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Abstract: In order to explore the effects of biochar combined with organic and inorganic fertiliers and ratio
on soil and crop yield, this study used wheat as the cultivation object in the greenhouse, and arranged sev-
en treatments with different proportions of chemical fertilizer, organic fertilizer and biochar: CK1 (no fer-
tilization) , CK2 (chemical fertilizer), T1 (100% chemical fertilizer+ biochar), T2 (80% chemical fertiliz-
er+organic fertilizer), T3 (80% chemical fertilizer + organic fertilizer+ biochar), T4 (60% chemical fer-
tilizer+organic fertilizer) and T5 (60% chemical fertilizer+ organic fertilizer + biochar). The response of
soil basic physical and chemical properties, enzyme activity and microbial metabolic function to different
fertilization methods was explored. The results showed that different fertilization methods had significant
effects on soil nutrients. The treatment with organic fertilizer and biochar can significantly promote the
nutrient content and the nutrients contents of T3 were almost at the highest. The activities of soil protease
and sucrase were significantly enhanced by adding organic fertilizer and biochar, while the activity of cata-
lase was not significantly enhanced. With the increase of the proportion of organic materials, the diversity
of soil microbial community and its ability to metabolize carbon sources also increased significantly. The
application of organic materials can improve soil quality (according to the soil quality index (SQD) , the or-
der is; T3>T4=T5>T1>CK2=T2>CK1) and crop yield. The intensity increased first and then de-
creased with the increase of the proportion. In summary, the application of organic materials can improve
soil nutrient content, enzyme activity and soil microbial carbon source metabolism ability, and the influ-
ence intensity is related to the proportion of application. Under the conditions of N, P,O; and K, O appli-
cation rates of 225 kg/hm”, 90 kg/hm” and 90 kg/hm”, respectively, 20% reduced chemical fertilizer com-
bined with organic fertilizer (3 000 kg/hm®) and biochar (10 000 kg/hm?®) can effectively improve soil and
increase yield. This study provides a reference for the combined use of organic fertilizer, biochar and
chemical fertilizer.
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1 ME5R*E
1.1 R

I A, T R T AR X PE R R 2 5, LN AR LI R iR =g, o5 i JH 1 3 2
kR . pH E 6. 47, HHLE 28.00 g/kg. 24 1. 68 g/kg, W 1. 46 g/kg, MW 18. 13 mg/kg, W fE
2 35.23 mg/kg.
1.2 RWigit

N R R 2 13 5, HPE R KPR A BN E B A AR {E. T 2022 48 11 A T A Fh
F. A5 A AR,

R E 7 N, AR 3 AER, ML AR, 21 AN/ NXER R 5.2 m® (1.3 m X
4 m), BNEEA/NE IS 47, Bi7 12 5 A K. VLS THUAE A A [ B i Lo F 3% & 6] A 22,
CK1: AHht; CK2: 100 % ALHE (BRI ALAGEAC ) 5 T1: 100 %A AE + =¥ ; T2: 80 % ALAE + A HLAE; T3.
80V AL+ M +A W e ;s T4. 60 ALAE+A M T5: 60 %48+ HUIE +AWmx, BARMREMNR 1
s, Hod, ZE . BEAC . BPAE x9SR PR 2 (& N 46 %) . i BERRAS (% P,O.12%) . EALH (& K, O
60%) s AL R E PR E F SN A BR 2 & A B A PUIE AL S =45%, N,P,K
SEE=500) R R I 5 8 F RS AR A IR E] AR 7 K RS A A A ) ok (pH {H 8. 70, A HLIK
537.97 g/kg, &R 0.61 g/kg, &8 1. 99 g/kg, &4 27. 15 g/kg).

