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ABSTRACT

The research was conducted during two successive Nili seasons of 2007/2008
and 2008/2009 at private farm near Mansoura city, Dakahlia Governorate, Egypt (+
7m altitude, 31° 35 latitude and 30° 58 longitude), to investigate the effects of three
irfigation water quantities (800, 1600 and 2400 m>fed.) and three reducing water
requirements substances (distiled water as a control treatment, Kaolin as
antitranspirant, and humic acid) as well as their interactions on growth, yieid, nutrients
content and water use efficiency of potato cv. Cara. The experimental design was a
spiit piot, where water quantity was in the main plots, substances to minimize water
requirements allocated in the sub plots with three replications.

The most important finding could be summarized as follows:

» Increasing imrigation water quantity from 800 to 2400 m*/fed increased potato growth
characters of both seasons. Humic acid and Kaolin led to significant increase in
maost vegetatwe growth traits compared to control. Second level of water irrigation
{1600 m/fed) with application of humic acid had the most significant effect of most
vegetative growth characters, in both seasons of study.

= No sugnlﬁcant dlﬁerences were found in total and marketable tuber yield between
1600 m® and 2400 m® per feddan in both seasons. Applicatien of humic acid or
Kaolin was significantly increased in total and marketable tuber yield as well as
tuber quaiity compared with the control in both seasons. The maximum value of
total tuber yield was obtained when potato plants treated with humic acid under the
2™ level! of irrigation (1600 m*/fed) in comparison wrth other treatments.

= The first level of irrigation water quantity (860 m *#fed) and/or Kaolin had significant
increases in photosynthetic pigments. On the other hand, mcreaslng water quantity
applied to potato plants up to the highest used level (2400 m Ifed) and/or Kaolin
significantly enhanced both free and total water (%) in potato leaves in comparison
with the other treatments.

= Plant analysis revealed that N, P and K content as well as micronutrients increased
gradually with increasing water supply to the soil. Humic acid led to increases in
macro and micronutrients in comparison with the other treatments, in both seasons
of study.

» Generally, it could be concluded that humic acid or Kaolin application under water
quantity of 1600 mfed was the best combination for potato production aimed at
maximum water use efficiency in this study.
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INTRODUCTION

Potato (Sofanum tuberosum L.} is a member of the family Solanaceae
and is a major worlid food crop and by far the most important vegetable crop
in terms quantities produced and consumed world wide. The total area of
potato was 213,151 feddan, which produced 2,139,351 tons, and total potato
export was 3296 287 tonfyear for 2005, The winter season is considered the
main cultivated season in Egypt for exported potato production (FAO, 2006).
Shani and Dudley (2001) and Kijne et al. (2003) referred to the economic
tuber yield divided by the volume of water consumed in the production of that
yield expressed in kilogram tuber per cubic meter water.

In last decades, Egypt suffers from reducing natural water resources for
imgation the cultivated area. On the other hand, irrigation water quantity is
considered as on of the main factors that greatly affect on plant growth and vield,
so, efforts should be directed to minimize water requirements, improved water
use efficiency in ail crops including potato.

An adequate water supply is required from tuber initiation up until near
maturity for high yield and good quality. Excessive imigation of potatoes results
in water loss and significantly increases of run off and soil erosion from
production field. Leaching can lead to contamination of the ground water due
to lixiviation of fertilizers and other chemical products (Feibert et al., 1998;
Waddle et al., 2000; Al-Jamal et af., 2001; Shock ef al., 2001).

Irrigation in excess of potato needs increases production costs, can
reduce yield by affecting soil aeration and root system respiration, and favors
the occurrence and severity of diseases and pests. Deficient irrigation
promotes a reduction of tuber quality and lower yield due to reduce leaf area
and/or reduce photosynthesis per unit leaf area (van Loon, 1981). in this
respect, Abdrabbo et al. (2007) showed that increasing irrigation level from
0.60 to 1.00 of crop evapotranspirat (ET) increased potato growth characters
of both cultivars (Valor and Desiree). The highest yield was obtained from the
1.00 (ET) compared with 0.60, 0.80 and 1.20 (ET). In another study, Ghosh
et al. (2000) reported that tuber yield decreased with decreasing soil
moisture, with the greatest reduction at 45% field capacity compared to 60 or
75% field capacity. Ei-Banna ef al. (2001) reported that the total tuber yield
and WUE value were sngmﬁcantly increased at 1560 m’ffed compared to
1450 and 1850 m°/fed by using drip irrigation system. On the other hand the
yield was increased by using furrow irrigation at the rate of 2350 m’/fed,
while it was significantly decreased at 1950 m*ffed. Furthermore, Kashyap
and Panda (2003) indicated that potato fresh tuber yield was significantly
higher under 60 and 75% of maximum available depletion {(MAD) of available
soil water (ASW), which resulted in minimum fresh tuber yield. Bao-Zhong et
al. (2003) found that total fresh tuber yields and marketable tuber yieids
(=85 g) increased with increasing amount of irrigation water Finally, Youssef
(2007) reported that irrigation potato plants with 2500 m>/fed were the most
efficient treatments for improving marketable and fotal yieid.

