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K E I X NHRA LM H C1470 ND359-5 Hle 1 5 FHEF 39 8 a M F UL HANLE RS 995, F
1L 81 K448 TM=-1,10615-1 BT 7 5, FME N GARANEFEFER 1 5 H 8 KT, 5M 28,5V A MEER
W H I E 26, #— S A HE S E VS E T F A D=-1.496+0.775Ci+0.160Gs—0.020VPD+0.719Pn+0.799Tr-0.241
WUE+0.663Chi( R*=0.996) , ff ¥t tH 7 NEAR, 251 4 Ci, Gs VPD A Tr WUE Chl, % # ¥ 145 A F 97.55%.,
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Effects of drought stress during the blooming period on photosynthetic
characteristics and assessment drought resistance of different cotton varieties

SUN Feng-lei, ZAHNG Bo, QU Yan-yin, CHEN Quan-jia, GAO Wen-wei
(College of Agriculture Xinjiang Agricultural University ,Urumqi, Xinjiang 830052, China)

Abstract; Field water stress during the blooming period was conducted to assess drought resistant capacity and
partition clahierarchy of 28 varieties of cotton by drought resistance coefficient.The results showed that cotton varie-
ties under drought stress during the blooming period, indexes responded variously.Chlorophyll, net photosynthetic
rate, stomatal conductance, water vapor pressure deficit changed more apparently. The material could be divided
into four major categories, by RI value clustering analysis. The first ( 1 ) type for high class type varieties were
C1470, ND359-5, Xinpao 1, Xinluzhong 39 in 18 varieties. The second ( Il ) class for the type of resistance in-
cluded Tianhe 995, Jizha 81, Dalingmian, TM—1, Tashigan 7. The third ( Il ) for sensitive was Xinluzao 1, Xinshi
K7, Lumian 28. The fourth (IV) for highly sensitive was Xinluzao 26 earlier, The mathematical evaluation model
was established as D=—1.496+0.775Ci+0.160Gs—0.020VPD+0.719Pn+0.799Tr— 0.241WUE +0.663Chl ( R* =
0.996) ,and the evaluation accuracy of the equation was higher than 97.55%. Seven indexes closely related to the
chilling tolerance, Ci, Gs . VPD A .Tr WUE and Chl.

Keywords: drought; cotton variety ; photosynthetic characteristic ; vprincipal components analysis ; drought re-
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Table 1 The cotton varieties tested

5 LY RS Al (3R ) 287

No. Variety name Variety type

1 FibtiH 1 5 Xinluzao 1 FLa Early maturity
2 Pyl Dalingmian AN Unknown

3 C1470 A1 Unknown

4 KK1543 A2 Early maturity
5 108 & 108Fu AP Unknown

6 KA 995 Tianhe 995 Lk Early maturity
7 ND359-5 FLE Early maturity
8 1 R773 Zhong R773 AT Unknown
9 3L 589 Ji 589 rh# Middle maturity
10 CQJ-5 R Early maturity
11 £ 28 Lumian 28 P2 Middle maturity
12 .24 Zao 24 AN Unknown

13 TM-1 A Unknown

14 FHE 49 Zhongmian 49 FLHE Early-mid maturity
15 Bkt 11 Xinluzao 11 R Early maturity
16 B 15 Xinpao 1 FLE Farly maturity
17 ZERS 15 Junmian 1 A Unknown

18 B 11 Xinluzhong 11 FPFRLE Mid-early maturity
19 ##L 81 Jizha 81 R Unknown

20 Bk 26 Xinluzao 26 FLE Farly maturity
21 DR 45 Beiersinuo A Unknown

22 il 18 Liao 18 Fr 2 Early maturity
23 Hibki A 23 Xinluzao 23 A Unknown

24 BHT 75 Tashigan 7 L Early maturity
25 i K7 Xinshi K7 L3 Early maturity
26 Hihki A 50 Xinluzao 50 FLZ Early maturity
27 B 39 Xinluzhong 39 A3 Unknown
28 10615-1 L Early maturity

12 Ak

1.2.1 R

KT 2016 4FEAE AT 144

AR AT , 7 T 7 3 0 X 3 43 M B,
JHFIE % 37K (CK) AT 553 ( Drought ) , 45 b4
BERAT 0.5 mx3.0 m 2 13 SERERHEL, GHBERIA 3 4~
i, B AL 0 T S P, AR AT B 2EAE R

