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fill, XA AR AR A P i AN IE N BE I AE — e FEE Bk EE
SFREER . KIEHERER, g EWE, KR[CO.THE
RERS R R (4,) 5 35%~60%", H CyHH
I A, X [COL) T i e R BH 2 o DA 2 $0it 7o &5

LK, RS KAR[CO,)FEL 4, B3N, T HA[CO,]
F kT A4, N2 NERESR, B 4, X &E[CO ™
AE RO, B, TR [CO T A TR
A FE I LM AL P PR A7 AR 22 W s R 43,
YRR BLE NN 1 17T B S R 2 7E R [CO,) P &rid
RN, FEOLAYEN N BB S EE Y B I A
W SO, SR, AR, KA A M
B4 Rubisco B A S EBISTE. I N IR PRS2
SEOCAEREN RN EER K, 546, BAR
IR (Vo) HIR/NEEZ 3] Rubisco £ F AT
HE s, KT E[CO,]) R, Rubisco &&= MiE A
FL[CO I NI PR . BT, TEMREY 8 FifEd
1ERA[COEIAEE 60 d JG R, 8 FEMINI &l
HRBIEZR V0 VIR . IVEBESEIILHL, ARKER
KA[CONIFHFELIBE s AME Vg AR, B K H TR 3T
K (S WHFTREAK. SR1M, 5L Fh7E m[CO,) A5
) A, FFARBE RS [COL) T i A FE A ] (0 ZE K 17 K F . 451
U, Darbah 25N FE 45 R, (LM B B AL IR
CO, IREEH 11 a, HFHEHE, KB TALEE, K
KA E R RENR R, HRARAECEERERN
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. B, BT KA E[CO PR i M Fr ot
GHEEMNIEHANGEE, HYESSKENE FIHIIE
T E R
KA[COF R A Y o6& E R =4

ERom, EHESILSE (G MZAEBER (T) 1k
&M, BRI, G, XF[COL] i O3 5 B P ) A e i K A=
Ao N, AT AR DG 7 R IS [COL M3 5 Bk
Y G, BEAIK 10%~40%, H AP RARFEARNK G, EEEAAEY)
AT AR, F Ak, [COoL T S8 A /K- WUE
LA A, FEE A T, BRAR AR FI/E 45 R0 8, 4R,
AR HON[COIF R G, MIBEARZ BF3843 <
FLKRH, MM s v RER WUE. I6Ah, 53
FRI[CO T A A, ARG, WUE B E {02 H T
T, FAR T 3 B T8, {H Kimball 252051765 58 th 45 2 AH
S Es R, BI[CO I GIEE ) WUE B2 T 4, 4%
KEE, 1 T, MBEEFFAR. 25z, BT e
[CO,] ' WUE 2 His& t 1 4, B AnIL 2 T, 1 BRARR el
F/EFH M ER. KRR T KRS (Ghcine max (L.)
Merr.) &N (Triticum aestivum L.)+ BHHFEHK (Poa
pratensis L.). BFEE (Lolium perenne L.) FlfE
(Festuca arundinacea Schreb.) FFEAIEZHNI[CO,fF
S ftyme N, G P FIVEY) WUE 3246, IR B AR
K[CO MG FE = AEY) WUE N ENLER, e84k
B 5 N ACH AR R G0 BRI IE B 5K ) fE AL EE i
AR -

1 RS

L1 MR SR
FIF 8 Nul LAERf#H] CO, W FE I KB N TR f%FE

(5 1830 cm x %E 1798 cm x & 675 cm) T 2017 4F 10
A 7 HRE R WEER 10 cm, HE 30 cm) K&

(Glycine max (L.) Merr.) %/N3Z (Triticum aestivum L.~
LR EOR (Poa pratensis L) BFEE (Lolium perenne
L), E¥3 (Festuca arundinacea Schreb.), 5 KT HH
JaREHE W 3 MR, ZANEZ— O BOE W B R 24 R

