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Effects of different winter rape mulchings on soil physical and
chemical properties and microorganisms
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Abstract: From 2021-2022, five different types of winter rape mulching treatments were set up in the rape

breeding base of Gansu Agricultural University, Shangchuan Town, Yongdeng County, Lanzhou, Gansu Province,
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including ¢ Longyou 7’ mulching (SC), °Tianyou 2’ mulching ( WC), ‘Longyou 99’ mulching (LX),
‘ Longyou 88’ mulching (SR), and ‘ Tianyou 2288’ mulching ( WR) to provide a basis for selecting suitable
types of rapeseed for autumn and winter fallow field coverage in this area. The results showed that the coverage of
Brassica rapa during the five-leaf stage was higher than that of Brassica napus, and after entering the overwintering
stage, the coverage of Brassica napus was higher than that of Brassica rapa. Both the Brassica napus and Brassica
rapa varieties had good coverage effects. The Brassica napus varieties ‘ Longyou 88’ and Brassica rapa ‘ Longyou
99’ had their own advantages in coverage effects at different stages, and both were used as winter fallow coverage
materials. Before winter, the photosynthetic indicators of the Brassica napus were higher than those of the Brassica
rapa, and the Brassica napus varieties had coverage advantages over the Brassica rapa. Winter rapeseed mulching
had the effect of reducing soil bulk density and increasing soil porosity. With the increase of soil depth, both soil
bulk density and soil porosity first increased and then decreased. Winter rapeseed mulching increased the soil mois-
ture content of 0~30 cm soil layer, and the water retention effect of cabbage mulching was better than that of cab-
bage mulching. Compared with CK, the content of total nitrogen, total phosphorus, total potassium, ammonium ni-
trogen, and nitrate nitrogen in the 0 ~30 cm soil layer increased by 54.00%, 85.00%, 20.62%, 15.30%, and
39.30%, respectively. The content of total nitrogen, total phosphorus, and total potassium in the 0~30 cm soil lay-
er of the Brassica napus coverage treatment was higher than that of the Brassica rapa, while the content of ammoni-
um nitrogen and nitrate nitrogen in the soil of the Brassica rapa coverage treatment was higher than that of the Bras-
sica napus. The content of nitrogen, phosphorus, and potassium in soil basic nutrients was positively correlated with
the dominant phylum of bacteria and fungi. Short term winter rapeseed coverage increased the biomass of spring
wheat but had no effect on its yield. In summary, the coverage of Brassica napus performed better than that of Bras-
sica rapa in improving photosynthetic characteristics and soil nitrogen, phosphorus, and potassium content. The
coverage of Brassica rapa winter rapeseed was better than that of Brassica napus in increasing soil water content and
soil nitrate and ammonium nitrogen content. Therefore, Brassica napus ‘ Longyou 88’ and Brassica rapa ‘ Longyou
7’ are ideal coverage crops in this area, and their mixed planting effect is better.

Keywords ; winter rape mulching; dry matter quality; soil water content; nitrogen accumulation; soil microbial di-

versity
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Table 1  Nutrient content of tested winter rape plants
K i N P K
Type Variety  /(g-kg™') /(g-ks') /(mg-kg™")
BE:th 88 0.99 0.09 2.16
Hig Longyou 88
B.napus K 2288
Tianyou 2288 0.88 0.07 2.20
N—
it 75 40 0.04 0.47
Longyou 7
S 22
PIRAL K25 g 0.03 0.59
B.rapa Tianyou 2
Bz it 99
Longyou 99 0.64 0.05 0.93

1.3 WEMESEA*
1.3.1 FTHRBRERESIIFOMNE TYRE,
I SR 04 B R A A3 T BRURE R S /N XS
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WTHRAEME T B fE &, B SR E, s 3T
Yiise, JEA Rt Tl SR A A R A
), B BRREALIEHC 10 B TARGAS-1 ffi 45X
FeAIMEAL(PP SYSTEMS 23 Al , 36 [ ) il 2 Hvdol
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L, BT 2% T UHE S ok 100 B MR 2
TR, 2R . 2 HSA D RES A S
ESHAEET ik, 2 s RN E S KT M
PR
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88 [ ¢ K1 2288 1 40.04% ; [ 1 Fy H ik Y
151 69.52% , TERRACH, < Blevh 88 LL ¢ Pleit 997 ¢ K
2288 K2 5 BRI 7 5 A 15.78%
54.18% .90. 62% . 102. 11%, * [f& o 99 H < K
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Table 2 Dry matter mass before winter under different types

