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Effect of Different Types of Emitters and Different Water Amount
on the Growth Parameters of Date Palm (Phoenix dactylifera)
under Dry-Land Conditions of Sudan
Abstract: The current study was conducted at Nobles Farm for Modern
Systems located at 25km south east of Khartoum (longitude 32o 42′ E,
latitude 15o 29′ N and altitude 377 m amsl) during two successive years
2012 and 2013 to investigate the effect of different emitters (turbo
pressure compensating and turbo non-pressure compensating emitters)
with different irrigation water amount (50%, 75% and 100% of ETc) on
the growth parameters of one year old date palm (Phoenix dactylifera).
The treatments used were two types of emitters with three irrigation
water amount. Drip irrigation system was designed and installed to
accommodate different treatments. Split plot experimental design with
three replications was used in which the two types of emitters were
assigned to the main plots while irrigation water amount were allocated
to the sub plots. Crop water requirement was determined using
CROPWAT version 8 computer model. A computer program (SAS
statistical package) was used to analyze the data while the variations
among the means were checked by the Least Significant Difference
(LSD). The parameters tested were; crop water requirement, hydraulic
performance growth parameters (plant height (cm), number of leaves
per plant and number of offshoots per plant). The results showed that,
the optimum crop water requirement of young date palm tree was found
to be 20m3/tree/year. Growth parameters significantly (P ≤ 0.05)
affected by the different types of emitters and different irrigation water
amount. Turbo pressure compensating emitter with 100% ETc irrigation
water amount gave the highest mean values of growth parameters while
turbo non-pressure compensating emitter with 50% ETc irrigation water
amount ranked the least. Hence it is concluded that for optimum growth
parameters, proper technical guidelines for system management,
operation and scheduling should be developed and followed.
Keywrds: Emitter types; Water amount; Growth parameters; Date palm
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يجهخ جبيؼخ انسالو  -انؼذد انزاثغ َ -ىَُى 2017و
تأثير أنواع النقاطات المختلفة وكميات الماء المختلفة على قياسات نمؤ نخيل التمر
تحت ظروف السودان ذات األراضي الجافة
3
2
آدم بوش آدم ،1عبذالونعن األهين هحوذ وزهير يس هحوذ
25كى
الوستخلص :أجزَذ رجزثخ ثًزرػخ شزكخ َىثهز نألَظًخ انحذَضخ انزٍ رقغ
جُىة شزق انخزطىو (خظ انطىل 42 - 32ق ،خظ انؼزض  29 – 15ش وإررفبع
377و فىق يسزىي سطح انجحز) نؼبيٍُ يززبنٍُُ (  2012و  )2013نجحش رأصُز أَىاع
انُقبطبد انًخزهفخ وكًُبد انًبء انًخزهفخ ع لي قُبسبد َى و َخُم انزًز ػًزِ سُخ
واحذح رحذ ظزوف والَخ انخزطىو ،انسىداٌ .اشزًهذ انًؼبيالد ػهً َىػٍُ يٍ
انُقبطبد (رُزثى انًؼىضخ نهضغظ ورُزثخ غُز انًؼىضخ نهضغظ) وصالصخ كًُبد يبء
يخزهفخ (  %75 ،%50و  %100يٍ ثخزَزح انًحصىل) .صًى َظبو انزٌ ثبنزُقُظ
نُالئى انًؼبيالد انًخزهفخَ .فذد انزجزثخ ثزصًُى انقطغ انًُشقخ ثضالس يكزراد
وخصصذ يؼًالد انُقبطبد انًخزهفخ نهقطغ انزئُسُخ ويؼبيالد كًُبد انًبء انًخزهفخ
نهقطغ انفزػُخ .اسزخذيذ ثزَبيج انحبسىة  CROPWAT-8نزحذَذ االحزُبجبد
انًبئُخ .حههذ انجُبَبد ثبسزخذاو ثزَبيج انحبسىة سبس(  )SASواسزخذيذ أقم فزق
يؼُىٌ (  )LSDنًقبرَخ انًزىسطبد .رضًُذ انقُبسبد االحزُبجبد انًبئُخ،
انخصبئص انهبَذرونُكُخ ،وقُبسبد انُى و (اررفبع انشجزح ،ػذد األوراق وػذد انفسبئم
االحزُبجبد انًبئُخ نُخُم انزًز كبَذ
نكم شجزح) .أوضحذ انُزبئج أٌ
20و/3شجزح/سُخ .قُبسبد انُى و رأصزد إَجبثب (  )P ≤ 0.05ثًخزهف أَىاع انُقبطبد
وكًُبد انًبء انًخزهفخ .انُقبط رُزثى انًؼىضخ نهضغظ يغ إضبفخ  %100يٍ ثخزَزح
انًحصىل أػطً أػهً يزىسظ قُى نقُبسبد انُى و يقبرَخ ثبنُقبط رُزثى غُز انًؼىضخ
نهضغظ .ػهُّ خهصذ انزجزثخ إنٍ أٌ نهحصىل ػهً قُبسبد يضهً نهُى و فإَّ َجت
رشغُم وإرجبع يىجهبد فُُخ صحُحخ إلدارح ورشغُم وجذونخ انُظبو.
NTRODUCTION
 1قسى انهُذسخ انزراػُخ ،كهُخ انًىارد انطجُؼُخ وانذراسبد انجُئُخ ،جبيؼخ انسالو
 2قسى انهُذسخ انزراػُخ ،كهُخ انًىارد انطجُؼُخ وانذراسبد انجُئُخ ،جبيؼخ انسالو
 3قسى انهُذسخ انزراػُخ ،كهُخ انزراػخ ،جبيؼخ انخزطىو
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With growing water scarcity and increasing competition across
water-using sectors, the need for water savings and more efficient
water use has increased (Batchelor, 1999). Under the limitations
in water availability, it is required to develop new irrigation
scheduling approaches focused to ensure optimal use of available
water with efficient irrigation schedules, and not based on full
