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EFFECT OF MULCHING AND IRRIGATION
INTERVALS ON WATER CONSUMPTIVE USE AND
YIELD OF OLIVE GROWN IN MIDDLE SINAI,
EGYPT

Seidhom, S.H. and Evon K. Rizk
Soil Physics and Chemistry Department, Desert Research Center,
El-Matareya, Cairo, Egypt.

n experiment has been conducted in El-Maghara

Research Station of Desert Research Center at
Middle Sinai, Egypt, to test the effect of soil mulching
under olive trees with gravel and black plastic sheets
engaged with some irrigation intervals (2 , 4 and 6 days)
on soil water regime as well as the productivity of olive
crop. The collected data can be summarized in the
following:

I- A significant increase of fruit yield, water
consumptive use (ETa), beneficiary factor (Bf), crop
coefficient (Kc), environmental stress coefficient
(Ks), water use efficiency and waler economy was
found by using black plastic mulch under olive trees
followed by gravel mulch, but the influence of
irrigation intervals, was not significant.

2- Mulching treatments show considerable effect on the
water regime of soil especially with wider irrigation
interval of 6 days. However, 2 days treatment shows
some water losses.

3- Mulching with plastic sheets under wide irrigation
intervals, i.e. 6 days gave the highest beneficial water
use and produclivity of olive (rees.

4- The highest economic applications coordinate with
plastic mulching under 6 days irrigation interval.

Keywords: irrigation intervals, mulching, olive, waler consumptive use,
water use efficiency. environmental stress coefTicient.

Desert soils suffer mainly from the shortage in water. So several soil
management practices are adopted to restrict water losses and to maximize
the output of limited water resources. One of the most important and
effective measure for controlling soil water and improving thermal regime is
soil mulching. Among the muching technique are the black plastic sheets,
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aravels and plant residues which generally used to conserve sl water and 1o
reduce heat losses in winter, reduce the rish ol trost on soil and plant

surtaces (Monteith, 1973) Moreover, mulching materials can consist of

paper . plastic sheets . and gravel @ and the use ol black or white powders to
rise or lower the temperature of the surface by changing its rellectivity.

Rosenberg o al. (1983) mentioned some examples ol manufactured
mulching materials used for moisture conservation and 7 or soil lemperature
moditication including paper of various texture and colors, aluminum foil,
gravel, coal, ¢inders, petroleum by products, black. transparent, and white
opaque plastics of various origin, i.e.: i) synthetic non-organic mulches such
as plastic sheets, black or white opaque. or transparent . polyethylene |
powders. gravel, black granular, aluminum foil and petroleum refining
products . 1) synthetic organic materials such as: paper. coal. granular, black
or white powders and c¢inders. Natural materials: such as natural plant
residues or various other materials i.e.: a) non-organic materials such as dust,
trash and gravel. b) organic materials such as plant residues, weed, siubble,
straw, hay. farmyard manure. biomass and town refuse.

Allen ¢r al. (1998) stated that plastic mulches substantially reduce the
evaporation of water from the soil surface, especially under trickle irrigation
svstem. Crop coefllicient (Ke) values decrease by an average of 10 - 30 %
due to the 30 - 80 %o reduction in soil evaporation. Polyethylene and perhaps
asphalt mulches are effective in reducing ET of crop . when they cover more
than 80 percent of the soil surface and crop cover is less than 30 percent of
the total cultivated area . Weed control adds to the successful use of plastic .
Generally, crop growth rates and yield are increased by the use of plastic
mulches.

Metochis (1998) found that irrigation with 400 - 450 mm of walter
which is corresponding to 0.35 of pan evaporation was sulTicient for olive
trees. When  olive irrigation  requirement  was  fully  met.  daily
evapotranspiration ranged from 1.0 to 1.5 mm at the beginning and to 2.5 -
3.0 mm at the end of the irrigation scason during the summer. Doorenbos
and Kassam (1986) reported that water utilization efficiency for harvested
vield of fresh olives containing about 30 percent moisture is 1.5 to 2.0
kg/m’. The economical evaluation of the experimental findings in any
research is of a great importance depending on the net return of such
treatments which could encourage the farmer to use. or not especially when
it increased the input costs by any untraditional (reatments. In this accord,
the mvestment ratio is expressed as Investment Ratio (IR) = Output LE/Input
LE. (Rana ¢r al.. 1996).

This work is an attempt to clarify the effect of mulching with gravel
and black plastic sheets engaged with some irrigation trealiments on
improving water usc elficiency. waler economy and productivity of olive
grown on sandy soils.

Egvptian ). Desert Res., 56, No.1 (20006)
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Flements I\I:l\. Min, [Avg. air| Relative Teiud Sunshine| Total ETo
) o i speed ’
e i I 7 Kl il I Ll
Jan. | 2085 | 728 | 1450 | 8329 [ 232 | 770 | 657 | 223 |
T keb. | 2225 | 742 [ 1483 | ®1s0 | 206 | 820 | 697 | 261 |
T NMar. | 2578 | 859 [ 1709 | 7955 | 227 | B30 | 362 | 3.65
Toapr (3032 1001 [ 2021 | 7269 | 250 | 960 | 081 | 529
May | 3370 | 1123 [2307 | 7533 | 234 | 1090 | 052 | 624
Cgune | 3782 | 26l | 2522 | 7799 | 200 [ 1260 | 0.00 | 716
uly 1080 | 1360 [ 2720 | 7780 | 174 [ 1240 | 000 | 723
Aug. | 1239 13| k26 | 7780 | 175 | 140 | 000 | 697
T Sep. | 4002 [ 1334 | 2608 | 7802 | 160 | 10.60 | 000 | 578
Oct. | 3550 | 11.83 | 2367 | 7853 1.96 930 | 4.09 455 |
C Nev. [ 33| red [2209 ] 7639 | 200 | 780 | 843 | 350
 Dee. | 2903 9068 | 1935 | 77.02 1.85 | 7.00 13.53 2.64
Annual mean] 3272 | 1091 | 2181 | 7800 | 205 | 9.65 | 4455 | 482
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MATERIALS AND METHODS

