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Abstract: Eighteen phenotypic characters ( including nine numeric characters and nine non numeric
characters) of eleven main cultivars, three mutations and four wild provenances of Rehmannia glutinosa
(Gaertn.) Libosch. ex Fisch. et C. A. Mey. were observed and analyzed. On this basis, cluster
analysis on eighteen germplasms of R. glutinosa was carried out, and principal component analysis on
eighteen phenotypic characters and correlation analysis on nine quantitative characters were also done.
The results show that variations of phenotypic characters of eighteen germplasms of R. glutinosa are very
rich. Variations of crown width, stem diameter, leaf number per plant, leaf length, leaf width, tuberous
root number per plant, tuberous root length, tuberous root diameter and tuberous root fresh weight per
plant all are bigger, with coefficients of variation about 20% in most cases, in which, coefficient of
variation (56.66% ) of tuberous root fresh weight per plant is the biggest. The cluster analysis result
shows that at Euclidean distance of 6. 74, eighteen germplasms of R. glutinosa are divided into three
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groups of cultivation, wild and new variation types of R. glutinosa. The principal component analysis
result shows that in eighteen phenotypic characters, the accumulative contribution rate of the first four
principal components reaches to 81. 865 5% , in which, the contribution rate of the first principal
component is 50.552 7% , which includes crown width, leaf length, leaf width, tuberous root diameter
and tuberous root fresh weight per plant. The correlation analysis result shows that tuberous root fresh
weight per plant has extremely significantly positive correlation ( P <0. 01 ) with crown width, stem
diameter, leaf number per plant, leaf length, leaf width and tuberous root diameter, their correlation
coefficients are 0. 862, 0.849, 0.759, 0.879, 0. 822 and 0. 898, respectively, and has significantly
positive correlation ( P<0.05) with tuberous root length with the correlation coefficient of 0. 562. It is
suggested that there is larger phenotypic variation among germplasms of R. glutinosa. The cluster analysis
result based on phenotypic characters can be used for identifying genetic relationship of R. glutinosa
germplasms. And the tuberous root yield per plant of R. glutinosa can be improved by selection of crown
width, stem diameter, leaf size and tuberous root size, etc.
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Table 1 Results of observation and determination on phenotypic characters of above-ground part of eighteen germplasms of Rehmannia glutinosa
( Gaertn.) Libosch. ex Fisch. et C. A. Mey.

