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Effects of field-aged biochar on soil organic nitrogen fractions
in dry farmland of Loess Plateau

PAN Zhan-dong'?, CAI Xue-mei’, CAI Li-qun"*’, DONG Bo®, WU Jun*’, ZHANG Ren-zhi*’

(I College of Forestry, Gansu Agricultural University, Lanzhou, Gansu 730070, China; 2 State Key Laboratory of Arid Land Crop

Science, Gansu Agricultural University, Lanzhou, Gansu 730070, China; 3 College of Resources and Environmental Sciences,

Gansu Agricultural University, Lanzhou, Gansu 730070, China; 4 Dryland Agriculture Institute, Gansu Academy of

Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract: [ Objectives ] The effects of field-aged biochar on soil organic nitrogen components and microbial

biomass carbon and nitrogen were studied to provide scientific basis for improving soil fertility and nitrogen use

efficiency in the Loess Plateau of central Gansu. [ Methods ] The biochar experiment was carried out in Dry

Farming Comprehensive Experimental Station of Gansu Agricultural University in 2015, six levels of corn straw
biochar addition treatments were setup, as: 0 t/hm’, 10 t/hm’, 20 t/hm’, 30 t/hm’, 40 t/hm’, 50 t/hm’, and denoted as
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CK, BC1, BC2, BC3, BC4, and BCS5, respectively. After 5 years of continuous planting of wheat harvest in 2020,
soil samples were collected in 0—5 cm, 5—-10 cm and 10-30 cm soil layers for the determination of the contents of
organic nitrogen components, microbial biomass carbon (MBC) and nitrogen (MBN) by Bremner method. The
variation in soil organic nitrogen components, and MBC and MBN contents caused by biochar treatment were
discussed. [ Results ] All the biochar treatments significantly increased the yields of spring wheat, BC3 was
recorded the highest yield which was 24.76% higher than that of CK. Compared with CK, biochar treatments
significantly increased soil total N and MBC by 6.55%—10.94% and 68.63%—139.7%, enhanced the MBC to
MBN ratio by 10.60%—202.44% consequently. The organic nitrogen was divided ino five components: ammonia
acid nitrogen (AAN), non-acidolysable nitrogen (AIN), acidolysable ammonia nitrogen (AMN), unknown-
acidolyzable nitrogen (UAN), and amino sugar nitrogen (ASN), accounting for 27.46%—45.13%,
15.47%-31.14%, 19.00%—28.66%, 1.59%—18.54%, and 2.76%—8.86% of soil total nitrogen, respectively. The
contents of the three acid hydrolysis nitrogen components in all the biochar treatments were in order of
AAN>AMN>ASN. Compared with CK, the AAN and ASN contents in BC2, BC3, BC4 and BC5 treatments were
significantly increased by 17.58%—81.51% and 43.60%—107.55%, AMN content in BC2 and BC3 treatments was
significantly increased by 15.46%—28.95%. Among the treatments, The highest total acid-hydrolyzed N, AMN
and ASN, and the least AIN was obtained in BC3 treatment. [ Conclusions ] Soil total nitrogen and microbial
biomass carbon are the main factors affecting organic nitrogen components. Application of 10-50 t/hm’ of biochar
could significantly increase soil total N and microbiomass carbon. Application of biochar 30 t/hm® is the most
effective in increasing soil total acidolyzable nitrogen, amino sugar nitrogen, and ammonium nitrogen, thus the
spring yield is the highest as result of the highest soil nitrogen supply capacity. Therefore, suitable biochar
application rate could increase the soil nitrogen supply capacity in the long-run in Loess Plateau.

Key words: aged biochar; Loess Plateau; dry farmland; organic nitrogen fractions;

microbial biomass carbon and nitrogen

THORM Y E KRR, HIREARBER
FED A KM FERNEZ —, HEAEILSEE L
PR RZEWN FEAAATE T, EHEAEILS AN
TEARFELERAE, DR Y0 A= iy d 2 52 e - 3
RAMMEMEZENF, WREYERKITRSNE
BORIRE AW BORSETE T RS E ST, 48R
il Je 7 A R B S AR S Bk R T, B TR
TR . LB R aT L o T g o 1 v ) B
PERRS, B, AW B dE o —Fop 8 R IR IE s R
MRL, BONBFFR IS, B R, P EnA:
VI BUR J5 SR R o R AR R RE 00 IR, i
FHA: 9 50 e 2 3 v 3 5 B PR ARl DX R 3 T g A
FRATHLR BE 7 A S

