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Abstract
A RIL(recombinant inbred lines) population with 196 F6:9 lines was developed from an F2 
population of upland cotton (Gossypium hirsutum L.) cross of sGK9708×0-153. sGK9708 
is a commercial transgenic variety with Bt+CpTI genes resistant to budworm and 0-153 
with high fibre quality. Five materials with high fibre strength and five materials with low 
fibre strength from the recombinant inbred lines were researched [1]. Ten materials of su-
per-molecular structure and fibre quality were studied by X-ray diffraction and the HVI900 
technique. The results indicated that cotton matured fibre quality should mainly depend on 
the decrease in the orientational parameter in the crystalline section, especially the orien-
tational separate and orientational distribution angles. The correlation of fibre maturity, 
linear density and the fibre super-molecular structure is an innovation in the study. Studies 
on the correlation of cotton fibre quality and the fibre super-molecular structure provide a 
scientific basis for the improvement cotton fibre quality.

Key words: upland cotton, recombinant inbred lines, fibre super-molecular structure, fibre 
quality.

Determination methods of the fibre 
quality
The cotton fibre quality was measured by 
HVI900 (HVI (high volume instrument) 
series, namely, the large capacity fibre 
testing system) and WIRA (WIRA cot-
ton fibre fineness and maturity electronic 
tester). The traits tested include fibre 
strength, the fibre length, fibre micro-
naire, elongation, uniformity, fibre linear 
density and fibre maturity.

Determination methods of the fibre 
super-molecular structure
The cotton fibre super-molecular struc-
ture parameter includes the crystallinity, 
crystalline grain size, the orientational 
parameter and so on, measured at TianJin 
Polytechnic University.

Crystallinity 
There is a crystalline region and amor-
phous region in cotton fibre. The per-
centage of the crystalline region in every 
fibre is the crystallinity. To cut (fibre) 
into powder, it is pressed into the sam-
ple tablet. Data of 2θ = 5 - 60° was col-
lected and corrected by an X-Diffraction 
instrument, and afterwards with Ruland 
method calibration, the crystalline and 
amorphous regions were differentiated 
and the crystallinity calculated [15, 16].

Crystalline grain size 
An equator atlas of 002 diffraction was 
collected and corrected by the X-Diffrac-
tion instrument with the symmetry refec-
tion method, and the crystalline grain 

per-molecular structure by using upland 
cotton RILs.

n Materials and methods
Materials
The experiment was carried out at the 
Cotton Research Institute, Chinese Acad-
emy of Agricultural Sciences, from 2010 
- 2011. A RIL population with 196 F6:9 
lines was developed from an F2 popula-
tion of upland cotton (Gossypium hir-
sutum L.) cross of sGK9708×0-153. 
sGK9708 is a commercial transgenic 
variety with Bt+CpTI genes resistant to 
budworm and 0 - 153, with high fibre 
quality. Five materials with high fibre 
strength (69262, 69272, 69328, 69327, 
69307) and five materials with low fibre 
strength (69312, 69404, 69305, 69412, 
69362) from the recombinant inbred 
lines were researched. The line length 
was 5 meters and the line width 0.8 me-
ters, with two lines in each material (total 
20 lines).

Sampling method
The flower of the same day was marked 
every other week. The three hanging 
flower dates were July 19, July 26 and 
August 2, respectively. Cotton fibre was 
harvested at the wadding stage, and for 
three batch samples and a compound 
sample, the fibre super-molecular struc-
ture and fibre quality were measured.

n Introduction
Cotton fibre quality is influenced by 
many factors. Fibre strength and linear 
density are affected by the fibre super-
molecular structure, which is an impor-
tant internal factor. The results indicated 
that the strength of cotton matured fibre is 
influenced by the thickening model of the 
secondary walls of the fibre, the fibre’s 
ultrastructure, the fibre’s morphology, its 
construction and composition [2 - 10].  
The microstructure determines the mac-
roscopic quality and can be used to pro-
vide a foundation for superior or inferior 
macroscopic quality. The difference in 
the cotton fibre quality trait was con-
trolled mainly by the parameter of orien-
tation [11 - 13]. The crystalline grain size 
grows and the parameters of orientation 
gradually decrease in the fibre develop-
ment, but they vary among different va-
rieties [14].