Flmy kR dhE/em  ZEHl/em B LIEZSIZIN -, BT Bkt g MK /em MF9E/em
Germ- Plant Crown Stem Leaf Leaf margin Leaf Leaf Leaf number Leaf Leaf
plasm" type width diameter  shape shape color texture per plant length width
1 SR 52.11 1.59 KRB PRI 230 J& Thick 43.8 29.89  10.50
Semi-erect Long elliptic ~ Shallow wave Green
2 - J 43.96 1.43  HEDE BRI 7230 J& Thick 34.0 22.38 8.18
Spreading Elliptic Shallow wave Dark green
3 BT 39.37 .19 Mg HBIRIE Eiedu) J& Thick 23.8 21.98 8.81
Semi-erect Elliptic Shallow wave Yellow-green
4 HAL 49.57 1.39 MR IR el J& Thick 30.7 29.43 10.28
Semi-erect Elliptic Shallow wave Green
5 2 EL 53.97 1.74  KHGETE WIRIE s J& Thick 38.4 30.13 9.79
Semi-erect Long elliptic =~ Wave Green
6 L 45.18 .32 BEE WIRIE artn, JZ Thick 43.8 26.00 8.81
Erect Lanceolate Wave Green
7 AL 53.24 1.81  KHiFE IR artn, J& Thick 43.4 30.63  10.35
Semi-erect Long elliptic ~ Shallow wave Green
8 S E 41.11 146 BHEE HH T 230 J& Thick 27.8 26.22 9.28
Semi-erect Ovate Shallow serration Green
9 2 EoT 52.91 1.89  KAEIE HIIRIE 230 JZ Thick 39.4 28.57 9.92
Semi-erect Long elliptic  Shallow wave Green
10 RS- v 41.89 .18 #EIE I e 30 M Thin 31.4 24.91 8.68
Semi-erect Lanceolate Serration Yellow-green
11 HOL 57.92 2,03 HEHIE PRI 230 J& Thick 50.6 35.79 11.01
Erect Lanceolate Serration Green
12 S REA 48.22 110 BUEIE WIRIE 752 30) JZ Thick 32.6 29.82 11.23
Semi-erect Ovate Wave Dark green
13 = 42.38 1.44 IR WIRIE 230 J% Thick 31.1 27.09 9.73
Semi-erect Ovate Wave Green
14 S RIEA 40.56 116 HiFIE HIIRIE ey JZ Thick 27.9 24.38 9.05
Semi-erect Elliptic Shallow wave Yellow-green
15 I 28.99 0.90 BB ke 230 T Thin 23.3 15.17 4.44
Spreading Lanceolate Serration Dark green
16 I 30.35 110 BEHE e 30 #E Thin 28.3 16.35 5.85
Spreading Lanceolate Serration Green
17 e 32.22 0.91 BB ki jEse3u) # Thin 19.3 16. 68 5.97
Spreading Lanceolate Serration Dark green
18 FHST 36.13 1.44  MEDE Lgupi 7230 # Thin 22.4 20. 88 7.86
Semi-erect Elliptic Serration Dark green
M 43.89 1.39 32.9 25.35 8.87
SD 8.52 0.32 8.7 5.60 1.86
CV/% 19.42 23.29 26.5 22.08 20.92
D1, 85-5";2; ‘& ‘Jinjiu ; 3; ‘4T’ ‘Hungshuwdng g “Jb5HT 1 57 “Beijing No. 175 5: *4IRJC’ ¢ Jingzhuangyuan’ ; 6. 44’
‘Shengjin’ 5 7: ‘ LI ZR #*  Shangdongzhong” ; 8. ‘b 3 BP]]lng No. 37;9: ‘85-5" & Line from ‘85-5"; 10. ‘ HARIT’

‘ Baizhuangyuan’ ; 11; 012-2; 12, ‘9302’ ; 13; /L‘W] = Ql]’lhudl No. 1’; 14 012-5; 15; WTI1-1; 16 WT2-1; 17: WT3-1; 18.: WT5-
1. M: FYJ{H Mean value; SD: $5#fE2% Standard deviation; CV: 785 R %L Loeffl(lent of Vdrldtl()n



32

W) % IR SO

=

%24 &

F2 18 MEMRM TEHSREERHORBINEL R
Table 2 Results of observation and determination on phenotypic characters of under-ground part of eighteen germplasms of Rehmannia glutinosa
( Gaertn.) Libosch. ex Fisch. et C. A. Mey.

