J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 2 (9): 939 - 962, 2011

EFFECT OF SPATIAL DISTRIBUTION OF SOIL MOISTURE
AND HEAT CONTENT ON IRRIGATION SCHEDULING OF
SOME CROPS GROWN IN EL-SHEIKH ZUWAID AREA,
NORTH SINAI - EGYPT

Abdel Rahman, G.; S. H. Seidhom ; F. M. El-Borai and R. M. Rafe
Desert Research Center, Matariya, Cairo, Egypt.

ABSTRACT

The current research aims to study the effect of spatial variability of soil
moisture and soil heat content on irrigation scheduling of olive trees and tomato plants
under drip irrigation system in desert sandy soil of North Sinai Governorate.

Field experiment has been conducted in EI-Sheikh Zuwaid experimental station
in North Sinai during 2011 growing season. The studied area includes two sites: one
cultivated with olive trees and the other with tomato crop. Three profiles were
examined in each site to verify the spatial variability of soil moisture and three
infiltration tests had been carried out. Physical and chemical analyses were carried
out for the soil profiles. Meteorological data were collected for the 15 last years of the
site as the irrigation schedules were designed for the tested two crops. The
measurements of soil moisture and soil temperature were carried out over the studied
growth season which lasted to 6 months. The data show the following:

1- Infiltration rate (IR) values express the horizontal spatial variability among
profiles, while the soil moisture characteristics express the vertical one.

2- The intake rate of water into soil is affected by soil texture, plant cover and soll
bulk density. The latter influences the water infiltration to soil as the differences
reach to double in olive and 20% in tomato. Olive farm gives the lowest IR values
while tomato gives the highest ones.

3- Soil moisture shows great differences due to the differences in particle size
distribution (soil texture), its content increased gradually from March to August
coordinated with soil temperature as well. On daily base, the moisture content
shows declination through daytime while get maximum levels at night.
Meanwhile, soil moisture fluctuations were more detected under olive than under
tomato due to the difference in coverage rates for both. So, intercropping of
tomato is recommended through olive lines as the assumption has been verified
statistically.

4- There were positive significant correlations between moisture content and each of
available soil moisture, soil temperature and soil heat content under tomato farm.
But for olive no significant correlation was found between moisture content and
available soil water, but the rest variable were significant.

5- Soil temperature increased from March to August, being higher than air
temperature from March to May but lower from June to August. Minimum soil
temperature was recorded at daytime hours while the maximum were at night
time. Soil temperature values were coordinated with soil moisture ones. The soil
heat content values show the same trends of soil temperature.

6- Some modification on irrigation schedule has been undertaken adjust the sall
moisture at desired level of depletion, where two calculations had been carried
out:

a- Modifying the depletion level to compensate the loss of water curve, so,
creating new irrigation intervals.

b- Back calculation using the new intervals reaching to new crop coefficient
(Kc). Modifications for olive from 14 — 25 to 11 — 22 days with the same
irrigation amount, for tomato from 3 — 7 to 2 — 5 days with the same irrigation
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amount, but with modifying Kc for the modified intervals the gross irrigation
amount change from 1029 to 1177 and 2404 to 2678 m®/fed/season for olive
and tomato, respectively.
7- Significant positive correlations were found between available soil water and
irrigation scheduling for both olive and tomato crops.
8- Intercropping hypothesis was checked statistically and the resulted relations were
all significant.

The work concludes the importance of spatial variability of soil characters
and their effect on irrigation scheduling. Furthermore, the back calculation for
adjusting the soil moisture regime could be resulted in new irrigation intervals and Kc
values. Also, the concept of intercropping under such similar conditions is quite
acceptable.

Keywords: spatial variability, irrigation scheduling, soil moisture and heat content.

INTRODUCTION

As water for irrigation becomes increasingly scarce, accurate
scheduling using soundly based management methods and tools is
necessary, particularly in arid areas. Spatial variability considerations in
interpreting soil moisture measurements are essential for accurate irrigation
scheduling (Bradley and Jeffrey, 2004). The soil profile should be placed in a
location that will most represent the irrigated area. Soil moisture can has
highly variable spatially in the some field (Warrick, 2003). The factors that
affect soil moisture variability are slope, vegetation type, bulk density, soil
type, microclimate, and other variables. An irrigation regime which represents
an area should be homogenous enough that the soil moisture variability will
be low and the soil moisture data will represent the entire irrigation regime.
There should be at least one soil profile for every irrigation regime. Irrigation
regimes are selected according to crop type, crop age, soil type, slope, and
irrigation method.

Irrigation scheduling is one of the important managerial activities that
aim at effective and efficient utilization of water (Khalifa, 2009). An
appropriated irrigation scheduling plays an important role in achieving water
savings, higher irrigation performances, and controlling the percolation
resulting from excess water applied to irrigation (Smith et al.,, 1996 and
Pereira et al., 2002). Irrigation scheduling and irrigation uniformity are two
water management issues that need attention to maximize production
efficiency. Irrigation scheduling involves determining the proper timing and
amount of water applications throughout the growing season. Theoretically,
irrigation scheduling can be performed using a calculated daily water balance
in conjunction with estimated daily crop water use values or repeated soil
moisture monitoring. In practice, a combination of crop water use information
and soil moisture monitoring is necessary to achieve acceptable results.
Thus, adjusting irrigation schedules to account for general changes in crop
water use combined with soil moisture monitoring to correct for local
conditions is necessary for effective irrigation scheduling.

Haws et al. (2004) and Wuest (2005) reported that water intake rate
(IR) to soil is affected by soil factors which embrace soil texture, structure,
bulk density, pore-size distribution, water content, and chemical composition
of soil solution as well as topography. The water-holding capacity of a soil
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and the numeric value of measures used to quantify soil moisture are highly
dependent on soil texture. Unfortunately, soil texture commonly varies with
depth and location.

This spatial variability in soil texture is an important consideration in
both irrigation system design and irrigation scheduling and can confound field
soil moisture measurements taken for irrigation scheduling purposes.
Therefore, the present investigation is to study the effect of spatial variability
of soil moisture and soil heat content on irrigation scheduling of olive trees
and tomato plants.

MATERIALS AND METHODS

Trials were carried out in the Agricultural Experimental Station of the
Desert Research Center at EI-Sheikh Zuwaid City, about 35 Km East of El-
Arish, North Sinai Governorate, Egypt during 2011. Climatic conditions of the
experimental site were obtained from a meteorological station installed in the
station (Table, 1) which indicates high relative humidity all over the year. It
lies between Latitude 31°.08" N, Longitude 34°.01" E, with an altitude of 15 m
above M.S.L. Daily reference evapotranspiration (ETo) was computed by
Penman—Monteith equation (Allen et al., 1998).

Table (1): Measured climatic data of studied area during the period of 15

years from 1996-2010.
Avg. 15 Yr (1996-
2010)
Max. temp. ('C) [18.71[19.7325.42]27.80[29.81/32.05[33.65[34.56/34.12[31.05/26.4321.56] 27.91
Min. temp. (°C) |7.808.08 [10.67/12.37[14.6918.5421.66[22.280.39/17.32]13.75[10.21] 14.81
Avg. temp. (°C) [13.26[13.91]18.0520.09[22.2525.30127.66[28.42[27.26/24.19]20.09]15.89] 21.36
Re'at"’?o/gum'd'ty 85.86(89.90184.72/85.38187.21191.87/93.39192.57|87.97|86.95/87.39/88.06| 88.44
W'(rr‘:/ssg;ed 2.91(3.16(2.10|2.17|1.88|1.43|1.47|1.27|1.47|1.31|2.00|2.68| 1.99
Sunshine (hour) |7.01|7.80]8.41]9.53 [10.48]11.93[12.02]11.65[10.55/ 9.48 | 7.88 | 6.78| 9.46
Rainfall (mm) [29.18/48.35/8.57 | 2.06|0.12 | 0.11 | 0.03| 0.02 | 0.05 [22.37/13.1022.09146.04*
SO'(?,L;%%%;'O” 2.61|3.08|5.01|7.08(7.00|7.43|7.38|6.40 | 4.54 |3.06 | 2.67|2.46 | 4.89
ETo (mm/day) |1.95|2.27|3.41|4.40|4.99|5.44|5.71|5.54|4.81|3.55|2.60|1.94] 3.88
Source: El-Sheikh Zuwaid station (Desert Research Center), * Total, temp.: temperature,
ETo: Potential evapotranspiration , Avg.: Average

Jan.|Feb.|Mar.|Apr.| Ma. |Jun.|Jul. |Aug.|Sep.|Oct. |Nov.|Dec.| Avg.

