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Abstract

Seeds of the two Egyptian cotton cultivars; Giza 77 (extra-long
staple ) and Giza 75 (long-staple), Gossypium barbadense L., and Upland
cotton cultivar McNaire 220, G. hirsutum L., were sown in the two suc-
cessive growing seasons of 1990 and 1991. The first season was as-
signed to determine the suitable colchicine concentration and the toler-
ance of loculus to colchicine injection. On the basis of study of 1990,
colchicine concentrations of 0.00% (distilled water as a control) and
0.01% were used for injecting green bolls of 25,30 and 35 days post
anthesis ‘(DPA), to study the direct effect of colchicine on the cotton fi-
ber physical and stuctdural properties, and the possibility of inducing fi-
ber structural deformities.

It was found that colchicine caused an increase in maturity ratio
and degree of wall thickening of Giza 75, but reduced fiber sugar con-
tent of Giza 77 and McNaire 220 in all boll ages. It also decreased fiber
strength, elongation percentage and reduced sugar content of Giza 75
in all boll ages, fiber strength of Giza 77 of bolls aged 25 and 30 DPA,
degree of wall thickening of Giza 77 and McNaire 220 in all boll ages . ‘
However, it did not affect fiber strengh of Giza 77 of boll aged 35 DPA
and (T1) of McNaire 220 of bolls at all ages and strength uniformity per-
cent of the three cultivars and elongation percent of Giza 77 and
McNaire 220. Whereas, the older fiber-aged, water or colchicine treated
bolls, had the higher values of strength, maturity and degree of wall
thickening of the higher values of strength, maturity and degree of wall
thickening of the three cultivars, but they had the lower values of reduc-
ing sugar content in the three cultivars. With repect to fiber deformities
structures, their total major and minor attained their maximum at 30
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DPA age either for water or collchicine injection in the three cultivars.
Giza 77 and Giza 75 cultivars had lower total fiber percentage deformi-
ties than McNaire 220. Colchicine or water injection showed five major
deformities, i.e., extreme tappering; knee, knot and small and large en-
largment. and one minor deforrmity of emergence form. The more fre-
quent was knot, while the fiber deformities spectrum varied with chang-
ing the injection age and cotton cultivar.

INTRODUCTION

Colchicine treatments are recently used to indLlce useful mutations to impart the in-
crease in yield and higher fiber quality. It is felt important to study the unuseful side
effect of colchicine on fiber deformities and its direct effects on the cotton fiber
structural and physical properties. Lord (1961) concluded that both fiber maturity
ratio and degree of wall thickening increased with increasing fiber age for all cotton
cultivars but, with different degrees according to cotton cultivar and growing condi-
tions. Liu et al. (1983), by using gas chromatography, found that the natural sugar
contents increased markedly during the elongation of the primary wall of the fiber.
Ramey et al. (1982) concluded that fiber degree of wall thickness tended to increase
with boll age. Askalany (1986) showed that there were no differences between the
Egyptian cotton Dendera and the American cottons; Tamcot CAMDE and McNaire 220
grown in Egypt, concerning reducing sugars. Farr (1934) concluded that counts of
fiber deformities showed a large number in Acala, a smaller number in Super Seven
and very few in Pima, Soliman (1979) and EL-Sahar et al. (1981) found that the
cotton fiber deformities were classified into major and minor according to their
number and frequenccy in 13 cultivars of Egyptian cotton. They added that differ-
ences in number of fiber deformities among the cultivars, different types of fiber
deformities, and the interaction between cultivars and types were highly significant.
Yatsu and Jaks (1981) and Yatsu (1983), by using the injection of aqueous colchi-
cine solutions into developing cotton bolls, found that the injection succeeded to
abolish cytoplasmic microtubulles, that line the periphery of the protoplasm, in the
hair cells (fibers). Yatsu (1983) suggested that microtubules are responsible for the
orientation of cell wall microfibrils. He added that the tenacity of colchicine - treat-
ed fibers was sinificantly lower than the untreated ones. No previous study had
known any conclusion between colchicine injection and formation of fiber deformi-
ties, therefore, this work was carried out to study the effect of colchicine of fiber
deformities, beside other physical and chemical properties of the colchicine treated
fibers in the green bolls.