Humic acid and antitranspirants with considerable resistance to soil
moisture deficient has been considerable an economic and efficient means of
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utilization drought-prone areas when appropriate management practices to
reduce water losses are needed (Pereira and Shock, 2006). In general,
Humic acid has a number of potential benefits for plants; increased water and
nutrient holding capacity; increased reserve of slow release nutrients;
enhanced solubility of phosphorus, zine, iron, manganese, and copper;
increased resistance to soil pH change; improved soil aggregation; enlarged
root system and increased stimulation of plant-growth due to hormones
{Stevenscn, 1994; Bryan and Stark, 2003; Mikkelsen, 2005). Shankle et al.
(2004) indicated that application of humic acid plus nutrients increased total
marketable yield (US No.1) of sweet potato than the standard fertility
program Seyedbagheri and Torell (2001) found that applied humic acid at 84
kg ha' increased potato yield, increased soil fertility, improved tith and
facilities aeration and water penetration, they aiso, found that the highest
yields of the grown crops were obtained when humus content in the soil was
2.3-2.5%. Also, humic acid enhance photosynthetic process, stimulate root
growth and development of chiorophyll and proliferation of desirable micro-
organisms in soil (Liu ef al., 1998).

Lipe (1979) found that the use of antitranspirants of potato plants
during the tuber enlargement reduces plant water use and increase the vieid
of larger potatoces {US No.1). Suryanarana and Venkateswarlu (1981)
indicated that the yield of tomato increased (55-55.75 t/ha.) fgom plants
treated with the antitranspirants (Kaolinte) or Mg CO, at 6 % and irrigated
every 15 days. Gawish and Fattahallah (1997) stated that covering all leaf
surface of Colocasia esculenta with kaolin (9 g/m?) combined with wilt-pruf (4
g/m?) reduced the transpiration rate by 50-60%. Anwar (2005) found that the
combination between water quantity at the level of 1560 m %ffed and spraying
with kaolin or CaCQ, at 6% was the superior treatment regarding plant
growth and potato tuber weight/plant as well as total yield / feddan.

The objective of this study was to investigate the effect of irrigation
water quantity with reducing water requirements substances and their
interactions on quantitative and qualitative yield characters of potato.

- MATERIALS AND METHODS

The experiment was carried out at private farm near Mansoura city,
Dakahlia Governorate, Egypt (+ 7m altitude, 31° 35 latitude and 30° 58
longitude) during two successive Nili seasons of 2007/08 and 2008/09. The
treatments comprlsed three water irrigation quantities (800, 1600, and 2400
"common used" m>fed) and three treatments of distilled water as control,
Kaolin as “"transpirant” and humic acid were used to improve water use
efficiency and reduce water requirements. The experiment was designed in a
split plot arrangement with three replications. lirigation water quantities were
in the main plots. Substances used to minimize water requirements were
allocated in the sub plots. Potato cv. Cara was used, and dates of cultivating
were September 25 and 28 of 1% and 2™ seasons respectively. All other

agriculture practices of cultivation were performed as recommended by
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nommal practices. Chemical properties of the soil of the experiment were
analyzed before cultivation according to Page (1982) and the results are
tabulated in Table 1. The permanent wilting point (PWP) and field capacity
(FC) of the trial scil were determined according to Israelsen and Hansen
(1962) Table 2.

Table 1:Some physical and chemical properties of the experimental soil.

Physical Value Chemical Value
properties [1" season2™ seasonfroperties 1" season |2 season
ISand (%) 27.2 27.5 yH value 8.1 7.9
Sitt (%) 315 31.4 C dSm™ in soil 09 08
aste
Clay {%) 413 41.1 otal N (%) 0.03 0.04
Texture class  [Clay-loam|Clay-loam [Available P (ppm) 113 . 11.5
_39232 matter (36) ?1'1 ?‘22 Available K (ppm) 306 298

Table 2: The soil moisture constant {% by weight) and bulk density of
the experimental soil.

Constants Saturation Field capacity | Wilting point | Available water
depth (cm)| PECEAGe (%) (%) (%)
B P ™ " b i 2™
$€3asoN [ Season [ season [ $eason  Season | season /season | season
-15 80.4 80.6 40.2 40.3 | 1642 | 16.46 | 1861 | 19.18
15-30 81.8 81.4 40.9 407 11671 | 1662 | 1922 | 19.20
0-45 - 82.6 82.3 41.3 41,2 | 1687 | 16.81 [ 20.13 | 2002

Plot area was 121.5 m® (18 m length x 6.75 m width). Each sub piot area
was 13.5 m? comprising of three rows, 0.75 m wide and 6 m long. Plant
distances were 25 cm apart. A distance of 2 m was left between each two
irrigation treatments to avoid the overlapping infiltration of imigation or spraying
solutions. Drip irmigation was used from the beginning to the end of the twe
seasons. The total amount of drip imigation at different treatment was calculated
and expressed in terms of time based on the rate of water flow through the
drippers (4 L/h.) to give such amount of water for each treatment (EC of water
imgation 0.8 dS/my). Imigation number, the time and water quantity (m®) in every
irrigation are shown in Table 3.

