TYE T S I0RE] 2021, 27(6): 929-937 doi: 10.11674/zwyf.20529
Journal of Plant Nutrition and Fertilizers http://www.plantnutrifert.org

KRR CO, WETH R &AM T A Yy 55 KR
EX7/8= vl WS Qe =: D)=L

KR, #LF", Ritkx, &K%
(PR R2a AR 22 B, LT PERH 110161)

WE: [ BB ] KR ZHALHK (CO,) HEF S M EYCaER, TR aRmA Y iess e miE R R AR,
HSCTF ZF HAEXEY RS2 i AR A WSS, 5T, FRAOTIFIE T CO, ¥R T im St HIAE 4 e Wi BAE XA
W, [ ] R IL R BT, MUK A TR 88, IR 4 VA HL, FWHKK
CO, ¥eJ¥ (CK). HHKS CO, W + £k (B). mMkEE CO, (F). Mi¥E CO, + AW (F+B), HHKAHAE
WRE CO, 2354 400 FI 550 umol/mol, AEMIM M N 20 g/kg, T/AKRGBENT . $9 0. AR . LT H
B, MEMRE . SaEEYE. FEEREE, (R ] HKT CK, HAbl3 MRS T 4880 . 355 W
MBI KRR, F + B ACSRBR S 7E 3 SBT3 2003 I T 2.4% . 1.3%. 4.9% (P <0.01). M# T CK,
Fofth 3 A AEFEIIIEIN T OKRE AT EERT . SO BRI . ST oty L IRR R [T E, B AFEA
F A FEXKAEI R AR ZR R 3 H A S e Bk BB 8 K, F + B ARFR{URHAR & 5 A 52 1k 3 2K
F (P<0.05), 5 CKAHLL, F+B MK A BERIBA W28k, SRR N T 10.7%, T4k 1 WA
R AR T 5.0% ., 12.7%. AHEXTIE, WHRSR CO, WREE FhtiEY ik (B) KA CO, YREEANHE (F) /KF4
A AN Thr G R B B 25K F + B ARHI/KAS P tAl) i 2 h B kg, SOk 7 1 1) 5 i 3 )l i 2
Ko [ S8 ] B CO, WA M TR R bR L L 3B T3 A K X TR AR, (A SRS SR R = i
PR CO, MR T LM AE W AU HERE R A KRN T IR BRI AR A, iR B s P M 2, R R
U BRSO

XBRIR: AUk B KRR AR e

Synergistic effects of biochar application and elevated atmospheric CO,
concentration on rice biomass allocation and yield

ZHANG Feng-zhe, Xie Li-yong®, ZHAO Hong-liang, JIN Dian-yu
( Agronomy College of Shenyang Agricultural University, Shenyang, Liaoning 110161, China )

Abstract: [ Objectives ] Elevation of atmospheric CO, concentration affects the photosynthesis of crops, and the
application of biochar is beneficial to the root growth of crops. This paper investigates the interaction effects of
elevated CO, and biochar application to reference proper nutrient management for increasing elevated CO,
concentration in the future. [ Methods ] A pot experiment was conducted in Changping, Beijing, using Jijing 88
as rice variety. There were 4 treatments in the experiment: normal ambient CO, concentration without biochar
(CK) and with biochar (B), and high CO, concentration without biochar (F) and with biochar (F + B). The normal
and high atmospheric CO, concentrations were 400 umol/mol and 550 pmol/mol, and the biochar application rate
was 20 g/kg. Rice samples were collected at the tillering, jointing, heading, and maturity stage to determine plant
height and biomass distribution. Yield and yield components were investigated at harvest. [ Results ] Compared

with CK, treatment B significantly increased rice plant height at tillering, joingting and heading stage, but not at
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the maturing stage, while treatment F and F + B did not significantly increase plant height at all the four stages. B,
F, and F + B treatments all increased total dry weight of single stem, leaf, root system, and above-ground biomass
of rice at the stages under consideration. The total dry weight of rice leaf, root system and above-ground biomass
was higher in biochar (B) and high-concentration CO, (F) alone; F + B treatment only had a significantly (P <
0.05) impact on the dry weight of roots. Compared with the control (CK), there was no interaction effect (P >
0.05) on the rice root-to-shoot ratio at the tillering stage. However, the values increased by 10.7% at the heading
stage, decreased by 5.0% at the jointing stage, and by 12.7% at the maturity stage. Application of biochar (B) and
elevated CO, concentration (F) (P < 0.05) increased rice ear length, grain number, and one thousand-grain weight.
Rice yield showed an increasing trend under the interaction of biochar and elevated CO,; however, the interaction
effect was significant on one thousand-grain weight only. [ Conclusions ] High-concentration CO, and biochar
show a significant positive interaction effect on rice growth and yield components. Increasing atmospheric CO,
concentration is beneficial to the growth and dry matter accumulation of rice plants above and below ground, but
it reduces the seed setting rate and yield. Combined application of biochar under high CO, concentration not only
promotes plant growth and dry matter accumulation, but also significantly increases yield components, showing a
good interaction effect.
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Fig. 1 Effects of biochar on rice plant height under
elevated atmospheric CO, concentration