EFFECT OF CHOLCHICINE ON COTTON 1049

MATERIALS AND METHODS

The experimental work field was conducted at the Agricultural Experimental Sta-
tion, Agricultural Research Center, Giza, ARE, during 1990 and 199. The first year
(1990) was assigned to determine the suitable colchicine concentrations and the tol-
erant degree of loculus to colchicine injection. The seeds of the three varieties under
investigation; Giza 77, Giza 75, and MnNaire 220 were sown in the 15 th of April in
complete Randomized Block Design with three replicates. Land preparation, fertilizer
applications and natural operations followed the normal practices of cotton cultiva-
tion. Flowers on different conton plants growing in the experiment were tagged as
they blossomed. Aqueous colchicine solutions were injected into ends of loculus of
bolls, ranging in age from 15 days DPA to 40 DPA. Excess solution was allowed to
flood through a hole pierced in the other end of the loculus with a sterile needle. The
solution was injected with a 5 ml plastipak disposable syringe. Colchicine at concen-
trations of 0.00, 0.01, 0.05, 0.10, and 0.50% in distilled water were used. It was
realized from this experiment that injection of colchicine proved lethal or deleteri-
ous of loculus younger than 20 DPA. The older loculus were more tolerant to colchi-
cine injection (The older the loculus, the more tolerant). From the results of the
first season, it was suggested that 0.01 % colchicine solution in addition to distilled
water as control could be used. In addition, the recommended ages of injected bolls
were 25.30 and 35 DPA to be used in the second year of study 1991. The experi-
mental work was as follows:

Two Egyptian cotton cultivars namely Giza 77 and Giza 75 and one American
cotton cultivar namely McNaire 220 were used. Aqueous colchicine solutions were
injeced into the ends of loculus of bolls of age of 15,20,25,30 ,35 and 40 DPA. The
solutions injected were distilled water, as control and colchicine 0.01. All tests of
cotton fiber properties were carried out at the Cotton Technology Laboratories,
Cotton Research Institute, Agricultural Research Center, Gia ARE under controlled
conditions of 65% relative humidity and 70 + 2OF. The following fiber technological
properties were estimated: Fiber flat-bundle strength at 1/8 inch (T1) and Zero inch
gauge length (To) in g / tex and fiber elongation (%) by the Stelometer tester ac-
cording to ASTM (D-1445. 1969). Fiber strength uniformity ratio was calculated as
follows: T1 / To x 100 (%). Fiber maturity (M) was determined ‘according to the
swelling method by 18% caustic soda soultion as described by Lord (1961). The de-
gree of wall thickening has been obtained from the relation given by Peirce and Lord
(1939). Fiber reducing sugars content was determined in mg/g (%) according to
Smith (1979). Deformities structures of cotton fibers as described by Soliman
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(1979) and El-Sahar et al. (1981). They classified them as follows: 1) The major
deformities; fiber extreme tappering, fiber knee, fiber knot, and fiber enlargement.
2) The minor deformities; fiber emergence. The data of colchicine effect on fiber
physical properties, were statistically analyzed as Factorial Experiment in Cfomplgte
Randomized Block Design according to Snedecor (1961). The significance between
different means were determined by New L.S.D. test, Waller and Duncan (1969).

RESULTS AND DISCUSSION
A. Fiber physical properties :

1- Fiber flat - bundle strength (To): It is clear frm Table (.1) that the injection of
bolls at 25 DPA with colchicine caused highly significant decreae in (To) of Giza 75
and Giza 77 as compared to those injected with water, while it was insignificant in
upland cultivar McNaire 220 at 30 DPA age. This negative effect was significant in
the three cultivars. Whereas, the iniection of bolls at 35 DPA either with colchicine
or water were statistically similar. However, these results indicate that the young
aged-fibers were more sensitive to colchicine treatment than the older fibers. In
general, the decrease in fiber strength could be explained that colchicine abolishes
cell wall microfibrils to lose their orientation and so cause weakness of their break-
ing strength (Yatsu and Jaks, 1981).