Al treatments received equal amounts of water during emergency (100
miffed.). The imigation treatments started after 20 days from planting and were
added by three days intervals. The water was added using water counter and
pressure at 0.5 bar. :
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Table 3: The time (minute) and amounts of applied irrigation water
(m*Aed as well as Iplot) in every imigation during the growth
period of potato via dripper lines with discharge of 4 liter /h.

for each dripper at 0.5 bar.
I Irrigation time in Water quantity Water quantity
Wa(t:'r {(}:;:;tlty I':‘:g‘abt;c;r; every irrigation {m’ffed*} in every| (m*/plot) In
{min} irrigation every irrigation
00 33 78 24.24 0.701
1600 33 97 48.48 1.402
400 33 146 72.73 2.103

*feddan=4200 m **main plot area=121.5m*

Fotato plants were sprayed by the antitranspirants (Kaolin solutions
4%; as aluminum silicate) was applied at 40 and 60 days after planting.
Plants were sprayed with a fine mist of Kaolin till run-off, with care being
taken to cover all plant parts. The control plants (check) were sprayed with
distilted water and spreading agent only. Humic acid 4% in & solid form (HA
85%) as K-humate were added after diluted 1: 100 beside potato plants at
same time of antitranspirants application.

Data recorded:
1. Growth parameters:-

A representative sample of five plants was taken randomly from each
plot at 70 days after planting, in both seasons of study, for measuring the
growth characters of potato plants expressed as follows:
= Plant height (cm)
=  Nurnber of main stems/plant
=  Dry weight of shootslplant {gm)
= Leaf area/plant (cm ).

2. Yield and yield components:-

At 130 days after planting, the tuber yield of plants was harvested, and

the data were recorded for the following traits:

»  Weight of tuber yield/ feddan

= Marketable yield/feddan: Yield of good shapes healthy tubers which from
30:60 mm and more than 60 mm

= Unmarketable yieldfeddan: Yield of culls (offshape, blemlshed green,
diseased) and less than 30 mm.

3. Tuber quality properties:-

A representative sample of 10 to 15 healthy tubers from each
experimentai plot was selected from the largest sizes to obtain quality data:
=  Dry matter content in tubers
»  Specific gravity of fubers.

4. Photosynthetic pigments:-

At 70 days after planting, photosynthetic pigments were determined
according to the method described by Wettestein (1957).

5. Plant water relaticns:-

Total, free and bound water in the fourth upper leaf of potato plants
were determined at 70 days after planting according to the method described
by Gosev (1960).
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6. Nutrient content:-
The dry matter of tubers at 130 days after planting was finely ground
and wet digested for N, P and K determination. Total Nitrogen, phosphorus
and potassium contents were determined according to the methods
described by Olsen and Sommers (1982). Fe, Mn and Zn contents in dry
matter of tubers were determined by atomic absorption according to Rangana
(1979).
7. Water use efficiency (WUE)
It was calculated according to equation of Begg and Turner (1976) as
follows '
Yield (kgffed)

Water use efficiency = = kg/m®

Water quantity (m>/fed)

The data were statistically analyzed as split plot design according to the
procedure described by Snedecor and Cochran (1982). Compariscns among
means of treatments were tested using Duncan multiple range test

RESULTS AND DISCUSSION

1. Vegetative growth:

Data presented in Table 4 show that the vegetative growth characters
of Jaotato expressed on plant height, number of main stems per plant {except
2" season), dry weight per plant and leaf area per plant were significantly
influenced by water quantity in both seasons. The highest water quantity; i.e.,
2400 m°ffed came in the first rank in this respect. On the other hand, the
lowest value of all plant growth characters were obtained under water stress;
i.e., 800 mffed in both seasons. :

It could be suggested that increasing water guantity applied to potato
plant led to keep higher moisture content in the soil and this in tum 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 cause 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 other hand, Marschner (1995) reported that, under sufficient
water conditions, there were decrease in abscisic acid (ABA) and increase in
cytokinin (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 Hang and
Miller {1986), Jerez et al.(1991), Stark et al. (1993}, Foti et al. (1995), Gameh
et al. (2000), El-Banna et al. (2001) and Anwar {2005) on potato. They found
that increasing water quantity levels increased plant growth characters of
potato.
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Table 4: Vegetative growth characters of potato as affected by water quantity, reducing water requirements

substances and their interactions in 2007/08 and 2008/05 seasons.

