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Physio-ecological response strategies of the endangered medicinal plant Sinopodophyllum

hexandrum (Royle) Ying to altitudes

JIANG Jinhua, GAO Pengfei, DING Nana, TIAN Tingting, Al Dongxia, FAN Baoli*
Northwest Normal University, College of Life Sciences, Lanzhou 730000, China

Abstract: Changes in altitude incur changes in environmental conditions including light, temperature and humidity. These
changes have notable effects on plant metabolism, structure and function of plants. Moreover, specific combinations of plant
functional traits can serve as indicators of a plant’s response strategies towards environmental fluctuations. Sinopodophyllum
hexandrum ( Royle ) Ying is a traditional Chinese and Tibetan medicinal herb that usually grows in flat valleys,
understories, forest margins, or grassy thickets at high altitude ranging from 2700 to 4500 m. The rhizome and roots of this
plant are abundant in podophyllotoxin, a compound known for its efficacy in treating various types of cancers, and its
content is closely related to the distribution of plant biomass among organs, however, the biomass allocation pattern of
S. hexandrum is not yet known. To gain insight into this problem, we need to understand the strategies S. hexandrum uses
for resource acquisition and utilization in its natural environments. We utilized field sites in alpine meadows of the Tibetan

Plateau at two different altitudes to compare the functional traits, photosynthetic physiology, and biomass allocation
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characteristics to determine hiomass allocation pattern in wild habitat. The results showed that (1) The non-structural
carbon content in the leaves of S. hexandrum decreased with increasing altitude. However, there was an increasing trend in
the fine roots. Additionally, the contents of Chla, Chlb, Chla/b, and Chl (a+b) in the leaves exhibited significant
decrease with increasing altitude (P<0.05). This suggests that the plant’s adoption of a ’slow-reimbursement’ strategy,
characterized by lower specific leaf area (SLA) , chlorophyll content, and net photosynthetic rate at higher altitude, reflects
a trait trade-off pattern for adapting to the alpine grassland environment. (2) Altitude had a significant ( P<0.05) effect on
the biomass allocation strategies of roots and leaves of S. hexandrum. As altitude increased, the biomass allocation of
S. hexandrum to underground parts (roots and rhizomes) increased by 40% for roots and 26% for rhizomes, while the
allocation to aboveground parts ( stems and leaves) decreased. The biomass of each organ showed an allometric growth
relationship with individual size, which is consistent with the metabolic theory of ecology ( MTE ). This study helps to
provide a theoretical basis and data support for the management of alpine grassland plants as well as its artificial cultivation,

and helps to promote the sustainable development of endangered traditional Chinese medicine resources.

Key Words: biomass allocation; functional traits; allometric relationship; rhizomes; photosynthetic physiology
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Fig.1 Sinopodophyllum hexandrum in wild field

1.2 FEHbBER:

DUH R H R A6 DX 98 ) o3 A 1 25 Rl Bk LB R x4, F 2021 4 8 A4, ZEAELE 5
AR 2 AR (TR (2580 m) Rl HEAK (2716 m) ) ALCHEATHORE . 7R BT BEAE R 55 40 R HT 4 B Bl 0—20
em TAE BN ESEREALR I 3 AN R 48 - 580 5 R BR  RAS VA W) 5 B T o5 09 A B54%, R, AR
100 em’ IR A& TA'5- MRt —Ifa [ Se s s Dt RIERpRile (£ 1) .

F1 2NERNTEBAERES (PYELARMER)

Table 1 Characteristics of soil environmental factors between two altitudes ( Mean+SE)

. + 3 + 4 s X0 W
ik iﬁi;ﬁ;ﬁ Soﬁéfngf Soij% ftfﬁ Sojiif ftﬁ% - So? bulk
Altitude/m content/% carbon/ nitrogen/ phosphorus/ P weight/
(g/kg) (g/kg) (g/kg) (g/em®)
2580 22.24+0.28a 42.82+0.44a 4.65+0.02a 0.45+0.005b 7.50+0.04a 0.77+0.004b
2716 15.02+£0.41b 34.03+0.68b 3.75£0.11b 0.66+0.004a 7.57£0.01a 0.79+0.004a
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Fig.2 Differences in morphological traits of Sinropodophyllum hexandrum leaves between two altitudes
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Table 2 Characteristics of light response of Sinopodophyllum hexandrum ( Mean+SE)

ik St AN A BN S R HR R TR
Altitude/m LSP/(pmol m™2 s71) LCP/(mol m™2 s71) A,/ (pmol m™2s7) AQE

