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Effects of elevated temperature on photosynthesis of spring wheat in northern
Ningxia
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Abstract: In order to explore the response mechanism of photosynthesis of spring wheat leaves to climate change in northern
Ningxia, the effects of warming on the growth of spring wheat in arid and semi-arid regions were further clarified. The effects
of elevated temperature on leaf area, photosynthetic pigment content, photosynthetic characteristics, chlorophyll
fluorescence parameters, and dry weight of spring wheat during the growth period in northern Ningxia were tested using
automatic control infrared radiator for simulating climate change in the field. The method was based on the temperature of

the spring wheat canopy temperature without treatment, and different temperature gradients were set (CK: 0°C, T1: 0.5C,

BT . TH & & BR 4 RS B0 H (NGY2015055) 3 T 5 F AR BI4 3L 4 W BT H (NZ16007) ; E % [ B2 3415 H (31660377)
rFE B #9:2018-03-02; [ 4 H ki B #8:2019-09- 17
# WIRAE# Corresponding author.E-mail ; zhang_f{j@ nxu.edu.cn

http ://www.ecologica.cn



9102 JAE = 39 %

T2. 1°C, T3; 1.5°C, and T4; 2.0°C ). The results showed that leaf area, chlorophyll content, Pn ( net photosynthetic
rate) , and WUE (leaf water use efficiency) of spring wheat had an upward trend when the temperature increased by 0.5°C
during seedling-jointing stage. The above indices indicated a downward trend when the temperature increased by 1.0—
2.0°C, while Ls ( stomatal limitation value) showed an upward trend and Ci (intercellular CO, concentration) showed a
downward trend, indicating that the decrease of Pn in leaves was mainly caused by the decrease of chlorophyll content and
stomatal limitation. However, after the jointing stage, the leaf area, chlorophyll content, Pn, WUE, and Ls were decreased
when increasing temperature, while Ci increased, which indicating that the decrease of leaf Pn was mainly caused by a
decrease in chlorophyll and non-stomatal limitation. Chlorophyll fluorescence parameters showed that spring wheat was
resistant to temperature rise before jointing stage, and could cope with the warming stress to protect itself in the form of heat
dissipation. After the jointing stage, the photosystem II reaction center of spring wheat leaves was reversibly inactivated by
temperature stress, and the photosynthetic apparatus was destroyed. In addition, the change trend of dry weight of spring
wheat was basically consistent with that of leaf area and other indicators. The yield and yield components, spikelet number,
grains number per spike, and 1000-grain weight decreased significantly with rising temperature. When 0.5°C rising before
jointing stage, it was beneficial to increase the potential activity of leaf photosystem II, increase leaf resistance, promote
photosynthesis, and eventually increase photosynthetic product. If the temperature gradient is too large or the heating time is
too long, spring wheat will be subjected to high temperature stress, which leads to the reduction of the original light energy
capture and electron transfer efficiency of the leaf photosystem II, and the photosynthetic mechanism is damaged. Finally,
the values of Pn and WUE in the leaves of spring wheat decreased, the accumulation of photosynthetic products and the

yield decreased.

Key Words: rising temperature; leaf area; photosynthetic pigment contents; photosynthetic characteristics; chlorophyll

fluorescence; dry weight
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Table 1 Soil nutrient content in experimental plots

B WA O o
. HHL 2% 27 iR AL AL
W . . Alkali hydrolysable Available Available
Organic matter/ Total nitrogen/ Total phosphorus/ . .
Depth/cm (&/kg) (/ke) (e/ke) nitrogen/ phosphorus/ potassium/
v i i (mg/kg) (mg/kg) (mg/kg)
0—20 12.88 0.58 0.61 44.70 15.36 265.06
20—40 6.82 0.41 0.50 30.53 7.12 219.13
40—60 2.68 0.25 0.41 17.72 2.43 156.61
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Table 2 Effects of warming on photosynthetic pigment contents in leaves of spring wheat at different growth stages ( x +S )

