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1 ##FF7TE
1.1 HREER

F 58 XA T P8 e VA8 R P AL 2R A e 52l IR A
Th L nk B FE A R A (124712741, 667 ~124°
12'51.55" E, 46°30'3.57" ~46°30'26. 90" N, ifF &
198.8 m) , Ml &b FA Y- 5t il 7Y g e T 2F T
R Rl 2 KU AR U 3. 6~4. 4 CL AR K
428 mm, LFEH 148 d. EHE R £ Kb L
JEER O o U O K B AR O R AR AT R,
b 2 B Ay I A R ) i DG A R B T (Cledsto-
genes squarrosa) B85 3 FEAE TP O 5B (Cyperus dif-
formis) \Z WD (Oxytropis myriophylla) % ; {8 UL F
R 2L G AR F (Lespedeza daurica) & 2 % (Puccinel-
lia tenuiflora) %5 ; FeH HA L4532 (Polygonum divari-
catum) Mt (Sanguisorba officinalis) \HIt: (Anemar-
rhena asphodeloides) | J&# 5 ¥ 5 (Thalictrum squar-
rosum) 5 7% Wi W (Silene jenisseensis) %5 o AR ZE N
#), 77 B N T B 80~100 kg/666 m?, i i i 2 4F 52
Hb VA AR AL TR v R IR AIR A

1.2 RIiEit

W T 2021 4 5 HoR# 47 R X &I, £IX
Shy VR A B R Xy it AT A B 22 A AL ]S I 5
R B i IR TR AR R T . B/ X AR
666 m”. 6N & Ai~Ag 4l o8 50,100, 150,200,
250,300 kg/hm*, ERLE I PR R (N 4620) . 3 A H 4%
H A AL (S—M) F % F R (S—L) F K B
AL B M (CK) AL #E

e AR b X35 Az kA sR 0 e R SRR SR R
1 FIR A B BORE 25 B AT VAT IR 4% 58 46 17 45 B 4% 1%
i i o 22. 5 kg/hm”, 3 BB RE 35 Ah B 75 kg/hm®;
2 PP VR b FEAE R B HEAT X4 EOR 2: 2 TR Ab
(B, 2 X 17 B D B 4% 3% R B Y 5000, B 45 K 1
11. 25 kg/hm*+ 2 %5 37. 5 kg/hm?) | 5 K 1: 2 1R 4% 4b
HH (B, g X 7 A AR 46 b i 1) 3306 F 6706, B 58 4K
B 7.5 kg/hm®+ 245 50 kg/hm?) . 3 b TR 4% b 3 1)
Jiti JE 7 2 — 0, e A 3 50 45 A 47 R — Wk Mt AL £
AL E i F 2447 5 MR AL, FF VA IR BE 5 cm AT HE 15
cm , Y FP IR % 7 X HEAT 28 O BRAR B (R 1) .

*1 HEEREREMASHE

Table 1 Combination of fertilization and sowing

FIX

Jiti AE 42k B

R X Ay(Ny) A (Ny) A,(Nyg)

As(Nyg) A (Nyy) A5(Nys) A(Nag)

B/(HZAKR  AB(HAKR2:2 AB(UAK2:2 AB(UAK2:2 AB(UAR2:2 AB(HARZ2:2 AB(EKR2:2 AB(HEK2:2

Bi% 2:21R%) RN TRE 1+ Ny) TRAE Ny

?tEé T% + Nlﬁ()) ?Eé*% + NZ()O) ?tEé T% + NZS()) ?L“_:é*% + N3()0)

B B,(GR1T AB(TAR1:2 AB(TAR1:2 AB(HAR1:2 AB(HA1:2 AB(URL:2 AB(TR1:2 AB(TARIL:2

(2R HE) TR +N(>) A +N5<)) RI% +N10n)

RN RBEN,) RIEENG)  REN)

