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wm OE

Oy W B A L2 0 P RRS AT % A O AR W i SR il A b S RUIL AR A (R bk e . 10

BB R A ) B, SRR XGRS, 18 1 UNERIC/REEFAR , 200 T 43 B AL it T A= B % Al
FEAF G /IR i, JF B AL o g L3N b B, AR (NPK) it b A it A 9 e
(NPK+B ) PIJiti Ak AE iR FF (NPK+S ) o Z5H KM AR MRS 1 1 o AR R 24 22 i AU Wi |
MR AR e FAP SR 18.41% ~ 24.94% . 22.67% ~ 35.47%H46.12% ~ 52.40% ; 5 NPKALBEAH
e, NPK+BFINPK-+SAb B = 5 A ik 1) U F 3253 R 2. 20 71 43 J5 16,534 T 43 i (P<0.05)
- EHR BR R BN 5. 584 T 43 a5 (P<0.05) FI12.804 T 43 a5 ( P<0.05) , ZUIEHR S K3 5 4K 3.40

AT EF6.28 0T 7 (P<0.05) 5 il RS AT 35 8 i 1 S P AT MILAR &5 o |

R YRR R

FRBHE TR, S5 T ZUICHE e id B b LR B X AR R 1 5, AT A B G . DRk, St A
Yoo LA, R AT B A FU R A0 A8 1 RUIEAT 28 SR AT B 5L M) 9 T A ik A

K HEiA
FESES S158.5 XEkFRIREG
KEREDFREFFEIEFEEE, 2001—20104F
KRR RS FE - 2051 x 108 ¢, B HGE H
JEPAC A A 7 b g — T R T xS Bk
T Hpsk ke A HEE . ZHAE YRS ik
AL (C/N) B, gt 3 nT 38 + i A Y
P, ERERCEMEA S, T Rk
ELTR) st 25 36 = AL WAL (NLO ) AT SR Ak
(CO,) MHERL ) o H A AV WG AT 10 1 48 o B
S R IR B A R R A IR S
E BRI HE A SRR L, Ho A TS AT R0 1

TEAT; EWs s FARAHAR RACHI; ARV +

HEXTEE AR (NH,-N ) FIEASR (NOS-N ) By Fft
FEEEM T BANomHE ", M A
AR5 2, 3w AR R 2 2 E R RS £
AR TP E X RS AF A ok i B — i, HOG AR R
TR 22 R G 8 26 80 1 7 =

] — 2% A1 R FF B30 HRDARS FF 2 1k A A 0 o
Je it A A S EUIE A A 5 e NI A, HETY
WX 545 ) SR % 9 SRR B F 9T T R AT
FLRR T B2+ AR A N OHE B g, 45
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KEHER, MAY RSN, HERL, H3m T
NO;-NA#R S ; B4 1R A NS B 4 R &
PRAE RS LN 0 4 5 (0 FF A0 AL 9 e B AR T 3 SR [l
THEAE, BE T HE R AR R, &
A R RO TS FF . A K - 2, &
NEAE - e b iy e f s R, Zy il U ANE Pk . A
I, AWEGE LA B ORFGFF AN DL KR AS AT R SOk il B 1y
AW B 2B IS R A R R R AR, AR ) SRR SR
UNUREEFAR, WSS A K VRS it A W ok AR FF
R AE 1) (VERMIR . = 4E5% B A RIS 2% )
FsZm, DA & PR RS AR BT IR . FRARA KA
T ANE R FE A AR .

