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Abstract

The present study was carried out in Cotton Technology Res. Department Cotton Res. Institute, Agric. Res.
Center at Giza in 2017 season. Aiming to conduct a comparative study on fiber maturity measurements of the
Egyptian cotton using direct and indirect methods. Lint cotton samples of three micronair levels (Mic levels) from
six Egyptian cotton genotypes representing ELS, Delta and Upper Egypt LS genotypes were tested by HVI,
cutter & causticare and Cross section-Image analysis mothds. The results indicated that mature fibers have
bigger hair weight (HW), Perimeter (P), area of cross section (ACW), area of secondary wall(ASCW) and degree of
thickening(©) than low mature fibers; HVI MR was nearly similar to caustic soda MR. HW1, HW2 and HW3
ranked the studied genotypes in the same order. Calculated ASCW and degree of thickening values usingl.52
cellulose density was closer to what obtained from Image analysis direct reference method than those calculated
using 1.14 cell wall density. Correlation coefficients between cotton fiber maturity and between calculated and
measured degree of thickening were highly significant. Regression equations were developed to make corrections
to the degree of thickening calculated from Lord equation, Hequet equation, cutter and causticsoda methods, HVI
MR and caustic soda MR.
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I Introduction

Maturity of cotton fibers is associated with the deposition of cellulose in the secondary wall during the
end of elongation phase and continues to another 12 to 22 days®. Cotton maturity refers to the degree of
thickening of the fiber cell wall relative to the perimeter or effective diameter of the fibers®*. It is considered as
one of the determinants in evaluating the quality of cotton raw material that directly or indirectly affects
physical and mechanical fiber properties, which is desirable and important essential element for cotton growers,
breeder and processors to improve their quality control*® .Furthermore,*® added that mature fibers usually
possess greater strength and better resilience, while immature cottons result in large processing wastes, lower
yarn strength and increase ends down in spinning, besides causing neps that badly affect dye uniformity and
show up as white specks in dyed fabrics.

There are a lot of methods to asses' cotton mattrity; it can be classified into direct and indirect
approaches. Direct methods are relatively reliable but not fast enough while indirect methods are fast but not
accurate enough®. The indirect methods are based on measurements or observations of some related secondary
characteristics, such as the Micronaire instrument®, differential dye ability’, causticare test®, Advanced Fiber
Information System (AFIS)°, double compression air flow test’®, Near Infrared Methods that have been
developed and discussed by*!. However,® reported that the lack of standards of reference for maturity has made
it impossible to calibrate the existing instruments of air flow instruments with double compression, AFIS and
Maturity module in High volume instrument (HVI) that provides an indication of maturity but with certain
limitations.> Moreover, Micronaire and hair weight measurements alone are not good predictors for fiber
maturity as well as its results are a combination of maturity (degree of secondary cell wall thickness) and
intrinsic fineness of the fibers which is not practically sufficient and useful for critical evaluations of cotton
maturity**'* | in addition low micronaire cotton could result from immature fibers or genetically fine fibers and
may also indicate fine fibers with adequate maturity, while, a higher micronaire value indicates either coarser
fibers or thinner fibers with thick cell walls™ *®, although Micronaire (mic) is being used as the official cotton
standard for fiber fineness (H) and maturity (M)’

developed the following empirical relationship between micronaire and the product MH,
MH=3.86xmic® +18.16xmic+13, where H is the linear density, M is the maturity ratio, mic is the micronaire
value, thus given that any two of the parameters (fineness, maturity, or micronaire) are known, the third can be
determined. Recent work by has suggested that some minor adjustment to this relationship is needed, they
proposed the following relationship between the micronaire and the product MH, MH=39.38 micronaire—22.67,
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where M is the maturity ratio, H is the fineness. *’proposed that since HW is the amount of cellulose in 1cm =
area of cellulose x cellulose density; then area of cellulose (ASCW) = HW / cellulose density. *added that the
"cut and weigh" method for determining HW is not independent of fiber length because only fibers longer than
1.5 cm are evaluated. Furthermore, **'**adopted that the degree of wall thickening theta () is defined as the
ratio of the cell wall area (Ac) to that of a circle having the same perimeter of the fiber cross section, where Ac
is the area of secondary cell wall thickening that calculated from Ac (um?) = HW/1.52 g/cm? (cellulose density),
while?, indicated that Ac (um?) obtained from the previous relationship assumed that the cellulose cell wall
density is constant at 1.52 g/cm®. But in practice the cell wall area is generally the combination of both the
primary cell wall and the secondary cell wall), nevertheless the density of the cell wall is only 1.14 g/cm®, 2%
mentioned that the effective density required for this equation [Ac (um?) = HW/1.52] may be less than 1.52
glcm® particularly for immature fibers. More equations were developed by*!319202255% tq he ysed in the
determination of fiber maturity parameters as follows:

HS (hair weight standard) in mtex = (HW*MR)/MR? = HW/ MR
ASCW (area of cell wall) (um?) = HW /1.52 g/cm? (cellulose density)
P (perimeter pm) = 3.7853Y (HS)
D (diameter pm) = P/3.1416, or 1.2047~ (HS)
Degree of thickening © = MR* 0.577
© = MR* 0.577 + 0.079

Applying the mentioned equations to HVI micronaire value and maturity ratio (MR) can provide any of
the needed fiber fineness and maturity parameters separately, which is very important in cotton breeding
programs and research when dealing with high number of samples from different cotton genotypes, crosses and
varieties since the direct methods are slow and time consuming as aforementioned.

