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Abstract

ical conditions in Xinjiang was studied to provide a basis for high yield and quality breeding and variety improvement of cotton in dry areas.

[ Objective ] The relationship among morphological traits, yield traits and quality traits of early-middle maturing cotton under ecolog-

[ Method ] Twenty new varieties of upland cotton from Group D of early-middle maturing in Xinjiang autonomous region in 2016—2017 were
used as test materials. The variability, correlation, regression and path analytical methods were exploited to analyze the 15 main traits of plant
morphology, yield and quality. [ Result] Among the morphological and yield traits, the coefficients of variation of the node of the first fruiting
branch, fruit branches, bolls per plant, and the lint yield were larger, in the order of 19.43%, 6.08% , 5.87%, 5.74%. Quality traits inclu-
ding fiber elongation, spinning consistency index, and micronaire had larger variation coefficients, which were 10.72%, 6.81% , and 5.61%,
respectively. Among the 15 quantitative traits, 12 of these correlation coefficients were extremely significantly correlation, such as lint percent-
age and lint yield, fiber length and spinning consistency index, etc, and 7 of these coefficients is significantly correlation, such as bolls per
plant and lint yield, fiber length and fiber strength;bolls per plant and lint percentage had greater effects on lint yield, followed by single boll
weight. The fiber strength, fiber uniformity, fiber length and micronaire were the most important factors affecting fiber quality, the indirect
effects on fiber quality produced by other fiber quality traits were also stronger. [ Conclusion ] In the practice of high-yield and high-quality cot-
ton breeding, we must pay full attention to the interdependence and constraints between traits. The coordinated development of morphological,
yield and quality traits is an effective way to achieve the goal of high-yield and high-quality cotton.

Key words Early-middle maturing cotton; Yield traits ; Quality traits ; Correlation analysis; Path analysis

FRAE IS 2R ZEFEAEY) LTk el 1] RO 5 vh By Tl 2
WP o T T o B R AR P S R R
2018 44> [FE M AL P BB 90 7 80% LA b o FREMAR 1 S — Fifry
IR AL A 52 70 T AR AL )™l n] R4 e Jge oA A T
EACHITERT. 2T, D O Bt [ SO B 2 4, M AR i A T AR
Jrdiiel, FE AR AR SR o7 i H 25 58 30 V)75 ORI Ttk
FERARAET K- AL, BEE T [ 22 B A 25 4 Tall (gt s
KB s NATTXE s B HE AR 27777 it ) 7 SRS W R A, PRI o A 46
F T BT T TS R R S BRSSO 25 2L Tl
F0 R R [ L R 24 55 TP AN AT sl Bk A SOk, B
N2 e M GFC YV | R

A AR SEBUAR AL R LB A BRI O, P A B AR

HLWMB #8ERS 07 T EAMARL AR B “E TR LA
SRR R AL A A (F) LF " (2019NNGGO3) 5 3 4b A4 A
HTREHFE A XAR MR —RBBHRFRE
(NYGG201623) ,

AR (1975—) , B, T @A A, GBREIT , NFMRILT
ARBIBHAR ., « BAEAEH, HE,NFEA $ kT
A ATECF 5 AT

WimHES 2021-07-10

EE R

AR i 0 B 5 73 RIS A 52 AR AR 7 AR A i 2
SN K SR BARA MIRAE ™ o FRHTHAR A B A 2T i TR
TS DX PR D ARSI L, DR X A 53R 5 L Hh s e Y
R AR B A BRI A S HA B0 L TEARAE
B AR PER AR ST E R B0 R PECR A
UHRE B e 2 2, B BUCH RIS R RS
PR, BAT AR B 38 T [R) A 2 FREE BT 2R AN 7
B, ST SEARVF o R TR T IR et it oy
BTS2 AL 2 AR T 20 15 L iln M 72
XS ANREHIAR A KL F, AR 20 ANLE 6 A" 4133 B AR
PR ST TRIESE A5 A OB F T Vo [ PR 4
B =t AR RO (b s A ¢ % B AR
R R 5 RBEFEAR Y, BREUPEAR 5 7 e Rl o =22 ] 247
08 2 T 8 PR A AR O, B 77 e DAL o o S 22 2
PR TR R 2 HLA RN BB S e 55 T e
LIPSO M R o BB R 82 1 22 A S 2T A4 B TR SSR G
WS A Y s B Sl R o 5 5 R R £ 2 R AT, I 4
T SSR SRR IZ A ) — L85 27 4 b B PRAH G A 10 57 55



