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ABSTRACT

Responses of mature Valencia orange [Citrus sinensis (L.)
Osb.] trees budded on sour orange (C. aurantium L.) rootstock spaced
at 5%5 m. in sandy soil of an orchard located at El-Khartoom village,
South El-Tahreer Province, were studied during 1997 and 1998
seasons in relation to drip (DI), microsprinkler (MSI) and portable
sprinkler (PSI) irrigation methods at three levels of water application :
0. 100 and 120 liters per tree per day during March to October period
to be reduced to the half afterwards. Two drippers of 4 I hr'! and two
microsprinklers of 16 L hr.' were used per tree for DI and MSI
methods, respectively . One sprinkler of 2.5 m’. hr™'. was used per 14
trees for PSI method. Water application through D1, MSI and PSI
covered =~ 1.6. 6.4 and 100% of the alloted area per free, respectively.
Tree growth, shoot growth , leaf water content and yield per tree
responded positively with area amount of the wetted zone. The
highest and Jowest yield efficiencies of the tree were observed in DI
and PSI tress, respectively. The trees responded poorly to the level of
water application. So, the 80 liters per tree per day represented the
proper level that would be applied during March to October period.
The fruit characters were not affected definitely by any of the
irrigation methods or levels. Only fruits of the PSI trees were more
juicy. Decreasing the planting distance with the hedgerows system
was suggested to be followed for drip irrigation to increase the
efficiency of water use and yield per unit of land area. Further
studies to schedule the irrigation based on the amount of water
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depletion from the root zone and the ground area of the trees are
needed.

Key words: drip system, irrigation methods.
1. INTRODUCTION

Recent growth of Egypt citrus plantations has primarily
occurred in the new land areas where the poor and highly permeable
sandy soils are prevailing. The low water holding and nutrient
retention capacities of such soils necessitate high frequent
applications of irrigation water and nutrients. Conventional flood
irrigation methods are not practically and economically well adapted
to such conditions and rather they are prohibitive. Accordingly,
permanent solid-set and portable sprinkler , microsprinkler and drip
irrigation systems became popular in the new land regions. Smajstrla
(1993) has reviewed and discussed the irrigation alternatives through
five items: 1) clogging control, 2) production benefits, 3) system
costs, 4) water conservation, and 5) favorable governmental
regulations. -

The emitter cag;acily for water delivery of such systems varies
from 4 liters to 3 m’. hr." to coveranareaof 0.50 to 36.00 m. in
diameter. Tree responses are influenced greatly by the amount of
covered area and irrigation frequency. The high total yields were
found to be correlated positively with area amount of the wetted zone
(Bredell and Barnard, 1977; Koo, 1978; Koo, 1980; Bielorai, 1982;
Smajstria and Koo, 1984). Vegetative growth and leaf water potential
were also associated with the ground area coverage (Proebsting et al.,
1984) as well as the stomatal conductance, soil water content, vapor
pressure deficit (Zekri and Parsons, 1988) and root distribution (Koo,
1980; Sweitlik, 1992). Under high-frequent irrigations, the soil
suction in the root zone is favorable to be maintained between 20 to
30 c¢b. (Marsh, 1973). As water stress increases, a reduction in
vegetative growth (Marsh, 1973; Chalmers e al., 1981; Marler and
Davies, 1990; Khalil et al., 2000), yield (Marsh , 1973; Chalmers ef
al., 1981; Levin er al., 1996; Khalil ef al., 2000), fruit size (Marsh,
1973; Levy et al., 1979) and root growth (Bevington and Castle,
1985; Swietlik, 1992) was reported.
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Local recommendations of the irrigation schedule for citrus
trees in the new land areas are based main ly on determination of the
amount of irrigation water per tree per day according to the tree age .
The maximum amount of water recommended for the mature trees
ranges between 80 to 150 liters per tree per day during the summer
months.  The comparative studies for the pressurized irrigation
methods under our local conditions are relatively few ., however.
Response assessment of mature Valencia orange trees to portable
sprinkler, microspinkler and drip irrigation methods at three levels of
the prevailing and recommended amounts of irri gation water was the
main objective of this study.

2. MATERIALS AND METHODS

This study was carried out during 1997 and 1998 seasons on
19-year-old Valencia orange trees budded on sour orange rootstock
spaced at 5X5 m in an orchard of about 50 feddans located at El-
Khartoom village, South El-Tahreer Province. The soil i1s sandy of
7.5% field capacity, 2.6% wilting point , 1.67 g.cm” bulk density, 1.8
dSm™. EC and 8.4 pH.

2.1 Irrigation treatments
The treatments consisted of three irrigation methods and three
levels of irrigation water randomlly distributed over four biocks.

