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Source of variation of plant functional traits in the Yanhe river watershed: the
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Abstract: Identifying the impact of phylogeny and environmental change on variation in plant traits is an important
component of attempts to understand the adaptability and response of vegetation to environmental change. The relationship
between plant functional traits and environmental change is easier to measure with consistent phylogeny. In the study
reported here we analyzed the source of variation of six plant functional traits in 47 species from 19 sample sites in the
Yanhe river watershed of China. The 19 sample sites surveyed in this study were selected based on the climatic gradient, as
represented by vegetation zonality. The six plant functional traits investigated were specific leaf area (SLA), specific root

length (SRL), and the mass-based characteristics of leaf nitrogen concentration ( LN), leaf phosphorus concentration
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(LP), root nitrogen concentration (RN) , and root phosphorus concentration (RP). To analyze the impact of environmental
change on variation in plant traits, we also selected terrain factors and soil moisture content as environmental variables. We
then used variance analysis to differentiate the relative influence of phylogenetic background ( as represented by plant
family) , climatic conditions, terrain factors, and soil moisture content on trait variation, and used a stepwise regression
method to analyze the response of traits to environmental change in plants sharing a similar hereditary background. Our
results include the following observations: (1) significant differences were uncovered with respect to SLA, LN, and RP
under different climatic conditions. We found that SLA and RP of forest plants were 33% and 20% higher respectively, than
SLA and RP of steppe plants, whereas LN of plants from steppe sites was 19% higher than that of plants from forest sites.
Significant differences were also detected in SLA, SRL, LN, and RN among different families. Average SLA, LN, and RN
values measured from Leguminosae species were 16% , 65% and 98% higher respectively, than average values obtained for
all studied plants. Species from the family Poaceae had the highest SRL, which was 1.03-fold higher than the overall
average; (2) variation of plant functional traits was mainly determined by plant phylogenetic background, which accounted
for 27.86, 32.78, and 42.70% of observed variation in SRL, LN, and RN, respectively. On the other hand, LP and RP
were mainly influenced by the environment, which accounted for 24% and 15.58% , respectively, of observed variation in
LP and RP; (3) stepwise linear regression models revealed that species from different families responded differently to
environmental factors. Members of the families Leguminosae and Poaceae were more sensitive to regional hydrothermal
conditions, whereas Asteraceae and Rosaceae species were more strongly affected by local microenvironments. After removing
influences attributable to phylogenetic background, we were able to clearly and reliably discern relationships between
functional traits and the environment. In the Yanhe river watershed, plant phosphorus content was mainly determined by
terrain factors and soil moisture content. In contrast, plant nitrogen content, SLA, and SRL were mainly affected by plant
phylogenetic background. To summarize, plant phylogenetic background plays a controlling role in the influence of the

environment on plant traits in the Yanhe river watershed of China.

Key Words: functional trait; genetic background; phylogenetic background; response to environment
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Table 1 Geographical locations in different vegetation zones and the main climate and local topography factors of the study sites in Yanhe

river catchment

LT
g EE B e e e BE . EERR B
Sie cgetation Flevation/m  mainfall  temperature  potential Slope Aspect Slope Soil water
zone Jm C evaporation (°) classification content/ %
/mm
1 A Forest 1348 513.7 8.2 893.62 113 4 3 8.04
2 FHK Forest 1340 513.6 8.5 892.28 40.6 1 5 6.67
3 AR Forest 1330 511.0 8.4 891.85 13.9 4 3 6.24
4 FAK Forest 1318 509.9 8.5 890.25 26.7 3 5 7.37
5 AR Forest 1361 512.5 8.1 897.26 7.7 1 3 11.99
6 FHK Forest 1303 508.7 8.6 888.44 32.3 3 5 11.92
7 ARPR-FEJR Forest-Steppe 1220 461.8 8.6 921.99 1.2 3 1 7.87
8 FRHR-HEJF Forest-Steppe 1287 467.0 8.5 932.69 35.5 3 5 9.25
9 FRMR-FLJE Forest-Steppe 1272 466.6 8.7 930.60 40.4 3 5 9.31
10 FRHR-HEJF Forest-Steppe 1227 462.7 8.6 923.41 5.4 1 2 8.86
11 FRME-FE Forest-Steppe 1340 470.1 8.1 941.69 10.8 1 3 10.36
12 FEMR-FE Forest-Steppe 1358 471.4 8.0 944.71 18.7 2 4 11.62
13 FEJF Steppe 1301 4345 8.5 956.87 39.6 3 5 10.78
14 FEJF Steppe 1279 432.7 8.5 953.29 23.7 3 4 8.12
15 FEJF Steppe 1366 438.2 8.0 967.11 25.7 3 4 6.70
16 EEJF Steppe 1304 4325 8.3 959.13 16.5 2 4 7.06
17 FEJF Steppe 1329 4342 8.2 963.11 19.8 3 4 10.96
18 EEJF Steppe 1304 4325 8.3 959.21 21.1 3 4 8.52
19 FEJF Steppe 1280 430.7 8.4 955.25 13.1 2 3 5.37
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Fig.2 The difference of plant traits in different vegetation zone
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Fig.3 The difference of plant traits in different genera at species level
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10. 16% , %} SRL LN \LP A7 & 52, ff f L 454 3.92% .2.30% ,10.16%

