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Adaptation of traits and biomass allocation of Pedicularis longiflora to
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Absia The traditional Chinese herbal medicine Pedicularis longiflora is distributed in alpine meadows or beside streams
as a typical alpine plant. For better protecting and utilizing P. longiflora, it is crucial to study its adaptation to environmental
changes, which was investigated in this study with a focus on the differentiation of the plant functional traits and biomass
allocation of P. longiflora at two slope aspects. By measuring the detailed environmental factors at two slope aspects in an
alpine meadow of Mt. Kaka, the eastern Tibetan Plateau, firstly, leaf traits, leaf number, and plant height of P. longiflora as

Wk H 1Y) Received: 2016-08-19 %52 Hl| Accepted: 2016-09-14

*[5 58 [ AR FL 2 200 H (31400389) | rfy [ 11 J5 BF 24 5L 4 10 H (2014M552385) 1 [ bR A A /E W H (2013DFR90670) %) Supported by the
National Natural Science Foundation of China (31400389), the China Postdoctoral Science Foundation (2014M552385), and the International Sci-tech
Cooperation Program of China (2013DFR90670)

#IL[H) 2 —1E#H Co-first authors

** i fE# Corresponding author (E-mail: wangjn@cib.ac.cn; wuyan@cib.ac.cn)



23%: Ttk % 649

well as their correlation and trade-off relationships between the south-east and south-west slopes were compared. Secondly, the
adaptation strategies of P. longiflora to comparable habitats were explored from the biomass partitioning perspective at different
slope aspects. Furthermore, regression analysis was performed to assess the relationships among the traits, biomass indices, and
environmental factors. Lastly, the study was scaled up from plant traits to individual biomass for comprehensive understanding
of the ecological adaptability of P. longiflora. The results showed that P. longiflora mainly adapted to environmental changes
through specific leaf area (SLA), which was 175.272 + 6.597 cm?/g greater at the south-west slope than that of the individuals at
the south-east slope. Isometric scaling (o = 1) existed in paired organ biomass of P. longiflora, indicating that genetic regulation
played a crucial role in biomass partitioning. In addition, with fixed stem biomass, P. longiflora had relatively greater leaf biomass
for better photosynthesis at the south-west slope than at the south-east slope. At the south-east slope, P. longiflora allocated more
biomass to reproductive organs to enhance their population maintenance. Temperature and competition within the community
were the major factors influencing and regulating biomass allocation and morphological traits of P. longiflora. Biomass allocation
of P. longiflora was mainly constrained by the isometric scaling rule, while optimal partitioning also existed due to regulation of
environmental factors. From the perspective of conserving and cultivating the alpine herbal medicine resource, temperature and
species competition need to be carefully controlled in the community in the practical artificial breeding. Therefore, the results
of this study showed trade-offs of P. longiflora traits and biomass allocation and adaptation to environmental changes, which

provides basis for the development and utilization of this medicinal resource.

TEeyandls environmental factor; leaf trait; plant height; trade-off; isometric scaling; optimal partitioning theory
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Table 1 Comparisons of general information at two different slope aspects
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Fig. 1 Illustration of the trade-off between paired traits >’ The trade-

off is represented by the root mean square error (RMSE) of paired traits.
RMSE is the distance from the coordinate of paired traits to the diagonal
line (1:1 line) where the trade-off is zero. The farther the distance is, the
larger the trade-off is. Additionally, the relative position of the coordinate to
the diagonal line indicates which trait is more beneficial. The order for the
trade-off of dot a, b and ¢ is a > ¢ > b = 0. And the trade-off of dot a is more
beneficial for trait B, however the trade-off of dot ¢ is more beneficial for
trait A.

