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Effects of mixed sowing of different forage on soil texture and fertility
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Abstract: In this paper, the effects of mixed planting patterns of different grasses on the physical structure of
soil and the distribution and accumulation of available nutrients in soil were studied. The results showed that with
different mixing ratio, most bean curd combinations with red bean grass and bromegrass bean curd ratio of 4 : 6 and
3 : 7 have better effect and 4 : 6 ratio was the best mixed seeding method. Compared with bean unicast, the soil
bulk density decreased by 7.25% , soil porosity and aggregate content increased by 8.14% and 13.56% , respective-
ly, and soil organic matter, available nitrogen, available phosphorus and potassium contents increased by 23.1%,
20.1%, 77.2%, and 13.5% respectively; Compared with grass unicast, soil bulk density decreased by 9.86% , soil
porosity and aggregate content increased by 10.81% and 13.45%, and soil organic matter, available nitrogen, a-
vailable phosphorus and available potassium contents increased by 15.5%, 16.1%, 66.5% and 19.1%, respective-
ly. The results of two factor analysis of variance indicated that the interaction effect of mixed seeding and mixed see-
ding and mixed seeding ratio were the main factors influencing the difference of soil nutrients. Therefore, different
planting methods of mixed soybean and grass not only improved soil physical structure, which was beneficial to

drought resistance and moisture conservation, but also improved the supply of soil organic matter, available nitro-
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gen, available phosphorus and available potassium nutrients, which was of great significance to improve soil fertility.

Keywords: bean grass; gramineae; mixed seeding; soil effective nutrients; soil physical structure
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Table 1 Trial treatments

AR AN 41 G Fx AR RN
b3 MAR(A]) ISR (A2)  UKH(A3)
Treatment SainfoinX SainfoinX SainfoinX
Ryegrass Awnless brome Wheatgrass
3:7(Bl) Al1BI1 A2B1 A3B1
4:6(B2) A1B2 A2B2 A3B2
5:5(B3) A1B3 A2B3 A3B3
6:4(B4) A1B4 A2B4 A3B4
7 : 3(B5) A1B5 A2B5 A3B5
AR
$%§(CK1) CK1 CK1 CK1
Sainfoin is
unicorned
ARG (CK2) CK2 CK2 CK2

Grasses unicast

1.3 MEmMBRAE

1.3.1 XEEEF 2019445 H 22 HFiLKHO~
20 em AEUFE | SR FHER T3 R AR /N IX Bl HL
BCEARFRER — e e - f o ek 5 4
SRR 7T A2 T ()50 43, BRI HURE | SR 5 B 38 U]
TIHIIEWN ,ia M LI = #E T E

1.3.2 2EILME  — MR E, v 1
AEMLEIIE A, A RIELBRE (%)
=(1-FHE/HLE)XI00(FEHN N g - em™, LE
— BN EAE, M 2.65 g - em ™)

1.3.3  E3EARA HORER R B A L >R F B
PUBRETE , FE RS/ X B AL e LA R M — &
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S REE AT 2~3 d, BREERAE T 1k, SR WL
A3E T I R A
1.3.4 X3EAMFeMZ 2019 453 H 21 HRH
BEATLIBORE 7 T FH OB | 7 41/ X B ML 3k B
BRFNER 3 A5, H 85535 7E 0~10,10~20 .20
~40 em ZLIRE BRI R FH U 43 1E B 2 2 A0 1) 10,
FEIR LS i 19 AT A e ] SE g, AR KT
5~7 d J5ks SRR ff O e dRE L 18 H i, R
FES TR A5 RO A PR R
1.3.5 XA iroon g FEEERAE HER
Wl RSO %) BBURE R[] VR R b 3R] 1
B AL R R FH WA o 2 (1.0 mol -+ L7
NaOH A3 +HE | i 5 K i 28 A (W 7E A RUR) Bl
Al NH, ,NH, 385U A H,BO, Wi, B A%
PRV WA, S AR & &) 5 A R
FHARSEPT HE 10 2 ( FH 0.5mol - L7 NaHCO, 3= 2
I TORAE T e Ak B - 98 o S £ R0 DU W B AR
R RO i) 5 RO SR KA B
ME P (] 1.0 mol - L' NH,OAc 7E W51 5 +
SEIR AR BH B 728 e, NH, OAc 32 H W KA g it
BRI GE B A )
1.4 HIELESSH