Experimental Site

The current work was camied out i the Agricultural Experimental
Station of the Desert Rescarch Center at I Maghara region, about 90 Km
south FlArsh aity. North Sinar Governorate durimg the growth scason 2003
- 2004,

Metcorological data Tor five years (1999-2003) were collected from
the meteorological station located mside the experimental field with altitude
ol about 200 meter above sea level, latitude is 307357 Noand longitude s
33200 I 1o compute I'lo according to Penman-Monteith equation as
recommended by the FAO usimg CROPWA'T. software version 5.7 (Smith,
1992). These data are presented in table ().

TABLE (1). Mcasured climatic variables of EL=Maghara region during
the period from 1999-2003.

The relevant physical and chemical properties of the soil of the

experimental site were determined according to Richards (1934). Particle

S

ize distribution was carried out by using the pipette method. The obtained

results given in table (2a and b) indicate that the soils are non saline, non-

a
5

Ikali. sandy in texture and the available moisture for plant growth reaches
.04 % (w/w).

Experimental Design

The study was conducted in split plot design in which three replicates

for each treatment were used. The experiment includes 36 olive trees having
8 vears age and cultivated at 6 x 6 m distances, (i.e. 116 tree / feddan). The

i

pplied treatments included:

Feyptian J. Desert Res.. 56, No.1 (2006)
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MATERIALS AND METHODS

Fxperimental Site

The current work was carried out in the Agricultural Experimental
Station of the Desert Research Center at EL-Maghara region. about 90 Km
south El-Arish city. North Sinai Governorate during the growth season 2003
- 2004,

Meteorological data for five years (1999-2003) were collected from
the meteorological station Jocated inside the experimental field with altitude
of about 200 meter above sea level, lattude is 30735 N. and longitude 1s
33°20° L 10 compute ETo according to Penman- Monteith equation as
recommended by the FAO using CROPWAT, soltware version 5.7 (Smith,
1992). These data are presented in table (1).

TABLE (1). Measured climatic variables of EL-Maghara region during
the period from 1999-2003.

Flements Man. Min, I Avg, :mr| Relative I Wind !Nun\llinr Tutal Fla !
S —— L ospeed l‘ |
\Itmth “::,p' “':?l" _ u.':"" :llu;',;:::"" {m!tu; ‘ h:’:}“ (::::::, (mmldu_ui

~ Jan. 2085 | 724 RELERL K329 112 | 770 | 057 123 '
. i'_cl;. 7__ :’)_Jﬁ 742 1185 K1 so | 216 ] %M Hyt 261 '
" Nar. | 2578 | 859 [ 1709 [ s | 207 [T waw | 362 | ves |
~ Apr. 3032 [ 1001 | 2021 | 7269 | 250 i yoy | 081|520 l
My 3370 | 113 ny 7513 200 | e | us2 1624 }
T aune | 7w e [2522 | 7799 | 200 | 12en | oo | 706 |
July 1080 | 1360 | 2720 7780 1 174 | 1240 T 1 123 1

L _ Aug. 1239 | 1413 | 2826 | 77K | 1.7% E 11 E noo | o Y7 |
T Sep. Aoz | 530 2een | 7s02 | ven | voen | ooo | 574 l
Oct. 1550 | 1183 | 2367 TRSY | Hve | 950 | o4 155 |
N, 1113 1ol | 2209 _7(1 1‘-) .'! : _)__lm 1 7 Kt 1| %13 V50 |
 Dec L] (_j‘-l” 968 | 1935 | 7702 | 148 | 700 i 1353 1 261 |
Annual mean| 3272 | 1091 1 2081 | 7800 i 205 | 965 | 4455 | 42 |

The relevant physical and chemical properties ol the soil of the
experimental site were determined according 1o Richards (1954). Particle
size distribution was carried out by using the pipette method. The obtained
results given in table (2a and b) indicate that the soils are non saline. non-
alkali. sandy in texture and the available moisture for plant growth reaches
5.64 % (w/w).

Experimental Design

The study was conducted in split plot design in which three rephicates
for cach treatment were used. The experiment includes 36 olive trees having
8 yvears age and cultivated at 6 x 6 m distances, (e 116 tree  feddan) The
applied treatments included:

Fuyptian J Desert Res . 56 No | 120606
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i) Three irrigation intervals (the interval between (wo successive imgations)

as 2, 4 and 6 days. However the 1otal amount

of imgation, calculated

using  Penman-Monteith  cquation, was  constant  for  all interval

{reatments.

ii) Three mulching treatments viz: control, gravel and black plastic

~_TABLE (2a). Some ph\'\it‘.nl_pmprrlic\ of the experimental yoil site.
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__TABLE (2b). Some chemical properties of the ex pfrimcnu! soll site.
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All trees received the recommended doses ot organic manure, (25 Kg
wee) and mineral fertilization of (NPK): 70, 30 and 70 Kg/ted s ammaonium

sulphate (20.6 4 N»), caleium superphosphate (15
sulphate (48 % K, O), respectively

