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ABSTRACT: This experiment was carried out during two successive summer seasons of 
2013 and 2014 at EL-Kassasein Res. Station, Hort. Res. Inst.. Agric. Res. Center, lsmailia 
Governorate to study the effect of irrigation water quantity and foliar spray with some 
antitranspirants on growth, leaf water status , yield and tuber root quality as well as water 
use efficiency(WUE) of Jerusalem artichoke cv. Feusa grown in sandy soil using drip 
irrigation system. 
The results revealed that, irrigation water quantity at rate of 3000m3/fed. to Jerusalem artichoke 
plants increased foliage dry weight, number of tuber roots/ plant, average weight of tuber root, 
yield/ plant and total yield/fed. as well as WUE, whereas irrigation water quantity at 4000 
m3 /fed. increased total chlorophyll, total and free water (%) in leaf tissues , transpiration rate, 
total carbohydrates (%) as well as P and K contents in tuber roots. Meanwhile, irrigation 
water quantity at 2000 m3/fed. increased praline amino acid and bound water(%) in leaves, 
OM% and inufin % in tuber roots. 
Moreover, spraying plants with 3 or 6% CaC03 or with 3 % kaolin recorded.the highest 
values of foliage dry weight , number of tuber roots, average weight of tuber root, yield I plant 
and total yield /fed. as well as WUE. Whereas, spraying with 6 % CaC03 led to increase of 
total chlorophyll, total and tree water (%) in leaf tissues. On the other hand, spraying plants with 
tap water increased praline amino acid and transpiration rate in leaf tissues. 
Meanwhile, the interactions between irrigation water quantity at 3000 m3/fed. and spraying 
plants with 6 % CaC03 or 3 % kaolin increased foliage dry weight , number of tuber roots, 
average weight of tuber root, yield I plant and total yield /fed. As well as WUE but decreased 
praline amino acid in leaves. Also, the interactions between irrigation water quantity at 3000 
m3/fed. and spraying plants with 6 % kaolin gave the least transpiration rate in leaf tissues. 

Key words: Jerusalem artichoke, water quantity, antitranspirants, free, bound water, praline 
amino acid, WUE and tuber yield. 

INTRODUCTION 
Jerusalem artichoke (Helianthus 

tuberosus L.) originated in North America, 
and had been introduced to many 
countries for immediate uses and further 
development particularly in relation to 
lower production cost and drought 
tolerance (Denoroy, 1996). Jerusalem 
artichoke is used for many purposes 
such as human food, animal feedstock 
and ethanol production. Currently, it is 
important as a source of inulin. Agricultural 
practices especially irrigation is the primary 
limiting factor for crop production under arid 
and semi-arid conditions. 

There is a critical need to balance water 
availability, water requirements and water 
consumption in conserving water which has 
become a decisive consideration for 
agricultural expansion, particularly in arid 

- and semi-arid regions where water is the 
main limiting factor for plant growth. 
Moreover, plants are prodigal in the water 
use because only roughly 5% of water 
uptake is used for its growth and 
development while the remaining 95% is lost 
for transpiration (Prakash, and 
Ramachandran, 2000). Jerusalem artichoke 
has been reported non-tolerant to water 
stress conditions because the drought may 
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strongly influence its dry matter 
production (Monti et al. 2005), but the 
impact of water stress on inulin yield and 
WUE remains poorly documented 

El-Banna et al. ~2001) reported that 
application of 1560 m /fed. to potato plants, 
under drip irrigation system had 
significantly increased total tuber yield and 
WUE value compared to 1450 and 1850 
m3/fed. El-Sharkawy and El-Zohiri (2007 
indicated that increasing the amount of 
irrigation water from 4072 m3/fed. up to 7460 
m3/fed. reflected the highest values of plant 
height, number of main stem/plant and the 
fresh weight of plant as well as total tuber 
yield and its components (number and 
weight of tu.ber /plant, average tuber weight 
and total produced yield/fed.), nitrogen, 
phosphorus and potassium as well as inulin 
concentrations of jusralium artichoke. 
Youssef (2007) reported that irrigation 
potato plants under drip irrigation in sandy 
soil with 2500 m3/fed was the best 
treatment for improving marketable and total 
yield. .Magda et al. (2007) reported that 
number of tubers/plant and total produced 
yield per feddan of Jerusalem artichoke 
were increased with increasing soil water up 
to 70 % of field capacity compared with 
other tested irrigation treatments (40, 60 and 
100% of field capacity). Increasing water 
quantity levels from 1200 to 2400 m3 I fed. to 
globe artichoke significantly increased 
growth characters and chemical components 
as N, P, K, inulin and total sugars 
concentrations (Saif Eldeen and Abd El­
Hameed, 2010). In this concern, Yang et al. 
( 2010) found that yield/ plant and total yield 
of Jerusalem artichoke were increased with 
increasing water up to 340 mm. Fresh 
weight and dry weight of leaf, stem, 
aboveground biomass anq yield of 
Jerusalem artichoke during irrigation is 
remarkably higher than without irrigation 
(Gao, et al. 2011). lnulin content of 
Jerusalem artichoke was increased under 
75 % evapotranspiration conditions, while 
water use efficiency was increased under 
both 75 and 50 % evapotranspiration 
conditions (Puangbuta et al., 2015). 

