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1- CVA: Critical Value Approach

2- SRA:Sufficiency Range Approach

3- DRIS: Diagnosis and Recommendation Integrated
System

4- DOP:Deviation from optimum percentage
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Table 1- Estimation of the intermediate yield through the variance cumulative functions of nutrients logarithmic ratio

Nutrients R? FC (V) =aV* +bY* +cY+d Determined yield(kg tree™)
w2l pole X Byt D ySdos
N 0.984 y=-0.000x" + 0.049x* - 4.529x + 134.7 82.33
P 0.989 y=2E-05x’+0.006x” - 1.953x + 120.0 100.01
K 0.982 y=-4E-05x +0.016x° - 2.180x + 99.77 134.16
Ca 0.975  y=-0.000x" + 0.033x" - 3.359x + 120.1 110.66
Mg 0.990 y=-5E-05x +0.021x - 2.988x + 136.8 144.01
Mn 0.953 y=-4E-05x> +0.015x° - 1.935x + 86.10 130.00
Zn 0.985 y=-5E-05x"+0.018x° - 2.446x + 114.7 126.00
Fe 0.987 y=-8E-05x" +0.029x” - 3.481x + 134.7 124.16
Cu 0.983 y=-8E-05x +0.026x° - 3.113x + 132.7 110.00
B 0982  y=-3E-05x°+0.009x* - 1.180x + 52 108.88
ool ol 955y = L9E-05x° + 0.026x - 2.745x + 103.0 98.14

Residual fraction
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Table 2- The reference norms for the nutrients related to the average of optimum yields of the studied orchards by using the

CND method
pais Jlne Gl 5ol 25808 oo ol QBN pasuis @ o dlas! e Gl 5! el drgia
alho b s Slos
=lis Standard : it Reference norms of Standard &
Nutrient deviation A.verage .Of Avera.ge of low compositional diagnosis deviation Average of V
optimum yields yields norms
N 0.186 3.00 2.28 V'x 0.142 3.47
P 0.018 0.17 0.17 V' 0.153 0.59
K 0.122 1.37 1.47 V' 0.118 2.69
Ca 0.788 332 3.11 Ve 0.187 3.55
Mg 0.076 0.36 0.42 VMg 0.133 1.34
Mn 3.352 23.40 23 Vi 0.547 -0.275
Zn 2.305 17.36 23 Vi 0.162 -3.687
Fe 7.734 75.53 89 Ve 0.138 -3.983
Cu 1.440 7.81 9.2 Ve 0.156 -4.788
B 19.60 76.24 131 Vs 0.377 -2.52
0.186 Vi 0.100 6.89

Table 3- Nutrients index and the range of sufficiency and critical for the 10 elements in the studied orchards
213 yolis Ladla Sy 3,Ses

i polie (ad s Sl sYh e S ol 1
. . . . Nutrients index Critical yield
Nutrients index The upper critical level The lower critical level 2 1
I"x Kg tree

N 10.38 -10.38 9.32 82.3
% 3.80 -3.80 2.91 100.0
I 13.03 -13.03 10.55 134.1
e, 1.46 -1.46 1.19 110.6
Py 3.05 -3.05 1.52 144.0
P 2.29 -2.29 1.44 130.0
%, 8.91 -8.91 4.92 126.0
P 77.50 -77.50 60.35 124.1
P, 5.32 -5.32 1.85 110.8
% 0.73 -0.73 0.26 108.8
Pra 1.50 -1.50 1.28
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Figure 1- the relationship between yield (Kg tree”) and nutrient balance index (r?) for the Valencia orange
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Table 4- mean comparison of nutrients concentration in high yielding and low yielding groups

bagte 3)Slac N P K Ca Mg Fe Mn Zn Cu B
Average yield
Kg tree’ % mg kg’
Valencia orange High=113 3.00 0.17 137 332 036 75 23 17 7.8 76
beilly JU5 2 Low=43 228 0.17 147 3.10 0.40 8 23 23 92 131
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Figure 2- The Principal Component Analysis (PCA) curve of nutrients and their relationship with the obtained yield of the
orange orchards
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Table 5- Factors analysis result through principle components method for the studied traits

Components Matrix

Components
Traits 1 2 3 4 5
yield 0.166 0.898 -0.375 -0.142 -0.072
N -0.835 0315 -0.177 0359  0.203
P -0.897 -0.183 -0.216 -0.169  0.186
K -0.922  -0.039 -0.020 0207 -0.240
Ca -0.436 0449  0.772  -0.033  0.062
Mg -0.982  0.011 0.035 -0.063  0.019
Fe 0998 0.024 0.017 0.045 0.005
Mn 0998 0.024 0.017 0.045 0.005
Zn 0998 0.024 0.017 0.045  0.005
Cu 0998 0.024 0.017 0.045 0.005
B 0998 0.025 0.016 0.046  0.005
R 0998 0.014 0.011 0.036  0.002
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Table 6- The results of nutrients effect regression analysis on the yield

s pais S 5 o Hwlwl glld o Sl
Nutrient Regression coefficient Standard error Sig.
N 99.804 32.704 1.648  3.052 0.003
Ca 70.503 32.856 1224  2.146 0.036
Fe -8800.242 2292.52 -0.327  -3.839 0.000
Zn -6409.287 3616.774 -0.157  -1.772 0.081
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Table 7- the results of soils analysis in the studied orchards

iy D0 Cduwo BEIKES Sl Luwgio sbe Bl il Abundance percentage
. . . R L. Very deficiency’ Deficiency’ sufficiency’ High*

trait minimum maximum average Deviation criteria 39008 kb 39105 colis s;