[Treatments:- Plant height {cm) No. main stems/plant Dry weight/plant {q) Leaf area/plant {cm®)
2007/08 | 2008/09 2007/08 | 2008/09 2007408 | 2008/09 2007/08 | 2008/09
%rﬁggtion water quantity (m*fed):-
. 800 58.89 b 56.78 b 382h 4.00 a 26.47b 2742b 4324 b 4175 b
. 1600 6278 a 59.11a 4.00 ab 4.20 a 3293 a 31.58a 4698 a 4622 b
. 2400 62.78 a 59.82a 4.20a 440 a 33.64a 32.40 a 4701 a 4656 a
Reducing water requirements substances:-
M. Contro{ 60.00 ¢ 55.67 b 373¢ 3.981a 29.18¢ 28.95¢ 4351 ¢ 4324 ¢
2. Kaolin 62.00b 58.78 a 4.02b 4293 30.71 b 30.19b 4563 b 4494 b
3. Humic acid 63.11a 61.33 a 427 a 440 a 33.14a 32026 a 4808 a 4634 a
nteraction:-
800 H. Control 58.67 d 54.67d 3.60a 3.80a 24.16 d 25.18 d 4182 4116 f
m>ffed' |2 kaolin 59.67 ¢d 56.33 ¢ 380a 407 a 26.72c 26.38d 4308 f 4185 ef
. Humic acid 61.33 bc 59.33b 407 a 413 a 2853 ¢ 30.71bc 4481 e 4224 e
1600 N. Control 60.67 bcd 65.67 cd 367a 3.93a 31.11b 20.88¢ 4431 e 4429d
m¥fed”B. Kaolin 62.67 ab 56.67 b 4.07 a 4,27 a 32.28b 31.90 ab 4658 d 4600 ¢
B. Humic acid 64.00 a 62.00 a 427 a 440 a 35.40 a 3296 a 5005 a 4837 a
2400 1. Controd 60.67 bed 56.67 ¢ 393a 400a 32.28 b 31.80 ab 4442 e 4426 d
m*ffed”' 2. Kaokin. 63.67 a 60.33 b 4.20a 453a 33.13ab 3228a 4723 ¢ 4698 b
3. Humic acld 64.00 a §2.67 a 447 a 467 a 35.50 a 33.11a 4939 b 4842 a

Means foliowed by the same lotter (s} within each column do not significantly differed using Duncan's Multiple Range Test at the level of 5%.
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Moreover, it is evident from the date in Table 4 in both seasons that
application of both humic acid and antitranspirant had significant effect on
vegetative growth parameters expressed as plant height, dry weight and leaf
area, and number of main stems (1* season only) compared to check
freatment {control). These results could be due to the role of humic acid
which increased water and nutrient holding capacity, enhance photosynthesis
process, stimulate root growth and development of chlorophyll Table 5, as
well as- proliferation of desirable micro-organisms in soil {Stevenson, 1994;
Liu ef al, 1998; Bryan and Stark, 2003; Mikkelsen, 2005). Also foliar spray
with Kaolin led to reduce the transpiration rate, and this in turn led to keep
higher water content in the plant tissues and hence might favor the plant
metabolism, the physiological processes, photosynthetic rate, carhohydrate
metabolism and many other important functions that directly affect plant
growth. Increases in growth resutted from anfitranspirant treatment was
attributed primarily to their effect on increasing plant water potential at a time
when the growth of that particular plant part was more dependent on water
status than on photosynthesis (Boyer, 1970}. Obtaired results are agreeable
with those reported by Upadhyaya and Mathur (1992) on wheat and Kadbane

-and Mungse (1997) on mung beans with respect to Kaolin; Gawish and
Fattahallah {1997) on taro with respect to whitewash (CaCQO3) and Anwar
(2005) on potato with respect to Kaolin.

The interaction between irrigation quantity and reducing water
requirements treatments had signiﬁcant effect on growth parameters except
number of main stems per ptant in both season of study. Second level of
water irigation (1600 m®fed) and application humic acid had the most
significant effect of plant height, dry weight and leaf area per plant. These

- results may be due to the role of humic acid to keep more water content in
plant tissue, and this in turn led to enhance the growth rate photosynthesis
and enzymes activities that finally led to increase in dry matter and leaf area
Table 4.

2. Yield and yield components as well as tuber quality:

Data listed in Table 5§ show the effect of irrigation water quantity on
total tuber yield/fed and yield components as well as tuber quality in both
seasons. No 5|gntficant dtfferences in total tuber and marketable yields were
evident between the 2™ and 3™ irrigation water levels in both seasons; and
both treatments had significant effect on total and marketable tuber yields
compared with stressed treatments (800 m°/fed). Regarding dry matter and
speclﬁc gravity, the data show that second level of irrigation quantity {1600
mffed) had a S|gn|ﬁcant effect in this respect (in 1* season).

A significant increases in unmarketable yield and significant decrease
in tuber quality were evident in the first level of irrigation (800 m>fed). This is
true in both season of study. The results obtained with yvield and yield
components as well as tuber quality reflected similar trend to that obtained
with plant growth.
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Table 5: Total tuber yield and yield components as well as tuber quality of potato as affected by water guantity,

reducing water requirements substances and their interactions in 2007/08 and 2008/09 seasons.

