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EXTENDED ABSTRACT

Introduction: Date palm (Phoenix dactylifera L.) is one of the most valuable domesticated
fruit trees in Iran due to its significant importance in economy, societies, health benefits and
production capacity in unfavorable semi-arid and arid regions. Iran has more than 30 million
date trees in 216,000 hectares, which produce 900,000 tons of date products. Bushehr province
is one of the main origins of dates and one of the producers of dates in the south of Iran.
Considering the importance of dates in Bushehr province, this study was conducted with the
aim of investigating the pattern of spatial changes in surface and deep soil characteristics and
its effect on date performance.

Materials and Methods: This research was carried out in a large area about 39000 ha in
Shabankareh region which is located in Bushehr province in southern Iran with old and new
date palm gardens. Kabkab is the dominant date palm cultivar in the region. At first, the
boundary of study area was determined by satellite pictures obtained from Google earth
program. Then, target gardens were selected through visual differences between trees crown
spread and garden density as a sign for their growth abilities. Field surveys were also
accomplished to fulfill and check the selected gardens from close. Study area was spread from
slope plain with 110 meters height in north part to the medium slope in center and flat plain in
the south-west of region with 50 and 15 meters height, respectively. Soil samples were taken
from three layers (0-30, 30-60 and 60-90cm) of target garden soils with auger and then was
analyzed in laboratory. Soil properties such as texture, pH, electric conductivity of extract (EC),
catain exchange capacity (CEC), equivalent calcium carbonate (CCE), organic carbon percent,
macro and micro nutrients (N, P, K, Fe, Mn, Cu, Zn), gypsum and saturation percent. Date palm
yields were weighing from three plants randomly in any target garden under the permission of
garden owner who was also asked about the fertilizer and irrigation management of his garden,
as well. Descriptive analysis of measured data was done by SPSS as well as their person
correlations. Geostatistical analysis for soil properties and yield was carried out by GS* to study
the spatial variation of the measured properties. Yield zoning was then mapped for the survey
area as a result of studied production spatial variance by Kriging estimator.

Results and discussion: Linear stepwise regressions for soil properties with date palm yield in
three soil depth layers (0-30, 30-60 and 60-90cm) were calculated. Adjusted R2 were 0.24, 0.89
and 0.76 for the layers, respectively. The highest correlation (0.89) was related to the second
layer which is known as nutritional zone and contains the highest proportion of primary and
secondary roots to uptake nutrients from soil solution. Only K played a significant role in
regression equation of the first layer which is called respiratory zone and most of its roots have
a negative geotropism and play a respiratory role. The highest Pearson correlation coefficient
(0.61) obtained for N macronutrient due to all year long continuity of vegetative growth stage
in date palm. Yield correlation was negative with some of soil properties such as pH, gypsum,
Ec, CCE and sand. Higher acidity of soil results fixation of micronutrients. More gypsum and
EC in soil tends to high osmotic pressure that disorders roots water uptake. Sand has lower
water content capability and its high percentage in soil causes water stress for plants.

Conclusion: large parts of Iran are expecting to be planted by date palm in future because of
climate change and also date palm high tolerance to environmental stresses such as droughness
and saline conditions. It's very important to achieve correct information about soil properties
which can influence date palm yield in order to figure out deficient or excess amount of these
properties in the region for improving cultivation managements. Nitrogen is more important than
K and P for date palm especially in semiarid and arid regions. Soil layer between 30 to 60 cm is
the best depth for applying fertilizers to be well up taken. Drowind yield zoning map of the area
showed the best parts for date palm cultivation and can be used for other similar environments.
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Fig. 1- Study area and soil sampling targets
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Table 2. Linear variance analysis between soil properties in three layers and dates yield

Gos soliT a0 oo Sileo
Dep.(cm) Degree of Freedom* Mean Square F Sig.
0-30 (Zone I) 1 964.2 6.68 0.019 *
30-60 (Zone II) 8 380.9 8.457 0.001 **
60-90 (Zone III) 12 277.16 8.268 0.005**

