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ABSTRACT : Two ficld experiments were carried out during two
successive summer seasons of 2001 and 2002 at El-Khattara
Experimental Farm, Fac. Agric., Zagazig Univ. on potato crop, to
investigate the effect of water quantity and some antitranspirants
(AT’s ); i.e., Kaolin at 4 and 6% , white wash (CaCO3) at 4 and 6%
and KC1 at 1% as well as their interactions on plant growth, dry
weight , plant water relations, leaf pigments, minerals content and
their uptake/plant.

Water quantity at 2000 m3/fed and Kaolin or CaCQ; at 6% each
showed enhancing effect on plant growth, dry weight, free and total
water in leaf tissues as well as minerals concentrations and their
uptakes. Meanwhile, chlorophylls, hound water and prolein were at
their maximom values under water stress (500 m’/fed). The
interaction between Kaolin or CaCQO; at 6% each and irrigation
water at 2000 m’/fed enhanced plant growth, dry weight/plant and
both free and total water in leaf tissues. Spraying with AT (KCL)
increased K concentration and its uptake.

Key words: Potato, water quantity, antitranspirants, prolein content,
water stress.
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INTRODUCTION

Potato (Solanum tuberosum L.)
is, generally, enlisted as promising
crop for both local consumption
and exportation. It is one of the
major and most important
vegetable crops in Egypt. The
cultivated area of potato during
2001 and 2002  were 189,764
and 196,640 feddans with total
yield of 1,903,134 and 1,985, 317
tons, respectively.

Water quantity is considered as
one of the main factors that greatly
affect plant growth of potato
particularly under sandy soil
conditions, This may be due to
that, sandy soil is very poor in its
ability to preserve water against
leaching. This soil, on the other
hand, had a suitable texture for
potatoc  tubers growth and
formation.

Application of some AT's
became now as a practice to reduce
water loss through evaporation and
transpiration.

Increasing  water  supply
increased plant height and dry
weight of potato plants (Hang and
Miller, 1986; Abdel-Razik, 1996;
El-Banna et al., 2001; Gameh ef
al., 2000) and increased tuber dry
weight (Foti et al.,1995).
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Plant height, number of
branches /plant, dry weight/plant,
total and free water (%) in leaf
tissues, N,P and K contents in
plant tissues and their uptakes by
potato plant cv Spunta increased
with increasing soil moisture
content  (irrigation after the
depletion of 20 % of available soil
moisture), whereas chlorophyl! a,
b, and bound water and osmotic
pressure in leaf tissues increased
with reducing soil moisture
content; irrigation after  the
depletion of 80 % of available soil
moisture (Abdel-Rheem,2003).

Water stress reduced plant
height and plant biomass (Chen er
al 1990; Jerez et al, 1991;
Nagarajan and Bansal,1991; Costa
et al, 1997), and reduced photos-
ynthesis of potato plants (Costa ef
al., 1997).

Spraying plants with Kaolin at
6% increased plant height and
number of branches /plant of lentil,
(Murari and Pandey, 1985) or at
4% increased plant dry weight of

‘wheat (Upadhyaya and Mathur,

1992).

Spraying Roselle plants with
calcium carbonate at 6% produced
the highest values of plant height,
number of branches /plant, leaf
area and dry weight/plant
(Mahfouz, 1997).
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Foliar spray of plants with
white wash (CaCO3) at 6%
increased plant height, number of
branches /plant and leaf area
(Malash and Gawish,1990 on
cowpea; Gawish, 1992 on snap
bean; Gawish, 1997 on potato),
increased N and K in leaves
(Gawish,1992) on snap bean and
increased N,P and K in leaves
{Gawish and Fattahallah, 1997 on
Taro). Also, white wash at 6%
increased relative water content in
leaves of snap bean (Gawish,
1992).

In  water—stressed plants of
brinjal, the number of leaves/plant
was reduced from  18.25in
unsprayed plants to 17.5,17.25 and
[3.25 in plants sprayed with lime
wash, potassium chloride and
chlormequate, respectively
(Prakash et al.,1993).

Moftah (1997) found that
white wash at 6% improved
growth characters of soybean
particularly at the lower irrigation
levels.

In this respect, the supply of a
suitable irrigation water quantity
{economic rate) and the superior
AT s to overcome the problems of
poor sandy soils. Therefore, this
work aimed to investigate the
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effect of water quantity and some
AT’s on plant growth, plant water
relations and plant chemical
constituents.

MATERIALS AND
METHODS

Two field experiments were
conducted out. during two
successive summer seasons of
2001 and 2002 at El-Khattara
Experimental Farm, Fac. Agric.,
Zagazig Univ., Sharkia Governo-
rate, to study the effect of
irrigation water quantity and AT's
on growth, plant water relations
and plant chemical constituents
under sandy soil conditions using
drip irrigation system .

The physical and chemical
analyses of the experimental soil ,
farmyard manure as well as
irrigation water are presented in
Tables 1a, 1band 1c.

The monthly mean temper-
ature, relative humidity and rain
quantity during summer seasons of
2001 and 2002 are presented in
Table 2.

This experiment included 24
treatments, which were the
combinations  between  four
irrigation water quantities and six
AT’s as follows:



742 El-Ghamriny, ef al.

Table 1a: The physical and chemical properties of the experimental

soil
Soil properties 1™ season 2™ season
Physical properties : J
Sand (%) 96.29 96.72
Silt (%) 2.40 1.15
Clay (%) 1.31 2.13
S.P. 14.2 14.3
F.C. (%) 7.1 7.7
W.P, (%) 29 28 -
Texture Sandy Sandy .
Chemical properties: _
p 8.21 B.16
E.C. (mmhos/cm) 2.08 1.99
OM. (%) 0.04 0.06
Total N (%) 0.02 0.03
Available N (ppm) 4.11 3.88
Available P (ppm) 3.16 3.46
Available K (ppm) 10.66 9.81

O.M.: Organic matter, S.P.: Saturation percentage; F.C.: Field capacity;
W.P.: Wiiting point; and E.C.. Electric conductivity. Soil samples were taken from 25
cmn soil surface.