§ % Py O5) and potassiium

Soil moisture was measurcd with both tensiometer and gravimetn

method at depths of 0 <30, 30 - 60 and 60 - 90 ¢m

Saline ground water (about 3000 ppm) wias used tor srigation viz dop
system. The analysis of irvigation water given i table (3) revealed that this
watter belongs 1o high salinity, medium sodium, e, U8 water class 10
also evident that water quality of such somee shows a prononunced vanation
throughout the year bemy of higher salinny i summer than i winter (Table

3).
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he amount of irvipation water was calealmted using the equation of
hos and Proitt (1984):
o (EToXKe XDXOCrX Nol)/a)+ It

Dy Applied irrigation water (liter/tree/day )

1<To - Potential evapolranspiration (mm 7 day)

Ke o Crop cocllicient

Cr Camopy cover represented by the shadow arca ander trees at
mid-day which in average 471 m'

No. T, No. ol trees/fed 110 tree,

Fa Derigation system elliciency (o) 85 “u for drip ireigation.

1D Rootdepth (1.5 m).

R rainfall tmm),

he amounts of applicd irrigation water are shown in tahle (1)
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The values of soil moisture content which gravimetrically determined
were employed [or caleulating the crop water consumplive use using
Doorenbos and Pruitt (1984) equation as follows:

ETa=(M.,;%-M., %) xdyx Dx 1000 mm
Where:
ETa - actual evapotranspiration (mm).
M.; = Moisture content after irrigation (%).
M.; = Moisture content before irrigation (%).
dy, = Bulk density of soil (g /cm’)
D = Active root depth (m).

Water use efficiency was calculated by dividing the crop yield by the
amount of seasonal evapotranspiration according (o Giriappa, (1983). Water
economy was calculated by dividing the crop yield by the amount of water
added as kg/m‘ according to Talha er al. (1980). Crop coelficient was
calculated by dividing the actual evapotranspiration (ETa) by potential
evapotranspiration (ETo) according to Yaron e al. (1973). Environmental
stress  coefficient (Ks) was calculated by dividing the actual
evapotranspiration (ETa) by maximum crop ecvapotranspiration (ETc)
according to Allen er al. (1998). Beneficiary factor (Bf) was calculated by
dividing the actual evapotranspiration (ETa) by the applied irrigation water
(Diw) as reported by Allen et al., (1998). At the end of the experiment, olive
yield was recorded. Data were statistically analyzed using Snedecor and
Cochran (1989). Investment Ratio (IR) = Output LE / Input LE according (o
Rana er al. (1996).

RESULTS AND DISCUSSION

Actual Evapotranspiration (ETa)

Data presented in table (5a) show non significant increase in water
consumptive use with increasing irrigation intervals, but exhibit highly
significant increase in water consumptive use under black plastic mulch for
olive trees. The data also show significant interaction between the applied 6
days irrigation interval and plastic mulch treatment.

Table (5a) gives the monthly actual evapotranspiration values
(liter/tree/day) as detected by field measurements throughout the growth
season and show that the effect of irrigation intervals on olive waler
consumplive use was not significant, however the impact of black plastic
mulches on water consumptive use was highly significant.

Foyptian J. Desert Res., 56, No. 1 (2006)
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TABLE (5a). Monthly actual evapotranspiration of olive crop grown in

El-Maghara region.

Jan II"ch lhl:lrll\pr IMm-]Jlmci.lul\‘b\ug IScp I()ct INm- IIJn:c ll\vg Increase | Increase
vy | ducto | ducto [Increase
m/ |
Intervals| 0o vy firmigationfirngation dug to
(days) Liter/uiee/day day| .. finterval | interval | mulch
2days | ddays | (%)
%) | (%)
Control 5 8|7.0 (10,014 7/17 9|20 621 120.4[16 3124 0.4 6 8 13,525‘7 5754 0.0
2 |Gravel|6.1[74[10.2015.4[18 5|21 2[21.821 3)18.0[13.7]10.1] 7.3 14338“ 599.) 4
Plastic [6 3|7 4]10.35]15.7)18 8]21 6|21 8|21 718 013 7102| 7 5 |4.‘|3f]"' 6132 6.6
Average | 6.117.3[10415 3184|121 1]21.6]21 117 4]13 3[ 9.9 [72[14 1[2.99[595. 9
controlf60{7.1{10.3|14 o[18 220 9f21 5|0 7|166/129[ 97 [ 71 [138 M|s879] 22 00
9
4 |crvel|o1|7.3[10515.4/18 2212121 8210117 2[133{ 9.9 [ 7.2 |14.1 ";f" «077| 14 34
Plastic |6.4]7 6]10 8[15.9)18 8[21 9[22 822 3[19.1|14 4|10 5] 7.8 1493';6632.3 31 76
Average  |6.2|7 3105|1518 4|21 4]22.0{21 3[17 6]13 5|10 1] 7.4 |14 3]3.03]609.3
Control]6.0[7.3[10.3[15.218 220 921 521 0[16913.1] 9.7 [ 7.2 |392:" 5025| 30 | o8 | oo
6 |Gravel|6.3]7.510.7159]18.821 9]22.1(22 0{18.5)14.1{10.4] 7.7 |4,73l1' 6236 41 | 26 | 52
Plastic | 6.4 7 7[11.0(15.9)19.1(21.9)22.8/22.3]19.1/15.010 7| 7.8 |5.03;:“(,373 39 | o8 | 76
Average 62|7.5]107|15.7[18.7)21.6/22.1{21 8/18.2]14 1{10.3] 7.6 {14.5]3 08]617 §
1.SD 005 Intenvals (0.11ns
LS D. 005 Mulch o 07+
L .S D. 005 Interaction between intervals and muleh 0 04]*

