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Two field experiments were carried out at EI-Gemmeiza Agricultural Research Station, El-Gharbia Governorate during
the two successive seasons of 2015 and 2016. These experiments were conducted to find out the proper irrigation interval and
the effect of natural material which reduce the negative effect of water stress as well as their interaction on leaf chemical
composition, growth, flowering habit, earliness parameters, seed cotton yield and its components and fiber quality of the
Egyptian cotton cultivar Giza 86. A split plot design with three replicates was used in both seasons, where the main plots were
assigned to three irrigation intervals (15, 30 and 45 days) and the sub-plots contained natural materials (without, glycine betaine
(600 ppm), potassium citrate (3g/l) and salsalic acid (200 ppm) The important results could be summarized as follows: Irrigating
intervals gave significant effect on leaf total chlorophyll, carotenoids, phenols and proline content at 114 days, when
irrigated every 45 days followed by irrigated every 30 and 15 day in a descending order. Irrigation every 15 days
significantly increased plant height at harvest, number of fruiting branches/plant, number of flowers/plant, boll weight and
decreased setting and earliness percentages in both seasons as compared with the other two irrigation intervals (every 30
and 45 days). However, the higher number of open bolls/plant and seed cotton yield / fed were obtained from plants which
irrigated every 30 days. Irrigation intervals had insignificant effect on seed index and significant effect on lint % in both seasons.
The highest value of lint % was resulted from irrigated plants every 45 days. Spraying with natural materials significantly
affected leaf total chlorophyll, phenols and proline content, in favor of spraying potassium citrate and significantly affected leaf
carotenoids content at, in favor of spraying salsalic acidSpraying with natural materials significantly affected boll weight and
number of open bolls/plant in both seasons in favor of sprayingglycine betaine and potassium citrate. Application of salsalic acid
or glycine betaine gave significant increase in lint % and insignificant effect on seed index in both seasons. Spraying
cotton plants with glycine betaine lead to a significant increase in seed cotton yield per fed. Untreated Plants caused a
significant increase in plant height at harvest and number of fruiting branches/plant in both seasons as compared with the
plants which received glycine betaine, potassium citrate and salsalic acid. Concerning the interaction between irrigation intervals
and natural materials, there is a significant interaction effect with regard to leaf total chlorophyll, carotenoids, phenols and
proline contents, in favor of irrigated cotton plants every 45 days and spraying with potassium citrate for leaf total chlorophyll,
phenols and proline contents and in favor of irrigated cotton plants every 45 days and spraying with salsalic acid for leaf
carotenoids content. Irrigation every 30 days and spraying with potassium citrate produced the highest values of lint % in both
seasons. The interaction gave insignificant effect on seed index, Presley index and micronaire reading in both seasons. The
combined treatment of irrigation interval every 30 days when combined with glycine betaine at the concentration (600
pp m) gave significant increase in seed cotton yield / fed (kentar) in both seasons. The flowering curve in irrigation every 30 and
45 days was higher, start earlier and ending earlier as compared to the flowering curves in the irrigation every 15 days. It could
be concluding that irrigation cotton plants every 30 days in combination with spraying with glycine betaine (600 ppm) or
potassium citrate (3g/l) three times (at the squaring stage, flowering stage and at the top of flowering) under EI-Gemmeiza
condition). Also, it could be concluding that irrigation every 45 days in combination with glycine betaine (600 ppm) at the end of
water sources and water shortage.

