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T B 5 A FTIE M Rl E RO, R SRS AT A AL
SEE NN R — P i 3R A RN B R B T A CE B
Hlit o BT F0 3R B G0 A A AT 78 560 FH A0 e VR R AT ik
BFERE 0~20cm 1 /Z>0.25 mm i 4% 7] 58 44 i & bl
MBI R AR, WINERE HIERE, B HIEALR
FEUA, KBRS AT B S e AR B IR B &,
T8 E A RS, (R E OK E RS AT 7 SRR R
KD HRE, AR TR T K. R GE E
Wi BEREAVY RS 2R, W THEERE, &
FHE 20~30 cm 1 2>0.25 mm K% [F] B4R 5 & 4
FRRfa e, FBC IR E, AR T 5070 L IE
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B E R e WE A R AR FT IS AR T
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1.1 HiERE X

T 2014 FELE FE AR HAEL RS SMRE I 70
v (B JETPE, 33°19'27" N, 114°01'36” E) JT/E K
FENLRES, 1T A B SR R R, AR
ZNF-HEOK, —FWRE, FPHAE 15 °C, B
PN & 846.1 mm. THERACHRP L, Py R
NHPRL 18.60% M KL 42.20%. Zh KL 39.20%. R I& AT,
0~20 cm T ZHIEREN 1.41 glem®, SHPUR 22.99 g/kg.
451,19 g/kg. HE 20.12 mg/kg ATHERET 138.12 mg/kg.
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Fig.1 Air temperature and precipitation during the summer maize
growing period in the year of 2022 and 2023
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KR 3AE 2 KPR, 3 HREECHEHE
T CHERUERE CT, REIHHE DT FEFFAbEE (REFF
EH S, FEFFAREHE NS) . AR A CEYR N By
TAEVRBINNB) , 8 MbE, A EE 34
HEPX, BNMEE/NDPXK 33 m, % 54m.

BHE AL S REFTACEEI T 46T 2014 45, fERHEL/N
FIEM AT AT RIS, B R KT EHERPER . %
WERE K TR FENLEEAT BERE, BHEREEZ 15 oms ERFFHE
VER UL BRE, BHEIR 20 35 om. R ATk HE Ab 2
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Ak 908, FEFPEN 165 kg/hm?, 20 cm ATEERIE, T
BHAE 10 H 1525 H#EM, B4 6 H 2—5 HGE, /b
7 75 Jifi A 4 4 BN 225 kg/hm® (PL N i) . 150 kg/hm®
(L P,Os i) #1120 kg/hm® (A K,0 i), Hd 12 &
JE K = s A IR AE AR AR RN, 1/2 BAETF 51 1B jte
KA FCA R ARK 678, FiE % BN 75 000 Fk/hm®, %
1THE 60 cm FiAE, TH4E 6 H 10—15 H#EF, 44E 10
H 5 B3k, TKFHEEE A 240 kg/hm® (LA N it) .
90 kg/hm* (LA P,Os i) A1 120 kg/hm® (LAK,O i), J&
RECA 1/3 AR AN 4 S e AR N, 2/3 ZARAE T oK R\
CUTE . E 77 =R i E K I — R4k, TE/NZE 4R
HHMEIK 30 mm, ZEREIAANEE R A4 K 50 mm, FoK
KWW HA v 22 BAFOE 2R HA 53 E K 40 mm,  SEFRE
% R YRR AT R RS, B i A T R i e K e —
U EATEC) NS
1.3 MEMBSHE
1.3.1 EHRERE

2023 fEF AR 223, AR /N X AZ IR 5 s R
B BIRAE 0~15. >15~30cm HEFR L, B THUORE
&, T RS T IR B R AT G 2 BRRLAR F1
A, WL BRGEB B S 8 mm A4 /MR, {ER
I SR AR B L3540 B AR
1.3.2 BEEARKSA

B R AR LIRSS ) OB B 4y, HORLAR S
A1 R0 e s M B T 49 5 4 F R R R T R U0,
M7 B 5 AR i) LA °F ) B 42 ( geometric mean diameter,
GMD) . HEF# H4 (mean weight diameter, MWD)
F1>0.25 mm FL 2R [ 5 A LA A 1l i A SR A o0 A R A e 1
fy B AR AR, SR AR O i AT R AR L R R
100 g JFCR X LA, #EK IR 10 min J5, JRAANETH
CRLAZ 4> 3M 24 0.25 F1 0.053 mm) , HEE T 8K
7K ERE% 10 min (30 YY/min), | FRIEN 3 cm.
i o R a s B B2 R R O L e N SR I A,
JNHEAR R 50 C TR E T &, R EE 2 BHd K
HEAE (G2 mm) . DMHEIEAE (025~2 mm) . AR
& (0.053~<0.25 mm) FFFk (<0.053 mm) IE,
Wit & % B R AR & Ee ] (W, %) >0.25 mm ki
% H BAR B (Rypsy %) « MWD (mm) 1 GMD
(mm) U525
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b K, AFREREE T, gkes Ko NFRDIERE, thm’s
CoNERI (D BIRETE SR CHEVR. 2%, 2.
A4, gkg; BNTIERE, gkg d NEEEE, cm;
C, Nt EE CHNR. &%, &, &8, gke.
1.3.4 ¥ =%

53T 2022 HEAT 2023 4 /N R K R AT DU
P, RN EANERE 20 (MFE) R 60 m?
(CEK) Wegk, INERIE 12.5% K=, TR
14% HIFFRIK 237
1.4 BESWSLE

K H Excel 2016 #EAT 445 %2, SPSS 19.0 #1741t
SN, HZESHT BB R Z (One Way-ANOVA) ,
K — M 2 A AL 47 = IR K 1) 5 E RLBE 4 BT, Origin
2024 HATRI L

