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Morphological traits and allometric relationships of biomass allocation of

Phragmites australis ramets in different habitats in Zhalong wetland
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Abstract: The plants under different environmental conditions showed the differentiation of morphological traits and trade-
offs and adjustment of material allocation. A comparative study was performed on morphological traits and allometric
relationships of biomass allocation of reproductive and vegetative ramets of Phragmites australis in different habitats in
Zhalong wetland using a large samples’ survey and statistical analysis. The results showed that the growth of ramets of
P. australis had great ecological plasticity in the saline-alkali habitats, xeric habitats, wet habitats and aquatic habitats at
the end of September. The height and weight of ramets of P. australis in the four habitats were the largest in the aquatic
habitat and the smallest in the saline-alkali habitat. The ratio of maximum values and minimum values of height and weight
of ramets within the habitat were 1.3—3.3 and 1.8—5.1, while the variation of reproductive ramet was lower than that of
vegetative ramet. The ratio of supportive allocation and productive allocation of ramets was 1.8—4.2. The productive

allocation of ramet was the highest in saline-alkali habitat and the lowest in aquatic habitat, but supportive allocation and
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reproductive allocation were the opposite order to productive allocation. The relationship between length and weight of
inflorescence and height of reproductive ramet was a linear function, and height and weight of ramet less than 20% and 35%
of the population average could not have sexual reproduction. The relationship between leaf weight, leaf sheath and stem
weight, and ramet weight and ramet height was a power function allometric scaling relationship. Plants adapt to the different
environment by changing morphological traits and adjusting the material distribution among modules, and the growth

relationship among modules controlled by genetic factors was relatively stable.

Key Words: Zhalong wetland; different habitats; ramet height; ramet weight; biomass allocation; allometry
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RERWFEA M EBFTEE SO E RS bR P A —FR AR T, X 2 FlbR B A [R] 25 LR I T2
AR LIRS B AT 1 fifp = 25 REAS TR R B 0 Bk ) A R T e A T EL AT IR 8 SR A R P A B A A8
KA MR, FUe IR 2EAE 8 AWt i B A PR AE ST BE, 9 H AR Bl 5 L, I 7 = 7 bk
P AR 5T A 7 5 43 TE A 39008 700 B 25 21 i 390 9 0 9 5 B L 30 2 5 1 23 B AR B AR 2K
TS FIAR ZE 2R R (B R AIE £ 2 R R 10038 A% R ) B P 35 2% 1 8 0 AR I S 7 A i A 5
M o DAL R AN [ A 58 7 = (N A B AR A FRER A, TR =5 AR SRR AN E TR AR I A R 1k Sy oA 7= A
Y EERUARBTST | HUBR AR FE R A S FR R A R A0 A 25 T BB AR A ML, 20 Ar 2R PR RS SR R 14 ) T A B 20 i
M, WB 25 TR A R PR A B 8] P OC 28 A P =8 AR e S S R AR O 2R, ) A M 25 1)
A 2 -5 A LB S B A, o It A 25 AR e BB A U M A 7 S AR LR i

1 ARMRIHARTGE

1.1 ARSI HELL
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4.9 °C,JCAEM 128 "7 Vb PR A o AR A B Efe) VR KRS 4 RPSAL H N A+
10 N E R i w1/ RUE R e
1.2 M E

PR AEFL IR M B v R B AR A A SR AT BB VE B AR 3R Ky SR TR 4
A TS 55 5 DL AR PRI B 4 SRR AR SR SR AEBE (HL) | R AR AR (H2) |, AR AR 35 (H3) Rk
AR (HA)  FEHBEEARG R WL 1,

x1 WREMEARER
Table 1 The basic information of study plots

e oy S 2 A % £
A BAER RO Daion ol Commty At
Habitat Soil type Water condition P Australis coverage species
Hl L+ TRk BEHRETE <50 Lige - i3 ed
H2 A 1 T RUK BEHLAE % >90 o HPRAE
H3 BEL M ZRUK (0—30em) AR >95 i R
H4 JEE R TA R+ HAEBUK (30—100cm) AR REE >95 FE i

H1 . Eh88E 3% Saline-alkali habitats; H2 ; 242435 Xeric habitats ; H3 ;. ¥4 4355 Wet habitats ; H4 . 7K A= 42358 Aquatic habitats

