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Abstract:  Objective Grasslands in Songnen plain are propitious to the develop the mechanized-graziery due to its flat terrain

and the climatic conditions, which influences by temperate continental monsoon climate. Moreover, influenced by the high plant
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coverage and diversity, black soil was developed, and the high quality forage species was dominated by Leymus chinensis in the
past decades. However, the fragile eco-environment of Songnen grasslands could be impacted by the special topography, high
salinity and shallow groundwater, and the parent material. Soil parameters are typically used to quantify the relationship between
soil properties and forage yield and to identify the limiting factors of grassland productivity. Because of overgrazing and
overdevelopment, the Songnen grasslands were degraded and salinized significantly. The husbandry was remarkable hindered by
the low grassland productivity. The objectives of this study were: 1) to investigate the spatial variation characteristics of soil
physical and chemical properties; 2) to estimate the spatial variation characteristics of vegetation community; 3) to explore the
potential linkages between dry yield of alfalfa and soil physical and chemical properties. = Method  The artificial grassland
locates at the Xinfawopeng village of Baicheng City, which covers an area of 600 mx450 m. The soil sample points were set by
grid method, with the spacing of each neighbor sample points was 50 m. The soil samples were collected from alfalfa artificial
grassland from by cutting rings and soil auger in October 2017 and May 2018 for detecting the soil physico-chemical properties,
meanwhile, the forage samples were collected in a quadrat of 1 m® (1 mx1 m). All the soil samples were air-dried, ground and
then passed through a 2-mm sieve for chemical properties. The 1 © 5 of soil-water extracts were used to determining soil pH, EC,
Na', Ca?*, Mg*", HCO,, and CO?. The spatial variations of soil properties, including soil mass water content (MWC), soil pH,
EC, and total alkalinity (TA) were determined by classical statistics and geostatistics. Furthermore, the spatial variations of
biological characteristics of artificial grassland, such as the Shannon-Wiener Index (SWI), dry yield (DY), shoot height (SH), and
cover degree (CD) in the study area, were analyzed with classical statistics and geostatistics. ~ Result At the depth of 0~30 cm,
very high spatial variability of the EC and TA were found, however, the pH and MWC showed moderate spatial variations; The
biological properties of the grassland community showed high spatial variations. Results of multiple linear regression (MLR-step
wise) suggested that the alfalfa dry biomass (DM) could be predicted by (DM) = 2 699.73-276.496 pH (7.17< pH <9.76), which
indicated that the soil pH influenced the alfalfa yield more than other soil properties. ~ Conclusion The above results indicated
that the soil physico-chemical properties of artificial grasslands in western Songnen pain were high and moderate spatial
variations, and the alfalfa could not tolerance the pH higher than 9.76.

Key words: Saline-alkaline artificial grassland; Soil physico-chemical properties; Alfalfa; Spatial variation
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Fig. 1 The location of the experiment site and the soil sample plots
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Table 1 The statistical results of soil physical and chemical properties of saline-alkali artificial grassland
T2 AP B F/ME S INIE] B[] PR ZE ERARH

Soil layer/ cm Physicochemical property Min. Max. Mean S.E. CV/%
0~15 pH 7.17 9.92 9.00 0.06 6.76
HL 5% EC/ (pSem™) 39.1 1074 259.65 17.59 70.40
%5 Bulk density / ( grem™) 1.09 1.83 1.50 0.02 11.16
HAML B L Sodium adsorption ratio /( mmoloL ™) M2 0.29 14.52 3.01 0.26 70.48

BB§UE Total alkalization / ( mmolL™) 0.12 0.85 0.37 0.02 52.07
JFi B £ 7K B Mass water content / ( gkg™") 1.36 31.19 10.76 0.49 47.22
15~30 pH 7.29 9.97 9.09 0.06 7.18
1,433 Electrical conductivity / ( uS-cm™) 30.3 1 000 322.72 19.57 63.04

%57 Bulk density / (grem™) 1.32 1.90 1.68 0.011 6.712
U B B Sodium adsorption ratio / ( mmoleL™) 25 0.22 20.10 6.39 0.43 70.48

JBHJE Total alkalization / ( mmol L") 1 8.3 3.52 0.15 45.54

JBi % /K 5 Mass water content / ( g'kg ') 5.16 41.41 13.07 0.40 31.87
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Table 2 The theoretical model of spatial variation of soil physico-chemical properties
+2 + A Ped Ml RH Gl RERK RETIH Hea30n; A
Soil layer Physicochemical property Cy Co+C Range R? Residual SS Cy/Co+C Model
0~15 FhE gk Y (gkg?) 1338 34.45 2132.7 0.67 11.9 0.39 i yg il
SR EC/ (uS-em ™) 6200 37190 78.98 0.34 4.86x107 0.17 e AR A
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Fig. 3 The spatial variation of soil mass water content ( MWC ) and pH in the saline-alkali artificial grassland
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Fig. 4 The spatial variation of soil electrical conductivity ( EC ) and Total alkalization ( TA ) in the saline-alkali artificial grassland

b 7 IR S MR R eR B, DR SR B,
N RUBE BT 5 0 LA AR 3R DX 1) 728 S R E o ASF
FEARS /N REE ) - 398 25 ) A8 S PR BEAT T ESE, A
DAAR RN T D R R i - 9 2 ) A8 e, [
I - DR R JE - 38 s T A S i i A A o — 2B
52
23 HEUAIEMEEENFSHNTEER