Har, AR5 £ 202K H Bremner™!
P B BR AR T, 43 R R A VE RN AR R i v AL
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MR R TC 0 R . X IR A AT HIL A2 i B
TN HA BLLL B - MRS RTRI A B>
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1.1 KIE MR

R i 6L T H R Al R R AR A i e
i CHR A PETH %8 KRR AR, % X R T8
+m R B A X, L MR R R RO X
PR A 2000 mo TARESRAER K R 390.9 mm,
FEENE 79 Ay, &FMEFRNTE, 1
7&Kt 1531 mm; AFHSIEL 6.5C, =10C BUR
29 2239.1°C, FHEFYY H BB 228 2476.6 h, KA
T2y 592.9 ki/em?; TCREHIZ N 140 K, 5+
B L, RIS, KRR R4S, %
X A3 b dEAr . pH N 8.36, HIEFHKE
H 117 glem®, PZEFKE 73.00 g/kg, WA KR
219.00 g/kg, BHLREE 12.01 g/kg, 2% 0.76 g/kg,
4 (P,0,) 1.77 g/kg.
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WA T 2015 47, R EFRLIX AT,
I 6 M EY B A K- CK (0 t/hm?), BCI
(10 t/hm?). BC2 (20 t/hm?). BC3 (30 t/hm?). BC4
(40 thm?), BCS5 (50 thm?), HMAb3 3 kR, 118
AKX, NXEFR 16.8 m® (2.8 mx6 m); A4 A i
I DL EORFEFF G b5 A SR KT I E 58
2015 4F 3 AR A e B s i — ik S
AL/ NXIE , FBESLRE H e ABFHZ 3 (20 em
ZiAi)o MR NE SRR “GEVE 40457, AT 3 AR,
7 AUk, & FhE K 187.5 kg/hm?, 478K 20 cm),
FEFREE 7 cmo £ BAEREFIRTIEIR R (N 46%)
228 kg/hm?, #HBERRES (PO, 14%) 750 kg/hm?, HH4F
JINZE R IR AR 5 e B i BV O R (R
2J 20 cm),
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1%, B 35% MAER BT AL I AR B . AR B
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25.21 cmol/kg, WERTHFA 11.3 mYg, AIHPEA LK
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C & 53.28%, N & 1.04%, P &i 0.26%, K&
i 0.51%, Ca it 0.8%. Mg &1k 0.47%, K45
it 35.64%.
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2A (total nitrogen, TN) KH H,SO, 1H&, &H
LR E R L (SKD-3000, PEIOU) M ER; -1l E:
YY)k (microbial biomass carbon, MBC) Hlfi Ak
Y& A (microbial biomass nitrogen, MBN) 3%
FAFTEZE, 0.5 mol/L K,SO, 248 (/K 1+ 4), Bk
RIEA ML (Jena multi N/C 2100s, Germany) il
FECY I LA 53R H Bremner B E, Hrp
IR % SR (total acidolysable nitrogen, TAN ) 2K
1 6 mol/L HCI FR A —JIL I E RUA I E ; MRIFESR
(acidolysable ammonia nitrogen, AMN) X 3.5%
MgO ZEIBEEIE ; MMEAE+E A A (amino
sugar nitrogen, ASN) KR —A> (pH=11.2) Z& i
WARIRIEN 2 ; FIHERAS A (amino acid nitrogen,
AAN) R el =B A Ak . BERREE - EE 22 v 2518
Pl 5E s MR % RS A (unknown-acidolyzable
nitrogen, UAN). JEfZf# & (non-acidolysable
nitrogen, AIN) FI % b5 & AR 22 001 5K 15,
UAN=TAN-AMN-AAN-ASN; AIN=TN-TAN;
ASN=(AMN+ASN)-AMN
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Fig. 1 Soil total nitrogen content and spring wheat yield as affected by biochar application rate
: CK. BCl, BC2, BC3. BC4 fil BC5 4L FEAEW A I Ht 354009 0. 10, 20, 30, 40, 50 thm’, i LAR[R)/NG 8 Fm b 2] 2 57

3 (P<0.05),

Note: The biochar application amount in CK, BC1, BC2, BC3, BC4, and BCS5 treatment is 0, 10, 20, 30, 40, and 50 t/hm?, respectively. Different

lowercase letters above the bars indicate significant difference among treatments (P<0.05).
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5 BC4., BC5 R W%, HAbA I IC W % %
55 fE5—10cm 29, BC2, BC3. BC4 1 BC5
Ab R A HE AR AR CK 3N 5.94% . 6.55% .
8.75% 1 10.25%, 4 ANALERAIA TR #EH %5, BC3,
BC4. BC5 Ab¥ 5 BCl., CK 2% W% ; £ 10—30
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SHEE CK PN 3.60% . 4.60% . 6.06% Fi
6.52%, 4 MbHEEPBTL R E 2R, BCl1 5 BC3.
BC4. BC5 4b¥a] 225 W . 78 BC1 ZbFmf, 3 4
TR LA SRS CKH LR EESR.

