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Morphological traits and yield of soybean under elevated atmospheric CO,

concentration and temperature
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Abstract . Increasing levels of atmospheric CO, and temperature are the two most important factors of global climate change.
As two key environmental factors for plant growth, the changes in atmospheric CO, concentration and temperature can affect
photosynthetic productivity of crop plants. Moreover, used as a raw material in plant photosynthesis, increasing atmospheric
CO, concentration will have a direct positive impact on photosynthesis and a series of physiological and biochemical process
in plants and finally on crop yield. The atmospheric CO, level is increasing sharply with the expanding scope of human
economic activities, which raises Earth surface temperature, eventually leading to global warming. In general, the
photosynthetic rate is not saturated in most crop species under ambient CO, level (about 375 pL L™'); hence, the
increasing atmospheric CO, level can enhance the photosynthetic rate in most crop plants. Howerver, the effect of climate

change on photosynthesis, and physiological and biochemical processes is much more complex and unknown in most crops,
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especially in cultivars with high photosynthetic efficiency under the assumption of concomitant global warming and
atmospheric CO, concentration increase. In this study, soybean cultivar HN41 with high photosynthetic efficiency ( =17.64
pwmol [ CO,] m™>s™) and three varieties ZD16, ZD35, and GHD2 with normal photosynthetic efficiency (10.75—15.48
pwmol [ CO,] m™>s™) were selected to study morphological traits and yield of soybean under elevated levels of CO, (650
wL/L vs. ambient CO,) and temperature (+ 0.5—0.6°C vs. ambient temperature ). The results indicated that CO, levels
significantly affected plant height and stem diameter, as well as dry weight and seed weight per plant. Temperature levels
and the interaction between CO, concentration and soybean cultivars significantly affected seed weight per plant. Relative to
ambient CO, concentration, elevated levels of CO, promoted plant height, stem diameter, and dry weight and seed weight
per plant, particularly under higher temperature. Moreover, elevated CO, significantly increased plant height in HN41,
ZD16, and GHD2 at high temperature (18.9%, 24.4% , and 31.5%, respectively) and significantly enhanced dry weight
per plant in HN41, ZD16, ZD35, and GHD2 at ambient temperature (7.3% , 4.7% , 16.0% , and 18.8% , respectively) ,
in contrast to ambient CO, levels. Compared with ambient temperature, higher temperature significantly increased only the
stem diameter of HN41 under elevated CO, levels and significantly enhanced the grain weight per plant in HN41 under
ambient CO, levels. In addition, stem diameter, root/shoot ratio, and grain weight per plant in HN41 were significantly
greater than those in normal cultivars (ZD16, ZD35, and GHD2) under the same conditions of atmospheric CO, levels and
temperature, whereas dry biomass per plant in HN41 was significantly increased compared with that in ZD16 and GHD2. In
conclusion, increase of both atmospheric CO, levels and temperature significantly affected plant growth of the highly
photosynthesis-efficient soybean. Elevated CO, concentration can promote plant growth particularly at high temperature,
whereas elevated CO, favors accumulation of photosynthetic products at ambient temperature especially for the highly

photosynthesis-efficient soybean.

Key Words: Soybean; global warming; elevated CO,; growth; yield
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0.01) , i BE K 5 CO, v B A S P = 2Z (8] A B 28 BAE AR B &R K Stk (P=0.25), K1 &
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GHD2 #k 1 (P<0.05; & 1A .C Fl G) ,R6 JHHRE 4300 b 88 5 1 18.9% .24.4% F1 31.5% , Ut W& CO, R i
TE R IRAL BT X i RO IR SRk R A S B T 5 COL MR BE THs i W B 4 1 W AL BT GHD2 fkk =
(P<0.05; K 1H) ,R6 Atk W EHEm T 8.8%, AL, mi AlE CO, M BEAL PR  HNAT kR S {0 3 = T
GHD2( P<0.05) ,{HY 7ZD16 F1 ZD35 itk 22 %A B 3# (P>0.05) .

