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Evaluation of Phytophthora Root Rot Resistance and Genetic Diversity
Analysis of Resistant Materials in Cassava Inbred Progeny
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Abstract: The excised root tissue inoculation method was used to evaluate resistance to cassava root rot
caused by Phytophthora in 137 inbred progen GR891 cassava samples. Genetic diversity analysis, including the

coefficient of variation and genetic diversity indices, was conducted on 93 samples exhibiting high or moderate
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resistance at 10 key agronomic traits. Results showed that among the 137 samples, 56 exhibited high resistance
(40.88%) , 37 showed resistance (27.01%) , 33 were moderately susceptible (24.09%) , 9 were susceptible
(6.57%) , and 2 were highly susceptible (1.46% ). In the 93 resistant samples, the coefficients of variation for 10
main agronomic traits ranged from 14.46% to 77.63%, with genetic diversity indices between 0.60 and 2.04,
indicating abundant genetic variation in the resistant progeny of GR891. Correlation analysis revealed three pairs
of traits with highly significant correlations and three pairs with significant correlations. Fresh tuber weight per
plant was significantly positively correlated with stem diameter and tuber number per plant, with correlation
coefficients of 0.490 and 0.680, respectively. Principal component analysis identified plant height, stem
thickness, main stem height, tuber number per plant, and fresh tuber weight per plant as the primary features of
phenotypic variation in cassava, with the cumulative contribution rate of the three principal components reaching
74.52%. Cluster analysis suggested three major categories: Category I, including 7 materials which have
relatively poor performance at traits; Category II, characterized by superior overall traits with outstanding
performance in yield traits and disease resistance, showing high potential for utilization and including 4
materials; and Category III, comprising 82 materials, with Subgroup Illa exhibiting good traits and disease
resistance as well as significant potential for high yield, including 9 materials. This study provides scientific

evidence for selecting cassava germplasm resistant to Phytophthora root rot and informs genetic analysis for

resistance traits.

Key words: GR891 cassava;inbred progeny ;root rot disease ; resistance evaluation
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1.1 REAHR

4 2E A GR891 A5 [F 2 A A 7E =~ pg 48 PR Ll il
Bt EL R M4 (24°47'N,99°26'E) , [ H k47 A 4
B IRAG A SR AR 137 403, 43 9 5, IFARAE T
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AHIGE it R R 5 A e s, FRAR SR 2 R
f£, 20005 PDA SR EEAR 1 28C 1557 7 d, %
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2023 423 AR A TG A B 137 63 DL K
JE AR 205 FITDR AL FIERT 1L SR T2 RA
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FERP T 10 B Pl A PR EEE A PN %5 B ORI, 28~30°C 4%
F27 do AR AR B 55 M RELL BT B Fh A R
205 FIHERS 1154 R el 3 45 fif 8, 3R 7 d
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Table 1 Description and data standards for agronomic traits of cassava resistant materials

[N WAAE bR E Assignment standard

Traits 0 1 2 3 4 5 6 7
BT ZE N BB, SEC - ke ek L, o Fak Ll AN - -
2RSS, SOSC - PIEREN IRE: A, FAR Ch e IRH A, e WA A
PRSI i s, TOC - H L oy CREN O CREN FAR N piyicheh - -
53X 21 FH A 53X - - - - - -

43 X Htit NF M43 iy’ 3°4 =4 pusy s - - - -

- FONICEAREATFAEIL 225 T 1]

SEC: Stem endodermis color; SOSC: Stem outer skin color; TOC: Tuber outer color; FH: Fork habit; NF: Number of fork; — indicates that this

classification does not exist in the record standard; The same as below
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GG-23-343 (HR)

GG-23-282 (R)

GG-23-98 (HR)

GG-23-256 (R)

GG-23-350 (MS)

GG-23-333 ( SC205 (S)

GG-23-183 (HS)

GG-23-378 (HS)

@' n

SC11 (HR)