2716 353.73+91.95a 6.4+1.6a 8.38+0.75b 0.11+£0.04a

2580 340.8+66.23a 4.8+1.52a 10.92+1.01a 0.16+0.03a

LSP . JGHu M Light saturation point; LCP: YG#MZ i Light compensation point; A, : e KiFEA B Maximum net photosynthetic rate; AQE; 3%

WL B F30% Apparent quantum efficiency
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Fig.4 Differences in light-response curve between altitudes in Fig.5 Differences in the chlorophyll content of the leaves of
Sinopodophyllum hexandrum Sinopodophyllum hexandrum between altitudes
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Fig.6 Differences in the NSC content of Sinopodophyllum hexandrum between altitudes
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Fig.7 Differences in the biomass percentage of each organ of Sinopodophyllum hexandrum between altitudes
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Table 3 SMA of the allometric relationship between biomass and total biomass of Sinopodophyllum hexandrum

S PASEEERS PASREERS

Yo X Altitude (R?) (P) Slope e Common Bt
Intercept slope (P)

R vs. 0 L 0.982 0.086 0.9897 ~1.086

Root biomass vs. Total biomass H 0.96 0.128 1.3878 -2.852 1.0410 0.285

YR v AR R L 0.989 0.066 1.026 -0.7373

Stem biomass vs. Total biomass H 0.999 <0.05 0.9707 -0.5021 0.9732 0.67

A vs. A Y L 0.995 <0.05 0.9869 -1.853

Leaf biomass vs. Total biomass H 0.966 0.117 0.7804 -0.7007 0.9715 0.343

SMA ; b £ 54347 Standardzied major axis regression;L:fiX Low; H: & High
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Fig.8 Principal component analysis among functional traits of Sinopodophyllum hexandrum
Prn: 5564 % Net photosynthetic rate; Chl(a+b) : "4t 2 a fil b & & Chlorophyll content(a+b) ; RMR: # 5t lt Root mass ratio; LMR ; ' it Lt
Leaf mass ratio; SMR; 25J8 [t Stem mass ratio; LDMC ; "4 i % # Leaf dry mass content; WUE ; 7K 43| 3R Water-use efficiency ; Tr ; 7% i 3
& transpiration rate; SLA ; lLIH T Specific leaf area; LA ;M THFY Leaf area

&4 HILLIhRE
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Table 4 Results of principal component analysis of functional traits of Sinopodophyllum hexandrum

PEIRSERE F Principal component MERIEBR F RS Principal component

Trait indicator PC1 PC2 Trait indicator PC1 PC2
FFAEH Trait indicator 6.05 2.45 LDMC -0.36 -0.19

e
zi;c:ﬁciiz)ution rate 35.00 22.30 WUE 0-33 0.34
o o

ijuif}ji;rﬁribution rate 55.00 77.30 Tr 0-30 ~0.26
Pn 0.40 0.11 SMR -0.29 0.37
Chl(a+h) 0.40 0.03 SLA 0.07 0.44
RMR 0.37 -0.16 LA -0.02 0.22
LMR -0.37 0.04 Gs 0.01 -0.60

Pn . 66 H# Net photosynthetic rate; Chl(a+b) JEgE M S Chlorophyll content(a+b) ; RMR R T L Root mass ratio; LMR ; -
Leaf mass ratio; SMR ; Z2Jfi . Stem mass ratio; LDMC ; T4 Jfi & & Leaf dry mass content; WUE; IK A F) AL Water-use efficiency; Tr: 7% [P

transpiration rate ; SLA ; ALY A Specific leaf area;lA . I FH Leaf area
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3 e

3.1 BEJL-E TR TR TR 4 e R

MR AL 2 R IR G RR LA KK Ay, IR A= 5 B4R ) S A A K & 1 S
JRAGER S R TE IR RS R iR 5 H A RO A E R & R BEME P AQE FRFhIF
B HCARES Y LSP A, AREALY X SR R RE 7, LCP AR EXT 55 C B N fE T1 . ARBFFE R, (KA
ML A, AQE Chla f Chlb 345 T 44 , X SAC R L L 78 & 4k BA BAR A 40 3R 5 5 ml pd /D i
F X GRE A W, 8 e e Az i S 500, BT TR R AR A Z B AR AR R DL S Tk
PR AT 20 geAh, ik UL v R A LSP i TR AR, ok Ak, B AR A B LSP i T 1000
pmol m~> 8™ 21 H X EOGIE N AE A0S, FEUH TN iR Ay R, DR RAE AL E
IR A B ARr I, A ISR BIAE AR b B AR M LB AR R FH T 32306 g il L RBAEAR P el A, KT
I, Bk LB N TR I 75 B 5 5 — S R A B A R P U HL T e A7 AN

