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I nteractive Effects of High CO, Concentration and Biochar Addition on Root System
and Yield of Rice

ZHANG Feng-zhe, XIE Li-yong, ZHAO Hong-liang, JIN Dian-yu
(College of Agronomy, Shenyang Agricultural University, Shenyang 110161, China)
Abstract: In order to clarify the influence of biochar on rice root and yield under the background of increasing
atmospheric CO, concentration, the free-air carbon dioxide enrichment(FACE) was used to study the Jijing 88 rice.
The experimental included 4 treatments: atmospheric CO, concentration without biochar(CK), atmospheric CO,
concentration with 20g biochar per kilogram of dry soil(NB), high concentration CO»(550pmol-mol ") without
biochar(CN), and high-concentration CO, with 20g biochar per kilogram of dry soil(CB), samples at the tillering
stage, jointing stage, heading stage, and mature stage were taken to determine root morphology and physiological
indicators, and yield at the mature stage was measured and analyzed. The results show that the single factors and
mutual treatment have increased the total root length, total root surface area and root shoot ratio of rice root
morphological indexes, CN treatment reduced the root dry weight by 39.24% at the tillering stage, CB treatment had

extremely significant interaction effect on total root length and total root surface area in all experimental periods; the

* R 2020-10-16
REEWH: ERARBIERES (418751415 41175097)

TOBIWEE: WOLE, #E, BPRT NI R . SRR SIER, E-mail:ixly0910@163.com
FEEBARTTN: KX, E-mail: zhangfengzhe@126.com



* 288

hoE Ok M AR

542 %

physiological index of rice root system responded positively to single factors and interaction treatment, CB treatment
increased root bleeding intensity by 148.10%, 34.21%, 6.13%, 40.43% in each test period, and the interaction effect
on root absorption area was not significant; single factors and mutual treatment increased panicles per hill, grains per

panicle and 1000 grain weight, CN and CB treatments had negative effects on seed setting rate, while the CB

treatment increased the panicles per hill and 1000- grain weight by 0.11% and 3.39%, and the interaction effect did

not reach a significant level. the results show that except CN treatment reduced the root dry weight at tillering stage,

the effects of single factors and interaction treatment on rice root morphology and physiological indices were

positive. The interaction treatment had a significant effect on root morphology, the effect on the physiological

function of the root system was not significant, and the treatment increased the number of grains per panicle and

reduced the seed setting rate.
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Tablel Effectsof high concentration of CO, and biochar addition on the total root length in each test periods of rice(m)

AbEE 7rEEH T il FREAH)
Treatment Tillering stage Jointing stage Heading stage Mature stage
CK 19.70+2.89b 22.3342.33¢ 63.45+3.11¢c 80.40+2.04¢
NB 23.78+3.43b 53.15+1.82a 100.92+8.03b 175.35+16.76b
CN 30.10+1.34a 32.76+4.55b 205.83+11.90a 236.36+25.89a
CB 20.45+1.44b 25.4842.98¢c 105.32+0.96b 204.08+14.34ab
WK Biochar ns - " ”
CO, ns
CO,xBiochar - ** ” **

F: CK N KA CO, (400umol-mol™) FI-EIEHARRIMEN K, NB KA CO, AT 7T LRI 20g AW, CN NFEKE
CO, (550pumol-mol™") RNIRMAMIR, CB ARIKE CO, BT 5 T-LusN 20g EWR . R NP EebrEE, AF 55
FORTE R BRI P AR BRI E 0.05 ZKF 2R B3, ns FoRERBMLWAZE, A5 RFoREER K MHME 0.05
0.01 KV L&, FHE.

Note: CK: Atmospheric CO, (400pumol-mol™") concentration without biochar; NB: Atmospheric CO, concentration per kilogram of dry
soil plus 20g biochar; CN: High concentration CO, without biochar; CB: High concentration CO, per kilogram of dry soil plus 20g
biochar. Data are mean+SD, different letters indicate the significant differences at the 0.05 level between treatments during the same
sampling period. ns means that the influence of a factor is not significant, “ and ™" indicate that the influence of a factor is significant at

the level of 0.05 and 0.01, respectively. The same as below.
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CO, AR ¢ B — DR 20 4R 1 3 e 2 5 1 %5 i 58
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IAEP IR G R T KRR R ALK, THE L AR
FA U BEAG 7 3 P AU

MK 2 ATEH, HiEsYmAE (NB) 7R
SR RS B N KR B AR R TR . s

WEE CO, AbFE (CND FE4rBERA. SR FN pl 2408
BERIN T KRG EAR R AL, 77 HA3E 2 s A 2
Fo N COy R R B ) = 358 o A o 2 4 o Ak 2
(CB) Ja, fE&RIIHE CK 20A3 M 1 18.59%-
17.07%- 93.44%. 125.48%, fE/yBEMIVE T CK,
TEHRTT W B 2 I 1 456 2 (2 3 3 n 7 /K R AR
RO R . J7 Z250 MR B, B J A= ) Jk A B AT
RT3 AR el R St K R R 2 TR g e A
FOMEIREE CO, M HAFAHAE #3056 6] 7K Aig B A
R R IR, WHER—RNE K
VE AR5 T B IR B AR R IHAR, X 5 X KR AR
K2 A —

%2 BIRE COMAMEMRIKBLREHBRREROFME (cm?)

