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WOE: DTEPINRERID T RS, SRR A S i AN I T A L SAE PR S AR Ak, AR 12X
FAFMAE TR AARA B ARE . Z5RRW . BSINE Y B RS AR 23 hn T R 3R ALk B, 500 BEAH LG A Lk & 1 433
HIMT 77%., 7.5%, BIAEDFHA R T HIR5 EAAYIR, BRAHIRNRR, &S0 IR 49.6% ., 17.5%; TiH
ISR R T R E Y R ik . TTEPERPUAIARER , S 403 X BRAM IHE i 25.8% . 59.9%. F5HT 5LEM s Nty
WERIN T TERA . AEARRE T, LB B IE I L, B RER T R eEh L AbkLE . RIEA LK.
AR LR . BURCA LR . 5 A AR DL S BUBCR A R 0 IEADG, 5adh . PRSI DA CORDE . RHOT A HLER . B
RN, G FACA NI S AT RF RS, B R YA ik SR 2 ) T WA O 25 1, FERWD L hisinA=4
Jo 5 S A R - R R R ST R M R . BRI 7 thm? DL R R,
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Effects of Biochar and Straw on Soil Organic Carbon and Fractions of Active Carbon in

Aeolian Sandy Soil

SUN Jiao, ZHOU Tao, GUO Xinnian, LIANG Jinxiu”

(Institute of Agricultural Resources and Environment, Academy of Agriculture and Forestry Sciences of Ningxia, Yinchuan
750002, China)

Abstract: Taking the aeolian sandy soil in eastern Helan road of Ningxia as the study object, the changes of soil organic carbon
(SOC) and active carbon components under the addition of straw and biochar were analyzed in order to provide scientific
theoretical basis for determining the best fertilization measures in this area. The results showed that biochar and straw
significantly increased the content and storage of SOC, and compared with the control, SOC content increased by 7.7% and 7.5%,
respectively. The addition of biochar was beneficial to the accumulation of soil easily oxidized organic carbon and particulate
organic carbon, which were increased by 49.6% and 17.5%, respectively. While straw addition was more conducive to the
accumulation of soil microbial biomass carbon and soluble organic carbon, which were increased by 25.8% and 59.9%,
respectively. The addition of straw and biochar significantly increased soil available nitrogen, bulk density and clay content,
significantly reduced the contents of soil total salt and sand particles, and the increase effect of biochar was more obvious than
straw. SOC, soluble organic carbon, particulate organic carbon and easily-oxidized organic carbon were significantly positively
correlated with available nitrogen content, and negatively correlated with total salt and sand content. Soil soluble organic carbon,
particulate organic carbon and easily-oxidized organic carbon were significantly positively correlated with bulk density. However,
there was no significant correlation between soil microbial biomass carbon with physiochemical properties. In conclusion, adding
biochar to aeolian sandy soil is more conducive to the improvement of soil active carbon pool and physiochemical properties, and
the appropriate annual addition amount is more than 7 t/hm?.

Key words: Biochar; Straw; Soil organic carbon (SOC); Fraction of soil active carbon

OF-ETH . TRELMBEBERHIIN A (NKYJI-18-17, NKYZ-16-0906)%8) .
* JE IHAE & (734703202@qq.com)
YEZ RIS IMIF(1989—), &, HIMNERBAA, Wi+, FEZMFFTI7 R EF &, E-mail: 915336809@qg.com

http://soils.issas.ac.cn



%4

PNGEAE - IS AT B A= M e o D A LB B GG PR 23 B 52 803

+ HERK 2 (2 500 Gt)f& KAk E (760 Gr)ff) 3.3
W, AR (560 Gty 4.5 1%, 5T ARk
Xt 43 M A ER B U FR B H 2 Y (A LR A
o, LIRS R R AR AE T, -
HETREA MUK AR D Sy 0k o i L BB s R,
ZAEY . AR . - SRR A R e s B A IR A A
PUBR, F2 B0 R AEAE AR A S W A Wy Bk (microbial
biomass carbon, MBC). W] #4745 #L#% (dissovled
organic carbon, DOC). &% LA Lk (easily-oxidized
organic carbon, EOC) . Wi HLak (particulate organic
carbon, POC)P! &% A HLbk A + A HLER (soil
organic carbon, SOC)H (5 Hbiw/IN, {HE N R, #
BTN Ry A FHAE P e ) BB R A, X 9 18 A8
MRS HE