et AEM

Index Growth period ek n 2 3 T4
M43 a Hi 1.68+0.04a 1.71£0.02a 1.25+0.01b 1.28+0.03b 1.08+0.07¢
Chlorophyll a/( mg/g) $er 1.66+0.12b 1.95+0.03a 1.48+0.20b 1.50+0.20b 1.46+0.03b
ik 2.61£0.07a 2.41+0.03b 2.21+0.06cd 2.2420.03¢ 2.1420.04d
MK 2.95+0.06a 2.80+0.07b 2.80+0.13b 2.6020.00¢ 2.35+0.02d
X +10 2.24+0.06a 2.10£0.11b 2.05+0.02bc 1.95+0.04cd 1.88+0.11d
4% b Wi 0.44+0.02a 0.45+0.01a 0.34+0.03b 0.30£0.00c 0.24+0.02d
Chlorophyll b/ (mg/g) W 0.43+0.05b 0.51+0.03a 0.41+0.06b 0.38+0.05b 0.36+0.00b
fihi ek 0.95+0.07a 0.80+0.01b 0.69+0.03¢ 0.66+0.01¢ 0.69+0.03¢
MK 1.33£0.07a 1.06+0.06b 1.01x0.14b 0.88+0.01c¢ 0.67+0.01d
MK +10 0.79+0.03a 0.73+0.04b 0.73+0.01b 0.62+0.02¢ 0.56+0.06¢
FKWE bR i 0.37+0.01a 0.38+0.01a 0.30£0.05bc 0.34+0.01ab 0.28+0.02¢
Carotenoid/ ( mg/g) W 0.40+0.03a 0.38+0.13a 0.31+0.04a 0.34+0.05a 0.32+0.00a
Bl 0.49+0.02a 0.44+0.01b 0.41£0.02¢ 0.43+0.01bc 0.42+0.01¢
K 0.71+0.01a 0.66+0.05ab 0.62+0.09h 0.52+0.01¢ 0.43+0.01d
WX +10 0.4120.01a 0.31£0.03¢ 0.38+0.01b 0.42+0.01a 0.38+0.02b
FEUIE S sty i 2.12+0.06a 2.15£0.01a 1.58+0.02b 1.58+0.03b 1.32+0.08¢
Chlorophyll/ ( mg/g) WA 2.08+0.17b 2.46+0.06a 1.90+0.26b 1.88+0.24h 1.82+0.03b
Eillk: 3.57+0.13a 3.21+0.02b 2.90+0.08c¢ 2.89+0.03¢ 2.84+0.02¢
K 4.29+0.02a 3.86+0.12b 3.82+0.26b 3.48+0.01¢ 3.02£0.02d
HEH+10 3.04+0.09a 2.83+0.15b 2.78+0.02b 2.56+0.06¢ 2.45+0.16¢

(17N [a] 5 B e Ak B 0] 22 7 (. 3 (P<00. 05)

2.3 HOREXTE/ANEARRA T WM 5 A SE N

M 3 0] LIE IR TR N A RSO A . BN A KT, B P BT G T
STt E AR R s, BIE/NE KGR Po BEIRE O T S KRR AR ARt A, S [i] 8 iR B
FINE P s K AE T WA (B IERR TR B /NAE Pn 3210 BE 520 55 K 0 A= B 0 A Al A, et RE e
RE R IREE R 38.54% , F/NEF—AF MW, RS, it 6s 8L, 2A&F N, Mt 6s 2R
SO R, o3 B0 BRREAIR 14.55% ,32.73% \52.73% .61.82% . F/NEW 7 Ci B EE TR 2548 TR Lot
FkaR, BA BB E , iR Ci B BT I i R E B N, BH/ANEMN R Tr RS R B T s
S BT AN T1 RN T2 TER/NAEVESR XS I Fr Tr 520 B K, 43 0T BB 155 25.18% ,30.54% , /b ¥E T3
F1 T4 FEFRATHAXS /N R Tr (52 B R, B0 BE A 57 63.72% .65.84% , F/N&2 It i WUE Fifi i 19 48 1k
RAF S H P LS IEAR — 2, A B RTIEEE THRE 0.5°C A AT B WUE B4 , 4k 2R3 5 WA F T+ 75
/NFENE T WUE i3 m  A B E IR R/ NZ it i WUE S50 FRER S BRSO, R B, nf
R Ls BHELE TR Ak S S50 B Cd R AR e BT TR, HAR B IR 5, 3T Rk 3
JIT e L A 3 TR B RN
2.4 SEEXSENEAE LT M SR DOSER R