The direct methods are based on microscopic evaluations of some geometric parameters in cross
sectional or longitudinal views. ?’reported three of the most significant direct methods include:
1- The caustic soda swelling test, for determining three parameters of cotton fiber maturity coefficient of
maturity: percentage of mature fiber and maturity ratio. 22 stated that the maturity obtained after swelling the
fibers in alkali may not represent the true botanical maturity, also® have demonstrated that swelling technique
will grade the varieties maturity in an order different from what exists before treating with NaoH.
2- Microscopic observation of longitudinal fiber views in polarized light®.
3- Image analysis and cross-section technique which is acknowledged as a direct reference method for fineness
and maturity measurements on cotton. *3*stated that the cross section by image analysis can provide accurate
and reliable data with a minimum of problems for determining the cotton fiber maturity. ***>* reported that the
cross-sectional measurement of cotton fibers is the most accurate technique to determine cotton fibers maturity
and can be used as a reference method in order to calibrate other methods, on the other hand stated that in cross
sectional approach, the preparation of samples is difficult and need long time to perform microscopic
observations, and it is not robust when evaluating extremely immature cottons because the cross-sectioning
often breaks the thin walls of dead fibers. Furthermore, “added that although the cross-section analysis can
provide specific and accurate measurements for maturity, the method is not suitable for routine, high volume
testing because it is tedious, time-consuming and costly operations, >reported that these direct methods are
tedious and too slow to be of practical use in commercial operations or cotton breeding programs. On the other
hand, airflow methods are most popular to measure fineness and maturity of cotton fibers, due to the testing
speed and the acceptable accuracy level of their measurements in cotton marketing purposes.

The most important maturity measurements in microscopic cross sectional viewing parameter is:
1- The degree of thickening theta (0) which obtained by the ratio of the cross sectional area of the total fiber
wall by the area of a circle of the same perimeter [A (cell wall area) / (1/2D)?x3.14], ). **"* found that mature
cottons have average 0 excess 0.60 whilst immature cottons have average 0 values of less than 0.30.
2- 2#3(efine circularity as an approximation of the degree of thickening, to show the importance of the wall
thickness (cellulose amount), C= 4wA /P?, where: P = perimeter of a given fiber cross-section, A = area of the
cross-section secondary fiber wall defined by equation, A=T(P-nT) = nR?[1- (/R)?], where: T = thickness of
the secondary fiber wall, R = maximum fiber radius and r = lumen radius,
3- Maturitgz ratio’ is directly proportional to the degree of wall thickening and serves for everyday practical
purposes ¥ it is calculated as follows, Maturity ratio (MR) = [N%—D% /200] + 0.7, where N is the percentage
of normal fibers (© > 0.5); D is the percentage of dead fibers (6 < 0.25). Cotton with maturity ratio MR closer
to unit value is considered mature, whereas cotton with maturity ratio MR in the interval 0.7 to 0.8 are
immature, fibers of a MR in the interval 0.8 to 1 are mature, and fibers of a MR > 1 have been very rarely
met.
“Ostated that the direct methods for fiber maturity are in general more accurate and precise, and in

practice they are used to calibrate or standardize the indirect methods, but are much slower, not practicable
routine test and more tedious than indirect methods.
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The objective of this research work is studying the effect of micronaire levels (maturity levels), measuring
and calculating methods on measured and calculated fiber maturity parameters.

To compare some of maturity parameters obtained and calculated from indirect methods (HVI
micronaire and MR data, cellulose density, cell wall density and different modifications in calculating degree of
thickening) and direct methods (caustic soda and cutter method) with those corresponding ones obtained from
the reference method cross section image analysis technique to clarify their accuracy and reliability to be used
in breading programs since they are fast enough, easy to perform and of low cost.

To study the relationships between the measured and calculated parameters of cotton fiber maturity.

1. Material and Methods

The present study was carried out in Cotton Technology Res. Department Cotton Res. Institute, Agric.
Res. Center at Giza to conduct comparative study on cotton fiber maturity measurements. Six Egyptian cotton
genotypes (five Egyptian cotton varieties and one promising cross), namely Giza 92 and Giza 93 Extra Long
Staple cottons (ELS), Giza 94 and Giza97 Delta Long Staple cottons (Delta LS), Giza 95 and the promising
cross (G.90 X CB58) Upper Egypt Long Stable cottons (Upper Egypt LS) were used in this study. The lint
cotton samples of these cottons were selected from the yield trials included in the breeding and maintenance of
varieties genetic purity programs of Cotton Research Institute delivered to High VVolume Instrument (HV1) lab,
Cotton Fiber Res. Section, Cotton Res. Institute in 2017 season. All the cotton samples were homogenized,
conditioned and tested under standard temperature 20+2°C and relative humidity 65 + 2% RH, as specified by*.
HVI Spectrum I was employed for testing these samples according to*?. Based on HVI micronaire values, the
different samples of each variety were divided into three levels of micronaire (three levels of maturity), each
level of maturity within each genotype was represented by three repetitions. The obtained data of HVI
micronaire and maturity ratio (MR) was computed to calculate the product of fineness and maturity (HW*MR)
from the relationship: HW*MR; = 3.86(Mic) 2 + 18.16(Mic) + 13.0. Caustic soda (NaoH 18%) and cut and
weight methods (direct methods) were used to determine direct values of MR and HW according to British
Standard Methods,**. All the obtained HW and MR values were used to calculate hair weight standard (HS).
Applying the following equations to these parameters provided calculated fiber perimeter (P, diameter (D), area
of a circle having the same fiber perimeter (ACW) and area of secondary wall (ASCW) to be used to calculate
the degree of thickening as accurate parameters of fiber maturity:
a- Degree of thickening (©) = ASCW/ACW
To calculate ASCW, the formula proposed by?® was applied as follows:

