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Abstract: [Objective ] This study aimed to investigate the effects of different tillage patterns and biochar
addition on soil nitrogen and phosphorus transformation and maize growth and development in farmland in
the black soil area. [ Methods ] Through a field experiment, two tillage treatments (deep tillage and shallow
tillage) and five biochar addition treatments (0, 3, 6, 9, and 12 t/hm”) were set up to investigate the
combined effects of different tillage patterns and biochar addition on soil nitrogen and phosphorus fractions,
enzyme activities, and physiological characteristics of maize. [ Results] (1) Deep tillage and shallow tillage in
combination with biochar addition could effectively improve soil structure, increase the geometric mean
diameter of agglomerates, and reduce the percentage of damage. The deep tillage treatment was more
effective than the shallow tillage treatment. (2) The addition of biochar improved soil nitrogen-phosphorus
fractions, urease activity, and alkaline phosphatase activity, and the effect of applying biochar at the rate of
9 t/hm?” was the best, which was more pronounced in the deep tillage treatment. (3) The application of

biochar up to 9 t/hm?” under deep tillage treatment increased the total nitrogen and phosphorus contents and
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glutamine synthetase activity of leaves and decreased the acid phosphatase activity. (4) The yield of corn

under deep tillage condition with the addition of 9 t/hm® of biochar was as high as 17.37 t/hm’®, which was

increased by 28.9% compared with that of 0 of biochar. [Conclusion ] The deep-tillage treatment and addition

of 9 t/hm?® biochar provided a reference for the nutrient environment and crop growth in agricultural fields in

the black soil area.
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Fig. 1  Overview of the experimental area
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Table 1 Characteristics of soil nitrogen and phosphorus nutrients

Ab 3 ToHLAE/ (mg * kg™ ) /(g kg™ D) R/ (mg « kg™ ') W/ (g kg )

DCK 6.9840.66 Ad 1.10£0.02Ab 48.30+0.97Ae 0.082+0.002Ae

D3 7.6440.36 Acd 1.14+0.08 Aab 56.06 +0.68Ad 0.088+0.001Ad

D6 8.731+0.62Abc 1.20£0.07 Aab 59.2940.68Ac 0.097+0.002Ac

D9 10.92+1.03Aa 1.260.03Aa 70.0941.06 Aa 0.10440.002Aa

D12 9.824-0.45Aab 1.22+0.03Aab 63.621+0.54Ab 0.100+0.002Ab

SCK 6.514-0.52Ad 0.95+0.06Bc 43.75+1.02Be 0.086+0.001Bd

S3 7.3540.60Acd 0.97+0.07Abc 52.3040.77Bd 0.093%0.001Bc
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S9 9.664-0.75Aa 1.19+0.06 Aa 67.641-0.79Aa 0.109=£0.001Ba

S12 9.0440.43Aab 1.13+0.04Ab 62.02+0.48Bb 0.103+0.002Bb
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Fig. 7

H & 7b & 7e AT, FERE AN 9 t/hm® AE WK S
LTN fl LTP & & FH A3, [F 5, DP 402 19 4
i & T SP ALFE, D9 AbFE A R B S B . H
e 2 WAL it i A W R AT I G 4R R OK T R R A,
5 CK # kb, SP 4 ¥ T 19 + & 4 5l 42 & 0.7% ~
14.2% ,DP 4b PR /9 -+ 5 43 0 $2 55 0.3 %6 ~20.0% .
5 CK # [b. SP 4 B R 9 77 & 2 A4 5 5.2% ~
21.6% ,DP 4b ¥ 9 5= & 43 il 32 =5 9.3 % ~28.9% ,
D9 4b B~ HEIAF]) 17.37 t/hm?, ML T SP,DP 43
[ 7= R 0.6 Y0 ~6.6 %0 A= W e FTBFAE Oy A0+ &