(BN K HFEZE 450 F#/hm> P %A 0~20
cm FHEMEELR S EFL (B 2:1, AT, ¥4
[ - 5 B AL 2 50005 2 WL SCER[10] . N AU A8 1) iR B2
25 °C () 16 'C (B 76 ZIEHEEREE 1 000 gmol/(m?-s)-
JEREE BN 08:00—20:00 (). 20:00—08:00 (7). #H
SHEIE 60%~70%. BEHLE 8 NN TAMEMEEN 2 A
[d] CO, WPEEALFE, Hrp 4 NN TAMFEHNAEARFIKRA
CO, R, %400 umol/mol; 7 4 N N LS MEF M CO,
WE B E A 800 umol/mol, BIEEAS CO, W FEALFRY LI
TARMBRIEN AANEEREAR (n=4). RIEGHEEE7d RS
FYEPIEEK (BR4E 500 mL) A1 Hoagland &7 (RF4:
30mL) % 1Ko
1.2 MEMESAE
1.2.1 vt h A/ CH&kegmzE

M A Li-6400 #2006 &€ £4 (LI-COR Inc.

Lincoln, Nebraska, USA) U 5 /EYIH F #0136 &8 R 541
Hulal CO, IRFEERIEUAE (4,/CH mhZk. EFERAME M L
- (09:00—11:00) #4T 4,/C; BHERRIMIE, KEHAE/N
FRMR A NGRS 3 AN e I A fr, 3 FhEL

M iE P f E3B7E o R IF I U A,/C th2k . I /T de
I A TR & e FEE % 1 500 gmol/(m’-s),
WM =R A 25°CHY, RIS 4,/C MR B
KERWHERE (Vo) FEKHEFAEEEE (), FHAE
B3R 4, T, 7 G, 2% FIH A WUE = 4,/T, i+5nt
Jr RBE 7K 2 I 0%

AWUE = (WU ~ WUE ) x100% (D
WUE 499
A800 - A400
PFA = Asoo x100% (2)
ASOO -4 400 + 7—;’400 _7—;’800
A400 7—;'800
PFT =100 - PFA (3

FHAWUE y WUE (3918, %: WUEggy F1 WUEq 731
N CO, IRFEREHIF H AR COLIREE R WUE,  Agoo Fl Agoo
53R COL RN B 28 COL MR EE N L& 8 2, (umol/
(m2-s)); T,~400 *ﬂ Trgoo ﬁ‘%uj‘j%ﬁﬁjﬁ% C02 #&}E*ﬂ COz

{538 F (7% B3 K (mmol/ (m*s) ); PFA Nif & id%x
FhEoit it 7K WUE 20 oTR 3, %: PFT NZEE(E
FH BT 7K WUE 2216 sk %R, %,
1.2.2 ARSHANZ

KN N =R GG, A bRifE B 7 d
B 1 RPRE, DA g B OC SR R 0 T K
PRI, A& /IN 2 ) DA 348 25 T -2 K BE AR vk v
e 3 bk, MHRESINE 3 R, BCFIME: K 3 A
1 COL IR M HE 14, 28, 42 F156 d, fEBYZ 2 cm &
FE, AR AE KRN DA K E S REW LA . 74,
¥ 5 FEPILE 85 C N HLT-IIE /EYH E AT I N A&,
R W EO AR TR TR L
1.2.3 »f R RLE N

EEXTEERIEYD, 25 AL B RE LG R B R Ay R T
)3 A, BTFHUHE 105CAF 0.5 h J&, 85 CHLE
48 h ZHE 2 . FH 7t R 2 Hr{¢ (VarioMax CN; Elemnetar
Corp., Germany) JEEMIHIHL BT DR EEITHE
HmaE %,
1.3 HEGEITE S

PR Z 2= T7 Z 0T COy IR BEAE IR ANR]
fE A B A K S5 2, R A Duncan’s
Multiple Range Test HCEACER A ) W E 2 7. BT 4
T4 F] FH SPSS 13.0 (Chicago, IL) Sit#t58 %,
BT VE B R Microsoft Excel 2010 sz,

