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The correlation between soil water salinity and plant community distribution

under micro-topography in Songnen Plain

YANG Fan®, WANG Zhichun, WANG Yunhe, AN Fenghua, ZHAO Changwei
Northeast Institute of Geography and Agricultural Ecology, Chinese Academy of Sciences, Changchun 130012, China

Abstract; In this research, the relationship between soil salinity, sodicity, environment factors, and the plant community
distribution under micro-topography were analyzed using canonical correspondence analysis method ( CCA) in Songnen
Plain of China. The experiment was conducted at the Da’an Sodic Land Ecological Experiment Station of the Northeast
Institute of Geography and Agroecology, Chinese Academy of Sciences. A representative saline-sodic area measuring 100X
100 m was selected within the experimental station for soil sampling. The experimental area was divided into 10x10 m grid
squares, and 40 grids were randomly selected as sampling points. The experiment was conducted during 1 May to 1 October
for two different hydrological years ( year 2005 is a wet year and year 2007 is a dry year). Soil salinity and sodicity
parameters included soil ions (Na*, K", Ca®, Mg™, CO? , HCO;, Cl” and SOi_) , soil salinity content (SC), electrical
conductivity ( EC), sodium adsorption ratio ( SAR), and pH. The environmental factors investigated were ground
elevation, surface ponding time, surface ponding depth, and soil moistures at four soil layers (0—10, 10—30, 30—60,
and 60—100 c¢m). Experiment results indicated that micro-topography has significant impacts on the spatial variations of
soil water, soil salinity, and plant community distribution. Among the eight soil ions, CO> showed the strongest correlation
with the ground elevation. Soil moisture showed negative correlation with the ground elevation. The Suaeda glauca
community is the highest salt-tolerant species and is distributed in the mound ( highest elevation) of the local micro-

topography, where the soil has the highest concentrations of CO> , Na*, Ca’, and Mg®. The Echinochloa crusgalli
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community and Phragmite Australis community are distributed in the depression of the micro-topography, where the soil has
relatively higher soil moisture and lower soil salinity. The Chloris virgata community and Puccinellia tenuiflora community
are distributed in the areas between mound and depression. Results of CCA analysis also indicated that under dry condition
of year 2007 the plant community succeeded from Echinochloa crusgalli community to Chloris virgata community ,and from
Chloris virgata community to Suaeda glauca community due to the fact of decrease in soil moisture and increase in soil salt
and alkali. However, the plant community distribution ( Puccinellia tenuiflora and Phragmite Australis) remained relatively
stable under the dry condition. The CCA analysis and variance analysis also identified the threshold values of driving the
plant community succession from Echinochloa crusgalli community, Phragmite Australis community to Chloris virgata
community and Puccinellia tenuiflora community were Na’(991 mg/kg), COY (396 mg/kg), EC (680 ps/cm) ,and pH
(10). Threshold values of driving the plant community succession from Chloris virgata community, Puccinellia tenuiflora
community to Suaeda glauca community were revealed by CCA analysis and variance analysis to be: Na'( 1570 mg/kg) ,
COY (576 mg/kg) , and EC(879 ws/cm). Ponding time and ponding depth were identified by CCA analysis and variance
analysis to be important hydrological characteristic values of distinguishing plant distribution between Echinochloa crusgalli
community and Phragmite australis community, and plant distribution between Chloris virgata community and Puccinellia
tenuiflora community. Results from this research may serve as the scientific basis for the plant restoration and saline-sodic

soil reclamation in Songnen Plain of China, one of the most serious saline-affected areas in the world.

Key Words: soil water; soil saline; surface ponding; micro—topography; plant community distribution; threshold value
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Fig.1 Distribution of measuring points in the experiment site
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Fig.2 Variation of precipitation in different year
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Fig.3 CCA of plant communities and correlation factors
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Table 1 Comparison of different communities in soil cations

S S +BEPHE T Soil cations content/ ( mg/kg)

Community type K* Na* Ca2* Mg pH
ﬁ+ﬁ% . . 15.5+5.2a 489+85a 207+113a 33.4+19.1a 8.75+0.27a
Echinochloa crusgalli community

F’E'ﬂ#% . . 14.3+1.9ac 473+33.4ad 193+42 8ac 37.1+10.2ac 9.07+0.08a
Phragmite Australis community

Ve '?ﬁ% . 28.9x4.2b 991+61ab 670+100b 131.5+33.4b 10.19+0.03b
Chloris virgata community

W%%@% . . 33.7+16.0ab 1194+138a 443+185ab 115+62ab 10.33+0.05b
Puccinellia tenuiflora community

TRCERETE

. . 6.54+1.86ac  2996x1132¢ 140£45.2ac  12£5.2ac 10.51£0.05b
Suaeda glauca community

[l —F1) AR A A [ 7 R A B (] 22 53 IR B R 2K (P < 0.05)

FH 2 2 T, R [R) B 3 I B 8 10 BRI T S [, B 3 17 1) B 28 F i 3 T HAR A 7%, B EC i i i T HALBE IR
HAE YR TE RIS F 2R AR
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x2 TREMEETEREFILE

Table 2 Comparison of different communities in soil anions

REVE Y + 5[ B F 7 & Soil anions content/ ( mg/kg)
Community type co%” HCO3 Cl~ S03” EC/(Us/cm)
ﬁﬁﬁ% . . 42.2 +£35.2a 1673 + 738a 152 £ 21.2a 47.7+21.4a 289 + 34.7a
Echinochloa crusgalli community
)—'Eﬁﬁa‘?% . . 56.5+ 11.9ad 1505 + 240ac 193 + 17.6a 62.1 +9.8a 128 £ 19.5a
Phragmite Australis community