Characteristics of growth and development of maize at different growth stages

MW B EEN, S HEERN TEA B E
SR L 0 TG i R
2.6 TEEEH FH EBEEMEXEKIEREHE
KIS
MR L IEEEH TR K ERAERKEE ML
F R SH B R b (pearson) 325 X5 A1 56 48 A1 7F 47 A1 56 1
SR 8. 7E DP AL HE R . UA 5 4 3 A 85 4 47 .
ALP.GS.LTP f1 GMD £ 1EM 3%, 5 ACP fil PAD
B ALP 5 AL 4y CUA GS. i 7 A Bk
Tl & GMD #IEME. 5 ACP £ %GS5
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FHERBEA A CUAALP Kt 5 &0 & i R A oG,
5 ACP 2HMK; ACP 5 PAD RIEM X, 5 8%
WA TR ME o R AR B R A OG. #E SP
WERR ,UA 5& #4175 . ALP.GS.LTP #il GMD £
IEAHSE. 5 ACP fil PAD £ X ALP 5 + 5 7 Bk
Hor UAGS M F A& N GMD 2IEMHX, 5
ACP Hl PAD B i M1 56;GS 5 + A W4 7. UA,
ALP B F & & R IEM G, 5 ACP 2 M 56
ACP 5 PAD BIEAMHX, 5 L AR & & W% 1 X
MR R R ARG,
%2 EAFEBE

Table 2 Characteristics of growth and development of maize

fib 3 TH#H/g FEE/(te hm™?)
DCK 241.68+9.59Ac 13.4740.38Ad
D3 242.49410.20Ac  14.7340.46Ac
D6 262.334+11.28Abc  15.844-0.38Ab
DY 320.0749.23Aa 17.374-0.44Aa
D12 281.864+11.62Ab  15.984-0.40Ab
SCK 241.31+11.28Ab  13.4040.34Ac
S3 242.96+3.13Ab 14.0940.27Ac
S6 246.24+10.27Ab  14.9440.37Ab
S9 274.01410.03Ba 16.294-0.48Ba
S12 264.03+12.37Aab  15.724-0.33Aab

AW (B) * % x %

BEE T (B x * * %
B*F * NS

27 HHMEARNEYRIAELE TEYEESESEN

PRI AL—TOPSIS 1 #4558 % A 1 A= 355 fgit B
HEAT 255 VRN S WA T 2 AR 5 45 48 s it 1 5080 4% 328 1Y
25 545 BR AR Se JL AR (8, 3kt f0 R . 30 o 0% AL
B AR TR BEAE J5 =R AE Py 5 it fin et XA 4 A 5% 1) 9]
PR VRN X 42, 6 B A 498 45 4 48 Ar (AT R A L]
AR RN E 43 L) SRR bR (EHLA 2 A A
R R 4B | T PR S bR ODR T L e 0 R I 2% Ik
W G Bt RN R 1 W R ) . EOK 4B K 4R R (SPAD, &
RMA®) T EM ™ 5 AT LG PR (GR 3D, I XA
KPP R TAR AL AR BE (3R 1),

M4 A5 HE AL A5 B 3% SR AL R & R A A 1B
Ri(E E FIACEE (R 5) , 38 & AL EE , 1H 53 1F 7 3 AH fig BE
B R ER G RB F AT HE I (R 6), ik 6 T
ST, A it o A 4 e Ak B RAIG & AE A gk A BRI DCK
SCK.D3.S3 HE £ ¢ J& - 1 it oK 6 A5 4 o 4k B
D9.S9.D12,S12 HF 44 HE A, U6 W7 o sy 1% 5 A 9 ok
RE A5 A 850 B 1 1 W 2B B M B KT, (BTt I i B = 1Y
D12 Fl S12 Ab FRHE £ I A2 fe i » vl W 3 1 26 ) ¢ it
X AR B A K P A — @ M HIE M . 7E DP I
SP BHE I R AW it N3k 8] 9 ¢/hm’ B, 254

190048 Bt » HLBE A 2B o it in 2 B 35 , DP i 2
RORAE T SP AL B, 18 B 33 A 25 1 % it o - 5 T TR
BRSO A 2R B8 R s AR Bt . D9 Ak B HE T
w s HEER 4R 0.721 M L F DCK ###50.6., 25 -
TR 36 T T KA W A 55 118 S5 A TR 4R B X Sk TR i
9 t/hm* =¥ %,
3 it ig
3.0 ARAEYRENEFNHEFRT LELEHMFIL