The area under study includes one feddan distinguished into an old
olive farm (0.5 feddan) and non cultivated land which was cropped with
tomato plants (0.5 feddan) for one season. Six IR tests were conducted on
both areas, 3 tests each. Besides, six soil profiles were dug adjacent to IR
tests. IR tests were determined under constant head of water using double
ring infiltrometer, as described by Klute (1986). The cumulative depth of
infiltrated water D in cm as a function of time t, according to the Philips two
terms equation §1957 a, b).

D = A®° + Bt

i=0.5t°°+B
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Where; i is the IR at large time, i.e., the steady state IR, and A, B are

constants.

The study also included the determination of irrigation intervals for
olive trees and tomato plants that might be considered to be potentially-grown
in this area. These determinations were based on the IR tests and available
soil water by using meteorological data. Tables (2 to 5) present the soil
physical and chemical properties of the two studied areas.

Table (2): Soil physical properties of olive farm area in ElI-Sheikh Zuwaid

region.
Particle size distribution in mm bd Moisture Available
Profile| Depth %) content % ;
No. | (cm) [20-[L0-Jo5-[0.2-[01-] > | C{3CqMg soil water
m3)| F.C. |W.p.| (Sa)%
1.0(05| 0.2 | 0.1 {0.063]0.063

0-15 |0.16|2.20(|77.83]|19.33| 0.24 |0.06 | S. | 2.55 [1.61]| 9.95 |3.45 6.50
15-30 |0.20|3.18(76.38|19.64| 0.41 |0.19 | S. | 2.60 |1.59| 9.88 |3.42 6.46

1 30-45 ]0.19|2.29|76.55|20.17| 0.55 |0.25| S. | 2.70 [1.61|10.03 | 3.87 6.16
45 -60 ]0.18|3.33|74.28|21.32| 0.66 |0.23 | S. | 2.80 [1.60| 9.98 | 3.56 6.42

> 60 0.21]3.41|73.89(21.34| 0.65 [0.50| S. | 2.05 |1.62{10.11|3.77 6.34

0-15 ]0.20|3.36(76.14]|19.78| 0.45 | 0.07 | S. | 2.59 [1.61]|10.11 | 3.56 6.55
15-30 |0.21{2.29(76.73|20.11| 0.47 |0.19| S. | 2.44 |1.63| 9.99 |3.77 6.22

2 30-45 ]0.23|3.36|73.30|22.34| 0.51 |0.27 | S. | 2.53 [1.61|10.01 | 3.56 6.45
45 -60 |(0.17|3.18|75.62(20.09| 0.65 [0.29 | S. | 2.04 |1.62|10.05|3.25 6.80

> 60 0.18]3.31|74.17(21.33| 0.49 [0.52 | S. | 2.60 |1.60| 9.95 |3.25 6.70

0-15 ]0.19|3.22|77.93|18.11| 0.50 |0.05| S. | 2.89 [1.62|10.31|3.09 7.22
15-30 |0.22|2.22(77.63|19.40| 0.37 |0.16 | S. | 2.62 |1.63|10.15(4.01 6.14

3 30-45 ]0.13]|2.55|77.16|19.34| 0.45 | 0.37 | S. | 2.53 [1.62|10.11|3.70 6.41
45 -60 |0.19|2.66|74.32|22.31| 0.47 |0.41 | S. | 2.40 [1.63|10.08 | 3.56 6.52

> 60 0.18(3.71(72.00(23.22| 0.49 (0.40| S. | 2.34 |1.60{10.22|3.26 6.96

T.C.: texture class S.: sand bd: bulk density Mgm~ : Mega gram/m®

F.C.: field capacity

W.P.: wilting point

Table (3): Soil physical properties of tomato plants area in El-Sheikh
Zuwaid region.

Particle size distribution in mm Moisture |Available|
Profile] Depth %) bd (Mg|content %| saoil
No. (cfn) 20-1.0-J05-]02-Jo1=] > | ¢|CaC0s m('3)g o lwpl| water
1.0[05 | 0.2 | 0.1 |0.063|0.063 ] (Sa) %
0-15 0 |4..00|75.84|19.52/0.52 |0.12 | S 2.88 | 1.57 [11.22|3.99| 7.23
15-30 | 0 [3.66(75.93|19.43/0.53 |0.45| S. | 3.45 | 1.60 [10.99|3.67| 7.32
4 30-45 | 0 |4.22(74.52|20.38|/0.46 [0.42 | S 255 | 1.61 [10.33|4.13| 6.20
45-60 | 0 |3.68]74.00/21.44{0.49 /039 | S 249 | 1.58 [11.15|4.02] 7.13
> 60 0 [2.66(73.81|22.52|/0.59 [0.42 | S. | 2.82 | 1.59 |10.19(3.87| 6.32
0-15 0 [4.29(74.61|20.29|0.62 |0.18 | S 3.52 | 1.56 [10.65|4.21| 6.44
15-30 | 0 [4.83]73.16/21.00{0.55 |0.46 | S. | 3.60 | 1.58 [10.25|3.98| 6.27
5 30-45 | 0 |4.18(74.51|20.34|/0.55|0.42 | S. | 3.20 | 1.57 [10.23|3.99| 6.24
45-60 | 0 |4.26]74.80/19.99/0.48 |0.40| S 271 | 1.60 [11.35|4.12| 7.23
> 60 0 [3.49(73.58|21.82|0.68 [0.43| S. | 2.80 | 1.60 |9.87 [3.53| 6.34
0-15 | 0 [4.52]69.82|24.32/0.59 |0.75| S. | 3.45 | 1.55 |11.01|3.99| 7.02
15-30 | 0 [4.12[73.41]21.34/0.57 1056 | S 3.52 | 1.60 [11.98]4.23| 7.75
6 30-45 | 0 |3.99(75.11|19.89|/0.55 [0.46 | S 3.71 | 1.61 [10.96|4.03| 6.93
45-60 | 0 |4.39(|74.62(20.04{0.50 |0.45| S. | 2.84 | 1.59 |10.56|3.78| 6.78
> 60 0 |4.80(73.39|21.62(0.48 |0.43| S. | 250 | 1.59 |10.12|4.01| 6.11
T.C.: texture class S.: sand bd: bulk density Mgm™ : Mega gram/m

F.C.: field capacity

W.P.: wilting point
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Table (4): Soil chemical properties of olive farm area in El-Sheikh Zuwaid
region.

. EC Cations (me/l) Anions (mel/l)
Profile No. | Depth (cm) asm™ pH Na | K* [Ca” [Mg™ | CO; | HCO; | CI' [SO.
0-15 0.79 |8.00(4.70|0.39/2.40|0.41 | 0.00 | 2.50 |4.10]1.30
15-30 0.77 |8.10(4.60(0.38/2.20|0.52 | 0.00 | 2.50 |4.20|1.00
1 30-45 0.75 |8.20[4.50|0.35|2.00|0.65 | 0.00 | 2.00 |4.11]1.39
45 - 60 0.70 |8.10(4.40|0.37/1.98|0.55 | 0.00 | 1.89 |3.81|1.30
> 60 0.68 |8.20(3.95|0.36/1.89|0.60 | 0.00 | 1.89 |3.20|1.71
0-15 0.80 |8.00(4.50(0.40/2.80|0.30 | 0.00 | 2.80 |4.22|0.98
15-30 0.80 |8.10(4.40|0.42|2.60|0.58 | 0.00 | 2.60 |3.88|1.52
2 30-45 0.78 |8.20(4.60|0.38|2.40|0.42 | 0.00 | 2.50 |4.11]1.19
45 - 60 0.75 |8.20(4.70|0.38/2.10|0.48 | 0.00 | 1.88 |4.00]|1.65
> 60 0.70 |8.10(4.20|0.42|2.20|0.18 | 0.00 | 1.89 |4.13|0.98
0-15 0.81 |8.20(4.30|0.42|2.40|0.98 | 0.00 | 2.60 |3.88]|1.62
15-30 0.80 |8.10(4.50(0.41|2.60|0.49 | 0.00 | 2.60 |3.99|1.41
3 30-45 0.79 |8.00(4.40|0.39/2.70|0.41 | 0.00 | 2.80 |4.12|0.98
45 - 60 0.78 |8.00(4.40|0.44|2.80|0.46 | 0.00 | 2.80 |4.20|0.80
> 60 0.71 |8.00[4.50|0.42|1.98|0.20 | 0.00 | 2.00 |3.88]1.22

Table (5): Soil chemical properties of tomato plants area in El-Sheikh
Zuwaid region.