RIS TS EE 1 ] SPSS 20.0 1 Excel 2010 i
FTALFEATHT

2 R 5550

21 AEERMEREBEAXNTIERE, LIEFLE

EHIFm

TR A RN e AR M B K
PRI R AR OKBE T B AR, — M - 5 O N B
BRAERE 3 SGE K VERE B GT 5 A LB B4R 2
A K AR K, WAl A A LR, AN
PR FE M A SN BE ) RO S A, 37 T o
F1P L NF 2 AT R TR) R TR AR (LA K L i xd
0~20 cm PHE)Z 48 75 5 S AL B BE 1Y) 52 e 3 I 4%
S, H*p AIB1 . A1B2 A2B3  A3B2 A3B4 AbF 145
R GF, A2B2 Wb A5 R B 4f, 5 CK1 ML,
A2B2 HIERE WA T 7.25% , HIEFLBRE SRR
T 8.14% ;5 CK2 M tb %, A2B2 HIEAE W/ T
9.86% , TIEFLIREE S EIGN T 10.81%,

®2 ARABEAAMLERE FLEENZI
Table 2 Effects of different mixing methods on soil

bulk density and porosity
TieAE

TS KR

Trﬁjn%mt Soil water Soil bulk density Sjﬁfﬁfﬁyﬁ/g
content/ % /(g+em™)

AlB1 22.74ab 1.32efg 50.05abc
Al1B2 23.22ab 1.32efg 50.19abc
A1B3 20.57cde 1.40abed 47.14def
A1B4 16.63ef 1.29fg 51.08ab
Al1B5 19.14cde 1.44abc 45.471¢
CK1 17.98ef 1.36bed 48.60de
CK2 14.25¢ 1.45ab 45.091g
A2B1 20.04cde 1.31ef 50.48abc
A2B2 27.39a 1.28¢ 51.65a
A2B3 24.06ab 1.34def 49.13abcde
A2B4 20.27cde 1.35bed 48.73de
A2BS 20.68cde 1.35bed 48.78de
CK1 19.30cde 1.35¢d 48.85de
CK2 18.95def 1.43abc 46.00efg
A3B1 20.47cde 1.39abe 47.30defg
A3B2 22.78ab 1.30ef 50.94abc
A3B3 16.34ef 1.47a 44.36g
A3B4 25.44a 1.31efg 50.19abc
A3B5 20.40bcde 1.32ef 50.09abc
CK1 17.46ef 1.34def 49.42bhc
CK2 16.58ef 1.38abc 47.69defg

T RSUAN R NG R R 7R AL B H] 22 57 1. 3 (P<0.05) . R 1AL,
Note ; Different lowercase letters in the same column indicate signifi-

cant differences among treatments ( P<0.05).The same below.
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FE 3 A, AR TR) ORI B AL S He s 0 ~
20 em HHEZEHHDRLZE R ( =0.25 mm) B 500 % B
BAHHIE , Hi A2B3 F1 A3B1 44 1 A A BB 44 &
B (11.10% F1 8.65% ) , A2B2 2H &5 b A B 44 &5
B (17.13%) . 5 CKI1 A%, A2B2 + 48 B A 3
RS EIEINT 13.56% ;5 CK2 M L4, A2B2 1%
SRR EBINT 13.45% H Al WL, A2B2 4
BNl A 3 A SRR () S AR i i, RIS 4T B TG
TR =4 0 6 WX R T R IR RO B
T {68 - 458 o A5 0 KL L 1) 23
23 ARERFERBEAFXMTEEVRNZ MW

ANFHERAE 46 07 20+ H5EH HLS & 1 5% 0
WA 1, 7£0~10 em +JZ,A1C1 A1B1 AIB2,
A1B3 A1B4 A1B5 . A2B1 ,A2B2 A2B3 A2B4 A2B5
BREPEF I B (P<0.05); A3B1, A3B3,
A3B4 A3B5 IR T H AL (P<0.05) 5 7 20 ~
40 em 1 )2, A3B1  A3B3 ,A3B4 A3B5 5H. 4% At
FEA L, 22 53R 3 (P>0.05) .

