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Variation in functional traits of Phragmites australis in different habitats and their

responses to soil factors in Zhalong wetland
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Abstract ; Differences in genetic characteristics and the external environmental conditions jointly determine the expression of
plant functional traits, which can reflect the adaptation strategies of species to environmental conditions. The functional
traits of Phragmites australis ramet and leaf in four habitats ( Saline—alkali habitats, Xeric habitats, Wet habitats, and
Aquatic habitats) in Zhalong wetland were studied by large sample sampling and statistical analysis. The differentiation law
of functional traits of P. australis in different habitats and its response to soil factors were analyzed. The results showed that .
(1) the functional traits of P. australis in different habitats showed moderate variation. The ramet and leaf traits were the
lowest in saline—alkali habitat (P<0.05), and the ramet and leaf traits except leaf area and specific leaf area were the
highest in aquatic habitat. The variation coefficients of plant height and plant weight were 15.96%—48.61% and 38.65%—
87.82% within populations, and 46.58% and 66.39% among populations. The variation coefficients of leaf traits within
populations ranged from 13.21% to 72.37%, and between populations ranged from 26.46% to 57.03%. (2) There were
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synergistic changes in functional traits of P. australis in different habitats. The plant height, plant weight, leaf length, leaf
width, leaf area, and single leaf weight were positively correlated (P<0.01), and the correlation between specific leaf area
and other traits varied with different habitats. (3) In situ soil factors of P. australis in different habitats showed
heterogeneity. The variation in functional traits of P. australis were the result of the combined effects of moisture, pH,
organic matter, and available nitrogen, among which moisture, organic matter, and available nitrogen were positively
driven, while pH was negatively driven. Therefore, P. australis could better adapt to different living environments through
self-regulating functional traits, and soil factors in different habitats at local scale were the main factors leading to the

differentiation of functional traits of P. australis.
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P ( Phragmites australis) ARAFLICYE ZRAE W), BA T 12 00 38 WA 1 e 1) R B AR S S A 3L A
TER A8 b P e THE KR AR AR )12 00 A T2 1 PEBUR A MR R UK b | 7EIRK 805 $h iR L rh
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WG AR PTG ( Grus japonensis) R EE SR Y DAL R I M S IS N 4 , A 4 Fh AR 3% (Eh el A
Bi B AEBE WA AR AR AR A ) S o R R S PR Y 22 S, o BT o R AR B P LR D 18 I [
T I R 5 AR MR S PR AR DG, 875 SR SR BE AN ) A 855 2 =5 T REVEAR (14 20 S A DA e RS o3 S
(T RER ST A A S 3 LR AR S AR | S 4 DR R S R B AR

1 HARMWRIHARTZE

1.1 BT XA

AHFFE THL I 1 H (46°52'N—47°32'N, 123°47'E—124°37'E) #f47 . % X @ T Hh il iy bl ot 2 XA e
AELRE T B 440—490 mm, AFHRIR 3.2°C 52 H (1 A) FWRIE-19.4C, B H (7 A) BRI 22.9C,
4F H BRINEL 2700—3000 b, 4E58 SRR 2052—2140 J/em?, AR 2600—3000°C , 4R 4.9°C , JTCFE
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Table 1 The basic information of study plots

. AE I % ¥
. Australis coverage species
Hl o+ TERUK BEYUREE <50 Lip NN TE R
H2 i) + Fs PR BTV >90 Frp WPRE
H3 BEL M ZRK (0—30em) WAL >95 AT LB
H4 JE TR+ HAERUK (30—100cm) AR >95 EE, =kt

H1.Eh584E 5% Saline-alkali habitats; H2 ; 24 4 5% Xeric habitats; H3; 3242 423% Wet habitats ; H4 ; 7K 4= A= 3% Aquatic habitats

1.3 WL

F 2021 4F 7 A BAJFE L3R 4 PR ORE | 20 FP AR M BEALZERE 100 43R 5828 8T T, F N P Rl AL R 30
B, X PR iR T g, A RO R = (em) |, SYHCH BT A58 = A i e, 20 8 RO i 9 i
(em) , M ASG S B AR (em®) , 80CHET 5, FIAr M RF- 43 S R B, A 46 S J AR EE (g) o et
AR (em®/g)= M TE AL (em® ) /W AW 8 (g) o [RIBE, R 85 4 FlA: 55 R A7 3 IRORE, IR EE, IR
100 cm, i5)JEHs MISCE =, HETARE LI B35k &t A7 il pH A, 31085 IR 1 n #AL I e A MILsL &%
S, DAY BRI A R R, BB LU Gk I s
1.4 HdEabr