TN IINA W o e Bk B e N R R, R A
DU A3, /N2 7 i BRI NS R B
. BCl, BC2, BC3, BC4 fil BC5 4b3l#; CK /A
AR AN T 5.17% . 17.86%. 24.76%. 14.59%
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T2 IR R AR A RGNS N, R AR
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- SRR fift SR 53 Bl AR ) e S i R A R R
FE ARSI AL B B, 0—30 em HIEEILMASE . W
fEARMER . ZEMESAMRBEERA T ENEL
JEE /518 0.24~0.48 . 0.05~0.21, 0.05~0.09 Fi
0.18~0.27 g/kg, 43l 5 FRA% S A 34.48%~67.58% .



12 WediZe, 5. B2k Bk 8 4 5 R R T ML S R 2223
0.90 045 ¢
OB I
085 | e 0.40
=% m B =% 035 2
o 2 B o 035}
~ <5 080 f ] 2= abc ab,
= m BC5S >
2 22 030 | AT b
K>S 075 | K c
o3 %-; 0.25 |
i S _ &8
@g 0.70 V #é 0.20
0.65 | N 015 |
0.60 ‘& 0.10
0—5 510 10—30 0—s5 510 10—30
0.60 0.12 ¢
0.55 |
0.10 |
= 0.50 a 3
=<z \ < Z
35 045 | \ 25 008 |
& g & 2
Yo 040 ¢ \ N2
I = 1 i=}
%5 035 | \ \ T;K%jé 0.06 |
<
e 0.30 | \ \ i
\ 0.04 |
025 | \ \
0.20 & | 0.02
0—s5 510 10—30
025 ¢ 035 ¢
=% 020 | Z
B2 5 030 }
EX 3 2
&g =
= 015 | 2
g " §
9 %2 025
f; = 010 } #®'g
N 2 S
& 2 =3
}é_‘g 0.05 é‘%g 020 }
S5 <
0 0.15

5—10 10—30

5—10 10—30

+JZ Soil layer (cm)

B2 ATFEEYRRIREGINESRENSE
Fig. 2 Contents of organic nitrogen components in soils applied with different amounts of biochar
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23 (P<0.05),

Note: The biochar application amount in CK, BC1, BC2, BC3, BC4, and BC5 treatment is 0, 10, 20, 30, 40, and 50 t/hm?, respectively. Different

lowercase letters above the bars indicate significant difference among treatments (P<0.05).
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24.00% ., 34.67%. 59.86%. 77.27%, B 0—5cm +
2 BCl1 5 BC2 [ 2 5N 4N, oAt kb3 R 35 22
S5 (P<0.05); £ 10—30 cm )29, BC1 4bH
B CK 25 A3, BC2, BC3, BC4, BCS Zb#ifg
CK 33411 17.58% . 35.08%. 56.92%. 71.04%,

4 AL BRI 25 5 B 3 (P<0.05). IR AR ISR
THEFEO0—S5cm L2 P, BC3 hFE CK T
48.14%, BC4 4b¥%: CK., BC1. BC2 /35 NI
78.34%. 71.53%. 72.94%, BC5 Ab¥i# CK. BCI,
BC2. BC3 /3% FF% 89.57% . 86.29% . 86.97%.
79.88%, HABACFRMIATCH E 2R 7F 5—10 cm +
JZH, BC3 AL CK, BCl. BC2 434 TR 57.42%.
52.99%. 47.42%, BC4 Ab¥i% CK. BC1., BC2 433l
FF% 62.57% . 64.80%. 62.21%, BCS5 AbHi%: CK .
BC1. BC2 /3l F Ik 83.77%. 82.08%. 79.89%, H:

>N

flb b BRIA 34 TC . 2 22 5% 5 7F 10—30 cm )2, BC3
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A FEEE CK. BCL. BC2 7300l NI 42.90% . 46.31%.
42.34%, BC4 4b¥i% CK., BC1. BC2 25 F %
62.57%. 64.80%. 62.21%, BC5 Ab¥%: CK., BCI,
BC2. BC3. BC4 435I FF% 83.54%. 84.52%. 83.38%.
71.17%. 56.02%, HABALFEE I TCE %25, 1
SIS A & B A 0 A i N 2R
B RS NE TR, % L2 BC3 AbsET
HEGEY NERE; £ 0—5cm )29, BCl, BC2,
BC3. BC4. BC5 AbH#E CK 40l 34 n 41.51% .
67.17%. 107.55% . 73.21%. 57.74%, AbPE[E],
BC3 # BC1. BCS 75l in 46.67% . 31.58%, HAth
AR T E 2 5 #E 5—10 em 12, BC2,
BC3. BC4. BC5 Ab##E CK 4l 34 fin 56.85% .
91.91%. 72.81%. 43.60%, BC2. BC3. BC4 4b3
B BC1 ALFEZN 341 39.04% . 70.12% . 53.19%,
BC3 4bF4s BCS AbFRIE N 33.65%, HoAthib B[] 06
WEES; £ 10—30cm +2, BC2, BC3, BC4,
BC5 434S CK Fl BC1 235360 57.40% . 99.74% .
77.66% . 54.29% H130.89% . 66.09% . 47.73%.
28.29%, BC3 4bFH%E BC2 A1 BCS5 kb H 4y 5 14 fin
26.90% ., 29.46%, FHALAbBRA)ZE AN EE, LR
il e A5 2R P i B A A 0 IO AN o e 1 3 hn S B e
TR, Fﬁ%ﬂ:’f‘ﬁ RGN, 25 Ah B B  ET/N 5
£ 0—5 cm )2, BC2 il BC3 4h#i% CK., BCl,
BC4. BC5 /F 9N 16.27% . 12.17%. 11.82%.,
25.63% M123.54% ., 19.18% . 18.81%. 33.48%,
BC3 % BC2 Ab#I N 6.25%, BCS5 AbH# CK .
BC1., BC4 43l FF# 8.05% . 12.00%. 12.35%, HAb
WhELE 22 AR fF 5—10 cm 12, BC2 Al
BC3 Ab¥i%: CK. BC1, BC4, BCS5 435441 17.54% .
11.64% . 9.08% . 21.88% H128.95% . 22.48%.
19.67% . 33.71%, BC3 % BC2 ZbBEIE N 9.71%,
BC5 # BC4 AP F% 10.50%, Hfti kb3 6] 25 5
F; £ 10—30 cm 1 /2%, BC2 1 BC3 4bHi# CK.,
BC1, BC4. BC5 43554 15.46% . 10.56%. 13.27%.
29.11% H126.44% ., 21.08% . 24.04% . 41.39%,
BC3 % BC2 AL FHIE NN 9.51%, BCS5 AbFH%: CK |
BCl. BC4 435I FF% 11.82%. 16.77%. 13.99%, K
AL FE ] 2% AN B 2 (P<0.05)

k1 R, e LR, BEE A BT N
A, EERSE S 2A G (27.46%~
45.13%) 3N, BCS5 AbFRE CK N2 14.09% ~
16.58%; PR AFEA 2R ILH (1.59%~
18.54%) SRR N, BCS bHEE CK F &2

14.61%~15.47%; PRIGEEAA (19.00%~28.66%) Fl
RIEWEB A (2.76%~8.86%) i 4R M L)1y 5L S
TG T, BC3 AbBERt — 3 5 L i, &
CK 5Ny 3.45%~4.95%. 2.57%~4.22%; dF
PR i B AE R P B F ) (15.47%~31.14%) 5255
K a3 niash, A HILEA T 5 2R L EIFE AR
TEZ RN ZESANE, BERICVEERES A
P filf R PR AR e S R TR A A IS B> S A
23 EYIRRNTIEBEDEYENR MBO), &
(MBN) 200