Table 1b: The chemical propertie& of farmyard manure -

Chemical properties 1* season 2" season
pH 7.11 6.99
OM % 13.66 12.97
Total N % 0.58 - 0.63
Available N (ppm) 299 311
Available P (ppm) 46 43
Available K (ppm) 1080 1113

O.M. : Organic matter

Table 1c:Analysis of irrigation water

Characters . Values
EC dsm™ 1.41
H, g.ionH/1 803
%a . mol/l 1.22
Mg’ mol/ ! 1.09
Ilgg mol/ 1 12.20
_ mol/ | 0.12
SQs. mol/l 1.43
CO;, mol/ 1 0.00
Cl  mol/l 5.79
HCO; mol/} 7.39
SAR mol/ 1 11.40

E.C. : Electric conductivity
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Table 2: The monthly mean air temperature, relative humidity and
rain quantity during the two summer seasons

First season Second season
Month |Temperature Relative Rain Temperature Relative Rain
humidity humidity
() (%) (mm) (C) (%) (mm)
Jan. 13.13 65.13  0.00 12.73 69.66 0.075
Feb. 14.08 5931 0.00 15.36 6491 0.450
Mar. 19.51 61.21  0.05 17.84 57.58 0.025
Apr. 21.35 5432  0.30 20.16 5448  0.026
May. 24.90 51.57 0.00 24.14 53.46  0.000
Jun. 29.72 54.19  0.00 26.88 54,79  0.000

a-Water quantities (m® [fed) ; 500,
1000, 1500 and 2000 m%
feddan.

b. AT’s; unsprayed (check), Kaolin
(aluminum silicate) at 4%, and
6%, calcium carbonate (white
wash) at 4% and at 6% and
potassium chloride at 1%.

These treatments were arranged
in a split plot design with three
replicates .The water 'quantities
were randomly arranged in the
main plots and AT’s were
randomly distributed in the sub
plots.

All experimental units received
equal amounts of water during
germination (100m3water!fed. ) The
irrigation  treatments  started 30

days after planting and were added
by two days intervals. The water
was added using water counter and
pressure gauge at 0.5 bar.

The amounts of added water at
different treatments were
calculated and expressed in terms
of time ‘based on the rate of water -
flow through the drippers (2 L/h.)
to give such amounts of water. The
irrigation treatments were stopped
15 days before harvesting time.

Irrigation numbers, the time
(min.) and water quantity (m’) in
every irrigation are shown in
Schedule 1.

Tuber seeds of potato cultivar
(Diamont) was sown on January
15™ in summer in both seasons at
20 cm apart.
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Schedule 1: The tlme (minute) and amounts of applied irrigation
water (m Ifed as well as /plot) in every irrigation during
the growth period of potato via dripper lines with
discharge of 2 L/h for dripper at 0.5 bar

Water Irrigation Irrigation

Water quantity Water quantity

quantity numbers time in every {m Ifed) fin (m’/plot ) /12.6
(m *ifed) irrigation every irrigation m”in every
(min.) irripation
500 36 21 13.88 0.04164
1000 36 42 27.77 0.08331
1500 36 63 41.66 0.12498
2000 36 84 55.55 0.16650

Potato plants were sprayed by
the AT’s solutions at 50 and 70
days after planting. ATs were
applied using a hand pressure
sprayer. Distilled water was used
to dilute oll ATs. Plants were
sprayed with a fine mist of ATs
till run- off, with care being taken
to cover oll plant parts. Controi
plants were sprayed with distilled
water. Each plot received 2L
aqueous solution of AT's using
spreading  agent  (reflecting
materials). The untreated (check)
were sprayed with distilled water
and spreading agent (reflecting).

The expenmental plot area was
12.6 m?. It contains three dripper
lines with 6m length each and 70
cm distance between each two
dripper lines. One line was used to

measure the vegetative growth
parameters and the other two lines
were for yield determination. In
addition, one row was lefl between
each two experimental plots as a
guard area to avoid the overlapping
infiltration of irrigation or spraying
solutions.

All experimental units received
equal amounts of commercial
fertilizers (kg/fed at the rates of
120 kg N, 80 kg P,Os and 100 kg
K,O as ammagnium sulfate (20.6 .
% N), triple superphosphate (37 %
P,Os) and potsssium sulfate (48 %
K,0), respectively. One third of
the commercial fertilizers was
added at soil preparatlon along
with FYM (40 m® /fed). The rest of
commercal fertilizers (two thirds)
were adied as fertigation by 7 days
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intervals beginning one month
after planting.

The  normal  agricuitural
practices were carried out as
commonly followed in the district.

Data Recorded
1. Growth parameters

A random sample of five plants
was taken from every plot at 90
days after planting, in both seasons
of study, for measuring the growth
characters of potato plants
expressed as follows: Plant height
(cm), number of main stems /
plant, number of leaves / plant, dry
weight of roots / plant, dry weight
of shoots / plant, total dry weight
(roots -+ shoots), number of tubers /
plant, and weight of tubers /plant.

2. Dry matter (%)

One hundred grams of the
§rated mixture were dried at 105
C till constant weight and DM
(%) was recorded.

3. Photosynthetic pigments

Disc sample from the fourth
upper leaf of potato plant was
randomly taken from every
experimental unit 90 days after
planting, in the two growing
seasons, to determine chlorophyll a
and b as well as total chiorophyll
(atb), according to the method
described by Wettestein (1957).
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4. Plant water relations

Total, free and bound water in
the fourth leaf of potato plants
were  determined for  every
experimental unit at 90 days after
planting, in bothseasons, according
to the method described by Gosev
(1960).

5. Plant chemical composition
a. Contents of N, Pand K

The dry matter of aerial parts
90 days after planting were finely
ground and wet digested for N,P

and K determination. Total
nitrogen, phosphorus and,
potassium  were  determined

according to the methods described
by Bremner and Mulvaney (1982),
Olsen and Sommers (1982) and
Jackson (1970), respectively.

b. Proline amino acid content

This amino acid was
determined in potato leaves at 90
days after planting in both seasons
of study according to Bates (1973).