1 MRSk

1.1 iR

0 7R L PE A ROl B 2 B AR Bk e AR
(37°33'21"N, 112°40'2"E) #17, % X8t
T KB, WER800 m, AFEHRIR.TC,
AE K HE440.7 mm, FEEFET—8H ., LI
KA A KR+ (FERE TS -
0 o e RS £ (AR AR B E A H iR
/NF0.002 mmBki1.63%, 0.02 ~0.002 mm#As ki
11.29%, 2 ~0.02 mm#ib4i87.09% ) . fi{ + 1
AL EVEF . pH 8.47, HL5%0.28 mS-cm™,
AHLK10.21 g-kg™', &F 0.84 g-kg™', ARBE
6.53 mg-kg™', HEH 143.67 mg-kg™' . HHAE K
TEFFRY 4tk 448.4 g-kg™', A 9.41 gkg™', &
0.71 g-kg™', &80 13.57 g-kg™s AW mnlvgsE T
BRIAEAF A, R FORFEFE, Akt 4
Bk 569.9 g-kg™', & 6.56 g-kg™', AR 0.69 g
kg™, HH 29.33 g-kg™', pH 10.22, &
% 10.97 mS-em™', PHE FLHeE (CEC) 59.2
cmol-kg ' FIMIVEM B3R, MFh R 24345,
1.2 ARFB*®

KRG 1 ik, XTI AU m?, 547
FTAERKIOmMm (K) x1.0m (%) x1.2m (&)
BB M (Poly vinyl chloride, PVC ) HEHE 1
FEJEE, 8 R 15 cm RAIE ACK SN RS
FX, PRFRG DXHE R JRCIR £

I AL EE . (1) JEARALEE (NPK) 5 (2)
Wi AR -+ (NPK+B ) 5 (3) jifi i +F5 #F

(NPK+S) , JET B2 A A mF s 4t 1 1),
A w1 B E T IE TR AY0.5% ((13.0 t-hm”
), FEAFRAZGERR B EA (16.5 thm™) o FESAbHR
SRR, B2 &R, Hiskk, A
FINARICIR R (R ER46% ) FHEN10.12%,
iz A 225 kg-hm ™, Hd50% FACEGE (I
), 50%4K T WEEE (4506 ) o FIBEAP,O;
75 kg-hm ™ (i BERR4S ) MK,0 30 kg-hm™> (i
FRER ), YAE R i I AE 16 Fhowi 6 2B Wk FAS
FFCRmEZ92 ~3 em ) F20154F4 A 25 H #HUiti £ 45
XI5 MRS . W T20154E5 A3 Hijis
HE . #1072 H IRk . IR B R 4R w8 SR A ik A
TR, R AR L AR E A R L i
FEATFIFFRL, 65 CHET 5 T A= 9 I 52 4 /RN
PNEERE; R0~ 160 cm 2 A9 IR TS 4
FrHE2AAMENERE, Hob, 0~20 cm+ 3R 5
B LR (SOC) FITEHEAPLEK (LOC) , B
AT IR L O BRSO A AR, A I S %
BF-20°CUKAE, T HHERUE Y B A g
E957% e
1.3 MEMBS5RZE

+HEpH (K +HH2.5:1) MMEC (K +
ks 1) 4% R%HpHiIt (FE28, METTLER
TOLEDO, LifF) fi#H SHE{ (FE38,
METTLER TOLEDO, _[iff) g ; Hitk A+ 1
BE S A ZUOR FIWH, SO &, & A g Bl K e &R
(Kjeltec 8400, FOSS, JI&# ) WM& . HRUwE R
0.5 mol-L™' NaHCO,iZ#2 . 8 Piiln w, 24
A ULRE6EE T (TU-1950, 0, dbst) WsE;
WA R A1 mol-L™' NH,OAcHEIE . kMG T
(FP6400A, AOPU, L) WixE; + ALK
K HK,Cr,O, M il o o 36 PE A HLok R 333
mmol-L™" KMnO,E b5 ; "N i A0l
Bl B - BE A1 AF 52 i SR B A2 TR 6 26 I 1%
(Isoprime 100, Isoprime, JE[E ) % .

- A MR R R AR B R A B Al
WL EE AR E S A RE R AR &
PIEVEARE = I REE T S

T ECE WA PR ] BIOLOG ECO 11
FrmsE 7 FRER10.0 g AR E T A7 90 mL
EREAEFERK (0.85% NaCl) BI=fMMmN, 1¢
F3#200 r-min~' FHR%30 min, #E 10 min/5 A

http: //pedologica. issas. ac. cn



178 + 21

¥l

56 &

HUER KB REE 107, KA B iy R HEE MR 150 pL
B £ Biolog-Ecofit ( BIOLOG, Hayward, & )
R, RS EcolR fE25°C T 5% . &
fF24 hHBiolog Readerf! ( BIOLOG, Hayward, 3%
) W P K590 nm T B I EAE

A W ) A 2R AL 1 12 23 60, A28 fh 2
( Average well color development, AWCD ) %I~ .