WE 3 fos, WA R EAEY BRI 0—S5.
5—10. 10—30 cm +JZ MBC Fil MBN & & i8530
Bl M 92.71~176.05. 100.95~170.24 . 64.66~
155.02 11 19.98~29.94, 22.50~30.99, 16.30~
25.57 mg/kg, BAERHF: 5—10 cm>0—S5 cm>
10—30 cm, {H7E BC4 4b¥ERf, MBC &R A
0—>5 cm >5—10 cm >10—30 cm, BC5 4b¥EET, MBC,
MBN & &8 EHM K 0—5 cm >5—10 cm >10—
30 cm, MBC Bf&E Y B a3 i, 0—5 cm
TIEEEYEEmMEH, BC2. BC3. BC4 Hll
BCS5 AbH A CK 43 B34 fm 28.51% . 33.56% .
44.59% F1 89.89%, BC3. BC4 il BC5 kb P45
BC1 4383 51481 28.71% . 39.35% #1 83.00%,
BC5 4bF% BC2 B4 47.76%, HAts kb3 E] 25 F 4R
W, 7 5—10cm 1J2, A AEY BRI N i3S
Jin, MBC & i 22 a3 in s BEAR -3 ks #, BC1.
BC2. BC3, BCS5 4 ## CK 1 BC4 43 j| ¥ fin
29.13%. 27.56%. 55.52%. 68.63% #120.21% .
18.75% . 44.78% . 56.98%, BC3 il BC5 ibFi#;
BC1. BC2 4353/ 20.43% . 21.92% F1 30.59% .
32.19%, HAWALFRE 2% AR 78 10—30 cm 1
2, BC1. BC2. BC3#1 BC5 A% CK 43 554
41.27%. 47.05%. 58.65%F1 139.74%, BC5 AbF#;
BCl., BC2., BC3 fl BC4 43 514 fil 69.71% .
63.03%. 51.11% F182.90%, HAhkb B E] 2% F A B
F . MBN b £V FUR S IR, 0—S5 cm
TEEEEREA G, BC4. BCS MK
BC2 /353401 44.56% . 49.87%, BC5 %% BC3 /i
32.18%, HAbALHEZF AR E,; £ 5—10HH
10—30 cm )2, BlE A W) B 5 i & 193 n
MBN & RETHRE L HTFREMNES, 7
5—10 cm + 2, BC4 K BC2 Hihn 37.72%,
HoAth kb BRA] 34 T i 3 25 75 7E 10—30 em - )21,
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x1 TEANRRES STRERAIEEH] (%)
Table 1 Proportion of soil organic nitrogen components in soil total nitrogen
Tz e BRMER RIS R PRI AR BHWEER LB A
Soil layer Treatment Amino acid Acidolyzable ammonia Unknown-acidolyzable Amino sugar Non-acidolysable

(cm nitrogen nitrogen nitrogen nitrogen nitrogen

0—5 CK 27.77+1.09 d 22.79+0.95 be 17.06+0.97 a 2.76+0.67 ¢ 29.63+0.26 ab
BCl1 30.95+3.13 cd 2337+1.11b 12.81+0.52 ab 3.88+0.48 b 28.99+4.27 abc
BC2 33.03+1.35 be 2571141 a 13.33+4.29 ab 4.4740.39 ab 23.45+3.76 ¢
BC3 35.89+1.95b 26.23+0.37 a 8.3546.08 be 5.32+0.65 a 24.20+4.98 be
BC4 40.93+£1.32a 21.57«1.01 ¢ 3.36+2.00 cd 4.35+0.43 ab 29.80+1.09 ab
BC5 44.34+0.71 a 19.00+0.76 d 1.59+1.98d 3.92+0.59 b 31.14+0.84 a

5—10 CK 27.46+0.62 d 22.05+0.57 be 17.12+1.83 a 4.85+1.03d 28.51+1.85 ab
BCl 30.18+1.26 cd 23.13£1.59b 15.44+3.40 a 5.45+0.89 cd 25.79+1.38 ab
BC2 32.20+1.92 be 24.55+2.17 ab 13.16+4.10 a 7.18+0.08 abc 22.91+6.49 b
BC3 34.72+1.55b 26.68+0.11 a 6.82+5.77b 8.72+0.80 a 23.06+3.81 b
BC4 40.38+1.43 a 21.88+1.85 be 3.05+£2.46 b 7.73£1.2 ab 26.95+4.87 ab
BCS5 41.56+2.09 a 19.29+0.88 ¢ 2.51+£2.25b 6.32+1.42 bed 30.31+1.94 a

10—30 CK 28.92+0.81d 23.71+0.68 ¢ 17.64+2.14 a 4.64+0.79 d 25.08+1.05 ab
BCl1 29.70+1.08 cd 24.47+1.80 be 18.54+0.69 a 5.52+0.71 cd 21.77+£2.41 be
BC2 32.82+3.42 ¢ 26.41+1.28 ab 16.87+6.45 a 7.06+0.99 b 16.83+2.13 de
BC3 37.36+0.46 b 28.66+1.08 a 9.65+1.85b 8.86+0.42 a 15.47+3.35 ¢
BC4 42.78+1.93 a 22.78+0.55 ¢ 6.24+3.12 be 7.78+0.96 ab 20.41+1.25 cd
BC5 45.13+£3.06 a 19.92+1.92 d 2.66+£3.42 ¢ 6.74+0.93b ¢ 25.55+2.09 a

1. CK. BCl, BC2, BC3. BC4FIBCSAbFRA:= ) i Achita & 25180, 10, 20, 30, 40, 50 t/hm?, [EFIEHE G AR/NEG FHEEACEALHH

25 B3 (P<0.05),

Note: The biochar application amount in CK, BC1, BC2, BC3, BC4, and BCS5 treatment is 0, 10, 20, 30, 40, and 50 t/hm?, respectively. Different

lowercase letters after data in a column represent significant difference among treatments (P<0.05).