2.1.1 Irrigation methods

The trees had been irrigated mainly with portable sprinkler
irrigation  system for the first five years before the microsprinkler and
drip irrigation systems have been introduced. The orchard area was
divided into four sections to represent the three irrigation methods in
each as follows: '

a) Portable sprinkler irrigation (PSI ) delivered 2.5 m® water per hour
to cover anareaof ~ 36 m in diameter ,i.e. one sprinkler for 14
trees,

b) Micropsprinkler irrigation (MSI) delivered 16 Lhr! to cover an
area of ~ 1m in diameter; two microsprinklers were used for one
tree,
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¢) Drip irrigation (DI) delivered 4 Lhr." to cover an area of =~ 0.50m.
in diameter; two emitters were used per tree.

2.1.2. Irrigation levels

Three levels of water application : 80, 100, and 120 liters per
tree per day were applied during March to October then reduced by
50% afierwards unti! Febraury. Therefore, the number of irrigation
treatments were 3 methods x 3 levels of water application =9
treatments. The irrigation water was artesian source of 1.3 dS. M’
EC and 7.8 pH. The irrigation was applied daily for MSI and DI
methods and  every seven days for PSI during the growing season to
every two days for MSI and DI and every two weeks for PSI during
the winter months.

2.2. Tree selection

Four trees were randomly selected from the middle rows of
each treatment in each section. Thus, the total number 0. the selected
trees per freatment = 4 trees x 4 sections (blocks) = 16 trees.

2.3. Vegetative growth measurements

Four branches of 2-3 cm diameter were selected atthe four
directions of each selected tree. Number of the current flushes was
recorded till the end of the growing season. Average length of the
current flushes was measured on 20 flushes. During spring summer
and autumn |, the fourth ieaf below the shoot apex was collected from
10 current flushes at each tree direction to represent a leaf sample of
40 leaves per each selected tree. The leaf area was estimated
according to Chou (1966). The tree height and canopy circumference
were measured during winter of each season. The canopy volume
was calculated according to Turrell (1946). The ground area, i.e, the
land area covered by the tree canopy, was also calculated.

2.4. Leaf wafer status measurements

Two discs of 1cm’ area were taken from the opposite midrib
sides in the middle of each leaf sample: one for estimating the relative
water content (RWC) according to Chaudry (1969), and the other for
estimating the osmotic pressure (OP) according to Gosov (1969).
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2.5. Estimation of tree yield
Number and weight of fruits of each selected tree were
recorded at harvest time.

2.6. Determination of fruit quality :

Standard procedures for physical and chemical fruit analysis
were followed on a 20-fruit sample collected during April randomiy
per each replicate .

2.7, Statfistical analysis
Analysis of variance using Duncan’s multiple range test was
followed at < 0.05 (Duncan, 1953).

3. RESULTS

3.1 Vegetative growth

Tree growth , shoot growth (Table 1) and leaf area (Table 2)
were highly affected by the irrigation method. The maximum and
minimum values were confined to the portable sprinkler irrigation
(PSI) method and drip irrigation (DI) one, respectively. The level of
water application had no obvious or definite effects.

By the end of 1998, the canopy volume (CV) reached 27.8,
692 and 1732m° on average for trees under DI, MSI and PSI,
respectively. The corresponding values of the ground area index
(GAI), ie.. the land area covered by the trec canopy to the total area
alloted for the tree (25m2), were 0.43, 0.67 and 0.84. The observed
variations in the tree size were due largely to the variations in the tree
height rather than to those observed in tree diameter.

Although the level of water application exerted significant
effects on the tree size, however, no definite trends could be figured
out.

Similar trends were obtained in respect to the effect of the
irrigation treatments on the total number of new flushes, #verage flush
Iength . and on the leaf area average.

3.2. Leaf water status
All leaves contained more than 70% relative water content
(RWC) even during summer months (Table 2) . The highest values
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of RWC were observed in the leaves of PSItrees. No significant
differences were observed as a result of increasing the level of water
application under a given irrigation method. Osmotic pressure (OP)
of the leaf sap was neither influenced by the irrigation method nor
irrigation level.

3.3 Tree yield, tree yield efficiency, and fruit weight

The tree yield (number and weight) was affected by the
irrigation method with the same manner as the vegetative growth was
(Table 3). Thus, the highest and lowest yield were obtained from the
pSl and DI trees, respectively . In comparison with MSI and DI
irees, the PSI ones gave increases in weight of the tree yield with
about 25% and 46% in 1997 season and 3.8% and 9.4% in 1998 one,
respectively - Under a given irrigation method, the level of watet
application had no real effects on the tree yield.