HW (hair weight) = weight of cellulose in 1cm = ASCW x 1 x Cellulose density
ASCW = HW / cellulose density

HW was divided once by 1.52 cellulose density according to Hequet et al. and second by 1.14 (fiber wall
density) according to the modification made by****

HS (hair weight standard) in mtex = (H*MR)/MR? = HW/ MR
ASCW (area of cell wall) (um?) = HW/1.52 g/cm? (cellulose density)
ASCW (area of cell wall) (um?) = HW/1.14 g/cm? (cell wall density)
P (perimeter pm) = 3.7853V (HS)
D (diameter pm) = P/3.1416, or 1.2047V (HS)

ACW = area of a circle having the cross section perimeter = 1/2 D% x 3.14 = (1/2 x 1.2047V HS) ?x 3.14

The direct methods for measuring fiber maturity included caustic soda method in which a sample of
cotton is swelled in 18% caustic soda (NaoH) and then examined under the microscope. The fibers were
classified into three groups according to their appearance depending on cell wall degree of thickening:

a- Normal fibers that appear as solid and shown no continue lumen after swelling.
b- Dead fibers that have continue lumen and the wall thickness is a fifth of ribbon width.
c- Thin walled fibers that are not classed as normal or dead.
According to®, cotton fiber maturity ratio (MR) is expressed as the average percentage of normal (N %)
and dead (D %) and calculated from the equation: MR=[N% -D%/200]+0.7.

Maturity ratio MR was converted to the average degree of thickening (©) = MRx 0.577). Moreover
maturity ratio (MR) and gravimetric fineness (HW) by cut and weight method*, were used to demonstrate
perimeter, area of secondary wall (ASCW5), to calculate the degree of thickening.

According to the American way of measuring maturity®> cotton fibers are assigned to just two classes,
mature and immature, and the results is expressed as percentage of mature fibers or maturity percent (M%)

M%= [number of mature fibers/ total number of fibers] x100
Cross sections were prepared from the three samples of each micronaire level within each genotype to
be tested by image analysis direct method. The procedure was conducted as explained and used by*® at the lab of
Fiber Chemical and Structural Properties, Fiber Res. Section Cotton Res Institute to determine fiber perimeter
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(P), diameter (D), area of the circle having the same fiber perimeter ACW, area of fiber cross section (ACS),
Lumen area (AL) and area of secondary cell wall (ASCW) which equal: ACS - AL.

The experimental design used was complete randomized design with three replicates the obtained data
were computed using SAS program. Analysis of variance and LSD 5 % test, outlined by*® were employed to
study the effect of Mic levels, cotton genotypes and measuring and calculating methods on the measured and
calculated values of fiber maturity parameters. Regression and correlation analysis was used to study the
relationship between the calculated and measured parameters of maturity. Each replicate was represented by two
sub samples for testing. The results of the two sub samples were averaged to be used in the Analysis of variance
the number of observation used is 54. Aiming to the calculation of correlation coefficients and regression
equations according t0*. The values of the six samples of each replicate for the three levels of Mic (maturity)
within each cotton genotype were averaged to be used to calculate correlation coefficients and regression
equations. The number of observations used is 18 for each trait ( 3 mic levels * 6 genotypes).

1. Results and Discussion

Effect of micronaire levels, cotton genotypes, measuring and calculating methods on MR, M%, HW, Hs
and ACW values:

Data in Table "1 indicated that cotton varieties, micronaire levels, measuring and calculating methods
exhibited significant differences in the measured and calculated MR, M%, HW, Hs and ACW in most cases.
The cotton genotypes showed insignificant differences in their means of maturity ratio whether obtained from
HVI or measured by caustic soda direct method. Both methods showed nearly equal values of MR in the three
levels of maturity to be low in low Mic level and goes up in the normal and high Mic levels being 0.76, 0.89 and
0.97 for HVI MR and 0.75, 0.90 and 0.98 for caustic soda MR. Furthermore, maturity % (M%) measured by
caustic soda 18% direct method showed the same trend of MR to be of insignificant differences between cotton
genotypes and averaged 75.7%, 81.1% and 87.2% for the three levels of Mic respectively, while the
corresponding values of micronaire averaged 2.94, 4.01 and 4.59. It is clear that HVI MR values match well
Caustic soda MR values and M% showed the same trend in most of the studied cotton genotypes.

