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Effects of Heat Shock Treatment on Cotton Seed Germination and Seedling
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Abstract: To investigate the effects of heat shock treatment on cotton seed germination and seedling growth and
development, experiments were conducted under different treatment stages (before imbibition, during imbibition,
and at the germination stage), various heat shock temperatures (39 °C, 42 °C, and 45 °C), and different heat shock
durations (4 h, 8 h, 12 h, and 16 h). The measured indicators included germination rate, germination potential, ger-
mination index, plant height, root volume, aboveground fresh weight, underground fresh weight, aboveground dry
weight, underground dry weight, and SPAD value. The results showed that the timing of heat shock treatment had
the most significant impact on seed germination and seedling growth and development, while the effects of treat-
ment temperature and duration were relatively minor. The germination rate (89.86%) under heat shock treatment
before imbibition was significantly higher than that under treatments during imbibition and at the germination
stage. Heat shock treatments before imbibition and at the germination stage promoted aboveground growth but in-
hibited underground growth; in contrast, heat shock treatment during imbibition suppressed plant height growth
while enhancing root development and increasing biomass accumulation. Principal component analysis (PCA)
was employed to comprehensively evaluate the 10 measured indicators, revealing that the optimal treatment com-
bination was heat shock applied at the germination stage, 45 °C, and for 8 h.
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Table 1 Effects of different heat shock treatments on germination indexes of cotton seeds

b3 KEEHI%

Treatment Germination rate

A, 89.86a
49.56b
51.42b
66.58a
69.29a
54.97h
65.3%

S = o N

w

O W W W

R 1% REFIREL
Germination potential Germination index
53.75a 21.90a
34.64b 20.13a
52.39a 14.03b
54.47a 20.50a
53.17a 20.55a
33.14b 15.01b
47.37a 19.42a
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Table 1 Continued

Sl BEFE % BRI % REFEEL
Treatment Germination rate Germination potential Germination index
G, 64.88a 48.63a 19.04a
(ON 63.80a 48.26a 18.58a
C, 60.38a 43.44a 17.71a
Source of variation
A sk sk ek
B sk sk ek
NS NS NS
AXC NS NS NS
BxC NS NS NS
AXBxC NS NS NS

TE /NG SRR TR 3R 22 53 12 35 (P<0.05), 7 Il w7 3 3l F2 75 1E 0.05 1 0.01 ZKF |22 57 12 3, “NS” 3R 22 5 R IR B g K F,

Tl

Note: Different lowercase letters indicate significant differences(P<0.05); * and ** indicated significant differences at the 0.05 and 0.01 levels,

respectively, NS indicated that the difference is not significant, the same below.
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Table 2 Effects of different heat shock treatments on

cotton plant height and root volume

b3 P i/em IR F/mL
Treatment Plant height Root volume

A, 32.92a 1.04c

A, 20.68b 2.50a

A, 32.49a 1.57b

B, 28.64b 1.59a

B, 29.32a 1.72a

B, 28.13¢ 1.78a

G, 28.35b 1.60b

C, 29.25a 1.61b

(0N 27.87b 1.94a

C, 29.30a 1.63ab

Source of variation
A ok ok
B ok NS
sk sk
AXB o NS
AXC * NS
BxC ok NS
AXBXC ok NS
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Table 3 Effects of different heat shock treatments on fresh weight and dry weight of cotton seedlings

JisEH Mo b g o Mo g M b AR Ho R AR T
Treatment Aboveground fresh weight Underground fresh weight Aboveground dry weight Underground dry weight

A 5.03¢ 0.94¢ 1.15b 0.17b

A, 6.08b 1.81a 1.30b 0.22a

A, 6.69a 1.65b 1.49a 0.22a

B, 5.57b 1.43b 1.23a 0.19¢

B, 5.97a 1.46ab 1.33a 0.20ab

B, 6.23a 1.52a 1.37a 0.22a

C, 5.41b 1.38b 1.24a 0.20a

C, 6.36a 1.44ab l.4la 0.19a

G, 5.54b 1.54a 1.27a 0.22a

C, 6.41a 1.52a 1.32a 0.19a

Source of variation

A % ok ok ok

B % * NS ok

C ok ok NS NS
AxB NS o * o
AXC ok NS NS NS
BxC ok ok NS NS

AXBxC o sk NS NS
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Table 4 Effects of different heat shock treatments on
SPAD values of cotton seedlings