GG-23-363 S AR M K5 F5 5 N HR (R MS .S \HS 535 CZR ST B o R Ry I8 ; 20 i s e Jeiis I 0 J5 B DD S el it
WEHRN LT OL P GG-23-183 F1 GG-23-378 A2 i/) 2 MM AR i M A7 31 b . e PDA B35 BE (10 [
SC11 /1 SC205 MUK IE, SC11:46/ 115, SC205:4EF 205
The codes such as GG-23-363, etc are identifiers for cassava materials; The abbreviations in parentheses correspond to highly resistant, resistant,

moderately susceptible, susceptible and highly susceptible, respectively; Left tubers: Cross-sections of tubers at inoculation points after pathogen

inoculation, observing disease development in inoculated tubers, where the two left tubers of GG-23-183 and GG-23-378 are inoculated tubers ;
Righttubers: Control inoculated with PDA medium; SC11 and SC205 are the infection-resistant controls, SC11: South China 11, SC205: South China 205
1 EHAKREHHZERNBEEFNEN

Fig. 1 Partial in vitro inoculation and evaluation of cassava germplasm materials



1170 GEUE /B S N G S S 26 45
F2 KREBXERHRBRAFBEEESER
Table 2 Classification of root rot resistance in cassava inbred progeny
. it
T PR i (%)
No. Resistance Germplasms ’ .
Proportion
1 [T GG-23-139, GG-23-141, GG-23-162, GG-23-176, GG-23-177, GG-23-20, GG-23-246, GG-23-270, GG-23-284, 40.88
GG-23-350, GG-23-363, GG-23-373, GG-23-399, GG-23-408, GG-23-419, GG-23-433, GG-23-448, GG-23-451,
GG-23-479, GG-23-490, GG-23-500, GG-23-508, GG-23-517, GG-23-528, GG-23-98, GG-23-203, GG-23-402,
GG-23-121, GG-23-278, GG-23-357, GG-23-527, GG-23-175, GG-23-484, GG-23-248, GG-23-420, GG-23-197,
GG-23-127, GG-23-131, GG-23-60, GG-23-125, GG-23-251, GG-23-128, GG-23-228, GG-23-106, GG-23-147,
GG-23-200, GG-23-257, GG-23-342, GG-23-343, GG-23-355, GG-23-362, GG-23-409, GG-23-436, GG-23-446,
GG-23-449,GG-23-572
2 L GG-23-214, GG-23-165, GG-23-279, GG-23-379, GG-23-253, GG-23-507, GG-23-520, GG-23-227, GG-23-524, 27.01
GG-23-71, GG-23-366, GG-23-265, GG-23-281, GG-23-286, GG-23-146, GG-23-198, GG-23-134, GG-23-437,
GG-23-560, GG-23-191, GG-23-116, GG-23-272, GG-23-353, GG-23-256, GG-23-282, GG-23-78, GG-23-483,
GG-23-189, GG-23-486, GG-23-63, GG-23-68, GG-23-37, GG-23-493, GG-23-268, GG-23-277, GG-23-386,
GG-23-413
3 ek GG-23-521, GG-23-16, GG-23-335, GG-23-523, GG-23-172, GG-23-258, GG-23-426, GG-23-12, GG-23-156, 24.09
GG-23-368, GG-23-285, GG-23-352, GG-23-359, GG-23-261, GG-23-334, GG-23-340, GG-23-283, GG-23-428,
GG-23-522, GG-23-450, GG-23-174, GG-23-332, GG-23-531, GG-23-266, GG-23-88, GG-23-337, GG-23-327,
GG-23-288,GG-23-452,GG-23-383,GG-23-370,GG-23-372,GG-23-380
4 JB GG-23-126,GG-23-255,GG-23-153,GG-23-491,GG-23-333,GG-23-620,GG-23-565,GG-23-231,GG-23-453 6.57
5 = GG-23-183,GG-23-378 1.46
22 AREREMBEERZERNEETRIW B ZE A R B R B s, S E
593 I AR SHCHE MR PRI, 77.63% : P MR AN B0 2 4 70.519% ; T AR

RIS A A AR R B A [ B B 1 34 AR S
(F3). FERXLEMR b, B 325 9 B2 B e DAV
Rk F, Kk RGO, gt Xt i
ZEAI Rz B K L, R OE IR Sk B Ak
B R 2o s AL, ka5 X

B UL = SO 3 HRGEAN 0 3, 380 — 4 X

R3I REERNESRBRBESHEDN

XN R B B A ALK 43.07% . 5 AR PRI
AL ZAEEFE BOE FIE 0.60~1.11, “F2{H 4 0.86.

