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NPK+S 5 NPK 4bBHAISEE = B3 A B2 5, [HEATH CK BRI T 33.8% M 37.4%, RAMRS/N ek ik
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Effects of Biochar and Straw Application on Soil Biochemical Properties and Wheat Yield in

Yellow-cinnamon Soil

QIU Lili"*3, LI Zenggiang', XU Jisheng', LI Hui*, ZHAO Bingzi'", ZHANG Jiabao'
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Abstract: A four-year field experiment was conducted in Fangcheng County of Henan Province to disclose the relation between
crop yield and soil properties at jointing and maturity stages of winter wheat planted with biochar application (+B) or not (-B),
and both contained three treatments of chemical fertilizers (NPK), chemical fertilizers plus straw (NPK+S), and an amended
control (CK). The results showed that biochar and straw had no interaction effect on wheat yield. The average wheat yield was
reduced by 17.4% following continuous application of biochar for 4 a. Compared to CK, wheat yield of NPK+S and NPK
treatments increased by 33.8% and 37.4%, respectively, while no significant differences in wheat yield existed between NPK+S
and NPK treatments. Relationships between wheat yield and soil properties at jointing or maturity stages were obtained using
PLS-PM model, and it was found that wheat yield was affected mostly by N supply at jointing stage, while soil properties had less
effect on wheat yield at maturity stage. In conclusion, more attentions should be paid to N supply at jointing stage of wheat in the
yellow-cinnamon soil to prevent yield decrease after biochar and straw are applied.

Key words: Biochar; Straw returning; Available nutrient; Active organic matter; Enzyme activity; Wheat yield
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NGRSV EY P AR T2 Bk 371 A ikge s
RO, e FH A TR S5 VR, b A e R
P 26% A 17%01, AR5 2 A A ) Som T S8
VEW = BRI 4% ~ 24% . SRTT, Tt AR 4 o e ok
A L B 5 e BE AR 2 B I S . SRR D)
R, YRR B SRR AL BEAR HE , R AR TG A
FERATIIIEIN , o Ak SRS R (R T IRAR, i
B B R T ME AR SR B T R . X R AR
Heal, B bt e AR TR B R T /N BT A
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SR E IR, B A M RK I A T L
AJHETE A AL ARG, (R R R R =l
A T Bt AR A , 5 FEAA RO AL AR B 4R TR
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it AR 2 2] - SRR A 7 ) 7= A SR T
TSR I S B e LA RS FEIA SRR TR
AT FET - 98 ) g R TR R A2 SR A B I S FF
FEM, FEFRAHBE TA/NZR T 1 NO,-N &
B, HHAF TR NO, -N R, 2740
R IFEFTAE H 5 3 e Y ik R e N2 e
BB AR, e A R R R E

BR2EF RN A ) R RIRS AT 8 S 80 1E D)
77 i T e B R AR S H R ) R O T T R TR
5%, T I AR A AR AR, R4 R
25 AR IS S T AN BOIOGR R e AR e S e
4 SR BTN i R A 0 I e AR it S ek
Jo Bt 1 40 A 7 30 0% Bh 25 A8 A B HS 7 9 1 A 5
AT/ o AN ) A T 3 PN A o 1) A b 2 b 2 52 T %
IHPE P A KT S i i 27 i PR, AR R 2R
3 Sk RO = (R P, RHAE S AR IS 3R B
A WA = Y B A = B,

M R EORI T R R B A E L —
JRZEGEE , HRbE S B 2%, R X S B AT 4
ARTIFE LA FH B) 52 67 3850 R -, W T A= 40 5 e AR AF
HLEN 4 a J5 B A AL/ e BFSE E
A5G - O A5 4 5 SRS FT i B2t T 6 /N2 4T
SRS AR AR M R B R R s QPR AR AR
3] 39 A AR TR /N 7 R AR IR

1 #MRERE

1.1 #FRXEHEER
FH 8] 52 AV 32 5657 77 B 48 3 X YT B BAR A

W RYERE X (33°08' N, 112°58' E), IA#E:T 2012 4F 10
F/INZZ 2 o i DX IS i Al KB =fe, 481
¥ISR 15 °C, AEHFEIK R 800 ~ 1 200 mm., {11
SE L, B EEE A KT RTEZE (0 ~ 20 cm)
IR . AE 15 glem’, pH 5.9, HHLE
22.8 g/kg, WHARA 191.0 mg/kg, A RHE 46.6 mg/kg,
B 99.0 mg/kg.

