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ABSTRACT 

 
A field experiment is carried out in Anbar prov-

ince for the spring of 2018 in a gypsiferous soil with 
a sandy clay loam to study the effect of perlite (PL), 
quantity and intervals of irrigation (IQ & IT) on the 
consumption and efficiency of water use (WC & 
WUE) and total yield (TY) of potatoes. PL is added 
at 0, 4 and 8% of soil volume (SV). IQ is added at 
100 and 50% of net depth of irrigation (NDI) are ap-
plied. Two ITs every 3 and 6 days are applied. The 
treatments are distributed according split-split plots 
system within the design of completely randomized 
blocks (RCBD) with three replications. The irriga-
tion is scheduled based on the American evaporation 
basin Class A.  PL of 8% of SV led to the WUE of 
22.78 kg.m-3 at 50% NDI and IT every 3 days, while 
it is less WUE when compared to control treatment, 
reaching 7.15 kg.m-3 at 100% IQ every 6 days IT. 
The addition of PL of 8% SV achieved the highest 
TY of 29 tons.ha-1 at the level of 100% IQ and every 
3 days IT compared to control treatment, where it 
gave the lowest TY of 11.2 tons.ha-1 at IQ of 50% 
NDI with IT every 6 days. The stabilization of the 
perlite addition factor with 50% NDI and IT of 3 
days have led to save (987.875 m3. ha-1) of irriga-
tion water. 
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INTRODUCTION 

 
The gypsiferous lands consist 20% of the total 

area of Iraq; which have formidable physical and fer-
tility problems, such as low agricultural production 
capacity [1] .Water is the most important determi-
nant of agricultural production in gypsiferous soils. 
The increasing water demands due to the high popu-
lation density makes people use many approaches to 
mitigate the aquatic scarcity, including the reduction 

of hydraulic inputs during the season by scheduling 
irrigation [2]. The lack of water available to plants 
leads to a reduction in production and quality of 
yield with increasing the disease infestation [3], 
therefore, water use management and rationalization 
of irrigation is essential. Iraq suffers from water scar-
city due to the shortage of annual hydraulic flow in-
comes of the Tigris and Euphrates rivers[4]. In all of 
the world, several procedures followed to reduce 
crop water consumption by creative scientific meth-
ods, such as deficit irrigation, which adds less water 
than actual requirements [5]. The decreased yield of 
crops is related to the quantity of available water for 
irrigation [6] In addition, water stress and reduced 
irrigation cause insignificant drop in yield [7]. In 
modern agriculture, precise application and manage-
ment of irrigation and water requirements of crops is 
critical successful cropping program. The soil and 
plant properties, as well as climatic factors con-
trolled the process of hydrous transfer in rhizosphere 
[8]. Thus, many organic and inorganic compounds if 
applied to soil can significantly change and improve 
soil water holding capacity and water use efficiency 
by cropping systems [9] , for example perlite gran-
ules that are produced under high (1500 0C) temper-
ature, can reach a 4-20 times of their original size 
and generally a 430% increase in their volume that 
can better hold water and support plant roots partic-
ularly under deficit irrigation conditions, also perlite 
is the optimal germination medium sterilized and 
free from weeds, pathogens and other shrubs [10].  

Potatoes are widely grown in the world because 
they are highly nutritious and energy-rich, and de-
spite the increase in the area under cultivation, Their 
production in Iraq still fails to meet their local needs 
[11], where the area of potato cultivation in Iraq is 
40,000 hectares [12]. It worth noting that the potato 
crop endures the deficit irrigation without a decrease 
in the quality or quantity of yield during the period 
preceding the tubers composition [13].Badr et al. [14] 
showed that drip-irrigated potatoes at 40, 60, 80 and 
100 % of evaporated water have led to a significant 
rise in growth indicators and tubers with increasing 
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irrigation levels. Water stress-sensitive crops such as 
potatoes need a structured program to manage the ir-
rigation cycle [15]. The main objective of the study 
is to investigate the influence of perlite addition, the 
amount of irrigation and the intervals on the con-
sumption and use efficiency of water for the potato 
crop. 
 