It's well known that only 5% of plant 
water uptake is used for its growth and 

development, while the remaining 95% is 
lost by transpiration. Actively growing plants 
would transpire a weight of water equal to 
their leaf fresh weight each hour under 
condition of arid and semi-arid regions if 
water is supplied adequately (Moftah, 
1997). This figure makes it necessary to find 
way, by which available water could be 
economically utilized. One way achieve this 
goal is to reduce the transpiration rate in 
order to minimize the amount of irrigation 
water. Antitranspirants (A T'S) are chemical 
substances with some biological activities 
could be applied on the transpiration surface 
of plant to reduce the transpiration rate and 
mitigate plant water stress by increasing the 
leaf resistance and diffusion water vapor 
(Desoky, et al.2013). 

1570 

Application of antitranspirants caused 
significant increases in yield and its 
components (Gawish, 1997) on potato and 
Gawish and Fattahallah, (1997) on taro. 
El-Ghamriny et al. (2005) indicated that the 
combination between water quantity at the 
level of 1500 m3/fed. and spraying with 
kaolin or CaC03 at 6% was the superior 
treatment regarding plant growth and potato 
tuber weight/plant as well as total yield I 
feddan. Also, Ezzat et al. (2009) found that 
the best treatments for enhancing dry 
weight, total yield of potato and water use 
efficiency were obtained by application of 
1600 m3

/ fed. under kaolin antitranspirants . 

Thus, the present work aimed to study 
the effect of quantities of irrigation water and 
some of antitranspirants on growth, leaf 
water statues , root tubers yield and quality 
as well as water use efficiency of Jerusalem 
artichoke plant grown under sandy soil 
conditions using drip irrigation system. 

MATERIAL AND METHODS 
· This experiment was carried out during 

two successive summer seasons of 2013 
and 2014 at EL-Kassasein Research 
Station, Hort. Res. Inst.. Agric. Res. Center, 
lsmailia Governorate to study the effect of 
irrigation water quantity and foliar spray with 
some antitranspirants on growth, leaf 
water status , yield and tuber root quality as 
well as water use efficiency of Jerusalem 
artichoke cv. Feusa grown in sandy soil 
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using drip irrigation system. The physical 
and chemical properties of experimental soil 
in the two seasons showed that it was sandy 
in texture and had 18.02 and 17.98 water 
holding capacity, 8.92 and 8.01 field 
capacity, 3.99 and 4.02 wilting point ,0.08 
and 0.09 % organic matter, 8.22 and 8.25 
pH, 2.01 and 2.04 mmhos/cm EC, 5.22 and 
4.98 ppm available N, 3.71 and 3.62 ppm 
available P and 10.02 and 9.87 ppm 
available K, respectively. While, the analysis 
of irrigation water was: 0.54 mmhos/cm for 
Ee, 7.87 for pH; 1.39, 1.19, 1.68, 0.13, 1.39, 
1.13, 2.3 and 1.49 mol/L for Ca, Mg, Na, K, 
S04, Cl, HC03 and sodium adsorption ratio, 
respectively. 

This experiment included 15 treatments, 
which were the combinations between three 
irrigation water quantities i.e., 2000, 3000 
and 4000 m3/fad. and five rates of 
antitranspirants, i.e., CaC03 and Kaolin at 3 
and 6 % of each beside control treatment 
(sprayed with tap water only). These 
treatments were arranged in a split plot 
design with three replicates, irrigation water 
quantities were arranged in the main plots, 
while antitranspirants rates as foliar spray 
were distributed in the sup plots. 

The experimental unit area was 21 m2
. It 

contains three dripper lines with 10 m length 
each and 70 cm distance between the two 
drippers lines. One line was used to 
measure the morphological and 
physiological traits and the other two lines 
were used for yield determinations. In 
addition, one row was left between each two 
experimental units as guard area to avoid 
the overlapping filtration and foliar sprayed. 
The plants were sprayed into four times 
beginning 60 days after . transplanting with 
15 days intervals. 

The tuber roots of Jerusalem artichoke 
were planted at 50 cm apart on April 24th 
and 28th during the 1st and 2nd seasons, 
respectively. Jerusalem artichoke seeds 
were obtained from El-Kassassien Hort. 
Res. Station . 