Statistical Analysis; the data of
this experiment were subjected to
proper statistical analysis of
variance according to Snedecor
and Cochran (1980) and mean
separations were done according to
LSD at 5 % level.
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RESULTS AND moisture content in the soil and
DISCUSSION this in turn might favoured the
plant metabolism that leads to
Plallt Grﬂwth increase the plant

a. Effect of water quantity

Data presented in Table 3 show
that water quantity significantly
affected the vegetative growth
characters and dry weight of
different parts /plant,

dry weight /plant in the first and
second seasons, respectively. In
addition, water quantity reflected
significant effect on tubers weight
in both seasons and number of
tubers/plant in second season oniy.
Increasing water quantity levels, in
general, significantly increased the
plant growth characters, the dry
weight of different parts and total
/plant, and weight of tubers / plant.
The: hi%hest water quantity; i.e.,
2000 m’/fed came in the first rank
in this respect. This treatment was
the most superior one for
enhancing pilant growth and dry
weight of potato plant. It is seen
also, from the same data, that all
the plant growth characters and dry
weight of different plant parts and
total dry weight /plant were at the
lowest values under water stress;
i.e..500 rnJ/fed in both seasons.

It could be suggested that
increasing water quantity applied
to potato plant led to keep higher

except .
number of aerial stems and root -

growth
characters and to produce higher

dry matter . Water stress, on the
other hand, led to cause a
reduction in the wuptake of

nutritional elements that might
causes a disturbance in the

" physiological processes need 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 ABA and .
increase in CYT, GA and IAA
reflecting good growth and dry
matter content.

Obtained results are  in
harmony with those reported by
Hang and Miller (1986), Chen ef
al. (1990), Jerez et al(1991),
Nagarajan and Bansal (1991), Foti
ef al. (1995), Abdel-Razik (1996),
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Costa et al. (1997) ), Gameh ¢t al.

Abdel-Rheem (2003).

b. Effect of
(AT's)

Data in Table 4

antitranspirants

reveal that

AT’s had signif-icant effect on

vegetative growth and dry weight
of potato plant parts and total dry
weight per plant, except number of
aerial stems andrtuber dry matter
perce-ntage in the  first, season
only. In addition, ATs reflected
significant effect on both number
and weight of tubers/ plant 90 days
after planting. ¥

Application of AT’s ; ie.,
Kaolin and CaCO; showed, in
general, favourable jeffect on stem
length, number of léaves/ plant and
weight of tubers/plant when
compared with control.

It is evident from the same data
in Table 4 that AT s were different
in their effects on plant growth
characters and dry. weight. Where
Kaolin and CaCQ; both at 6%
were the superior treatments
regarding stem length and number
of leaves/plant without significant
difference between them. Spraying
plants with either Kaolin solution
at 6% or KCl at 1% gave the
highest dry weight values of roots,
shoots and total/plant without

al, " significant
(2000), Ei-Banna ef al. (2001} and

total
- obtained after spraying plants with
KCl at 1%,
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difference  between

them. Such results were true in the
- first season only. Whereas, in the
" second season, the highest values

of roots dry weight, shoots and
dry  weight/plant were

Kaolin at 6% and
CaCQj3 at 4%, respectively.

It could be suggested that foliar
spray with ATs  : i.e., Kaolin and
CaCO; led to reduce the
transpiration rate, and this in turn
led to keep higher water content in
the plant tissues and hence might
favoure the plant metabolism, the
physiological processes, photos-
ynthetic rate, carbohydrate metab-
olism and many other important
functions that directly affect plant
growth,

Increases in growth resulted
from AT treatments  were
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).

The reduction in transpiration
by reflecting material such as
white wash was reported to be due
to increase in the reflectivity of
incident radiation as especially in
the visible region, this would lead
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to reduction of net energy uptake,
lower temperature and subseq-
uently decrease in transpiration
rate (Abou-Khaled ef al.,1970).

Obtained results are agreeable
with those reported by Murari and
Pandey (1985), Upadhyaya and
Mathur (1992) with respect to
Kaolin; Mahfouz (1997), Malash
and Gawish (1990), Gawish (1992,
1997), and Gawish and Fattahallah
(1997) with respect to white wash
(CaCQO3).

c. Imteraction effect (water
quan-tity X antitranspirants)

Hlustrated data in Table 5
indicate that the interaction
between water quantity and AT™s
had significant effect on vegetative
growth and dry weight of potato
plant 90 days after planting, except
number of aerial stems and number
of tubers/ plant as well as weight
of tubers/plant, in the first season,
and stem length , number of both
leaves and tubers/plant in the
second one.

The effect of AT's, in general,
was more pronounced under the
highest level of applied water. It is
also clear that the interaction
between water quantity at 2000 m’
/fed and Kaolin at 6% was the
superior one regarding stem
length, number of leaves/plant,

El-Ghamriny, et al.

total dry weight/plant and weight
of tubers /plant.

As it has been mentioned
above, higher water quantity
applied to plants, besides treating
with AT”s led to keep more water
content in plant tissues due to
lowering evaporation and transpir-
ation rates, and this in turn led to
enhance and favour the growth
rate, photosynthesis and enzymes
activities that finally led to
increase dry matter (total dry
weight / plant).

In this connection, Prakash ef
al. (1993) reported that number of
leaves/plant is reduced in water
stressed plants of brinjal sprayed
with lime wash or potassium
chloride compared with unsprayed.
Also, Moftah (1997) found that
white wash at 6% improved
growth characters of soybean
particularly at the lower irrigation
levels.

2. Plant Water Relations and
Prolein Content

a. Effect of water quantity

As for the effect of water
quantity, it 1s obvious from the
data in Table 6 that increasing
water quantity applied to potato
plants up to the highest used level
(2000 m’ffed)  significantly
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enhanced both free and total water
(%) n potato leaf tissues.
Similarly, irrigation with 1500
m’/fed significantly increased both
tfree and total water in leaf tissues
without  significant ~ differences
between 1500 and 2000 m*/fed, in
case of free water, in first season
only. In this connection, 2000
m*/fed was superior and came in
first rank, followed by 1500
m’/fed, which came in the second
rank.

