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Effect of increased temperature in boll period on fiber yield and quality of cotton and its
physiological mechanism. HE Xin-ying, ZHOU Zhi-guo, DAI Yan-jiao, QIANG Zhi-ying, CHEN
Bing-lin, WANG You-hua (Ministry of Agriculture Key Laboratory of Crop Physiology, Ecology and
Management, Nanjing Agricultural University, Nanjing 210095, China ). -Chin. J. Appl. Ecol. ,
2013,24(12) : 3501-3507.

Abstract ; To study the effect of temperature increase in boll period (13-Jul. to 24-Aug. ) on cotton
yield and fiber quality under the global warming background, a pot experiment with cotton cultivar
Simian 3 was carried out in half-open-top greenhouse in Pailou experiment station (32°02" N,
118°50" E) of Nanjing Agricultural University in 2010 and 2011. The results indicated that when
the temperature was increased by 2—3 “C (with an average daily temperature of 31.1 to 35.2 C) ,
the biomass declined by 10% , while the cotton yield declined by 30% -40% . The fiber quality
also changed significantly with the relative indices responding differently. The micronaire value and
fiber strength increased, the fiber length reduced while the fiber uniformity and elongation rate
changed little. The plant photosynthesis capability, the biomass accumulation and the ability of car-
bohydrates transferring to sink organs all deceased. The soluble amino acids, soluble sugar, sucrose
and C/N decreased significantly, while the starch content increased significantly. The allocation in
vegetative organs was increased while that in reproductive organs was reduced, which in turn
declined the economical index. The lower fruit branches were affected little under increased tempera-
ture condition while the middle, upper and top branches were affected greatly. The results indicated
that, under the 2 -3 °C warmer condition, the cotton plants experienced the high temperature
stress, both the photosynthesis ability and the carbohydrates transportation from source to sink were
decreased, leading to the decline of cotton yield.
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HRAE ( Gossypium hirsutum ) VE R 4 BRP: 7 8 22 25
TRAE NG UsURE, ™ i i SR O PR3 S 1
% o VR MO S BORR AL 7 i ™ R
FRAE 85t BB B SCHE (7—10 A) | Ml 55K
Y AR AR A A 4 R A 800 A B i
i, WU E) 2100 4F 4 ERRAS PR 5.5 ¢
HoAR g, R i et B2 e i Y & A e B Dy AR
LTI TR 4 T U K BN S WA AR AR R
Jo Y B EE A 1

V2 WF 58 Uk B AR B 38 23 52 wal 4 ) 1 O & A
R R XA VR A R R T 43 R A D TR
— , IR S RO A I IR S B0 S
A PSS FIVE I A FH 3 5 A v R B3 B AR 1 i
MagZE Y RO RS A A5 5 )
FR I S22 Ui 23 B WG B W) BT A e s,
FK AL P R 5 2 . s S A i
FER I, AT MR ot 7 ) Bt i 2 T
Xt 8 ; Loka 45110 & 90, 5 (A1 R T S B0 R sk
RGP & ik 2 e RO R, m IR N2
A6 S5 B W) I % 3a FOG A R AR A 2 52 M. Ooster-
huis' 7 WFFE R, R XA AESE A AER SEE Pk
Hh RE I I S e el 905 1) P S sk 7K A 5 400 ) 3
PR I A R AL G TR 1R (B
CARAE I/ N G R A AR AL AL Ty 22 Ak
R AR BRALAR H F R IR IE . AT E T
FAEA I H YR TR 2 ~3 CA&MU T MIERDL & 1E
F 0BG B 08 43 e M R0 BT AR Ak, DL
B FE TR 05 X AT A6 7 | ot S0 J A 52 0 e A=
HEZSHLG], AR AL 7 R A BORFE BOR R 5
T I P AR A A AR S