All the experimental units received 200m3 

water/fed during germination period (30 
da¥s). The amounts of irrigation water 
(m /fed.) were added by using water counter 
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and pressure gauge at 0.5 bar, which were 
calculated and expressed in terms of time 
based on the rate of water flow through the 
dripper (2Liter/h.) to give such amounts of 
water. Irrigation times in every irrigation was 
57.7, 89.7 and 121.77 min. for 1800, 2800 
and 3800 m3 water/fed., respectively and 
irrigation number was 78 for each treatment. 
The irrigation treatments were added each 
two days intervals began 24 and 28 May (30 
days after planting) and ended 27 and 31 
October (10 days before harvesting) in the 
1st and 2nd seasons, respectively. 

All experimental units received 50 kg N, 
22.5 kg P20 5 and 96 kg K20 I fed. as 
ammonium sulphate (20.6 %N) ,triple super 
phosphate (15.5 % P20 5)and potassium 
sulfate ( 48% K20), respectively .One third 
of N and K and all P20 5 were added at soil 
preparation time with 20 m3 /fed. FYM. The 
rest of commercial fertilizers (two thirds) 
were applied weekly at equal doses through 
the drip-irrigation system, where the first 
dose was started after four "Neeks form 
planting and was continued till flowering 
stage (14 weeks from planting). 

The agricultural practices concerning 
insect and disease control were conducted 
according to the recommendation by the 
Ministry of Agriculture for Jerusalem 
artichoke commercial production. 

Data recorded: 
1- Growth characteristics: 

Growth traits, leaf water status and leaf 
chemical analyses were determined at 120 
days after planting, while yield 
determinations were recorded at harvesting 
on 7 and 11 November in the 1st and 2na 
seasons, respectively. Plants of one dripper 
line for each experimental plot were used to 
measure the growth traits and the other two 
lines were used for yield assessment. The 
recorded data were: 

1. Plant growth: Three plants from each 
experimental unit were taken at random 
to determine plant height (cm), number 
of branches per plant and foliage dry 
weight (DW). 

2. Photosynthetic pigments: Disc samples 
from the fourth upper leaf of the plant 
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were randomly taken from every plot to 
determine chlorophyll a, b, (a+b} and 
carotenoides in both seasons according 
to the method described by Wettestein 
(1957}. 

3. Plant water relations: It was recorded 
ih the fourth upper leaf of Jerusalem 
artichoke plant as total, free and bound 
water as well as transpiration rate 
according to the method described by 
Gosev (1960). 

4. Proline amino acid content: it was 
determined in dry leaves according to the 
method described by Bates (1973). 

5. Yield and Its components: It included 
· number of tuber roots/ plant, average 
tuber root weight (g), tuber roots yield per 
plant (kg), total yield (ton/ fed.) and the 
relative total yield (%). 

6. Water use efficiency (WUE.): It was 
determined by dividing the tuber roots 
yield/ fed by the water quantity/ fed and 
expressed as kg tuber/ m3 water (Begg 
and Turner 1976). 

7. Tuber roots quality: Tuber roots quality 
·included: 

Percentages of N, P and K in tuber roots: 
Total Nitrogen, phosphorus and potassium 
percentages were determined in dried and 
wet digested tuber roots according to the 
methods described by AO.AC. (1990). 

Carbohydrate percentage: It was 
determined colorimetrically in dry tubers 
following the methods described by AO.AC. 
(1990). 

Dry Matter (%): it was determined by drying 
100 g of grated tuber tissues at 105 °c till 
constant weight, and· then OM (%) was 
calculated. 

lnulin contents: Tuber concentration of 
inulin was determined according to (Winton 
and Winton, 1958}. 

Statistical Analysis: Collected data were 
subjected to statistical analysis of variance 
according to Snedecor and Cochran (1980) 
and means separation was done using 
L.S.D. at 5 % level of probability. 

RESULTS AND DISCUSSION 
Plant growth 

a- Effect of irrigation water quantity 
(IWQ) 
Data in Table 1 show that irrigation 

water quantity (IWQ) at 4000 m3/fed. 
increased plant height, number of branches/ 
plant and foliage dry weight of Jerusalem 
artichoke plants with no significant 
differences between IWQ at 3000 and 4000 
m3/fed. with respect to foliage dry weight. 
This means that IWQ at 4000 m3/fed. 
increased plant height and number of 
branches/ plant, whereas IWQ at 3000 
m3/fed. increased foliage dry weight I plant . 
The increase in dry weight of foliage were 
about 26.86 and 27.72 % for IWQ at 3000 
m3/fad. and 25.58 and 27.61 % for IWQ at 
4000 m3/fed. over the IWQ at 2000 m3/fed. 
in the 181 and 2nd seasons, respectively. 
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Increasing water quantity applied to 
Jerusalem artichoke plant led to keep higher 
moisture content in the soil ~nd this in turn 
might favored the plant metabolism that 
leads to increase the plant growth 
characters and to produce higher dry matter. 
Water stress, on the other hand, led to a 
reduction in the uptake of nutritional 
elements that might causes a disturbance in 
the physiological processes needed for plant 
growth (Salter and Goode, 1967). Water 
stress also affects carbohydrate metabolism, 
protein synthesis and the activities of many 
enzymes that may reflect a change in the 
balance between rates of synthesis and 
degradation leading to decrease in plant 
growth and dry matter accumulation 
(Hamlyn, 1986). On the contrary, Marschner 
(1995) reported that, under sufficient water 
conditions, there were decrease. in abscisic 
acid (ABA} and increase in cytokinins (CYT), 
gibberellins (GA) and indole-3-acetic acid 
(IAA} reflecting good growth and dry matter 
content. 