1.3 Wik
2020 47 9 H 26 HFE LA 4 SRR EA T B TR A9 XN EORE , 3 YR B 42, B D7 BE ML AR 30 Mk A= i ik
FVE TR TR A5 B LA 30 AR A= FE MR FNE SRR [0 SE860 2 0 00 40k 1) v B2 LA B AR BEAR I AE TP A
Fent W RIZE T B R AR B, 80 CHE B IEE T, 4 BIFRE
1.4 HdRabH
Gy BE R MO DL SE BRI E SE 1, DA KA AN/ IME 380 Anife 22 728 S REU IR A 1Y K
JINYE FL AR % A S B AR AR S B L AR L SRS BRI AR B A B an R AT
AP EL(PA) = (AR R/ A YR ) x100%
SCHFATBC(SA) = (MRS ZEAE P i 2 F S AE ) X 100%
AL (RA) = (FE)P A/ B ) x100%
HRIFR J7 225317 (One-way ANOVA) Fu oA [ A= S5 4l MR i 22 57, BT SPSS 19.0 34475040 434,
Excel 2013 3RPFHEATLEE . PR SREL Y=BX 1T AR IC R T (o SERPR B S HHE S, B 2 v il #(FE B 52
HEE) ,a=1 B HERLR a#1 B, HREER!

2 HREH

2.1 PUEEARRERR A FEAR IO IE SRR

FLIE TR 25 BRI S ARAE A2 2 BTz . DAEE 2 RIHI, 4 AN A 155 % 25 A BEORR S 33 BR 0 Bk v AR 2 114
B RAE e/ IME A (A AR A 58 (H1) 55, ¥ UK AR AR BE (H4 ) e, 4 AR B8 A8 i ok w5 A BR 2 0] 14
Z 5 ¥R i EKF (P<0.05) , FAEABE (H2) AR A AR 58 (H3) 1975 FR MR PR & FIRR 2 [B) 22 R 350K I 3 (P>
0.05) . FPHEP, EFE IR 5 FRBRIRE = R B 119 d R 5 fe/ IME ) A 43590 8 1.3—1.9 Fi 2.9—4.01.8—2.8
F2.7—5.1; FIRER], R o R B 0 e R AES e/ IMELI ELAEL 20 391 R 2.1—2.5 1 2.8—3.3 .2.2—3.2 I 3.8—4.2,
THRE PN A SRR 5 (6.8%—16.7% ) FIRETE (28.9%—34.8% ) (175 5 R AL T8 Fe bk bk i35 (17.4%—25.0% )
FIRRE (36.8%—41.8% ) BIZE S 2K, 58 FERRAR L, A= B PR AR 4 AR 288 S 88 SR KR R () A4 B ok 05 3 kAR v
(31.9% 31.7%) KT (41.4% 42.5%) (1728 57 R 505 2 TR0 (0728 S5 22 850, ELAS TR) AR 2R ke v [0 R 1] 174
AR 5 REAE FAHEIKOE . P, TGI8 32 e D AR A S R ] | 3R S FRE (125545 A PRI 52 I | 725 =5 40 R 1 Ak v R
PR R B BRI AT B AR AR K R T BB 54
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R2 TRERAFEEIRNE TR TSR

Table 2 Morphological characters on reproductive and vegetative ramets of Phragmites Australis in different habitats

AR HB BEAEL RRE H/ME FHIE B E b2 AL F
Character Habitat N Max Min Mean ST SD CV/%
HEBH BRI 5/ om H1 30 150.2 79.0 108.2 d 18.1 16.7
Height of reproductive ramet H2 30 210.3 157.9 182.4 ¢ 12.5 6.8
H3 30 250.3 160.4 204.3 b 23.6 11.5
H4 30 320.1 195.2 251.4 a 322 12.8
I 4 251.4 108.2 186.6 59.7 31.9
HETH AR R /¢ HI1 30 8.55 2.62 5.08 d 1.63 31.9
Weight of reproductive ramet H2 30 13.78 4.56 8.35 ¢ 2.41 28.9
H3 30 17.29 5.89 10.83 b 3.71 34.3
H4 30 28.62 7.21 14.62 a 5.08 34.8
14 4 14.62 5.08 9.72 4.03 41.4
EFRAR B/ cm H1 30 105.6 40.7 73.3 ¢ 15.9 21.8
Height of vegetative ramet H2 30 183.9 64.7 123.2 b 30.8 25.0
H3 30 177.1 70.9 137.2 b 31.9 23.3
H4 30 232.4 131.1 168.9 a 29.4 17.4
T 4 168.9 73.3 125.7 39.8 31.7
B/ g H1 30 4.84 1.03 2.37 ¢ 0.96 40.5
Weight of vegetative ramet H2 30 8.43 1.65 4.02 b 1.68 41.8
H3 30 8.26 3.04 5.17 b 1.90 36.8
H4 30 18.49 4.35 7.11 a 2.85 40.1
S 4 7.11 2.37 4.68 1.98 2.5