2 FBR55H

2.1 [COl &3 R EMEMIM A SRR RS H R0
ZHRFE T EZ G RER, (EFZER[CO0N 4,
(P<0.001). T, (P=0.012). G, (P=0.009)7"4 & 352 HAF
(£ D. MRS ERCEEE U,) . TILT
[ (Gy) &I ZE CTO MK 73 2% (WUE) X4 = [CO,)
FIm REFE S FEYRAFAEEZR (- Do [COlTHmkt
K5 A G T, WUE 3 72 A2 B 5210 R = [CO,]
RERERENEN G, HIFEAN 4,. T,F WUE =4
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BELI (B 1. KA[COTH i 4 v R A& Fi
A, BEFEZ43% (E 1), (HAERZER) T, K 30%,
T 2 2 H 5 WUE 29 175% (B 1) REE[CO, {5 B PR A%
EH R AR EE T G,y HEF R F /K WUE.

CO,#k ¥ CO, concentration/(umol-mol ™)

g 307 O400 @800
; C‘.“ 25 a a a a a
% 252 2
o & g 15 a
REE b
#2510
A a
3 5 H
Z 0 I—I—m 1 1 1 1 J
KE  &ME FEHRREKR BEE HEF
Soybean  Winter  Kentucky Perennial Tall fescue
wheat  bluegrass ryegrass
VEHIFhZ Crop species
a WL AR
a. Net photosyntheic rate
1.4
3 1.2 a
§o10
B3 08
&
%5 E o6 b a
rE é 0.4 ?
ke AN
< 0. a
% 0 rl—r?] 1 1 1 1 ’—l% ]
KRG &ME FRBER BEE  REF
Soybean ~ Winter  Kentucky Perennial Tall fescue
wheat  bluegrass ryegrass
YE#RHZE Crop species
b. SALFH
b. Stomatal conductance
9 -
sk a a
g§=71 2
= | —
wed oL a
5 g N a
#®Eg4r b a
®EEI
ES2F 2 g
1 =
0 W 1 1 1 1 J
RE &A/hE FMBEHR BEE REF
Soybean Winter Kentucky Perennial Tall fescue
wheat  bluegrass ryegrass
YEPF2 Crop species
c. Z&M R
c. Transpiration rate
10
S s
B 5 E 6 a a
® 2 a
X 5 S 4r 2 a b
'{‘ s b
22T
1

(=1

Soybean  Winter Kentucky Perennial Tall fescue
wheat  bluegrass ryegrass

YEHIFF Crop species
d. KRG FI 2

d. Water use effciency

I ANRAFEFRRFA—AEMAR CO EHZREE (P<0.05), TR,
Note: Different letter means significant differences of each crop among CO,
concentration treatments (P<0.05), Same as below.

B 1 [COME¥xt 5 A4 omF. ARIFE. RiE
ik FFa Ko A R R 09 Bl
Fig.1 Effects of doubling CO, concentration on net
photosynthetic rate, stomatal conductance, transpiration
rate and water use efficiency of 5 crops

2.2 [CO]fEtE 3t AREE¥IM B WUE RYSZIm
HE 151, [CO H X KREME/NER WUE TG
BEZESR, MO RI[COME T 3 FrEsErt

-

WUE 3805, 2530k 2 i, KRA[CO,)FExf 3 Ff
RPN EE S, BEE ., B R BOR S R
ZEH WUE 4393275 175% 161%H1 74%, ZFWJELPEEL
(£} WUE X [CO, 1Tt e i i 5 bb K 5 A0 & /N 22 BN BURR

#2543t WUE B8 SR IE R, R A, WA T,
FIBRARST 38 s i WUE 968 ek, (EHAS A 7R )47
TERCKZE 5 A, 38 5 6] B 32 5 WUE 1R 5Tk 67%,
M EEE 0 A, ZALTTHER 37%. FRWE A4 R R, RIHE
VR 2 100 55 3 2 K [C O M o7 ) KRS A7 A2 I B 2
S BRI x [CO XY WUE 724 8.3 48 HAEH

(P<0.001; % 1.