1 #M#5F*
1.1 FPRMAbFE

*1 BEXSWRRBEEREE

R T 2010—2011 AEAEVL IR A4 e 5% 1T R ot K
p R AF R R B 36 (32°027 N, 118°50" E) HEAT. %
FRAEF T K A B AR ,0 ~20 em )2+
BWEAN17.2 ¢ - kg ' 2R 4.1 g+ kg ' BHF
R 62.4 mg -« kg | HAUHE 38,1 mg - kg ' A
90.3 mg - kg . HEIAR AL SRR IR 3 5 BT R4
PR EAR 38 em 5 30 em, B AR S K 70% Ao A i
130 kg. T4 15 HEFEEN,5 H 20 HikHFA
KSRk 2 sk b, A 1 bR e 6 ~7
SRS PN B FEAE IS T 2 14 30 Ak B | A 5 L 3 v 7
BRI,

FI A A & 1 I 0K B Shda T == 1
R (HT) F0XF BR (CK) A B 348 35 DX 5506 BE X 1]
FHPRERE 2 ~3 C,AREREA2 C(E1).
2010 FARAEAS IR RSN 7 H 27 H—9 H 5 H,
AR AR =, B X H I8 32,59 C %
HEIX H 994 30,01 °C ;2011 4FHE 4625 1148 75 B[]
J7 H 25 H—9 H 8 B, WA B shi K, ol LA
Iy AETR(7 A 25 H—8 A 18 H) AivhEibi(8 A
19 H—9 A 8 H)2 B, 3 X H ¥ 53 5 K
32.4 F127.2 °C X BRIX H 451008 29. 7 1 24. 8
C (EI1).2010 4EAFREFEFRIE NSRS 7 H 28 H 8
HS5HM 18 H, H¥E /%0 33.5.35.2 #133.8
°C ;2011 AFAEFRAEARIERT ] 7 A 22 H 29 H 8
H 12 H 21 HA126 H, H¥HE 4518 33.0.34. 8,
31.1.26.5 F127.0 C.

1.2 WEFRbR A

L2. 1UERESEOE  BEEA KIS — 20
AEMERE 3 Bk, S [E 7= 1Li-6400 B 56440 52 46 Bk
FZEME 4 HFOLEER(P,) AL (g,) L]
CO,MREE (C,) FZEIEHA(T,) , BRI & B4 3 K.
I 7 A Sk AT FH s A, D Sk P DGR
58 A 1500 wmol + m™ - 57"

Table 1 Air temperature on cotton canopy in increased temperature and control zones ( °C)

AEARy H 7 HK Daytime 7% 8] Nighttime 4R Al day

Year Date Ty T, cx Ty T\ u T, cx Ty T n T, cx Ty

2010 07-28 33.6 30.7 3.0 30.4 27.0 3.5 33.1 30.0 3.0
08-05 36.2 33.4 2.8 35.5 32.6 2.9 35.5 32.6 2.9
08-18 34.1 32.0 2.1 34.0 31.1 2.9 33.4 31.1 2.3

2011 07-22 35.6 33.6 2.0 30.3 27.7 2.6 32.9 30.6 2.3
07-29 37.6 34.2 3.5 30.5 27.3 3.2 34.1 30.7 3.3
08-12 37.9 36.7 1.2 34.0 31.8 2.2 36.0 34.3 1.7
08-21 35.6 35.1 0.6 30.8 28.5 2.3 33.2 31.8 1.4
08-26 28.0 25.4 2.6 26.5 24.2 2.3 27.2 24.8 2.4

T,y L TR Qb PRSP L R Average temperature of increased treatment ; Ta,CK L K] BRSE 1L Average temperature of control; T . & 22 Difference of tem-

perature.
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Fig.1 Air temperature in cotton boll period.

1.2.2 SPAD {HAN LA BRI FH SPAD 502 -4
RIT TR ITERRE 4 1 LE 4 A S 70 , B
SEEAE A% ) SPAD {1 5 AL 3 BRARAE
FHFE A R SPAD RT3, 1R Ry iz A BEZ A7
) SPAD {H. K5I 5¢ SPAD {& A9 FBR 21k, 34
FT 2 4y, —6y F Li-2000 M- i A4S - v R
SRIGTE 70 CRUMEAE N T 2 H & FR T, o) —
O3 FH T G A AR S i L EE (em® - g7
SRR/ T B

L2. 3 65 S millE A EERE 3 Rk
SR AR B | >R FH R L €532 000 o i A6 i
RIS R ANE A O, e = A
RIS PR R & i, DA 6 5T 6 - 7 vp ] 5 M
i AP SRR S W LUIEAE R C/N.