2 HBRESH

2.1 RBFEITIE EECHE A YR T IR KR E M F B AR
FH IR E MRS

DRI AT 340 e A ) Ok S 25 5 ) [ SR AR AR 7 A
MBI BEFENE (£ 1D . >0.25 mm Kk B 5K 2 7b 2
A PR AR R E ARG, KA RPE. RS L A
A= VN 2 B A AR >2 mm oz 2% [ B A B 451 S i
BiEfaE k. 5 CT-NS-NB A kb, DT-NS-NB At # 7
>15~30 cm 22 E>0.25 mm R F B L], >2 mm
WL 2% T SR AA E 5 42 136.24%, MWD 1 GMD 73 5l 42
751 45.43% A1 52.09% (P<0.05), &EREIEZE (15~
30 cm) BIRAAFENE, XRPFEM FE LML R>15~30 cm
T2 AR EE R . RS FFIE HRD AR W R T 0 24 A 3
0~15 cm A1>15~30 cm +JZ>2 mm Figh FIRA LS, $2
m A R AR e, AR FTE e R AR B, 40 CT-
S-NB % CT-NS-NB 4 FE{E 0~15 cm + )25 Ry,5» MWD
FI GMD {8 73 5 & 25 2 7 14.72% 27.49% A1 80.68%,
>15~30 cm + 2 o 7 52 3E $R R 13.33% 23.67% FlI
44.96%. IRBHLE A FEAT A HEES B E HIN>15~30 cm +
JZ>2 mm R g% [ T AR LA R SR AR RS e 1, 40 DT-S-NB
#¢ CT-NS-NB 4b # >2 mm 7 2% ] 5 & Lk 1] . MWD Fl
GMD {E 73 HIH I 160.99%. 59.59% F1 105.24%, fif DT-
S-B # CT-NS-NB 4 HEE>15~30 cm + )2 L3 F1>2 mm
i 2 B B A 5] . MWD A1 GMD A/ 1) 32 v i 5 58 9 &8
F, R FRTE 165.88%. 62.37% £ 119.81%, X &
WK AR 0 0 A T RE 8 B R ARG A A gk — 2 (i gk /N A1 3R
(SIASWNEIE LN -SIdEI b -LuN el
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£ 1 AERLET 0~15cm F>15~30 cm TR HIERBRERZ A FKIEEN

Table 1 Particle size distribution of soil and water-stable aggregates in 0-15 cm and >15-30 cm soil layers under different treatments

e ot EEREST BRI T
. " Aggregate size distribution/% Aggregate stability
Soil layers/cm Treatments 7, 7, 7, 7, Rond% NWD/mm GMD/mm
CT-NS-NB 45.3bcd 29.51abc 13.86ab 11.34a 74.81d 1.70cde 0.73¢
CT-NS-B 51.82bc 30.79abc 7.99¢ 9.39a 82.61ab 1.91bed 1.03bc
CT-S-NB 63.82a 21.99¢ 5.67¢c 8.52a 85.82ab 2.17ab 1.32ab
CT-S-B 64.71a 23.27bc S5.4lc 6.61a 87.98a 2.21a 1.38a
0~15 DT- NS-NB 38.61d 36.55a 13.97ab 10.87a 75.16¢d 1.58¢ 0.69¢
DT-NS-B 42.58cd 32.91ab 16.58a 7.93a 75.49¢cd 1.66de 0.73¢
DT-S-NB 54.32abc 25.66bc 10.14bc 9.88a 79.99bcd 1.92bcd 0.95¢
DT-S-B 55.67ab 26.22bc 9.18bc 8.92a 81.90abc 1.97abe 1.03bc
CT-NS-NB 16.64b 52.53a 13.65a 17.18a 69.17d 1.10c 0.46d
CT-NS-B 25.48b 45.01ab 14.00a 15.51a 70.49cd 1.28bc 0.51cd
CT-S-NB 25.13b 53.26a 13.07ab 8.54bc 78.39ab 1.36b 0.67bc
~15~30 CT-S-B 23.25b 56.74a 13.01ab 6.99¢ 79.99ab 1.34b 0.71b
DT- NS-NB 39.30a 36.68b 12.72ab 11.30abc 75.98bcd 1.60a 0.71b
DT-NS-B 41.36a 35.60b 9.67ab 13.37ab 76.96bc 1.65a 0.74b
DT-S-NB 43.42a 39.75b 9.13ab 7.70bc 83.17ab 1.76a 0.95a
DT-S-B 44.24a 40.34b 8.42b 7.01c 84.58a 1.79a 1.02a

. CT ANEHF: DT NERHH: NS AR AL S HFHFTIEH: NBALEMIEN: B NEMREM. Ryss: >0.25 mm W EERANT &G MWD: “FiHE
BEHE: GMD: JUTERER: F, >2mm; Fp: 025~2mm; Fy: 0.053~<0.25mm; F,: <0.053 mm. ANFEVNG F AR R — 4 )2 R ZRAS 5] b 20 1) () 22 5
8% (P<0.05). F[,
Note: CT: rotary tillage; DT: deep tillage; NS: straw not returned to the field; S: straw returned to the field; NB: no biochar addition; B: biochar addition. R ,s: proportion of
agglomerates >0.25 mm; MWD: mean weight diameter; GMD: geometric mean diameter; F,: >2 mm; F,: 0.25~2 mm; F;: 0.053~<0.25 mm; F,: <0.053 mm. Different
lowercase letters represent significant differences (P<0.05) among different treatments with the same particle size in the same soil layer. Same below.

