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Effects of alpine grassland types and altitudes on growth
and reproduction traits of wild endangered medicinal
materials Lamiophlomis rotata
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Abstract; In order to explore the influence of alpine grassland types and altitudes on growth and reproduction traits of

Lamiophlomis rotata, random quadrat investigation and sample collection were conducted under three grassland types and
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three altitude gradients in Maqu, and the growth and reproduction traits were measured. The results were as follows: (1)

The traits of aboveground parts were alpine swamp meadow > alpine hillside meadow > alpine shrub meadow, and the

traits of the underground parts were alpine swamp meadow > alpine shrub meadow > alpine hillside meadow; (2) The

traits were decreased with the increase of altitude; (3) In different grassland types and altitudes, there was a significant

positive correlation between the sexual reproduction structure and plant size, but there was no correlation between the

asexual reproduction and plant size; (4) In different grassland types and altitudes, there was no correlation between the

two reproduction modes. All the above results indicate that the resource allocation method is affected by grassland types,

which is the result of long-term adaptation to the environment; The occurrence of sexual reproduction requires a certain

amount of vegetative growth accumulation, while the asexual reproduction may be the inherent characteristics of plants,

independent of plant size; The asexual propagation of rhizome bud may occur after the destruction of the aboveground

rather than the active behavior. Whether the uncorrelation between the two propagation modes would be affected by other

factors needs further study.

Key words: medicinal plant, alpine grassland types, altitude, growth and reproduction traits, rhizome bud
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Table 1  Description of sample sources

S5 R 540 MR e I
. Altitude . . Slope
Number Location Source Grassland type (m) Community composition (°)
1 BT & HFohREE o ZE I DA ) 3749 i HRFE BR OCHR 25
Awancang Collected in  Alpine shrub meadow Potentilla fruticosa, Polygonum viviparum ,
the field Ranunculus japonicas, Nardostachys jatamansi
2 s B Ah R4 EESN TR 3721~ Mh—bk BRI H A BT WM L 10~25
Awancang Collected in  Alpine hillside meadow 3749 B EEHORARE Y
the field Lamiophlomis rotate , Polygonum viviparum ,

Nardostachys jatamansi, Ligularia virgaurea ,
Anemone rivularis, Leontopodium leontopodioides ,
Ranunculus japonicas, and Gramineae plants

3 Iy RN HPAR R4 IR AL R 3 467 ZIU A TEPE SR AFHEY) 0
Awancang Collected in  Alpine swamp meadow Gentiana macrophylla, Xanthopappus subacaulis ,
the field Potentilla anserine, and Gramineae plants
4 e Wy 3 3581
Nima Buy
5 i £ Wy 3 3536
Hequ horse ranch Buy
6 2 H W 3K 3513
Manrima Buy

K2 FRBEEMERBENM—IRERKSEEFENR N

Table 2 Effects on growth and reproduction characteristics of Lamiophlomis rotata in different alpine grassland types

Y IS A
ki Grassland type
Determination i o . . PR
etermination index R TETIE M 2 £ 9E LLI 2 PSPV AL B
Alpine shrub meadow Alpine hillside meadow Alpine swamp meadow
PR 0.549+0.029b 0.649+0.042ab 0.780+0.039a
Plant height
HERL 0.67420.048ab 0.581=0.024h 0.862+0.030a
Root diameter
FN K EEAR A R 0.035+0.010ab 0.022+0.002b 0.045+0.006a
Root biomass per unit length
LiEES 0.466+0.052a 0.343+0.049b 0.567+0.088a
Rhizome bud number
R 0.753+0.431a 0.815+0.020a 0.841+0.017a
Leaf number
i R T AR 2.314+0.114h 2.425+0.042b 2.567+0.049a
Leaf area
R AR 0.389+0.065¢ 0.543+0.035b 0.712+0.054a
Leaf biomass
1ET 51 0.167+0.053b 0.245+0.023b 0.348+0.052a
Inflorescence number
FIARRAR /Ny 0.120+0.027b 0.149+0.028b 0.286+0.049a
Inflorescence biomass
Ho L3R A 0.411+0.070¢ 0.578+0.037b 0.764+0.059a

Aboveground biomass

TE B X e (9 39 (E e AR B 5 AR Tukey” s #6046, 5 0SS RIBIAR AN P #3208 22 5% .3 (P<0.05) , T,
Note: The value means x+s. after log transformation; Different letters mean significant differences among different grassland types (P<

