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Phenotypic Diversity Analysis of Cassava( Manihot esculenta Crantz)
Germplasm from China and Abroad
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( Tropical Crops Genetics Resources Institute ,Chinese Academy of Tropical Agricultural Sciences / Key Laboratory of

Conservation and Utilization of Cassava Genetic Resources ,Ministry of Agriculture ,Danzhou Hainan 571737)

Abstract: A total of 228 accessions of cassava germplasm were collected from 19 regions of China and
abroad. 22 morphological and agronomic characters including 15 descriptive morphological characters of stems and
roots , as well as 7 quantitative characters related to yield, were evaluated. The aim of the study was to understand
the genetic diversity of germplasm and provide a theoretical reference for germplasm innovation, as well as intro-
duction and selection of parents for breeding. Results showed that the frequency and distribution of morphological
characters of cassava resources from China and abroad were uniform. The majority were the types of open-branches
with three bifurcation,30 degrees to 45 degrees of branching angle, light-green endothelium, white fleshy roots
with rough and brown epidermis, and yellow endothelium. Diversity indexes showed 1. 895-2. 073 and 0. 435-1.
889 for quantitative and morphological traits respectively. Broad range of variability from 8.91% -44. 60% of
quantitative characters was observed among the 228 accessions. Root diameter of China resources was significantly
higher than that of foreign resources, while dry matter content of the foreign resources was significantly higher than

that of China resources, indicated that the root diameter and the dry matter content of domestic and foreign re-
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sources had obvious genetic differences. It was possible to choose high yield and good quality varieties from these

germplasms. Two step cluster analysis obviously divided the resources into two similatity groups I and Il . Group I

was composed of open-branch types with medium to large branching angle, irregular population and thick stem,

high tubers yield. Group Il was composed of compact and upright plant types with small branching angle, regular

population, thin stem and high dry matter content in the tuber. Future breeding work should integrate phenotypic

differences of the parents into progenies by combination of elite characters to achieve expected objectives in breed-

ing programs.
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Table 1 Origin,number and name of cassava germplasm resources
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Table 2 Code designed for descriptive characters in cassa-

va germplasm

[ DA =2 EZON IR1E
Part No. Characters Code of traits
E 1 L7 it BT =15 B =2 KT =3
Stem 2 IR ST =1 AR =2 NS =3
3 OB OO =15/ <30°) =2;577(30° ~
45°) =3;K( >45°) =4
4 EMAN AN =1; 24N =2; U8R =3;
F5r X =4
5 WAEZE KA =1 K =2, Kok =3, 8018 = 4,
A1z B, 1M =54 =618/ =7
6 SR REE =18 =2, "%k =3R4 =4;
NEBIfE 2R =5, HAflh =6
R 7 B IEH = 15K =2, 0N =3
Root 8 gigfEh R Ed =10 =2

9 PR AR(<5%) =1, (5% ~10%) =2;
F(>10%) =3
BAHEIE = 1; B SE—BIAEIE = 2; B4

B =395 =4, TN =5

10 BeBR

11 HUR4PR =18 =2
12 URFER LW =10k =2
13 BURAMNE F = 15T =25 0R08 =388 = 45

B, IR =518 =6; A =7

14 HURWE  H=1;7008 =28 =3, 040 =4,
[REN 4 =5,%4 =6

15 ORI A =1;3L8 =25 =3; M4 =4;
Bt HAl =5
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The labels of horizontal ordinates are the same as codes for descriptive characters of table 2. The same as below

E1 228 EINIAEMRZRZAMHREERTE S

Fig.1 Frequency distribution of six descriptive characters of stem in 228 cassava germplasm
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Table 3 Diversity index of six descriptive characters of stem in 228 cassava germplasm

ZREPEFREL ZREEFREL

PR Diversity index PR Diversity index
Characters BTN AR 3t || Characters SRR ESPANAR Bt