Theses results are in agreement with 
those reported by El-Sanna et al. (2001) and 
Anwar (2005) on potato, El-Sharkawy and 
El-Zohiri, 2007 on Jerusalem artichoke and 
Saif Eldeen and Abd El-Hameed, 2010 on 
artichoke which they found that increasing 
water quantity levels had increased plant 
growth characters 
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b- Effect of antitranspirants (AT'S) 
Presented data in Table 1 indicate that 

spraying plants with antitranspirants (AT'S) 
such as CaC03 or kaolin at 3 and 6 % of 
each increased plant height, number of 
brancl}es/ plant and foliage dry weight of 
Jerusalem artichoke plants compared to 
control ( spraying with tap water) in both 
seasons. 

Spraying Jerusalem plants with 3 or 6 % 
Kaolin significantly increased plant height, 
number of branches/ plant and foliage dry 
weight/plant with no significant differences 
between spraying with 6 % CaC03 and 3% 
or 6 % kaolin with respect to plant height. 
This · means that spraying 3 % kaolin 
increased plant height , number of 
branches/ plant, and foliage dry weight I 
plant. The increase in dry weight of foliage 
were about 27.45 and 40.10 % for spraying 
with 3 % kaolin while it were 24.70 and 
39.15 % for spraying with 6 %kaolin over 
the control (tap water) in the 1st and 2°t1 
seasons, respectively. 

Increasing of growth parameters resulted 
from A T'S treatments were attributed 
primarily to their effect on increasing plant 
water potential at a time when the growth of 
that particular plant more depended on 
water status than on photosynthesis 
(Boyer, 1970). The reduction in transpiration 
by reflecting material such as kaolin was 
reported to increase the reflectivity of 
incident radiation as especially in the visible 
region, this would lead to reduction of net 
energy uptake, lower temperature and 
subsequently decrease in transpiration rate 
(Abou-Khaled et al., 1970): 

The obtained results are agreeable with 
those reported by Gawish and Fattahallah 
(1997) on taro, El-Ghamriny et al. (2005) 
and Ezzat et al. (2009) on potato and Saif 
Eldeen and Abd El-Hameed (2010) on 
artichoke. 

c- Effect of interaction between IWQ 
and AT'S 
The obtained results in Table 1 illustrate 

that the interactions between IWQ at 4000 

m3/fed. and spraying plants with 6 % 
CaC03 or 3 or 6 % kaolin increased plant 
height, whereas, the interactions between 
IWQ at 3000 m3/fed. and spraying with 6 % 
kaolin increased number of branches and 
foliage dry weight/ plant with no significant 
differences between the interactions 
between 3000 m3/fed. and spraying with 3 
% kaolin and the interactions between IWQ 
at 3000 m3/fed. and spraying with 6% 
kaolin . This means that the interactions 
between IWQ at 3000 m3/fed. and spraying 
with 3 % kaolin increased foliage dry 
weight, whereas the interactions between 
IWQ at 3000 m3/fed. and spraying with 6 % 
kaolin increased number of branches/ plant. 

1574 

The increase in foliage dry weight I plant 
were about 71.76 and 80.75 % for the 
interactions between 3000 m3/fed. and 
spraying with 3% kaolin and 66.42 and 
76. 7 4 % for the interactions between 3000 
m3/fed. and spraying with 6 % kaolin over 
the interactions between 2000 ·m3/fed. and 
tap water in the 1st and 2nd seasons, 
respectively. 

These results may be due to the role of 
A T'S to keep more water content in plant 
tissue and this in turn led to enhance the 
growth rate. These results are in harmony 
with those reported by Ezzat et al. (2009) 
on potato and Saif Eldeen and Abd El­
Hameed (2010) on artichoke. 