2.2 RHETTCHREEYASARGBINRMAESS HECHEGR TR 0~15cm LERIREFRSGE, M
ik oA TRBEEE A FEAFE B BB 3E>15~30 ecm + )2 B R4k FF 2
TRAE. FEATIE ORI FEC 2R P Y Resg e 3R A R4k T, RAEVIRISINES, SHeMREF A HAL, B
B &%, &, &2WsE, HRFREARERRSE e EEE RS 0~ 15 cm - 2 025~ 2 mm M
HRAEFE D S BAERELTHAER (F2), 0.053~<0.25 mm g FIRAEG PR . SEMEHE &,
B (K3 mra, HIEANm. 2%, SlsEE SERE>15~30 cm 1/Z>2 mm. 0.25~2 mm 1 0.053~
TSR R R A E REA 8, KRS e, <0.25 mm R gl [ RARE LK. SEMAeRESE, W DT-
HUONMA AR, NE B, WAk, eS8k S-NB# CT-NS-NB A F>15~30 cm 1 J2>2 mm i 2
Bl KB IME IR BEAR . AV RBINE, FFEHET 2 BAEGHB. &8N S B2 5 57T 16.94%.
FhBEE G Q) 22 58 B3, BB E BRI 24.06% 1 17.36%, F£WEHFSFATIEHAMERE (0~15
0~15cm LE&REHAREENRSE, >15~30ecm . cm) FIEE (>15~30cm) LHEXRSESEWERS. =
JZ>2 mm 1 0.25~2 mm KL g ] 5 AR A HLIK 7 5 5 3 52 K LA 50T, DT-S-B AL P4 CT-NS-NB 4 H#>15~30
B 16.74% M 27.63% RS ES M EEWI 13.76%  cm 1/E>2 mm K HBAEGIIR. BA L 0 B
1 16.74%, TIAERAAEHATE T 2 MEE T RE TR 25 30.61%. 29.54% A1 22.00%, W78 R BHRS A6 |
EXES . FEHEHEBEEIEEE 0~15 cm A>15~30cm 2> [EGE LR IMAEIREEE I — D5 E>15~30 cm T2 48>
2 mm KR B REEHE. SRS ERT:, FEHHCE TR 2 mm MR RERSSE, RIERE IR

®2 TRLEXNTIRAERKERFEISIF S S EHBRE T

Table 2  Effect analysis of different treatments on organic carbon and nutrient contents of soil aggregates of different particle sizes

+2 KR +35A WL Soil organic C (SOC)/(g'kg™")  H% Total N(TN)/(g'kg ™) A Total P(TP)(g-kg")  &4H Total K (TK)/(g-kg™")
Soil layers/cm  Source F, F, F; F, F, F, F; F, F, F, F; F, F, F, F; F,
T *k *k *k *k *x * ns ** ns ns ns *x ns ns ns ns
ST kK kK kK * k% kK kK k% ns ns ns ns ns k% kK ns
BT *ok ns *ok ns ns ns Hok ns ns ns ns ns ns ns ns **
0~15 TxST *E *E *E ns ns ns ns ns ns ns ns ns ns ns ns ns
TxBT * ns ns * ns ns * ns ns ns ns ns ns * *k *k
STxBT ns ns *ok ns ns ns ns ns ns ns ns ns ns ns ns ns
TxSTxBT ns wok *ok ns ns * ns ns ns ns ns ns ns ns ns Hok
T k%K kK kK k% k% kK Bk £ Bk sk sk ns 3k ns ns ns
ST * ns * ns *x *k wk ns ns *k ns ns ns ns ns ns
BT *ok ns *ok ns ns *ok ns ns ns * ns ns ns ns * ns
>15~30 TxST ns ns *oE ns * *E wk * ns HE ns ns ns ns ns ns
TxBT ns ns ns ns ns ns * ns ns ns ns ns ns ns ns ns
STxBT ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns ns
TxSTxBT ns ns ns * ns * * ns ns ns ns ns ns ns ns *

e TBHETT G ST NREFTALER; BT NAEMIRAEEL. *H+* 2 LR P<0.05 F1 P<0.01 KR ns ZomARE. N,
Note: T is tillage practices; ST is straw treatments; BT is biochar treatments. * and ** represent significances at the P<0.05 and P<0.01 levels, respectively; ns indicates
insignificance. Same below.
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®3 TRLETHEREREARGENBRIF S SENEN
Table 3 Changes of organic carbon and nutrient contents of soil aggregates of different particle sizes under different treatments
+ZE AbE SOC/Kgkg ") TN/Agke ") TP/Ag'kg ) TK/(g'ke ™)
Soil layers/cm Treatments F, F, F; F, F, F, F; F, F, F, F; F, F, F, F; F,

CT-NS-NB 15.16d  13.4cd 12.73de 8.6lab  1.59cd 1.15¢ 1.23d 0.95b 0.85a 0.71a 091a 0.73b 4.21b 3.88f 3.48c 2.75bc
CT-NS-B 17.05c  12.38¢ 15.85c 8.58ab  1.68bc 1.29bc 1.57ab 0.96b 0.93a 0.77a 0.91a 0.75b 4.27ab 4.0lef 3.68bc 2.62bcd
CT-S-NB 2091b 18.71a 20.13a 9.12a 1.86ab 1.47ab 1.48bc 1.14a 0.85a 0.73a 0.92a 0.76b 4.14b 4.27bcd 3.81ab 2.49de
CT-S-B  22.22a 19.10a 18.97b 83labc 1.93a 1.40ab 1.72a 1.06ab 0.86a 0.80a 0.94a 0.78b 4.34ab 4.54a  3.81ab 2.62bcd