FH B K AB AN e/ MR S AR AR AR A B, 1 2 (8 5 A A S AR K | B 25 S AR A 40 X6 A8 S 1 AR 57
RBU WAEA IS AR S AR 5 RECEARMEZE 5 T E 0 S, B XHE XA [R) AR 58 25 =35 45 D R Ptk i) 22
ST BRI R 7 22007 (one-way ANOVA ,a=0.05) , fi il Pearson AH 43T 1570 M 434K 5 - D RE MR DL S T
FEMEIR 5 35D 7 [a] AR SE A B 20 B (8 FH SPSS 26.0 4144, 2 - ] Excel Office 2019 %144,

2 HREHSH

2.1 AT RRER P

BRSNS (H1) RN (H2) B4 BE (H3) RMUKAEAEBE (H4) Ao bk MR an 2 2 s, &2 ol
W14 B A 55725 A0 MR MRS I ) — B AR bR AR YR ILON HASH3>H2>HL, HorboR [a] A 55 7 35 bk
1o 11 25 S 343K 31 il KT (P<0.05) s H2 Al H3 Hr o =5 R E (] 0 25 22 5% (P>0.05) . PR P PR o v 2 1 28
5 RE 0 15.96%—48.61% i1 38.65%—87.82% , FFHf ] 4 = FIAR B 19228 5 RECH 46.58% F166.39% , Pt
PR R RRE ) 255 ok RIRR R ) A8 S A B g g i A7) (FURR T 0 728 S 8 o v TR R I 25 Bk v Ak
YA R R — BRI AR R B /NP HI>H2>HASH3 YL HI SR, H3 i/, Rk, AN
] AEBE 2 A bR R [ A AR e AR
2.2 AR[REASE R R R

AP RANEE 3 Fis . 3 3 w4 R B AT - gE S LKA AR BE (H4) B
K, T ARURD E T AR DA SR A A 85 (H2) Fe R, 45 PR B AR A B8 (H) d5e/h . Horp H2 R HA PPEE R
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W AR R R A SR A AR B (H3) T HA ) H TR ) 22 S5 8 AR 3R B B KO- (P>0.05) Rl 4
REYAE 5 RECH 13.21%—72.37% , FaE ] i HOIR 19228 55 R E0R 26.46%—57.03% , )& T SE R E AR 5
B T ARAS , AR B ) A I bR A 8 S BE 2 L H A K 13 i/, TR, AN [R) A 358 7 25 3 b i T AR A
) HAth PR ) 2 5 K 25 S P v R

K2 FRERAFSHEREEZHRE

Table 2 Characteristics and significance test of Phragmites australis ramet in different habitats

LGN A8 FEAKL ISP NIE I/ME FHIE ITE 2 PR AL F
Character Habitat N Max Min Mean ST SD CV/%
Phiss HI1 30 124.1 22.1 53.1 d 25.78 48.61
Plant height/cm H2 30 188.2 94.2 138.3 ¢ 29.45 21.29
H3 30 229.1 129.7 182.9 b 29.20 15.96
H4 30 267.4 131.8 206.5 a 38.15 18.47
T 4 206.5 53.0 145.2 67.63 46.58
R HI1 30 4.92 0.25 1.44 ¢ 1.27 87.82
Plant weight/g H2 30 16.69 1.56 6.07 b 4.16 68.47
H3 30 12.24 2.61 7.23 b 2.79 38.65
H4 30 25.35 2.55 12.42 a 6.24 50.20
Ty 4 12.42 1.44 6.79 4.51 66.39

N AEAKL Number ; Max ; iz Kl Maximum ; Min ; 5z/ME minimum ; ST ; i 3 1 Statistical significance ; SD ; 52 Standard deviation ; CV ; 48 5 2251
Coefficient of Variation ; AN [f]/NE FHE 7R A 35 0] 25 57 B 3 (P<0.05)

K3 FAREFEFAFHEREEEERE

Table 3 Characteristics and significance test of Phragmites Australis leaves in different habitats