Concerning bound water (%),
maximum values were obtained
under water stress or irrigation
with 500 m*/fed and this trend was
opposite to that of free or total
water percentages. Meanwhile,
prolein amino acid content in leaf
tissues was at the highest value
under lower values of applied
water (500 or 1000 m’/fed). In
other words, the highest the
apphied water quantity to the
plants, the highest the free and
total water content, and the lowest
the bound water and prolein
content in leaf tissues, and vice
versa under water stress. Thus,
prolein content in leaf tissues can
be considered as an indicator for
water stress.

It has been reported that
prolein oxidation proceeds readily
in turgid tissues, and this process
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stimulated by higher concentration
of prolein. This suggests that
prolein oxidation could function as
a control  mechanism  for
maintaining low cellular levels of
prolein in turgid cells. However,
prolein oxidation is reduced to
negligible rate under water stress.
It seems likely that, inhibition of
prolein oxidation is necessary in
maintaining high levels of prolein
found under water stress (Stewart,
1977).Moreover, the increase in
bound water and the decrease in
free water under water stress was
mainly due to the increases in cell
sap concentration and its osmotic
pressure  resulted from  the
convertion of starch into soluble
carbohydrates (Lancher, 1993).

These results agree with those
reported by Abdel-Rheem,(2003)
with respect to free, bound and
total water (%0)in leaves tissues.

a, Effe‘ct
(AT s)

Data in Table 6 reveal that
different used AT's reflected
significant effect on plant water
relations and prolein content in
potato leaf-tissues.

of antitranspirants

It is obvious from the same
data that both free and total water
were at the highest level after
spraying with either Kaolin or
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CaCO; at 6%. However, Kaolin
seemed to be the superior one
compared to all other treatments. It
also clear that, both Kaolin and
CaCO; at 4% each, and KCl at 1%
were more or less similar in their
effects on both free and total water
(%). Whereas, the effect of AT s
on both bound water and prolein
amino acid content 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 the AT”s treatments which
showed maximum content of free
and total water showed in the
meantime the least values of bound
water and prolein content. The
plants that received no ATs
attained maximum values of bound
water and prolein content.

The decrement in the amount
of prolein in leaf tissues after
spraying with ATs may be
attributed to that ATs led to
decrease water loss from plants
through evaporation and transpi-
ration, and this in turn increase the
amount of water content in the
tissues, resulting in decrease in
prolein content.

Similar findings were reported
by Gawish (1992) on snap bean,
'who found that white wash
(CaCO;) at 6% increased relative
water content in leaves.

El-Ghamriny, et al,

¢. Interaction effect (water
quantity X antitranspirants)

With respect to the interaction
between water quantity and AT,
it is evident from the data in Table
7 that all plant water relations; i.e.,
free, bound and total water (%) as
well as prolein amino acid content
were significantly affected by the
interaction treatments.

It is quite clear that treating
potato plants with Kaolin or
CaCO; at 6% each were the
superior under all irrigation water
guantities when compared with
other interaction lreatments regar-
ding both free and total water
content in the leaf tissues.
Meantime, the highest values of
both free and total water were
obtained after spraying plants with
Kaolin and /or CaCQj; at 6%each
under higher levels of irrigation
water applied (1500 or 2000 m’/
fed). However, the lowest values
were obtained when plants .
received no AT s (distilled water)
under the lowest irrigation water
quantity (500m’/fed).

As for bound water (%) and
prolein amino acid content, 1l is
quite clear that both the two traits
were at the highest level when
plants received no AT s (sprayed
with distilled water) under low
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irrigation water quantity 500 or
1500 m’/fed when compared with
other  interaction  treatments.
Meantime, spraying with distilled
water under 500 m’/fed irrigation
water quantity was the superior
one, It is of great interest to notice
that, spraying plants with Kaolin
and /or CaCO; at 6% each
recorded the lowest values of both
bound water and prolein content
especially under 1500 m’/fed
irrigation water quantity.

Thus, it could be concluded
that plants that received no ATs
under water stress (500 m’/fed)
showed lower free and total water
and higher bound  water and
prolein amino acid contents in leaf
tissues.

3. Photosynthetic Pigments and
NPK Content and Uptake /
Plant

a. Effect of water quantity

Regarding photosynthetic
pigments, they were significantly
affected by irrigation. water
quantity as shown in Table 8.
More intensive leaves were
observed under lower water
quantity levels; ie., 500 m’/fed.
Moreover, as increasing water
quantity applied to plants, the
chlorophyll content decreased
because both of free and total

751

water in the leaf tissues were
higher under the highest water
quantity level (2000 m’/fed) 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 increased the intensity
of the chlorophylls of leaves.

As for NPK contents and
uptake by aerial parts, it is evident
from the data illustrated in Table 8
that water quantity reflected
significant effect on N,P and K
contents and their uptake/plant,
except N content in the first
season.

The highest level of water
quantity (2000 m*/fed), in general,
showed enhancing effect on
minerals concentrations, while
they were minimum under water
stress (500 m*/ fed). That was true
in the first season, but the effect
was not so in the second one.
Nitrogen, P and K uptakes/plant
were enhanced by increasing
applied water quantity level up to
1500 m3/fed and the uptake of
nitrogen, phosphorus and
potassium were minimum under
water stress (500m3/fed).