Leaf pigments and proline amino 
acid 
a- Effect of IWQ 

Data in Table 2 indicate that_ IWQ at 
4000 m3/fed. increased chlorophyll a, b and 
total chi (a+b), except chlorophyll bin the 1st 

season, whereas IWQ at 2000 m3/fed. 
increased praline content in leaf tissues in 
both season. These results are agreed with 
those reported by Abou El-Khair et al., 
(2011) on potato 

b· Effect of AT'S 
The obtained results in Table 2 show 

that spraying Jerusalem artichoke plants 
with 6 % CaC03 significantly increased 
chlorophyll a, band total (a+b), except 
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Abou El·Khair 

chlorophyll b in the 1st season, whereas 
control treatment ( spraying with tap water) 
increased praline content in leaf tissues of 
Jerusalem artichoke . This mean that 
spraying with 3 and 6 % CaC03 or kaolin 
increased chlorophyll a, b and total (a+b) in 
leaf tissues compared to control ( tap 
water), whereas the same treatments 
decreased proline content in leaf tissues 
compared to control treatment ( tap water). 

Film forming and reflecting A T'S were 
found to be non-toxic and have longer 
period of effectiveness than metabolic types 
(Gawish, 1992). Moreover, in contrast to 
most film forming AT'S which are 
impermeable to C02 exchange and thus 
may reduce the rate of photosynthesis 
(Moftah, 1997). In addition, a reflective 
kaolin spray was found to decrease leaf 
temperature by increasing leaf reflecting and 
to reduce transpiration rate more than 
photosynthesis in many plant species grown 
at high solar radiation levels (Nakano and 
Liehara, 1996). 

The decrement in the amount of praline 
in leaf tissues after spraying with A T'S may 
be attributed to that A T'S led to decrease 
water loss from plant through evaporation 
and transpiration, and this in turn increase 
the amount of water content in the tissue, 
resulting to decrease in proline content 
(Saif Eldeen and Abd El-Hameed, 2010). 
The present results are confirmed with 
those reported by lrmak et al., ( 1999) on 
tomato and Tworkoski et al. (2002) who 
indicated that the particle-film-type 
antitranspirants enhanced chlorophyll 
biosynthesis and increased the chlorophyll 
content of bean leaves. 

c- Effect of interaction between IWQ 
and AT'S 
Data in Table 2 illustrate that the 

interactions between IWQ at 3000 m3/fed. 
and spraying plants with 6 % CaC03 

increased chlorophyll a, b and total (a+b), 
except chlorophyll b in the 2nd season. The 
interactions between IWQ at 2000 m3/fed. 
and control ( spraying with tap water) 

increased praline amino acid followed by 
the interactions between IWQ at 3000 
m3/fed. and control ( tap water). These 
results are agreed with those reported by 
Saif Eldeen and Abd El-Hameed (201 O) on 
artichoke. 

Plant water relations and 
transpiration rate 
a- Effect of IWQ 

Presented data in Table 3 show that 
total and free water (%) as well as 
transpiration rate in leaf tissues increased 
with increasing IWQ from 2000 up to 4000 
m3/fed., whereas bound water (%)decreased 
with increasing IWQ. This means that IWQ 
at 4000 m3/fed. gave the highest values of 
total and free water (%) as well as 
transpiration rate and IWQ at 2000 m3/fed. 
gave the highest values of bound water(%) 
in leaf tissues . 

1576 

These results agree with thq,se reported 
by, El-Ghamriny et al. (2005), Youssef 
(2007) , Ezzat et al. (2009) and Abou El­
Khair et al., (2011) on potato. They found 
that total and free water as well as 
transpiration rate in leaf tissues increased 
with increasing water quantity applied to 
plants. 

b-Effect of AT'S 
The obtained results in Table 3 show 

that spraying plants with A T'S such as 
CaC03 and kaolin at 3 and 6 % of each 
increased total and free water (%) and 
decreased bound water (%) and 
transpiration rate compared to control 
treatment (spraying with tap - water). 
Spraying plants with 6 % CaC03 or 6 % 
kaolin increased total and free water (%), 
whereas control treatment ( spraying with 
tap water) increased bound water (%} and 
transpiration rate in leaf tissues in both 
seasons. 

Spraying with antitranspirants led to form 
a layer on the foliage surface, which in turn 
decreased transpiration rate, and hence led 
to keep more water in plant tissues such as 
total and free water ( Ezzat et. al., 2009). 



~
 

C
JI

 
.....

. 
.....

. 

·' 
. 

" 
_.,.

. 
...

. 

T
ab

le
 3

: 
E

ff
e

ct
 o

f 
ir

ri
g

a
ti

o
n

 w
a

te
r 

q
u

a
n

ti
ty

, 
so

m
e

 a
n

ti
tr

a
n

sp
ir

a
n

ts
 a

n
d

 t
h

e
ir

 in
te

ra
ct

io
n

s 
o

n
 

p
la

n
t w

a
te

r 
st

a
tu

e
s 

a
n

d
 t

ra
n

sp
ir

a
ti

o
n

 
I rn

 
ra

te
 

in
 J

e
ru

sa
le

m
 a

rt
ic

h
o

ke
 le

a
ve

s 
d

u
ri

n
g

 2
01

3 
a

n
d

 2
01

4 
se

a
so

n
s 

u
n

d
e

r s
a

n
d

y 
so

il 
co

n
d

it
io

n
s.

