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ABSTRACT

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

Field experiment has been conducted in E-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 profies were
examined in each sife to verify the spatial variability of soil moisture and three
infiltration iests had been carried out. Physical and chemical analyses were carried
out for the soil profiles. Metecrological data were coilected for the 15 last years of the
site as the imigafion schedules were designad for the tested two crops. The
measurements of soil moisture and soii 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
nrofiles, while the soil moisture characteristics express the vertical one.

2- The intake rate of water info soil is affected by soil texture, plant cover and soil
bulk density. The latter influences the water infiltration to soil as the differences
reach to double in olive and 20% in tornato. Olive farm gives the lowest IR values
while torato 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
tomate 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 fomato farm.
But for olive no significant correlation was found between moisture content and
avaifable soil water, but the rest variable were significant.

5-  Soil temperature increased from March to August, being higher than air
temperature from March fo 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 soil
moisiure 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 fomato from 3 - 7 to 2 - 5 days with the same irrigation
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amount, but with modifying Kc for the modified mtervais the gross irrigation
amount change from 1029 to 1177 and 2404 to 2678 m */fed/season for ofive

and tomato, respectively.

7- Significant positive correlations were found between available soif wafter and
irrigation scheduling for both ofive and tomato crops.

8- Intercropping hypathesis was checked statistically and the resulted refations 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 increasingfy scarce, accurate
scheduling using soundly based management methods and tools is
necessary, particularly in arid areas. Spatial variabilty 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 irmigation regime. Irrigation
regimes are selected according to crop type, crop age, soil type, siope, and
frrigation 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 frrigation performances, and controlling the percolation
resulting from excess water applied to irrigation (Smith et al., 1996 and
Pereira et al., 2002). Irrigation scheduling and frrigation 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 caiculated daily water balance
in conjunction with estimated daily crop water use vaiues 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,
buik density, pore-size distribution, water content, and chemical composition
of soil solution as well as topography. The water-holding capacity of a sail
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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 irmgation scheduling and can confound field
soll moisture measurements taken for imigation scheduling purposes,
Therefore, the present investigation is to study the effect of spatial variabiiity
of soil moisture and sofl heat content on irrigation scheduling of olive trees
and tomato plants.

MATERIALS AND METHODS

Triats were carried out in the Agricultural Experimental Station of the
Desert Research Center at E-Sheikh Zuwaid City, about 35 Km East of El
Arish, North Sinai Governorate, Egvpt during 2011. Climatic conditions of the
experimental site were obiained 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 Mi.SL. Dally reference evapolranspiration (ETo} was computed by
Penman-onteith equation (Alien et al., 1998).

Table {1): Measured climatic data of studied area during the period of 15
years from 1996-20610.

Avg- 1:‘,:;1“% Jan. {Feb.|Mar.| Apr.| Ma. (Jun.] Jul (Aug.}Sep.|Oct. |Nov.|Dec.] Avg.
Wax, temp. {'C) [16.71{19.7 _B029.81/32.0533.8534.5034.1 1. 432156 27.01
Min.temp. ('C) |7.80{8.08 “506 2.37/14.6918.5421 . 37N10.21) 14.81

| Avg. temp. °C) 113.26013.9118.05020.00122.2525. 3007662842027 O815.89 21.38

Rt ™Y f55.50059.004.7285. 3887 2181 .8195.3902. 79%.95{;7 .0 88.44

Wi"df"e}e" 2.91{3.16(2.10{2.17|1.8811.43] 147} 1.27{1.47{1.31 {2.00]2.68] 1.8

Stnshine (holr) | 7.01] 780 8.41)9.53 10481 1.0412 02111 6510 55 9 46 7.89 6,78} 0.46
Rainfall ¢nm) __P9.10048.35(8.572.06]0.12)0,1110.03{0.02[0.05 22 37131022 66H46.043

Sotav radigfion |, 6115 oa|5.01|7.08]7.00{7.43]7.38{6.40{4.54]3.06| 2.67|2.46] 4.89

[ ETo {mmiday) ]1.851227{341{4.40[4.99{5.4415.71/5.54|4.8113.5512.60]1.84] 2.88
Source: EFSheikh Zuwald station (Desert Research Center), * Total, temp.: temperature,
ETo.Mnﬁdwapouampklﬂon , Avg.: Average

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 conducied 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 doubie
ring infitometer, as described by Kiute (1986). The cumulative depth of
infiltrated water D in cm as a function of time t, according to the Fhilips two
terms equation L1957 a, b).

D= + Bt

a4
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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 El-Sheikh Zuwaid

region.
Particle size distribution In mm Moisture
Profile| Depth %) - cleaco bd | ¢ ontent % | Avallable
Lol :(M_? soll water
No. | (em} [20-10-0.5-[0.2-01=] > mY| F.C. lwp| (Sa) %
1.0(0.5| 0.2 | 0.1 |]0.063|0.063 o i

0-15 [0.16]2.20[77.83{19.33] 0.24 [0.06{ S. | 2.55 11.61] 9.95 {3.45 6.50
15-30 {0.20{3.18 HHQ.EA 0.41 10.19(S. | 2.60 11.59{ 9.88 |3.42 6.48
1 30-45 (0.1912,29/76.55]20.17| 0.55 [0.25! S. | 2.70 !11.61|10.03}3.87 8.16
45-60 ]0.1813.33{74.28)21.32( 0.66 [0.23] S. | 2.80 [1.60| 9.98 {3.56 6.42
>60 }0.2173.41]73.89{21.34] 0.65 {0.50] S. | 2.05 |1.62{10.11|3.77 6.34
0-15 [0.20(3.36176.14{19.78] 0.45 {0.07 | S. | 2.59 |1.61/10.11{3.56 6.55
15-30 [0.21{2.29176.73(20.111 0.47 {019 S. | 2.44 11.63{ 8.99 |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  10.18[3.31174.17(21.33] 0.49 {0.52| .| 2.60 {1.60] 9.95 |3.26 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{19.24] 0.45 {0.37 [ S. [ 2.53 {1.62|10.11]3.70 6.41
45 -60 10.19]2.66174.32|22.31] 047 |0.41] S. | 2.40 ]1.63{10.08] 3.56 §.52
>60  {0.18{3.71]72.00|23.22]| 0.49 |0.40| S. | 2.34 |1.60110.22[3.26 65.96