Hair weight (HW) which is the weight of cellulose deposited in the fiber wall. It is a measure of fiber
gravimetric fineness affected so much by maturity. HW showed very big differences between both of HW1
values calculated from applying™ equation and (HW2) calculated from®® equation to the HVI Mic and MR
values and (HW3) obtained from cut and weight direct method. HW1 values were very high compared to HW2
and HW3 measured by the cut and weight method, while the values of HW2 and HW3 are generally closer
especially in the high maturity level.

Table (1): Mic values, MR, HW, Hs, P and ACW of some Egyptian cotton Genotypes measured and
calculated from HVI, cutter and caustic soda methods

Indirect method (HVI MIC & MR) Direct method

HVI data Data from Lord equation Data from Hequet equation Caustic soda & Cufter method Cross section data
COTTONS Mic Mic R HWT HE1 ] A HWZ H2 F2 ADW2 R % aws He3 F3 ACH3 2] AT
levels levels u W u u u u u u
Tow 280 078 1207 1547 474 1763 1123 1440 454 164.1 077 766 1107 1437 430 1842 446 153.4
Giza 92 Normal 338 0388 1338 1521 467 1734 1247 1418 454 1616 090 807 1306 1451 458 1855 453 163.4
High 418 096 1634 1699 493 1936 1479 1540 47.0 1756 097  B76 1433 1477 480 1885 46.1 169.2
mean 3.45 0.87 1406 1610 477 1811 1295 1483 458 167.1 0.88 818 1308 1487 462 1697 453 163.7
Low 217 0.76 92.9 1222 418 1393 826 1087 395 123.9 079 753 918 1162 408 1328 431 147.9
Giza 33 Normal — 2.93 0.6 1129 1283 429 1463 1054 1197 414 1365 089 815 1150 1292 430 1474 436 1514
High 3.30 083 1225 1M 434 1502 1164 1240 422 1414 095 872 1285 1353 440 1543 43.8 152.7
mean 2.80 0.85 105 1289 427 1453 1022 __ 1194 41.0 133.9 088 815 1118 127.5 427 1454 435 150.7
Tow 297 078 129.3 1653 487 189.0 1207 1548 474 176.4 074 7489 1291 1745 500  199.0 46.1 169.2
Giza 94 Normal 429 081 1780 1956 529 2229 1607 1766  50.3 2014 090 809 1523 1692 492 1930 463 1707
High 455 096 1830 1907 523 2174 1632 1700 49.3 193.8 095 865 1654 1741 4995 1935 466 1729
mean 3.4 0.68 1665 1673 513 2098 1488 1696 48.9 1905 086 813 1488 1728 487 1968 463 1709
Low 3.47 078 1669 2011 63.7 2252 1460 187.1 51.8 2133 077 762 1343 1744 500 1990 51.6 2120
Giza 97 Normal 434 0.89 184.9 207.7 546 236.8 166.6 187.1 51.8 2134 0.91 80.7 189.2 17438 801 1898 624 218.6
High 492 097 201.8 208.1 546 237.2 1764 181.8 51.0 207.3 0.98 a72 1720 1755 801 2002 526 2203
mean 424 0.88 1828 2078 543 2344 1641 1865 515 2113 089 815 1552 1780 504 1998 52.2 217.0
Low 2.85 070 1373 1961 53.0 2236 1279 1828 512 208.4 074 748 1304 17621 502 2010 52.5 219.4
Giza 95 Normal 455 038 1995 2267 570 2584 1779 2021 53.8 2304 092 818 1846 1789 505 2044 52.8 2222
High 5.16 0.8 2138 21841 55.9 2487 1842 1880 519 2143 100 872 1783 1783 505 2034 53.1 2245
mean 418 0.85 187.9 2202 563 2436 1666 1953 623 2177 0.89 813 1578 1778 505 _ 2030 52.8 222.0
Low 338 078 1617 1945 528 217 1414 1813 510 206.7 070 762 1363 1947 628 2221 53.2 2263
G.90 X CBSS Normal  4.80 039 2004 2252 563 2563 1782 2002 536 2283 093 Bl 1840 1763 503 2012 53.6 2287
High 5.43 1.00 2256 2256 569 2572 1913 1913 524 218.1 101 872 1786 1768 503 2017 54.1 233.0
mean 447 0.89 1956 2198 555 2452 1724 1937 527 2208 088 817 1596 1814 510 2069 537 229.0
i tevel Low 29 076 1315 1724 495 1965 1218 1898 477 182.1 075 757 1224 1633 478 1863 485 188.7
(N"';ﬁ;? Normal a0 089 1683 1883 518 2158 1523 1713 493 1853 091 811 1476 1623 481 __ 1851 49.0 1925
High 46 097 1850 1907 521 2174 1631 1682  49.0 1918 086 87.2 1610 1646 485 1878 494 195.4
Genotypes mean 33 057 1838 1875 511 2099 1474 1688 487 1902 088 815 1440 1638 434 1869 490 192.2
L.S.D. at 5% level of significance
MR HW M% Hs P ACS
L.S.D Mic level (m) 0.03 4.1 2.0 43 0.7 1.9
L.S.D. variety (v) 0.03 4.3 2.3 4.4 0.7 2.1
L.S.D. measuring methods (th) 0.04 4.8 2.5 4.7 0.8 2.3
LSD.mxv 0.05 5.1 2.8 5.3 0.9 2.7
L.S.D. m x th 0.05 5.3 2.8 55 12 29
L.S.D.v xth 0.05 5.5 3.0 5.7 13 29
L.S.D.mxvxth 0.06 6.2 35 6.5 1.5 3.6
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The recorded averages were; 163.8, 147.4, 144.0 m/tex for HW1, HW2 and HWS3 respectively.
Moreover, HW1 averaged 131.8, 168.2 and 185.0 m/tex in the low, normal and high mic (maturity) levels, while
HW?2 averaged 121.8, 152.3 and 163.2 m/tex in the mentioned three Mic levels and HW3 averaged 122.1, 147.6
and 161.0 m/tex for the three maturity levels respectively. It is clear from these results that HW2 and HW3
averages did not differ significantly and nearly similar in the low and high maturity levels. It is worthy to report
that the values of HW1, HW2 and HW3 ranked the studied genotypes in the same order according to their
means of HW being Giza 93, Giza 92, Giza 94, G.97, G95 and G.90xCB58.