 
· 

~
 

T
ot

al
 w

a
te

r(
%

) 

T
re

a
tm

e
n

ts
 

20
13

 
20

14
 

se
a

so
n

 
se

a
so

n
 

Ir
ri

g
a

ti
o

n
 w

a
te

r 
q

u
a

n
ti

ty
 

20
00

 m
3
/f

ed
. 

80
.7

9 
80

.4
6 

30
00

 m
3
/fe

d.
 

84
.3

4 
82

.7
5 

40
00

 m
:.i

/fe
d.

 
85

.8
8 

85
.3

4 
LS

D
 a

t 5
 %

 le
ve

l 
1.

38
 

0.
90

 
A

n
ti

tr
a

n
sp

ir
a

n
ts

 
(T

ap
 w

at
er

) 
81

.8
1 

79
.9

4 
3 

%
C

aC
Q

3 
83

.2
8 

82
.3

7 
6 

%
C

a
C

0
3

 
84

.2
8 

84
.6

7 
3 

%
 K

a
o

lin
 

83
.7

3 
82

.5
0 

6 
%

 K
a

o
lin

 
85

.2
47

 
84

.7
8 

LS
D

 a
t 5

 %
 le

ve
l 

1.
32

 
0.

86
 

Ir
ri

g
a

tio
n

 
A

n
ti

tr
a

n
sp

ir
a

n
ts

 
20

00
 

(T
ap

 w
a

te
r)

 
78

.2
0 

76
.1

0 
m

3 /fe
d.

 
3 

%
C

a
C

0
3

 
80

.7
5 

80
.4

8 
6

%
C

a
C

0
3

 
81

.9
6 

82
.7

0 
3 

%
 K

a
o

lin
 

80
.4

2 
80

.3
3 

6 
%

 K
a

o
lin

 
82

.6
6 

82
.7

3 
30

00
 

(T
ap

 w
at

er
) 

82
.7

2 
80

.2
8 

m
3 /fe

d.
 

3 
%

C
a

C
0

3
 

83
.2

9 
82

.0
9 

6 
%

C
aC

Q
3 

84
.2

4 
84

.3
2 

3 
%

 K
a

o
lin

 
84

.9
1 

82
.5

5 
6 

%
 K

a
o

lin
 

86
.5

4 
84

.5
3 

40
00

 
(T

ap
 w

at
er

) 
84

.5
2 

83
.4

4 
m

3 /fe
d.

 
3 

%
C

aC
Q

3 
85

.8
2 

84
.5

6 
6 

%
C

a
C

0
3

 
86

.6
6 

86
.9

9 
3 

%
 K

a
o

lin
 

85
.8

8 
84

.6
2 

6 
%

 K
a

o
lin

 
86

.5
4 

87
.1

0 
LS

D
 a

t 5
 %

 le
ve

l 
2.

29
 

1.
49

 

F
re

e 
w

a
te

r(
%

) 
B

o
u

n
d

 w
a

te
r(

%
) 

20
13

 
20

14
 

20
13

 
20

14
 

se
a

so
n

 
se

a
so

n
 

se
a

so
n

 
se

a
so

n
 

E
ff

e
ct

 o
f i

rr
ig

a
ti

o
n

 w
a

te
r 

q
u

a
n

ti
ty

 (
IW

Q
 m
~/

fe
d.

) 
44

.4
3 

53
.0

9 
36

.3
6 

27
.3

7 
50

.9
7 

58
.2

4 
33

.2
0 

24
.5

1 
53

.6
3 

62
.7

7 
32

.2
5 

22
.5

7 
0.

58
 

0.
88

 
0.

57
 

0.
27

 
E

ff
e

ct
 o

f a
n

tit
ra

n
sp

ir
a

n
ts

 
45

.5
7 

53
.5

5 
36

.2
4 

26
.3

9 
49

.4
5 

57
.9

0 
33

.8
3 

24
.4

7 
51

.3
6 

61
.1

7 
32

.9
2 

23
.4

9 
50

.0
2 

56
.9

4 
33

.4
4 

25
.5

5 
51

.9
7 

60
.6

0 
33

.2
7 

24
.1

8 
0.

55
 

0.
84

 
0.

