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Abstract: Leaf and root are the most sensitive organs to environment, exploring the relationship between root and leaf
functional traits and their responses to environmental factors is helpful to reveal the utilization of resources by plants and
their adaption trategies to environment. In order to explore the adaptive strategies of coastal plants, the sandy coastal
herbaceous plants in Pingtan Island were taken as the research objects. Three distance gradients were set up from sea and
land. Six leaf function traits, leaf thickness, individual leaf area, leaf dry matter content, specific leaf area, leaf tissue
density, leaf phosphorus content, and five fine root function traits, root average diameter, root tissue density, specific
root length, specific root area, root phosphorus content, were measured to analyze the function traits of leaf and root of
coastal plants and their responses to soil factors. The results were as follows: (1) The variation coefficient amplitude of
root and leaf function traits in intertidal zone was the smallest, and it was the largest on the gradient 30—60 m away from
the high tide line. The individual leaf area, leaf phosphorus content, root average diameter, root tissue density, and root
phosphorus content increased with the distance from sea to land; the leaf dry matter content, leaf tissue density, specific
root length and specific root area decreased. (2) Plants balanced resource allocation between growth and defense through
trait combinations, which showed that there were different degrees of correlation among leaf traits, root traits and root-
leaf traits. Among the aboveground and underground corresponding traits, leaf thickness-root average diameter, leaf-root
phosphorus content were significantly positively correlated. Specific leaf area with specific root length, specific root area,
leaf tissue density-root tissue density had no significant correlation. (3) The interpretation degree of soil factors to the
changes of coastal plant functional properties was 52.05%, of which the soil salt content had the greatest impact,
followed by soil water content, soil electrical conductivity and soil pH value. In conclusion, in the harsh coastal
environment, the soil salt content, soil electrical conductivity, soil water content and soil pH value decrease gradually
from sea to land, and the overall environment is low in phosphorus and high in salinity. The plants have shown different
survival strategies: the plants closer to the sea adopted the strategy of leaf resource conservation type and root resource
acquisition type; the plants farther away from the sea, the strategy of leaf resource acquisition type and root resource
conservation type is adopted. The results of this study provide a certain reference value for understanding the response
mechanism and adaptability of coastal herbs to environmental gradient changes, which is conducive to the analysis of soil
and other environmental characteristics to screen and plant suitable species according to gradient, and promote the
restoration and protection of coastal plants.
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Table 1

Gradient profile and vegetation characteristics

B (AL

Gradient Position

FREERHIE

Environmental characteristic

) 7 A1 AT

Plant distribution characteristics

T1 T 1A, RV K 2 S A
2R X MR (2 AR

Intertidal ~ zone, the area
between the high tide line and
the low tide line of seawater

T2 B 12 30~ 60 m
30 - 60 m from high tide line
sand burial

T3 BRI 28 90~ 120 m

90 — 120 m from high tide line  AHXJ &7

Near the Casuarina equisetifolia trunk
forest belt, the soil nutrient conditions

are relatively good

SN B , KW 0 E
Under the influence of tidal dynamics,
2017) flooding stress is serious

TSV, VI

Semi mobile sandy land with serious

FEILACRR BT EE T AR, 4 SR A A

TEBORE R4 10% , LA Tkt BB 5
Vegetation coverage is about 10% , mainly including
Cyperus rotundus and Stephania japonica

T SR 29 50% , L& RO5 I A UL pa i
The vegetation coverage is about 50%, mainly
including Spinifex littoreus, Oenothera drummondii,
Wedelia prostrata , Ipomoea pes-caprae , et al.

MW 3622 90% , EEA RIS 0 H WE
T AR

Vegetation coverage is about 90% , mainly including
Spinifex littoreus, Oenothera drummondii, Stephania
Japonica, Cynodon dactylon, et al.




