>Ca>Fe >Mg>Mn>N  45.1
3 82 120 120 -21 22 -122 40 -147 -66 -3.0 8 Mn>Fe>Cu>B>Ca>Mg>Zn>N>P>K  77.1
4 02 -1.8 -56 54 44 343 127 28 86 79 9 Fe>K>P>N>Mn>Mg>Ca>B>Cu>Zn 83.7
5 84 16 22 57 -33 21 -1.0 81 72 21 14 N>Mn>Mg>Zn>P>Fe>B>K>Ca>Cu 41.7
6 13 84 71 30 109 21 69 -127 95 -224 4 B>Mn>K>N>Fe>Ca>Zn>P>Cu>Mg  84.3
7 -106 68 3.1 92 94 -509 141 206 95 5.1 6 Fe>N>B>K>P>Ca>Mg>Cu>Zn>Mn 139.2
8 46 -1.8 73 67 -20 03 89 -124 15 154 3 Mn>K>Ca>Mg>P>Fe>Cu>N>Zn>B  60.8
9 30 102 -83 -82 46 92 -03 07 18 58 10 Fe>K>Ca>Zn>Mn>Cu>N>Mg>B>P  52.1
10 150 6.0 -1.0 -43 53 -244 120 -3.1 58 -11.3 7 Fe>B>Ca>Mn>K>Mg>Cu>P>Zn>N 88.3
11 30 89 23 48 -59 -165 27 66 24 107 8 Fe>Mg>Ca>Cu>K>Zn>N>Mn>P>B  63.9
12 43 01 05 03 20 -69 72 80 02 -30 12 Fe>N>B>Mg>P>Cu>Ca>K>Zn>Mn 32.4
13 08 -20 -02 -56 41 -21.6 85 37 04 129 13 Fe>Ca>P>Cu>K>N>Mn>Mg>Zn>B  59.8
14 7.8 81 47 36 35 66 93 73 22 -17 9 N>Mn>K>Ca>Cu>B>Mg>Fe>P>Zn  54.9
15 15 20 18 -1 34 55 -03 -1.1 12 20 11 Fe>P>Ca>Mn>Zn>Cu>N>K>B>Mg  19.9
16 6.0 29 -40 19 -50 -378 52 226 56 146 3 Fe>N>Mg>K>Ca>P>Zn>Cu>B>Mn 105.8
17 -119 -07 -19.1 08 69 -69 168 51 68 39 9 K>N>Fe>Ca>P>B>Mn>Cu>Mg>Zn  78.9
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Table 6- Determining DRIS indicesand priority nutrientsin Perl tangerine gardenswith low yield

&L o lowd

DRISindices 3 Slos s jolie gui Cuglyl
Yield NBI

GardenNO. y p K ca Mg Fe Zn Mn Cu B (kg/tree) priority of macro and micro nutrients

1 -49 32 24 -66 59 24 17 10 40 -43 18 Ca>N>B>K>Mn>Zn>Fe>P>Cu>Mg 36.5
2 -6.0 13.4 209 -17.8 14.1 -23.8 74 62 73 -21.7 5 Fe>B>Ca>N>Mn>Cu>Zn>P>Mg>K 138.5
3 -10.4 10.2 25.6 -18.0 21.1 -6.6 73 6.7 55 -413 12 B>Ca>N>Fe>Cu>Mn>Zn>P>Mg>K 152.8
4 -28.4 -3.8 242 -10.6 113 -7.1 44 1.0 3.1 6.0 8 N>Ca>Fe>P>Mn>Cu>Zn>B>Mg>K 99.8
5 -1.2 -2.2 -35.4 10.6 -0.01 -2.5 -1.2 26 55 292 16 K>Mn>Fe>P>N>Zn>Mg>Cu>Ca>B  90.5
6 -45 3.6 -12.1 144 -133 -58 -02 40 93 45 19 Mg>K>Fe>N>Zn>P>Mn>B>Cu>Ca 71.6
7 -29 69 -10.1 156 -2.7 -72 -7.0 -3.7 122 -1.2 13 K>Fe>Zn>Mn>N>Mg>B>P>Cu>Ca 69.5
8 0.8 2.6 -16.0 159 9.6 -1.1 -3.0 12.2 -15.0 -6.1 17 K>Cu>B>Zn>Fe>N>P>Mg>Mn>Ca 82.3
9 21.6 -3.7 6.2 105 -8.0 -1.1 -45-11.6 58 -152 11 B>Mn>Mg>Zn>P>Fe>Cu>K>Ca>N §88.3
10 26.0 -3.5 53 -2.7 02 -38 -23 -50 -93 48 15 Cu>Mn>B>Fe>P>Ca>Zn>Mg>K>N  62.9

