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anemoniflora)Bi%, TR ME, RAERRE(CY). Pearson AHICHHTFITTA /S HIWEFL T IREE I 1 XK 5 A T i vk
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Response of Leaf Functional Traits of Rare Plant Rosa anemoniflora to
Environmental Changes

o] % . . .o .o . . .
YU Qun', GAO Wei!", SHI Jiayi?, FU Chengjie', LIN Guojiang!, KANG Tianqi’, QIU Min?
(1. Institute of Forest Ecology and Carbon Sink Measurement, Department of Forestry, Fujian Forestry Vocational Technical College, Nanping 353000, Fujian,

China; 2. National Nature Reserve of Mangdang Mountain of Fujian Province, Nanping 353000, Fujian, China)

Abstract: Leaf functional traits can reflect the adaptation strategies of plant to environment. Based on the sample
survey, six wild Rosa anemoniflora communities at different altitude in Yanping District, Fujian Province were
selected to study the effects of environment factors on leaf functional traits by using coefficient of variation,
Pearson correlation analysis and redundancy analysis. The results showed that the habitat heterogeneity of R.
anemoniflora communities was strong, the CV of soil factors under different environment ranged from 9.44% to
122.28%, among which soil pH was the smallest, and soil available phosphorus content was the largest. There are
significant differences among soil factor indexes under different environment. The soil pH, contents of organic
matter, total nitrogen (N), phosphorus (P) and potassium (K) and available nitrogen (AN), phosphorus (AP) and

potassium (AK) were high in the middle altitude areas, and the soil stoichiometric ratio was low, while the soil
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moisture content and soil stoichiometric ratio were the highest in the high altitude areas. Under different
environment, the CV of leaf functional traits of R. anemoniflora ranged from 2.49% to 97.58%, among which leaf
water content was the smallest, and the specific leaf weight was the largest. Along the altitude, the contents of P, K,
calcium (Ca) and magnesium (Mg) in leaves showed an increasing trend, indicating that the diversity of leaf
functional traits was abundant, and had strong adaptability to heterogeneous habitats. Pearson correlation analysis
showed that the dry matter content was significantly positively correlated with Ca content in leaves, and the
contents of K and Mg were negatively correlated with C/N and N/P in leaves. Rosa anemoniflora at high altitude
could increase stress resistance by improving the absorption of K, Ca and Mg to cope with habitat changes. The
redundancy analysis showed that soil AK and water content were the main driving factors of leaf functional trait
change with environment. Therefore, it was suggested that the leaf of R. anemoniflora adapted to the changes of
altitude and habitat through functional trait variation and trait combination. The study on the functional traits of R.
anemoniflora leaves and their relationship with environment factors would help to understand the impact of

small-scale environmental changes on plant variation, and provide theoretical guidance for the conservation,

development and genetic improvement of wild resources of R. anemoniflora.

Key words: Rosa anemoniflora; Leaf functional trait; Environment; Altitude; Redundancy analysis
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AT FUIEFAR A E T XA RS N 1 6 B AR
Byt g, WEFCE R D RETEIR A R 1 AR
RN, DAER TR 70O S 5 A 3 S AL A AT g
JSL SRS, I AR R R A PR AR S ) 2 B
1, EALPREED 7 E SRS A A 3 AR AR S 5 T
FITTER, VB AR/ RUBE LIRSS AR A AR R ) 52
Wi, ARREAEMYTHRNRE . PRGN E
WRFR AR S .

1 WX AR

BfF 58 X 3847 T4 48 2E - [X (117°50'~118°40
E, 26°51'~26°52" N), AF WX R, FF
BRI 193 °C, MumiminE 41°C, Hom iR
fE-5.8 C, FEHREKE 1616.1 mm, & EAHEE
78%, fEXJHIER % 1733.3h, FEHFEHN 69.8d,
XAHITEE I 2, KA L TR = 5
BN . TR ERAA b e, LB

1 AU A B R

Table 1 Information and habitat types of Rosa anemoniflora community

i EEor e, LR A . b PR R 2R A
FAATT 2 ] AR

2 MBHNJTL

2.1 BIRSAEE

IS R AR P EE AR TR, B RER
Y ZUT 4, T A S0 R 38 AT S (X ) 9
AR XA T S %% . AR IR BT, BT
By S R E R D, WA R, A
HILIESE 6 AN T/NX, 3 RN ARIER 18 IS AT
FHT VST, Rk AR BT A EBRA . sk
g A ARTVERT GR 1), 3SR L 200
TEREAN/INIX BN 35 A AT U B 3 AR
(10 mx10 m), F& 18 MHEMT;. dFHIRALE, &
R AR, Blefir, HImRmILE FIHT B X
MESE, FRARICSR A SRS, SR N R R
FAN. HE. BREMERE TUE SR,