B /N A SRR DSBS I N 4 P B R 0R B 00K, BN A B I R oPS I,
Fo'/Fm' Fo/Fm Fo/Fo $J5 FEMEER(SEAMEER LI BS5XEERAREBE) | KT BRI 51
34.69% .22.50% ,14.61% 60.87% ;P NPQ 7E4& 12 0 3% b IHEs SO LIS 2 R R EH KN RER
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G30h 43.33% 5 54.17% ; Fo W 22K E IR #aH, X Hola]— b BRAE A [ AR 5 30 P o0t B ) vy s R4 1) e
{1} ©PS 1L Fv'/Fm' (qP NPQ Fo Fu/Fm Fu/Fo T4 /N2 4815 10132 441

b, H RN R PO SR
Wi F5e R, T ©PS 1L Fo'/Fm'  Fo/Fm WITEHESK +10 3% — Y 52 HEERZ iR
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Table 3 Effects of warming on Photosynthetic characteristics in leaves of spring wheat at different growth stages

- >
Pn /(pmolCO, m™2s7')  #§H) 20.29+1.36ab 20.80+1.70a 19.02+1.91he 18.10£0.87¢ 14.51£1.40d
/&t 23.70+0.64b 27.67+1.33a 23.34+1.07b 16.27+1.21d 18.30+0.27¢
EiliEE 30.07+1.22b 31.50+2.11a 23.68+0.58¢ 21.18+0.73d 18.48+0.71e
MK 33.98+1.00a 30.54+0.57b 27.20+1.62¢ 24.31£0.77d 21.31+1.33¢
X +10 27.15+0.61a 22.19+0.04b 21.80+1.82b 19.84+2.08h 16.73+0.76¢
Gs /(mmol m™2 s7") Hi 0.50+0.08a 0.44+0.03bc 0.44+0.04b 0.35+0.03d 0.39+0.04cd
Py 0.60+0.08a 0.51+0.06ab 0.43+0.02bc 0.35+0.03cd 0.31+0.05d
Bl 0.55+0.03a 0.47+0.06b 0.37£0.00¢ 0.26+0.04d 0.21£0.01e
MK 0.67+0.08a 0.70+0.02a 0.45+0.06b 0.37+0.03b 0.40+0.06b
X +10 0.45+0.03a 0.42+0.00a 0.33+0.01b 0.25+0.04¢ 0.23+0.01¢
Ci/ (wmol CO,/mol) Hi 337.78+8.72a 342.57+31.56a  292.86+23.99b  244.20%35.95¢ 284.08+30.56b
WA 318.45+12.87a  283.27£7.27bc  269.78+8.72cd  254.7428.35d 289.84+3.17h
ik 329.66+24.01a  289.02+1.57b  261.57%12.32¢  273.34%13.10c 288.20+6.72b
K 274.15+1.00b 258.34+10.44b  272.91x0.79b 340.19£19.35a 338.59+20.34a
MEI+10 270.47+1.37b 271.29£15.19b  290.76+3.73a 287.96+9.93a 296.73+3.85a
Tr /(mmol m™2s™") Hi 6.18+0.43cd 5.72+0.72d 7.01£0.72ab 7.39+0.67a 6.46+0.67bc
/&t 8.0220.84¢ 8.82+0.45bc 9.60+0.91b 13.13£0.78a 13.30£0.52a
i 12.10+0.86¢ 12.47+1.50¢ 15.32+1.09ab 14.68+0.58b 15.88+0.94a
T 13.98+0.64¢ 17.50+1.01b 18.25+0.37ab 17.53+0.94b 18.98+0.64a
MK +10 13.66+0.72b 13.75+0.70b 14.67+1.10b 17.08+1.25a 17.08+0.73a
WUE/ ( mmol/mol ) HiY 3.29+0.28b 3.70+0.64a 2.740.41c¢ 2.4720.25¢d 2.27+0.35d
EL el 2.97+0.28a 3.15£0.29a 2.44+0.15b 1.2420.06¢ 1.38+0.07¢
Ejiigs 2.50£0.22a 2.56+0.39a 1.55+0.12b 1.44+0.52b 1.17+0.04c
TR 2.43+0.11a 1.75+0.11b 1.49+0.06¢ 1.39£0.11¢ 1.12+0.06d
I +10 1.99+0.13a 1.62+0.09b 1.49+0.02b 1.16+0.06¢ 0.98+0.05d
Ls Wi 0.19+0.02¢ 0.18+0.07¢ 0.30+0.06b 0.42+0.08a 0.32+0.07b
Wy 0.24+0.03d 0.32+0.02bc 0.36+0.02b 0.40+0.02a 0.31+0.01¢
EiiEE] 0.22+0.06¢ 0.31+0.00b 0.38+0.03a 0.35+0.03a 0.31+0.02b
K 0.35+0.01a 0.39+0.03a 0.35+0.00a 0.19+0.04b 0.19+0.04b
HEH+10 0.35+0.01a 0.35+0.04a 0.31+0.01b 0.31+0.03ab 0.29+0.01b

