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Abstract: [Objective] Effects of biochar addition on the soil aggregates were analyzed for controlling erosion, maintaining
permeability, and retaining water and nitrogen fertilizer on forestland. [ Method] In a one-year pot experiment, soil sample
from a forestland in Fujian was used in treatments applying either no extra materials as control (CK), a chemical fertilizer (F),
wood biochar along with a chemical fertilizer (MC), or straw biochar with a chemical fertilizer (JC). The chemical fertilizer

contained 1 g of urea, 2.19 g of superphosphate, and 0.44 g potassium chloride. Biochar was added at 140 g per pot. Nitrogen
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fertilizer distribution in soil was visualized by analytical data, and a topdressing of 5 g "*N-urea included to trace nitrogen

movements. Soil aggregation and aggregate stability were monitored. [ Results] (1) The content of macroaggregates in soil

was significantly raised by MC or JC over F with the greatest effect on the aggregates larger than 2 mm—a 108.92 % increase

by MC and 119.11 % by JC. (2) In comparison to F, the presence of biochar under MC and JC stabilized the aggregation

structure with significantly higher indexes on MWD, GMD, and R~ 55 mm and lower D. Between the MC and JC treatments, the

latter was superior to the former. (3) The biochar addition also heightened the total nitrogen content in soil aggregates of

different sizes. The MC-treated soil had a higher content than the JC counterpart. The nitrogen contribution rate by larger-than-

2 mm aggregates was significantly 38.09% more under MC and 69.10 % under JC than F. (4) When biochar was added, more
3"N was detected in the >0.25-2 mm aggregates. MC resulted in 2.25-fold, and JC 3.89-fold, of that of F. The nitrogen

retention in large aggregates significantly correlated with the aggregate stability of soil. [Conclusion] Application of biochar

not only enhanced the stability of aggregates but also reduced nitrogen loss in soil at forestland. Nitrogen fertilizer was retained

more effectively in macro- than micro-aggregates in soil. The straw biochar appeared to improve more on aggregate stability,

while wood biochar more so on nitrogen retention.
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26°04'58"N ), 4FE-F- K 20~25 C, F L,
TeFE A 328 d, AF-FHFERN &4 900~2100 mm, J&
P FAHT Z XU R A . S R A AR A RN
m R Y (119°04'107E, 26°13'31"N) 0~
20 cm )= L1, FPHRR 18,5 €, HHERA AT
B, 2 ARNTEERAYR ., A0k, IHEYIRKE
22, Rt 2 mm 0 g5, FEAHR AL B pH
576, APl 21.90 gkg ', 44 133 gkg |, AW
0.08 gkg ', 440354.07 g'kg |, BAMRA 41.20 mgkg ',
AR 19.26 mgkg |, HAH 33.73 mgkg .
1.1.2 X344
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FeF T I RAL 2 h )5 R EHBFEE L 100 B . A
BeIEANERT . pH 895, 40K 5015 gkg . A 7.4
gkg . TR 39.01 mgkg s AR RS FF R LA M R
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Table 1 Fertilizer applications for various treatments

A HIEALRE N & Fertilizer input per pot of soil/g

s BIE e
After manuring Base fertilizer
Treatment
PN-pr 2 JRE I BERRES A AR FhEFFIR
BN (10.10%) N (46%) P,0s (12%) KCl (60%) Wood biochar Straw biochar
*HECK 0 0 0 0 0 0
HAEF 5 1 2.19 0.44 0 0
KR+ IEMC 5 1 2.19 0.44 140 0
IKFEREFT BHLIEIC 5 1 2.19 0.44 0 140
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B (g ) =108 P R R 4 R i X2k g 1
PR T 8 X (HHEPNEFE-0366) / (FMEN F
J#-0.366 ) /1000
14 BWHIT D

% FH| Microsoft Excel 2019 K SPSS 25.0 # b #E47
ARGt 550, JFR g R E M. SR Canoco
5 AT IUA ST (RDA ). S H Origin 2021 #4f
T

2 ZRE55H

2.1 YR HIEER RS R

S (F2) £, MR s ER R T >
0.25 mm K BAK & & (P<0.05), FEMKT AR
T a R A R P SR AR 1) R AR AR,
o >2 mm LG A IR AR R R R K R R
5 E I >0.25~2 mm Bigk, /AR >2 mm
RIS, e A W e Ab B > 2 mm A7 - 398 P B Ak A
FE AR A b FHSP-34 i 258800 T 108.92% 5 119.11% (P<
0.05), MC 5 IJC A2 RARE . £>0.25~2 mm
kife, MC, JCAbBEAY HIEHA RIA S R B E KT
F. CKAL#E (P<<0.05), H MC 5 JC Ab By AT 5
SR F M HIE KT 8.02% 5 14.19%, JC At
A MC I E WK T 5.71%. 7£>0.053~0.25 mm i
B, 5 CKAMFEAHLL, FAbBEFRAR T 3 A S A 5
B, (HLHEER, MC, JC AR e p R & &
2 R, A3 AR T 15.98% 55 18.80%, MC 5
JCAbHHE] G i 3 2 5 . <0.053 mm A R iR,
CK AbFEf) & e, FAMHEIIRZ, Wi 2RISR
B3 (P<0.05), MC, JC 4bBH ) A R & 85 CK,
F b 3AH b3 o 2RI (P<<0.05).

