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Wi, Z5RRWIFEFF AT > NOS-N Uk, (Hi& il NoO MK EHE, mAMI# 2 FEAR NO (HE
TR, BN T NOg-N fihse: B MUR N 7R B AR RILEAZHE s & (RS FERI A
WRBEAR T SR el 3, $R s T PH S T A A RUIE A 2, s B R SRR TR AT o 47 K
PEE T AR, FUIEAE TSP AR R AR, S i EUIEBR . RIE, AN 7 AR AR AT LA
AAEAT R E R B A% 2 PR AL BRIE AR, T8 I 0 TR AT N RERHOR, BT A R
A6 it FH AR R AR AT X IR 2 1) CAEMDWRNAL . 335 B DA R RUIE 50 sz, DAY & A
FEFFORUR . AR AR L B R S A R K

1 MESETHA

1.1 #ifarrt

RIGTE 1L P98 AR B 4 PR He . (37°33'217N, 112°402"E) #47T, % X8 LimH K
Bt S%, ¥R 800 m, EHRUR 9.7°C, FHME/KE 4407 mm, FEEENE T8 H., HHERA
A IR IR TR B A D, T gD+ G REGARR E 4 L2 il o : /T 0.002
mm Zbki 1.63%, 0.02 ~ 0.002 mm #3ki 11.29%, 2 ~ 0.02 mm #PHL 87.09%). A 33 AL 241
Jfi: pH8.47, H52% 0.28mSem?, HHLEK 1021 gkg', 4% 0.84gkg?, HikmE 6.53 mg kgl
TERCET 143.67 mg kgt AR FOKFEFTIOAER 448.4 g kgt AE 9.41gkgt, 4B 071 gkg?, 4
M 1357 gkgls AEMIRENILTEE TEREAER, FERONTRAEFF, ek oA 4% 569.9 g kg™
4% 6.56 g kg, AR 0.69 g kgl MAHT 29.33gkgt, pH10.22, HLFFE 10.97 mSem?, [
B (CEC) 59.2 cmol kg™te FE/EMIE R, WA 2% 34 5.
1.2 MtRFE

KM AR 1779, XA 1 m?, #20FER)E# 1.0m (K) <1.0m (58) x1.2m (&)
[R5 LM (Poly vinyl chloride, PVC) HEME#EHA: R, 72 HEE 15 om DA EKCK A s
HRX,  PRIFRL X HE N N AR

RIGACHE: (1) JEAEAFE (NPK); (2) JEfE+AEYIR (NPK+B); (3) JEfE+FEFT (NPK+S),
TR BT BT 7e 45 SR, AR it PR ONHHE IR R 0.5% (13.0 thm®), FEFTLIZ:
BRERIA (165 thm?), FANbE 3 REE, MAMUIXAE 2 47 m4, 3% 18 #k. MM N Fxid
JRE (BREEH 46%) FFEH 10.12%, M4z Ny 225 kg hm?, Hrh 50% FUIEEME GHot), 50%
PO REE (50D, [FIN i P,Os 75 kg hm? G BERR4S) I K,0 30 kg hm? (FRERHH), 1EH
JEEEAEFR MR HL b B R FIAEFT OMEZ 2 ~3em) T 2015 4F 4 [ 25 i 2 KX JF 5 1 1%
FMIRA . R T 2015 4E 5 H 3 HMEAE. #&Fh, 10 A 2 HGHE . ORI R AR mr A R AT L 38R
AR B B B A R L L REARERL, 65°C LTS TR AR R R E AR N TR
KA 0 ~ 160 om /2 19 HIERE KT 5 20T He A% PN 21, o, 0~ 20 om A IgRE S E +
HANR (SOC) ANEMEA LK (LOC), HUGH/MZZE IR -3 A F NV ERE, 7 [m] 52560 % B
F-20°CUKFE, T HIEBE M EE AR EHEE R 4T
1.3 MEMBESHZE