B 5 N } i et P ac i
Wi tkﬂ%m AL HOPRBE B M i 1) /ﬁi_?ﬁ 25 (E) B (N)
. Habitat Number of  Canopy  Slope Slope Slope  Height . )
Location . S o o Longitude Latitude
characteristics  individuals  closure ©) position  aspect (m)

AT Xintianwan Village T BT 45 0.7 20 s PEIE 350 118°2723.20"  26°37'19.01”
BT VS AT Xintianwan Village 11 SSUUR 21 0.6 6 e A i | 350 118°2722.33"  26°37'17.22"
AIIRTA Dongshangian Village SSUURI 57 0.4 5 A i B |4 450  118°2'35.99"  26°37'9.75"
LBrft Shangji Village BT 27 0.2 10 s de 450  118°7'32" 26°46'44"
WHA Xiedi Village Je K 111 - 30 CEE T Al 800  118°4'19.04"  26°41'2.45"
AI¥#AY Qianyang Village BT 54 0.5 40 SEE CDANi e 850  118°39.09” 26°36'37.74"

2.2 B AR K R T RR R B

MERETT PR S e . Z2KE, 7
3 LR AR 100 {8 B se 8 1 ot e N B 3
48, [al S G == ) B 9 49 # {X (CanoScan
LiDE 220)#47 44, KB rA BB 5 RH
Image J 1.8.0 AR E M AL, K. m5E. i
KEEDIREMR, SRS S AETT I 20 il B T 85X
TR 80 CHt 48 h, MIE M FFHAFKE, ¥
HET B oA el e e B R PR 5. BERE.
R D REPEIR B HE 4R (LD EL A (SLA).
T4 )5 & E(LDMC). Lt E(SLW). & /K &E(LWC)
A (LCC)~ & (LNC). B (LPC). #(LKC). 5
(LCaC). #(LMgC) &, HH, LI=mH/m 58, SLA
(cm?/g)=M-THIAR /M1, LDMC (g/kg)="M-T- 5 /M- fi

#H, SLW (g/cm?)=" -5 /MR, LWC (%)=(H-ff
FHHT5H)/HEEE x100%, LCC (g/kg)="4=hi/MH
FE, LNC (g/kg)=H2%/HFH&E, LPC (gkg)=H
AR/ T E, LKC (gkg)="448/HT &, LCaC
(g/kg)=M4=4%/HT 5, LMgC (g/kg)="t4=8/MT
5[5,16—18]0
2.3 FEHE T

FEJT B R E I, SRR TIEN € R = 1%
(0~20 c)AH . AL WG, TEAK SR Fr H 14
10~20 cm Y Y, FNERN S em PIANE 751K 4E
0~20 cm HIEFES, IRA GRS E, B 100 g H
SRINT, Wi Jaid 0.149 mm §fi, %€ 1% pH. 4=
Wi A AR AR AL HMUSER. AR
i SREL 100 g THEE T EURTRA N 105 C
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Bt 24 h, WEFKE,

Y I 2R & BRI E TR D
T ACIZE , A BEAE R R AR Bh P L (0, L3
pH RFH/K b 2.5:1 =R S5 IR THIE , 380
fil BRI HIGE, A BRI U R KB FEVE,
LA B 15 B R P P IR 5 55 o AR R SR O R
ICP-OES €, AMEIs 3 IKEE.
2.4 BEEKISE 1T

K Excel 2010 HEATHd BB EIR AR R
FH78 5 2 %((coefficient of variation, CV)PFH|AEIR
158 2% A1 T HROH 3 B IR i B AN 38 IR AR e AR
%5 7E SPSS 22.0 HdhAT HLEK 277 22 53 HT FH Pearson
FHR AT, AET7 253 i) Bl R H Duncan £ &
EU 5 v B A [ FA 455 2% A1 AR by 365 iR IR 8 A A3
B A7 2% 5% 7E Canoco 5.0 AT ILR /04
(redundancy analysis, RDA)| & PR R X448 3%
TRAIRFEAR B FEM o