AWCD = Y(4~A4,)/n
Krp, A& BAALLEPRBOGIE , 4, BRAL A IO
B, A-A R FAAEENIE R0, nhikiEFZE (Eco-
MicroPlate’431) , AWCD{E N3 & & 1)F 1
IER
1.4 HURALIE

NAff (A B DR AL o iR i 43 P 31 7y PN
MIZMEBEEABENTTRE, %) = (FEHPENE
FE-RERUNE SRR ) / (IR R NFE-NA K
FHE) x 100

FACFIHR (%) =Ndffx 2 F A& (kg) /
g = (kg)

+HEF R (kg) =HHEB (m®) x LIRS
(tm™) x 1000

TIELE R (kg) =tHIER®E (kg) x 2AX
i (gkg™) /1000

THANREE (%) =Ndff x TIELF &
(kg) /il (kg)

K M Microsoft Excel 2016 X% SPSS 24.04K

4 3k 17 3R AR K B s et i, SRR
( Duncan ) f¥ X BIE T 28 LK

2z R

21 TRLEBEMERTFUR~EMNEZTREEMN

A

NPK . NPK+BHINPK+SAh#[] g5 2% | 0
FERERFERL T i ¥ e R E 25 (P>0.05)
(K1) o DUIZE. WRIFEAE 2 RS2 1 8 S 1 3
FEAF A= e A 45 A Bl ) 22 bR B35 (P>0.05)
NPK+B b H (1% 1 F 5 F5 A 09 28 ) & FFF kL™
35 R 12.59719.82 t-hm™>, NPK+S#kk B35 K
12.40419.68 t-hm™~, NPKALFE/ 5] 4 12.06F19.55
t-hm™, &% R EY RS TR T
itk

NPK . NPK+BHINPK+SAh ] g5 2% | 0
FEATFFFRL I R R W TE B 2 5% (P>0.05)
(1) o PAZE. oF FUEEAE 2 F 2R 19 & 3 1 1
0l AT 1 0 3R W A E A A B R 25 SO B
(P>0.05) o NPK-+SAub B M I S FF ARG
REW RS9 4154 1F1133.1 kg-hm™, NPK+B
AEFRY 50 A 149.5H1131.9 kg-hm™, NPKALF /35
11443511291 kg-hm ™, &3 B FF R FE
W & AR, Hob A R R RO TE
TR Fr

#z1 FRELEBTERTYRSF=MEEZREKE

Table 1 Dry matter yield and N uptake of sorghum relative to treatment
T4 5 7= & Dry matter yield A EWCE N uptake

b /(t-hm™) /(kg-hm™)
Treatment 2% nt ik Frk % nt i R
Stem Leaf Panicle branch Grain Stem Leaf Panicle branch Grain
NPK 3.10a 5.38a 3.58a 9.55a 23.21a 72.95a 48.18a 129.1a
NPK+B 3.06a 6.11a 3.42a 9.82a 22.29a 83.26a 43.91a 131.9a
NPK+S 3.15a 5.73a 3.52a 9.68a 24.45a 82.04a 47.59a 133.1a

TE: NPK: Mjitifbfil; NPK+B: Mifkl Fjtid: 9 5¢; NPK+S: JEfit FERs#F. R RN TIME (n=3) , F—F1F AR
INE TR IR P<0.05K T 225 3% . TR Note: NPK: Application of chemical fertilizer only; NPK+B: Application of chemical

fertilizer plus straw biochar; NPK+S: Application of chemical fertilizer plus straw; Values are means (#n=3) of replicates. Values affixed

with different lowercase letters within the same column are significantly different at 0.05 level. The same below