x2 EWERKERFRIE

Table 2 The source of plant traits variation

AR " Fem AT SLA HARK SRL R LN W J & it LP HRE i RN IRt RP
Source of variation F /% F s/% F s/% F /% F s/% F 5/%
FH3 Families 1 143 14.96 497 2786%** 940 3278 0.85 5.58 1079 4270 087 6.7
TP Vegetation zone 2 0.1 0.92 181 025 271 1103 378 033* 036 0.63 0.60 2.65
B M4 Slope classification 4 123 311 204170 19.14 1284 2.58 9.01* 337 218" 2.80 8.33*
il Aspect 3010 0.41 343 3.05% 1217 11447 442 450 315 320* 3.27 725"
13K} Soil water content 2057 0.68 390  3.92° 525 230%** 967 10.016°** 253 185 0.29 0.32
24T Cumulative proportion 174 — 20.08 — 3678 — 7040 — 29.59 — 5056 — 25.32

# % % P<0.000; * * P<0.01; % P<0.05;df % HH P, ss R 2B LA ; SLA: Specific Leaf Area;SRL: Specific Root Length; LN Leaf
Nitrogen ; LP ; Leaf phosphorus; RN: Root Nitrogen; RP: Root Phosphorus

2.3 HEBRIEAL T SR DAL PR BRIE DR 1 4 0

WRIGHTE AP DI REVEIRAS S RO IR T IAL T SR 2250 . DRI A BRI A% 1 SR i J5 M D BE VDR X 34
S ARMEL R S 2R, AR SO phy e AR PR BRI A BE R TR AR R RE B ri) TR PR AR AR AR 14 AR R MR IR L
BEBRE RARE R 4 BRI 6 MAEY) DI RETEIRIEATZRAE [ 0B, SCHPR A IR BIGE T 1 2 K
AR (K 3) .

4 PRI R ) L BE P DR 6T 0 85 D 3R A8 Wi 7 5 R ATAE R 1 22 5 . BB ORASBHE P 19 D BE 1R AR v
SLA SRL Xif #1358 DX 2% weg 1 AR , He v S A 0y W Ao PR 32 252 BR T AL mI MK o0, B0 e R 6 | 1 43835 UK
I ORI ) X K G5 B B ARIC , T ARASFHEY 9 SLA (SRL W 32 i B2 A2 M A, ARAEE B3GR} i gl RHE )
AR MHE FRICER N P S X R S AR U, F P RACRE S RHMEY) LN SZEHk 3 10 SRR, RN XS
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TR RE I AR, LIP3 531) 32 T BE R B SE R , T AR LN (RP 23331 32 U B8 N ] 52 R 50, G AT
TS IR XHE YRR 200 b S R R AR EE AR Ak Ry 3= T M R 2R 0] AR R ) o 2
x3 AREMINEYERZE DS @RS
Table 3 Linear regression models of traits in different plant families with environmental factors

Gl LN LA [l YA

Family Traits Linear regress model ¥ k P K
SRk log SLA y=4.014-0.005R,,,, +5.997SM 24 0.594 0.008 0.294
Leguminosae log SRL y=-0.083+0.157 Aspect 17 0.594 0.009 0.313
ARAR log SLA y=13.404-1.398T,,,, 39 0.431 0.006 0.164
Gramineae log SRL y=12.123-6.616T,,, 39 0.367 0.02 0.112
log LN y=-3.793+0.003Dem+0.143 Aspect 39 0.529 0.002 0.241
log LP ¥=6.953-0.306T, 39 0.455 0.003 0.186
log RN y=4.675-0.495T,,, 39 0.363 0.021 0.109
HF} log LN y=-1.375+0.002Dem+0.091 Aspect 47 0.505 0.001 0.222
Asteraceae log LP y=-2.134+0.002Dem 48 0.403 0.004 0.144
log RN y=2.014+0.176T, 50 0.278 0.048 0.059
%P} Rosaceae  log LN y=5.188-2.28T,, 20 0.466 0.033 0.176
log RP y=0.071+0.056 Aspect 17 0.662 0.003 0.403

SM: 0—200cm + 214 L3 B KA Ry« AEHITN MR M IR, AFIRR ML R, AEXIRRW RN, Ty A RBESIR T,
AEVIRG T, AESIEGERIRG T, ERARIE T, . I RE 2k ;Slope : YL ; Aspect: Il E, . 4FEEAEZE & ik ; Positon: Y447 ; Dem: K ;
log: X AH R A AP PER(EH LA 10 A7) 14 %o $
3 g
3.1 HYIIRETEIRZE R R