[ # (Note) : CK—H LK< CO, #JF Normal atmospheric CO,
concentration; B— % Ml KR CO, W JE + ¥ & Normal
atmospheric CO, concentration with biochar application; F—= ¥ &
CO, Enriched CO, concentration; F + B—&E K E CO, + =¥k
Enriched CO, concentration with biochar application; H_EARRF/NG
FAEFORN R4 B AL HL ) 25 5 B 3 (P < 0.05) Different lowercase
letters above the bars indicate significant difference among treatments
in the same growth period (P < 0.05).]
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F=1 E=R. CO, REMKERSZMN G E ST
Table 1 ANOVA analysis of biochar, CO, concentration on

rice plant height
¥ A FlH P{H
Factor df F-value P-value
B 1 0.560 0.474
F 1 4.779 0.057
F+B 1 16.799 0.003™

¥ (Note) : B—## RS CO, #E + Ak Normal
atmospheric CO, concentration with biochar application; F—= ¥ &
CO, Enriched CO, concentration; F + B—E#JE CO, + ¥
Enriched CO, concentration with biochar application; **—P < 0.01.
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Fig. 2 Effects of atmospheric CO, concentration and biochar application on the dry weight of rice at different stages
[# (Note) : CK—H#H KR CO, #E Normal atmospheric CO, concentration; B—7¥ ¥l K< CO, ¥ + A= #/% Normal atmospheric CO,
concentration with biochar application; F—=¥#¢ & CO, Enriched CO, concentration; F + B—E#kEF CO, A ##% Enriched CO, concentration
with biochar application; I AR[FE/ING FRE /R Al —4: F W40 B A] 22 55 .3 (P < 0.05) Different lowercase letters above the bars indicate
significant difference among treatments in the same growth period (P < 0.05).]
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Table 2 ANOVA analysis of biochar, CO, concentration and growing period on dry weight of each part of rice (P value)

SR FI HEE LE SN iR Mo bR WAETH HIE L
Factor daf Dry weight per stem Leaf dry weight Aboveground dry weight Root dry weight Root to shoot ratio

B 1 0.540 0.005™ 0.005™ 0.007" 0.522
F 1 0.010 0.009™ <0.001* <0.001** 0.289
HH W Growing stage (G) 3 <0.001** <0.001* <0.001** <0.001** <0.001**
F+B 1 0.945 0.494 0.291 0.033" 0.418
BxG 3 0.949 0.628 0.066 0.658 0.569
FxG 3 0.045" 0.609 <0.001™" 0.003™ 0.180
B+F)xG 3 0.971 0.797 0.032" 0.013" 0.895

# (Note) : B—H KA CO, HE + 44/ Normal atmospheric CO, concentration with biochar application; F—E ¥ £ CO, Enriched CO,
concentration; F + B—& & CO, A4 Enriched CO, concentration with biochar application; *—0.01 < P < 0.05; **—P < 0.01.
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Fig. 3 Effects of biochar on rice root to shoot ratio under
elevated atmospheric CO, concentration

[ (Note) : CK—## KA CO, ¥ F Normal atmospheric CO,
concentration; B—# M KX CO, HE + 4 5 Normal
atmospheric CO, concentration with biochar application; F—=¥ &
CO, Enriched CO, concentration; F + B—pkEE CO, A=Y
Enriched CO, concentration with biochar application; A I AR[E/NG
TR E— A F YA PRE] 22 57 B2 (P < 0.05) Different lowercase
letters above the bars indicate significant difference among treatments
in the same growth period (P < 0.05).]
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Table 3 Effects of biochar application on rice yield components under elevated atmospheric CO, concentration conditions

e SRR A (em) HRL S (%) THE @ R (e
Treatment Panicles per plant Panicle length Grains per panicle Seed-setting rate 1000-grain weight Yield

CK 1333+£1.25a 17.73+£0.12 ¢ 101.00+2.45b 92.84+1.06 a 26.83+0.03d 1.37+0.17 a
B 14.33+047a 19.62+£0.29 ab 10433 +6.13b 93.93+£0.71a 27.62+0.04 c 1.68+0.21a
F 1333+ 1.25a 19.22+£0.24b 121.00+0.82 a 92.69+1.09a 2798+0.05a 1.35+034a
F+B 15.00 £ 0.00 a 20.37+0.54a 128.33+6.85a 9391+1.59a 27.88+0.01 b 1.66+£0.14a
75223 HF ANOVA analysis
B ns o wx ns o ns
F ns ** ns ns ** ns
F+B ns ns ns ns o ns

# (Note) : CK—¥H HLK CO,#E Normal atmospheric CO, concentration; B—# #l K<, CO, #E + 44/ Normal atmospheric CO,
concentration with biochar application; F—Ei ¢ £ CO, Enriched CO, concentration; F + B—& & CO, + 4 ¥7% Enriched CO, concentration with

biochar application; **—P < 0.01.
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