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The Spatial Variations of Saline-alkali Artificial Grassland on the Songnen Plain

YANG Hongtao'*", WANG Zhichun!, YANG Fan!, An Fenghua!-, ZHANG Lu'?

(1. College of Life Science and Resource and Environment, Yichun University, Yichun, Jiangxi 336000, 2. Key Laboratory of
Mollisols Agroecology, Northeast Institute of Geography and Agroecology, CAS, Changchun 130102, China, China, 3. University of
Chinese Academy of Sciences, Beijing 100049, China)

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 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
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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?", HCOx",
and COs*. 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) = 2699.73-276.496 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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Fig. 2 The annual precipitation and evaporation in the study site
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Table 1 The statistical results of soil physical and chemical properties of saline-alkali artificial grassland

L= R R fR/ME S UN] ¥iE EiRE  ER R
Soil layer/ cm Physicochemical property Min. Max. Mean S.E. CV/%
0~15 pH 7.17 9.92 9.00 0.06 6.76
52 EC/ (uSeem™) 39.1 1074 259.65 17.59 70.40
%5 # Bulk density / (gecm?) 1.09 1.83 1.50 0.02 11.16
AN B L Sodium adsorption ratio /(mmolceL)"2; 0.29 14.52 3.01 0.26 70.48
SV Total alkalization /(mmolsL") 0.12 0.85 0.37 0.02 52.07
Ji B4 7K B Mass water content /  (gekg™) 1.36 31.19 10.76 0.49 47.22
15~30 pH 7.29 9.97 9.09 0.06 7.18
H15:3% Electrical conductivity / (pSecm™) 303 1000 322.72 19.57 63.04
%% & Bulk density / (geem™) 1.32 1.90 1.68 0.011 6.712
BN B L Sodium adsorption ratio /(mmoleL1)!2; 0.22 20.10 6.39 0.43 70.48
S Total alkalization / (mmolceL™") 1 8.3 3.52 0.15 45,54
J5i % 7K & Mass water content / (gekg™!) 5.16 41.41 13.07 0.40 31.87
1AL SRR T 0~ 30 om HY-EHELEDT 2 RAEBOR . AURRILAEBILA THH 0~

15 cm [ 3 pH BN 7.17 ~9.92, ¥ME N 9.00, 2257 RBUN 6.76%, 1M 15 ~ 30 cm [+ pH [KIRAZ/N
(S5 M A IR 7.29 F19.97, HEA 9.00, 55 R¥GE 7.18%, W ERBAL A T 4+ 1% pH 9748 Rk
BN, 0~15cm Al 15~30cm 2438 EC 2557 R4 BN 70.40%F1 63.04%, HE4 514 259.65 uSecm! Al
322.72 pSecm!, FW] 0 ~ 30 cm E I+ EC & HASRMERE. 0 ~ 15 em [-H3E SAR SN 029 ~ 14.52
(mmoleeL )2, ¥J{E A 3.01 (mmolceL")2, 1 15~30cm /213 SAR NI 0.22 (mmol.sL-")2 34 42 20.10
(mmole+L1)!2, 3 6.39 (mmoleL )12, 5 5 RN 70.48%, FWIERBLILA T ¥4 0~ 30 om [0 SAR
AATHA RV, 0~ 15 cm Al 15 ~ 30 em 2 HHERBREE K 53 514 0.37 mmoleeL! A 3.52 mmoleeL!, H 15
~ 30 cm FI-EHE B B T 0 R

A, ERBEA N TR 0 ~ 15 em B L IB A EARAE 7514 0.87 geom™ F1 1.83 geem, ¥{H N 1.51 geem
3, AR RHON 11.16%; 1 15 ~ 30 cm A HIRAEILHY 1.32~1.90 geem, IEY 1.68 geem, ALRH
H6.71%, F 0~ 15 em [MLHEA TR T 15-30 cm 40 BI04 0. 0~ 15 om (RLHE R A
KM 136 gekg HIIIE 31,19 gekgs B8 10.76 gekg, 15-30 cm HI-LHERR 5 2K RBLAE4- 51 5.16
gekg! R 4141 gokgl, M4 13.07 gekg!s 1T 0 ~ 15 cm il 15 ~ 30 cm J2 L3 B 45 /K B 75 5 5 5003 )
9 47.22%F1 31.87%, FW] 0~ 15 om 21T B A KR 928 SR 15~ 30 om (19 B 2 K BHAE 7
5

