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Table 1- Geographical location of studied orchards and estimated decline amount

Conbge b (b)) Sl Slass ghajleml o J'sj
Location Number of investigated orchards L%’: ‘-’5""5_"&"’ Uzl"_a"x" Decline
Altitude Longitude L atitude (%)
Sy Ticheng 2 1060 39’053 ' 28°35 82.00
bl seo  Mohammad Abad 2 1176 ' 40°54 ' 28°30 50.00
5 Afzar 6 640 ' 58°52 ' 28°20 48.83
R o Simakan 8 886 ' 10°53 ' 28°39 44.00
o9l Madoon 6 1143 ' 46°53 ' 28°35 59.67
25> Jouyom 2 880 '59° 53 ' 28°16 91.50
S5 Galak 12 1081 " 43°53 ' 28°16 45.33
s Khafr 3 1339 ' 12°53 ' 28%58 12.67
Ll Sle Mobarak Abad 4 700 '16° 53 ' 28922 50.42
ool Barous 4 767 '26°53 ' 28°20 44.75
PR Jahrom 4 1047 ' 34954 ' 28°31 52.00
- ::} Hogegg];bad 1 1112 " 31953 ' 28928 58.00
bl lad Qoth Abad 4 1032 '38°53 ' 28°38 57.50
A Sy Farhang Shahr 2 1061 ' 36°3 ' 28°31 39.00
sl JLsl Eqgbal Abad 2 1065 '28°53 ' 28°33 70.50
FIPPRTS Chedrouyeh 2 1073 '35°53 ' 28°41 46.00
addllae 3)90 90 (SLEL S Col & bgyjpo (o & (S (S 031> i -2 Jgoa
Table 2- Conversion of qualitative data to quantitative soil texture of the studied lemon gardens
ol das SKocdL gy ol dae SB L gg
Score Type of soil texture Score Type of soil texture
6 Loamy clay sandy 29wy (b 1 Sand e
7 Loamy clay silt/loamy clay 8 o)l 08 (wy (il 2 Sandy loam P
8 Clay sand ) (s 3 Loam sand o9 b
9 Clay silt 0y sl 4 loamy Silt /Silt P VN I o
10 Clay ) 5 Loam oy
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Figure 1- Mixed cultivation of citrus and date palm (above), using green nets to shade and reduce severe sun damage

(middle), Chlorosis and severe leaf fall (bottom left), and leaf wilting and severe symptoms of thirst under irrigation
condition (bottom right)
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Table 3- Results of factor analysis of variables to determine the number and nature of hidden variables affecting the
correlation between variables

adlgo
Components
1,551 2 56 3 518 4 518
Factor 1 Factor 2 Factor 3 Factor 4
wléle Jsb Longitude 0.182 0.196 0.873 0.113
wlélis o,e Latitude -0.056 0.230 0.095 0.429
by s 3l glis)) Altitude -0.152 -0.301 0.890 0.042
L> Temperature 0.109 0.846 -0.353 0.029
cé g o AQE 0.119 -0.415 0.071 0.825
Gla B muiw cwws SAR 0.021 0.890 0.168 0.026
w0 e Clay 0.936 0.089 0.026 0.224
Sk sl Soil texture 0.958 0.004 0.005 -0.004
Jg o5 Decline 0.217 0.075 -0.007 0.889
oz »és Eigenvalues 2.374 2.156 1.489 1.229
ib,ls Variance (%) 26.376 23.957 16.545 13.655
o5 1oy Cumulative (%) 26.376 50.333 66.878 80.534

Extraction Method: Principal Component Analysis

bl sadge U izl Sl by,

Loyl o (hs B3I (i (650505151 gLl 43 anllae 3590 (S paiie (Swmod il =4 Jouix
Table 4- Correlation coefficients of the studied variables in order to measure the degree of linear relationship between them