of winter rapeseed coverage treatment
et P AbFR HEHHIH] Growth stage

Type Variety Treatment FS WP
bt 88 SR 4733.33+259.83c  22016.66+143.79a
HikAl  Longyou 88
B.napus J
e RS e 3380006140410 14280.006202.57c
Tianyou 2288
S
itk 7 SC 7120.00£517.39a  10893.33+246.06d
Longyou 7

S K2 S

B.rapa Tianyou 2
Bizith 99

Longyou 99

wC 7553.33+149.78a  19016.67+143.79b

LX 5956.66+219.42b  11550.00+716.68d

TE:FS: T T, WP B A SR “ Bl i 887 B ; WR: © Kl
2288 B ;SC: ‘Bl 75 B LX: Bl 997 B WC.: < Kl 2
SR, RS R/ING FRER R R — A R AR BRI 2% 5 k25 (P
<0.05), T,

Note: FS: Five-leaf stage; WP : Overwintering stage; SR: ‘ Longyou
88’ mulch; WR: ‘ Tianyou 2288’ mulch;SC: ‘ Longyou 7’ mulch; LX:
‘Longyou 99’ mulch; WC: ‘ Tianyou 2’ mulch. Different lowercase
letters in the same column showed significant difference among different
treatments ( P<0.05) . The same below.
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4k ¥ Treatment
B ¢ ) Seedling stage

[ 7 1 Five-leaf stage

4ib ¥ Treatment
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Note ; Different lowercase letters indicate significant differences among different treatments ( P<0.05). SD:Seedling stage ; F'S
Five—leaf stage; WP ; Withered leaf stage; WR ; ‘ Tianyou 2288 mulch ;SR ‘ Longyou 88’ mulch;SC; ‘ Longyou 7’ mulch; LX:

‘ Longyou 99 mulch; WC: * Tianyou 2’ mulch. The same below.
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Fig.2 Effects of different types of winter rapeseed mulching on soil bulk density and porosity
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IF) [ S 280 iy ol 7 5 &b B 22 ) 22 S 5 BT AR TA] 50 ~ 10

em )2 LX 03 25 T SC M WC A3 5 P
AEFRE] 2 FRN % 520 ~30 em )2, HIES KR E
A LX>WC>SC, AR IHEFERIE],0~30 em 1
FHARAAIY Y EKERTEN
10.4% , VLA 6 0T LIS 0~30 em 2+
ek, 3G R BE 1 2 UR B B 3z s, A
SR S I S R

232 MNEBAFHRLELEKENH 0 A[FE
A PRAE 45 A F WX S K s B (R
3) 45 4 B ¥ 4 M A K AR Lk B KM
(21.13%) , ML) BHETRAR 2R 5 I RAK (7.55% ) 3 5



56

FRHR RS - AR 0 IR AR B S MR ) 133

CK tHIt , #5403 0~30 em + )24 I & KB 7R
4 T I A 0T 40.45% . 37.65% , 42.96% |
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Fig.3 Effect of different types of winter rapeseed mulching on soil moisture content in 0~30 c¢m soil layer
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Table 3  Effects of different straw mulchings on soil water content in different growth stages of spring wheat

bR B Growth stage Sy B ES
Treatment sD FS WP RP Mean CV/%
WR 17.09+2.86ab 19.76+1.60b 11.37+1.07cd 5.78+0.14b 13.50+1.20b 15.41
SR 18.22+1.48ab 21.55+0.37ab 13.71+0.53bed 7.72+0.22ab 15.30+0.54ab 6.10
SC 15.24+2.72ab 23.36+1.53ab 14.09+0.77abc 7.95+0.72ab 15.16+1.28ab 14.59
LX 20.14+1.31a 22.92+0.61ab 18.08+0.94a 18.08+1.01ab 17.28+0.35ab 3.51
wC 18.00+1.07ab 23.85+0.62a 16.46+2.45ab 10.16+1.12a 17.12+£0.72a 7.30
CK 11.94+1.05b 15.35+1.74¢ 9.730+1.02d 5.69+0.90b 10.68+1.17¢ 18.90
-5 Mean 16.77 21.13 13.91 7.55 14.84 10.97
5 5 Z
AR
V% 22.96 16.48 24.89 25.56 18.19
4 FRALXBLHAXBENIESYFIE 242 FARABEBEEIMNHELEESAVY