55
 

0.
26

 
E

ff
e

ct
 o

f i
n

te
ra

ct
io

n
 tr

e
a

tm
e

n
ts

 
40

.1
6 

47
.1

5 
38

.0
4 

28
.9

5 

46
.0

9 
53

.3
8 

34
.6

6 
27

.1
0 

46
.4

3 
56

.4
5 

35
.5

3 
26

.2
5 

44
.1

4 
52

.9
8 

36
.2

8 
27

.3
5 

45
.3

3 
55

.5
2 

37
.3

3 
27

.2
1 

46
.2

4 
54

.2
0 

36
.4

8 
26

.0
8 

49
.6

4 
57

.9
9 

33
.6

5 
24

.1
0 

52
.3

8 
61

.4
5 

31
.8

6 
22

.8
7 

52
.2

8 
57

.3
3 

31
.8

3 
25

.2
2 

54
.3

3 
60

.2
5 

32
.2

1 
24

.2
8 

50
.3

2 
59

.3
0 

34
.2

0 
24

.1
4 

52
.6

4 
'6

2
.3

5
 

33
.1

8 
22

.2
1 

55
.2

8 
85

.6
3 

31
.3

8 
21

.3
6 

53
.6

5 
60

.5
2 

32
.2

3 
24

.1
0 

56
.2

6 
66

.0
5 

30
.2

8 
21

.0
5 

0.
96

 
1.

47
 

0.
96

 
0.

45
 

T
ra

n
sp

ir
a

ti
o

n
 r

at
e 

(m
g

/c
m

2 /h
) 

20
13

 
20

14
 

se
a

so
n

 
se

a
so

n
 

1.
70

5 
1.

40
8 

1.
79

1 
1.

47
7 

1.
90

9 
1.

56
7 

0.
03

8 
0.

02
6 

2.
11

2 
1.

78
6 

1.
84

3 
1.

47
8 

1.
73

3 
1.

37
3 

1.
80

5 
1.

44
0 

1.
51

4 
1.

34
1 

0.
03

6 
0.

02
5 

1.
98

7 
1.

77
1 

1.
77

1 
1.

39
7 

1.
67

0 
1.

26
7 

1.
72

8 
1.

35
4 

1.
36

5 
1.

25
0 

2.
13

7 
1.

67
8 

1.
80

4 
1.

46
0 

1.
71

4 
1.

41
4 

1.
76

8 
1.

42
6 

1.
46

6 
1.

35
2 

2.
17

3 
1.

87
5 

1.
91

3 
1.

54
5 

1.
76

8 
1.

40
0 

1.
86

4 
1.

49
6 

1.
66

3 
1.

38
1 

0.
06

1 
0.

04
2 

C"
) .... 0 """ - s '2' g ~ ~ 1 ct
 

~
 

~ Q
. O'
 ;: ., ~
 iil ~
 ~.
 s ~ 3 C

l) 



Abou El-Khair 

c- Effect of interaction between IWQ 
and AT'S 
Data in Table 3 illustrate that the 

interactions between IWQ at 4000 m3/fed. 
and spraying plants with 6 % CaC03 or 6 
% kaolin increased total and free water in 
leaf tissues, whereas the interactions 
between !WQ at 2000 m3/fed. and control 
(spraying with tap water) increased bound 
water (%) in both seasons. The interactions 
between IWQ at 4000 m3/fed. and control 
(spraying with tap water) increased 
transpiration rate followed by the interactions 
between IWQ at 3000 m3/fed. or at 2000 
m3/fed. and control (spraying with tap water). 
Similar findings were reported by El­
Ghamriny et al. (2005) on potato and Saif 
Eldeen and Abd El-Hameed (2010) on 
artichoke. 

Yield and its components and 
water use efficiency 
a- Effect of IWQ 

The obtained results in Tables 4 and 5 
illustrate that IWQ at 3000 m3/fed. 
significantly increased number of tuber 
roots/ plant ( 41.12 and 42.65 tuber roots/ 
plant), average weight of tuber root (45.95 
and 44.35 g/ tuber root), yield I plant ( 1.893 
and 1.891 kg/plant) and total yield/fed. 
(22.604 and 22.553 ton/fed.) in the 1st and 
2nd seasons, respectively. The increases in 
total yield were about 61.72 and 57.60 % 
for IWQ at 3000 m3/fed. and 44.44 and 
53.06 % for IWQ at 4000 m3/fed. over the 
IWQ at 2000 m3/fed. in the 1st and 2nd 
seasons, respectively. 

These results may be due to that IWQ 
at 3000 m3/fed. increased foliage dry weight 
(Table, 1), number of tuber rbots/ plant and 
average weight of tuber root { Table 4) 

Respecting water use efficiency (WUE), 
data in Table 5 show that IWQ at 3000 
m3/fed. gave the highest values of WUE 
(7.535 and 7.518 kg tuber roots/m3 water in 
the 1st and 2nd seasons, respectively) 
followed by IWQ at 2000 m3/fed. ( 6.989 and 
6.955 kg tuber roots/m3 water in the 1st and 
2nd seasons, respectively). Results are 
l'iarmony with those obtained by El-

Sharkawy and El-Zohiri (2007), Magda et al. 
(2007), Yang et al. (2010), Gao et al. 
(2011) and Puangbuta et al. (2015) on 
Jerusalem artichoke. 

b- Effect of AT'S 
Presented data in Tables 4 and 5 

illustrate that spraying of Jerusalem 
artichoke plants with 6 % CaC03 and 3 or 
6% kaolin increased yield and its 
components as well as WUE compared to 
control ( spraying with tap water) in both 
seasons. Meanwhile, spraying plants with 6 
% CaC03 and with 3 or 6 % kaolin 
increased number of tuber roots/ plant, 
average weight of tuber root, yield I plant 
and total yield/fed. as well as WUE in both 
seasons. This means that spraying plants 
with 6 % CaC03 and with 3 % kaolin 
increased yield and its components as well 
as WUE. 