Fibre strength is an important quality 
index, having an important influence on 
the textile industry. It is a very impor-
tant study field in how to improve fi-
bre strength further. It has already been 
probed from three perspectives—cotton 
breeding, development and cultivation. 
On the basis of this, further exploration 
of the interior mechanism of the strength 
of cotton matured fibre was made, having 
an important meaning for improving fi-
bre strength. Therefore this paper studied 
cotton matured fibre quality and its su-



29FIBRES & TEXTILES in Eastern Europe  2014, Vol. 22,  5(107)

size was obtained with the Scherrer for-
mula [16, 17]. 

Orientational parameter 
The strength value at the azimuth of the 
002 diffraction apex was collected by the 
X-Diffraction meter using a FS-3 fibre af-
fix. After deducting sundry scatter, the to-
tal oriental index ψ was taken as the half 
value of the half width in the half height. 
Angles φ and α were obtained from the 
corrected data based on the method of 
Deluca [18] and Orr [19]. Angle ψ was 
the sum of angles φ and α. 

Data statistics and analysis
Data statistics and analysis make use of 
Microsoft Excel 2003, SPSS11.5, MAT-
LAB6.5 software and the Test of Analyti-
cal Data with Duncan’s SSR. The corre-
lation coefficient (r) of fibre quality and 
the fibre super-molecular structure was 
estimated with the MINQUE(1) method 
for the different anthesis date samples 
[20 - 23]. 

n Results and analysis
Differences in cotton fibre quality in 
the different anthesis date samples 
fibre strength 
As shown in Figure 1, the fibre strength 
of the five materials with high fibre 
strength is between 30.5 cN/tex and  
33.5 cN/tex and that of the five materi-
als with low fibre strength is between  
23.5 cN/tex and 29.2 cN/tex, which is a 
significant difference. The fibre strength 
had no significant difference for the dif-
ferent anthesis date samples; this trend 
was in accordance with the compound 
sample.

Cotton fibre length 
As shown in Figure 2, the fibre length of 
the five materials with high fibre strength 
is between 27.38 mm and 33.12 mm 
and that of the five materials with low 
fibre strength is between 23.89 mm and 
28.82 mm, which is a significant differ-
ence. The fibre length had no significant 
difference for the different anthesis date 
samples; this trend was in accordance 
with the compound sample.

Cotton fibre micronaire 
As shown in Figure 3, the fibre micro-
naire of the five materials with high fibre 
strength is between 2.5 and 4.17 and that 
of the five materials with low fibre strength 
is between 3.47 and 5.39, being a signifi-

Figure 4. Differences in cotton fibre linear density in the various samples.

Figure 3. Differences in cotton fibre micronaire in the different samples.

Figure 2. Differences in cotton fibre length in the different samples.

Figure 1. Differences in cotton fibre strength in the different samples.

cant difference. The fibre micronaire had 
no significant variation in the different 
anthesis date samples, and the trend was 
in accordance with the compound sample.

Fibre linear density 
As shown in Figure 4, the fibre linear 
density of the five materials with high fi-
bre strength is between 107.0 mtex and 



FIBRES & TEXTILES in Eastern Europe  2014, Vol. 22,  5(107)30

Fibre maturity 
As shown in Figure 5, the fibre matu-
rity of the five materials with high fibre 
strength is between 0.6 and 0.97 and 
that of the five materials with low fibre 
strength is between 0.89 and 1.15, which 
is a significant difference. The fibre ma-
turity had no significant variation in the 
different anthesis date samples, and the 
trend was in accordance with the com-
pound sample.

Through analysis, the trend of fibre qual-
ity was found to be in accordance with 
the compound sample in the different 
anthesis date samples. Moreover they are 
representative.

Differences in cotton fibre super-mo-
lecular structure in the various anthe-
sis date samples 
Crystallinity
As shown in Figure 6, the fibre crystal-
linity of the five materials with high fibre 
strength is between 73.1% and 80.2% and 
that of the five materials with low fibre 
strength is between 73.3% and 83.2%, 
which is not a significant difference. The 
fibre crystallinity had no significant dif-
ference in the various anthesis date sam-
ples; the trend was in accordance with the 
compound sample.

