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ABSTRACT

Egypt is a semi-arid region and consequently
agriculture in Egypt depends on specific sources of
water; the extremely important of which is the River
Nile. So, the rationalization of water of irrigation is
essential and the evaluation of water requirements
is necessary for each crop. Therefore, the objec-
tives of this study were to estimate crop coefficient
(Kc) for different growth stages of onion (Allium
cepa L.). The study was carried out at the Experi-
mental Farm of the Institute of Post-Graduate
Studies and Research in Arid Lands, Ain Shams
University at Shubra El Kheima, Qalyubia Gover-
norate, Egypt. The experiment was conducted in
2014/2015 and 2015/2016 seasons under condi-
tions of volumetric lysimeter (dimensions 1 x 1 x
1m) and filled with three types of soil (clay, sandy
clay and sand) with three levels of water require-
ment (75,100, and 125% of ETc) for the crop. On-
ion cv. Giza 61 was used. The results indicated
that the increases of irrigation water levels (100
and 125% ETc) were the best treatments for some
growth parameters.The averages of crop coeffi-
cient values were 0.47, 0.5, 1.24 and 0.99 during
establishment, development, mid-season and end-
season growth stages, respectively. Water use
efficiency (WUE) for onion was determined for all
treatments and the effects showed that the appli-
cation of 100% ETc gave the highest values.

Keywords: Onion, Alium cepa L., Water require-
ment, Evapotranspiration, Crop coefficient, Drain-
age lysimeters, Penman-Monteith

INTRODUCTION

Water is supposed to be one of the most im-
portant limiting elements in the development of
agriculture, specifically in the arid and semi-arid
zones of the world. Agricultural irrigation makes
use about 70% of water extract worldwide. Moreo-
ver, today up to ninety five percentage of available
water is used for irrigation in several developing
countries inclusive of Egypt. Egypt is a semiarid
area and the major source of agricultural irrigation
is the River Nile which supplies Egypt with an an-
nual ration of 55 billion cubic meters. For the scar-
city of water sources in Egypt, water needs to be
divided efficiently for the crops at the right time with
an effective quantity. Thus, it is highly essential to
optimize WUE through acceptably irrigation sched-
uling. The estimating of water requirements is de-
pendent on calculating the crop coefficient (ETc =
ETo x Kc). The Kc is registered as the proportion
of reference and crop ET. The ETo is a normally
utilized idea in water system planning and demon-
strates to the evapotranspiration from a well-
watered grass. Potential evapotranspiration can be
computed using oftentimes available weather pa-
rameters and determined by using the FAO Pen-
man-Monteith technique (Allen et al 1998). There
are direct and indirect methods to estimate crop
water requirements; direct strategies such as using
lysimeters and indirect strategies such as utilizing
some water system applications as crop wat 8.0
after estimating actual evapotranspiration and ref-
erence evapotranspiration (Surendran et al 2015).
A lysimeter is basically a holder which isolates soll
and water hydrologically from its environment, yet
at the same time represents the bordering soil as
closely as possible. So, it is serious to define the
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water requirements of the crop. All plants do never
again utilize a similar amount of water under the
equivalent climatic conditions. So, irrigation scien-
tists have developed crop coefficients that confer a
relationship between ETo and the amount of water
(ETc) that the crop of interest uses. For the sake of
avoid the underestimation or overestimation of
crop water consumption, know-how of the exact
water loss through actual evapotranspiration is
necessary for sustainable improvement and envi-
ronmentally water management.

The Kc for a crop might also vary from one
place to another depending on climate, soil, crop
variety, crop type, irrigation methods, etc. (Kang et
al 2003). Crop coefficient was estimated for most
of crops in Egypt except some crops such as onion
which is considered as an important vegetable
crop in Egypt.

Onion (Allium cepa L.) is one of the main
vegetable crops grown in arid and semiarid regions
across the world. Onions are a yield of global sig-
nificance with focuses of generation extending
from the warm tropics and calm zones to high lati-
tudes in the northern hemisphere (Brewster,
2008). The global production of onion was 97.8
million Mg from 5.2 million ha, with a production in
Egypt 2.3 million Mg from 68.053 ha (FAO, 2017).
Until now, crop coefficient for onion is not deter-
mined under Egyptian weather conditions, so the
aim of this study was to determine the water re-
quirements and crop coefficient for different devel-
opment stages of onion (Allium cepa L.) in Egypt
utilizing lysimeter technique.