ERBES BN

- 4 A B AR S VT M A R Y A A
Z—, ZFESEUIHEGE LB, U m A W s mT 3 n 4
P 3R A e ) 8 ol ) A8 Ak A R S ) A
B 00 A 3R 00 1 2R TR PR AL B A F>1 mm
WA KRR AR 098 B, A 8508 i - 48 P 2R A
Mde et . 5 AEST I 25 SR B it I 2B 0 ok B 6 1
Tk kv B AR B9 GMD, B A A B K /) PAD, H %
FERSCR A T8 2 th TAEY A B B BRI %
T FURIAT ML 43 F 45 440 , BB 4% 412 0 1A R A 1 SR 4
T R T A2 11 A FA 3R A4 1 2 G 3 T 4 o AT 3R A 1 A
ENE L AR Y AEY Rt Nk # 12 ¢/hm® B, H R
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Fig. 8 Correlation matrix of soil nitrogen and phosphorus components, soil structure, enzyme activity and leaf nitrogen and
phosphorus content
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Table 3 Crop habitat evaluation index system

YE A 555 85 4 B EARERS R R || 1Y A s 6 b1 2 Bk IR T FEhR AR

EaE BB EYER/mm GMD K 2 S B e A U /[ pmol/ (h » g ] GS BN

SRR 3R 43 b/ %6 PAD  #/ME PR 1k W B2 [ emol/ (min + @) ] ACP W /ME

FHLR/ (me/ke) TIN  BKRME | gk SPAD SPAD MKl

N 2R/ (g/kg) TN  HoKME M 2%/ (g/ke) LTN  HR{H

ERIT s/ (e /) AP K(H B F e (/) LTP bk

LW/ (g/ke) TP WoKME i TH/g ONE

- kA /(pe/(d s @] UA  #eRfE | T P4/ (t/hm) AR AE
BRI bR R/ Camol/(d - ] ALP Bl

R4 MEEITMEYRFETERTELER

Table 4 Table of standardized information on indicators under tillage patterns and biochar regulation

i SCK S3 S6 S9 S12 DCK D3 D6 D9 D12

GMD 0.229 3 0.2511 0.262 0 0.371 2 0.305 7 0.240 2 0.262 0 0.294 8 0.491 3 0.360 3
PAD 0.378 6 0.347 7 0.340 0 0.247 3 0.309 1 0.363 2 0.340 0 0.301 3 0.208 6 0.285 9
TIN 0.270 0 0.271 1 0.304 3 0.356 4 0.351 6 0.257 5 0.281 8 0.322 1 0.361 2 0.361 2
TN 0.282 2 0.273 7 0.304 8 0.335 8 0.318 9 0.310 4 0.3217 0.330 2 0.338 6 0.338 6

AP 0.277 3 0.283 1 0.312 6 0.341 6 0.335 7 0.283 4 0.303 4 0.326 3 0.344 3 0.344 1

TP 0.295 2 0.288 7 0.318 2 0.341 2 0.328 0 0.282 1 0.305 1 0.360 9 0.295 2 0.337 9

UA 0.272 4 0.280 6 0.296 8 0.356 1 0.340 7 0.271 3 0.298 8 0.342 7 0.352 0 0.334 5

ALP 0.265 3 0.271 9 0.298 3 0.374 6 0.339 3 0.261 0 0.297 3 0.312 9 0.360 5 0.356 2
GS 0.267 9 0.238 8 0.301 4 0.3711 0.329 1 0.248 6 0.273 3 0.348 7 0.378 0 0.365 2

ACP 0.348 1 0.350 3 0.310 5 0.284 9 0.288 2 0.362 6 0.337 5 0.292 4 0.287 8 0.286 1
SPAD 0.287 8 0.280 9 0.306 3 0.351 4 0.331 7 0.272 2 0.285 3 0.327 1 0.354 4 0.350 5
LTN 0.289 9 0.289 5 0.310 2 0.336 2 0.3217 0.301 8 0.302 6 0.332 2 0.336 6 0.336 4
LTP 0.285 5 0.296 0 0.309 1 0.335 3 0.335 3 0.275 1 0.288 2 0.330 1 0.351 0 0.345 8
T 0.290 4 0.292 4 0.296 3 0.329 7 0.317 7 0.290 8 0.291 8 0.315 7 0.385 1 0.339 2
iy 0.278 1 0.292 5 0.310 1 0.338 2 0.326 4 0.279 7 0.305 8 0.328 9 0.360 6 0.331 6
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x5 AERFAETRERNE