220
200
180
160
140
120

TIEFAEY E D) S Soil MBC (mg/kg)

100
80

o)
- =< -
O 0—5cm \%D 40 O 0—5cm
FO 5—10 cm = O 5—10 cm
W 10—30cm a Z 35 L W 10—30cm ab
L a 2a &
a2
b S 30
I b beb b l@,ﬂ’(
il
I c 25
d C cd| b b b i§
be H
L] e ] 20
H
= ® 15
CK BCl BC2 BC3 BC4 BCs H CK BCl BC2 BC3 BC4
Kb PE Treatment

E3 ERATEEEYRRLIRMEDENER. TS

bc

BCs

Fig. 3 Soil microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN) content as affected

by biochar application rate

: CK. BCl, BC2. BC3, BC4 il BC5 ZhFiA: ¥ it FH 43 0 0. 10, 20, 30, 40, 50 thm’, #:_ERFE/NG FRAAERR—1Z4k

B [E] 22 53 B3 (P<0.05)

Note: The biochar application amount in CK, BC1, BC2, BC3, BC4, and BC5 treatment is 0, 10, 20, 30, 40, and 50 t/hm?, respectively. Different

lowercase letters above the bars represent significant difference among treatments in the same soil layer (P<0.05).
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BC2 % CK. BC4 5l F#1K 27.72% . 36.28%, BC4
B BC3. BC5 43 M40 47.93% . 43.12%, HAtbabF
) 25 58 i 2 (P<0.05),

e 2 fow, WA i S A T £ 5 0—30 cm
12 BBy WY HUAE, HARfLE Dl 2.87~8.68, K&
AW BB IR 3G, Bo/By B HUAE RIS
hE RIS, 0—5 cm +J2H, BC2 AbFRm
H I m, H5.96, 1fi 5—10 fl 10—30 cm 1)
th, BCS AbHE H A s, sl 7.04 F
8.68; Wi mAL PR CK 4L FE BC/BN #4 10.60%~
202.44%.,

24 NEFESTEBNRAS RBENENE
A BRI X R

AR ST (F 3), B PRAR RER R - 22 (B A AR
KA AR AR RO B HGa R R, HWr
R R BN K ENHET B . x5 (0.7760) >x,

=2 ERATREEYIRXTENEMEEYR,. &t

Table 2 Soil microbial biomass carbon to nitrogen ratio as
affected by biochar application rate

+JZ (cm)
. BC1 BC2 BC3 BC4 BC5

Soil layer
0—5 3.49 3.86 5.96 5.47 4.64 5.88
5—10 3.55 4.82 5.72 5.27 3.50 7.04

10—30 2.87 4.44 5.83 5.93 3.31 8.68

FE: CK. BCl. BC2. BC3. BC4FBCSAk A4 i it FH & 4351
40, 10, 20, 30, 40. 50 thm?,

Note: The biochar application amount in CK, BC1, BC2, BC3, BC4,
and BCS5 treatment was 0, 10, 20, 30, 40, and 50 t/hm?, respectively.

(—0.1480) >x, (—0.2650) >x, (~0.3310) >x, (~0.3860) >x,
(—0.4020) >x, (-1.0610), /NEZ 1 (v) HIRIBESR
(x.) . FEFRAEA () AP AR (x) Z R JCE
FARKR, BAREYE R R m Nz 7 it 1) F 22 A
T BAFEA () MREYEYRA (xv) 5/
PR () ZIAR B E AR, PR ARIAA
5N i (v) Z R R A C R R RS
A () FIRA (x) 5/NE7E () ZIA 2 B EIEAX
KA, HPEEEESA () 5/0E & () Z 2]
WETEMELER, W EEER (x) MEIEHESA
(x,) &P IR AE R In/NAE e (AR SRR A
(xg) XN P8 (v) W EESEAR REDN, AR
REK, H A B ) 5w 4 B i (Rl RS e /N7
Fei . BT AT, A HLA A 5
By A= Wy i e 5 /N2 7 B A [l UE A BT
iR y=4042.106+17948.902 x,~52.316x, (R*=0. 597,
F=8.112, P<0.05), Hubnl, A% med:
YA e A AR e N P R