12,4 Wil SRAABEERE 3 BRK BAHE AL
RMERIER, AR | 22+ 0k | 55 FAE R 0 I,
1E 105 °C A7 30 min Ji5,70 CHEZE[E & 2 HA
Y.

1. 2.5 pBC R AR 5l g S0 E R = AR —
wE AR/ AR DAY . AR AS [ A L
BARR A SR UL , T IR ST AR 5 R Tt
FUFF R

x2 HRHEENIRLEZINEENM SPAD EMLEMHENR M

1. 2.6 £F4Ea B pl AR 2R 2 A e >R
HFT9000 X #% 2E (HVICC #HE) .
1.3 sk

K Excel B4 #4885 4021, R SPSS 11. 0
RAEAT I 22500, R A LSR sk T 22 5 B 5 M ke
8, W EM KR E N «=0.05.

2 ZERE5HHR

2.1 BRI OL A FESE0Y

IR 25 FEF B BRI T AR AR G RE
J1(#£2.483).2011 4F EZXTIREM SPAD {HAIGHE
G (P,) AWM (H ¥ 32,4 ~35.2
CH)BE TR, AWM EH(H¥E27.2 ~31.1
C) LT, 11 2010 45 D) R AN ES AR T % IR 5 i 28 1
MR (T,) 5 SPAD (A P, AR #a B aE i AH . 31X
VEIITE H 3475 32.4 ~35.2 °C HiR 2 ~3 C 13
AR C il 27 T R e T H R 27,2 ~ 31,1
°C. Y PASTE U DU AR X AT 3R 2 ~ 3 C S H T4
BRAK. BB (H R 31.1 ~35.2 C) &4 F,
FiRR 225 I RE T B L i B A i A R R
— R R A RES T RE.

BRI R R RAL R (g,) T, K AIR Co,
WREE (C) R B Mgt Gl R 2 TG
PR3, RUBEESM TR OCERES & NRE,
H A2 AR AL BRI R R s
2.2 EAHIRGEX AR R TIRE M GG A R e

PIAR IR B0 45 T 2R I, W TR AR N AR AE 225 TRk
PR f R R R R AR ] R RS | LY
T 2 B T B T e AR TR IR (R 4) , BT R
SN RRACRE 7 OGE 7 W ) G e ) S5 e A Y T
BN, S 7= W 5 22 b Ak Sk A 9 40 IO £t A P
Fo . SRR R T R IR R | T VA R R R
¥R E T, AR EZETReC/N TR T

Table 2 Effects of increased temperature in boll period on chlorophyll SPAD values and specific leaf mass of functional leaf

on main stem of cotton (mean+SD, n=5)

AEARy H 1 SPAD {H SPAD value FeE SLW (g- cm’z) H-1E 2 Leaf area (cmz)

Year Date HT CK A(%) CK A(%) HT CK A(%)

2010 07-28 46.6+0.2b  49.6+0.5a  -6.0 175.4+2.3b 193.6+8.3a -9.4 215.7+3.1b 251.7+4.3a -14.3
08-05 52.0+£0.7b  53.9+0.7a  -3.7 183.3+£5.1b 198.7+6.4a -7.8 263.9+2.8b 302.1+3.2a -12.6
08-18 53.1+0.6b 58.5+0.6a -9.3 195.4+3.2b 214.6+6.7a -8.9 301.0+4.8b 332.6+3.7a -9.5

2011 08-02 48.7+0.4a 49.6+0.2a -1.9 190.4+6.5a 209.3+7.3b  -9.0 213.5+3.8b 253.3+6.6a -15.7
08-10 53.0+0.3a 53.1+0.6a -0.2 154.0+5.3a 189.9+8.7b -18.9 271.6+7.5b 295.6+5.5a  -8.1
08-15 53.1+0.7a 53.6+0.4a -1.0 185.0+4.0a 209.7+6.3b -11.8 277.2+6.3b 320.8+5.3a -13.6
08-22 56.6+0.2a 54.5+0.8a 3.9 196.0+5.2a 200.9+4.7a -2.5 257.2+4.5b 280.2+6.1a  -8.2