INTRODUCTION where applying glycine betaine prior to water stress

. improved photosynthesis by increasing of stomata
Environmental stress'affejcts. _plant perfo.rman(?e conductance (Namich and Emara, 2008). Emara (2012)
adversely and often results in significant reductions in found that foliar application of 5 kg K,SO4/fed sprayed
crop yield and quality worldwide. During square and .y yice at beginning of flowering and two weeks later
boll formation, different stresses (such as, drought, o gignificant increase in number of open bolls/plant,
shadm_g, fe_rtlllty _prgblerm_ an_d Insect pressure) can boll weight and seed cotton yield (kentar/fed) as compared
result_ n ff“” absussm_n. Iimigation among other_ cuItL!raI with soil application of 24 or 48 kg K, O /fed at thinning
practices is th_e most Important factor in ensuring h'g_h with or without one foliar application of 0.5 g ZnSO,/I at
and good quality cotton production. A_Ithough cotton Is beginning of flowering. Ashfaq et al. (2015) reported that
"T‘OV.V’.‘ to be _drought to!erant, its _ylelql _coyld foliar feeding of potassiumhad great significance for plants
significantly be increased with appropriate Imgation — pecause its includes low cost, quick response to plant,
ma”a_@’_eme”t- Mert (2005) reported that non-lrrlgat_lon small quantity of potassiumand it provides compensation
condition (water stress) reduced some cotton yield for lack of soil fixation. Lokhande and Reddy (2015) found

complgnints; rr(ljore?vgr, thedeﬁsylnghwate_lr rzsour((:jesdarle that the retained boll numbers / plant decreased in plants
at risk of near depletion and being heavily degraded. It grown under K deficient conditions. Saving water in

is believed that studying agricultural production under irrigated areas is the definition of the suppression of

deficit irigation conditions may help to develop jqation correctly promoting the physiological seasoning

irrigation  programs for minimizing future yield of plants without compromising yield.

reductions when water scarcity becpme_s wide spread. The objective of this investigation was to assess the
The use of Irrigation strategies Is _fundamentql 0 offect of irrigation intervals and determine the proper

save more water W_'thOUt p_uttlng at risk crop yield. intervaland the probability of reducing the effect of water

Managing water deficits during plant development and by using natural materials as foliar application i.e. glycine

saving water during Irrigation by using some natural betaine, salsalic acid and potassium citrate with regard to
materials such as glycine betaine gave excellent results,
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the leaf chemical, growth, earliness, flowering habit, yield
components, yield and fiber characteristics.

MATERIALS AND METHODS

Two field experiments were carried out on clay
soil at El-Gemmeiza Agricultural Research Station, El-
Gharbia Governorate during the two successive seasons
0f 2015 and 2016. These experiments were conducted
to find out the proper irrigation interval and the effect
natural material which reduce the negative effect of
water stress as well as their interaction on leaf chemical
composition, growth, flowering habit, earliness
parameters, seed cotton yield and its components and
fiber quality of the Egyptian cotton (Gossypium
barbadense L.), cultivar Giza 86.

A split plot design with three replicates was used in

both seasons, where the main plots were assigned to

the irrigation intervals:

ai-lrrigation every 15 days (the control), a,- Irrigation
every 30 days

as- Irrigation every 45 days

The sub-plots contained natural materials:

b,-Without, b,-Glycine betaine (600 ppm), bgs-
Potassium citrate (3g/l)

b4.Salsalic acid (200 ppm).

The natural materials were sprayed three times, at the
squaring stage, flowering stage and at the top of flowering.

The experimental plot size was 14 m2, (4m x 3.5m)
including 5 rows 70 cm apart and the hills 25 cm. apart
with two plants / hill after thinning in both seasons.
Planting date was on 8th April in the two seasons.

The preceding crop was Egyptian clover
(Trifolium alexandrinum L.) “berseem” in both seasons.

Representative soil samples were taken from the
experimental soil sites before sowing in both seasons
and prepared for analysis according to Jackson (1973).
Results of the soil analysis are shown in Table 1.

Table 1. Chemical properties of the experimental soil
sites in the two seasons.

P i Season
roperties 2015 2016
pH 7.8 8.0
EC mmhos/cm. 0.26 0.54
Organic matter % 1.29 142
Total N (mg/100g) 45.15 49.7
Available N (ppm) 213 28.7
Available P (ppm) 10.7 111
Exchangeable K (ppm) 312 306
Available Fe (ppm) 10.6 110
Available Mn (ppm) 3.8 2.9
Auvailable Zn (ppm) 11 0.9
Available Cu (ppm) 3.22 3.0

Phosphorus fertilizer was added as calcium
super phosphate (15.5% P20s5) at a rate of 225 kg
P,O¢/fed during land preparation.