. EC Cations (me/l) Anions (mell)
Profile No. Depth (cm) asm™ pH Na | K* [Ca” [Mg™ | COs | HCO; | CI [SOs
0-15 0.82 |8.20(4.90|0.42|2.60|0.28 | 0.00 | 2.80 |4.22|1.18
15-30 0.80 [8.20(4.80|0.40({2.50|0.30 | 0.00 | 2.60 |4.40|1.00
4 30-45 0.79 |8.10(4.75|0.44|2.60|0.11 | 0.00 | 2.50 |4.60]0.80
45 - 60 0.76 |8.20(5.00(0.38|2.02|0.20 | 0.00 | 2.80 |4.30|0.50
> 60 0.75 [8.10(4.80|0.40({1.880.42 | 0.00 | 2.60 |4.00]0.90
0-15 0.84 |8.20(5.05|0.40/2.80|0.40 | 0.00 | 2.80 |4.40|1.20
15-30 0.82 |8.20(4.80|0.42(2.45|0.53 | 0.00 | 2.60 |4.10|1.50
5 30-45 0.78 |8.00[4.75|0.41|2.17|0.47 | 0.00 | 2.80 |4.30|0.70
45 - 60 0.76 |8.10[{4.05|0.38(1.88|0.29 | 0.00 | 2.60 |3.82|1.18
> 60 0.75 |8.00(4.42|0.38|2.24|0.46 | 0.00 | 1.85 |3.85]1.80
0-15 0.82 |8.20(5.19|0.45|2.05|0.50 | 0.00 | 2.65 |4.28]|1.27
15-30 0.79 |8.00(4.80|0.42|2.15|0.50 | 0.00 | 2.75 |4.40|0.75
6 30-45 0.78 [8.20]4.0210.40({2.4210.94|0.00 | 1.88 |4.10|1.82
45 - 60 0.76 |7.90[4.05|0.35(2.62|0.53 | 0.00 | 2.82 |4.35|0.40
> 60 0.75 |7.90[4.15|0.38/2.63[0.34 | 0.00 | 2.00 |3.75]1.75

The physical and chemical analyses were carried out according to Klute
(1986) and Page et al. (1982), the data show almost similar properties for the
studied profiles either in old cultivated or cultivated with tomato plants.

The conventional agricultural practices were used for cultivating
tomatoes. Crop management practices carried out on olive, i.e. pruning,
fertilizing and pest management practices were similar to those applied in the
intensive orchards (Masmoudi-Charfi et al., 2006). Irrigation was applied
using ground water with drip irrigation system the analyses of well water is
illustrated in Table (6).
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Table (6): Chemical analysis of the well irrigation water of North Sinai
research station.
pH E.C_1 SAR ioluble (E:';\tions (Enell) _ §o|ub|e anions (_me/l)
(dsm™ |77 ca Mg Na K [COs [HCO; [ SO, [ CI
75| 481 [449]12.93 | 1285 [16.11 [623] 0 [ 1398 [1493[1921[C,S;

Class

Soil heat capacity was measured using copper calorimeter method
by Partington (1963). Volumetric water content was determined
gravimetrically at various depths: 0 -15, 15 - 30, 30 - 45, 45 - 60 and > 60 cm
(Young and Nobel, 1986). Hourly soil temperature (°C) was recorded with
model 063 temperature sensor at the same depths. All sensors were
connected to a data logger (Model C R 10 X, Campbell Scientific Inc., Logan
U T) (Bilskie et al., 1998). EI-Nawawy (1986) gives the following simple
equation to calculate the total heat content (Ht): Ht = Hs + Hm + Hv
Where; H: heat content (calories), t: total, s: solid phase, m: liquid phase and
V: vapor phase.

For each component it can be calculated as follows; Hn = n component, g x
CvnxT

Where; CVn is the heat capacity in cal/g, and T is soil temperature in
centigrade.

The amounts of applied irrigation water for tomato were calculated by the
equation:

Diw=(ETo X Kc)/E,4 (Dorrenbos and Pruitt, 1984)

Where:

Diw = Depth of applied irrigation water, (mm)

ETo = References or Potential (ETp) evapotranspiration, (mm/day).

Kc = Crop coefficient.

Ea = lIrrigation system efficiency, (0.85%).

The water use of olive tree (ETc) was calculated as: ETc = ETo x Kc
x Kr (Vermeiren and Jobling, 1980), To estimate ETc, the reference
evapotranspiration was corrected by a crop coefficient Kc of 0.6 (Vermeiren
and Jobling, 1980) and a reduction coefficient Kr of 0.9 (Masmoudi et al.,
2004).

Irrigation scheduling was based on the set depletion percentage of
total available water (TAW) in the crop root depth position. The TAW was
considered as the difference between the existing root zone water storage at
field capacity and the permanent wilting point. The readily available water
(RAW) was computed by multiplying selected maximum allowable depletion
(MAD) at a given time with TAW on daily basis.

I=((p-Sa).D)/(ETc - Pe) (Dorrenbos and Pruitt, 1984)
Where:

| = interval of irrigation (days).

p = fraction of available soil water permitting unrestricted
evapotranspiration.

Sa = total available soil water, mm/m soil depth.

D = rooting depth, (m)

ETc = maximum crop evapotranspiration (mm) = ETo X Kc.
Pe = effective rainfall (mm)
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Sa=(F.C.% - W.P.%) x by x 1000.
F.C. = Field capacity of soil water, %.
W.P. = Wilting point of soil water, %.
bg = Bulk density of soil, Mgm~.

The pressure plate extraction apparatus was used to determine soil water
content at field capacity (6rc) and at wilting point (Bwp).

RESULTS AND DISCUSSION

Infiltration rate:

The study of infiltration rate (IR) in selected sites of the two studied
farms expresses the spatial variability on horizontal scale among these sites,
while the soil moisture measures of different layers express the vertical scale.
The infiltration of water into soil is mainly affected by soil texture and
structure, but it also depends on soil moisture, vegetation and soil bulk
density. Nevertheless, the accurate evaluation and consequently, modeling
and application of infiltration rate may be influenced significantly by the extent
and nature of spatial variability of soil. Therefore, the intake rate (IR) is the
first step that expresses the movement of water into and thorough the soil.

Data in Table (7) show that the values of intake rate (IR), either initial
or basic IR, varied from one zone to another and even within the same zone
according to variations in soil physical properties. The small differences in soil
bulk density (bg) and fine fractions are seemingly effective in changing both
IR values either initial and basic.

Table (7): Infiltration parameters and classis of different soil profiles.

Pr’\?cf:.le Equations Initial I.R Bs;'ﬁrl.iR gfﬁ:
1 D=0.866t"° + 0.887t & I=25.98t"° +53.22 79.19 55.16 VR
2 D=1.11t"°+0.983t & |=33.3t"° + 58.98 92.28 61.46 VR
3 D=0.879"°+1.931t & |=20.37t"° + 115.86 136.28 117.38 VR
4 D=0.793t°° + 2.013t & I=23.79t°° +120.78 14457 122.55 VR
5 D=0.931t°° + 2.387t & |=27.93t°° + 143.22 171.15 145.30 VR
6 D=1.001t°° +2.119t & I=30.03t"° +127.14 157.17 127..21 VR

VR = very rapid

From Tables (2, 3 and 7) it seems that the infinite variations in (by)
affect the basic IR despite the IR class. The variations reach to = twice in
olive farm while being about 20% in tomato farm. The values of IR in the first
cultivated area (olive farm) ranged from 55.16 to 117.38 cmhr ™ rising in the
second area (tomato plants) from 122.55 to 145.30 cmhr™, to reach the
maximum in soil profile No. (5).