LEIN HR FEA KL I5oN( e/ ME EHIE 2 brifzE 5 5 R AL
Character Habitat N Max Min Mean ST SD CV/%
IS HI1 30 25.02 6.05 13.45 ¢ 5.00 37.16
Leaf length/cm H2 30 48.83 23.30 36.99 a 6.28 16.97
H3 30 43.41 19.10 34.78 b 4.71 13.54
H4 30 49.42 25.40 39.06 a 6.14 15.72
Ty 4 39.06 13.45 31.07 11.88 38.22
55 HI1 30 2.01 0.56 1.17 ¢ 0.42 36.32
Leaf width/cm H2 30 3.77 1.33 2.21 a 0.55 24.85
H3 30 2.32 0.97 1.77 b 0.37 21.11
H4 30 3.85 1.25 2.34 a 0.65 27.63
Sy 4 2.34 1.17 1.87 0.53 28.30
TR HI 30 25.24 2.01 9.82 ¢ 7.11 72.37
Leaf area/cm? H2 30 114.35 17.05 57.97 a 21.20 36.57
H3 30 50.59 7.91 32.37 b 8.94 27.63
H4 30 83.47 22.41 51.02 a 16.63 32.60
T 4 57.97 9.82 37.80 21.55 57.03
i HI 30 0.24 0.02 0.09 ¢ 0.07 70.88
Leaf weight/g H2 30 0.53 0.13 0.29 a 0.12 39.86
H3 30 0.34 0.06 0.23 b 0.07 31.13
H4 30 0.62 0.14 0.34 a 0.13 39.76
Fy 4 0.34 0.09 0.24 0.11 44.85
[FALITR A HI1 30 143.80 70.6 106.16 ¢ 14.46 13.62
SLA/(em?/g) H2 30 355.37 125.6 205.31 a 57.39 27.95
H3 30 187.12 112.89 146.77 b 19.39 13.21
H4 30 249.10 122.38 158.72 b 29.81 18.78
T 4 205.31 106.16 154.24 40.81 26.46
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2.3 AREAET I REEAR ] 1 SR o i

HIZE 4 AL, 4 BhARSE P26 B RR S BREE I ik | et o BRI ) A B S IE AR G (P<0.01)
P L ARG At PR 0 SCIBR A AR W A AR 5 25 53 PR SR AE 558 (HIL) o, He I TrI AR5 B[] 52 B R O
SHAMNEAR S IEARSC BRI F] B E K (P>0.05) s £ 742 A2 58 (H2) H, H M BLUS I i AR 2 1E A
5K, SR A B AR O, ELAC S AR R A AR S Mk B e 2K P (P<0.05) 5 7R AR AR B (H3) L AR
At PR IR] R 52 GOREOC , LS Wk vy bk B R i ) AR SR R4k B 25 A8 s FE /K AR A58 (H4) o L TR
FUAB AR 52 AR SE A I TR AR SC MR IR B B 2E 7K . DR, AN [R] A 35 77 265 T RE VIR 18] AT 5 g B 5
HRPE

R4 TREEFFHEMEREXEKSN (n=30)

Table 4 Correlation analysis of functional traits of Phragmites australis in different habitats (n=30)

Ak MR ] R SN 5 AR L
Habitat Character Plant height/cm Plant weight/g Leaf length/cm Leaf width/cm Leaf area/cm? Leaf weight/g

HI PREE 0.959 **

N 0.830*" 0.829"*

5 0.861** 0.884** 0.878**

LIRS 0.917** 0.932** 0.901 ** 0.950 **

nh 0.861 ** 0.887 ** 0.867** 0.918** 0.974*"

L - AR 0.217 0.16 0.188 0.222 0.164 -0.037
H2 PR 0.884 **

RIS 0.641** 0.593 **

5 0.572** 0.621** 0.777**

T AR 0.556** 0.482** 0.816"* 0.777**

i 0.738 ** 0.787 ** 0.854** 0.895** 0.769 **

ot AR -0.266 -0.414" -0.06 -0.215 0.268 -0.358
H3 e 0.921 **

LS 0.672** 0.669 **

9 0.505** 0.547 ** 0.605 **

iyt 0.590 ** 0.615** 0.866"* 0.876**

& 0.744 ** 0.825** 0.860 ** 0.784** 0.905 **

LT AR -0.601** -0.695 ** -0.271 -0.108 -0.157 -0.543**
H4 TR 0.903 **

LIS 0.713** 0.748 "