Regarding the standard hair weight (Hs) which expresses the hair weight without the effect of maturity.
Data in Table 1 indicated that Hs exhibited the same trend of HW being higher in Hsl than Hs2 and Hs3;
moreover, the calculated Hs values showed more fluctuation between maturity levels when calculated from the
two equations than noticed in Hs3 obtained from cut and weight and caustic soda direct methods. The recorded
averages were; 187.3, 168.8, and 163.8 m/tex for Hsl, Hs2 and Hs3 respectively. The differences and
fluctuations in HW and Hs values will be reflected on and affect the calculated values of fiber perimeter (P),
diameter (D) and area of the circle having the same perimeter of the fiber (ACW), subsequently the parameters
calculated from them.

Using Hs values to calculate fiber perimeter pm P = 3.7853V (HS) to calculate the diameter D = P / 3.14
and the area of a circle having the same perimeter of the fiber cross section ACW = 3.14 x (1/2 D) ?, from the
two equations that used HVI Mic and MR (ACW1 And ACW?2) in addition to that obtained from the cutter &
caustic soda direct method (ACW3) compared to ACW4 calculated from the actual perimeter measured by the
cross section image analysis direct reference method. The results in Table 1 cleared that the average of fiber
perimeter obtained from Lord equation (P1) was higher than P2 from Hequet equation and P3 from cutter and
caustic soda method and P4 measured by cross section image analysis direct reference method. P2, P3 and P4
showed practically closer means in all the studied genotypes. The recorded means were; 51.4, 48.7, 48.4 and
48.9 p for P1, P2, P3 and P4 respectively, furthermore, the low maturity level showed lower values of perimeter
compared to those of the middle (normal) and high maturity levels. The increase in fiber perimeter due to
maturity could be explained by the pressure of the deposited cellulose layers during fiber maturity on the fiber
primary wall forcing it to expand and increasing fiber perimeter. P1, P2, P3 and P4 ranked the studied genotypes
in the same order to be Giza 93, Giza 92, Giza 94,G.97, G95 and G.90xCB58 This rank is controlled by the
intrinsic fineness of these genotypes which controlled mainly by its genetic structure. These results agreed
With3°‘47‘48’49.

Concerning ACW [3.14 x (1/2 D) ?], which is the area of the circle having the same perimeter of the
fiber, the results in Table 1 indicated that means of ACW2, ACW3 and ACW4 were nearly close while ACW1
was significantly of higher mean than them, the recorded means were: 209.9, 190.2, 186.9 and 192.2 p?
respectively. This trend is expected since these areas are calculated from different Hs values and Hslwas higher
than Hs2 and Hs3 while ACW4 was calculated from the perimeter of the cross section measured by image
analysis direct method. All the calculated and measured ACW means ranked the studied genotypes similarly and
similar to the rank according to HW and perimeter. However, the differences between measured and calculated
ACW values differed from one genotype to another as well as from micronaire level to another. It is worthy
report that ACW1, ACW2, ACW3 and ACW4 are expected to be larger than the actual fiber cross section area,
which is not a circle, and its circularity is affected so much by cellulose deposition (maturity). *"*¥4°came to
similar conclusions.

Effect of micronaire levels, genotypes, measuring and calculating methods on ASCW and degree of
thickening:

In regard to Area of secondary cell wall ASCW calculated from dividing HW by cellulose density 1.52
g/lem® and by cell wall density 1.14 g/cm® the results in Table 2 showed that ASCW differed significantly
between the different genotypes according to their maturity and differed between the three levels of maturity as
well. ASCW ranked the genotypes by the same order of maturity ratio and HW which is logic since it is
calculated from these parameters. The low Mic level (low maturity level) showed the lowest ASCW mean
followed by the middle level whilst the high maturity level showed the highest ASCW regardless the cotton
genotype and the calculation and determination method, for instance, the recorded means of ASCW4 were
89.7, 107.6 and 114.1 p? for the three levels of maturity respectively.
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Table(2): ASCW, and degree of thickening of some Egyptian cotton genotypes calculated from indirect
methods and measured by direct methods.