* Degree of freedom was calculated from Regression relations in table 1
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Table 3. Summary stattistics of soil prosperties measured in 30-60 cm depth (Zone II)

RYS3]

9 Ty e e pSbe L O e

Property s Unit Max MiIn Mean il Kurt Skew (€) Bos |

Sign CV(a) (b) (b) tS

Kol-Smi Test

el Cughs, SP % 67.0 0.26 4528 0.23 -0.56 0.46 0.2
Sl Calas el EC dSm 424 1.15 732 0.53 -0.14 0.54 0.0
| pH = 8.1 6.9 7.41 0.03 -0.53 0.41 027
Joles puneds by CCE % 90.0 365  59.74 0.16 0.93 -0.18 0.1
& Gyps % 23.3 0.6 3.7 0.37 0.73 1.46 0.0
STosls ocC % 0.81 0.11 0.298 0.45 -0.36 0.41 0.03
ST 59pmiifg N (total) % 0.08 0.01  0.031 0.13 -0.25 0.18 0.03
oolil LB jand P (ava) mg kg’ 1327 033 1.86 1.30 -0.51 0.55 0.0
ool B gelsy K (ava) mg kg 2200 260 1542 0.27 1.08 -0.73 0.2
ob Sand % 95.40 5.4 41.96 0.63 0.51 0.86 0.06
el Silt % 78.0 4.0 42.56 0.48 -0.88 0.54 0.2
o Clay % 35.10  0.06 15.08 0.69 -0.88 0.31 0.2
Sl Jols s b CEC omol()kg” 5935 598 1452 0.51 116 046 0.38
S RERTIN Mn (ava) mgkg'! 47 0.4 1.53 0.71 -0.56 0.18 0.03
oolil BB s Cu (ava) mg kg 1.166  0.002  0.305 1.06 0.82 1.26 0.0
ooliul L pal Fe (ava) mg kg’ 6442 0748 233 0.795 -0.17 0.1 0.18
ooliztul BB (g9, Zn (ava) mgkg’! 0348  0.078  0.165 0.45 -0.18 0.87 0.12
o Slas Yield Kg Tree 91.0 35.0 55.6 0.24 0.34 0.28 0.2

Sig>: /0 g Jloys bys ©

Y Y Gmoss b b (¥ sl /Y=Y gt J) <o fY oS M) (<o) oS s sl a

a: (Very low diff. <0.1, Low diff. 0.1-0.2, Medium diff. 0.2-0.3, high diff. >0.3) b: -2<Normal<2 c¢: Normal, sig>0.05
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Fig. 3- location of soil sample textures in soil texture triangles. Left (30-60), right (60-90) cm
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Table 4. Pearson correlation coefficient values for soil properties and yield

(Layer depth) «¥ &oc

Pearson correlation coefficient

30-60 cm 60-90 cm
s
High (0.6-0.8) N -
Jss G
Acceptable (0.4-0.6) Zn, K, OC Cu, Silt
o=k
Low( 0.2-0.4) Fe, Mn, P, Cu CEC, Sand , P, N, K ,O0C
uL:.w
Weak (0-0.2) SP, Silt, Clay , CEC Zn, Fe, Mn, Clay, Gypsum, CEC, SP
sﬂ.l.a

Negative (< 0)

EC, Gypsum, Sand, pH, CCE

Ec, pH
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Table 5. Pearson correlation coefficient values for studied properties (Light color for correlation in 0-30 cm, dark color for 30-60 cm
of soil layer)