Table S Weighting of indicators under different regulations

g7 15 BhE(E (ED WE /%
GMD 0.801 8.484
PAD 0.865 5.773
TIN 0.866 5.705
TN 0.916 3.608
AP 0.870 5.571
TP 0.699 12.860
UA 0.844 6.659
ALP 0.850 6.423
GS 0.873 5.435
ACP 0.889 4.724
SPAD 0.865 5.775
LTN 0.860 5.971
LTP 0.884 4.959
TH 0.708 12.455
[ s 0.869 5.598

xo6 EYMEEINER
Table 6 Results of crop habitat evaluation

B AR a1

gL e
HFEMmH WD) TRE
SCK 0.948 0.093 0.089 10
S3 0.919 0.113 0.109 9
S6 0.661 0.396 0.374 6
S9 0.319 0.805 0.716 2
S12 0.446 0.644 0.591 5
DCK 0.950 0.130 0.121 8
D3 0.804 0.267 0.249 7
D6 0.432 0.697 0.617 4
D9 0.357 0.920 0.721 1
D12 0.328 0.776 0.703 3

B BRI PR 0 1T A e 1 eSS A R+ g
a3 s AR A AR HE A R 0 SRS N SR IR R AR
(7=t . 5% GEBREA E G Bt vl 548 95 3 1 B LA
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R MAA BRI ER R AN A R ER
R B . TRBRRE SR TR Z BT S A K
BV B RNR)E b, BB R E 2 AR R
20~40 cm, M T 2R AR 4 396 Py B T, 15 4 4 5% 4y
S AREY R, SRR IR SR -8 T
ARG AR B R ) 13 TINLVTNLAP & TP )
) TR AL R, 2 DR A TR Ak T S - g 4
LR E AR REN B L RRER B EIRE

fR) - e v i 38 A S AP O g R Y - R
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PaN DR T e 3 M (O R R 3 € /X = R (=L 7/ DO i 1]
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TGS A VLY oy i B A 3T = A 52 i, AR
BAE 8P i FH AT R4 8 5 5 000 BRORE G 1 i I
ABIESE K B, A W e it i 35 8 e £ 8 UA RN
ALP 35 PE . DP b 3R 53 B &, 52 KR A ) o B
HL2& B B b Z AL 1 4574 . BE A% Bl 1k £ 58K 43 i 2%, Bl
2 HHGE S A AT R RS E 0 R M 5 —
J7 T -5 OB Ay Be 8 O - B AR A PR
Y. AR WA I AR HE S5 A3 0 1, DA T
YRR TN, Az dr T i 3 5 0 HLBE Bk ok 1
s ALP 35 M IT 38 o 2028 pH R AR 3F Wi 1Y A W A0S
fif . LAUE Sk B - B8 MLBE & i A R TR R A
A, AR R, m PN 5 t/hm® 1)
FE LA LW 5 L HE N 2.25 t/hm® (4 IR 86 35 2 334 Ain
32.0 %6 i m A= Wy e W vt SRR IR B RS ML 7R S
T A it o0 A 4 i 110 Ak B B L R T s e A A e 1 B
0 TR O 0 5 P 8 P 11,0 %6 L pl e ml DL i K Y
Jit A e o < - 1 v G R M Y B A 25 5 O 3 AL
B AR LB, Y BT 9 t/hm’ Z 5, UA fil
ALP (&2 S 61, oF f8J2 i T A48 W e it 4t 5
1 RO 22 W A0 ) o DT T )G Bl AL RN . L
FE RS kAR v AR A W e 7 AR RO IR 2 Y IR
ARG W % A 18 il = 2B 4 il £
33 AEEYRBEMEMFIEFTRNNEKBEEER
AKEBFHEM
ABEENEREREZEHNLTHENEFRITE T
7 BTG R B G E T . GS SRS HLA 1L L
T TR Ak 1) S Bl 2 A R A R R Y P
A 3 U R £ — A B A R B AR
AL AR N 2 W6 ) ACP Y A8 b T A7 5% e
HE ) S 15 A 7E B W RS . 58 T AR DY A Y & B
JitE T 28R AR BE T A it i A BE % B2 v R 0 A R Y
) GS T M WANG 889 0 58 & B, 4 1 I W 300
Bk AR T S B 5 ACP Y 43 6ok E AT IR L e I A
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