*1 FEKELEAELGESR
Jifi Fil 4/ (kg » hm %)

R b

N P,0; K,O EERIN A=W
CK1 ANt e 0 0 0 0 0
CK2 100 % fb e 225 90 90 0 0
T1 100 %6 FL T + 4= 9y ¢ 225 90 90 0 10 000
T2 80 Y6 Ak HE -+ HLAE 180 72 72 3000 0
T3 80 Yo AL HE + A HLAE + A= W ok 180 72 72 3000 10 000
T4 60 %4k I8+ HLIE 135 54 54 3000 0
T5 60 Y6 P IE -+ HLIE + £E Hr ok 135 54 54 3000 10 000

1.3 MENBRFE
1.3.1 EEHBRE

FE/NZZ WO (2023 45 5 H FA), 852D DL G ORE L AT R SRR Hip, — 3R R4 HE
FER I LT E P 1 em DL 35 AT LR AR S50 D . R B BRAR R A Bk, K — &8 43 fif
Fead 1 mm i J5 0R A7 T 4 °C uKAR DL BEAT B2 A D BB I A2 55— 38 0 1 J5 2R A7 A B Ak 1 o 0
1.3.2 E3ERALMEFM

i%%@%%%%@%&@ﬁﬂm&mwf¢EL@W%§$%§K$%$&?%W%-1%%F
PE + BEREEG R 3.5- TS B KAG IR LE A vk I 5 B T R SR A B R b 6 0 5 o AR Ak S SR
TG A R R S R e

A HLET R R PR — R RR VAL R R AR VR E T R E s R A BRI
W H,SO, {12, 4 ALK E R CGERE K1100F, B RO W 5 0l ff 2% 5 R P #ok il 2 ;. +
A R A A AL SR A Rl BB DT L AR e s AR & B R NHLF-HCL SR, e
k.
1.3.3  RIEMAEMARB AN Z

+ R AE AT B J1 2R H Biolog-ECO AR 74
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1.3.4 3% R FF4(Soil Quality Index, SQD

il A B 58 Th A 56 R FE bR (45 5750 & i . BTG M 5 MR 2R MERR AR AT RS A BT . B R 4R AR
J 48 e /NI 4R (Minimum Data Set, MDS) Ui I3 Bt 76450, IF LU 45 b 2R X5 T 498 o £ 9 5%
M) e 28 356 BUASE oA 4 B ) Ak B

TE B 43 AT 3 R v R AE (B > 1 19 2 A 43 o I 3k BBOAH L 32 18 23 F 4% 98 b B 43 2R A7 (B =0. 5 19 48 4
PEAT — 38 AR T 0 FAFE 225 S hn e R FE AR . 0] 358 B5CH: v 28 oy (8 78 e S 2R A (i 90 %0 9 Fl
Wy HL5 LA S KA A (B 19 F8 Bk J0 MR 58 2 3 AH S& 1 (p<<0. 05, cor=>0. ) Y FR Ax.

JB P BN B SR A HR AR AT S S ACE R B M. B T AR T B - R AR Y R T — R R
USRS A A A 2R
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Kb S A HERER (0~ « N LIS EUE L A H 350 0968 DL 88 4R 1 fe/ME -5 fe R (EL MR 3 1
3o, IHE SQI A

@)

Qs = 2, WS, (2)
i=1

AP n MR MECE: W, SRR AUE . R BT O 8 AR 2 R T 05 25 7R B BT g R B A% AR bR 5 25 R
Jr ok EE A
B 81 Nash A 80CRECE O RURT i 22 2 80CE O R /NI R RS B R JEE 02 F B A0

(R, —R,)*
DR, —R)*
‘ ZRo, - ZRW ‘
Ep=———— (4
2R,

Kofe Ry 15 R, 3k T A bk Bl 48 115 45 A0 b S0 5% B 48 550 R 1 38 T B AR MOE 85 R, W HE T8/
PR A LI R TR BUE. AR EE BRI 1, 3Rom 5T S/ N 4R ARG L 8 B AR RS A
TE (R R BB . AR I 22 R ECCE ) BRI 00 37 B T die /N B B8 1153 1) - 98 57 & 8 HOM X T 5
T 0 i 22 B/ R 2B
L3.5 AIEFEFRAMMEZAL

TE 2023 4F 5 F R WCHRIT . XF 45 b SR /N2 BEAILER 10 Bk, I @ PR bR A, R A Je TRl i, 158
UNGILUE: WY i
1.4 BIESHT

fii F§ Microsoft Office 2019 it Excel #4782 B, {fi F§ SPSS 26 #k A4t fr o m Ky 24081, A R
15 5 (version 4. 1. 1) #47 £ B W (agricolae £, version 1. 3.5), FE#ATM M08 . T8, B9
#r. {# FH ggplot2 £ (version 3. 4. DER.