SP EC pH CCE Gyps OC N P K Sand Silt Clay CEC Mn Cu Fe Zn Yield

sp 1 -09 17 -49° -17 .19 .10 28 517 -577 29 .08 .74 80" 43 39 .09 .07
Ec 13 1 -.48" .09 27 013 .01 -14 -31 -18 25 -0l .18 -16 26 35 .23 -29
pH -25 .54 1 -25  -23 -06 -05 .05 21 A7 0 -24 02 02 .15 -11 -16 -21 -10
CCE -46" -35 28 1 .34 .08 A0 =30 -59™ 74T -627 -64T -46" -19 -13 -32 -20 .19
Gyps -07 27 -03 -21 1 47" 48 -09 -23 -07 .10 -01 .18 .11 22 -01 .15 .08
oc 31 -04 -23 .11 -23 1 98" -05 -13 -19 14 21 25 01 -23 -16 -32 .26
N 39 .03 -21 .09 -14 96" 1 -06 -14 -15 .11 d4 17 -08 -25 -18 -31 .23
P -14 16 24 -18 33 -33 .25 1 S51° -08 -18 517 477 33 .09 -23 -33 30
K 34 -08 .16 -36 27 -21 -24 -10 1 -27 .06 .52 33 63" 57 .03 -01 33
Sand -.62" -23 36 .69 -02 -23 -26 24 -21 1 -92™ -71™ -55" -20 -19 -51" -28 .34
Silt 38 23 -38 -68" -03 .11 A3 =24 03 -947 1 36 24 01 .09 46" 41 45
Clay .84™ .12 -16 -41 .13 38 43 -14 49" -677 35 1 86" 47" 29 38 -07 .01
CEC .72 -01 -16 -47° .18 32 37 -13 577 2597 35 817 1 43 21 22 -14 27
Mn 51" 04 25 -38 25 -01 .02 A5 717 -18  -05 617 527 1 67 04 07 .15
Cu 42 47 -2 -42 0 -11 0 -15 -14 0 03 21 =21 15 25 .04 460 1 38 32 4
Fe 35 44 -26 -50° -19 -04 -06 -07 .05 -35 34 21 .01 36 87 1 37 .08
Zn 14 22 .03 .08 .10 .19 23 50" -21 .04 -19 30 -02 -0l -07 -16 1 .08

Yield .05 -14 -2 20 -08 .54* _6l1** 24 51* -08 .09 .01 04 24 34 32 41 1
203 Sy gl 5o T pne (Koo p HE 000 0 gl o 0T Sre (Sren upS

*_ Correlation is significant at the 0.05 level
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Table 6. Summery of geostatistical information of studied properties and theoretical model fitted on experimental semivariogram

oles g BEldae s 31 wals O Sl R olag po & gozxo
P;f;’;’ty Sl Sl o JOC COPIN S TPV EW | Snod owileusly
Sign Model % (Cy) Range Cy/ Co+C Sill R? RSS

Colas culld

EC Expo (Aniso) 0.64 272800 0.62 2.1 0.71 0.25
R

CCE Expo (Aniso) 0.03 349200 0.78 0.12 0.42 6.4x107

ST esle oC Expo(Aniso) 0.18 267900 0.74 0.7 0.21 0.16

oslinal LB ,aud  P(ava)  Expo(Aniso) 438 253100 0.81 255 035 419.7

O Sand Expo(Aniso) 614 261900 0.67 1867 0.12 1.9x10-°

o Clay  Expo(Aniso) 1.5 239400 0.7 52 0.26 16.7

oslizal b6 35 Mn(ava)  Expo(Aniso) 028 51930 0.90 44 031 205

oolazul LB ool Fe (ava)  Expo(Aniso) 0.1 573500 0.72 0.34 0.44 0.1

5,Ses Yield sphe(Iso) 66.3 1980 0.62 173 0.65 21221

(Spherical 55,5  Exponential Lo ) ** (Anisotropic s Siluesal Isotropic o Kiluwsa ) *
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Fig. 3- A: Isotropic semivariance (Horizontal: distance, Vertical: semivariance. 1-8) B:Anisotropic semivariance (Horizontal:
distance E-W, Vertical: distance N-s. 9-18)
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