2.2 B TE Mt IR BN 14 R A = (8] 53 R 4 E

2.1.1 EhEAL N TR R HOK 3 & B2 M SN E B, sz R R Sk BT Hh b
i ARG AT SR IR ER A SR RO A A RAH DG, T BE LIRS AR i bR R DA R it
HEFEBESE NN R 3R A] S A MR B A 2 AU AR SR AR 55, 135 0 Ak J 1) JEE L0131, i ML 45 1 2 rp B
SAHE R A EMEAE (Co/CotC) FRNHE N, HAEME RS0 825 1AL T A GFZE . 24 Co/CotC<25%
i, RGEA RIS A, 1F 25% ~ 75%2 [Al, R4 EA & 123 (B A St +15), AT 70 R
Gt (GS+7.0) XHRE X Emsifb N THHL (0~15cm A1 15~30cm) 38 Rl b: 57 () 25 1) A8 S B A A
B RARR SO AT IR, 45 5R 058 2 .
#x 2 TEBUMEMNTZETRERERRSH

Table 2 The theoretical model of spatial variation of soil physico-chemical properties
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Soil i Model
Physicochemical property Co CotC Range R Residual SS Co/Cot+C

layer

0~15 FREEAKE Y (gkgD 13.38 3445 2132.7 0.67 11.9 0.39 i e il
5% EC/(uSecm™) 6200 37190 78.98 0.34 4.86x107 0.17 e TR Y
pH 0.19 0.42 260.7 0.99 1.50x10* 0.46 BRIRBR
B E®/ (mmol e L) 0.0053 0.0417 128.4 0.59 3.37x10° 0.13 iR g it

15~30 REAHKE" / (gkgh) 13.4 34.4 21327 0.67 11.9 0.39 i el
5% EC/(uSecm™) 6400 45110 89.4 0.55 1.54x107 0.14 iR g it
pH 0.24 0.49 289.7 0.99 2.15%10* 0.49 BRRAEY
B E®/ (mmol e L) 0.0031  0.03132 732 0.674 2.08x1076 0.1 iR g it

(DMass water content, @ Total alkalization

Bl (Co) RRBRMBEALES 723 [0 A S REE . AR T A, SRR T 0 ~ 15 em 2 1382
Bl PR S N R BMIRAR IO : B3R (EC) >EF/KE (MWC) >pH > BBE (TA), 1fi 15~ 30
em JZ 3 A T B SE ME BMIRAK YN : EC > MWC > pH > TA. IIt4h, 0~15 ecm 213 pH. EC
A MWC [ EE KT 15 ~ 30 em 213 pH. EC F1 MWC B8, 1 TA 7E 0 ~15 cm JZ2H1 15 ~ 30
cm JZ I HEAE I 2 AH A

RN T b AR R R B e S5 R, 138 BC RIBENLE 2 A AR SR e e i, How
BRSO KE, T SR I BTS20 2 AR SRR /N T A BEAL 24

G (CotC) FoRXIBAREN R AL R, HAAR KN SRS 6 A R R Z IR, B CotC
(AR A A 8 ) 2 ) 70 S P e g 100 AT e, SR A N T b - 3 AV 2405 5 {8 A s B AK VA : EC >
MWC > SAR > pH >TA>BD. 0~ 15cm Z )13 pH Al +3E EC S E/NT 15~ 30 cm 21135 pH Al
+3 EC IR G 1, T MWC. BD+ SAR Al TA %5 0~ 15 cm Z I AM AT 15~30cm ZHIEAH. #h
AL N L5 I S S B R Sl 45 R, 0~30 cm 2 A HIE EC RS )48 S tE AR B fe e, RN
LIRS KE, N IERE A R R, A, 0~ 15 om (1) 1358 pH A EC (1975 (8] 28 S 4 72
FE/NF 15 ~30 em FOZS (B SRR, MWC Al TA 1928 (B SRR EE A 0 ~ 15 em = F 15~ 30 em B2
B AR SRR