43 pH OK+ELEL 25: 1) RMEC (kL 5: 1) 451K pH it (FE28, METTLER TOLEDO,
i) AE SR (FE38, METTLER TOLEDO, _Ei) Wl HEARA L3R M4 2 KK H,S0,
A&, SHEYLIKERI (Kjeltec 8400, FOSS, F12) 5. A X8R M 0.5 mol L™ NaHCO; ¥
P AEBRPURA R, AN AN B RETE (TU-1950, 7, Jbm) WE: HREr %A 1 mol Lt
NH,OAC 242 KIEETT (FP6400A, AOPU, Lifg) llsE; A MK KCrO7 Ay
M. WEVEA PR A 333 mmol L™ KMnO AL 5E ; "ON = B v v A b k2 5 JR 1 e A P
WEFCFT R R g A2 & iS4 Clsoprime 100, Isoprime, FelE ) j5E .
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TR YRR ORI R AT T R B BRI T 2 A B R IR IR A
ErlEoRARE R SN IRE S S 1o

HIEMCE MRS R A BIOLOG ECO P&l FREL 10.0 g #rif +HREE T4 90
mL CUK B A B R K (0.85% NaCD (=P, 7E#£5HE 200 rmin™ FHR% 30 min, # & 10 min 5
FH A 3 K AR 22 1073, M B4 0 338 B3k 150 pL #57H % Biolog-Eco #(BIOLOG, Hayward, 2£
YHIEEANFL AR, 3200 5 19 Eco BTE 25°C R 15 5% . &K% 24 h F] Biolog Reader 1% (BIOLOG, Hayward,
FEED ME A 590 nm T RO .

A A PR LI it 2816 % (Average well color development, AWCD) #Fir.

AWCD = T (Ai-Ag)/n
X, A EFLLSEBRBOGAE, Ao AXTIRFLITBOGAE, A-Ao NFUER AN 0, n NERIEFE
(Eco-MicroPlate &y 31), AWCD {E N 3 YK E & (11 3H1H .
1.4 HiENIE

Ndff CE 28 B AR B2 PN BEXHZ 8 2R RN TR, %) = (FEdd °N F

JFE-RES PN ESREED 1 IR PN EE-E AT <100

FMEFHZE (%) =Ndff<ss H2EE (ko) A= (kg)

IR (kg) =HIEAR (m?) xHEAE (tm®) =1000

IR E (ko) =HIERE (kg) <2ESHE (gkgh) /1000

TIREIEREE (%) =Ndff<LIE4%EE (ko) MEE (kg)

KH Microsoft Excel 2016 &% SPSS 24.0 #AFHAT EIRGIE L &R Gt o b, RAXSHE
(Duncan) IeiENT £ it 17T 2 B LA .

zh R

2.1 AEILENSRTFHIRmEFAZREE R0
NPK. NPK+B Fl NPK+S AbH ] =422 . i\ FEBEAUFFRL (1 T4 o 7= 535 o 2. 3% 22 5 (P>0.05)
(R Do DLZE, MHRIAREE 2 R ROR 10 ekl AL AT AL Y R A S5 A 3 R 22 B AN 23 (P>0.05).
NPK+B AL [ b SRS FT (0 A4 B ROk Pk = B2 B0 12.59 A1 9.82 thm™®, NPK+S ALHLS: 5
12.40 1 9.68 t hm?, NPK AbHE43 5%y 12.06 F1 9.55 t hm2, & Gehh b RS FFAE W& & THFRLI T4
Jf &
NPK. NPK+B Fl NPK+S b [] = 4225 . i FEAEFFFFL (1) 20 s W e s 38 T 8. 35 22 57 (P>0.05)
(R D)o LLZE. MRUREAE 2 R0 3R 71 (1) v S bbb 3RS FF 11 20 2% VR AC o 7 5 Ah R i) 2 S AN I 3%
(P>0.05), NPK-+S AbFH {1yt b 3 REAT AUFFAL G 2 W 40 3 154.1 A1 133.1 kg hm™®, NPK+B
ARFRS) 54 149.5 A1 131.9 kg hm?, NPK 44> 51 144.3 F1129.1 kg hm™?, w42 3B REFT IO
R TR, FLH b AR 3 B AR SR AR AR A
#1 TEABTESRTYUR~ENTERKE