Qb SPADfH
Treatment SPAD value
A, 38.11a
A, 33.99h
A, 38.36a
B, 36.93ab
B, 37.10a
B, 36.49h
C, 36.77a
C, 37.11a
C, 36.85a
C, 36.65a
Source of variation
o
B kok
NS
AXB sk
AXC ok
BxC ok
AXBxC Hk

Horp, 5 — F oy EZTTRRIE AR bk i R AR
fief T MR BRI SPAD i, 28— 32 i 2 B TR
LA 3 TN e s o I A = E
= O B TTERE bR O K2R R F A SR
ZRAR R Gl I AR AL 4w A ROIRAS 1 = A K
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Table 5 Correlation analysis of cotton seedling indexes under different heat shock treatments

sk . W bipat R M FEEEE AR HERTE O MFETE SPADME AR RZFER
Index Plant height Aboveground  Underground Root Aboveground  Underground ~ SPAD  Germination ~ Germina-
fresh weight fresh weight volume dry weight dry weight value potential tion rate
M FEREEE 0.074
R R -0.520%* 0.613%*
AR -0.845%* 0.310%* 0.831%*
WEHTERE 0219 0.908** 0.482%% 0.180
R 0.447%% 0.611%* 0.359%* -0.077 0.723%%
SPADAii 0.855%* <0.001 -0.475%%  —0.766%* 0.115 0.424%%
R 0.359* -0.421%% -0.497%%  —-0.467%*  —0.303* -0.168 0.339*
KRR 0.488+* -0.566%* -0.751%%  —0.685%%  —0.446%* -0.378* 0.412%%  (0.762%*
RUFRE -0.045 -0.507%* -0.336* -0.170 -0.455%% -0.543%*  -0.050 0.719%% 0.778%*
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Table 6 Principal component analysis of determination indices of cotton seedlings
under different heat shock treatments

Szt Si—F H A W=y
Index First principal component Second principal component Third principal component
B 0.933 0.243 0.127
Hby LS fif -0.128 0.89 -0.254
Hb S fif -0.697 0.584 -0.235
AR -0.933 0.201 -0.187
b2l ok i RC 0.019 0.931 -0.168
b i BT 0.331 0.799 -0.273
SPAD i 0.901 0.177 0.073
R 0.498 -0.385 0.737
REHFR 0.327 -0.128 0.852
KA -0.085 -0.328 0.913
FHIEAE 478 3.11 1.06
BUHRR/% 47.84 31.06 10.59
F3t kA% 47.84 78.90 89.49

DRGSR RRAE A K R BAKEIATLE A0 bR Z .
(F7), P AB.C(# 3] .45 'C .8 Wb HEAY 22 & X 45 A A5 4 HE 44 5 — i b 38 A BLCL(BH sh i
1555 H 0.874, HE4 55—, AB,.C(Wi 3] .39 °C.16 45 °C .8 h) 5 X BB(CK)#EAT T 10 A=K 48 45 1 %

R7 AEHBHLETIREYENEEGNEE/H RHEA
Table 7 Comprehensive scores and rankings of cotton seedlings under different heat shock treatments

Ab ¥ EReE He# Jb3 ZETHI H#
Treatment Composite score Ranking Treatment Composite score Ranking

ABiC, 0.314 23 AsB,Cs 0.279 27
AiBiC, 0.408 18 A;B,Cy 0.218 33
A1B1Cs 0.425 17 AsBsCy 0.275 28
A1B1Cy 0.394 20 AsB;3Ca 0.378 22
A1B.C) 0.302 25 AsBsCs 0.127 36
AB2Co 0.400 19 AsBsCa 0.236 32
AiB.Cs 0.494 13 A;B.C, 0.261 29
A1B2Cy 0.500 12 A3Bi1Ca 0.484 14
A1BsCy 0.386 21 A3BiCs 0.567 10
A1B;Ca 0.448 16 A3BiCy 0.705 2
AiBsCs 0.453 15 AsBaCy 0.579 8

AiB;Cq 0.695 3 A;B,C, 0.580 7

AsBIC) 0.239 31 A3BaCs 0.546 11
AsBiC, 0.288 26 A3Ba2Cy 0.623 5

AsBiCs 0.207 34 A3BsC, 0.574 9
AsBiCy 0.303 24 AsBsCy 0.874 1

AsBLC 0.252 30 A3BsCs 0.607 6
A2BaCa 0.161 35 A3B3Cy 0.646 4
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Note: * and ** indicated significant differences at the 0.05 and 0.01 levels,respectively, NS indicated that the difference is not significant.
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Fig. 1 Comparative analysis results of 10 indexes of optimal heat shock treatment combination and control