THENI+ B HEALEL 60 77 hm?, FEAF T
R A . W+ ISR L TOKIRIC . AR DihE
B AL, ST ST XD A b s B T ) [ b R
Tt o A% FH 360 HLAR 2 2RI RAED R 1K . A HLAE
FHA A HLERAZ . R FRS FF LB I S0 4% B
J5T i FH Y W 2 4 T - S A A, e i R A
Bedl, SRR AR A B REFF IR BT £
HEAL Ty . SEhE RS SR, BRFES R, &5
A HLBR T PR SR e e O AWy o Stk
W B B S R I A R 1Y) e & B
AT - HERR A B AR 1T, BESe R, REFFIE
FIRE T S AR SR WA F R
P ek, PIEHE T EARIAIE . 3N SOC & i
e e REFF A 4 38 B34 T 5 SOC ., POC
1 MBC %554k, dlest I E 110, g BF sl b
By R T T4 5 133 DOC il EOC &8P,

B R FE RN A 0 o e 1) - SR RV 7, R IR X
WP R ERIEIERS 01, T2 T SOC 43 &
H5HIE IR A, A5 LT B = 1R
B RD  RAFER G  dE A F RS, 3T AS [ S AT
AW st T X SOC & i, G PEA HL
T2 53 Z 18] A .G 2R M 5 - 58 AE 7 A DG, LAD)
SR M 2 12 b DX A A it A e it B R 2 () B AR

1 #R57EE

1.1 RIS HhAEE

R T 2017—2019 4RAE T B K T B ERER i
17(106°01216"E, 38°34'263"N). ik IX 4k 1129 m,
JE R SAR X, AERE/K 180 ~ 220 mm, 4F
Z&J 1500 mm Zidy, AEEH BRI % 2 322.3 h, 4

HR g 512.2 Kdlem?, 4E4/< i 8.3 °C, JoAill 145 d.
Bk E NV RS 1, BFZ 4 pH 8.4, &4k
0.3 g/kg, AHUEK 3.4 g/kg, 24 0.3 g/kg, BRfFAL 22 mg/kg .
A% 7.6 mg/kg. AT 40 mg/kg.

1.2 Rt

R LA 159 5 T K AAFFE AR, R 58 4Rl
LKA, TEMEA(RE, & N 460 g/kg) . (W2
B5, # P,0s5 140 g/kg) . A IE (FEALER , % K0 600 g/kg)
) SER L 15 B X B(CK) L R AE W i(BC 1), i
AYEURBCI) ., maAxBCI). KERFFS

L), PEFEFFST)., matfEFr (S 7 4~ b5,
AT 3 Uk, i 21 A/NIX, /N TR 40 m?
(5 m <8 m). A L RAEFE R EORbSE il
7 E IR SO A MR AT B w B AR Tk
A C NP K & HMh 467.0,13.4,2.5,29.8 g/kg.
FORFEFFE C.NL P, K &4k 450.1, 7.9, 0.8,
12.9 g/lkg. EY TR SREF SR, BT TR
P — R AR5 e A s AL B BRALREK
Ao MR 2 1 Fis .

FKT 4 H 20—23 H#EFN,9 H 20—22 HIR,
4B W 150 ~ 155 d. R FEAET TR X, Sef 74T
60 cm, ZEA1FITHE 40 em, TEAEfTEIRME W . Bk
FRRERRIE 22 cm, 5 8.2 x 10*#k/hm?. SRJHBLIEK
TEHE , WEIKERZ) 5 200 mYhm?, 244 B IR E 10 ~
12 K, £S5 BRIR K 5.

