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ABSTRACT

The present study was carried out at Mallawi Agric. Res. Station, Minia, in
2001 and 2002 seasons to study the effect of foliar application of ethrel (ethephon) in
low concentrations (0, 10, 20 and 40 ppm) at squaring stage or at early flowering
stage on late sown cotton plants of Giza 83 cultivar.

The obtained results showed that, in comparison with the control, ethrel
tended to decrease plant height, leaves content of chlorophyll and number of days to
first open boll with increasing the reduction in these traits as ethrel concentration
increased. On the other hand, all ethrel concentrations, in general, increased leaves
content of sugars, number of sympodia, flowers, and open bolls per plant, boll
retention%, eariness%, and seed cotton yield per faddan, however, all of these traits
were significantly increased over the control only by 10 or 20 ppm which gave the
highest yield and the best results in general. Fiber properties were not affected by

ethrel treatments.

Both time of applicalion and the interaction between time of application and
ethrel concentration had aimost no marked effects on plant growth and yield.

it could be concluded that treatment of late sown cotton plants with 10 or 20
ppm of ethrel at either squaring stage or early flowering stage improved the plant
fruiting performance and yield under late planting conditions.

INTRODUCTION

It is general knowledge that cotton plant grows vegtatively and
develops fruit simultaneously which gives rise the competition between
vegetative and reproductive growth on photoassimelates and nutrients. This
may make it difficult to maintain the balance between vegetative growth and
fruit development, which is essential for getting maximum cotton yield,
particularly when climatic conditions encourage the plant vegetative growth
like under late planting conditions. High cotton yield is associated with
directing plant resources toward fruiting sinks at the formation of sufficient
level of vegetative growth that can serve as effective assimilates supplier.
Climatic factors, especially temperature, have profound effects on plant
growth and crop development. Planting date influences cotton growth and
productively by changing the in-season sequence of the environmental
conditions. With delaying cotton sowing, temperature associated with plant
growth becomes higher which induces plant growth through putting plant
metabolic energy into the formation of new vegetative structures, which may
create a developmental imbalance trouble. Both fruiting capacity and
efficiency of late cotton plantings are often depressed due to the higher
competition of vegetative growth, limited time for full fruiting expression, and
unsuitable late season environmental conditions for crop maturity. Therefore,
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it has long baen recommended that cotton sowing should be as early as
climatic conditions permit. Yet, late cotton planting is still increasing common
which emphasizes the need for physiological treatments that could modify the
metabolic pathway of cotton plant and improve its fruiting performance under
late planting conditions.

Ethrel  (2-chioroethyl-phosphoric acid) is an ethylene-releasing
substance and is probably the most widely used plant growth regulator in
agriculture. Ethrel (ethephon) is regarded as “liquid ethylene” (Abeles et al.,
1992b) and when. it is applied to plants, it breaks down, acts as a direct
source of ethylene, and elicits responses identical to those induced by
ethylene gas itself (Grodzinski and Woodrow, 1989). Ethylene is a simple
hydrocarbon compound that affects many, if not all, aspects of plant
metabolism at the molecular, cellular, and whole-plant levels. Such gaseous
hormone plays important roles in biological signaling in plant physiology
(Chang and Stadler, 2001). Ethylene-mediated signal transudation leads to
induction and expression of-a set of genes related to senescence and ripining
promotion, several stresses tolerance and plant defense mechanisms (He et
al., 2001; Pieterse et a/., 2001; and Klee & Clark, 2002).

It has been demonstrated that ethylene has direct or indirect effects
on several biochemical and physiological processes, it inhibits photosynthesis
and transpiration, via inducing stomata closure, but it increases respiration
(Abeles et al., 1992a), it alters assimilates translocation by reducing the
upward translocation toward the apical meristem and increasing the
downward translocation toward roots (Grodzinski and Woodrow, 1989; and
Abeles et al., 1992a). Ethylene (ethephon) mediates changes in levels and
actions of other phytohormones as it reduces auxins, gibberellins and
cytokinins levels but increases absisic acid level (Abeles et al., 1992a and
Bondok et al., 1994), inhibits auxin transport, induces auxin conjugation and
degradation (Abeles et al., 1992a). Also, ethrel (ethephon) was found to
decrease chiorophyll content but to increase reducing sugars and total
soluble sugars in cotton leaves (Bondok, 1986; Bondok et al., 1994 and
Wahdan & Wassel, 2000).