Table 4 Total nutrient content of soil covered with

different types of winter rapeseed

y= M
P

T Treatment Total nitrogen Total phosphorus Total potassium
e Treatmen _ _ -

v /(g ke')  /(g-kg')  /(mg-ke)
HigR WR 1.73+0.84b 2.48+0.22ab 54.67+2.65b
B.napus SR 2.18+0.40a 2.63+0.39a 64.00+2.33a

- SC 1.52+0.48bc 2.17+0.88¢ 43.89+3.49¢d
R
B LX 1.72+0.80b 2.54+0.11ab ~ 49.00+2.03bc

TP We 1.30£1.76c 2.27:0.88be  39.33x0.23d

CK 0.78+1.16d 1.06+1.75d 34.67+0.51e

L B R /NG T8k 2R AN R 4k 3] 25 55 2 2% (P <0.05) ,
T,
Note ; Different lowercase letters in the same colunm indicate signifi-

cant differences between different treatments ( P<0.05).The same below.

) FEHALHE 0~30 em 2 ISR S B AR
PR ) 22 5 A8 I 2, FE S [R] S 780 443 =5 1]
ERRE(RA)  EHBHLIN ISR S BT
H CK 1 28.85%,SC . LX \WC 434351 F WR Fl SR
& 13.79% .20.79% .9.91% #1 8.37% .15.03% .4.67%;
F A28 H W T 12.03%, AT WA 5
RERY N IR SRS B, SR A SR A B T+
BRI RO B3 A T4 R AR RS 10
[iSWALR IR

243 FARAABMEBENHELEASANY
) ANFZRRIAM SR T 0~ 30 em )2 A
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SRR E (K 4) 4 e P IR S A
SrE B E ST CK, ¥ EE CK 5 35.97%, SC AbBE
WAL EA AR # [ WR (SR, LX \WC Ab B
A3 15.78% . 32.35% . 15.35% .28.11%, WR . SR .
LX \WC bR 2= AR, DL g RRIILmSes
T RENE N A A A &, SC AL B 4R R AU B
LT
2.5 AEZMFEBEEN HIEMAEYEEE AN
2.5.1 KRR AP AT LIE AW BEE Alpha % A M4
®re HET XA E AR 2 55 0T A 58 8 A0 T A F
5, FE H i A7 25 R A S A 7 5 P 4% gk 1 — b
TEMbFE (SR A1 SC) HEAT Alpha ZFEPER N, Alpha
AR T A PR F 8 BE R Z A, Chao A1 ACE
TEEH T YR B ) 2 /0 AR AR B 3 R
BEOUZRAE b B R ) Z2 R LB R K, R A
AR 2R Y OTUs R T B IAFTEN
AT, RS S BLRE A rh S 1 B P &8 A R
TR % E

Xof MR AR R AT A0 B A, I 3RS A 50T 5
2887196 2k, KRN TG EEAE 0.98 LU L, W A
GH, KAE 97% 1y 5 AH ARl XoF i I ) 51 a4 T 3R
G3HT FEASE- 34 OTUs #4000 1530.64 (K1 5) , HIER 5
ALG, 7 T AL BR Y Chao $840F1 ACE #8403/ F
CK, BRI 3 v 20 B PR 0 A 388 5 5 A 8 50N
FUFRIEBBE T CK, RI7E 35 A A R 30 e

Ammonium Illvtl‘OfleI’l

S = N W A L O 9 O
T T T T T T

WR SR SC

LX WC CK
4k Treatment

ZREEAAA BTN, AW A 55 Ab BRIG n T AR T
BRI A EEECE RN BE Z AR . AN TR a5 S R ]
SC AbFHEEY) Chao $5%UH ACE $5%0 W 25 T SR &b
BRI 4.219% 1 4.39% ;SC 43 5 SR Ab ]
TRIGBONEE R B 22 AR U] SC 4b
P A 1) 0 A 40 T AR A, o A 2
FEME BRI — B 2 (A g 25,

