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0.05). EK 2:2 JRFEN150POK180 TR 1:2 VEFHE+N300P20oKoo 1) 1 m? £ J5 b FAEY &4 A 290.68 ¢ 55 254.31 g, 2% H
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Effects of fertilization and mixed sowing on soil and pasture yield in

degraded grassland
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(1.Qigihar Branch Heilongjiang Academy of Forestry Sciences, Qigihar, Heilongjiang 161005;
2.Forestry and Grassland Administration of Duer Bert Mongolian National Minority Autonomous County, Daqing, Heilongjiang
166200, China)
Abstract: [Objective] The effects of fertilization and mixed sowing on soil nutrients and pasture yield in degraded grassland of Songnen
Plain in western Heilongjiang province were studied in order to determine the optimal amount of fertilization and the ratio of legume
to grass in mixed sowing for restoration of natural degraded grassland in this area. [Methods] The experiment took the natural light
degraded grassland in Songnen Plain of western Heilongjiang province as the research object, six different fertilization treatments and
two mixed sowing ratios of legume and grass pasture seed (Astragalus adsurgens Pall. and Elymus dahuricus Turcz.) were set up to

explore the effects of fertilization and mixed sowing on soil nutrient changes and pasture yield. [Results] Fertilization could
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significantly improve available nutrients and pasture yield under the condition of determining the ratio of mixed sowing. The changes
of soil nutrients in shallow layer were greatly affected by fertilization and mixed sowing than in deep layer. Fertilization, mixed sowing
and their interaction had significant effects on the content of soil available nitrogen (»p<<0.05) . The variation trend of available nitrogen
and available phosphorus in 0-10 cm soil layer were basically consistent with addition of nitrogen and phosphorus. The contents of
total nitrogen, available nitrogen and available phosphorus in 0-10 cm soil layer of legume-grass in the 1:2 configuration mixed sowing
were higher than in the 2:2 configuration under the same fertilization level. The conductivity of As (N300P200Koo) was significantly
higher than other treatments ( p << 0.05 ) . The aboveground biomass in 1 m? quadrat of legume-grass in the 2:2
configuration+N150P0K 180 and legume-grass in the 1:2 configuration+N3pP200Koo achieved 290.68 g and 254.31 g, were the highest
respectively. [Conclusion] Considering forage yield and changes of soil nutrient, legume-grass in the 2:2 configuration mixed sowing,
and fertilizer application of 150kg/hm? N can be recommended, based on these results.

Key words: Songnen Plain; degraded grassland; fertilizer; legume-grass mixed sowing; soil nutrient; pasture yield
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PO = BT, 0T o BARTESRTHE A B 3 e ) KR P B A D, Tk, R R
FEFNR 3% Xof 18 Ab B HAS 2 AR (R 7T

FATCT B J5 DA, T RR ST A8 VU AT, R P e oy o A R 5 iy Dy T BB 2R, b TR iy I -
TR, ATBMEI. 2020 RV TR R S S, e R R X %2 B R F A OYiE s
M, O EAAEIRILER, HHERATURE. R TRECE IR FE B E RO TT, R B AR T IR
PR 4R 2 AR A SRR RE T 7 2 1 2 08 B AT R A S B b g R e R ot
SEAE T ARG A AT SRR, 51 BAE R AR (Melilotus officinalis (L.) Pall.) #EAT 4338 i g BRAREIRE. o
R TACRREF KA 3T 2R FRBR B T4 RS TR RS o S 18 Wt A B 0 2 i 474 A P
IR B 5 T MR N T 2% 0 X AT B A B s S T R A AR . AR IR T T AE X RA R SRR
SR FEIRAL S BEAT BB ZE TSR T, E 6 D ZRIIENC AR, 2 R RIREE L FIR AR5, it
SRFR P AEAN [F AL HE N ) & B AR AL, BT AU 5 SRR 3R ELAE X BRIV AE VE A A R 35 7R 0 AR ALy
TERIFEME , RZ A DR SRR A B A2 5T ) o A Tt I B A R VR AR B . DASHI O SR I VA8 G AR o J R
SRIBALH I (1 R E RAR AR S R
1 M5 I5E
1.1 BB

