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ABSTRACT

Field experiments were carried out for two con-
seculive seasons at the Agricultural Research Sta-
tion of Abu-Graib, Baghdad — Irag to study the
yield of potato (Solanum fuberosum L), under
regular deficit irrigation. Soill moisture content with
depth, potato yield, crop evapotranspiration (ET),
water use efficiency (WUE) and crop water produc-
tivity (CWP) were measured. The irrigation treat-
ments were, irrigate reestablishing field capacity
- when 60% of the available water was depleted
{controf), T1 was no irrigation during vegetative
growth stage, T2 was no irrigation during tuberiga-
tion stage, and T3 was no irrigation during bulking
and tuber enlargement.

Results showed that the yield of potato were
34,5, 34,3, 28.2 and 30.2 T.ha" for control treat-
ment, T1, T2 and T3, respectively for the first sea-
son, while in the second one equaled 36.7, 36.2,
30.0 and 31.2 T.ha'. Values of cumulative ETa
were 441-391 mm and 428.7-373.7 mm for the two
seasons, respectively. The corresponding WUE
were highest 8.33 and 9.21 kg.m™ under T1 treat-
ment at vegetative growth stage of the two sea-
sons. References ET were 494 and 472 mm for
the two years based on Penman-Montieth equa-
tion.

INTRODUCTION

Waler is one of the most limiting factors affect-
ing crop production in semiarid environment.
Where irrigation has supplemented rainfalt for crop
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production, competition from urban water users
has created a need for better understanding of
crop water requirements and yield relationships.

Water use efficiency (WUE) is defined as the
iuber yield obtained per unit of water consumed as
evapotranspiration {ET) by the polato (Doorenbos -
and Pruitt, 1977).While the term crop water pro-
ductivity (CWP) is defined as the physical mass of
production or the economic value of production
measured against gross inflows, net inflow, de-
pleted water, process depleted water, or available
water {Molden, 1997 and Molden and Sak-
thivadivel, 1999). The four physical levels of crop
water productivity defined are expressed by the
following equations {Molden, 1997 and Ahmad et
al 2004):
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Where CWP is the crop water productivity (kg
m3), Y the actual yield (kg ha™, lg the difference
of gross inflow and storage in the water balance
equation (mm), Irr the irrigation requirements water
(mm), ETact the actual evapotranspiration (mm},
Ta the transpiration alone (mmy) and C is the con-
version factor, 0.10 (ha mm m™).
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In arid and semiarid regicns, potato is sensitive
to waler stress and irrigation has become an es-
sential component of potato production in compari-
son with the other crops (Wright and Stark, 1990}
Potato may be quite sensitive to drought (Van
Loon, 1981) as it needs frequent irrigation for suit-
able growth and optimum yield (Yuan et af 2003
and Kiziloglu et al 2006). Shock (2004) found
that ail growing stages of potato, especially tuber
formation stage, are very sensitive to water deficit
stress. In contrast, Wright and Stark (1990) re-
ported some stress can be tolerated during early
vegelative growth and late tuber bulking under
water deficit conditions. Doorenbos and Kassam
{1979} have reported that initial vegetative stage is
" not sensitive to water stress. Water supply and
scheduling have impontant impacts on tuber quality
— frequent irrigation reduces the occurrence of
tuber malformation. Water deficit in the early phase
of yield formation increases the occurrence of
spindied tubers. Using good agricultural practices,
including irrigation when necessary, a crop of
about 120 days in temperate and subtropical cli-
mates can vield 25 to 40 tones of fresh tubers per
hectare (International Year of the Potato, 2008},

Iraq is located in arid and semiarid region.
Consequently, sufficient water is not available to
irrigate the cultivated crop farms. The potato is
extensively cultivated in large area of Iraq; but the
effect of waler stress on yield of this cultivar has
not been investigated. Therefore, the main pur-
pose of this study was to evaluale water stress
effects during various stages of potato growth on
yield, water use efficiency of potato in order to de-
velop the crop water production function.

MATERIALS AND METHODS

Experimental site and climate: The experi-
ment was carried out during spring seasons of
2008 and 2009 at the Agriculturai Research Sta-
tion of Abu-Graib- Baghdad, Iraq (33° 20" N, 44°
12' E; elev. 34.1 m). Potalo {Solanum tuberosum
L) was planted on soil of silt clay loam texture
(Sand=150 g kg, Silt=570 g kg™ and Clay=284 g
kg'') with average bulk density of 1.44 /g~ and
s0il content moisture 0.304 cm® em™ at field capac-
ity and wilting point equal 0.164 cm® cm™. During
the cultivation seasons; the mean relative humidity
were 46 and 45% and mean rainfall were 6.3 and
18.17 mm during potato growing season, respec-
tively. The total soil water, calculated between fieid
capacity and wilting point for an assumed potato
root extracling depth from 0.15 to 0.45 m.

