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Abstract: [ Objective ] To provide a basis for an advanced study on the impacts of biochar on soil carbon and nitrogen cycling,
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the effects of residence time after isotope labeling on the §">C and §'°N values of rice aboveground and underground tissues and
biochars derived from these two tissues were studied. [ Method ] Rice plants were labeled with *C and '*N by pulse labeling of
13C-CO, and foliar fertilization of '*N-urea, respectively. The residence time of 4 h, 6 h and 24 h was set after '°N isotope labeling.
The labeled rice plants were divided into aboveground and underground tissues and four biochars were produced by pyrolyzing
these two tissues at 300°C and 500°C, respectively. The 6'°C and §"°N values of rice tissues and their biochars were determined
by isotope mass spectrometry. [ Result ] With the increase in residence time, §'°C values of the aboveground tissues of rice plants
gradually decreased from 872%o to 578%o, while the §'>C values of the underground tissues gradually increased from 226%o to
869%o. Unlike with the 6°C, the 6"°N values in the aboveground tissues of rice plants first increased then decreased, and the
maximum(1 764%o)occurred at the residence time of 6 h, while 5'°N values in the underground tissues first decreased and then
increased. Overall, compared to rice tissues, the 6"°C and 5'°N values of the biochars decreased by 52.1% and 15.9%, respectively.
Moreover, both the 6°C and §'°N values of the biochars were highest at the residence time of 24 h, especially for the 300°C
biochar. With the increase in residence time, the reduced proportion of the §'*C of hot water extractable dissolved organic carbon
when compared with that of the residual solid increased from 4.14% to 11.0% for the 300°C biochar, while it decreased from
32.3% to 18.9% for the 50 ‘C biochar. This indicates that increase in the residence time decreased and increased the uniformity
of 13C of the 300°C and 500°C biochars, respectively. [ Conclusion ] Our results demonstrate that the effects of residence time
after labelling on 6'°C and §'°N values of the rice plants were different, and the biochars did not retain the isotopic signature of
the raw rice tissues. Residence time and pyrolysis temperature together affected the uniformity of '*C in rice biochars.

Key words: °C and "°N dual-isotope labeling; Foliar fertilization; Residence time; '*C uniformity; Rice; Biochar
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Table 1 Recovery of *C of aboveground and underground tissues of labeled rice plants harvested at the residence time of 4 h, 6 h, and 24 h,
respectively

| R ESy sy Il

{5 B Rk 1]

Residence time/h Aboveground tissue/% Underground tissue/% Total recovery/%

4 19.8+0.8 Aab 1.4+0.1 Bb 21.2409b
6 17.6+0.3 Ab 2.0+0.3 Bb 19.6+0.6 b
24 21.0+£0.3 Aa 16.5+1.1 Ba 37.5t1.4 a

T RAPBUERR I £ ARUER, n=3, RE/NG FRERKFEE 45 . EAFHEEITE (4h, 6h, 24 h) ZRIMIEHRLF
FERFESR, P<0.05; NAKEFEERRMFERE, KRR (M LS T ES) ZERRATEBE 2SS, P<0.05, T
[l . Note: Values in the table denote mean + standard error, n=3. Within one tissue of rice plant, different lowercase letters denote significant
differences in °C recovery between different residence times (4 h, 6 hand 24 h), P <0.05; Within one residence time, different uppercase
letters denote significant differences in '>C recovery between aboveground and underground tissues P < 0.05. The same below.
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{2 B8 It E] Residence time/h
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W B R B FIERARMERR . n=3. AFR/NGFRERRARR S B BFE . REBE (OKFE . BC300, BCS500) Z [BJFFAE i 3
2SS, P<0.05; RRIKEFERRAREHBIR (4h, 6h, 24h), MFEIMEZFEREE2ESR, P<0.05, FF. Note: Vertical
bars denote the standard errors of the means, n=3. Within one residence time, different lowercase letters denote significant differences
between different materials ( rice plants, BC300 and BC500 ), P <0.05; Within one material, different uppercase letters denote significant
differences between different residence times (4 h, 6 hand 24 h), P <0.05. The same below.

Bl 1 4=RRESIEN 4 h, 6 h, 24 h BRIC/KRE I 13853 Ca) A T 3843 (b) K HAE 300°CHT 500 °CHil 4  4E P i s iy 67°C
Fig. 1 "C values of the aboveground (a) and underground (b ) tissues and the biochars produced at 300°C. and 500°C  from the tissues of the

labelled rice plants harvested at the residence time of 4 h, 6 h, and 24 h, respectively
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Table 2 Recovery of '°N of aboveground and underground tissues
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o
w 2 B 1 ] i 5y i 5y
2001 JEREITES
Residence Aboveground Underground
100 L Total recovery/%
time/h tissue/% tissue/%
0 4 38.8+0.3 Ac 6.3£0.0 Bb 45103 b
BC500 6 77.5+2.2 Aa 8.9+0.3 Bb 86.4£1.9 a
ORI ] 24 552404 Ab  24.8+1.2Ba 80.0+1.7 a
Treatments and residence time/h
2 DOC R A A Residual solids
3 1

TE: Al 52k 3R A R] 457 B A a] L AR [) il 48 1 BE 7y A=
Yise, DOC FIFk A [ A2 | REH2 S, P<0.05; RFEK
5 R R () ) 5 TRLBE B 2R SR R AR TR 448, AN () 452 B
V) 22 (] F) W 35 P 22 5, P < 0.05, P i 2 4 P I (H M Am i 22
n=3. Note: Within one residence time and one biochar, different
lowercase letters denote significant differences between DOC and
residual solids, P <0.05; Within one component of one biochar,
different uppercase letters denote significant differences between
different residence times, P < 0.05. Vertical bars denote the

standard errors of the means, n=3.

Kl 2 {FEBEfEN 4h, 6h, 24 h BbRIC/KRERTHL EER5>
A3 AE 300°C ( BC300 ) Fi1 500°C ( BC500 ) il #5694 9
R PFOK AT BCEHLER (DOC ) F5k 88 A 61C

Fig. 2 6"C values of hot water extractable dissolved organic carbon
(DOC ) and the residual solid of the biochars produced at 300°C

(BC300 ) and 500°C ( BC500 ), respectively from the aboveground
tissues of labeled rice plants harvested at residence times of 4 h, 6 h

and 24 h, respectively
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Fig. 3

(=R 4 hy 6 h Al 24 h fARICAKAERY L EERST (a) IR ER4: (b) BOHAE 300°CHT 500 °C il 4 1 A= 4 B e 14
J"N
0"*N values of the aboveground ( a ) and underground (b ) tissues and the biochars produced at 300°C and 500°C. from the tissues of the

labelled rice plants harvested at the residence time of 4 h, 6 h and 24 h, respectively
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