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Table 1- Descriptive statistics of soil properties and yield

ESP KaVa. PaVa. - -
ocC ” b -1 1y Sand Clay Silt  Gravel Yield
Caco.cypum o) pH ECESMY 0 Geee) TeE) 0 0 o8 9 (gha?
T Yo A - SIS SR RS OV
S Oy P
M
;ﬂ 333 354 089 7.8 54 107 224 216 609 262 128 234 249013
Median
" 330 270 0827.78 505 90 2315 1805 600 25501100 240 24125
Mode
N 270 270 027 7.80 600 4.0 225 1400 500 3.00 1500 0.00 32500
std.
Deviation 10.8 2.66 0.65 0.40 3.48 6.79 61.9 964 225 15.96 8.32 15.0 14470.4
Slme Bl
Variance
. 11675707 042016 1208 4622 38359 0303 507.2 2549 69.18 225.1 209303707
K
Si"ﬁv?fss 05 142 123038 0611 085 -0249 062 -032 0019 1.4 0050 0.428
Kj;fis 76 135 229 0.66 0431 17 0507 -0.698 -0.66 -1.410 216 -0.99 -1.095
Range
T 450 1164 348217 1250 2630 2600 3790 860 540 37.50 550 49650
i
'Tﬂ“m 100 036 005663 061 170 1000 800 100 20 1.00 000 6350
Wy
a::”m 550 12.0 353 8.80 1320 280 3600 4590 96.0 56.0 3850 55.00 56000
cv
u.,. 324 75147303512 644 634 276 446 369 609 65 651 581
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Table 2- Pearson correlation results between independent variables and yield

ESP % Kava. Pava.
CaCO; Gypsum oC pH Ecr1 oy (mgkgl)  (mg.kg?) Sand Clay Silt Gravel YIEId,l
PRI (@sm’) BB ey B aes B 6 (%) (%) (kgha?)
> " - KW 1 Cande 4 ? . . . &
& Sl Sy ™ R A o oV S 83w 3 Sles
LY Wy oW D
Cii% 1 0.868** -0.349* 0.557** 0.898** 0.904*  -0.887* -0.865** 0.459** -0.556* -0.173 0.862* -0.842*
Gypsum . . . . » . . » .
_ 0.868" 1 -0.242** 0.498* 0.921~ 0.916~ -0.874" -0.738* 0.310** -0.395* -0.081 0.826°* -0.752""
OC(%) o o . o .
~0.349*-0.242*> 1 -0557* -0.168 -0.202 0.156 0.126  -0.444* 0.490* 0.262* -0.188° (.143
Sl
Sk sy 0.557** 0.498* -0.557 1 0.494 0.520 -0.403 -0.335 0.651* -0.686**- 0.443** 0.386** - 0.346
EC (ds.m™) o o
0.898>* 0.921* -0.168 0.494 1 0.967 -0.924 -0.841 0.326** -0.394** -0.126 0.889*° - 0.855
S
ESP(%) ao v " " " » .
0.904* 0.916* -0.202° 0.520** 0.967 1 -0.868 -0.813* 0.430** -0.497*°-0.207° 0.821* -0.795*"
S e Lo
Kav (Mg.kg™) o o . o
; -0.887"-0.874** 0156 -0.403" -0.924** -0.868" 1 0.870* -0.225° 0.296* (.041 -0.955* 0.938*
9> BB lty
-1
Pava(mg.lfg' ). -0.865"-0.738"" (0,126 -0.335" -0.841** -0.813*  0.870*" 1 -0.212° 0.324** -0.048 - 0.881° 0.900*"
ooy JB jiud
Sand(%) v v , X ..
A 0.459** 0.310* -0.444** 0.651 0.326 0.430 -0.225* -0.212 1 -0.963"-0.857" 0.167 -0.197°
k’)“)
Clay(%) o o o o v o
-0.556""-0.395** 0.490** -0.686" -0.394** -0.497 0.296 0.324 -0.963 1 0.688* -0.254* 0.274
[59]
silt(%) v .
el -0.173 -0.081 0.262** -0.443* -0.126 -0.207 0.041 -0.048 -0.857* 0.688 1 0.035 0.006
gravel e e . u a o -
S 0.862*" 0.826* -0.188* 0.386* 0.889* 0.821*"  -0.955" -0.881* 0.167 -0.254" 0.035 1 -0.961"
3

: 1
yieldkg-na™) o g45ee 0752+ 143 0346 _0.855 0795 0938 0900~ 0197 0.274" 0006 0.961° 1

S

**Correlation is significant at the 0.01 level.
*Correlation is significant at the 0.05 level.
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Table 3- Analysis of variance of multivariate regression relationship between yield and independent variables

Model Sum of Squares Df Mean Square F i
. i . ig.
Jua Olayye ggone 313l s Sibo gy g
Regression
g c 23385990180 7 3340855740 330.162  0.0001
09 )S )
Residual
o 1113073643 110 10118851.300
oileBly
Total
24499063820 117
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Table 4- The extracted equations with the highest coefficient of determination between soil and land propertiesand yield