 
MATERIALS AND METHODS 

 
This study is done as field experiment in Al-

Anbar Province/Heet City (180 km to the west of 
Baghdad) that lies on 42.842597o E longitude, 
33.637479o N latitude, at 34 m elevation above sea 
level during the period from February till May 2018, 
in a gypsiferous soil. The soil physical and chemical 
properties are presented in (table 1). The soil satura-
tion capacity, permanent wilting point and volumet-
ric moisture are determined in laboratory [82]. 

 
Study Treatments:The experiment included 

three factors: 
1. Perlite treatment in three levels (PL): 0, 4 

and 8% of soil volume mixed with soil particles for 
30 cm width [17]. 

2. Irrigation water quantity (IQ): 50% and 
100% of the net irrigation depth (NDI) counted from 
the US evaporation pan class A. 

3. Irrigation intervals (IT): Two irrigation in-
tervals of 3 and 6 days. 

 
Experimental Design:Distribution of treat-

ments are done according to the Split – Split Plot Pat-
tern within Randomized Complete Block Design 
(RCBD) with three replicates. ITs treatment placed 

in the main plots. Every main plot divided into two 
sub-plots that irrigated randomly. Every sub-plot 
partitioned to three lines; in which, PL application 
distributed randomly. Treatment number reached 2 x 
2 x 3 = 12.  

 
Farm Preparation And Cultivation: The 

farm tilled, leveled and separated into three blocks. 
Each block divided into plots as defined in the ex-
perimental design and the split plots also divided into 
lines with a length of 10 m and a width of 0,75 m. 
Diammonium phosphate (DAP) and potassium sul-
phate fertilizers applied as 300 kg P2O5 and K2O per 
hectare in respective; the addition of half potassium 
was before cultivation and the other half after 45 
days of cultivation with urea fertilizer, which used as 
300 kg per hectare[18]  . The cultivation of (Riviera) 
potato cultivar tubers at a depth of 8 cm and a space 
of 0.4 m between plants after soaking in a fungicide 
called (Aggressive) with a concentration of 250 
ml/100L of water for 10 minutes. The tubers were 
then added to the gibberellic solution as a single disk 
per 200 L of water to stimulate the growth of the tu-
bers. 

 
Scheduling Of Irrigation: All treatments irri-

gated as 40 mm deep for germination. Irrigation then 
scheduled to compensate vaporized water from the 
American evaporation class A pool every 4 and 6 
days using 50 % and 100 % NDI. The NDI computed 
after that by the following equations: 

1. Calculation of evaporation reverse tran-
spiration by the equation mentioned by Al-Hadithi 
and Al-Kubaisi [23]. 

𝐸𝐸𝐸𝐸0 = 𝐾𝐾𝑝𝑝 × 𝐸𝐸𝑝𝑝𝑝𝑝𝑝𝑝 ………….(1) 

 
TABLE 1 

Some of the physical and chemical characteristics of farm soil 
Value Units Soil properties 

8.0 --- Hydrogen potential pH 
2.5 dS.m-1 Electrical Conductivity (I : I) 
60 

mg.kg-1 
Nitrogen 

Available Nutrients 30 Phosphorus 
220 Potassium 
9.6 

g.kg-1 
Organic Matter 

180 CaSO4 

80 CaSO3 

528 
g.kg-1 

Sand 
Soil Separates 232 Silt  

240 Clay  

Sandy Clay Loam   Soil Texture 

44.88 
% 

Volumetric Moisture at Saturation 
29.74 Volumetric Moisture at Field Capacity  
940 Volumetric Moisture at Wilting Point 
1.27 Mgm.m-1 Bulk Density 
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Where: 
ET0: evapotranspiration potential (mm.day-1). 
Epan: evapotranspiration measured in the pan 

(mm.day-1). 
Kp: evaporation pan's specific coefficient, that 

differs according to pan's type, vegetative cover sur-
rounding the pan, and soil surface nature, as men-
tioned by Allen et al [37]. The value 0.8 was de-
pended here depending on meteorological conditions 
of study area according to the method mentioned by 
ÇETIN et al [24] . 