R 1 [COFFIHEMEIRINE KRS HRIF M
Table 1 Effects of CO, concentration and species on
physiological traits and growth parameters

P {H P value
R TERnE x
Parameters UEAEIES CO, I E CO, i
Crop species  CO, concentration  Species x CO,
concentration
VAR O T R
o <0.001 <0.001 <0.001
Net photosynthetic rate
T P T R
%ﬂgi <0.001 <0.001 0.012
Transpiration rate
= 3
ULSE <0.001 <0.001 0.009
Stomatal conductance
F Ny 2%
ARIT R R <0.001 <0.001 <0.001
Water use efficiency
AR i <0.001 0.845 0.932
Relative growth rate
it <0.001 0.794 0.007
Ratio of root to shoot
AP Total biomass <0.001 0.002 0.016
7 (Note): 0=0.05.
FT2 [COEETAEMEBRET LI 3 FEKS

FIRAMET LRSI R
Table 2 Contribution of changes in photosynthesis and
transpiration to change in water use efficiency of 3 grass species
under doubling CO, concentration conditions

ke WUE Hifig A, TTHREE T, Uik %
Speci WUE Contribution from Contribution from
pecies increase/% A% T,/%
AR 16133 46.39 53.62
Kentucky bluegrass
”'.‘iﬁ 174.55 66.94 33.06
Perennial ryegrass
T 2F2F Tall fescue 73.74 36.94 63.06

2.3 [COlEHEMIEMHRRRUERMFE KB FHER
By A

TER[CO) KM T AN BEEREEFN Veona
AR E 26%. 58%F1 55% (& 2); BEEFH Jne HI
97 pumol/(m*s) HHNZE 165 umol/(m*-s), & E =L 70%,
SR, KR[CONMEIXT K E . &/h3E, B R SR AR
FEHN] S AR (H 2)
2.4 [CO.]fEEFHMEMEKSE N