B X A7 T R A KR T AL 2R AR 45 52 00 I B iR Bl ik AR S A R A, 124°12'41.66" ~
124°12'51.55"E, 46°30'3.57"~46°30'26.90"N o 1% X 3504 T-FA -1 B v i ) i R0 s S o, J Tl 2
REPETE R, PSR 3.6~4.4°C, FREKE 428mm. T 148 K, FBTFH KK 2.5~4.2m/s.
SR 7S ) SN W0 SO 3 Y O

RIGHE T RARFT R, KA T B AHGEE, FEKFEITNE], FTREH 80~100 kg/666 m?.
AR ST A, DRI R IR Ak ) S TR T e R AR B ORPON KBS F 5L (Cleistogenes
squarrosa) - £ ¥ (Chlorisvirgata) « Z5f& 3% (Potentilla chinensis) ; f£:AEF A5 (Cyperus rotundus) «
P-4 (Plantago depressa) . #b3% (Agriophyllum squarrosum) . M5 (Oxytropis myriophylla) %,
18 DL AP A 4 5 R T (Lespedeza hedysaroides) , 7 % ( Phragmites australis) « 22 £ % (Puccinellia tenuiflora)
s, ZREAEAE (Allium ramosum) « X733 (Polygonum divaricatum) . ik (Sanguisorba officinalis) -
¥ &% (Arundinellaanomala) . %1£} (Anemarrhenaasphodeloides) . [#3] (Equisetumarvense) . JEA
FAHE (Thalictrum squarrosum) . 23 % (Silene jenisseensis) . % T3¢ (Salsolacollina) « #1£3% (Hemerocallis
minor) . KI14¥ (Gueldenstaedtia verna) 4.

1.2 REB

2021 4F 5 AR, 7RIS X HET M IE 5O IR AR IR L, RARX O, FXONACALREE, & X 9%t
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1, FEANX IR 666 m2. FEIEBETSRA 6 A1 A1 4 o FRARSARE: 0 m 0y A~ Ag MEAEALEE, 1
Ay JEFEH NsoPaoKas, TZRIR Ny P20s. KoO FHES 518 50kg/hm?, 40 kg/hm?, 45kg/hm?. JER}EH IR 2
(N 46%) MR~ (N 18%. P20s46%) HEIRH (K20 60%), Soti#E P,Os 75 MEE 1H SRR — #& 5L br
T, HN FICER LR b a N &2, FHRE R R SEhrit & .

5 A L [X 3& R R B 2 + G RO ATHE (Astragalus adsurgens Pall) FIRARICRE TR
(Elymus dahuricus Turcz.) HHATEAFIRIEAEE, IATHESFRIEF RN 1Skeg/hm?, 08 SR EFh RN 30
kg/hm?, PFHRIRACIRAE G EEATIX Gy SR 22 TRIRACEE (B Jyodt N B R A AF R Fh & (1) 50%, RIVbT
HE 7.5kg/hm2+H B 15kg/hm?) . SR 12 JRIFALFE (B, Akt B B Fh AR IR P& 33%A1 67%, EIVHITHE
Skg/mm>+HHHE 20kg/hm?); PIFHRE LIS R —5, MRS & A — s, L
W 24 AITRIRERIHL, FRVAEREE S em, 4TPE 15 em, PIFOERE T X354 GO AL, BARILER 1.

£ 1 ML SRR

EX LD BIX CRFELHD VSt RS

A, (N50P40 K45)

A, (N100P240K225)

A; (N150P0K180)

A4 (N200 P120 K0)

As (N250P80K270)

A (N300P200 K90)

Ay CRFHEAHEALD

B; (FR 2:2 IR
B, (FK 1:2 1R
B, (FK2:2 IB#)
B, (FK 1:2 1R
B, (FR 2:2 Ei%)
B, (&R 1:2 &%)
B, (FR 2:2 Bi%)
B, (FR 1:2 RI%)
By (FR 2:2 RI%)
B, (FR 1:2 Ri%)
By (FR 2:2 RI%)
B, (2K L:2 R
B, (K 2:2 1R#
B, (2K 1:2 R