AFEK I RS R

bR Soil aggregate content/%
Treatment
>2mm  >0.25~2mm >0.053~0.25mm <0.053 mm
CK 1.30+0.47c 51.64+091c 12.454+0.68a 34.61+1.15a
F 3.14+0.73b 53.224+0.51c 11.254+0.27ab  32.39+0.75a
MC 6.561+0.66a 57.49+0.48b 10.461+0.75b 25.4940.66b
\[@ 6.88+0.39a 60.7710.33a 10.11£1.27b 22.24+1.22¢

KPP IE £ AR . RSB G ARG 7 BER R ab B IR 22 57
2% (P<0.05 . T,
Data are mean= SD; those with different lowercase letters on same column

indicate significant differences at P<<0.05. Same for below.

22 YR HIBEERARE MR

A it FH 3G R T R R IR R, AR
TSR, $EE T HIERIRK MWD, GMD A >
0.25 mm - HERFHRIR & L, FEKT LR R KT
HeRE (£ 3). MC. JC Ab B A RS- 34 5  1
£ MWD #2 CK Ab B E 38K T 54.73% . 62.69%, K
F Ab B E 3K T 30.79%. 37.52%, MC 5 JC 4b ¥
i) JG A . 22 5 o it AE S - 9 AT SR AR A LA S Xy AR
GMD WA AR FREE RIS N, 5 CK A, MC.
JC ALy B ER AN T 59.97% . 82.94%, 5 FAbFR
FHEE, MC 5 JC ZbFEA 5B E RN T 39.34% . 14.36%,
JC 44 MC AbHE GMD A7 BB, B4R 15.38%
(P<0.05), SabsE HERXARKSEALAER
B, JCKHT HHRHARK S ke, Wik
K, B FA S MC AL 5 5 8 18K T 20.03%.
5.62% (P<<0.05). T IEHIRAKSILYEEE /N, K
Rikfetehr, 5 FAMAW, iy kb + 5
I3 HERUE 1 2 AR (P<<0.05), Hidp JC Ab P+ 3%
S AEBUE RN, TR ST Rk .

®3 EYRNIIREARSIEESNIE
Table 3 Effect of biochar addition on soil aggregate stability

FEER LT

>0.25 mm K H 5§

LR % oy AR
MWD/mm  GMD/mm R=025 mm/ %
CK 0.69+0.04c  0.2410.01c 52.9440.45d 2.784+0.03a
F 0.81£0.05b 0.2810.04c 56.3610.22¢ 2.77%+0.05a
MC 1.06+0.05a 0.394+0.01b 64.05+1.14b 2.72+0.16b
JC 1.1240.03a  0.451+0.02a 67.651+0.72a 2.69+0.23b
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MC 4b B 3 R <<0.25 mm 73 A1 B 1R 4 R BTk K 2
FXGm . AR A RAK 2R & R 0.12~0.63
gkg' (F 1), RELGHARENLESEAAY
WS, 5 CKABAML, MC 5 JC A4bH & 4 9 A
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0.25 mm R iR K, ik 124.43% (P<<0.05), MC
Ab HfE <0.053 mm hi £ AR AR 4 E O R R OK, ik
329.98%; 5 FACERAH L, MC ZbFE G 3 TF T 4% kL
g A R AR &/ R, i JC AL B FE > 0.25~ 2
mm, <0.053 mm FIRELE & BERN, BSiEs
M 18.99% ., 69.20% ( P<<0.05). 5 IJC 4bFAHLL, MC
AEFE>2 mm, >0.053~0.25 mm 5 <0.053 mm [
ARSI E I, ¥50E 55 R 20.68%.
19.71%. 114.94% (P<<0.05). CK. F. JC &b Ff 1 3
P 38 A 4 2R 32 B0 A1 7E > 0.25~ 2 mm i 2% [ B 44
(K2), MCAEFRA & £ & 5 75 <0.053 mm [] 5
R, 5 FACBEAHLL, MC 5 JC AR iR T >2
mm b G A R AR 4 /W Tk R (P<0.05), H4IRE 4>
S K 38.09% 5 69.10%. UL 4k, MC 4k B <0.053
mm B RRA R TR B K, 5 F A A2
F+T 56.53% (P<<0.05).
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JCAFE SN S fE & R P ik B E KT, >
2 mm KGR IR 8N iR R, 43 R
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MC 4b 3> 0.25~ 2 mm 7 9% [ B 1k 8N £ 4 i 4
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EWNT 42.86%, HAVR 9% H K 8N & BT
JC 4ib B 457 2% A Ak 61N A i B F AR BRI A R K-
TE>0.25~2 mm A 5 FARFGA B E R R 1
i} 125.90%, A% 2% P B8 1A 81N o i o A
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T 8UN F B M R RN, B0 4 BN 39.95%.
39.57% 45 32.59% (P<<0.05).
25 YRy EARGPRERERZREENF M

A Wy 5% i B T T 4% % - 98 PR 3R A ob TR R
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Data on same particle size with different lowercase letters indicate significant

differences among different treatments at P<<0.05. Same for below.
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Fig. 1 Effect of biochar addition on total nitrogen content in
soil aggregates
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Fig. 2 Effect of biochar addition on relative contribution rate of
total nitrogen in soil by aggregates
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Fig.3 Effect of biochar addition on 3"*N in soil aggregates
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Fig. 4 Effect of biochar addition on nitrogen retention of soil

aggregates

>2 mm - >0.25~2 mm =>0.053~0.25 mm = <0.053 mm
100

3 '
X 8 80 +
BE=sg 70t
< L
K5® -
gm o & 40r b a
=2 & 30t
§§ 20 +
N o 10 +
HE ¢ . L . b
~ F MC jC
AbEE
Treatment

B 5 S DR F R %R E R AN TR
Fig. 5 Effect of biochar addition on relative contribution rate of
soil nitrogen retention by aggregates
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