The data spot light on two remarks; 1) The importance of spatial
variability in irrigation practices and, 2) The urgent need to apply drip
irrigation in the experimental site due to high IR values. This finding is in
harmony with (Hawas et al., 2004 and Wuest, 2005).
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Soil water content distribution:

Data presented in Tables (8a & b) show the soil water distributions
determined at five different soil depths (15, 30, 45, 60 and > 60 cm) during
the growing season. These data, under olive trees and tomato, Tables (8a
&b) indicate that, soil moisture content increased progressively from March to
August.

To detect the effect of the variation of available moisture (Tables 2 &
3) on measured soil moisture in the two studied farms (Tables 8a & b), the
differences among these values for each month and the average over the
whole season, were analyzed for correlation and percent.

Table (8a): Soil moisture (%) under olive trees grown in El-Sheikh

Zuwaid region.

. Moisture| Available
Profile No. Depth (cm) | Mar. | Apr. | May | Jun. | Jul. [Aug. % water (mm)
0-15 7.61|7.69|7.93)|8.05|8.33|827| 7.98 15.70
15-30 731|740|7.64|7.76|8.05|798| 7.69 15.41
1 30-45 725734757 769|797 [791| 7.62 14.88
45 - 60 7.61|7.69|7.92)|8.03|832|825| 797 15.41
> 60 742|750 |7.74|786|8.15|8.08| 7.79 15.41
0-15 6.99|7.07|730|741|7.70|763| 7.35 15.82
15-30 6.80|6.87|7.09|720|747|741| 7.14 15.21
2 30-145 6.836.91[7.11|7.21|745[7.40| 7.15 15.58
45 - 60 717 |7.25|745|756|781|7.76| 7.50 16.52
> 60 712719741 |752|7.79|7.73| 7.46 16.08
0-15 759 |7.67|789|8.00|827|821| 794 17.54
15-30 6.4416.51[6.71|6.82|7.07[7.01| 6.76 15.01
3 30-45 6.91/6.99|7.21|732|760|754| 7.26 15.58
45 - 60 7.09|7.17|738|749|7.76|7.70| 7.43 15.94
> 60 7.26|7.33|755|7.66|793[7.87| 7.60 16.70
Average 7.16 | 724|746 |757|784|7.78| 751 15.79
r0.05 = 0.497 & r0.01 = 0.623 |0.388|0.382|0.366|0.358|0.340|0.344| 0.363 ns

Table (8b): Soil moisture (%) under tomato grown in

El-Sheikh Zuwaid

region.
. Moisture| Available
Profile No. Depth (cm) | Mar. | Apr. | May | Jun. | Jul. [Aug. % water (mm)
0-15 7.37|750[7.71|8.64|854(8.22| 8.00 17.03
15-30 756 |7.70|791)|887|8.76|844| 821 17.57
4 30-45 6.45|6.57 |6.75|757|749|721| 7.01 14.97
45 - 60 7.15|7.28[7.49|8.44(834(8.02| 7.79 16.90
> 60 6.64 |6.76 |6.94|7.74|766|7.38| 7.19 15.07
0-15 6.826.94 712|794 785|757 7.38 15.07
15-30 6.71/16.83|7.01|784|775|747| 7.27 14.86
5 30-45 6.53|6.64 | 6.82|7.64|755|7.27| 7.08 14.70
45 - 60 759 |7.72|793)|8.88|8.78|846| 8.23 17.35
> 60 6.72/16.84|7.03|787|777|749| 7.29 15.22
0-15 7.33|7.46|7.66|858(848[8.17| 7.95 16.32
15-30 8.05/8.20/8.42|9.43|9.33|898| 8.74 18.60
6 30-45 7.28|741[7.61|851(841(8.11| 7.89 16.74
45 - 60 7.27|740|759)|848|8.38|8.08| 7.87 16.17
> 60 6.70 | 6.81|6.99|7.79|7.70|743| 7.24 14.57
Average 7.08|7.20|7.40)|8.28|8.18|7.89| 7.67 16.08
r0.05 = 0.497 & r0.01 = 0.623 |0.963|0.964|0.966|0.974|0.973|0.971| 0.969 **
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From the data, one can work out the following:

a- The olive farm which is an open cultivated area as the covered area by
olive trees represents about 34% while the rest is exposed to direct
climatic conditions. The correlation coefficient between soil moisture and
available moisture variations is insignificant which means that the climatic
conditions overcome the soil properties effect on soil moisture readings.

b- Regarding tomato farm which represent 70% covered area, the relation
between soil moisture and available moisture variations is highly
significant. This means that under similar condition of dense cropping
and high plant coverage percent, the spatial variations in soil are more
effective than climatic conditions.

Figs. (1 & 2), illustrate, show the variations in average daily soil
moisture % measured at all months from March to August for the two studied
areas. Those figures show that the lowest soil moisture was obtained
diurnally, while the highest average soil moisture was recorded nocturnally.

In addition, for olive farm the fluctuations of soil moisture being higher
than those of tomato, which could be attributed to the effect of mid-day (both
high wind and air temperature) which overcome the effect of the planned
moisture regime. This will undoubtedly raise the water consumption to
compensate the water loss under olive trees more than tomato.

Meanwhile, tomato curves (Fig., 2) show slight fluctuations of soll
moisture which indicate the dependence of values on the available moisture
property rather than the climatic conditions due to the high coverage of plant
on soil under these conditions. From these data one can propose the
intercropping of tomato within olive farm to avoid the possible loss in soil
moisture which will be discussed afterwards.
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Fig. (1) Daily variations in soil moisture (%) under olive trees grown in El-Sheikh Zuwaid region.
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Fig. (2) Daily variations in soil moisture (%) under tomato plants grown in El-Sheikh Zuwaid region.

The data in Table (8c) show the measured soil moisture as depletion
percent in randomized selected day over 6 months of the studied growth
season.