crop water requirements. The determination of these efficient and
effective irrigation schedules (including deficit irrigation
strategies) require the accurate determination of water
requirements for the main crops, in order to assist the farmers in
deciding when and how much to irrigate their crops. If water can
be applied efficiently in an irrigation field, water is saved and
both crop quantity and quality are increased (Bush and Mohamed,
2016). Different irrigation techniques are available to irrigate
crops, but not all of them are suitable for irrigation of date palms.
The drip irrigation is one of the most efficient irrigation systems
that are used to irrigate date palms. It can play a significant role in
overcoming the scarcity of water mostly in water shortage areas
to uniformly distribute water in agricultural fields and it has
advantages over conventional surface irrigation as an efficient
means of applying water, especially where water is limited
(Camp, 1998). Emitter plays a crucial role in system performance.
Therefore the hydraulic performance significantly affected by the
optimum selection of emitters, lateral diameter and length, ideal
manufacturer’s coefficient of variation (CV%), slope and pressure
variations (Al-Amoud, 1995). Pressure compensating emitters for
trickle irrigation systems are manufactured so that the discharge
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from each emitter is uniform at arrange of different operating
pressures. When the system reaches its designed operating
pressure, pressure compensation becomes effective and the
discharge rate remains the same for all higher pressure up to the
maximum operating pressure. The discharge for the non-pressure
compensating emitter increases directly with an increase in
pressure, while that for the pressure compensating emitters
remains nearly the same for its operating range (Roll, 2000 and
Mohamed, 2013). Non-uniformity in drip irrigation potentially
due to pressure differences, unequal drainage and unequal
application rate also hinder to achieve full efficiency of system.
So due to many advantages like efficient use of water, low cost,
easy to manage and easy to automate, drip irrigation system is
recommended as the best irrigation method for date palm
plantation (Mohebi, 2005). Date palm producing regions are
largely centered in the Near East and Africa, which are largely
water scant regions of the world. The total date palm productivity
in the world during 2008 was 7.05million tons (obtained from an
area of 1,264,611ha) of which two-thirds came from Asia and the
remaining from Africa, while Sudan produced about 4.77% of the
world production (FAO, 2010). In Sudan, the date palm tree is
considered as one of the most important fruit crops in its high
nutrition values and plays an important role in the economy
(Sedig and Abd-Alwahab 1999). The date palm plantations
are irrigated with the conv entional basin irrigation
system. The quantity of irrigation water applied
depends on the farmer’s judgment and the plantations
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either receive irrigation water in excess or less than
required. In Khartoum State there are some plantations
which use drip system for irrigation. The management
of these systems (amount to be applied and irrigation
frequency, with regard to crop water requirement) is not
made on scientific basis but on the experience and
judgment of the farmer. The irrigation practice of Sudan
farmers depends more on the amount of water that is available
and the farmer's experience than on the real water requirement of
plants (Bush and Mohamed, 2016). Due to the absence of proper
water management; there is an urgent need for optimum use of
water for agriculture and an extra emphasis should be directed
towards water management to prevent water pollution or
deterioration of water quality. Information concerning water
requirement of date palm is necessary for designing irrigation
system and managing water properly; but there is lack of data on
the water requirement and irrigation scheduling of date palm.
Therefore the objectives of this study was to investigate the effect
of different emitters (turbo pressure compensating and turbo nonpressure compensating emitters) with different irrigation water
amount (50%, 75% and 100% ETc) on the growth parameters of
Barhi cultivar date palm (Phoenix dactylifera).
2. Materials and Methods:
2.1 Study area:

6

و2017  َىَُى-  انؼذد انزاثغ- يجهخ جبيؼخ انسالو
This study was conducted at Nobles Farm for Modern Systems
located at 25km south east of Khartoum (longitude 32 o 42′ E,
latitude 15o 29′ N and altitude 377 m amsl) during two
consecutive years 2012 and 2013 to investigate the effect of
different emitters (turbo pressure compensating and turbo nonpressure compensating emitters) with different irrigation water
amount (50%, 75% and 100% ETc) on the growth parameters of
date palm (Phoenix dactylifera). The climate is semi-arid with
low relative humidity and daily mean maximum and minimum
temperature are 35.4o C and 21.2o C, respectively. The annual
rainfall is limited and usually occurs in the form of short intense
thunder storms. This means that water is deficient and crop
production must be based on irrigation.
2.2 Experimental Layout:
The treatments used were two types of emitters (turbo pressure
compensating and turbo non-pressure compensation emitters)
with three irrigation water amount (50%, 75% and 100% ETc).
Drip irrigation system was well designed and installed to
accommodate different treatments. The treatments were arranged
in split plot design with three replicates. The two emitters were
allocated to the main plots and the three irrigation water amounts
were assigned to the subplots.

2.3 The component of drip irrigation system:
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After the land was ploughed, harrowed and leveled, a drip
irrigation system was designed to irrigate date palm- Barhi
cultivar with the following components.
a. Control unit: to control discharge and pressure in the entire
system, two valves were fixed; one before the pumping unit and
the other after it, as well as twenty seven valves which were used
at the beginning of the laterals. A pressure gauge was used to
measure the pressure in the system.
b. The main lines: the main pipe line was made of polyvinyl
chloride (PVC) and the length was 200 m long and 7.62 cm (3′′)
in diameter.
c. Sub-main lines: three sub main pipe lines were made of
polyvinyl chloride (PVC) were installed, 65m long and 5.08 cm
(2′′) in diameter.
d. The lateral lines: the lateral pipes were made of black liner low
density polyethylene (LLDPE). Nine laterals per sub main were
made, each 24 m long and 2.54 cm (1′′) in diameter joined to the
sub main at 7 m spacing between laterals.
e. Emitters: turbo pressure compensating and turbo non-pressure
compensating emitters of 4 L/h rated discharge were used in this
system. Four emitters were fixed for each date palm tree.
2.4 Determination of date palm water requirement:
Estimation of date palm water requirement (ETc) is derived from
crop evapotranspiration (crop water use) which is the product of
the reference evapotranspiration (ETo) and the crop coefficient
(Kc). The reference evapotranspiration was estimated based on
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the FAO Penman-Monteith equation, using climatic data (Hanson
and May, 2004 and FAO, 2010).
ETc = ETo*Kc*Ks*Kr …………………………………….. (1)
Where:
ETc = Crop evapotranspiration (mm/day).
ETo = Reference evapotranspiration (mm/day).
Kc = Crop Coefficient (dimensionless).