| i Shannoni £{ SR
Slope aspect Cover (/%) Shannon index Evenness index L/C LG Lyt VWC,/%
i SW 75+ 1.7a 1.555 £ 0.101b 0.786 + 0.007a 10.0 £ 0.3b 8.4+0.1a 8.3+0.04a 65.77 = 0.81b
A Y% SE 72 +3.6a 2.108 £+ 0.055a 0.815+0.014a 13.9+0.2a 7.8+0.1b 8.2+ 0.04a 70.17 £ 0.53a

Tyen Tion T3 028 SR, MR 10 om, 20 emh Y B3 IR B s VWC Ol H 3G T 10 emb i) L3 fA BUS Ko s AR R R R 22 57 3% (P <0.05) .
T..» T}, and T,y are air temperature, and soil temperature at 10 cm and 20 cm soil depth below horizon, respectively; VWC,,was soil volumetric moisture at 10 cm
soil depth below horizon. Different letters indicate significant difference (P < 0.05).
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Fig. 2 Variation of leaf traits, leaf numbers and plant height of P. longiflora and their correlations at different slope aspects. Diagonal line is mean + SE,
and different letters indicate significant difference; r is correlation coefficient. ILM: Individual leaf mass; ILA: Individual leaf area; SLA: Specific leaf area; LN:

Leaf number; PH: Plant height; SW: South-west slope; SE: South-east slope.
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Fig. 4 Organ biomass, aboveground and the whole plant biomass of P.
longiflora at two different slope aspects. Different letters indicate significant
difference, and the bar is standard error.
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ljj’;tz"jlj‘;ff:é“m P = 0.888; 251557 Wald = 0.442, P = 0.506) , [fii i # 76 1
= V) 5L H ) 0 0 0 0 N s . v
Stembiﬁnass percent 21.63%+0.84% 23.81%£0.79% 3.55 0.06 () 355 1] %) $UL5 £ 908 35 A L Tl 32 8% (Wald = 1.874, P =
TR T I HF% (Wald = 12.267, P<0.001) .
B R I 12.97% + 0.70% 16.21% + 0.88% 8.30 0.005 . - e = - .
Flower biomass percent 23 KTESDAEENEREEYMESNERFZEM
o ARV R E A H o o o o
Aboveground biomass percent 62:99% * 1.22% 66.65% 103% 5.27 0.02 HIEEES » . o
IS FHEISART AL, FRAEAE KT 100 A 24, H B Tk

0.67£0.06  0.53+£002 496 0.03

Root : shoot ratio

HRIKT5.8%, DRI e FE R P A 3 B G — 2 . R Z1

R3 FEFEERKEDS LB EYMBANEXRERBEYRERERKKE

Table 3 Allometric scaling exponents and the test of isometry between the paired coupled biomass of P. longiflora at two slopes

[HAE & vs. W1 S [l 2 AR KA TR RS A B e Ah IR A 5
A% g R P B¥o I 1gp - * Test of isometry ~ Intercept drifttest ~ Coaxial drift test
Slope Common slope =
yvs.x X P Wald P Wald P
SW 0.151 <0.001 1.028 0.277
RB vs. SB SE 0328 <0001 0710 0,023 0.946 0.717 0.397 4.934 0.026 6.796 0.009
SW 0.236 <0.001 0.947 0.037
RBvs. LB SE 0.202 <0001 0.820 _04153 0.882 3.549 0.063 0.020 0.888 1.874 0.171
SW 0.010 0.351 0.936 0.370
RBvs. FB SE 0026 0132 0823 0.058 — — — — — — —
SW 0.419 <0.001 0.921 -0.234
. . <0.
SBvs. LB SE 0326 <0001 0.926 _0.148 0.923 1.776 0.183 5.488 0.019 12.267 0.001
SW 0.042 0.052 0.911 0.090
SB vs. FB SE 0.073 0.010 0.929 0.091 0.920 1.280 0.258 0.442 0.506 23.034 <0.001
SW 0.131 <0.001 0.989 0.352
LB vs. FB SE 0113 0.001 1.004 0.258 0.996 0.003 0.958 6.588 0.010 10.941 0.001
SW 0.214 <0.001 1.203 -0.020
BGB vs. AGB SE 0301 <0001 1,059 0259 1.124 3.208 0.073 5713 0.017 7.049 0.008