Indirect method (HVI MIC & MR} Direct method

Data calculated from Lord equatian Data calculated from Hequet equation Caustic soda & Cutter method Cross section data

€]

o

ASCW Degreeof  ASON ... ASCW Degreeof ~ ASON ... ASCW  Degreeof ASCW Degres of - MR*0.57 Degres of
COTTONS E"}"’_ thickening micgkermg thickening mi:gkening thickening lhi:gkemng MR"0.67 7 ASCIE lh»cEening4
vels 1s 1= 1b o 28 2a 2 ol 38 38 3b - 7 v

u v u [ u u From Causti

v soda

method
Tow 794 0.45 1058 0.60 735 0.45 985 0.50 781 02 041 055 045 044 0.1 051
Giza 92 Normsl 88.0 0.51 174 0.68 82.1 0.51 109.4 .68 85.9 0.52 114.5 0.69 0.51 0.52 916 0.56
High 107.3 0.55 143.0 0.74 97.3 0.55 129.7 074 943 0.56 125.7 075 055 056 89.1 0.59
mean 916 0.50 1224 067 a4 0.50 1125 0.67 861 05T 1148 068 050 051 503 0.55
Low 611 021 815 0.58 543 0.a1 725 058 50.4 045 505 081 0.44 0.45 700 047
Giza 83 Normal 743 0.51 89.0 0.68 69.3 0.51 924 068 787 0.51 100.8 0.68 0.51 051 83.1 0.55
High 80.6 0.54 107.5 0.72 75.9 0.54 101.2 0.2 845 0.55 12.7 073 0.54 0.55 86.9 057
mean 72.0 0.43 56.0 0.66 §6.5 0.43 88T 0.66 T35 057 S50 067 049 0.51 800 053
TCow 85.1 0.45 1134 0.60 794 0.45 105.9 0.50 R 03 132 057 045 043 822 048
Giza 84 Normsl 117.1 0.53 156.1 0.70 105.7 0.53 141.0 0.70 1002 0.52 1336 068 0.53 0.52 99.5 058
High 120.4 0.55 160.6 0.74 107.3 0.55 1431 074 108.8 0.55 145.1 073 055 0.55 106.1 061
mean 1075 051 1434 068 §75 051 120.0 068 980 0.50 1306 056 051 050 ) 0.56
Low 1032 0.45 1378 0.60 96.0 0.45 1280 0.60 55.4 043 178 059 0.45 0.44 883 0.46
Giza 97 Normal 1216 0.51 1622 068 1086 0.51 1461 062 104.7 0.52 139.6 0.70 0.51 053 1207 0.55
High 132.8 0.56 1774 0.75 116.0 0.56 1547 075 1132 0.57 150.8 075 0.56 0.57 131.9 .60
mean 1192 051 1588 068 1072 051 1430 D68 1021 0.51 135.1 0.68 0.51 0.51 117.0 0.54
Tow 903 0.40 1204 0.54 842 0.40 112.2 054 858 03 T4 057 040 043 1041 047
Giza 85 Harmal 131.2 0.51 175.0 0.68 117.0 0.51 156.0 0.68 1083 0.53 144.4 071 0.51 0.53 125.6 0.57
High 110.6 0.57 1875 0.75 121.2 0.57 1616 0.75 117.3 0.58 156.4 0.77 057 0.58 129.6 0.58
mean 120.7 0.43 161.0 0.66 107.5 0.43 1433 0.66 1038 051 1384 068 049 0.51 1198 D54
Tow 398 0.45 1331 0.60 330 0.25 1240 0.0 55T 040 1156 05% 0.45 040 105.4 046
G .90xCBES Normsl 1318 0.51 1758 0.68 17.2 0.51 1663 068 107.8 0.54 143.8 072 0.51 0.54 1248 0.55
High 148.4 0.58 197.9 0.77 125.9 0.58 167.8 0.7 175 0.58 156.7 078 0.58 058 130.7 0.56
mean 126.7 0.51 168.8 068 1134 051 1512 068 105.0 0.51 140.0 0.68 0.51 0.51 1196 0.52
N Low 865 0.44 1153 059 801 0.44 106.9 053 812 043 108.3 058 044 0.43 89.7 0.43
mgmif Normal __ 110.7 051 1476 068 100.2 051 1335 0.68 871 052 1255 0.70 051 053 107.6 056
: High 121.7 0.56 162.3 075 107.3 086 143.0 0.75 105.9 0.57 141.3 078 058 057 1141 059
Genotypes mean 1063 0.50 1417 067 96.1 050 1281 067 848 051 1263 068 050 051 1038 054

L.S.D. at 5% level of significance
ASCW  degree of thickening.