MATERIALS AND METHODS

The present study was carried out at the Exper-
imental Farm of the Institute of Post-Graduate
Studies and Research in Arid Lands, Ain Shams
University at Shubra El kheima, Qalyubia Gover-
norate, Egypt. The experiment was conducted in
2014/2015 and 2015/2016 seasons under volu-
metric lysimeter conditions to estimate the crop
coefficient (Kc) and compute irrigation scheduling
for different growth stages of onion (Allium cepa L.)

in Egypt.

Experimental design

The experiment was spread out in a totally ran-
domized design with three replications. The exper-
iment included three levels of water requirements
(75,100, and 125% of ETc) for the crop and three
types of soils (clay, sand and sandy clay). Thus,
the experiment consisted of 27 plots (27 concrete
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lysimeter units). Each unitwas 1 x 1 x 1 m = 1m53.
The chemical properties of the 0-30 cm soil layer
in the experimental soils are shown in Table (1).

To measure the ETc, drainage lysimeters were
used in this study. Each unit of lysimeters consist-
ed of three levels of drainage (30, 60 and 90 cm).
Onion cv. Giza 61 was used. The plants were irri-
gated by flood irrigation system. Irrigation water
was added and quantities were adjusted to ensure
a drainage rate of 15 - 25% and the total amount
of water was calculated by Penman-Monteith
equation. In the experiment, every lysimeter con-
tained two rows contained forty plants.

The studied characters

At the end of the season, length, plant fresh
weight, bulb diameter, neck diameter, bulbing ratio,
total yield, dry matter and total soluble solids of
bulb were recorded. Cupper was determined in the
dry matter of bulb by spectrophotometer.

Crop water use

Actual crop evapotranspiration (ETc) was esti-
mated by ETc= Kc* ETO. Thus, the crop coefficient
(Kc) was estimated during the growing season
period as follows: Kc = ETc / ETo. The ETo is a
representation of the Ea request of climate, inde-
pendent of crop development and management
factors (Allen et al 1998). Weather data were ob-
tained from Arid Land Institute Weather Station at
Shubra El Kheima. ETo was calculated by Pen-
man-Montieth equation as follows:

*_
é(Rn—G)+ 2.146y (e*—e)
ET _ 2 (T +273) (r, / 24 x 60 x 60)
° A+y@+r,/r,)

Where ETo = reference evapotranspiration (mm/
day), Rn = net radiation at the crop surface (MJm-?
/day), G = soil heat flux density (MIm=2 day™), T =
mean daily air temperature at 2 m height (°c), u2 =
wind speed at 2 m height (ma-1), e* and e: satura-
tion and actual vapor pressure [kPa], A = slope
vapour pressure curve (KPa°C™), rs: the standard
hypothetical vegetated surface= 70 [s/m] and ra:
the aerodynamic resistance [s/m].and y = psy-
chrometic constant (KPa°c™).

Water use efficiency was defined as ratio of
yield to irrigation water requirement (De Pascale et
al 2005) and it was calculated for different treat-
ments by the following equation (Vites, 1965).

W.U.E=Yield/irrigation
crop/méirrigation water).

water requirement (kg
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Table 1. Chemical properties of the 0—30 cm soil layer in the experimental soils
Cations ( meg/l) Anions (meg/l) Ec at 25°C oH
dS/m 1:2.5
Types of sail K* Na* Mg*t | Ca** | So4™ Cl- HCOs | CO3s
Sand 0.31 | 16.09 | 3.5 7.1 | 511 | 2156 | 0.33 0 2.7 7.8
Sandy clay 121 | 3469 | 9.0 9.1 | 870 | 4459 | 0.71 0 5.47 7.99
Clay 051 | 19.99 | 3.0 75 | 6.11 | 2438 | 0.51 0 3.15 7.95

Statistical analysis

The obtained data were statistically analyzed
by the method described by Gomez and Gomez
(1984). The statistical analysis was carried out
using the CoStat package program (Version 6.303;
CoHort Software, USA). Data were subjected to
analysis of variance (ANOVA). The differences
among means of data were compared by Duncan’s
Multiple Range Test (Waller and Duncan, 1969).
All statistical determinations were made at P <
0.05.