AT R A R A A I R A AR A SR Y
PERR, A RO A BE A TR BT R AL B
A [5]  BHEE $9 68 A A6 Ao 5 A R W A OR, P i
K301 AT Ak B A 2 R 2 i T R A A R i Sl B0 Ak

3 i ®

MR 2 R Z Z RN RN R R . R
o IR TS T A R A B A W B Ak B AE 5 vk



13 /IS - PO PR AR AE R T8 R S Al A K T R IR 27

B BT RS TR IR AT e A B RE 5
R R IUE AR ol GRS e L Y T RN M L
PSR BE 2R AR SCIMOR 1B S R, A T A Ak fie 2
T M, WK I K i sl 30 Ak B A b1
TE TR L A AR T e AR R BRI S AR A
Ty S B MR 2R GE0 4T3 , 3 A I P P A TR A NS
il b (0 WA T, S S5O0 A S0 i sl S Ak PR ) 22
BORp T ABEIE W B, AN, PR B A0 it 5
P[]0 5 A HAT 5 R0 o Bt A P 2 1) T
e FIIA B ] 4 3 <, b A IS e s il S 1 T 4
SHTRE 1) T MR T AR, A PRACIE Bh3Z B, TR
IKFN 45 “CH AL P [R] I 16 h i, A& 28 A [N
i Al BEE T I S SO B RO A
FR GRS L e SRR TS

SRR P PR A AR K R R T
TREHIFE AE T IRE ORI R AR Y 25 5,
FEARARMANR . AE G R — b A R A F
OrB Al — A BB BRI R G R — A8 YA R 4
G105 PRIHAL B] ) BN P A 2 0 AR ST R IR K
ST 0 S AL B R 25 SR AR, B R b
AR, I R AR G X A R RS T T2
W2 11 IS PR A B SR B AN [R] A N -
R R A AR PR R A H, R g A=y i AL R
AR AR B A A SER , Pl v e AR 5 W k3
TGP A T A R 1 B A ORI R R )
ik, IR X AR SRR R S T g
A BRI, PR B ST W, PRI B AR
FEAN) v HE A HA —E R A 5 7 0 R 5
ARV A5 A BT vy 304 I T B 1 (LA i
JER R o Ui W — e TR 1 1 SR A B AR AE 4 i
ARTHIRAE ARE ST o WK I EAGAL B A AR FE 4 v
A KA EAIE T IX— 2518

I TR AE Bl T 81 & 4l 2R 1 SPAD {5 45 4R
PR Z BT AE 52 2R AR LI AR, L A it SO0 iy R ek
PRAERD 58 AR AR H R A, (EAE A K AR AR
TR IR, PLCAEXS 10 0058 F8 AR AT PE A B
i BRI MR G B L AT S5 0 .
D% Rrsiibon bW L E AN i PS LA i 4
N BOUA R B AR SL R ZR-E 48 B , DTS2 BEXH S 2%
KR A SRS VROY S — Bl Rk Hos s i oA O
PE HET, o ik B AR 2 R I F 5T
AR Z T o FEK R R AR AL AP AR )
e, R o Al DL RE 5 PR A T i A 30D i
e HURE PUEMRVE R ER IR AE 1™ AR
5 10 00 5E 8 b rp AR B 34> £ AT 48 5 0

W, Wi .45 °C .8 h AL AR LRSI P A S —,
i 3 500 BR(CK)FEAT X He A , 2R B i Ak 2R GE 1
FICHARAEL I E R AR

P AR SE PR A A 7 o BA AR B TP
T3, 005 S e A Ao A i ey 38R DR U o A B0 X
T AT IR TR, T DA R A AR R R
5iR LT RS 30 B T 32 7, AT i A AE 19 A A0
J1o ABHAESE PR AP TS8R il — e A BRI . w3
SRR B X 1l R 7 0 A R AT RE 22 A — 5 B
PERT, SR AR RN FH I, 3R] BE R W AR A4 Be ¢
P o PRI, TR TR A BRI T A A H Al AR
BRI , AN EE i AL SR PO AR R R L
TRA S, LASE BB R SCR,

4 & ®

PR AL B BB L B R B R R AR PR
XIHRAE R Pk Mm AR RARLT AP EH
Rt Rt R G A B, K AT
PO AL P Y R 2 #R(89.86%) b 5 vEn T W K A A%
Bl Ak 35 W ik U0 S Sl Rk A o L
P AR, A0 T R AR A 5 IR T AR R A P 3 R
S Al Bk R AR AR R R, A A 3G AR
AR I8 R AT 10 ST E 4 bR AT
CEATEM, Hop Wi 45 °C 8 h b HL A A&
e, 3R B2 A B AE A2 38 A A6 A PR AR 4 R A i AR
R RIS X & R — 2 AR
FH L ABATh eI 2 A ™= BER, B A i 1 T T .