Equation

Independent variable type (R?) Equation Significance level
NERRER FRAPIE sl (S Nosime s
sl e . 0.76 Yield = 117990e-0-052x 0.0001
CaCOs3 Exponential
& @b 0.77 Yield = 45930x0.7%3 0.0001
Gypsum Exponential
oS Sy 0.05 Yield = 22046x01602 0.014
ocC Power
S ik 0.19 Yield = -15181x2 + 227070x - 820069 0.0001
pH Quadratic
SE G P <20 0.85 Yield = -34.175x3 + 1054.5x2 - 11990x + 59279 0.0001
EC Cubic
Ll P 20 0.78 Yield = -6.0253x? + 357.76x2 — 7453.2x + 65221 0.0001
ESP Cubic
el P <2 0.96 Yield = -0.0077x3 + 5.8724x2 — 1171.8x + 75985 0.0001
K. ava. Cubic
St Sy 0.84 Yield = 396.64x13278 0.0001
P ava. Power
o P 20 0.64 Yield = -0.038x3 — 13.794x? + 1882.7x - 19523 0.0001
Sand Cubic
o Py 2 0.62 Yield = -0.7214x3 + 4.7959x2 + 1792.3x — 799.39 0.0001
Clay Cubic
— P <2 0.40 Yield = 0.6736x3 — 129.15x2 + 3956x + 554.45 0.0001
Silt Cubic
2R Py 422 0.96 Yield = 0.236x2 — 6.3781x2 — 1128.4x + 49461 0.0001
Gravel Cubic

*In above equations, X is the independent variable and Yield is the yield of citrus.

1- Normalized root mean square error
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Figure 1-Exponential equation between citrus yield and soil lime
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Figure 2- Cubic equation between citrus yield and soil EC
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Table 5- Soil and land requirements for citrus (orange)

Characteristics

Class, degree of limitation and rating scale

Slisdyd diald g Codgdzne dyd ¢ S

Olwogas S1 S2 S3 N1 N2
0 1 2 3 4
100 95 85 60 40 25 0
Topography (t)
SS9y
Slope (%)
o 0-3 3-5 5-9 9-15 15-18 >18
Wetness (w)
Flooding FO F1 F2 F3 F4
xS o
Drainage Imperfect, Poor and Poor but Poor not Drainable,
S Well, Good i Moderate Aeric Drainable Very Poor
Physical soil
Characteristics ()
S (K58 Slogad
“Texture / Structure L, SiL, SL, CL, Si, SCL, LS, SC, SiCm, C-60v,
azslufcdl, sicL LfS S, SiCs S, Co, C-60s C+60s Cm, C+60v
Coarse Fragment (%)
R 0-5 5-15 15-35 35-55 55 - 65 > 65
Caw yd u).)
Soil Depth (cm)
S s >150 150 - 110 110-90 90-70 <70
OA-C
CaCO;3 (%)
o 0-5 5-20 20-35 35-50 50 - 55 > 55
Gypsum (%
ypsum (%) 0-2 2-5 5-8 8-12 >12
=
Soil fertility
characteristics (f)
S gusdol Ologas
pH (H0) 6.5-7.2 72-78 7.8-83 8.3-85 - >8.5
S ussl 6.5-5.8 58-55 55-5.2 52-5 <5 -
Organic Carbon (%) 15 151 1.08 06
J oS ' ' ' '
Salinity & Alkalinity (n)
Cotlld 5 (5598
EC (dSm?)
) 0-1.7 17-26 26-45 45-65 6.5-8 >8
Srge
ESP (%)
0-36 3.6-52 52-85 8.5-125 125-16 > 16

5 e doyd

*Cm: massive clay o>pid jledlo b )
SiCm: massive silty clay o>yi8 ledlo b o ()
C+60v: very fine clay, vertisol structure o Jsw 5ys cleidbo oy (L )
C+60s: very fine clay, blocky structure _aSe olasbo 3y LS )
C-60v: clay, vertisol structure s Jguw )5 loidlo ¢ )
C-60s: clay, blocky structure oSo ladlo ()
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Table 6- Permissible or critical limits of some soil parameters for citrus

Soil and land

Critical production

. Unit  Permissible threshold / critical limit . .
properties o o 35/ sloce ailine] I PE TN Y
SK gyed ] 2.4: jlxe s>
dS.m? 8
EC m Permissible threshold: 2.4
cLis _ 5 1jlre u> 12
ESP Permissible threshold:5.0
& y 1.5 :jlre 2> 9
Gypsum ’ Permissible threshold:1.5
Sal s 20 :jlxo 3> 40
CaCOs; ) Permissible threshold:20
SK Ges 110 : s >
70
Soil depth om Critical limit:110
Pava. Critical limit:22
e e gk 280 sl 2> -
Kava. Critical limit:280
Geeins o Gos m > ;
Groundwater depth
60000
L 2
50000 ’ L 4
o~ 40000 *
© R2=0.7978 ®
5 30000 e
g3 *
S 2 20000 :
2 / 2
> 10000 S 34
b
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Soil Index
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Figure 3- Relationship between soil index and yield of 20 orange orchards (validation set)
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Effect of Soil Characteristics on Yield and Preparing the Crop Requirements
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Introduction: Iran is one of the most important countries in citrus (oranges) production. Citrus fruits are grown
in different soils with a wide range of physical, chemical and fertility properties in the country, although some
restrictions in the cultivated lands cause yield loss. In this regard, the present study was conducted to investigate
the effect of physical, chemical and soil fertility characteristics on citrus yield in important areas under cultivation,
the regression relationships of characteristics with yield, and the rating of soil and land parameters.