Inorganic nitrogen fertilizer was applied as
ammonium nitrate (33.5% N) at a rate of 45kg/fed in
two equal splits after thinning and at the next irrigation.

Potassium fertilizer ((in the form of potasin —f)
was added as spraying three times.

The irrigation treatments were start after the second

irrigation.

The other cultural practices were carried out as
recommended for conventional cotton cultivation in the
local production district.

Studied characters:

I-Leaf Chemical compositions:

After 114 days from planting (top of flowering),
the following constituents were determined i.e., total
chlorophyll  (Arnon, 1949), carotenoids (Rolbelen,
1957), total phenols (Simons and Ross, 1971) and
proline content (Bates et al., 1973).

Il. Growth traits:

At harvest, five guarded hills from the second
row of each plot were taken at random to determine:

1. Plant height at harvest (cm),

2. No. of fruiting branches / plant.

l1I- Flonering habit and earliness attributes:

Three guarded hills with six plants of each plot
were taken at random from the second row. Appearing
flowers on the selected plants were recorded daily till
the end of the flowering season, each flower was
labeled according to its appearance date on the selected
plants and the following traits were estimated:
1-Number of flowers/plant.
2-Boll setting %
3-Earliness%
4-Penta daily flowering curves.

IV-Yield and yield components:

At harvest, data were taken from five random
representative guarded hills from the second row of
each plot to determine the following yield components:
1. Number of open bolls/plant.

2. Average boll weight (g).

3. Lint %.

4. Seed index (9).

5. Seed cotton yield (kentar/fed): Seed cotton yield per
plot in kilograms was recorded and transformed to
kentars per feddan (one kentar = 157.5 kg).

V-Fiber quality:

Samples of lint cotton were taken from the above
ten representative plants from each - plot after ginning
on a laboratory gin stand to determine the following
fiber quality characters:

1) Fiber fineness (Micronaire value).

2) Fiber strength (Pressley index).

The two fiber quality characteristics were
determined at the laboratories of Cotton Technology
Research Division, at Cotton Research Institute, ARC,
Giza, according to ASTM(1986).

Statistical analysis:-

The statistical analysis of the data was done and
performed according to Le Clerg et al., (1966). The
treatments means were compared using LSD at 0.05
(Waller and Duncan, 1969).

RESULTS AND DISCUSSION

I-leaf chemical composition:

Irrigating intervals gave significant effect on leaf
total chlorophyll, carotenoids, phenols and proline content
at 114 days after planting, in favor of irrigated every 45
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days followed by irrigated every 30 and 15 days in a
descending order (Table 2).

Phenolic contentof cotton leaves decreased sharply
when the cottonplants were subjected to water stress. On
the contrary, leaves of wilted plants accumulated more
proline than those ofturgid one. This increase may be due
to the increase in protein hydrolysis as a result of
increasing the activity of hydrolytic enzymes (Nayyer and
Walia, 2003) and / or to increase the synthesis of proline
Badran (2006). Proline would be a good source of energy
and N for the plant under drought conditions. These results
are agreement with the findings of Ahmed et al. (1989),
Namich (1997) and Ashraf and Foolad (2007).

Table 2: Effect of irrigation periods and natural
materials as well as their interaction on
leaf chemical composition in 2015

