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Effects of Elevated Atmospheric CO; Concentration on Root Growth of “Strong” and “Weak”

Response Rice Varieties: A FACE Study

TAO Ye'?, CAI Chuang', WEI Wei'?, YANG Xiong'?, WANG Dongming'?, SHEN Min'?, SONG Lian', ZHU Chunwu'"

(1 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing
210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: As one of the main scenarios of future climate change, studies have shown that high atmospheric concentration CO,
([CO,]) will promote rice yield and the yield increase varies greatly between two rice subspecies (indica and japonica). However,
there is still a knowledge gap on whether the yield response difference between subspecies is related to root growth. Here we
conducted a FACE (free air CO, enrichment, FACE) experiment using “weak” (Oryza sativa L. japonica, Wuyungeng 23) and
“strong” (Oryza sativa L. indica, Yangdao 6) yield responsive varieties, elevated [CO,] (590 pmol/mol) and control
(390 umol/mol) treatments were set. Minirhizotrons were used to detect the root growth status of the two varieties continuously
and dynamically, and the root turnover rate was further calculated. The results showed that elevated [CO,] significantly enhanced
the growth of rice roots of the two varieties, and the root length, surface area and volume across two varieties were increased by
120%, 106% and 98% on average compared to the control, respectively. The root turnover rate of Wuyungeng 23 was
significantly reduced by 66% under elevated [CO,], the root turnover rate of Yangdao 6 increased by around 18%. For
Wuyungeng 23, most of the root increased by elevated [CO,] was mainly distributed in the shallow layer (32% to 56%), however,
the root distribution of Yangdao 6 in the deep layer was increased from 12% to 20% by elevated [CO,]. Combination with the
yield response and aboveground nitrogen uptake, we concluded that compared to root morphological indicators such as root

length, the turnover rate of rice root system and the distribution ratio of deep root system may be the main reason for the obvious
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difference in the response of indica and japonica rice to elevated [CO,].

Key words: Elevated CO,; Rice; Root growth; Strong and weak response varieties; Minirhizontrons
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Fig. 1 Responses of root lengths (A), surfaces (B) and volumes (C) of WYG23 and YD6 to elevated [CO;]
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Fig. 2 Responses of root turnover rates (A) and distribution ratios (B) of WYG23 and YD6 to elevated [CO,]
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Fig. 3 Responses of aboveground nitrogen (N) uptakes and root lengths per culm of WYG23 and YD6 to elevated [CO,]

THORR B vk e 2o e A Ja vl LA (8 b s 25 1
MR R AR, AFREE | 57 IRHE AR R T
YRR A B R, R IAAR Bt B — 1)
JRBRTE . B, e UL S LA AR A A BT
JCTE A58 F ) LA A AU B AR RIS T8 AR,
H ek BRI R A AT IR 8L A T
W, KRR AED", RARFESHERE L
Hep, AR 1Y B IR)Z B2 N — B0, X
BT AR BEAR R AR A WL 2] (MR R AN TR A,
HTR AR R T AR I B IR R A K
AR T Ty AR A R AR o AR TR 7 1 (A R e I
7 T RE AR G 3 T b A Ak R ) (10 25 5 T & ol
] () 25 5, I T5 25 P& R TRI AR 38 AR 4 B oy A et o i
R ELAF IR Y O ok it — 2 I B0 E . 2is
K 23 7F FACE T AR 3 AR 2 Ji e A AR DA SO
I] T Fi AR ZE 45 922 2027 = [COL % 19 4 i A ] )

e 22 S T RE S R B IR I RRE A O, IkAh, Rz
i 23 7E FACE AR J& 55 R BAR 1 55 — 7T e B A
JER AT RA R, RIiZEE 23 BFF RN A
BE9HE 6 5wl B e n B A AR it — e
I FSET RS HE 23 BURAAR R R R R AR
s A — 2 B R B, (EAR AR A IF IS KRR R A K
PRAL T —FPIEAL . AEREIRME I BT S I
S 5E R ACOL T o Bl A P45 R - 119 A2 A X 7K
R R A KR i A R

4 g

F[COL B ik T b MK R R A K,
AR R . 3R BRI AU X X B S35 38 fin 1
120% . 106% F198%, x5 H =g fH R EW
Wi AR R [COL) ™ BH B BN A 56 o 5t & P ) 22 5 1
&, 7E FACE &M F, ¥f 6 STEMRKEIEESH

http://soils.issas.ac.cn



768

+

i

554 %

AT RGEHE 23 RA DL AR R A 5 A RIAR
RMRIZ AT B TGS K 230 455476 6 S1im
[COL] T F8 ™ £k i1l 8 280 3% Wi A & 0y 48 W 22 7 T

iz

B 23, FATA B TR ER AL SR,

IKAREAR 3 1 J8) 2 R 5 TR 2 AR AR 20 A LA 119 22 55 T g
Je KR 7 B R R B R 13 [COL 7™ i Wi 7 22 5 Y
EEFNA,

SE WK

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

Meinshausen M, Nicholls Z R J, Lewis J, et al. The shared
socio-economic pathway (SSP) greenhouse gas concentrations
and their extensions to 2500[J]. Model
Development, 2020, 13(8): 3571-3605.