L.S.D Mic level (m) 1.4 0.02
L.S.D. variety (v) 1.8 0.02
L.S.D. measuring methods (th) 1.9 0.02
LS.D.mxv 2.3 0.03
L.S.D. mx th 2.7 0.03
L.S.D.vxth 2.8 0.03
L.S.D. m x gt x th 3.4 0.04

ASCWi1a calculated from Lord equation and 1.52 g/cm? cellulose density very close to ASCW4
measured by image analysis cross section direct method while ASCW2a and ASCW3a were slightly lower than
ASCWA4, the recorded means were106.3, 96.1, 94.8 and 103.8 u? for ASCW1, ASCW2, ASCW3 and ASCW4
respectively. On the other hand ASCWhb calculated by the different methods considering the wall density is 1.14
g/cm? showed very high means of ASCW than ASCW4 measured by Image analysis (the reference method), the
recorded means were 141.7, 128.1, 126.3 and 103.8 p? for ASCW1b, ASCW2b, ASCW3b and ASCW4
respectively. These results indicated that considering the cell wall density 1.14 g/cm? led to big increase in the
values of calculated area of cellulose when compared with the actual one measured by the image analysis direct
method, this will be reflected in and led to high biased calculated degree of thickening which reached 0.67 and
0.68 compared to 0.54 in the degree of thickening measured by image analysis direct method, while all the other
methods used 1.52 cellulose densities led to slightly lower values of degree of thickening but closer to those
measured by image analysis. The recorded means were 0.50, 0.50, 0.51 and 0.54 for degree of thickening 1a, 2a,
3a and 4. Furthermore, the low maturity level showed lower means of degree of thickening than the normal level
while the high level showed the highest ones regardless the calculating methods and genotypes, being; 0.48,
0.56 and 0.59 for the degree of thickening obtained from image analysis reference method for the three levels of
maturity respectively.

In the three levels of maturity the Extra fine ELS cotton variety G 93 and the ELS Giza 92 showed
lower ASCW and slightly lower degree of thickening than the Delta LS Giza 94 and Giza 97 while, Upper
Egypt LS cottons Giza 95 and the promising cross G.90xCB58 showed the highest ones regardless the
calculating and measuring methods.

Concerning Degree of thickening (©) = MR x 0.577 according to™, the results in Table 2 indicated that

both of MR from HVI and MR from caustic soda direct method showed closer means of © but also slightly
lower than those obtained from image analysis data to be; 0.44 and 0.43 in the low maturity level, 0.51 and 0.53
in the normal level and 0.56 and 0.57 in the high maturity level compared to 0.48, 0.56 and 0.59 for the degree
of thickening obtained from the image analysis of the three maturity levels respectively.
It is clear from these results that the differences in the Degree of thickening calculated using 1.52 cellulose
density obtained from Lord equation, Hequet equation, cutter & caustic soda and image analysis are of low
magnitude despite of their significance in some cases, however, the degree of thickening values obtained from
image analysis method showed slightly higher values of degree of thickening © than those obtained from the
indirect and cutter& caustic soda methods. On contrary using 1.14 cell wall densities according to the
modification made by?*** led to biased high values of degree of thickening in the three maturity levels of the
studied genotypes. Using HVI MR and caustic soda MR provided values of degree of thickening © slightly
lower than those obtained from image analysis measurements. *##24%53¢ found similar conclusions
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The relationships between the different fiber maturity Parameters of some Egyptian cotton genotypes:

Simple correlation coefficients between fiber maturity parameters obtained from direct and indirect
methods for the Egyptian cotton genotypes illustrated in Table 3 were positive and highly significant. The
correlation coefficients ranged from 0.515 to 1.000.indicating that all of these parameters are better measures for
fiber maturity. These results are in line with 243,

Table (3): Simple correlation coefficients between some fiber maturity parameters of some Egyptian
cotton Genotypes

MR HWI1 ASCWla | ASCWIb | HW2 ASCW2a | ASCW2b | MR3 NOHIS | HW3 ASCW3a ASCW3b | ASCW4
% M%
3
Mic 0.808** 0.972%* 0.972%* 0.972%* 0.962%* | 0.962** 0.962%* 0.770%= | 0.737* | 0.810* | 0.810** 0.810%* 0.622%*
HVIMR 1.000 0.657*% 0.657*% 0.657* 0.624** | 0.624* 0.624%* 0.949%= | 0.954*F | 0.546™* | 0.547** 0.546%* 0.189
HW1 1.000 0.657 =* 0.657** 0.902*%= | 0.902*%= 0.902%* 0.620%* | 0.579** | 0.838** | 0.838** 0.838%* 0.738%*
ASCWla 1.000 0.908%* 0.992%= | 0.992*F 0.992%* 0.629** | 0.579** | 0.828** | 0.838** 0.838%* 0.738%*
ASCW1b 1.000 0.992%= | 0.992*F 0.992%* 0.629** | 0.579** | 0.838** | 0.838** 0.838%* 0.734%%
HW2 1.000 0.900%* 0.900=* 0.503** | 0.550** | 0.684** | 0.838** 0.828%* 0.733%*
ASCW2a 1.000 0.900=* 0.503** | 0.550** | 0.828** | 0.838** 0.828%* 0.734%*
ASCW2b 1.000 0.503** | 0.550** | 0.828** | 0.838%* 0.828%* 0.734%*
NaOH 18% (MR3) 1.000 0.937%= | 0.515%* | 0.515** 0.515%* 0.168
NaOH 18% (M%) 1.000 0.525% | 0.525%* 0.515%* 0.155
HW3 1.000 1.000%* 1.000%* 0.674**
ASCW3a 1.000 1.000%* 0.674%*
ASCW3b 1.000 0.674%*
R 0.05=0.267 R0.01=0.321 n=18