Also, ethylene (ethephon) affects piant growth and development as it
inhibits shoot apex growth and reduces plant height (Grodzinski & Woodrow,
1989 and Abeles et al., 1992b), stimulates lateral growth and bud break by
inhibiting apical dominance (Abeles et al, 1992a), increases number of
fruiting branches (Bondok et al., 1994), induces root hair and lateral roots
growth (Abeles et al., 1992a).

it has been shown that ethrel increased seed cotton yield by
increasing numbers of flowers and open bolls per plant, boll setting% and
earliness% (Abdel-A: et al., 1987; Bondok et al., 1994, Wahdan and Ghourab,
1995; and Wahdan and Wassel, 2000). However, the application of ethrel
(ethephon) did not affect fiber quality; fiber strength and finenss (Bondok et
al., 1994; Wahdan and Wassel, 2000).

in the light of the above findings, the present work was designed and
conducted to study the effect of ethrel in low concentrations on iate sown
cotton.
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MATERIALS AND METHODS

The field experiments were carried out at Mallawi Agric. Res. Station,
Minia Governorate, in 2001 and 2002 seasons, to study the response of late
sown cotton plants of Giza 83 cotton cultivar to foliar application of ethrel
(ethephon) in low concentrations; 0, 10, 20 and 40 ppm, under two times of
application, at squaring stage or at early flowering stage.

A split-plot design with four replicates was used in which main-plots
were assigned to time of application while sub -plots were occupied by ethrel
concentrations. The sub-plot area was 13 m? including 5 ridges, 4 m long and
65 cm width. Cotton seeds were sown on 22nd of April in both seasons.
Distance between hills was 20 cm and seedlings were thinned leaving two
plants per hill. All other cultural practices were performed as recommended
for cotton crop.

For estimating effects of ethrel treatments, the following data were
recorded :

A- Leaves chemical composition : leaf samples were taken 15 days after
spraying ethrel to determine leaves contents of chlorophyll a and B
(Arnon, 1949), carotenoids (Rolbelen, 1957), reducing sugars and
total soluble sugars (A. O. A. C., 1965).

B- Growth characters : final plant height and number of fruiting branches
per plant.

C- Earliness parameters : number of days from sowing to first flower and
open boll and earliness%.

D- Yield and its components : number of flowers/plant, number of open

bolis/plant, boll retention%, boll weight, lint%, seed index, and seed
cotton yield/faddan.
E- Fiber properties : micronaire value and pressely index.
All obtained data were computed as the procedure outlined by
Gomez and Gomez (1984).

RESULTS AND DISCUSSION

A- Effect of ethrel on leaves chemical composition :

Results presented in Table (1) reveal that leaves content of
chiorophyll a, total chlorophylls, reducing sugars, and total soluble sugars
were significantly influenced by ethrel concentration and by the interaction
time of application x concentration. However, leaves content of chiorophyill b,
carotenoids, and non-reducing sugars were not significantly affected by ethrel
treatments. Time of application exert no significant effect on chemical
composition of leaves.