AR AR BN, 35 KA [CON K HIFHX A
KigR, R AR A &A= AR ELm, (HA)
BEREENEME LA RAEYE (P<0.001; £ 3).
[COLNTF X 3 BB R (1) A Kl R AR 7 LE LT 380 77
g, (HRHEEEMEEFM LAY, RFHAF
VEPIAE XS [COL T i o7 (R U AP e 25 5, B& 3 Fh
TP WA R ZE R (R 3D,
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0 Foéﬁf(fcozconcenumon/(ﬂmol mol™) ijj[] AR N /E\%; M3 C/N [ FBE (P<0.001)
60 @800 a (ﬁ 4), R T/"EI_J[Coz]Xj‘R/J\ED_I‘H‘%ﬁ@%IL%Z?ﬁﬁ
Fsof a b FEARREIR o [COL T 51 ik 3 PR AR B L ORI N B s
) mrﬁi-buﬂﬂ#a@ﬁﬁ%tb (C/ND; [FIIS, $RE[CO, )&% 12
E 30} e
S 30 R R AR C SR, S4h, mEFES M AR
20 - N~ =
~ 1341 C ERHIIIN 2.5%F1 10.2%, MM FET AR 1
X C/N 3411 56%A1 20%, fHAE o0 v N & A8 % %
NG R/J\i ﬁﬂ’e'ﬁ"%ﬂi %iﬂ %i% . A EL
Soybean Winter Kentucky Perennial Tall fescue 1EE(P<0001 )°JH:§I\’ %Elj%}é x [COZ]XTH+}£I4 N E(P<0001)
wheat  bluegrass ryegrass 1 C/N (P<0.01)ﬁ?£5'4%‘ HIZZ HAEH ; FIRS, Fi2s < [CO,]
FEYIRN A A o
Crop species XHRE C &8 (P<0.01) FIN &8 (P<0.001) ¥JFA1EL
& BARLER FHEWZHAEH .
200 ~ a. Maximum carboxylation rate
180
~ 1601 £33 [COEETIEMEKSEBE M
§ 1401 Table 3  Effects of doubling CO, concentration on growth
8 1201 parameters of crops
g 100 a - — - =
5 80 a M FCOI FAEKHESR  B[CO P &[CO T E AR
i 60 - a Cro Relative growth rates at  Root/Shoot at each ~ Total biomass at each
40 P cach [COL}/(mm-d ™) [CO,] [CO /(g pot™)
20 400 800 400 800 400 800
0 — mol mol”’ ol'mol™ zmol'mol™ zamol'mol™ xmolmol™ ymol-mol™
KRG ANE RRRR R B P R £ £ £
Soybean Winter ~Kentucky Perennial Tall fescue St 144032 2.0+0.5a 0.08+0.01a 0.09:0.01a 0.38+0.05a 0.29:+0.04a
wheat  bluegrass ryegrass Soybean
fras N 027+ 043+  1.16x  1.72+
Crop species Winter  4.6£1.1a - 4.0£07a o5 0120 0136 024a
b. BKHFrEEEE wheat ’ ' ' '
b. Maximum electron transfer rate m
Fih
A2 [CO ST RRLAEE (Vo) F7 BHAR 0 0ir0a 1024004 067E 0405 1227+ 1343+
’ : : ’ 0.20a 0.15a 1.59a 2.04a
RREFHEEERE (J,,) 9FH I;i‘;m;tz
Fig.2 Effects of doubling CO, concentration on maximum ¢
carboxylation rate (¥, y,,) and maximum electron !Zﬂ%ﬁ 0.52+ 047+ 1651+  18.80+
transfer rate (Jpa) Perennial - 5.9£0.6a  5.8£0.5a g, 0133 327a  2.72a
ryegrass
2.5 [CO]fEHEAEEY C. N B EHIFNT FEF ai00a sesoda 0725 083 14695 2061+
2y Tall fe ' ’ ’ : 0.83a 0.08a 1.22b 1.53a
$EE K ACO T BURE AR C & & K, (HA] ks
x4 COREFEMAREY CHNRENHIT
Table 4 Effects of doubling CO, concentration on C and N contents of different crops
It I
B o) Latuammcon | HICOTFION e ) ReaNareadicy  HICO FHRON
Crops 1 1 Leaf C/N at each [CO;] 21 1 Root C/N at each [CO,]
A(mg-g™) A(mg-g™) /(mg-g™) A(mg-g™)
400 800 400 800 400 800 400 800 400 800 400 800
umol-mol™ zmol'mol™ gmol-mol™ gmol-mol™ xmol-mol™ gmol-mol™ zmol mol™ ;tmolmol’] umol-mol™ gmol-mol™ gmol-mol™ xmol-mol™
Soj;tf:an 403.6+0.3a 390.5£0.2b 32.0£0.1b 33.6+0.2a 12.6+0.1a 11.6+0.1b 352.4+1.3a 350.7+1.8b 26.1+0.3b 38.4+0.la 13.5£0.2a 9.13+0.2b
3
L i 377.7£10.32368.8+22.1a 23.743.1a 27.9+2.6a 16.1+0.5a 13.2+0.5a 376.1+7.1b 405.6+4.1a 15.940.1a 16.3+0.1a 23.7+1.0a 25.0+1.3a
Winter wheat
HHh AR
Kentucky 421.1+5.1a 429.143.8a 26.5t1.5a 18.841.4b 15.9+0.8b 22.9+1.4a 406.6x11.1a 408.1+4.4a 10.6+0.2a 9.5+0.2a 39.649.3a 43.5£7.7a
bluegrass
Perennial  414.840.9b 421.140.3a 24.7+0.4a 22.1+0.2a 16.8+0.3a 19.2+1.6a 390.7£2.0b 410.44+4.4a 9.7+0.2a  9.4+0.la 41.0+6.8a 44.1+6.3a
ryegrass
Tj?zjue 398.8+4.8b 408.9+2.2a 34.6+3.0a 22.7£2.3b 11.6+0.9b 18.1+1.8a 381.0+£5.5b 419.8+7.4a 10.5+0.la 9.5£0.03a 36.7+4.1b 44.2+1.0a
P value of two-way ANOVA
CR 0.88 <0.001 <0.001 <0.001 <0.001 <0.001
[CO,] <0.001 <0.001 <0.001 <0.001 <0.001 0.23
CRX[CO,] 0.34 <0.001 0.01 0.01 <0.001 0.37
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2.6 AEMEYMIMRZEBEESNESENXR