5 0.598 ** 0.734"* 0.797 **

T AR 0.653 ** 0.827** 0.834™* 0.803**

- 0.809 ** 0.933** 0.879 ** 0.863 ** 0.917**

i T AR -0.661"*" -0.594 ** -0.472" -0.482* -0.23 -0.583**

#* P<0.05; =% P<0.01

2.4 RFAHS D AEPER 5 IR TAOHI G

I LRI, 4 FIOR VA8 8009 55K B pH A BT R A 2 0 — 72 10 25 ) 5 R M4
AT R A B P SRR 5 S T AT BT IO I E (32 5) . HOP S 25 by BR TR IR 9
T 5 A K R 2 (P<0.05) b B TE A (P<0.01) , Ho AR 4 /K i 5L 50 3 1M A AR 5 pH
Yy 2 O UG s R H LS AR 5 A LR 14 5 5 o 35 AT ;R B L i
B AR 5 R 5 i 35 T 5 T 5 it 2 0 3 MG, FO AR 5 i b
SEENBEMI, I, Ak pH A HUT R U B 25 T AR PRI A S 1 B R T
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Fig.1 Changes of soil factors in different habitats
H1 . E:08/EBE Saline-alkali habitats; H2 . 52422258 Xeric habitats; H3 . W22 4: 55 Wet habitats; H4; /K Z4E2EBE Aquatic habitats ; A [R/NG FRER R
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®5 AERERSLERFEAXESN(n=12)

Table 5 Correlation analysis between functional traits of Phragmites australis and soil factors (n=12)

S b P UL BA PR
el &K
. . pH Organic matter/ Available nitrogen/ Available phosphorus/

Variation Moisture/ %

(g'kg) (mg/kg) (mg/kg)
PR Plant height/cm 0.843 ** -0.867 ** 0.949 ** 0.942 ** 0.029
PR Plant weight/g 0.793 ** -0.558* 0.703 * 0.786 0.213
4 Leaf length/cm 0.654 " -0.900 ** 0.959 ** 0.812** -0.267
5% Leaf width/cm 0.691* -0.648* 0.773 ** 0.734** -0.031
T FH Leaf area/cm? 0.434 -0.728*" 0.753** 0.544 -0.449
I Leaf weight/g 0.674* -0.608 * 0.741** 0.712** -0.011
HI T B SLA/ (em?/g) -0.652* -0.640* 0.48 0.142 -0.832%*

# P<0.05; =* P<0.01

3 Tt

3.1 FHYIIREER B2 SRR S P R S A

T S W S A A PR AR 0 e R R S BE IR TR] A4 B R O R N BRI, T R B B HE S
AE20 ) ORI AESE A T IR A K R B BRI — 5 22 5, X 2622 SR IUAE R i D Re MR ) DA
T D RE R 4350 ke T ASRAE AR A %0 D't e R - 4 R AR R Oy, 7E RN R S bt e 3
A YIRS R RO AT AR B A AR B Y IR LA R S R A 0 BRI 2R AR A T
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O R AE S8 R 5 IR R B, AL IR M 4 R AR B A AR MR A IR A A g p AR AR S
o PR RRE RREE M i R UK AR AR BT (H4) Sk, i VR L AR DL R AR AR B (H2) Bk, 4%
PRI DL ERIAEBE (H) B/, P25 AR PR AT MR 0 A8 5 BE 7F 15.96%—87.82% M1 13.21%—72.37% , X}
T R RIS = A U 25 1 D o7 8 R ) o el 0 0 o8 2R I, P S e R i (B 2E P B R SR T g
R EARTEAE 22 R0 B S R AR AN 25 A ik s AR T 20/ i R A SR R nT S S Y
I, T TR R R g M B2 8], 8 270 SR R AN R A 35 b B Z RO REPEIR X &= A 25 57 X Al
Wy g i I A ) B 455 T SR L 2 A7 S S A st A% R 5 IR B IR SE AR IO 45 2R . 99K, % THLE IR
Hh 4 FhAEBE P DI RE MR 9 0 SRt AL B A S R ALK i — 25 TF R ST AT B0 UE , TR ABFGE A 1] A FL IR I H
NS Vo 5 ey e e NG 2 S

