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BRELR (e, hiE, AR R FIC. 2) ETSW KE2/EF IAMEED WA LE, ETafll KGN FHETH D
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Abstract

Aims Global warming does not mean similar warmer temperatures between daytime and nighttime. Soybean
(Glycine max) is a widely planted legume crop around the world and an important food crop in China. The aim of
this study was to understand the responses of soybean growth and water utilization to future asymmetric warming,
which would provide scientific reference for evaluating the adaptation of soybean to the future climate scenarios.
Methods This experiment was carried out in artificial climate chambers, using the method of potted plants, un-
der three temperature conditions; contrast (CON, 26 °C during the day and 16 °C during night), symmetric warm-
ing (ETs, elevated temperature of 3 °C both during the day and night), asymmetric warming (ETa, elevated tem-
perature of 2 °C during the day and elevated temperature of 4 °C during night). We investigated the differential
effects of diurnal asymmetric and symmetric warming on the yield and water consumption of soybean.

Important findings The results revealed that, under the background of 26 °C during the day and 16 °C during
night: 1) the effect of ETs on soybean yields showed no significant function that mainly benefit from the increase
in the amount of biomass to ease negative influence of decrease in the harvest index. ETa reduced yields of soy-
bean by 38.9% (p < 0.05) due to both significant decrease in harvest index and yield components (pod number per
plant, grain number per pod and 100-grain weight). 2) ETs showed no obvious effect on the whole growing stage
evapotranspiration (ET) of soybean, while ETa reduced the whole growing stage ET by 14.8% (p < 0.05). 3) The
effect of the two warming pattern on water consumption of soybean were not significant. The difference in water
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consumption was mainly derived from the difference in transpiration (T). ETs and ETa reduced total transpiration
by 10.7% (p < 0.05) and 26.1% (p < 0.05), respectively. In conclusion, our results suggest that ETs will underes-
timate the detrimental effects of real climate warming (ETa) on the growth and yield of soybean, and overestimate

the effects on water consumption of soybean.

Key words asymmetric warming; yield; water consumption; water use efficiency; transpiration efficiency; Gly-

cine max
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SARAE R IX A AP I FHS2(IPCC, 2007) E 4 1k
R RO E 2 —. BEE NS AR
MR NRIE RN, B2 KR R E], <
15 AZ IR (ET) FH A S A BRI B 1P 3728 0., 12
S —5E I AEXT FRYE (Abou-Hussein, 2012; TS %
&F, 2014), JF H AR HGIR0E B KT B R (B85S
2010; #4EMFSE, 2014), 7EFREEILHIX, 1T 2550
D), R ) G L R B [ DR M R ) R A (R
JLAREE, 2009). BhAE AERATE I H a il #F A
SR TR 5 K (Glycine max) A= K A7k 43 F ) 5%
Wi, AT RPN R A AR SR AR AT N B A
SRHAREG B 35 0T Tt B L S A AR 2

DL AR R R = BRI 1) A B SUEAR AL IR R
i {49 (1) 7= B FRE K B () T ¥ A B A ek, 2013) it
FE T+ R R = B AR 4 R FH R 52 A K&
RIE(TIZM 4, 2014; JRE SR, 2016), SR1, #EATAS
XPRR TR BB R A, H 2 B R T
Foo EAMP/EDE RIS IR BT FL R B ASKTRR T
X EYD = /B s N T X AR, 7E B AR AR
T PR KT e v =t ) S0 R R PR P, 8 3 %ef 58 [ /)
Z(Triticum aestivuml)f1 5K (Zea mays)i= & 1) 51 3%
NS 322w (Klein et al., 2005; Wang & Greenberg,
2007). T B ARG IR T P I S B -5 35 H )
AT NV LB s A — g Z28R, KT RR T
TR(ETS) 5 AR THER (ETa) % K 5 72 B K5 F)
FHRER SR I X0 A e (= 3% 55, 2010). ETa
KINERIFHRZ, BRFHRD, TR B BZENT
ETs, RULIRATHRAE, ETaxt KEAEK, F=EAFEK
= (ET)M 52 K TETs, #F 1 K& 197K 20 F FH 2%
(WUE)XETSHETal M M/ A BT 2 5. 2T iR
Bk, AHEFAE N TAURAE N BT IR AL, DA
R EGAE R KL, TR TETSHIETaM i iR
PR 56, BRI ETs FIETas i K 577 & Al 7K 43
) FH 254 2% ) D AT % — 3 2 TV () 22 37 o
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1 #RFEE