FRLE R PERRALHE PTVE RS AITE Y, 7R A 2P ) 5 f S e 1wl e 4 AR K R A P SR R
A A BB R A, RO G VR E B A B AE 72 8, AR ) 45 I AR B )RR Y DE R R R Y i
RO BRA ARG ERR B PR B B AR, SR 5 T A 2 ) )R A Ak R RS R T B SR T
ARSI, SESRAE ) BT PE ) | Castonguay 25 AR5 2 I A 301 1) A4 420 R 28 i 0 ol 400 v 3 1
FRRE DY AR R L LT R AR T R AR AT B 1 NSC L TE R S T M L R
FbE2E S AT RESE: H TR A Ao R R TV M TR LA R SR RS A A S BT RE A OC R, SRk LE
FEAFRELE 2 MR 22 5 501

[ A A A R B B T R I D RE PR 4 & AR A FEAS R IR BE 19 52 M, SLA (LA |
LDMC 2 AH )38 0 20 5% B2 B 18 A3 85046 A, 2% BH AR 40 AR BCRI R 08 U610 68 0 B 1 2B K RTHGAE 34 5% 114 °F
S I S i — R A D e MR AR bR ) A1 SR A R X PR 138 B BE Y e A TR I — i
SRR FE ) EAT L AR SR S RS DGR RS R REIE, S — IR R A T H A L
TR PR R S AR DA EORIR SRR BTSSR, LA SLA DAK LDMC 34 5 B AR 48 1 1
VPR R A, R IR Pk )L ik 5L B8 3 (R D AR AR 0 5 T = Y R Bk L - AR BR 2 BRAIR Y SLA | LDMC
A, ~AQE [Chla 2 Chlb FFFIE, 2 BBk L 78 55 55 10 9 35 SR J T < 18 3 2 38 760 S et LA 88 vy X BB 19038 7
AETT
3.2 BRJL-EM A T AR

Wi oy B A AR = A B R ) S AR R 2, M &5 25 B AR i 5 bl SRS B
IR F AR A 510 R Tk B A 24 L B 0 25 J 1 A4 3K 25 dee KAk, A 75 0K A PR B WU
SYBCEIANE 25 B DL A5 DI RE b, AT IE 1 PR BT AR Ak, PRI, 76 S S PR A3 A A 382 SR 5 2 LA X L AR
FEABIBEAR A AR, X0 T 3T B PR 2 o) PRI R MR S R TR SR R, Y - K 4 A
I 43 R TR A ) A A ) TR B AR A3 I 2 0 AR M BAR R 5 YO IR R T ARl B A5 B R I 8
R A K B B A A A O 2 1 2 i B ZE R ORISR R IR T A IR K
AW AR R, RV AN L-CRHE R SR AEAE — 8 B/K 43 FIFR 4 38 (B ik L B TS Y
RMR ALY LMR, AP e 45 2 B P 0 43 B2 A ) 0 PRBE I8 IV 1 285 5 , RO T R 1) 2B s, PRl ok
DL b Sz e Bk L AR AR i i 4 XN R T X AR AR 25 145 A R B0 i Ml i) b 2% B 19 38 R 40 TiC , ELAR
ZBIFEAERUAT LATE 7 e 1 4 3R A0 I T8 35 22 i A F 5 v HROBR ZE R o0 A W o 2 AR B T R 2%
T M A A A R T R S R R AR S SR — B, T S TR R AR LB R A HRR 25
AEERAGERG R IS S AR R Y R A WS SR K APL-E B A T S A 2 A2
TR
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PR REAE A AR B R 3 T 23 S AR RV B PR 22 TR] Ak Jo) P , 98 T 530 W Bl b 2 25 2R GERRAE 2R 7 PRIk, %o G
TEAA I B 1 BRI AR S 2 OT TS A R, B AR B 8] 2R i 20 BE B9 5 20 2R el D R R 3%
RSN A 2 7 Y IR S A AR S T 1 B ST G B 2 ) S A A K AR ML L A
W E SN Z A S AR RS 1 TR 2 S U R A5 A KOG AR AP Niklas S5 42 H A9 45
PER IS I BRIL-EANTE) S E R R ) A T B TR AN OO, 4 LS R AL LR W A M
HEAL AR N AR 4 i O 25 T A B AR B ) B AL B

4 #ig

BEIL-LAE AR ORI FE T AR 2 3K 5 i LA BG5S 0 18 200 2 7 S | R 3L M 3 7 oy FE
PR AR AR BfRE AT o, B L-E B 2 B B IR0 IE 25 AR B HRARZE SRR R A= W L8 b
A LB, LIOE NS IR A IE o 25 A B A S SR YR BRSO | AR OER,
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