1978 |1 I G/

43 %

122 #ma @Al 2 WG RE TERNTT
W XL SR (2> 0.1) FEPLEHE 3 ~5 Bk
20 20 g BYAE K L AR s =0
RAE 3 MR RAEAS 2l [0 S0 %

FEPIRE S AL B . B RS E 59 0.001 g (LT R
SO g B, PR Image J(64 7)) B3
i AR A A PR3 3 A5 i 1 B (individual leaf
area, ILA) . HEHKEE N 0.01 mm ks R0 HR
I JEBE (leaf thickness, LT) ., K BCA 80 °C 4
DML 48 h ZE B S R AR ECT L DTS e
10 F ( specific leaf area, SLA) | 4 21 %5 FE ( leaf
tissue density, LTD) , 4 i & & (leaf dry matter
content, LDMC) . 2 85 F /K e v AR & 1w Ff & +
S R BT, E AR BIR IR AR (AR, R <2
mm) , RS R 0.001 g (14 L F K- D0 BURR &
BT, FAR & 984 (WinRHIZO Pro 2009b) 43 H7
AR K EY EHAE (root average diameter, RAD) |
M AL MR, 7E 80 C A ML 48 h BUHFRT
A AR K (specific root length, SRL) , Hb
M T A ( specific root area, SRA) , H3 21 41 %5 J& ( root
tissue density, RTD) , K¢Ht 1 216 5 AR | oA
WEES OB AR 3 0.149 mm §i , SR FH R ¥ — $H 86 b 1L
850 2 B 7 1= (leaf phosphorus content, LPC)
FIHL W & & (root phosphorus content, RPC)

A R A 0 A A S PR 3 A T
& 3R (soil salt content, SSC) | 3 H1 5% (soil
electrical conductivity, SEC) ; F§ 50.00 mm X 50.46
mm IR TITELHE T B E R 0~20 ecm L JZHE 5
34, HF I £ 325 5 (soil bulk density, SBD)
N+ 25 7K i ( soil water content, SWC) ; %5 {8 H [A]
FUAS IR ] B A R AE 0~20 em 3 5 W (MEAERY) 3F:
REWA IR it B2 B KT, B AL +
3¢ pH {H (pH value, pH) ; —#B43 1t 0.149 mm i,
R IRV — 0 Bh 0 LE 0 5 + 2 7 2 (sl
total phosphorus, STP) ,
1.3 HiE4hiE

X AN R B ) M DR A AR D RE MR
R SRR J5 22 43 BT s (ANOVA ) BEAT 22 5 1 43
BT, PR 8 b o 22 3R/ W e 25 1 35 T 25 55 Pk
5 v 2 LM LSD ¥:, 45 R 55 I Dunnet’s
T3 (TREFFSE,2021) 52Kk ] Pearson fH 140 M 77
1260 .49 By e P AR ) AR DG PR R AT 430 A 5 SR T AR
HEF (redundancy analysis, RDA) 740 AT AR -3y

RETEIR S RN TR R
HI Microsoft Excel 2013 |SPSS 26 Fl CANOCO 5
R B AT AL B e AT (22 A

2 HEREH A

2.1 AEIEEEENEYR . HIIEE R
2.1.1 vE A ZhRkae R AR 2 AT A A SR T RR
FT B b U B Bl O, R RO T1<T3<
T2, bt T AR BN T2<T1<T3; M4 i & &= F
2 2005 B T 8 i 2R ek /)N, A5 R R I T ek
SRS S 95 3 51 10.98% ~ 63.08% ,24.32% ~
134.52% 30.54% ~ 88.48% , LPC 7& 3 4~ & [A]
AAE B 35 22 57 (P<0.05)
2.1.2 mAk S abbedk R 3 ATAL AIARSE I AR
R 20 2 %85 FE FRR B8 % St F U % il i T G R LU AR
TN VAR T FH v A B 28 /S A% R BE AR T fig
PR AR G B4 9 K 14.72% ~91.85% (32.41% ~
136.24% 34.00% ~133.44%
2.2 et R X A