Crop management and experimental de-
sign: planling took place on 7 February during two
seasons using seeding rate of 2000 kg ha™ in 75
cm spaced rows with net plot size of 10 m X 4.5
m, in a randomized complete block design with
three replicates. Each experimental unit consisted
of 5 rows. All plots were irrigated with river water
an ECi = 1.1 dS.m™. Irigation were scheduled
when soil water content in the root zone was de-
pleted by the crop to specific fraction of available
water (irrigation was imposed at 60% depletion of
available water). The soil depth of the effective root
zone is increased from 0.15 m at planting to 0.45
m in butking and tuber eniargement stages. Meas-
ured amount of water were delivered to the furrows
using water meter. Soil water content was meas-
ured gravimetrically. The sum of differences in soil
water and applied irrigation water plus rainfall were
calculated as ETa using water balance equation,
assuming negligible deep percolation, groundwater
contribution and runoff.,

The growth cycle of the potato was divided into
three stages: stolonization (vegetative growth) 48
days, tuberization stages 12 days; bulking and
tuber enlargement stages 49 days. Water stress
treatment combinations comprised four treatments;
full irrigation {control), irrigation was imposed at
60% depletion of available water. The non com-
plete irrigation omitting one irrigation at vegetative,
tuberization and bulking and tuber enlargement
stage. The treatments were plants watered (W)
and not watered (D) during the growth stages,
which will be referred to as treatment:

Growth stages

Treatment vegetative tuberization bulking and
tuber
enfargement
Control w W w
T D w w
T2 w D w
T3 W w D

Reference evapotranspiration ETo was calcu-
lated using Penman-Montieth modified equation
(Allen et al/ 1998). Crop coefficient was calculated
as the ratio between ETa and ET, (Doorenbos
and Pruitt, 1977).

Measurement and water use efficiency: potato
was haivested on 1 June, 2008 and 26 May, 2009.
Ten plants per row within each plot were collected.
to determine potato yield, tuber number m? and
tuber weight.
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Water ~ Use Efficiency (WUE) calculated as

fallows:
vieldkg o) (5)

water applied m™

W.U.E(kg.m"):Jr p
ola

Statistical analysis: analysis of variance was per-
formed to evaluate the statistical effect of irrigation
treatment on potato yield, yield components, WUE
and CWP using SAS Analysis (2002).LSD test
was used to find any significant difference between

treatment means.

RESULTS AND DISCUSSION

Yield and its components

To investigate the effect of irrigation water
stress on the final yield, two criteria were retained:
tuber yield and tuber weight. Data concerning, the
two considered parameters, for all irrigation sched-
uling, are presented in Table (1). In general, con-
trol, Ty-and T, treatments produced the highest
and lowest values in the two seasons. The highest
yield was obtained from control and T4 treatments
during the two seasons. For example Ty treatment
was higher by 21.6% and 13.3% for T; and Ta,
respectively during the first year. The same ten-
“dency was found during the second year with an
increase of 20.9 and 16.3 % for T, and Ta It
seems the initial vegetative stage is not sensitive
to water stress. This finding is in accordance with
the finding of Doorenbos & Kassam {1979) and
Wright & Stark (1980) who reported that water
stress can be tolerated during early vegetative
growth stage. The Tz and T3 treatment produced
the lowest yield with average 29.08, 30.71ton.h™" in
two seasons 2008 and 2009, respectively. In gen-
eral, water deficits in the middle to 1ate part of the
growing period — during stolonization and fuber
initiation and butking — tend to reduce vield, while
the crop is less sensitive during early vegetative
growth (International Year of the Potato, 2008).

The tuber weight were significantly (p<0.05) af-
fected by irrigation scheduling. The reduction in
tuber yield was mainly attributed to reduction in
tubers weight

Water Use Efficiency

Table {2) shows the amounts of applied irriga-
tion waler under different treatments during the
growth period for two years. Total water supply
were 435, 410; 405, 375; 395, 370 and 385, 355
mm for control, T1, T2 and T3 treatments in year

2008 and 2009, respectively. The amounts of irri-
gation water in control treatment were similar to
those reported by Onder et al (2005) and Erdem
et al (2006) where experiment carried out near the
area of this study.

The cumutative ETa under different water treat- -
ments are also presented in Table (2). The highest
ETo measured during the year was 441 mm for
control and the lowest was 391 mm for Ti treat-
ment a saving of almost 11.3% of irrigation water.
In the second year the highest a measured was
428.7 mm and lowest value was 373.7 mm for T
treatment a saving of 12.8% of irrigation water.