Domestic resources  Foreign resources  Total Domestic resources  Foreign resources  Total
R 0. 942 0. 882 0.912 || Z5M5r X 0.570 0.995 0. 837
Shape of plant Levels of branching
IR 1.077 1. 066 1.086 || HUEA T 2SI e i {1 1.883 1. 803 1. 889
Uniformity Color of stem cortex
IR 1.244 1.190 1.221 || U2 B, 1.278 1.319 1.342
Angle of branching Color of stem exterior
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Fig.2 Frequency distribution of nine descriptive characters of root in 228 cassava germplasm
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Table 4 Diversity index of nine descriptive characters of root in 228 cassava germplasm
EZEREE R EZEREE R
PEIR Diversity index PR Diversity index
Characters =Nl RN &3t || Characters = P U5 S e At
Domestic resources Foreign resources  Total Domestic resources Foreign resources  Total
Bt oA 0.999 1.031 1.017 || BetRZ )k 0. 427 0. 441 0. 435
Root distribution Texture of root epidermis
ks Ll 0. 693 0. 606 0. 670 || HARSM B 1.478 1.325 1.419
The concentration of root Color of root epidermis
JEML O 0.914 0. 606 0.776 || Pt B 1.597 1. 468 1.574
Rot situation of root Color of root endothelial
BB R 1. 034 1.158 1. 118 || Bt PR BT 0. 407 0.737 0. 601
Root shape Color of fresh root
PR 4R 0. 691 0. 691 0. 691
Root constrictions
x5 28 MAEMRFZFHERENRETSR
Table 5 Analysis of 7 agronomic quantitative characters in 228 cassava germplasm
R 5N FEYEN
PR Domestic resources Foreign resources Total
Characters A S FHE WRFE AR FHE TRFE RS FHIE 5 FAL
Range Mean +SD (%)cv Range Mean +SD (%)CV Range Mean +SD (%)cvV
bk 0.42 ~7.92 3.15+1.43a  45.49 0.33~6.60 272x1.14a  42.08 0.33 ~7.92 2.92+1.30 44.60
G (kg)
Weight of fresh
root per plant
WAL 0.22~0.72  0.54%0.10a  19.17 0.18~0.84  0.54x0.1la 2112 0.18 ~0.84  0.54 +0.11 20.19
Harvest index
FYIE(%) 29.52 ~46.9 37.64 £3.42b 9.08 30.32 ~49.15  39.14 £3.28a 8.38 29.52 ~49.15  38.41 +£3.42 8.91
Dry matter
content
FRET (em) 180 ~415 279.76 £44.72a  15.99 160 ~410 271.30 £41.47a  15.28 160 ~ 415 275.20 £43. 11 15. 66
Plant height
FZEEHA(em)  1.80 ~4.40 2.84 +0.48a 17.00 1.15 ~4.40 2.85 £0.47a 16.48 1.15 ~4.40 2.84 £0.47 16. 69
Stem diameter
F 2 (em) 70 ~275 155.24 +£41.40a  26.67 25 ~330 150.08 £48.39a  32.24 25 ~330 152.46 +45.28 29.70
Height to first
branching
HARE R (em)  3.66 ~7.63 5.31 +0.78a 14.72 3.4 ~6.45 4.84 +0.65b 13.33 3.4 ~7.63 5.06 £0.75 14.79

Root diameter

R FTEIR S /NG R TFREA R H LR EREE T

Values within a column followed by small letters are significantly different,the same as below

AREFP R IRBCRPIR IR 6, MAE T
JoT B A5 B i PR AR AE 10 A4S0 Hh 1 43 A A3 (
3)al LA, 7 A B R I R R S A,
EEEEARE 4 S AR R, 9 22. 8% , 25

P R OHCHE B PR S i AR AR AE
5 90 G A R SR K, 43 3R 30.3% 29, 0%
20. 1% 20.4% 21.3% , T W) RFE 6 HH 5 A B K
WK, H19.8% ,
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Table 6 Grouping criterion of quantitative characters
bk et T I
= (em
(kg/tR) ok E TYHE(%) B (em) FZEEA (em) " HURE (em)

Weight of fresh

Harvest index

Dry matter content

Stem diameter

Plant height

Height to first

Root diameter

branching
root per plant
1 X=<0.32 X<0.32 X=<31.56 X=<188.98 X=<I1.89 X=<61.90 X<3.56
2 0.32<X=<0.97 0.32<X=<0.38 31.56<X=<33.28 188.98 <X=<210.53 1.89<X=<2.13 61.90 <X<84.54 3.56<X<3.94
3 0.97<X=<I1.62 0.38<X=<0.43 33.28<X=<34.99 210.53<X=<232.09 2.13<X=<2.37 84.54<X=<107.18 3.94 <X=<4.31
4 1.62<X<2.27 0.43<X=<0.49 34.99<X<36.70 232.09<X=<253.64 2.37<X<2.61 107.18<X=<129.82 4.31<X<4.69
5 2.27<X<2.92 0.49<X<0.54 36.70<X=<38.41 253.64 <X<275.20 2.61 <X=<2.84 129.82<X=<152.46 4.69<X=<5.06
6 2.92<X<3.57 0.54<X=<0.59 38.41 <X=<40.12 275.20<X=<296.75 2.84<X=<3.08 152.46<X=<175.10 5.06<X=<5.44
7 3.57<X<4.22 0.59<X=<0.65 40.12<X=<41.83 296.75<X=<318.31 3.08<X=<3.32 175.10<X=<197.74 5.44 <X<5.81
8 4.22<X=<4.88 0.65<X=<0.70 41.83<X=<43.54 318.31<X=<339.86 3.32<X=<3.56 197.74<X=<220.38 5.81 <X<6.18
9 4.88<X=<5.53 0.70<X<0.76 43.54<X<45.26 339.86<X<361.42 3.56<X=<3.79 220.38 <X=<243.02 6.18<X=<6.56
10 X >5.53 X >0.76 X >45.26 X >361.42 X >3.79 X >243.02 X >6.56
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Fig.3 Frequency distribution of 7 agronomic quantitative characters among 10 levels in 228 cassava germplasm
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Table 7 Diversity index of seven agronomic quantitative characters in 228 cassava germplasm

EN = B = 4 I §5Y/¢/ 3| IEIN Il A R = S pE §58/igl/
Characters Domestic resources Foreign resources  Total || Characters Domestic resources Foreign resources  Total
Fubk i T (kg) 2.080 1.954 2.032 || EZEHEAE(em) 1.964 1.946 1.997
Weight of fresh Stem diameter
root per plant
LEIR I 1.991 2.063 2.042 || FZEF (em) 1. 881 1.847 1.895
Harvest index Height to first

branching
FTYHE(%) 2.068 2. 000 2.073 || HeAREFE (cm) 2.010 1.931 2.033
Dry matter content Root diameter
PR (em) 2.041 1.952 2.016 || 4l ZREETREL 2. 005 1.956 2.013
Plant height Diversity index

among groups
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Table 8 Cluster results using TwoStep based on 22 traits of 228 cassava germplasm
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