2 4 A1, WS DX AR 45 i e D e pE AR 1) 77
TEASCKEFR, H mE STy 5 & & | it
TGV B 2 219 B 5 e i AR
FOPOHESE, T B E S RS B U
Koyt o o i e A 4V R Lot T AR S
R R IE A G,

AR REMERAR Y AR RS & 5 IR
K IUAR TR AR ZH 2055 B 5 LU AR T R S A I 2
TUAH DG ; FEARES 5 AR TR 2 A 2 TR ARG

I A AR T B 4 HR: [R] A A7 76 A [ B2 B 1) 4
Kbk, H HESREYER, TP RS E
FEARAS | LA T AR, LU AR T R 5 AR Bl 5 o, i 4 41
HEERALUEE AR, S R SR8
JE MRS 2 B A IR AR OC et i A 5 AR A
U R S AR S AR Bl Y A IR A OG5
MRS AR T & & SR A R
i, WA SUE R S AR T R AR W e
5 O AR S AR AR OGRS LU AR T
MRS E s E S R KRR FR
R,
23 EYR MR ELIERFEMNXR
231 RREEFIES LERERFHE HES A
AN R T B A AK R SR, RS



1134 Jal 35 55 . i R AT AR i D RE MR I SN G AR 1979
R2 AREBFRESEYHFIEERSEREXE
Table 2 Characteristics and correlation of plant leaf function trait characters in different coastal distances
i H - JEL g FL T AR I AU NTIE LIRS s B
Ttem LT ILA LDMC SLA LTD LPC
(mm) (em®) (g kg") (em® - g") (g+cem?) (g kg")
T1 0.38+0.148b 3.85+1.54 240.48+69.72a 190.22+74.02ab 0.19+0.12 2.30+0.25¢
cv 39.55% 40.08% 28.99% 38.91% 63.80% 10.98%
T2 0.86+0.53a 6.61+8.89 192.95+85.99ab 134.89+56.72b 0.14+0.09 3.64+0.89b
cv 61.77% 134.52% 44.56% 42.05% 72.27% 24.32%
T3 0.60+0.42ab 8.16+7.22 167.09+58.91b 230.21+116.92a 0.11+0.06 4.80+1.47a
cv 69.92% 88.48% 35.26% 50.79% 56.08% 30.54%

W T M)A BRIV 2K i 2 5 (R 28 2 (] B X8, T2, B S i 2E 30 ~60 m; T3. BE &2k 90~ 120 m, ANF/NE FHERR

BRIEI 2252 B3 (P<0.05) o CV. &R R4 PR/ AR EREX100%, TIH,

Note: T1. Intertidal zone, the area between the high tide line and the low tide line of seawater; T2. 30—60 m from the high tide line;
T3. 90-120 m from the high tide line. Different lowercase letters indicate significant differences in gradient (P<0.05). CV. Coefficient of

variation, mean/standard deviation X 100%. The same below.

®3 AEEBFESEMARINEERFEREXME

Table 3  Characteristics and correlation of plant fine root function trait characters in different coastal distances

i H IR AR YR 20 2% ARIIS HAR TR AR
Item RAD (mm) RTD (g em?) SRL (m - g™) SRA (m’ - g") RPC (g - kg")
T1 0.61+0.09b 0.23+0.13b 119.40+108.18a 0.10+0.09a 1.59+0.24b
cv 15.87% 55.35% 90.60% 91.85% 14.72%
T2 1.23+£0.57a 0.29+0.09ab 49.39+67.28b 0.03+0.03b 2.80+1.15a
cv 46.30% 32.41% 136.24% 76.84% 40.91%
T3 1.30+£0.47a 0.34+0.14a 39.21+52.33b 0.02+0.01b 3.66+1.24a
cv 35.75% 41.83% 133.44% 62.79% 34.00%
x4 EYIR-MHIPEEMERE XS T
Table 4  Correlation analysis of plant root-leaf functional traits

i H . .