50 % 6 47

SARARE BTRRT BRI S A R MR 09 AR S R A8 4R AT 41

(3775 A S BLTRURP s i LR 25 ™ AT T Il M 7 R A
PRI QTL & RIAFFT, 15 AR i A A 73 FFF 48 1) QTL
B P A B R TS AS FPAR T 12, FAEIN R AR 1 & R
W T2 B R R AC A G B SR S B s MR N5 %) 27
Al AR B R TR ) S BRI ST A, 25 BRI 4 Jg A6 7
SR 22 A A 1 TR R R B AR B b R A
A0 S RAAE T R 5 S SRR MR Y R OC R AR 2 A
R B i b PR B Aoy B R HITAE M 1 35 IE ARG,
PARRASBON Bz M 7 A T3 AR R RO HOROEE Yl
FEXT 10 A AEERIL B 24 28 b L A A Z R 57 1 L s
PEARIEAT AT A 1, SRS K0 A o R B R A 0T i A
PR AR ; W A A R B P AR AR R S R PEIR 1Y
FHSE B E AR AT, RS B3 L BALAS BRI S X6F B A 7 o
M TTRREC I, BT i 5 P I B ST B R A
FUBR R e 27 S (B S AE AR G . SR I X 3 e A A
i 7= i TR A 25 5 AT A 9 i o e

YT I, 2 X 2016—2017 A BT s 4k /R A IR X AR A
X0 (R D ) S (R ) 1977 5 N ET 4 i
ARPEATAE Sk AR S A AR T, B A0 R B R B R R
FREKE 2 P A MR 7 i L TR PEIR X 45 20 1 ) g B
P2 M AT RACIE R/ IS S TR OB, S0 R 580 0 ot o 00 AR A
PERESAER , Azt DX 7= 000 A A6 Bt P ik 7 206 R
Pt AR LR AR AR
1 #MRl5FH%
L1 RIS EEAR R 20162017 4B s 4E B /R F IR
XA e D g fili st A DX B S R, P RIE R 6 5
HDO2 A4 T 96A 15528 6636 , AWO04 i T 49 ( CK) [R] i 2
T 2 MK, R 5 5 38 12-1079 38 09— 1490, A 4
11X 5 713103 6 3 86-7 & 4= 43 5L Sl 2016 41 X
i, JSH15-35 #% 12-1266 1% 11-1347 . 15DJLO1 . TH14-621,
TH614-2 Gikfith 54 “5-(CK) {U S 2017 191X,
1.2 AW ENEIEEE 2016 4R Ie7E B iAol Bl
ot 2 R Sty S e VD A L3 B s A — U A B
UG TR SRR B CGBrA) HrER s A (FTHiR) |
B s B LA T B e AR & R B F (
VR TR LN O B 5T e B 1) [ Aol (2R
8 PET, 35 9 AN 2017 AR 4K 2016 4R 2o T Hrim
ANV BT BE R IR e i B 1 R s b T AR AE
PR, R AR S R IR ALIX 41 k51, 3 IR A, /)N
BIAR 20 m® Bk ATHERCE A FE, A5 e Y il = B
HRAEIESCA T, RS B 5] — 3K, R MR R+ A
HABAE,TE 4 Ao R Rl, IR AL e, A T8