F1 AELEERERE
Table 1  Applied amounts of different fertilizers

WRERE S ORERT AWl N P20s K0
whm?)  (Uhm?)  (kg/hm®)  (kg/hm?) - (kg/hm?)
CK 0 0 330 105 90
S1 35 0 330 105 20
ST 7.0 0 330 105 90
S 105 0 330 105 90
BCI 0 3.4 330 105 20
BCII 0 6.8 330 105 90
BCII 0 10.2 330 105 90

1.3 MEMBRFAZE

T 2019 4 9 H K FKRWBOGRIITE R /NXREE 0 ~
20 cm )2 HIERESL, B/ AT ¢S AL 6
SURE, S AR 2 mm 5 EIRA I —AEES, A
(G R & g A CRVAY | T b = O ot = 3 51115
— RS AEAE 4 CuKAFt, T 158 DOC. MBC
A 5 55— 1 B taE WUk K, A
2l o 5 AR E O S . 3 Ak, TR /NR ISR £
HEwm F, AR R 100 cm® (R ] R4 0 ~ 20 cm
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4 % 53 &

T EREAR L, BEEHE 3 IR+,
PE T

43 pH R pH I, Kb Bkl 2.5 £ 1
L FR(EC) M L S0 e, Kk 5+ 1
ZE R PR JD 0 5E 5 AIUARZH R FH 2R FH A4S 1
B 5 RIEAR AR AR O LI g 5 1 S0 ZUR
FHB D B2 5 SOC 2R FH E AR BRI A AL A4
i sz M T A LB (DOC) SR 26 BS Tk 2 i v
MM EOC KA I A Akt =t poC
F S IR S o B JE e 2 il 2 ;- MBC
KA R R
1.4 HIELE

+ e & a (g/kg ) =2.9086 x t Mg F R

(mS/cm ) +0.1459161,

FIH Excel 2003 1 SPSS 19.0 X5 K #4748
5T, R BN 2R J7 22 5341 (one-way ANOVA) Fil i
/NG 3 25 Sk (LSD) A T 25 S b ARG s JE A G
PRG3R R A I S B (4 A DGR BE ISR MY AR
J1 Origin 9.0 Fl Excel 2003 %/,

2 HBREHSWH

2.1 FBERREYRERXTEFRSEF0
M L s, SXFIEAH b, S s in A= 9 i i

FIFSFEE BN T SOC &, Ho bt jitd FH =38 n

SOC & i & i F i ny a3 (P<0.05) . Hovr, Wmss

a
251 (A)
200 : 7
% 15)
e
€1 1.0F
=05tk
00 iz
140} a
3 7
E 120+ b
il
& ¢
Z 1007 %
80 [% %
CK SI sTm sW BCI BCH BCH

Ab 3

45

7

.

TN
T

4.0+
Vi

SOCTHTE (g/ke)

35TCK ST sl s

hs il
(PR IV 7 BER 7R AR B8] 22 55 W 3% (P<0.05). T I])
E1 BHEEYRRAEBIRANKSE

Fig. 1 Soil organic carbon contents under biochar and straw

treatments
FF+3 SOC SHIINT 7.5%, WIN4Y w14
SOC FHtMIN T 7.7%. WINGt it B i SR FF
AhBRZ 6] SOC Fa LR E XS
2.2 FEFRAEYRRIT TIEFEREAS S ERF
Erus A A Y B 4% EOC B & Ik T
A, SRR AN AR B 0 i RN RS A2 B S 2 0 - 0%
PERRZH 4> EOC. POC., MBC. DOC & (&l 2). H
v, WINFSEFT 4 EOC. POC., MBC. DOC F#4¢
I T 26.8% . 10.8%. 25.8%. 59.9%, #shN
W e R BIE TN T 49.6% . 17.5%. 22.3%.
36.0%. SAEFFATEAR LY, WS A e AR ) TR
145 EOC. POC &t 5, 1l MBC. DOC %