22 FRLEHEREEHREHH
B JE R FF B 0 W T R M R K

TR (P<0.05) (£2) ., i
E S N s 1 o AL R Sl [ S < S R |
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P ERM INPK>NPK+B>NPK+S4hH, 5NPK
A ERAEL, NPK+BAMFE Ay 325 . 0. il
ERFF R W 0 i Ak B ORERL 8 LE 1) 43 S R IR
8.24% . 13.60% . 12.56%M12.33%, NPK+Skt
TR ) G K 27.54% . 33.55% ., 30.02%F1

it FH RS FF 0 52 T SRy MR R R
(P<0.05) (3R2) o AN[mlab 3 e 5 0 ZAC A H] %
A F I NPK>NPK+B>NPK+SARFE , 5 NPKAE
FEAH H, NPK+BAh 3 = 5 19 U8 A FH R B K220
AE 5305, NPKA+S AR H 1 ZE A R 535 B AIK6.53

28.42%, NE T
R TRILETSROFLF AR
Table 2 Nitrogen utilization efficiency of sorghum relative to treatment
ol SIS ) A IR T HE A Y L 91 E- WIS
b Nitrogen derived from fertilizer (Ndff)/% "N utilization efficiency/%
Treatment 2% nf i b % - ik b it
Stem Leaf Panicle branch Grain Stem Leaf Panicle branch Grain Total

NPK 16.38a 24.42a 18.66a 19.89a 1.68a 7.87a 4.00a 11.40a 24.94a
NPK+B 15.03ab  21.10ab 16.32b 17.44a 1.48ab 7.85a 3.18b 10.23ab 22.74a
NPK+S 11.87b 16.23b 13.06¢ 14.24b 1.29b 5.94b 2.75b 8.44b 18.41b

2.3 FEIAE N HIEPENERKREBNEN
3R, NERAAE L5 a5k B A
1922.67% ~ 35.47%, HEEHALEO ~40 cmfAl 1
E, HEREA1.51% ~95.00%, H.F0~20
em 2 15R A N R AR R 1984.27% ~ 91.59%
Jitg FH AR W e RS FE WS R o TR R A TE

THE R E R (P<0.05) , BIKEXEHR K
NPK+S>NPK+B>NPKAMFE . 5 NPKALHEA L,
NPK+BHINPK+S &k B iy AL AL A AE £ 458 (1) 5% 81 R
S 5. 584 H A (P<0.05) A112.804H 4
M (P<0.05) ; NPK+SHNPK+BALBEAE R A 7E +
HEh B B AR 7 22 E 40 (P<0.05)

®3 BRERAELRDHRE

Table 3 "N residue in soil relative to treatment
e %+ 25 Soil layers residue/(kg-hm™) SR o it S L 4]
Total residue Percent of N application rate
Treatment (0 ~20cm 20~40cm 40~60cm 60~80cm 80~ 160 cm 5
/(kg-hm™) /%

NPK 42.98¢ 3.69ab 1.76a 0.59a 1.97a 51.00c 22.67c
NPK+B 56.30b 4.16a 1.14a 0.50a 1.48b 63.57b 28.25b
NPK+S 74.09a 2.79b 1.27a 0.43a 1.21¢c 79.80a 35.47a

24 ARLEMRAZEEAFN

Jite RS A f 2 52 ) T ARRLRU 21 (P<0.05)
(F4) o TEY W WAy AL LA 45 Ab B (8] 3 300
NPK>NPK+B>NPK+S, -+ 35 8 ek} & 45 4b B
] % 3 W NPK+S>NPK+B>NPK, %2k &%
b PRI HNPK>NPK+B>NPK+S ., 5NPKALF
M H, NPK+BHINPK+SAE 4 W e i AE &L 2 45 )
FEAR2.200 B 20 s F16. 534 F 40/, HIEsR B i