Total tuber vield Marketable yleld Unmarketable yleld | Dry matter in tubers Specific gravity of -
Treatments:- ton/ted. ({tonifed.} {tonifed.) (%) tubers
2007/08 | 2008/09 | 2007/08 | 2008/09 | 2007/08 | 2008/09 | 2007/08 | 2008/09 [ 2007/08 [ 2008109
rrigation water quantity (m"Hed):-
E. 800 9.367b 8.971b 8.508b 8,040 b 0.860 a 0.930a 18.674¢ | 18.879b | 1.0782¢ | 1.0783 b
2. 1660 11.140a | 11.079a | 10468a | 10.750a | 0.673b 0461c | 21.308a { 21.046a | 1.0912a | 1.0931a
. 2400 11.143a | 11.086a | 10.726a | 10466a | 0.417¢ 0616b | 20276b | 21.052a | 1.0871b | 1.08%4a
educing water requirements substances:-
H. Control 9.053 ¢ 8.692 ¢ 8.240¢ 7.967 c 0814 a 0725a 18.155¢c § 18406¢c | 1.0780b | 1.0817b
2. Kaolin 10654b | 10.732b | 10.050b | 10.236b | 0.605b 0608k | 215602 | 21.735a | 1,0895a | 1.0896a
BB. Humic acid 11.894a | 11.711a | 11.413a | 11.034a | 0531¢c | 0.673ab | 20.513b | 20.835b | 1.0889a | 1.0894a
Interaction:-
800 H. Control 8.540 f 8.242 h 7632e 7.130¢g 6.908 ¢ 1.112a | 18.231d | 18,083f [ 1.0728e | 1.0710e
m’Hed '2. Kaolin B681ef | 84809 7715¢e 7.673f 0.968 b 0.807bc | 19473¢c | 19.650d | 1.0785d | 1.0792 de
B. Humic acid | 10.880¢ | 10.190e | 10.176c | 9.319d .| 0.704d 0.871b 18.317d | 18.893e | 1.0823d | 1.0846 cd
1600 H. Control 9,100 de 9.200 f 7978e 8.862 e 1.122a 0338d | 18186d | 18.083f | 1.0803d | 1.0856 cd
m'/fed 2. Kaolin 11.175¢c | 11.536d | 10.722¢ | 10.842¢c | 0.453e 0694c | 22918a | 22862a | 1.0982a | 1.0974a
3. Humic acid | 13.150a | 12.000a | 12.705a | 12.548a | 0445ef 0352d | 22821a | 22183 b | 1.0950 ab | 1.0962 ab
2400 f. Control 9.521 d 8.635g 9.108d 7.909f 0.413 ef 0.726¢ 18.048 d 18.033e | 1.0810d | 1.0886 bc
[m’lfod“ 2, Kaolin 12.105b | 12.580b [ 11.712b | 12254 a 0.3093 f 0.327d | 22.380a | 22.693a { 1.0918 be [1.0923 abe
. Humicacid | 11.803b | 12.044c | 11.358b [ 11.235b | 0445ef | 0.796bc | 20400b | 21430c | 1.0886c | 1.0874 cd

Means followed by the same letter (s) within each column do not significantly differed using Duncan's Muitiple Range Test at the leve! of 5%.
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it could be suggest that increasing the quantity of water applied to the
soil increases the soil moisture content, that makes the nutritional elements
more available to the plant (Table 7), and this in turn might favored the plant
growth characters (Table 4) and most of the physiological processes, that
directly affect the yield and yield components. in addition, higher water
quantity applied to plants led to keep higher water content in the plant
tissues, and this tum produced tulfers heavier than those under water stress.

Similar findings were reported by Steyn ef al. (1992), Foti et al. (19985),
Bezerra*et al (1998), Ghosh et al. (2000}, Belanger ef al. (2002), El-Banna et
al. (2001), Bao-Zhong (2003) and Abdrabbo et al. (2007).

Data in Table 5 also reveal that application of humic acid was
significantly increases in total and marketable vields as well as tuber quality
compared with other treatments in both seasons. On the other hand, foliar
spray with Kaolin had significant increase in tuber dry matter (only 1=
season). The percentage increase over the control (distiled water) in total
tuber yield amounted to 24.52 and 25.78 % in both seasons, respectively.
Under insufficient water quantity (800 m*ffed), the unmarketable yield was
achieved. _

The results illustrated by Chen and Avid (1990)and Stevenson (1994),
they demonstrated that humic materials increase the permeability plant
membranes, promote the uptake of nutrients, increase soil moisture holding
capacity, and stimulate plant growth (higher biomass production; Table 4) by
accelerating net photosynthesis, consequently tuber development {(Zhang et
al., 2003)

Also, it could be suggested that spraying with antitranspirant 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 from the foliage to the tubers. These results
are in harmony with Lipe (1979) and Anwar (2005) they found that the use of
antitranspirants of potato plants during the tuber enlargement reduces plant
water use and increase the yield of larger potatoes. Similar results were
found by Suryanarana and Venkateswarlu (1981) on tomato, and Gawish and
Fattahailah (1997} on taro (Colocasia esculenta).

In this connection, Marschner (1995), under sufficient water conditions,
reported that there were decrease in ABA and increase in CYT, GA and 1AA
reflecting good growth, good synthesis of carbohydrates and protein and
finally attained higher yield. Obtained results are in good fine with those
reported by Seyedbagheri and Torell (2001}, Shankie et al. (2004).