I HRZH TE R 5K T R Bk b B 2 s — 1)
IEHTEIK,

1.22 MEFRB L HFH RAME#HELOEENE R
48 (CIRAS-3, 105, 96 | 7EARAE AL B 0K 43 Jih e
BHR(7TH 14 HE2 10 : 30~ 12 : 30 Z 6], I
(i) 5 Ay 44 i 0 e ] ol B B B AR LS )
HEAT A N B I B 4l I AR AT, A4S I &2
D5E BRALFE AR, H7 LI (30 3 o Sk vl D0 B 38
e Tl E SN 1100 wmol + m™ - 7' FREEIE
31 (£2)°C, HIRHEE R 50 (+3) %, CO, M E N
370(£5) pmol « mol™' | FEME HEA FabrAT 5
AR (Pr) ST (Gs) ZEBHZFE(Tr) JK5
FIFHZCRE(WUE ) (HOGA 3R/ 78 3 ) i) —
AR (Ci) JKFES R 8(VPD) R =K,
1.3 HELE

KM EXCEL #4780 8 5315, H SPSS
2105 . Bt R (P M AN

(PI)=Yd/Yw (1)

o, Yd TR0 0 R SR R ; Yoo
EE KA T HE AR B AR A, XA A8k U, Bt
R B0 R BT R R R

LA PRI BN SRR PHEMPSE, A

1 n
RI=—) PI (2)
n ;-

2 R 50
TR T 5L 30 b TS | R AE A6 45 30 7E Wi
BT VA R A S 0~ 60 em 301 8K 54 5]
b 29.154% 13.359% \19.062%(%% 2),
R2 FEBHBERETTESKE %

Table 2 Soil water contents at the drought stress

+)= /B IER B /BN

Soil layer Before stress In the stress  After the stress
0~20 cm 28.801 12.489 17.134
20~40 cm 29.098 12.862 18.578
40~60 cm 29.562 14.725 21.473
SEHIE Average 29.154 13.359 19.062
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Fig.1 Different cotton varieties under drought stress chlorophyll content changes
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Fifit 26 BT 1 523 5 R X IR 16.67% .7.86%
SALFE BT X ki 26 FUEE 1 555108
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Table 3 drought stress for PI correlation analysis

i H

[tem

Ci Gs VPD Pn Tr WUE Chl

Ci 1

Gs 0.408" 1
vPD  -0.199 -0.605" "1

Pn 0.157  0.368 -0.468" 1

Tr -0.069 -0.013 -0.091 -0.560" "1
WUE -0.216 -0.046 -0.606" *0.337 0.044 1

Chl 0.190  0.009 -0.063  0.427" -0.703* =0.018 1

T+ 7E0.05 K (ORI B + =+ 75 0.01 /KF (R k=
BEAR, Ci:Mulb] AR L s Gs . AL VPD KZEUR Tk
A EOCE R Tr ZEE R WUE K A3 RIS ChlL MM 3 S i,

Note: * means correlation is significant; * * means correlation is
highly significant. Ci: Internal CO,; Gs: Stomatal Conductance; VPD .
Vapour Pressure Deficit; A: Assimilation Rate; 7Tr: Transportation Rate;
WUE ; Water Use Efficiency ; Chl; Chlorophyll.

&3 AL MR SE SR E g
ARG FE RN 0.427, RIZIEFRTET S8
ALK, A RRE DT 5 RE R, A TR
FiliL, ABERESGOLAEHER, BB ERNHK,
IR BN -0.560 , RIZAEHRTET WA T, Ak
R R K BUR  , AF TR A =R &,
TR WA RN RE S 25, AR T H SRR, K
FRVRE 7 B 57K 3 e 2 B 3 7R OG A DG 3R A
H-0.606 , 7 BZFRARMERE R , 7K 43F A,

2.4 FIGIREMSHH(PCA)

FET S8 S A FARBCFE BB 3 4, R
4 FiR, B GTRRE N 81.335%, &4 F M4 T
far gk A AN (H R B T -E AR PR 7E T R s 21
TGRS, 7T R RS A F AL
SY BT SRER O G ER KR IRE T ik AL
SRS B 38 a5 A 3 A A AT R
fr R AR T2l T A 2,

F4 TEHBEEETERS ST
Table 4 Principal component analysis under

drought stress conditions

£zt [HF#faf Factor pattern
Index F1 F2 F3
JutE] AR AR B/ (wmol - m™2)  0.311 -0.252 0.748
SALFEE Gs/(mmol - m™2 - s7')  0.557 -0.548 0.426
IKZEVRE T ) VPD/mb -0.738 0.554 0.214
HOLAHE Pn/(pmol + m™2"s71)  0.853 0.120 -0.075
ZEREHE R Tr/(mmol » m™2 - s71)  0.604 0.706 -0.045
KA FI L WUE/ % 0.424 -0.280  -0.780
£/ (mg - g™") 0.575 0.663 0.190
FRAEAR
Characteristic root( A1) 2:554 1.702 1.438
TiHkE Contribution rate/% 36.488 24.307 20.540
ST TTER R
Cumulii:{; J(Toiijiil/lzoon rate 36.488 60.795 81.335
FERE S NN