2- Fiber flat-bundle srength (T1): From Table (1), it is obvious'that values of fiber
strength at 1/8 inch (T1) were lower than those measured at zero gauge length
(TO). This might be due to the effect of weak places occurred along the fiber (Lord
1961). The comparisdns between colchicine and water treatments at each age re-
vealed intervarietal response. For Giza 77 cultivar, the injection of coichicine of
bolls at 25 DPA age caused a significant decrease in values of (T1) than those in-
jected with water (the control), while the two treatments were statistically similar
at 30 DPA age. On the other hand, the colchicine injection exhibited highly significant
decreases in Giza 75 cultivar at all DPA ages and the highest decrease percent was
at 35 DPA age; being 5.96%. In the case of McNaire 220 cultivar, the colchicine and
water (control) treatments were satistically similar in their effects at different in-
jection ages. The effect of injection age was also obvious on fiber strength at 1/8
inch gauge length (T1) and with higher values for older fibers and vice versa in the
three cotton cultivars. These results could be explained on the same assumptions of
Yatsu adn Jack (1981) and Yatsu (1983), previously discussed for fiber strength at
(To).
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3- Fiber strength uniformity ratio: Table (1) shows significant difference between
25 and 35 DPA ages of Giza 75 bolls injected with water. On the other hand, the
bolls aged 30 DPA injected with colchicine gave higher fiber strength uniformity
percent than both 25 and 35 DPA of Giza 77 only. It is interesting to note that the
values of strength uniformity percent are very close for the three cotton cultivars
in spite of the differences between (To and T1). Thee results could be explained by
the parallel trends of decreasing in values of both (To) and (T1) with each cultivar
and between control and colchicine treated fibers.

4- Fiber flat-bundle elongation: The variance ratio showed intervarietal effects of
colchicine injection on fiber flat-bundle elongation in both Giza 75 and McNaire 220,.
Table (1). Therefore, colchicine and water treatments at all ages of Giza 77 and
McNaire 220 did not exhibit any significant differences. With respect to Giza 75, the
bolls with injected colchicine gave significant lower percent of fiber elongation than
those injected with water at all DPA ages, Table(1). Injecting either with water or
colchicine revealed that the older the treated fiber the increasing in fiber elongation
percent (Joham ,1969). These findings could be interpreted on the base of the effect
of colchicine on fibrils orientation within the fiber cell which might differ from cul-
tivar to another.

5- Fiber maturity ratio: It is evident from Table (2) that the bolls of Giza 75 inject-
ed with colchicine gave higher maturity ratios than those injected with water at dif-
ferent DPA ages. On the other hand, the reverse effects were obvious in the two
other cultivars. The effect of injection age was clear within each cultivar with an
increase in maturity ratio for the older ages of injection either with water or with
colchicine ( Lord -1961). Thesefore, it could be concluded that colchicine had no
clear effect on cotton fiber maturity under the studied cultivars and conditions. This
may be due to that colchicine effects were mainly on the fiber orientation more than
on the amount of cellulose deposition (¥atsu and Jacks,1981; Yatsu , 1983).

6- Degree of wall thickening: It is obvious from Table (2) that the values of degree
of wall thickening were in complete parallel with those of maturity ratio, since they
were calculated from them. Therefore, it could lead to the same conclusions. Gener-
ally, it is clear that the wall thickening increases with the increase of fiber age ei-
ther for water or colchicine injecions (Ramey et al. - 1982).