Pn M A3 % Photosynthesis rate; Gs, S, fL 3 J& Stomatal Conductance; Ci, Jfi[f] CO, ¥ & Intercellular CO, concentration; Tr, 7% ¥ # K

Trmmol Transpiration rate ; WUE , M- 7K 43 F) AL Water use efficiency in leaf;Ls, S LR HI{A Stomatal limitation value

x4 HWEMENEAREFTHEHAFHEERASHOEME( 2 £5)
Table 4 Effects of warming on chlorophyll fluorescence in leaves of spring wheat at different growth stages( x +S )
o 2
OPS 11 W 0.39+0.01a 0.40+0.01a 0.40+0.00a 0.38+0.01b 0.37+0.01b
itk 0.51+0.00a 0.49+0.01b 0.45+0.01¢ 0.42+0.01d 0.39+0.01e
K 0.56+0.01a 0.56+0.01a 0.53+0.01b 0.48+0.02¢ 0.41+0.01d
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MK +10 0.49+0.01a 0.48+0.00b 0.43+0.01c¢ 0.37+0.01d 0.32+0.01e
Fo'/Fm' Wy 0.73+0.02a 0.74+0.01a 0.73+0.01a 0.72+0.01ab 0.71+0.02b
EiEE 0.80+0.01a 0.77+0.00b 0.72+0.01¢ 0.67+0.01d 0.62+0.02¢
ik 0.83+0.01a 0.79+0.01b 0.74+0.01c¢ 0.70+0.01d 0.65+0.01e
A +10 0.81+0.01a 0.77+0.01b 0.72+0.01¢ 0.67+0.01d 0.64+0.01e
qP ®A 0.35+0.01c 0.38+0.01ab 0.36+0.02bc 0.39+0.02a 0.37+0.02abc
itk 0.30+0.02a 0.21+0.03b 0.19+0.03bc 0.17+0.02¢ 0.19+0.03bc
ik 4 0.30+0.01a 0.310.01a 0.24+0.01b 0.26+0.02b 0.25+0.03b
HEH+10 0.28+0.00a 0.25+0.02ab 0.25+0.01b 0.24+0.03bc 0.22+0.01¢
NPQ $AT 0.25+0.01b 0.28+0.01a 0.26+0.02ab 0.28+0.01a 0.26+0.01b
i 0.24+0.02a 0.16+0.02b 0.14£0.02¢ 0.11+0.01d 0.12+0.02¢cd
i 4 0.25+0.01a 0.25+0.01a 0.18+0.01bc 0.19+0.01b 0.16+0.02¢
HEH+10 0.23+0.01a 0.19+0.02b 0.18+0.01bc 0.16+0.02cd 0.14+0.01d
Fm L at] 706.80£66.24b  766.40£15.08a  547.00£19.56¢  484.40%5.50d 413.80=16.41e
EiliEed 720.40£16.32a  699.20+7.92b 641.20£14.25¢  566.60+14.66d 508.80+7.85¢
i 767.80£12.42a  728.40%9.76b 658.00£13.56c  629.60+7.16d 549.60+10.26e
HEH+10 686.80+8.93a 661.20+9.04b 636.00£6.04¢ 546.40+9.81d 459.60+20.67¢
Fo /&t 129.00£10.68ab  135.00+5.39a 112.00+4.69¢ 107.40%2.79¢ 121.00+3.87b
EiliEed 80.20+7.76d 84.00+4.53d 96.80+9.86¢ 108.80+4.32b 122.80+7.69a
MK 92.00+4.30d 107.60+3.85¢ 118.80+4.38b 124.40%3.58a 127.80%4.92a
IR +10 114.20%6.18¢ 126.80+4.44h 129.60+5.03ab  134.80+4.44a 134.60+3.51a
Fo/Fm $Ay 0.82+0.00a 0.82+0.01a 0.79+0.01b 0.78+0.01¢ 0.71+0.01d
EiliEEd 0.89+0.01a 0.88+0.01a 0.85+0.01b 0.80+0.01¢ 0.76+0.02d
MK 0.88+0.01a 0.85+0.01b 0.82+0.00¢ 0.80+0.01d 0.770.01e
X +10 0.83+0.01a 0.81+0.01b 0.80+0.01b 0.75+0.01c¢ 0.71+0.01d
Fv/Fo /&t 4.48+0.10a 4.68+0.27a 3.8920.29b 3.5120.13¢ 2.42+0.11d
EiliEE 8.05+0.86a 7.34+0.44a 5.67+0.60b 4.12+0.28c¢ 3.15+0.27d
MK 7.36+0.46a 5.78+0.33b 4.5420.15¢ 4.07+0.19d 3.3020.11e
X +10 5.03+0.39a 4.22+0.17b 3.91+0.16¢ 3.06+0.09d 2.41+0.12¢