3 S5 R

3.1 ARAMEFMGLIEHRTER

M3 R 7 (A8 e R AT LR 2), AR TR
FHIER T CV N 9.44%~122.28%, L3 pH 1)
BRFEERDN, TSR BEETES
P W], ARV SRR 35 T v 1 3 R A % o
AR5 72 5, Foh i PO R 1 3 5 K e hx

2 AV ) LR T

w, WERAK, HUONFER AR, HARAEE %
R TS KEMEETLREZER . PRkt
(1 pH 8, RERENS. AR LT )+
BANUR . 4R AR R R B S R R A,
For oG A A S AR T AR .
R BRI R SR EA ST ER ST
RN R T o AR BR AT AT T
BEESN, HAhFRS BN SRR N TIE
A AR AE TT L,  fHE AR A A ) 1 R
b Bl LR U L3 e, IR BR AR LA
R A LR A, AR i T 2 AR bR A T
BRI
3.2 NEFBEHF IR ER

M3 RO, ASEFAE N ER S A D Re
ARFEFRIE CV N 2.49%~97.58%, LA & 7K R [1AR
SRR RN, FOM R K RN i R T
MR PR . 25K K B, A
MR, TR ESSE TR, ek
RN, LR A R AR LT A e, L
UG EBR A R s . A RIS IR K
Mt S B B BSR4 S B AR
Gb, HARE T BEREZER . MERKRNT &, o
R #. . SRS EENIES, Mk AT R
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Table 2 Difference of soil factors in Rosa anemoniflora community under different environmental conditions

T BT SN RWER R AT il FEA v
Soil factor Xlgtlanwan Xn_ltlanwan Dong_shanql Shang]l Xledl Qla_myang %
Village I Village IT an Village Village Village Village

/K% Water content /% 19.93¢ 19.69¢ 21.14c 26.42b 38.69a 21.27¢ 29.25
2% # Unit weight (g/cm?) 1.06a 1.06a 1.04a 0.91ab 0.81b 1.039a 12.37
pH 5.38¢ 5.64b 6.12a 5.67b 6.35a 5.93a 9.44
AL Organic matter (g/kg) 59.20b 41.70c 82.10a 53.30b 31.10c 56.30b 31.14
AR & Total nitrogen content (N, g/kg) 2.56b 1.86¢ 32la 3.22a 1.59¢ 2.05bc 28.17
=T & & Total phosphorus content (g/kg) 0.58b 0.52b 0.92a 0.85a 0.43¢ 0.34c 36.72
4424 & Total kalium content (g/kg) 24.20b 21.50bc 30.50ab 18.40c 25.70b 37.20a 25.30
T & & Alkaline nitrogen content (mg/kg) 335.00b 222.00bc 515.00a 401.00ab 182.00c 230.00bc 38.97
H 35 & Available phosphorus content (mg/kg) 1.00b 1.90b 16.60a 3.90b 1.10b 3.20b 122.28
LA & Available kalium content (mg/kg) 99.00b 90.00b 134.00a 76.00b 72.00b 56.00c 29.99
C/N 23.13b 22.42b 25.58a 16.55¢ 19.56b 27.46a 18.25
c/p 102.07b 80.19¢ 89.24c¢ 62.71d 72.33¢ 165.59a 37.30
N/P 4.41b 3.58b 3.49b 3.79b 3.70b 6.03a 23.16

[EAT Hds J5 AN [F) - BER 7R 22 57 . 35 (P<0.05). T[]