The data given in table (5b) was used to calculate the actual amounts
of irrigation water after adding irrigation efficiency and substraction of
rainfall amount (liter/tree/day) on ETa values for cach treatment.
TABLE (5b). The calculated monthly amounts of irrigation water
(liter/tree/day) required for olive trees grown in El-

Maghara arca.
h;:;'ﬂ'::;" Mulch | Jan | Feb [Mar. | Apr | May | June | July [Aug [Sep [ Oct | Nov |Dec |Average

Control|12. 05|14 50]18.64[26 17|31 80| 36.30 |37.28|35.92|28 83]23.06] 18 98 |15 76| 24 94

2 Gravel |[12.66]15 20|19 89]27 49[32.84( 37 49 |38.48|37 65[31 71|25.38] 20.22 |16 75| 26 31
Plastic [13.06/15 20/ 19.58]27 94]33.36] 38.08 |38 48|38 23|31 .71]25 38| 20.53 [17.00] 26 55
Averape 12.59(14.97/19 37|27 20|32 67| 37.29 |38 08|37.27|30.75|24.61| 1991 [16.50{ 2593
Controll12.46] 14 73]19 26]26.61|32 32| 36.89 [37.88]36 50]29.31[23 83] 19.60 [16.25[ 2547

| Gravel [12.66[14.97]19.58|27 49/32.32] 37 49 |38 48|37.07|30.27]24.61] 1991 |16.50] 2595
Plastic [13.26]15.67|20.20]28.38|33.36] 38.68 |40.28(39 39|33 64{26 54] 21 14 [1775] 27.36
Average 12.79115.12]19 68]27 49|32 67| 37 69 |38 88|37 65/31.07|24 99] 20.22 |16 84| 26 26
Control12.46/14.97]19.26]27.05]32 32| 36.89 [37.88|37.07]29 79|24 22| 19.60 |16 50) 25 67

6 Gravel [13.06[15.44[19.89|28.38|33.36| 38 68 |39.08|38.8132.67|26 15| 20 83 |17 30{ 26 99
Plastic|13.26[15.91]20.51]28 38(33 88| 38 68 [40.28(39.39(33.64]|27 70| 2145 |17 75| 27 57
Averape 12.92[15 44[19.89(27 94]33.19] 38.08 |39.08]38 43]32.03(/26 03| 20 63 [17.25| 20 74
Annual mean |12 7715 18]19.64)27 54{32 84| 37 69 |38 68[37 78[31 2925 21| 2025 |16 86] 2631
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Table (5¢) gives the values of water loss (<) or waler saving as a
difference from applied amounts of irrigation water (Table, 4),

TABLE (5¢). Monthly water loss or water saving as a difference from
applied amounts of irrigation water (liter/tree/day) for
olive trees grown in El-Maghara area.

ﬁl-;i}_'..illllll

intervals | Mulech | Jan | Feb [ Mar | Apre [ May | June | July [Aug | Sep [ Oct | Nov [ Dec Averape
(davs)

Controll TOT{074 [ T63 252200 238 [ 80 [ 163 [a%1 | 40| 270 [1ex] 24
2 Gravel [0 {00403 [ 120[096 ] 119|060 (290119211701 146 Jues | 112
Plasuc| 001 00d 070 (076 [041] n60 nen |23 19211700 115 Jodd) 0Ky
Averape OAR1027{090 [ 149113 13 100|325 | 2K | 247 177 (u9d] |50
Contolf 061 [o st Tor [ 208 [ 138|179 {120 favefaa2]32s] 2o (1] 194 |

4 |Guavet|oar[w27 [o7o] 20| T ] 1o [oeu [ 3w {3 207 177 [uws] 1w

Plastic[-019]-043[ 007 [o 31 o4 ooo [ 200 visfooafosa] wsy Lo oo
Averape O28[012]059( 12011131099 |026]2090]1256]209] 146 (0601 | 1K
Conttol] 061 D27 [TOL]16A[TAK] 179 | 120 FA8 | IRI1286F 208 (093] |77

O [Gravel [OOT -0 191039 J0 V04 000 JUOD T TE 0% 093] 084 .uu-.“_uf .;s_'
Plastic [-0 19]-0 66(-0 24] 0 31 |-0 08| (00 :l;_‘ﬂ TI6] 000 <0621 02 031 013

Average 014 ]-0 19| 039 [0 76 [oar | o [oo |22 Tveo [vos | o Tonw] uan
Annual 030007063 111509 | 099 [odo|277 2381872 143 JusT) 12

FFrom table (S¢) it is clear that:

a- The values of water loss or water saved ranged between - 1.2 10 4.81
being at maximum level under the control indicating that mulching
treatments seems the ideal case for water use, most probably due 1o the
improvement occurred on water use values in the mode of water under
these conditions. It is worthmentioning that the negative values means
over use of water than planned regime,

b- The minimum values of control indicate that water loss is high due 10
deep percolation than the calculated applied water (27.43 liter tree day ) in
table (4). Worthy to note that it this fraction lost by evaporation it might
be appeared in the ITa values.

