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Responses of plant functional traits to environmental variables across different
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Abstract: Plant functional traits are important attributes that characterize plant adaptation to environmental changes as well
as the evolution and balance of plant functions. The relationship between functional traits and environmental conditions is
essential for understanding vegetation’s adaptation strategies to the changing habitats. Three biogeographical and climatic
zones ( Steppe, Forest steppe, and Forest) in the Yanhe River Basin of the Loess Hilly Region were stratified sampled in
this study, and the field experiments were performed to determine the functional traits of plant communities and the
physicochemical characteristics of the soil. Changes in functional traits of plants along the vegetation zone and their

responses to environmental conditions were analyzed in combination with meteorological data. The results are as follows:
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(1) the specific leaf area (SLA), leaf nitrogen content ( LNC), leaf nitrogen-phosphorus ratio ( LN/LP), root carbon
content (RCC), root carbon-nitrogen ratio (RC/RN) and root nitrogen-phosphorus ratio (RN/RP) increased significantly
from Steppe to Forest, while leaf tissue density (LTD), leaf carbon-phosphorus ratio ( LC/LN) and specific root length
(SRL) decreased significantly. The phosphorus content of plants in the Forest-steppe was significantly higher than that in
the Forest and the Steppe. (2) Water conditions were the dominant factors regulating the variation of plant community
functional traits, which could directly affect leaf and root functional traits, and indirectly affect leaf functional traits by
influencing soil nutrients and moisture levels. (3) Plant communities could enhance the ability to adapt to dry and barren
site circumstances by increasing SLA, decreasing LTD, and SRL as the availability of nutrients and water increased from
the Steppe to the Forest. Nitrogen was the main limiting element for plant growth in Steppe areas, while Forest steppe areas

were simultaneously limited by N and P.
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Fig.1 Overview of the study area
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Table 1 Measurement and calculation of functional traits
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Fig.2 Changes of leaf functional traits across different vegetation zone
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Fig.3 Changes of root functional traits across different vegetation zones
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Table 2 Changes of climate and soil factors along different vegetation zones

S8 Parameters TEJF Steppe FRFREEJE Forest Steppe FEHK Forest
AEFRETH Mean annual precipitation/mm 439.35+£0.79 ¢ 484.57+1.16 b 519.1x1.1 a
7—9 HF&FH July-September precipitation/mm 257.9+0.61 ¢ 288.67+0.72 b 305.42+0.77 a
43525 & Mean annual evaporation/mm 969.06+2 a 900.48+2 b 884.16+2.45 ¢
AEHHRE Mean annual temperature/C 7.89+0.06 ¢ 8.87+0.06 a 8.58+0.1 b
#i® H IR January temperatures/C =7.77£0.04 ¢ -6.73+0.04 b -6.51+£0.06 a
A H WEE July temperature/ C 21.59+0.08 b 22.36+0.07 a 21.63+0.13 b
43K 4 Soil water content/ % 7.58+0.21 b 8.35+0.42 b 11.42+0.91 a
+ Rk A Soil carbon content/ (g/kg) 5.66+0.44 b 6.42+0.4 b 15.71£2.06 a
+HEA 2 Soil nitrogen content/ (g/kg) 0.34+0.02 b 0.36+0.02 b 1.44+0.17 a
+ R 5 i Soil phosphorus content/ (g/kg) 0.52+0.01 b 0.68+0.03 a 0.55+0.01 b
R AL Soil carbon-nitrogen ratio 17.16+1.27 a 17.92+0.62 a 10.69+0.33 b
FHEABE L Soil nitrogen-phosphorus ratio 0.66+0.05 b 0.56+0.04 b 2.61£0.29 a

PRI R 2R B ) R TE SO E B ER | [F— 4T AR RING RN O R e 2 6] BA7 I 35 22 5 (P<0.05)