1.3 AETBRRMNEAHE

2021 4F 8 J v ) BEAT I B0 X A A, B AN K5/ X
BEALIE I 3~ HoA R O R 3 Wy Rk i S A —
FOH PR E FE TS R R i RN . W A 1 mPRE T N
(R )RR B R L, 5T M T X1 ) 4 b |
43 I 7 RO BR F A Il 52 56 5 AT 7 A ST Y
SE L 3 HETT (I E A O S E AT B o JH Bl
0~30 cm - AL fh A7 1] 52 56 A #F AT 2 Ak A
SE L3RI AR B TE — RS TR . 77
Y E S 105 CHEFE A7 30 min, 65 “CHET ZEfHH |
PR R AR S S O AR R 0SS i 0. 25 mm B L SR
YL E Bk o LA PLBE f R 4 mol/L #;

P 52 41, e S o M S R 5 - M 4 R R T BL IR E
FOEME™ . 20224F 6 A TR BEAT R A 750
5 J5 ik TR

1.4 HEITE S50

Margalel £ & FE 55t DMG D=

.

In N

Shannon-Wiener 2 ££ P 45 %1 .

H=—=>(P)(InP,)

A SR TR ECE 5 N LS B 1 A4S AR
B PR AR iAW SRR

K F WPS Office Excel i 47 % 45 &b T 1 £ &
IBM SPSS Statistics 22. 0 ¥ 17 504 43 #r , i I8 L VR 3%
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K = % 38 H AR X 4% 48 b5 19 5% m {f FH Two-Way
ANOVA J7 2253 Bt , W 45 58 22 5 1 2 19 I & R Dun-
can 2 5 85 5 6F [R) — TR A% L9 T, S [ it AE 7K O X 4%
PR 2% 152 00 K B B 28 ANOV A K56, Duncan 3 )5 &
A . BREAR K—S R 50 E A7 1E 25 40 A K 56, %)
5L IF 2540 A B9 5088 SR JH Pearson XU K 3 vk 47 AH 56
PESHT o

2 HREHM

(P<<0.01) , TE4% Lb 4 R 58 B AR FH 5% oA B 2
2.2 HEEMEBEWNTELEMEINRAZIG
2FIRHE LB T, 4 e 4 AU AR 5 UM i —
H(F3) 2: 2R AT A A, AE BIEEEY
TE AP B35 25 53 (P<<0.05) . 1:21R#& b, b3 A,
As A HREH A A BRR R AEH A 2 7 B (P<
0.05) ¢ PAVRHE LB 1E 4 A & B 00T, 2: 2 IR #E & T
L:20R % . A HLBR & iy i, 2 PR SR LB T L B A,
Ab A LTS B L 20 Bl o 1.633060 L. 6170,

2.1 TEBEFE#EIN BB W ERR ERHRN ) .
= o B CKHEAL, M 0.816% . MIiti B A VKA, AP A&,
A=

TR % Lb 91 0 i IR 7K 7 % 4 RS R R i
(P<C0.01), =% 22 HAE 52w AN 1825 5 1R 7% Lo ) it
HE 7K S e 28 HOAR XA BL R A B (P<
0.05) 5 {4 LL ] i AE K 7 K — 3% 52 B AR R L F
5 &  Shannon-Wiener 2 £ 14 48 54 1% 52 M i . 2% (P<<

AT AL ALIRAR , Al 4> Ak R A T ] X3 21 b
Z A7 AE % 22 57 (P<<0.05) . MIRIE LBk A ,2:2
RAEA YL & RE T 121 ARG & B,
AR/ 5 i A B A AF TR R S 3 T AR DGR (P<<0.01),
KRB r=0. 721, B F P Sig=0. 001, B jifa 2

0.01) , il HE 7K F- % Margalef 4= & B 48 51 52 i i 1 3 BEER T HEPHERATE.
®2 THIEIRTES T FE(df=26)

Table 2 Soil index analysis of variance F value(df=26)