Total Leaf CarotenoidsProline
Treatments clorophyll phenols (mg/ (mg/
(mg/g.dw.) content  g.dw.)  g.dw.)
Irrigation intervals (A)
allrrigaionevery15cy 14.17 14.17 C Y.V¢
a2 Irrigationevery30cgy  15.72 15.72 0.683 2.87
a3 Irrigationevery45cay  17.11 17.11 0.723 3.40
LSD at 0.05 0.04 0.04 0.02 0.02
Spraying with natural materials B
b1 Control 12.17 12.17 0.666 2.44
b2 Glycine betaine 16.20 16.20 0.685 3.00
b3 Potassiumcitrate 18.24 18.24 0.696 3.30
b4 Salsalic acid 16.06 16.06 0.710 3.27
LSD at 0.05 0.03 0.03 0.01 0.03
Interaction (AxB)
al bl 10.79 10.79 0.637 241
b2 15.33 15.33 0.643 2.68
b3 17.25 17.25 0.677 2.85
b4 13.32 13.32 0.688 3.02
a2 bl 12.34 12.34 0.653 234
b2 15.98 15.98 0.690 2.89
b3 18.32 18.32 0.686 3.15
b4 16.24 16.24 0.703 311
a3 bl 13.38 13.38 0.708 2.57
b2 17.29 17.29 0.722 3.43
b3 19.15 19.15 0.723 3.92
b4 18.63 18.63 0.740 3.69
LSD at 0.05 0.15 0.06 0.02 0.05

Natural materials significantly affected leaf total
chlorophyll, phenols and proline content at 114 days
after planting, in favor of spraying potassiumcitrate and
significantly affected leaf carotenoids content, in favor
of spraying salsalic acid. The positive effect of potassium
citrate may be due to the role of K in activation of
enzymes and its involvement in adenosine triphosphate
(ATP) production is probably more important in
regulating the rate of photosynthesis than is the rate of
K in stomatal activity. When the sun's energy is used to
combine CO, and water to form sugars, the initial high
— energy product is ATP. The ATP is then used as the
energy source for many other chemical reactions. The
electrical charge balance at the site of ATP production
is maintained with K ions. When plants are K deficient,
the rate of photosynthesis and rate of ATP production
are reduced and all of the processes dependent on ATP
are showed down. Conversely, plant respiration

increases which also contributes to slower growth and
development (Dibb, 1998). In addition, the simulative
effect due to the role of potassium on enzymes
promotion activity and enhancing the translocation of
assimilates and protein. Potassium nutrition had
pronounced effect on carbohydrates partitioning by
affecting either phloem export of photosynthesis
(sucrose) or growth rate of sink and/or sources organ
(Cakmak et al., 1994). In this concern, Meek et al.
(2003) and Nayryar and Walia (2003) reported that
glycine betaine increased chlorophyll, phenols,
carbohydrates and proline contents of cotton leaves.

Concerning the interaction between irrigation
intervals and natural materials, there is a significant
interaction affect with regard to leaf total chlorophyll,
carotenoids, phenols and proline contents. Irrigated cotton
plants every 45days in combined with spraying potassium
citrate increased leaftotal chlorophyll, phenolsand proline
contents, while irrigated cotton plants every 45 days in
combined with spraying salsalic acid affected leaf
carotenoids content. The interaction between irrigation
intervals and glycine betaine had significanteffects on leaf
carotenoids, total phenols and proline contents but there
were insignificant effects occurred on total chlorophyll.
This result, may be a mean of osmotic adjustment by
which glycine betaine exerted the previously reported
improvement in leaf turgor pressure and water potential
under water stress conditions and increased of stomatal
resistant.

II-Growth traits:

The three tested irrigation intervals had significant
effect on plant height at harvest and number of fruiting
branches/plant in both seasons(Table 4). The highest
values were obtainedwhen the plants were irrigated every
15 days as compared with the other two irrigation intervals
(every 30 days or 45 days). This increment may be due to
that normalirrigation supply the plants with water supply
at the early stages of growth which is essential in the
photosynthesis andthe hydrolytic processes. These results
were in agreement with Ibrahim and Moftah (1997), Ali
(2002), and Ahmad and Kassem (2008).

Untreated Plants caused a significant increase in
plant height at harvestnumber of fruiting branches/plant in
both seasonsas compared with the plants which received
glycine betaine, potassium citrate and salsalic acid.

Concerning the interaction effect between
irrigation intervals and natural materials, the results
show insignificant interaction on plant height at harvest,
number of fruiting branches/plant.