X A AR SR AT LR R D, 2R AR A5 AT T A
2880035 7%, HEanE 55 EETE 0.99 UL L KR 97% %
GUAEARL X Iy 8 304 2R 26 00 A , FEAS T34 OTUs
BN 190.78(E 5) , ME S AlHL, 5 CK M tL, #H 5%
Ab BB EL R AR VS B0 (Chao F1 ACE 48%%) S 81 1T+
s A AAGEON T AR T8 U W FL A RE TR 24
PRI R R, U0 35 A0 B B A 3 R
R R 500 R IO P B 2 R PE . AR 55
SEPRIE] AR B R B 22 5 (R 5) , SR
ALBRE) Chao REUR ACE 5585 SC Ab 243 51 f. 3
PEET 14.18% FI1 15.41% ; Wi b B8] 75 4 48 ORI 2 3%
IR ES AR E, W SR AP SC A HEXT +
SRR B 1 R BRI R 2 A
M g 2 A B
2,52 REVAEE T IR A M BEE L R om
1 6A P AEA H TR P B 3R A5 40 B E TS 33
A, HIEPR A E L FR 1A Proteobacteria . Acidobac-

teriota \ Actinobacteriota . Gemmatimonadota .Bacteroidota

)

Nitrate nitrogen

T 4 %/ (mg « kg

WR SR SC LX wC CK
Ak #E Treatment

B4 AREBLHXBSHNTRBRSENHEESE
Fig.4 Ammonium nitrogen and nitrate nitrogen content in soil covered with different types of winter rapeseed
®5 TAREBZLEREMSHEREL

Table 5  Soil microbial diversity index with different straw mulching

S| Jb3 ACE $5% Chao $5%54 TR FARIRER B
Type Treatment ACE index Chao index Simpson index Shannon index Coverage
e CK 1436.25+31.42b 1422.04+31.10b 0.996+0.004b 9.18+0.07b 0.999+0.001a
B;cleria SC 1556.79+7.09a 1539.79+7.44a 0.997+0.005b 9.41+0.02a 0.998+0.001b
SR 1491.29+11.08b 1477.56+10.90b 0.997+0.005ab 9.30+0.01ab 0.998+0.001ab
L CK 172.58+12.69b 173.99+12.07b 0.870+0.005a 4.11+0.24a 0.999+0.001a
l‘?mgi SC 185.50+0.74b 190.08+1.38b 0.769+0.030b 3.94+0.12b 0.999+0.001a
SR 214.09+4.73a 217.04+3.99a 0.769+0.031b 3.82+0.14b 0.999+0.001a
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Fig.5 Soil bacteria and fungi OTUs

A1 Chloroflexi , CK Ak P3N 44 {Jt 45 fal T AH X =F & 73 53l
N 25.56% . 18.48% .24.48% . 10.81% .4.56% .6.29%
SC AL AHXT HBE 351 26.59% 21.36% ,16.14%
12.11% 3.37% .5.61% , Proteobacteria , Acidobacteriota .
Actinobacteriota 13- E# CK A TG fin; SR AbFE T 4%
RFTE T AR = BE 43 51 36.22% ,16.83% ,14.32%
9.85% .4.70% .6.74% , Proteobacteria 1 Chloroflexi F*
JEERE CK A TSI PR i AL PRI RAR T Actinobac-
teriota B F- &, 25 # [ ] Proteobacteria & 1 g 3 1%
N, 2 5K Yy 5% AR 53 % 1) Actinobacteriota 7% 12 b 3
WA, 150 B 4 3l Sic 2 i 38 0 7 4 o 0 A R 1D Y
JE AT ) S I, T T OR R A Ak
7, Z 5 HPEA I RO TE TS =R R
FEAC K P B 3R A5 B VR 30 A (&
6B) , TIEH BRI A Ascomycota , Basidiomy-
cota , Mortierellomycota , unclassified Fungi, Chytridio-
mycota , CK 40BN 2% 0 4 5 1] A0 X 3= B 43 51
74.57% .2.67% .0.90% .7.45% .9.28% ,SC AL~ A
XS HIR 77.05% 12.36% \1.65% \7.81% ,1.09%,
SR AL R AR FHE 43 5 R 67.76% .10.89% ,3.95%
15.54% \1.64% , 7 F2 A0 PRRESS I EL R OLH R T
FAIXT RS, HHp A 25 58T ] Ascomycota , Basidiomycota
Mortierellomycota ,unclassified Fungi 7 4341, 2 5
T 453 f# 1Y Chytridiomycota 75 8 i 2 FRAK . UL
B2 s BN 1 LR R 1) A R A A A
1 A, 2 SR AR R R R TR
253 EERAMRL LIERAEMBEZGARE
RDA 7387 Al S R B R 345 D] 5~ 22 [A] G &, AN W)
PR RIREA 21, P 3k 22 18] 19 9 A A BLAE 71
FHOGHE , B A s TEAR G, Sl A R SRR OC s AN TRl A
AAEFREE A - F i 2 B2 i KRR IR B I 7
XPREAS 52 Wil A JBE , AR SR 7 52 Wi 1R, B 22 D e
AN SEPRARAE TS AR W) T R DG M2 R