2 ZFERE5H5)
2.1 TEHEERBHER

M 2 Pron, EAIAR, AN AR AR Y &4 T B WA, 2502, KW iE e i b
FLCCKD T Y48 AR B0l JL-F- 2 k. 30 RO & KRS, T3 BB UE s, #53T 20 %0, 1 B fn A= 4 7 1y
A 3 AR O 1) A I A ) e ) A B SR BRLAF . Gn T1 W& R T CK2, T5 W& & T T4, s HERSEME, T1 5
T4 RhPRECE AR, HRGE CK2, T3 W& F CK1. 3 AR G T3, T4 M T e, HikiE T1 M
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T2, MHLEREGIFE X, AYEES TXIE, T35 T4 4B F LM A& RS, T2 & TR, H
T5.T1 45 CK2 29 BG4, T2 5 T3 4T LR S E ., i T1, T4 M1 T5 5 CK2 #EHAH
WL st EEANLUE S EW S, T1 s, HE2E ST CKL il CK2; T2, T3, T4 Ml T5 B & T CK2(p >
0.05), HBE®T CKL. BIAKE., iimA LYk aees 8 B 152 T H e bt i, B &R 50 & &,

H LT3 Ab 3 ik 2 P B

F2 AELETEBHLEROFM

e KR/ R/ 2R/ A AL/ X LB/ HHLFT/

% (psscm D) (g+kg " (mg *+ kg™ ») (g+ kg ") (mg+ kg » (g+ kg ™
CK1 17.5040.41b 29.60+1.91e 0.484+0.02d 47.69+1.38¢ 1.4540.02¢c 52.04744.36d 21.01=+0.30c
CK2 16.92+0.31c 48.0140.82b 0.66+0.04c 56.04=40.28cd 1.86+0.01b 91.91+7.48c 26.11F0.94bc
T1 17.4540.37bc 53.20%£3.32a 0.91£0.02b 53.75+3.23d 1.83£0.05b 89.8144.36c 39.78=+1.24a
T2 16.2640.21d 43.87+0.84c 0.89%+0.02b 67.6842.16b 1.9440.09ab 98.00£5.26c 28.70%9.23bc
T3 19.67+0.44a 38.93+4.76d 0.9940.08a 74.47+5.06a 2.0740.17a 182.18+3.4a 30.92+8.42b
T4 17.41£0.26bc 54.63£0.49a 1.04740.03a 78.76%3.42a 1.81£0.15b 122.01%3.17b 33.66=E3. 44ab
TS 17.9540.16b 40.22+1.91cd 0.97£0.07ab 60.63+£0.39¢ 1.85+0.03b 116.28=%7.34b 34.26=+0.51ab

T RPARRNG 78RR A R E] 22 52 G 24 L (p<<0. 05) ., TR

2.2 TEMEN
Bl 1 s e + 38 24 h YA 5 2R BTG P DL & 20 min N S L ARBTG5 R REEE AT A,
AR bt AL S S A RS M R B AR, (BRI E Z A K.

03
a
I L a 301 :
b be a
bc ¢ * b
101~

= I ) [ l b [
o~ d n
B d ~ 02 [P ) I . & biS:]

= on
g & 1 o~ 20F I CK1
= £ o CK2
= = C o
i 2 I g d , %
- & H d T3
& 5 5 i : T4
& 0.1 E‘I B s
T 10f
o oF oF
HEkEEs =R TRl
B EEEEENE

CK1 Wit E AL A/ 5 T5 Z 2R g it X, FE R F M T HAALAH. CK2 5 T1, T2 X T3 Z
] 22 5 TGt 2 L. CK1 A8 I Bg TG Pk o 0 T ab ¥, CK2 5 T1, T5 Z 2R RqE it L. [
W, T2, T35 T4 &AM IE D Em T HAABE, T4 A5 E 00 S0 1k 82w T HAALBE, & CK2 B3
PR T 14.75%. CK1 WREMERE WM S CK2 2R 5 # 2, BB 0T M43, T3 &5 F HAi
bR, FLAE CK2 W& T 120. 74 %.
2.3 TEMEMRIEIIEE