¢- This criterion vanished in spring and summer months  (March 10
September) which is coordinated with maximum growth period, while
appeared strictly in autumn and winter months which is coordmated with
minimum growth period.

d- Comparing the values ol water consumption under plastic sheets and
gravel treatments shows the following:

i- Darh color ol plastic sheet enhance heat reservation under trees
canopy. so providing sulficient enerpy 1o processes and conditions
related o plant growth. These include movement and uptake ot soil
water and nutrients, chemical and biological reactions, microbial
activities, rool growth .. ete It s important o note that such
clieets are with gravel soil
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ii- Evaporation has been highly retarded under plastic sheets than that

under gravel layer partially blocking occurred.

iii-1t is also noticed that the control plots suffered from weed growth
which consume some of the added waler, so the residual for trees
decreased than planned amount, thereby plant growth appreciably

decreased.

Similar results were obtained by Doorenbos and Kassam (1986).

Metochis (1998) and Allen er al. (1998).
Beneficiary Factor (Bf)

Beneliciary factor of olive trees increased by increasing intervals

between successive irrigation and mulching (Table, 6). Amounts of applied
water will be decreased to rise the beneficiary factor of olive experiment as
show in table (6).

TABLE (6). Beneficiary factor (Bf) of olive crop grown in El-Maghara

region.

Increase | Increase
linigation du:: lo | duelo [Increase
mitervals | Muleh [Jan [Feb [Mar [Apr [MayPJune[July|Aug [Sep [Oct [Nov [Dec m;‘;? 8e "IL[IL: '::.':I" ':::‘:_‘::':In :::1:;:

iekays) 2davs | ddays | (%)

(%) | (%)

Control{0 44[0 460 49[0 31}0 53[0 53[0 54]0 50[0 490 d6|0 43[0 39| 049 00

2 |Gravel [0 47[0.48]0 530 54]0 55]0 35]0.56]0 33]0.33}0 51j0 d6[0 42] 03] i1
Plastic [0 48]0 48]0 520 53[0 56/0 560 36/0 33J0 530 51{0.47[0.43] 053 66
Average 10.46]0 48]0.51]0 53[0.55]0 550 53[0 52]0 52[0 49{0 dofv 41| 031 36
Controll0 J6j0 47[0 510 520 54]0.54]0 550 51j0 9o 47]0 45j0 41| 050 | 22 0.0

4 |Gravel [0 47|0 48]0.52]0 540 54]u 55]0 50{0 52]0 51J0 400 defo 41 052 | 14 34
Plastic [0 490 50]0 330 56[0 56[0 57|0 58]0 5510 57j0 s3]0 490 45] 034 | 31 76
Average (0470 480.52]0 540 35[0 35[0 50{0 53J0.52j0.50{0 6042 052 | 22 36
Controlj0 46[0 48]0 51]0 53}0 54[0 54]0 55]0 520 sofo 4s]o45J041] 051 | 30 08 | oo

6 [Gravel |0 480 49|0 53|0 36|0 560 57]0 57[0 54j0 53[0 520 48jo44] 053 | 41 26 52
Plustic [0.49]0.51]0 34]u 56{0 57]0.57]0 58]0 35[0 57}0 35[0 49]0.45] 035 | 39 08 76
Average |0 48]0 49]0 53[0 55[0 35[0 560 57]0 4]0 54 s2lo 47]0 4] 053 | 37 140 | 43
Annual mean_[0 47]0 48]0 52]0 540 55]0 55]0 56{0 53]0 530 s0j046foa2] 052 | 275 | 139 [ 382

Regarding the beneficiary factor. table (6) shows that the obtained

values ranged between 0.49 and 0.55 with an average of 0.52. This finding
confirm the success of 6 days interval of irrigation than other two treatments
due to low irrigation efficiency. It is worthy 1o note that the efTiciency of
drip irrigation was assumed (o have 85 % (Doorenbos and Pruitt, 1984), so
adopting expanded irrigation intervals with some mulching surface
application is advised 1o these conditions. Similar findings were stated by
Doorenbos and Kassam (1986), Metochis (1998) and Allen er al. (1998).
Olive Crop Cocefficient (Kc)

Data presented in table (7) reveal that the influence of irrigation
intervals on crop coelTicient ol olive plant progressively increasing was not
significant. However, signilicant increase resulted by using mulch of gravel
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and black plastic compared to the control (irrigation interval at 2 days
without mulch).

TABLE (7). Olive crop coefficient (Ke) under El-Maghara conditions.

' Average| Increase | Increase
figuion Mulch [Jan [Feb Mar JAps (May Punefluly [Aug [Sep [Oct [Nov |Dec Ke B At | daata: icoenes
mnterval ) nrigabion nugulmln LILII.] |;)
days ,.-l:‘\i, 0 630 630 65{0 650 63]0 630 65|10 700 70,0 70[0 0|0 70 0 67 '2‘:,_'1;.'\'.' ',',“3:;: "::'.:, '
("a) (%a)
Controll 330 37/0 38{0 39]0 61{0 61{0 62{0 62 [0 600 S8|0 $7]0 55] 059 00
2 GraveH0 3810 60[0 62{0 62{0 63|00 63{0 64|10 6510 66J0 6410 6110 59| 062 60
Plastic [0 600 6010 610 63{0 64]0 64]0 64{0 66 {0 66}0 640 620 60] 063 7.0
Averape 0 3810 390 60{0.61{0 63[0 63J0.63[0 61]0 64j0 62[0 600 38| V61 43
Control|0 $7}0 58[0 600 60{0 62|10 620 63{0.63 {0 61{0 60[0.59|0 57| 060 24 0.0
4 Gravel [0 38[0 39(0 61{0 62]0 62{0 630 64|10 64{0 63{0 620 60{0 58| 061 1.5 19
Plastic [0 61}0 62[0 63]0 64[0 64[0 63]0 67|0 68]0 70{0 67|10 64]0 63| 0 65 32 78
Average 0 3910 60]0 61[0 62|0 63|V 63]0 65]0 650 63[0 63[0 61{0 59| 062 14 32
Control]0 57}0 590 600 61]0 62[0 62[0 63]0 6410 62J0 61]0 390 58] 061 33 08 00
6 |Gravel [0 60l0 61[0 62]0 64]0 640 63]0 65[0.67 |0 68]0 66|10 630 62| 0 64 27 a2 54
Plastic 06l|063064l164 0 63|0 65|0 67 0680 700 70l0 65]0 63| 063 41 09 78
Avenge 0 5‘3ID 6110 62[0 63/0.64|0.64]0.65]0.66{0 67]0.66(0.62[0 61| 0.63 34 20 44
Annual mean 059|060(l(sl063063063004065 0 63|0 64[0 61]0 59 062 24 20 38
LS D 005 Intervals 0,02 ns
1.5 1 005 Mulch (1,02 **
1.S D 005 Interaction between intervals and mulch 002