As it was  previously
mentioned, increasing the applied
water to the soil increased the
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moisture content that makes
minerals more available to the
plant, factor that led to enhance
mineral concentration and their
uptake .These results agree with
those reported by Abdel- Rheem
(2003) with respect to N, P and K
contents and uptake /plant.

b. Effect
(AT’s)

Data in Table 9 reveal that
AT s had significant effect on leaf
pigments (chlorophyll a, b, and
(a+b) and NPK concentrations as
well as their uptake/plant. It is
quite clear that leaf pigments
contents were maximum after
spraying plants with either Kaolin
or CaCO; at 6% each without
significant differences between
them. That was true in both
seasons. In addition, spraying
potato plants with 1% KCl
enhanced chlorophyll content in
leaves. This enhancing effect of
KCl on photosynthetic pigments
may be due to that potassium plays
an important and vital role in
promoting the assimilation rate of
CO, and photosynthetic capacity
{Mengel and Kirkby, 1978), While
minimum values, in general, were
obtained afier spraying with
distilled water.

of antitranspirants

As for NPK concentrations as
well as their uptake in aerial parts,
however results reflected

El-Ghamriny, et al.

significant effect, but the values
were not fixed and flactuated
between the two seasons. In
addition, K concentration as well
as its uptake/ plant were maximum
after spraying with 1% KCl
compared with other treatments. It
is also clear, in the second season,
that the uptake of the three
elements was favoured after
spraying with Kaolin at 6% and
CaCO; at 4% without significant
differences between them.

In this connection, spraying
plants with white wash (CaCOs3) at
6% increased N,P and K in leaves
(Gawish,1992 on snap bean and
Gawish and Fattahallah, 1997 on
Taro).

c¢. Interaction effect (water
quantity X antitranspirants)

The results in Table 10
indicate that the uppermost values
of chlorophylls were obtained after
treating with AT’s under water
stress, while the lowermost values,
in general, were obtained with
ATs under the highest level of
irrigation water; i.e., 2000 m3:fed.
However, such effect did not reach
the level of significance.

Moreover, it is of great
interest to notice that the
interaction between KCl at 1% and
water quantity at different levels
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showed enhancing effect on
chlorophyll. Furthermore, Kaolin
and /or CaCQ; at 6% each under
all levels of irrigation water
showed the same trend to that of
KCl at 1%,

The interaction treatments did
not reflect any significant effect on
minerals concentrations and their
uptake/plant.
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Table 3: Effect of water quantity on vegetative growth and dry weight of potato plant 90
days after planting

Stem Number/plant  Dry weight/ plant Tuber dry Number Ifresh .
Treatment length . _(gm) matter  of tubers/ weight o
(cm) Aerial leaves Root Shoot Total (%) plant tubers/
stems plant (gm)
‘:’Vate];'1 3(".;}leaa:ilzltlty 2001 season
500 23.19 286 28.18 448 2535 29.83 17.90 8.49 295.02
1060 2660 312 2982 449 2727 3176 18.08 8.75 345.80
1500 2732 331 2879 481 2796 3277 18.26 8.53 399.59
2000 30.15 334 3164 505 31.79 36.84 18.19 8.22 438.82
LSD at 0.05 298 NS 1.73  0.22 1.24 1.78 NS NS 18.94
level :
2002 season
500 1793 256 17.58 421 2151 2572 18.51 6.90 31422
1000 1936 293 1855 421 26.10 30.31 18.48 7.34 352.66
1500 20,52 240 2171 458 2663 31.21 18.62 7.58 418.50
2000 2082 288 2587 476 2606 30.82 17.76 6.86 486.88
LSD at 0.05 1.59 0.3l 1.07 NS 142  1.65 NS 0.40 13.37
level




Table 4: Effect of antitranspirants on vegetative growth and dry weight of potato plant 90 days after

planting
Stem Number/ plant Dry weight /plant Tuber Number Fresh
Treatment length ; (gm) dry of tubers/ Weight of
(cm) Aerial matter tubers/plant
leaves Root Shoot Total ° plant
stems (%) (gm)
Antitranspirants 2001 season
Unsprayed (Check) 2333 3.13 2730 460 2744 3204 1814 8.97 292.91
Kaolin 4% 2576 3.08 28.82 430 2942 3372 1844 8.61 360.08
Kaolin 6% 28.78 330 3259 498 29.41 3439 17.80 8.05 426.96
CaCO; 4% 25.66 324 29.15 470 2641 3111 1824 8.65 364.39
CaCO; 6% 30.56 3.21 31.10 4.08 27.17 3125 17.87 7.91 407.54
KCl 1% 2590 299 2870 559 2872 3431 1815 8.80 366.98
LSD at 0.05 level 147 NS 1.56 047 1.29 1.72 NS .45 17.18
' 2002 season

Unsprayed (Check) 17.36 255 18.65 434 2595 3029 18.27 849 - 34275
Kaolin 4% 19.51 3.10 21.09 4.12 23.58 27.70 18.64 8.16 378.91
Kaolin 6% 21.66 289 2271 463 2931 3395 18.69 6.27 447.83
CaCoO; 4% 19.23 254 2025 445 2837 3283 17.89 6.63 375.66
CaCO; 6% 20.86 235 2222 374 2067 2441 1790 6.30 437.00
KCl 1% 19.50 2.72 2065 535 2258 2793 18.67 7.19 376.25
LSD at 0.05 level 1.77 0.42 204 068 187 2.06 0.75 0.55 9.13

S00T (€) "ON Z€ 10A “saYy "oudy [ 3xvdvgz
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Table 5: Effect of interaction between water quantity and antitranspirants on vegetative growth and
dry weight of potato plant 90 days after planting