7N TE L SEANTR T Axis— 1 1 Axis—2 Zr il i 1 4
RIS AE I 1 68.65% 1 24.53% (] 7) , HHE2 A
TSR A HR 3R pH ik 35 5% 1 240 1A 7 21
A, H P ABAT M 0.024,0.024,0.256 .0.720 $10.034,
X R Vi 205 R 10 fi B T 93 03 R 2.4% . 2.4% \25.6% |
72.0%M 3.4% . LIEER HEAMESA G EE
Acidobacteriota , Gemmatimonadota . Proteobacteria & 1F
A &R, 5 Actinobacteriota , Bacteroidota , Chloroflexi
BRI R ; pH 5 Acidobacteriota , Actinobacteriota ,
Gemmatimonadota Bacteroidota 5 1E ML R, 5 Pro-
teobacteria . Chloroflexi 2 i fH X X R, HE XK 5
Bacteroidota . Chloroflexi . Proteobacteria S IEFHE R 5,
55 Acidobacteriota . Actinobacteriota . Gemmatimonadota 5
TR R, 3 W17 55 A0 JHL 3 2o I 4% 1 1 33 b
5 DA TT 380 i ek 2> = 498 200 B ) R R A8 R R 2
A TR 5 U YA DG R B A
B0 0 B 5 bR B2 T S WA A TR BT
AR,

TIEEBE T Axis—1 Fl Axis—2 43 DGR T LB
TEVE S 1Y 65.10% F11 28.27% (&1 7) , T34 i
DA SR PR pH B350 40 VR LA,
H P AESRIR 0.062.0.226 .0.034 .0.588 F10.064 , %
TELER R RERE 435K 6.2% \22.6% 3.4% ,58.8% Fil
6.4%, TIELF SR ESAS Ascomycota , Ba-
sidiomycota , Mortierellomycota , unclassified Fungi & 1E
MK ZFR, 5 Chytridiomycota ALK R ;pH 5
Ascomycota , Chytridiomycota £ IEAHKE KR , 5 Basid-
iomycota , Mortierellomycota , unclassified Fungi % i #H
KX R H TR Basidiomycota , Mortierellomycota
unclassified Fungi 2 IE 40 & & R, 5 Ascomycota
Chytridiomycota £ HiAHICIC R . R W BT 5 4 P i
% - S B 1 JBT DT 72 - B TR T R 1 B
AR,
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2.6 ARMEYMEBEEMNENEEYEM=EHZME
W 6 FiR, s A BT /N YR B
SN AT A 11.33~12.52 ¢ - hm ™, [
CK Ab P Z 4R 5 23.37% ~43.41% . 7 3 4b BRAY B
e REURE B, FRR S A BEAL AR W B O AL CK O
4.43% 23.82% 18.17% .33.44% , HiR K B kkAa &k
SYEERL RS CK LS, AEIZEE AL, LX
ALFAE PR WR AL BE B 42 5 16.25% ; WR Al

