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Abstract: Taking 77 Isodon rubescens ( Hemsl.) H. Hara individuals from four major wild I. rubescens
populations in Henan Province as research objects, 12 phenotypic traits were compared by methods of
variance analysis, variation analysis, correlation analysis, principal component analysis, and cluster
analysis, and the relationships between these phenotypic traits and environmental factors were analyzed.
The results show that the F values of 12 phenotypic traits of wild I. rubescens all reach extremely
significant levels (P<0.01), among which, the F value of petiole length-width ratio is the largest, while
those of leaf area and leaf shape index are relatively large. The range of coefficients of variation of 12
phenotypic traits in four populations is 0.62% —24.50% , with an average of 9.93% , among which, the
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averages of coefficients of variation of number of primary branches and leaf dry mass are the largest, both
exceeding 18%. Phenotypic traits of leaves and stems of wild /. rubescens mostly show significant ( P<
0.05) or extremely significant correlations with environmental factors; longitude, annual mean
temperature , annual precipitation, min temperature of the coldest month, soil pH value, and soil type
show significant or extremely significant negative correlations with most phenotypic traits, while latitude,
altitude, and max temperature of the warmest month show significant or extremely significant positive
correlations with most phenotypic traits. The cumulative contribution rate of the first four principal
components reaches 90.686% , among which, the absolute values of eigenvectors of leaf length, leaf
width, leaf area, leaf perimeter, and leaf fresh mass in the first principal component and leaf shape index
in the second principal component are all greater than 0.8. The cluster analysis result shows that the
individuals from four populations are divided into two groups at a FEuclidean distance of 25, with
individuals from Shangcheng County and Yiyang County populations are clustered into one group, and
individuals from Lushi County and Jiyuan City populations are clustered into the other group. In
conclusion, there are relatively rich phenotypic variations among the four wild 1. rubescens populations,
and latitude, longitude, annual mean temperature, annual precipitation, min temperature of the coldest
month, and soil type have significant effects on the growth of wild I. rubescens, leaf length, leaf width,
leaf area, leaf perimeter, leaf shape index, and leaf fresh mass could be used as main indexes for
germplasm resource evaluation, and wild /. rubescens from Lushi County and Jiyuan City could be used as
breeding materials for superior germplasm resources.

Key words: wild Isodon rubescens ( Hemsl.) H. Hara; phenotypic diversity; environmental factor;
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Table 1 Basic situation of four wild populations of Isodon rubescens (Hemsl.) H. Hara in Henan Province

A e A " + 4%
yi 1) . 73 2 o L Hi{/?\ﬂ HE-‘\\ 19 .
PR g s e (PORC SR g g e ghe TP e
Distribution . . . Annual mean Annual . Soil pH .
) Latitude  Longitude  Altitude temperature recipitation Min temperature of Max temperature of value Soil
area mpe ’ precip the coldest month  the warmest month ’ lypez)
JY N35.19°  E112.49° 350 13.79 573 -4.6 30.2 7.92 GS
YY N34.51°  E112.13° 304 14.14 635 -4.5 30.8 7.86 CS
LS N34.30° E111.09° 820 12.22 654 -6.6 29.0 6.21 CS
SC N31.43°  E115.35° 633 13.20 1 367 3.1 28.2 7.14 BS
DJY, FURTT Jiyuan City; YY: EFHE Yiyang County; LS: /5 FGE Lushi County; SC: Rj¥kE: Shangcheng County.
2 GS. WA+ Gravel soil; CS: #5 1 Cinnamon soil; BS: 1723+ Brunisolic soil.
1.2 Ak PEARTEAN [) B A 28 e m TR ) 19 22 5 8 P, ]