1.1 SEIeMst

A Sz F 201544 H 20 H £ N LA 5% 46 (PRX-
1000L, #FBEZEAR, TUR)NBEAT, BRI . K
ANES S E FIOR S R rR B 137 g S AR}, S
K3 N LA, RESNMEEER, SN
B FAI8NEE ., BRI E LN A (ES
14.5 cm, =10.5 cm, i35 @), AR FEAiE AR
W, HFEREM2R K G, HR1@ARER, AT
& IEA K, Hads7aE, s, TSH4HE
BAERKRGUELF (S, €t Rk, Toi i
Ak, RFRISRKEEEE—IR100 mLIE =W, &
TR AL B 225 Wang % (2009) 1178 F= TR L 77 -
12 St

TEN TR RESAEFE AT THR AR B, SE30 S
XTHE(CON, 426 C#16 'C). ETs. ETa=Mik &%
5. ETsEBR R THES C (fEE 374, 2015), ETa
RFERPANERTHE2 C, KIETHEA C (A%
£, 2009), ERJGHERS ] N14 h (BB N 14
h/10 h), YRR N17 000 Ix A TOGIR, HHxHE
980%. P AL BRI NFEFH T 46 EL USSR . A
WA R SRR 2 5, RS KA —IK,
1.3 MEmMB KRG

PR (GY) AR 4 KGRI, W & ik
Sk Mk, e, RFE. EYE I
hfash. HhsefiE. PR, EYEZ1E60 CHE
Fa T A R B A TR E BB AE, 2015),
A7 A g-plant™, YHRIEHUE UK R S A
VIR LA

ZAR(E). ZME(T)FIZHLET): KA.
BAREVERNSEAEN, fEFHRAAFEZE30. 45, 60,
75K, BFRT:00%0% 25K Mo AN, & 75T My A1 A
B A P K G R R fEmy, 3 KA — (A
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T 7 R M RS 2 T Ry, SRS VAN R T
&, DAL, BUoES =S R, tHESRMT
H. BRMEs Ty ETMAEFHME. T, ETH
THECR A iR A

ET¢= M;-M, @
Eq= m;-m, 2
Tg= ETq-Eq @)
E= ID-E (4)
ET= XD-ETq ®)
T=2D Ty (6)

MR — RIS AR, MovEs R
AIHTI SRR, moyss— RINE R A i A%
R K S AR, moh B R T i
(25 &, BAAr R g-dplant™, DRI E 2
1 H BT AR R MM IE KRB, Egs Tos ETqHIHALH
g-d-plant™, E. T. ETHIHA Kg-plant™.

AR 7EFHEACHEZE30. 45, 60, 75 E N
KRG, FHK T REOETH AR TES, 2007).

s=0.73ab (7)
b SONBMEA, A hem?, a N A K, bA
R BE, B4 em.

FE B (TR)E UM

TR=T/St ®)

TRIC AL g-d ™ em™, Seoh sk s T R

K3 FH 2R (WUE) R i 2R (TE) B R iR 2
A5

WUE =GY/ET (9)
TE=GY/T (10)
iz lg-kg-plant ™.

1.4 BEESHT

FESPSSHT: i R Y B8 3R 5 22 7 Wit AT St ok
T, SRR ER, &AL PEIE R R B3

(LSD)7EBEAT L85 o
2 LERMSHT

21 FEERMEES

L CONAHLL, ETaffi K&~ &FF(K38.9% (p <
0.05, K1), — &K NETal#(K T K &= EM
M =E&K, . M. HRES B (p < 0.05)
123.0%-. 9.1%F112.1%. 35— 5 [ 7 R 2 AP 1%
fi£5.2% (p > 0.05), FKFEF£1K35.6% (p < 0.05).