Table 1 Dry matter yield and N uptake of sorghum relative to treatment

T 577 & Dry matter yield AEWULE N uptake
b3 I(thm?) I(kg hm™)
Treatment E i kR R = Iy FiA FFRL
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 129.14a
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NPK+B 3.06a 6.11a 3.42a 9.82a 22.29a 83.26a 43.91a 131.93a

NPK+S 3.15a 5.73a 3.52a 9.68a 24.45a 82.04a 47.59a 133.07a

: NPK: HUfifEAE; NPK+B: JitifbfIEFLEAEY 5% NPK+S: ifbfE FLEASFF. RAEEE N FIME (n=3),
] —H R AN F/ NG 7R R P<0.05 KT EZRE2. R 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

2.2 ARIAEXSRZLF R0

it P A S R T R SRR R R UE TR L] (P<0.05) (3R 2). ik, i, FEpE
FFFRL A S5 T AERFEU EL 5] 3 K SR BN NPKSNPK+B>NPK+S 403, 5 NPK ALFEAH EL, NPK+B
ACER T R L I REORE UK R W U 1 R B REREIET EE A5 43 Al B 8.24% . 13.60% . 12.56% !
12.33%, NPK+S AbFR 4351 5 2% P4 27.54%. 33.55%. 30.02%7F1 28.42%.

it PR ARG T 4 25 5 T R BB R (P<0.05) (£ 2). AS[FEIASH 2 1) FUIE R R ik R
BN NPK>NPK+B>NPK+S 4b3E . 5 NPK ALEEAHEL, NPK+B AbEE 32 i1 IR FH 3 PR 2.20 4>
B R, NPK+S A EE U H] FH 26 55 2 PRI 6.53 /N H 7 Ao

#z2 TELEBTEHRATIEFAZER
Table 2 Nitrogen utilization efficiency of sorghum relative to treatment

e R P KR T E R A1) ZHERIH 2
yhsl Nitrogen derived from fertilizer (Ndff)/% 5N utilization efficiency/%
Treatment = i g FRL E-3 I HRE Panicle  FFhL & it
Stem Leaf Panicle branch  Grain Stem Leaf branch Granin 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 TEIEX LIEFIER EFRE R

3R, JERVEAE P AR R R S N 22.67% ~ 35.47%, H 3 EHAGAE 0~ 40 cm [
+ 2, BRI ) 91.51% ~ 95.00%, F:1 0 ~ 20 cm 2 (157 B B L SR B K 84.27% ~ 91.59%.

Jitn A= ok RS AT B e TR R AR LI R B R (P<0.05), AR N
NPK+S>NPK+B>NPK 4b3, 5 NPK 4bFAHEL, NPK+B A1 NPK+S 4bF () JE k07 33 dh i ik BE
RAYHIPER 5.58 AN 4r A (P<0.05) F112.80 NF4r A1 (P<0.05); NPK+S % NPK+B AbH At k4
1E IR B B RIS 7.22 N E 40 5 (P<0.05).

%3 N EETEDRE
Table 3 N residue in soil relative to treatment

%+ 255 Soil layers residue/(kg hm?) PEY 331 o Bt R A

Ab PR
0~20 20~ 40 40 ~60 60 ~ 80 80 ~ 160 Total residue  Percent of N application rate
Treatment ”
cm cm cm cm cm /(kg hm™) 1%
NPK 42.98c 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 28.25h
NPK+S 74.09a 2.79b 1.27a 0.43a 1.21c 79.80a 35.47a
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2.4 FEIEN AR EERE M