The interaction between irrigation water quantities and substances had
significant effects on yield and yield components as well as tuber quality in
both seasons (Tahle 5). The maximum value of total tuber r}nelc:l was obtained
when potato plants treated with humic acid under the 2™ level of irrigation
(1600 m !fed) in comparison with other treatments. On the other hand,
unmarketable yleld increased significantly due to control treatment (without
treated under 1% level of irrigation=800 m %fed). 1t could be suggest that
adding sufficient water + reducing water requirements ireatments markedly
favored the total yield via its favorable effect on plant growth, as it is well
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known that water plays great role and has important functions in all
physiclogical processes starting from minerals absorption from the soil up to
building different components inside the plant and finally the yield is the sum
of plant growth and development and its availability to store foods in their
storage organs, i.e., tubers.

Regarding tuber quality, data in Table 5 show that treated potato with
Kaolin or humic acid under 2™ level of irrigation gave the positive effect in this
‘fespect. The result may be due to increase of availability of elements and
water holding capacity, consequently increasing their absorption by plant and
transfer to the storage part (tubers} as reported by Salib (2002) who worked
in humic acid and Anwar (2005} who worked in Kaolin.

3. Photosynthetic pigments:

Regarding photosynthetic pigments, they were significantly affected by
irrigation water quantity as shown in Table 6. More intensive of chlorophyll a,
b and carotenmds in leaves were observed under lower water quantity levels;
i.e., 800 m°/fed. Moreover, as increasing water quantity applied to plants, the
photosynthetlc pigments decreased because both of free and total water in
the leaf tissues were higher under the highest water quantity level (2400
m Ifed ) as shown in Table 6. Whereas, low water quantity applied to potato
plants resulted in lowering the water content in leaf tissues and this in turn
increasied the intensity of the chlorophylls and carotenoids of leaves.

Conceming the treatments which reduce the water -réquirements,
Kaolin antitranspirant had significant effects on photosynthetic pigments in
two seasons of study, compared with humic acid and check treatments.

Regarding the interaction effect, results in Table 6 show that the villes
of chlorophyll a and b as well as arytenoids were significantly increased due
to spraying potato plants with antltransplrant under 1* irrigation level, in both
seasons. These results are in agreement with those reported by Anwar
(2005).

4. Plant water relations:

As for the effect of water quantity, it is obvious from the data in Table 6
that uu,reasmg3 water quantity applied to potato plants up to the highest used
level (2400 m/fed) significantly increased both free and total water (%) in
potato leaf tissues.

Concerning bound water (%), maximum values were obtamed under
water stress or irrigation with 800 m*fed and this trend was opposite to that
of free or total water percentages. In other words, the highest the applied
water quantity to the plants, the highest the free and total water content, ard
the lowest the bound water content in leaf tissues, and vice versa under
water stress.

These resuits agree with those reported by Abdel-Rheem (2003),
Anwar (2005), and Youssef (2007) on potato. They found that both free and
total water (%} in leaf tissues increased with increasing water quantity applied
to plants.

In both seasons of study, it is obvious that both free and total water
were at the highest levels after spraying with Kaolin as shown in Table 6.
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Table 6: Photosynthetic pigments of potato leaves as well as plant water relations of potato leaves as affected by
water quantity, reducing water requirements substances and their interactions in 2007/08 and 2008/09

S6asons.
Chicrophyll A Chiorophyll B Carotenoids Froe water Bound water Total water
Treatments:- (mgl/g F.W.) {mglg F.W. 'mylg F.W.) (%) %) {%)
200708 | 2008/09 | 2007/08 [ 2008/09 | 2007/08 | 2008709 | 2007/08 | 2008/09 | 2007/08 | 2008/09 | 2007/08 | 2008/09
rrigation water quantity (m’ifed):-
h 9.87a 977a 1 19.25a | 1914a | 17.26a | 17.25a | 3063c | 31.20c [ 52.15a | 52.05a | B2.71¢c | 83.35¢
E 16800 8.96 b 897b | 16.26b | 46.63b 1 1510b | 15.23b | 37.42b | 37.85b | 49.43b | 48.62b | 86.37b | 86.77Db
2400 8.29¢ 8.29c | 1217¢ | 11.92¢ | 12.36¢c | 11.86c | 44.03a | 44.30a | 46.61c | 4553¢c | 89.44a | 9003 a
Reducing water requirements substances:-
fi. Control 8.99b 894b | 1598b | 15.68b | 15332 | 15.18a | 3441c | 3496¢c | 50.97a | 50.23a | 8465¢ | 85.26¢
. Kaolin 9.21a 923a | 16570 | 1665a | 1548a | 15252 { 3041a | 3062a | 49.13b | 48.64b | 8741a | 87.70a
. Humie acid 8.93b | 887b | 1513¢ | 1535¢ | 13.92b | 13.90b | 38.26b | 38.77b | 48.12¢ | 47.33c | 8647b [ 87.01 b
Interaction:-