3 e

ARG R R, FORFE A 9 ok H ] & 1k
J5 BEAE S A T A T R
MAPUEA Sy, AR & A A ) 55 s in 15
FysE g, HREE £E e, HEeA SR
BWREAR, BCS (WA MG 50 t/hm?) AbFEF,
THELREGRAS L EPEN RS, XT5EH T4
PR A G &H—EWAR, I HAEY R A 5

®3 PEFESIRANEES RMEVEYMERR ZERBES T

Table 3 Path analysis between wheat yield and soil organic nitrogen components and microbial biomass carbon and nitrogen

AT [B]42238 1% 2 % Indirect impact path coefficient

Factor B P —x, —x, —x, —Xs —X, —x; &1t Total
X —0.6030** —1.0610 0.2864 0.1580 0.1397 0.0481 —0.0157 —0.1587 0.4578
X, 0.4240 —0.3860 0.7873 —0.0699 —0.2161 0.2111 0.0324 0.0649 0.8096
X; —0.1410 —0.4020 0.4170 —-0.0672 0.1741 —0.4485 0.0909 0.0957 0.2619
X4 0.6160%* —-0.3310 0.4477 —0.2521 0.2115 0.5867 —0.0521 0.0050 0.9467
Xs 0.4930%* 0.7760 —0.0658 —0.1050 0.2324 —0.2502 —0.0414 —-0.0527 —0.2828
X6 0.2120 —0.1480 -0.1125 0.0845 0.2468 —0.1165 0.2173 0.0395 0.3591
X; —0.4780* —0.2650 —0.6355 0.0946 0.1451 0.0063 0.1544 0.0221 —0.2131

T o RIS xRS R v —IERRIR A xRS 2% x— MUEYAEYERR; o —EMEYER; —H

KR P—HEEARERE y—/NEF R, **—P<0.01; *—P<0.05,

Note: x,—Unknown-acidolyzable nitrogen; x,— Acidolyzable ammonia nitrogen; x,—Non-acidolysable nitrogen; x,—Amino sugar nitrogen;

xs—Total N; x,—Microbial biomass carbon; x,—Microbial biomass nitrogen; r,—Correlation coefficient; P,—Direct impact path coefficient;

y—Wheat yield. ¥**—P<0.01; *—P<0.05.
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P Z2 AL RS FEPERT, XHRRAR A 3R A R HA )
BHYEF . #£ 0—5. 5—10 F1 10—30 cm + )2 BCS
AL EE A A A i3 CKOER T 10.94% . 10.25%
H16.52%. AW BABRR LRI (11.3 mYg),
REE 3 o T IR TP AR R, BRARA R
T B, TR B R R AR A K 1 R R
g N R E RS TR SR

TR BFFEAE AR, A R R A A
Yyt . RS e DR SR A ) S kS AL Y 25
MR R 2270, A4 R, HEMA v
Wyt i WA AR W A U N R A B i g . —
T, AEYBUREA pH L WEREBUR . w241
ARFHERT A -3 S 4 R - pH, B R K
PERL LR, BRI E Y, AR
AR BT PALER IS | RAFAAETGA0FET, M ffif 1
B E RIS N S5 — 7T, AR B e B
SRS RS FOCRFEE, WA TEETSAH
Oy AT B AR R UE D A K REED e, JF HXFA.
WRSE SR (R BT i T 3R I i R 1, £
A W AR R o I A A S o A 1S
SRR RS TS T G, BN ER 2
A, X5 Pokharel SECIAIF G 45 AL, X2
TAR S % A A W) Bk pH (9.21) KT 1.3 pH
(8.36), FF&EEW RSN N, 158 pH 1
K, FEEEhEFEIEY R TR, £0—-30cm +
ZEr, BC2 (W BRI EE 20 t/hm?) ZLFEF A9
AV EA S EYN R, X 5KE R EFE S A
R, HWF5E RPN 20 thm? /NEZFEFFA W ¢ 1 4
Ja, TEMAEMAYERS R, Y BERE
TR T 20 t/hm?® 5 BEE AR W) BT A AN N & i Ak S il
AR BB XA RS FEEY R
XK. RHERREE . AWRAERT . AN IR IR
B AEYRIERL SRR A Y, nT e
TN INAE W R Ja RFEAR A AN TR G o A P A6 W ke
SHAEY YR AR E (BB, i LY
e BABERAE YA AR B R AR . AHE
FEH Bo/By EMA B AR ) JBTR VS 0 £ 1 0 & S
TGN RN B AR RS FEAH R H A 45
TET, AW s RN /SRR H 25 52 mm 3 v &
BRE, it A ) Bk T B S Re R AR
Yy BRI T PE A LA BN, B Y C/N fELfil
IR RR LA TR, X A Yk i T
B — A T AR AR