S Uk :

[0 ] AT e TR 30045 X i St R A A= 78 2R 452 5% ) [D]. 7 o
R RUROIE R, 2009.

(2] 1S, W, ok E 45w i A 55 X AR AL 77 24 IR 7% B9 32 1
AR AL A BR 4 2022, 61(21): 15-19.

XIANG D, YANG M F, ZHANG L, et al. Analysis of the effects
of high temperature damage on cotton boll shedding[J]. Hubei
Agricultural Sciences, 2022, 61(21): 15-19. (in Chinese)

[ 3] PETTIGREW W T. The effect of higher temperatures on cotton
lint yield production and fiber quality[J]. Crop Science , 2008, 48
(1): 278-285.

[ 41 JimgF, MR, A IE . BO8AL 20X A A8 T 396V 14 52 ma
[J1 4 46 24 , 2009, 21(1) : 46-50.

FANG L P, WANG R Q, YANG G Z. Effects of heat shock treat-
ment on cotton stress tolerance[J]. Cotton Science, 2009, 21(1):
46-50. (in Chinese)

[ 5] HHEIE. PORE A OFFEHELLT]. b fe75m iz , 1997(5):47-49.
YANG G Z. Research overview of heat shock proteins[J]. Chi-
nese Agricultural Science Bulletin, 1997(5): 47-49. (in Chinese)

[ 6] BEIE,KFE W, NI, 55 AR PGS 31 5 o iR
R G R MR BT (D] AR AE 244, 1997, 9(1) : 36-40.



28

AoAb A&l B s

514

[7]

[8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

YANG G Z, ZHANG X R, SUN X N, et al. Preliminary study on
the relationship between early heat shock treatment and boll
shedding during high temperature period in cotton[J]. Cotton Sci-
ence, 1997, 9(1): 36—40. (in Chinese)
HRFE , B Inl ¢ G B S R B B
2005(3): 73-74.

SHAO L, CHEN X R. Heat shock proteins and plant stress re-
sistance[J]. Northern Horticulture, 2005(3): 73-74. (in Chinese)
7N % S0 L A A 390 35 Ak SR AR AE 40 AR R
AR BRI . 1AL AL A2 2006, 45(1): 39-43.

YANG G Z, ZHAN M, LUO B S. Effects of heat shock and other

PR AL T b 2

stress treatments on root growth of cotton seedlings[J]. Hubei Ag-
ricultural Sciences, 2006, 45(1): 39-43. (in Chinese)

o I, R 0N Ll AR AL SR AR AE 4 1 AR KA R
1. #14E R B2, 2003, 42(5) : 34-37.

YANG G Z, ZHAN M, LUO B S. Effects of heat shock treatment
on cotton seedling growth[J]. Hubei Agricultural Sciences, 2003,
42(5): 34-37. (in Chinese)

R T B, AR 2 0T, A [ B 7 TR R BRI Ak 3 KT AR A 1 8 A
KA )] WAL R, 2012, 51(3): 459-461.

CHEN Y L, SONG X Z, YANG G Z. Effects of abscisic acid
and heat shock treatment on cotton seedling growth[J]. Hubei
Agricultural Sciences, 2012, 51(3): 459-461. (in Chinese)

X A0 G AS ) A A Tl BT 5 U T A P M T K BGEONE 3 BT
DI b5 A B B, 2011

REDDY K R, HODGES H F, MCKINION J M. A comparison of
scenarios for the effect of global climate change on cotton
growth and yield[J]. Plant Physiology, 1997, 24(6): 707-713.
FUR AT 5, BT R L G R XS R T Y 4
AR LT 4l R BERE2F 23, 2006(4) : 934-938.

WANG J, GU X J, ZHAO J. The indicative role of soil enzyme
activity on soil fertility in leymus chinensis grassland[J]. Journal
of Agro—Environment Science, 2006(4): 934-938. (in Chinese)
R L AR RS, A5 . R P38 X I AR A R
AR R & BRI AR AR 4, 2023, 35(4): 288-301.
SHAO J J, LI P C, ZHENG C S, et al. Effects of salt stress on
emergence rate and seedling growth of cotton under dry sowing
and wet emergence conditions[J]. Cotton Science, 2023, 35(4):
288-301. (in Chinese)

D4, TRE, TEE, % SRS AT & 25 )
AR BRRRE R A (KB FE ()], 45 AE 2441, 2005, 17(1) - 42-46.