RB: /LY ; SB: 28k hE; LB: /W ht; FB: #6/: Wi BGB: b FA ¥ it; AGB: #b b /=¥y, SW: PUF§HE; SE: R,
RB: Root biomass; SB: Stem biomass; LB: Leaf biomass; FB: Flower biomass; BGB: Belowground biomass; AGB: Aboveground biomass. SW: South west slope;
SE: South east slope.
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BEls HEEFMEZHENERS S0 BAE (A) MBEEFE (B). 7, To. Lo/l 2 G, #1382 F10 em, 20 emZh 9 HHEZ; VWC,A
HFE 10 ek i 2 AR TR S K B R SRR R 22 5 ik 3 (P < 0.05) .

Fig. 5 Principal Component Analysis of environment factors and community characteristics: (A) scree plot and (B) load factor graph. 7, 7;, and 7,,are
air temperature, and soil temperature at 10 cm and 20 c¢m soil depth below horizon, respectively; VWC,,was soil volumetric moisture at 10 cm soil depth below
horizon. Different letters indicate significant difference (P < 0.05).
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F: ZEHH Shannon-Weiner§ 5, 75 <l & & -4 10 cm4h i 3
21 %, AT R RS B 1 54.2%, N AN 220 B A HE B v 26
KA, +IE 10 emik K435 52 20 emAh Ay,
Al i B RS B 1 21.6% (FISB) . KAE D SeiE bk . 229
A, R R E AR S 21, Z2 A
Rz A IEIE R (P<0.01), b, Ay RS - H
BHREMBELEIAEZR (P <0.05), MHHABESEKST
WBEMEIAXEZR (P> 0.05), I F B0 ARAEY &0 5L
[ 5 A2, [, ZU6k R AS AR (R Y5 T22,
ZIX Ay g bR B A IE R ER (Z1 parameters > 0) , X
RAFR (MR 5B BRSE) A U BREH (Z1 parameters < 0) |
Z2XF T FEAs (ZEA . Eor T AR Bk i R A1) 240k B
AEH (Z2 parameters <0) .

x4 TR EEMERREMERRNERSOIFHE
Table 4 Stepwise regression equations between principal components
and traits & biomass indexes

S, EE €Y
D Ef . Independent variable e R P
\?:rei;lbleen coefficient Intercept
E Vo ANEN ¥ 0/
I 0.00308
£ SB (0.486) — 0.0348  0.486 <0.001
= 0.00205 -0.00287
A4 & LB 0311) (0.244) 0.0422  0.555  0.001
. - 0.00237 -0.00223
WY FB (0.388) 0.137) 0.0209  0.525  0.002
. 0.00751 -0.00603
b b AEW) e AGB 0.533) 0.138) 0.0979  0.671 <0.001
. 0.00725 ~0.00622
I—_ll - =
By E TB 0317) (0.093) 0.1510  0.410  0.011
-8.277
| 1 N
LT AL SLA 0317) 155.902 0317 0.010
- -0.172
FkEs PH 0.507) — 2778 0.507  0.002
e -0.836
A EH LN 0.143) 14.367 0.143  0.101

" RN A AT AT AR, $5 5 PR R
“— ” indicates the independent variable does not entry into the model, and it
is partial R” in the brackets.