FR 4 SCRk [ 32] Y 5 B BURERR Y 12 367 IBM SPSS Statistics 27.0 4347 Pearson #H 5& M43
PE, e 7—9 A X & w R AR T, [ A, IR TS A (KMO) K36 DA K 3 1053 3 AT
BROKE 1 mm) MRS (AHL TR R T 0 & ZESRATAR DG A A o RS AU T o e i b 3
FE) IS —Hr BB (N ETARK W E8E 7E3- T F R 20 B X i A 28 B0 MR B 2R 1 7 A o
2 R R R CREEE 0.01 mm) A HE RT3 fRAbEE, (FH IBM SPSS Statistics 27.0 #fF, 33 F
T A 5 BEIRCRE T L3R A AR B O UE R R BRIREE B T R I Hr
3 K, YMI-C TR 2 A (HTTAE S =k
B e A7 BR 2 ) W i R B L TR R, 2 R Fuoar
FEIHRE I 8 5 (M 5 0 58 1 LU AE) 5 68 F AR R
R 56, AT T AL-104 2.1 AEFALZSEMBERBMERTRISES T
HLF R (RS 0.000 1 g) Bk I i 2, 22 S B i XTI R 4 N EP AR A v SR E 12 SR BUAR AT
FF 105 CAF 30 min, F5F 80 CHLTREETEEF  ZEK,ZERIE 2, FRIR 4 DEAELR R
FRE T i 7£9:00—11.:00, f# | SPAD502 PLUS  BERUBR R 4 39.78 ~63.16 cm, — R ATk Bl 4.5 ~
A2 Z M 2 f ( H A Konica Minolta 24 H) ) ME Mt 6.2, 2580 1.76 ~2.36 mm, 44 40.82~59.17 mm,
RS E AR & (SPAD) . FiRIEFRIIE 3 AE SR 26.17 ~39.64 mm, M-I FL K 554.42 ~951.95

g LERICEIE, mm?, M JE K 114.78 ~ 160. 18 mm, M- JE 45 ¥ K
1.3 HIELEMEIT S 1.47~1.57, A K SE HE Ry 12.57 ~ 17.42 M-8 i &

ffif] EXCEL 2022 #1F 4ot %4, i/ IBM 0.14~0.23 g, T JHHEN 0.03~0.07 g, M4 Z A&
SPSS Statistics 27.0 BT F/0HT LR EJr 2% 80 28.86~40.97, BFIRT(JY) FIHER — 2o B4k
SIMTRZE A (/N B EME 2R MR ARA HERE R SE A 2R i i ok, Hod
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Table 2 Comparison on phenotypic traits of different wild populations of Isodon rubescens (Hemsl.) H. Hara in Henan Province (X+SD)V

. — Rk N . =
R e/ Nt 8/ K V9 T
Populalion2> Plant height . umber o Stem diameter Leaf length Leaf width Leaf area
primary branches
JY 48.45+7.79b 6.2+1.3a 2.09+0.15¢ 54.23+6.13b 34.43+3.81b 693.80+10.46h
YY 45.09+8.57b 4.5+1.1b 2.36+0.31a 40.82+3.54d 26.17+2.42d 603.58+39.70c
LS 39.78+3.62¢ 5.9£1.0a 1.76+0.09d 59.17+5.01a 39.64+3.23a 951.95+109.86a
SC 63.16+4.97a 5.7+1.3a 2.21+0.14b 45.04+£4.98¢ 30.57+3.27¢ 554.42+74.67d
FAH F value 54.284 = 13.458 =% 45.929 #x* 50.581 = 55.117 #* 127.603 ==
s ” . AR B v e o 2R Z AR B

R A K/ A TR I A TRy AT
Population?) Leaf perimet Leaf shave ind Petiole Leaf fresh mass Leaf dry mass Chlorophyll

opulation eaf perimeter eaf shape index length-width ratio eaf fresh mass eaf dry mass relative content
JY 154.53+5.85a 1.57+0.03a 17.42+1.34a 0.18+0.01¢ 0.06+0.01b 40.97+2.55a
YY 114.78+7.27b 1.56+0.04a 15.56+0.26b 0.20+0.02b 0.07+0.01a 28.86+3.11d
LS 160.18+11.75a 1.49+0.02b 12.57+0.08¢ 0.23+0.03a 0.06+0.01b 33.22+3.99¢
SC 118.11+13.59b 1.47+0.02¢ 12.78+0.11c¢ 0.14+0.01d 0.03+0.01c 36.27+3.53b
F{H F value 98.913 = 123.984 s 221.136 = 73.510 #* 93.321 = 50.862 ==

D @5 R 6] INE SR 3 7R S 6] Rl e ] 2% 5 B 35 ( P<0.05) Different lowercases in the same column indicate the significant differences ( P<0.05)

between populations. #* ; P<0.01.

DIY. BUETH Jiyuan City; YY: ‘HIHE Yiyang County; LS. F5 G H Lushi County; SC: R E Shangcheng County.