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.
‘J Particle size distribution In mm Moisturs [Avallabiel
Profile Depth ) bd (Mg|content %| soll
No. | (om) [Za[i005-[02-]04=] > | (%% m% [ lwp| 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(19.431053{045]| S. | 3.45 | 1.60 |10.99|3.67] V.32
4 30—-45{ 0 14.22(74.52{20.38(046 (042 [ S. | 2.55 [ 1.61 [10.2314.13] 6.20
45—-60 | O |3.68{74.00(21.44]/049)0.39| 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 [4.20]17461/20.29/062 [0.18| S. | 3.52 | 1.56 |10.65/4.21] 6.44
15301 0 {4.83(73.16(21.00{055]10.46 | S. | 3.60 | 1.58 [10.25]3.98] 6.27
5 30-45| 0 14.18|74.51/20.34| 055{042 [ S. | 3.20 | 1.57 (10.23]3.99] &6.24
45-60 | 0 |4.26(74.80§19.99/ 048 |0.40{ S. | 2.71 | 1.60 [11.35]4.121 7.23
> 60 0 [3.49|73.58[21.82/ 068043 5. | 2.80 | 1.60 19.871{3.53] 6.34
0-15 | 0 14.52(69.82|24.32(0.59[0.75( S. | 345 | 1.55 M1.01{3.99; 7.02
15=30[ 0 |4.12173.41(21.34|0.57 {056 S. | 3.52 | 1.60 |11.98(4.23] 7.75
6 30-45| 0 [3.99|75.11[19.89{0.55|046| S. [ 3.71 | 1.61 |10.96/4.03] 6.93
4560 | 0 [4.39174.62{20.04/ 0501045} S. | 2.84 | 1.59 10.56[3.78] 6.78
> 60 0 14.80]73.39(21.62(048 043 | 8. | 2.50 | 1.59 [10.12{4.01] 6.11
T.C.: texture class S.: sand bd: bulk density Mgm™ : Mega gramvm
F.C.: flold capacity W.P.: wilting point
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Table {4): Soil chemical propertles of olive farm area in El-Sheikh Zuwaid

ion.
EC Cations [ma/ Anlons (me/!
Profile No. | Depth (em) |—Eo—i ph [ Sac00s [me ',931.. o TR (507
0-15 0.79 |8.00/4.70/0.3512.40] 0.41 | 0.00 | 2.50 |4.10] 1.30
1630 0.77 {5.10{4.60]/0.38/220/ 052 [ 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 15.10]4.40]0.37[1.68] 0.55 | 0.00 | 1.89 ]3.81] 1.30
> 60 0.68 |820{3.95/0.36/1.80/0.60]0.00] 1.89 ]3.20] 1.71
0-15 0.80 18.00(4.50{0.40(2.8070.30]0.00] 280 [4.22] 0.98
15-30 0.80 18.10(4.4010.42(260{0.58]0.00] 260 13.88! 1.52
2 30— 45 0.78 |2.2014.6010.38(2.40/0.42]0.00 ] 2.50 14.11]1.19
45— 60 075 18.20]4.70{0.38{2.10[0.48 {0.00 | 1.88 |4.00] 1.65
> 60 0.70 {8.101420{0.42[2.20[0.16 {0.00 | 1.89 14.13] 0.88
0-15 0.81 18.20]14.30{0.42 (2,40 0.96 | 0.00 | 2.60 |3.88] 1.62
15-30 0.80 |8.1014.5010.41(2.60| 049 0.00 | 2.60 |3.99) 1.41
3 3045 0.79 18.0014.4010.39{2.70{ 0.41 1 0.00 | 2.80 |4.12] 0.68
45— 60 0.78 |8.0014.4010.4412.80] 0.46 ] 0.00 | 2.80 |4.20] 0.80
> 60 0.71 _18.0014.5010.42(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 (mel} Anlons {me/l}
Profilo No. | Depth em) g ] PH e[ ¢ [ca™ [ Mg (GO, ] HCO, | CF (SO
6-15 0.82 |8.20[490]1042|2.60{0.28 | 0.00 [ 2.80 [4.22]1.18
15-30 0.80 {8.20]4.80]040)12501030{0.00{ 2.60 [4.40(1.00
4 30— 45 0.79 18.10]4.75/0.4412.60] 0.11 | 0.00 | 2.50 [4.60] 0.80
45 —60 0.76 {8.20/5.00/0.3812.02]0.20 | 0.00 | 2.80 |4.30] 0.50
> 60 0.75 {8.10{4.80]040)1.8810.42 [0.00 [ 2.60 [4.00( 0.90
0-15 D.84 {8.20/5.05/0.40)2.80]0.40) 0.00 | 2.80 |4.40] 1.20
15-30 082 {8.20(480]042[245/053|000] 2.60 |4.10]1.50
5 3045 0.78 [8.00]4.75]0.41/2.17|0.47 ] 0.00 | 2.80 |4.30]0.70
45 — 60 0.76 18.10/4,05]0.38]/1.88/0.29] 0.00 | 2.60 13.32] 1.18
> 60 0.75 (8.00]442]0.38[2.24| 0.46]0.00 | 1.85 13.85] 1.80
0-15 0.82 18.20]5,1910.45/2.05|0.50 ] 0.00 | 2.65 |4.28] 1.27
15 - 30 0.79 |8.00]4.80]042215[050)0.00] 2.75 |440]0.75
6 30— 45 0.78 18.20{402{0.40{2.42[/094,0.00] 1.68 14.10] 1.82
45 — 60 0.76 17.90(4.0510.35{2.62 [ 0.53 ] 0.00 | 2.82 |4.35] 0.40
> 60 0.75 |7.00{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 Khute
(1988) 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 agricutural practices were used for cultivating
tomatoes. Crop management practices carried out on olive, i.e. pruning,
fertilizing and pest management practices were simiiar fo those apptlied in the
intensive orchards (Masmoudi-Charfi et al, 2008). irrigation was applied
using ground water with drip irrigation system the analyses of well water is
ilustrated in Table (6).
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Tabie {6): Chemical anajysis of the well irrigation water of North Sinai

research station.
" E.C Soluble cations {me/l} Soluble anions (me/l)
P'| (dsm™ ];“'Rh:a“ Mg~ | Na° | K| COy | HCOs | SO | Cr | C'2ss
75] 48t 144901293 [1285 | 1611 [623] 0 | 13.98 |14.83[19.21 ]| C, S,

Soil heat capacity was measured using copper calorimeter method
by Partington (1963). Volumetric water content was determined
gravimetricaliy 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
modei 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 ef 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 foilows; Hn = rn 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 XKc}/E, {Dorrenbos and Pruitt, 1984)

Where:

Dy, = Depth of applied irrigation water, {mm)
ETo = References or Potential (ETp) evapotranspiration, (mm/day).
Kc = Crop coefficient.
Ea = irrigation system efficiency, (0.85%).
The water use of olive tree (ETc) was calculated as: ETc = ETo x K¢
X Kr (Vermeiren and Jobling, 1980), To estimate ETc, the reference
evapotranspiration was corrected by a crop coefficient Kc of 0.6 (Vermeirsn
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 aillowable depietion
{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 Ke.
Pe = effective rainfalt (mm)

944



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 2 9), September, 2011

Sa={F.C.% - W.P.%) x by x 1000.
F.C. = Field capacity of soil water, %.
W.P. = Wilting point of soil water, %.
by = Bulk density of soil, Mgm™.