Adjusting crop coefTicient in suitable environmental conditions which

could be considered as water saving parameter. These findings may be the
increase actual evapotranspiration due 1o increasing soil moisture content
under mulch and thus increase crop coefTicient.

Environmental Stress Coefficient (Ks)

When cultivating crops in fields . the real crop evapotranspiration may
deviate from ETc due to non — optimal conditions such as the presence of
pests and discases , soil salinity , low soil fertility, water shortage or water
logging. This may result in reducing the evapotranspiration rate below ETe.
Therefore, under soil water limiting conditions. Ks < 1, and where there is
no soil water stress. Ks = 1.

Likewise, the same trend of crop coefficient of olive were observed
for environmental stress cocfficient which, progressively increased by
increasing irrigation intervals with non significant differences and significant
increase with using mulch of gravel and black plastic compared to the
control (irrigation interval at 2 days without mulch), table (8).

To increase water saving and decrease waler loss we must modified
the calculated irrigation water amounts formula by multiplying with stress
coelficient Ks and Kc or by adjusting Kc for all kinds of other stresses and
environmental constraints on crop evapotranspiration, then become as;

Dy =((ETo X Ke X Ks X D X Cr X No. T.)/Ea) + R.

Egyptian J. Desert Res., 56, No.1 (20006)
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TABLE (8). Em'ironmcmzil stress coefficient (Ks) of olive crop grown in

El-Maghara region.

Increase | Increase
itigition ducto | ducto |Increase
.'. ) . ’ ) ite - N . [Averagefmgationfingation| due to
m:“,.vlh NMuleh | Jan [Feb IMar [Apr [May{June{July|Aug [Sep [Oct {Nov [Dec ks | interval | intervad | mulch
¢lays) 2days | ddays | (%)
(Ya) (%)
Control[0 85[0 83|10 89(0 910 94]0 91{0 95{0 B9{0 86{0 83]0 81 {0 79| 0 K 00
2 Gravel |0 89{0 92{0 9510 95[0 97(0 97{0 98{0 93|10 94[0 91|10 87{0 8| 093 59
Plastic |0.92]0 92{0 94{0 97{0 98]0 98 [0 98]0 940 24{0 91|10 82|00 86[ 094 09
Average () 8910 91{0 9310 94{0 96{0 96[0 97]0 92 {0 91{0 B0 86|10 83| 091 43
(Control|n RHII) K90 9210 920 93(0 95|10 H7[0.90]0 870 86/0 8410 81| 090 24 00
4 Gravel [0 R‘J]ﬂ D10 9410 9510 95[0 97|10 98[0 9110 90{0 89{0 86|10 83| 092 <14 19
Plastic |0 94{0 93{0 97 {0 98]0 981 0011 03]0 971 000 96{0 91{0 90| (97 KR 117
Average 0 ‘Jl)IU 92[0 9410 95]0 96]0 9710 9910 930 92|0.90{0 870 85| 093 14 32
Control[0 88[0 91]0.92{0 94{0 95(0 95[0 97|10 9110 8|0 87|0 84|0 B3] 091 j2 08 00
6 Gravel [0 9210 94]0 950 98]0 98] 1 00[1 00[0 96{0 97(0 94|10 90|00 89 095 217 42 53
Plastic [0 94{0 97/0 98|0 98|11 00{1 00[1 03{0 97]1 0|1 000 93|0 90| 098 41 09 77

Average (0.9110.94]0 9510 9710 98[0.98[1.00[0.95[0 950 94|0.89|0 87| 094 33 20 43

Annual mean [0 90[0 92[0 94[0 96[0 7|0 97{0 99j0 93 |D 930 910 B7[0 85| 093 23 20 38

This  may be interpreted that due fto increasing actual
evapolranspiration, increased crop coelficient (Kc) and thus increased (Ks),
which could be considered as waler saving paramelers and suilable
environmental conditions. Similar findings were reported by Allen et al.
(1998).

Fruit Olive Yield

Data in table (9) show that non significant increase in olive yield with
increasing irrigation intervals, but highly significant increase by using black
plastic mulch for olive trial. The magnitude of order for irrigation intervals
were: 6~ 4 > 2 days with non significant differences. In brief, the influence
of mulch on olive crop yield was highly significant with maximum effect of
plastic sheel treatment. On the other hand, irrigation intervals has no
significant efTect on yield.
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TABLE (9). Fruit vicld of olive crop grown in El-Maghara region.