T T R MR, AR AR (x1, ) Bk
(x2,em) SRBEL(x3, 1Y) ARREY S (x4,4>) AR ER (x5,8) |
ARG (x6,%) JE M7= B (x7, kg/hm® ) 5 - 4 i AR b 2
WP (v, mm, DU PR ) BESFRE (v2,%) L LR
JE(y3, oN/tex) (22 SE B (y4) A A (v5,%) 2 5 %
(v6,%) HEJE (y7) LiZb ¥ 5  MEHE B (v8, LA R i Bk 45 2b 4

B0 3815 ORISR T R Y i
Ok, P i R bR B 2T 2k 5 T bR T ARG S T 0 4,
L 44 i BRI M AT R 3R W B AR B TR s (1
FRF5) SERL, RS20 2 AR 0 SRR LA MR 1 -4
HHPEAES 5407

1.3 AEEECHTERRER

130 AEEW, CE T T AL ik S (45 31k 5
50% 13 F 1) FiLA: 330 (A 00 380 0k 2 300 ) R0 L IR 2%
B A RIS, Hrl FEAE A 20 o A A
FMEI 2 Yk /X AT (IS4 P A AR ) 1132452 20
PRIEA T2 BOP I

132 RUVEIR. BRes BRI AR R RE 9 1 S
FURE 55— SR (57« R SR 14 B4 5, BDAR A B
T Z 8 — SR AR AL BN 5 A . bR T
% KT R, SRR B b S AR Bk
GBI AR MRS B, BB D T, AR AE 2 om
DA RS RS | LU /INRIARAS B2 B AE /M 3 A/
AT 1 AR,

14 EFREE

141 T, MEREEHUS BN KRR T R 5~ 10
SREEE 1~ 2 SRS IE R 50 A4S, TR R, H A
B,

142 45, FE05E SR T IRE S eh 5 A BN, 4
DYRRE 100 REFR T, 775 FRLAR R 0 4ol T8, EHE 2
W BT

1.5 SFRET AL TR 16 KR B I A R
BTG SBRURRE . 4% TCFEL B 45-T00 5 B0 T 1 B A
FEOMRA] AR () B30 g 25 4% A X P T3 B3,
R KA R SR 08— 27 (3%) Z ARl AR AT R A6 5 R 1
BRI 0 (B AT ) HEA T,

1.6 SAE R CAMT 01035007 38 72 537 45 )y ik
PETTIESE ST 9B A PR R R AR R A e 2
B RISBARIKIGET T TE SAS 9.4/ f1 Matlab R2015b™
BRPFIREE R SE R

1.7 HHriEs

170 HIEAHT. FEIR x, 5 x, BHIE R BIBOUR T
Hp,, =0,//000 ARG 0=p, /027150, ~
1 (n=2) BB A 6 2B 0 BB H, p =0 H, p 0,
o g, fl 02 AP BIRPER x, 5 x; BH7 2 AR v, 7 2260
Bk RA

L7.2 [HSMT. BARER Y SR AR R X,(i=1,2,,p)
(10 R BB R e M TR 3 b= (XX 7' X7V, i b
S Il R B X R SRR Y S B AR R Y

S["I/p
S/ (n—p-1)

[l R0 B BV H, 8= 008 =0, %t F =

ML ) . RS F = ~F(p,n-p-1) 5%



42 B

2022 £

U.
S/ij—F( 1, n—p—1) K6: 56 [0l 15 28 B i) S 25 0, B i3
i (n—p-1)

HyiB,=008,%0, # b =b,(6/c,) FHETRRE A O, I
dib, KR X, IR RE oy oy SRS X, RTY AR
W2 BRI A

173 SRS, T p RS R LA R R Y 0
WIS RBOERE R=(r,) = 1.2, p,p+ 1524 j=p+ 1 B, r, 3
AR X, 5 Y BMC TR M j<p | I, FR AR X, 5 X,
MR RAL, b (i=1,2,,p) JZEHE X, {471 ) R4,
AR B BB 30 Ry = (ry) inj=1,2, -
(Fpe )y sb” = (b b5 oo b7 I C A Ry, - diag (b7 ),
Ry) oo e, =b stk X, XF Y (0 S8 A2 R B ¢, (i 7))
S dk X, AR X, X H AR Y R m A R B
AbFRAE SAS oA MATLAB ¥R T oem " .