L) X6 AN [) BRI 1R 0 17 A AN S AR T RE MR AS B O s | | 38 S AR AR TR S RE MR B O 4L . MW E
TR A= 538 N D g A R §E 22 Fh D g IR 38 o U ) & 3R R 8 i, AR e — Rk R AR A7 JF HAR
T b SR ORI BTG B B9 T IR A AR R A 2 AR 1 B D R DR R 1R A e R A i i A%
PR 8 B R AE AR SR TE i — A 246 A A 45 D063 L R 0% RS R, AL e 0 Ml 4 b2 B A S5 I bR bR
H M B IR I E ) SR A A R IR OGRS A R AR O X PN i 1 b 5 Ty RE IR R AE
FEEE B Hn i A AR R A B DG AR X SRRSO XA 89 FhE WA W T REME AR g 45 R
— 2, B AR H A IR B P 96 2R SAEAE I B A A B 2 S SR TR B S 1 e R A MR AR
TEAHSRAE , T 55 A0 = A 355 2 25 1 L T RS LA bR () B AR b #0027 AH DG 26 &R, I ELAH & Mt i i AR 75 2%
I, BB, x5 A8 AR Pl s 25 1 9 m] 98 1 DA K 25 SEARTE AN W] D) R R TR0 RS i B[] FRAS AR 56 2R DA
P e AR AL PR BT A I
3.2 FHYEhRE IR 145 R i

H AT F 2 M D RE MR A I R R RUE AT 0, R ERRITIRE | MK S5 — S S e IR 7 X A 0 11 5
00 R AR AT R R -, A 3 R A T B bR ) A 56 BRI A 3 A v L SR IR A R — )
P R SRR i R R R T RE MR 0 32 S T KA R pH SR [R] R R 2 ) e )
HRETEIR AN T2 A A S L 2SS IR0IE I - K & 2 XA 0 S B R A R i B Sy B S 2 AR K
ot AL b b e ZERL R B DL RSB TR Rl SR AR R A S R AR

WFFE R I, FLIRTR b 4 Fi A= 35 1 48 PR - B S R AR AIE 5w 2 =5 Dy RB MR ) 2 2R - K dt  pHL,
AT AR, Horp Sk A AL A ERE R IE R SR Sh, T pH A SRSl XA TR A iAo R
W, RS KRG DR A BTSRRI AR S i 2 R 7R R BT T e 2 S5 TR SRR AE 0 B B 3 1
RPN PR, SR A D) BE R 1) R R A X R AR A A — 8 25 5 . FLOR IR M 1R Bk
e 5 AR R EK A USRS 2 DL R = 1 pH, AR AR IR AR X B 2 AR F B A BT A5 -4 il T
PRSI SRR /N AN 5 0] EL PR AR A R At 3 R AR S T /N i T R EE e AR
LUK R A 2 B ST th R I, A K IR R A X I A e G e T R
A K IR B 2 A IX S G e TR AR FLIE TR A K A A 3 b - S KR A DL R R
1, 10 pH A, BRI AU L AR 2 2 A A PR Y B S T 0 40 3 R ARl . 5 R AR RK AR AR B
AHEE WA A B 0 g PR 240 R eI, 33 AT B e PR R 0 A A 35 72 25 o B % B o A, R PN 1 1R ) 5 7 8
FU, 0 R iz [y R 2] T —E A . R, RSUREE A D BE TR R T A2 R IR FRE A i SRR
FEBUIMC, HET, X TAHY D Re MR 0 58 58 24 v fe [ B[] A9 < i A8 Ab ™ XA TR) AR K B B LA S OAS [+
BB B Y D Re IR 1) S A AR AR gE A b 7™ i BRI T 3R AT A 4 B i 1 R A3 S LA DA R T BIL AR A A
A, AU E TR B U S TR AR R BILTR , k7 K Y BICIRAS 2 4G AR A, 0 b 1 B A R A
T REAR AR AL AT I AL TR A L R DR XA [ B AR A TR AR S A A R AR AR T
FEE DI RE AR Y 2 S A R — 20T
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FL I MR AN TR AR 557 25 B e BR T LA B T ARRT L I T AR A A A I PR B8 LUK AR AR 55 des 1
PRI UL ER B AR 358 B A1, OIS AE b AR A s S AR 6] 7 26 (R S RE MR BIAP A h SRR BE I 57 . AR ARBE 7 26
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