Crystalline grain size
As shown in Figure 7, the fibre crystal-
line grain size of the five materials with 
high fibre strength is between 41 Å and 
50 Å and that of the five materials with 
low fibre strength is between 41 Å and 
50 Å, being of no significant difference. 
The fibre crystalline grain size had no 
significant difference in the various an-
thesis date samples, and the trend was in 
accordance with the compound sample.

Spiral angle
As shown in Figure 8, the fibre spiral 
angle of the five materials with high fi-
bre strength is between 10 and 15.5 °C 
and that of the five materials with low 
fibre strength is between 10 and 15.6 °C,  
which is not a significant difference. The 
fibre spiral angle had no significant dif-
ference in the various anthesis date sam-
ples, and the trend was in accordance 
with the compound sample.

The orientational separate angle
As shown in Figure 9, the fibre orienta-
tional separate angle of the five materials 
with high fibre strength is between 23.0 
and 26.8 °C and the fibre orientational 

density had no significant variation in the 
different anthesis date samples, and the 
trend was in accordance with the com-
pound sample.

164.9 mtex and that of the five materi-
als with low fibre strength is between 
138.2 mtex and 204.5 mtex, which is a 
significant difference. The fibre linear 

Figure 7. Differences in cotton fibre crystalline grain size in the various samples.

Figure 6. Differences in cotton fibre crystallinity in the different samples.

Figure 5. Differences in cotton fibre maturity in the various samples.

Figure 8. Differences in the cotton fibre spiral angle in the various samples.
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separate angle of the five materials with 
low fibre strength is between 25.0 and 
29.1°C, which is not a significant dif-
ference. The fibre orientational separate 
angle had no significant difference in the 
various anthesis date samples, and the 
trend was in accordance with the com-
pound sample.

The orientational distribution angle
As shown in Figure 10, the fibre orienta-
tional distribution angle of the five mate-
rials with high fibre strength is between 
28.0 and 32.8 °C and that of the five ma-
terials with low fibre strength is between 
29.1 and 34.3 °C, which is not a signifi-
cant difference. The fibre orientational 
distribution angle had no significant 
difference in the various anthesis date 
samples, and the trend was in accordance 
with the compound sample.

Through analysis, the trend of its super-
molecular structure was found to be in 
accordance with the compound sample 
of the different anthesis date samples. 
Moreover they are representative.

Correlation between fibre strength 
and quality characters with the super-
molecular structure in the different 
anthesis date samples
As shown in Table 1, the fibre strength 
had a positive correlation with the fibre 
length in the different anthesis date sam-
ples (correlation coefficient is 0.929** ~ 
0.973**), and a negative correlation with 
the fibre micronaire (correlation coef-
ficient: -0.963** ~ -0.654*), fibre line 
density (correlation coefficient: -0.845** 
~ -0.782**), fibre maturity (correlation 
coefficient: -0.924** ~ -0.697*), orien-
tational separate angle (correlation coef-
ficient: -0.906** ~ -0.749*) and orien-
tational distribution angle (correlation 
coefficient: -0.791** ~ -0.574), but no 
correlation with the crystallinity, crystal-
line grain size and spiral angle.

As shown in Table 2, the fibre length had a 
negative correlation with the fibre micro-
naire in the different anthesis date sam-
ples (correlation coefficient: -0.848** ~ 
-0.697*), a negative correlation with the 
fibre line density (correlation coefficient: 
-0.882** ~ -0.646*), fibre maturity (cor-
relation coefficient: -0.896** ~ -0.639*), 
orientational separate angle (correlation 
coefficient: -0.888** ~ -0.668*) and ori-
entational distribution angle (correlation 
coefficient: -0.769** ~ -0.541), but no 
correlation with the crystallinity, crystal-
line grain size and spiral angle.

Table 2. Correlation between the fibre length and quality characteristics with the super-
molecular structure in the different samples.