& 2 FeoR 45 A0 BT A 498 v Sl A= W % S T e AR 8 AR 1) - 289 2368 7 £k R ( Average Well Color Develop-
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ment, AWCD) ffifisJ i) 59 48 fb k. 1T LA 25r
FEAAEW (0~72 h), AWCD | FH4
P, BEHOCHE 120 h S TFEZE. 3 20p
RIRZBLN T5 K, CKL b, BURIL 2
120 b Y HUR T 224007 $ s
Wk 3 R, 6 120 hBf, BUEBIT g
B2 HEHE M B R A TR B . & ]
AWCD DL B4 ZREESE B L T5 ol
. H L0 CKL O f& fi5. T2, T3 # o5k €
Simpson L #E (D) 5 T4, T1 . . . . . . . . . .
CK? %E%éﬁ,ﬁ“%%l, fﬂ% T4 ﬁ%% 24 48 72 96 120 144 168 192 216 240
F CK2. T1 5 T3 9y Shannon Z 135 AR
W(H) 5 T5 LR T8 it2%8 X, jfi T1 B2 mEREHMNAEHRETAER

WK H 55 T2, T4 225 G F 8, HLL AR W 3% T CK2. T5 MM ERHE)S T1, T2 5 T3
ZRIGIFE X, [HEER T T4 f1 CK2.

WE 3 iR, ML A5 Ab BT 31 B U5 R FH 58 B 52 e R[] R IR LA Oy 6 K SE. T LR BIAE X T
CK1, H A 25 hb #EAEAS 8] R B 52 o H 3 AR e 7y, o, T5 5 T1 M AR By B . i T5 4b
BEBRXTL-RN R . D-4F 2 0" 5%« D-ZL0E . B-H EE-D- A4 0T . D3RR . L& ™ . nhild 40, D-
T8 B . N- 2 k-~ 4 W8 e ™ 199 28 e 5 19 R FH 5 B AR A o X R A 8 e U5 R R B ) 4 T 280 R A X 3R
S5 M LR R L 2-FR AR L o TR R T X — 2K B VR 194 R R R 4 e I Sk T

3 TELETHEMEMBEESHEEIEY

e Simpson It % Ji Shannon £ F# By o) B4R K R IR - AWCD
BHE(D) SHCH) (E) /(S

CKl1 0.957 8+£0.001 9d 3.235 940.018 4d 0. 962 340.010 7d 28.33+0.58¢ 1.350 240. 114 8&d
CK2 0.961 0£0.000 2¢  3.277 60.011 Oc 0.974 040. 002 5¢ 28.67+£0. 58bc 1. 674 6£0.002 5b
T1 0.961 6+£0.000 1c 3.305 540.001 2ab 0.991 9£0. 000 5ab 28.33+0.58¢ 1.728 940. 026 Ob
T2 0.962 24+0.001 2bc 3.318 240.024 7b 0.985 4+0.007 3ab  29. 3340. 58abc 1. 565 340. 084 6¢
T3 0.963 5+0. 000 3bc 3.350 240.004 1la 0.995 140.001 1lab 30.00+1. 00a 1. 666 640.001 7hc
T4 0.963 6£0.000 4b 3.357 540.007 9b 0.984 5+0.005 1bc 29.67=+0. 58ab 1. 681 8+0.019 5b
TS 0.965 5£0.000 3a 3.387 340.005 7a 0.995 940. 001 7a 30.3340.58a 2.001 1£0.061 2a

TSI B BT 4 Jir (AL H Y Ak P A5 R AR 5G 5C R SISO B, AR 3 Ao 40 M BT A T 25 5 4 B
X5 Ak PR 2 0 ROR BEATIEAY . R LUR B TS AR 2 i BRI o B B A W AR OG 1, 4R TH AR B, CKI
JUP-5 Py B A 5 BE A Sk AR T 4R THECR IR 55 . T T4 5 CK2 k.

31 PR IR AT B AR AL B W2 . FAEIRIE . RIS, M2, MR M Z RS 6 25, AR AL BEXS
X 6 il A R SR EE AN 5 B . T LA . 5 Ak BT I R 2 Atk U A R iR R AR N R AR, X 2 R
AP 55 B2 ARG B i T A AR BE AR, TS X% AN [l i DAY R P i B2 L P S s T A AR B, CKL WDJLP- %5 (2
FART HADAL B, T4 X T W IR WA F T 38 AR T T5(p=>0.05), HYE T2 2RI R L. AEA]
B T AL B T X T AL R S YR A R T B R AR T TS, B T CK2, T2, T3 M T4, Ji /]
T A B KR B T B KA W 28 B0 R P SR BE S T R AR R B AR B, AN TS T T4, T3
T T2, T1 T CK2. AR Y St (AR B A 2% b BE S T2 R 28 5 T 19 288 Atk A ) TS B2 (HLJ 4% Ak B X
J 7 BRI 58 2 R R R R 22 AN S 3
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a a
I
20F . T be ¢
2 I cdc d b d L3R
° tI) el . ti I CK1
Z 1st 1 e CK2
X L0 l O et :
2 ¢ I 1 da Ic I cd/® ] T3
fé 1L0F I ! m
H_
05F
0 -
fireS ES S =gt/ EE LS [AIEES E22Y/ES
SRR