Ks = Soil water availability factor = 0.9 due to the soil type
(sandy loam).
Kr = A reduction factor.
A reduction factor (Kr) was calculated from the ground cover
value (GC). It is defined as the fraction of the total surface area
actually covered by the foliage of the trees when viewed directly
from above. In order to calculate GC, the diameter of shaded area
in centimeters (cm) was taken after mid-day.
The ground cover, as percentage was calculated by the procedure
described by Hellman (2004) as follows:
Area per tree = Row width ×Tree spacing within row
Shaded area per tree = Tree spacing within row × D
GC (%) =

Shaded area per tree
Area per tree

× 100 ………………………. .(2)

Where:
D = Average width of measured shaded area between two trees.
GC = Ground cover (%).
The reduction factor (Kr) was estimated using equation (3) as
suggested by Keller and Bliesner (1990) and Esmail (2002):
Kr = 0.1GC0.5 …………………………………………….… (3)
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Where:
Kr = the reduction factor.
GC = ground cover (%).
2.4.1 Reference crop evapotranspiration (ETo)
Reference crop evapotranspiration (ETo) can be calculated by
Penman-Monteith equation as stated by Smith et al., (1998).
ETo =

 900

0.408( Rn  G )   
 273 U 2 (es  ea )
 T

..............(4)
   (1  0.34 U 2 )
Where:
ETo = Reference crop evapotranspiration (mm day-1)
Rn = Net radiation at crop surface (Mjm-2day-1)
T = Average temperature at 2m height (oc).
es = Svp, kPa ea = Actual vp (kPa)
(es –ea) = Saturation pressure deficit for measurement at 2m
height (kPa).
U2 = Wind speed at 2m hight (ms-1).
Δ = Slope of vapor pressure curve (k Pa oc).
γ = Psychometric constant (k Pa oc)
900 = Coefficient for reference crop (Kj Kg day-1)
0.34 = Wind coefficient for the reference crop (S m-1)
G = Soil heat flux (Mj m-2 day-1)
Soil heat flux (G) may be ignored if the period is less than 10
days which can be calculated according to the following equation:
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Gmonth =0.14(Tmonth –Tmonth-1) ….. ……………………. (5)
Where:
Tmonth =Average temperature for the mentioned month (oC)
Tmonth-1 = Average temperature for the month before (oC)
ea = es × relative humidity as a fraction (Esmail,
2002)…………….. (6)
2.4.1.1 Wind speed formula
The following formula is used to adjust the wind speed data from
20m to the standard height of 2m as stated by Smith et al. (1991).
U2 = Uz*

4.85
………………………………. (7)
 Zm  0.8 
Ln

 0.15 

Where:
Uz = mean wind speed measured at height (z) (m/sec).
U2 =mean wind speed measured at height 2m (m/sec).
Zm = height at which wind speed is measured (m). When there is
no enough data to calculate U2, it is possible to use the
International Average Wind Speed (1 +3)/2 =2m/sec.
2.4.2 Crop Coefficient (KC)
Crop coefficient is mainly controlled by the crop characteristics
namely the resistance to transpiration of different plants. To maintain
good growth and high yields of good quality a regular water supply is
needed throughout the year with a possible exception just prior and
during harvest and at winter time. The crop coefficient was determined
by the following equation (Hess, 1996)