Job oo ey X HB o2 o Ol
Lal s Whis > g bd P o olpe SBcdl Jlg; ol St
‘f””_"’? ‘j””_ il =" Temperature Tree age c Clay  Soil texture Decline N
Longitude  Latitude  Altitude SAR Desiccating
Longitude
@bl oy
. 0.011 1
Latitude
Ly o I g5l e
Altitude 0.604 0.095 1
Temperaturels  -0.049 0.060 -0.564™" 1
SR o 0.124 0.132 0.176 -0.320" 1
Age
Clo BB e " o "
0.249 0.149 -0.118 0.585 -0.269 1
SAR
BR
u”élua;‘ 0.210 0.084 -0.113 0.172 0241  0.107 1
Soil sk cal -
o = 0.134 0.093 -0.129 0.071 0.106 0.042 0.847 1
texture
o5 -
Js; il 0.189 0.161 -0.022 0.139 0.670™ 0.082 0.405™ 0.157 1
Decline
< "~ ‘?]}:ﬁ 0.140 0.192 -0.037 0.188 0.519™ 0.172 0.401™ 0.200 0.904™ 1
Desiccating
Loy gy e )d )b gze (Siuuon Loyd S )y Y pime (Siuor

**_Correlation is significant at the 0.01 level (2-tailed)

21 lod ialisl 3 Jlo 4 o 55 1396 Lo sl odpmn,
YU T Los ialidl olsee o) 4 ol 4zl 31,8 ol a0

*. Correlation is significant at the 0.05 level (2-tailed)

olo (13958 33 Lod yiSTis (1 Sls 2 o 0d8liie aS” jglailan
3 b 03 53 (31,5 5le a3 )3 2912) lse cp YL 4 1397
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Table 5- Correlation of shading and percentage of decline in Citrus limon cv. ‘Lisbon’

318 alw diged dluxi oSSbe sbro Bl 2l 3 bl slhs SSle
Shading N Mean Std. Deviation Std. Error Mean
Jls; 0.00 47 57.4043 30.39569 4.43367
Decline 1.00 18 29.6667 31.11648 7.33422
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Figure 2- Mean of maximum temperature changes in spring (top) and summer (bottom) during 2009 to 2018 in Jahrom city
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Table 6- Samples t-test (shading and decline) in Citrus limon cv. ‘Lisbon’

il ly gl S (9! 0905 Slge
Levenes test for equality of variances F-test

Slp e jlaieP
Ll
P-value for equality

S ol el Galp s aieP
t-test df Sl

P-value for equality of

of variances means
Boibyly sl 023 0.234 0.630 3271 63 0.002

Jlss Equal variances assumed
Decline  bauilly sl pas 22 3237 30.205 0.003

Equal variances not assumed
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Table 7- Correlation of anti SAR and percentage of decline in Citrus limon cv. ‘Lisbon’

S0 Aiged dlaxd are L1 il 5 luibi! gl Sl
Anti SAR N Std. Deviation Std. Error Mean
Jls; 0.00 45 52.0889 32.12605 4.78907
Decline 1.00 20 44.4000 34.59754 7.73624
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Table 8- Samples t-test (anti SAR and decline) in Citrus limon cv. ‘Lisbon’

il ly gl S (9! 0905 Slge
Levenes test for equality of variances F-test

Slp e jlaieP

byl
P-value for equality

S ol wlileeny Galp s aieP
t-test df Sl

P-value for equality of

of variances means
leoribls sl 028 0.494 0.485 0.870 63 0.388

Jis; Equal variances assumed
Decline Loy ol pae 258 0.845 34.185 0.404

Equal variances not assumed
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Figure 3- Cluster analysis of the 12 studied variables in this research
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Table 9- Path analysis for Percentage of decline in Citrus limon cv. ‘Lisbon’

g 2 e yé 11
Indirect effects on Decline
J9j 52 e 1 51 b o o9y ol gy ol
Direct effects on Decline  Temperature Age Clay Decline
Altitude b ,> mlaw 31 g5 ) - - 0.18 -0.07 -0.09
Temperature > 0.32 - - -0.07 -0.16
Age &> o 0.68 - - - 0.10
Shading jlaslabe -0.23 - - - -
Clay (w, ol 0.44 - - - -