HT . 3 3f Increased temperature; CK: X Control; A= (HT-CK)/CKx100% . T [i] The same below.
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Table 3 Effects of increased temperature in boll period on photosynthesis characters of functional leaf on main stem of cot-

ton (n=5)

AR H i P, (pmol €O, +m™2-5s71) T, (mmol Hy0 « m™+s71) g, (molHy0 - m™+57") C; (pmol €O, - m™2+57")

Year Date HT CK A(%) HT (K A(%) HT (K A(%) HT (K A(%)

2010 07-28 24.740.2a  25.320.4a  -2.4 9.50. 1a 9.3+0.3a 2.4 0.9+0.0b 0.7+0.0a 22.0 275.4£5.5h  233.54#2.0a  17.9
08-05 21.4£0.1a  24.4£0.3h -12.3 14.3£0. 1 13.720.4a 3.8 0.8+0.0b 0.7+0.0a 24.7 295.3£2.6h  251.3£3.7a  17.5
08-18 18.0+0.1a  24.8:0.3b -27.4 14.4£0.4h  13.420.3a 7.2 0.7+0.0b 0.5+0.0a 29.3 290.1£6.6h  233.8+5.5a  24.1

2011 07-22 22.6+0.4a  24.5+0.6b  -7.8 14.240.2a  12.7£0.5b  11.6 0.9+0. la 0.9+0.1a  -4.7 287.7+7.5a  278.446. 1b 3.3
07-29 28.2+0.6a  29.7+0.5a  -5.2 20.240.3a  19.2+0.4b 5.1 1.240. la 1.1£0.0a 14.8 262.9+0.6a  262.820.7a 0
08-12 28.8+0.3a  31.0£0.8a  -7.0 9.410.0a 8.1£0.1b  15.7 1.0+0. la 0.9+0. 0a 19.1 285.6+0.5a  282.0+1.2h 1.3
08-21 22.5+0.1a  22.240.4a 1.1 4.5+0.1b 6.320.1a -28.4 0.8+0.0a 0.8+0.0b 7.5 292.946.0a  269.1+2.2h 8.8
08-26 20.6+0.4h  18.8+0.5a 9.5 2.620. la 3.320.3a  -20.0 0.5+0. la 0.3£0. 1b 37.6 216.7+9.1b  230.842.3a  -6.1

C/N A X v S i Hh V8 i F B AR EVUESINHRE

YR iR R A B AR R TR < S
B3z BAEAR T R R0 R A R A
OB RE Wi/ LR
2.3 EA MG TEXT AR AR T T A3 G Y R )

HORA T AR B AE R B8 TR 10% £
F ARG R R BN A W L, £ R
FRRE ZENTASEE L (RS). AR (H
B 31,1 ~35.2 C) AMUFHAMR DAY R
TR N H S B E d R AR LT RE
B E T RS 4 A YA K (A
PRLEA Wyt () R R, LT o L D e . L3R 2
B, AR A R E W/ NMESTE (2 ~3 C)
W e 1 Y8 L Y o N R T o A SR
B3R A ) R R AR BB SR B A
R4 HUBEXNBEIZEDEMXATYEE

IR

M AL B 28 55 7 A AL 5 SRR AR Py i S TE ARG,
T SRR A i e SRR A (R4S B R a1
(CREZEM) A 2 ML R AT, SRR
Bt R BB A 3 E A Al 2% B A e R BRI R 0%
HAHC R R W 25 RS E R AR B AR B AT
RBUT B BRI TR ST, R A JH 28 4
Fe R B B SR B A C R IR TR 8 AR R A5 2 IR
Z SRR B R B 22 5, A R A B R
o RSB IR B 22 SR R ROk, KR
W 2 ~3 C(HR 31,1 ~35.2 C) &04F T, 4
MR E SR T S A0 B W e B3 LT IR
B SR A BE B M N Xk e R TR
A BRI R (£ 6).
2.4 BRI TR R AL P RN T 2 SR )R

Table 4 Effects of increased temperature in boll period on photosynthesis metabolism of functional leaf on main stem of cot-

ton (2010-2011) (n=3)