AB; (FR 2:2 JRHE+N50P40 K45)
AB; (FL7R 1:2 IRFE+N50P40 K45)
ABy (R 2:2 IRHE+N100P240K225)
AB, (R 1:2 IRHE+N100P240K225)
AsB; (TR 2:2 VR #E-+N150POK180)
AsB, (F7K 1:2 JB#E-+N150POK180)
AB; (TR 2:2 JRFE+N200 P120 KOO
AB, (FR 1:2 JR#%+N200 P120 K0)
AsB; (TR 2:2 JRFE-+N250P80K270)
AsB, (TR 1:2 JRFE+N250P80K270)
ABy (7R 2:2 JR#E-+N300P200 K90)
AB, (7R 1:2 JR#E+N300P200 K90)
AoBy (2R 2:2 VR IEAEAED
ABy (R 1:2 VR IEAEAED

1.3 FEHIEE ST A

AR 2 SAREFAE, 2021 4F 9 H AP A TR A A, ZERANRIE/ANX I BEALIEEL 3 AN SRR | L4
Ak BAEY B HEAR — SR BT, B SN, BE D7 Im xIm. MEATREBOA A, X 1 m2 RS
P bR R SR DA ), ST RIRRE, 2RISR, 105 CHL AT 30min, 65 CHTEEE. FRE.
FEULAE 742 L3k, R =12, 0-10cm. 10-20cm 1 20-30cm, FHFFJJTEA[A] - J2 150 T AT HL A=
FICATF S 75 o, B 7E % R R i [ S 30 = AT AR A

BRAL A BRI 5E VLS IR B (Rl gy iry FRRREIRR g b sk | AN E SR M
3% pH A, SRR 5:1, pH A HSRANE; HIEAPTTKA 4 mol/L IR, #EI>
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PrAcilE; £ aRCRMELIRE Rk BRERH S S Bk, R IR AR S - B
o
1.4 Hmabe

X F WPS Office FAGHATHIE ALK, F IBM SPSS Statistics 22.0 #1744 2 74 /347, Two-

Way ANOVA HHT 77 Z 43 #7 -
2 BERE4T
2.1 HEREANB AR AR BRI

0-10cm T J2H, WARFELAET, ¥ ANERSERS, 5 AL AVRBEGFEREER <
0.05); 10-20cm L=, By BoiEALEE T, 2708 Asv AsHIEREERE, 5 Ay Av Ay Agkt
HAEREZER (p<0.05); 20-30cm LjEH, WANRIELET, A8 AcIEAS ERE, AB15
AsBi. AoBIAbFE, ABy 5 AByAMBRFEERE ER (p<0.05). BIEKE, fEFE—HIEKTF, By AR
HLERERSGEET B AbH.

AHREEITE, 0-10cm LZEH, BT, AHIANURE Bim, SHAMMEAEREER (p
<0.05), B R, AsMANUR S EEE, 5 A BEFEREZLZR (p<0.05); 10-20cm LZH, B,
B VR IEALEE R, 8 A ANUR SRR, 5 A AcRBEAFEREER (p<0.05); 20-30cm L2,
Bi. BoACHETR, A3HI0 A As IR LR & il i, S A0 B2 1) 22 53 RS B 257K P

B AE . AHUR S EAES LEP AR 8, B RR I RO KBS, 0-10
em HEFHER. AHURE B, 20-30cm 12 SR AHUR & ERIK.