A AR R AR B A S R R R . M. SRS AR R SR P AR R
FER MBS MWER RS EILFE R (NARRS LEME 7% ILEERBER. Aot S N T
H1 0 ~ 30 cm = LI R I h MR FU I 2 (AR e . FUARRILN 0 ~ 30 em JZ 1) 1458 EC F1 458 S g
R4 RN 38 /N T 25%, e IHL H 5 B A 2 B) AR SRS 1, 1T 0 ~ 30 em JZ2 19 H338 pH BIER &N AE 25% ~ 75%
T R 2 B A . EhBib N T 0 ~ 15 cm 2 () -2 SO EIK 25 (82 2R, 0~ 30 em J2
) 338 5 BB K B R G R AE 25% ~ T5%2 A, F P A A5 a) AR b

ERAUA G5 R R, EhOA N TRk 3 i B Bk & 5 LIRS 3 R e Bk . 13 pH 2 BRK
B HHESR)E EC AmilRd, WREAEER L.
AHFFCA,  ERORA N T H Rl - 35 SR i o s ) AR et E RPN 0~ 15 cm A1 15 ~ 30 cm +3EH) pH. EC.
TA LR 335 B & K & B A b FE R 25 (B AR 52 (0.1%<Co/Co+C<46%), 0~30cm 13 EC 5 TA (5845 d]
BRI, EC 5 TA F B2k 5 R L BRI 520, 1772230 H o Z A 2 (ARG, LR 3% R A FH AR
AR, X FERMNECTER R R . B, SRS R R S e A Bl NaHCO;
Na,CO3 AFEN8, i 0 ~ 30 cm 13 pH 5 MWC A &5 (A48 Fetk, RIAIEX 0~ 30 cm 1) 11 pH
MWC 245 f P R 2 S5 RaAL R Z AL FEE S5 R, mAsFRE R BN Bk, 3% pH 5 MWC 14§
28R SR A I VE R R IE ), B2 AUE S HIELFRIE S R . W ASS R 5% 5 EEI 4
R A IEEAE A R ARE LR &, R XA, BEA AL RS R
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P 8 A () AR S AREAIE 2 R A 1B S R RO A Ak Ol R B B il S B B AR, AR SUR H Hh 4
THEAF Surfer 10.0 %F EhH8 A0 N T 18 EL IS R0 1T Kriging ffifl, Zeiilialie X 1% 2 (0~ 15 cm)
HWERE (15~30cm) MHERES/KE (K 3a 5K 3b). pH (B 3¢ 5K 3d). EC (H4a 5K 4b) 5
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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
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X AERZ 3 EC (8] 4a) BB IXHIBIR; tAh, RIZ 13 EC AYm B X 20 A1 T 16 X T,
ML= 4% EC s {EIX 78 EZ A T K XA ES, (H44 EC HmTRIZ. shiifb N TEI R
TSI (18 4d) AR AR AR 2 IR (18] 4e) BRI eItk ol BEAh, 3R 13
FEE AR B X 3 T A3 AT Tk DX ARG, 1 V2 2 39 R R 1 o 1 DX ) = 400 T30 X (AL 5 AR e
LV 2 38 e B8 ) v L DX T AR K

TR AR R A, RN, /N R 7 T8 AR X (AR SR AR A TE 400
NP A3 [0 A AR AT T TE, MECURERFAMCT RO R B H a2 (22 S vk, R AR i RO R
JEE 8 () 2 SRR AL A A it — AP IT AL

2.3 WA TEMKEEYF S KRB L FHHIE

o T TR PR SR B B SR s KSR 5 i BT SE A5 A PEDR 3R g 11 X e 3 AT B i =
(B AR S, DRI ST A T JER SR B, e 38 1K) 22 1) A8 S R A 0] SR B 3 () A2 2SR 5 5 R FH A
e B, ABFFCRA GS+7.0 THEERTIAL A THML 0~ 15cm 5 15 ~30 cm Z#h5A6 N TEHAEY 2
FEPEFE %L (Shannon-Wiener Index, SWD. F#/ii & (dry biomass, DM). /£ 15 ¥k = (shoot height, SH)«
BIWHTESIE (coverage degree, CD) LA FAALTHIFRME WA E (specie amount of plant in 1 m?, SW)
IR FREEAT T, AR RATR.
% 3 BETL2UAGEHZNIAELA TEESE YIS HHIE

Table 3 The forage biological characteristics in saline-alkali artificial grassland based on classical statistics

T & Dry
A% REESR B biomass / (g-m- KAk EVIAEEE AL TR YR B Specie
Shannon-Weiner Index 2) Shoot height /cm Coverage degree/% amount of plant in 1 m?