RESULTS AND DISCUSSION
Growth parameters

Data presented in Table (2) indicated that the
irrigation levels had significant effect on plant
length in clay and sandy clay soils in both seasons,
while the irrigation levels had no significant effect
in sandy soil in both seasons. The treatments of
125 and 100% ETc showed the best significant
effects of plant length in clay soil in the first season
and second season, respectively. Also, the treat-
ments of 125% ETc gave the highest significant
values of plant length in sandy clay soil in both
seasons. Concerning the neck diameter, the irriga-
tion levels did not significantly affect this character
in both seasons, under all tested soils, except in
the second season75% ETc showed the lowest
significant values of neck diameter, under sandy
clay soil. The variations of the plant length values
between the two seasons might be due to the dif-
ferences in climatic conditions.

The results of plant length agree with those of
Kumar et al (2007) who found that the parameter
was increased by the increase of irrigation level
and the treatments 100 and 120% ETc showed the

highest significant values. Also, the results agree
with those of Channagoudra et al (2009). Zheng
et al (2013) reported that plant heights for treat-
ments 40%, 60% and 80% ETc were significantly
smaller than that of the non-stressed 100% ETc
because of water stress impacts during the crop
seasons. The highly stressed treatment (40% ETc)
had the most minimal plant height.

The irrigation levels had significant effect on
bulb diameter in clay and sandy clay soils, but no
significant effect was observed in sandy soil in
both seasons Table (3). The treatments of 100 and
125% ETc showed the best significant values of
bulb diameter in both seasons, except in the sec-
ond season there was no significant difference in
sandy clay soil. Regarding bulbing ratio, the irriga-
tion levels did not have significant effectiveness in
clay and sandy soils in both seasons, while the
treatments of 75% ETc showed the highest signifi-
cant values of bulbing ratio in sandy clay soil in the
second season.

The difference in bulbing ratio might be due to
difference in bulb and neck diameters. These re-
sults agree with those of Martin de Santa Olalla et
al (2004), Kumar et al (2007) and Enciso et al
(2009). Kumar et al (2007) showed that the level
of B grade (most favored size) bulbs was high
(above half) in 100 and 120% ETc. The least level
of B and the most elevated level of D (littlest
measured bulbs) grade were created in the most
prohibitive treatment (60% ETc). Also, Kruse et al
(1987), Shock et al (1998, 2000) and Enciso et al
(2009) observed that huge onion sizes can be can
be created when more water was utilized, and the
water pressure influenced the size of the onion.
Martin de Santa Olalla et al (1994) observed that
bulb diameter is immediately related to amount of
water used.
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Table 2. Effect of irrigation levels on plant length and neck diameter of onion in all soil types in 2014/2015

and 2015/2016 seasons

Clay soil Sandy soil Sandy clay soil
Plant length Neck diameter | Plantlength | Neck diameter | Plant length | Neck diameter
Treatments (cm) (mm) (cm) (mm) (cm) (mm)
st znd 1st 2nd 1st znd 1st 2nd qst znd qst 2nd

Season [season [season [season |season|season|season |season |season season|season|season

75% ETc |65.16ab|58.37ab| 9.53 a |13.25a|57.66 a|36.88a| 8.71a [10.33a|59.83b|20.49b| 8.11a | 6.69b
100% ETc |55.33b|64.05a| 9.03a |13.50a|58.33a|44.99a| 8.15a |10.66 a|59.33b|48.76 a| 8.20a |12.71a
125% ETc | 73a |45.15b| 9.15a |12.67 a|60.66 a|45.15a| 9.20a |12.66a|72.16 a|38.72a|10.51a|11.00 a

ETc : Evapotranspiration crop.
Means followed by the same letter are not significantly different (P < 0.

05) according to Duncan’ s multiple range test.