2 HIEAREN RER. FHRKEmM

SRR (kg HHERE (%)
b}
0-10cm 10-20 cm 20-30cm 0-10cm 10-20cm 20-30cm

AiB1 0.5940.038¢c 0.5140.010ef 0.5340.065hcd 1.0440.05hcd 1.0540.03ahc 0.8540.30a
A2B1 0.7540.003abc 0.5740.023def 0.4240.285hcd 1.1940.22hcd 1.0640.13abc 0.7140.02a
AsB1 0.8540.130ab 0.514).145f 0.4840.175hcd 0.9940.14cd 0.9240.32bc 0.7720.09a
AdB1 0.9640.062a 0.6440.055cdef 0.3740.045cd 1.1640.10bcd 1.0440.03ahc 0.6340.08a
AsB1 0.79+40.163abc 0.7940.098abc 0.5740.093abc 1.18hcd 0.9940.05abc 0.5940.46a
AsB1 0.8140.003abc 0.7520.019abcd 0.6440.174ab 1.68+40.80a 1.2540.05a 0.8240.07a
AoB1 0.6140.138¢c 0.5540.105ef 0.27+40.028d 0.86+0.02d 0.8040.04c 0.8440.06a
AiB. 0.6840.080bc 0.5340.088ef 0.5240.106bcd 1.0540.06bcd 0.8640.34bc 0.5340.43a
AB2 0.9440.134a 0.7040.084bcde 0.5640.230ahc 1.2040.03bcd 1.0940.10abc 0.4620.46a
AsB2 0.8240.071abc 0.6840.163hcdef 0.66+0.190ab 1.1440.18hcd 0.9440.09bc 0.9740.21a

459



% )\Umh E RO AR K S10 B FA R 41

AB2 0.9640.080a 0.8540.058ah 0.60+0.012abc 1.1240.02bcd 1.1340.11ab 0.9440.03a
AsB; 0.960.194a 0.8740.166ab 0.6040.034ahc 1.4040.39ab 1.0340.12ahc 0.8840.19a
AéB: 0.9540.134a 0.9040.071a 0.8140.088a 1.2430.13hc 1.2940.12a 0.9640.06a
AoB2 0.640.021bc 0.5740.033def 0.540.032abcd 0.9620.40cd 0.8040.14c 0.5240.47a

e Bl E bRz ANE/ NS FREFROR ISR AR A 2 W 2R R (p<0.05).
2.2 MEAEFIR N T EE AR B
Bl 1 RN IR AR FR AR X L A AR IR, X AR I PR T DL E B RSOR F 9%
Gro ATLVEH, DI, BRI BRI B L A BRI S . 0-30em LR &
B RS SR BRI A -, JUHAR 0-10em LR MRS E NI, T3
B HABE S EMEE R BRI . BT Aey Ay AR IVIE SR ) R i e LR AR, A 300
kg/hm? fil 50kg/hm?, 0-10cm = 258 AR & & 43 i)/ % H VR R AL rh e i FURAR Y (8 T AR EE Ao BR AN
Ao SO PR B B, 9 240kg/hm?,  As AbFEAR BB BEVR N, 3R & TR AR BB AL EE v 4y AR I N e e
FIBAR (25 FUALEE Ao BRAM) .
XF 0-10em £JZFRPBAT I ZE 0, AR 3 R, AR B AN, ERE S EEREY
M (p<0.01), VRFHEXS LIFAR. BRA S BAREL (p<0.05), L HAERXEBCA S & L%
(p<<0.001).
0-10cm /2, By A0 FE &l L K8 A & B AL TR Ao it 7.00%~95.69%, 8 R 2 &
11.66%~35.17%; By ACEE & JE/K-T& AR & A FALEE Ao it 19.51%~97.23%, A& &
19.02%~66.75%. PIFHRIELIE T, AsES AT EY Bm, SHAMMGHEAEREEESR (p<0.05);
Fl—HEAEAKCFF, B OB B R T B AAEE (B Asv Ao MBS A MAM): AoBy bFEHK 12
A B RIS ST AoB b, “H X MERAEE. 10-20cm. 20-30cm 7 1% A HHE K
o o B S AR IA B B KT
wor EB10OB2

80 + b

bed

ab bcde

HHASE (mgkgD)

Al A2 A3 A4 A5 A6 A0 Al A2 A3 A4 A5 A6 A0 Al A2 A3 A4 A5 A6 A0

0-10cm 10-20 cm 20-30 cm
Jita B Ak 2

460



% )\Umh E RO AR K S10 B FA I 41

£ B10B2
30 ab ab
ab abc
bed H
S b -} abed | a
s : ]
¥ b : o
= 20 -} : -} 2
£ : : : B
b : ]
E :
%z 10 [
f
0 ! ! NN s . : SERSNN NEENE . ] . : : :
Al A2 A3 A4 A5 A6 A0 Al A2 A3 A4 A5 A6 A0 Al A2 A3 A4 A5 A6 A0
0-10 cm 10-20 cm 20-30 cm