It is clear from Table (1) that the action of ethrel on chlorophyil level
was dependent upon ethrel dose and plant growth stage as there was a
general decrease in chrolophyll level as ethrel concentration increased, but
the significant reduction in chlorophyll was produced by the highest
concentration (40 ppm) only. Also, such chiorophyll reduction was higher and
more pronounced when ethrel was applied at early flowering stage as
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compared with at squaring stage. Ethylene has been shown to act as aging
and senescence inducing hormone and the yeliowing of leaves and fruits is a
frequently observed effect of ethylene. The promoting effect of ethrelon
chlorophyll degradation may be an indirect result of ethylene-inducing aging
(Abeles et al., 1992a), or by ethylene-aclivating effect on chlorophyliase, the
enzyme which its main function is chlorophyll degradation (Drazkiewicz,
1994). Also, many workers obtained a reduction in chlorophyil with high ethrel
(ethephon) concentration (Bondok,” 1986; Bodok et al., 1994 and Wahdan &
Wassel, 2000). On the other hand, auxins, gibberellins, and cytokinins are
considered as juvenility substances which could block ethylene-induced
degradation of chlorophyll (Abeles et al,, 1992a). the higher reductionin
chlorophyll level due to the application of ethrel at early flowering stage as
compared with at squaring stage may be a reflection of decreasing juvenility
hormones in cotton leaves as plant age progressed.

Table (1): Effect of ethrel application on some chemical constituents of
~_cotton leaves as mg/gm dry weight in 2002 season.

Ethrel treatments Chlorophyll |Carotinoids Carbohydrates

Non- | Total
Time of Concentrations Reducing :

. a | b |Total reducing| soluble
application (A) ppm (B) sugars | gars | sugars
: 0 483(2.65]/7.48 0.61 10.42 530 |15.72
. 10 4.89(25817.47 0.61 12.80 532 |18.12
Squaring stage 20 476(255(731| 062 | 1305 | 532 |1837
40 459/2.56(7.15| 0.64 12.72 548 | 18.20
Mean 4.77(2.58(7.35] 0.62 12.25- | 535 [17.60
0 5.13[(2.70(7.83 0.62 11.80 524 |[17.04
Earty flowering 10 515(2.681|7.76 0.66 12.49 547 [ 17.96
stage 20 4.441266|7.10 0.69 12.95 550 |1845
40 3.87/2.56(6.43| 0.68 12.27 5.36 |17.63
Mean 465/2.63|7.28( 0.66 12.38 539 [17.77
0 498(268|766| 0.62 11.11 527 [16.38
Averages of 10 5.01[260|7.61 0.64 12.64 540 | 18.04
concentrations 20 46012.617.21 0.66 13.00 541 | 18.41
40 4.23(2.56|6.79| 0.65 12.50 542 |17.92
Overall Mean 4.71/261(7.32| 0.64 12.32 537 |17.69
A N.S.[N.S.(N.S.] N.S. N. S. N.S. | N. S
L.S.D5% 8 0.40(N.S./10.50] N.S. 0.60 N.S. | 073
AxB__ |os6|N.s.|o75] N.s. | 085 | NS | 104

With regard to ethrel effect on leaves content of carbohydrates, Table
(1) shows that, in comparison with the control, all ethrel concentrations exhibit
significant increases in leaves content of reducing sugars and total soluble
sugars at both times of application but the magnitude of such increase was
greater when ethre! was sprayed at squaring stage than at early flowering
stage. Increasing carbohydrate level in cotton leaves treated with ethrel
appears to he a secondary result of decreasing the translocation of
carbohydrate from the source leaf toward the stem apex (Grodzinski &
Woodrow, 1989 and Abeles et al., 1992a), which may cause carbohydrate
accumulation in leaves particularly when there were insufficient fruiting sinks
to attract such accumulated assimilates like at squaring stage, while at
flowering stage and increasing developing bolls the amount of accumulated

.. 5948



J. Agric. Sci, Mansoura Univ., 28 (8), August, 2003

carbohydrates could be reduced. Several previous reports showed that ethrel
(ethephon) increased cotton leaves content of sugars (Abdel-Al et al., 1987;
Bondok et al., 1994 and Wahdan & Wassel, 2000).

B- Effect of ethrel on growth characters :

Results shown in Table (2) indicate that plant height and number of
sympodia per plant were not significantly affected by time of application or by
the interaction time of application x ethrel concentration in both seasons.
However, both characters were significantly affected by ethrel concentration
only in 2001 season when plant height was gradually reduced with increasing
ethrel concentration reaching the significant reduction with the highest
concentration only, while number of sympodia per plant was increased by
various ethrel concentration reaching the significant increase with spraying 10
or 20 ppm of ethrel.