The pressure plate extraction apparatus was used to determine soil water
content at field capacity (8¢} and at wilting point (By2).

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 info 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 Tabie (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 fo variations in soil physical properties. The small differences in soil
bulk density (b, and fine fractions are seemingly effective in changing both
IR values either initia! and basic.

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

Profile Basic I.R | Class

Ho. Equations Initial LR emhr’ of LR
1 D=0.8661"" + 0.887t & |= 25.08t" + 63.22 79.19 55.16 VR
2 D= 111" + 0.983t & I= 333t + 58.08 92.28 61.46 VR
3 D=0879t" + 1.9311 & 1=20.37t"" + 115.86 136.28 117.38 VR
4 D=0.793t"" + 2.013t & 1= 23.79( + 120.78 144.57 122.55 VR
5 D=0.9311""+ 2,387t & !=27.93t" + 143.22 171.15 145.30 VR
5 D=1.001t" + 2118t & 1=30.03"" + 12714 15717 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 whiie 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
irigation in the experimental site due to high IR vaiues. This finding is in
harmony with (Hawas et al., 2004 and Wuest, 2005).
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Soil water content distribution:

Data presented in Tabies (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 fomato, Tables (8a
&b) indicate that, soil moisiure 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.

Profile No. | Depth{cm) |Mar.|Apr.|may [Jun.| Jut. lAug. M°‘.’/:“’° é‘{::’?:"’:)
0-15 7.61[7.69[7.93]8.0578.33[827] 7.68 15.70
15 =30 731]7.40]784]7.76[8.05]7.08] 769 15.41
1 30-45 725(7.34|7567]760]787[791| 762 14.88
45— 60 761(7.60)792]|803|832][825] 7.97 15.41
> 60 742|750 7.74|786[8.15]8.08] 7.79 15.41
0-15 6.99(7.07]730[7.41[7.70{7.63] 7.35 15.82
15-30 6.80 [6.87 | 7.0917.20{7.47 741 7.14 1521
2 30-45 6.83[6.8117.11(7.21]7451740] 715 15.58
45 - 60 717725 [745]7.656 (781 [7.761 7.50 16.52
> B0 7127191741 752[7.79|7.73] 7.46 16.08
0-15 759 |7.67(7.89[800[827[821] 794 17.54
15-30 644 [6.51]16.7116.82]7.07]7.01] 6.76 15.01
3 30-45 6.01(6997.21|732[760|754] 726 15.58
45 —60 7.08 (717 [738[740[7.76[7.70] 7.43 15.84
> 60 7.26 17.33({7.55|7.66|7.93/7.87| 7.60 16.70
Average 7.16 | 7.24 [ 7.46 | 7.57 | 7.841 7781 7.51 15.79
r0.05 = 0.497 & r0.0% = 0.623 [0.388]0.382/0.366[0.355(0.340/0.344] 0.363 ns
Table (8b): Soil moisture (%) under tomato grown in El-Sheikh Zuwaid
region,
Moisture| Available
Profife No. Depth {cm) | Mar. | Apr. ] May | Jun. | Jul. |Aug. o, water {mm
0-15 737750 7.71][864[854[8.22] B8.00 17.03
15-30 7.56 | 7.70 | 7.91 | 8.87 | 8.76 [844 | 8.21 17.57
4 30 —45 6.45 [6.57 [6.75[7.57][749(7.21] 7.0 14,97
45 -60 715)7.28 [7.48]844[8.34][8.02] 7.79 16.90
> 60 6.646.76 |6.94 [7.74]76617.38] 7.19 15.07
0-15 6.821694(7.12|704]7.85|757| 7.38 15.07
15-30 6.71:6.8317.01[7.84[7.75(7.47| 7.27 14.86
5 30-45 6.53(664 [6.82]764]755(7.27] 7.08 14.70
45 - 60 7500772{7.03[888|8.78]|8.46] 823 17.35
> 60 6.7216.84 |7.03 | 7.87)7.77 | 749| 7.29 15.22
0-15 7.33 (746766858 (848|817 755 16.32
15-30 [8.05/8.20[842[543])9.33]898] 874 18.60
6 30-45 728741761851 [841]811| 7.89 16.74
45 - 60 7.27]740(7591848]8.3818.08] 7.87 16.17
> 60 6.70 |6.81 [609 7709|7707 43| 724 14.57
Average 7.0817.20[740]8.28 818 7.80| 767 16.08
0.05 = 0.497 & r0.01 = 0.623 10.963]0.964]0.96610.974]0.973]0.971; 0.969 ~




J. Soil Scl. and Agric. Eng., Mansoura Univ., Vol. 2 /9), September, 2011

From the data, one can work out the following:

a- The olive farm which is an open cultivated area as the covered area by
clive trees represenis about 34% while the rest is exposed to direct
climatic conditions. The cosrelation coefficient between soil moisture and
available moisture variations is insignificant which means that the climatic
conditions overcome the soil properiies 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 condiion 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 o 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 nocturmnally.

In addition, for olive farm the fluctuations of soil meisture 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 soil
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.

{-.—FC% -t Mar. =~ Apr ~M-May ~Jum —+Jul -""Au.!

13 7
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“"?‘#i"#"P“offsj\‘@{#\;\p\"\’\‘e"ffﬂ}e‘f‘;
Fi'-(t)bﬂlynﬂuinnhsdmﬁ!uu(%)u:::’-ﬁwlrmmhm'l.llwaiiu'i-l.
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Fig. (2) Daily variations in :ﬁlmm(ﬁ)mdertm plants grown in El-Sheikh Zuwald region,

season.

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

Table (8¢): Actual soil moisture’ depletlon fevels (%) of ohve and tomato
grown in El-Sheikh Zuwaid region.

Month

Mar.

1 Jun.

Jul.

.Aug.