Tiem LT ILA LDMC SLA LTD LpPC RAD RTD SRL SRA

ILA -0.10 1

LDMC —0.47 %% -0.11 1

SLA —0.64%* 0.22 -0.18 1

LTD —0.41 %% -0.22 0.90 -0.22 1

LpPC -0.01 0.06 -0.26* 0.32%* —0.46%* 1

RAD 0.52 % -0.19 —0.52%:* -0.21 0.03 0.20 1

RTD -0.22 -0.16 -0.02 0.26%* 0.83 % 0.33 % -0.07 1

SRL —0.44 %% -0.08 0.75%* -0.03 0.66%* -0.24* —0.57 %% -0.05 1

SRA -0.28%* -0.132 0.55 % -0.04 —0.37 %% —0.32%:% —0.45 %% =0.36%%* 0.80 % 1

RPC -0.26* 0.27* —0.34 %% 0.49 % —0.46%* 0.41 %= 0.17 0.13 —0.37 %% —0.32%%

T = FRAE P<0.01 G250 (BUR) , M EPE B3, * RRTE P<0.05 9 (WE) , M6 B3, LT. HE,; ILA. St im
LDMC. M-T# & & ; SLA. LA ; LTD. M4, LPC. M & ; RAD. MR EZ; RTD. A%, RSL. LR

£; SRA. LLIRHIFL; RPC. MRB &=,

Note: ** means significant correlations at the P<0.01 level ( both sides). * means significant correlations at the P<0.05 level ( both
sides). LT. Leaf thickness; ILA. Individual leaf area; LDMC. Leaf dry matter content; SLA. Specific leaf area; LTD. Leaf tissue density;
LPC. Leaf phosphorus content; RAD. Root average diameter; RTD. Root tissue density; SRL. Specific root length; SRA. Specific root

area; RPC. Root phosphorus content.
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Table 5 Soil factors and differences in different coastal distances
T 5 PR B TR E R 50 iy TS G +HgE TR pH & TR
Costal distance  SBD (g + cm™) SWC (%) SSC (mg- L") SEC (pm - cm’) pH value STP (g - kg')
I 1.15+0.08a 18.77+ 3.66a 122.45+17.92a  278.48+128.18a 8.98+0.20a 0.11+0.05ab
™ 1.11£0.05abh 10.87+3.01b 8.22+1.32b 17.26+2.77b 8.64+0.26a 0.08+0.02b
& 1.07+0.05b 3.51+0.91c 3.78+0.58b 7.96+0.89b 8.09+0.52h 0.16+0.06a
52.05% ., For, &bk s m R ok, AR YO +
S| e S K R pH (, E AT RS
LR D b, hHE AR AR SOk pH E ST
S NG TSRA B AL UR | AR K | HOHR AR 5 OE A
g = —— S, SRR U A S B L TR o
P Lt - ST SBD e MmReE S E P ERY R A, 11
xS . A L TR SR G ; A S AR
= 2 eC I R B B i 2 B E AR O (R AR OG5S
SWC
2 SEC 3 ‘i/Tj‘ ‘i/%
-1.0 Hi1 Axis 1 (42.80%) 1.0
3.1 EYM RN R ER B X R
LT. M J&; ILA. 50 1, LDMC. M T 9 B & 4

SLA. Lt A LTD. M 20 214 & LPC. M-8 & #;
RAD. HF¥ # 12; RTD. A L% ¥, SRL. LR K,
SRA. HCAR T BL; RPC. MRUBE & 4, SWC. + 1 & Kk i
SBD. + 7, pH. 3 pH {f; STP. + 3% &6 & &;
SSC. +HEFhiE; SEC. HHiH T3,

LT. Leaf thickness; ILA. Individual leaf area; LDMC. Leaf dry
matter content; SLA. Specific leaf area; LTD. Leaf tissue
density; LPC. Leaf phosphorus content; RAD. Root average
diameter; RTD. Root tissue density; SRL. Specific root length;
SRA. Specific root area; RPC. Root phosphorus content;
SWC. Soil water content; SBD. Soil bulk density; pH. Soil pH
value; STP. Soil total phosphorus; SSC. Soil salt content;
SEC. Soil electrical conductivity.