OPS II, SR GAHE ST Actual photosynthetic capacity; Fv'/Fm', PS1I A ROC = 77 Photochemical efficiency of PS II in the light; ¢P, b1
A2 EPE R Z2HL Photochemical quenching; NPQ, JEJEAb2E2¢ 7644 K Non-photochemical quenching; Fm, Wi W fz K2 Maximal fluorescence in
the dark; Fo, ¥IUH7E Initial fluorescence; Fv/Fm, PS 1 fr KAk 2% & F 7= i Primary light energy conversion; Fuv/Fo, PS 11 ¥ 7E{EYE PS 11

potential activity

2.5 SEEXTER/ANE R

A 2 AL /N B — SRR T 0.5°C A R FAELMR AR TR R, A D14k ek
T BA GG B SXT R ZE AR EE B 1.0—2.0C , NME 24 T aTis 2 4E 7 5 WA A T
BANERBHRT YRR, A S5 IR2E 5 B XF E IR /N 22 B2 3 0 Bk 1 4 S A S i, 4% Ak B AE
AR/ INZE VIO T T S e g DN HE SR S e SR K 3 RS BRI 3.91% ,31.30% ,18.26% ,48.26% ., LA I
S5 S ULRRIE S R AR TR/ INE T B A R SR (ARG R A B8 o TRl b Y B ) o St S X /N T i AR
FrAEER,

IR /N2 7 B HRG) PR 2 B R (T 3) T AR M 8RB R K, /N /NEE R ROk B T
7 R R, TS 0.5—2.0C, F/NE W 161.60—1511. 46kg/hm? , F X FFE AL 2.32%—
21.71% ,BRACFE T1 5%} B 25 520K 38 A 1 0 28 I 6 B TR0 3 T B 1.24—6. 46, B0 BRFRAIE 2.56%—
13.36% , 25 5 i3 s B B /D 2—6 B, BT BRIAAR 5.33%—24.09% , 25 5 1. 35 /INEEBIOR /b 3—8 A, 3%t IR
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Fig.3 Impact of rising temperature on the yields of spring wheat and yield compositions

e ISR IR B, MR AR R AR RO R AR R b RYSEIR, AR R a PSR bR
R FERR /N T 2R R b, HNZR PRI LU | BEAE B B T e, /N A A B I 2 33 i 1 T o
HFE IR Pr 8RB SR — 2, SR TR Ay 2R S B T R S B ROL SR T B A
Z— HFEERMER b KT, B ORI, AL R AR AUBR G H 2 S B0 0 T R N
FU IR AR T R Ci R Ls Ly Ci AR ELAEREE Ls Fhm R SALBRGL, i Ci T BLRERE
A Ls BRI AESALBR 2 L ABgeeh /N2 TN aT B R T ik i i R 3 BAERE S Ls
(T, R i RO A VR RTT Bt 2 2R LR . BT 4R, M G A EDE T iR &2 L HLAE
BEE Ls TRERIES: R PIRE UL R SE R, 1 ROL G R HTET B 2 A2 AL R 5 38, i ot &
VEFIRILH 2 245 T | I B g 0 R B L AR 3K — it ] AR T I 7 it 2 R U S R R L 7%
FIYIIE

FPIH S R IO S RE E AR L MDA ERIR IR B | B %238 UL K CO, R fbid # . P58
R UYL T, i i SRR PSR Fo 2 B BT S8 oPS T Fo'/Fm’ (qP (NPQ  Fm  Fv/
Fm Fv/Fo 55 5T R e UEWIMLRT PS TR R A AT PSR TG 2, ZEABGE T, i qP \NPQ TE 1 KR
W BT SO UG B PR SO/ A PR SR B T R R — RE L RE R
X HE L UAFE RO A B TR I, B (3R e S AR I IR 5 B 5 596 L N 17 9 S, 495 30
LU A5 A B /N W R 9 E SRR Fo &2 EIHEHSN RSO R TGS WIH IR RS
IO LG SRR T R JRIDERERARAR B AR R T T SRR B BT 58 42 SR TN A 91 i 4R
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