— PRI REUEE (P<0.05) S R E (YY) #RE, i
TG 25w 5 [CEL (LS) Fgidk B (SC) FhiE, nt
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YY Mo R ok, BE m T HA 3 A
FIHE s — B8k i B | I JETH R S 3R ARG
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X o it AR T A 3 AR R K T )Y
FULS A, LS FEEAYIHS 5 AR i SRR
- fif o et A, L, G S i TR e i O
W THR I AR, K EEST YY FlSC
I Y =N T T TR o~ N S M O 7 = T
FHL AR T AR 3 R RE, AR 58 LE KT DY
MYY R, SCFHERIMR SRR, 3 THAR3 A
T ; b TR TR i 5, 6 B S R T T R
LT HA 3 AFEE,

T5 MR (K 2) Bow. 12 MERAMRE F
EHR BN . F K- (P<0.01) | FFIE] 22 540 B 3,
Hor MR SE I F A K, i AR T 48 £
FAEBR, BB 4 N B7 A & RRV A AR BN
HI RS
22 REMRTRRHESW

XTI B 4 AP A A RERPRE R MR 1 A8 S R
BT o0 B R WK 3, GERER 4 DA A
FRHE 12 DS RAERAE 5 RECH 0.62% ~24.50% , 2]
{4 9.93% , — %53 R HORT M T o 1t A8 S R 3

HAE 18% LA I #hvm ML 5 | i TED AR i ]
o | I R R I 2 2 A X A AR S R B Yk
7% ~14% , I AR B A4 58 LA S R A
INEUNT 3%, 4 ADFREET BRHE (YY) PR E
(SC) ol 2 U PR IR A8 S R B S (E 8K, 43 3R
10.57%F1 10.55% , GFU T (JY) FAH [GE (LS) Fpfif R
RIMRAS S RE AR, 5008 9.20% 1 9.39%
2.3 XSS

2.3.1 ERAMKE GRS GER(FKL) BN,
AR () A7 7R 2 35 (P<0.01) B8 3% ( P<
0.05) AHME . Hhim 522 2R B 3 IE A O, 54
BN T A ARG St AR R
B R R R A A, — R
BOGZEH HT RT E ROAE OGS e i
S S F AR B i A S EAR DG, 25 St
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Table 3 Coefficients of variation of phenotypic traits of different wild populations of Isodon rubescens (Hemsl.) H. Hara in Henan Province

R AL 57 R AL %

Coefficient of variation of each phenotypic trait?

FpRED
Population") h n d I, b, A c LSI /b, m, m, SPAD  #4J{H Average
JY 16.08 21.45 7.18 11.30 11.07 1.51 3.79 1.91 7.69 5.56 16.67 6.22 9.20
YY 19.01 24.50 13.14 8.67 9.25 6.58 6.33 2.56 1.67 10.00 14.29 10.78 10.57
LS 9.11 16.01 5.15 8.47 8.14 11.54 7.34 1.66 0.62 13.11 19.56 12.00 9.39
SC 7.86 22.27 6.54 11.05 10.71 13.47 11.51 1.69 0.85 8.46 22.51 9.73 10.55
YI{E Average 13.02 21.06 8.00 9.87 9.79 8.28 7.24 1.96 2.71 9.28 18.26 9.68 9.93

DIY. BT Jiyuan City; YY: HHE Yiyang County; LS: F5 [CH Lushi County; SC: Rz Shangcheng County.
2, ¥k Plant height; n: —Z%43 B4 Number of primary branches; d: Z5Hl Stem diameter; I, ; MK Leaf length; b, : ™% Leaf width; A MR
Leaf area; C; M i1 Leaf perimeter; LSI; HIEF8 %L Leaf shape index; lp/bp: 15 K 9 Lt Petiole length-width ratio; m, : M- fief [ H: Leaf fresh

mass; m,: - it Leaf dry mass; SPAD; -2k AR X Chlorophyll relative content. * ; P<0.05; #*:* . P<0.01.
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Table 4 Correlation analysis on phenotypic traits of wild Isodon rubescens (Hemsl.) H. Hara in Henan Province!