EES T P AR Margalef F & J¥ 48 %k Shannon-Wiener 5 %1
R 9.625 6. 607 81.365" 2.305™ 22.545"
it fE 9.171" 24.629" 632. 164" 20.100™ 43. 352"
ZHAEH 0.626™ 12. 866%* 210. 4217 1.843™ 14.526™
T 3R RTE 0. 05 /K VAR TE ik 35 22 5 5 ++ 3R /R TE 0. 01 7KK | 22 Rl 1 3 sns R 28 R 35 (P=>>0.05), F [l .
x3 ERMEBENTESFERMENRHZMN
Table 3 Effects of fertilization and mixed sowing on soil total nitrogen and organic matter
il RS/ (gkg ) A BT =/ Y%
i
F X (TR L)) X GR A% H )
(it A 7K SF) Jiti JIEL 7K - Jiti JES 7k 7
2:2 1:2 2:2 1:2
A, 0.867+0.130™"  0.673+0.010" 0.77040.070% 1.453=+0. 050" 1.087+0. 050" 1.270+0. 090
A, 0.71040. 060 0.611=+0. 040" 0.66140. 040 0.92440. 030 1.25340. 040" 1.089+0. 080°
A, 0.77440. 050" 0.638=+0.020" 0.706=+0. 040 1.00340. 010° 1. 20840. 030" 1.105+0. 050°
A, 0.85240.020™"  0.76440.010""  0.808+0.020" 1.39040. 050 1.18140. 060" 1.286+0. 060"
A, 0.902+0. 050" 0.881+0. 040" 0.892-+0. 030" 1.63340. 050 1.61740. 050" 1.625+0.030°
A 0.956=+0. 020" 0.887+0.080"" 0.92240. 040" 1.35340. 030 1.18740. 100" 1.27040. 060
Ag 0.99140. 080" 0.96640. 100" 0.97840. 060" 1.42040. 020 1.16240. 110" 1.29140. 080
TR L 1) 0.86540. 030 0.77440.030 1.311£0. 050 1.242+0.040
S—L 0. 80340. 040™ABC 1.11340. 050°*¢
S—M 0.66940. 040%" 1.04740. 020
CK 0.841+0. 050™** 0.816=+0.060™

T EXCGRFE A T /NS TR RIS AL B 2: 2 550 8F (CK ZH 1Y 22 S PR3 0T, KB FREROR B BR % 1:2 54k CKZ
[ 1) 22 S 3 A L B S KT T (87N S B R R AN R IS K 22 T 1 22 S 2 o AN F B RoR 22 5 % .
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2.3 HRMEENHESEERNEAEE
AN TR VR 4 LU A1) il A 7K S X6F 2021 4 Fk 2 1 B 7= i
M B 2 (P<<0.01), - # 32 HAE 52 ) g 3%

(P<C0.05) ; i B 7K - XF 2022 45 25 2= 1 577 5 5% i #
B (P<<0.01) , AR R & e 6] b — & =2 HAE X
PR AR R R 35 B W OKOE (% 4) .

Fa 2021 FEM2022 5N TFEFEMF ZE 5 (df=26)
Table 4 Analysis of variance for hay yield of 2021 and 2022 (df=26)
2021 4F 2022 4F
A% F=19. 263 Sig=0. 000" F=0.327 Sig=0. 572"
Jiti AL F=594.633 Sig=0. 000" F=4.834 Sig=0. 002"
2 H A F=5.429 Sig=0. 010" F=0.719 Sig=0. 638™

TR R ZZIR R, BREE R 5 Tk b
fi , CK By i 5 A P AL,
20224F /2 2: 2R MG L BT LA A B A, LAY
i, M 94.79 g/m’s A, As AT H b kb BRI A7 1 B3 PR AR A, 2 25 R B S H A 4 A
25 (P<<0.05)(F£5)., 1:2RIELH T, KIHHK A,
AP e, A SN AL B R,
5 H At b PR 22 T 8 2 (P<<0.05) o LAt 0K P 1 7=
1953 BT Ab B A L CAGIY 7 R AR PR A AGHY 7 AR
MO AR A AR /2, A AEZFAR
BT T AL A, AL TR R LR SR I P20 b B 22 JR) 25 S N B 5 LUTR L AR 7 = 1
B = R 0T, TR L 2 WA P i TR 2 2 T2 ZIRARAORER T 1 2R
x5 ERMEREI 2021 EMFEM2022EEFEFTHEFTENF
Table 5 Effects of fertilization and mixed sowing on yield in 2021 and 2022

