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warming in the North China Plain

ZHENG Yunpu'*, DANG Chenghua', HAO Lihua', CHENG Dongjuan', XU Ming” "
1 School of Water Conservancy and Hydropower , Hebei University of Engineering, Handan 056038, China

2 Key Laboratory of Ecosystem Network Observation and Modeling , Institute of Geographical Sciences and Natural Resources, Chinese Academy of Sciences,

Beijing 100101, China

Abstract: Temperature responses of photosynthesis and respiration are critical for understanding plant growth, primary
productivity of the ecosystem, and carbon balance. Plants do not live under constant temperature conditions in natural
ecosystems; instead, growth temperature shows diurnal and seasonal variations. Hence, temperature responses of
photosynthesis and respiration are critical for understanding the balance between photosynthesis and respiration in plants and
changes in the balance between the atmosphere and terrestrial biosphere. However, the mechanisms underlying thermal
acclimation of photosynthesis and respiration in plants to experimental warming are still unclear, especially in agricultural
ecosystems. In this study, we examined the acclimation of foliar photosynthesis and dark respiration in maize plants by
performing a field—warming experiment with infrared heaters in a typical agriculture ecosystem in the North China Plain. We

also discussed thermal acclimation mechanisms and verified five hypotheses for understanding thermal acclimation
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mechanisms underlying photosynthesis. The results showed that experimental warming significantly increased net
photosynthetic rates (A, P < 0.001) and increased the optimal temperature of A, by 1.56 °C. Similarly, we found that
experimental warming significantly increased the maximum rate of photosynthetic electron transport (J,, , P < 0.001), and
the optimal temperature of J _ was increased by 1.45 °C; however, it had little effect on the maximum rate of Rubisco
decreased foliar dark respiration (R,) and its temperature sensitivity (Q,,, P < 0.05). Moreover, our results showed that
experimental warming barely affected the ratios of R,/A, and J  /V . (P > 0.05). Experimental warming significantly
increased transpiration rates, but it had no effect on stomatal conductance and water use efficiency in maize leaves. These
results suggest that maize plants have a limited ability to acclimate to a warmer climate in the North China Plain and that
thermal acclimation may be controlled by the adjustment of photosynthesis and respiration in maize leaves. Our results may

be helpful in the management of agricultural ecosystems and estimation of crop—safety risk due to global warming.
Key Words: global warming; maize; acclimation; physiological and metabolic processes; North China Plain
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FAth ) Co R P S IR, 3 AT e TR R T AN [ A0 Al oG Tl T 7 174 22 S i AR . ASBIESE h EOK I e
BRI OE I B IN T 1.56 °C R A eSS DX RIS A TG (] 1a) o RIEAFROL SR
FHIE SRR B 8 5 AMIRUE, 8 XS BRI R SE 7158 R 58 WFIRAE T S5 00 & VR Y-
FKF VU AR B B S LA T e e S AR D™ A E P AL, FEARBEE P IR B XSV, 1Y
T BE AR A A (1] 2a) , W] Rubisco BEAR M Rl HE MR 17 it 2 A4 2528 AN 2 S BOL A 1 FIRUREE 17
PEAGIEA o SR, SR ASAE S J,,, S0l B 20 e i — i A2 TS B (B 2b) |, W 1158 2R e X i T Y
R ] BE S R EOL AR B il B R Y BRI 2 —

R1 BEXNERMABRAKUENSERBRAKRE LT

Table 1 Effects of warming on the content of carbohydrates and tissue C/N ratio in maize leaves

X & Control 4R Warming Wi Increasing/ % P {f P-value

WRIKAL B Y&+ Non-structural carbohydrates/ ( mg g’l dry weight)

M % Glucose 16.2+2.7 20.2£1.8 24.9 0.048
FBE Fructose 11.4+1.8 17.4+0.9 52.8 0.003
HEME Sucrose 5.1x1.1 9.4+1.9 83.0 0.009
AT E MM Soluble sugars 32.7+4.6 47.0x1.4 43.7 0.001
BEKY Starch 37.5+4.3 45.0+3. 6 20.0 0.080
L5 IR NSC 69.9+5.2 91.3+4.5 30.8 0.006
HYUWR/ A L3R Tissue C/N ratio (mg ¢! dry weight)

