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Introduction

Grape is one of the most important horticultural products in the world and Iran which has been noticed due
to its cultivation area, high economic and nutritional values. Annually, about 68 million tons of grape are
produced in the world. Iran, with 309,000 ha cultivation area and about 3.3 million tons share of production, is
the 11™ largest producer of this fruit in the world. Recent studies have shown that plant nutrition and soil fertility
have significant effect in the reduced yield quality in the grape fields of our country. Plant nutrition as an
influential factor is a function of the interaction of nutrients and environmental conditions. Assessing the
nutritional status of plants is necessary to achieve the relationship between nutrients availability in the soil, the
amount of elements in the plant and yield. Plant analysis method is used to optimize fertilizer application and
diagnose plant nutrition disorders. The plant analysis method is useful for evaluating plant nutrition if an
appropriate method to be used to diagnose and interpret the results. Tissue nutrient status can be diagnosed by
the Critical Value Approach (CVA), the Diagnosis and Recommendation Integrated System (DRIS), and
Compositional Nutrient Diagnosis (CND). Only DRIS and CND provide nutrient imbalance indexes, although
no threshold value has been validated yet for diagnostic purposes. CND method expresses interactions by
considering the ratio of one element to all elements. In this method, high and low functional groups are separated
with great accuracy with the help of mathematical and statistical methods and the application of the cumulative
function of variance ratio of nutrients and chi-square distribution function. A critical CND imbalance index was
derived from the chi-square distribution function. Due to the importance of grape production in the country and
the lack of required nutritional norms, this study was conducted to investigate the nutritional status of grape
fields using the CND method.

Materials and Methods

In order to evaluate the nutritional status of grape fields in the Hamedan province, this study was conducted
in the cropping years of 2017-2020. Every year, 40 different orchards were selected in each of the regions. The
orchards were selected in such a way that they had different ranges of yield and soil properties. A database
containing laboratory and field data was created for each grape field. The geographical location was recorded for
the orchards. In each orchard, plant (leaf) samples were prepared and analyzed based on suitable laboratory
methods. At the end of the season, the yield and its components were determined by visiting each orchard.
Concentrations of nitrogen, phosphorus, potassium, calcium, magnesium, iron, zinc, manganese, and copper
were measured in grape leaves. The project database was completed and CND indices were calculated for each
nutrient element. The selected grape fields were divided into two groups with high and low yield based on yield.
The CND norms and indexes were computed according to computation steps of Parent and Dafir. The Cate—
Nelson ANOVA procedure was used to partition yield data between two groups by maximizing the between-
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groups sums of squares to determine the threshold values for CND indexes required to compute the critical CND
r? value. We used 83 observations for developing the nutrient norms.

Results and Discussion

The results of the indices calculated by the method of CND showed that the grape fields were deficient in
nitrogen and potassium among the macronutrients and iron and manganese among the micronutrient elements.
There was a correlation (0.25) between nutritional balance index and yield that was significant at 1 percent
probability level. Potassium index was negative in 83% of low yield orchards. After potassium, nitrogen had a
negative index in 58% of medium and low yield orchards. Phosphorus had the most positive index among
macronutrients and was positive in most orchards. Among the micronutrients, manganese, iron, and zinc indices
were negative in 59%, 49% and 73% of the orchards, respectively. The presence of calcareous conditions in the
soils of the region can be the reason for this deficiency. The boron index was positive in some orchards and
negative in some other orchards. Furthermore, in total, the index of unknown factors was negative in 41% of
grape fields in Hamadan province.

Conclusion
The results indicated that management of evaluated orchards was not suitable and application of chemical
fertilizers was unbalanced. The results of this study can be used in grape fields to increase yield and product
quality. Therefore, it is recommended to use deficient elements in the fertilization program to improve yield.
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Table 3- Nutrients index and sufficiency and critical range for 10 nutrients in grape fileds

sl g9 YU Sl s onb Gleuse Gl Sles
Nutrients index o C . .
Index type (17%) Upper critical level  Lower critical level  Critical yield
KV 0.9 0.95 -0.95 9524
1% 1.1 1.05 -1.05 33333
1%« 1.95 14 -1.4 37619
12ca 0.15 0.39 -0.39 33333
12mg 0.7 0.84 -0.84 14815
1%re 0.18 0.42 -0.42 16667
12cy 0.4 0.63 -0.63 29167
12zn 0.15 0.39 -0.39 16666
12Mn 0.2 0.45 -0.45 33333
1% 1.8 1.34 -1.34 33333
oz 7.53 37619
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Figure 1- Relationship between yield (kg ha') and CND r?in grape fields of Hamedan
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Table 4- CND indices, yield and macro and micro nutrients requirement preference in grape fields with lower yield

B yad Ll i polie 5L Cuglel
Indexes Nutrients requirement rank
3i g polic
5,110-9 IWr W Le
) IN Ip Ik Ica |Mg Ire lcu Izn IMn Is Macronutrient )_" ps )‘p r2

Yield s Micronutrients
35000 -0.28 -1.05 -0.83 -064 -114 054 1.47 -1.68 0.36 2.80 Mg>P>K>Ca>N Zn>Mn>Fe>Cu>B 12.6
33000 0.65 1.12 24 -0.33 114 021 -157 081 -103 -1.29 Ca>N>P>Mg>K Cu>B>Mn>Fe>Zn 18.5
30000 0.79 129 -377 -079 -057 111 -0.38 040 -053 -1.39 K>Ca>Mg>N>P B>Mn>Cu>Zn>Fe 21.9
26000 0.94 153 105 -030 18 -025 -173 139 -209 022 Ca>N>K>P>Mg Mn>Cu>Fe>B>Zn 29.3
25000 0.30 176 -464 -045 -018 -0.77 -033 133 -036 041 K>Ca>Mg>N>P Fe>Mn>Cu>B>Zn 30.1
22000 0.82 1.15 -5.6 -036 159 -125 -092 038 -0.34 0.59 K>Ca>N>P>Mg Fe>Cu>Mn>Zn>B 43.9
20000 0.20 1.23 -4.28  -0.92 1.27 -1.12  -189 -0.63 -029 473 K>Ca>N>P>Mg Cu>Fe>Zn>Mn>B 42.8
18000 0.12 142 -6.69 046 043 -1.06 -052 147 -159 202 K>N>Mg>Ca>P Mn>Fe>Cu>Zn>B 63
10000 -213 -128 -589 1.02 -094 272 149 -097 0.25 1.15 K>N>P>Mg>Ca Zn>Mn>B>Cu>Fe 59.4
8000 -0.49 2.1 -5.9 -0.15 -0.81 -041 -045 -045 -0.13 -0.20 K>Mg>N>Ca>P Cu>Zn>Fe>B>Mn 50.7
o5k -0.02 049 -247 006 -001 -006 001 -0.01 -019 0.13 K>N>Mg>Ca>P Mn>Fe>Zn>Cu>B

Average
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