BCII

:,:-(Fz) . b N C a %
331077 %7 7 % ? %

0.8F

(g/k

i3 sl

41
<
S 04t

0.2F
oo 44 A Vi A Vi Vi

30F (D) a

25}t 7%

ab
27 o

b
20 b
C %
151
% A U
CK ST

ST S BCI BCO BCIT
s}

DOCT it (mg/kg)

2 BHEREYMBRRLCELRAINRESSE

Fig. 2 Contents of different organic carbon components under biochar and straw treatments
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R EREAL. Wb RS 3 POC. MBC. DOC
S, i He X BB T 19.0% . 30.9% ., 71.0%;
1M 458 EOC &tk Fifi 5 i #1148 i £k 7y 385 o 222 5 25 R A1
B A AR TR AN N 34 i, 4% EOC . POC.,
DOC it &t i ke, WS ey fat 2 W o e+ 3¢
EOC. POC. DOC &4l LX) ¥ hn 1T 98.0%.,
26.5% ., 48.1%; fii -3 MBC 5 2 fifi 4 4 T T il
BN R B A, SXTIEA G, IR
Jii ke 3% MBC &350 T 39.2%.
2.3 FEFFRAEWRRST TEEMERRE S AR
WE 3 fizn, S IR B, S5 it 7 0 2B 40 o e
FFEFF ST A JE T35 1 e 28 43 L A81) 1) 722 Ak 32 5 0 Pk Al
Hor o mAR B, WFH 15 EOC/SOC.
POC/SOC, MBC/SOC. DOC/SOC /3%t hn 1
701

17.9%. 3.0%. 17.1%. 47.1%, AR5 5 + 1y
WSEEEIN T 37.9%., 8.7%. 13.6%. 24.6%. SHEFT
ACFRAH LE , B0 vh i A s B A2 ) B 1 5 EOC/SOC
POC/SOC i ##4, 1fii MBC/SOC, DOC/SOC i #
AR, ISR A5 FF 14 EOC/SOC H i, SXf HEAH
Fe3Ghn T 25.0%; 1mEsindh A 44 POC/SOC.,

MBC/SOC . DOC/SOC fx &, 435l Lbxy i3 fm 1
11.3%. 22.3%. 58.5%. FifiE 4= ¥y B ds bt py 3G
+1& EOC/SOC. POC/SOC. DOC/SOC & & 1
R, H5xF A, W s AR R ik 1
EOC/SOC . POC/SOC . DOC/SOC 43534111 T 78.8% .
14.2% . 32.0%, i+ MBC/SOC itk ¥y 5% 4
SN R A AR, TR AR ) Tk
MBC/SOC ¥ in 1 32.2%.

a L a
sol 33 a a
g o c cd $ 25t
§m'c 7r 2 20f
ij 30F @ 15}
o
=} 3
= 20r £ 10
lof /ﬁ 5|
. ; . /)
401 09
(©) L (D)
35¢ be ab 8: :
;\; 301 ef Q:i 0.6' . cd be
S 25t Z S bo
05
S 540 S W%r 4
* 2.0 72
5 [&) 04F
2 15} 2 ol
= a
1.0 02
051 0.1F
0.0 - - - : : : 0.0 - - :
CK SsI s sl BCI BCH BCIH CK SISl BCI BCII

4b

3 BHREYRRAEDREHIKESERBIRPOSEE

Fig. 3 Percentages of different carbon components in the total organic carbon under biochar and straw treatments

