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1. W 2 N ARA 0 kg » hm * (NO)
FIIEH A 345 kg « hm * (N345), 4L B [E] ] 3 m

SeORIP AT IR . SR HTBE AL X 2 & 3t B> A 4
Bk #EAT 3 AT IX (1 O ME, 17K 3 m, 1788
0.76 m, % 162 000 £k « hm *,EE 3 K., &
JE A PR R 0l B I g Wl R — B0 (S4B 2 996,630
kg « hm *)FEA: 5 1 P9 Bl K 3 it o G At 45 B i
[F] >4 b K
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Table 1 Names and numbers of cotton germplasm materials
%5 Al 5T 24 Bk £ RE ol 5T 44 ik ErRE Al 5T 24 Bk ERe ol 5T 44 Bk
No. Germplasm name No. Germplasm name No. Germplasm name No. Germplasm name
1 Bkl 50 5 14 Bk 77 5 97 ki 78 & 10 M 319
Xinluzao No. 50 Xinluzao No. 77 Xinluzhong No. 78 Lumian 319
) HibiR 515 5 FHiR 80 5 . Fiblith 80 5 " i 303
Xinluzao No. 51 Xinluzao No. 80 Xinluzhong No. 80 Lumian 303
; Bk 53 i, Wik 82 5 % Hibih 819 1 LR 6 5
Xinluzao No. 53 Xinluzao No. 82 Xinluzhong No. 81 Zhongzhimian No. 6
Bl 58 = ikt 82 5 #7700
4 Xinluzao No. 58 17 21112 30 Xinluzhong No. 82 43 Zhong 7700
5 ikl 60 5 18 Hillith 56 5 31 Biblith 83 5 44 AR B 125
Xinluzao No. 60 Xinluzhong No. 56 Xinluzhong No. 83 Zhongmiansuo 125
6 Kb 61 % 19 Bkl 60 5 32 Bkl 84 %5 15 et LHMO
Xinluzao No. 61 : Xinluzhong No. 60 ) Xinluzhong No. 84 : Wanmian LHM9
7 Bkl 62 5 20 Hiblith 66 = 33 Biblith 85 5 46 #H X16326
Xinluzao No. 62 Xinluzhong No. 66 Xinluzhong No. 85 Xiang X16326
. FHiR 63 " Fiblith 67 5 i Wibtih 87 ' i K25
Xinluzao No. 63 Xinluzhong No. 67 b Xinluzhong No. 87 Xiang K25
bt 64 5 Bkt 71 %5 Bkt b 88 45
9 Xinluzao No. 64 22 Xinluzhong No. 71 35 Xinluzhong No. 88 18 Kapumn-2
Bl 65 = Bibtith 73 5 w25 \
10 Xinluzao No. 65 23 Xinluzhong No. 73 36 Tahe No. 2 49 HGT197
11 ikt 69 4 24 ikt 74 45 37 WA 17 50 J3Hk 1306
Xinluzao No. 69 Xinluzhong No. 74 Jiumian No. 17 Sulian 1306
BB 74 5 Biblih 75 % WA 44 - .
12 Xinluzao No. 74 25 Xinluzhong No. 75 38 Jinmian 44 51 C-1470
13 Bkt 75 5 26 Hibtith 77 %5 39 LKA 8 5
Xinluzao No. 75 Xinluzhong No. 77 ; Nongdamian No. 8
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1.3.1 A REMEK AR5/ X k£ K A
M HA R PE 10 R 75 ORI H 2 88 48 R
i (plant height, PH) R A% (fruit branch num-
ber, FBN) | Bk 4544 50 (boll number,BN) ,
1.3.2 HATHRREALEZLE SHLH
SEU I TR AR AR AR B I 45 /DN IX 3 LA AR K
PERR AR 5 AR, 4 b F A M B AR T, 2R A A B 4R
498 THEAE N 105 °C AT 30 min J5,80 CHLT
ZE BT &, W E H R EB T W B B & (root dry
mass, RDW) | H#f I ¥ T 4 T it & (shoot dry
mass, SDW) . & 1 ¥ it it & (total dry mass,
TDW) . A HE T A4 & B % )5 . 100 H 3 i, R
& H,SO, —H, O, ENME AR S, 115 LA