24 KEGEEHAERMANMEEYME Z EREIA

X&

R A6 T e (0 24 W 45 s 24 R e PR B g E R EE
EAM BEWRIEE R (£S5, P<0.001). Fira AR
FRef, 46 AR R AR G P RBORAIG (0.119) , HA Y RAl
IR e 8 B TE0.3L) [, A B H 5 HE A4 A AR W A )

RS REDEEHFEK. ke SENERFENES @IS E

o, ELTE TAT 7S dak e p b RS ik i R D BE (IR R?) ey, R
T AL AT R 25 A W B A A A PR A A R R AR S
Ay A 1 1] UL TR v A AT B I D L P AR TR A e
BEA HE AT AT PAZ fE AL

SR

31 AEBREKEDS KB A RS

AL 9 L T B 38 5 A X A 3 3 A LA
Do HURIEASE, B L Th0 FR B AR OGS I B4 By 0 45 4 43
GEAX A 2L BT, R AR IR T Y AR BT L AR B
TR BT A 85 v FL A O 4 e e AR R A 1 e v OO R
SEPRE NI CHEIN R, SRS R AL B T (AR i
FERESD) AN ARG, PR B A 2R | s R K
K SRR T AR, L R TR B (3R ).
SO6A VR B LU T AR R R e, 4593 B 7Y R AR AR
TR YA bR O Rk R 9 22 A ), B A ) T
HEAT G A T8 38 X 5. 3R] BE Fh T P4 R SR A P
SRR, XOEBETE RO A, I ELPG R LR
=, AR T FOCR s, $EE TN, PAEITR A R 7
S, VU R SR I X, R — O T AR R, T K
O3 BT AR T B U AT RE oy TP RO O ZE R BOKR, AR
AR B P T R — P AT B 2 i T ) 3 B e A ([R]
3A) , B RAE I KA A T AR, R T (45 PG e R R Y LG
AR TR R (T&12) , ir LY e e ok B A S SR Y
PR FRARBE J1. PSS 1) AR 09 TR i B S R
ZIEIFTE R R PEA SC S & (1812) , LS HE IR AR IR
3B SRR 2 1 9 728 P A 2 17 B 1) BIp ). AR A8 ASU A 20 A
FROZE SR, 7Y P SRR R SR IBORR R > I B0 H > e T AR Y 455
it 5 SR W, 7% e S0 )AL R DR BB 1 I R B > ki > L T
RRI) £ 5 i 4 A m (K13BL C. D), FRIT WA 8 1) AL Bk 1)
FrBCE AR I B 2 S, ATRER IR AE S SR Y
P32 B g AL R, b B A bR s AT B AR, 3R
A b P AR R P58 A P R ) S
32 ARFERESEESNENES BNE

Ay 3 TC R SR R AR A MR A A I S AR B e
] Fry A5 0GR FL A T B e Y, T ) 2 ) 43 IR A DR 7Y
WRARZ, WA LY 25 1k W e A8 AL BR85S
AP0 N X A SR T, 7R T AR R A R A A 4
AR TP R A R (14) . 7R R ) A 25 AN
TR, RORZREPEAE MR T VU R, (HE 2 (3%

Table 5 Stepwise regression equations between leaf traits, plant height and biomass of P. longiflora

e [175 i £ %0 Independent variable coefficient el R p
Dependent variable A% H LN PR ILM AT AR ILA Lok A SLA Intercept
=AWt SB 0.0018 (0.333) 2.504 (0.06) - 4.89 % 10° (0.016) 20013 0.408 <0.001
R4 5 LB 0.0024 (0.580) 1757 (0.133) 0.012 (0.010) — ~0.014 0723 <0.001
WY FB 0.0005 (0.076) — 0.004 (0.011) 2.96 x 107 (0.031) 0.013 0.119 <0.001
Mo I AEYE AGB 0.0048 (0.486) 2.622 (0.007) 0.030 (0.114) — -0.012 0.607 <0.001
A B RB 0.0017 (0.278) — 0.015 (0.042) — 0.012 0.320 <0.001
B E TB 0.0057 (0.451) — 0.060 (0.103) — 0.015 0.554 <0.001

" RN A AT A AR, 555 R R

“—” indicates the independent variable does not entry into the model, and it is partial R” in the brackets.
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