1.2 REigit

T30 975 ANl A 0 S5 (-B) A it FH 2B 40 5
BRI, BRI AR E X I (CK) . it A AL
(NPK) A 14 H ECHE fL AL (NPK+S)3 it A 7ite
it 6 MabE, RSB 3 ANEE MK, MR
FAREHLIX ALHES, A/ NX HEAUY 40 m* . A YT 5
WA A T e e = R AR IR A BRA W, A /NE RS R T2
400 CPFRAIFSI 2T, HE Tk 489.6 g/kg,
R 18.4 glkg, &R 2.5 g/kg, FHIE 34.7 glkg.
HEFSFF R FORFEFE, >k A8/ NX T AL 134501
M, HSmE 429.7 gkg, SRR 7.0 gkg, S
T 1.09 gkg, SR 14.7 ghkg, HHRLAE IR E
I BETRES A AL .

g AAE Jr A& - B KRR TR/ E
Z, MEFTHBE . B, ERFEFFK 3~ 5 em)
W FOR I — IR IENE, 50% FIRIE/E NREAE, 4%
50% ANCAE/NZ BTN B . /N ZE BARAE AT
i DL 1, R it A Ak 3L ) i R AR ]
fEEARZE, St B AUE A, MARERE N
210 kg/hm*, P,0575 kg/hm® Al K,0 90 kg/hm?, Hirf
50% AL . 4B NE e AL AR oK F- A, 6
A 50% FAEFHIMER it . /N AN R ORIBOIR 5 H A
FFA=EBAL /N X, Al P () 45738 2 5 Y o A
J7 X AH R

F1 NEFTEYRX. BERMEEERE

Table 1 Application amounts of biochar, straw and chemical
fertilizer in wheat growing season

Qb B Jite FH it (kg/hm?)
W R itas AEHE(N-P,05-K,0)
CK-B 0 0 0
CK+B 4500 0 0
NPK-B 0 0 180-90-75
NPK+B 4500 0 180-90-75
NPK+S-B 0 9 000 117-90-75
NPK+S+B 4500 9 000 117-90-75

1.3 HmRXESNUE
TE/NFZRFTWIGEERT, 2016 45 3 H 6 H)F
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WA 2016 4 6 H 2 HYREHZO ~ 15 cm)+
o BAVNX B Z SIRAERE LR, S Frkah
1 I I ARSI S PR i e oA R K S AR A
Sk, — T4y AR 2 mm 0%, ARG ARAELE <20 °C
VKA, I GE 8 NHL-N, NO,-N, /KEMEA
Bl . Z(DOC . DON), #OKHEHUSAT HLAK . A (HWC,
HWN), fESAY SR, A (MBC. MBN)DL K+
R . 3 — W ERERT RIS T 2 mm i
T A RO (AP) FLE AU (AK) & &
NH;-N. NO;-N . A0 FE 80 & 5 53 5%
HE I W Ltk L UK Bk | BB HL R KO
SeREEMEN, DOC Al DON &R H] Jones #I
Willett!" ) J5 3200 2 . HWC F1 HWN & &R
Ghani 2SI 75 260 . MBC Al MBN & 8% 1)
S5 BSR4 A e T SR 3, 5- A3
K A% TR 3 I e - 8 UE # i (AMY) i £k Tl
(INV)TE P 5 2R B 40— SRR BN LU €072 T — 4 5 e e
ALY L 23 43 3]0 7 IR 7 (URE) F1 B &L (DEH)
TE I Wl R R N E T 0 R TR il (A CP) T
PEUS, Fe /N, AKX BENLE 34 1 m®