0~15 DT-NS-NB 13.62¢  11.94e 12.52¢ 6.15d  1.44d 1.37b 1.34cd 0.68c 0.78a 0.69a 0.87a  1.0lab 4.27ab 4.08def 3.81ab 2.29¢
DT-NS-B  13.74e  12.86de 13.61d 7.32c 1.45d 1.43ab 1.48bc 0.72¢  0.90a 0.74a 0.91a 1.09a 4.34ba 4.14cde 3.61bc 3.02a

DT-S-NB  15.97cd 14.65b 15.10c 7.38c 1.60cd 1.35b 1.49bc 0.92b 0.94a 0.80a 0.93a 0.95ab 4.47a 4.47ab 3.94a 2.56cd

DT-S-B 16.28cd 13.93bc 15.68¢c 7.99bc 1.6lcd 1.57a 1.59ab 0.95b 0.98a 0.79a 0.95a 0.95ab 4.34ab 4.34abc 3.75ab 2.82ab

CT-NS-NB 12.11d 9.78b 10.19¢f 5.61bc  1.08b 1.14e 1.04d 1.04c 0.68c 0.6b 0.77¢ 0.77ab 4.21ab 4.08ab 3.68ab 3.68ab

CT-NS-B  13.10cd 10.10b 11.09de 5.83abc 1.11b 1.25d 0.91e 0.91bc 0.71bc 0.64b 0.80bc 0.80ab 4.08b 4.0lab 3.68ab 3.68a

CT-S-NB  12.19d 9.80b 9.67f 6.22ab 1.17b 1.28cd 1.28c 1.28bc 0.76abc 0.61b 0.94abc 0.94ab 4.21ab 4.14ab 3.65ab 3.65a

S15~30 CT-S-B  13.51bcd 10.14b 11.28d 4.97c 1.17b 1.28cd 1.32¢ 1.32¢  0.77abc 0.67b 0.81bc 0.81a 4.21ab 3.94b 3.75a 3.75ab

DT-NS-NB 12.48d 11.70a 12.42¢c 6.79a 1.15b 1.32cd 1.58b 1.58a 0.8lab 0.61b 0.97abc 0.97ab 4.34ab 4.08ab 3.48b 3.48ab
DT-NS-B 14.73ab 12.09a 12.97bc 6.48ab 1.15b 1.36¢c 1.72a 1.72a 0.84a 0.77b 1.0lab 1.0lab 4.4la 4.08ab 3.68ab 3.68ab
DT-S-NB  14.17bc 12.51a 13.53b 6.13ab 1.33a 1.50b 1.50b 1.50ab 0.80ab 1.0la 1.08a 1.08b 4.34ab 4.0lab 3.48b 3.48b
DT-S-B 15.82a 12.52a 14.58a 6.6la 1.39a 1.66a 1.56b 1.56c 0.83ab 1.06a 1.02ab 1.02ab 4.4la 42la 3.75a 3.75a

2.3 FHEFTHEEEEMRSENBMFSEREED  WRAEE B FIRTE 0~15 cm M1>15~30 cm £ /Z>2 mm
A KIRARAAT R ERERE S, W DT-S-NB A1 DT-S-B A% CT-
HEE TR, FEFEAD R A M e b3 5 2 8oy 38 F] NS-NB AEH 0~15cm A>15~30 cm +/2>2 mm RiZl A1 A
RARTT WU AN T2 40 B e RS /1, ERRE FlafEE R AP IR 7 [ Ry g /3 fe 0 & 3w, Hp DT-S-B &
B D FIREEPUBRASE S E EE R 5K PSR, RPRPIREFE H A1 0~30 cm L2
ARG Ll i — 5, ot 75% i HIERBIREGRD SR, HEEAEY KGRI RCR ELE.
W F% 0 [ KR AERLA2>0.25 mm BB R4k (R 5. £ F4 TRELESLIEABKEHEERIE S B8RSR 24
0~15cm HE TS, ZREHNBEENH. 2% & Table 4 Effect analysis of different treatments on organic carbon

8 R 4 40 ] B i 7 B 2 A U/ 35 S TRIE T R B 3, and nutrient preservation capacity of soil aggregate

Ti>15~30 om 2 o - 158 5 % ] B 44 32 43 [ 5 % A 76 jS:o}i:zf S Gligkg)  Nigkg!) Plegkgh) Klgke)
2EBHE RPN 25, (WERBLE RS 0~ Jyewen S0 MBRAABRAARERERDE
15 om 2 - 8 445 20 P 5 4 9 40 L kA 3 — R O
VPRI, 7E0~15 em LRHREFHEMF 2R o PLo mmmTT Tomon o vomns s s
YEJ I HIE R R AR IR B FFRE /1 2 R B 3%, W1 DT-S- TxBT ** ns ** ** ns ns ** * ns ns ** ns * *% k* kx
NB # CT-S-NB 4bH>2 mm Hi2% I %t 7 WL A 4 LA T s T e I e
FrAE 7143 ) 525 B A 34.98% 1 26.92%, TfifE>15~30 cm T ® %R kR g %k R g g %E pg ps KFRE R 0k ok
LA AR AT 2 AR R R B, 5 e O N S

*

ML, ERBEAEEE>2 mm WG AR A HLAR . %, 4 >15730 TST o *nsns #% #%ns #%ns ns #% % ns ns ns o

TxBT ns ns ** ** ns ns * * ns ns ns ** npg ** ** **

FIAERERERE IR E e, eIt 143.48%. 152.20%- STXBT % #% % % ok &k &% % % pg g ng ps % ** *
181.63% ﬂ‘:ﬂ 143.59%; 5@?&1$%%6}%ﬁ%%$ﬁ, E TxSTxBT ns ns ns ** ** ns ns ns ns ns ns ns ** * ** ng

o I G AHURFERRES: N, REFEFRES: Py SRS K, 28
0~15cm f1>15~30 cm 2 N+ 2, HFRICNERBHAE  mres. FA.

