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Abstract: The impact of corn straw incorporation in strips on the soil nutrients content and corn yield in the
current year were studied to provide a theoretical basis for the straw incorporation strategy in the black soil
area of Heilongjiang province. The experiment was carried out in the high-latitude cold area of Heilongjiang
province. Four treatments of straw incorporation, namely straw leaving the field (CK), whole straw in strips
returning to the field (T1), crushed straw in strips returning to the field (T2), and crushed straw combined
with organic fertilizer in strips returning to the field (T3) were carried out in spring of 2022. The results
showed that straw incorporation with different modes all had different effects on soil nutrient indicators

and corn yield indicators in the short term. Compared to CK, T3 increased SOM and TN content by 7.62%
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and 9.75%, respectively, though it decreased EC by 9.21%. In addition, compared to CK, the length of

ears was increased by more than 8% in T3, the number of grains in rows was increased by 6.98%, and the

weight of single corn was increased by 23.61%, and the yield was increased by 24.05%. Based on principal

component and canonical correlation analysis, it was found that the impact of different modes of straw

incorporation in strips on SOM and TN was higher than the other soil nutrient indicators. The weight of

single corn weight, ear length, and 100-kernel weight had a greater impact on corn yield components. SOM

and TN were positively correlated with corn weight, ear length, and 100-kernel weight, while soil EC was

negatively correlated with corn weight, ear length, and 100-kernel weight.

Key words: straw incorporation; soil nutrient content; corn yield; short-term effect

FEFF 0 B ] DA 546 i A DL, 35Kk
FIRAEEH, o LHEgsm, B ma. o
AR OC RS/, e LA~ U, e,
AT A W B AR TR A LT DA TG e
W, AR R ISR R R AR Y, AT L
BEOMPEY R Y REAT B ERA R B YRR H
EREHEZ I, EREILT IR, AR
TRHLIA FH B m DAY D RS FHIRBH A % 3430,
] LA e 7 55 58 S A S R g e T,
A S R O TG B 17 AF A A 7 2
WY, ERFEFFHEZEE, 0 ~ 20 120 ~ 40 cm +
B MR E R T 14.8% F14.5%, 0 ~ 20 cm
T2 0B IR N T 43.7%. TS Y A
F 16 AERKWIEM IR KL, FEAFEE o5 d bk n] o 5
IrRaE L HegE R, RZ L HOKBRE R RAE (>
025mm) &&. FHERERK (MWD) ¥&ET
HAbAbHL, B 07 1T R AR A HLRET A1
TERFREAE , R B IIRS AR H RB A 2E 2 1 K A SR 44k
R, ARTHRAET. SR, FFHEH
BERIN Y R IR . HE R, TYIRE. i
GEFOCSH. RAKE. RAERTA. RRELL
TR ZR G BRI e AR 1 P A ARG A UE T
T I FH OO FE R+ R E T, AR [RIE H 7 =X
A H B (] I A B 2 A e R TR, VARG FFE
BN FRPR AL 2 o ASBIFSRIE S AN [R) A R KRS
FFid 5 R FH RS, R 2B a3 o A i 1
TR E K= At K, 2 A R AR R &
B3, i WA SC iR T AS RIS Ak FASE

AT EHEGRIHRARSG TR R R 2 A HZ
ARG G 2, ST T REATIE HIR SRR 57
SE AR P O 50, 5 7 AR R
LXCAHUIC L. SETh B SRS IL SR
SIS .

1 MRIER%E
1.1 R E

A b O B+, AP 40.05 g/kg. BRfR
& 164.70 mg/kg. B 3.47 mg/kg. A H
118.66 mg/kg. pH 6.17. HLSG% 51.23 ws/cm,

BEIEY . Bk, BFCh g 157 5 P
T RENAT.