R R EY R T EBA R A
WIMFEFE 5 A=W B b P S PR AL PR AN 26 2

2.4

s o SXREARLE, SRR ININAS RS AR Y BOu
BT RHEEACR L Bk, BERRR T L

®2 BHREYRRAIETIRIBAMR

Table 2 Soil basic physicochemical properties under biochar and straw treatments

W AE(gkg)  HECE(Mmolkg) pH 4ih(glkg) A TE(mg/m®) OB 1 (9/kg)
kL HHkL RkL
CK  04%00bc 18.0%0.1d 8.8 +0.1ab 06+0.1a 14+0.1a 8840+35a 41.3+23f 747=%12d
S 0.3+0.0c 20.3+0.6c 8.7+0.0b 0.6+0.0a 1.440.0b 848.7+15c 740x10e 77.3x06e
sl 04+01a 240+1.0b 88+0.0ab  0.5+0.1hc 1.340.0d 840.0+1.0d 64.0x1.0d 96.0+10a
SM  04%00ab 250+10b 8.8+0.0a 05+0.0c 1.3+00e 829.0+1.0e 643x06c 106.7+06b
BCI 03+01bc 240=%1.1b 8.6+0.1c 0.6+0.0a 1.4+00a 855.3+6.7bh 6.7+58b  138.0+10f
BCI 04+01bc 250%10b 8.8 +0.0 ab 05+0.0b 1.4+00¢ 842.3+0.6d 20.7+06b 137.0%10c
BCIl 04+00ab 27.7+06a 8.7+0.0b 05+0.0c 1.3+00f 831.0+1.0e 11.7+15a 157.3+06a
E: RHFEIIARNG F-RER R AW 22 5 8 35 (P<0.05)
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4 % 53 &

S AE . BB SR, HLAS A S et e
RUA . FORL A S S AR TS S B, 5 X REAE LG
BEINT 38.8% A1 70.3%. WNINFEFE. AEW R X
48 pH SIS 2 L B R AT A g 5T R o 1Y)
s, HHEEUSCA( . RS R R R, +
Heardh | RbRLE AR
2.5 HIEANBKEERAS SENERPNEXE
% 3 A[%0, +3 soc. EOC. DOC, POC &
S A A A R S IE A (P<0.01), 54k, #)
B R E TG, +1 SOC 5eA &Gl ®
IEAHSE, 53R E i i 35 IE AR OG5 28 3 b G
112 EOC. DOC. POC %5 2 d b i 3 A 56 .
34, EOC it SRR & i b 3 IEAHOG, POC ik
&R . Fika B EMe; £ MBC Sk
Ji 22 18] TG 4k 25 A ek
3 i%ﬁﬂ%&%ﬁ%ﬁ?%ﬂ%ﬁﬁzﬁmﬁ%ﬁ

Table 3 Correlation analysis between soil organic carbon, fractions
of active carbon and physiochemical properties

soc EOC MBC DOC POC
A 0.59" 0.19 -0.08 0.41 0.47"
WA 076" 0617 0.18 058" 0.66™
pH 0.35 0.25 -0.52 0.32 0.38
43 062" 059" 020 065" 057"
KE 053" 063" 024 058"  —0.69"
w4 083" 059" 030 -0.757  -0.59"
kL -0.04 -0.22 0.08 0.35 -0.21
Fhhr 0.52" 0.54" 0.11 0.13 051"

HE: > 0 RIFRTE P<0.05, P<0.01 K BEMK.

3 itig

SOC 7 it - HEHAb 1 o S A= 2 M B TRk
HAHEBEEEH, B EWEZ S ir SXTRAEE,
SR S AR B o ANAS AR RS N T SOC &%
i AW BOR SR SR E AR, i H S A AE
Hifn SOC &k, ibfigtks®s HHEFRIMRBLE). FEFFE
FH AT DA 5 A SBGA pi k  $ vm - BEA MLJS A 1 1
JE 0 ARHIRE v B 2 A TR R AT it P
Jin, SOC &rid 2 WEM AT ARk Hie
Frefae g soc &R, i FAIRK (K 115
SOC & AN 3.4 g/kg, W ] IfEY % CO,
AR, AT IR BEAR 2R 9 A AR 5 05 A4 o e 1
B TEYR R Y, &S| SOC & =g mte,
TSN 0 5 P I5% ve HR R SOV E R AR K Bl
S0 SOC RO 3 fin i 34 B T 42 5 SOC #r i,

KYREREFFLL 18 000 kg/hm? jifi A B BE4R 5 + A WL
Er O ARBFFEAE R + BN SRR A R Y R R S
AP Z [H] SOC Fit o ¥ 2E5%, MiTAHRZE
it FH A 9 5 B A M) T4 SOC At
AJRE S A X K | SR S AR, AT R
TR BRI 28 A K.