http ; //www.ecologica.cn



14 4] JE5RAG A ST A AN ) AR R A D RE PR 2 A B HEX BRI DR 1 (1 i 1 6051

1.0
SLA | SLA | -067 015 035 -0.19 -029 051 -032 -025 039 024 -0.15 0.17 024
LTD ‘ LTD -0.19 -0.07 0.1 000 -029 038 000 -028 -0.17 033 -0.18 -028 0.8
Lcc LCC 009 -021 027 031 -0.05 005 030 015 -0.17 012 0.5
0.6
LNC | 4% LNC 012  -091 067 -0.05 -037 042 035 061 -0.09 -028
0.4
LPC LPC  -023 -0.54 006 026 -0.02 -0.07 006  -0.05 0.02
LCAN | & * ’ LCAN -050 005 045 030 -0.25 -0.58 009 028 02
e | @ @ . . @ @ e 022 017 040 039 027 002 006 -
0 W&
SRL | & 4+ SRL 009 -0.16 0.0 020 -032 -0.12 %é
RTD e & RTD 038 -0.12 —-0.05 -0.16 -0.07 02
RCC | &% & ¥ wx ¥ &= €9 RCC 046 000 031 028 Coa
RNC . o %9 RNC 014 -0.65 043
-0.6
RPC * xx ® - RPC  -026 —-0.68
RC/RN * * . RC/RN -0.14 -0.8
RN/RP * * * % * % ‘ RN/RP o
=%} — )
s B & £ & &4 1 =2 &8 § ¢ E £ 2
7] = = = = o) 4 n & &~ [~ O 4
S 5 g =

*P<0.05, **P<0.01

B4 AREEZEEEMERZ EEEXYE
Fig.4 Correlations between different functional traits
SLA : tbM IR Specific leaf area; LTD ; 412U % i Leaf tissue density ; LCC: ik &% 5 Leaf carbon content; LNC ;47 & Leaf nitrogen content;
LPC . M % Leaf phosphorus content; LC/LN ;B % [t Leaf carbon-nitrogen ratio; LN/LP ;% Lt Leaf nitrogen-phosphorus ratio; SRL; lL R
[ Specific root length; RTD : #RZH 2% & Root tissue density; RCC : i & & Root carbon content; RNC:#R %% #i Root nitrogen content; RPC 4}
% 1 Root phosphorus content; RC/RN ; #RER & L Root carbon-nitrogen ratio; RN/RP : #R &M Lt Root nitrogen-phosphorus ratio

2.3.2  HYTIREMR S FREE T A BT

AR BT R B, AN FAED DR IR S5 A 7 Z AR E 24 A EAE I C R (B S) o X R DRtk
R, SLA 5 MAP P T, .SW . SC HI SN # 2 5 1IEAHIE , 5 MAE # 5 3 FAH 6, 1 LTD 5 P45 748 8 119 #H O 1 )
5 SLA Mi/Z, LNC 5 MAP P, T i3 IEHISE, 5 MAE % 35 (A5G, LPC 5 MAT £BUN B MG, 5
T, oM T AR EIEMIE, S TFARAENIR , SRL 5 MAP Py, T, SW .SC Fl SN H i 3% IEAHI2E, 5 MAT .3 1F
FHOE, T 5 MAE B B E MG, RCC 5 MAP P, T, W B E IFAI G, 5 MAE #)% % 3 7k 56, T 45 SC Fl SN i
FIEME, RPC 5 T, (M T, B IEAR, LRt 2= AN AR A2 2 S5 A 3 R 2R i P R s
2.4 IREEARALGTHE YT RE TR B 52 e AR S A

RDA i/ Bl 7w ,RDAT AT RDA2 4143 51 5 AR D Re Ik 5 PRSI 22 b 7 22 B B 2 1Y 37.93% 11
23.52% (8 6) ,RDA1 H1 RDA2 Bl S BE - 61.45% , 3¢ B S M PR 25 0 - 338 S5 42 %) A B AE Bl s 3 RE PR A
SERTTERAS K AN [A) S M R 26 0 = 398 PR R T RE MR 00 5 1 6 R R A 4%, SLA 5 SC SN Fll MAP 2 1F Af]
%, 5 MAE 2 AH5E; LTD 5 SC/SN S IFEAHE, 5 SN/SP . SW Al SN fi 56, SRL 5 MAE £ 1EAH5, 5 SN #
SC A LTD 5 SC/SN IEAHSG, 5 SW A1 SN/SP FAHSC, X RDA LA b iy fift A8 i (FRBE I 2R b 47 i 4
GURFEH (3 3) ,MAP Py MAE MAT 1T, X5 bR A% e 8 32 R0 SR 28 B0 i 357K, SC/SN XA [