5 MEI AR RS N SEACRNE 3
B, B 7 REM A T, 5 N SE0HCHENRE
(R*=0.26) 4, HAth 4 F{EMM T, 5 N S EH 2 HK
EAINE (R2=0.70).

41 13
Q ~ .
8% 39 < - - 231 x
g!gg 137 55029
@535 =g g 27
5 Ea3 BET2S o
§E [-o7se30 - - W EE23 7=0.44x-0.41
= 5o K =026 P=030 g2l R=0.73 P=0.03
: i 19— s
HHN, M A NJi
Leaf N content/(mg-g™) Leaf N content/(mg-g™)
a. K& b. &/NE
a. Soybean b. Winter wheat
2.9 26
&é =27 225 °
J25 E 24 °
Eg £%23 MEL23l e
£ 5521 g‘gézz
WEELIL ¢ p02axr118 B g21 y=0.16x+1.73
E<17 R=091 P=0.01 [._5; gzg o R=070 P=0.04
157 4 6 8 %5730 35 40 45 50 55
AN B PN B
Leaf N content/(mg-g™) Leaf N content/(mg-g™)
c. K RBR d. BER

c. Kentucky bluegrass d. Perennial ryegrass

3.6
¥ gq 30
b R= E 2.7
1.5 24 A A
w® : E 21t o 3-069x+0.63
&< ig _ R=0.71 P=0.04
1.4 19 24 29 3.4 39 44
AN RS
Leaf N content/(mg-g™)
e.

e. Tall fescue
B3 frmEEEELSTH NSZHXA

Fig.3 Relationship between transpiration rate and leaf N content

3 i i

KA[CONT ot Bl A 2 R G0 7= A de B f 2
FRY R e 2 0 R O B M P B 5, ) A ol e L 4 ' it
FE AR A AR 2% KR [COLNT = A R Al 2 3 i 1),
DA K 2 MO0 TR G I FE AT S [CO, M B R AH DS HF
FEGERRY], IR [COLH T Rubisco FIFR LI,
[F B A AU P U2, BT 2 7 AR P 05 ' I 6
35%~60% B>, SR, R HUEITE F[CO,] I
& RE TG i, (RGN X2 FE A6 0 1) A [R] i &
AR, B R R AN [ SRR R A R E R
B4, Huang 5PV LK S[CO M1 42 i 7o) ) 95 1
(Agrostis stolonifera) WIHLH RIIEFEL] 21%, 15
B P I 78 50 R IL[CO,) fi5 1 T B kML ( Chioro-
phytum comosum) F1 732~ (Eupatorium heterophyllum)
ARG B SN 53 I 9 I 29% 0 74% o AHIE ST I,
3 ANELFERLIFNN S [COL e N B 1 AN AR [R], B
FEFE[CO FE B ZFHDL A RBER (4,) BFHHEN
43%, fHiEF3 MR ORI 4, A K EAZN.

JUE ZH TR IR COL) T ey W1 S S AR 4 0 15
Hobr R NGER, AH 5 A BT EARE $E R KR [CO, LT X

A, AFEEIERR, HRIE TR FEAEA R S 2 1)
&, HP “O%& " Bl% (down-regulation). VAFERIHH
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1 KR [COL M T K Rubisco e K & & K5k 2%,
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KREMN RIS R OAUESE, BE[COM 2 FE
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FIRIE T AR IR [CO T FEAR XS AL R RE I (Liriod-
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AHEAERH. ERIARR[COMEWAMT, G, RA
A BEAE Db 24 DL R 58 S A S5 A AT R A2 AR Ak, T HLIE
ZHAMABR R GRE. KRZE. BEEFK R
FrszmloPl, AR FUR I, &N B REOR, B
FE 2 F G AR B [COL P T 45 A PR 4 53%.
50%- 41%A1 36%. LMERTTIRY], MR G, FFEIRATRE2
SHAEYOLEERI R R EEA, SR WA K
20 ZMHEDTEE[CO) %M NRI N G, MIBEIE, (241
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JeEE NI R I AR AL R BRI R . AR
g R, RER S KA [COIAEE FREM F G A8 A
WE, HHRAERGENIG, RIS T REIESIL
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DUIAEVF Z 070 K I, 32 i [CO,] W] e di it 1 B A P 25
i 3 2 12324 kg R e i A KCE R WUEN, il
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FriE e TG E R BRI S R, T, BRI
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IR R BRI T mIE 30%~100%">% . 534k, CO,
WRE IRAE . K AR R T B — i 1 R RLRE,
FEAE RIS R AR A8 Ak, 3R T RHVE 7K 3 R A3 7= AR 47
S 00 i Ah, KR [CO T SN A R AR RE, &5
A BRI KA SR I A8 4k, 38 B X K 4 A A3 5,
FARNEYAEK SR G BRIl &S R T 2% 2 M
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Effect of increasing CO, concentration on photosynthesis and
leaf water use efficiency of crops