Hour

Olive[Tomato]

T2
Olive[Tomato,

Olive[Tomato|Olive

omatol

Giive[Tomato

Oliv

‘omato)

30.64]

30.36

130.67]

33.04

[36.47] 34.82

.06

31.71

31.88] 33.58

30.6

7] 33.04

29.74

29.53

130.67]

3277

136.17 -34.51

32.82

31.97

132.56| 34.18

29.4.

5 33.61

29.18

29.00

131.75

32.50

[35.88] 34.51

31.60

32.23

[32.22] 33.88

9.4

5 33.33

28.63

28.49

31.75

32.23

[35.59 34.51

130.37]

32.50

32,22) 33.88

9.4

5 33,33

8.3

28.24

131.75

31.97

35.31] 34.82

128.1

28.00

[31.75

NN

135.04] 34.82

130.37]

32.77

[32.56{ 34.18

0.6

71 33.61

.37

33.04

32.92 34.48

0.6

7] 33.91

27.84)

27.76

31.75]

31.46

34.76] 35.14

[29.14]

33.33

33.25] 34.79

1.9

0 34.21

30

27.52

[34.8.

31.21

[34.500 35.14

27.91

3361

34.02) 35.44

1.9

0 34.82

[35.77!

28.00

A

31.46

T8 3547

3

33.61°

34 41| 35 77 1331

35.14

36.3

28.49

0.4

In

5.04{ 35.47

.50

33.33

34.81) 36.11

3.1

3 3547

36.85

29.00

141.56)

31.97

5.31] 35.47

43.87]

33.04

35.22] 36.45

3.1

3 35.80

[37.13

29.27

42.79

32.23

[35.59 35.47

47.55]

32.77

135.63| 36.81

3.1

3 36.14

37.71

29.80

43.87|

32.50

135.88] 35.47

51.23

32.50

[36.07] 37.18

33.1

3 36.49

38.00

30.08

144.63

32.77

36.17]. 35.47

161.23

32.50

35.63] 36.81

33.13 36.14

38.31

30.36

143.56

33.04

[36.47] 35.47

150.00;

32.23

35.22] 36.45

33.1

3] 35.80

38.62

30.85

42.64;

33.61

37.08] 3547

47.55

31.97

[34.81| 36.11

33.1

3| 3547

138.93

30.94

41.56)

34.21

37.72| 3547

42.64

31.71

41 35.77

33.1

3 35.14

39.59

31.55

40.64]

34.82

41.41

31.71

34.02] 35.44

31.90f 34.82

138.93]

138.80)

34.21

38.3% 35.14
7.72| 35.14

37.73

32.23

33.28( 34.79

(31.9

0 3421

133.71

33.61

137.73

32.50

2.56) 34.18

[31.90) 33.61

130.33)

33.04

%7.0% 35.14
6.47] 34.82

[37.73

377

[32.22] 33.88

30.6

7] 33.33

130.04,

2.7

136.17] 34.51

37.73

32.77

31.88) 33.58

9.4

5 33.04

30.04)

32.50

35.88] 34.21

[36.50,

33.04

31.55; 33.30

8.2

2 32.77

.33

32.77

17 33.61

[36.50

32.23

31.23] 33.02

5.7

71 32.50

EX]

33

38 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) conciuded that water content increased with increasing soil
temperature and the temperature dependence of the bulk electrical
conductivity, mainly due fo continuous cooling of soil by increasing soil water
content, thus increasing soil thermal conductivity, which causes some heat
trap in soil. Similar resuits 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
controliing plant growth. Instantly, it is important to.note that the difference in
soil temperature by £ 1 °C ns equal to + 244 Mega calfed down to 15 cm
depth of s0il having 1.6 Mgm— bulk density and 0.24 cal/g heat capacity.

Tables {8a & 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. J[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 [24.36124 91[26.40(27.15/28.98]28.57] 26,73 15.70
15-30 23.7924.32%.78 6.51;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 [24.1424.67]26.15|26.89/28.71128.30{ 26.48 15.41
> 60 24.02/24.56126.03{26.76/28.57[28.17] 26.35 15.41
0-15 22.20[22.69(24.05(24.73126.40{26.03] 24.35 15.82
18 -30 [20.4820.94]22.20[22. 82&_ 36[24.02] 22,47 15.21
2 30-45 1.28|21.76123.06]23.71]25.31124.96| 23.35 15.58
45 -60 {23.39{23.92{25.35126.07{27.82427, 43 2566 16.52
> 60 22,2522 75124.11|24.79(26.47126.10, 24.41 16.08
0-156 [22.82(23.33124.73{25.43{27.15126.76] 25.04 17.54
15 - 30 [20.94[21.41]22.6923.33(24.91/24.56] 22.97 15.01
3 30-45 122.08|22.57123.03/24.60|26.26|25.88] 24,22 15.58
48 - 60 [22.25|22.7524.11j24.79(26.47126.10] 24.41 15.94
> 50 2.42122.92[24.30[24.98[26.67/26.30f 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 iemperature give higher values than the average air
temperature by about (0.08 - 5.0 °C) and increased by increasing soil
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 (1937) 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) [18.0520.09{22.25/25.30{27.66128.42 23.63 Water mm

0-15 .8723.17]23.61123.9126.89025.33] 24.30 | 17.03
16=-30 3.01[23.31123.76(24.06{27.06[25.48 24.45 | 17.57
4 30-45  [21.81[22.09(22.52[22.80/25.6424.15 23.17 | 14.97

45-60 [22.7323.0223.4723.76(26.7325.17] 24.15 | 16.90

> 60 122.44[22 7423.18[23.47]26.3924.86) 23.85 | 15.07
0-15  [23.7224.0324.45(24.80127.8926.27] 25.20 | 15.07
16-30 [22 83(23.13(23.5823.87(26.8525.20) 24.26 | 14.86

5 30-45 220209 31[22.74123.0225.8924.3¢9 2339 | 14.70
45~60 24.0724.3924 86!25 17128.31]26.66] 25.58 | 17.35

> €0 23.19 3. 2464 | 1522

0-18 24.64(2 26.18 | 16.32

15-30 |25.5625. . . 27.16 | 18.60

L 30-45 23 0823.38[2_3.8133%4 1%27 14@5 56 24.52 | 16.74
45 -60 22 69229923 43123.73(26.68125.13 24.11 | 16.17

> 60 21,7422, 0222.4@2_5.5624.07 23.09 | 14.57
Average 23 0923.39123.8524.1527.16[25.58 24.54 | 16.08
r0.05 = 0.497 & r0.01 = 0.623[5.6750,6750.67500.6750.6750.6750.675 **

Conceming 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 femperature was obtained diumally, while the highest average soil
temperature recorded nocturnally. Higher soil water content may be the
reason for higher soil temperature.
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Soil temperntave ('C)
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Fig. (3) Daily varinticas in soil temperature ("C) under olive trees grown in El-Sheikh Zuwaid region.
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lours .
Fig- (4) Duily variationd ia aoil temperature ("C) wndor tomate piants grows in E1-Sheoikh Zawsid reglon.