(A) 100 M Others

M Methylomirabilota
80 B Myxococcota
M Firmicutes

B Unclassified
M Chloroflexi

M Bacteroidota

60

40
B Gemmatimonadota
M Actinobacteriota
W Acidobacteriota

20

HIXF 3= & Relative abundance/%

M Proteobacteria

SR AL BR A AR 5 40 B H SC AL B G 25 4R T 2.27% Al
2.49% ;SR AbHHFERIEL L WR (SC \LX \WC 4b B 43
) E R 12.08% (11.14% 21.79% 28.94% ; WR |
SR .SC . LX Ab3 g 73 BEE 2 5 T WC b3 F 3
PE1R 27.78% , i A 7 55 Ak BE RT3 1 1 0 gk = AN A
ST BEROE NG/ N W A A [R] S B 23 5
R RN T R ACRAIR

B N
B 100 il B Others
M Mucoromycota
80 M Kickxellomycota

W Rozellomycota
M Olpidiomycota
W Glomeromycota

Relative abundance/%

M Chytridiomycota
B Unclassified Fungi

-
<

Mortierellomycota
B Basidiomycota

LERSIE Y

W Ascomycota

CK SC SR CK SC SR
Ak P Treatment 4k P Treatment
6 TEAFENFEE(A)FMEEEXNFE(B)
Fig.6 Relative abundance of soil bacteria (A) and fungi (B)
i Actinobacteriota 2 I .
pH Ascomycota E;sidiomycota
Bacteroidota
9 ~
b . Chloroflexi X
2 | Gemmatimonadota 5
Q w| PH
o o
e Acidobacteriota <
“ é mycota
. Proteobacteria Unclassified Fungi
o ™~ AN o | Chytridiomycota
| b | B
1.0 Axis-1(68.65%) —1.0 1.0 Axis-1(65.10%) —1.0
41 14 Bacteria {14 Fungi
T TN—2 % ; pH—pH ; EC—HL 556  NN— i S 2 AN AL
Note : TN—Total nitrogen ; EC—Conductivity ; NN—Nitrate nitrogen ; AN—Ammonium nitrogen.
E7 TEEMFSSEHEMEEEEHEME RDA S
Fig.7 RDA analysis of soil basic nutrients and bacterial and fungal community composition
*ko6 AREBZEMNENEFEREMRERNTMN
Table 6 Effects of different types of straw mulching on yield and its components of spring wheat
- SN R £ PRREEEE  BRRA RO TER EEL7/E s FohE
pOBL] B . . i A . .
. Spike length Number of grains Tillering number Effect ivetillering Biomass Yield
Treatment Height/cm . o o
/cm per spike per plant number per plant  /(t « hm™) /(t+hm™)
WR 52.24+0.35a 8.79+0.05a 33.11+0.79b 2.58+0.13a 2.50+0.09a 10.77£0.91b 1.39+0.06ab
SR 52.35£0.17a 9.08+0.33a 37.11+0.68a 2.81+0.10a 2.51+£0.10a 12.38+0.37a 1.39+0.08ab
SC 51.08+0.08b 8.75+0.09a 33.39+0.52b 2.61+0.20a 2.16+0.37a 11.22+0.16ab 1.41+0.03ab
LX 51.77+0.47ab 8.68+0.24a 30.47£0.37¢c 2.58+0.13a 2.21x0.11a 12.52+0.27a 1.44+0.08a
wC 51.5+0.09ab 8.68+0.29a 28.78+0.29¢ 2.07+0.23b 1.91+0.45ab 11.33£0.28ab 1.37+0.04ab
CK 49.59+0.29¢ 8.55+0.06a 26.31+0.19d 1.57+0.42h 1.55+0.25ab 8.73+0.19¢ 1.32+0.04b
E ST Significance test (P value)
g
BEHRA 0.043 " NS 0.031" 0.042" NS 0.034" NS

Cropping pattern

RS R NG PR R A PR ] 25 5 8 35 (P<0.05) 5 * . 223 B3 (P<0.05) ;NS ZF A WE

Note: Different lowercase letters in the same column indicate significant differences between different treatments (P<0.05) ; * :The difference is

significant ( P<0.05) ;NS; The difference is not significant.
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