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Effects of accompanying herbaceous plants on the soil quality of coastal saline soil

under Tamarisk chinensis shelter forest in the Yellow River Delta
YAN Lingxiao, YANG Hongjun” , GUO Jinhao, CUI Qian, SONG Aiyun, SUN Jingkuan, MA Jinzhao

Shandong University of Aeronautics, Shandong Provincial Key Laboratory of Eco-Environmental Science for the Yellow River Delta, Binzhou 256603, China

Abstract: The soil of herbaceous plant communities associated with Tamarix chinensis forests of similar density in the
coastal tidal flat of the Yellow River Delta was selected as the study object. The study involved the measurement and analysis
of various parameters, including pH, electric conductivity, salinity, nutrient content, as well as a- and B-diversity indices
of herbaceous plant communities. To quantitatively assess the effectiveness of different herbaceous plant communities in
saline soils, the fuzzy membership function method was utilized. This approach also facilitated the analysis of the roles and
contributions of various factors in the improvement of coastal saline-alkali soils. The findings revealed that the establishment
of diverse herbaceous plant communities beneath the coastal T. chinensis shelter forests in the Yellow River Delia
significantly contributed to the reduction of soil salinity, mitigation of soil alkalization, and enhancement of soil nutrient
content. Moreover, the analysis reveals that there are statistically significant differences in the improvement effects exerted
by various herbaceous plant communities on saline soils, as indicated by a P-value of less than 0.05. These results

underscore the importance of selecting appropriate herbaceous plant species for the effective rehabilitation of saline-alkali
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soils in coastal regions. The herbaceous plant community dominated by Phragmites australis performs best in suppressing
salt, fertilizing, and preventing alkalization. The examination of diversity indices within plant communities indicates that the
richness of species and the diversity indices exert a more significant influence on the enhancement of soil quality. The
investigation into the chemical properties of the soil further illustrates that various herbaceous plant communities possess
distinct ecological roles in the amelioration of saline soils. Specifically, the community dominated by Oxybasis glauca shows
the most favorable outcomes in terms of diminishing soil salinity and augmenting the levels of available nitrogen. When it
comes to the enrichment of total phosphorus in the soil, the community of P. australis proves to be the most efficacious.
Moreover, for the improvement of total potassium, available phosphorus, and available potassium in the soil, the community
led by Suaeda salsa achieves the most superior results. In the context of establishing T. chinensis shelter forests along the
coastal regions of the Yellow River Delta, it is advisable to prioritize the selection of the herbaceous plant community
dominated by P. australis, which should be integrated with other species such as Suaeda glauca, O. glauca, Cynanchum

chinense, S. salsa, and Setaria viridis to optimize the ecological benefits and soil improvement outcomes.

Key Words: Yellow River Delta; shade-tolerant herbaceous plants; 7. chinensis shelter forest; soil quality; plant

community diversity index
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RETE IR WS 22 59 (P>0.05) |, SCHIER MG fF 7% L IR SRR I O BEMIAR A1 JEAH 22 TC L, 7E 85% Zi Ay o )
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HMEIREE Y — 20, SR HA DK 4R 43 95 o AE AL M I - 4 T a1 2 5 R B ph AR ) KO AR TR S B
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Table 1 Basic parameters of 7. chinensis in different herbaceous communities

BRI Parameter type  BIIERETE (SGC) Eh Hb B % VR (SSC) FESHEVE (PAC) IRERHERETE (OGC)
WP Density/(¥E/hm?)  8300+1114a 8317+104a 11267+2759 9467+153a

Bk Plant height/cm 109+13b 143£23ab 172+31a 166+12a

H£4% Footpath/mm 61.0+2.00a 95.1+45.4a 57.6+24.0a 71.6+7.40a
ABHTE Constriction/% 72+13a 87+6a 72+10a 85+5a

[FIATAN ) B R /R 22 57 3 (P<0.05) 5 SGC . BRTERETE Suaeda glauca community ; SSC ; 1h HuBHE FEYE Suaeda salsa community ; PAC : P =BT
Phragmites australis community ; 0GC ; KGR % Oxybasis glauca community