In relation to ethrel effect on plant height, Grodzinsiki and Woodrow
(1989) concluded that ethylene gas is associated with reduced plant growth
and plant treatment with ethephon resulted in reduced growth in many
systems. Abeles et al. (1992a) reported that ethephon inhibits stem
elongation and reduces plant height in many crop species and thus it is used
to increase the hardiness of transplanted seedlings and the resistanceto
lodging in cereal crops. It seems that reducing plant height was a result of
ethrel effects on sink activities and assimilates translocation via altering levels
and actions of other hormones of different classes. Ethrel (ethylene)
decreased the levels of growth promoters; auxins, gibberellins, and cytokinis
and increased the level of growth retardant abscisic acid (Bondok, 1986;
Bondok et al., 1994 and Abeles ot al., 1992a), inhibited the sink activity of
apical meristem resulting in reducing assimilates movement toward shoot a
pex (Grodzinski and Woodrow, 1989) which reduced plant height.

It is well agreed that both ethephon and ethylene inhibit apical
dominance and encourage lateral growth by reducing the capacity of polar
auxin transport probably through inhibiting the synthesis of auxin porters or
suppressing protein synthesis in general (Abeles et al, 1992a). Thus,
ethephon is commercially used to release bud, rhizome and tuber dormancy
in many plants (Abeles ef al., 1992b). loss of apical dominance could induce
axillary bud break in cotton plant which is characterized by high number of
dorman buds (Khafaga, 1983). Ethylene-inducing effects on bud break and
on downward assimilates translocation (Abeles et al., 1992a) could increase
number of sumpodia per plant and further could encourage the leterally
growth of a fruiting branch, forming more fruiting sites per branch. Similar
results were obtained by Bondok et al. (1994).

C- Effect of ethrel on earliness parameters :

It is clear from Table (2) that ethrel application had no significant
effect on number of days from sowing to first flower. Time of application
significantly affected only earliness% in 2001 season only when spraying
ethrel at early flowering stage enhanced earliness% compared with at
squaring stage. Ethrel concentration significantly influenced earliness% in
both seasons and number of days from sowing to first open boll only in 2001
season. :
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Table (2) : Effect of ethrel application on some growth and earliness paraméters during 2001 and 2002 seasons.

Ethrel treatments

Plant height

No. of sympodia

No. of days to

No. of days to

Earliness %

{cm) -_per plant first flower |first open boll
Time of Concentrations

application (A) opm (B) 2001 2002 | 2001 2002 | 2001 | 2002 | 2001 | 2002 | 2001 2002
Squaring ~tage 0 108.4] 974 | 126 11.8 72.0 | 73.6 | 125.0 | 124.7.| 59.3 61.7
10 105.9] 96.5 | 13.5 12.2 710 | 72.7 | 1241 [ 123.8 | 61.0 65.0
20 106.0| 95.5 { 13.8 12.4 70.7 | 731 [ 1242 {1241} 613 64.9
40 103.0] 95.0 | 13.5 124 70.7 | 728 | 123.3|123.7} 631 64.7
Mean 105.8] 96.1 | 134 12.2 711 | 731 11242 |124.1{ 61.2 64.1
0 108.1] 96.8 | 12.7 120 ,| 722 | 73.3 [ 1253 [ 1249 | 596 60.9
Early flowering 10 107.5| 96.2 | 13.0 12.4 71.9 | 731 (12361239 629 65.1
stage 20 106.9{ 95.2 | 13.5 12.3 721 | 735 1 123.11123.8) 65.3 66.2
40 104.6] 96.4 | 12.9 12.0 71.8 | 73.4 1123.2 1123.8| 65.7 67.1
Mean 106.8] 96.2 { 13.0 12.2 720 | 73.3 |1 123.8 (1241 | 634 64.8
0 108.3| 97.0 | 12.7 11.9 721 | 735 | 1252 | 1248 | 59.5 '61.3
Averages of 10 106.7( 96.4 | 13.3 12.3 716 | 729 |1 123.9 [ 123.9| 620 65.1
concentrations 20 106.5] 95.4 | 13.7 12.4 714 | 73.3 | 123.7 | 124.0 | 63.3 65.6
40 103.8| 95.7 | 13.2 12.2 71.2 | 731 | 123.3 | 123.8 | 64.4 65.4
Overall mean 106.3] 96.1 | 13.2 122 716 | 73.2 | 1240 | 1241 ] 62.3 64.4
LS D A N.S.{ N.S. [ N.S. N.S. N.S. NS | NS |[NS | 20 N.S.
'50/' B 23 | N.S. | 06 N. S N.S. | N.S. | 11 | NS | 22 1.8
° AxB N.S.] N.S. | N.S. N.S. N. SJ{ N.S. | N.S. I N.S. | N.S. N. S.
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All ethrel concentrations increased earliness% and decreased number
of days to first open boll in comparison with the control. Such effect of ethre!
in enhancing boll opening and earliness of yield may be a result of its impacts
on plant growth and carbohydrate level and partitioning which could create
external and internal changes that induce boll growth and maturity. These
results are in agreement with those of Abdel-Al et al. (1987), Bondok et al.
(1994) and Wahdan & Ghourab (1995) who reported that ethrei (ethephon)
increased earliness%.