2.4 MEARFGEBIHMEFENEN
2021 4FFK 2, 2: 2R FE L) T, AL A PR AY = o A
i, I8 3] 392,82 g/m”s Ho R JE A b 3 5 A 4b B i

25 02 (P<<0.05) kb B A AR R fe ik 77 5 1: 23R
BT A 3 7= B e, O Ay A AGE L, 75
b B2 0] 28 5 2 LA UK O PR 7 R AT Ab
A A R e A AL AGIE AR T AR EE AL LA,

2021 AFRK F= 7 it/ (gem ?)

2022 4FF F= 7 i/ (gem ™ ?)

m”if;% X (R 1) I FIX (4 L ) T
2:2 1:2 2:2 1:2
A 94.794-3. 05° 94.0343. 70 94.4142. 15 84.91414. 44° 86.054-33. 16° 85.48+16.13°
A, 129.7643.87"  164.0240.99"  146.89+7.87 95.734+7.71° 105. 85+9. 56 100. 7945. 94
A, 133.83+4.28%  145.40+4.91°  139.61+3.90°  132.5449.16™  171.59+35.03"  152.07+18.02"
A, 153.7340. 70  186.5743.36"  170.1547.50° 91.1847.27° 88.45421. 99° 89.81410. 38°
A, 392.8241.51"  376.95+1.36"  384.89+3.66°  194.984+21.06"°  157.34+39.85  176.16+21. 84"
As 315.44+2.35"  354.2847.55°  334.86+9.38"  195.37+30.39°  144.33+12.67°  169.85+18.63"
As 168.3944.53  171.5044.59*  169.9542.97°  157.74+27.66™  145.30435.69"  151.524-20. 38"
RAELLG]  198.39+23.01  213.25422.46 136.06+11.59 128.42+11. 60
S—L 61.6440.93 59.0143.12
S—M 46.49+1.18 60.5142.26
CK 140.18+5.76 55.324-1.53

2.5 MERMEBEMHMERRBZIN

2:2WRFELH N A HE L SRS, N
21.96% ; 1: 2R #K L BT, b3 AL BOHLEE B B i, Ok
AL E A, A 18.76% F118.49% , “HEER AR

AL FRAEAE B 22 T (P<<0.05);2: 2R E T 1: 218

il

FH(P>0.05) (K1), 2FRAELLHIT 200 5% F 5

FCKME A & MK, 7 10% LI N8 KkE, M

ol TR A LU ) Ak 2R AL H

A~ EL B Py

L H A

H20.22% , 5H

B, MEASTESHERAEMXS I A, EFHEW
BEIEMEE(P<0.01) , %R %r=0. 632,
2.6 B AEF0E 1 X 45 B B R A A

s

LR S 5T Margalef J2 & B A8 K Tk SR A6 H

T, o #2ERBFEP<0.05),1:2RES T 2: 218
Margalef 3= & J 48 B0 AR A9 J& CK AL #E {0 F 0. 94 (3%
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Figure 1 Effects of fertilization and mixed sowing on crude

protein content of herbage

6), 2: 2?&‘3%% t[:'fﬁ'J‘F ,AQ\ASQIEEEQ_‘I%— , Ab P Asﬂaiﬂf& ;1
ZYEIE%% HCWUT ,A()\Aeﬁfﬂﬁ%% ,ALI\IE AA\A5%1E§O Hﬁ

JIE Ak 3 v, A Kb B e L O 2. 66, IR JE A AR
2.01, ¥y 5 HAth 4b 3 22 5 8 35 (P<<0.05) , S AR 19
Ay ASAE PR S PARE 2E B Y Shannon— Wiener 2 £ 1 8
Bom TR E R, & 25 W% (P<0.05) , 4
FERTCK; 2R m T2: 2R, 2:2RELLAIT,
Shannon-Wiener £ ¥ M §8 £ fie 51 0 A AL B, Ry 2. 23,
IR Ay AR B 1 2R B LU B R L 75 o0 A Ak B
B, 2,30, I IR S AL AR EE . 285K 76, Shannon
~Wiener Z FEMEHE B0 = o0 AGAb B, JLUOE AL Ab 3R, 5
B Ab P22 5 3 (P<<0.05) . X} Margalef 3 & & 45 %4
Al Shannon-Wiener 2 F¢ ¥ 1 B0k 17 #0540 H7 L 7T LA
19 B 73 Z (A A A A 3 TE R DG M (P<<0. 01) , A ¢
Z¥r=0.901,