0.05) according to Tukey’ s test. The same below.
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K3 AEBHENME—KRERKSZEEFERNZN

Table 3  Effects on growth and reproduction characteristics of Lamiophlomis rotata in different altitudes

MK Altitude (m)

W52 8 bk
Determination index

3 400~3 500 3 500~3 600 3 600~3 800
73 0.781+0.039a 0.636+0.035b 0.552+0.026¢
Plant height
L%l 0.863+0.030a 0.691+0.017b 0.604+0.023¢
Root diameter
PN EEAR A i 0.046+0.006a 0.029+0.003b 0.026+0.003b
Root biomass per unit length
HRZE 25 0.567+0.088a — 0.375+0.039b
Rhizome bud number
R 0.840+0.017a 0.838+0.016a 0.799+0.018a
Leaf number
R AR 2.629+0.023a 2.567+0.049a 2.397+0.042b
Leaf area
R A 0.738+0.028a 0.712+0.054a 0.504+0.032b
Leaf biomass
1EI7 5K 0.347+0.051a 0.344+0.015a 0.225+0.022b
Inflorescence number
FIABAEL /b 0.286+0.048a 0.223+0.023a 0.144+0.024b
Inflorescence biomass
Ho 1R A Y 0.788+0.029a 0.764+0.059a 0.536+0.034b

Aboveground biomass

T — R R BN B

Note: — means no related value was tested.

23EHBKRMEFUHEERLTHEEEENXER

TE R FE L HE ) (P = 0.005 ) Fl i JE VAL
f(P=0.017) b, Bl — BRAE R /N5 A7 PR BE5H 25
P TA] A7 7E S 25 1Y TEAH DG s 76 = FERE N R ) (P =
0.429) HAFTE TEAR G 35 T AEAT Ao RT3 28 AL |
FE R R /N5 To e BB (8] B AN AFFEAR DG (P>0.05)
(%£4),

TEARTRNEEAR T, Jh— R AR AR KN 5 A PE B
S5 ) P4 A7 7 1 25 0 TE A DG HE (3 400 ~3 500 m:
P=0.017;3 500 ~3 600 m;P<0.000 1;3 600 ~
3 800 m:P=0.002) ; Ifif fH bk K /N5 T 5 (8] 34
ANAEAE B I H S (P>0.05) (£5)
24 AHEEMETEEAERNXR

AN T o FE M BRI BT, 46 )7 B0S AR 2E

PR BB AEAE A M (P>0.05) |, i WA 7 —
W b b B8 7 3 E] BV TR 52 4 WO A7 A P
M (R 6) .

3 Wik54#®

3.1 EREEFHEX E it XK BN KR RIS M %

T — IR ) A R B B A A A (] el SRS AR 3R
B — A BEG BE Ty 1 B 05 1 B U T
EAFAEZ SRS A — R AR Y ) M S BO
TEFE N AR JC k5 4 B R 98 B OC IR A M b =5 1], 5%
RS B 22 B2 YR 45 A 21 R SR 4Lep 34 i 1 e
FIABA . MBAFEABE B, i — BR A 1] T
PTAEZ IR R M EARH L X PR Y
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Table 4  Correlation between plant size and sexual reproduction and asexual

reproduction of Lamiophlomis rotata in different alpine grassland types

AR/ A A B 1) ) AH S A AR IR /N5 T B ) ) AH S A
Correlation between plant size

Correlation between plant size
and asexual reproduction

and sexual reproduction

i 5 A
Grassland type ‘ ‘
KA LM R
Linear equation r P Linear equation r P
y= ba+a y= ba+a
(SRS LN X y=0.661x-0.237 0.571  ns y= 0.039x +0.451 0.084  ns
Alpine shrub meadow
SR | y=0.434x-0.117 0.629 y=0.154x +0.335 0.217  ns
Alpine hillside meadow
R FE IR AL ] y= 0.598x-0.207 0.698 * y= 0.274x +0.358 0.184  ns

Alpine swamp meadow

. sk FIR P<0.01; * /8 P<0.05; ns /R A RE(P>0.05), FIHE,
Note: #* means P<0.01; * means P<0.05; ns means no significant differences ( P>0.05). The same helow.