ECONMLL, ETsAXAE KT & [£K5.6% (p >
0.05, 1), Hrr=mEM k= 2% BRI A R, =
PN 3 (R B#A%2.2% R PE(%1.1% ¥ 0L 2[5
f1$1.5%) « \F-40J53 73 BC A1 2 53 B, ETS A SR i £k P
fi£12.0% (p < 0.05), fSi KR TR INT.3% (p >
0.05), ‘B MIIINGE AR T WORTEEUT FEXT R &1
AR, B s A wE .

HETsHtL, ETafii k&1 & [FK 1735.5% (p
<0.05, 1), —J7 1R K ZETafd K& 1 350 ki 4L
HERLEE 23 51980 (p < 0.05) 19.7%. 8.0%. 10.7%,
S —J7 R R ETalEAIC 7RG AY) & (11.6%, p
< 0.05). W3RTE%1(25.9%, p < 0.05), KIHETax K&
(e = /E F ELETs K .

22 FEHI
221 tEEEMZER=E

TwRELST, FHEFK 7 KEHEKRME, TH
ET (El1). 5CONHHEL, ETafli kG 84T HETH
/1>14.8% (p < 0.05), HHEL2.7% (p > 0.05), T
18/026.1% (p < 0.05); ETsfl KZETH/5.7% (p >
0.05), Z&/i & [%1K4% (p > 0.05), 7&Kk BFF1K10.7%
(p < 0.05); HETstb#:, ETafli k& & H=[4159.6%
(p < 0.05), Z&KETHE1.4% (p > 0.05), Z&MHEEFEL
17.3% (p < 0.05).

L ARIHRE X FR I I o R 7 e FOR AL 43 FR S R T AR 1R 22, n = 5)
Table 1 The effects of asymmetric and symmetric warming on yield and its components of soybean (mean + SE, n =5)

AL B FH bR JER A s W ka4
Treatment ~ Pod number Seed number 100-seed weight (g) Grain yield (g-plant™) Biomass (g-plant™) Harvest index (%)
CON 6.8 +0.66° 1.76 £ 0.00* 10.92 + 3.15° 1.31+0.06% 4.27 +0.85% 0.31+0.07*

ETa 52+0.12° 1.60+0.02° 9.60+1.72" 0.80+0.10° 4.05+0.79" 0.200.02°

ETs 6.6 +0.35° 1.74 +0.05% 10.75 + 0.47° 1.24 +0.06% 458 +0.41° 0.27 +0.01°

Different small letters indicate significant differences among different treatments (p < 0.05). CON, control; ETa, asymmetric warming; ETs, symmetric warm-

ing.
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Fig. 1 Effects of asymmetric and symmetric warming on
whole stage evapotranspiration (ET), evaporation (E), transpira-
tion (T) of soybean (mean + SE, n = 5). ET = E + T. Different
small letters indicate significant differences among different
treatments (p < 0.05). CON, control; ETa, asymmetric warm-
ing; ETs, symmetric warming.

222 EHMEBRESHER

“MEEE T, BERKGA RN,
BRI THI R 28 1 3R 1 128 T BE (B12A) . 5 CONAH
b, ETafIETs)Z5 Mo 275 K G AL & HA 0 i i
K FCON, A& 5 5 A R R) % 2 5% . ETsI 25 1
T AE AR A5 R 2 B T-ETa, 60K 5 M
FHERAZ B ZEFEE R T EAKEE, BE

04 r
A ——(CON
——ETa
03 F —hk—ETs
) 02 F

O ] ] L J
30 45 60 75
Ak FER 6] Treatment time (d)

G
Transpiration rate (g-d-1cm™2)

Ly SURIIEN

155 1) 22 5 0 25 1 5530-60K, ETafETsH) 157
i 3 2 43 i b X B 12.5% (p < 0.05) A119.7%
(p < 0.05), ETsH V3725 H % LETafik8.1% (p <
0.05).