D- Effect of ethrel on yield and yield components :

Data shown in Tables (3) and (4) reveal that, in both seasons, ethrel
application foiled to show any significant effect on boll weight, lint%, and seed
index. Also, neither time of application nor the interaction, time of application
x concentration exerted significant effects on yield and its components in both
seasons. However, ethrel concentration significantly affected numbers of
flowers and open bolls per plant and seed cotton yield in both seasons and
boll retention% in 2002 season only. In comparison with the control, all ethrel
concentrations increased flowers and open bolls production but significance
level was not always reached with the concentration of 40 ppm. Only 20 ppm
significantly increased boll retention% over the control in the second season
only. In both seasons, seed cotton yield was significantly increased by
spraying 10 or 20 ppm, while it was increased only numerically by spraying
40 ppm ethrel, in comparison with the control.

It could be detected that ethrel increased plant productivity as a result
of the sum of its morphological, biochemical and physiological effects on
plant as previously discussed. Induction of flowering may be a form of
ethylene-induced aging (Abeles et al., 1992a). Ethrel-increased flowers and
bolls production and retention could be owing to increasing number of
sympodia per plant, sugar content, and earliness% which lead to increasing
seed cotton yield/fad.

Similar results were reported by Bondok et al., (1994), Wahdan and
Ghourab (1995) and Wahdan & Wassel (2000).

E- Effect of ethrel on fiber quality :

It is obvious from Tables (3) and (4) that, in both seasons, various
ethrel treatments, time of application, concentration and their interaction
failed to exhibit any significant effects on fiber strength (pressely index) and
fiber fineness (micronaire reading). These resuits are similar to those of
Bondok et al. (1994), Wahdan & Ghourab, (1995) and Wahdan & Wassel
(2000).

It could be conciuded from the results of the present study that the
treatment of late sown cofton plants with ethrel (ethephon) at the
concentrations of 10 or 20 ppm at either squaring stage or early flowering
stage improved the physiological and developmental balance of cotton piant
which enhanced the plant fruiting efficiency and increased seed cotton yield
under late pianting conditions.
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Table (3) : Effect of ethrel application on yield, yield components and fiber qualit