Data followed different letters at the same line indicate significant differences at 0.05 level. The same below
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Table 3 Functional traits of Rosa anemoniflora
b WML FHESHT R LB i WER
Functional trait qutlanwan letlanwan Dongshanqlan S}_langjl Xledl qunyang %
Village [ Village 11 Village Village Village Village
SFEIAE Average diameter (mm) 4.78a 4.17ab 3.91b 3.28b 4.77a 447ab  13.62
“EZEK Average stem length (m) 0.84bc 0.75¢ 1.1ab 0.96b 1.43a 1.21a 23.93
& Leaf length (cm) 4.11a 2.58b 2.17bc 1.63¢ 4.04a 4.04a 35.61
%% Leaf width (cm) 1.03ab 0.99ab 0.93b 0.49¢ 1.35a 1.15a 28.53
MJE4E2L Leaf shape index 4.03a 2.61c 2.34c¢ 3.28b 3.00b 3.53ab 19.74
HE K Leaf circumference (cm) 9.38a 6.23b 5.62b 3.78¢ 9.27a 9.13a 32.66
AL Leaf area (cm?) 3.24b 2.10c 1.68d 0.63¢ 4.23a 3.51ab  51.83
Ler AL Specific leaf area (cm?/g) 202.53b 233.48b 280.92a 42.35d 184.23¢ 175.60c 43.08
405 & & Leaf dry matter content (g/kg) 390.24b 409.09ab 375.00b 384.62b 389.83b 434.78a 5.41
Lkt # Specific leaf weight (g/cm?) 0.00b 0.00b 0.00b 0.02a 0.01b 0.01b 97.58
P /K# Water content /% 60.82a 59.44a 60.71a 61.06a 61.87a 57.64a 2.49
6% & & Leaf carbon content (g/kg) 571.10a 550.80a 587.90a 563.68a 566.90a 541.70a 2.86
% & & Leaf nitrogen content (g/kg) 18.73a 15.95b 18.60a 17.97ab 18.98a 17.57ab 6.22
M%7/ Leaf phosphorus content (g/kg) 1.17¢ 1.05¢ 1.28b 1.27b 1.54a 1.31b 12.84
44 i Leaf kalium content (g/kg) 8.43b 9.36ab 9.81ab 9.54ab 10.78a 9.34ab 8.00
4524 & Leaf calcium content (g/kg) 12.21b 11.43bc 10.28¢ 12.96b 11.96bc 18.90a 23.50
854 & Leaf magnesium content (g/kg) 3.09¢ 3.48¢c 3.88b 3.84b 4.34a 4.43a 13.22
MR AL Leaf C/N 30.49b 34.53a 31.61b 31.37b 29.87b 30.83b 5.19
- LL Leaf C/P 488.12ab 524.57a 459.30b 443.84b 368.12¢ 413.51b 12.25
U L Leaf N/P 16.01a 15.19a 14.53ab 14.15ab 12.32b 13.41b 9.14
4 HUR R D RE IR 2 18] FAH S
Table 4 Correlation among leaf functional traits of Rosa anemoniflora
PR Trait LA LC LL w wC LCC LNC LPC LKC LCaC  LMgC LI SLA  LDMC
LC 0.967"
LL 0.959"  0.995™
LW 0.941™  0.865"  0.830"
WwC -0.097 -0.178 -0.186 —0.110
LCC -0.240 -0.238 -0.290 -0.151 0.729
LNC 0.297 0.298 0.295 0.184 0.601 0.655
LPC 0.474 0.318 0.328 0.432 0.374 0.177 0.693
LKC 0.193  -0.056 —0.072 0.336 0.378 0.146 0.240 0.771
LCaC 0.321 0.374 0.426 0.164 -0.767 -0.751 -0.150 0.142 -0.176
LMgC  0.301 0.136 0.148 0343 -0222 -0.276 0.159 0.756 0.727 0.518
LI 0.347 0.511 0.575 0.022 -0.120 —-0.301 0273 -0.007 -0.578 0.502 -0.225
SLA 0.318 0.324 0.234 0.558 —0.128 0314 -0.047 -0.184 -0.005 -0326 —-0.160 —0.442
LDMC 0.398 0.428 0.457 0.345 -0.893" -0.919" -0.548 —0.150 —0.208 0.847"  0.339 0.289  —0.026
SLW  —0.643 -0.649 -0.577 -0.806 0.236 -0.064 0.016 0.046 0.005 0.074 0.041 0.183  -0.922™ -0.227
LA: PRI LC: FEJEH LL: AR LW: IF9E; WC: %7KE; LCC: MRS i, LNC: FHEE & LPC: FHBE & LKC: M i, LCaC: HHG & &
LMgC: M85, LI: ME4E%; SLA: HHEAL; LDMC: M-F4)5 & &; SLW: i ; **: P<0.01; *: P<0.05.

LA: Leaf area; LC: Leaf circumference; LL: Leaf length; LW: Leaf width; WC: Water content; LCC: Leaf carbon content; LNC: Leaf nitrogen content; LPC:

Leaf phosphorus content; LKC: Leaf kalium content; LCaC: Leaf calcium content; LMgC: Leaf magnesium content; LI: Leaf shape index; SLA: Specific leaf

area; LDMC: Leaf dry matter content; SLW: Specific leaf weight; **: P<0.01;

*: P<0.05.
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A F ST 2 -
o R Y
HenF TR - $9e A LS it A
A b AN
° o
g % F e |4
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) S| s 1
~ | 5] —
g — 7 K g ’ Tﬁ{ & LB )
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Fig. 1 Redundancy analysis of the character indexes of Rosa anemoniflora and soil environment
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