@Tﬁiﬁ:ﬂ m ?FQKJ‘\I m %}E Hx M—‘ﬁ*ﬂﬁ;}% éff\ éﬁ?ﬁ Note: C,: organic carbon preservation capacity; N,: total nitrogen preservation
=] N N ZR R~ B~

capacity; P,: total phosphorus preservation capacity; K,: total potassium

AT e SRR B0 . JRALREFFE ML AL proservaton capacity. Same below.
%5 FEASET-LREARSBIBRNAES BRSNS

Table 5 Changes of organic carbon and nutrient preservation capacity of soil aggregates under different treatments
+2 fb Glgkgh N/(gkg) PJ(gkg ") K/(gkg")
Soil layers/cm  Treatments F, F, F; F, F, F, F; F, F, F, F; F, F, F, F; F,

CT-NS-NB  6.87d 3.95cd 1.76b 0.98a  0.72¢ 0.34c 0.17b 0.11a  0.38bc 0.21bc 0.13b 0.08ab 1.91e 1.14d 0.48c 0.3la
CT-NS-B 8.83c 3.81de 1.27d 0.81b 0.87b 0.40b 0.13d 0.09bc 0.48ab 0.24ab 0.07cd 0.07bc 2.21d 1.23¢ 0.29f 0.25b

CT-S-NB  13.34b 4.11bc 1.14de 0.78b 1.19a 0.32c 0.08¢ 0.10ab 0.54a 0.16d 0.05d 0.06bc 2.64b 0.94f 0.22g 0.21c
CT-S-B 14.38a 4.44a 1.03e 0.55¢ 1.25a 0.32c 0.09¢ 0.07¢ 0.56a 0.19cd 0.05d 0.05c 2.8la 1.06e 0.21g 0.17d

0~15 DT-NS-NB  5.26e 4.36ab 1.75b 0.67cd 0.56d 0.50a 0.19b 0.07de 0.30c 0.25a 0.12b 0.11a  1.65f 1.49a 0.53b 0.25b
DT-NS-B  5.85¢ 4.23ab 2.26a 0.58de 0.62cd 0.47a 0.25a 0.06f 0.38bc 0.24ab 0.15a 0.09ab 1.85¢ 1.36b 0.60a 0.24b

DT-S-NB  8.68c 3.76de 1.53c 0.73bc 0.87b 0.35¢ 0.15¢ 0.09bc 0.51a 0.20bc 0.09c 0.09ab 2.43c 1.15d 0.40d 0.25b

DT-S-B 9.07c 3.65¢ 1.44c 0.71bc 0.90b 0.41b 0.15¢c 0.08cd 0.55a 0.21bc 0.09c 0.09ab 2.42¢ 1.14d 0.34e 0.25b

CT-NS-NB  2.02¢ 5.14b 1395 0.96a 0.18d 0.60c 0.14c 0.14a 0.11d 0.32bc 0.11ab 0.13a  0.70e 2.14a 0.50ab 0.44a

CT-NS-B 3.34d 4.55¢ 1.55a 090a 028 0.56c 0.13c 0.13ab 0.18c 0.29cd 0.11ab 0.11a  1.04d 1.81b 0.52a 0.44a

CT-S-NB  3.06d 522b 1.26c 0.53¢c 0.29c 0.68ab 0.17b 0.08c  0.19c 0.33bc 0.12a 0.07bc 1.06d 2.21a 0.48b 0.24d

S15~30 CT-S-B 3.14d 5.75a 1.47ab 0.35d 027c 0.72a 0.17b 0.06d 0.18c 0.38ab 0.11ab 0.06bc 0.98d 2.24a 0.49b 0.18e

DT-NS-NB  491c 429¢ 1.58a 0.77b 045b 048d 0.20a 0.12b 0.32b 0.22d 0.12a 0.07b  1.71c  1.49de 0.44c 0.29c
DT-NS-B 6.09b 4.30c 1.25¢ 0.87a 048b 0.49d 0.17b 0.14a  0.35ab 0.28cd 0.10ab 0.11a  1.82b 1.45¢ 0.36d 0.33b
DT-S-NB  6.15b 4.97b 1.24c 047c 0.58a 0.60c 0.14c 0.08¢c 0.35ab 0.40a 0.10ab 0.05c  1.88ab 1.59cd 0.32¢ 0.19¢

DT-S-B 7.00a 5.05b 1.23c 046c 0.62a 0.67b 0.13¢ 0.06d 037a 0.43a 0.09b 0.05bc 1.95a 1.70c 0.32e 0.19¢
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2.4 FHTEFTIEBECH S YR TR AR TR 53 B ik
BN

FEVE T 20, RS FT I FE AT B i 2E 0 o X AS TR - 2 97 4y
FEfE R R 6, =N FRIGFEAZE/EH. DT-S-
NB % CT-NS-NB 4 H# i 0~ 15 cm 12 435 480 ) fif =
WY 10.00%, EERFA>15~30 cm )2 HHEE V.
R A EME, R0 33.61%. 30.63%.
35.43% F1 5.29%. 3 B IR B RS FF I8 H A8 65 23 Tt
>15~30 cm T2 HIEEFEEE. BIMAEYRE, i T
T WU TR 5y A B — PR T, W DT-S-B 4% CT-
NS-NB #b (1) T 38 2 F A M EEEE 0~15 em T2
Iy WIS 14.96% F1 7.93%, fE>15~30 cm + 2 + 1%
AU AR AR A0 £ 5 0 0l i 25 4 1 37.41%.
38.99%. 41.26%. 9.84% (P<0.05), FWIFEH. FFF
BRI =38 455 % 0~30 ecm 3 A8 SR B
T,