800 {. Control 988a | 976ab | 1922b | 1894b ;| 1762a | 17.75a | 2810h | 2867i | 54.18a | 53.98a | 81.50g | 82.03 e
m* 2. Kaolin 10.00a | 10.01a | 19.89a | 19.92a | 17.93a | 17.96a | 31.31g | 31.92h |51.00bc | 51.90b | 83.86e | B84.10d
fed” B.Hurkcacd | 6.75a 9560 | 1866b | 18.54b | 16.23b | 16.03b | 32811 | 33.02g | 51.27b | 50.26¢c | 82.76f | 83.92d
1600 [i. Control | 893bc | 8.90d | 16.02d | 16.10d [ 1541¢ | 1563 ¢c | 34.00e | 35.11f |50.33cd | 49.50d | 84.32¢ | 85.02d
m’} 2, Kaolln 9.22b 919¢ | 16.91¢c | 17.29¢c |1573bc | 15.91b | 39.25c | 39.82d | 4980d | 48.73e | 87.96¢ | 88.10bc
fod" HHumkadd | 8.75¢cd | 8.82d | 15.85d | 16.48d | 14.17d | 14.16d | 36.03d | 38.62e | 48.276 | 47.63f | 86.84d | 87.18¢
2400 H. Control 8.18e 8.14f [ 12.70e | 11.99f | 1296e | 12.18e | 40.13c [ 41.10¢c [ 4831 e | 47211 | 88.12¢ | 88.72b
m’l 2. Kaolln B42de | 849e | 1290e | 12.75e [ 12.77e | 11.90f | 4767a | 47122 | 46607 | 45289 [ 9041a [ 91.18a
fod™ B.Humicadd | 8.26e | 823 f | 10.90f [ 11.03g | 1136f | 11.51g [ 4428b | 4468b | 44.83g | 44.11h | 8983 b | 90.20a

Means followed by the same letter (s) within each column do not significantly differed using Duncan's Multiple Range Test at the level of 5%.
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Whereas, the effect of reducing water substances on bound water was
opposite to that of their effects on both free and total water. Thus, it could be
concluded, from such data in Table 6, that these treatments which showed
maximum content of free and total water showed in the meantime the least
values of bound water.

It could be concluded that Kaolin treatment increase leaf resistance to
diffusion of water vapor. Similar findings were reported by Zowain and
Narang (1991) on wheat and Anwar (2005) on potato, they found that
increased relative water content in leaves:.

With respect to the interaction between water quantity and substances,
it is evident from the data in Tabie 6 that all plant water relations; i.e., free,
bound and total water (%) were significantly affected by the interaction
treatments.

It is quite clear that treating potato plants with Kaolin was the superior
under 2™ water quantity when compared with other interaction treatments
regarding both free and tofal water content in the leaf tissues. On the other
hand, the highest value of bound water was obtained when plants received
distilled water under the lowest irrigation water quantity {BOOmalfed).

5. Nutrient content (macro and micronutrients):

As for NPK contents and micronutrients in tubers dry matter, it is
evident from the data illustrated in Table 7 that, water quantity reflected
significant effect on N, P and K contents and microelements (Fe, Mn and Zn).

The highest and second levels of water irrigation show significant effect
on minerals content compared with water stress (800 m*/fed). That was true
in two seasons of study. .

As it was previously mentioned, increasing the applied water to the soil
increased the moisture content that makes minerals more available to the
plant, which led to enhance mineral concentration and their uptake. These
results agree with those reparted by Abdel-Rheem (2003), Anwar (2005), and
Youssef (2007) on potato. They found that NPK concentration increased
gradually with increasing water supply to the soil.

Data in Table 7 reveal that humic acid had significant effect on leaf
NPK contents as well as microelements in tubers dry matter.

These resuits may suggest that humic acid stimulate root growth and
better uptake on nutrients (Liu ef a/., 1998; Zhang ef al., 2003)

As for the interaction effects on NPK and micronutrient contents,
results in Table 7 show significant differences in this respect. Application of
humic acid to potatoes under 2" or 3" levels of irrigation significantly
increased macro and micronutrients in comparison to cther treatments, in
both season of study.

6. Water use efficiency (WUE):

Regarding the effect of irrigation water quantity on water use efficiency
WUE the results presented in Table 8 show that, the maximum value of
water use efficiency was obtained under the lowest water quantity (800
m>ffed) compared to 1600 and 2400 m°fed, in both seasons of study.
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Yable 7: Macro-and micronutrients content of potato tubers as affected by water quantity, reducing water
requirements substances and thair interactions in 2007/08 and 2008/09 seasons.