A TR it A E HL RS T 3 U T B T BRI

gy, HED BN ShRsZman, iR AR A 1
b A B g g, it IRRE PR N
JE L METALI A Sy . TEARRETE T, AR
T LIRS SRR SR, IR A A R
WM ZARE . LEAPIRA BRIy I
PRASR>AR PRI RTRIG SR S RTRIFAR NS R >E
BAR, XERZHFRETIROTEEEREM; -
SR AL FIAR Py I A R 2Ok A AR AR,
FER A PRI AS R, TR TR A AR TR0 25 R A R A
A, AHEPESRATIRRAR, L, Y R
X SR R BV RE ) A AR, AR
REEH—EMRR, ALY TOR)G L58En)
WA HLR R ATREK AR B, LS AL
FHOUIRXEDC AR, R, A B RS RS
TEAR R FE il B A HoR T B, XA HIRA
MR ABFTEA R, MRS SRR B A A
AR, AR RS R B R AR TR AN N
OBy IE ol N R R: 1 S A N o o SN - €
Ve e R Z ) R IEASC R (18] 4), X5
ANFRFIRI R SEAE RAR L WA BRI IR,
Hit A BB, K& 2 I Se i Ao E R S A
MRMARTER, HEER 2R SRS T 3.30 g/kg
i, MRAFAPLA SF AL AR S R . AT
e, e U R AR W RO S E n AS
B, BSIMABRERE 30 thm? B, RRAEAHLA A
N, AEMRAR RS RN, Xt R, St
bR E il —E AR, MomRmaILA S
FHEFAC AR SR, X SURLAE IR IELE R
AL, BTSN, Bl ) A HLR B AL
MELLE LI RUE S PLRB R T 1 h . X diid
RS 3 2 ) A 0 o e x4 s L SRR M T R B A
BURAE

PR B S R A FE RS R E LIS B LA HLAR
FOURRIE , SR RO R T R 2R IR, 5
TIEALRAE S Em IR OGS, FIERR AR T REK F Bt
Ji . A IENE | RN M E A B . R A 2
PRI I3l ) R Bl A R R ok 1 s v [ E
FIMZ R ABFFEH, 0—30 em 42 T HERRA#
BRI S R & i R IR RS A
PO, 35 50 2 A 7R B g SR A HIL
oS P T AR I A R AR R o 25 258 B B8 T e
i 30 thm? I, FRAR B SRS BT R,
Ve LA IRA D P 5 TRIMAr, KiErt
W 5 i A B LB EE AN 5 K R, A
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Fig. 4 Pearson correlation analysis of soil organic nitrogen components, total nitrogen,

and microbial biomass carbon and nitrogen

W AAN—ZEEMRAE; AIN—IERRRA ; AMN—RRISRASA;
AWtk ; MBN—RUEYIAEY A *—P<0.05; **—P<0.01,

UAN—Rf RS ; ASN—Z MBS A TN—2%; MBC—illW

Note: AAN-Amino acid nitrogen; AIN—Non-acidolysable nitrogen; AMN—Acidolysable ammonia nitrogen; UAN—Unknown-acidolyzable

nitrogen; ASN—Amino sugar nitrogen; TN—Total nitrogen; MBC—M icrobial biomass carbon; MBN—M icrobial biomass nitrogen. ¥*—P<0.05;

**—p<0.01.

Y b SR P R AR B A R A AR TR AR MR, 3
A, MRESAS LI Z A AR
BRI, @HEMESRS TR MG Y A P
Z IR ARG (18] 4); X UL AL W) i Ae
P e R AR Y SR L e
T SR Y X L R R A DL Y A
Hn e A CHLE IR AR A LA, LIRTE+
SRR BLRE J1 5 R, SRR R AR
TR, 2R ph T A A e G S 7t A
e, FEERELETEATRERT TR,
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R fff AT L) [ A e A D7 g VR 2 A, 7 s
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T i 2 A 0 I VA I P A A 2 0 iR 2
HmJERERER, BC3 (B BUkA NG 30 thm?) 4b
PN H SRR, XS EAMFES R — I
AIRER R FA Y TR BA F 5 LI, a4
Yy sk BeS 03 + B AU W B A R AT Y AR
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s AR RS i ) — B A TR
ANWEEIN, T3 HEREK AR S RN, BEIR
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