FE PR PR B AR AL B i b T 7E R Gk B L SRR L AR A IR BE A U A [R) X IR AR 1Y
25 107 SR WAL A ] 5 25 0 B et 38 1 75 S bR R A R i 250 R Y PR 1 R 40t 18 K
(R TR TR AR TR | AL T REAE AR A I ) N AR HE D) — B 58 3 I PR IR 2 5 T HL BB TE & A st A% PR A0 A
AR DR SHAE A P DR X B A T g i oy R R b 32 B 35 S R B gl e Sl IR AR S T
ARSCHEFEFRI 8L Fxt 3 AR SRL LN RN A & 500, 2 g H RS S i B S, BN Aa )
IGRF RAFL SRR ik FERRHR & ARG LT AL FE N I E2k, GRHEY B
F S AL, H SLA (LN (RN 7351 & HR 0 Rh-F-2{E 16.33% ,65.23% \97.78% , RELEFR 437K I i ik = Fl 1 3
{5 BT N R B PR B 4T DRI e 1 8Lt H S AR B R DG 5 RGN SLA s RABHEYI AR £ HEEL
KAk H SRL & W F-F-Y{H 103.11% , BEEE - 35 -3 i 37243 K0 5 TAG R 2 ploR LA 9 U BE 4L M by
PSRBT, AR A 1T R 44, ] DL A [] 94 35 4 5 5 S SO ) 33 o7 B A5 1) SR AN [+] , DR T 3R A
A R PEAR 18 & SR T ) AN [

TR FREE A AR IR 0 A, 25 52 1) B A5 R - 5 383 4% 15 SR SR SE A )R AR o AR A 9], ai N - 458
s Rl ELBE 0 TR P PERAR , R IRRHE A LP RP 225 K W35 | 32t A5 15 St B0R2 W /N, (H AR 4 14 P9
i S SRR SRS M AR AR JR T IS U AR . R, BREE Y 28 4 5 3 Bl k) — LE Ty g
AR SRR BB G RN R X S A 22 RO M R A e R E 22 H
H, SLA IS BEE I 7] S PR AR A TG A ARAR XA SLA H5mn i DA ) i iR 33.02% , X W] g
W RPN O B S —TJ5 T, SLA BYZZALTEAN R R 18] 22 S 0K, 20 K 3R A A AR TR (3R 3) X T g2
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A5 B2 NI E AR )T ) O 2 0 1 0 3 7 3R W ) 22 5 2 LA R I3 X AN ) Mt B0 2 o A8 — B, ]
RE Y BEAICTH SR AL AR T SR8 35 S5U T AR MR AR L, PR 22 B TSRS ) (4 V& MR B SR T
HATERAE BRIt 2 X o2 A R M se MR S PR BT AW I O 28 o ATV PEAR SLA (SRL S99, SLA &5
14 ASFRE N R AATAE L 1 [BARERY i SRL (] R3S v A5 A M3 4 1+, log SRL=-0.358+ 0.001Dem,
AP AHN 0.035, %S R* D 0.201, 5 ANIRIRHGIREY) 5 PRI BRI N R ATBOR 2852 . WA RHE MR Y 17119
OIATREST 1AL AT S A R, S AR IR 9 R G A B S M AR PR AR AR A i Rz, AS R IR AR ) T A
PRI 32 M AN [R] A A7 5 4 SR A (R, Xk PR3 20 A B0 2 73 7 A g 1oz AT 1oz 77 Xl A AR, LLSLA R
1], SRMEY) SLA HAFSFBRR T 5 R SRR IEASE , A2 R E B, ARABHEY) SLA
SAEYRR BTN, Ferf SLA SRR sl K B2 AR 5C 5C 2R A RE -5 AR A o M R JEE IR | K AR A Y
W AT 5%, P-4 BE AN JELRE 1 5 SLA. 52 GAURH OC (LIl 38 e I kP s 2 , W J2 38 1 o k42 2 e, LDl
IR TEARSE 5 R RO O, T AR 55 VB BE RAR G |5 i B TR 5, AN [R) 8 s AR o R R
XPIRUEE WA 7K 25 A i 1O 4% N AR I, i JRE B 5 42 E O AUBE 80 T 3 SLA SR B K M SAAHDEOE R Y . R
7] B4 385 107 SR B BB 97 0 B 2 ) 25 T DR AR X3 MR A BHE I 1L 37 73K 73 R Bk 2 ) 21 T A7
(IR AT REPE SR, BRI N RS 1) 22 53 M T AR A A, S G S A PR 5T o i B, 3 A D BE 2 A R A
VR RS ZREE,

XA IR AR FIIREE S 2R (19 5E FEALBITFT , BE B4 Hb S AR ) X PR3 14 A A3 17 SR, 2 1 DX Sk P
RS ERIZAZ A MR O o Xof SN AP A 2 e A AR b 2 7 6 728 TR RS 1) S I RN, A5 REL 9 ) R 52
YA BRAERT
4 Hig

TERTFE XA Ay D RE PR BRI A AL A E N I, AR A) R B8 K B 18 SR b AU TR TR 3R, 3 T Se A W 1
AR AL T SO VIR S 2 B 2 5 T NSRRI T S AR X R A S ) A X
S, Al LA R PR U AR, A Tz FTDREMERA IR AL . ARTTE R BE LP RP X PRI I 1550
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