2 BERES

21 ZRERHRABTESHE 202016 4FRB 1Y 13
A7 22 508 A A0 T ) A5 2% R/ N Rz A
B 95 LR (F=28.22,P=0.000) , it 222 4 .35 (F =
620.55,P=0.000) , fh fi < ik S F R B FE(F=6.82,P=
0.000) 2111 2017 AEER 1 13 A5 R I 22 43 H7 45 SR 5

PRy =

B, 2 AN XA 7 25 Al i (F=25.65,P=
0.000) , 32t 15 25 S 2 (F=309.44, P =0.000) , /5 Fl 3 15,
2SR (F=4.00,P=0.000) . 2016 4EZx iR I RF AR 7
N VIR A= 1 11 2 ol 13 < = N2 i 71 B
5 507.19 kg/hm* 2 369.88 kg/hm* .2 316.46 kg/hm’ 42.86%,
2017 AEZ 38 i Bl (4 4 R 46 A 1 53 31 A 5 543.23 kg/hm’ |
2 318.42 kg/hm’ 2 256.12 kg/hm’® 41.95% , =& PHEAH T, i
T 2016 AF YA =5, DRI KA 7 i AR I KRR A I

PR ECRE MR A R PRSI A SR AR 1 . SRR
I Bz A8 (x7) K 2 100.00 ~2 590.50 kg/hm® | Hirfr b B
96A F 15 K4 (x6)39.50% ~44.70% , bbb BT 96A F s
RS H (x5)5.20~6.20 g, AR 11X 5 5 TP A BT 49 343k
F ARG Y (x1) 7E 5.10~8.50 45, Horpr v Bt 96A 35/,
JSH15-35 5, M55 (x2) 24 73.80~90.30 cm, ZF 5 %L R
BCART (x1) J K (19.43%) |, SRAEL(x3) FRBREL B (x4) il
Ry (x7) B8 7 R ALK, 43 51K 6.08% .5.87% 5. 74%
A (y1)7E 29.40~33.20 mm, H P RBER 6 5054 W 1L
R (y3) hy 28.70~33.80 N/ tex , 157 6636 K ; 27 ilE(H (v4)
4 3.90~4.80, HiHBE 12-1266 f5 57, 15 %% 6636 5 fik; 524K
(y8) 7 139.00~ 171.00, 182 6636 AWO04 YRR F A, 13X S B H3
Z IR R A BLURR 8 2R AU A,

®1 FRYEWREIT

Table 1 Statistics of the quantitative traits examined

e x1 x2 x3 x4 x5 x6 x7 yl y2 y3 v4 y5 y6 y7 y8

Traits A cm A~ A~ g % kg/hm’ mm % cN/tex % %

{5 Mean ~ 6.66x 81.61x 850+ 698+ 575+ 4241+ 2344.15+ 31.52+ 84.86x 30.80+ 430+ 6.68x 7994+ 721+ 15447+
1.29 4.05 0.52 0.41 0.25 1.03 1345 1.26 1.20 1.39 0.24 0.72 0.82 0.37 10.52

e/ ME 5.10 73.80 7.50 6.30 5.20 39.50 2100.00 29.40 82.80 28.70 3.90 5.20 78.70 6.50 139.00

Minimum

FORME 8.50 90.30 9.30 7.70 6.20 4470 2590.50 33.20 86.80 33.80 4.80 7.90 81.80 7.80 171.00

Maximum

AR 2R 19.43 4.96 6.08 5.87 4.40 243 574 398 1.41 4.53 5.61 10.72 1.03 5.10 6.81
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Table 2 Correlation coefficients between plant yield traits and lint yield