N AEARZL Number ; Max ; 25 K{H Maximum ; Min ; 2/ME Minimum ; ST ; 2 3 1 Statistical significance ; SD ; FR#E 2% Standard deviation; CV ; 48 5 2254
Coefficient of Variation ; AN [F)/NG SERE R 7R AH R 1RO [R) A= 85 8] 22 57 8 3% (P<0.05)

2.2 PUEEABERERNE SRR A ) Ay T

FLI IR P 2R A W A B AN 26 3 TR, AR 3 AT, 4 AN A B3 7 25 AR B R RIS R 0K 10 A 7 4 D
(PA) SZHEF/MES (SA) FAEFE 43 B (RA) 43 918 18.19%—33.55% F1 19.17%—46.04% ,59.61%—67.22% Fil
53.96%—80.83% ,6.84%—14.59%H1 0, JCiL & FHRIL &5 Febk, PA 1L H1 &, H4 &A%, 0 SA L)L H4
femn , H1 5K, PA AT SA I R/NPALIEAF A . RA DL H4 fein, HT 5%, H3 F1 H4 ZAEFHREAY PA SA A1 RA
)22 S AR ZE (P>0.05) ,4 AN EBEE IR PA SA [ 22 53 W25 (P<0.05) . TEARK SRR A
AIREY HT A H2 o RS I Y6 A AR A S A EL B, 2 5 06 A VE FHRE 1 & iR 2 19 R4k 7= 9 , i 78
A SRR R BE B 1 H3 T HA v RS SR AA (2 B R ZE i ) B A LA I, R i 2R G
PERAEZS BRI TE G 1 . TERIRAAEARFIRAEOLT , Wl D% A3 1 A 78 1 ) o 180 At 2 < e s Flic 25
U ES 3 P SR A 358 2 35 AR B R R S FRAR 0 2E 7= 0 B SRR A B R A Bl A B AR 25 57 X Fh 25 Sl 2
BT R A [R5 11 40 o TR 4 B SRS
2.3 POEAMEAEERE S AR OCR

FL e 1 b 25 AR B AR AR P AR HE SRS OC R AN3R 4 s . R 4RI, 4 A AR5 =5 AL FE AR 1Y
FE K FAE P BB 40Pk = B B3 NI 52 y = a+ba B9 HL 2R PRBUE I RP7E 0.7644—0.9725 2 [a], ¥ ik
B TR E K (P<0.01) . UG T RRNSE o H N AE, P28 5 TEENAY 5L, Wi, 67
AT BOXT 3k v A — 8 1) BB 2R, R e (R T —BUE I, 2 =35 0 MR ANTE AR 7 5 AN A T A 5

it — G, 4 A AR BT 2 RRE R AR P34 (E Y 90.8—210.2em 1 3.73—10.87g, 5 RHEN 1Y)
SEREAA L, B IR R R 2 FIRR T 2 IR T 19.2%—19.6% 1 34.6%—36.4% , "= FE AR 4k & F bR 5 20 51 T
T 19.29%—19.6% 1 34.6%—36.4%, P IL, 75— HHGT R A FP R b, Bk o AR A T FPRESF- 2 1E 1Y 20%

http ; //www.ecologica.cn



15 1 P8RS A5 LRI AN R A58 36 70 BRI A R iR S A Wy 23 e 1) S G 2R 6107

T 35% (P =5 R AN AT A PR AR S, 7 26 B LR B PR R SRR T8 I bk (E AT PR 2R B AR e A0 LA FR A K
IR FIHER , 70 BRAE T IR A R A 1 AR 4 22 T A7 PR A RIS

R3 TREREAEEEIRMERIHRBEMENE

Table 3 Biomass allocations ( %) on reproductive and vegetative ramets of Phragmites Australis in different habitats

SIS A8 A5 Yo SCREAYI % HFESYE % G/ %
Type of ramet Habitat Productive allocation Supportive allocation Reproductive allocation Total
VLTS HI1 33.55+1.66a 59.61+3.86¢ 6.84+3.02¢ 100
Reproductive ramet H2 25.62+5.73b 63.78+7.35b 10.60+3.09b 100
H3 19.59+2.98¢ 66.86+4.46a 13.55+5.15a 100
H4 18.19+7.59¢ 67.22+8.66a 14.59+3.32a 100
e H1 46.04+5.96a 53.96+5.96d 0 100
Vegelative ramet H2 33.47+6.27b 66.53+6.27¢ 0 100
H3 28.9424.79¢ 71.06+4.79b 0 100
H4 19.17£3.45d 80.83+3.45a 0 100