IlI-Earliness traits:

Data presented in Table (3) show that irrigation
every 15 days significantly increased number of
flowers/plant and decreased setting and earliness
percentagesin both seasons compared with the other two
irrigation intervals (every 30 and 45 days). In this concem,
Ibrahim and Moftah (1997), Ali (2002); and Hameed and
Abod (2010) obtained the same results.

Natural materials treatments gave significant
effect on number of total flowers/plant, number of open
bolls/plant and boll setting% in both seasons, in favor of
treated plants with potassium citrate (3g/l) or with
glycine betaine (600 ppm), where these two treatments
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gave the highest values without significant differences
between them. While the lowest values were produced

fromuntreated plants. Natural materials treatments gave
insignificant effect on earliness % in both seasons.

Table 3. Effect of irrigation periods and natural materials as well as their interaction on earliness traits and

fiber quality in 2015 and 2016 seasons.

Treatments

No. of flowers/ plant No. of open bolls/plant Boll setting % Earliness % Pressleyindex Micronire reading

2015  Y.\% Y.\o Yo YO10 Yodn Yade YoNRY.de YoNu Y.ore  Yoan
Irrigation intervals (A)
al Irrigationevery 15day 28.81  29.39 20.59 20.99 7143 7296 65.21 66.64 10.00 10.10 4.20 4.50
a2 Irrigationevery 30day 28.01  28.68 20.87 21.36 7410 75.64 74.42 7596 950 9.70 430 4.60
a3 Irrigationevery 45day 26.65 27.21 18.84 20.27 7491 76,58 77.20 78.8110.00 10.20 450 4.50
LSD at 0.05 0.35 0.33 045 0.49 133 137 115 108 Ns Ns Ns Ns
Spraying with natural materials B
bl Control 26.63 27.20 18.98 19.38 7122 72.65 71.08 72.56 9.50 9.60 4.40 4.60
b2 Glycine betaine 2875 29.32 2152 22.07 7477 76.26 72.87 74.34 9.20 950 4.20 4.50
b3  Potassiumcitrate 2890 2948 21.68 22.09 75.06 76.63 7159 73.18 9.70 9.90 4.30 4.50
b4  Salsalic acid 27.02 27.70 19.56 19.96 72.88 74.69 73.65 75.11 950 9.70 4.20 4.40
LSD at 0.05 0.77 0.77 0.73 0.72 031 1.35 Ns Ns Ns Ns Ns Ns
Interaction (AxB)
b1 2742 2797 19.22 19.60 70.08 71.42 6499 66.51 9.80 9.85 430 455
al b2 30.15 30.75 22.02 22.46 73.07 7453 6552 66.85 9.70 9.80 430 4.50
b3 29.89 3049 2151 21.94 71.95 73.62 63.43 64.9710.00 10.00 440 4.50
b4 27.79  28.35 19.62 19.96 70.64 7228 66.89 68.24 950 9.90 450 4.45
bl 26.88 27.42 19.79 20.18 72.67 7412 7247 7392 9.80 9.65 4.40 4.60
a2 b2 28.95 2953 2193 22.59 7532 76.83 7519 76.71 9.40 9.60 440 455
b3 29.64  30.23 22.46 2291 75.77 77.29 7449 76.20 9.70 9.80 4.20 4.55
b4 2658 2755 19.31 19.76 72.62 7431 7552 77.01 9.60 9.85 4.20 4.50
bl 2560 26.22 17.95 18.36 7090 7242 75.79 77.32 950 9.60 4.20 4.55
a3 b2 2715 27.69 20.60 21.15 7592 77.42 7790 79.48 950 9.55 4.30 4.55
b3 2717 2791 21.07 21.42 77.46 7898 76.85 78.38 9.70 9.75 4.20 4.50
b4 26.68 27.21 19.76 20.17 75.36 77.48 7853 80.07 9.60 9.65 4.20 4.50
LSD at 0.05 1.34 Ns 1.27 Ns 0.65 Ns Ns 351 Ns Ns Ns Ns
Concerning the interaction between irrigation  Delaying irrigation interval from 15days to 45 days

intervals and natural materials, there is a significant
interaction effect with regard to number of total
flowers/plant,number of openbolls/plant, boll setting% and
earliness % in one seasononly. The highestvalueof number
of total flowers/plant was obtained from irrigated plants
every 15days andreceived glycine betaine (600 ppm). But
the highest value of number of open bolls/plantwas obtained
fromirrigated plants every 30 daysandreceived potassium
citrate (3g/1). Irrigated cotton plants every 45 days, combined
with glycine betaine (600 ppm) produced the highest boll
setting%andwhen combined with potassium citrate (3g/I)
produced the highest earliness %.