Table (8c): Actual soil moisture depletion levels (%) of olive and tomato
grown in El-Sheikh Zuwaid region.
Month Mar. Apr. May Jun. Jul. Aug.
Hour [Olive[Tomato|Olive[Tomato|Olive[Tomato|Olive[Tomato|Olive[Tomato|Olive[Tomato
0 30.64| 30.36 [30.67| 33.04 [36.47| 34.82 [34.05| 31.71 [31.88| 33.58 [30.67| 33.04
100 [29.74| 29.53 [30.67| 32.77 [36.17| 34.51 [32.82| 31.97 [32.56| 34.18 [29.45| 33.61
200 [29.18] 29.00 [31.75| 32.50 [35.88| 34.51 [31.60| 32.23 [32.22| 33.88 [29.45| 33.33
300 [28.63] 28.49 [31.75| 32.23 [35.59| 34.51 [30.37| 32.50 [32.22| 33.88 [29.45| 33.33
400 [28.36| 28.24 [31.75| 31.97 [35.31| 34.82 [30.37| 32.77 [32.56| 34.18 [30.67| 33.61
500 [28.10] 28.00 [31.75| 31.71 [35.04] 34.82 [30.37| 33.04 [32.92| 34.48 [30.67| 33.91
600 [27.84| 27.76 [31.75| 31.46 [34.76| 35.14 [29.14| 33.33 [33.28| 34.79 [31.90| 34.21
700 [30.66] 27.52 [34.82| 31.21 [34.50| 35.14 [27.91] 33.61 [34.02| 35.44 [31.90| 34.82
800 [35.77| 28.00 [38.19] 31.46 [34.76| 35.47 [30.37| 33.61 [34.41| 35.77 [33.13| 35.14
900 [36.30] 28.49 |40.49| 31.71 [35.04] 35.47 [36.50| 33.33 [34.81| 36.11 [33.13| 35.47
1000 |[36.85| 29.00 [41.56| 31.97 [35.31| 35.47 43.87| 33.04 [35.22| 36.45 [33.13| 35.80
1100 [37.13] 29.27 [42.79| 32.23 [35.59| 35.47 |47.55| 32.77 [35.63| 36.81 [33.13| 36.14
1200 [37.71] 29.80 [43.87| 32.50 [35.88| 35.47 [51.23| 32.50 [36.07| 37.18 [33.13| 36.49
1300 [38.00] 30.08 [44.63| 32.77 [36.17| 35.47 [51.23| 32.50 [35.63| 36.81 [33.13| 36.14
1400 [38.31] 30.36 [43.56| 33.04 [36.47| 35.47 [50.00| 32.23 [35.22| 36.45 [33.13] 35.80
1500 |38.62] 30.65 [42.64| 33.61 [37.08| 35.47 |47.55| 31.97 [34.81] 36.11 [33.13| 35.47
1600 [38.93] 30.94 [41.56| 34.21 [37.72| 35.47 |42.64| 31.71 [34.41] 35.77 [33.13| 35.14
1700 |39.59| 31.55 [40.64| 34.82 [38.39] 35.14 41.41| 31.71 [34.02| 35.44 [31.90| 34.82
1800 [38.93| 30.94 [38.80| 34.21 [37.72| 35.14 [37.73| 32.23 [33.28| 34.79 [31.90| 34.21
1900 [33.71] 30.36 [36.96| 33.61 [37.08| 35.14 [37.73| 32.50 [32.56| 34.18 [31.90| 33.61
2000 [30.33] 30.08 [33.90| 33.04 [36.47| 34.82 [37.73| 32.77 [32.22| 33.88 [30.67| 33.33
2100 [30.04] 29.80 [32.82| 32.77 [36.17| 34.51 [37.73| 32.77 [31.88| 33.58 [29.45| 33.04
2200 [30.04] 29.80 [33.90| 32.50 [35.88| 34.21 [36.50| 33.04 [31.55| 33.30 [28.22| 32.77
2300 [30.33] 30.08 [31.75] 32.77 [36.17| 33.61 [36.50| 32.23 [31.23| 33.02 [25.77| 32.50
Average| 33 30 37 33 36 35 38 33 34 35 31 34
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Hypothetically, to avoid this behavior of olive farm it is suggested to
correct either the depletion level (P) or the crop coefficient (Kc). However,
these assumptions will be discussed thereafter in irrigation scheduling part.

Statistically, highly significant positive correlations were found
between soil moisture content and both soil temperature and soil heat content
for both olive trees and tomato crops. In this regard, Persson and Berndtsson
(1998) concluded that water content increased with increasing soil
temperature and the temperature dependence of the bulk electrical
conductivity, mainly due to continuous cooling of soil by increasing soil water
content, thus increasing soil thermal conductivity, which causes some heat
trap in soil. Similar results were reported by Seidhom (2001) and (Seidhom et
al., 2002).

Soil temperature and heat content:

Soil temperature is considered as one of the important factors
controlling plant growth. Instantly, it is important to note that the difference in
soil temperature by + 1 °C is equal to + 244 Mega cal/fed down to 15 cm
depth of soil having 1.6 Mgm-2 bulk density and 0.24 cal/g heat capacity.

Tables (9a & b) give the soil temperature (°C) over 20 cm depth, under
olive trees and tomato, respectively. Data show that soil temperature
increased progressively from March to August and has higher values in
March to May (+3.1 & +3.53 °C) and lower values from June to August (-1.28
& — 0.54 °C) than the average air temperature in olive and tomato trails,
respectively.

Table (9a): Soil temperature (°C) under olive trees grown in El-Sheikh
Zuwaid region.

Profile No. | Depth (cm) [Mar.[Apr.[May [Jun.[ Jul. [Aug.[Season] Available

Avg. air temperature (°C) |18.05|20.09|22.25|25.30|27.66|28.42| 23.63 |Water mm
0-15 24.36(24.91|26.40|27.15(28.98|28.57| 26.73 15.70
15-30 |23.79]24.32|25.78|26.51{28.30|27.90| 26.10 15.41
1 30-45 [23.39|23.92|25.35(26.07|27.82|27.43| 25.66 14.88
45 -60 |24.14|24.67|26.15/26.89|28.71|28.30] 26.48 1541
> 60 24.02(24.56|26.03|26.76|28.57|28.17| 26.35 1541
0-15 22.20]22.69|24.05|24.73|26.40|126.03| 24.35 15.82
15-30 |20.48]20.94/22.20|22.82(24.36|24.02| 22.47 15.21
2 30-45 [21.28|21.76|23.06(23.71|25.31|24.96| 23.35 15.58
45 -60 |23.39)23.92|25.35/26.07|27.82|27.43| 25.66 16.52
> 60 22.25(22.75[24.11|24.79|26.47|26.10| 24.41 16.08
0-15 22.82|23.33|24.73|25.43(27.15|26.76] 25.04 17.54
15-30 |20.94]21.41|22.69|23.33(24.91|24.56| 22.97 15.01
3 30-45 [22.08|22.57|23.93|24.60|26.26|25.89| 24.22 15.58
45-60 [22.25|22.75|24.11|24.79|26.47|26.10 24.41 15.94
> 60 22.42(22.92|24.30|24.98|26.67|26.30] 24.60 16.70
Average 22.66|23.16/24.55|25.24|26.95|26.57| 24.85 15.79

r0.05=0.497&r0.01= 0.623 0.393]0.393]0.393|0.393|0.393|0.393|0.393 ns

Meanwhile, soil temperature values increased significantly with
increasing soil moisture during the growing season of both olive and tomato
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as r = 0.876** and 0.756**, respectively. In some regions many investigators
reported that soil temperature give higher values than the average air
temperature by about (0.08 - 5.0 °C) and increased by increasing soll
moisture depletion (irrigation interval) and by decreasing irrigation water
quantities, Seidhom (2001), (Seidhom et al., 2002), Evon Rizk (2007) and
Seidhom (2007). In addition, Nobel and Geller (1987) found that decreasing
and increasing the air temperature at 2 m by 10 °C changed the maximum
surface temperature of dry soil by — 5.5 °C and + 5.4 °C, respectively.

Table (9b): Soil temperature (°C) under tomato grown in El-Sheikh
Zuwaid region.
Profile No. | Depth (cm) [Mar.[Apr.[May [Jun.] Jul. [Aug.[Season|Available
Avg. air temperature (°C) |18.05/|20.09]22.25[25.30|27.66|28.42| 23.63 |Water mm
0-15 22.87|23.17|23.61|23.91]26.89|25.33| 24.30 17.03
15-30  [23.0123.31]23.76[24.06]27.06/25.48| 24.45 | 17.57
4 30-45 21.81|22.09|22.52|22.80|25.64|24.15| 23.17 14.97
45 - 60 22.73|23.02|23.47|23.76|26.73|25.17| 24.15 16.90
> 60 22.44122.74)23.18|23.47|26.39|24.86| 23.85 15.07
0-15 23.72|24.03|24.49|24.80|27.89|26.27| 25.20 15.07
15-30 [22.83]23.13]23.58|23.87]26.85/25.29| 24.26 | 14.86
5 30-45 22.02|22.31)22.74|23.02|25.89|24.39| 23.39 14.70
45 -60 24.07|24.39|24.86|25.17|28.31|26.66| 25.58 17.35
> 60 23.19|23.49|23.94|24.25|27.27|25.68| 24.64 15.22
0-15 24.64|24.96|25.44|25.76|28.97|27.29| 26.18 16.32
15-30 [25.56/25.8926.39[26.73[30.06/28.31| 27.16 | 18.60
6 30-45 23.08|23.38|23.83|24.13|27.14|25.56| 24.52 16.74
45 - 60 22.69|22.99|23.43|23.73|26.68|25.13| 24.11 16.17
> 60 21.74|22.02|22.44)22.73|25.56|24.07| 23.09 14.57
Average 23.09/23.39|23.8524.15[27.16[25.58| 24.54 | 16.08
r0.05 = 0.497 & r0.01 = 0.623|0.675/0.675/0.675|0.675/0.675|0.675/0.675 **

Concerning the relation between soil temperature and available soil
moisture, non significant correlation is obtained under olive, while being
highly significant under tomato.