FhRD HRREEAE  Character of tuberous root
Gom- R st A 2N Kit/om  fit/em N Wg"
plasm Epifermis color Flesh color Shape Length  Diameter
1 1/2<R<2/3 H G Yellow H {0 Yellow white ZitEIR Fusiform 10. 06 2.73 6.7 353.69
2 1/2<R<2/3 A Yellow A€ Pinkish white {254k Long strip 13.64 2.41 9.6  309.01
3 1/2<R<2/3 BL G Yellowish red K14 Pinkish white  Z5HE{R Fusiform 12.35 2.44 6.5  148.49
4 1/2<R<2/3 # (1 Yellow #r A Pinkish white  ZiHE{R Fusiform 10. 69 2.83 9.4 290.50
5 1/2<R<2/3 R H# G Pale yellow HH M Yellow white JZFE IR Knob 11.54 3.04 7.1 338.32
6 1/2<R<2/3 H G Yellow €S Pinkish white  Z5EIR Fusiform 10.39 2.59 11.4  295.26
7 1/2<R<2/3 A Yellow H [ Yellow white ZikEIR Fusiform 10. 87 3.28 6.6 371.09
8 1/3<R<1/2 #H Yellow A Pinkish white  JZE1K Knob 10.63 2.91 10.5  339.03
9 1/2<R<2/3 H A Yellow 4 Yellow white LR Fusiform 10.49 3.22 6.9 379.59
10 1/2<R<2/3 VR BT Pale yellow H [ Yellow white 2R Fusiform 8.59 2.71 6.2 192.71
11 R>2/3 L Yellowish red #i F f Pinkish white K%M Long strip 13.27 2.81 14.7 443.98
12 1/2<R<2/3 H G Yellow H {0 Yellow white ZikEAR Fusiform 9.77 2.51 11.9 285.09
13 1/2<R<2/3 O Yellow A G Pinkish white  JZJ&IR Knob 10.38 3.23 9.9 420.77
14 1/2<R<2/3 BL M Yellowish red K[ Pinkish white 2R Fusiform 11.19 1.99 6.6  124.27
15 1/3<R=<1/2 R Pale yellow 5 H % Yellow white Y AR Elongate strip 9.90 1.25 7.1 63.23
16 1/3<R<1/2 TR Pale yellow HH M Yellow white Yl 250K Elongate strip 4.08 0.62 4.6 17.03
17 1/2<R<2/3 LD Yellowish red #5 (€4, Pinkish white IR 37N Elongate strip 8.97 0.80 9.9 47.63
18 R<1/3 w4 {4 Yellowish red #5118 Pinkish white KSR Elongate strip 10.09 0.97 4.7 42.98
M 10.38 2.35 8.4  247.93
SD 2.04 0.86 2.7 140.46
CV/% 19.67  36.65 32.3 56. 66

D1, ‘85-5";2; “4Ju “Jinjiu’
‘ Shengjin’ ;

3, ‘B Hongshuwang’ ;

4. ‘Jemi1 52 ‘ Beijing No. 1°; 5. CeRon ¢ Jingzhuangyuan’ ; 6. <A
7. ‘I Z Bl ¢ Shangdongzhong” 5 8. “dt T 3 %5 ¢ Beijing No. 375 9.

“85-5’ &R i% Line from ‘85-5"; 10: ‘ FIIRIT°

* Baizhuangyuan’ ; 11 012-2; 12; “9302° ; 13, “I0HF 1 %2 * Qinhuai No. 1°; 14, 012-5; 15, WTI-1; 16: WT2—1; 17, WI3—1; 18, WIS
1. M: F¥J{H Mean value; SD: #n#fE2% Standard deviation; CV: 4857 R % Coefficient of variation.
DR SO EARG YR AR Proportion of radial striation diameter to tuberous root diameter.

3N, BARKBARAL Tuberous root number per plant.
YW, HbkHAR & B Tuberous root fresh weight per plant.
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FRIKPEE  Euclidean distance
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‘ Shengjin’ ; 7 * W fp ‘ Shangdongzhong”’ ; 8 ; I = Beijing No. 3’ ;9. “85-5’ & ¥k Line from ‘85-5"; 10; ‘ FHJIRoo” Baizhuangyuan’ ;
11:012-2; 12: 93027 ; 13 “iMA 15’ ‘ Qinhuai No. 17 14: 012-5; 15: WT1-1; 16: WT2-1; 17: WT3-1; 18: WT5-1.

E1 EFREMERKM I8 M EFRNERE
Fig. 1 Cluster diagram of eighteen germplasms of Rehmannia glutinosa ( Gaertn.) Libosch. ex
Fisch. et C. A. Mey. based on phenotypic characters
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Table 3 Result of principal component analysis on eighteen phenotypic characters of Rehmannia glutinosa ( Gaertn.) Libosch. ex Fisch. et C. A.

Mey. tested!’