B- Fiber reducing sugar content:

The mean values of fiber reducing sugar content presented in table (2) indicat-
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ed that the differences between colchicine and water treatments at all DPA ages of
the three cultivars were of low magnitude. In addition, the colchicine injection gave
higher content of reducing sugar than water injecton treatment at all DPA ages of
Giza 77 and McNaire 220. Contradicting results were obtained with respect to Giza
75 cultivar, where water injected in bolls had more sugar content as compared with
colchicine treatment at all DPA ages. Within each cultivar, it is obvious that the
young aged-fibers had higher reducing sugar content than older ones. These results
agreed with those of Huteres et al. (1981), Liu et al. (1983) and Askalany (1986).

C- Fiber deformities :

(1) Fiber deformities frequency : It is clear from Table (3) and Figure (1) that the
total major and minor deformities started with lower percentages for the 25 DPA
injection, then increased obviously to 30 DPA injection, and then decreased to 35
DPA injection, either for water or colchicine treatments in the three cotton culti-
vars. The highest general totals at 30 DPA were; 10.4 %, 8.1 % and 5.7 % for
McNaire 220, Giza 75 and Giza 77, respectively. These results indicated that the fi-
bers at 30 DPA were more sensitive to the injection of colchicine or water. This
might be due to that injection might interrupt the deposition of cellulose molecules in
the fiber wall, resulting in abnormal growth and more fiber deformities in genesal,
Jack (1981) and Yatsu (1983). Regarding the cotton cultivars, it is evident that
Giza 77 had the lower total percentage (13.5%) than Giza 75 (18.9 %), while the
higher total percentage was for McNaire 220 (25.9 %). The preceeding finding indi-
cated that the Egyptian cotton cultivars were superior than the Upland one in cotton
quality. This result confirmed that the cotton cultivar is an important factor in de-
termining the presence of fiber deformities (Farr - 1934), Pearson, (1944), Soli-
man, (1979), and El-Sahar et al. (1982).

The effect of colchicine treatment, behaved a greater general total percentag-
es than the water injection treatment in Giza 77 and McNaire 220. The reverse situ-
ation was clear for Giza 75, Table (3) and Figure (1). These results indicate that
there were intervarietal responses to colchicine treatment with respect to fiber de-
formities.

2- Fiber deformities spectrum :

Data presented in Table (3) and illustrated in Fig. (2) clearly demonsrate that
colchicine or water treatment induced five major types and one minor type of defor-
mities in the three cultivars. The major deformities included the forms of ; extreme
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PERCENTAGE OF FIBER DEFORMITY FORMS
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Fig. (1) : Effect of colchicine injection at various ages of cotton bolls on the percent-
ages of fiber deformities of the three cotton cultivars. ==



EFFECT OF CHOLCHICINE ON COTTON 1057

Extreme tapering Large enlargement

Knee Small enlargement

Knot Emergence

Fig. (2) : 111 ustratin types of fiber deformities in the three cotton cultivars in-
jected with water or colchicine ( X 500).
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tappering, knot and small and large enlargement. The minor deformity was the
emergence from. The more frequent major deformity was knee form; where its to-
tal frequencies were 18.0% 9.9% and 7.9% for McNaire 220, Giza 75 and Giza 77,
respectively. The emergence form behaved the same trend of knee from being;
4.8%, 4.2% and 2.8% in the same order. The lowest total frequencies of deformity
type was knot form being; 0.3%, 0.4% and 1.0% for Giza 77, McNaire 220 and Giza
75, respectively. Data in Table (3) revealed that the fiber deformities spectrrum
did not change with different cultivars, but it varied with changing the injection age.
Rgardless the effect of injection age, the frequency of each fiber deformity type,
was of higher magnitude in McNaire 220 for and knee, large enlargement and in Giza
77 for extreme tappering form. Similar conculsions were obtained by Farr (1934),
Pearson (1944), Soliman (1979) and El-Sahar et al. (1982). They concluded that the
cotton fiber deformities were affected by the fiber density conditions-in the boll, the
cotton cultivar and the growing conditions of cotton plant.
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