B R B A2 A IRk N-P,Os-K,0 12-18-
15, JifHAE 15 kg/667 m’; AHEAERES, AL
i 143 g/kg. 2% 7.55 g/kg. WA 658.81 mg/kg.
A 360.91 mg/kg. HALEH 3967.22 mg/kg. pH
8.07. HLF:¥E 3250w s/cm,
1.2 R HE

ST 2022 455 H 4 HEL, 10 H 29 HIGK,

RIS 4 MR, Z35ARSFFEH (CK) .
BHEREFFIREH (T1) . By BERSFFRRIRIEH (T2)
FUH PG AT C e A LIS ARGE H (T3) , FEFF#
PERIEE 2 ~ 5 emo FSFFIEH &: 600 kg/667 m’,
ZlHaA, Bt 5 ~ 10cm J5HE, /DX 10 m,
% 6.6 m, FEHLAES, 3 IREH,
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SFREH S, ALY Ut ARG — PR AL IR i
BEATRERIRGAL , Ak A 224 Hboe DR i R FH P R
AR, YHE BB AKSE 15 ~ 25 kg/667 m®,
T DX it I 5 Ry R AR KSR R, 7 H 1
H KWl w338 A PR 2 13 kg/667 hm®, Fi A 4k
RIS — s A K St
1.3 MEFFE

TIEAEALL S Y 5 SURAE, 1ZUREE 0 ~ 20 em,
5 ECREUEHERAE N 1 AR, LR,
R RYG , IR E S AL ) L5 %
HAAK T E R 100 HE, HF 13RS e
e A AU AN A ROR A G E A AU R ;
SRR R (MR B 7 20 5 T i )
(GB/T 11957—2001 ) HrZRkME ; T HEmfw
& (AN) . H50 (AP) . HR4 (AK) . pH
T H, S 2 S At - B AR R A R s LT ks
WME

FYIRE G TORBUGAS], fEf/NX LBRiL )G,
TRZEHL 3 MRS K, SRETOREE, MERE
K. UL, BEATEC TR A2 TR
G ERULE 48 23 ENR 3 57 1178 VA =31 NE R A S o7/ )il g 5o
K EKFFRL 60 °CHET 4 h 5 Ty O I AP RL T
WM ES; PRI BATE x fTRE < HRL
/100 x YRS & *x 65000/1000/15( T3¢/ H ),
P4 2 i 65000 #k /hm*,  “/1000” J2& 1 58 54 3 b
Tri, /157 EMBA B E

1.4 BIESHT
% H SPSS 20.0 F Excel 2013 #7538 017 .

2 BERE5SMh

2.1 FEIIENT I35 HEAR I

FEREHIPY, REFFASIR PRI F AL B 2 514 1
TEEANUR SR, AR A A AS IR
HiFEAG, 5 CK AL, T3 AL -3 ML & 51
BN 7.62%, T2 Ab 3+ A AL w3 0 6.96%,
T1 AbPEFIEA LTS mIG N 5.74%; 1 T2 &8+
MR E RS RE, 8 10.84%, 5 CKikF|
BFEIKT, T1AFRW 2.73%, T3 4bBE -+ 5
FRIR /D 0.29%, 2 MEEEY S CK ZRABE; T
AR AR BENM, T3, T2 F T1 4L H 5 511
T 9.75%. 8.30% Fl 6.14%,

X TGRS ROR WL, T1 AL PR - 38 65k fit
Ry 3 i T A A, il Ak PR ) 2 SN
5 Qb B A R AT I, o T2 R0 T3 AbBE
- M O S R4 A 6.11 I 6.82 g/kg, % CK
WS WSO A A, HA A
PRIA|ZE AN W

5 CK A, FEFFAS [HA IR A HAb 2 158 pH
ZRANEE; SIS R B EREL, T2 4
PRIE/D 22.64%, T1 ALEEA 19.65%, —FHEZER
AEE, T3 AW 9.21% (£ 1) ,

&1 FEIAIEXT IR F D HEFRAIFT

Tab.1 Effects of different treatments on the nutrient indicators of soil

ik EERiING JE R TR 2R A R Uyl Hy,
B (g/kg) (g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) pH ( ps/cm)
CK  40.60+£0.26a 38.49 £ 0.18b 1.85+0.07a 166.37 £2.88a 3.61 £0.54a 121.05+847a 6.17+0.13a  51.23 £ 1.86¢
T1 4293 +1.24b 37.44 £ 2.16ab 1.96 £ 0.04b 175.77 £ 3.75b 4.64 £ 0.46ab 121.75+2.85a 6.15+£0.10a  41.17 £2.06a
T2 4343 +£1.13b 3432 +3.29a 2.00 £ 0.05b 166.04 = 1.26a 6.11 £0.39bc 12428 £5.63a  6.18%0.09a 39.63+1.35a
T3 43.69 +1.05b 38.37+0.11b 2.03+0.07b 167.72 £2.65a 6.82 £ 1.49¢ 126.16 £8.59a  6.28 £0.03a  46.52 +1.35b

E: FHRSIARNG T RFRRZRBE (P <005), TH.