KC = (KCb . KS) + Ke ……………………………………. (8)
Where:
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KC = the basal crop coefficient when the water is not a limiting
factor for plant growth.
KCb = set equal to 0.8 (Doorenbos and Pruitt, 1977).
KS = soil water availability factor (0 - 1).
Ke = soil water evaporation coefficient (equal to 0.1 from
experimental data measuring soil evaporation under the canopy at
different locations).
2.5 The amount of water applied:
The amount of irrigation water was applied to each tree per
irrigation as a portion of crop evapotranspiration (ETc) as
follows:
1. Applying 100% of crop evapotranspiration.
2. Applying 75% of crop evapotranspiration.
3. Applying 50% of crop evapotranspiration.
The aforementioned treatments were determined using the
following equation described by Makki and Mohamed (2005).
V=

𝐸𝑇𝑐 ∗𝐼∗𝐴
𝐸𝑎

……………………………………………… (9)

Where:
V = volume of water to be applied to each tree per irrigation
(liters).
ETc = crop water requirement (mm/day).
I = irrigation frequency (days).
A = the area specified for each tree m2.
Ea = application efficiency.
2.6 The daily water use (liter/tree/day):
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The daily water use by date palm tree is calculated by the relation
mentioned by Esmail (2002) as follows:
The daily water use =

𝐸𝑇𝑐 ∗𝐴𝑟
𝐸𝑎

…………………………… (10)

ETc = Crop water requirement (mm/day).
Ar = Area specified for each tree m2.
Ea = Irrigation application efficiency.
2.7 Irrigation set time for drip:
It is the time required to apply irrigation. Vermeiren and Gobling
(1980) stated that the estimation of the maximum time of
application is based on providing water for plant when it can use
it.
ETc  Se  Sl  k
T=
…………………………………… (11)
E Q
Where:
T= Irrigation set time (h).
ETc =Crop evapotranspiration (mm/day)
Se = Emitter spacing (m).
Sl = Lateral spacing (m).
Q = Emitter discharge (l/h).
E = Emitter efficiency (%).
k = Constant (in metric system =1)
2.8 System capacity:
Capacity depends on the irrigation application rate, time of
irrigation, and interval between irrigations. Wu et al. (2007)
suggested an equation to calculate the system capacity as follows:
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Q =

…………………………………………. (12)