Table 3. Effect of irrigation levels on bulb diameter and bulbing ratio of onion in all soil types in 2014/2015

and 2015/2016 seasons

Clay soil Sandy saoil Sandy clay saoil
Bulb diameter Bulbing Bulb diameter Bulbing Bulb diameter Bulbing
Treatments (mm) ratio (mm) ratio (mm) ratio
1st znd lst 2nd lst 2nd 15! 2nd 1st 2nd 1st 2nd

sSeason [season [season | season [season|season(season|season|season |season season|season

75% ETc 49.02b |57.06 b|5.196 a| 4.489 a |52.88 a|53.40 a|6.106 a| 5.37 a |49.91 b |61.06a| 6.15a | 9.22 a
100% ETc |54.89ab|66.39 a |6.104 a | 4.953 a [52.17 a|52.91a (6.398 a| 5.07 a |52.16ab|62.13a| 6.45a | 491b
125% ETc |59.07 a|61.36ab|6.543 a |4. 854 a|53.09 a|61.36 a|5.837 a| 4.53 a |62.65a|60.25a| 6.11a | 5.49b

ETc : Evapotranspiration crop.
Means followed by the same letter are not significantly different (P < 0.

Bulb yield and quality

Data in Table (4) indicate that the irrigation
levels had significant effectiveness on total and
marketable bulb yields in clay soil in the first sea-
son; the treatment of 125% ETc gave the best sig-
nificant values, while the irrigation levels had no
significant effect in the second season. Also, the
irrigation levels did not have significant effect on
total and marketable yield in sandy and sandy clay
soils in both seasons.

The results agree with those of Chung (1989),
who observed that water stress during necessary
development time causes decrease in size and
weight of bulbs. Shock et al (1998, 2000) and
Kruse et al (1987) obtained greater total marketa-
ble yields with wetter treatments. These results are
in accordance with those of Orta and Ener (2001)
and Kumar et al (2007) in clay soil, where Kumar
et al (2007) observed that the difference in onion

05) according to Duncan’ s multiple range test.

yield between the treatments was registered be-
cause of the difference in bulb size and mean
weight of bulbs. Also, Zheng et al (2013) demon-
strated that onion bulb production is very delicate
to water stress during the development and bulbifi-
cation stages, but not touchy during the establish-
ment and ripening stages. Results additionally
show that the distinction in bulb yields basically
came about because of the variety in bulb weight
and bulb size (Prashar et al 1994; Orta and
Fener 2001; Channagoudra et al 2009).

The obtained results of sandy and sandy clay
soils agree with those of Enciso et al (2009) and
Assefa et al (2016), who observed that, in both
seasons, there were no differences in total yield
between 100 and 75% ETc treatments because
approximately like soil moisture conditions were
observed. A drop in moisture was shown below
these water levels. Some studies in Ethiopia and
elsewhere in the world appeared non-significant
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Table 4. Effect of irrigation levels on total and marketable yields of onion in all soil types in 2014/2015 and
2015/2016 seasons

Treatments Clay soil Sand soil Sandy clay soil
Marketable yield| Total yield |Marketable yield| Total yield |[Marketableyield| Total yield
(Kg/m?) (Kg/m?) (Kg/m?) (Kg/m?) (Kg/m?) (Kg/m?)
15t 2nd 1st 2nd 1st 2nd 1st znd 1st 2nd 1st 2nd
season | season [season|season|season | season |Season|season|season | season |season|season
75% ETc 1.616b|0.818a| 2.38b [1.598 a| 0.956 a | 0.165 a |1.570 a|0.646 a| 1.257 a | 0.340a | 1.87 a | 1.06 a
100% ETc | 0.963c| 1.163a | 1.63 ¢ [2.061 a| 0.668 a | 0.383 a [1.290 a|0.975a|0.938a|0.623 a| 1.67a | 1.49 a
125% ETc | 2.306 a|0.828a| 3.03a (1.553 a|1.2984a|0.428 a[1.9504a| 1.22a |1.581a|0.381a|2.34a|1l.14a

ETc : Evapotranspiration crop.