FS MV LD M Cry CGS φ Α ψ
I 0.935** -0.848** -0.709* -0.776** 0.268 -0.289 -0.387 -0.841** -0.605
II 0.973** -0.755* -0.882** -0.896** 0.297 -0.613 0.287 -0.888** -0.769**
III 0.964** -0.735* -0.873** -0.670* 0.095 -0.467 0.084 -0.731* -0.541
IV 0.929** -0.697* -0.646* -0.639* -0.665* -0.258 0.142 -0.668* -0.584

Figure 10. Differences in the orientational distribution angle in the various samples.

Figure 9. Differences in the orientational separate angle in the various samples.

Table 1. Correlation between fibre strength and quality characteristics with the super-
molecular structure in the different samples: I: The first batch; II: The second batch; III:  
The third batch; IV: Compound sample; FS - fibre strength, FL - fibre length, MV - micro-
naire, LD - fibre line density, M - fibre maturity, Cry - crystallinity, CGS - crystalline grain 
size, φ - spiral angle, α - orientational separate angle, ψ - orientational distribution angle.  
**  Correlation is significant at the 0.01 level.* Correlation is significant at the 0.05 level.

FL MV LD M Cry CGS φ Α ψ
I 0.935** -0.963** -0.782** -0.924** 0.247 -0.424 -0.219 -0.906** -0.695*
II 0.973** -0.743* -0.845** -0.912** 0.309 -0.544 0.244 -0.792** -0.791**
III 0.964** -0.654* -0.819** -0.697* -0.001 -0.302 0.158 -0.793** -0.574
IV 0.929** -0.905** -0.830** -0.760* -0.629 -0.188 0.076 -0.749* -0.743*

As shown in Table 3, the fibre micronaire 
had a positive correlation with the fibre 
linear density in the different anthesis date 
samples (correlation coefficient: 0.887** 
~ 0.966**), with the fibre maturity (cor-

relation coefficient: 0.774** ~ 0.901**), 
orientational separate angle (correlation 
coefficient: 0.518 ~ 0.935**), and ori-
entational distribution angle (correlation 
coefficient: 0.422 ~ 0.797**), but no cor-

Table 3. Correlation between micronaire and quality characters with its super-molecular 
structure in the different samples.

FS FL LD M Cry CGS φ α ψ
I -0.963** -0.848** 0.887** 0.901** -0.303 0.360 0.056 0.935** 0.758*
II -0.743* -0.755* 0.914** 0.862** 0.050 0.705* -0.382 0.518 0.422
III -0.654* -0.735* 0.966** 0.870** -0.206 0.465 -0.112 0.528 0.424
IV -0.905** -0.697* 0.913** 0.774** 0.429 0.149 -0.064 0.715* 0.797**
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relation with the crystallinity, crystalline 
grain size and spiral angle.

As shown in Table 4, the fibre linear den-
sity had a positive correlation with the fi-
bre maturity in the different anthesis date 
samples (correlation coefficient: 0.467 ~ 
0.889**) as well as with the orientational 
separate angle (correlation coefficient: 
0.602 ~ 0.846**) and orientational dis-
tribution angle (correlation coefficient: 
0.479 ~ 0.906**), but had no correlation 
with the crystallinity, crystalline grain 
size and spiral angle.

As shown in Table 5, the fibre maturity 
had a positive correlation with the ori-
entational separate angle in the different 
anthesis date samples (correlation coeffi-
cient is 0.632* ~ 0.766**)as well as with 
the orientational distribution angle (cor-
relation coefficient is 0.311 ~ 0.644*), 
but had no correlation with the crystallin-
ity, crystalline grain size and spiral angle.

The results showed that the fibre strength 
had a positive correlation with the fibre 
length in the different anthesis date sam-
ples, and a negative correlation with the 
fibre micronaire, line density, maturity, 
orientational separate angle, orientational 
distribution angle, but had no correlation 
with the crystallinity, crystalline grain 
size and spiral angle. This shows that the 
higher the fibre strength, the longer the 
fibre length, and the smaller the value of 
the fibre micronaire, linear density, ma-
turity, orientational separate angle and 
orientational distribution angle. The fibre 
length had a negative correlation with the 
fibre micronaire, linear density, maturity, 
orientational separate angle and orienta-
tional distribution angle, but had no cor-
relation with the crystallinity, crystalline 
grain size and spiral angle. This shows 