£ B SAAC (mg - ¢=" DM) SIC (mg - g™ DM) SSC (mg - g~ DM) SC (mg - g~ DM) N

Year  Date HT K A%) HT K A%) HT K A%) HT K A%) HT K A%)

0010 0728 14.3:0.4b 15.7:0.4a -89  3.7:0.1a  2.6:0.1h 435  36.3:0.7b  43.2:¢0.5 -16.0  22.6:0.6b 26.0:0.7a -13.2  2.5:0.7h 2.8:0.5a 7.7
0805 13.6:0.2a 14.5:0.30 -6.2  45:0.1a  3.0:0.1b SO 31.2:1.0a  34.8:0.8a -10.3  20.9:0.5b 24.8:0.50 -15.8  2.3:0.7h 2.4:0.8a -4.4
0818 11.420.1b 12.5:0.2a -8.8  3.2:¢0.1a 2.5:0.1b 28.7  28.3:1.0b 33.10.5a -14.5 18.4:1.3a 20.0:0.1a 8.0  2.5:0.6b 2.6:0.9a -6.3

001 0802 14.4:0.7a 14.6:0.80 -14  2.5:0.1a  1.9:0.2h 361  38.6:0.10b 42.3:0.66a -8.7  20.8:0.6b 25.2:0.2a -17.4  2.7:0.4h 2.9:0.6a -1.5
0810  12.3:0.3a 12.7:0.2a -3.2 3.3:0.32  2.4:0.1b  35.6  36.4:0.11h 40.5:0.3% -10.1  15.6:0.3b  17.9:0.7a -127  3.0:0.6b 3.2:0.5 -7.2
0815 15.440.2a 17.9¢0.9a -14.0  6.7:0.1a  5.2¢0.2b 28.9  26.5:0.8b 42.8:L.1a  -38.1  9.7:0.1b  19.1:0.7a -49.0  1.7¢0.5h  2.4:0.3a -28.0
0822 4.3:0.52 5.1:0.5a -15.7  0.5:0.2b 1.6£0.2a -68.7  13.4z1.4b  20.3:1.5a 3.0  7.0:0.4b  9.1:0.4a 227 3.1:0.8b  4.0:0.5a -21.7

SAAC ; 1] A& R Soluble amino acid; STC . JE#; Starch;; SSC . AJ A Soluble sugar; SC . jpH Sucrose; C/N: % & Carbon to nitrogen ratio.

£5 2011 FLHEE I RKY RS B A2

Table 5 Effects of increased temperature in boll period on biomass distribution of cotton in 2011 (rn=5)

b B R 7 BE 22X Distribution coefficient LR
Treatment Biomass Root to shoot ratio [ i =% Economic
(g) (g-g™") Shoot Root Stem coefficient
HT 226.04+23.79b 0.16+0.04a 0.86+0.03a 0.14+0.03a 0.28+0.03b 0.44+0.02b
CK 251.27+34.04a 0.16+0.01a 0.86+0.01a 0.1420.01a 0.22+0.02a 0.52+0.02a
A(%) -10.04 0.00 0.00 0.00 27.27 -16.11