FHE

O P J B A B R L K ORI S
J B AR LR D R R E T 2 X e B AT B

(25 A) AR S, DR BI04
1472 ) 728 S R %o A 0 b 1) A S R 5 5 R
FHEAEZE L, B, AB5ERA GS+7.0 115 R
A A T2l 0~15 cm 5 15~30 cm J2Eh i A T
T b A W) 22 B 48 40( Shannon-Wiener Index, SWI ),
T i (dry biomass, DM ), £ 7EH TE ¥k & ( shoot
height, SH). 546514 35 % ( coverage degree, CD)
DL B T AR ) M) R (specie amount of plant
in1m’, SW) MG AREHEAT T, 4528 n
£ 3R,
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Table 3 The forage biological characteristics in saline-alkali artificial grassland based on classical statistics

ER/EZE AR THFih Dry  SEAEE TR EViAFiE 3 BN B Y P R B
Shannon-Weiner biomass Shoot height Coverage degree Specie amount of
Index / (gm?) /em 1% plant in 1 m?
H&MH G 0.01 5700 114 14.4 0.026
HHME CotC 0.118 2 47 800 1425 112.3 1.984
PERB R 0.428 0.425 0.4 0.909 0.42
7% 2457 J5 il Residual SS 7.18x10°* 4.39x107 19179 44.2 0.124
P& 308 Co/Co+-C 0.084 6 0.1192 0.08 0.128 0.013
FELTY Model BRRA A BRORA A Al TR AY Eig g

M 3 AT, EhEifb N TR YR RS
B0 B 4 2500 AE M = BRIl . CD>DY>SWI>
SH>SW. #hfififb A\ T8 b e o A= - A 5 4 S50
e YN 25%, RS EAT SR F 2 (8] A8 5
FRAE. HIL, ATRUA AR 78 sh ik ik A TR b A
Y2 FEPEREL. LB REAYE . BOREE . &Y
i B TE R P P R S Y 7S ) AR SR
FUAHDG, RS2 8501 P Z A5 m
24 HEWEUATIEMHREEYMES TERREMR

FIESER

Eh B A N T M 5S4 A 55 R S Eh A A TR
b AT TE R W P A R B BT SRS R v Ik
Hb, wBE BB R R S AR R 5 0~
30 cm 13 pH Ml EC 2R EHAHK (P<0.01), i
Zaid SRR ST 45 R R I 5 pH R R 5
WETE =8 (P< 0.05), SRS -5, K
HmALRRE, WUh RS RS, AR TR AR
BRAC N TR 2 7= ) o AR SEK B AR i LS
AT AL H ( MLR-step wise ) LARE LB
THES SRR R . A TR T
Yyid (DM) {45 0~30 cm 1Y+ 3% pH &tk
PERZR, RPIEFNT 0.403, BIEhmfb A\ TR A6
& TYiiE (DM) HER 40.3%0H 0~30 cm
i L3 pH AR

P MLR-step wise 540 Mo BT (1 25 S e Bk
WAL A TE M T4 i (DM ) 5+ 3 pH M ek %
B, AT DM 58 pH Z kb 2FER, W
s —F AT IR, R (7):

Y (DM ) = 2699.73-276.496 pH (7)

X, Y (DM): B mAELER TE, gm?;
7.17<pH<9.76.,

FEIR S X 418 pH B N, B 13 pH 1
B, B RS AR A T E R, 24 0~30 cm
+ 3 pH BEINF] 9.76 W, EREAL A TR A4 4
R0 gm?, FULHEREX L pH T2 I
R K 9.76.

ZE LT, ARHRSE RS X R AR AL TR H g
Fe 5 31 pH Al EC 24 3% f A 56 ( P<0.01 ),
A A6 B 78 A T8 Y 7= ] DR A 4
pH A3 & SKEHTHA, X Y (DM) =
2 699.73-276.496pH ( R* = 0.403, 7.17<pH<9.76 ).

3 %5 i

AR5 38 0 % R B SRR T N T E b -
A S5 LA B 30 A W) A R I 10 2 () AR S R AE 2R 4 T 1F
55, BFILIF FELEE . 0~30 cm (9 I RALME R
1 EC (0~30cm )2 ) 5 TA (0~30cm JZ) HA M
23 [A] A8 SRR ((Co/CotC<25% ), Hoas [a) 748 SEARAE 32
BRI | KU RS MR RS i
oA HE AL S B0 T A 23 [ AR S (25%<Co/Cot
C<75% ), HAR S F= B2 py WAL R 38 Al by o PR 32 4L
FIME SRR seoh, SR N TR E . B
BT . Shannon-Wiener #8540, 40T T bk UL &
BT T BRAR i 28 B Y B A ) AR SRR AR
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+ i

e 59 &

( Co/CotC<25% ), FWIH I 4 B2 [A] 48 S APk ok
FIMG; fe)a, AR AL LA T =
HuA =B AT DL 3R pH A1 MWC BEAT il , B
Y (DM) =2699.73 — 276.496 pH ( R*=0.403, 7.17 <
pH<9.76 ).
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