Irgation é - Inerease due o Increase due
" Yield Yield Increase due to .
":t'l'::"l‘ Muleh 1 owted) | (ke "“m(‘:,lij ass | erval 4 days (%) ":::;:::"h
Control 0890 ¢ 775 000
2 Gravel | G822 b 14 50 87 10
PMlastic 1 708 a 1525 90 S0
Average 1 430 12 500
Contiol | 1o J 88 2740 000
4 Gravel 1 633 b 14 25 -1 70 4430
PMastic 1987 a 1713 12.30 7340
Avenne 1393 13.73a
Contol | 233 ¢ 10 63 3710 7 60 0a0
b Granvel 1 850 b 1600 10.30 12 30 50.60
Plastic 2lola 18.63 2210 S 80 73 30
Average 1 750 15.08a
LSD 003 Intervals ns 49y
LS D 003 Nulch s 367
LS D 003 Interaction
between intenvals and * 212
mulch

a. b. c. letters indicated to signilicant diflerences between treatments.

From table (9) it is clearly noticed the following:

a- Irrespective to mulching treatments it is clear that yield increases upon
increasing irrigation intervals. These findings may be explained by the
effect of expanding irrigation period on enhancing root elongation, while
mulching accelerate this result which in turn reflected on yield of trees.

b- High response of olive grown under conirol treatment 1o increasing
irrigation period by expanding interval especially with 4 days compared
with 2 days treatments. However, mulching treatment show smaller
increase in yield due to expanding irrigation interval.

c- Comparing mulching methods both gave the highest response under 6
days irrigation interval treatment, while smaller differences under other
two irrigation intervals.

These findings are mainly due to stimulation of concurrent flow of
walter and heal and partial aeration, which increase the yield. On the other
hand, data show that variation in yield due lo alternale bearing and yield
improved .These results are in agreement with findings of Doorenbos and
Kassam (1986). Mctochis (1998) and Allen et al. (1998).

Water Use Efficiency of Olive Crop (W.U.E.)

Data presented in table (10) reveal that the influence ol increasing
irrigation intervals on WUE is not significant differences. Whereas mulch
treatments  significantly increases upon applying mulching treatments
compared to the control (irrigation interval at 2 days without mulch). The
highest value of WUE is associated with irrigation interval at 6 days by
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using black plastic mulch was reached 3.39 (kg/m’) followed by using gravel

mulch was reached 2.98 (kg/m).

TABLE (10). Water use efficiency and water cconomy of olive crop
grown in El-Maghara region,

Increase | Inciease e Incicase | Increase fiicicuss
Tmigation Water use| duclo | dueto ""'f‘m Waler | ducto [ dueto I .l
Intervals [ Muleh  felhciency{imgation | ungation due !” ceonomy | irrigation | irigation ¢ Ll .;’
(days) (kg/m") |mnterval 2| mnterval 4 m:,lkh (kg/m') [interval 2| mterval 4 ":;‘)'
davs (%) | days (o) (%) days (%) | days (%) !
Control 1 56 0o 077 0.0
3 Gravel 281 797 | 44 87.1
Plastic 2 88 817 1.52 96 8
Averape 242 548 124 613
Control 195 247 0.0 0.98 27.4 00
4 Gravel 272 -3 390 142 -1.7 44,3
Plastic 3.4 89 6.2 1.70 123 734
Average 260 10.2 336 137 127 192
Control 2.08 331 6.8 00 1.06 37.1 7.0 0.0
6 Gravel 298 60 94 431 1.59 103 123 50.6
Plaslic 339 175 7.9 63.0 1 .85 221 K8 753
Average 282 18.9 80 354 1 350 239 95 420

However, plastic sheets mulches may be associated with pronounced
increases in soil temperature. So, it is suggested thal this resull activale both
water and nutrient consumptions by root of {rees which affect the crop yield.
Also, may due to stimulation of concurrent flow of waler and heat and
partial aeration, which increase the yield. Similar results were obtained by
Doorenbos and Kassam (1986) and Metochis (1998).

Water Economy of Olive Crop (W.E.)

Data in table (10) reveal that the same trend of water use efficiency is
observed in water economy of olive which increased by increasing irrigation
intervals. However, for mulch (reatments significant increcase compared to
the control (irrigation interval at 2 days without mulch). The highest value of
W.E. is associated with irrigation interval at 6 days by using black plastic
mulch reached 1.85 (kg/m’) followed by gravel mulch which reached 1.59
(kg/m*). These findings may be due to saving the stored soil moisture and
also to high yields, thereby high water economy values. Similar results were
obtained by Doorenbos and Kassam (1986) and Metochis (1998).
Economical Assessment

The values of investment ratio (IR) are illustrated in tables (11a and
b). Table (11a) calculate the investment rate for the applied treatments in the
experimenl as a rate for investing one pound as it is calculated as following:
IR = Total outputs / Total inputs, LE. However, the modified IR values
calculated depends on the modified irrigation water referring to actual
evapotranspiration data.
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TABLE (11a). Initial and modified inputs, outputs items and investment
ratio (IR) of olive vield grown in El-Maghara region.