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 calffed) over five
depths, under olive trees and tomato, respectively. The soil heat capacities
were almost the same (0.24 and 0.23) callg for olive and tomato areas,
respectively.
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Table (10a): Soil heat content {Mega cal/ffed) under olive trees grown in

El-Sheikh Zuwaid reglon.

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

0-15 7314 749317990]8240(8861 (8722 8103 15.70

15 - 30 7089 7263/7746,7089 8591 | 8457 7856 15.41

4 30 - 45 6958171307602 |784018431]8299 7710 14.88

45-60 7245{742317913,8161]8774|8637 8025 15.41

> 60 7176 17352 ;7840|8086 [ 8695 | 8559 7851 15.41

6-15 655867187163 {7387 (7943|7819 7285 15.82

15-30 6022616976575 678072887175 6568 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

>80 65966757 | 7202|7427 79827858 7304 16.08

0-15 6849{70161747817711|8287 8159 7583 17.54

5-30 6008 8246 | 6656 | 68637374 (7260 6750 15.01

2 30-45 8510|6669 ]7110]7332|7882 (7759 7211 15.58

45 - 60 6592187527197 7421797617852 7298 15.94

> 60 6671]|683417284 7511807217947 7386 16.70

Average 6726 |6890|7345(7574|8141]8015 7448 15.79
r0.05=0.497 & r0.01 =0.623 10.133}0.133]0.131[0.130/0.128)0.128{ 0.130ns |

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 66106720 6887714718017 | 7488 7145 17.03

15-30 6685 {8797 | 6967 7234181137577 7229 17.57

4 3C-45 6148|6248 | 6400|6627 | 7435|6950 6635 14.97

45 =860 6530/6640]6806 | 7066 [ 7925 | 7402 7061 16.80

> 60 6360 (6464 16621|6851({768717187 6862 15.07

0-15 675516865 [7032|7278]8166|7634 7289 15.07

15~ 30 6483|6588 6749 (6987 | 7839 (7328 65996 14.86

5 30-45 6221)6322 | 64766703 |7520) 7031 5712 14.70

45-60 6999|7116 7294175708491 {7931 7567 17.35

> 60 65851669316857 (710117967 17447 7108 15.22

0=-15 7114 7232174127683 | 8624 | 8057 7688 16.32

15=30 75231765117844[8153/9143 8536 8142 18.60

6 30-45 6655]6765169337189) 8065|7535 7180 16.74

45-60 6541/6649[6813 | 706279227403 7065 16.17

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

Avgrage 6625167351690117153|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 ™

Soll heat content: SHC, Avalilable sofl 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
(v) 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 tum, 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 controlllng these measures than the climatic
condrtlons

_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 suil heat
content from 6750 to 8103 Mega calffed (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 calffed (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
refated to the thermal diffusivity of sand content which constitute > 90% of
this soil. The thefmal diffusivity of wet sand is higher than that of dry sand.
Anather 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 ferfile irrigated farmlands. The action of wind and water also segregates
many of the sail 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 cbstructions. 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 imigation 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 schedulin; to avoid crop water stress and
leaching of nitrogen below the crop root zone.

Spatial varfability 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. Spatiai differences
in surface soil structure and soil color alse are good indicators of soll texture
spatial variability. The areal extent of soil textural classes often can be
determined from soil survey maps and/or aerial photography of bare soil
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 irmigations 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 imigations for the predominate
scil 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 absoiute 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 spatiai 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 comresponding to field
capacity be determined from actual field measurements and not taken from a
textbock 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 imigation. This procedure assumes that drainage is not restricted and that
the imrigation 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
hetween 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 irrigaté 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 activiies including cultivation and chemical application.
Also, modifying the soil moisture depletion, crop coefficient (Ke) and using
muich 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 clive grown in sandy soil in North Sinai. The irrigation intervais
varied between 14 to 23 days with average 17 days for total water
requirements of 1029 m°ffed/season by drip irrigation system.

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

Sa= 105 mm__ [Establish flowering | Yleld formation [Ripenin

tages initial | Crop development | Mid-season [Late-seasoniat harvestSeaso

onth Mar. | Apr. | May | Jun. | Jul, | Aug. Seop. Qct.

To (mm/day) 341 | 440 409|544 1571|554  4.81 355 | 4.73
Growing perio¢1 1 21 31 3
tdays) 6 30 31 30 0 31 230
‘f(’:'” coeflicient 5 | 560 { 0.60 | 0.60 | 0.60 | 0.60| 080 0.60 | 0.60
Moisture
'deplation () 0.30 0.30 | 0.30 | 030 | 0.30 | 0.30 0.30 0.30 0.30
Rooat Depth (m) 1.5 15 | 1.5 1.5 15 1.5 1.5 1.5 1.5
ntervals (days) 23 18 16 14 14 14 16 22 17
iDiw {(mmiday) 2.17 280 | 317 | 346 | 3.63 | 3.52 3.08 2.26 3.01
iDiw (mmfinterval)l 49.91 {50.40/50.72 |48.44 |50.82[49.28 48.96 49.72 [ 49.78
Diw

litor/tree/day} 27.34 [35.28)|39.94(43.60145.74|44.35 38.56 28.48 | 37.91
Diw

literftree/Interval 628.87 ©35.04539.07610. 0.33620.93 616.90 626.47 [627.24
Diw {m’/fed/day) 3.17 4.00 [ 463 | 506 [ 531 | 514 4.47 3.30 4.40
Diw {m’Hed) 50.75 B22.77H43.63151.71164.47159.4% 134.17 102.40 [1029.40)

Modification of irrigation scheduling:

Referring to the proposed correction to irdgation scheduling
depending on the measured soil moisture with olive farm, Tables (11b and ¢)
recalculate the irrigation schedule for two assumptions; i.e., one for modifying
depletion level, (Table, 11b), and the other for medifying crop coefficient,
(Table, 11¢), 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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Tabie (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 1 B71 | 554 | 4811355 ]| 473
Growing teriod (days} | 16 30 k3 30 A 31 30 3t 230
iCrop coefficient{Kc) | 0.60 ; 0.60 | 0.60 | 0.60 | .60 ) 0.60 | 0.60 | 0.60 | 0.60
olsture depletion {P) | 0.27 | 023 | 0.24 | 0.22 | 026 | 0.29 | 0.30 | 0.30 | 026
oot Depth im) 156 | 16 | 15 1.5 15 1.5 15 1.5 1.5
lintarvals (days) 21 14 13 11 12 14 16 22 15
Diw (mm/day) 217 | 2.80 [ 317 { 3.46 [ 363 | 352 | 306 | 226 3.01
Diw (mmiinterval) 4557 [39.20 {41.21138.06 [ 43.56 | 49.28 1 48.96 [ 49.72 | 44 .45
Diw {liter/trea/day) 27.34 {3528 130,04 [ 43.60/45.74 1 44.35]38.56 | 2848 | 37.91
Diw (literitroe/intorval) 1574.18(493.92(519.25/479.56)548.86(620.93|616.90|626.47] 560.01
Diw (mifediday) 317 1 400 | 483 ] 506 ] 531 [ 514 | 447 | 330 | 440
Diw {m°Hed} 50,75 1122.771143.63151.711164.47]159.49|134.171102.40( 1029.40

Tabie (11c}): Modified crop coefficient {Kc} for olive trail to correct the
deviaticns in soil moisture curve.

[ Month Mar. | Apr. | May | Jun._| Jul. ] Aug. | Sep. [ Oct. Season
To (mmiday) 341 | 440 | 499 | 544 | 571 | 554 | 4.81 | 3.55 | 4.73
rowing period {days) 16 30 A 30 31 AH 30 3 230

ICrop coefficientiKc) | 0.65 | 0.75 ] 0.75 | 0.80 | 0.70 { 0.60 | 0.60 | 0.60 ; 0.71
olsture depletion (P) ; 0.30 | 0.30 | 0.30 | 0.30 | 0.30 | 030 { 0.30 { 0.30 | 0.30
oot Depth (m)_ 1.5 1.5 15 1 15 15 1.5 1.5 1.5 1.5

ntervals (days) 21 14 13 11 12 14 16 22 15

Diw {(mmiday} 235 (340 1396 | 461 ) 423 | 352 | 306 | 226 | 344

Diw {mm/interval} 49.35 148 861 51.48 | 50.71 ) 50.76 | 49.28 | 48.96 | 46.72 | 40.89

Diw (liter/tree/day} 2961 143.97 )49.90)58.09153.30 | 44.35 | 38.56 1 28.48 | 43.28

Diw {literitree/interval) [521.811615.64|648.65/638.95/639.58(620.93(616.901626.47) 628.61

Diw {m’ifed/day) 343 | 510 | 579 1 674 | 6.18 | 514 | 447 | 3.30 ; 5.02

Diw {m’ffed) 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 resuited Ke values ranged between 0.60 and 0.80
which stood in agreement with Doorenbos and Kassam (1 986) Meanwhile,
the amount of irrigation water increased from 1028 to 1177 m*fed/season,

Data presented in Table (12a) reveal that the variations in irrigation
intervals of tomato irigation 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 imigation water amounts during the different
growing stages of tomato grown in sandy scil in North Sinai. The irrigation
intervals varied. between 3 to 7 days with average 4 days for total water
requirements of 2404 m’ffed/season by drip irrigation system.

The same scenarios of modifications which applied with clive
have been adopted with tomato in Tables {(12b & ¢). However, minor
modifications have been achieved either with irrigation intervals or Ke values.
Meanwhﬁe the gross irrigation amount increased from 2404 to 2678
m*ffed/season.,
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Table (12a): irrigation water amounts and irrigation scheduling of
tomato grown in Ei-Sheikh Zuwaid region at proposed

depletion 30%.
[ Ssa=107mm __|[Establish] Vegetative | Flowering [Y formation|Ripenin

tages Initial _IC developmeniMid-season|Late-seasonat harves!

onth Mar. Apr. May Jun. Jul.

To {(mmiday) 3.41 4.40 4.99 5.44 5.71 4.79
Growing period {days)] 15 30 X 30 14 120
Crop coefficient (Kc) 0.45 0.75 1.15 0.85 0.60 0.76

oisture depletlon (P)] 0.30 0.30 0.30 0.30 0.30 0.30
%ﬂt Depth (m) _ 0.15 03 0.5 0.7 0.7 0.47

ntarvais {days) 3 3 3 5 7 4
Dy {(mmiday) 1.81 3.88 8.75 5.44 403 | 4.38
Diw {(mminterval} 5.43 11.64 2025 27.20 28.21 18.40
Diw (M Jday) 7.60 16.30 28.35 2285 16.93 | 18.40
Dy {(mlinterval} 22.81 48.89 85.05 114.24 118.48 | 77.89
Diw (M /fed) 114.03 458.88 878.85 685.44 236.96 1240416

Sa: available water,ETo: potential evapotranspiration, Dj.: irrigation water amounts

Table {i2b): 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 (Ke) 0.45 0.75 1.15 0.85 0.60 0.76
Molsture depletion (P) 0.3¢ 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
D (mmiday) 1.81 3.88 6.75 5.44 4.03 4.38
Diw (mm/interval) 5.43 1164 | 1350 [ 21.76 [ 20.15 14.50
Dy (miday} 7.60 16,30 | 2835 | 2285 | 16.93 18.40
Diw (m’finterval) 22.81 48.89 | 656.70 | 91.39 | B4.83 60.88
[T 114.03 | 488.88 | 878.85 | 685.44 | 23696 | 2404.16

Table (12c): Modified crop coefficient (Kc) for tomato trail te 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 3 30 14 |- 120
Crop coefficlent {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
Dy, (mmiday} 1.81 3.88 763 6.08 537 4.95
Diw {(mmdinterval) 5.43 11.64 15.26 24.32 26.85 14.85
Di, {m'Iday) 7.60 16.30 | 32.08 2554 | 2255 20.81
D {m’finterval) 22.81 | 48.89 1 64.09 [ 10214 | 11277 | 7014
Dy {mifed) 114.03 | 488.88 | 99343 | 766.08 | 315.76 | 2678.17

Statistically, a highly significant positive correlation was found
between available soil water and irrigation scheduling of clive grown in the
studied area. Highly significant positive correlation was found between soil
moisture, soit 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 probiem:

Cn of the studied soiution for the discrepancy between soil moisture
curves of olive and toemato 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 fines 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 rasult has been confirmed
by earlier work of Evon Rizk (2009) who found the superiority of intercropping
of been and com than the single cultivation. At least, intercropping wili
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 deplefion, crop coefficient (Kc)
and using muich 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 resuits
confirmed the previous findings of Smith et al. (1996), Allen et ai. {1998),
Pereira et al. (2002), Beliingham (2009} and Khalifa {20089).