IV-Daily flowering curwe:

The general trend of curves shape of the
accumulative number of flowers produced per plant of
natural materials treatments as compared with control
(without application) and their distribution during the
flowering period was shown in figures 1, 2and 3 for the
first, second and third irrigation intervals, respectively.

Figures 1, 2 and 3 show that at the first irrigation
interval (every 15 days) flowering start at 24/6, 25/6, 26/6
and 27/6in untreated plants, plants which received glycine
betaine, potassium citrate and salsylic acid, respectively.
While, at the second irrigation interval (every 30 days)
flowering startearly by about 4 days, where flowering start
at 20/6 for untreated plants, and plants which received
glycine betaine-, and at 22/6 and 23/6 for plants which
received potassium citrate and salsylic acid, respectively.

flowering startearly byabout 7 to 8 days, where flowering
start at16/6 for plants which received glycine betaine and
potassium citrate and at 18/6 and 20/6 for plants which
received salsylic acid and control (untreated plants),
respectively.

Fromthe same figures, it could noticed that at the
first irrigation interval (every 15 days), the difference in
the accumulative number of flowers per plant was low
in the early part of flowering period and increased with
progress of plants towards maturity, where there are two
curves peak, the first peak reached its maximum of
flowers production after approximately 18 days from
flowering for untreated plants, and plants which
received potassium citrate-, and after 19 and 25 days
from flowering for plants which received glycine
betaine and salsylic acid, respectively. The second curve
peak reached its maximum of flowers production at
approximately 34 and 36 days from flowering for plants
which received glycine betaine and potassium citrate,
respectively and after 36 and 37 days from flowering for
untreated plants, and plants which received salsylic
acid, respectively. The two main curves peak was
higher in case of plants which received glycine betaine
and potassium citrate, respectively, as compared with
untreated plants and plants which received salsylic acid.
Also, it could noticed that flowering start from 24/6 and
25/6 until 17/8 in untreated, plants and plants which
received glycine betaine, respectively, and from 26/6 to
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16/8 in plants which received potassium citrate and
from 26/7 to 15/8 in plants which received salsylic acid.
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Fig. 3. Penta daily flowering curwe for irrigation
every 45 days

At the second irrigation interval (every 30 days),
the difference in the accumulative number of flowers
per plant was low in the early part of flowering period
and increased with progress of plants towards maturity,
where there are two curves peak, the first peak reached
its maximum of flowers production after approximately
17, 16, 19 and 20 days from flowering for plants which
received glycine betaine, potassium citrate, untreated
plants and plants which received salsylic acid,
respectively. The second curve peak reached its
maximum of flowers production at approximately 31,
32, 33 and 34 days from flowering for plants which
received potassium citrate, glycine betaine, salsylic acid
and untreated plants, respectively and after 36 and 37
days from flowering for untreated plants and plants
which received salsylic acid, respectively. The two
main curves peak was higher in case of plants which
received potassium citrate and glycine betaine,
respectively, as compared with untreated plants and
plants which received salsylic acid. Also, it noticed that
flowering start from 20/6 until 11/8 in untreated plants
and plants which received glycine betaine and from 23/6
to 16/8 in plants which received potassium citrate and
from 26/7 to7/8 andl1l/8 in plants which received
salsalic acid and potassium citrate, respectively.