FERAR ZERIPEAR B YA G 25X Correlation coefficient between phenotypic traits
Phenotypic
trait h n d L b, A c LSI 1,/b, m, m,
n 0.053
d 0.601 == —0.291 =
I -0.171 0.371 #% —0.458
by -0.122 0.367 #% —0.502 %% 0.983 =3
A -0.520 %%  0.165 =0.606 = 0.844 #x  (0.850 ==
C —-0.352 %% 0.350 %% —0.510 %% 0.946 %%  0.902 %%  0.854 #*
LSI -0.343 x% -0.056 0.238 *  0.052 -0.128 0.001 0.219
L,/b, -0.170 0.064 0.260 = 0.055 -0.109 -0.161 0.191 0.863 = *
m; -0.564 % —0.044 -0.304 %% 0.631 **  0.601 **  0.852 %% 0.658 #* 0.221 0.014
m, —-0.547 #% —0.284 * 0.050 0.267 * 0.166 0.432 %% 0.371 =+  0.613 =+ 0.475 %  0.75] *x
SPAD 0.257 * 0.388 #* —0.104 0.320 #*  0.286 %  -0.018 0.377 #% 0.101 0.277 *  —0.242 % -0.267 *

Dh; ¥k Plant height; n; —2%04%%0 Number of primary branches; d: ZE#1 Stem diameter; 1,; ™1 Leaf length; b, ; M-9% Leaf width; A; M1 fL
Leaf area; C: MJEH& Leaf perimeter; LSI: M- 454X Leaf shape index; /b, 474 T8 b Petiole length-width ratio; m, ;. Mfif i 5t Leaf fresh
mass; m, : T Fi i Leaf dry mass; SPAD: -4 Z2HE X 2 Chlorophyll relative content. * ; P<0.05; ** . P<0.01.
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232 ARMKLZBER-FRGMIEST 4

(F5) BN BR— o BRI 2 AR X 7 =AM Y
A FLRAER S 9 NI 1 R 2 2 3 5k
WEADC, PR SRR AE AR 8 pH EAMY
IGE R 734 A B AR O Hovh ) 5 45 B A i A I
o T S A 0 AR OG5 AR P TR - S A 0 2 LA
Ko —HOrEECS R AN B i 2 R
G, ZEHML SR GRS B PR 5E DN 42 1 3 i
S EAROC, Horh ) 5 AR R K B RN R BT e i
TEAHDG, SE6 B2 W AR OC, IR A 2 A
K, HHAAE R T2 R EIEAEX, i 58 i
T FRURITI: JEHG 5 B e A s i A R BRI 2
AR O, Hod X 4 AR BVMIR S 4 R AN

PR 5 2 O R IR ARG, 5 R AR R 2
TRV i U 7 =g N R NN v | L e R
9 IR R 44 5l 2 i b S AR OG, Forp i 3 A
FAIVER 5 45 B AE SR | S P S5 il R 12338 pH
{H 52 0 2 B 2 TEAROG 5 R 2 3 B
PSR TAOAHOG Wi o i 5 BRI IR AP Y IR B I 1 1
M ARG, Forh ) 5 45 B RN SR A T e R R A
FIEMC, S AR T 2W B E A, HaR
AEXT i 5 20 B 0 3 TE AR O, 5 - A S el 2
TG, SR LF B E AR R Z 2 IR 5
HFrLe G, o 45 2R AR FEREK
i R H BRI BRI B AR A B AR KA
S
24 FEHHSH

G5 (3R 6) MR AT 4 D FERS (RHIEEKRT 1)
1) 211 TR 90.686% , it S B EF AR A4 7 12 )
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(0.949) H-JH K (0.947) FH-ff i 2 (0.822) F4HAE
r'ﬂﬁéﬁwﬁﬁﬁﬁ o T HA AR X2 1 F Y
M, 552 EAAr B TR R 22.435% ,
o IR £(0.822) AR BE LK (0.689 ) Fi: - 5
H(0.789) Ay HFAE 1] 2 46 F (1 B . 5 T H At 32 A4k
ARORTEE 2 AR B R, 5 3 AL BTk
FH 16.685% , Hor, AR K 98 L (0.662 ) Fli-2% 2 A

R5 AETELZERBEERSHERFHEXESHT

X2 i (0.793) BYARFAE [r] 2t 26 X B i g L R AR
PRAR XS 3 RS B R, 5 4 TR T
BN 8.882% , Hirf 1k 1 (0.602) FIZ5HH(0.608) 11y
FEAIE ] a4 0] BH S g T LA R R bR XA 4 K

I3 B S
2.5 BRESH

BB (K1) R AERR IR B 25 4k, fit
R a4 NFRREER 77 BRASRB R 2 4, Hob R
(SC)FIEFHE (YY) FBENIR R T 4, HIRE

Table 5 Correlation analysis between phenotypic traits of wild Isodon rubescens ( Hemsl.) H. Hara in Henan Province and environmental factors