Ak 2

B 1 BN AR R ILR AT

E: ARG FRFRFA—LEARARZ M 2R 8% (p<0.05),

R 3 HiEAIEIES 0-10 cm 125 HEFR M4 S0

JZESHT FAE
bR
g A PR U T
it A 7.059%** 5.464%* 93,141 *** 13.941%%*
bk i 5.071% 0.003ns 36.602%** 2.061ns
it AE xR 4R 0.824ns 1.984ns 8.887%%* 1.121ns

AR 0.01<p<<0.05, **K7R0.001<p<<0.01, **3&5 p<0.001, ns R AZERARLE (p>0.05).
2.3 MEfEFANEHEN 38 pH E. BER. FEKNEW

St LA pH (H. TS, FEIMTILE AT, WK 2. 13 pH BRI BN, &b [0 1%
FARIBH L EKF,

MU R R R I, R IELLEI T, AckbFE® 2 M R A &, 5 Ao ALFEHLS:
BIK, Ag Ao AbFI S5 HAM LI Y MAFAEEEZR (p<0.05), 0-10cm 12T, ABi. AdBy ALF I HL S
59089 111.3ps/em F1 151.5ps/em, &5 BVRFR LG T Ao ALFRAT 2.9 £5H0 3.9 £, By b #E 1) H At it AE /K
IR Ao AL BRI 40.4%~131.3%, By b B H A AE /KR Ap Ab B 5 HE 48.8%~89.0%.

AR A E 2R ARE, BHRRIUOIBEE LR IREERSG N, 3R IR .

B10-10cm B B110-20cm [ B120-30 cm
N B20-10cm B1B210-20cm [ B220-30 cm
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B10-10cm [ B110-20cm [ B120-30 cm
KIB20-10cm [1B210-20cm [0 B220-30 cm

400.00

320.00

240.00

(psem)

160.00

80.00

it A Ak

B10-10cm EIB110-20cm O B120-30cm
8B20-10cm  E1B210-20cm [ B220-30 cm

(gem3)

b3 75

AR Ak 3

2 MEARANR SN 1 pH . SR, AENLW
e ARVNS FREFORAF A 0-10em LJE S fabrE T RE (p<0.05).
2.4 JE AEANE B AR B IR
XF 1m? BT L EAEY AT . BUIRFRLLEI T, As ARBERIML HAEY)E RS, A FH] 290.68 g 5
Asv Asy Agn AgMMBEFERZEZR (p<0.05), BT Alv Ay AbFE 37.75%~38.77%; BaiR4ELLBI R, Agkh
BRI BV R RS, 5 Al Az Ag EAFE R E E R (p<0.05). X EU IRl —HEAE KT T B A R VR #5 Ak 2,
ATLARIUNE As b B2 [BFATEREZ R (p<0.05), HARMELZ (A% FAEE.

350.00
300.00 | .
o 25000 abe e be
B 20000 | N be e be ¢ be
= \ ¢ S E ¢ “\\ c
Y 15000 F N N N .
= 100.00 F % § s s s ’S
NNENRNENENENR % \
50.00 | s § § § § §
o AL A2 A3 A4 A5 A6 A0 | AL A2 A3 A4 A5 A6 A0
B1 B2

it} Ak 2

Bl 3 JEIEAR R A R R
Vi RRNS FEEAMHIZOR Bry By L) TR %R 2 (p<005).
3 ZR5THE
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3.1 i ARRNE BR34BT

HIER R SR T T IR i iR R iR A R, SR 22 IR AL EL ) 0-30cm
TR EBEA P AT F KR TR 12 R, XA R T TR 2:2 TR AL R SRR R
ARSI, REEELNEAR, SECEEPLEE BT H —HEILAKCF T R & LA b
MER 12 IRIBALEE . 0-20cm 21, &t AEAL B (¥ L3 WS & & 3 T AL 2], ZUR & 300
kg/hm? Zb B[ LG LR & B SR A EAAE BE 2R (p<<0.05), UiW R/ PRI E Z8n T L ek
FHUR AR, BFFCR WA HUR &R0 R S 5 I ok 28 s i FRomesssee o i e i e o RIBIE LB T
HEAERE 235 S m IR A E A G UR & &, IR AR B4R E, EREERRKERN FA 52 A5l
HREESR.