With respect to daily soil temperature, Figs. (3 & 4) present the
variations in average daily soil temperature measured for the two areas
during all months from March to August. Those figures dictate that the lowest
soil temperature was obtained diurnally, while the highest average soil
temperature recorded nocturnally. Higher soil water content may be the
reason for higher soil temperature.
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Fig. (3) Daily variations in soil temperature (°C) under olive trees grown in El-Sheikh Zuwaid region.
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Fig. (4) Daily variations in soil temperature (°C) under tomato plants grown in El-Sheikh Zuwaid region.

Statistically, highly significant positive correlations were found
between soil temperature and both soil moisture content and soil heat content
for both olive trees and tomato crops.

For the soil heat content, the same trend of soil temperature was
observed. Tables (10a & b) give the soil heat content (Mega cal/fed) over five
depths, under olive trees and tomato, respectively. The soil heat capacities

were almost the same (0.24 and 0.23) cal/g for olive and tomato areas,
respectively.
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Table (10a): Soil heat content (Mega cal/fed) under olive trees grown in
El-Sheikh Zuwaid region.

Profile No. Depth (cm) [Mar. | Apr. | May [Jun.| Jul. |Aug.|SHC season |ASW (mm)
0-15 7314|7493 799082408861 [8722 8103 15.70
15-30 7089|7263 | 7746|7989 |8591 8457 7856 15.41
1 30-45 6959 7130|7602 (7840|8431 8299 7710 14.88
45 - 60 7245|7423|7913|8161 (8774|8637 8025 15.41
> 60 7176|7352 | 7840|8086 | 8695 | 8559 7951 15.41
0-15 6558 6718 | 7163|7387 7943|7819 7265 15.82
15-30 6022|6169 |6575|6780|7288|7175 6668 15.21
2 30-45 6263|6414 6834|7046 | 7569 | 7452 6930 15.58
45 - 60 6944|7113 |7580|7815|8397 | 8267 7686 16.52
> 60 6596|6757 | 7202 | 7427|7982 | 7858 7304 16.08
0-15 6849|7016|7478|7711 (8287|8159 7583 17.54
15-30 6098 | 6246 | 6656|6863 | 7374|7260 6750 15.01
3 30-45 6510|6669 |7110|7332|7882|7759 7211 15.58
45 - 60 6592 6752|7197 (7421|7976 |7852 7298 15.94
> 60 6671|6834 7284 (7511|8072 |7947 7386 16.70
Average 672616890|7345|7574 (8141|8015 7448 15.79
r0.05=0.497 & r0.01 = 0.623 |0.133|0.133]0.131(0.130|0.128|0.128| 0.130 ns

Table (10b): Soil heat content (Mega cal/fed) under tomato grown in El-
Sheikh Zuwaid region.

Profile No. Depth (cm) |[Mar. | Apr. | May [Jun.| Jul. |Aug.|SHC season |ASW (mm)

0-15 6610|6720|6887 7147|8017 |7488 7145 17.03

15-30 6685|6797 |6967 7234|8113 |7577 7229 17.57

4 30-45 6148162486400 (6627 | 7435|6950 6635 14.97

45 - 60 6530 | 6640|6806 | 7066 | 7925 | 7402 7061 16.90

> 60 6360 | 6464 | 6621|6851 | 7687 | 7187 6862 15.07

0-15 6755|6865 |7032|7278|8166 | 7634 7289 15.07

15-30 6483|6588 6749|6987 7839|7328 6996 14.86

5 30-45 6221]6322|6476|6703|7520|7031 6712 14.70

45 - 60 6999 7116|7294 (7570|8491 |7931 7567 17.35

> 60 6585|6693 (6857 | 7101|7967 | 7447 7108 15.22

0-15 7114|7232 |7412|7688 8624|8057 7688 16.32

15-30 7523|7651 (7844 (8153|9143 (8536 8142 18.60

6 30-45 6655 |6765|6933| 7189|8065 | 7535 7190 16.74

45 - 60 6541|6649 |6813|7062|7922|7403 7065 16.17

> 60 6170]6269|6421 6643|7453 6969 6654 14.57

Average 6625|6735|6901 (7153|8024 | 7498 7156 16.08
r0.05=0.497 & r0.01 = 0.623 |0.769|0.771|0.773|0.784|0.783]|0.779|  0.777 **

Soil heat content: SHC, Available soil water: ASW

However, despite the highly significant relations among soil heat
content and both soil moisture and soil temperature, it seems that the values
between both soil heat content and soil temperature going to be perfect (near
1.0) more than with soil moisture.

The relationship between soil moisture as (x) and soil heat content as a (y)
under olive trees and tomato: y =1178.7 x — 1402.8 R*=0.823,

y =676.64 x + 1964.8 R?=0.722
The relationship between soil temperature as (x) and soil heat content as a
(y) under olive trees and tomato: y = 343.22 x — 1081.9 R?=0.995,

y =360.12 x — 1679.5 R®=0.975
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Regarding the correlations between soil heat content and available
soil moisture under the two studied crops (Tables, 10a &b), non significant
relation is apparent under olive area, while being highly significant under
tomato area. This in turn, insists on the trend of soil moisture under olive
which is somewhat different from tomato area.

From the aforementioned presentation of soil moisture content, soil
temperature and soil heat content it seems that the open and exposed
cultivation system of olive farm tend to overcome the climatic conditions over
soil characters. On the contrary, with tomato the high coverage for soil seems
to make soil characters controlling these measures than the climatic
conditions.

These findings may be due to the increase in soil water content that
caused a small increase in soil temperature and thus soil heat content. For
convinces, increasing soil water content from 6.76% to 7.98% (18%)
increased the soil temperature from 22.97 to 26.73 °C (17%) and soil heat
content from 6750 to 8103 Mega cal/fed (21%) in olive trail. Also, the
increase of soil moisture from 7.01% to 8.74% (25%) increased the soil
temperature from 23.17 to 27.16 °C (18%) and soil heat content from 6635 to
8142 Mega callfed (23%) in tomato trail (Tables, 8a,b & 9a,b and 10a,b). The
increase in soil temperature due to the increase in soil water content could be
related to the thermal diffusivity of sand content which constitute > 90% of
this soil. The thermal diffusivity of wet sand is higher than that of dry sand.
Another specific reason for this soil is that, the thermal conductivity of wet soil
is higher than that of dry soil. These results are in harmony with Seidhom
(2001) and (Seidhom et al., 2002).

Spatial Variability

The natural forces of wind and water over geologic time are
responsible for the soil deposits overlying bedrock flows that constitute much
of fertile irrigated farmlands. The action of wind and water also segregates
many of the soil deposits according to particle size. The ability of both wind
and water to move soil particles is velocity dependent. Thus, often the
heavier sand-sized particles are left behind while the smaller particles are
removed and deposited where velocities are decreased because of localized
geographical obstructions. The result over geologic time is spatial variability
in soil texture. The larger the area of concern, the greater the potential for
spatial variability in soil texture. Spatial variability in soil texture results in
spatial variability in water retention characteristics because of the close
dependency on soil particle size distribution. Thus, soil texture spatial
variability can create problems when interpreting soil moisture measurements
from a large area for irrigation scheduling decisions (Hawas et al., 2004).

In the experimental area, the water holding capacity varies by about
(18 and 25%) across the field of olive and tomato, respectively, due entirely
to spatial variability in soil texture. The area of the field with the lowest water
holding capacity is the most critical in terms of irrigation system design
requirements and irrigation scheduling to avoid crop water stress and
leaching of nitrogen below the crop root zone.