3.2 MY YIRS RS B T

A9 DX 35 Ay MR (1) Y2 T SR R A ) B, T I B R R — L A 3 T 8 N EAKEII R, 438 5 A
[FIRRE, FER 2 A0, 12 ASFEHL A B A 0] 53S0 H 4 FRE AR SR 0 S5 1 R AS Rl W R, BB B VR
(ieh SGC) Hrb fudh A1 A2 A3 FEHBIL 3 /> SR AgE REVE (1E 8 SSC) Hib 45 T A4 A5 Bl S HEHIIL 3
AN PEERETE (100 PAC) Hirh A5 A6 B2 B3 SAEHITE 3 4N, IRGEEEREVS (18 0GC) Hirhfa 4% €1.C2.C3 5
FEHAL 3 A, FEARUCRAAT ST 4 FIEYIREVE (SGC (SSC . PAC ,OGC) HYM Y 2H BB 735 2 55,6 .5 s
ENEL7/B
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X2 TREFMMEVES T HFHTNEREE

Table 2 Importance values of different herbaceous plants in each sample plot

iEL L s s FEh g5 Sample plot number

Plant species Family Al A2 A3 A4 A5 A6 Bl B2 B3 cl c2 C3
W S. glauca #F 045 0.65 046 007 020 0.10 0.10 005 004 004 004 0.04
IRGHE 0. glauca v 024 005 018 0.05 006 022 0.05 012 011 054 040 0.39
AN L. bicolor HAEFHR 0.03 000 0.00 000 0.00 0.00 000 0.00 000 000 0.00 0.00
KL C. chinense R 0.11  0.17 014 022 0.14 015 0.13 028 025 025 022 021
B2 P, australis RAR 0.12  0.08 016 025 0.19 038 019 033 040 0.09 024 0.25
hHBTHE S. salsa R} 0.02 0.02 002 038 037 012 050 002 0.02 002 002 0.02
IR S. viridis RAEL 0.02 0.02 002 002 002 003 002 020 0.17 0.05 002 0.02
F /i E. indica RAR 0.01 001 001 0.01 001 001 0.0l 00l 001 001 006 0.07

AL 1S5 RBEAT A2 2 SRR ;A3 3 B oRFEL A4 4 HORBE I AS .S 5 RFE S A6:6 5 R BE AT BL. 7 SR FE N B2.8 SR FEL ;B39 5
KR CL10 B3RABEA ;0211 B2RAER ;0312 BRAEM

H 2 3 AT SE A XA R AR o ZREMEFRBGHAT LU, W Fh 3= 5 B 5 (R) ARk #5h SGC
< OGC<SSC<PAC, P 25 BE 7% AU A AR Py B 75 22 57 B35 (P<0.05) , KM MR EiE i 2 . ZFEPEFE 5L
(H) 22 LR 0GC<SGC<PAC<SSC, MBI &1k 25 I (P>0.05) , {HEL iz # 5 W Fh 22
FEVER T . & BEVS LR E 550 (DS) HEIF 9 SGC < OGC <SSC <PAC, PUFPEE VS i 3 5 5 5 22 6] 22 S IF A i
F(P>0.05) (HP EAE SRRSO 38 BE 5 A W B, MR B 22 T B e LR VE P IR BB e, e, R TR
AP RETE I 5 BEFEE () HEF 1 PAC<OGC <SSC<SGC., il 3% T 7% Lk M B2 T v B (i SR AR AR, 106
W HAMARB R B3 A o A o 35 RIS RV SRS 8 M4, P =B I i 29 &) FE 8 Bl AIL, L
FNBRE RV ERHbIE Ff I A 0 5 25 57 (P<0.05)

R3 TREFEWMEEN o« ZHEEEY

Table 3  « diversity indices of different herbaceous plant communities

FEEEA Index type RS (SGC) Eh M BZE FEY (SSC) FEEREE (PAC) IREEFEREVE (0GC)
F 5SS Patrick index(R) 0.47+0.18b 0.53+0.07b 0.800.13a 0.48+0.02b
ZFEEFE % Shannon-Wiener (H) 1.25+0.19a 1.40+0.08a 1.28+0.17a 1.21£0.08a
PEFEEFEEL Simpson index( DS) 0.65+0.10a 0.73+0.04a 0.75+0.01a 0.70+0.06a
Y51 EEFREL Pielou index () 0.92+0.06a 0.92+0.04a 0.80+0.05b 0.87+0.05ab

RT3 B 3 22 5 1 ( P<0.05)

H13R 4 WA R FAAE YRR Z A1) B AR PEAE £ C T A, SR B2 1 V% 15 02 1 7% 12 B o FE AR BLOK
B R v A R R B R SRR KT BRGEREVE S K ER AR T S B AR AR . R MRl A v
R 25 R S B R = A ARARUK - (0.91) |, Eh M i fF v MUK 2R BRI 2 BU IRBEAR UK, RIS 1 v
5 IREREE RV S DL SRR A AR DK (0.55) o AT ULy 2 5 R A e A5 1) 0 o 2EL AR AR 10