Calculating the actual evapotranspiration that 
equals the practical water consumption of potato 
crop irrigated superficially and by spraying; accord-
ing to the following equation: 

𝐸𝐸𝐸𝐸𝑝𝑝 = 𝐾𝐾𝑐𝑐 × 𝐸𝐸𝐸𝐸0………               (2) 
Where: 
ETa: actual evapotranspiration (mm.day-1). 
Kc = Crop coefficient  
Values 0.75,1.15,1.00 and0.80 that are listed by  

Shiri-e-Janagrad et al [21] were desired to represent 
crop coefficient values for the durations (03/7  – 
03/27), (27/03  – 04/16), (04/16  – 05/11) and (05/11 
– 05/20) successively.  

Water balance equation was based on the cal-
culation of water consumption: 

ETa = (P + Ir) − (D + R + In + ∆s)    (3) 
Where: 
Eta is water consumption (ml), P is water quan-

tity, D is deep percolation, R is superficial flow, In 
is water blocked by plant, ∆𝑆𝑆 is soil moisture dif-
ference; and if we suppose that both superficial flows, 
water blocked by plant and deep percolation are zero, 
then; the equation becomes as follows: 

ETa = (P + Ir) − ∆s                (4) 
Water quantity that should be applied for saline 

leaching according to the equation of[22] which is 
special for the drip irrigation system was estimated 
as below: 

𝐿𝐿𝐿𝐿 = Ecw
(2Max Ece)

× 100 ………       .(5) 
Where L.R represents leaching requirements 

(%), Ecw is the electrical conductivity (dS. m-1) and 
Max ECe is the maximum electrical conductivity (dS. 
m-1) of the cultivated soil when the crop yield is zero, 
it's a tabulated value that differs with the crop; it 
equals 10 for potato crop[19]  . 

Drip irrigation systems have been used for 
droppers that discharge 4 liters. hour-1 and the irri-
gation water was applied according to the dual appli-
cation system to split the quantity of water intro-
duced into two bursts that are separated with 6 
hours[20]. The irrigation time was calculated ac-
cording to the equation mentioned in (AL – Hadithi, 
2002). 

q × t = a × d ……              (6) 
Where: 
q: discharge is given for the lateral lines (m3.hr-

1), t: irrigation time (hour), a: the cultivated area (m2) 
and d: applied water depth (m). 

Total yield (TY) for each treatment (average 
treatment area for three replicates in m2) separately 
and related to hectare using the equation mentioned 
by AL – Zobaie [26] as in the following: 

𝐸𝐸𝑇𝑇 = 𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝑘𝑘𝑘𝑘)
𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝐸𝐸2)

× 10000  (7) 
Water use efficiency (WUE) or water produc-

tivity (WP) was estimated by Hillel[27]  by divid-
ing the total crop (kg.ha-1) to the added water vol-
ume (m3.ha-1) as mentioned by  Doorenbos [25] . 

𝑊𝑊𝑊𝑊𝐸𝐸 (kg. m−3)  =
𝑇𝑇𝑇𝑇𝐸𝐸𝑝𝑝𝐸𝐸𝑇𝑇𝐸𝐸𝐸𝐸𝐸𝐸  (𝑘𝑘𝑘𝑘.ℎ𝑝𝑝−1)

𝐴𝐴𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝐴𝐴𝐸𝐸𝑝𝑝𝑝𝑝𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (𝐸𝐸3.ℎ𝑝𝑝−1)
…              (8) 

Data have been analyzed according to the fol-
lowed experimental design and averages were tested 
according to the least significant difference (L.S.D.) 
test with probability level 0.05 [28] using GenStat 
Program. 
 