PER ey P 25244 PBRER AL AL Koy 2T s
Traits Plant height Fruit branches Bolls per plant Single boll weight Lint percentage Lint yield
SHAEAT First fruit branch 0.101 -0.813"" -0.612"" 0.377 -0.463" -0.229
Bk Plant height 0.060 0.147 -0.088 0.193 0.270
SLA# Fruit branches 0.689 " * -0.389" 0.344 0.338
BARRESEL Bolls per plant -0.517"" 0.313 0.445°
FAATR Single boll weight -0.066 0.042
X435 Lint percentage 0.635""

TE: o x FRIRTE 0.01 AP A OG; + FORTE 0.05 /K B#EHSC

Note: * * indicated extremely significant correlation at 0.01 level; * indicated significant correlation at 0.05 level
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Table 3 Correlation coefficient between fiber quality traits

] ‘ - L ) EAZ
SR TP R He i S5 Sali i firke A s o TR
- . . Fiber - ) . - . Spinning consistency
Fiber quality traits e Fiber strength Micronaire Fiber elongation ~ Reflectance Yellowness ;

uniformity index
44 Fiber length 0.334 0.388" -0.847"" -0.286 0.033 -0.260 0.733" "
R Fiber uniformity 0.383 -0.260 0.374 -0.225 -0.658" " 0.789" "
[ Fiber strength -0.430" -0.287 -0.667" " 0.134 0.736" "
T (H Micronaire 0.389* -0.045 0.163 -0.711"*
fH1}: 3 Fiber elongation -0.008 -0.138 -0.059
JZ 5% Reflectance -0.319 -0.321
# & Yellowness -0.387"

TE: o x FR7RAE 0.01 AP E A + RoRTE 0.05 /K- W HHIC

Note: * * indicated extremely significant correlation at 0.01 level; * indicated significant correlation 0.05 level
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Table 4 Analysis of variance for regression of lint yield to major yield traits

F i I ¥y R R
Source Degree of freedom Sum of squares Mean squares

157 Model 5 225 567.59 45 113.52 5.81 0.002
&2 Error 20 155 268.95 7 763.45

JELF Total 25 380 836.54

HEE 4 AT, [l 5 AR 03 (P =0.002) , %R Uit B 1
i A SR LY 59.2% (R =0.592) . 3 5 55 5 41 P {H W]
UL, BARRAS TS A I3 14 [l U AR RO 2 5 58 2 9 [l U 2R K
R, BB B AR () 1A, R B AR () 7
168.74 keg/hm” , P44 T B2 2 (FEAR) 1 g, B2 AR A4S 1 (B0) 7=

132.71 kg/hm’ , AT+ (F&) 1% , Jz A3 ) 7271.09 kg/hm®,
T3Hh 2 AR P B AN . AR [R]85 i, 451
AR 7 S ) S 4 B R HE I S AK 53> BRLRR B8 80> SRAS U 71 >
PR S BRET , RUBCAR T R LA X A e A 5 )
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Table S Regression parameter estimation and its significance

A SR bR
Variable Parameter estimation Standard error
FUE Intercept -2 959.510 1 082.521
AR (x1) First fruit branch 26.527 19.803
FR7E (x2) Plant height 2.107 4.728
BARRESEL (x4 ) Bolls per plant 168.741 60.771
FAAFR (x6) Single boll weight 132.712 83.002
K43 (x7) Lint percentage 71.089 20.413

t , L TEES T
Standard regression coefficient
-2.734 0.013 —
1.340 0.195 0.278
0.446 0.661 0.069
2.777 0.012 0.560
1.599 0.126 0.272
3.483 0.002 0.593

232 YLD EEAT Y S BOMR 89 B 3 M S W
B AR IO R NS EAELE (G A OE Y S NN VA AT E L
FEEL(y8) XFEH (y1) VEESFIE (v2) (USRI (y3) A2 B f
(y4) JeBORE(y7) 19 S TTERAE 1A 07 i AR A4 7 28 73 Hr 3 S
[AS R 25 T3 6.7,