F6 TRENEBETHEFDEMENTL
Table 6 Changes in soil organic carbon and nutrient pools under
different treatments

lfy’i;:rﬂ Trﬁims Cy/(t'hm ) Ny/(t-hm ) Py/(t-hm %) K/(t-hm )
CT-NS-NB__ 3542c _ 2.92de  1.75ab 837d
CT-NS-B 39.51b  322bc  1.88ab 8.69cd
CT-S-NB  4230a  3.6%a 1.78ab 8.74bc
_ CT-S-B  4421a  3.7% 1.84ab 9.24a
0~15 DT-NS-NB  2603¢ 287 1.71b 8.54cd
DT-NS-B  29.57d  3.03cde  1.89ab 8.82bc
DT-S-NB  34.99c  3.18cd  1.97ab 9.21a
DT-S-B  3646c  3.36b 2.02a 9.04ab
CT-NS-NB__ 26.15¢ _ 2.58¢ 1.60c 9.19¢
CT-NS-B  26.74de  2.68¢ 1.68¢ 9.22¢
CT-S-NB  27.28cde 2.97d 1.72¢ 9.67b
1530 CT-S-B 288lcd 298cd  1.77c 9.44bc
DT-NS-NB  29.10bc¢  3.05cd  1.79¢ 9.55b
DT-NS-B  31.06b  3.08¢ 2.00b 9.62b
DT-S-NB  3493a  3.37b 2.17ab 9.67b
DT-S-B 3593a  3.59 227a 10.09a
W Cs: AHBEME; Ny ERME; Ps: &WEE; K: SHEE.
T

Note: Cy: organic carbon storage; N: total nitrogen storage; Pg: total phosphorus
storage; Kj: total potassium storage. Same below.

2.5 FMECHERE MR BEENTEREEX
EPsXi

TRBES AT I AN AR W) 0 8 TN 38) g S 25 3R TH R
FrE GRT, H=RERBN R 7 IR

IAZ HRUN o TR R R AR B A 5 HE i 6.12%
(2022) . 5.53% (2023); FEFFIE HEFSF AL H AL B
JHAEP= R T E R 13.74% (2022) . 11.98% (2023);
A O I 3 it PR B 4D 98 48 7 5 R A O 2, A
1 2023 SR TAEY R I I B E 7 2 B i, H
FEPFEF /DL R EHIRTT 4.88%.
=N ERLA M, DT-S-NB 4 F 4 CT-NS-NB 4b 3
JE AR BN 19.56% (2022) . 21.66% (2023),
DT-S-B 4b P #; CT-NS-NB 4t B & 4 7= & 2 5 88 hn
22.87% (2022) . 23.03% (2023), ifii DT-S-B 5 DT-S-
NB 4 #E A =B AR R B E £ 7, KRR
30 FE S5 itk b 498 it A= 0 o 70 J 100 PN R A BE B S5 3R THE D
JAEF R o WA FIANEE R TR NS P i ) 2 7 R
TRFE AT IE HE R e A2 4 e — R 3R 00 /N2 2= 72
REHE,
£7 TRVEBETEH=EHTK

Table 7 Changes in crop yield under different treatments

R b3 N EK JEAE
Year  Treatments Wheat/(thm?)  Maize/(thm?)  Annual/(thm )

CT-NS-NB 9.37d 8.31b 17.68¢
CT-NS-B 9.38d 8.35b 17.73¢
CT-S-NB 11.88a 8.90a 20.79a
2022 CT-S-B 11.68ab 8.99a 20.67a
DT-NS-NB 10.35¢cd 8.90a 19.25b
DT-NS-B 10.77bc 8.70ab 19.47b
DT-S-NB 12.22a 8.92a 21.13a
DT-S-B 12.50a 9.22a 21.72a
CT-NS-NB 9.47¢c 10.49b 19.96d
CT-NS-B 10.07¢ 11.28ab 21.35¢
CT-S-NB 11.43b 11.53a 22.96b

2023 CT-S-B 11.84ab 11.75a 23.59ab
DT-NS-NB 10.01c 11.28ab 21.29¢
DT-NS-B 11.02b 11.56a 22.58b
DT-S-NB 12.65a 11.64a 24.28a
DT-S-B 12.75a 11.81a 24.56a

TR (R 8), M EE>15~30 cm 121 Ryas-
MWD. GMD {Ef Ny 2 EFEMKX (P<0.01), 5+
A MU AW RN 4 B0 EE A B 25 IEA S (P<0.05) .
HAEEA R ER e S 70 EifE R EMR, Hrh o~
15cm +/29 Ry,s 55 MWD, GMD. C, Al N, S H & 2
BRI, MfE>15~30 cm L2 Ry,s {5 MWD, GMD.
Cn Ny P M K 3 2R ZE TEMDG, P,AI K AXAE>15~
30 cm 125 MWD A1 GMD 18 50 % 3 IF A%

*8 AELEBETESHRARGSHOBEXMIH

Table 8 Correlation analysis between yield and soil aggregate indexs under different treatments

+= fabr JAEF & 0~15 >15~30
Soil layers/cm  Indexes  Annual yield — Rys MWD GMD Cy Ny Py K Roy»s MWD GMD Cs Ny Py
Rons 0.27 1
MWD 0.36" 0.90™ 1
GMD 0.34 096" 096" 1
0~15 Cs 0.12 0.73™ 077" 075" 1
N 0.29 073" 0777 076" 0.83" 1
Py 041" 008 017 007 011 013 1
K 0.52" 038" 039" 035 037 0477 045 1
Ryss 0.63" 018 031 024 006 034 049" 0617 1
MWD 047" 014 011 017 -039" 007 045" 0517 068" 1
GMD 0.57" 005 0.14 006 -0.12 015 0607 0597 091" 088" 1
>15~30 Cs 0.38" 004 -002 -008 -022 -001 0547 0577 066" 0757 078" 1
N 0.48" 0.11 014 008 -0.16 0.13 0497 0617 072" 0817 0.84" 091" 1
Py 042" 0.01 008 0014 -020 003 056" 049" 060" 072" 073" 088" 090" 1
K 0.43" 0.09 016 011 -008 024 032 048" 067" 0707 072" 0727 088" 0.79”
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3 W
3.1 RMFEICHECMEE YRS E R A NE S B RETR
E MRS