that the longer the fibre length, the small-
er the value of the fibre micronaire, linear 
density, maturity orientational separate 
angle and orientational distribution an-
gle. The fibre micronaire had a positive 
correlation with the fibre linear density, 
maturity, orientational separate angle and 
orientational distribution angle, but had 
no correlation with the crystallinity, crys-
talline grain size and spiral angle. This 
shows that the smaller the value of the 
fibre micronaire, the smaller the value of 
the linear density, maturity, orientational 
separate angle and orientational distribu-
tion angle. The fibre linear density had 
a positive correlation with the maturity, 
orientational separate angle and orienta-
tional distribution angle, but had no cor-
relation with the crystallinity, crystalline 
grain size and spiral angle. This shows 
that the smaller the value of the fibre lin-
ear density, the smaller the value of the 
maturity, orientational separate angle and 
orientational distribution angle. The fibre 
maturity had a positive correlation with 
the orientational separate angle and ori-
entational distribution angle, but had no 
correlation with the crystallinity, crys-
talline grain size and spiral angle. This 
shows that the smaller the value of fibre 
maturity, the smaller the value of the ori-
entational distribution angle and orienta-
tional separate angle.

n Discussion
The results showed that the fibre strength 
is between 30.5 cN/tex and 33.5 cN/tex, 
the fibre length between 27.38 mm and 
33.12 mm, the fibre micronaire between 
2.5 and 4.17, the fibre linear density be-
tween 107.0 mtex and 164.9 mtex, the 
fibre maturity between 0.60 and 0.97, the 
crystallinity between 73.1% and 80.2%, 
the crystalline grain size between 41 and 

50 Å, the spiral angle between 10 and 
15.5, the orientational separate angle be-
tween 23.0 and 26.8, and that the orienta-
tional distribution angle is between 28.0 
and 32.8 in the five materials of high fibre 
strength. 

The fibre strength is between 23.5 cN/tex 
and 29.2 cN/tex, the fibre length between 
23.89 mm and 28.82 mm, the fibre mi-
cronaire between 3.47 and 5.39, the fibre 
linear density between 138.2 mtex and 
204.5 mtex, the fibre maturity between 
0.89 and 1.15, the crystallinity between 
73.3% and 83.2%, the crystalline grain 
size between 41 and 50 Å, the spiral an-
gle between 10 and 15.6, the orientation-
al separate angle between 25.0 and 29.1, 
and the orientational distribution angle is 
between 29.1 and 34.3 in the five materi-
als of low fibre strength.
 
The fibre strength and length are high-
er in the five materials with high fibre 
strength than in those with low fibre 
strength, being a reasonable difference. 
The fibre micronaire, fibre linear density, 
fibre maturity, orientational separate an-
gle and orientational distribution angle 
are lower in the five materials with high 
fibre strength than in those with low fibre 
strength, but the difference is reasonable. 
Contrarily the crystallinity, crystalline 
grain size and spiral angle do not show 
reasonable variation between the five 
materials with high fibre strength and 
those with low fibre strength.

The results showed that the cotton fibre 
quality and fibre super-molecular struc-
ture did not have a reasonable difference 
in the various flowering dates.

The results indicated that the strength of 
cotton matured fibre had a positive corre-
lation with the fibre length but a negative 
correlation with the fibre micronaire, line 
density and maturity. This shows that the 
higher the fibre strength, the longer the 
fibre length, and the smaller the value of 
the fibre micronaire, linear density and 
maturity. These results are in accordance 
with the research results reported. The fi-
bre length had a negative correlation with 
the fibre micronaire, linear density and 
maturity. This shows that the longer the 
fibre length, the smaller the value of the 
fibre micronaire, linear density and matu-
rity. The fibre maturity and linear density 
had a positive correlation with the fibre 
micronaire, which shows that the small-
er the value of the fibre micronaire, the 
smaller that of the linear density and ma-

Table 4. Correlation between the linear density and quality characteristics with the super-
molecular structure in the different samples.