Hop ) G B ZEA B B s AL 2 RE v Bl L R
EUW’”%H(E’J AL Z AR E T LM
i 15 2 Pk 48 B AR, R % PR B9 43 A AR
.

Table 3 Coefficient of variation and genetic diversity of agronomic characteristics

AR EL N::A
- 2Tt L
T Bobh Bk P hRfE " 5512 434 (% ) Ratio of distribution
PEAR REC 2R
Traits fit fix fit = (%) gL
0
Min. Max. Mean SD "
cv H
0 1 2 3 4 5 6 7
AT ZE N 2 B SEC 1 3 133 057 43.07 0.5 - 69.89 24.73 538 0 0 - -
AN B SOSC 1 7 211 164 7763 1.11 - 6237 2151 430 322 753 0 1.08
PR 4hEz B, TOC 1 4 1.71 121 7051  0.82 - 72.04 430 430 1935 0 - -
4y FH 0 1 071 045 6393 060 29.03 7097 - - - - - -
43 X H NF 0 2 126 088 69.85 098 29.03 1613 5484 0 - - - -
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S F B MR R I AN R AR B st 1% AR S5
(F£4), Hrp, BFOpRfif 2™ 28 5 R EBUR K, 185
42.219% , FHAE W 47 0.52~8.54 kg ; FLk & 2K m Al ea
PR, AR S5 R AR 39.33% F133.75%,
A WE 43 50 16.80~335.00 cm HI 3~27 5% 5 bk i FI 2K
FHL A 75 S R B0 1 14.46% F11116.32% , 725 i 43 5]
7 151.40~395.30 cm #121.20~49.70 mm, 5755
F4 FEFSHERNEESHEESHR

Table 4 Diversity analysis of yield-related characteristics

PR 8% Z AR PSR B I 7E 1.95~2.04, S35 {E
2.000 DL SRR RS ARG I 2
1 AR B SRR R R ) R SR R R AR
AR SRR, s HE A B 2 R, X O TR R
SEAE R 28 - R PR AL R R, I S
JEAE T AR R AE F SR A TR

PEIR SEPN: ] e/ ME FHE Frifi2E SRR %) iR
Traits Min. Max. Mean SD cv H'
Pk (cm)PH 395.30 151.40 298.74 43.21 14.46 1.95
25H (mm)SD 49.70 21.20 30.73 5.02 16.32 1.99
F2255 (em)SH 335.00 16.80 200.89 79.02 39.33 2.03
FARRAEEAL RNPP 27 3 12.37 4.17 33.75 2.04
FARREE S 5 (kg RWPP 8.54 0.52 3.45 1.46 4221 1.97

PH: Plant height; SD: Stem diameter; SH: Stem height; RNPP: Root number per plant; RWPP: Root weight per plant; The same as below

23 AEHMEMBEZEFEEROBEXES R
Xt 93 Iy AR HUIE AR 54> 32 2 i R
FrSeME T (32 5) . SRR, bR 525
FEIEAHC M E R ECR 0.250, Bopkfif 28 i 5 20
L BRSBTS, AR S R A

R5 AEMHEEFEERBEXMESHT

43994 0.490 F110.680., iRt B, A% GR891
AR AR BR RS R 2 A A B
FHEZ A, 765 BB B R o ) il o A8 vh , B 25
AR BRI TIEA

Table 5 Correlation analysis of yield characteristics of cassava materials

PEIR 73 EViil FEE LRSI % g FARAE
Traits PH SD SH RNPP RWPP
P PH 1

2EH SD 0.250% 1

F2Em SH 0.110 0.050 1

Bk A A 5 RNPP 0.140 0.260%* -0.090 1

PP G 5 RWPP 0.170 0.490%* 0 0.680%* 1

A IR BB IE (P<0.05) FIHR B EHH % (P<0.01)

* and ** indicate significant correlation (P<0.05) and highly significant correlation (P<0.01), respectively