2.2 RNEAIEN E K ZEHIRIEIRSE
5 CK M H, F5FFAS [E 70K 8 AL B F K
A A — B0, Forp T2 Fil T3 Ab 7 s K 4 35 1
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T2 5 T3 AbFEZE R W, 5 H fth &40 5 H) 2 574
KRikWIE.

B PN AT A R, W REER. 1
FEASFARRIE AL BRA TR B4 5 T CK, T3 b PEAT
ki B0 T HARAL T, e CK B9 T 6.98%, 25k
WK HUOE T2 A0, W T 4.44%, HY
HoAl b PR 25 A B35, T1ALBEATRIELHE CK 3
Hn 4.13%.

BB E R EAIS AT CK, (HERARE;
TW 5 & T AR FRAR, 4 81.17%, HflAkik

& CK. T3. T2 &8, 73514 82.28%. 82.75% Fil
86.40%, Mo T2 AbPEM T4 o & i W m T T
AbE, A A P ) 2 SR B 3 KT

FokHBERARE T RAREEHNE, 5CK
L, FEFFASFEHPRIE AL H Tk b A —
FREERGI, T1 A T2 AP A B35, i T3 Ab#
MG mEE, N 23.61%; w8 L, T3 A4S
CK FHLHE ™ W2, W9 %k 24.05%, HKGE T2
FT1 AL BN T 15.25% H12.02%, 5 CK %
SRR (£2) .

% 2 T EALIEXS E K= B RIEARHI RN

Tab.2 Effects of different treatments on the yield component indicators of corn

b K (em) KL (cm) BRI (1T) FIRIEL ORL)
CK 15.98 + 0.88a 5.01+0.19ab 1533 1.41a 35.11+2.52a
Tl 16.55 = 0.86ab 5.10 £0.18ab 1533 +2.00a 36.56 = 1.74ab
T2 17.26 £ 0.81b 4.94£0.10a 1433+0.71a 36.67 £ 2.45ab
T3 17.27 £ 0.65b 5.14£0.22b 15.56 + 0.88a 37.56 £2.24b

w24
Qb HHIE (g) oS (%) R E (g) w7 R (kg)

CK 21.97 £ 1.85a 82.28 £2.18ab 157.72 £ 12.87a 418.40 = 24.66a

T1 22.50 £ 4.20a 81.17 £2.75a 169.64 £ 26.61a 426.87+75.93a

T2 24.44+2.09 86.40 £ 8.16b 17329+ 17.73a 482.20 + 83.15ab

T3 24.73 +2.30a 82.75£2.71ab 194.95 + 23.41b 519.04 £ 74.96b

2.3 TEFDERESEKRTEMRIERMER S

SYHR
2.3.1 T EHRPEATHE K2 HT

of R A [ 3 FHASE 5K 50 40 P 48 5% oy 4R
br CHEPUR. 2%, DRARA. k. B0,
pH. HLSRFIEMHEER ) P47 B atr, FIHE
BLAr o M  AR BUREAEAE R T 1 MARAE N T, $2
BUASE] 4 DN ERSY, Tr2E5TlkE 5 31 37.744% .
21.23%. 16.04% F1 13.21%, Zil5ilk% 88.21%
(%£3); mMFAMUEE, F—ER0h e
RAA PR R, 58— FRSHHXER
By 0.91 F10.88, HIEIEMIE; 5 FM
gy 148 pH M R s, R 0.88, HR=T A

VS Y 2 B Hh A e A v 1 43 i 2 AT 1 T
A A 143 1A 0.79 Al 0.64. RIS FFam R4 H
AT R E R A VUM AR, HikE
pH. AR AR . RIS 2 4 AT iR
BZLN W

S1=0.29 X1+0.30 X2+ 0.02 X3+ 0.26 X4+0.1
X5+0.05 X6-0.24 X7-0.12 X8

$2=0.02 X2-0.41 X3+0.21 X4-0.26 X5+0.52
X6+0.16 X7+ 0.12 X8

$3=0.29 X1+0.17 X2+ 0.41 X3-0.07 X4-0.33
X5+0.02 X6+ 0.06 X7+0.62 X8

S4=0.08 X1+0.24 X2-0.26 X3+ 0.10 X4+ 0.60
X5-0.19 X6+ 0.52 X7+ 0.36 X8
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Tab.3 Eigenvalue of extraction principal components of soil nutrient indicators under different straw incorporation