 
RESULTS  

 
Water Consumptive (Wc): Table 2 displays 

the LR-free WC values of the potato crop for germi-
nation and the other four phases of development for 
3-and 6-day IT and 50 % and 100 % NDIs. During 
the growing season, the WC hit 235.595, 235.995, 
471.19 and 471.99 mm respectively for the above 
listed IT and NDI. Escalation in water consumption 
for 100 % deep irrigation treatment attributed to in-
crease of plant transpiration and soil evaporation 
which is consistent with several workers [29,5]. The 
highest ETa recorded in complete irrigation com-
pared to zero irrigation treatment. It has been shown 
that cultivation and fertilization can significantly af-
fect plant water uptake [30,31]. 

At the vegetative growth stage, WC values in-
creased to 64.63 and 54.13 ml for 50 and 100 % 
NDIs. In addition, the progressive growth of the 
plant continued to increase to 148.66 and 130.26 ml 
water consumption at the nodulation stage, reaching 
133.2 and 124.2 ml during the nodule swelling stage. 
In order to meet the nodulation requirements and 
also because of the rise in temperature during the 
growing season as a result of climate change, the 
cause of this continuous increase can be attributed to 
the extreme irrigation and nutritional needs of plants 
with decreased leaf area. At the end of the season, 
the WC values dwindled to 105 and 103.1 mm dur-
ing the maturation phase. The diminished plant need 
for water could be due to end of developmental stage 
and senescence, as most areas of the plant have dried. 

 
Total Yield (Ty) (Ton. Ha-1): Figure 1 shows 

how research treatments impact TY quantity. The ad-
dition of PLs shows high variations in TY. Where the 
highest value for other additional NDIs can be seen 
at 8% PL compared to 0 and 4% PL. The lowest TY 
values for levels 0 and 4 % PLs are 11.2 and 16 
ton.ha-1 compared with 19.5 ton.ha-1 for 8 % PL. 
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TABLE 2 
Water Consumption of Potato Crop mm.season-1  

 
 

Water Consumption (WC) (mm) 
Irrigation Interval (IT) (day) 

NDI 
 (m3.ha-3) Growth Stage Stage Dura-

tion  (day) 

3 
Irrigation Level 

6 
Irrigation Level 

100 %         50% 100 %         50% 
Germination 

 27 40 20 40 20 167.44 

Vegetative 
Growth 

 
20 54.13 27.065 64.63 32.315 

226.588 

270.541 

Nodulation  
 20 148.66 74.33 130.26 65.13 622.290 

545.268 
Tuber Swelling 
for Two Rains 

(16 and 20) mm 
25 124.2 62.1 133.2 66.6 

519.901 

557.575 

Maturity 
 10 105 52.5 103.1 51.55 439.53 

431.576 

Grand Total 471.99 235.995 471.19 235.595 1975.75 
1972.4 

 

 

FIGURE 1 
Perlite application and irrigation interval effect on total yield (ton.ha-1) 
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This result is because of perlite properties of 
covering soil particles with hydration shells which 
encourage the penetration of the roots to increase the 
ability of plants to retain free water. The penetration 
of roots in the soil will create more spaces for water 
movement which reduces its bulk density. This re-
duction will positively reflect vegetative growth 
characteristics; improve the yield and its components. 
The PLs can enhance soil structure and boost aggre-
gate stability to increase water permeability. The per-
lite plays positive role in enhancing both physical 
and chemical properties of the soil.  Furthermore, 
PL has a large surface area that would improve the 
retention of water in the soil. The increase in yield 
could also be attributed to the slight evaporation of 
water in soil body, The increasing of excessive water 
content in soil as well as the availability of stored 
water in the soil caused by perlite application will, 
therefore, cause more vegetative growth and for all 
of this, the yield will increase [32]. 