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 c¢rop while maintaining oplimum 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 soit water
measurements for irrigation scheduiing 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 whigh, in turn, could modify
the crop coefficients, so the gross amount of irrigation water.

2- Modifications being great with open fruit orchards fike clive, while being
minor with tornato 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 profites especially under olive trees,

958



J. Soif Sci. and Agric. Eng., Mansoura Univ., Vol. 2 (9), September, 2011

REFERENCES

Allen, R. G, L. 8. Pereira, D. Raes and M, Smith (1998). In *Crop
evapotranspiration. Guidelines for computing crop waler requirements’”.
Irrig. & Drain. Paper No. 58, FAO, Rome, italy.

Bellingham, B. K. (2009). Method for irrigation scheduling based on sail
moisture data acquisition. Paper originally submitted to and published
by the United States Commitlee on lrigation and Drainage, lrrigation
Gistrict Conference. Stevens Water Monitoring Systems, Inc.

Bilskie, J. R., R. Horton and K. L. Bristow (1998). Test of a dual-Probe heat-
puise method for determining thermal properties of porous materials.
Seil Sci., 163 (5); 346-355, U.S.A.

Bradley, A. K. and C. S. Jeffrey (2004). Spatiai variability considerations in
interpreting soil moisture measurements for irrigation scheduling.
University of Idaho Cooperative Extension System Bulletin 837.

Chiraz, C. M., M. A. Mouna, G. Mohamed, L. Foued, Ben R. Saloua, Q. A.
Abderrazzek and B. Mohamed (2010). Water relations of olive trees
cultivated under deficit irrigation regimes. Scientia Hort., 125; 573-578.

Doorenbos, J. and A H. Kassam (1986). in: “Yield response fo water". Iriig. &
Drain. Paper No. 33, FAQ, Rome, ltaly.

Doorenbos, ). and W.O. Pruitt (1984). Crop water requirements. Imig. &
Drain. Paper No. 24, FAO, Rome, ltaly.

El-Nawawy, M. M. M. (1986). A study on water & salt movement in some
calcareous soils. PhD. Thesis Agric. (Soils), Al-Azhar Univ., Cairo,
Egypt.

Evon, K. Rizk (2007). Effect of sowing dates on water requirements of com
grown in Maryut area. Egypt. J. Appl. Sci., 22 (11) 308 -- 321, Egypt.

Evon, K. Rizk (2009) Intercropping of kidney bean on comn and its effect on
increasing soil productivity per water unit. Environmental Science: an
indian J., 4 (6): 10-19. .

Giriappa, S. (1983). Water use efficiency in agriculture. Agricultural
development and rural transformation unit. Inst. for Social and
Economic Change Bangalare, Oxford & IBH Publ. Co., UK.

Hawas, N. W., B. Liu, C.W. Boast, P.S.C. Rao, E. J. Kladivko -and D.P.
Fronzme (2004) Spatial variability and measurement scale of infiltration
on an agricultural landscape. Soil Sci. Soc. Am. J., 68 (6): 1818 — 1826.

Khalifa, Q. L. (2009). Perceptive research on irrigation scheduling and water
management. PhD. Theses in Irrigation Engineering. Faculty of
Engineering. Mehran University of Engineering & Technology,
Jamshoro. Pakistan.

Klute, A. J. (1986). Methods of soil analysis. No. (9), Part 1 - Physical and
Minsralogical Methods. Am. Soc., Agron., Inc. Soil. Sci., Mad., Wisc.,
U.S.A.

Masmoudi, Ch., M. M. Masmoudi and N. Ben Mechlia (2004). irrigation de
l'ciivier: cas des jeunes plantations. Rev. Ezz 10 (1&2), 57-85

Masmoudi-Charfi, C., M. Msallem and M. B. Say (2006). Plantations irriguées
d'olivier -Document Technique no. 2. institut de I'Olivier, p. 7.

959



Abdel Rahman G. et al.

Nobef, P. S. and G. N. Geller {1987). Temperature modeliing of wet and dry
desert solls. J. Ecology, 75: 247-258.

Page, A L, R. H. Mifier and D. R. Keeney (1982). Methods of soll analysis. No.
{9), Part 2. Chemical and Microbiological Properties. Am. Soc., Agron.,
Inc. Sail. Sci,, Mad., Wisc., U.S.A.

Partington, J. R. (1963). An Advanced Treatise on Physical Chemisiny; Vol
lli. The Properties of Sclids. John Wiley and Sons inc., New York,,
USA

Pereira, L. S, T. Oweis and A. Zairi {2002). Irrigation management under
water scarcity. Agric. Water Manag., 57: 175-206.

Persson, M. and R. Bemdisson (1998). Texture and eilectrical conductivity
effects on temperature dependency in time domain reflectometry. Soil
Sci. Soc. Am, J,, 62: 887-893.

Philip, J.R. (1857a) The infiltration equation and its solution. Soil Sci,, 83: 345
—357.

Philip, J.R. (1257h) The theory of infiltration. 4: Sorplivity and algebraic
infiftration egquation. Soil Sci., 84: 257 — 268.

Seidhom, S. H. (2001). “Water use efficiency and water economy of some
crops as affected by soil_heat”. Ph.D. Thesis Fac. Agric., (Soil Science),
Zagazg Univ., Egypt.

Seidhom, S. H. (2007). "Effect of moisture deficit and fertilization on
sunflower crop grown under calcareous soil conditions”. Egyptian J.
Desert Res., 57 (1): 55-73, Egypt.

Seidhom, S. H., A. M. Talaat and G. Abdel-Rahman {2002). Environmental
factors affecting soil heat and water use efficiency of faba bean in the
newly retlaimed area of E-Salheia. Egypt. J. Appl. Sci., 17 {10): 884-
907, Egypt.

Smith, M., L.S. Pereira, J. Berengena, B. lter, J. Goussard, R. Ragab, L.
Toliefson and P. Van Hoffwegen (1998). lrrigation Scheduling: From
Theory 1o Practice. FAQ Water Report 8, FAO, Rome, 384 pp.

Vemmeiren, 1. and J. A Jobling (1980). Localized imigation: design,
installation, operation, evaluation. FAC irig. & Drain., Paper 36. Rome,
ltaly.