Table2 Effectsof high concentration of CO, and biochar addition on thetotal root surfaceareain each test periods of rice(cm?

pist 73 BE AT TR BRI
Treatment Tillering stage Jointing stage Heading stage Mature stage

CK 160.55+27.17b 198.28+15.83b 490.20+41.80c 824.80+29.20d

NB 187.72+22.54b 299.94+150.13b 633.03+238.64b 1101.86+402.97¢

CN 200.39+7.25a 383.88+148.11b 769.72+235.99b 1343.26+354.27b

CB 186.64+23.82b 495.02+21.78a 889.08+71.11a 1448.94+209.31a
LEW) 7% (B) Biochar ns ** ” ns

o, - - - -

CO,xB
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Table3 Effectsof high concentration of CO, and biochar addition on theroot dry weight in each test periods of rice(g)

st S BEM] wA S F A
Treatment Tillering stage Jointing stage Heading stage Mature stage
CK 0.79+0.27bc 2.01+0.06b 2.27+0.19¢ 6.52+0.79d
NB 1.32+0.06a 2.28+0.05b 2.40+£0.32¢ 9.72+0.40¢
CN 0.48+0.09¢ 2.20+0.18b 7.58+1.16a 19.36+1.05a
CB 1.11£0.14ab 3.53+0.34a 5.78+0.73b 14.93+1.50b
W97 (B) Biochar ns ns
CO,
CO,<B ns
080T B CK B NB W CN 8 CB 22 MEZEIKERAE BRI BRI
ool 221 WAL
 osl TR AR 5 9055 L S T LR 2R 05 30 E 70 1K)
2 w0l SRS, M 2 TTRLEH, DR A AR HAE )
2 o SIS RN T KR RO, b 7 f b
2 ol SRR S, IXF] 148.10%. KT CB ARFR{HK
ool FEMR A DAL EEIE N 1 34.21%, HEE®THE 3
000 SHACEE, FERNRENY] 4 HALPEMZERARE, NB 4
m@ﬁ%ﬁﬁﬁ%ﬁ&ﬁ&eﬁﬁie HEL CK HT 8.71%, CN A% CK #/07T
25 WGrowth stage 14.12%, CB ALEEAZ CK HIIN T 6.13%. fERGAYI

Bl SiRE CO, MARMEDHZITZIRIGHIKFEIRELL BIFT
Fig.1 Effectsof high concentration of CO, and biochar
addition on theroot-shoot ratio in each test periods of rice
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TR —R R,
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%%wm WA R 2 =T CK, e BRI AR 2R 9% R R A T £
gf, 200.00 | SEET CK M NB 4, HeddHmbiieiss
2 15000 CK. NB [H]Z R A EZE . CB ALK
.| 0 KT A BN T 46.97% . 48.99%
E <000 | 44.40%R1 55.52%, (ESPEEM. ShAE AT R i 25
- mT CK, HHEZEAE A ZERAEE, CB AL
Tillz\ii/ﬁiage Joiﬁ;z%qtage He:iﬁ%qtage Mﬁ?flsﬁgge SRR AT T AR 51X 0 ) B2 Sl 1 77 5693%\
o soge 108.35%- 60.00%A1 30.73%, {E3KTT G2 T H
B3 A, HeAEYE AR RN ZERAL
Bl 2 SiRE CO, FRMEMRITEIRIEHKFEIR RGRE OGN, B A R A B KRR S
AT

Fig.2 Effectsof high concentration of CO, and biochar
addition on root bleeding intensity in each test periods of rice
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IKFEHR ZR G 775 7K R Xt - 498 rp 9 4 WA B 7
TEREYIMG. HE 4. K 5 WTEH, RRELE
A1 K0 T 7K AR HR 2R A T R 137 SR R MAC T A AR S )
MR E A FEFERE G N, NB Kb 3 /K e A W i i AR A
BRI & R T CK, HERAEE, W