S K FIUAH I 2 %0 Correlation coefficient with environmental factors

Phenotypic trait R ZJE R ! P i ; + 35 pH iz A
Latitude Longitude Altitude N N m e Soil pH value Soil type
h =0.711 == 0.830 = 0.007 0.154 0.758 = 0.818 *#  —0.503 *:3* 0.160 0.541 3%
n 0.030 0.013 0.222 -0.275 * 0.004 -0.015 -0.235 = -0.165 -0.175
-0.217 = 0.436 == —0.582 = 0.693 == 0.253 = 0.410 %= 0.228 =* 0.626 == 0.184
A 0.380 =+ —0.476 % 0.390 =%  -0.535*% -0.386** -0.484 =+ -0.073 =0.427 == -0.413 =
by 0.245 * -0.404 = 0.534 % -0.656 **  -0.263 * -0.396 = -0.224 =0.559 = -0.266 *
A 0.469 == =0.728 0.504 =% -0.659 **  -0.527 ** —-0.694 %  0.020 =0.619 = —0.346 =
C 0.567 = -0.601 == 0.245 = -0.426 #*  -0.562 % —0.626 %%  0.108 -0.302 == -0.610 ==
LSI 0.760 == =0.450 == —0.786 0.660 #+  —0.709 #* —0.529 **  0.866 ** 0.700 = = —0.789 =
1,7b, 0.669 —-0.266 = —0.839 = 0.728 #%  —0.587 #*  —0.369 == 0.781 = 0.805 = =0.791 ==
m 0.620 s * —0.835 #=* 0.187 -0.338 #*  —0.688 *x —0.801 ** 0.360 ** —0.357 #=* —0.415 #=*
m, 0.795 * = =0.770 —0.420 0.280 * —0.822 %% —0.783 #3x* 0.807 #** 0.244 = -0.625 **
SPAD 0.025 0.232 = -0.088 0.046 0.064 0.154 -0.144 0.203 -0.303 =

Dy, . 4R Annual mean temperature; P, ; 4E[#7K 4 Annual precipitation ; ¢
=R Max temperature of the warmest month. A ; 55 Plant height; n: — Sy

win ¢ % A BAGIR Min temperature of the coldest month; ¢, Fc# A i
#7458 Number of primary branches; d. 254 Stem diameter; [, ; K Leaf

length; by : M9 Leaf width; A: MY Leaf area; C: )& Leaf perimeter; LSI: MIEFE4L Leaf shape mdex, /b, : AR IELL Petiole length-
width ratio; m, ; PMEEFTE Leaf fresh mass; m,: M Leaf dry mass; SPAD: ﬂfi?THXJ & i Chlorophyll relative content. * ; P<0.05; #* .
P<0.01.
®o6 MANELEERMERHEIRS N
Table 6 Principal component analysis on phenotypic traits of wild Isodon rubescens (Hemsl.) H. Hara in Henan Province
. HRBMIRAYFEFE[ 5 Eigenvector of each phenotypic trait
E%y e
Principal T e S i R LTS
component Plant height b;an(-h[:es Y Stem diameter Leaf length Leaf width Leaf area Leaf perimeter
1 -0.537 0.284 -0.605 0.910 0.877 0.949 0.947
2 -0.432 -0.447 0.362 -0.232 -0.371 -0.090 -0.080
3 0.361 0.485 0.244 0.204 0.103 -0.245 0.250
4 0.602 -0.320 0.608 0.231 0.249 0.076 0.065
L HRAEMWERPFHER & Eigenvector of each phenotypic trait .
By — — - S DURE/%  BUETUR/ %
Principal LPIZE S A B LG - fif o T 2R AR & B E.q‘ ) | Contribution Cumulative
component Leaf shape Petiole Leaf fresh Leaf dry Chlorophyll igenvaiue rate contribution rate
index length-width ratio mass mass relative content
1 0.182 0.093 0.822 0.182 0.153 5.122 42.684 42.684
2 0.822 0.689 0.305 0.822 -0.320 2.692 22.435 65.119
3 0.454 0.662 -0.334 0.454 0.793 2.002 16.685 81.804
4 -0.107 -0.118 0.214 -0.107 -0.076 1.066 8.882 90.686
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