. F=0.449F1+0.229F2+0.253F3
Total scoring formula
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Fig.2 Drought stress on Assimilation rate( I ), Transpiration rate ( Il ), Water use efficiency ( Ill), Internal CO,(IV),
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conductance ( V), The influence of vapor pressure deficit ( VI)
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Table 5 Each material RI, total score of PCA

fg*ff\ PCA ke RI e Zﬁ: PCA by RI . iy
Varieties Sequence Sequence Varieties Sequence Sequence
% = pe R
Hibl 1 0.398 27 0.830 25 W15 0.974 2 0.944 5
Xinluzao 1 Xinpao 1
A FE =}
jt%m 0.412 26 0.857 21 Eﬁjl 7 0.781 11 0.883 17
Dalingmian Junmian 1
C1470 T 11
C1470 0.939 3 0.909 12 Xinluzhong! 1 0.758 14 0.893 16
Ny 0.780 12 0.941 6 10615-1 0.622 20 0.863 19
Zao 24
108 K Bk 26
108 Fu 0.879 6 0.903 13 Xinluzao 26 -0.040 28 0.753 28
KA 995 DUR v
Tianhe 995 0.783 10 0.852 23 Beiersinuo 0.614 22 0.877 18
ND359-5 i 18
ND359-5 0.929 4 0.926 10 Lino 18 0.691 18 0.937 7
i R773 ikl 23
Zhong R773 0.814 9 0.917 11 Xinluzao 23 0.619 21 0.934 8
_ s =)
,PI:M ! 0.505 24 0.856 22 1+q: s 0.721 17 0.861 20
T™M-1 Tashigan 7
CQJ-5 A K7
CQI-5 0.664 19 0.896 14 Xinshi K7 0.727 16 0.824 26
A 28 Bkt 50
= -+
Lumian 28 0.560 23 0.823 27 Xinluzao 50 0.880 5 0.950 4
KK1543 0.419 25 0.956 1 %%EP 39 1.032 1 0.953 2
Xinluzhong 39
3L 589 AL 81
Ji 589 0.772 13 0.950 3 Jizha 81 0.850 8 0.850 24
T 49 Ty
Zhongmiand9 0.738 15 0.893 15 Average 0.696 0.896
B 11 0.854 7 0.933 9

Xinluzao 11

2.6 FEMETEBESTRIABEITFM
RGN RS PR ETE R G R B R
FEGEARTTR LN 4 25,55 | Kohmpi i i f
C1470 ND359-5 @i/l 1 5 ikt 39 46 18 iy i
Fir 585 T2 TP PR 36 KA 995 .7 FL 81 K4
i TM—-1.10615-1 &A1 7 5 58 2 HUSARL Y
ALFEBBE R 1 5 B K7 &840 28, 25 IV A i AU Al
BTG 26 (181 3) .
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SRR, L T T AR AR AL P R I 1 5K
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Tiike bR A AR SR B AP [ E 43 A g s [l E 5
FE.D = —1.496 + 0. 775Ci + 0. 160Gs — 0. 020VPD +
0.719Pn+0.7997r—0. 241 WUE +0.663Chl, )7 #& Jt 5E
ZHR*=0.996, P=0.0001, HiJ7FEnI %0, ik H 7
A&, S8R Ci Gs . VPD Pn Tr WUE Chl, 3f-X}
[l 7 R A TR B EAT PN (R 6) , S5 SR Btk
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Fig.3 Based on the value of PI and drought resistance of
cotton varieties of system clustering figure
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Table 6  Analysis of evaluation accuracy of equation