Organic carbon (%) 0.1 1.9 0.8 0.4 36 33 26 5
P 2 44 17 13 21 23 10 46

K 23 1107 380 233 3 21 13 64

Fe' 15 5 34 1 21 74 5 0

Zn’ 0.1 24 22 4 5 21 38 36

Mn" 2.5 14.6 8.4 3 0 79 13 8

cu’ 0.2 1.3 0.5 0.3 8 46 38 8
Calcite (%) 12.9 82 61 15.5 0 0 8 92
Salinity (dS m™) 0.8 7.1 44 1.4 - 15 56 28

1- organic carbon (<0.5), P (<5), K (<90), Fe (<2.5), Zn (<0.25), Mn (<2),Cu(<0.25), calcite (<5),salinity (-); 2- organic carbon (0.5-

10), P (5-10), K (90-180), Fe (2.5-5), Zn (0.25-0.5), Mn (2-4),Cu(0.5-0.25), calcite (5-10),salinity (<2); 3- organic carbon (1-1.5), P

(10-15), K (180-240), Fe (5-7.5), Zn (1-0.7), Mn (4-6),Cu(1-0.5), calcite (10-25),salinity (2-6); 4- organic carbon (>1.5), P (>15), K
(>240), Fe (>7.5), Zn (>1), Mn (>6),Cu(>1), calcite (>25),salinity (>6); *mg kg™".
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Introduction: Fertilizer recommendation in orchards based on soil testing is not accurate because findings
showed that there is not significant correlation between nutrients concentration in the soil and plant. Therefore,
studying the nutritional status in orchards is usually based on the plant testing. In order to evaluate the nutritional
status of plants, different methods, such as Compositional Nutrients Diagnosis (CND), Diagnosis and
Recommendation Integrated System (DRIS), Deviation from Optimum Percentage (DOP), Critical Value Approach (CVA)
and Sufficiency Range Approach (SRA) were used. In the CND method, a determination coefficient measured
which is considered as the relative superiority of this method to the others. Generally, through the CND method,
a correct perception on nutritional status of plantsmay be obtained.

Materials and Methods: The nutritional status of orange orchards, Valencia cultivar, in south of Fars
province (Darab town) was studiedusing the compositional nutrient diagnosis and multivariate statistical analysis
methods. For this, 80 orange orchards, Valencia cultivar were selected and 30 trees in each orchard were signed.
Plant samples were taken from the selected trees in the proper session and concentration of N, P, K, Ca, Mg, Mn,
Zn, Fe, Cu and B were measured using the standard methods. Then the average yield was measured at harvest.
Based on the CND method, total concentration of the nutrients in the plant was considered as a variable (Sy) plus
a residual portion (Ry) that "d" is defined as the number of nutrients in the equation and Ry is defined as the
residual value. Which sum of the equation equals 100 and it is based on percent. The residual/un measured
nutrients and estimated by using the equation of " Ry = 100- (N+P+K+...)". Thereafter, by using the standard
equations, which they were perfectly explained and presented in the material and methods section, the geometric
mean of nutrients, nutrients index, nutrient balance index, and average yield and finally the reference norms were
determined. In addition to the CND method, by using the Multivariate Statistical Analysis and Principal
Component Analysis methods, the effective and important nutrients in the yield were determined and also,
ability of the CND method was evaluated. The SPSS software was used for variance analysis the data.

Compositional nutrient diagnosis (CND) analysis and multivariate analysis methods are used to study the
nutritional diagnosis of Valencia orange orchards in south of Fars province. 80 valencia orange orchards were
selected in the region and in each of them, 30 uniform trees were marked and sampled were taken in proper time
and referenced method. Leaf elemental compositions and mean yield also were measured from selected trees for
each orchard. Data analysis divided all orchards into two low and high yield groups.

Results and Discussion: The results showed that 11 orchards were as high yielding group and 69 orchards
were as low yielding group and the average of optimum yields, 113 Kg tree”', was determined as the yield goal.
By using the average of measured nutrients norms for the high yielding community the concentration of the 10
studied elements was obtained which comprised: N 3.00£ 0.18; P 0.17+ 0.01; K 1.37£ 0.12; Ca 3.32+ 0.78; Mg
0.36+0.07; Mn 23+ 3.35; Zn 17.3+ 2.3; Fe 75+ 7.3; Cu 7.81% 1.44; B 76+ 19.4. Through comparison with the
obtained reference norms of optimum yielding orchards, more than 50% of the studied orchards had lower N, Ca
and Mn content than the obtained norm and B concentration in the high yielding group was more than 50% less
than the low yielding group. Generally, the results of Multivariate Statistical Analysis and Principal Component
Analysis showed that N, Ca, Fe and Zn had the highest effect in changes of yield.

Conclusion: Results of this work showed that 13% of the studied orchards were in the high yielding group
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and 86% of them were in the low yielding group which shows the imbalance nutritional condition in the studied
region. The positive effect of N and Ca on the yield may be due to the dilution effect which these nutrients can
reduce the B toxicity. Abundance of Mn deficiency in the studied orchards may be due to the high concentration
of Zn and Fe in the plants and antagonistic relations may be considered as the main reason. Multivariate
statistical analysis methods may be used as an important tool to study the nutritional conditions of plants.
Dominant percentage of the studied orchards showed low yield which may be due to the B toxicity which
probably N and Ca application may be all eviated the negative effect of this element.
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