Water use efficiency for irrigation water (IWUE)
and for the total water input of irrigation and rainfall
(TWUE) expressed as the ratio of potato yield to
water supply from planting to harvest varied typi-
cally comparable to those obtained in other field
studies (Fabeiro ef al 2001; Bowen, 2003 and
Kiziloglu et al 2006), who reported that range of
WUE was from 7 to 14 kg m™. The highest WUE
value was obtained from T+ treatment with average
of 9.07 and 8.77 kg m™ for IWUE and TWUE, re-
spectively for two seasons. :

The net saving in irrigation water with irrigation
scheduling average between 6.9 to 11.3 % when
compared with full irrigation treatment (conirol)
({Table 2).

Crop coefficients (Kc) for potato calculated as
the ratio of ETa/ETo were similar between the two
years for all treatments (Table 2). The maximum
value of Kc were 0.91 and 0.98 for control freat-
ments of first and second year, respectively receiv-
ing maximum irrigation cumuiative ETo calculated
from Penman-Monteith modified equation totaled
493 and 472 mm for the two years, respectively
which are close to the ETa (441, 429 mm) proved
the validity of this equation for estimating the water
requirements of potato within the context of the
region. ‘

Crop Water Productivity (CWP)

CWP of potato were ranged between 7.08 and
9.43 kg m™ (Table 3). Yaghmaei (1987) reported
the maximum values exceed 5.43 kg m™ in ex-
periment, which potato twelve varieties were
planted in furrows and compared together. Soltani
et al {1998) found the highest yield value of 38060
kg ha” in a field frial with deficit irrigation, while
seasonal ETa was relalively low with 765 mm. Be-
side it; Soltani et af {1998) reported the minimum
value of CWP of 1.25 kg m™ with 19560 kg ha™
yield and 1560 mm seasonal ETa under surface
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Table 1. Potato yield (t) and tuber weight (g) from water stress treatments in cropping years

Yield components
. r -
Treatment f’r:jsh ;u:e-: Tubers weight F eys;l;l;l;ber Tubers weight
yl'e S ( -na } (g) [T.ha-1) (g)
2008 2009
Control 34.526 106.40 36.691 111.34
T1 34.272 105.93 36.257 110.29
T2 28.184 90.62 29.982 93.17
T3 30.253 96.27 31.174 98.77
LSD (5%) 2.64 7,23 3.37 8.41

Table 2. Actual evapotranspiration (ETa) (mm) and water use efficiency (WUE) (kg m™} from
water stress treatments in cropping years

{ trrigation
Fyear Treatment Irrigation | Rain fall (Ez:mf;f Ke | IWUE wa’fer
{I) mm (R} mm o TWUE | saving
spiration mm (%)
control 435 6.3 441 098 | 7.94 7.83 -
2008 T 405 6.3 411 0.83 | 8.46 8.33 6.9
T2 395 6.3 401 0811 7.14 7.02 8.1
T3 385 6.3 391 079 | 7.86 7.73 11.3
control 410 18.71 429 091 | 885 8.56 -
2009 T 375 18..71 394 083 9.67 9.21 8.2
T2 370 18.71 389 0823 8.10 7.71 9.3
T3 355 18.71 374 079 | 8.78 8.34 12.8
Table 3. Crop Water Productivity {CWP) analysis
Year Treatment CWP (kg m 3) - CWP (kg m«") Mean
Equ. 2 Equ. 3
Control 7.937 7.829 7.883
2008 T1 8.462 8.338 8.40
T2 7.135 7.028 7.082
T3 7.857 7.737 7.797
Control 9.949 8.552 8.750
2009 T1 9.668 9.202 9.435
T2 8.103 7.707 7.905
T3 8.781 8.335 8.558
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irrigation method. 1t is necessary o explain that
from the standpoint of maximizing CWP, evapora-
tion should be minimized by maximizing T, which
implies intensification. of farming. Keiler and
Seckler (2005) conclude that CWP is maximized
by full irrigation of a smaller area rather than by
deficit irrigation of a larger area with the same vol-
ume of water.

Conclusion

The potential of irrigation scheduling to improve
yield and to save water has been demonstrated in
this work, obtained under actual farming condition,
support the practicality and usefuiness of using the
Soil Water Balance (SWB) scheduling method by
FAO to optimize irrigation in arid regions. Water
use efficiency (WUE) and crop water production
(CWP) was highest for potato plants not-watered
during the vegetative growth (T4). This experiment
results showed that a saving 6.9-8.2% of irrigation
water can be achieved with a corresponding in-
crease in yield up to 20.9-21.6% under Ty treat
ment.
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