Fz2

FEJT I 2T, R KT 5 JBERE I 2 /1N 22 7 R 8 0T FH ok
AL~ 1,
1.4 HiEabiE

XPEAE AT AR 2R Ty 2253 B 31 R ] LSD Jy ikt
T2 @ i KA/ AR (partial least
squares path modeling, PLS-PM)Z#7 384 fb P i
() B A B H6F 77 e 52 e o B3t 4 A ok F AR
SPSS 24.0 1 R4.0.1 () PLSPM & /7 £ 5¢ il o

2 HBREHSH
21 MABNEFHTEEARETHLERY
F5

32 KM, BRTHOT IR AR, AW R S
T it T RS X 22 /I 2 o B R A 7 1 PR 4K
FENYIEAE TR . ELE 4 a it FHAE Y A L T
R T /NERFPRL 5, PR R IR 17.4%. HIZ,
A I o it S 3 B T T AT A A R s Ak
OB A AR o e, I3 S 43 Gk
9.0%. 19.5% Fl12.4%, {HX} NH;-N £ NO,-N & A
I E (% 2),

YRR IFEF A AR AN EEENAEE B A LIRS R

Table 2  Effects of biochar and straw with fertilizer on wheat yields and soil available nutrients in different growth periods

AR bR 7k (kg/hm?) NH;-N(mg/kg) NO; -N(mg/kg) AP(mg/kg) AK(mg/kg)
-B +B V¥ B +B F¥y B +B F¥Hy B +B F¥H B +B Py
WY cK 50 45 48b 20 26 23b 163 178 17.1b 1024 121.1 1118¢c
NPK 79 65 72a 72 59 66a 218 233 226a 133.6 1452 139.4b
NPK+S 70 66 68a 65 7.1 68a 223 247 235a 1394 1823 1609a
T3 6.6 5.9 53 52 20.1 21.9 125.1 1495
B NS NS ’ -
S . "
BxS NS NS NS
A CK 8244 6074 7159b 34 27 31a 72 71 72c¢ 138 152 145b 100.1 1158 108.0b
NPK 10554 9120 9837a 3.8 3.6 3.7a 317 29.1 304a 173 197 185a 1237 1315 127.6a
NPK+S 10314 8842 9578a 3.2 3.1 32a 162 199 181b 172 212 192a 121.7 1413 1315a
P 9704 8012 35 3.1 18.4 18.7 16.1 18.7 1152 1295
B ! NS NS NS -
S - NS i .
BxS NS NS NS NS NS

#: NHi-N: #8%, NO;-N: H&A,

AP: 34, AK: HEH. B: AEYBUREH, S: FEFFECHILIEALRE, BxS: 2 HAMEM;

[R) 3 /INES b AN [v] 27 TRl — A T 00 A [ R i f S Ak TR ] 25 57 B 35 (P<0.05)5 * | ** FIR ML P<0.05, P<0.01 BE /K, NS FR

VA WERmW; TRE.

Rl Tt A S A L B3 85 52 Ao o S A )
L IR f i NPK+S 5 NPK AbH ] - 17
WA BEES, BT CK ALH A2 7= H 3 fin
T 33.8% F37.4%(FK 2). $A7HIHY NO, -N FIG &4

HSF-34 & BE7E NPK+S FI NPK AR B E) A 525 5,
{HEATEL CK AR -3 & 43 3R 195.7%.187.0%
Ml 37.4%. 32.2%; SACHV-YY & S AR AL
b T TA] (R HES T &) NPK+S>NPK>CK(# 2). i
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W) NO; -N & 876 NPK A i, NPK+S
IR Z., CK ALEAR ;AR08 FI s BT 34 7
#£ NPK+S FI NPK Ab#R[a) ST 2 5, (HENT
CK Ab ¥ HAF Y& 53 s 32.4% . 27.6% Fi
21.8%. 18.1%(% 2).
22 AEALXEBHIERHRIRESE

A= 0 5 ¢ 5 8 O AR I X AN [R) A 7 B T A
BB & AR P S HAE (R 3). HiFH A BTk
B FE RN R DON H HWN (P24 55 5 5 1% 5331
H 19.0% il 11.4%)F AT HWNCEE 5 R iR
9 11.6%).