R4 TREFEWMEERN B SHMEN

Table 4 @ diversity index of different herbaceous plant communities

P& 4 FK Community name BE TS (SGC) LR BE RV (SSC) PR (PAC) IKEREEREE (OGC)
BESERETE (SGC) 1

b TR (SSC) 0.8 1

FIEEREYE (PAC) 0.73 0.91 1

IREFERETE (OGC) 0.6 0.6 0.55 1

3.3 kAR AT
3.3.1  EMERRERE A SR 00
25 BRI T & LIAMYREIE 53 B (CK, D1) T3 AL Bt 1, @&l 2 7R, 76 0—5 em
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LR SRS SRR Z A B 2R 5 (P<0.05) , pH (HAY AL Y 8.84—9.15; 7 5—20 cm L
JEREERE TS S AR M E B KR AR A 25 R (P<0.05) , pH {H AR LS 9.14—9.86; 7% 20—
40 em + 2P AR E AR YRS G B EMEZE S (P>0.05) , pH HAYEILIEE N 9.02—9.52, HAFKUL, A pH
{H SSC<OGC<PAC<SGC<CK, HHAZEEH 0—5 cm<20—40 cm<5—20 cm,

K5 BEREXEWEESHM(CK,D1) THEEL SR

Table 5 Comparison of soil physicochemical properties between various herbaceous communities and bare land ( CK,D1)

S BRIER TR TR EREE AR i IREFEETET, s
FEFRZEAY Index type
(SGC) (SSC) (PAC) (0GC) (CK,DI1)
pH 9.38+0.40a 9.13+0.25a 9.30+0.45a 9.27+0.22a 9.44+0.47a
LR
. - 656.31£652.00ab  1422.01+1171.07a 668.38+738.99ab 95.16+13.72b 193.50+8.24ab
Electrical conductivity/ ( pus/cm)
KL 8 T R

Cumulative content of water-soluble  2314.42.£2076.71bc 4854.19+2214.10b  2445.21+1459.12bc  492.14+53.83¢

salt ions/ ( mg/kg)
AR AR R R

Cumulative content of available

198.00£29.26b 238.92+25.81a 173.00+9.18bc 141.11£23.79¢

nitrogen, available phosphorus,
available potassium/( mg/kg)

Js8 7SR Sanes

Cumulative content of total

17822.33+301.28b  18893.22+126.26a  16520.18+298.42d  17532.67+277.48b

phosphorus, total potassium/

(mg/kg)

11811.91£362.59a

141.30£6.10¢

17034.25+305.70¢

[RATAN ) B 3R 22 5 . 38 ( P<0.05)

15—

pH

0
OO U Y SO SO [C RO &}
O 2 < Q9 9 v < Q9 o v <
n N a5 a3 @ 2 o
0—5 5—20 20—40

12 Soil layers/cm

B2 FEEXEMEHERELELEpHE

Fig.2 Soil pH in different soil layers of different herbaceous plant communities

AN SR FOR ] L JRAN R R R 2 () i 2 22 50 (P < 0.05) , T A & B [6] 5 SGC . B HE# 5 SSC.: h i ZE #E V% ; PAC: M B HF % OGC:

KRR

SN 3 R A2 0—5 em LR EhHIBBGEREVS R RS S SRR R KSR ERETE ) BC (A B
PEZ25 (P<0.05) , Forb £ s Bl 1 v A7 e () 669.92 ps/em, K2R ZE T 5 A1 R IR {H 103.52 ps/cm; £E 5—
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20 em - J2 i Eh b R T T HC A =R RO R B B B2 5 (P<0.05) , EC E IR ALIE Ry 77.42—
954.75 ws/cm; fE 20—40 cm )2 HP R HIHE BEVE 5 IR GRBERE T A W E 25 5 (P<0.05)  EC (A MY AR fLAE F A
104.55—2641.35 ps/cm, SRS EC AL N 0—5 em<5—20 em<20—40 cm , 5 F AR Y FEVE 7E
REAIS AR 43y T AT — A2 A AECR 6 12 3 ek RASCR BT )2 13 MAS IR SAAE A B % of 1 4 s fk
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Fig.3 Soil electric conductivity in different soil layers of different herbaceous plant communities
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Fig.4 Soil water-soluble salt ions content in different soil layers of different herbaceous plant communities
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Fig.5 Soil available nutrient content in different soil layers of different herbaceous plant communities
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Fig.6 Soil total nutrient content in different soil layers of different herbaceous plant communities
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26.85% , N T2 3 K (Loading value>0.27) [ /K # M Na® JK¥EE C1 5 PC3 B TTHRE R 16.899% , K T2k far
K (Loading value>0.27) I R/K I PE Ca® JKEPE SOT MEWIRE IS ZHENETR A H 51 EEHREL U,