2B R
ﬁﬁ+ﬁ% . 323 +22.6ab 4263 + 590ab 244 + 24a 56.6 + 15.4a 487 + 29.6a
Chloris virgata community
MJ%%% . . 454 £ 51ab 2626 + 810abc 382+ 102a 98.8 + 50.3a 653 + 99a
Puccinellia tenuiflora community

1661 + 448c 4308 + 822b 2010 + 456b 461 + 148b 1541 + 583b

Suaeda glauca community

(6] —F7] H A A [ 7 B B RS 18] 22 S IR B |2 K (P < 0.05)

W 22 0T RS T 7 LU B R AR LA L EC pH (A RIYE IF T3 3 o ORI R R B IR Bl DL L2
SYATAT L B RS RE I A A AR PR AT, UK PR TS — 0T, 3 Na™ & REAE 991 me/kg LA, COY 7E 396 mg/
kg LA EC 7 680 ws/cm LA, pH {HAE 10 LA 35S RRRRA 2RV 2R, 0L =R e brli i i B, BV 0 O 7 R il
B, T4 4 Na* & H7E 1570 mg/kg LA, COY 7E 576 mg/kg LN, EC 75 879 ps/cm PLN & & P2 R EE MBS AR K, 4L -
TEbR AT I B IR R o .

I Na* (991 mg/kg) .CO3 (396 mg/kg) \EC (680 ps/cm) ,pH {EL(10) 2 FE =5 [i] J2 & e FG P 7 T8 85 A 3R 3l
Na'( 1570 mg/kg) .COY (576 mg/kg) EC(879 ws/cm) & FE FEHT TS 17 Bl i 1 iU 9K sl 1E

R3 TREWEHFENRFELIEREE
Table 3 The range of saline-sodic in different plant communities
e 7 A B S AR bR/ (me/kg)

e Soil ions and parameters of saline-sodic soil
Community type . -

Na* Ca® CO3 HCO;3 EC(ps/cm) pH
PR i , , 255942 63.0—880 0—252 622—6075 171—415 7.87—10.0
Echinochloa crusgalli community
F’q;?ﬁég . . 83.6—991 42.4—1515 0—396 366—8610 82.8—679 8.08—10.0
Phragmite Australis community
ﬁﬁ"aﬁﬁ{—% . 470—1570 54.3—1455 108—540 805—9699 260—767 9.92—10.4
Chloris virgata community
WZ?#{% . . 875—1427 80.5—852 324—576 1500—5014 398—879 10.3—10.5
Puccinellia tenuiflora community
WERE 1126—8499 52.3—380 486—3240 1317—6880 631—4730 10.2—10.7

Suaeda glauca community

2.4 AR IS K SCHE R

13 4 AR SRR SCRE bR T AN R v 2 TB] FLA , ARV 2 []7E 60—100 em 3825 /K R ICE VR 22 5%, £ 30—60 cm
TR ERR R BEMERER 030 em IEE/K AR R UK TR EE BUK I [0 25 S 0 1 28 S, DR AL B9 2 i) ) 22
ERAE PRI SRR TSR A B SR T 09 0, 1 7 ) 22 57 080/, 60— 100 em 398 35 7K X T Hu AR W ) K
AfEHIAR

R4 TREMBEKLEFRAESN

Table 4 The Analysis of variance for hydrological data in different plant communities

e R BUK UK K Soil moisture

Variance test Ponding depth Ponding time 0—10 cm 10—30 cm 30—60 cm 6—100 cm
F 15.086 13.937 5.555 5.102 3.113 1.983
B Sig. 0.00 0.00 0.001 0.001 0.02 0.106
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Table 5 Comparison of hydrological data in different plant communities

BUKHE FUK ] + 7K Soil moisture

Ponding depth Ponding time 0—10 cm 10—30 ¢m 30—60 cm
ﬁéﬁié . . 1.3+0.5a 8+1.4a 0.18+0.03a 0.30£0.05a 0.26+0.03a
Echinochloa crusgalli community
EE‘JEE%% . 1.84£0.3a 10£1.4a 0.10+0.01ac 0.21+0.01b 0.25+0.01a
Chloris virgata community
WJF?‘% . . 4.3+1.5ab 18+4.8ab 0.15+0.03a 0.18+0.01b 0.24+0.02ac
Puccinellia tenuiflora community
i . 0.39+0.3a 2+0.9a 0.08+0.01b 0.18+0.03b 0.20+0.01bc
Suaeda glauca community
FHEE 6.6+0.6b 30+1.9b 0.20+0.01ad 0.26+0.01a 0.26+0.01a

Phragmite Australis community

3 Zig

(1) tbIEAE ek Eh2s (B 28 SRR Y B V& o A P LA B2 8, R34 COT Sl M Se vk ok, ok
Na® EC.Cl", /KSR MoC R T, R BUKH 60 em Lh b HHEEIKRAZIEHIE R S, T 60 em LA 48875 /K 3R 3Z 1w
JESEMmEN

(2) HAR P RETE A3 AT R 195G 3 RIS 0 A1 A6 b I 10 Ak W5 T T2 9 T i, L TR R A U e 28 o8y PR R B TR
5 RECRIEREE

(3) FEAGZK AT B T 7K 43 B s/ R AR B £ ) 0 28, A5 1] B B A VRS, R R O I U A A VR T S RN R A O A T
R, FUR A m AR SR TR MR R g

(4) TEAEYRE VR I 1 A P, Na® (991 mg/kg) .CO? (396 mg/kg) EC(680 ws/cm) ,pH {H(10) B 250 g R 5 FHE
TEVR R IR SI{E . Na' (1570 mg/kg) .CO> (576 me/kg) \EC(879 ws/cm) &8 R H Tl 17 Bl 2 BE VS B O IR B {8, b3k
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