Materials and Methods: The 138 oranges orchards (118 orchards for rating and 20 orchards for validation)
were selected in Fars, Mazanderan, Kerman and Guilan provinces. In each garden, a questionnaire was completed,
a soil pedon was studied and soil samples were taken to carry out the appropriate physicochemical analyses. The
selected soil and land characteristics were soil salinity (EC), exchangeable sodium percentage (ESP), pH, gypsum
content, soil calcium carbonate (TNV), organic carbon (OC), clay, sand, silt, gravel, and soil available phosphorus
and potassium contents. From the whole obtained data, 20 data were considered for validation purpose and the
remaining data were used for modeling based on stepwise multivariate and simple regression methods. In these
equations, the relationship between yield, as dependent variable, with soil and land characteristics, as independent
variables, was investigated. Finally, land characteristics rating was obtained by the FAO method and the proposed
crop requirements table was evaluated using the validation dataset.

Results and Discussion: The results of descriptive statistics analysis showed that the variance values for
available potassium, sand, clay, gravel and TNV were high and for pH and OC and gypsum were negligible.
Therefore, most soil properties have a wide range of variation which could be related to the fact that oranges are
grown in a wide range of soil types. The value of TNV varied between 10 and 33.3%. The presence of carbonate
in soil reduces the availability of macro- and micronutrient elements in direct and indirect manners. The average
of EC in the studied orchards was 5.4 dS.m. Minimum, maximum and average of ESP were 1.7, 28 and 10.7,
respectively. The lowest and highest salinity and sodicity were observed in Mazandaran and Kerman soils,
respectively. Maximum, minimum and average percentage of gypsum were 12, 0.36 and 3.54%, respectively. The
highest amount of gypsum was observed in Bam and Shahdad regions of Kerman province and the lowest gypsum
content was observed in Mazandaran and Guilan provinces. The soil pH varied from 6.63 to 8.8 with the average
of 7.8. The soil OC values were between 0.05 and 3.53% and its average was 0.89%, showing the fact that the
most studied soils were poor in organic matters. The average of soil available phosphorus and potassium in the
studied orchards for citrus was less than the critical level. The average, minimum and maximum of available
potassium were 224, 100 and 360 mg.kg, respectively. The mean, minimum and maximum amounts of available
phosphorus were 21.6, 8 and 45.9 mg.kg™, respectively. According to the multivariate regression model, among
soil properties, EC, ESP, TNV, gypsum, gravel, available phosphorus and potassium were selected by the model.
The determination coefficient of the model was 0.95, indicating that these properties have the greatest effect on
citrus yield. Simple regression equations demonstrated that TNV, gypsum, EC, ESP, sand, clay, gravel, available
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potassium and phosphorous had the highest correlation (R? > 0.6); and soil OC and pH had the lowest correlation
(R?<0.2) with yield. The equations also revealed that soil EC, ESP, gypsum, TNV and gravel percentage had the
greatest effect in yield loss, and soil organic carbon, absorbed phosphorus and potassium had the greatest effect
on increasing citrus yield. As stated in equations, reported permissible and critical thresholds for effective soil
properties on citrus yield, were 2.4 dS.m for EC, 5 for ESP, 1.5% for gypsum, 20% for TNV, 22 mg.kg* for
available phosphorus, 280 mg.kg™ for available potassium, 110 cm for soil depth, and >2 m for groundwater level.
Finally, evaluating the proposed crop requirements table with validation dataset fitted between citrus yield and soil
index, resulted in the determination coefficient value of 0.79, denoting the acceptable accuracy of proposed table.

Conclusion: Overall results showed that the main land limiting characteristics for orange production were soil
salinity and sodicity, high amount of soil calcium carbonate and gypsum. Among unsuitable physical and fertility
properties of soil, salinity and sodicity are the most effective factors affecting yield reduction. Consequently,
proper management practices such as introducing cultivars compatible with these soil conditions, soil remediation
and leaching operations to reduce soil salinity and sodicity are necessary. Furthermore, in most areas under orange
cultivation such as Fars and Kerman provinces, the soil calcium carbonate content is more than the critical level
for plant growth. In addition, the averages of soil available phosphorus and potassium were less than the critical
levels, which should be considered for nutrient management of orchards. The proposed table of crop requirements
seems to be accurate enough to conduct land suitability studies for orange varieties, especially cultivars grown in
the north and south of the country.
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