MA J H, WANG H F, WANG Y G, et al. Effects of high tempera-
ture aging on cotton seed germination and physiological charac-
teristics[J]. Cotton Science, 2005, 17(1): 42—46. (in Chinese)
Wi, *T)am: IR B A5 I N E X AR AR T B R B 52 )
WFFEI. 4231k, 2022, 12(10) : 10-14.

XU M, LI J L, YE F M, et al. Effects of temperature and humid-
ity on cotton seed germination[]J]. Journal of Agriculture, 2022,
12(10): 10-14. (in Chinese)

BITI0, KT, AN T A AR AR BGECER E (HSP) Y BF 9T %
HL T IS B B L)) AR AR 24, 1997, 9(1): 25

LI W J, ZHANG X R, SUN X N, et al. Research on cotton heat
shock proteins (hsp) and their application prospects[J]. Cotton
Science, 1997, 9(1): 2-5.(in Chinese)

SRIE R, TR A BT R R R o) AR AR 2R

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Jrd WAL P AR AL, 2018, 45(8): 12-19.
ZHANG T, GAO Y, WANG D, et al. Research on cotton grade
classification method based on distance metric learning[J].
China Cotton, 2018, 45(8): 12—-19. (in Chinese)

EU AR A R AR R T SRR B0 X A [ S
UK P & B BT A0 BE 1 /Y 255 TEAN (. A AE 2441, 2021,
33(5):393-403.
WANG H B, FU Y Y, YANG H J, et al. Comprehensive evalua-
tion of antioxidant capacity of different genotype cotton seeds
during germination based on membership function method[J].
Cotton Science, 2021, 33(5): 393-403. (in Chinese)
Ui 15 A B NIV AR AR 4, AL T3 M WK R R B R AR 21
AR F B 5 R S W . A 3t £ BRI 2 4R, 2015, 16
(2):250-256.
YOU S M, CAO Y J, ZHENG J K, et al. Principal component
and cluster analysis of agronomic traits in 73 Asian rice restorer
lines[J]. Journal of Plant Genetic Resources, 2015, 16(2): 250—
256. (in Chinese)
PRI TC, e A8 B T A A A BT i 1 o B R 7 K
RN P 2R SR BT 0], AR LA B 2024, 49(3) - 80-86.
TAN LY, LI X D. Empirical analysis of influencing factors of
barley industry development in china based on principal compo-
nent analysis[J].
2024, 49(3): 80-86. (in Chinese)
R, R, A, T 3 AT B A6 A ST
TR ) PR M E S 2 (1. T MR B2 2015, 40
(6):26-30.
MOU S L, LI Y F, NIU H L, et al. Identification and screening

Journal of Northeast Agricultural Sciences,

of drought resistance in peanut germplasm resources at seedling
stage based on principal component analysis[J]. Journal of Jilin
Agricultural Sciences, 2015, 40(6): 26-30. (in Chinese)
FR/NRU, BEANEE R, S o JIC2F ST TR ¥4 1k M 5 T
[J]. ¥ F, 2017, 36(1) : 36-39.

CHEN X F, HUANG R K, FENG C C, et al. Identification and
evaluation of cold tolerance at bud stage in bitter gourd[J]. Seed,
2017, 36(1): 36-39. (in Chinese)

AT, QG , ARG, 45 B T J2 A A 1T Y 5 0 AR R BT
PR (T]. B, 2017, 36(6): 67-71.

HE H W, WU P, LIN Q, et al. Drought resistance evaluation of
five banana germplasms based on principal component analysis
[J]. Seed, 2017, 36(6): 67-71. (in Chinese)

i, XSO, KB, A5 L F R AT BB IR Y B AR M
i B 2 5 4 b 07 0 (). AR W 35t % BEUR 4741, 2019, 2006):
1588-1596.

ZHENG Y X, LIU W

resistance and screening of identification indicators in maize

S, ZHAO Y F, et al. Evaluation of lodging

germplasm resources|J]. Journal of Plant Genetic Resources,

2019, 20(6): 1588-1596. (in Chinese)

Y, O, R B, A 10 ) S 1 1 2 3

Lo Y 25 AT D). Ah T, 2019, 38(11): 90-95.

LI Z, YUN L, ZHANG Y X, et al. Comprehensive evaluation of

salt—alkali tolerance of 10 forage oat varieties at seed germina-

tion stage[J]. Seed, 2019, 38(11): 90-95. (in Chinese)
(A 28 48 T A )