il FF T 7t A IS Ak 4 W 25 5% e 415 917 DON
HWC, HWN., MBN, ‘EfI & E7F NPK+S il
NPK Ab 35 [a] A7 I 25 25 55 (3% 3), (H4r5 Lk CK b3
-2 5 T 46.9% . 66.7%, 7.8%. 5.7%, 9.7%.
20.3% 1 50.4%. 63.3%. F&FFECIELAE L3 i 2 5
M 301 DOC. DON., MBN, Hrf DOC & &7
fb B ) ) 3 25 S E R PIAE NPK LB A DOC S
Y& a e CK ALBRES 11.4%; NPK+S AbFH () DON S
18 L NPK A PR 31.8%, 111 [ CK AL P 65.5%;
NPK+S 5 CK AbFEAY MBN “FH5& 8% g2
5, [HEATH NPK bR 28.4% ~ 41.6%(F 3)-

F3 SWMBRMFEFERLEX FREEH L EEEA IR

Table 3  Effects of biochar and straw with fertilizer on soil active organic matter contents in different growth periods

AEY DOC(mg/kg) DON(mg/kg)

HWC(mg/kg)

HWN(mg/kg) MBC(mg/kg) MBN(mg/kg)

B +B ¥¥ B +B ¥¥ B +B

F¥ B

+B F¥ B +B V¥ B +B FH

WA CK 522 51.0 51.6a 7.6 11.5 9.6b 366.4 376.5 371.5b 389 439 41.4b 1639 181.2 172.6b 9.2 18.6 13.9b
NPK 49.0 49.5 49.2a 15.1 169 16.0a 393.0 392.5 392.8ab 46.0 53.6 49.8a 187.0 227.6 207.3a 242 21.1 22.7a
NPK+S 51.3 49.7 50.5a 13.6 14.6 14.1a 387.7 412.8 400.3a 443 46.5 454ab 1929 197.2 195.0ab 19.9 21.8 209 a

T 508 50.1 12.1 14.4 382.4 393.9
B NS ’ NS
S NS
BxS NS NS NS

43.1 48.0 181.3 202.0 17.8 20.5
! NS NS

NS

NS NS

A CK 361 37.4 36.8b 14.6 144 14.5¢ 357.5 387.3 3724a 419 47.1 445a 1558 168.1 162.0a 93 12.8 11.1b
NPK 40.8 41.2 41.0a 38.0 32.5 35.2a 376.3 387.0 381.7a 444 488 46.6a 167.0 172.5 169.8a 16.1 21.9 19.0a
NPK+S 383 40.2 39.3ab 22.4 25.5 24.0b 383.1 411.2 397.2a 452 50.8 48.0a 175.6 1864 181.0a 14.2 13.0 13.6b

P 38.4 39.6 25.0 24.1 3723 3952
B NS NS NS
S * o NS

BxS NS NS NS

438 489 166.1 175.7 13.2 15.9
- NS NS
NS NS
NS NS NS

#: DOC. DON: /KiEMHAHIE. Z; HWC., HWN: HUKEIREANK. Z(;

23 AELEEHLEREE

5 IR EE A, AW 5 e 5 RS A Ot AR A XA
] £ B ARG A S BRI (R 4). AP B
S8 AT U0 A R 1 JOR T T SR T, HOF
PSRRI IE S M 10.4% . 8.6% F1 8.7%. 6.7%.
it T Tt e IS 08, 355 5 i Y 300 R i 22 30 1 B
FE B EEIE P, NPK+S Ab 3G A IE PR CK
12.1% ~ 40.9%, i NPK 5 CK Ah ¥ [a] i1 1 5 A v
AREERGR D,
24 TEAUHERIIEY=EMNZ M

FIF PLS-PM 43t T /NPt S A EF I 4
BAEAEPER R R (B 1), B 1A R, A E
F4RTT B A ROSR or  TEMEA LT L B S LR
Br=m AR T 1) 33%, Hif B GR r(E AR R
$=0.94) 1) B4 5 0 {35 1 T A BB R G T

MBC. MBN: fEwAEY k. A

(EHEBRAR ZBU WIIE—0.27 F1-0.23), 1F THEFM8
W, NHi-N. NO,-N. GRUBE . SR iR 7 2=
¥IRT 0.70(& 10).