e HBE At

e i 45
K A A s #ifh L T
Varieties Primary value Regression  Difference Varieties Primary value Regression Difference
accuracy accuracy
%ﬁl%—lf—l : 0.398 0.400 -0.002 99.58 %ﬂ%$ 0.854 0.856 -0.002 99.81
Xinluzaol Xinluzaoll
A i1 E
j(%\ﬁ 0.412 0.413 -0.001 99.79 %Tk& b 0.974 0.975 -0.002 99.83
Dalingmian Xinpao 1
I =
C1470 0.939 0.941 -0.001 99.85 ++%1 - 0.781 0.782 -0.002 99.79
Junmian 1
o4 b 1
Jao 24 0.780 0.781 -0.002 99.77 Xinluzhong1 1 0.758 0.759 -0.002 99.79
108 %
108 Fu 0.879 0.880 -0.001 99.85 10615-1 0.622 0.623 -0.001 99.89
R4 995 Hilkfi - 26
Tianhe 995 0.783 0.784 0.001 99.81 Xinluzao26 0.040 0.039 0.001 97.55
0 AR
ND359-5 0.929 0.930 -0.001 99.85 . ./J\;a;.mt 0.614 0.616 -0.001 99.79
Beiersinuo
h R773 18
ZhongR773 0.814 0.815 0.002 99.80 Liao 18 0.691 0.693 0.002 99.75
T™-1 bl 23
TM=1 0.505 0.506 -0.001 99.81 Xinluzao23 0.619 0.620 -0.002 99.74
CQJ-5 AT 7
cQJ-5 0.664 0.666 0.002 99.73 Tashigan7 0.721 0.722 0.001 99.81
£ 28 B K7
=] il
Lamian 28 0.560 0.561 0.001 99.73 Xinshi K7 0.727 0.728 0.002 99.76
KK1543 Hilfi - 50
KK1543 0.419 0.420 0.001 99.69 Xinluzao50 0.880 0.882 0.001 99.84
3L 589 Hrigh 39
Ji 589 0.772 0.774 0.002 99.77 Xinluzhong39 1.032 1.034 0.002 99.84
rhAf 49 L 81
Zhongmiand9 0.738 0.739 0.001 99.82 Jizha 81 0.850 0.851 0.002 99.81
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26 TR IR B2 fe ok, A2 3 T S A R ok, Tr
{EAEAS BB Z 18] 55 060 BEAH LU AR AT B [ (E T %
FEREANTR], Forh R A B AT 7 %5 OB 41 K7 %844
BER R R T HE AR, WX 2o bk i [ A1
I S ARl A K 7% D R AR T I 3 R T 1Y
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IR R € i A, F LR 2 2% T B — 2 483 405, 2 Rl A
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ULARR  PF 2243 Tt S AR AE DL A SC iy A
B OESHRER AR ZHIRARAR S, XD A T 5

P38 T X 90 A AEAS BHAY 6 A4k ZAE RS bR
TR LT IR AR AL AR B BT R BEA T SR
VRN IR ST I8 45 20 %k 32 ASKRAE AR 7
AR S IR B A B A R FH 3 03 20 i S 23 5 1
PRAGSR R eR AL Tk AT T AR 25 1A
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Table 7  Description of each cluster in hierarchical cluster result

U FEFRIN RE (I F-2{E Average of primary value

245 Cluster Gs

Pn Tr

Ci/ (pumol - mor/‘ ()mmol cm s VPD/mb J(pmol - -5 /(um - m - s WUE/% Chl/(mg -+ g")
%5 T 2§ First cluster 206.046 315.870 2.344 18.557 4.659 3.627 1.791
25 1 2% Second cluster 205.889 365.722 2.128 17.140 4.558 3.772 1.668
%5 M2 Third cluster 183.889 287.611 2.439 18.922 4.800 3.578 1.546
55 IV2K Fourth cluster 179.167 151.333 2.900 12.800 4.550 3.650 0.829

3.2 eI BREXIER

AN[EHE AR BT T P38 Y AN [l B i R e, 2
R FH H: o — 0 B A8 AR 6 B S IR N B A AR R
P, RIS A8 B8 2Z [ A — 58 A DG, TR AR 3K
¥ 6 WOGA 1845 (P Tr (Gs .Ci \WUE VPD) .1 Ji
A PRAR AR (Chl) 76T 230 %44 N 19 PLEM 05y
IIHT AR SENE AT, IR 28 A 485 TTmk %, B AT
TINAAS B AR I 00 55 T oR AR, 8 A 50— 5 3k 2 A
TEPTRPER R R, A5 P4 AR RE(E S
PCA RAR AR HE Y 45 R B AR, 32 5o 73 Hr ok
FH RI AT 540038 R 9 8(E, IR H R G R xf
SRR PUR AT R 53, S — 2 F HE A ]
VAT AR AL R H B D = - 1.496+0.775Ci +
0.160Gs—0.020VPD +0.719Pn+0.799Tr—0. 241 WUE +
0.663Chl  Jf-iiik i 7 A~ FLIHE bn X HR AE P PR A
2 RER 25 G IR S BT 1 B 45 i D R BRI
T8 i i 5 SR Y s A i, VPD \WUE [ Tr  Chl
SEAEPR UK, Gs P SEFEARARXT &, Uk B 2 o Ao
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