B | 2 davs 4 davs 6 davs
‘conomical|
Soil management Plastic |- . Plastic| - . Plastic
N e \! e ontro s

tlem Control| Gravel ch Confrol|Gravel oy Control|Gravel errars
Land preparation. |3, F 50 | 400 | 300 | 400 [ 400 | 300 | 300 | 300

| 1/ 1ed
"‘E““';':??':;"""'"- 2000 | 2000 | 2000 | 2000 [2000 {2000 2000 | 2000 2000

e
Cultivation, | Ffed | 300 | 300 | 300 | 300 [ 300 | 300 | 300 | 300 | 300
ln]gn]u;“. 1Llded | 2915 | 291 3129185 12015 (2915291515 |2913]249]3
Modificd ingalion, | gy o f 3742 [ 2742 [ 2742|274 22742 2742 | 2742|2742

L1Ted
Minetal feruhzet. 1o 0 [ oo | 1000 | 1000 {1000 | wao oo {1000 {1000

2 1 Filed
S Fertihzer labors | 300 1 340 | 300 | 300 | 300 | 300 | 300 | 300 | 300

i | costs, L1/ ed

“ Mulch, 1/ fed 00 [ 1740 [ 1740 [ 00 (17401740} 00 [1740}1740
é Weed control, 300 | 100 [ 1o {300 [ wo | wo | 300 fwol oo

- LEded
; Pest control, 1LE/ed] 300 | 300 1 300 | 300 | 300 | 300 | 300 | 300 ]300
= 1 abors costs. 1LEAed] 300 [ 300 | soo | 500 | 500 | soot sa0 | su0 | s00

Machmes. LE#ed | 300 | 00 | S00 | 500 [ S00 | S0 | s00 | So0 | 300
Fuel 1 F/fed 300 | 500 ] 500 | 500 [ 500500 S00 | 500 ] S00
Harvesting. | Fifed | 300 | 300 | 500 | 300 | S00 | S00 | 500 | 500 | S0

(""[‘"[J:‘!:F:;lﬂl'“". 00 | 300 o | 300 | 300|300 300 | 300|300
/10
Rent 1 F/ed 3000 | 3000 | 3000 | 3000 | 3000|300 0] 3000 | 300013000
Total input, LE/fed [1270 §] 1435 5] 1435 $11271 5[1438 §]1435 511271 $]1435 /1438 ¢
Modihed wtal mput
1 1:/1ed
Vield_kgfed | 899 001682 00[1769 00/ 1145 5 1633 01986 $[1232 $1x86 0]2100 5

2542 IS 2] LIS 2 L1254 2018 Q[ 1418 [ 1254 21418 214082

§ Price, LIk 075 [ 075 [ 075 | 075 JO7S (075|078 075 [078
3 Total price, L1/ed | 6743 | 1261 511326 8 [ 8591 {1239 §]1INO 4] 9244 [1392 01620 4
s Net mcome, FE/Aed [ =397 3] <1740 | <108 8 (412 4 ]-195 8 S43 (3472 35|18
5 Madified nel 157991507 | <014 [-3950-1784] 717 |-3298] 202 | 2022 |
meome 11/ ed . . i
Investment tatio, LEILE 053 | OSK | 092 | 068 JOX6 | 104 ] 073 [ 097§ 113 |
- 1
'““d"“"'I"I‘FTI“I'}“-'"' o sy | oso | oo | aew Jos|ros | om foos |

Table (11b) arranges the resulted IR values for all treatments in
ascending order with guidance ol the national IR value which is about 1.10
[or this area.

From table (11h) it can be concluded the following:

I- Mulching with plastic sheets gives the high values especially under

6 days ireigation interval (1. 1) with modified irrigation value

2. Gravel mulehing under 6 days irrigation interval give higher IR

values than the plastic mulch under 2 days irmgation interval.

3= All plots without mulching (control) give lower IR values than the

national one with increasing trend by increasing irvigation interval
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being 6 = 4 > 2 days and modified irrigation value give always

higher values than ordinary ones.

These findings give a group of options which could be adapted with
difTerent conditions in the sile.
TABLE (11b). Rank of investment ratio (IR) of olive yicld grown in EI-

Maghara region.

Treatments IR value Cost value lfrigation Mulching
Rank interval treatments
1 0.53 Initial 2 Control
2 0.54 Madified 2 Control
3 0.68 Initial 4 Control
4 0.69 Modified - Control
5 0.73 Initial 6 Control
6 0.74 Modified 6 Control
7 0.86 Initial 4 Gravel
8 0.87 Modified 4 Gravel
9 (.88 Initial 2 Gravel
10 0.89 Modified 2 Gravel
11 0.93 Initial 2 Plastic
12 0.94 Modified 2 Plastic
13 0.97 Initial 6 Gravel
14 0.98 Modified [ Gravel
15 1.04 Initial 4 Plastic
16 1.05 Modified 4 Plastic
17 1.13 Initial 6 Plastic
18 1.14 Modified 6 Plaslic

CONCLUSION

From the above mentioned discussion it can be concluded the

following:

I- Adopting different irrigation intervals (6 > 4 > 2 days) show the need 1o
adjust and modify some coefficients used in ETc calculations like Kc¢ and
Ks upan the detected ETa values with moisture sampling process.

2- Mulching with different materials resulted in considerable improvement
values by different ways:
a- By waler saving values with some treatments especially under 2 and 4

days treatments which assume some modifications to make for

irrigation cost values.
b- By high productivity of trees through benefiting from the existed soil
moisture. while the reserved soil heat by these treatments facilitate the
beneficial use of both moisture and nutrients as well. Meanwhile,
elongation of root could be increased under these conditions.
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Lo Plastie sheet mulching give the highest imvestments under 6 days
angation anterval (13D with supenonty  with increasing  imigation
wterval, e increasing morsture deficit level.

4+ Olne trees under the site conditions without mulching secems 1o be
unbeneticial as the net gains will not exceed input costs or IR value = 1.
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