Jiti PR A AT S35 52 T IERFRCR 2218 (P<0.05) (3 4). 1RV A BERH A5 AbF 1) K s B
NPK>NPK+B>NPK+S, 3185k B LRI 25 b 38 (3] S 3 NPK+S>NPK+B>NPK,  ZUIES K & 754k
FERER I N NPK>NPK+B>NPK+S, 5 NPK AbFEAHEL, NPK+B F1 NPK+S /E4WR I (1) JE R 45043
FIPBEAK 2.20 N E 4 s F0 6.53 AN 43 m, R IER B B RERL 40 Sl 3 n 5.58 AN 43 s FH 12.80 AN E 47
B BRI R BB 3.40 ST 23 AT 6.28 AN 43 55

NPK+B 1 NPK+S AbFRAE/EYIIR S R AEARH 20 DA S 358 B 1 IR S8 TR I A A W 3 22

(P<0.05). NPK+B %% NPK+S AbFH (1) /M i (1) BERH U8 0 23.51%.  T-358 5% B %) IR U B AIK

20.34%, PRFHIENN 2.88 N H 5 Ko

Fz 4 TELETREMEAEE
Table 4 Fate of fertilizer N relative to treatment

‘ o . EEvES
it S TERIR 3k Hit PN PURFE
G OS] o o Recovery )
N application Crop uptake  Soil residue Total ) N loss N loss ratio
Treatment , , ) , ratio ,
rate /(kg hm™) I(kg hm™)  /(kg hm™) /(kg hm™) 9% /(kg hm™) 1%
0
NPK 225 56.11a 51.00c 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

25 ANELLIER HIRBHERAF T

EVPRFIFEF BA R CIN, EEEE. mEAOR DB a8 R & 56 HamE
WIOMRE A RTREAIR S BT BB R S s o A Lt B 1 R0, Wi AR B R
T EBANURE R (P<0.05), iR ER 7 EEEEAPIR S & (P<0.05). 5 NPK At
FHEEL, NPK+B 1 NPK+S AbBE 838 Lk & &5 e m 1 23.50%1 4.30%, & PHEA LK & & 757
PEE T 2.78%411 19.44%.

20

._.
in
m

EEEHHEER

Soil labile arganic content /(g kg
5
TERNHEE
Soil organic carbon content /(g kg
=
fa=]

L 1 ! I | 0.0 L I |
NPK NPK+B  NPK+S NPK - NPR#B - NPK+S

fa=]
fa=]

HbIE Treatment 4bTE Treatment

H: RELRIRIREZ (n=3); AFRIFEERR P<0.05 /KF EZREZ. TR Note: Error bar represents standard
deviations (n=3); Different letters mean significant differences at 0.05 level. The same below
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Bl 1 0~20 cm 3G HUak RIE EE LIRS &
Fig.1 Content of soil organic carbon and labile organic carbon in the soil 0~20 cm in depth

2.6 AEACIE TIEMEDHEE

TR AR SRR NPK+B>NPK+S>NPK, NPK+B Fil NPK+S # NPK Ab3 43 513 i1
24.95%711 13.34%, NPK+B % NPK+S ZbFEIG I 10.25%, Jiti FHZEYpo W2 1n 7 L3 ampgis e, +
9 E R SRR I NPK+S>>NPK+B>NPK, NPK+S Hil NPK+B % NPK AbHH43 513941 29.26%
F1161.1% (P<0.05), NPK+S # NPK+B 4bH## i1 102.0% (P<0.05), i A= 4 FlAS FT 15 I 35 14
M7y ELEEFENHE, A/FNTMEgE K T AR, LERAFHEE KR A
NPK+S>NPK>NPK+B, 5 NPK AbFAHEL, NPK+S AbH 435 ik 28 i 2 140 2.39%, {H NPK+B At
TR 39 5 2% T B AR 6.70%, NPK+S %5 NPK+B Zb3 111 9.73% (P<0.05).