PegxM Co 0.01 5700 114 14.4 0.026
FE1MH CotC 0.118 2 47 800 1425 112.3 1.984
WE RH R 0.428 0.425 0.4 0.909 0.42
% 7V J7 Fl Residual SS 7.18x10* 4.39x107 19179 44.2 0.124
P Co/Cot-C 0.084 6 0.1192 0.08 0.128 0.013

H57 Model HoREE BRORAERY FEBERY FEBEEY FEHERY

HIZ% 3 AT Ehil i N TR A - A 5 A S JU B RS M s BUIRIR 8 . CD>DY>SWI>
SH>SW . £hBs A6 N\ TR HCEE A W) - A2 5 2 SR R S RN AN T 25% , 2R P A 9 R ) 2 A1 AR SRR o
PRI, ATRLONAWE T i i N TR A2 Bk fad, RAe e e, Roea . AWE. Bim
BRI ECE 5 3 1025 (A AR S M am A O, R B2 45 R R SR RS

24 HBUATEMYEEYES HIRRBE M FRAIX R

ERBEA N B B A B A o B Eh A N R A TR AR A ) M B R 2 B R R AR e Ak,
TR, AR R R R S A E S 0 ~ 30 em 3% pH Al EC 22 #F UM (P<0.01), 1 Zaid %%
AP 5T 25 SR R B 3% pH o] B3E R S AL B A5 177 & (P<0.05). o R i 4%, PRIREhoiiz iz,
NI ZE e, AR TR s A TR AR = . AR R BE R eSS, AT IR 2R M R
(MLR-step wise) PLiE BT B 5 LI B S E0 ) 190 & o SR80 N TEHF4))5 & (DMD X5 0~30
cm [H3E pH BHRMAMHRR, RZIAF] T 0403, BPERmAL N THEHEILEE TR E (DM) HEEER
40.3%7] F 0~ 30 cm [ 1-3% pH fifthE.

Kl MLR-step wise 5 AHICIH: 73 # (1) 45 R B b0 N THEH )0 (DMD 5 3 pH A OGP B
A DM 5 13 pH Z MR MR RFoR, Bl —H 7 ihdmls, 4R u (7.

Y(DM) = 2699.73-276.496 pH 7
X, Y(DM): HAZHAREAEEE TH, gem?; 7.17<pH<9.76.
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FEARK X -3 pH (B VS BN, BEFE T35 pH 380, AL ARERAE B 6 1O T RER, 25 0~ 30 cm 3%
pH ¥4 INF] 9.76 I, RN THIPAEYI RN 0 gom?, FUPEALE TE X 135 pH (i 52 FFR A 9.76.

LR EPTE, AHE AR X S N\ TR A R B 4 pH AT EC AR 1S (P<0.01), H
IR AE E AE N T~ v DR 3% pH MB35 Sk EEAT A, BIEC Y(DM)=2 699.73-
276.496pH (R*=0.403, 7.17<pH<9.76).

4 75 1%

AW 7T IE R R A R AE N T B - SRR A R DA R AR AR ) ST 1 2 [ AR S R AR AT I T
BEPLF FEELR: 0~30cm KR F P EC (0~30ecm JZ) 5 TA (0~30cm ) HABE A
FAEPE (Co/CotC<25%), s 1A1A8 SARAE £ TR I . /KOC S S REEEE M PE R R B S ML fhE b2
PSR FYE (25%<Co/CotC<75%), FHAR R 1B AR R A G PE R 2 L FE A 51 itk
Ab, BN THME . A E T8 . Shannon-Wiener 1830, 4546 5 75 Mk van DA i AR M) A 25 80
P HA R A AR R RE (Co/CotC<25%), RUIHIYE L3R AR AR R s A5G S fa, ANHIE 70 R I 3R
P ERAEE 15 N T8 2= & n] DUA 380 pH AT MWC 347144, B Y(DM) = 2699.73 - 276.496 pH (R? =
0.403, 7.17 <pH<9.76).
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