F s HIEPRAFAE & Eigenvector of different indexes

Principal

component PT CW SD LS LMS LC LT

%5 1 The first 0.2412 0.308 9 0.2529 -0.099 8 -0.202 5 -0.110 4 -0.2959
%5 2 The second 0.029 4 -0.1335 -0.1300 -0.354 5 -0.084 9 0.101 0 -0.134 1
%5 3 The third 0.177 5 0.098 1 0.148 4 0.4352 0.390 4 0.268 0 0.1570
%5 4 The fourth -0.3415 0.072 3 0.079 7 -0.304 5 -0.054 4 0.737 4 -0.079 5
F FABPFHAFIE M Eigenvector of different indexes

Principal

component LNP LL LW ECTR FCTR R TRS
25 1 The first 0.257 3 0.313 4 0.307 0 0.054 4 0.024 2 0.2250 -0.250 5
%5 2 The second -0.264 0 -0.081 4 0.011 6 0.503 0 0.561 2 -0.034 6 0.0311
%5 3 The third 0.262 2 0.085 4 -0.065 3 0.171 8 0.120 8 0.200 8 0.369 2
%6 4 The fourth 0.006 3 0.020 6 0.005 6 -0.2350 -0.191 6 -0.199 9 0.069 0
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43k 3 Table 3 ( Continued)

FR - FEPRIYHRAE 1) & Eigenvector of different indexes 4 SRR/ % B TiHeR /%
T FRIEMH 0 .
Principal i | Contribution Accumulative
component N TRL TRD w 1gen vaiue rate contribution rate
%5 1 The first 0.1597 0.209 2 0.304 7 0.306 7 9.099 5 50.552 7 50.552 7
%5 2 The second 0.2237 0.3059 -0.089 9 -0.071 4 2.478 1 13.767 5 64.320 2
%5 3 The third 0.404 6 0.083 4 -0.1570 0.047 1 1.903 0 10.572 2 74.892 4
%% 4 The fourth 0.1811 0.099 4 0.038 4 0.211 6 1.2552 6.973 1 81.865 5

DPT, #%! Plant type; CW; 7 Crown width; SD; ZEH Stem diameter; 1S MJE Leaf shape; LMS: HZIEAR Leal margin shape; LC; M-{f Leaf
color; LT M'Jii Leaf texture; LNP; BAREM %X Leaf number per plant; LL; 4 Leaf length; LW, %% Leaf width; ECTR HdR Rz fa Epidermis
color of tuberous root; FCTR AR A {4 Flesh color of tuberous root; R: G AEO B S PR H AR He ) Proportion of radial striation diameter to
tuberous root diameter; TRS: FRARFEIR Tuberous root shape; N: BAFRERAREL Tuberous root number per plant; TRL; $RARK EF Tuberous root length;
TRD: ¥R E 4% Tuberous root diameter; W, HLEREHAREE i Tuberous root fresh weight per plant.
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Table 4 Correlation analysis of nine quantitative characters of Rehmannia glutinosa ( Gaertn.) Libosch. ex Fisch. et C. A. Mey. !

Btk MKZREL  Correlation coefficient

Quantitative

character CW SD LNP LL LW N TRL TRD w
CW 1.000

SD 0. 872 1.000

LNP 0. 843 0. 828 1.000

LL 0.957:x 0. 811 0. 792 1.000

LW 0. 894 0. 688 0. 652 0. 949 1.000

N 0.329 0.215 0.310 0.433 0.363 1.000

TRL 0.537x 0.472 0.331 0.491=* 0.470 0.454 1.000

TRD 0. 819 0. 742 0.609 = 0. 841 0. 8453 0.230 0.575% 1.000

W 0. 862 0. 849 0. 759 0. 879 0. 822 0.472 0.562* 0. 898 1.000

D CW; 5&1% Crown width; SD; 25K Stem diameter; LNP; BAREM H % Leaf number per plant; LL; M Leaf length; LW M 9% Leaf width; N, Bk
HLHREL Tuberous root number per plant; TRL: #HR B Tuberous root length; TRD: HH E 12 Tuberous root diameter; W. kA fif it

Tuberous root fresh weight per plant. = ; P<0.05; #:* . P<0.0l.
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