- I T ik A3 o ) N B A ) LA v
M, XEBRER I SO0 U ARSI SRR, 5
Xof FECRH B, S5 B et VA D00 A= 0 ot e RS A 22 e 25348 o
- ETE PERR 2 S B i o X T O RS AT A T
T AT DA - 3tk A K S B, (R
YIS S0 TR LR, B
fESEER K, B+ A WU IR R P 4,
A PTG T AR, FRAR T RS AT 5 25 4 TR i L L
(CIN), 85 T H A LTS i R P2 AR,
A RS 13 POC, MBC. DOC & fici .
o], SRS FRA H A FHFZ LA DOC &
BRI Bl RS AT R 3, T PR 240 4 A
5L SN S ARG A A 4 g LI IR T il S A AT
W AT R CIN ThE, B v R
L B RS PR A 9T b £ 48 MBC
B A 0 TR S O o AR AR A R A, ]
B2 T R Ml 2B T W B, BRAS T
5+ B T PR SREFFALERAN L, A
Fh e e AR W R 5 1 3E MBC \DOC 54 i A
TSR PR Sk A W o e — o B DT AR T, R
15, TR M5 2 WA T 76 T8 Al A v T AR IO o
f) DOCPOL, i 7 im0 g ik 2B ) B 332 EOC
POC & & i . X SR AP o 45 R — 3,
HAE R, BmAY Bk ] B s K+ EOC
T, R OUSINAE ) TR R M AR A
MG T 14 EOC & .

AMEGE U RS AT 5 A W ok B E R T
ok B TR S R, BRAR A R ekt £
BERRL S R IR A B B 35 i AR S 4G
FAAEE A5 ML T T S 5 AR AT - SR A
b PO RERF S A W B RN L R T R
S PR R R R B H S A 3
o TR A 35 TG R I A o, T
R HEE A R A R, R R
J5 BAS 2 AL, B 32 BE A% 308 5 % R A - SRR
IR BRI A T B AR SR IR AT
iAWy i WA RN T I A S R, BRI
W I ¢ A3 TN R B 0 B 58 o RS A T S e 3% L
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AR AR, RO SRy, DT RERS I SRy
Pl R A P TR S LA A, R
SR AU R SY, BN R o R AR,

4 it

YN TN B 5 e RIS AF 35 i 238 in T SOC & i,
MAEGk A Y B . FEAFES AL 3R] ) SOC & it Tt
W RS W RS TERRAL IS, W, ik
Wikt 31K EOC, POC & & Ho ol i 25 i T 45
EAEFFALEE, i MBC, DOC & & b i K T
bk FEATAL I . BEE A YRR S I B 3G,
EOC. POC. DOC % & M L M3 b 338 fin 5 171 MBC %
ML AR A SRR R TR RS A S A
[ s RN T AR AL WL Bk
MASE, WERINT 3L wbhigat, BLURm
AT AR HRALAL . R R
FEHiE ., +3E SOC, EOC., DOC, POC & 5#sk
A w3 EME, 545k Ak i 2 B o
*:; 13 EOC. DOC. POC &t 54 HE W W A
Ko Ji4h, EOC & SR & it ¥ EASE, POC
THSAA . FRSREEFEMEE, MBC SHbH
JZ e F MO 25 b, 7R s in A ot
SR AT R T ST e d R A T R M s, HLDA
AEAR IR 7 thm? B AR
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