} Stem a“el:'li::ﬂ plant Dry weight/plant (gm) Tuber dry Number w:i; ;Sthof
Treatment l?::g:)h stems leaves Root Shoot Total m(a:z)e r ol‘;;lab:trsz’ tubt&ﬁglant
Water
quantity  Antitranspirants 2001 season

m’/fed
500 Unsprayed (Check) 1796 277 2520 440 2191 26.31 18.72 9.22 223.94
~ Kaolin 4% 2030 255 26.63 385 2925 3310 18.44 8.66 283.95
o Kaolin 6% 2663 344 3063 337 2723 3060 16.90 7.99 335.40
b~ CaCO, 4% 2066 288 2655 484 2316 28.00 18.82 8.33 28528
- CaCoO; 6% 3136 277 3136 487 2434 2921 17.31 7.77 327.53
= Kl 1% 2271 277 2871 557 2624 31.81 17.24 9.00 314.00
R 1000 Unsprayed (Check) 2290 277 2672 364 2797 31.61 17.13 9.66 280.81
E Kaolin 4% 24772 288 2943 390 28.01 3191 19.49 §.44 314.87
= Kaolin 6% 2845 322 3260 474 2888 3362 17.95 844 42097
=] CaCO; 4% 2834 333 2876 622 2722 3344 18.14 5.18 323.56
o} CaCO, 6% 29.50 3,10 3236 383 2490 23873 16.63 8.44 396.90
— K Cl 1% 2569 344 2909 462 2666 3128 19.15 8.33 337.70
= 1500 Unsprayed (Check) 24.78 355 2811 531 2833 33.64 17.50 8.99 32466
Kaolin 4% 2764 355 2921 441 2856 3297 17.99 £.66 396.13
Kaolin 6% 2857 344 33,12 6.01 2896 34.97 17.61 7.38 445.00
CaCoO; 4% 2738 344 2966 353 2564 29.17 18.93 9.11 408.29
CaCQ, 6% 2930 299 2671 3.69 27.80 3149 19.27 7.55 43224
Kl 1% 26.28 288 2594 591 2850 3441 18.24 8.99 391.25
2000 Unsprayed (Check) 28.17 344 2917 503 31.58 36.61 19.23 8.00 342.24
Kaolin 4% 3040 333 3002 505 3186 36.91 17.84 .66 445.35
Kaolin 6% 3448 316 34.00 580 3256 3836 18.74 7.88 506.47
CaCO; 4% 2981 333 3166 420 29.62 33.82 17.09 B.00 440.42
CaCoO, 6% 3210 399 3397 393 3166 3559 18.27 7.88 473.51
% Kl 1% 2893 2.88 31.04 277 3346 36.23 17.98 8.88 424.97

~— LSD at 0.05 level 293 NS 312 094 259 343 1.06 NS NS



Table 5: cont.

Stem Num‘berl plant Dry weight/plant {gm) Tuber dry Number F:resh
Treatment fength ~ Aerial matter  of tubers/ , "eight of
{cm) sterns leaves Root Shoot Total e tubers/plant
(%) plant {zm)
Water
quantity Antitranspirants 2002 season
m’/fed

500 Unsprayed (Check) 14.63 210 1416 4.07 2545 2952 1866 9.66 246.00
Kaolin 4% 1780 306 1770 349 2287 2636 19.07 6.99 29533

Kaolin 6% 2090 210 1993 304 1724 2028 1883 6.44 381.66

CaCQ, 4% 17.10 253 1686 453 2256 2709 1746 5.77 280.33

CaCoO, 6% 1950 250 1936 453 1939 2392 1883 533 374.33

Kl 1% 1770 306 1750 561 2155 2716 1821 7.21 298.66

1000 Unsprayed {Check) 17.16 293 1550 332 3249 35381 17.40 8.99 300.00
Kaolin 4% 1920 343 826 356 2493 2849 1960 8.77 333.66

Kaolin 6% 2126 376 2066 439 29.11 3350 18.92 6.66 413.33

CaCO; 4% 1926 200 1790 625 3237 3862 18.13 6.22 333.33

CaC0, 6% 2043 220 2040 348 1568 19.16 17.67 6.1} 404.33

KCl 1% 1886 3.30 1860 426 2206 2632 19.15 7.33 331.33

1500 Unsprayed (Cheek) 18.03 210 2043 497 2507 3004 1845 7.88 381.66
Kaolin 4% 20.10 273 2193 474 21.15 25.89 18.09 3.44 410.00

Kaolin % 2260 2773 2286 567 3764 433! i8.51 6.66 463.33

CaCO, 4% 2033 210 2140 3.18 2554 2872 1891 7.44 408.33

CaCO, 6% 2133 253 2240 335 2850 3185  13.3] 7.77 446.00

Kl 1% 2073 220 2126 557 2189 2746 1928 7.33 401.66

2000 Unsprayed (Check) 19.63 316 2450 502 2078 2580 1837 7.44 443.33
Kaolin 4% 2096 320 2646 469 2537 3006 1778 8.44 476.66

Kaolin 6% 2190 29 2740 595 3326 3921 18.53 5.33 533.00

CaCQ; 4% 20.23 353 2486 384 33.03 3687 1708 7.10 471.66

CaCO, 6% 2146 220 2673 359 19.10 2269 1678 5.99 523.33

Kl 1% 2073 233 2526 595 2482 3077 1803 6.88 473.33

LSD at 0.05 fevel NS (.84 NS 1.36 3.73 4.12 1.51 NS 18.26

$00Z (£) "ON 7€ 104 “say 218y ' SvSpy
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Table 6: Effect of water quantity and some antitranspirants on the plant water relations (%) and
prolein amino acid content in potato leaf tissues 90 days after planting

2001 season 2002 season
Prolein Prolein
Treatments Free Bound Total Content  Free Bound Total  content
water water water (mg/gm  water water water (mg/gm
DW) DW)
Water quantity (m’/fed) Effect of water quantity (m’/fed)
500 34.97 45.66 80.63 4.30 43.02 37.89 80.91 8.33
1000 40.92 43,58 84.50 5.03 48.14 34.54 82.68 7.26
1500 43.64 42.41 86.05 248 52.84 32.45 8529 421
2000 43.66 4323 86.89 2.53 54.82 31.78 86.60 5.82
LSD at 0.05 level 0.28 0.21 0.49 0.19 0.20 0.27 0.41 0.42
Antitranspirants Effect of some antitranspirants
Unsprayed (Check) 37.26 4575 83.0! 6.16 46.00 36.12 82.12 8.67
Kaolin 4 % 40.38 44.01 34.39 3.87 48.74 34.78 83.52 6.04
Kaolin 6% 4327 42.74 86.01 223 51.83 33.52 8535 4.42
CaCO; 4% 40.46 43.75 84.21 4.33 49.59 33.82 83.41 6.47
CaCO, 6% 42.82 4281 85.63 2.53 52.51 32.86 85.37 490
KCl 1% 40.60 43.29 83.89 2.39 49.57 33.84 83.41 7.94
LSD at 0.05 level 0.45 0.59 0.33 0.30 0.49 0.42 0.87 0.43