Spatial variability in soil texture usually becomes apparent during
normal field tillage operations. Significant variations in soil texture show up as
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differences in draft as tillage operations traverse the field. Spatial differences
in surface soil structure and soil color also are good indicators of soil texture
spatial variability. The areal extent of soil textural classes often can be
determined from soil survey maps and/or aerial photography of bare solil
conditions. Dividing the field into water management zones based on soil
textural classification provides a basis for locating soil water monitoring
equipment. Each water management zone can then receive separate
irrigation scheduling if the irrigation system provides such capability, which
often is not the case. Theoretically, scheduling irrigations for the area of the
field with the lowest water holding capacity should satisfy the irrigation needs
of the remaining field area (Bradley and Jeffrey, 2004).

However, in practice this may lead to areas of the field becoming
wetter than optimum. In general, scheduling irrigations for the predominate
soil texture may become the best solution. Some areas of the field may
develop soil water contents through the seasons that are above and below
the optimum range for the crop.

Accommodating Spatial Variability:

The influence of soil texture spatial variability on soil water content
can be effectively removed by using a site-specific calibration of the soil water
monitoring equipment. For irrigation scheduling purposes, the absolute value
of soil water content is not important; the relative value with respect to that
corresponding to field capacity is of consequence; however, this applies to
both stationary and portable soil water-monitoring systems. The important
feature of a soil water monitoring system for irrigation scheduling is
repeatability and reliability. The key to using any soil water monitoring system
is to remove measurement bias that could result from sensor error or soil
texture spatial variability by developing a site-specific calibration (s) for the
monitoring location (s). This is accomplished by interpreting a specified
reading for soil water content relative to the reading for soil water content at
field capacity. It is imperative that the sensor reading corresponding to field
capacity be determined from actual field measurements and not taken from a
textbook or laboratory analysis. The reading for field capacity at a given
location can be estimated as that obtained in the spring 12 to 24 hours after a
full irrigation. This procedure assumes that drainage is not restricted and that
the irrigation is sufficient to replace the soil water deficit at the sensor location
in the soil profile. For a soil water monitoring system that uses a sensor that
is reasonably accurate (i.e. £3%) and insensitive to soil texture (i.e. one
calibration curve) to determine volumetric soil water content, the difference
between the field capacity reading and any other reading can be used directly
to determine soil water deficit or available soil water (Warrick, 2003, Bradley
and Jeffrey, 2004, Hawas et al., 2004 and Bellingham, 2009).

In this work, the spatial variability in the experimental site had been
detected in light of the previous discussion for infiltration and soil moisture
measurements.

Irrigation scheduling:

With respect to irrigation scheduling, Giriappa (1983) clarified that the
irrigation scheduling is the process of determining when to irrigate and how
much water to apply per irrigation, scheduling is essential for the efficient use
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of water, energy and other production inputs, such as fertilizers and its benefit
with other farming activities including cultivation and chemical application.
Also, modifying the soil moisture depletion, crop coefficient (Kc) and using
mulch techniques improve the water relations (Seidhom, 2001).

Table (11a) shows the irrigation water amounts and irrigation
scheduling of olive trees. The data reveal that the variations in irrigation
intervals of olive irrigation scheduling at proposed moisture deficit 30% were
pronounced during the different stages due to small spatial variability of soil
moisture, root depth, potential evapotranspiration and crop coefficient. Also,
the table shows the irrigation water amounts during the different growing
stages of olive grown in sandy soil in North Sinai. The irrigation intervals
varied between 14 to 23 days with average 17 days for total water
requirements of 1029 m®/fed/season by drip irrigation system.

Table (11a): Irrigation water amounts and irrigation scheduling of olive
trees grown in EI-Sheikh Zuwaid region at proposed
depletion 30%.

Sa=105mm _[Establish| flowering | Yield formation [Ripening
Stages Initial | Crop development | Mid-season |Late-seasonjat harvest|Season
Month Mar. [ Apr. | May | Jun. | Jul. | Aug. Sep. Oct.
ETo (mm/day) 3.41 4.40 | 499 | 544 | 5.71 | 5.54 4.81 3.55 4.73
Growing period
(days) 16 30 31 30 31 31 30 31 230
Ef(rg)p coefficient 560 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 |  0.60 0.60 | 0.60
Moisture 0.30 |0.30 | 0.30 | 0.30 | 0.30 | 0.30 0.30 0.30 | 0.30
depletion (P)
Root Depth (m) 1.5 15 1.5 15 1.5 1.5 15 1.5 15
Intervals (days) 23 18 16 14 14 14 16 22 17
Diw (mm/day) 2.17 2.80 | 3.17 | 3.46 | 3.63 | 3.52 3.06 2.26 3.01
Diw (mm/interval)| 49.91 [50.40|50.72|48.44|50.82|49.28 48.96 49.72 | 49.78
Diw
(iter/tree/day) 27.34 |35.28|39.94|43.60|45.74 |44.35 38.56 28.48 37.91
D.'W . 628.87 [635.04/639.07/610.34/640.33/620.93] 616.90 626.47 |627.24
(liter/tree/interval)
Diw (m3/fed/day) 3.17 409 | 463 | 5.06 | 531|514 4.47 3.30 4.40
Diw (mslfed) 50.75 |122.77|143.63|151.71]164.47|]159.49 134.17 102.40 ]1029.40,

Modification of irrigation scheduling:

Referring to the proposed correction to irrigation scheduling
depending on the measured soil moisture with olive farm, Tables (11b and c)
recalculate the irrigation schedule for two assumptions; i.e., one for modifying
depletion level, (Table, 11b), and the other for modifying crop coefficient,
(Table, 11c), Doorenbos and Pruitt (1984). From Table (11b) it can be noted
that with modifying the depletion level to compensate the deviation in soil
moisture (Table, 8c) the irrigation intervals changed than the planned in the
experiment.
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Table (11b): Modified soil moisture depletion for olive trail to correct the
deviations in soil moisture curve.

Month Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. [Season
ETo (mm/day) 341 | 440 | 499 | 544 | 571 | 554 | 481 | 355 | 4.73
Growing period (days) 16 30 31 30 31 31 30 31 230
Crop coefficient (Kc) 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60 | 0.60
Moisture depletion (P) | 0.27 | 0.23 | 0.24 | 0.22 | 0.26 | 0.29 | 0.30 | 0.30 | 0.26
Root Depth (m) 15 15 15 15 15 15 15 15 1.5
Intervals (days) 21 14 13 11 12 14 16 22 15
Diw (mm/day) 217 | 280 | 3.17 | 3.46 | 3.63 | 3562 | 3.06 | 2.26 | 3.01
Diw (mm/interval) 45.57 | 39.20 | 41.21 | 38.06 | 43.56 | 49.28 | 48.96 [ 49.72 | 44.45
Diw (liter/tree/day) 27.34|35.28 | 39.94 | 43.60 | 45.74 | 44.35 | 38.56 | 28.48 | 37.91
Diw (liter/treel/interval) [574.18|493.92|519.25(|479.56|548.86(620.93|616.90|626.47| 560.01
Diw (m’/fed/day) 3.17 | 409 | 463 | 5.06 | 531 | 5.14 | 447 | 3.30 | 4.40
Diw (m°/fed) 50.75 |122.77]|143.63]151.71|164.47|159.49|134.17|102.40| 1029.40

Table (11c): Modified crop coefficient (Kc) for olive trail to correct the
deviations in soil moisture curve.