EE 53 0 34 0 5. 584 43 i F112.801 1 43 4
FUIE B 451 45 A3 B AR 3. 4040 1 40 5 F16. 284
Iy R

NPK+B 5 NPK+S 4k B 78 £ Hy W i it AE
A UL K HEBR B IR A ) B AE A 3 2 R
( P<0.05) . NPK+B#NPK-+SAbH 1 £ 4 W i
AR BRI N 23.51% . + 3 5% B A9 IR R R 11
20.34%, RAFHEIN2.88F 4 Ao
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Table 4 Fate of fertilizer N relative to treatment
s it YEPIWE I sk R it ] i A4 KA kA
Treatment N application Crop uptake Soil residue Total Recovery ratio N loss N loss ratio
rate /(kg-hm™) /(kg-hm™) /(kg-hm™) /(kg-hm™) 1% /(kg-hm™) /%
NPK 225 56.11a 51.00¢c 107.1b 47.60b 117.9a 52.40a
NPK+B 225 51.17a 63.57b 114.7ab 51.00ab 110.3ab 49.00ab
NPK+S 225 41.43b 79.80a 121.2a 53.88a 103.8b 46.12b

2.5 AREILEITIRBHBRHF
)R RS FE AT BRI C/N s i
A DU T A R R SRR
IHREAE . R R o B EAT B AR IR
AP R, R R B ERE T+

=1
H o

20 ¢

1.5 r a

B

05 F

TIEE AL
Soil labile organic content / ( g-kg™)

0'0 1 1 1
NPK NPK+B NPK+S

KbFH Treatments

HANR S E (P<0.05) , i E EHE T
+HEOE M WL S (P<0.05) . S NPKAMHEAH
b, NPK+BHINPK+SIEFE + A HLAR & H 25 o 42
& 723.50%M14.30%, & MHA LIRS B8 s T
2.78%H119.44% .

20.0 -

15.0 ¢

10.0

EAHLRE R

Soil organic carbon content / ( g-kg™)

0.0

NPK NPK+B NPK+S

KbFH Treatments

W REBLFRIRMEE (n=3) ; AFFHFRRP<0.05/KF E2Z5 3. N Note: Error bar represents standard deviations (n=3);
Different letters mean significant differences at 0.05 level. The same below

B 0~20 emt 34 PUBR B 3% PEA PLAR & &

Fig. 1

2.6 AEACENTIEREMBERF

SO NG = N ¢ NI
NPK+B>NPK+S>NPK, NPK+BHINPK+S#
NPK AL B4 5 48 f124.95%F113.34%, NPK+B
AANPK+SAL PRI NN10.25% , Tt 1 25 W) ¢ . 35 184
T A AR I R A R SRR
NPK+S>NPK+B>NPK, NPK+SHINPK+B4NPK
Ab B B G TN29.26% F161.1% ( P<0.05)
NPK+SHNPK+BALHIIE fi1102.0% ( P<0.05) , Jifi
FH A= Wy e FNRSG FF 35 Jib 25 18 01 - 398 LR 0 Bl
ERFF R DT ER B m i K T AW e T R AL
AR INPK+S>NPK>NPK+B, 5NPKAH#H

Content of soil organic carbon and labile organic carbon in the soil 0~20 cm in depth

AHEE, NPK+S A - 38 il 2 v B0 15 2.39%
{HNPK+B &k 3 19 -+ 18 ikt 26 7 20 = % 15 6.70%
NPK+SHNPK+BALFEIEJ119.73% ( P<0.05) .
2.7 FRIAEST HIEMEME RN

SE B AR AL (AWCD ) Fas Al B FR Uk
PixE AR Y CBRIE ) BRI HBE S, fF—E R
R T A i A AR T . X3
A IR AWCDIE R Zh AW ( &:FR24 h, [E3) 7]
Ml BEASREFRET R E R, & A FEAWCDY) 21
K, RiFRai24 h b HAWCDI#AIE, 24 hiG
T T v, U A R R T R, S AR S
PERESE , NPK+SALFEAYAWCD i 2 i TNPK+B I
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80 r

o
(=]

—_
W
(=2
o
(S
D
(=]

[ (x10/cfu-g™)
&
(=)

W

HF ¥ Number of fungi
[\*)
S

bacteria / ( x10°/cfu-g™)
=

7% & Number of

(=]

C
NPK  NPK+B NPK+S 0 |_X—‘ :
NPK

40
+ b a
-~ al
g 30 . b T
Q § = B
582
b Z. é’ﬁ 20
I o =)
WS T 10 f
&K
g3
1 1 0 1 1
NPK+B  NPK+S NPK  NPK+B  NPK+S