Fz 6 HEARFNIR #5318 & Margalef £ = & 1 Shannon—-Wiener % # 1% 15 £ 49 %2 g

Table 6 Effects of fertilization and mixed sowing on Margalef richness index and Shannon—Wiener diversity index of community

AlIX Margalef = & £ 5 % Shannon— Wiener Z #£ V£ 5 %k
G KT FX R L)) KT FX R LH])) AT
2:2 1:2 2:2 1:2
Ay 2.414+0. 31" 2.91+0.08" 2.66+0.18" 2.23+0.06" 2.30+0.01* 2.26+0.03"
A, 1.5440.15 1.91+0. 18" 1.7340.13 1.7840. 04" 2.07+0.04" 1.9240.07°
A, 1.814+0. 11" 1.7840. 08" 1.8040. 06 1.8240. 06" 2.06+0.03" 1.9440.06°
A, 2.1340. 20" 1.8940. 25" 2.0140.15" 2.09+0. 04° 2.00+0.05" 2.05+0.04"
A, 1.3740. 21" 1.14+0. 06" 1.26+0.11° 1.9140. 05 1.62+0.02° 1.76+0.07°
A; 1.1040. 05" 1.324+0. 14"F 1.2140.08° 1.5440. 03" 1.7340. 04° 1.64+0.05°
As 1.7340.07™ 2.03+0.06" 1.8840. 08" 1.67+0.03 2.05+0.04" 1.8640. 09
TR 45 Lt 11 1.734+0.11 1.864+0.13 1.86+0.05 1.97+0.05
S—L 1.8640. 15" 2.1240.03"
S—M 1.3940. 18P 1.7240. 06
CK 0.94+0.05%* 1.45+0. 04"
3 it TE e X WAFEER L 2RBW =2 TER

EORRFER AL T RE L E2R A
SR R AR A i A R LB
TR XS T RHE Y HEAT B AR [ 2 A G
A R K T 5L IR TR 4 1 o ARRDRE I K A R
ZEE TR, WM R 2: 2 IR  4E
ERMAP S ES & TEAR L 2RE, EZENN
PR IR G L b, BB G N, B T AT B % 3
ARAS T A AR B R, AT D A R DA
AEMAM, ERARKER ™, FELE T 2R S &
i

202T4F Bk il R R P S TR R
T U I LA T BROR AR B S e i 7 i e T R R AR

2: 2 VR A 450, 35 IR T AR O 2w R T o 4 )
NV BTN ERAERBE S TRIESE. CKW
7 b B AT Bl WA A T e R R A Rk
Ui, EUE R 100 kg/hm? i 38 A AT LUK B8 AR 72 g
WA B K AR AR AL B bR E . 2022 4F 7 2 (1 77 4 R
B JEEERITAM Z AT AT Y, OOR 2: 2 IR 1 i
W e T R 10 2R A%, 0T AR R S R Ab T A K RE R
B S E R AR A H AR B R 1 2 TR Y B
37 10 AR A T R L 5F A, IR A R
MR 2:2REA T L0 G R Y, X e G RHE W) 1
2021 AR FLAR J5 , 2022 47 7T LU 03 22 14 W 988 TR, 2 Tl
T BEVE R 0L T R R R L AU T 200~
250 kg/hm? iy 44 B 7 58 T &0k & 300 kg/hm?* iy 7
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S, R DR A R ) BE IR A i RS 1 B S B
JE 0 i B g 2 i R R T S B A BE

P T R 40 o R s 2021 4F Bk 2 BURE 4700 5 1Y
2 FE R 00 ZE 0 B R O R R P R R T R
(R S Rl N RO R o P NE B A /3 i
LR 1 BB A B i B I i 4
BRI EROHEAS R TRFEEERE IR
2: 2 R T R 1204 W AR K E I, 2E R
FLEE (& BTS00 B 16 o it JIE ] 4 v 2 R A 45 78
ERAE KRS S = e N A
0.05) , & B K [A) Jiti 0 /K 7 #5 AE 38 Jn 4 M &
Uit R YRR e A A8 N T R R R
i i % (P<<0.05) .