Soil texture S cél -0.34 - - - 0.36
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Figure 4- Diagram of path analysis using stepwise regression to causal relationships between variables
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Figure 5- The mean temperature and hours mean of sunny numbers in the first six months during 2009 to 2018
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Introduction: Citrus trees are among the most important tropical and subtropical fruit trees in the world. In
recent years, newfound disorders have become a serious danger to citrus growing. In the last two years in Jahrom
city and surrounding towns, there have been numerous reports about the rapid drying of whole of citrus trees or
parts of them. Following studies by expert groups, the problem was referred to as "Citrus decline”. Most
researchers have divided the main causes of decline into bictic and abiotic groups. In fact, the disorder of citrus
decline refers to any type of disorder, disease or problem that can ultimately lead to tree weakness and loss. In
fact, decline can be considered a synonym for death.

Materials and Methods: In this study, 64 orchards located in the cities of Jahrom, Juyom, Khafr and their
suburbs were studied. Each orchard consisted of at least 100 trees of “Lisbon’ cultivars (one to ten years old).
Evaluations were carried out periodically and with a two-month intervals from March 1976 to November 1977.
On the one hand decline rate and on the other hand desiccating rate (tree with complete drying) were measured.
Average monthly air temperature, sodium absorption ratio (SAR), irrigation water, soil texture, manure
consumption, irrigation amount and methods, and spatial and temporal distribution of irrigation water were
measured. Longitude, latitude and altitude were recorded using GPS. The meteorological data were obtained
from weather station of Jahrom city. Soil sampling was performed using standard methods from all orchards.
After determining the soil texture type, in order to data convert from qualitative to quantitative according to the
amount of clay available, the numbers 1 to 10 were assigned to each sample. Number 5 was considered as
medium and standard soil texture. If manure was applied, one unit was added to the soil texture score of less than
5 and one unit was subtracted from the numbers above 5. The presence or absence of shading on the studied trees
(Green lace or palm tree) was assigned to zero and one numbers, respectively. Numbers zero and one were
assigned to applied or non-applied soil sodium solute reducing fertilizers, respectively. The amount of clay, SAR
(sodium absorption ratio) in irrigation water were obtained using the usual measurement methods in soil and
water experiments. Data were analyzed using SPSS software (version 25) and Path analysis diagram was plotted
using AMOS software (version 24). Multivariate statistical analyzes including factor analysis, correlation, cluster
analysis and path analysis were performed to determine the relationships between variables and the percentage of
decline.

Results and Discussion: According to the results of factor analysis, the first four factors accounted for
80.53% of the total variation. The first component (soil physical properties) including clay and soil texture
accounted for 26.37% of the total variance. The second component (salt evaporation and accumulation) included
temperature, mean age of the trees, and the rate of sodium absorption ratio (SAR) with accounting of 23.95% of
the total variance. Significant correlations were observed between decline and mean tree age, decline and clay
percentage, decline and presence of shading. Almost all of the declined trees reached the full drying stage, which
is justified by the high correlation of the decline with desiccating (r=0.90 **). Percentage of decline had the
highest correlation with tree age (r=0.67 **). Percentage of complete desiccating of the tree was also highly
correlated with tree age (r=0.51 **). T-test to determine the correlation between two-level nominal variables
such as application of shading (presence or absence of shading) and anti-salinity compounds (application or not
application of salinity fertilizers) with decline occurrence was used. The mean percentage of decline was 29.66%
in trees under shade and 57.40% in trees without shade. In general, the rate of decline in trees without shading is
twice more than trees with shading. Path analysis identified the direct and indirect effects of variables on the rate
of decline.

Conclusion: It was generally found that the decline is a multivariate physiological disorder that largely, can
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be controlled by some orchard management operations. In the meantime, temperature control and soil texture
correction are important, especially in older trees. Increased temperature is one of the major causes of citrus
decline that is also indirectly associated with other deteriorating factors. Soil quality changes gradually due to
various factors so its correction is very important in reducing the incidence of this disorder.
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