The situation was completely different in respect to effect of
the irrigation treatments Ont the tree yield efficiency . ie. Kg fruit per
unit volume of the tree canopy. in 1977 season , it reached 2.32, 0.97
and 0.66 Kg. o® CV on average for DI, MSI and PSI trees,
respectively. The corresponding values in 1998 season , were 2.07,
091 and 0.55 Kg. m>CV. Under a given jrrigation method, the
observed variations in tree yield efficiency due to the level of water
application were consistent with those observed in the tree size.

In 1997 season , the largeest and smallest fruits were obtained
from PSI and DI trees, respectively. However, the opposite trend held
true in 1998 season. In both seasons, average fruit weight was not
affected by the Jevel of water application.

3.4. Fruit characters

Rind thickness, total soluble solids (TSS), total acids and
TSS/acid ratio were not affected by any of the jrrigation method or
level (Table 4). Only fruits of the PSI trees were more juicy iB
comparison with those of the DL The level of water application had
no real effects on the fruit characters measured.
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4, DISCUSSION

The PSL MSI and PSI systems differ greatly in the amount of
the wetted area. In the present study, while the PSI covered the
entire orchard floor area, the two drippers of the DI and the two
microjets of the MSI only covered 0.4 and 1.6 m” of the soil area
under the tree, which represented ~1.6% and 6.4% of the alloted area
per fires, respectively.  Thus, the present results suggest positive
relations betwsen coverage of the soil area and the tree size , ground
area, shoot growih | leaf relative water content and the yield per tree.

The positive responses of vegetative growth to area amount of
the wetisd zome were previously reported (Proebsting ef al., 1984).
Bredell =ac Bammard (1977), Koo (1978, 1980), Biclorai (1982) and
Smajriz == Koo (1984) have shown that increased irrization
coverage resulied in greater fruit yield. High leaf water potential and
stomaizl conductznce values were associated with the large soil area
coverage (Zckn and Parsons, 1988).

The present datz  indicated that the tree dimensions and
ground zr== mdex (GAID of PSltrees, followed by MSI one , were
much Bigher San those figured out by Khalil (1999) for the standard
trees of 3x5 = specing. This means that the PSI trees and, to a less
extent. the WS omes became too crowded such that a great reduction

in the ee yield eFiciency was obviously observed. In such cases, the
successive hefzns =nd fopping are required to maintain the trees in
adeguate dimensions. 2nd hence, the pruning cost would be increased.
On the ofher fend Se Tee dimensions and GAI of DI trees were still
in adegusts r=mg= ewen afier 20 years from the planting date, the
matier woacs seswied I the observed high efficiency of the tree yield
and the promims costwould be at a minimum level as a consequence.
Thus, e presest mesuls suggest that decreasing the planting distance
to be 3xf = or 32 = = hedgerows system would be more suitable
for DI methad = respect o the vield efficiency per unit of land area as
well the w==r =sc =Ficiency. In sandy soils, especially in arid
regions, e Somsontal movement of water is limited and the majority
of the roots 2 confined 1o the soil volume of the wetted area (Levin
et al., 1979 ; Swastlic. 1957, the case which gives good advantages to
the well-€esizmed well-manzged drip and microsprinkler irrigation
systems (Smzsrz 1953
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The present results indicate that the 20-year-old Valencia
orange trees responded poorly as the level of water application
increased above 80 liters per day. Under a given irrigation method,
the minimum level of water application (80- liters) was enough to
give responsecs similar to the maximum one (120 liters). This result
suggests that the 80 liters level would represent the maximum amount
of water that would be applied per tree.

The PSI80 treatment, which covered the entire soil area, i.e.
both the ground area and the area outside, or both the productive area
and the nonproductive one, gave as much as the highest values of the
iree size and tree yield . Thus, the adequate amount of water required
to cover only the productive area would presumably be less than 80
liters per tree per day during March to October period.

Saad-Alla et al., (1997) recommended 20 liters to 80 liters
water application to drip per day per mature citrus tree with the
minimum levels during winter months and the maximum level during
July. However, further studies are needed under our local conditions
to further adjust the schedule of irrigation in the light of the amount
of soil water depletion and the gro und area of the standard trees.

In conclusion the trees of drip irrigation in comparison with
those of the other methods, are smaller in size, higher in tree yield
efficiency , and the pruning cost would be at the minimum fevel.
Decreasing the planting distance of drip irrigation trees in a
hedgerows system would increase the water use efficiency and the
yield per unit of the land area. Trees of the microsprinkler irrigation
method stand in the midway between those of the drip and portable
sprinkler irrigation methods.

The application of 80 liters irrigation water per mature tree
per day during March to October periods represents the maximum
level of water to be applied. Further studies under our local conditions
to schedule the irrigation based on the amount of soil water depletion .
and the ground area of the free are needed.
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