Simple correlation regression coefficients between measured and calculated degree of thickening of the
Egyptian cotton genotypes illustrated in Table 4 and Figure 1 were positive and highly significant. Correlation
coefficients ranged from 0.867 to 1.000 indicating that the relationships between the different calculated and
measured degree of thickening were very strong, moreover degree of thickening whether calculated directly
from HVI MR(© = MR x 0.577) and caustic soda MR or by applying Lord and Hequet equations using 1.52
cellulose density were accurate and reliable enough to be used for measuring degree of thickening instead of the
sophisticated slow image analysis method.

Table (4): Simple correlation coefficients between degree of thickening of some Egyptian cotton
genotypes calculated and measured by direct and indirect methods:

Degree of Degreeof Degree of Degree of Degree of Degree of Degree of 8=HVI MR a=MR3x
thickening thickening thickening thickening thickening thickening thickening x0.577 0.577
1a 1b 2a 2b Ja b 4
Degree of 1.000 0.995%% 0.990%% 0.996%% 0.940%% 0.944%% 0.898%% 0.940%% 0.941%%
thickening la
Degreeofl 1.000 0.981+% 1.000%* 0.940%= 0.041%% 0.896%= 0.950%% 0.045%
thickening 1b
Degreeof L.000 0.096% 0.942%% 0.0425F 0.300% 0.043%% 0.0415
thickening 2a
Degreeof 1.000 0.944%% 0.046%% 0.905% 0.046%* 0.051%
thickening 2b
Degreeofl 1.000 0.046%% 0.905%= 0.001=% 0.021%%
thickening 3a
Degreeof 1.000 0.900% 0.094+ 0.022%
thickening 3b
Degree of Looo 0.901*= 0.876%%
thickening 4
@=HVIMEx 1.000 01.021F
0.577
e=MR3x 0577 1.000
R 0.05 =0.267 R 0.01=0.321 n=18
07 07 07 07
07 06 “ 306 A [ “ 06 “
- £0s / ® 05 g T 05
oe ~ e < * i * 4
‘E “ € 04 204 % =
:_,2'; % 03 303 f-' 03 £03
f'. 02 1=0.1006+ 0.8731x S o2 y=0.1006+0.8731x; g“ 01408+ 07582 g oz ¥ =-0.0024+0.93661, § o2 V= 000645+ 10587
S.go-l 08177 g™ R-08177 201 " IR‘:SC‘ISB:? s 3™ RI=0.8177 3ol R=08311
L 0 ‘ 0 0
0 01 02 03 04 05 06 07 0 0102030405 0607 0809 0 o a o R 0 010203 04050607 0809 0 010203 020506070809
degree of thickning 1a degree of thickning 2a 0 010203 04050607 Theta from HVI Thetafrom custic soda by Image analyssis
degree of thickning 3a

Fig (1): Simple regression between degree of thickening of some Egyptian cotton genotypes calculated and
measured by direct and indirect methods
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Aiming to obtain calculated degree of thickening values very close or even equal to those measured by Image
analysis method, the following Regression equations were developed:

Corrected degree of thickening:-
Y =0.1006 +0.8731x; where x; is degree of thickeningla and R? = 0.8177 (from Lord equation)
Y=0.1006 +0.8731x, where X, is degree of thickening2a and R? = 0.8177 (from Hequet equation)
Y= 0.1408+0.7882x; Where X3 is degree of thickening3 and R? = 0.8327 (from Caustic soda&Cutter
method)
Y =-0.0024+0.9366x, Where x, is degree of thickening4 and R? = 0.8177 (from © =HVI MR x 0.577)
Y=-0.0645+1.0587xs here xs is degree of thickening5 and R? = 0.8311 (from ©=Caustic soda MR x 0.577)

IV.  Conclusion:
Summing up the results obtained from this study it could be concluded that:
Mature fibers have bigger hair weight (HW), Perimeter (P), cross section area (ACW), area of cell wall (ASCW) and
degree of thickening (©) than low mature fibers.
Calculated and measured HW ranked the studied genotypes in the same order.
Calculated ASCW and degree of thickening values using 1.52 cellulose densities was closer to what obtained
from Image analysis direct reference method than those calculated using 1.14 cell wall density which resulted in
biased high ASCW and degree of thickening values.
The relationships between cotton fiber maturity parameters and between calculated and measured degree of
thickening were positive and highly significant.
Degree of thickening (6) calculated from Lord equation, Hequet equation and cutter & caustic soda method
slightly lower than obtained from Image analysis direct reference method furthermore degree of thickening (©)
values calculated from HVI MR using the equation degree of thickening () = MRx 0.577) were very close to
those measured by Image analysis method indicating the possibility of using HVI micronaire and MR to
calculate accurate and reliable estimates of degree of thickening instead of the direct sophisticated and slow
methods.
Regression equations could be used to make corrections to the degree of thickening calculated from Lord equation,
Hequet equation, cutter and caustic soda methods, HVI MR and caustic soda MR.
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