FS FL MV M Cry CGS φ α ψ
I -0.782** -0.709* 0.887** 0.637* -0.364 -0.007 0.105 0.846** 0.825**
II -0.845** -0.882** 0.914** 0.889** -0.157 0.626 -0.228 0.736* 0.553
III -0.819** -0.873** 0.966** 0.864** -0.165 0.448 -0.163 0.666* 0.479
IV -0.830** -0.646* 0.913** 0.467 0.577 -0.035 0.124 0.602 0.906**

Table 5. Correlation between the maturity and quality characteristics with the super-molec-
ular structure in the different samples.

FS FL MV LD Cry CGS φ α ψ
I -0.924** -0.776** 0.901** 0.637* -0.147 0.567 -0.039 0.766** 0.555
II -0.912** -0.896** 0.862** 0.889** 0.018 0.486 -0.185 0.641* 0.644*
III -0.697* -0.670* 0.870** 0.864** -0.108 0.258 -0.138 0.632* 0.562
IV -0.760* -0.639* 0.774** 0.467 0.105 0.379 -0.394 0.712* 0.311
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turity. The fibre linear density had a posi-
tive correlation with the maturity, which 
shows that the smaller the value of the 
fibre linear density, the smaller the value 
of maturity.  

Crystallinity does not show a reasonable 
difference in the various materials. The 
results indicated that the cotton matured 
fibre quality should not depend on the 
size of the crystallinity, especially the 
fibre strength. The results are in accord-
ance with the research results reported.

The crystalline grain size is a stable trait 
of the fibre structure, but showed no rea-
sonable difference in the various materi-
als and had no correlation with the fibre 
strength, length, micronaire, linear densi-
ty and maturity. The results indicated that 
the cotton matured fibre strength should 
not depend on the size of the crystalline 
grain size. 

The cotton matured fibre quality should 
mainly depend on the decrease in the 
orientational parameter in the crystalline 
section, especially the orientational sepa-
rate angle and orientational distribution 
angle. The results are very important for 
the theory and practice of cotton breed-
ing. The spiral angle showed no cor-
relation with the fibre strength, length, 
micronaire, maturity and linear density 
from the correlation analysis. Moreover 
the spiral angle showed no influence on 
the fibre quality.

n Conclusions
The results obtained from the study lead 
to the following conclusions:
1) The cotton fibre quality and fibre su-

per-molecular structure did not have 
a sensible difference for the various 
flowering dates.

2) The cotton matured fibre quality 
should not depend on the size of crys-
tallinity.

3) The cotton matured fibre strength 
should not depend on the crystalline 
grain size. 

4) The cotton matured fibre quality 
should mainly depend on the decrease 
in the orientational parameter in the 
crystalline section, especially the ori-
entational separate angle and orienta-
tional distribution angle, but it had no 
correlation with the spiral angle. This 
shows that the smaller the value of the 
orientational separate angle and orien-

tational distribution angle, the higher 
the fibre strength, the longer the fibre 
length, the smaller the value of the fi-
bre micronaire, linear density and ma-
turity, and the better the fibre quality.

5) The new points of the research: 
1. material innovation taking advan-

tage of upland cotton F6:9 recombi-
nant inbred lines as study objects; 

2. the research content - the relation-
ship between the linear density, 
maturity and fibre super-molecular 
structure was researched; 

3. the cotton matured fibre quality 
should mainly depend on the de-
crease in the orientational separate 
angle and orientational distribution 
angle, but had no correlation with 
the spiral angle.

Acknowledgements 
This work was partly supported by the 
National Natural Science Foundation of 
China(31000732)and the National Basic 
Research Program of China(2010CB126006).

References
  1. Wang Y-B. Study of Cotton Matured 

Fiber Quality and Its Super-Molecular 
Structure in Upland Cotton RILs. Agri-
cultural Science Paper 2012.

  2.  Liu J-H, Jia J-N, Yin C-Y, Bian D-C, Yu 
F-Y, Yang H-B. Study on the mechanism 
of difference of cotton matured fiber 
strength. Cotton Sci 1994; 6, 4: 201-205.

  3. Liu J-H, Yin C-Y, Sun Q-R, YangH-B, 
Yu F-Y, Jia J-N, Bian D-C. Dynamic 
changes of cotton fiber cell wall super-
molecular structure during the course of 
fiber development and correlation with 
its strength. Acta Agron Sin 1996; 22, 3: 
325-330.