Month Mar. | Apr. | May | Jun. | Jul. | Aug. | Sep. | Oct. |Season
ETo (mm/day) 341 | 440 | 499 | 544 | 571 | 554 | 481 | 355 | 4.73
Growing period (days) 16 30 31 30 31 31 30 31 230
Crop coefficient (Kc) 0.65 | 0.75 | 0.75 | 0.80 | 0.70 | 0.60 | 0.60 | 0.60 | 0.71
Moisture depletion (P) | 0.30 | 0.30 | 0.30 | 0.30 | 0.30 | 0.30 | 0.30 | 0.30 | 0.30
Root Depth (m) 1.5 1.5 1.5 1.5 15 15 1.5 15 15
Intervals (days) 21 14 13 11 12 14 16 22 15
Diw (mm/day) 235 | 349 | 396 | 461 | 423 | 352 | 3.06 | 2.26 | 3.44
Diw (mm/interval) 49.35 | 48.86 | 51.48 | 50.71 | 50.76 | 49.28 | 48.96 | 49.72 | 49.89
Diw (liter/tree/day) 29.61 | 43.97 [ 49.90 | 58.09 | 53.30 | 44.35 | 38.56 | 28.48 | 43.28
Diw (liter/tree/interval) |621.81|615.64|648.65|638.95|639.58|620.93|616.90|626.47| 628.61
Diw (m°/fed/day) 343 | 510 | 579 | 6.74 | 6.18 | 5.14 | 447 | 3.30 | 5.02
Diw (m°/fed) 54.96 [153.03|179.43|202.14|191.66{159.49|134.17|102.40{1177.27

Regarding Table (11c) the resulted irrigation intervals from Table
(11b) were inserted in back calculations to adjust the new crop coefficients
with assumption of getting the recommended depletion of 30% from available
soil water. Therefore, the resulted Kc values ranged between 0.60 and 0.80
which stood in agreement with Doorenbos and Kassam (1986). Meanwhile,
the amount of irrigation water increased from 1029 to 1177 m*/fed/season.
Data presented in Table (12a) reveal that the variations in irrigation
intervals of tomato irrigation scheduling at proposed moisture deficit 30%
were pronounced during the different stages due to small spatial variability of
soil moisture, root depth, potential evapotranspiration and crop coefficient.
Also, the table shows the irrigation water amounts during the different
growing stages of tomato grown in sandy soil in North Sinai. The irrigation
intervals varied between 3 to 7 days with average 4 days for total water
requirements of 2404 m?®/fed/season by drip irrigation system.
The same scenarios of modifications which applied with olive
have been adopted with tomato in Tables (12b & c). However, minor
modifications have been achieved either with irrigation intervals or Kc values.

Meanwhile, the gross irrigation amount increased from 2404 to 2678
m®/fed/season.
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Table (12a): Irrigation water amounts and irrigation scheduling of
tomato grown in El-Sheikh Zuwaid region at proposed
depletion 30%.

Sa =107 mm Establish| Vegetative | Flowering |Y formation|Ripening
Stages Initial |C development|Mid-season|Late-seasonjat harvest|Season
Month Mar. Apr. May Jun. Jul.
ETo (mm/day) 341 4.40 4.99 5.44 5.71 4.79
Growing period (days) 15 30 31 30 14 120
Crop coefficient (Kc) 0.45 0.75 1.15 0.85 0.60 0.76
Moisture depletion (P)| 0.30 0.30 0.30 0.30 0.30 0.30
Root Depth (m) 0.15 0.3 0.5 0.7 0.7 0.47
Intervals (days) 3 3 3 5 7 4
Diw (mm/day) 181 3.88 6.75 5.44 4.03 4.38
Diw (mml/interval) 5.43 11.64 20.25 27.20 28.21 | 18.40
D, (m°/day) 7.60 16.30 28.35 22.85 16.93 | 18.40
Diw (m7finterval) 22.81 48.89 85.05 114.24 118.48 | 77.89
Di, (m°/fed) 114.03 488.88 878.85 685.44 236.96 [2404.16

Sa: available water,ETo: potential evapotranspiration,  Dy,: irrigation water amounts

Table (12b): Modified soil moisture depletion for tomato trail to correct
the deviations in soil moisture curve.

Month Mar. Apr. May Jun. Jul. |Season

ETo (mm/day) 3.41 4.40 4.99 5.44 5.71 4.79
Growing period (days) 15 30 31 30 14 120
Crop coefficient (Kc) 0.45 0.75 1.15 0.85 0.60 0.76
Moisture depletion (P) 0.30 0.27 0.25 0.27 0.25 0.27
Root Depth (m) 0.15 0.3 0.5 0.7 0.7 0.47

Intervals (days) 3 3 2 4 5 3
Div (mm/day) 1.81 3.88 6.75 5.44 4.03 4.38
Diw (mm/interval) 5.43 11.64 13.50 21.76 20.15 14.50
Diw (m°/day) 7.60 16.30 28.35 | 22.85 16.93 18.40
Dy (m7flinterval) 2281 | 48.89 | 56.70 | 91.39 | 84.63 60.88
Diw (m%fed) 114.03 | 488.88 | 878.85 | 685.44 | 236.96 | 2404.16

Table (12c): Modified crop coefficient (Kc) for tomato trail to correct the
deviations in soil moisture curve.

Month Mar. Apr. May Jun. Jul. |Season

ETo (mm/day) 341 4.40 4.99 5.44 5.71 4.79
Growing period (days) 15 30 31 30 14 120
Crop coefficient (Kc) 0.45 0.75 1.30 0.95 0.80 0.85
Moisture depletion (P) 0.30 0.30 0.30 0.30 0.30 0.30
Root Depth (m) 0.15 0.3 0.5 0.7 0.7 0.47

Intervals (days) 3 3 2 4 5 3
Diw (mm/day) 1.81 3.88 7.63 6.08 5.37 4.95
Diw (mm/interval) 5.43 11.64 15.26 24.32 26.85 14.85
Dw (m°/day) 7.60 16.30 32.05 25.54 22.55 20.81
D (m7flinterval) 22.81 48.89 64.09 | 102.14 | 112.77 70.14
Diw (m°/fed) 114.03 | 488.88 | 993.43 | 766.08 | 315.76 | 2678.17

Statistically, a highly significant positive correlation was found
between available soil water and irrigation scheduling of olive grown in the
studied area. Highly significant positive correlation was found between soil
moisture, soil temperature and soil heat content as (x) and irrigation
scheduling (interval) as a (y) under tomato:
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y=0.228 x-0.21 R? = 0.939**, y = 0.073 x — 0.25

R? = 0.455** and y =0.001 x—0.10 R? =
0.604**, respectively.

These results are in harmony with Chiraz et al. (2010).
Intercropping as a solution for the soil moisture curves problem:

On of the studied solution for the discrepancy between soil moisture
curves of olive and tomato is to hypothesize the intercropping of both crops in
one site. The re-calculated data for all values of both olive and tomato give
significant correlations with available soil moisture values which give
impression of success with intercropping of tomato through the lines of olive.
The data of both crops sites for soil moisture, soil temperature and soil heat
content in relation to irrigation intervals displayed significant correlation as; r
= 0.591**, 0.422* and 0.569**, respectively. This result has been confirmed
by earlier work of Evon Rizk (2009) who found the superiority of intercropping
of been and corn than the single cultivation. At least, intercropping will
enlarge the surface roughness values which improve the calculation of
consumptive use by any empirical equation like Penman-Monteith (Allen et
al., 1998). Also, modifying the soil moisture depletion, crop coefficient (Kc)
and using mulch techniques will improve the water relations (Seidhom, 2001).
These findings give a vision to the important consideration of this assumption
through its application in new experiments to assess the soil moisture results
under intercropping system for olive and tomato. The obtained results
confirmed the previous findings of Smith et al. (1996), Allen et al. (1998),
Pereira et al. (2002), Bellingham (2009) and Khalifa (2009).

Conclusions:

From the previous findings, one can conclude that: soil moisture
monitoring is necessary for effective irrigation scheduling. It provides the
information needed to ensure that the irrigation schedule is supplying the
water needs of the crop while maintaining optimum soil moisture for
maximum crop yield and quality. Soil texture has a large impact on actual soil
water content values and water holding capacity. The existence of spatial
variability in soil texture can create problems when interpreting soil water
measurements for irrigation scheduling decisions.

The experiment indicates that the following is needed:

1- Modifying the irrigation schedules depending on the measured moisture
curves to avoid stresses on cultivated crops which, in turn, could modify
the crop coefficients, so the gross amount of irrigation water.

2- Modifications being great with open fruit orchards like olive, while being
minor with tomato or field crops which have great coverage of field.

3- Intercropping has been checked from the available data which give good
impression for the expected relations among the studied measurements
of soil moisture, available soil water level, soil temperature and soil heat
content. From previous works it can recommended with soil mulching
which could adjust the moisture profiles especially under olive trees.
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