Where:
Q = drip irrigation system capacity (m3 /h).
Ig = gross irrigation water requirement (m).
A = the global area to be irrigated (m2).
T = irrigation time (h).
2.9 Measurement of rainfall:
Daily rainfall was measured using the standard ordinary rain
gauge exposed 1 m above ground level away from buildings and
trees. The diameter of the standard gauge is 5 inches (12.7 cm).
There was a measuring Jar calibrated to read the rainfall in mm
this Jar should only be used with 5in diameter rain gage. A
recording rain gauge was used to give a continuous record of
rainfall, this type of rain gauges is very important because it gives
the intensity of rainfall (Adam, 2014).
2.9.1 Effective rainfall:
Effective rainfall is defined as the fraction of rainfall that is
effectively intercepted by the vegetation or stored in root zone
and used by the plant-soil system for evapotranspiration. It can be
estimated by the following equation mentioned by Adam (2014):
Pef = E. Ptot + A …………………………………………. (13)
Where:
Pef = Effective rainfall over the growing season.
E = Ratio of consumptive use of water (cubic) to Ptot.65.
Ptot = Total rainfall over the growing season.
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A = Average irrigation application.
2.10 Parameters for Emitters Evaluation:
The following parameters were used to evaluate drip irrigation
system:
a. Uniformity of water application (Cu):
Christiansen’s Cu (%) evaluates the mean deviation, which is
represented in ASAE standards (1999) as follows:
Cu % = 100
……………………… (14)
Where:
qa = the average emitter discharge rate (m3/s).
qi = the flow rate of the emitter (m3/s).
b. Distribution uniformity (DU):
Low quarter distribution uniformity (DU) (Merriam and Keller,
1978) as applied to all types of irrigation systems can be
expressed as follows:
DU = 100
………………………………… (15)
Where:
qm = the average flow rate of the emitters in the lowest quarter.
qa = the average emitter discharge rate (m3/s).
c. The coefficient of variation of emitter flow (Cv):
The coefficient of variation of emitter flow (Cv) evaluates the
variability of flow and was computed by dividing the standard
deviation by the average emitter discharge rate. Manufacturers
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usually publish the coefficient of variation for each of their
products and the system designer must consider this source of
variability (ASAE, 1999). Cv can be expressed as:
Cv =
………………………………………… (16)
Where:
Cv = the coefficient of variation of emitter flow.
Sq = the standard deviation of emitter flow rate.
qa = the average emitter discharge rate (m3/s).
2.11 Date palm growth parameters:
The date palm parameters measured included the following:
a. Plant height (cm)
It was measured monthly on a random sample of ten plants per
submain line. A measuring tape was used to measure the plant
height (cm). It was determined from the ground surface to the tip
of the plant.
b. Number of leaves per plant
It was counted monthly on a random sample of the ten plants per
submain line.
c. Number of offshoots per plant
The average number of offshoots per plant was counted from the
ten plants randomly selected in each submain line.
2.12 Data analysis:
A computer program (SAS statistical package) was used to
analyze the data. The variations among means were checked by
the least significant difference (LSD).
3. Results and Discussion:
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3.1 Crop water requirement of young date palm and
infiltration rate:
The results showed that, the optimum crop water requirement of
one year old date palm tree was found to be 20m3/tree/year. This
result agreed with Al-Amoud et al. (2012) who estimated the
average daily date palm water use, was 184.4 l/day and the total
annual date palm water use have ranged between 59.4 and 80
m3/tree. The infiltration rate was 216mm/h during the first five
minutes and it is considered very high while at the end decreased
to reach 39.5 mm/h. The high initial infiltration rate was due to
the soil type (sandy loam) as mentioned by Michael (1978). So
due to the soil type, date palm tree has the ability to
maintain its consumptive use under certain cond itions
and has developed a root system capable to search for
moisture from the deepest soil profile (Hassan, 2001).
3.2 Effect of different types of emitters on the growth
parameters of date palm
As shown in Table 1. The growth parameters significantly (P ≤
0.05) affected by the different types of emitters. Turbo pressure
compensating emitters recorded the highest values as compared to
turbo non-pressure compensating emitters. This may be due to the
fact that turbo pressure compensating emitters have high
performance than turbo non-pressure compensating emitters so
that the discharge from each emitter is uniform at arrange of
different operating pressures. These results agreed with Bush et
al. (2016) who reported that, if water can be applied efficiently in
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an irrigation field, water is saved and both crop quantity and
quality are increased.
3.3 Effect of irrigation water amount on the growth
parameters of date palm
As presented in Table 2. different irrigation water amount
significantly (P ≤ 0.05) affected the growth parameters. Applied
100% ETc gave the highest values of growth parameters as
compared to 50% ETc water applied. This may be due to the
fact that, water applied to satisfy 100% ETc was
sufficient to meet the crop water requirement. This
result agreed with Ali (2013) who mentioned that, there
were significant effects on stability and vegetative growth of date
palm at 100% water regime in the different irrigation treatments
(100%, 80% and 60% of Class A Pan).
The interaction between two types of emitters and three irrigation
water amounts significantly (P ≤ 0.05) affected the growth
parameters. Turbo pressure compensating emitters with irrigation
water amount 100% ETc gave the highest values of growth
parameters as compared to Turbo non-pressure compensating
emitters with 50% ETc irrigation water amount. This may be due
to the fact that turbo pressure compensating emitters have high
performance than turbo non-pressure compensating emitters so
that the discharge from each emitter is uniform at arrange of
different operating pressures as stated by Bush et al. (2016). This
agreed with the results obtained by Ibrahim et al. (2012) who
reported that, the interaction of irrigation system and amount of
watering significantly affected the growth parameters.