B5s REALET 6 LmBRISHERE
2.4 THERERY
W TR O M Y 4R AR R AT A e AT ARAE Y 4 A 3 o R R B A i Dk 34%6,27%,23%
17% . $FAEME 5504 4. 51,3, 56,3. 09,2, 24, $>1. JE 7R 3 A5 T 4350 ik BOB R F & BEHR £ (S) | FEbE
il PE | S A S I M A - S LT B e ) A O 4 AR /N R 2 (SQI-MDS).
B SQI-MDS Ei%ﬁa#gﬁéiﬂﬁ%(smmwE@aé%ﬁulzl 6a FT 7~ AT WLV JL-F BCIE
HXRE®. Nash TR (E,) R 0.973 3, tHX 22 RE(E) N 0.116 4, BEKFE, SQI-MDS 14

A

1O 1 05x+0.038 6
R*=0.96, p=0.000
0.75 06
4 CK1
& 050 CK2
5 + T1 0.4
Z X T2
O 13
T4
TS
0.25
02
0
1 1 1 ] ’7
0 0.2 0.4 0.6 0.8 ok l
CKl1 T3 T4 CK2T5 Tl T2
SQI-MDS
a. SQIERE b. SQIZE £[E

6 SQI # A B SQI BERE
WA SQI-MDS 17 R 2581, g5 WK 6b Frax., Al LSBT~ 3Tl 408 5 2%, HEF M. T3>
T4>T5=T2=T1>CK2>CK1. T3 +3EF&E&xm, T5,T2,T1 FH, CK1 &ZE.
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2.5 NEFEREMBEE
MR 4 FroR, T3 BT /N S A R R i, T1, T2 P 5 HEZR BRI L T2
WAL, H5 CK2 Z2RIEGTH2HE L T4 5 T5 M-k Z, CKL - k. & 038 F/INE TR 2 5
T B, VS I A ) e 1 Ak B A R IR A N T A 9 e ) Ak B
F4 TELEMNEFBERAMKERHEMN

Ak ¥ R/ A - D TR/ g HEORLH/ Ok - B Feit/(kg « hm %)
CK1 2.29%0. 49¢ 49.4940.57d 34.13=£5. 84c 1024.28%41.14d
CK2 3.43%0.53ab 47.40=%0. 43f 37.55£5.57be 1 988.614106. 73b
T1 3.86£0. 90a 48.8740. 18¢ 42.73%4.67a 2 268.07£227. 18a
T2 4.00£0. 82a 50. 65£0. 44b 37.55£5. 77be 2 135.41+164. 16ab
T3 3. 860. 69a 52.23£0.47a 40. 4545. 22ab 2 268. 83£132. 45a
T4 3.43%0.53ab 50.04=£0.47¢ 37.82£3. 34be 1 714.37%76. 52¢
T5 3.14%£0. 38b 52.20=£0. 49 38.00£4. 52be 1 807. 74 105. 66¢

3 iS4
3.1 itig
30101 R HACH R AR R AL X 44 0 B

SRS R AR R AT A A I B 0 B BRI . HAE R iy & B SR X TAE Y W AOR] A
W) R T B A SO i P A LA R A 4 gk TT AR S TR R e e 3R B A, Rl G AR B R
Cln AR W e BLAG B R AL BE R L R 1 B Bl B 3 A5 4 AR E T KA IR . M55 40 i ok, BET B RS A
FrE N LA B s R 2B 18 1 RS )+ R BRI L R GE AR R it A+
e BE kb HUAE B2 A= e Lol s 4 /R L B2 DA B AL T & it 4 R )RR B T v, X5 TN R AT
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