Means followed by the same letter are not significantly different (P < 0.05) according to Duncan’ s multiple range test.

differences in fresh onion bulb yield between 75
and 100% ETc irrigation levels (Bekele and
Tilahun, 2007; Nagaz et al 2012). Similar to this
study, Enciso et al (2009) indicated that harvesta-
ble onion yield and water productivity lowered sig-
nificantly when irrigation levels decreased from 75
to 50% ETc.

Concerning total soluble solids, data in Table
(5) show that the irrigation levels had no significant
effects on total soluble solids in both seasons, ex-
cept in the second season the application of 125%
ETc showed the lowest significant values of TSS in
sandy and sandy clay soils.

The results of TSS agree with those of Zheng
et al (2013), Orta and Fener (2001) and Enciso
et al (2009), who demonstrated that TSS of onion
bulbs were not influenced by the water system
level. TSS content showed to be low responsive to
variations in irrigation management. Also, Kumar
et al (2007), Abd EI-Al et al (2010) and Leskovar
et al (2012). Kumar et al (2007) observed that that
TSS of onion bulb have been expanded with the
expansion in water system from 60 to 100% ETc in
first season, while in second season water system
had no huge impact on TSS. Though, results are in
accordance with Chopade et al (1998) who decid-
ed higher TSS in onion with ideal utilization of
water.

Table 5. Effect of irrigation levels on total soluble solids percent onion in all soil types in 2014/2015 and

2015/2016 seasons

Clay soil Sand soil Sandy clay soil
Treatments
1st season 2"d season 1st season 2"d season 1st season 2"d season
75% ETc 16.16 a 12.00 a 16.73 a 12.66 a 15.1a 12.26 a
100% ETc 15.56 a 11.73 a 16.76 a 12.4 a 16.2 a 12.33 a
125% ETc 16.16 a 11.23 a 16.16 a 11.2b 15.0 a 11.06 b

ETc : Evapotranspiration crop.

Means followed by the same letter are not significantly different (P < 0.05) according to Duncan’ s multiple range test.

Data in Table (6) indicate that the irrigation
levels had significant effects on dry matter of bulb
in clay soil in both seasons, where the application
of 75% ETc showed the highest significant values
of dry matter of bulb in both seasons. Also, the
irrigation levels had significant effectiveness on dry
matter of bulb in sandy soil in the second season
and in sandy clay soil in the first season, where the
application of 125 and 75% ETc gave the best

significant values of dry matter of bulb in sandy
and sandy clay soils in the second and the first
seasons, respectively. With respect to the concen-
tration of Cu in bulb, the irrigation levels had no
significant effects in both seasons, except in the
second and the first seasons, the treatments of 75
and 100% ETc showed the lowest significant
values in clay and sandy clay soils, respectively.
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Table 6. Effect of irrigation levels on dry matter of bulb and content of Cu in bulb of onion in all soil types in
2014/2015 and 2015/2016 seasons

Clay soil Sand soil Sandy clay soil

Dry matter of | Content of Cu | Dry matter of | Content of Cu | Dry matter of | Content of Cu

Treatments bulb(g) in bulb(ppm) bulb(g) in bulb(ppm) bulb(g) in bulb(ppm)

15t 2nd 1st znd 1st znd 1st 2nd 1st 2nd 1st 2nd
Season [ season [season [season [season |season [season|season|season |season|season |season
75% ETc  |24.44a|20.08ab|16.61 a|16.52b|21.60a|23.18 b|16.68 a|16.53 a|22.25 a|21.18 a| 16.63a |16.52 a
100% ETc |18.25b|18.71b|16.48 a|16.69a|21.11a|22.19b|16.58 a|16.65a|18.57 b|21.77 a|16.48 b| 16.5a
125% ETc [19.32ab]|20.85a|17.00a|16.72 a|20.75a|31.13 a|16.68 a|16.49 a|18.31 b|21.05 a|16.55ab| 16.56 a

ETc : Evapotranspiration crop.

Means followed by the same letter are not significantly different (P < 0.05) according to Duncan’ s multiple range test.