Zheng Yunpu, Li Fei, Hou Yikai, Guo Lili, Zhang Xixi, Ma Chao, Cao Xu, Hao Lihua™
(School of Water Conservancy and Hydropower, Hebei University of Engineering, Handan 056038, China)

Abstract: Global atmospheric CO, concentration has been increased from 280 ymol/mol to over 400 gmol/mol following the
19th century industrial revolution, and may even be over 800 umol/mol at the end of this century, which may lead to drastic
impacts on the structure and function of natural and managed ecosystems. We studied the effects of doubling CO,
concentration on physiological traits and water use efficiency of 5 crop species soybean (Glycine max (L.) Merr.), winter wheat
(Triticum aestivum L.), kentucky bluegrass (Poa pratensis L.), perennial ryegrass (Lolium perenne L.), and tall fescue (Festuca
arundinacea Schreb.) using 8 environmental growth chambers that could accurately control the CO, concentration at 400
umol/mol or 800 umol/mol. Leaf gas exchange measurement was performed with a portable photosynthesis system
(Li-6400XT). Photosynthesis vs intercellular CO, curves were obtained to fit the maximum carboxylation rate of Rubisco, and
the maximum electron transfer rate mediated ribulose bisphosphate regeneration. Meanwhile, we also obtained the stomatal
conductance, intercellular CO, concentration, transpiration rate, and leaf water use efficiency of crops. Results showed that
doubling CO, concentration significantly increased the net photosynthetic rate of perennial ryegrass (P<0.05), but barely
affected that of the other 4 crops (all P>0.05). Our results from two-way ANOVA showed that crop species and CO,
concentration has significantly interactive effects on net photosynthetic rate, stomatal conductance, and transpiration rate of the
5 crops. Meanwhile, elevating CO, concentration decreased the stomatal conductance and transpiration rate of crops except for
soybean and winter wheat. As a result, elevating CO, concentration increased the water use efficiency of perennial ryegrass,
kentucky bluegrass, and tall fescue by 175%, 161%, and 74%, suggesting that grass species may be more sensitive to elevated
CO, concentration than soybean and winter wheat. Both the increased net photosynthetic rates and the decreased transpiration
rate may contribute to the enhanced water use efficiency, whereas the contributions from the net photosynthetic rate and the
transpiration rate depend on crop species. The increased leaf photosynthesis contributed the enhancement of water use
efficiency for perennial ryegrass and tall fescue by 67% and 37%, respectively. Moreover, elevated CO, concentration barely
affected the relative growth rate, root/shoot ratio, and total biomass of soybean plants, but dramatically increased the root/shoot
ratio, and total biomass of winter wheat. Meanwhile, we also found that elevated CO, concentration had little effect on the
relative growth rate, root/shoot ratio of the 3 grass species, while significantly enhanced the total biomass of tall fescue. These
results suggested that crops in response to elevated CO, concentration was obviously species dependent. Additionally, our
results also showed positively linear relationships between leaf nitrogen content and transpiration rate of crops except for
soybean. Overall, our results suggest that the responses of physiological traits and water use efficiency to doubling CO,
concentration depend on crop species under future climate change.

Keywords: crops; photosynthesis; transpiration; doubling CO, concentration; leaf gas exchange; water use efficiency