Table 7: Effect of interaction between water quantity and some antitranspirants on the plant water

relations (%) and prolein amino acid content in potato leaf tissues 90 days after planting

2001 season 2002 season
Treatments Prolein Prolemn
- Free Bound Total content Free Bound Total content
Wl:::'a?f::;l;tlty Antitranspirants water water water - (;:t)g‘gg)m water - water - water (n{l)g\;%l:n
560 Unsprayed (Check) 30.33 48.23 78.56 1.74 37.15 4195 T4.10 13.23
Kaolin 4% 34.14 46.28 80.42 5.57 42,98 37.35 80,33 8.20
Kaelin 6% 37.33 4533 82.66 2.26 4552 37.21 82.73 487
CaCO, 4% 36.09 44.26 80.35 498 43,38 37,10 80,48 9.18
CaCO, 6% 3643 45.53 8196 2.35 46.45 316.25 82.70 4.46
KCl 1% 35.50 44.45 79.85 2.91 42.65 37.50 80.15 10.05
1000 Unsprayed (Check) 36.24 46.20 82.44 7.52 4420 36.08 30.28 12.07
Kaolin 4% 4042 44.20 84.62 6.01 4733 35.22 8255 7.62
Kaolin 6% 44.33 42.21 86.54 237 50.25 3428 84.33 4.32
CaCO, 4% 39.64 4430 83.94 7.57 47.99 34.10 8209 6.47
CaCO, 6% 4438 41.23 85.61 3.46 51.45 3327 84.72 5.64
KCl 1% 40.53 4336 83.39 3.28 47.65 3432 81.99 7.43
1500 Unsprayed {Check} 40.32 44.20 84.52 4.41 49.30 3414 83.44 4.50
Kaolin 4% 43.65 4223 85.88 1.72 50.52 3410 84 62 2.59
Kaolin 6% 46,26 4128 87.54 1.88 56.05 31.05 87.10 3.64
CaCoOy, 4% 4264 43.18 8582 2.02 52.35 32.21 84.56 4.59
CaCO, 6% 46.28 41.38 87.66 2.50 £5.63 31.36 £6.99 346
KQ 1% 42.73 42,26 84.99 232 53.24 31.87 5.1 6.09
2000 Unsprayed (Check) 4218 44.34 86.52 4.96 53.35 3252 85.87 4,87
Kaolin 4% 4332 43.32 86.64 218 54.14 32.48 86.62 533
Kaolin 6% 4517 4215 87.32 2.38 55.53 31.57 £7.10 435
CaCOs 4% 43.47 43.27 86.74 2.76 54.66 3189 86.55 5.63
CaCoO, 6% 4421 43.15 87.36 1.83 56.52 30.57 §7.09 6.03
KCl 1% 4363 4319 86.84 1.06 54,77 31.69 86.46 220
LSD at (.05 level 091 1.17 1.67 0.60 0.98 0.83 1.74 0.86

$00Z (€) "ON Z€ '10A “say 2usY [ 3zvsny
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Table 8: Effect of water quantity on photosynthetic pigments in leaf tissues and NPK content and
uptake of acrial parts of potato plant 90 days after planting

Chlorophyll (mg/gm D.W.) Minerals/plant
Treatments - : T N K";J = N UJﬂak; {mg) K
(@+b)

Water quantity m’/fed 2001 season
500 257 157 414 298 0307 516  752.68 117 1313.24
- 1000 2.49 1.48 3.97 3.25 0313 5.50 887.71 8530 14Ys.q
1500 237 1.37 3.74 3.02 0.280 5.50 84571 7822 154142
2000 232 1.32 3.64 3.28 0.339 543 104595 10790 173483
LSD at 0,05 level 0.02 0.02 0.04 NS 0.021 6.16 104.89 7.81 62.29

2002 season
500 247 147 394 3.87 0411 586 83463 8820 1263.94
1000 2.36 1.36 3.72 3.37 0386 620 88l.16 100.66 161095
1500 2.37 1.38 3.75 3.50 0.356 6.45 930.36 9447 1726.58
2000 2.31 1.31 362 3.44 0267 6.03 89923 7003 1579.10
LSD at 0.05 level 0.01 0.03 0.04 0.23 0.013 0.23 57.75 5.71 74.39




Table 9: Effect of antitranspirants on photosynthetic pigments in leaf tissues and NPK content and :‘?
uptake of aerial parts of potato plant 90 days after planting g
Chilorophyll (mg/gm Minerals/plant 2
Treatments D.-W.) Total (%) Uptake(mg) ?:
a b (a+b) N P K N P K 3
Antitranspirants 2001 season i:r
Unsprayed (Check) 2.43 143 386 334 0329 530 91959 91.06 148721 ks
Kaolin 4%  2.43 143 386 3.14 0315 526 92665 9269 1550.19 '§j
Kaolin 6%  2.50 1.50 4.00 321 0332 446 94556 98.52 1324.04 ™~
CaCO; 4%  2.42 142 384 310 0298 506 81647 7830 132757 NS
CaCO; 6%  2.50 1.50 4.00 3.09 0296 574 83438 8025 154751 g
KCl 1% 2.51 148 399 292 0289 659 85540 8290 1887.94 ’Q
LSD at 0.05 level 0.03 002 004 018 0014 021 60.16 499 8568 ~
_ 2002 season §
Unsprayed (Check) 2.36 .35 3.71 344 0322 607 888.55 85.09 1565.74 v
Kaolin 4%  2.38 138 376 3.67 0367 592 B868.70 86.21 1395.67
Kaolin 6% 2.41 141  3.82 349 0365 643 1021.25 104.03 1894.91
CaCO; 4%  2.37 .39  3.76 3.55 0358 614 99640 99.94 1743.42
CaCO; 6%  2.4] 141 382 345 0343 638 716.86 7092 134324
KCl 1% 242 145  3.87 367 0374 688 82630 B83.85 1927.87