2 6 fR IH AR 2 (P <0.000 1) , %A R fig B 2y
DA B A B 99.88% (R*=0.998 8) , 3 7 455K W, bk
B [ 3 R BON B A, A A Hotk i B A RO R
o WL DR BUR) IE SN UL S (4.659) Bk, He o i
(2.5381) Wz, T2z FLREAR I SN (= 10.387) fieiit, 48571
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Table 6 Analysis of variance for spinning consistency index regression to main quality traits
SV F 7 A ¥y P p
Source Degree of freedom Sum of squares Mean squares
7 Model 5 2 765.50 553.10 3 445.56 <0.000 1
12 Error 20 3.21 0.16
S Total 25 2 768.71
x7 ERSHETREREY

Table 7 Regression parameter estimation and its significance
Ak ZHdhI ki ; p LZRHCUEES /S
Variable Parameter estimation Standard error Standard regression coefficient
R Intercept -338.059 12.052 -28.05 <0.000 1 —
4 # (y1) Fiber length 1.889 0.124 15.22 <0.000 1 0.225
F455 % (y2) Fiber uniformity 4.659 0.116 40.32 <0.000 1 0.530
L (y3) Fiber strength 2.581 0.083 30.95 <0.000 1 0.342
72 TEREAE (y4) Micronaire -10.387 0.644 -16.13 <0.000 1 -0.238
HE (y7) Yellowness 0.391 0.363 1.08 0.294 0 0.014

24 BESW EAHTEE TR AL B E R
AR ROV RN B A T 2 LT 23 500l 22 8 7 B R kg
B BT B IR X ST 2P B A T AR T
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Table 8 Path coefficient of main yield traits to lint yield

AR Traits P P [ P P Thixy

AL AT (x1) First fruit branch 0.278 0.007 -0.343 0.103 -0.274 -0.229
#R15 (x2) Plant height 0.028 0.069 0.082 -0.024 0.115 0.270
FARRESE(x4) Bolls per plant -0.170 0.010 0.560 -0.141 0.186 0.445
PFAEST (x5) Single boll weight 0.105 -0.006 -0.290 0.272 -0.039 0.042
43 (x6) Lint percentage -0.129 0.013 0.175 -0.018 0.593 0.635
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Table 9 Path coefficient of main quality traits to spinning consistency index

e E oyl f

'l%jljt: P P P, P Priron Spinningg:f;lji::tﬁcy index
241 (y1) Fiber length 0.225 0.177 0.133 0.201 -0.004 0.733

P55 (y2) Fiber uniformity 0.075 0.530 0.131 0.062 -0.009 0.789

L (y3) Fiber strength 0.087 0.203 0.342 0.102 0.002 0.736

% vi {4 (y4) Micronaire -0.191 -0.138 -0.147 -0.238 0.002 -0.711

W (y7) Yellowness -0.059 -0.349 0.046 -0.039 0.014 -0.387
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Table 7 Comparison of the economic characters of different flue-cured tobacco varieties (lines)

BT BGEI R, SO T A5 Rl () IR

, — 3 sy i ey 1 ey i
. : . . Average First-class Medium- First-and medium-
Variety (line) Single leaf Yield . Output value
name weight // ke/hm’ price St/ hm? tobacco class tobacco class tobacco
gt/ kg proportion /%  proportion // % proportion // %
WIAH 3 5 Xiangyan No.3 89b 2109.4 a 28.26 a 59 611.6 a 67.9 a 28.8 a 96.7 a
WM 5 5 Xiangyan No.5 8.6b 19857 b 2393 a 47 517.8 b 56.4 a 359 a 92.3 a
WK 7 5 Xiangyan No.7 9.7 a 22194 a 27.61 a 61 277.6 a 64.9 a 314 a 96.3 a
20619 89b 20884 a 25.74 a 537554 a 62.4 a 337 a 96.1 a
HN230 9.2 b 21335 a 24.88 a 53 081.5 a 59.2 a 36.7 a 959 a
2z f 87 Yunyan 87( CK) 8.8b 20955 a 2527 a 529533 a 61.2 a 355a 96.7 a

T FIFUAR NG FRERIRAE 0.05 KV 22 57 3%

Note: Different lowercases in the same column indicated significant differences at 0.05 level
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