A E L B # (shoot nitrogen accumulation,
SNA) i~ # A % B B & (root nitrogen accu-
mulation, RNA) | & & F 1 R & (total nitrogen
accumulation, TNA) | & & F| J§ % & (nitrogen
use efficiency, NUE),
1.3.3 M SZHABRAL LT K/NKX
TEWAE BT HR BB (=7 RABD (4~ 6 RED T
1 ~3 A £ 10 A4, Ml 5E 542 BT & (boll
mass, BW) #1443 (lint percentage, LP) ., %L1k
Je B MR RE SR AT 2 4 o B A, 0 5 2T 4K (fibre
length,FL) . & F& B {H (micronaire, MIC) | Wr 24 1,
o B (fiber strength,FS),
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* F Microsoft Office Excel 2019, Origin
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Table 2 Variation of cotton traits under different nitrogen levels

) NO N345 R A RE R,
%ﬂi -2 {H AL AR R/ % FE AL SRR Y FE S R R R %

Mean Range CV Mean Range CcV Mean Range CcV
R /em PH 76.48 58.25~94.80 10.93  85.34 69.75~100.75 9.55 0.90  0.63~1.14 12.82
B FBN 9.50  8.10~11.25 7.75 10.32  9.05~12.30  7.23 0.92  0.70~1.10 9.14
HPREEE % BN 8.63  6.25~11.75 14.50 9.55 6.60~11.90 12.71 0.92  0.67~1.37 17.70
R T B R /g RDW 4.05 2.02~5.98  19.87 4. 80 2.77~8.55  25.49 0.87  0.49~1.25 21.67
Mo Y 5 /g SDW 95.75 61.37~122.77 15.68 120.61 70.15~161.82 15.72 0.81  0.49~1.19 20.17
BTYR /g TDW 99.80 64.62~127.75 15.38 125.42 73.40~167.58 15.65 0.81  0.49~1.18 19.74
AR B R /g RNA 0.05 0.04~0.07  15.02 0.06 0.04~0.09  19.79 0.86  0.60~1.21 17.08
AR R R /g SNA 2.06 1.58~2.46  11.25 2.88 2.09~3.72  12.66 0.72  0.51~0.93 14.17
BARAZEMER /g TNA 2.11 1.62~2.51  11.05 2.94 2.13~3.80  12.57 0.72  0.52~0.93 13.94
REFAME/% NUE 47.32  38.40~60.87  9.84 42.52  34.39~50.29 7.91 1,12 0.92~1.39 10.60
P TR /g BW 5.93 4,92~7.81 10. 72 6.13 4,93~7.84 10. 35 0.97 0.86~1.05 4.46
K4y % LP 42.86  36.00~49.47  6.78 42,73 32.04~48.17  7.77 1.01  0.87~1.28  6.33
4K /mm FL 30.08 25.88~34.12 5.10 31.88  26.74~34.20  4.33 0.94  0.84~1.06 4.70
o ¥E (. MIC 4. 49 3.61~5. 30 9.33 4.63 3.61~5.47 9.00 0.97  0.81~1.12 8.95
WL LR /(eN » tex ') FS  34.40  23.70~45.00 11.24  36.10  26.13~43.90  9.45 0.96  0.65~1.32 10.81
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pul PH .* 5

FBN| 0.63 FBN *

BN|0.45 0.32] BN

RDW | 0.02 -0.09 0.25 RDW @** | gkx .* * | ek

spw | 0.06 0.08/ 0.12/ 0.39 SDW. * .« .* o *

TDW | 0.06 0.08 0.13 0.42 1.00 TDW ¢** .* .* o *

RNA|0.01/-0.08 0.17 0.83 0.38 0.41 RNA ok *

SNA|0.10 0.08 0.15 0.27 0.86 0.86 0.18 SNA. 1.0
TNA|0.10/ 0.07 0.15 0.29| 0.86 0.86 0.21| 1.00 TNA — 0.8

NUE/| 0.01 0.07 0.07 0.42 0.72 0.72 0.51| 0.27 0.27 NUE 4_2:2
BW/|0.20 0.14 0.02/ 0.03 -0.06 -0.06 0.17|-0.21 -0.21 0.16 BW 0.2
Lp|-0.17 -0.16 -0.10 0.07 0.29| 0.29 -0.00 0.22| 0.21 0.25 0.11 LP "002
FL|0.07 -0.18 -0.06 0.26 0.08 0.09 0.28 0.09 0.10 0.04 -0.08 0.01 FL @* .* :::0:4
MmQH&DQWﬂM&M&M&MﬂMﬂBM3M3ﬂwﬂmw0.*;;ﬁﬁ
FS|0.02/-0.12 -0.08 0.03/-0.07 -0.06 0.01 ' 0.07 0.08 -0.22 -0.19 -0.05 0.82/ -0.62 FS (l)i