At the third irrigation interval (every 45 days),
the difference in the accumulative number of flowers
per plant was low in the early part of flowering period
and increased with progress of plants towards maturity,
where there is one main curve peak, it reached its
maximum of flowers production after approximately 24
and 28 days from flowering for plants which received
potassium citrate and glycine betaine, respectively, and
after 25 and 30 days from flowering for untreated plants
and plants which received salsylic acid, respectively.
The main curve peak was higher in case of plants which
received glycine betaine and potassium citrate
respectively, as compared with untreated plants and
plants which received salsylic acid. Also, it noticed that
flowering start from 16/6 until 3/8 in plants which
received glycine betaine and potassium citrate and from
18/6 to 31/7 in plants which received salsylic acid and
from 20/6 to 5/8 in untreated plants.

In general, the highest values of flowers at the
main peaks of flowering in the three irrigation intervals
were obtained from plants treated with potassium
citrate(3g/l) followed by those treated with glycine
betaine(600ppm) under 15 and 30 days intervals and the
inverse was true under irrigation every 45 days and the
lowest values were produced from plants treated with
salsalic acid (200ppm) and untreated plants under
irrigation every 15 days, while under irrigation every 30
and 45 days the lowest values were produced from
untreated plants. Also, it could be noticed that the
flowering curve in irrigation every 30 and 45 days was
higher, start earlier and ending earlier as compared to
the flowering curves in the irrigation every 15 days.
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Table 4. Effect of irrigation periods and natural materials as well as their interaction on growth and yield in

2015 and 2016 seasons.

Mgnt No. of fruiting Bqﬂ Seed Lint Sechonon
height branches Weight Index o yield
Treatments (cm) Iplant (9) (@) & (kentar/fed.)
2015 Y. Yoye YONT O YOde YudT Yude YNl Yude Yot Yule  Y.oyn
Irrigation intervals (A)
al Irrigationevery 15day 167.43 17246 16.60 17.13 337 331 11.77 11.70 40.82 40.03 10.70 10.48
a2 Irrigationevery 30day 159.85 16291 1594 1635 338 320 11.89 11.79 4170 4128 10.82 10.57
a3 Irrigationevery 45day 150.17 15256 15.00 1546 329 319 116 1140 4180 4138 10.05 9.83
LSD at 0.05 236  2.07 0.12 022 013 0.06 Ns Ns 022 032 029 025
Spraying with natural materials B
b1l Control 161.36 164.80 16.08 16,53 326 3.10 1194 11.00 40.86 40.45 9.81  9.59
b2 Glycine betaine  158.78 162.37 15.86 16.32 3.44 3.32 1150 10.64 4176 4134 1111 10.87
b3 Potassiumcitrate 159.58 163.17 1592  16.40 343 326 1210 10.36 41.87 4146 11.03 10.81
b4  Salsalic acid 156.89 160.23 1553  16.00 321 325 1135 10.91 40.92 4050 10.16 9.90
LSD at 0.05 NS 311 0.29 027 010 0.04 Ns Ns 026 035 039 0.36
Interaction (AxB)
b1l 171.15 17629 17.00 1751 335 315 11.82 10.97 40.21 3981 9.94 9.78
al b2 166.00 170.98 16,58 1718 343 3.37 1163 11.06 41.69 41.27 11.20 10.98
b3 168.17 17321 16,75 1725 341 332 1194 10.82 4145 4104 11.32 11.08
b4 164.42 169.35 16.08 16,57 3.28 3.37 11.75 1046 39.78 39.38 10.35 10.08
bl 160.71 163.37 16.00 1641 329 3.14 1192 1140 41.67 4125 1045 10.14
2 b2 160.75 163.96 16.00 1632 349 328 11.69 11.31 4207 41.65 1155 11.28
b3 160.33 163.53 16.00 1647 3.47 323 1199 11.09 4228 4186 11.29 11.08
b4 158.17 160.76 1575 16.21 328 3.14 1162 12.06 40.34 39.94 10.00 9.77
bl 152.75 15475 1525 1568 3.15 3.00 11.77 10.63 40.71 40.30 9.37 8.86
a3 b2 14958 152.17 1500 1595 341 329 1155 1056 41.31 40.87 10.57 10.35
b3 150.25 152.75 1500 1548 341 323 11.85 10.19 4211 41.68 10.46 10.26
b4 148.08 150.58 14.75 1523 323 324 1147 1021 41.06 40.65 10.14 9.87
LSD at 0.05 NS Ns NS Ns NS 0.08 Ns Ns 042 048 067 0.64