24 AERMEMBIEEMRER S ST

XF 93 Uy A B AL 6 AR UEAT 32435
SMT(F6) . LIAFFE R T 1 hnife, L4z 34
TSy, Bt Tk Rk 74.52%, 36 T AR b
BE6 A FE MR LI F B X R TR
SR R B MRIRIE AR PR . B 1 A
FRAEAE ] 2.2003, TTHRF N 36.67% , Hih , Bk fif 2
PR IR [ R BB, O 0.8464 , 2 HA Bk fef 22
RO B EN R aiip- AR/ NI R @ik /S - &y

(0.7542) FHZEH(0.6761) o 25 2 F= Wl s B FRAEAE A
1.1766, 5Tk N 19.61%, Ho b 32 25 5 B9 FFAE 7] &
E K, M 0.8453, 55 3 E R IHFFIEME R 1.0942,
TR A 18.24% , Ho bk & iR ik ) i (B e K,
0.7413. TEF BG40 Hr b, A 32 40 R 2 WL
BT &S MR Z RIS R . bR ML 2R
10 B i S TR LR i R R S e R A
AE S RERRE, AR R S F R LS
SEf
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Table 6 Principal component analysis of characteristics of
cassava materials

AN 43 Principal component
Traits PCI PC2 PC3
Fim PH 0.4640 0.0039 0.7413
2K SD 0.6761 0.2334 0.1072
F 255 SH -0.0844 0.8453 0.3417
43 U NF 0.4853  -0.6065 0.3848
PR 24 = RNPP 0.7542 0.0605  -0.4179
FARRAE I RWPP 0.8464 0.1896  -0.3062
FH{EA Eigenvalue 2.2003 1.1766 1.0942
BTk (%) Contribution rate 36.67 19.61 18.24
Stk (%) 36.67 56.28 74.52

Cumulative contribution rate

2.5 AREHHEMBIRES

AR e 2L 2R PR A SRR | AR
fief S i DL KO B PR B O R RS T R 2 W,
¥ 93 (b RHAI 43 3 K2, MBI 2 Finge 7 ml 1, 551
KA1 TN GG-23-528.GG-23-191 .GG-23-413.,
GG-23-278 . GG-23-127 . GG-23-200 . GG-23-379) ,

FBRAE bk R U (134 226.24 em) , ZE840 (F
¥725.29 mm) , P44 F 2555 94.00 cm , PR fif 25
&/ (5.00 4%5) , Hupkfief 2 AR (1.21 kg) , 3495
TEHEECN 20.97; 5 HAMSEHEAR LL 2 ZEHEA 250 3
2R BRSSP G AR S R A
B, Ak 12.86% .89.41% .32.07% . 54.77% ., *f;
12405 4 FHGG-23-520.GG-23-227 .GG-23-78.,
GG-23-386) , FEHFIE APk S T (27775 em)
A (44 38.65 mm) , P34 3225155 105.00 cm, HL
PREE R I 2 (2125 4%) , kB E - e i
(7.61 kg) , F-Xm B 48500 31.58 ; S HAMSS A L
ZANRR R AR 5 R U (17.91%) , 258 | bk et
SRR R LB B P (R K B R R U
%, 235K 7.62% . 16.43% F1 14.94%, S5 405
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Fig.2 Cluster analysis of 93 resistant materials
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Table 7 Statistical results of yield traits and disease index in each group

LEEIN 15 ehF Group
Traits Item 1 I it
P75 (cm)PH SEAE 226.24 277.75 303.59
5 FE (%) 14.75 17.91 12.05
2541 (mm)SD FHE 25.29 38.65 29.64
5 ZH (%) 12.86 7.62 10.70
F22585 (em)SH SFIE 94.00 105.00 196.41
5 FE (%) 89.41 44.54 45.29
RS RNPP FHIE 5.00 21.25 12.53
5 ZH(%) 32.07 16.43 26.18
FABREE ik (kg RWPP SEIE 1.21 7.61 3.31
5 FE (%) 54.77 14.94 27.50
il a4 DI SFHE 20.97 31.58 18.07
5 ZH(%) 60.13 20.81 76.86

DI: Disease index
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