The results of Figure 1 shows significant differ-
ences in the TY values caused by the difference in 
the irrigation intervals for any PL added. At 3 days 
IT, they reached the highest values of 16.5, 27.3 and 
29 ton.ha-1. Whereas they were 14.1, 20.2 and 24.4 
ton.ha-1 for PLs 0, 4 and 8% respectively for 6 days 
IT. This drop in TY values could be attributed to the 
extensive irrigation intervals as well as the reduced 
content of water in [33] . 

Figure 1 reveals that 100 % of deep NDIs are 
significantly higher than 50 % NDIs. Since 100 NDI 
for 3 and 6 ITs improved the TY value significantly 
relative to 50 % NDI for 6 days IT. The values 
reached 14.1, 20.2 and 24.4ton.ha-1 for NDI of 100% 
if irrigated every 6 days; compared to 11.2, 16.0 and 
19.5 ton.ha-1 for 50% deep NDI with 6 days of IT 
with PLs of 0, 4 and 8% in successive. The reduction 
of TY values for 50% NDI,  6 days IT treatments in 
comparison with 100% NDI for 3 and 6 days ITs 
could be attributed to the effect of water stress on tu-
bers crop which agreed with El-Latif et al. [34] . 
They found that water stress is the main reason of 
yield reduction that could be 50% or more.  

 
Water Use Efficiency (Kg.M-3) (Wue):Figure 

2 demonstrates the impact of research treatments on 
WUE values that ranged from PLs to achieve a peak 
value of 8 %  PL relative to 0 and 4 % for any NDIs 
applied but they have reached the lowest values of 
13.82 and 8.35 kg.m-3 for 0 and 4% PLs compared 
with 14.86 kg.m-3 for 8% PL. This results maybe be-
cause of the increased yield and its components due 
to perlite addition, which reduce evaporation losses 
along with increased excess water in soil after the 
addition of perlite. The increased water storage 
raises the vegetative growth of branches that in-
crease tubers' yield and its components . 

Figure 2 shows significant variations between 

WUE values by various ITs for every application of 
PLs, where they reach their top values for IT of 3 
days and 50% IQ and recorded 13.26 ,18.32 and 
22.78 kg.m-3 in comparison with IT of 6 days, 50% 
IQ where they were 11.36, 16.22 and 19.77 kg.m-3 
for PLs of 0, 4 and 8% successively. WUE declined 
with high levels of irrigation where the maximum 
WUE existed in treatment with the lowest IQ [35]. 

Results cited in Fig. 2 stated that irrigation at 
50 % IQ increased the WUE values significantly 
compared to 100 % IQ during 6 days IT, where it 
reached 11.36, 16.22 and 19.77 kg.m-3 for 50% IQ 
by 6days IT compared with 7.15, 10.24 and 12.37 
kg.m-3 for 100% IQ at 6 days IT for PLs 0, 4 and 8% 
successively. The increasing WUE values could be 
attributed to the few IQs added to the farm. The re-
duced WUE resulting from increased supply of IQ 
water due to the lack of aeration of roots caused by 
increased soil moisture In addition to the increased 
loss of nutrients by percolated water and the reduc-
tion of their concentration and therefore the reduc-
tion in productivity in relation to the overall IQ water, 
The listing of 50 % added IQ influences WUE and 
water reserves that irrigated additional areas to ex-
pand farmland [36]. 
 
 
CONCLUSIONS 

 
This study shows the evident improvements in 

soil characteristics due to perlite addition, which in-
creased soil's water holding capacity, saved more 
water volumes and reduced water requirements of 
plant to increase irrigation intervals; Irrigation at 50 % 
of NDI together with 3-day IT saved (987,875 m3. 
ha-1) irrigation water with stabilization of perlite 
factor, and this led to the possibility of cultivation in 
gypsiferous soils and partial reclamation and correc-
tion of their physical properties. 
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FIGURE2 
Effect of perlite addition and irrigation brake level on water use efficiency(kg.m-3) 
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