V- Yield and yield components

Regarding the effect of irrigation intervals on boll
weight and number of open bolls/plant, results in Table 4
show significant differences among irrigation intervals in
both seasons. The heaviest bolls were obtained from the
plants irrigated every 15 days compared with the other
two irrigation intervals. However, the higher number of
open bolls/plant was obtained from plants which irrigated
every 30 days without differences between irrigation
every 15and 30 days.

Irrigation intervals had insignificant effect on
seed index and significant effect on lint % in both
seasons. The highest value of lint % was resulted from
irrigated the plants every 45 days.

Growing cotton plants under irrigation every 30
days had significant increase in seed cotton yield /
feddan compared with the other two irrigation intervals
(every 15 and 45days). The increase of seed cotton
yield / fedden might be attributed to increase of boll
weight and number of open bolls / plant. Similar results
were obtained by Soomaro at al. (2001) and
Abdelatif et al. (2002) who found that irrigation
cotton plants every 14 days produced the highest values
of seed cotton yield / plant and per fed.

Water stress could restrict internode elongation
and leaf expansion through inhibiting cell expansion,
the process known to be sensitive to water stress. Also,
drought could lower biomass accumulation by driving

the plants to minimize water loss through transpiration
by inducing stomatal closure and since carbon gain can
occur only while water is being lost (Radin, 1989)
These results are in general agreement with the finding
of Kassem and Namich (2003) and Gebaly, (2007).

Natural materials significantly affected boll weight
and number of open bolls/plant in both seasons in favor of
spraying glycine betaine and potassium citrate.

Application of salsalic acid or glycine betaine
gave significant increase in lint % and insignificant
effect on seed index in both seasons.

Spraying cotton plants with glycine betaine at
the concentration (600 ppm) lead to a significant
increase in seed cotton yield per feddan. Such increase
in chemical contents due to glycine betaine application
may be attributed to that glycine betaine could be a
good storage form of nitrogen because of its metabolic
proximity and ready conversion to glutamic acid, a key
compound in nitrogen metabolism and source of
reducing power. Applying glycine betaine prior to water
stress improved photosynthesis by increasing of stomata
conductance. These results are parallel with the findings
of Namich (2003).

With regard to the effect of the interaction
between irrigation intervals and natural materials on
seed index and lint %, the data indicate that irrigation
every 30 days in combination with spraying potassium
citrate produced the highest values of lint % in both
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seasons. However, this interaction gave insignificant
effect on seed indexin both seasons.

The reduction in yield and yield components was
observed as results of water stress. On the other hand,
spraying cotton plants with glycine betaine under
normal and drought conditions tended to increase
physiological processes ie., stomatal conductance,
photosynthetic rate and this tended to a significant
increase in growth parameters i.e., number of nodes and
fruiting branches and some chemical contents in cotton
leaves i.e., chlorophyll A, B and carotene, total phenols
and proline. Also, the application of glycine betaine
tend to a significant increase in number of flowers and
bolls per plant, boll setting and lint percentage, boll
weight, seed index and seed cotton yield.

The combined treatment  of irrigation
interval every 30 days when combined with glycine
betaine at the concentration (600 ppm) gave significant
increase in seed cotton yield / fedden (kentar) in both
seasons and when combined with potassium citrate at
the concentration (3g/l) in the first season only. This
could be due to that glycine betaine promoted some
morphological and physiological responses that control
water stress plants more than well-watered, such as
increasing leaf area, increasing root / shoot ratio,
increasing leaves content of sugars and increasing
proline content which all could improve water relations
of water-stressed plants (Ashraf and Foolad, 2007).
VI-Fiber quality:

Data in Table 3 show that Presley index and
micronaire reading did not affect by irrigation intervals,
natural materials and their interaction in both seasons.
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