£S5 ARBHETH-MKREKKNSERHEEEFHRIEEEENZEHXR
Table 5  Correlation analysis between plant size and sexual reproduction and asexual

reproduction of Lamiophlomis rotata in different altitudes

AR R /N5 A A B ) ) AH S A AR R /N5 J0 P AL ) ) AH S A
Correlation between plant size and Correlation between plant size and
sexual reproduction asexual reproduction

Altitude (m) ‘ ‘
A etk
Linear equation r P Linear equation r P
y=bx+a y=bx+a
3 400~3 500 y=0.598x-0.207 0.698 * y=0.274x +0.358 0.184 ns
3 500~3 600 y=0.558x-0.228 0.780 sk — — —
3 600~3 800 y=0.435x-0.118 0.632 sk y=0.400x +0.158 0.330 ns

. wer FoR P<0.000 1,
Note: #*** means P<0.000 1.

R6 TRSEEALBMEBRTEFBSREFHEOEX LS

Table 6 Correlation between inflorescence number and rhizome bud number in different alpine grassland types and altitudes

T A p 327 , p
Grassland type Altitude (m)

%%{EME/@ 0.029 ns 3 400~3 500 0.047 ns
Alpine shrub meadow
[HEJIE T |
Alpine hillside meadow 0.059 ns 3 600~3 800 0.198 ns
22 IR AL P
i FETH AL ) 0.209 s

Alpine swamp meadow

MEE N O R JCPE BB A SRS S AT AR SR S ORSEASIE S AV AR (2012) Xt — R BT A= B PR L

(B XA ,2005) , HPEL R AR P OLS A SOBIAASIREAY &
A OKIEFE R A N ER S A — BR AR A, % il T 34 e J3E B B, s RO RO R
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FR AN ZEVRE S5 S A Fr A, SR AR S g m , |
AR, 33X BE RN FEE 19 A AR W R X A W Y Bk A
KR (B 3CHgAE,2019) , PROHRR 1M — Bk iy A K
FEHH AT IS B RGO T, 73 i
F A E WIS WA R X255
VA X T 25 ( Saussurea dzeurensis) . 36 9§ 5 4 T ( S.
wellbyi ) BB 5% — B0 ( £ — 15855, 2015; 5 SCHF 55,
2019) ,
32 BRANEZEEREANERXR

M — DR A PR A 25 A B 5 R /N [ i
E AN EPSE IS P EaE Al VESSARST IRy DN
(i) P14 T AH DG TR AN (] 5 b, 24 780 v 31 16 v 3
TS B, — BR 0 AR 2 ZE AR O A M B A R
PRAE T iZ W R0 45 10 20 58 v B 3 1 S50
L BRI 48 S 4E 47, 3 — DL AR 7T B8 J2 A8 R A
S NTER IR, 5 T B e K AR 5 — i
AE IR R BIR AR, FEALGE SRAE [F) AR A7 72 P RD
Foo )y 2R i 2E R A A B S A T 4 E
(Xie et al., 2014) . Schmid et al. (1995) AN, X}
T 24 A TOE B0 > MR A W ok 1, T Tk
ARG TEFR AR —&R5, i, iR e R
SR A KT BRI — AR O3, BT AT b X AR R R
AN BB EER T AT P BB AR A R 2 T e S
W5 — AT VSR R RAE R R T 88 1Y B
V5 2 T2 AN AT RE A DR b ™ A AT PR
33 AMEESAMEREBMXR

AT AR S5 7 U 2 AE AR A, B 7
] B A7 7E L T % K A9 38 4+ ¢ R (Van Drunen &
Dorken, 2012) , B¢ A7 75 P [A] 5§ < A9 1F A0 ¢ 3¢ &
(Xie et al., 2014) , {HIZWFFE R B, o — R W Fp %€
B8 7 2R AN ] 55 b 28 SRR 3K T IR AR A G
PR X G AE B R AN (Arum italicum) | JB
¥ ( Lolium perenne) 't A5 4 i ( Méndez, 1999 ;
Thiele et al., 2008 ) , X AJ fiE 55 4 — TR AR 25 2F 1
PEA G h— R AR 25 2R AR AT BE7E Hb b 38 4 AN 2
BOHCREIR S A BRI B bR N 1% 155 Bl
Jo WO I T R AR R AR S A BON S Y
JR A (AR 1145 ,2010) , 53X 5 HoAth £ B ik A7 0
PEETH AR A AR R 225 . X R IO AH G M 19 AR
S o HAAE AR 7 (AR EE OBHR K 3R

IYEE) SR A iy BE— P EST
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