http ; //www.ecologica.cn



6052 JAE = 43 4

il B B A R OK O R, MAP R i R B

(18.6%) , ik N Py (9.2%) , Fe A& N SC/SN(2.9%),  SLA [ Sl m 1.0
T E Y SN TS U T oo s IZ:
BRI S TURAL, SEUOUIRIE A, T E IS 20t NG| W
WIIIREREAR FOB . ol EEEE S o
T fi i/ — TR BURL (PLS-PM) B BB U1 B e e o %
WAEME T AR IERZ XY AR DIEE R --027
NI ALIGERMETE S IS TR S B R s
i 3 ARBERTE I REPEAR T BN #%E, K sh  Rec fas . 08
SRR XTI F S MR 72 A TE BT O, K o [ - 08
B P T P

AR, 7K 5330 BEAS FLHE 52 A 1338 5 /K ks ) + 1 57 43
o i N XA 7 D RE AR = A5, Bz, K
O3 2K PR A ELHE TE [ B0 I 1 AR ST 2380 1 5 B RERESHERR BHAXE
+ i%ﬂ( % {E’u\ i ﬂ:] + i%% ?% ﬁj\ /Ei\ i 5’5 [ET] }_ ?ﬁ ﬂ["il n + Hﬂfi }{ﬁo f:agltss Correlations between environmental factors and functional
AHEST IR R PRS2 e, AR D REPEAR Y MAPAEFHIBERT B Mean annual precipitation; Prg : 7—9 J FE
-2 ﬂﬁ%ﬁéﬁﬂvﬁﬁﬁ , f%%fﬂﬁ:ﬂﬁﬂ(ﬁ%#ﬁ*ﬁﬁ] ﬁlé July-September precipitation; T, 1o :4—10 HF3iLEE April-October
. - , e temperature; T, : iz #4 A #43 July temperature; T, : £ ¥ H ¥R
‘HE/U\FEét{Eji E/‘JIE['EJE%‘E} IJIJEJ ’ ﬁﬁﬁﬂ(ﬁiﬁﬂfﬁz{)\ E{/\JE’J January temperatures; MAT; 4F- ¥ i £ Mean annual temperature;
l]@ gﬁg%%?x#*ﬁ‘lﬁ{){jﬁ E‘]?ﬁ ﬂ[ﬂ gﬁg‘z , %Iﬂﬁjﬁﬁﬁ}'ﬁ%ﬁ MAE . 4£357% & Mean annual evaporation;SW;i%ﬂ(/F‘i\g Soil water
W fl K 2 22 Ky . W fil 5 47 content ;SC ; 13K & & Soil carbon content; SN 3 % & i Soil
W I PR B A R R 1,017, KRR R 0 52 i) [ 4 ittogen contentsSP +-£ HEBE A Bt Soil phosphorus content; SC/SN: -
%ﬁj‘j 0.793, ﬁﬁ%@ﬁfﬁ%ﬁ%”T%H*E‘@’Iﬁﬂlﬁﬁ%—] HEwR &0 Lt Soil carbon-nitrogen ratio; SN/SP. 1 3 & B b Soil
. b —fe N, . nitrogen-phosphorus ratio
(RN ZAES SN L7/ S o) preempRerons =

¥

b

<0.05, ** P<0.01
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Table 3 Permutation test of different environmental factors of RDA plot

ZH fi e TEkIE

Parameters Explains/ % Contribution/ % F P
AEH TN Mean annual precipitation 28.6 51.8 21.7 0.002
7—9 ARETN July-September precipitation 9.2 16.6 7.8 0.002
AEYZ€ K Mean annual evaporation 4 7.3 4.5 0.002
AEYIEE Mean annual temperature 6 10.9 6.2 0.004
5% A Y January temperatures 1.7 3.1 1.5 0.158
B A YR July temperature 4.2 7.6 3.9 0.006
3K 5 Soil water content 0.3 0.6 0.4 0.892
+HERR AL Soil carbon content 0.2 0.3 0.2 0.99
A& Soil nitrogen content 0.9 1.5 0.9 0.452
R AL Soil carbon-nitrogen ratio 2.9 5.2 2.5 0.034
FHEABE L Soil nitrogen-phosphorus ratio 1.1 2 1.2 0.27
3 g
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Fig.6 RDA ranking plot of plant functional traits and environmental factors
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Fig.7 PLS-PM model of plant functional trait drivers
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