AbHE Treatments
B2 EHEANE . R A Sk o

Fig. 2 Population of soil bacteria, fungi and actinomycetes

—e— NPK
20 f o NPK+B
1.6 - --==--NPK+S _/,»—'}f‘ef"{‘ a

0 24 48 72 96 120 144 168 192
32N Incubation time /h

B3 AR WA A [ B 2 B - 2 231 A A R
(AWCD)
Fig. 3 Average well color development(AWCD) of carbon

B AL SR
Average well color development
o

source utilized by soil microbe relative to type of the carbon

source

NPKAb#, NPK+BHINPKALH ] 2% R B35, M
48 hE168 h, NPK+SALEIJAWCDH NPK+BAbH
SrHIEAIN112.7% . 94.82% . 103.7% . 91.93% .
71.07% . 61.79% ( P<0.05) , #NPKAbERS> 511
hn228.2% . 121.1%. 72.81% . 60.02% . 43.23%.
40.08% ( P<0.05) , Jiti HFGFFHE & 1 REw A H

BRIEHIRE 7, B0 T Rl MRS
3 i ®

AR H it FH A= 9 i RRS T 2 A Ml 9 R A 21 1)
() — 00 S B2, RS il it FH A o ARG
FFE8 o] S s M i A U 0 L AR g s
FIMFE L5, S5 IeAE E, it A 4 e R
FFAE i ST = i A 4 13.7% . 2.2%, )

REDINIEE T2.9%/M5.0%, HESANBE (£
1), HJFEH AT RES5 B A= ¥ e RS FFIG <3k
HOS” A YR MRS A S S A — RS
gy, I T B 25 B R A ML AR SR M AT LA Y
B (E1) , THLEME (225 kg-hm™, DINiF, F
] ) st A A P 0 A K PR T AR, T
Xof A 4 e RIS AT I8 Ak LA B HE R ™ Ak 7= A S8 R sk
JE D2 R T A R FRS RS i R 3R A R
Mo 2R DV RM . YRR 1.0%H.
HEM (260 kg-hm™) [Fcjifi i & 48 & TAAET Y
B AR R R s 2RI O . R AT
6 thm”H 5% (300 kg-hm™) F it 2 542 5
TRRER B MA R BBE . BRI LM, it
A= ) D5 RIVRE 6T 12 37 1~ 40 J 7 ek R 7 43 W AR i)
ANEE, XAIRe S A AP B EUIE 1 i
YEYIm N | 4 SRR AT e

5% T it FH A= 90 o RIRS A X6 VR 9 008 R 2R G
S, Steiner® V'OV IA AW B T LS,
Py T pHAIBH 5 - 2c 4 g Jy, 1G5 - EXT 0
T MR, T B 5 T AUIE R R kg4 7
WFFE IR, AT ROt A e ) R R 1k
1) 38 L B v KRS I R, DA B D R R R
et m AN F A 5 EAGEE R R BT A5 RS
6], AAFTEEE 2B, it FH A o ARG AT A B ) v
B 214 7 S I I SR 45 Bt AR B 43 S AR T 2. 2040
Sy RUR6.534 A A (3R2) o it FH AW e RIS AT
BB T e B AR R, (B AR
R He A1 Bt A I8 23 S AR T 11.3%F129.7%
WS UE, i FH A 0 ARG AT A T B AR U A 3
P, X5 MRS R E R A, A
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56 &