12 BUBTRUAE : B SUIGXIAR AL 5 | J5T A 52 W) S HG A PRBIL A 3505
R6 REGEXIRIER YRS AT
Table 6 Effects of increased temperature in boll period on biomass distribution of cotton fruit branch (n=5)
G7/E s 3] §58 354 AR AR AR AL AR RA THAR AL
Biomass Treatment Fruiting Lower fruiting Middle fruiting Upper fruiting Top fruiting
branch branch branch branch branch
bk HT 0.67+0.23a 0.22+0.04a 0.20+0.07a 0.14+0.04a 0.11+0.07b
All fruiting branch CK 0.66+0. 15a 0.19+0.04a 0.13+0.04b 0.15+0.04a 0.19+0.07a
B E HT 0.44+0. 16b 0.15+0.02a 0.13+0.06a 0.09+0.03a 0.07+0.05b
Reproductive organ CK 0.52+0. 12a 0.15+0.03a 0.09+0.03a 0.12+0.03a 0.16+0.02a
BIRaH HT 0.230.07a 0.07+0.02a 0.07+0.01a 0.05£0.01a 0.04£0.02a
Vegetative organ CK 0.14+0.04b 0.04+0.01b 0.04+0.01b 0.03+0.01a 0.03+0.01a
AU B HT 2.20 1.70 1.92 1.79 1.91
Reproductive/ vegetative organ CK 4.25 2.15 3.91 5.08 3.74
xR7T RHGEXNRERTER MM
Table 7 Effects of increased temperature in boll period on cotton yield and its components (rn=7)
4E0y Ak HARRRAAR B BBREAR R RTR it v 26 L T0ie s Ko SRR RS
Year Treatment Cotton yield Lint yield Fruit node Shed rate Boll mass  Lint percent Boll retention Boll
per plant per plant number (%) (g) (%) rate number
(g) (g) (%)
2010 HT 46.9b 17.1b 57.3b 0.6a 3.6b 36.4b 0.2a 12.9b
CK 64.6a 24.7a 65.1a 0.5b 4.2a 38.3a 0.2a 15.2a
A(% ) -27.4 -30.8 -11.9 24.0 -14.4 -4.9 -4.2 -15.2
2011 HT 42.3b 15.2b 50.9b 0.8a 3.6b 35.9a 0.2a 11.8b
CK 72.1a 25.9a 70. 6a 0.7b 4.0a 36.0a 0.3a 17.9a
A(%) -41.3 -41.3 -28.0 6.8 -10.7 -0.2 -8.0 -34.3
*8 HRHMEEBEXNRALETERRIERNZM
Table 8 Effects of increased temperature in boll period on cotton fiber quality (n=7)
Ay bise K ReFFRETREL Ly pE(E fifre W2 Lt
Year Treatment Length Uniformity index Micronaire Elongation rate Fiber strength
(mm) (%) (%) (cN’lex’l)
2010 HT 27.2+0.6a 84.4+0.8a 4.9+0.3a 6.6+0.2a 28.3+0.7a
CK 27.9+0.6a 84.4+0.8a 4.6+x0.3b 6.6+0.2a 27.2+0.5b
A(% ) -2.3 0.0 7.0 -0.2 4.2
2011 HT 28.2+1.4b 84.4+0.9a 5.0+0.3a 6.6x0.3a 28.8x1.2a
CK 28.7+0.8a 84.3+0.3a 4.7+0.4b 6.5+0.2a 28.0+0.7b
A(%) -1.9 0.1 6.2 0.6 2.9

2.4. 1 XL SRR i Mo e A I s e IR SR
PF T RRAE SRR RF AR 7= B A A P B 3 R %, 2010
FI2011 FFH 7= & 53 5 N B 27. 4% F141.3% , 2 #
PR R 4 30. 8% F1 41. 3% . AEARAEF B HE A
R BB BB S T Y B 3 R, 2010 AN
2011 4EAR TR 11.9% (15. 2% (14. 4% F1 28%
34.2% \10. 7% , Fo i B 0 BE S5 R 9 35 R RS 5K
(2R 7). I B R o) 448 IR d5 o U ) 7= A
PN NP W e 3w B 3 ol N ER 7 Sl = i Ul N e o A o
BRI D B

2.4.2 XTMRET S R BT TR bR BR AT
PRAE AR B0 45 T AR — B, T 7 A A T 24 B o 38
Byl b M R R R, ST B ORI R TE i

FAA (K 8) . RUIG XA LT 4 by AT — RE R,
AEAN [5) ft S s 2o 8 5L 1) S 02 AN [ e BR 3 28 28007
IR 551K T RE S SO 2T 4 1 | 5 v B T
SELCSR A AR AR AR T 8 57 JEE 45 JORI A R )
AN L.

3 i it

1o U R R A L T R N R
—. Oosterhuis' 7 X5 2 W, AR AL 2 0 = i 2 S 80
N, I HIA N B 5 T B0 AR A T R ik 7K
AL A 2 | Bk KA G P AR R A 2 2 R
B TR U5 it 52 1) v ik 1) 5 e AR B A AR D 4
2 ~3 CHRZMFT (BRI H R 31.1 ~35.2 °C),
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