N uptake P uptake K uptake Fe Mn Zn
reatments:- mgl1 'mg/1 'mgi1 ‘mg/kg) . gk 'm,
2007/08 | 2008/09 | 2007/08 | 2008/09 | 2007/08 | 2008/09 | 2007/08 I! 2008/09 | 2007108 i 2008/09 | 2007108 i 2008109
rrigation water quantity (mffed):-
Eﬁgoo 528000 | 52946b | 55450 | 6510 b | 614.65b | 852616 | 31.50b | 31.76b | 1508b | 1516b | 11.89b | 12.08h
, 1600 736.32a | 747.18a | 8585a | 8270a | 1188464 |1176.71a| 4162a | 43084 | 17192 | 16.83a | 1333a | 1340a
. 2400 70001a | 706.22a | B579 & | 8370 | 1202.81a [ 123551 a | 4167a | 4036a | 17.50a | 17.00a | 13428 | 13.57a
Reducling water requirements substances:-
. Control 583.41¢ | 57300c | 70.27b | 64.23c | 974.70¢c | 967.89¢c | 3516c | 34.58c | 1528c | 1500¢_[ 1218c | 11.7ic
2. Kaolin 644.84b | 646.00b | 7564b 74.70b [104392b | 107782b | 38.48h 375%b 16.78 b 16.61b 12,78 b 1326 b
. Humic acld 73609a | 76388a | £1.19a | B83.57a | 119031a|1218.02a | 4115a | 4096a | 17.77a | 17.38a | 1368a | 1405as
Interaction:-
800 . Control 513459 | 502417 | 5261f | S192h | 79114g | 786209 | 27.71h | 276449 14.03f | 1422e T 10.93d 11.22¢
m% B Kaolin 528.87fg | 53287e | 5581e | 5610g | 809.161g | 821.13g | 31.09g 31.03f 1510e | 1520d | 11.85¢ | 12.13e
fed” |3, Rumicacd 541721 | 55330e | 58.14d | 80.27f | 84365f | 950511 | 35691 | 3660e | 1612d | 16.07c | 12.80b | 1290d
1600 1. Control 626.26e | 618.32d | 79.09c | B5.68d | 1040258 | 101833e | 38.12e | 37.52d | 1613d | 1580c | 1280b | 11.92e
m' 2 Kaolin 662.31d | 703.98¢ | 8621b | 87.23b | 1207.37¢ | 120212c | 42.56b | 41.85b | 17.20c | 16.76b | 13.17b | 14.00bc
fed” 5 Humtadd B90.38a | 62003a | 92262 | 9520a | 1317.09b [130835b| 44.16m | 43478 | 1825b | 17.93m | 14.03a | 14.28b
2400 }1. Control 610528 | 508254 | 79.10c | 75.10d | 10BMde [1098.11d| 39.64d | 38.18d | 1569de | 1498d | 1282h | 12.00e
m’ . Kaofin 713.34¢ | 70211¢c | 85.10b | 80.78¢ | 1115.22d | 1210.22c | 41.78c | 4008c | 18.03b_| 1788a | 1331b | 13.73¢c
fod” |5 Furicacd 776.18b | 818.31b | 63.18m | 95.23a | 1410.18a |139820a{ 4358a | 4281a | 1852a | 1813a | t411a | 1498a
Means followed by the same letter (s) within each column do not significantly differed using Duncan’s Multiple Range Test at the level of 5%.

Table 8: Water use efficiency (WUE) by potato plants as affected by water quantity and reducing water
requirements substances in 2007/08 and 2008/09 seasons. .

Treatments] Water quantity {m’ffed) - Reducing water requirements substances x water quantity:-
\ Control Kaolin Humic acid
800 1600 2400 800 1600 2400 800 1600 2400 800 1600 2400
easons m'tfed | m'fed | m'fled | m'fed | mifed | m’Med | m'ffed | miifed | m'ffed
R007/2008 1.7 6.96 4.64 10.68 5,69 3.97 10.85 6.98 5.04 13.60 B.22 4,92
EWB'ZWQ 11.21 7.01 4.62 10,30 575 3.60 10.60 7.21 5.24 12.74 B.06 5.02
verage 11.46 6.99 4.83 10.49 5.72 3.62 10.73 7.10 5.14 1317 8.14 4.97
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The value of WUE gradually decreased with increasing water quantity up to
- the highest tevel and showed opposite trend to that of total yield (Table 5).

The results are in accordance with those obtained by Franke et al.
{1994), Costa et al. (1997), Anwar (2005), and Youssef (2007} on potato.
They found that, the efficiency of water use was increased by applying deficit
water irrigation.

Regarding the interaction between water quantity and reducing
irigation water substances, the results in Table 8 show significant effect
among the different combinations. The highest value of water use efficiency
was obtained in plants grown under the lowest level of irrigation along with
application of humic acids (average two seasons),

It is worthwhile to mention that, each factor effected the interactions as
individually effect on water use efficiency.-

On the basis of the forcited resuits, it could be recommended that
imigation of potato plants with 1600 m*ffed with application of humic acid as
K-humate or spray with Kaclin “antitranspirant' was the most efficient
treatment for growth, vield, quality and WUE of potato plants grown in clay
loam seil (Dakahlia Governorate). This means that about 800 m’ffed of the
used irigation quantity can be saved. Once again, 800 m %ffed of lmgatlon
water x about 200.000 fed grown potato in Egypt equal 160 million m® of
irrigation water can be saved to use other reasons.
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