. L GERR R SEBCF-Jr AN

R it Ji% (%) 2B (%) it JiZ (%) 2B (%)
1 3.02 37.74 37.74 3.02 37.74 37.74
2 1.70 21.23 58.96 1.70 21.23 58.96
3 1.28 16.04 75.00 1.28 16.04 75.00

1.06 13.21 88.21 1.06 13.21 88.21

5 0.53 6.58 94.79
6 0.26 3.25 98.04
7 0.13 1.60 99.65
8 0.03 0.35 100.00

* 4 BHAEEAENR T LRF D EIRNE RS BEEMRNS  REIERE

Tab.4 Principal components load matrix and score coefficient matrix of soil nutrient indicators under

different straw incorporation

- E= i se] ¢ 13453 ZBUERE
bR
S, S, S, S, S, S, S, S,
X,0M 0.88 -0.01 0.37 0.09 0.29 0.00 0.29 0.08
X, TN 0.91 0.04 0.21 0.25 0.30 0.02 0.17 0.24
X, AN 0.06 -0.69 0.53 -0.28 0.02 -0.41 0.41 -0.26
X, AP 0.79 0.36 -0.09 0.11 0.26 0.21 -0.07 0.10
X,AK 0.31 -0.45 -0.42 0.64 0.10 -0.26 1033 0.60
X,pH 0.16 0.88 0.02 -0.20 0.05 0.52 0.02 -0.19
X, EC -0.73 0.27 0.08 0.55 -0.24 0.16 0.06 0.52
X, HA -0.37 0.20 0.79 0.38 -0.12 0.12 0.62 0.36

{E: OM, AMLBT; TN, ®%F; AN, BfE%R; AP, HHmE; AK, #H; EC, HLS%R; HA, JEHHMR.

2.3.2 EXRFEM RIEARNE R A2

X FG FFAS )3 A X K™ A iy 7 A
febr (HMREE. RK. BEUML. BT TR, @
KM TP E ) #7 E e, R ERD
SIMOT IR BUFEE R T 1 FAHEIN T, TR
MR PRI BUR 2] 2 DN F 0, Tr TR AN
44.41% F122.86%, FiITIHk% 67.27% (£5) ; H
6 AL R EKRA SRR, BRKAE
b AR A, S R A R B N
0.91. 0.87 f10.87, HIJRIEMK; H = F Mo
R S5 AT BN BB 5 =, 200k 0.84 i1 0.82,

28

R FORAE AR FFHPIRA A AL BE T, TR &
M B B R 2 R AR E R, HK
AR TE, R E] 2 DR RIE
C1=0.29 Y1+ 0.28 Y2+ 0.11 Y3- 0.11 Y4+ 0.22
Y5+0.28 Y6+ 0.09 Y7
C2=0.21 Y1-0.02 Y2+0.53 Y3+0.51 Y4-0.05 Y5-
0.12Y6-0.16 Y7
2.4 TIEFDIERS ERFTEMRIEFRER 5 A
BIEX 4
PAA [ A% A7 IR A FH AR BE S 1 3857 40 R PR 4R
BURY E B> S1. S2. S3 il S4 A H AR &, T K=

SCHL,
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A IR PR SR s> CL. C2 AR S 7 i
BIACH T, W3k 7 A1, BRBUAH DG/ A L2 I3
2 AR R, MOCER B 0.541 A1 0.259,
AR 2 2 4 o A8 i idkA 7 SRR OC 4347
AR AT R BOE — AN AR R S5 ARA T AT AR RN
R AH O R B, HA R, % 0 B A
A R AE DG G R b, 1 28 S AR R B30 2
— AN HURIAR F 55 5 — 2 AR e A% AR Y R ERURE OG