  4. Jia J-N, Bian D-C, Wen Y-P, Zhao X, 
Liu J-H, Yin C-Y, Yu F-Y. The relation-
ship between the differences in the mi-
crostructure and strength of cotton fiber. 
Textile J. 1992; 13, 5: 9-12.

  5. Shan S-H, Shi P, Sun X-Z, Zhou Z-G, 
Bian D-C. Effect of anthesis date and 
fruiting branches on cotton fiber qualities 
and super-molecular structure. Sci Agric 
Sin 2002; 35, 2: 163-168.  

  6. Liu J-H, Yin C-Y, Yu F-Y, Sun Q-R, Wang 
Y-M, Jia J-N, Bian D-C, Chen X-L. For-
mation mechanism and improvement 
approach of cotton fiber structure. Sci 
Agric Sin 1994; 27, 5: 10-16.

  7. Liu J-H, Yin C-Y, Sun Q-R, Wang Y-M, 
Yu F-Y. The deposition of cellulose and 
correlation with fiber strength in cotton. J 
Nucl Agric Sci 1991; 5, 4: 205-209.

  8. Liu J-H, Yin C-Y, Yu F-Y, Chen X-L. Ge-
netic analysis on cellulose deposition of 
cotton fiber. J Nucl Agric Sci 1993; 7, 2: 
117-120.

  9. Liu J-H. The cotton fiber strength and its 
getting mechanism. J Shandong Agric 
Univ. 1988; 19, 2: 98-104.

10. Wang Y-M. The relationship between the 
structure and strength of cotton fiber. Ji-
angxi Cotton 1993; 1:14-16.  

11. Tao L-H, Liu W-S, Feng G-L, Ruan X-G, 
Deng J-P. The relationship between 
qualitative characters and orientational 
parameters of cotton fiber(II). Acta 
Agron Sin. 1999; 25, 3: 396-400.

12. Tao L-H, Liu X, Liu W-S, Ran X-G. A 
study on ultrastructure of cotton fiber. 
Acta Biophys Sin 2001; 17, 2: 245-252.

13. Tao L-H, Liu W-S, Feng G-L, Chen D-H, 
Wu Y-K, Ruan X-G, Deng J-P. The rela-
tionships between qualitative characters 
and orientational parameters of cotton 
fiber.  Acta Agron Sin 1998; 24, 2: 221-
224.

14. Zhang M-L, Song X-L, Sun X-Z, Chen 
E-Y, Zhao Q-L, and Li Z-T. Relationship 
between Super-Molecular Structure 
Changes and Fiber Quality in Fiber De-
velopment Process of Colored Cotton 
Cultivars. Acta Agron Sin, 2010; 36, 8: 
1386-1392.

15. Liu J-H.Genetic Analysis on the Super-
Molecular Structure Parameter of Cot-
ton Fiber. Acta Agron Sin 1994; 20, 3: 
133-138.

16. Hu H-L, Mu X-Q, Jia J-N, Bian D-C. The 
determination of cotton fiber crystallinity 
and crystalline grain size by X-ray dif-
fraction method. Textile J. 1984; 5, 7: 
426-429.

17. Hu H-L. X-ray Diffraction Technique. 
Beijing: Textile Industry Press, 1988.

18.  Paakkari T, Serimma R. A study of the 
structure of wood cells by X-ray diffrac-
tion. Wood Sci Technol. 1984; 18: 79-85.

19. Deluca LB, Orr RS. Crystallite orien-
tational and spiral structure of cotton. 
Polymer Sci. 1961; 54: 457-470.

20. Zhu J. Mixed model approaches for es-
timating genetic variances and covari-
ances. Journal of Biomathematics 1992; 
7, 1: 1-11.

21. Zhu J, Ji D-F, Xu F-H. A genetic ap-
proach for analyzing inter-cultivar het-
erosis in crops. Chinese Journal of Ge-
netics 1993; 20, 3: 183-191.

22. Zhu J. General genetic models and new 
analysis methods for quantitative traits. 
Journal of Zhejiang Agricultural Univer-
sity 1994; 20, 6: 551-559.

23. Zhu J. Analysis Methods for Genetic 
Models. Beijing: China Agriculture 
Press, 1997: 202 – 212.