x4 TRERFEEFKNEFE(y) EOUSE (x) HIlSHFREMEZHGE
Table 4 Simulated equations and significance test between length and weight of flower (y) and height of ramet(x) of Phragmites australis in

different habitats
e LE2IN A I

Habitat Character Simulated equations R? P
HI1 VAR y=-12.425+0.2331x 0.7644 <0.01
TP E y=-0.9083+0.0118x 0.9431 <0.01
H2 TEF K y=-88.702+0.5904x 0.9281 <0.01
TEPE y=-5.7563+0.0367x 0.9725 <0.01
H3 VAPaS y=-49.842+0.3357x 0.9456 <0.01
P E y=-5.5153+0.0351x 0.8793 <0.01
H4 TPk y=-64.208+0.3382x 0.9325 <0.01
P E y=-8.3397+0.0420x 0.9353 <0.01

2.4 PSR S AE KT

LIRS 2R AR Y S S R ) SR KRN S iR, 3R 5 AT, 4 ANMEBE A kYR S
Gy PR i B Z A R — B R AR Ak AR i R 2R A i DL R A W s A B G R v R R
M V=X RBUE K R*1E 0.5107—0.9723 Z (0], #1355 T 2 E /K (P<0.01) , Homk A9 L
H2 (A AR DR AR, RS RN 254 W DL R R AR ) D) HA 978 FR MR Kl R I K, B L) H3 978 FR bk
WK AR RN, ANFEBE B R AR S IR AR 25 5 (R AR & 3 i R I AR 1 = 3l
ERKR,

3 Fig5itig

31 PR R A A AT AR

TRV F 484 o R A i 1 T AT ARG AR PR BRI 35 L R R 1 S R A AR
TN AR/l P R ) 52 4 PR | DA A AR B B B VT RAR DG S IR B v
T A AR TR /N K A W T 5 ) SRS LT IO A S PR3, T ol ] 3 SR 2 LA A <15 0 i o0 B AR i
HRTHE . BRI, LR 4 AN AT S Ik s R R B R AR S R/ IME A B (R 1.3—3.3 A 1.8—
5145, PR AR IE SRR R B A B A A R S B G . K I FITR O B0 IR E i, 0 3 AR PR i MR
A AR A 3 1w T AR X A5 22 O BREE v, 7 =5 94 e e 0k Tl 9 25 B A1, Hlartemink 45121 g 2%
SRS R R 0 A K BRBE IR 3 K G B TE AR G S 1 S R B i R R A R
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K5 TREREFESREVE(y) SORSE (x) HHAFERBEERE

Table 5 Simulated equations and significance test between biomass(y) and height (x) of ramet of Phragmites australis in different habitats

IR A5 LERIN AT R P
Type of ramet Habitat Character Simulated equations
A Bk H1 REEE /) y=0.0007x"6 0.8426 <0.01
Reproductive ramet A ZE A Y A y=0.0026x"12 0.5704 <0.01
MY y=0.0016x"7"2* 0.7442 <0.01
H2 A= Py i y=1x10717x7%! 0.9584 <0.01
M-S ZE A Y y=2x107 523638 0.5758 <0.01
SEY S y=9%1070>9%8 0.8583 <0.01
H3 A i y=1x10712453197 0.8782 <0.01
RIS A Y y=0.0012x"622* 0.5107 <0.01
A y=1x10734251 0.8081 <0.01
H4 AR Y y=0.0001x""" 0.9213 <0.01
R R ENARY/E y=5x1073 x> 0.7162 <0.01
SAEY y= 1107052314 0.8643 <0.01
el H1 A7) y=0.005x"23 0.8916 <0.01
Vegetative ramet SRR Y ¥=0.00024>07% 0.9181 <0.01
SEY R y=0.0017x"6514 0.9361 <0.01
H2 A i y=5%107,>1304 0.9509 <0.01
SRS A Y y=0.0043x"3%¢ 0.8210 <0.01
MY y=0.002x"78 0.9189 <0.01
H3 A y=0.1267x2442 0.9723 <0.01
8 R 2 A y=0.0082x"3% 0.8540 <0.01
SEY y=0.03440168 0.8763 <0.01
H4 REE7/) y=1x1078,>3880 0.9661 <0.01
R 2R A Y y=2x10795*23 0.9531 <0.01
BAYE y=4x1070,*1002 0.9657 <0.01