18

و2017  َىَُى-  انؼذد انزاثغ- يجهخ جبيؼخ انسالو
Table 1. Effect of different types of emitters on the growth
parameters of date palm
Emitter
Turbo P.C
Turbo
non-P.C
LSD

Cu% Du% Plant height No.
of No.
of
(cm)
leaves/plant
offshoots
a
a
a
a
92
89
90
36
2a
88 b 84 b 75 b
33 b
1b
3.2

4.1

7.8

2.5

0.8

Means followed by the same letter (s) in the same column are not
significantly different at P ≤ 0.05.
Table 2. Effect of irrigation water amount on the growth
parameters of date palm
Water
amount
100% ETc
75% ETc
50% ETc
LSD

Plant height (cm)
110 a
90b
80 c
7.3

No.
leaves/plant
40 a
37 b
27 c
2.4

of No. of offshoots
3a
3a
1b
1.6

Means followed by the same letter (s) in the same column are not
significantly different at P ≤ 0.05.
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Figure 1. The interaction between two types of emitters and three
irrigation water amounts and their effect on growth parameters

4. Conclusion:
Drip irrigation system was well designed and installed to
accommodate different treatments. The crop water requirement of
one year old date palm was found to be 20m3/tree/year. Turbo
pressure compensating emitter with 100% ETc irrigation water
amount gave the highest mean values of young date palm growth
parameters.

20

و2017  َىَُى-  انؼذد انزاثغ- يجهخ جبيؼخ انسالو
5. References:
Adam, H.S. (2014). Agroclimatology, Crop Water Requirement
and Water Management.2nd Edition. University of Gezira
Press, Sudan.
Al-Amoud, A.I.; Mohammed, F.S.; Al-Hamed, S.A. and
Abdulkader,
A.M.
(2012).
Reference
evapotranspiration and date palm water use in the
Kingdom of Saudi Arabia. International Research
Journal of Agricultural Science and Soil Science Vol.
2(4) pp. 155-169.
Al-Amound, A. I. 1995. Significance of energy losses due to
emitter connections in trickle irrigation lines. J. Agric.
Eng. Res. 60 (1):1-5.
Ali, E. (2013). Study on Stability and Vegetative Growth of Date
Palm in the Different Irrigation Treatments.
International Journal of Agriculture and Crop
Sciences. Vol (1):241-248.
ASAE Standards. 46th Ed. (1999). EP 458. Field evaluation of
microirrigation system. St. Joseph, Mich.: ASAE.
Batchelor, C. (1999). Improving water productivity as part of
integrated catchment management. J. Agricultural Water
Management, 40(2): 249-263.
Bush, A. A. and Mohamed, A.E. (2016). Effect of Irrigation
Systems and Irrigation Water Regime on the Vegetative
Growth of Date Palm (Phoenix dactylifera) Plantation
under Khartoum State Conditions, Sudan. SUST Journal
of Agricultural and Veterinary Sciences (SJAVS) Vol. 17
No.(1) ISSN: 1858 6775.
Bush, A.A.; Mohamed, A.E.; Ali, A.B. and Hong, L. (2016).
Effect of different operating pressures on the hydraulic