‘v ‘W W ‘wesse)

in 2001 season.
Ethrel treatments No.of | No. of Boli Boll Seed |Seed cotton Microniare|P .
Time of Concentrations |flowers| open bolis|retention| weight | Lint % | index | <yield . m;‘;'.‘:” ';::::V
application (A) ppm (B) plant plant % (gm) {gm) (kg/fad.) 9
Squaring stage 0 173 929 57.23 250 | 39.38 | 11.12 7.82 5.15 9.50
10 19.0 113 59.47 253 | 39.67 | 11.36 8.58 5.25 9.40
20 193 119 61.66 251 | 39.49 | 11.27 8.69 5.20 9.65
40 18.3 10.7 58.47 248 | 39.71 | 11.32 8.19 5.25 9.45
Mean 18.5 10.9 59.21 251 | 39.568 | 11.27 8.32 5.21 9.50
0 16.7 97 58.08 252 | 39.51 | 11.21 7.74 5.25 9.40
Early flowering 10 18.3 11.2 61.20 257 | 39.82 | 11.28 8.31 5.20 9.60
stage 20 19.2 116 60.42 261 | 39.78 | 11.41 8.47 5.10 9.45
40 17.8 11.0 61.80 252 | 39.74 | 11.28 8.24 5.25 9.50
Mean 18.0 10.9 60.37 256 | 39.71 | 11.29 8.19 5.20 9.49
0 17.0 9.8 57.65 251 | 3945 | 11.17 7.78 5.20 9.45
Averages of 10 18.7 113 60.33 255 | 39.75 | 11.32 8.45 5.23 9.50
concentrations 20 19.3 11.8 61.04 256 | 3964 | 11.34 8.58 5.15 9.55
40 18.1 10.9 60.14 2.50 | 39.73 | 11.30 8.22 5.25 9.48
Overall mean 18.3 10.9 59.79 253 | 3964 | 11.28 8.26 5.21 9.50
L S.D A N. S. N. S. N. S N.S. | N.S. | N.S. N. S. N.S N. S.
'50/'0 B 1.5 11 N.S N.S. | N.S. | N.S. 0.46 N. S N. S.
AxB N. S. N. S. N.S N.S. | N.S. | N.S. N. S. N. S N.S.
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Table (4) : Effect of ethrel application on yield, yield components and fiber quality in 2002 season.

Ethrel treatments No.of | No. of Boiil Boll Seed |Seed cotton Micronian ] Pressel
Time of Concentrations |flowers|open boils|retention| weight | Lint % | index yield reading b i d:x y

application (A) ppm {B) _plant plant % (gm) {gm) (kgffad.)

Squaring stage 0 17.2 10.6 61.63 262 | 39.69 | 11.27 8.62 5.05 9.40

10 20.5 121 59.02 259 | 40.10 | 11.17 9.16 5.25 9.55

20 19.7 127 64.47 268 | 39.79 | 11.22 9.38 5.20 9.30

40 18.9 10.8 57.14 2.59 ([ 39.89 | 11.27 8.64 5.00 9.50

Mean 19.1 11.6 60.57 262 | 39.87 | 11.23 8.95 5.13 9.44

0 17.9 10.8 60.34 256 | 39.65 | 11.30 8.69 495 9.15

Early flowering 10 203 129 63.55 2.69 | 39.94 | 11.37 9.61 5.05 9.35

stage 20 19.2 126 65.62 268 | 39.85 | 11.40 9.40 5.20 9.35

40 19.6 114 58.16 261 | 39.87 | 11.50 8.92 5.20 9.50

Mean 19.3 11.9 61.92 2.64 | 39.83 | 11.39 9.15 5.10 9.34

0 176 10.7 60.98 259 | 39.67 | 11.29 8.66 5.00 9.28

Averages of 10 20.4 125 61.28 2.65 | 40.02 | 11.27 9.38 5.15 9.45

concentrations 20 19.5 12.7 65.04 268 | 39.82 | 11.31 9.39 5.20 9.33

40 19.3 11.1 57.65 2.60 | 39.88 | 11.39 8.78 5.10 9.50

Overall mean 19.2 11.8 61.24 263 | 3985 | 11.31 9.05 5.11 9.39

LS.D A N. S. N. S. N. S. N.S. | N.S. | N. S N.S. N. S. N. S.

‘5% B 2.0 1.2 3.9 N.S. | N.S. | N.S. 0.44 N. S. N. S.

AxB N. S. N. S. N. S. N.S. ] N.S. | N.S. N. S. N.S. N. S.
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