MR MAL T A FR) S M B SIS W 2 25 7K e KRB AR
FR U IR AT T AR 5 M 7 B AT ST ) X 2
Ko BRI CO, KRB /KRR 22 A IR AR
P 5 0 5 il RS0 3 2 K A YT IA R
FH R, O KRB AR 2 37 IR B MAC T B XY S35 i 2 4 35 391
BB G K, EAERA BN R K. TARLL
PRAAEARCTT IR ZCRE AR 28 37 R R AT TR AR P 52 ik 1)
WFKT, VLA RN BRI TR R EO KRR AR
AW AR B

£4 BRE COMAMEMRITAEEAWHIR AR LMK EIAIENEG (m?)
Table4 Effectsof high concentration of CO, and biochar addition on the total absor ption area of theroot system in each test

periods of rice(m?)

bl JrBE A Y Y
Treatment Tillering stage Jointing stage Heading stage Mature stage
CK 0.16+0.03b 0.19+£0.07a 0.66+0.09b 0.57+0.07b
NB 0.19+0.02ab 0.22+0.03a 0.73+0.14ab 0.77+0.02a
CN 0.18+0.02ab 0.20+£0.05a 0.92+0.05ab 0.76+0.07a
CB 0.24+0.03a 0.28+0.08a 0.95+0.14a 0.89+0.07a
LEW) R Biochar ns ns ns v
CO, ns ns
CO,xBiochar ns ns ns ns

=5

EiRE CO, MR MAEMR KRS R IR R FRIRE AN (m*)

Table5 Effectsof high concentration of CO, and biochar addition on the active absor ption area of the root system in each test

periods of rice(m?)

Ak 2g I BEY PRI EilipEy ] B

Treatment Tillering stage Jointing stage Heading stage Mature stage

CK 0.06+0.00b 0.05+0.02b 0.20+0.05b 0.21+0.03a

NB 0.08+0.01ab 0.06+0.01b 0.24+0.02ab 0.23+0.03a

CN 0.07+0.01ab 0.06+0.01b 0.33+0.04a 0.26+0.03a

CB 0.09+0.01a 0.11£0.02a 0.32+0.04a 0.28+0.04a
LEW 7K Biochar : : ns ns
CO, ns : ns
CO,xBiochar ns ) ns ns
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23 MERMKE=EMRAIZ AN

B — DR A EAE AR S5 /KRG A R . R L
AT EIHRFEREEEN (R 6). NB LA
AL 4hiSFEMTREYS CK HILERAEE, B
FIN T KRR RIS CN ACFE R N T oK
T R R RO A, SR A TR EZE R A
Ko CB /KRR AEHIEIN T 41.67%, i

FLHOR TR E IR 23 508 0.11%F0 3.39%, ffi4hse
REECT 8.42 NEM A, N4 HEF R, Hik
HEEFARE. TEMTRY, B—HELEAE
Aab P T 7K e A AURE 5 11 5 M 24008 B0 A S8 25 K, X
TR AN R, A A HIG KRS 45 S I 5
RN GRS, 6 BH AN []) A B 6 7K e 7= 1 () 52 T =
B FTEX KRG R R A e A b

F* 6 ERE CO, MR E MR XK FEF~ MR AR
Table6 Effectsof high concentration of CO, and biochar addition on riceyield

b7 BETREEL (SZE e EAPES THLE
Treatment Panicles per hill Grains per panicle Seed setting rate(%) 1000-grain weight(g)
CK 24.00+2.45¢ 149.50+4.49¢ 74.58+0.47a 21.43+0.46a
NB 25.00+0.00c 191.83+0.62a 76.37+1.72a 22.13+0.00a
CN 30.00+1.63b 163.67+1.25b 74.33+0.65a 21.60+0.51a
CB 34.00+0.82a 149.67+2.87¢ 66.16x1.91a 22.16+0.73a
W3 (B) Biochar - ns
CO, ns
CO,xB ns ns
3 HigGitit S B ARSI AR S v TR, 1X S COp REETFiAt
31 g BXKREIR RSB S —8. 4i60h