BLHASTF  aT 8 | S AR L, e R b B I i T X A AR X A R R OT S
FOBIF T4 SR — B, TS50 1 O PG R = I ST A SR AN TR] o T 74 A JR Ml [X A2 A AR ) 52 R R
J T A i R ) T BB AR AR AR R X PN SR IE LR ST o EA, S AR B R AN S TR AR AR R SRR A
AR5 R T AR, T LR B 4 AN RS ) 255 25 1 B0 22 S JR AR 1Y, IXPARURE 19 22 57 2 5 DS P 25 20 bk 2R
RAFHEEEWMNR, Nk, Y SRR LR B K S AR R B A 0] 7 S E IR LE 250
PRAE PR o IR b A S AR 5 38, LA MR P 1072 S B8 Al SR, 2 i DR A B RT3 7 bk S S (1]
s FH YR T AN AR R B AU e A R . MORTTIING 5 A 0 RS IR AE R UL 7 A R ie 44
AFEADE IR B IR SRS TRIIE U o0 PR EEL A, 1T A B AR — BE3% 0 5 8 O33R 7 I A9 2l bk A & sl , Pl
PR A SRR I i) FE A — 2, A R YA Y], FRAR T =65 ) AR B PR P B 38 IR b, (R AR AR R TN
JITA B IR RS T AT PR A B T R A BEL AR, 2E— 25 9 23 B ¢ B, R i RIORR 520501 i 7 b B 2L AY 209 F11
35% I 43R A A T A PEAE S R, 5 ) G0 MRS TR I B 100 G L 35 A4 T2 0 LR 5 = 7 aak )
TR IR L5 3 B oK /N, 27 T R B 00 DX 77 25 s S e A RS < ML =5 57,
H R R FIZRIA Ty BRI TA] H S e — B A 232 U X TRVREN BT & A R
FRAEATE AR LE AT B FT S FIOR B, T A2 PR A AR PR R0 R AR AR LUE SR A IR SR LAY ) S R BE 1 2R, Y
HE A EMAT A B 20 37 58— R 2 AE I 4o 75 3% A KR A B A K TR) AL i 1 e A ) £ 1 s %
HEB B A P SR R R A TR A K R R LA R R v e B R S
3.2 FUERIMARIACR I B PSR

FW) 2 i PR B A LAV (CRLARAR 28 I, LURCGE IR A IORIAR BEAE ) o A i 2 A R 1 A
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YA AL EREE IR 1 (078 A0 AL AR A 3o R R A £ P81 2 5 AN R 15, S S L 14 ] S 3 7 SR
W, WESE AR, PR 4 AT SRR A i Y A AR — i 22 5, Horh SRR A IS 5 AR AR T I LU A
N 1.8—4.2, JXE A HA XA YR B SRS R B, T 5 A FR AR XA ORI S A 1 A
IYHE EE AR B AE RANIR] . WP R M2 TR 1) 25 S 2T W] 5 1B P S5 A R A T MR/ A B AN TR A HORE
o AN A1 S sk P 4 SR DR | A [ A 300 35 0 bk (9 00 43 PG SR A7 AR T B 22 570 AL X R [
o E A A e o BO 2 A T B AR RO AN B PO R K AR R R R e T AR 1 el A A
AR SRS 2 R B O gn R B, AR S R OB RE T, AR E 2 E R B, AR R
AT e L B R A AR SRR AR AR S rp AR IR )AL A B B A =E R 3 e, 42 e AR
ZERIMDETTIRA ST 1 o (A TR A AR S e b K AR AR S A A AR B SR AR S5 1Y 2.1 A5 A0 2.0 1, A Y
TfF e 3 WA P FE FR BT AR RE 25 FE AR M R BT v SIS M A B A R IE S Rl 2,
P23 [ BT IR E B SR AF T R I s B — 48 B A9 e $ A AL SR LA/ b HoA 25 B RO B A R AU

3.3 FURIMARIAOR I AR AT

TR 2 1) 22 BAT 5 AR DG HE RS G (M AR KOG AR MR 1 A 22 IR Ay ] A KSR 20, O [l g 17 ]
O R A BRI BT T — b BB i DIE PR S A DI BE AL, ISR AG 1R 22 18] B0 P i A R S B T AL )
HEAE AR BRI IR A IR R IR B T RS2, W R, LRI 4 A BT A bR
P Z AL HAT — AR AU, e Rk i A= it B AN S AR e DL R AR W BB 0 PR v R 486 i
KA RAERG R AN O R R OB U S A KOG R X I E R DA B O J5E 2 e 2 i S 4
RY—2, WHERAEA RGP 2L BEATHE ST, R AR LU AR e J0 S 1 mT 2 R BT A — B 25
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