BF 52 vt P 2 0 ¢ FRS AT UG LU ol (1|
2) FEPE (&3 ) A 43 b IR 0% B 0 e
o F3) Wik B EE TR, Hk, By
T R ) 7T BE 2 AT S 5 LA BT 58 45 SR [ i
FEE, A A R 5 R AN
[ {37 2SR B 0 i, T D o SR L R e 1) R 25k 1
FECRF BBy, 1T L b SRR AR 45 5 2 R LS8 07
Ve, T R U A A 2 )P A R A LA %
HORRER AR 3R Y ZLSE R R 0
KRR E A SBME . EH L
RIS AR EY, M RS
A PG A I A 0 34 R 47 398 v 11 5% PR R 331
WA T 5.58 N [ 4r S A12.80 0 F 43 5, ARk
FOrMBEAR 73,4010 A 73 R F6.28 A 4 i, FEAT
IR TLE W9 . W A 5 S 3 4 s T e
BB S i (IR ) DA b M40 3 0 2 A B (1)
2) , fHHS A A R N (A
3) , KREFENAEYRE—FE AR, FBE
PEmn . AR, BA L e s
5 REFFAR L B A SR A L S W LR W R R R
P BRI AR S A A L
B Y, SR BRI (H A B Y
P T AR ELHA i f L i, B — R BT
B B M B T s e gy Lo, T A B s
RS Y, (H TR S M b A P A 3
F]2.09% L A REF B B AW ROGR 1L
I, AW B A B T LA R o A 2 5 A A
FICHA R . ABFSEES RN . R B
TS AL (E) | MR (]
2) DIBARHREE (F3) , Lgs g pLak = 15
A R . S SRR A A . XA
Fe AR HA BRI k40 A WL 1, A AT
M5 A R S, HH A B S5 ARE
(AT PER BT, T o ol 4R B 5 AR P ) 85 37 0 T
FIREIE YT 0, PR R | PR RS AR R i
AR R IR E 0 L U A Ak T 5 R
A T8l £ 40 0 Tl R - 4 A T e e A5 R Ak o Tl
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Effect of Application of Biochar and Straw on Fate of Fertilizer N in Cinnamon Soil

WU Ailian' WANG Jinsong' DONG Erwei' WANG Lige' GUO Jun' NAN Jiangkuan'
HAN Xiong' Louis McDonald® JIAO Xiaoyan''

(1 Institute of Agricultural Environment & Resources, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, China)

(2 Division of Plant and Soil Sciences, West Virginia University, West Virginia 26506-6108, USA )

Abstract [ Objective ] Nowadays, application of straw directly or after it is pyrolyzed into biochar
is the main practice of straw resource utilization. However, how application of straw directly or after it is
pyrolyzed into biochar affects transformation of nitrogen is still not clear. [ Method ] A field experiment
was carried out to explore effect of the application on transformation of fertilizer N in calcareous cinnamon
soil and its possible mechanism. Sorghum uptake, residual in soil and losses of fertilizer N were studied
using the N isotope technique. The experiment was designed to have three treatments: NPK (chemical
fertilizer only), NPK+B (chemical fertilizer with straw biochar), and NPK+S (chemical fertilizer with
straw). [ Result ] Sorghum nitrogen absorption rate, soil N retention rate, and N loss rate in the experiment
was determined to be 18.4%~24.9%, 22.7%~35.5% and 46.1%~52.4%), respectively. Compared with NPK,
NPK+B and NPK+S was 2.20 and 6.53 (P<0.05) percentage point respectively lower in sorghum nitrogen
absorption rate and 3.40 and 6.28 (P<0.05) percentage point lower in N loss rate, but 5.58 (P<0.05) and
12.80 (P<0.05) percentage point higher in soil N retension rate. Besides, NPK+B and NPK+S was 23.5%
(P<0.05) and 4.3% respectively higher than NPK in content of soil organic carbon, 2.8% and 19.4% higher
in soil labile organic carbon, 25.0% and 13.4% higher in population of soil bacteria, and 29.4% and 161.1%
higher in population of fungi. Moreover, NPK+S was 103.7% and 72.8% higher than NPK+B and NPK in
AWCD (Average well color development) value after 96 hours of incubation. [ Conclusion ] In conclusion,
application of straw or straw-derived biochar may reduce nitrogen absorption rate of sorghum, increase
N retention rate, and lower N loss rate in the calcareous cinnamon soil. Application of straw significantly
increases soil labile organic carbon, soil microbial population and metabolic activity, which in turn improves
nitrogen transformation from nitrogen fertilizer to soil nutrient, and consequently reduces N loss rate. Straw
returning or application o straw directly is an effective measure to improve availability of nitrogen fertilizer
to the crop in the calcareous soil and promote reasonable utilization of the straw resources.

Key words Straw; Biochar; Nitrogen use efficiency; Nitrogen loss; Cinnamon soil
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