CO, 1E YDA, HIRE KN
g LR R AR AR B RES. ZHTR
KW, COp IR EA AR M, R IR
BT OKRE R A R R AR5 T KRR
RILBTEAREI R R, PR EHIFR TIRA T HE
bb, REE CO, AbBEFE R T A I UK R R IR
bR R EARK . BIRREAR ARG, X2
I 858 J82 FH A 5 R 6 RO I 8 45 RAH — 50, ik 7 R B
CO, T F N T KBIRE L. IRARED
B, mmRRAIRK, REBLARLE R
WA T4 SRR, CO,y WREETH & 264 N K F
MR B, RIEARARI A AR R,
FRE/E COy IREEHINERTE VKR A I REE, 1
PR A ML 5 1 b T A% a5 22 T (2 gk T AR &
g HTAXT COp PRGN T /KRB AR A 2
FRERIBE A R B, miRkE CO, B A FAH
IS YT AL T o B KRR AR 1 S R T AR T R AL
THI RS AR AR G PR bR 2 /N T3 UL, b ARG 25 11
BTG RMZE N, COy WRFETH N 7 /K R & B
VR AC T AR BRI S AR Y, B R — B R
DRI AT R 1k 6 e L 2 A R Bt Ak 2 5 AN [/
ARG LSRR, EREE CO, AL R /KFEH R0

WHFC A BHEWT IR AN 4518, i CO, IRERZMIRE D)
JRAN B A ER 2 R SR & RN 3 B AR R
RAARA, IF Hild fema g or 2 i Bl B A
FRIE S E B RER R M ERK R E,
MRS UE R, A=W e BE s AR T R 3 1

K B R # RBEHEDAEK R EP. ST
FORIL, AR BC AL AL T DASRE e 3 A HLRR &

BRSO KRR AR AT W A e AR
FA® TR BRI, AR X IR B il X KR
Ay A AR 2] T RIARAE A, AR AR R R AR A
RO, AR A= W A A AR R T V5 o 1 K A
gerh, IRIUHALRT COy WRPETHim B F X /KA
WA L& RN, 45 RRW], YR
BN T KRR A KEAR . SRR, RAT
HRARGE L, N T K RE AR AR A5 9 98 R L R AT
R, B EGERONHINE Y 5 e LIRSLRR RN N, A
A TARAERER, w8 A=Y e v Bt
H LIEPALVE BT, R KRR R A KRR
PARTFERI, LR COp IRBEHIINZAF T,
PR RN L e HUBR O R 1 FRKE 2255, 9F
FLREAL T A e cHy A N0 HERCY, T E AT
R H TARRRRE KIS W T R IARE . A
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R, WEMNMEGHIRE, mkE COo, 5EMIR
H ARG K FEIR R A e b 0 A B AR AR S R BN R
B, WIS R R A E R TR B, AR AL
FEXHR AT KR SRR IR, MR TE. R
WMERIN 3 A bR, o BEMIAR T IR &
P e R AL T R R v R R i T AR e A v, 45
7 AR R B A B R K R A RO R e, ]
AL B AR AL B T KR o BE YT AR R+
IR MRS IZ R T, BN T OKFE o BEEL, R
WE TS I R K

ZHORT =K CO, Ab B 7K 8 7™ 5 52 Wi 1)
KA TR, FACE AbPEFK I E & T /KFE -
B0 W TE 10a KAH FACE 7 B0 B b 22
o A SRR CO, 41 T /KREH = ) £ 8
JEREPT, KEHTFTIESE, IR i &
Vel 272 KRG st BREIR, mikE CO, 4b
L E SN T KRR AR R AR R, BRI T K
Faghaes, e 7 THE, HYRBIEEEKT,
B AR R AL T SE S N T KR R A, XX
FEE. SESE R R EEWALEE, EAEAENE
EHIN T KRG R CREEL, X 45 SR R R I
GRS, Sk A DR IR R 1 389 m 208 A 08 B
FAKT, ATRER T EIRE CO, B T /KREE
K, [FIEEINT KR S b, 580 SR R .
PR T 2 a0 2% A A0 - 8 A W R VS I e 22 /D 46
BRIZE 52 m, XK FERR R 5 = & 1K RS0 75 3 —
AISHE T, R FAE AL SR ) g — A R
BT,
32 #ip

(1) 5KS COp WAL 5 1 0] R ZHAH
Lo, BMEIREE CO, FHL it AR ) R AL BT K FB AR 5
TEZS J AR SRR S R IR B I sy, H =35 1 i 2k
K—F, IR COy FIANINAY R K FEHR R AR
e Ko B AR R HTAR A ELAE RS 3008 B B2 KF, |
AR 2050 S5 A B AN 23 BE S /K R AR 2R T 2 (R S R A A
BENKY, 4R TR, $EE T &l
IKFEAR R AR, R IR AT TR PR 5 M AN I 5

(2) JFZESHTRM, —F R & EAELERXK
e = ) Bl Hp R U 25T 52 T 2008 BB R 3 K
YT RIE R AR, SR COy ALBEFEK 17K
FRghsR . ML — R A, mkEE CO, AN
AR S K RE AR 2 A B Th A8 0 ELAE 2508 AN B 2

R IS T A P AL A B0 7K e 3 2 ) 5 i 45
AR A AR AT 7T
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