80 - 0 .
"Bl . a _!:;D
a 5= e I ab a
b @ £ 60 ¢ B =R N — o =
: 5 e K
o - =} ~
- E a0 t b 3% 0 |
“ 5 W 3 .
g [=} <€ = 2=
i = " 2 I
e é 20 ¥ £ 10
af, ==
NPK  NPK+B NPK+S 0 ' ' ' 0 ' ' )
NPK  NPK+B NPK+S NPK  NPK+B  NPK+S

A3 Treatments

2 LA . BRI DAL AR

Fig.2 Population of soil bacteria, fungi and actinomycetes

2.7 FREIAIERT IR YR RIS

PR S (AWCD) KR B IR A A FRY) GRiRD) MR HRE ), f£— ek
B b7 AR R AR FEAR S M . @I XS 31 ArERIE AWCD ERIE AN (&R 24 h,
K 3) ml%n. BEEREFENAIRER, KA AWCD ¥R K%, BIRnT 24 h #4053 AWCD
BIAR, 24 h JEiR A, Ul B IR VR TR R A, RO AR TS T B 0R, NPK+S b EE (1)
AWCD & Z & F NPK+B fl NPK 4b 3, NPK+B fl NPK 4h# i) Z 5 A5 2, ) 48 h & 168
h, NPK+S 4 # () AWCD #: NPK+B &b 2 7 5 34 hn 112.7%. 94.82%. 103.7%. 91.93%.
71.07%. 61.79% (P<0.05), % NPK &b 735 38 fin 228.2%. 121.1%. 72.81%. 60.02%.
43.23%. 40.08% (P<0.05), jifti G4 1 fk 2B M F A U i R 77, M99 1 TS A= AR
.
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24 -

20

16

1.2

08 r

TG A 2
Average well color development

04 r

0.0

0 24 48 72 96 120 144 168 192

B FERf ] Incubation time /h

K3 3 A M) AN [R] Ao S Yt 1D ~F 25 70 £ 48 46 %2 (AWCD)
Fig.3 Average well color development(AWCD) of carbon source utilized by soil microbe
relative to type of the carbon source

3 W

AR L it ) A 0 RS T A AR M B R A ) P (1 — T0UE 4, KT e i s it FH 2R 40 R ARG
FrET AT s R B A R 22, AT AU S B RE R S516, 5 AR IEAE B, i P A 4o AR
AL STV 2oy iR s 1 3.7%. 2.2%, WA E D H4EE 1 2.9%M 5.0%, (HERANRE G&
1), HJEE AR5 BRI R RFEAT I B 08 A 6B, R AFSAT A 558 — &l
Gy, AT RERE A PR BGE A PRI & (B D, THEIE (225 kghm?, BLNiF, T
) Pt N A 3R E P ) A AR T G, 3 T X 2 R RS AT IS M LA e -3 R b = AR R
RSP, A R T AR RS AT IS s R rh SR ORI, 2t se e . AR R B 1.0%
H5%E (260 kghm™) it & 5426 7 HAE TR AR R ZEmaie 5 P0RE . RS it ]
6 thm? H.5%UE (300 kg hm™) Ftii & E 32w 7K EME R 2R E. B LD, i
FH A= R FOREAT NS i 3 B i 7 AN IR A0 RS AN 23, IX AT RE S Ak « R AT ERCEUIE it
. BN, IR k.