FH T L AN R R VR 4 6 S TR A% L 1 i !
Hhem RIEA LW &, Hd A1B2 A% 1
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T3 AREHBARXX T ERABRERRN %

Table 3  Effects of different mixing methods on soil water stability

5mm FAREESE 2 mm BIREEGE 1 mm AREESE 0.5 mm FAREEE 0.25 mm FRAE Juzif 2Ny

b
T &\'IIE . 5 mm aggregate 2 mm aggregate 1 mm aggregate 0.5 mm aggregate 0.25 mm aggregate Total aggregate
reatmen content content content content content content
A1B1 0.25b 0.08hij 0.24h 1.02ghi 2.25fgh 3.84ijk
A1B2 0.20b 0.52be 1.11be 1.41f 2.06gh 5.30gh
A1B3 0.15¢ 0.64h 1.14be 1.57e 1.98ghi 5.48fg
Al1B4 0.10c¢ 0.18fghij 0.92cd 1.07fghi 4.10d 6.37ef
A1B5 0.05d 0.19fghij 0.29gh 0.94hi 2.52fg 3.99ijk
CK1 0.01d 0.14ghij 0.35gh 1.09fgh 1.69hi 3.28k
CK2 0.04d 0.11hij 0.39{gh 1.59% 1.24i 3.37jk
A2B1 0.06d 0.13ghjj 0.571g 1.42f 2.05gh 4.23ij
A2B2 0.40a 0.94a 1.48a 3.52b 10.79a 17.13a
A2B3 0.14¢ 0.26fghi 0.69de 3.98a 6.03b 11.10b
A2B4 0.08d 0.28efgh 1.57a 1.37fg 5.03¢ 8.33¢
A2B5 0.08d 0.25fghi 0.72d 2.16d 1.77ghi 4.98fg
CK1 0.12¢ 0.31efg 0.49efgh 1.35¢ 1.72hi 3.99ijk
CK2 0.05d 0.08jj 0.42efgh 1.15gh 1.70hi 3.40jk
A3B1 0.10c 1.04a 1.34ab 2.04d 4.13d 8.65¢
A3B2 0.11c 0.46bcd 0.68ef 2.00d 4.17d 7.42d
A3B3 0.06d 0.37cd 0.53efgh 0.75i 2.96f 4.67hi
A3B4 0.16¢ 0.18fghij 0.26gh 2.08d 3.93d 6.61e
A3B5 0.03d 0.58b 0.93cd 2.50¢ 3.56de 7.60d
CK1 0.02d 0.05j 0.27gh 1.17gh 1.94ghi 3.45jk
CK2 0.03d 0.47bed 0.26gh 1.40e 2.10gh 4.26gh
5 8 (a) 0~10 cm
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o o o <t bal ] o b o o <t w \a o hamy ol o < wy v o
222 2 2 ¥ ¥ 888 88 8 %858 88 8 8 %
< < < < < < 2 < << o< 202 2 < ©
it ¥ Treatment
_ 87 (b)10~20cm
i3
XL a ab
= b b
= E b b D4 b 2 ab b ab b b c .
22y e 4 o d 4 o
T
ms
3
w2

m oM@ M A M@ 2 Y @m @@ A @ %S @ @B a2 om oz U

2228858888088 5z 88588
4k ¥ Treatment

(¢)20~40 cm
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=2,
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my 2
= o
He 2
o
W
0

— o o -t wy e ol - o o <t w - (o] - o o < w - (o]

m m m m m 5 M 9\3‘ m ?ﬁ m m % N 93 m m m m % N

— o) — — — N IS S ) ) o I I
R N R R RO S R o< 2 2z 2 ©

ik ¥ Treatment
T B AR NG R 7R Ak L H] 22 57 1 3 (P<0.05) . FIAl,
Note: The different lowercase letters in the figure indicate the significant difference among treatments ( P<0.05). The same below.
1 AEEHAXN T EEVENE T

Fig.1 Effects of different mixing methods on soil organic matter
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AL R BT CR e hr, AL & &R
4.57%~5.83% , 53 %t CK1,CK2 B4 T 40.3% .
31.0% , T X 3G A+ A HL S i I RCR B
i A= AT 345 BRI 13
24 AEERMEREARNHIEFERSHZ N
241 AR EARMERB T XA LERARNGY
e HE 2 ATHLAE 0~ 10 em + 2, AR EARIR
b PG - AL B, AH LT CK1 L CK2 #/ A
FIEHG I, S5 155 3.0% ~27.7% 1.4% ~41.3% , H:
i AIB1 A2B1 A2B5 A3B2 A3B5 WK T HAak
FH(P<0.05) ;7F 10~20 cm )2, A1B2 A1B3 i
FRTHAAL R (P<0.05) ,{HW b CK1,CK2 & ; 78
20~40 cm HJEN A A2B2 B E T T HALTE (P
<0.05) , HAAL I E] 22 7 A 3 (P>0.05) .
SEKRE,A2B2 AN L EN 5 e bk
IR B 0 KO AR B O 51,42 ~
81.75 mg - kg™', 205 b CK1,CK2 34417 20.1% .
16.1% B HLL TR« oo =4 ¢+ 6 BEXI3E N 1
AR B i RO
242 RE ZARHFERSGF X LIk KA Y
ey W& 3 AL TE 0~10 em )2, AR EARIE