PH FBN BN RDW SDW TDW RNA SNA TNA NUE BW LP FL MIC FS

Ca 7 % 7w % AR TE 0.05,0. 01,0, 001 JKF- K A K

“

& 1
Fig. 1
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Table 3 Principal component analysis of low-nitrogen tolerance coefficient of cotton traits

* 7% % % 7% % % % ” mean significant correlation at the 0.05,0. 01 and 0. 001 level, respectively
BESEREFTEARBOHEXESH

Correlation analysis of low-nitrogen tolerance coefficient of cotton traits

2.3 WREBERBIROERS ST

Ay 3% ot o ) 1) B 22 5 PTG O B O 228 i A

X 25 MR H8 A 5 Tt IR /R Btk AT &
BUEREE R T 10 5 A E R, B
80.933% (£ 3), H—

J8 53 53
PR BTk R A

F AT DTk R R 31,054 %, H

PR Trait PCl1 PC2 PC3 PC4 PC5
e PH 0.048 0.225 0. 549 —0.173 0.199
REE FBN 0.030 0.315 0.410 —0.214 0.177
RS E % BN 0.101 0.183 0.418 —0. 040 —0. 241
HiRF T4 5 RDW 0.275 —0.100 0.176 0.422 —0.276
b 1 5T R SDW 0. 444 0.077 —0. 107 —0.079 0.054
BEY A TDW 0.449 0.069 —0.096 —0.061 0.048
AR R RNA 0. 256 —0.072 0.180 0.511 —0.199
i EFA R R &= SNA 0. 395 0. 003 —0.077 —0. 334 —0.050
BAEARERBREE TNA 0. 399 —0.004 —0.066 —0. 320 —0.062
AZHHIMFE NUE 0.311 0.143 —0.068 0. 320 0.149
HUES i BW —0.031 0. 200 0.132 0. 350 0.573
K4y LP 0. 140 —0.040 —0.296 0. 049 0.563
FHKE FL 0.098 —0.485 0.278 0.035 0.206
o yE (. MIC —0.070 0. 496 —0.100 0.046 —0.070
Wi 24 L5 BE FS 0.015 —0.498 0. 255 —0.168 0.169
FEHE{E Eigenvalue 4.658 2. 667 1.931 1.789 1.094
Tk % /% Contribution rate 31.054 17.783 12.875 11.926 7.295
ZRBIHkFE /% Accumulative contribution rate 31. 054 48.837 61.712 73.638 80. 933
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2.4 HBEMERESEEIEN

T RG4S T BT 25 & 48 br (8 S STk 2, i3
ROH SR S bR KT VR A5 Hh A A AR BT IR R 2R 5 0F
W35 D . D (A0 R B w7 HAERA
WEE R RS2 15055 . D {E# K, B W& &5
ol T AU 280 T AR AR 5 i =z, D) 3 A LTI 2R i
FAXTH 55 o 38 X BT A R BT b R D (A
FTHET A5 1 — A% 0 AR 1 HE 7 51 2 (3% 1),
Horp e Ag 3197 <R 3037 SErblivh 74 5 BT
H80 5 Bkl L 74 5 CHTBE R 63 5 D A
K439 0.609.,0. 580,0. 579.,0. 576.,0. 561,
0. 560, J& B H %5 i i o AIK ZU0 30 BE ), 2 i IR 2
RGP BB R 58 457 ikl b 71 457 <R 77007
CHERE LHMO “Hrftivh 77 %5 < Hi b B 62 57 11
D {H A0 X &/, 48 5 0. 151, 0. 231, 0. 242,
0.254.0. 258.,0. 286, 3¢ B L Tf A% 20 W 381 6E J) 4%
55 o 2 A IR
2.5 WBEMEILEEHERNIGE