KRR AR B AR B SRR E W 22, S I
ST B £ (E2B) . ETaRIETSI) ST 15 - TH AR
(30-75K) 43 | LEXF £ 24.2% (p < 0.05)F111.8% (p
< 0.05), ETsHJ ¥R (30-75K) LLETaim17% (p
<0.05),

2.3 KO FIAMERMEBYER

L CONAHLEL, ETaF#AIC 7 RS 7K 40 R H 2%
28.3% (p < 0.05)F7Z& M54 %17.3% (p < 0.05), F
FEFUNETal# K 7 KRR &, Jld 7K E 2L
FNZEME, SR = 5 P e AP 55 DR T 26 HIORN 26 1 1) 1%
ICHE B2, DT 7K 43 TR FH 20 28 0 285 s 200238 35 B A1 (1
3). HCONALL, ETsXS K5 7K 70 I FH 2 2 F 28 i
MR BEW . SETsHE, BINETaBRK T

KER R, Wb T RERZRNZRE, R &
PRI AL R 52 K T Z8 R 28 6 1 B ICIR I, P LLETa

AL IWUEFI TE ) 75 EELETSB#{I 1 28.6% (p < 0.05)
F1122.0% (p < 0.05).

3 gLt

U R R S AR B AT 1A SR AR 5T AR
SOEMRBERES & BRI FR AR
2 BBl I UK (Karl et al., 1993), Y& /E&2
AT U 18 o BRI LB RS [F) - i X E A (R 5

400
B —8—CON
—a&—ETa
~ 300 —&—ETs
7
5
=
E 200 b
3
=
S0}
0 ] ] ] ]
30 43 60 75

L PEET U] Treatment time (d)

B2 ARSI FRIIRAS K GA [F]I 78 i R SR - T AR R 52 ) (- S (bR HE IR 22, n = B). BRI Lo

Fig. 2 Effects of asymmetric and symmetric warming on leaf transpiration rate and leaf area per plant of soybean at different growth

period (mean £ SE, n = 5). Notes see Fig. 1.

www.plant-ecology.com

O Y 4= 25244 Chinese Journal of Plant Ecology



A RBORRIFR S AR TR K T BRI AR EOR 831

08 r
OCON .
OETa T
06 b HWETs
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KA FI A WUE MR TE

3 A FRE R FR TR K 7K 70 F 23 (WUE) A 2% i
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TR LD 7] 2 5 2 (p < 0.05) [V [FI&I1.

Fig. 3 Effects of asymmetric and symmetric warming on wa-
ter use efficiency (WUE) and transpiration efficiency (TE) of
soybean (mean + SE, n = 5). Different small letters indicate
significant differences among different treatments (p < 0.05).
Notes see Fig. 1.

ij(Rosenzweig & Tubiello, 1996), 1WA />¥Hf 7t A
SR SR R T V0 98 T GRS v T M 52 00 AL )
FRIRER o ASHIE T8 b Pl iR AR 2RS4 4] R S A
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HETaxt KRG A E R AE . ETax KEHAEY)
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REHIAFIFEI 3K 54180 55 (2015) ) 45 FEAHEL,
{2 5 Brown#FIRosenberg (1997). Lobellfl1Field (2007)
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7 [ AIR35.5%, 1 38 [ A 3 i i A AU B AT A 45
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(Dhakhwa et al., 1997), A7t R 52 Mz Xt
FREG IR R U R T PR iR, 2 B33 1) 1 iR
FE 5 S B E R A PR ARG I, AR T 5T
B (ELHSE, 2011).

ATAB AR I X0 K PR 52 M 5 L A 420 1 e DX 1 i
FEMRI A 5% (Abou-Hussein, 2012). 7E Lb A 77 [X 35k
UK B G RV A DAL IR BUR A Ry SE L X, A fk
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