TRAE. FEAT A RN C it 26 4 o ¥ B 3 e AN | - 2
[ TR KL AR o0 A A AR R M (P<0.05) o« AWFF KR
W, REAHES B RE LR RARE, 75
TIREKBE R (52 mm) HFIF MWD (B, #5518
FH FIC it A= 0 3% 4 5 7 0~ 15 em F1>15~30 cm B4~
+E>2 mm K% R AL . MWD 1 GMD {8, it
RAERZEL (0~15cm L2, XS5FEFFEHAEY
W B AL B A . B EHNE T HIERRA
oA R, (EVERMLEIARIED, BT 2 RO AT
I FRAEAT L RE R e K B e WU S, I e B
PR B 22 ) 98 % T 5 65 3 v /N R 4 T SR A T 3R R R
AR, 5 2 L RN AR B Nk 2 FLE5 K,
A& BRM LRI MEHNEBIR ST, BER®
(100 TS B R0 R SR AE Al D ] SR A 3R B T T K T 3R
P, AR I R SORAN B2, TR S AEYIR G
IR AL B AR PR A A0 A Ko MR SR BIFS FT 0 H 45 &
REVD A ok I S PR A5 4, R MRS AT 340 FH G it 2 4 o
X 0~30 cm A+ 2 TR g M A R RE s, B
A RARE N, CHEEMEE>15~30 cm + 2 H 1
YIHSEH o
3.2 RMEMTHEMEYRSEAREFESEFEFES
EEfE 2RI M

BEAE 720, RS R I4 R C it A 0 o 3 i 6 38 - 35 141
RARLAZ 43 A T 52 W 2 [ TR AR IR 9% 0 [E R BE 7. AHIE 9
RO, HFHARREYR A 2 A7 IERAE 0~15cm ©
Er, HEESE L EIE, IR R IR IR
FRIBH N, MRBESUMI s SeEl T R g
(51T A, RIH>15~30 cm )2 358 F R AR HLER AN
FoSEM KRR, BTERSmakteelm, #E
Yoy AR 355, 45 358 B SR A b (0 HLRR AN 97 43 B
Gy B HEPS) REATIE BN T IR R ARG L. 4
B RIS, JUHERE 7>2 mm figH
B SE, S g8, X 5SS,
EMAEIER TRRKEE 70 SRFNAE UK
gEmiAr oM WA MR B TR AR PR LB i
&R, BB MU I 7 & B 3R T 8OCR I &
AP B K. AR KB, DT-S-BAF{F 0~15 cm
+ Z BRI FE 47 CT-NS-NB AL F N, XEEE
TR 2 2 R T SR Ak 43 A R R 70 3502 /N I I i U
TR TR v 3 TR 40 1A IE 2w B

-8 % 43 [ A 7 I AN [ br 2% [ SR Ak - - 4 9%
S PITTEREE, T LA— e FE B L T - S T R R 3R 4 A
e RN, AR g T TR A 37 40 [ R e ) R 45 A B R A
(KL A o A T AR RPY, ARHETe R IR 25 B+ ol
75% I 358 [ 3R Ak 77 43 S 7E L 42>0.25 mm 1R 4k,

HoiZ b g% [ 5 Ak 7% 4 18 $5 g JI7E 0~ 15 cm R >15~
30 cm LEZ B HHE. FEFF L B A AEY R 520 A —
;K5 EPHEE AR AN S T >15~30 cm L2
>0.25 mm K 2f B R TE o [ RERE F, (RHR 2 LIRS
FEfg B Trs AR HIEM A R ER R EE3n T
0~15 cm fI>15~30 cm 1 JZ>0.25 mm [7] 4K 8A YR
MR EFEGE )y, HER—RFEAEHEEN T L3R
HUBR ()& B I AE>0.25 mm R A RAE IR, — &+
B AR E, B EE IR AR LiE R,
eSS EER IR A RS- AR e SR IR L e
I A R R A 22 FL LA R 9T B AL A R
W, T 2 AN LEAEPERM IR B R SRR
FEAK T 0~15 ecm £ J2>2 mm Bi g% F A% 50 [E #5768 11,
H H R AT H 5 2R 4 ok — 3 5% K T SR Ak 7 4 [
RE T M5 BN AR T R B I B AR AR, Rk =3 3%
F/EF TR BN 0~15 cm +5>0.25 mm i 2% [F R 14
I 53 W e ST AN AR 2 i = 0 39

3.3 TEHRAKREMMAESEMESFENEXM

AT R I, TRBE S O A AT ] DL 35 3 = A
ERAEPEE, XSRS R, 2023 4EFE
P gh SR U AR W R TSR] DL R 3 AR D - R OK R A
e, HERE NSRS KT R oK. X AT RE
5BHE. REAT b BEANAE P 7% N 0 A BR S5 TE /N 2 S A AT
1T . WHHEE R E>15~30 cm T2 HIEPF B AR E
PEFN IR J3 FF g B 1T 2 ol 7= B, RS AT O HH O L@ 1R T
0~15 cm + )2 HIE PR MR MR FR 4 Bt R e
Bick e A 42 ¢ £ T il FH 4 PR 50 08 R B TE SR A AT Ak HH Ab 2
(5L Al R 3 — D B R . B AR R i
FHAEBR AN SRAR G N 0938, X AEY (138 7= 2R Tl g
SHE,