IR R 54 WM D 28 &, 15 4
AR B TR R B A AR B gE 4738 48 A 40, 4
AR AR A PP B e A R Y = — 0. 742+
0.318TDW ~+ 0. 478MIC + 0. 165BN + 0. 169
RNA-+0.143PH,R*=0. 754,P<C0. 01, &X.Y
S A 225 A VA ) BN A, TDW , MIC, BN,
RNA PH 43 5120 & T 9 02 03 i | v B L B Ak
SEESRL LT AR R AR i DL SR L R AL R AL
435124 0. 496.,0. 404.,0. 259.0. 240.,0. 161, H
[ U1 5 R T T O L e A R 4
BB R R R R R DL R bk TR S e AR
A6 T I U BE 1 1 2 2L F8 Hr
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Table 4 Comprehensive evaluation value of cotton nitrogen efficiency
Hi% No.  F, F, F, F, Foo pED Py pF) w(Fp pEn D E‘flue Rfﬁfng
1 2.676 0.536 1. 585 0.420 1.213 0. 704 0.583 0.698 0.317 0. 300 0.484 12
2 2.185 0.592 1. 548 0.438 1.263 0.323 0.679 0.655 0. 341 0.422 0.384 28
3 2.083 0.720 1.674 0.295 1.321 0.243 0. 899 0. 802 0.142 0.565 0.411 23
4 1.791 0.295 1. 335 0.283 1.432 0.017 0.170 0.406 0.126 0.838 0.151 51
5 2.513 0.421 1. 313 0.407 1.298 0.577 0. 386 0.381 0.298 0.510 0.375 33
6 2.367 0.458 1. 406 0. 685 1.322 0.464 0. 449 0.489 0. 686 0.566 0.404 24
7 2.113 0.417 1. 335 0.277 1. 495 0.267 0.379 0.406 0.117 0.993 0. 286 46
8 2.601 0. 646 1. 707 0. 666 1.253 0. 646 0.772 0. 840 0.658 0.397 0.560 6
9 2.535 0.353 1.570 0. 689 1. 104 0.594 0.269 0. 680 0. 690 0.033 0.399 25
10 2.172 0.566 1. 369 0.313 1. 349 0.313 0.635 0. 446 0.167 0.634 0. 344 39
11 2.463 0.414 1. 489 0.432 1.299 0.538 0.374 0.586 0.333 0.511 0.387 27
12 2.987 0.529 1.487 0.320 1.392 0. 945 0.572 0.583 0.177 0.739 0.561 5
13 2.197 0.718 1. 565 0.202 1. 389 0.332 0. 895 0.674 0.013 0.732 0.423 22
14 2.004 0.511 1. 330 0. 384 1. 396 0.182 0. 540 0. 400 0. 266 0. 750 0.292 45
15 2.734 0. 256 1. 413 0. 551 1.152 0. 749 0. 104 0.497 0.499 0.150 0. 382 29
16 2.274 0.610 1. 391 0.330 1.253 0.391 0.711 0.472 0.190 0.397 0.377 30
17 3.058 0.423 1.511 0.642 1.327 1. 000 0. 389 0.612 0.625 0.580 0.576 4
18 2.878 0.421 1.471 0. 360 1.228 0. 860 0. 386 0.565 0.233 0.336 0.473 13
19 2.156 0. 730 1. 526 0.568 1. 369 0. 300 0.916 0.629 0.522 0.683 0. 457 15
20 2.589 0.527 1.379 0. 757 1.114 0.636 0. 568 0. 457 0. 786 0.057 0.461 14
21 2.719 0.403 1.472 0. 394 1.214 0. 737 0. 355 0. 566 0. 280 0.303 0.428 21
22 1. 769 0.475 1. 431 0.421 1. 355 0. 000 0.478 0.518 0.318 0. 649 0.231 50
23 2.078 0.535 1.629 0.476 1. 321 0. 240 0.581 0. 749 0. 394 0.564 0. 360 36
24 2.581 0.602 1. 693 0.911 1.322 0. 630 0. 696 0. 824 1. 000 0.568 0.579 3
25 2.597 0. 440 1. 348 0.738 1. 290 0.643 0.419 0.422 0. 759 0.488 0.451 18
26 1.974 0.382 1. 449 0.467 1. 360 0.159 0.319 0.539 0.381 0.661 0.258 47
27 2.616 0. 764 1. 441 0. 487 1. 130 0. 657 0.974 0. 530 0. 409 0.096 0.529 8
28 2.135 0.442 1. 395 0. 464 1. 279 0.284 0.422 0.476 0.377 0.463 0. 302 44
29 2.266 0.374 1. 314 0.821 1. 105 0.386 0. 306 0.382 0.874 0.035 0.321 40
30 2. 350 0.423 1. 478 0.520 1. 310 0.451 0. 389 0.573 0. 456 0.537 0.373 34
31 2.504 0.475 1.521 0.572 1.328 0.570 0.479 0.623 0.528 0.582 0. 447 19
32 2.350 0.495 1. 393 0. 384 1.226 0.451 0.513 0.474 0.266 0.332 0.358 37
33 2.362 0.394 1. 444 0. 397 1. 442 0. 460 0. 340 0.533 0.284 0. 862 0. 364 35
34 2.254 0.376 1. 649 0.718 1.283 0.376 0.308 0.773 0.731 0.473 0.376 31
35 2.919 0.478 1. 167 0.612 1.328 0.892 0.484 0. 210 0.584 0.582 0.511 10
36 2.476 0. 205 1. 437 0.218 1. 498 0.548 0.016 0.526 0.035 0.999 0.308 41
37 2.391 0.654 1. 486 0. 404 1. 244 0.483 0.786 0.582 0.294 0.376 0. 444 20
38 2.541 0.537 1. 391 0.586 1. 284 0.599 0.586 0.472 0.547 0.474 0. 457 16
39 2.659 0.511 1. 844 0.395 1. 250 0.691 0. 540 1. 000 0. 281 0.392 0.508 11
40 2.838 0.779 1. 559 0.234 1. 365 0. 829 1.001 0.667 0.057 0.673 0.609 1
41 2.616 0.772 1. 640 0. 607 1.162 0.657 0.988 0.762 0.576 0.174 0.580 2
42 2.696 0. 501 1. 771 0. 639 1. 091 0.719 0.524 0.915 0.622 0. 000 0.512 9
43 2.255 0.196 1. 292 0.550 1.293 0.377 0. 000 0.356 0.497 0.496 0.242 49
44 2.568 0. 346 1.437 0.620 1.234 0.620 0. 257 0.525 0.595 0.352 0.397 26
45 2.128 0.417 1. 326 0.193 1. 337 0.278 0. 379 0.395 0. 000 0.605 0. 254 48
46 2.109 0.489 1. 341 0.361 1.376 0. 264 0.503 0.413 0.234 0.701 0.306 42
47 2.210 0. 301 1. 653 0. 634 1.127 0. 342 0.179 0.777 0.615 0. 088 0. 304 43
48 2.296 0.490 1. 316 0.571 1. 231 0.409 0.504 0.383 0.527 0.345 0.357 38
49 2.347 0. 344 1. 568 0. 815 1. 186 0.448 0.253 0.678 0. 866 0.233 0.376 32
50 2.540 0. 640 1.193 0. 400 1.343 0.598 0.762 0. 240 0. 289 0.619 0.452 17
51 2.752 0.699 0.987 0.532 1. 440 0.762 0. 863 0. 000 0.472 0. 858 0.531 7
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Screening and Evaluation of Low-Nitrogen Tolerant Cotton Germplasm