21

و2017  َىَُى-  انؼذد انزاثغ- يجهخ جبيؼخ انسالو
performance of drip irrigation system in Khartoum State
conditions. Journal of Environmental and Agricultural
Sciences. 6:64-68.
Camp, C.R, (1998). Subsurface drip irrigation: A review
Transactions of the ASAE. Vol. 41(5): 1353-1367.
Doorenbos, J. and Pruitt, W.O. (1977). Guidelines for predicting
crop water requirements. J. Irrigation and Drainage.
Paper No. 24nd ed. Pp 1-107. FAO, United Nation, Rome,
Italy.
Esmail, S. A. (2002). Design and Management of Field Irrigation
Systems Glal Hazi and Participates, Education Institution
Alexandria, A. R. E.
FAO, Stat. (2010). Food and Agriculture Organization of the
United Nations. http://faostat.fao.org Furr, J.R. and C.L.
Ream. 1968. Salinity effects on growth and salt uptake of
seedlings of the date Phoenix dactylifera L. Proc. Am.
Soc. Hort. Sci. 92:268 273.
Hanson, B.R. and May, D.M. (2004). Crop Coefficient of Drip
Irrigated Processing Tomatoes. ASAE/CSAE Annual
Intrernational Meeting. Sponsored by ASAE/CSAE.
Fairmont Chateau Laurier, the Westin and Government
Centre. Ottawa, Ontario, Canada. Paper No. 042087.
Hassan, K.H. (2001). Science and Techniques of Date Palm
Planting and Processing. Oman, Dar Zahran. First
Edition. Arabic.
Hellman, E. (2004). Irrigation scheduling of grapevines with
evapotranspiration data. Agric. LIFT Extention, Texas A
and
M
system.
www.winegrapes.tamu.edu./grow/irrigationscheduling.

22

و2017  َىَُى-  انؼذد انزاثغ- يجهخ جبيؼخ انسالو
Hess, T. (1996). A micro-computer Scheduling Program for
Supplementary Irrigation. Water report 8. FAO Workshop
in Irrigation Scheduling. Rome, Italy.
Ibrahim, Y.M; Saeed, A.B. and Widaa, A. (2012). Effect of
Irrigation Water Management on Growth of Date Palm
offshoots (Phoenix dactylifera) under the River Nile State
Conditions. U. of K. J. Agric. Sci. 20(3), 275-285.
Keller, J. and Bliesner, R. D. (1990). Sprinkler and Trickle
Irrigation. Blackburn Press, Caldwell, New Jersey.
Pp652.
Makki, E.K. and Mohamed, A.E. (2005). Wheat response to
irrigation scheduling. University of Khartoum Journal of
Agricultural Sciences 13(1):53-67.
Merriam, J.L. and Keller, L. (1978). Farm irrigation system
evaluation: A guide for management. Utah State
University, Logan, Utah. Dept. of Agricultural and
Irrigation Engineering.
Michael, A. M. (1978). Irrigation: Theory and Practice. Vikas
Publishing , T. L. T. D. New Delhi. India.
Mohammed, A. A. (2013). Evaluation the hydraulic performance
of drip irrigation system with multi cases. Global J. Res.
13(2): 1-7.
Mohebi, A.H. (2005). Effect of water use in drip irrigation and
surface irrigation methods on yield and vegetative
characteristics on date palm. International Conference
on Mango and date palm: Culture and Export,
University of Agriculture, Faisalabad.
Roll, D. (2000). Irrigation Branch-Alberta Agriculture, Food and
Rural Development. Source: Agdex 568-3. Revised
December 2000.

23

و2017  َىَُى-  انؼذد انزاثغ- يجهخ جبيؼخ انسالو
Sedig, M.M. and Abd Alwahab, A.H. (1999). Current state of
date palm in Abu Hamad. Anuual report. Ministry of
Agriculture of the River Nile State, Sudan.
Smith, M.G; Allan, J.L; Monteith, A; Perrier, L.and A. Sergen
(1998). Report of the Expert Consultation on Procedures
for Revision of FAO Guidelines for prediction of Crop
Water Requirement UN FAO, Rome, Italy, Pp 56.
Vermeiren, I. and Jobling, G.A. (1980). Localized irrigation:
design, installation, operation, evaluation. FAO Irrigation
and Drainage paper No. 36 FAO. Roma. Pp 203.
Wu, I.P.; Barragan, J. and Bralts, V.F. (2007). Field performance
and evaluation of micro-irrigation for crop production:
Design, Operation and Management. Eds. Lamm, F.R.;
Ayars, J.E. and Nakayama, F.S. Elsevier, Pp: 357-387.

24