B 1 EYR MK S L ER FER RDA 447

Fig. 1 Redundancy analysis (RDA) between plant root

and leaf functional traits and soil factors

R pH (EZ#E/ ; +HEew& BBRAUS ETF,
HHAE B T4 FE K (0.56 ¢ - kg') (5K
A4 ,2020) , TSR AE 3 B0 B (A A7E AE
225 (P<0.05), LA E KR B SR pH H
ETL S T3MAEREES.

232 Mtk tFHREERS EER TR X A
it RAD HERF , 204 4 2 e M IR %+ 158 K7 1
M 7 1 L, PP LR, DT R

FEP) D fe IR 0 A8 S 7R R R A2 B A R A
P AL [R] 52 i ( Campetella et al., 2020) , B 57 45
SRR TR AR | oF 2y BE MR AR S AR B R
JIN BRI 2R 30~ 60 m BUASE FAER K, A
WAz IK ER A " AR D R T
Fdh o BB TE 2 B, R85 o R A A T R ek B
Hh A A PR AR A R Bk ] (] S, 2021 ) , EE
BRSO 45 W vt A 58 v A 40 3 SR BB R AH AR
PhEFs B AL A7 OC R (Laure et al., 2018; FE A%
4,2022) , DN 0 AR SRR R IR, A BRI £
30~60 m WURRIE | AL F B 2 ) FhRDE A FRE
“KA PR TE AL, N, i B IR e
B I T R A M b S A R B M AR TR
A4 LR R e HE S T 9% U5 4R R ) B s, AT
FREM R R R,

FREETT iF D REPER 19 22 S A b W, PR R
PR TI<T3<T2, o i BB R T2<T1<T3; #nt
TARR R % it P YA 2 il 2 O, T e A i
Fnt 2 20%% Bl 2 fil 2 e/ o Bl i T AR s B AT
YR DB IR R BE 7, i JE 55 40 0 R OB U AR K
RE B VIMOC, T2 BRI 4k 30~ 60 m, 25K
LTSIV b, 32 K e, Yo H A R
FEYIA BRI G i AR AR 5 2 16 A T
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A7) F T 1 ek R 25 B RR A R LA 2L B
A K 4 F1 3% 43 B9 BE I ( Kleiman& Aarssen,
2007) , FF T3 BE R FEIZE 90~ 120 m B b, T
SEIT VIR ¥ R 32 1Y ¥ R R T RRHT ) B 5 I 38 A
XS U/ ] I A JRR B U Vi ) i k3 L S S5, 19
TRy A M b R SR A K o i AR oK
N BEATR BT AR 2 2L 4R A 1 R T BROR 78 43l AR
FIREOC BT IR (=2 B % ,2020) . B6 BN 4 AR ) fig
PEAR Y 22 57 A8 4 o AR AR - 38 B AR (2L
5 L 8 O PUAR S | AR AR T
LB . — B AT BRI T
BRI LR K ( Kramer-walter et al., 2016) F1%¢
INELHZ 5 B A R AR AR S A A KR T PR ] A
B PR PR A 8K 43 R SR 43 B HE J7 ( Melissa et
al., 2015) . TEABISE A6 W) 7038 [A] 47 40 A 45 K
A ARG | HEAR T AR e I ) 4 AR A3 R A AR 4H 21
W, — 5T, AT BB P DR IR B - 4 O il E T
TR B -, 30 37 M 25 ) M 20 2109 2 30/ R T 4
AR 3 — 7 T, 35 BAH ) A B R0 £ b BR
RO THMRER, b TN R AT s 2
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