ZHANG Wen, LU Tao, ZENG Qingtao, WANG Zhengyang,
YANG Rui and ZHAO Fugiang

(The 7th Division of Agricultural Sciences Institute, Xinjiang Production and Construction Corps. Kuitun Xinjiang 833200, China)

Abstract The low-nitrogen tolerance of 51 cotton germplasm accessions was systematically evaluated
under two nitrogen levels[ low nitrogen(NO0) and normal nitrogen(N345) ] using analysis of variance
(ANOVA), correlation analysis, principal component analysis, fuzzy membership function analysis,
and stepwise regression analysis. The results showed significant differences among the 51 cotton germ-
plasm accessions at both nitrogen concentration levels. Under the NO treatment, most traits, inclu-
ding plant height, fruiting branch number, boll numbers, decreased, whereas nitrogen use efficiency
and lint percentage increased. Principal component analysis extracted five principal components, with
contribution rates of 31. 054 %, 17.783%, 12.875%, 11.926%, and 7. 295 %, respectively, and a cu-
mulative contribution rate of 80. 933%. Based on the fuzzy membership function method, the compre-
hensive evaluation value(D value) for low-nitrogen tolerance of each cotton germplasm accession was
calculated. Among them, ‘Lumian 319’ ‘Lumian 303" ‘Xinluzhong 74’ *Xinluzhong 80’ *Xinluzao
74’ and ‘Xinluzao 637 exhibited relatively high D values(0.560—0. 609), indicating strong low-nitro-
gen stress tolerance and were therefore classified as low-nitrogen tolerant varieties. In contrast, ‘Xin-
luzao 58” * Xinluzhong 71’ ‘Zhong 7700’ ‘Wanmian LHMY9’ ‘Xinluzhong 77’ and ‘Xinluzao 62’
showed weak tolerance to low-nitrogen stress and were classified as low-nitrogen-sensitive varieties.
The analysis identified total dry matter mass, micronaire, boll number, root nitrogen accumulation,
and plant height as key indicators for evaluating low-nitrogen tolerance in cotton. The low-nitrogen
tolerant germplasm accessions identified in this study provide an important theoretical basis and mate-
rials basis for reduced-nitrogen cultivation and breeding of low-nitrogen tolerant cotton varieties.

Key words Low-nitrogen tolerance; Cotton; Identification; Evaluation; Membership function method
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