Kumar et al (2007) demonstrated that the vari-
ation in bulb dry weight per plant may be ascribed
to distinction in size of bulb. Also, Zheng et al
(2013) observed that the mean bulb weight and the
bulb sizes were influenced by the level and timing
of water stress in a similar way the bulb dry weight
per plant since these quality parameters are highly
related to the bulbification elements.

Crop water use

Water use efficiency for different of irrigation
levels was determined in both seasons, where the
application of 100% ETc showed the best values in
both seasons (Table 7). These results agree with
those of Kumar et al (2007) who observed that the
expansion in yield was practically straight with ETc
up to treatment 100% ETc.

Table 7. Effect of irrigation levels on WUE for
onion in 2014/2015 and 2015/2016 seasons

Treatments 15t season 2" season
75% ETc 2.98 2.88
100% ETc 8.68 5.35
125% ETc 7.56 2.60

Data in Table (8) offer the values of crop coef-
ficient (Kc) for the different irrigation levels for
growth stages of onion in both seasons, where the
value of crop coefficient for the treatment of 100%
ETc was the FAO crop coefficient. These results
observed the differences of crop coefficient values
at the same treatment in both seasons which might
be due to the variation in climatic conditions.

Table 8. Effect of irrigation levels and soil types on crop coefficient (Kc) for onion in 2014/2015 and

2015/2016 seasons

15t season 2"d season
Growth stage Kc Kc Kc Kc Kc Kc
at75%ETc |at100%ETc | at125%ETc | at75%ETc | at100%ETc | at125%ETc
Initial 0.38 0.40 0.63 0.36 0.48 0.60
Crop development 0.39 0.41 0.65 0.38 0.51 0.64
Mid-season 1.04 1.10 1.73 0.93 1.25 1.56
Late season 0.80 0.87 0.95 0.68 0.90 0.93

Data in Fig. (1) show the values of reference
crop coefficient (Kc100) and the average of crop
coefficient values for the different irrigation levels
for growth stages of onion in both seasons under
Delta Nile conditions, where there were differences
among these values of Kc. The differences of
these values of Kc may be due to the variation of

conditions. The average of Kc values during initial,
crop development, mid-season and late season
stages were 0.47, 0.5, 1.24 and 0.99, respectively,
while the reference Kc values during establish-
ment, crop development, mid-season and late
season stages were 0.4, 0.41, 1.1 and 0.87, re-
spectively.
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Fig. 1. Effect of irrigation levels and soil types on crop coefficient reference and average of crop coeffi-

cient for onion in 2015/2016 seasons

Dirirsa et al (2015) found that the calculated
overall average Kc values during initial, crop de-
velopment, mid-season and late season stages
were 0.61, 0.86, 1.02 and 0.80, respectively, while
the Kc values which were suggested by Allen et al
(1998) for dry onion were 0.7, 1.05, and 0.75 for
the initial stage, midseason stage, and end of late-
season, respectively. Also, Bossie et al (2009)
observed that the determined values of Kc for dry
bulb onion (Bombay Red cultivar) during initial,
mid-season, and end season stages were0.47,
0.99, and 0.46, respectively.

CONCLUSION

In this study, the crop evapotranspiration (ETc),
water use efficiency and crop coefficient were es-
timated for onion under Delta Nile conditions. it
could be concluded that the increase of irrigation
water levels (100 and 125% ETc) were the best
treatments for some growth parameters such as
plant length and bulb diameter in clay and sandy
clay soils, as well as bulb Cu concentrations total
and marketable bulb yield in clay soil, but the
treatment of 75% was the best treatment for dry
matter of bulb, TSS% and bulbing ratio in sandy
clay soil. Concerning the sandy soil, irrigation lev-
els nearly had slightly effects on all growth param-
eters. The averages of crop coefficient values were
0.47, 0.5, 1.24 and 0.99 during initial, develop-
ment, mid-season and end-season growth stages,
respectively. Water use efficiency for onion was
estimated for all treatments and the most effective
treatment was 100%.

AUJASCI, Arab Univ. J.

Thus, the actual of evapotranspiration for onion
in Egypt can be determined after estimating of ref-
erence evapotranspiration by Penman-Monteith
method from the nearest meteorological station.
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