F1 FEEEMCO,RETEAMARENEANBRMERKEEN=ZAFEENEFEZENN, URFEREGEHN=ZAFHFEIF(F/P
&)
Table 1 Three-way repeated-measured analysis of variance (ANOVA) on the growth indexes, and three-way ANOVA on the yield index of the

soybean cultivar with high photosynthetic efficiency and the control soybean cultivars ( F/P values)

IR R

"Co 4 § CO,XT CO, xCv. v.  CO,XTempXCv.
Measured indexes 2 Temp Cv. 2 lemp 2 XLV TempxCv X TempxQLy
Hiﬁ((lm) 8.49/0.005 ** 0.0370.87 6.42/0.0013 ** 1.33/0.25 0.37/0.78 0.16/0.92 0.66/0.58
Plant height
ZEHM (mm) . .
. 6.86/0.011 1.99/0.16 21.13 / 000 5.34/0.023 0.72/0.55 0.73/0.54 0.80/0.50
Stem diameter
S |E(g) 39.15/0.000 “** 0.008/0.93 5.98/0.002 ** 0.33/0.57 0.52/0.68 0.99/0.41 0.32/0.81
Dry weight per plant
56k L (%
*Eﬂ?uj( 0) 2.13/0.15 0.75/0.39  26.86/0.000***  0.008/0.93 1.35/0.28 0.34/0.80 3.95/0.017 "
Ratio of root to shoot
AR .
PRI () 50.52/0.000 “**  4.61/0.039"  65.32/0.000 """ 0.013/0.91 8.80/0.000 *** 0.98/0.42 0.21/0.89

Seeds’ weight per plant
TCO, : CO, /K- (i CO, M RINT IR CO, ¥ ) CO, levels (elevated CO, vs. ambient CO, ) ;* Temp : i /K- (H iR AMEHE) Temperature levels
(high temperature vs. low temperature) ; ¥ Cv.; K &5 fhi A (B4 41 A5G 16 A5 35 MHE:H S 2 5 ) Soybean cultivars (HN41, ZD16, ZD35 and

GHD2) ; * P<0.05,** P<0.01, *** P<0.001,

XTR G2 7, WA R2 R4 Fl R6 AP CO, /K- Z[H] (P<0.05) Fil 4 A~ K& B Z 3] (P<0.001 ) 2
S HAAERER COMRIEMIRE RS EAEM (£ 1,P<0.05), &2 W, COMETmARERTZEM
FEaEY | H R IR AL B R 6 2SI BV E P R, 48 LSD Ko 46, S XHIR CO,MRBERILL | 7 COL MR B i T
TRALPER ZD16 1 ZD35 (2201 (P<0.05; K 2C F1 E) ,R6 HAZER /0 01 B E 42/ 1 15.0% 1 13.0% , LAk, [
— CO, M FERR AL BN | KRG 22K YK HN41>ZD16>ZD35>GHD2 ; 1.SD #3560 3 W | iR sk & HN41 1925
LR 2R TR HOEROR S ZD35 F1 GHD2( P<0.05) , 1l 5 ZD16 22 5 A 5.3 (P>0.05) .

2.2 CO, MR BE G BE T X K 52 A i 1 5 M)

Y ESEAEYI A P PR R AR, R A KR R S RTE R — ., IR EE
TR (£ 1) FEELJHA R R2 R4 A1 R6 WIHAS CO, /K2 [A1LL K 4 A dibFp 22 6] B Rk A= 4 7 i 2
S (P<0.01) M XIS CO,MREE il =35 Z (B AH B 58 BAE AR R W g s SLAE o= i, /13
R, CO MR BT A fE it R GAE Y R s, HR IRAN LT & COL MR X KG9 i R e dEVE K,
EXHIR CO, W FEAEL , B CO, M B 25 32 0 1 W TR AL B R =R K B HN4L FIE B3k & ZD16 . ZD35 Al
GHD2 By ¥y& , H R6 WAk T B9 RN T 7.3% (K 3B) 4.7% (& 3D) .16.0% (& 3F) F1 18.8% ( [&]
3H) . BEAh, ®iRAE CO,MREANEE TN  HN41 AYERPRAEY) - i 1 2% & T ZD16 Al GHD2( P<0.05) , 11 5 ZD35
B 2555 AN 83 (P>0.05)

2.3 CO, MR BEAR BE T E X K SRS Fb 9 52 k)

HR 56 HE A L T 3RAR 2R 5 Ho b [0 5l 2 A W A LA, T R R AR HOE AR F =4 7E b T &85 o[- 3B

HLUE A 4y BOLs 8, 2 S WA G S VR = Y B B LR SR A b, — R FEH 0 & 5 2250 i 9
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Fig. 2 Stem diameter of the soybean cultivar with high photosynthetic efficiency and the control cultivars under different levels of CO,

and temperature
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Fig. 1 Plant height of the soybean cultivar with high photosynthetic efficiency and the control cultivars under different levels of CO, and

temperature ( Soybean cultivar with high photosynthetic efficiency: cv. HN41 (A and B)
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