AECM, Rk 8 A, M R B I — 41

AF & A Ul=-0.83251-0.396S2-0.168S3-0.09554,

V1=-0.991C1-0.137C2, ZA A rp, Ul 3%
T TR RAR R BU R A B, Horp ST R B A AN ST
XA A RME F K, 43 iR -0.899 Fl -0.486; VI
AR TR R R A i U AR i, Hop C1
R4 R ARG A XTI R, 43304 -0.991 Fil
-0.536, [HIt, S1 FEWaxF C1 FE o simkie R,
HRi% ST ERh A YUR . 2SR,
C1 FERor i TR s . RN b 5L 2 48
s, MikEA BRI, TR R, B
T E b7 ) R R A

x5 BHAREAEN T E R~ EWRIEFRAR I E R S EE

Tab.5 Eigenvalue of extraction principal components of corn yield component indicators under different straw incorporation

JN LR RN e SRIBCF Iy A
ait JiZ (%) 28 (%) ait JiZ (%) 2R (%)
1 3.11 44.41 44.41 3.11 44.41 44.41
2 1.60 22.86 67.27 1.60 22.86 67.27
3 0.96 13.75 81.02
4 0.72 10.34 91.36
5 0.36 5.11 96.47
6 0.19 2.78 99.24
7 0.05 0.76 100.00

& 6 BFAEZTEAER T ERK=EWRIERIER S HTEENSG 2 REIER

Tab.6 Principal components load matrix and score coefficient matrix of corn yield component indicators under

different straw incorporation

B A RE R 159> RBOERE
it
C, G, C, C,
Y, HiEE 0.91 0.34 0.29 0.21
Y, K 0.87 -0.04 0.28 -0.02
Y, T 0.35 0.84 0.11 0.53
Y, BT -0.35 0.82 -0.11 0.51
Y ATRiEK 0.67 -0.08 0.22 -0.05
Y, BRI 0.87 -0.19 0.28 -0.12
Y, TYIES & 0.27 -0.26 0.09 -0.16
F 7 HEEX AR
Tab.7 Test of canonical correlation coefficients
RS MURIAISC R AL FHIEE BURsESSE BREBE REABE F P
I 0.541 0.292 0.660 8 60 1.731 0.110
il 0.259 0.067 0.933 3 31 0.742 0.535
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Tab.8 Typical variable composition of principal components of soil nutrient indicators and corn yield component indicators

under different straw incorporation

SRS RE |

SRS B 2

R BURMIRREL MUMEGTAR MR MUMHDCRE MMBRTRE SO RE
S1 -0.832 -0.899 -0.486 -0.310 -0.381 -0.099
S2 -0.396 -0.423 -0.229 0.484 0.511 0.132
83 -0.168 -0.053 -0.029 0.772 0.726 0.188
S4 -0.095 -0.224 -0.121 0.299 0.358 0.093
Cl -0.991 -0.991 -0.536 -0.135 -0.137 -0.036
C2 -0.137 -0.135 -0.073 0.988 0.991 0.257
3 #hip & 3wk

TORFEFE I B - b 57 57 00 A R R R BE 1Y
o, SRESFFES AL, BN (—NEKSE) B
FEAS R IE AL BEER v 3 m AP . &AL
PSS L, 1T R SRR AR 1 1 AT T BRI
XSG A pH G W R, H AR R RS AT RO AT
HUBE PRI F AL B - A LSRN 2 RS w43 3
7.62% F19.75%, HLFHWHA 9.21%. SHEFFEH
AHEE, FEFFRR B EA HLAEA IROE AR T oK R
B 8.07%, FTRIEE N 6.98%, T KB EH M
T 23.61%, HECEIGNT 24.05%. HRERS FTECE
A RERR I F AT S22 B FOK T 5 4t

BT E G o3 BB RIAH DG AT, 98 TSR
SHER S B B BIRIRI G R, SERER .
T BRIAH DG AT LR IR 2 AR i FHOC R AL
7374 0.541 F1°0.259, 1H 2 2H B8 A% 5 (4 A0 OC &
BARIBE S EKE (P<0.05) , il I FSFE
P H)G, HHESR R EOK 7 R s 2 4
LA ZMMMHEKRMABER., HHN, FFA
(] PRI FH AL B - A AL 4 /U T A A iy
THAWFRI IR, A TR A AR PR R B
SRR BRI R,

ABFFEAUN FRFE AL H 5 1 Aotk &
KRR AR T ROV R A R, 2
B FORFEFFIC e T HERG . TR is 4 2
FEBE PR A0 45 5 T I 52 B A TR A 23T
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