The increases in total yield were about 
8.24 and 6.66 % for spraying with 3 % 
CaC03 , 13.38 and 15.03 % for spraying 
with 6% CaC03 , 13.33 and 16.38 % for 
spraying with 3% kaolin and 11.03 and 
14.06 % for spraying with 6 % kaolin over 
the control treatment {spraying with tap 
water) in the 1st and 2nd seasons, 
respectively. 

1578 

It could be suggested that spraying with 
A T'S led to form a layer on the foliage 
surface which in turn decreased 
transpiration rate, and hence led to keep 
more water in plant tissues that would reflect 
favorable effect on plant metabolism, 
photosynthetic rate and increased outward 
transportation of photosynthesis froni the 
foliage to the tubers (Ezzat et al., 2009). 
_These results coincided with those reported 
by {Gawish, 1997) on potato , Gawish and 
Fattahallah, (1997) on taro, El-Ghamriny et 
al. (2005) and Ezzat et al. (2009) on 
potato. 

c- Effect of interaction between IWQ 
and AT'S 
The obtained results in Tables 4 and 5 

indicate that the interactions between IWQ 
at 3000 m3/fed. and spraying with 6 % 
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Effect of irrigation water quantity and foliar spray with some 

CaC03 or 6 % kaolin increased significantly 
number of tuber roots/ plant, average weight 
of tuber root, yield I plant and total yield/fed . 
as well as WUE in both seasons. 

The increases in total yield were about 
91 .95 and 93.45 % for the interactions 
between IWQ at 3000 m3/fed . and spraying 
with 6% CaC03 , and 92.67 and 90.44 % 
for the interactions between IWQ at 3000 
m3/fed . and spraying with 3 % kaolin over 
the interactions between IWQ at 2000 
m3/fed. and control treatment ( spraying with 
tap water) in the 1 st and 2nd seasons, 
respectively. 

The interaction treatments between IWQ 
at 3000 m3/fed. and CaC03 at 6 % or kaolin 
at 3 % gave the highest values of WUE 
( 7.892 and 8.111 kg/m3 water or 7.921 and 
7.964 kg/m3 water in the 1 st and 2nd 

seasons, respectively) . The previous 
findings coincided with those obtained by 
Abd El-Aal et al. (2008) on eggplant. 

Tuber roots quality 
a- Effect of IWQ 

Presented data in Table 6 illustrate that 
N,P, K and total carbohydrates contents in 
tuber roots increased with increasing IWQ to 
4000 m3/fed., whereas OM % and inulin 
content decreased with increasing IWQ. On 
the other hand, IWQ at 2000 m3/fed . 
increased DM % and inulin content in tuber 
roots in both seasons. 

As it was previously mentioned, 
increasing the applied water to the soil 
increased the moisture content that makes 
minerals more availabl~ to the plant, which 

led to enhance mineral concentration in 
tuber roots. These results agree with those 
reported by Anwar (2005), and Youssef 
(2007) on potato. They found that NPK 
contents in tubers increased gradually with 
increasing water supply to the soil. 

b-Effect of A T'S 
The obtained results in Table 6 indicate 

that in general, spraying with 6 % CaC03 

and spraying with 3 and 6 % kaol in 
increased N,P, K, DM, inulin and total 
carbohydrates in tuber roots. 

c- Effect of interaction between IWQ 
and AT'S 

1581 

The interactions between IWQ and A T'S 
had significant effect on tuber root quality , 
except N content in the 2nd season ( Table 
6). The interactions between IWQ at 2000 
m3/fed. and spraying with 6 % kaolin 
increased OM%, whereas the ·"interactions 
between IWQ at 2000 m3/fed. ·and spraying 
with 6% CaC03 or with 3 % kaolin 
increased inulin content. 

The interactions between IWQ at 4000 
m3/fed . and spraying with 3 and 6 % or 
kaolin increased total carbohydrates in tuber 
roots. 

Generally, It could be concluded that, 
irrigation Jerusalem artichoke plants with 
3000 m3/fed . and spraying plants with 
antitranspirants 6 % CaC03 or with 3 % 
Kaolin were the best treatments for 
enhancing plant growth , yield and its 
components as wel l as water use effic_iency 
under sandy soil conditions . 
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