O KB 7028 WA OB A 0 i 53 2 720 8 P A el il oy e R RISRR. MRS KR
HHEAEAL PR 0-30cm L E AR HABE S BA & T T AL, BB SR BRI EAR —
B YR ABEDN 0-10em LEF, BAEBSES SR SERI -3 F—EKFT, TKI12
TR AL FR ) HORCEE B R T R 22 IRARAL I, X5 T RMREL AT IORDR B A EESC R A E IR
FLEEME. BERHNTR 22 BFES T IR 12 BHF, TR 22 RFELH W ERHEYNIREEE 2,
EITE A BN NS LT, SOR 22 IRIFIABORBEZ T 5K 12 IRHRAL 3, 7T DA & L3 b 58
AR, WLEPEAGE. BEENIN. SiEeA S, NIS0POK180 Ab¥E T ¥ &K 2:2 RAR I &K
C BEEEETER 128, A 150kg/hm? RS IR L3570 3R THE BIEEE R, & T i n
AT RS GOR 22 VRARACHE (1 L ARPICR = A TE AR, SR R R T 2R 12 IR A3 . L4
B BWUR . B S BRI b 2R TR, 595 Tk T JuAe — g R
IR B R R A R AR AR R B, R I N . AR FOA AR TR R A
R, GRIEHEX LIRS R . AR SRR TR RIRTHER, EXR R LR 4 i R N AR
R XGRS R

LS KRBT, HSRMEE SRR, =5 &L R R o g IR
VLR RN AL & Sh B, As b HE 5 HAR MR BAAEREE R (p<0.05). BEFE L ZIREMRN, %
Kb 75 T RIS, 2R AR S DA AME R AR T 4 5 1) L e 45 BB o b 2R JEE I
WK, TSR . SRR BB R B S i Kk N R AREIRR s 5 A S S AL

3.2 HEAEAR R E T BRI

bl

il

TR 22 VRIEH, WO R A it OB I i, N150POK180 ALFE fdh A W a i, (HIEE

Hm T 150kg/hm? B, AZTRFEACE P ARV R MG D TR 12 IRHEF, NaOP00K90 AbEE [f1yHh [ 2:4)
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B, FERMACAL B S 2 0 REAL B 2 SN R, B TR R A B R o (R A R R AR
PrEL EORRIES, SRMEYENARE EEE R R, o wE SR, 8 R E g,
P R AEHE AR SR i HRRRAARR. e Bl 50~ 150kg/hm? I, SR 22 WAt AR T SR 12
BRE, MiAES T 150kg/hm? B, TR 12 BFFH EAEYERXTER 22 B, Xolfeek At 2
e GRS, PRRE R pe g TR G R 00 IRt SR G R K, R K2 F)
2 WA, T A N R A R Ry RIS T R SECR AR 5 LA
KGR 12 IBIFAE R EAYER T BOR 22 IBIFGHE . HTARE MEERAEFE N HR, /DNXTH
RV, AN [E ST IO SR A T AN (R RE VR ) s P D A= R A0 X6 7 A R 5 ) &5 [ R0 A W 60, A ST I
FEERAH BANERT, B Rs k2L AT FEM & 500, DB BE 2 A5, R Je L4 vh it X R4k
HIFGERAEEEMENSE .

5 AN, IR RACE AR B IR AR AR AR S . TR
KPR, SR 12 IR 0-10em LR A% HUSERE & S m T S AMEY 5 LR 2R 22 B #%. 0-10
em LR BN AR EA S BERINE . TR 2:2 IRFEHNISOPOK180. K 1:2 VR HE
+Ni300P200Koo (131 AP 553 52 &% FRIF LG Fimiy . maR 3 & himm, Al nE L
AR . ZREH ISP & 2R A, VPO RN ER 2.2 8, FRELL 150kg/hm? N 508
B X 5 IR AL BB
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