Warrick, A. W. (2003). Soil Water Dynamics. Oxford University Press.

Wuest, S.B. (2005) Bias in ponded infillration estimates due to sample
volume and shape. Vadose Zone .., 4(4): 1183 - 1190.

Young, D. R. and P. S. Nobel {1986). Predictions of soil water potentials in
the northwestem Sonoran Desert. J. Ecology, {74): 143-154.

960



J. Scil Sci, and Agric. Eng., Mansoura Univ., Vol. 2 (8), September, 2011

A gan e Ball gt oad g siaally dpia i1 Aygh )l Sl gajsid il
e gl Jlad = 2y st dbia i Ao jjial Juoslaal o 6

5 =il Al bana 5 SB ¢ ph A Lda ab ¢ daa] a8 Jlaa
‘_fiib.ha-lqﬂb

aa = 5 AUN — #)ual Cisay K e

$Aad (g siaadly daa W Ak 0 S a5 80 Al B il 1 Ciagg
el Y 8 dailly (g i oy e iat alaladal iy s el s Aga e 45l
1) gt Gigas dlaae de e Al 3y g3 Caadl el Sl dailae 44 jaal dka B
ioie dikaie) 1ol W o dikeie Coad Cum YoV page (DA sy el Jlady
Uy ¢ lelad 200 e dikia (S5 ¢ (plalads Sl g Ay gicen Aty & M el
A g aly ¢ LSy Land Blae ¥t JS) Al Jilad gy ¢ Blaet duaass Jiag gkl
— bl Al Gada Ay guana 5 oo Sy A padl Sy ¢ Aidaie I Ay N A & psal
Aoy 51 Fa g ¢ Ay gy st s o AL s V1 iy ey By ¢ e
$o—m A dae 2y ¢ A il (g )l pall (g aal cilan y 3 Al &y ) pall Jedl
B D gy taddly dp sl dyh ) AHSY DA dns A gaad Jd gy ¢ o peanal
S g gl el e sk B LAY g e ity el S3e) G5k e 3l
Ol o S g W el e abbedad Jreat s dlaaid A1 8y ¢ Jgeand) Jalas
gl o Sy ila s A0 Gilad 23 8y ¢ oLl S caindl 5 I et caad ddacdl
Al
Slelldl 8 Gl o & jels bl Jaead RS i gl of Al 5o el -
N N T W T\ Y P TR R TV SRR VO N RPN P W
-3 ganlt
¢ &l 4 Hatal &Sy A eUadlly Do A gk D 50 pdaad alyadl Jgia Jaee s ¥
C O M A e il Cilisy CABNEYYy slaall A3 e i 4, 5 A,
Sail de ) i ARkl 8 ebddl J430 Jame el ay ¢ plaball) de )5 4 %Y
cpbladall G gy g bl Adhiadl Jane ol S La a8 8 5 3
raall a5 Y Aags i pall O G A pha ) o5 find Age cilidEa] ua WY
obe el e L 0 Ry gl dysha ) g gima 3y ¢ Lilale JS o) i Al 3y 50 Sl
Fo—ine Sl Jaagia OS5 ¢ padl puage A L 5 ) e An 0 53S0y el B
Gy ady Ll Glebn (DA Sla el 81 ¢ el lele A & Al Ayl
REERR I PICEIE SRR RN E SRR R V) S S
L e R TR ¥ 2t PR PRRROL Y. ) A B R S SN T
cadsall Ll Ca Ll e Dol AT 45 4 d5Sd clidaayly Sl o Ul
A 8 e e S A Dk ) (5 ine On an s (5 8 (5 st Tl ) s Gileaal
bl lia S Ly ¢ plalalally o M A a5 Oe JST A (gl all (g giadly
vl ploladall (85 pugdlt 2y 0 Apghs ) dg il S5k (5 fine (i am ge (508 (5 ine
30 A0 Oe el itSy o pudaatl N Gale e B 5 e A 3 sy s il -
Al s da o a0 padatl (R 0 JBly 0 gl I Gl O el
O—Sdy ¢ Jledll Chelu A a5 551 s Aa 0 B Jaurgiay ¢ Ryl Aysha ) 500
B Hgbu el 4l (5 adt gl el iy Gl el NG Cidaw el

961



Abdel Rahman G. et al.

Ot 0 S a0 e JS) Bl e e LYY & 0V E ) gadt Readd uilS Cym 3 D
R SR K XN

Woliwsie ag YO M VE e g D g 05 St gl st S -0
S g aaa o By ¢ ST (5 Py g saf e V¥R oln Ky g My
L&JJGgﬂBmMuﬂl}rﬁ\ohﬂweﬁT‘ u.“\\ Lg.lgjlu!_).\sc_")d
WIVY gt ala L€ a5 81y Aaeall (5 1 & G J psaal) Jalaa oo
Yi-ﬁnleaagﬁgrﬂghﬂg)‘s\_ji.f:-u}k{rgv‘jifoao\sugg£ra}qlda§/rf
0 Y Om sl e P BT (e i iy ¢ Jaliil (g N s s/ i
L};Hﬁ@‘_}—‘ﬂ!d_;aa.—.:.n“&h.adhhq‘_,cg}\o\gﬂigasudﬁf\._ﬂ"Janj.'\a.neléi
v 5ol 33878 TAVA B (5 ) ole Zpaf it 5 (8T 5 Aamad

A Al Apny et DN ele o has A8 Dysias Aape Db ) AR Dy -
Aol gty L0 3 J ja Ao oy Ll Agha ) (5 ia e NS Gy s G5 N
el S Wby L iy Ll 203 (b (1 gy ¢ et ol 4y il
gl L.L.LclLuLm‘lglsl;J_jcahﬂl‘ua_,uﬂj\qlnkanﬂidm.:‘auairl&a.m‘
el 3 )Sa‘.pmhn“g)nd_,heamuluhhﬂ\dg;;}yg)mhuJ
B e Ay Al Lk ) (5 giaae A DAY dea )y Dpasly L a gy

Aol Al 5 1 A jae Jual ?!ﬂ\umx’u)ﬂ’luwgwlcuyﬂu@\

el oty Alaall y Jpslasdly A5 Clalba¥l 8 A5y Jpataall 450 Jidd | aed (5 S8

-g.\ba’iii.\.’alr—

) MM?&
8 peadall daaly — A5 50 438 CA Al dpe o deaa [ 4
#l_awall &isay 38 e w'ﬂ@@!.\yﬁh/&i

962