S Total carbon 436.0+3 439.0+3 0.8 0.179
M Total nitrogen 28.5+1.6 26.4+0.7 -7.4 0.058
AL C/N ratio 15.4+0.7 16.6+0.3 7.8 0.028

DIERIBFSEIAN , Rubisco JRALH RuBP F-A4: P B 2 ] 9 1A 5C 22 1] RE 252 M B0 &5 1 T Y Foodi it
JETAL R ORI R TR A RE P AR FIBEER A . CA MBI C &R, Rubisco 2
LA RuBP f3AE PG RGN R GOFARR, IF HX PIA R G0 R UM B Ar e R 22 5%, il
HARVE, AR PR R IR AL ESROC AR 3 22 21X A B p SE R B, an R 2 2 H dh— A4~ R 45
ARRED, I 22 N RAED — D RAZHT M ZRBR, M2 FHARNX DT REHKBE N — P REZ
Hrt R ATl 1 A K RLEE AR MU R R T XIS R LR R SRR, 2 — A R G R R
P, T 53—~ R GE AR AR EEAE DO T BN RAEWA RS D EHMAC . SRIA, AR C THER
X S Vo LEOUEIR AR TE L RAE W T BT AT SR R SR TR T,/ Ve EETE R 20
RN (K 3b;P>0.05) , IR IFBA i oK H Rubisco R ALM RuBP T/ WA Y6t R G0 N Z (140
Bl A, PRI, ok AV BGE IR RS SR T ),/ Vo U RIS A

ML A HTELE iR 7t R, ¥l B s AT m i T AR AR th T 09 WA e el T AR e 3 5 i
7 XA T R R E A BGE IR — N EE N R, BOCE RS PR 2 8 9 L] 56 R g 1
AR IR SR LRSI AR P09 PR IO A 3 B0 R R T W I 0 S 3R ) 4 7 o T T
IPIGH AR AR EAR, 56 T3 RIS I A — P A UL, DA 3 BT B9 7 A B A 7 — S Y %
FE IR E TR A (6B R RN AR AR AE — N RUE O E . FvCB LA 1R BRSNS Fh
PG H VIR S A HOR Z LR (R, A,) RBAE . ABFFER LR BRI B 1552 0
ORI I GH R 5 B MR Z R W HUAH R,/ A, (& 3a;P>0.05) 2B FORM 7 Y6 A VR I RGE TR A% sh b
AREMRT R/ A AR TG A

S I W (R, ) S TR 2 ] S R R O R SR AR AR IR B
RE A B ROAR [ 1 JRLRE T P W o 3, DA T I A ) 3 B AU ( Q) BRAR'™ . DAV 2T S SRR B,
YR R IR BUBNE Q BEE R A IR A I R IR AR 10 45 SR DR B RO AR K
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BERIEINGE - R, AR BURE Q0 R FFEIR(P<0.05) , FRUCIESE 1 I Fy e P I S5 A 0 24 AR 82 22 18] A S A
KICF o TR BF T30 DA N, R 7 I 19 i e = Sy 5 R A 50 0 e R A i e i e
ORTI, FEABIFSE FP RIS N T E KM R PRGSO AL S ) (NSC) 1Y & (JUHGR Al PR & i) (%
1) o Pl ATt Fr R I E SRR A a1 R BE 2 phy A5 1140 At 8 6 T R it e R o e v S B
PERREARTTS Y . 5340, IERY RS e 4 R R T A it 3 U I P AP AE IE A DG e R 2 R
AR ST A B IR oK i i A ZUS R R 2 10% (3R 1), I rilch  ZHA0E AR AR T e
JEFECEARM R R T A RN 2 —

4 it

ARSOR AR AL B SR A TH A 25 R GE 0 U SR IR 5, P9 1 R B e P il o R X S B i
FRIE I BE T, JFIR AR T ™ A3 1 PR VTR S R R A BN 4 518 (1) SEIRBg iR & 1 Fok it
Fr O OLE R (A, ) MR ; (2) SRS IR T S Rl T2 3R (), ) ML RIS R E T =,
W 1518 R G0 LAY IS B M S EOC A A G ISR RN 5 (3) SRR AR 1 oK A A s
WPGH A (R ) S Qo fH ABBATX Ry AR,/ Voo RN, (4) FRLEM R R EIEEM ROGE S
MR e R i i B A T IO TR PR B A BE AR R, AR SRS B AT T B S 3R I SR B AR R A T AR L e
R i o i B — R AR
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