KRR RI, TIHAEYREME (C) MR EE
®= (V) H5RREFEEMNEER (Ry,se MWD {EHF GMD
B 2IAREE MG, U R L IEA RN
FoE PR R M A ML R A A O R T, T
>15~30 cm LRI RGEREE L IBREAEMES T ERE
WA G (R 8), RUITRBHAL FT I H L it A= 4 o =
BE I S R AR R I (515~30 cm) ) FELE R,
Pem T ISR, (Rt TEM T ER 24K
RE, drmEsfEyre g,

4 % i

RNT B E R R E VIR, RAEH
I R 22 B X (R B B i, T 2014 SE
BRMEM AL, WAMETT A FHIE A A R
gt &t LIREIRA RS A0 . I RARTR A FFIE . F2 0
i AR PR R R . 25T

1) FEHAREFTE A 0~30 cm /2 33 T,
WRT HESEMERE L EERWI LR, SGERE
(>15~30 cm) LEELEH, 3G H1>2 mm [R5 75 [+
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APBRAFR I [ R, b EY™ B R 23.03%, JC
HEFRE/NEFE, EERPRATIE B R 3EaE L7 N
A R LAk — P ol R AE K, SRR T, HOt AL
5 AW R i) B A0 At FH 4 B B IR AR R

2) MHRMESHTRE, >0.25 mm I F A5 H R4
SEMEAMEZE EMRKR, P ES5>15~30 cm RZHIE
PRASRE PEAT H AT WL AN IR 03 R A B 2 IR AR R R B
B R AU AN IR R R T EEART TR
FIEPR AR E TERO g 0, (et 7R AT

PR, ROPFAR AT IE FH C T A2 4 2% e 8 dl il 50 3
VB PE, SN EIRIR o, (i TSRO R A
Yo B3R T, I T SR R A 22 DR X 45
BTN BRI R i
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Effects of long-term deep tillage and straw return with biochar addition to
lime concretion black soil on the aggregates and wheat-maize yield

HE Jiashuai , LI Xinmei , WEI Yuepeng , GUO Hangzhao , YANG Kangna , SUN Leikang , LI Xiaoyong ,
JIA Xucun, LI Yuxia , LI Rongfa , WANG Qun™

(1. College of Agronomy, Henan Agricultural University, Zhengzhou 450046, China; 2. Henan Province Agro-ecosystem Field Observation
and Research Station, Xiping 463900, China)

Abstract: Lime concretion black soil in the southern region of the Huang-Huai-Hai plain is known for its poor physical
structure as a typical low-yield field. Although measures of deep tillage and straw return have been proved to be able to
improve soil physical properties and soil fertility, there are still problems such as shallow tillage soil, weak fertility, high bulk
density of the deeper soil, poor aggregate structural properties, serious stratification of the deeper soil, low crop yields and other
problems, due to the long-term use of rotary tillage of wheat before sowing and no-tillage of maize and straw return tillage. It is
important to adopt reasonable tillage practices and organic matter addition to improve the quality of lime concretion black soil.
Therefore, in order to investigate the effects of the tillage practices, straw return to the field and biochar addition on the particle
size structure distribution of soil aggregates, nutrient characteristics of aggregates, nutrient storage capacity and annual yield of
wheat and maize, a long term localization experiment was set up with tillage and straw treatment at the Henan Province Agro
ecosystem Field Observation and Research Station since 2014. After the year of 2020, the soils were supplemented with
biochar. A three-factor, two-level experimental design was adopted, which consisted of tillage practices (conventional rotary
tillage (CT), deep tillage (DT)), straw treatments (straw returned to the field (S), straw not returned to the field (NS)) and
biochar addition (biochar addition (B), and no biochar addition (NB)), with a total of eight treatments. The results showed that
rotary tillage without biochar addition significantly improved the stability of soil aggregates and soil nutrient stocks in the 0-15
cm soil layer, whereas deep tillage with straw significantly improved the composition of soil aggregates in the >15-30 c¢cm soil
layer, which enhanced soil fertility and promoted the increase of crop yield. The correlation analysis showed that the crop yield
increase in the lime concretion black soil was more dependent on the improvement of soil physical structure and soil fertility in
the deep layer (>15-30 cm). compared with CT-NS-NB (rotary tillage straw no return without biochar) treatment, Biochar
addition, such as DT-S-B (deep tillage straw return with biochar addition) especially increased the stability of aggregates in the
>15-30 cm layer, and increased the proportion of >2 mm aggregates, MWD and GMD values by 165.88%, 62.37% and
119.81%, respectively. DT-S-B treatment increased the organic carbon and nutrient preservation capacity of >2 mm aggregates
and decreased the organic carbon and nutrient preservation capacity of <2 mm aggregates, and significantly increased the
organic carbon storage, total nitrogen, total phosphorus and total potassium pools in the >15-30 cm soil layer 22.87%-23.03%.
The treatment of DT-S-B contributed to an average increase of 22.96% in 2-year annual crop yield. Although the increased
application of biochar was presented as having the function of improving soil structural properties and promoting soil fertility,
it did not show a significant increase in crop yield, probably due to the short application time and small amount of addition. In
sum, the application of biochar with deep tillage straw returned to the field significantly improved the particle size distribution
and stability of deep soil aggregates in the lime concretion black soil of the southern Huang-Huai-Hai Plain, enhanced the soil
fertility and the annual yield of wheat and maize, and ensured the efficient green and sustainable production of farmland.
Keywords: biochars; aggregates; tillage; straw return; nutrient preservation; black soil; yield
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