K6 AREXEMHFNEMSETFHE

Table 6 Factor loadings of principal component within different herbaceous plant communities

K FE 4> Principal component e FE 4> Principal component
Factor 1 2 3 Factor 1 2 3
K* 0.315 0.203 0.036 AK 0.175 0.261 0.237
Na* 0.231 0.308 -0.115 EC 0.270 0.259 -0.135
Ca®* 0.239 -0.019 0.329 pH -0.280 0.122 -0.132
Mg?* 0.322 0.150 -0.090 R 0.270 -0.203 -0.164
ClI” 0.244 0.277 -0.178 H 0.187 -0.138 0.317
S0% 0.220 0.091 0.386 DS 0.224 -0.099 0.044
co¥ -0.242 0.136 -0.028 J -0.157 0.208 0.276
HCO;3 0.117 -0.281 0.145 TD 0.091 -0.350 -0.181
TP 0.243 -0.132 -0.321 HFE{E Eigenvalue 7.571 5.37 3.38
TK -0.188 0.094 0.413 TT#k% Contribution rate/% 37.857 26.85 16.899
AN 0.032 -0.418 0.063 E A 37.857 64.708 81.606
AP 0.194 -0.268 0.241 Cumulative contribution rate/%

TP . 5 #§ Total phosphorus ; TK ; BV Total potassium; AN ; A %% Available nitrogen; AP A R Available phosphorus ; AK BT Available

potassium; EC ; B, %% Electrical conductivity; TD : I & T. chinensis density

3.5 ARIEAMYHEE @ B F A bn R 2ot
FETF PCA S5 (£ 6) , EH 10 4N K T2 AT 845 ( Loading value>0.27 ) #EAT R0, HAR K51
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Table 7 The subordinate function value of high factor loadings within different herbaceous plant communities

P PAEYE S B £ 8 Community name

Factor Effectiveness BEEREYS (SGC)  ERMIBRZEREYS (SSC)  PTESHEA(PAC) IREHRETE (0GC)
K* — 0.59 0.69 0.69 0.66
Na* — 0.70 0.60 0.74 0.75
Ca® — 0.54 0.64 0.72 0.47
Mg?* — 0.66 0.70 0.76 0.63
ar- — 0.76 0.69 0.80 0.52
S03" — 0.57 0.55 0.63 0.56
TK + 0.38 0.51 0.54 0.50
R + 0.52 0.50 0.63 0.56
H + 0.63 0.52 0.37 0.67
J + 0.58 0.52 0.63 0.67
ZE4184) Composite score 5.94 5.93 6.51 5.97

" R BB WROR < — FoR IR RRCR

4 e
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YERT, XS AR BRIAEE B 0 3% 0 AR RN . [RIES, A 25 A0 SR L i1 = 3 AR o 2 R0 DI R IR
Bom Do IR ST SRR o SRR ECEU T IR BRI M E e R L, B R
PR TR AT X 5 AR T SIS G

F IR R B SR OCR B R SRRV M X M 3k B SR R T G L, FE A T I B X A
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PR UL , AE D) T RERELL BRI RIS (0 ) P 2 RE MR 25 50 580 € N P N [R) EAS A R E % 14 37 5%
AR X SR B UK A TP TERE T LR YR TR Y A RO I C NP S FE 0—20em
JZKTF 20—60cm +JZH ) ZEARGTHEL T RBIEE R, SR E AR YRR T R SR S AR TR
Hi CK A KMIETE, H 0—20em 12 M ARHCR T IR (U ARA] R, X FAHESE A i 25 58, H i [
AIRERTET AR A K I AR AR R 5008 , R R X 380 A= Wy D BE 1 5 i L AR B, (2 X F il A= i
TEEEA L B T A - e 4 S i B R R MR T 0 B A S L SR A O IR R AR S R G
PSSR IR A T BB 43, VR P T AR R AR S, R IR A UV e - HESR A A BTk A A R R AR
ARG ZE T Z 5 T B FE T, I HARMIAE — 8 £R B 23T 10 35 1 < S B 200y ™, X461 o ok 28 2 i 1
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