56Tt FH A 40 MRS AT BRI P R 5, Steiner 250w s kst T 15454,
e 39 pH RIBH B FASHAE 77, 9 130T R IR O TR BN, TSRS 1 RUER AR k)40
WFFEIAA, AEFT I FH it a0 ARt %o 3 R SOk RN AR K R T s, DA R 3
KRR EENEFI R . 5 OIRER I T R, AT RR A, it AR RS AL 2
(1 1o 24 2 R ) 2 2 Bt A B 40 Sl FARAES 7 2.20 AN 43 i 6.53 AN 4 s (36 2). il FHAE W o
FNFEFT EFE R T e E I AR R, (H Ik B AERF U Bl 34 B it A A 2 3l B T 11.3%
29.7%, kAL, AR AR AR AT R T BRI A R, 3 55 39 A o 2 T 4 2 280
A%, AT AR RS FT G T3 RE e (B 2) FvgEtE (B 3) LU - Al &k
BRI (% 3) HEt—BENE T iZM M, 2k, BRI FE RS S 8RN 7T 5 LA 7T
SERNRIR SR, AT BER AR N B 2R EE 7%, T I e A R
) S 2R IR U0 4 T DA SCRFROE 25 SR 2 R AL Ge 578, VIR IR R 2R FH R
Bl WA PR, SRS SRR 4 9 2 S =29,
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RAEPR R HR 12 EBEE S EIA . WMERRAERIASE, ARG REN, JEHAEYRM
i A 25 ot e A Ak T P AR S8 3 rh P B B 2R 40 il 39 00 T 5.58 AN 43 R 12.80 AN 43 L AUIE
PR Z A HIFEIE T 3.40 NHE 4r R 6.28 N E 4, AEFFIRCRILT AR . Tt F AR Mok B 25 4R
T ARG E (B D DL IR R (B 2), (H O T3 A M AR i 1 1) 5
BN (B 3), ERFNAEY IR & —FE B IR, fREttm. HaErkm, BE0EmEy sy
PEPERY,  SREATA B BRI HIE R E M B A E R Y, H 8 SR 5 R R A 2Rt R
HAEYBAEEY, SRR, (AR R AR R B E KRN s, B
— 5 (VI PR 2 S B A MR A0, AT AR B e A PRI A B, (H A a9 (e P A
HIEF] 2.0060L A RER I B T BCRM, Rk, AR BB e FE DA R R R R
BB A R . AL SRR AR RER S T T EEa iR (B 1. TIEREYE
&= (B 2) DLEARENEYE (B 3, T3Eta o T a8tk 58 58 Yo i k.
XD TR BN A BB I 0 A HUBR S, REAT 1 5 2 R B B bR S i, HHL B &
SHBZRKEYER, AN MCE IR 5 R S SRR ARSI R ), T LR . P
R B S R R B, RUIE A % A 3 B 5o A S A A R I TR s A TR s
AR NS EG AR, A FTH AR ARS8 B BOR K CIN, RS R A m B A
S S TEA VLR, AME R A KBTS T OB BRIE, R T AR AR, R, A
PP A A 3 R e S Al A A [ S T s 22 R R G, T 4 e S BB 78 U N U AR ) i
FEAEREN, A SR BRI Fe 4, FRAR T et 24 2 IR AR kR

AHFFAEIEA R (EAERI R+ LR ED) N 48% ~ 54%, HikF N 46% ~52%, X5
i e BB 1) 3R UM BRI AT AR TE 50% ~ 60%, 5152 %7E 40% ~ 50%2 [HAH—50: AHF5T
SERARI, R EEEDR A g, A SR AR 80% ~ 85%, i i BT
166 kg hm?, 7EARHETIBITFEN HIRAEMRMEL T, W AR LA R T %N 81.37
kg hm?, Jiti PSSR RS AT LI R T A 10.66 kg hm?, FEFTAE S AT B T 4E Lm0
ST o AHE SN —F K HAIARS, R SRR, AR AR R LI A R ik
PITTERES, thah, LIERA . S MEYIRR R L L AR FOFSFT () FH 25 5o e A SR R 4k . BRI,
A JE AT T T R it FH A= 0 R FRG FT B 25 AR 01 5 67 3R 566
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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 [ Obijective JNowadays, application of straw directly or after it is pyrolyzed into biochar is the
main practice of straw resource utilization. Application of straw, high in C/N ratio, can enhance immobilization
of mineral nutrients, thus reducing loss of nutrients. Strong nitrification in calcareous cinnamon soil always
results in heavy loss of fertilizer nitrogen. However, how application of straw directly or after it is pyrolyzed
into biochar affects transformation of nitrogen is still not clear. [Method) To answer the question, 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
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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. However, no significant differences were found between the treatments in population of actinomycetes.
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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