£9L

LSD at 0.05 level 0.03 .03 0.03 023 0020 034 97.35 877 15591
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Table 10: Effect of interaction between water quantity and antitranspirants on photosynthetic
pigments in leaf tissues and NPK content and uptake of aerial parts of potato plant 90
days after planting

, Minerals/plant
Treatments Chlorophyll (mg/gm D.W.) ) Uptake (mg)
Water quantity Total
(m’*/fed) Antitranspirants a b (atb) N P K N r K
2001 season
500 Unsprayed (Check) 2.63 1.63 4.06 320 0.315 3.53 70119 69.04 774.13
Kaolin 4% 2.57 1.57 4.14 3.08 0312 4.80 902.13 9128 1402.62
Kaolin 6% 267 1.67 4.34 304 0398 382 82433 81.09 1041383
CaCO, 4% 254 1.54 4.08 327 0312 550 75696 7222 127427
CaCO, 6% 263 1.63 4.26 332 0304 620 808469 7371 150943
K Ci 1% 2.61 1.63 4.24 1.99  0.301 7.15 52277  79.01 1877.16
1000 Unsprayed (Check) 249 1.49 398 335 0312 596 93533 8709 166794
Kaolin 4% 2,50 1.49 3.99 324 0354 524 90845 9894 1470.05
Kaolin 6% 253 1.53 4.06 343 0317 341 993.02 9155 985.20
CcaCQ;, 4% 249 1.43 3.97 283 0.290 521 77059 7893 141939
CaCoO; 6%  2.54 1.54 4.08 337 0304 6.13 84100 7574 152623
KcC 1% 2.39 1.83 4.27 328  0.299 7.09 877.84 7953 1892.12
1500 Unsprayed (Check) 2.37 1.35 3.73 335  0.276 589 94955 78.23 1669.85
Kaolin 4% 232 1,33 3.65 3.04  0.287 546 87091 8192 1563.16
Kaolin 6% 244 1.43 3.87 308 0.281 538 892.60 81.50 1561.28
CaCQ, 4% 235 1.35 3.70 332 0301 5.17 85202 7723 1324.68
CaCO;, 6% 243 1.43 3.86 271 0.279 542 75285 77.17 150827
Kci 1% 249 1.39 3.88 265 0.256 568 75632 7322 162127
2000 Unsprayed (Check) 2.25 1.25 3.50 345 0411 5.81 109227 12987 183693
Kaolin 4% 2.33 1.33 3.67 3.21 0.309 554 1025.12 89.57 176492
Kaeolin 6% 237 1.37 3.74 329 0430 524 107230 139% 170784
CaCoO, 4% 23] 1.32 3.63 299 0287 436 88633 8483 129195
CaCO; 6% 239 1.39 3.78 295 0298 520 93497 9436 1646.12
KCl 1% 2.38 1.37 3.75 377 0298 6.45 126469 9983 216123
LSD at 0.05 level NS “N& NS NS NS NS NS NS 171.35




Table 10: Cont.

Minerals/plant

Treatments Chiorophyll (mg/gm D.W.) ) Uptake (m
Water : Total
quantity Antitranspirants a b (at+h) N P K N P K
(m*/fed) 2002 season

500 Unsprayed (Check) 2.45 1.45 3.90 3.67 0.392 5.67 936.68 100.09 1452.22

Kaolin 4% 248 1.48 3.96 4.03 0.420 6.18 99688 9621 141835

Kaolin 6% 2.50 1.50 4.00 3.65 0.425 6.10 630.80 7324 105398

CaCO, 4% 2.46 1.46 3.92 3.85 0.411 6.00 87132 92.61 135832

CaCoO, 6% 2.50 1.51 4.01 394 0.420 5.73 76467 %146 111194

KC(Cl 1% 241 1.43 3.34 4.07 0.497 5.51 87747 85.60 1188.82

1000 Unsprayed (Check) 2.36 1.33 3.69 3.17 0.349 5.54 102983 11320 1800.78
Kaolin 4% 2.36 1.36 3.72 3.70 0.402 6.16 92232 100.22 1536.75

Kaolin 6% 2.38 1.38 3.76 3.20 0.402 6.59 93152 1169 1318.89

CaCQ; 4% 2.36 1.37 3.73 3.36 0.383 6.16 1090.01 12396 199422

CaCO, 6% 2.37 1.38 3.75 3.04 0.348 626 47731 5469  979.64

KO 1% 2.35 1.36 in 3.78 0.430 6.50 83596 9489 143544

1500 Unsprayed (Check) 2.33 1.33 3.66 3.44 0.312 6.67 86266 78.00 167331
Kaoclin 4% 2.37 1.36 313 3.29 0.374 6.05 696.19 7925 1280.27

* Kaolin 6% 2.42 1.42 3.84 341 0.367 626 128697 137.82 2358.55

CaCO, 4% 2.35 1.43 3.78 373 0.350 6.38 956.27 88.82 1636.28

CaCQ, 6% 243 1.43 3.86 3.36 0.343 T.A4 950.82 98.04 211928

KCl 1% 233 1.33 3.66 375 0.388 5.89 820.27 38488 129178

2000 Unsprayed (Check} 2.30 1.27 3.58 348 0.237 6.42 725.05 49.05 1336.66
Kaolin 4% 232 1.32 3.64 3.66 0.273 5.31 92941  69.14 134732

Kaolin 6% 2.35 1.35 3.70 3.69 0.265 6.77 123572  88.10 22482}
CaCO;, 4% 2.31 1.31 3.62 324 0.287 601 1068.05 9435 193437
CaCO, 6% 234 1.34 3.68 3.48 0.259 6.09 665.65 4951  1162.11)
KCi 1% 2.38 1.28 3.56 3.1 0.252 5.62 77151 70.00 139544

LSD at 0.05 level NS NS N§ NS NS NS NS NS NS
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766 El-Ghamriny, et al.
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