10-

11-

12-

11 152 -1.8 -76 83 -34 -87 -23 -3.0 45 -1.0 17 Fe>K>Mg>Mn>Zn>P>B>Cu>Ca>N 55.8
12 8.1 -1.2 143 -25 32 -19.8-28 -57 64 0.04 4 Fe>Mn>Zn>Ca>P>B>Mg>Cu>N>K 64.0
13 10.1 -1.8 -8.8 24.0 -1.6 47.8 -2.6 19.6 -67.6 -19.1 15 Cu>B>K>Zn>P>Mg>N>Mn>Ca>Fe 202.9
14 19.8 -1.4 -9.0 189 -72 -94 7.8 -1.3 89 -27.2 12 B>Fe>K>Mg>Mn>P>7Zn>Cu>Ca>N 109.4
15 9.3 39 30.6 159 -21.0 58 4.6 -3.4 -39.0 -6.6 7 Cu>Mg>B>Mn>P>Zn>Fe>N>Ca>K 140.0
16 272 6.9 -8.0 6.9 -11.1 294 129 -3.1 -24.1 17.3 6 N>Cu>Mg>K>Mn>P>Ca>Zn>B>Fe 144.9
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Introduction: Citrus is an important fruit crop cultivated in tropical regions of the world with immense
nutritional value and advised on daily basis in diet. In Iran, it is cultivated in high reaches of northern and
southern regions. The low productivity has been ascribed mainly to the nutritional health of the plantations
which is the most concern among farmers. To plan fertilization efficiently, it is necessary to know the desirable
concentration of macro and micro nutrient in tissues that are representative of the plant’s nutritional status.
Traditionally, to determine the optimum fertilizer doses the most appropriate method was to apply fertilizer on
the basis of soil test and crop response studies (Regar and Singh, 2014) which defied the synergistic and
antagonistic effects in relative availability of different essential nutrients from soil. The foliar nutrient
concentration is considered most pertinent and reliable method to judge the well-being of a tree as it represents
the in situ condition in a holistic way and is a very powerful tool for nutritional diagnosis to assess deficiency
symptoms and make fertilizer recommendations (Filho, 2004). Because of the dynamic nature of the leaf tissue
composition, strongly influenced by leaf age, maturation stage, and the interactions involving nutrient absorption
and translocation, the tissue diagnosis may be a practice of difficult understanding and utilization (Walworth and
Sumner, 1987). The Diagnosis and Recommendation Integrated System (DRIS) developed by Beaufils (1973),
expresses the result of foliar analysis through indices, which represent in a continuous numeric scale, the effect
of each nutrient in the nutritional balance of plant. DRIS is advantageous as it presents continuous scale and easy
interpretation; allows nutrient classification (from the most deficient up to the most excessive); can detect cases
of yield limiting due to nutrient imbalance, even when none of the nutrient is below the critical level; and finally,
allows to diagnose the plant nutritional balance through an imbalance index (Baldock and Schulte, 1996).
Nutritional balance is an important factor in increasing the yield and improving the quality of horticultural
products especially Citrus. Hence, the objective of this study was to determining the optimum level of the macro
and micro nutrient elements and evaluating the nutritional status of Lisbon lemon and Perl tangerine in Dezful.

Materials and Methods: For this purpose, 30 Lisbon lemon and 30 Perl tangerine gardens were selected
randomly from citrus gardens in Dezful. Leaf samples were collected from middle of terminal shoots of current
year growth in the periphery of tree from in late September. Leaf samples were washed in detergent followed by
tap water and distilled water. Leaves dried under shade and then dried in hot air oven at 70°C for 48 hours. The
dried leaves were grounded to fine powder by using mixer and stored in air tight butter paper bags for nutrient
analysis. Kjeldahl method was followed to measure total nitrogen, and phosphorus was measured by vanado-
molybdophosphoric yellow colour method using spectronic, while potassium was measured by flame
photometric method. Other elements content was determined by atomic absorption system. The gardens were
divided into two groups of low and high yielding. All forms expression and their variance into two groups and
variance ratio the group of low to high yielding in tow type gardens were calculated. Then using DRIS
calibration formula, DRIS index for nutrient elements with low yielding were determined and nutrient balance
index (NBI) were calculated.

Results and Discussion: The results showed that the optimum level in Lisbon lemon leaves were 2.97, 0.11,
1.85, 3.88 and 0.17% for N, P, K, Ca, Mg and 200.5, 24.9, 23.9, 68.8, 32.9 mg.kg™ for Fe, Zn, Mn, Cu and B,
respectively. In addition, the optimum level in Perl tangerine leaves were 2.97, 0.09, 1.57, 3.44 and 0.34% for N,
P, K, Ca, Mg and 167.2, 32.7, 26.1, 28.0, 48.4 mg.kg'l for Fe, Zn,Mn, Cu and B, respectively.

Conclusion: In general, based on DRIS indices priority on the macro and micro nutrients as Fe > N > B > K
>Mn> Ca > Mg = P > Cu > Zn for Lisbon lemon and B > Fe > K > Cu > N > Ca > Mg >Mn> Zn > P for Perl
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tangerine were determined. The NBI of all gardens with low yielding was more than zero, indicating an
imbalance nutritional in low yielding gardens.

Keywords: Citrus, Critical level, Norm, Yield