Fukagawa N K, Ziska L H. Rice: Importance for global

Geoscientific

nutrition[J]. Journal of nutritional science and vitaminology,
2019, 65(Supplement): S2-S3.

Rosenzweig C, Elliott J, Deryng D, et al. Assessing
agricultural risks of climate change in the 21st century in a
global gridded crop model intercomparison[J]. PNAS, 2014,
111(9): 3268-3273.

Rosenzweig C, Parry M L. Potential impact of climate
change on world food supply[J]. Nature, 1994, 367(6459):
133-138.

Cai C, Yin X Y, He S Q, et al. Responses of wheat and rice
to factorial combinations of ambient and elevated CO, and
temperature in FACE experiments[J]. Global Change
Biology, 2016, 22(2): 856-874.

Hasegawa T, Sakai H, Tokida T, et al. Rice cultivar
responses to elevated CO, at two free-air CO, enrichment
(FACE) sites in Japan[J]. Functional Plant Biology: FPB,
2013, 40(2): 148-159.

Shimono H, Okada M, Yamakawa Y, et al. Rice yield
enhancement by elevated CO; is reduced in cool weather[J].
Global Change Biology, 2008, 14(2): 276-284.

Zhu C W, Xu X, Wang D, et al. An indica rice genotype
showed a similar yield enhancement to that of hybrid rice
under free air carbon dioxide enrichment[J]. Scientific
Reports, 2015, 5: 12719.

Zhu C W, Zhu J G, Cao J, et al. Biochemical and molecular
characteristics of leaf photosynthesis and relative seed
yield of two contrasting rice cultivars in response to
elevated CO,[J]. Journal of Experimental Botany, 2014,
65(20): 6049-6056.

Hasegawa T, Sakai H, Tokida T, et al. A high-yielding rice
cultivar shows no N constraints on CO;
fertilization[J]. Frontiers in Plant Science, 2019, 10: 361.
Yang L X, Huang J Y, Yang H J, et al. The impact of
free-air CO, enrichment (FACE) and N supply on yield

“takanari”

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

formation of rice crops with large panicle[J]. Field Crops
Research, 2006, 98(2/3): 141-150.

Yoshida S. Fundamentals of rice crop science[C]. Manila:
International Rice Research Institute, 1981.

SeAREE, A, R ARBRA S B S R E (M.
Jeat: AR H A, 2009.

Canadell J G, Pitelka L F, Ingram J S 1. The effects of
elevated[CO;]on plant-soil carbon below-ground: A summary
and synthesis[J]. Plant and Soil, 1995, 187(2): 391-400.

Bader M, Hiltbrunner E, Korner C. Fine root responses of
mature deciduous forest trees to free air carbon dioxide
enrichment (FACE)[J]. Functional Ecology, 2009, 23(5):
913-921.

Norby R J, Ledford J, Reilly C D, et al. Fine-root production
dominates response of a deciduous forest to atmospheric CO,
enrichment[J]. PNAS, 2004, 101(26): 9689-9693.
LB, 930y, WAWE, 45 FR40 AT T AR A
BRG IR IR WS BE R (1], R AR
2019, 38(3): 863-872.

VRARAR. CO, H BRI BE T = X K A AR 3R A R A 52 A D).
AT AUl R, 2015.

VFEF. AKAEIR R B MRS COp MR BETH i1 R 17 F4 5 A
#2% % -FACE fF5%[D]. #M: M K2, 2011,

Lou Y S, Inubushi K, Mizuno T, et al. CH4 emission with
differences in atmospheric CO, enrichment and rice
cultivars in a Japanese paddy soil[J]. Global Change
Biology, 2008, 14(11): 2678-2687.

Sun C M, Liu T, Guo D D, et al. Numerical simulation of
root growth dynamics of CO;-enriched hybrid rice cultivar
shanyou 63 under fully open-air field conditions[J]. Journal
of Integrative Agriculture, 2013, 12(5): 781-787.

WREICE, R, #HM, % JlsS o, T
FXFKFEAR RIE S E 0 [T]. B IREE, 2005, 14(4):
503-507.

AT, R, ERERIE, A KRR COL MR BT XA
RFZIE S S HR L], Y8 57 5 IR kAR
2011, 17(1): 240-246.

B SORE, Tt COLMREETFHE XAl . BERE A A AR &
AR T]. m AR R =24, 2021, 44(1): 27-35.
RER, RIEE, WK, % KBERBEKKLEN CO
JE T e A o IO R FG R D A 22 R 0], AR AR IR 2R 4R
2014, 23(3): 439-443.

XIELIL, MR, BEEEmE, 5. FACE Xf =R Z3CHIFFil
63 MRARIE W MBTFE[T]. Ll IR ER224R, 2009,
28(1): 15-20.

Wb, R, XIZLT, 45 FACE Xl EH 14 A4
KB MW, /EY2-4H, 2005, 31(12): 1628-1633.
IR, . KA B OO R 1D Re K 7 T
YERRRFSE[I]. HEARLBR 2%, 1984, 17(5): 3-11.

http://soils.issas.ac.cn