SRIMTE G, HHEERERS | IEMEA P .
TE M R AR R e B AR Y 16%, 77 @ /N =51
B RN T 0.20(8 1B), FHMAY 11
SRRLTEAY . TR LT L RS T 7 A () B AN i
TR, S P IR | e S O
HA R 2(E 1D).

3 e

3.0 EYRAMIBEFEAT T EENEROR D
300 HUKIRSY K2 RWELE 4 alti HEY iR
B R TE T YT IR R Y g R AT
WA SR XS5OI T 45 R — 8,
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Table 4 Effects of biochar and straw with fertilizer on soil enzyme activities in different growth periods

AEEH Ab 3R AMY (mg/(g-24h)) INV(mg/(g-24h)) URE(mg/(g-24h)) ACP(mg/(g:24h)) DEH(TPF pg/(g-24h))
B +B F¥ B B F¥¥H B +B F¥ B +B F¥ B +B FH
WA CK 096 1.01 099b 21.8 226 222b 045 046 046b 092 092 092b 842 857 850b
NPK  1.08 1.00 1.04b 23.6 247 241b 048 052 050b 1.00 099 099b 902 938 91.2b
NPK+S 1.13 135 124a 267 295 28l1a 052 060 056a 106 1.11 1.09a 99.0 1172 108.1a

Y106 112 240 256 048 053 0.99 1.01 91.1 989

B NS NS ’ NS ’

S

BxS NS NS NS NS NS
A CK 0.60 0.72 0.66b 19.6 204 200b 041 046 044c 094 0.88 091b 725 721 723b
NPK 084 092 088a 21.6 235 226b 048 049 049b 094 091 093b 740 784 762D
NPK+S 0.85 1.01 093a 261 267 264a 050 056 053a 100 1.04 1.02a 799 91.1 855a

Y 076 0.88 224 236 0.46  0.50 0.96 0.94 755 80.5

B : NS " NS ’

s - o - -

BxS NS NS NS NS NS

T AMY: JEHEE, INV: 5{LE¥, URE: WREE, ACP. MRVESFMGEE, DEH: JiEf.

GOF=0.60

B)

GOF

=0.55

© " O @ AR MRS R () R[OS B A UR O MR R
_ - 1.OF -
_ - _ M m ] Mo B
= 1 0.8 — - -
- = |
H g 061 2 H
- ¥ -
H 04F B
- 02} =
- 0.0 |
SIS R RIS
SEEEY &Yw&§®§&§&y
H5hR

(A, C: #1W, B, D: 2. A, BH#Eik BB REEBERL, * B ERE,

YIELD: FfRif=ht,

&1

Fig. 1

AT 2 BRI P A= W o B v I AR A S A K
P, HR P RE S AWy B b i & 1 L BROTR
FEMCE) 13 G WA, AR Bk Al s b + 3
A WL BESEFRAIRARE MR T A RO &

Fopth 3 A AL A b R AT
MME B REMERS/NEFER PLS-PM 247

PLS-PM analysis of soil biochemical properties and wheat yields at two wheat growth stages

ARG BRI, T35 PERATE 13 i B kA= T E A
XX T RE BT /N A A W e X A R
CoRTE S AR

NPK+S kb NPK Zb P A4k 7 3 i & i g, A
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TCER EEDLE TARAESAEAE, R EA 385 81 8 T hg
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55 Bt £ A Ak 342 ] - S8 S0P 7E Y T B 2 25 R
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{HARFFE 20, R AT 4 FH i 2000 L 2 a0 it 20 A o i
R EYM AR AR, Hik, fEYxt t5Eh
NO;-N W IS FE 2 57 7T BE 2 1 L] NPK+S Ak
HHNO;-N AT NPK A B AR A9 R A

3.2 WEMEAEALE WAL . FUR AL
fe « ARG BRI R 2 AR AR Ay, X A B
M 1 R . 3% 3 RNt FH AR W) Bk W 4R v 1 /N R
3 DON, HWN & K HWN &
Gundale Il DeLuca® %8 &3, Jiti A9 5wy +
b AEA M, AT A S AR S . R EE A AL
fie . BBk A TAMNEAHLYIE . AR R K0
4 A A PUR R R o AR R G M HLA
St R — 5 AT AR SRt T A R B B TS A
B LR 53308 3ok ARV R A B e J 1
F— i, At A B R A SRR TR L
H TR AL A HLRZEHE A B9 A4 K AR S o)
B4 A BB T JE X s AT HLAUR R R e, AT
P T R AR S .