&2 A T 2NN 1 HE AL B 9 52 i, A1B1, A3B2,
A3B4 i FH KT HAK AL B (P<0.05) ;7E 10~20 cm
+JZN,A2B4 A3B2 A3B4 i FART HAKAL TR (P
<0.05) ;7£20~40 cm +J2N,A2B4 A3B2 2 E(LT
HARKAI(P<0.05) . £ EAHL7E 0~10 cm 10~
20 ¢cm ,20~40 ecm + )2, K4S CK1,CK2 #H 1L,
A 498 AR B AR AT TR, B 4 56 21.1%
~93.3% .31.9% ~91.1%, v, A2B3 414 & it
5% (31.39 .27.08 27.87 mg - kg') .

243 FFEZARMKFERSEF X LI kAT
ey HE 4 WL E 0~ 10 em 2N, ANFETRFEAH
A7 2O AR R, A2B4  A2B5 (A3B1 5
HAR A AL FHAR L 25 55 10 35 (P<0.05) , o A2B2 11y
I A S R 143 mg - kg™, Ho s, ML
CK1.CK2 43542 %8 T 13.5% .19.1% ; 7£ 10 ~20 cm
T2, A2B5 A3B1 B E(L T HE LB (P<0.05) ;
fE20~40 em T2 W, &AL E TR #E E R (P>
0.05) , {H - HE SR AR & B AR LU X IR BT
A2B2 Y IR S e, B YLD R ot
FEFE =4 ¢ 6 BT 1Y A M AR i A AR I
i

g 1000 (3)0~10 cm
2w E
. g b ab
= ab a ab b ab
Eg cd ab ab ab c c b b c ab cd 2 d ab
® 2 50
s
— o o < w — (o] — o o =t Ual — o — o o =t wy — o
= 2 2 2 8 % 35 484848 ¢€¢gE¢E8E 28 g #
< < 2 T <= R S > B SR ©
Kb Treatment
1007 (b) 1020 cm
a ab
80 ab b ab ab ab ab b ab b
60 ¢ . a ab ab ab  ap b b ab @ a

[ HE 7 2 &/ (mg « kg )
Available soil nitrogen

AlBI1
A1B2
A1B3
Al1B4
AIB5

CK1

CK2
A2B1
A2B2

Ak

80T (c)20~40cm

ab ab ab

I 33 2 & /(mg + kg ')
Available soil nitrogen

A1B2
A1B3
Al1B4
A1B5

CK1

CK2
A2B1
A2B2

=
<

4b P Treatmen

)
m
a
<

H

A2B3

A2B4
A2B5
CK1
CK2
A3BI
A3B2
A3B3
A3B4
A3B5
CK1
CK2

Treatment

A2B4
—~ A2BS5
CK1
CK2
A3Bl1
A3B2
A3B3
A3B4
A3B5
CKl1
CK2

B2 AEIREAR T EERLEBFM

Fig.2 Effects of different mixing methods on available soil nitrogen
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Fig.4 Effects of different mixing methods on available soil potassium
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3.1 AEEARMERER A T IEYE RN
A R IR A& R BRI
JIT o 30 L B G A 2 A SR AR ) ML AR AR A
FFLBRIESES | R 2 I g 0 3T, AR
THAE X, ORI RE X 4 B oA 45 R Y
IS BT, AL RSB R, A R T B
PR AR A B, )2 (0~20 cm),
A2B2 45 R R IR, 5 CK1,CK2 M1k, s
TR T 7.25% .9.86% , kA B A4 FIFL B 2 43
SHE N T 13.56% . 11.68% F1 13.45% . 10.81%,
U R ]l R SR 5 R A B R R 4 fig
FUCE LIRS AR THUR RS, AN S A
ARG, T L R A Y,
3.2 AEERHERBHI LEFR M0
TR AE D B R T, R 2 R LR
HIRHIE/D,0~10 em 2 AP HRCRFTERER
Fr i, X 5 K 2 B - R R O 1 TR B0 A A
AL, ALK . (1) FEAF 12 A T
TRHAACERL LU 481 0 1 D R R A B A L 491 9 ik />, - 4
AHLGT  HOE R R S B TR
4 1 6 BHEICK, r 2T R HIEIE 1A WE
M, (2) BHEHAEBEE R H il i 3G R R e e
WG T4 6 IR, PRI, 78 TR TR #6 b v
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