Yy Fh 2 B P xR R R b B R K B R B S E
VY B R 2 R R ES RS Y
F BB AR BOM 2 R P8 EO T, B R T RRR
TEEHE X AT RE 2 5 AE 1 o5 Il B R AR B A I E PR
R TE M BLN X BV LUSAE B 7 S R34 b,
LA AR B 15 R AT 006 B8 RGE BB A K S 1A, S BORE
VEZFEMER R B R, MR RA KA, 1R
BRBT o Hb b 23 AR /N AR 356 #% B AT 47 18] B 30 em, X
A AR I E K B T — A ), A T A%
FRBEIE ZREE R Wl TR 102
FOREVE ZAEVE S TIREE 2: 204518 . AL IR F 5 i
2 FEME R B0 5 T IR — IR Lo R 04 i AT Ak 2
22 W NE R LR 7 0 0 Pl = e BE 3 ol DA 3R A3 S
REA T ) P =F B B, 0 D Rt IR A A T AR AR
HE A A O 34 0 BV A 0 i T M A3 Y AR S R
o IR A5 U A 5 A oh o A R AT g B A A A
Wl B B RN BRAIR T OREVE 2 AR . CKARHM E
R 2R AR B AN, IR R R A R
Xt B IRV 22 RETE (CE RE TR S5 R A TR EPE .

4 it

it N VT o R A R B RO T, TR
TRAERE Bk ZREME OB REE 45, BR2:21R
FEAEIE N - e WA WL & B R E A Y
WAL T R 1: 2R # o il A & 7E 200~250 kg/
hm” B, 2 Foft VB 47 L 491 4 0 3R] 4R I 1 T AR W
TRAT 35t b, R AR A o Lo 55 K AT A8 55— 45 4K 15 A1

Xt 5 A PR, SR R R AR A AR AR A A
X B A R TR 1 2 IR B RETE Z R A R
TR 20 2988 UM H 5 150 kg/hm” i, X 724 %
FEPE Y 2 R 5 AT R AE H .
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Effects of fertilization and mixed sowing on
restoration of degraded grassland in Songnen Plain

FANG Yu-feng',CAO Zhi-wei', TANG Li-hong”,REN Xiu-bin',JIANG Feng',
JIANG Xian-cui', GAO Ye'
(1. Qigihar Branch Heilongjiang Academy of Forestry Sciences , Qigihar,161005;2. Rural Revitalization and De-

velopment Center of Yixin Township ,Duer Bert Mongolian National Minority Autonomous County,

Daqing , 166200, China)

Abstract: [ Objective] To explore the best restoration mode suitable for moderately degraded grassland and pro-

vide technical support for the protection and restoration of degraded grassland in Songnen Plain.[Method] The study
examined two types of mixed sowing, involving Medicago sativa and Leymus chinensis(legume: grass inter-row pat-
terns of 2:2 (B,)nand 1:2 (B,) ) ,along with seven levels of nitrogen fertilization of 0, 50,100,150, 200, 250, 300 kg/
hm?®. The aim was to identify the optimal restoration model for moderately degraded grassland in Songnen Plain by
analyzing soil nutrient content, forage quality and yield. [Result] Fertilizer levels significantly affected community
species richness (P<C0.01). Additionally, fertilizer levels, mixed sowing proportions, and their interaction signifi-
cantly affected soil organic matter, Shannon - Wiener diversity index, crude protein content and forage yield (P<<
0. 05). Significant positive correlations were observed between soil total nitrogen, forage crude protein content and ni-
trogen application (P<Z0.01). The variation in soil total nitrogen corresponded to the nitrogen application rate under
both mixed sowing proportions. Forage crude protein content with 300 kg/hm* N reached 20.22% , significantly
higher than other treatments (P<Z0. 05). [ Conclusion] Nitrogen application rate of 200~250 kg/hm? yielded the best
results in the autumn of 2021 and the spring of 2022. The Margalef richness index and Shannon-Wiener diversity in-
dex of legume-grass in the 1:2 configuration were higher than those in the 2: 2 configuration, with 150 kg/hm* N iden-
tified as optimal.

Key words: legume-grass mixed sowing; soil nutrient; forage yield ; crude protein content; community composi-

tion
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