TESR, NPK+S 5 NPK 4b 38 a] () 35 144 HLFR
THREABEES, (AERAINE NPK+S A2 Y
DON #1 MBN & g Z LT NPK AbFE(FE 3); R
T it XS 3 A AL R ) 5 T B 2 A 0 A B AN [
5o FEFFRHEH A BB WS S/ e,
EAR P2 B 4 Bt A P i IRl AR, e b mT i
R PR AR A X W R T VS A 5 3R] - 4 v oA LT
FIREFF I 53 TGN o AE/NFZ I, ST i 1 5%
SRS, Y I A S AR, R
DART A HLAVE AR, FLRMEAE T BB A T Ak
B IR YA MR RES . A, AR
T AR Ik FHAE 24 /N2 A B R 00 - R R SR B i W I
ORI SN (N2 o= ey CFAIES:/] 317 AR ]
FE—E TN, TR S5 T 0 1 5 8 S I A GG

FPO H L, AR FH B RN AT BE BT A
IR FF 340 56 FAo RIS Ak 3 4 PP it A S Ach BB 1 o 2
AYRAN T, 2HECRB LI, S H
BICREFRA H AL FRRERS N4 /N2 AE BRI MBC.
MBN &, ZIGZEEAL, TERESRIN 2 Rk 0%
MBC. MBN & &,

3.3 EEEME RGO R MR, O
Hesh % 3 A= Wb e A AR | 3% it FH AR 4 o i
FARE T AR IO DRI | WO S R R R
FYBEE TR 4). X5 TR SEPIRIT 45 R —5
8 v M 2 A7 B BN VR B DA R A A%
PERRZ TS A g I ) SR T G R
AR AW e B Y LR IR R, A8 % Bf
MLAME 3 F R, 32 B S S i R R AT
A= ) 3 Ao A AR - SRR O I B A s R
Wy 1 AT R BRI — L8 /NGy T ST Ry — S il 1Y
P (HE A A T T2 B-N- £ Tk 22 ik A 4 W 1 il
EYE L)

e S FH RS A 5 25 i 1 R IR R ] g
SAREE . DREG . RRVEBERREG RN SRS ME(R 4), £
R P i A2 185 0 5 e Rl e 1 A O Bl A 1 o 22
R, ZEREME S & B, KRS FFIA H REAS & %
B0 M R | R A R S T L X T g
S TR S A B S oK S W & S A L
BRBEEYT, FACEHR AL T 58 2 0 RN, A
A S M AR R T e S
32 AE4EHIEHRSEYNTE

WA eI | 20 /NAz 7 i i B AR GGR 2).
Kishimoto £ Sugiura® BB 7E K LK £ B 5 tvhm?
A 15.25 thm® A9 5 o 5 BOK 9 7= 250 BRI T
37% Fl 71%, FEFLJE DA T s gt i T 14
pH, SEEHhRETRZ . 5 W5 HGE,
TERRYE 3 F it 4. 8 A1 16 t/hm® A=) i e (R L it
RIE)E , AKFEFFRL™= 3R T 23%. 10% FiI
26% ., T Ac it U5 e A AR AR AR
FEH PLS-PM 43 2 /N2 4815 11 - B 3077 43
FrE R HAE WA L LY NE RN EENER
(I 1A)., Hff NH;-N. NO, -N. A%, Hasn i
BT 2 RT 0.70( 10), KX 4 MESHERE
M /N2 7= 5 1) B B S 80 it FH A 0 I 2 BT T 4R
I A AR AR S i, 1Y NH,-N FlNO; -N
WA AR, #F—2 3R NHa-N Fl NO;-N 1] G2
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