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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 with high or moderate resistance to assess 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’ cassava. 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
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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 divided the 93 resistant materials into three major categories: Category I, which has relatively poor overall traits and
includes 7 materials; Category Il, characterized by superior overall traits with outstanding performance in agronomic traits and disease
resistance, showing high potential for utilization and including 4 materials; and Category III, comprising 82 materials, with Subgroup
1 exhibiting good agronomic 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.
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Table 1 Description and data standards of cassava resistance material traits
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Code Traits Criterion for recording

1 R T ZE N BB SEC 1: ¥R 2. REE; 3. Gh; 4 RO 5. KAE

2 A EZESEHESOSC 1 KA 2. KEE: 3 AHEtE: 40 KRG 5. B 6 WM 7. RiEH
3 PR Sh B gt TOC 1. AkRAL e, 2. Hlt; 3. Wil 4. Ol 5. HEEG

4 73 X IEFH 0: Ar¥; 1: 54X

5 5y R (M) NF 0: A/ 1. Z4¥; 2 =4 3: U4 X

SEC: Stem endodermis color; SOSC: Stem outer skin color; TOC: Tuber outer color; FH: Fork habit; NF:Number of fork
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FRJ5E 37 B3, 15 27.01%; HUERIGT 33 43, 15 24.09%: BOEAET 9 By, 5 6.57%: EUEMT 2 43, b 1.46%.
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FRHERIEHARZE M ‘GRS 1 H A A P AAAE+ & B BRI, AUONHUR SR A I 22
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GG-23-363(HR) GG-23-508(HR) GG-23-98(HR) GG-23-343(HR)

GG-23-279(R) GG-23-353(R) GG-23-256(R) GG-23-282(R)

GG-23-352(MS) GG-23-261(MS) GG-23-327(MS) GG-23-350(MS)

GG-23-126(S) GG-23-255(5) GG-23-333(S) SC205(S)

GG-23-183(HS) GG-23-378(HS) SCII(HR)

TEAEYE: AR M) R i, SRR E PR 0L AL B R PDA SESRIEEIOXS IR, Foh GG-23-183 M GG-23-378 Z2il) 2 MR
SOPSE L RON
Left tubers: Cross-sections of tubers at inoculation points after pathogen inoculation, observing disease development in inoculated tubers; Right tubers: Control
inoculated with PDA medium, where the two left tubers of GG-23-183 and GG-23-378 are inoculated tubers
El 1 EOABMHEABFEMAITN
Fig.1 Partial in vitro inoculation and evaluation of cassava germplasm materials
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Table 2 Evaluation of root rot resistance in cassava inbred progeny materials

75 EARERR Tift 5 Pt i LA (%)

Code Resistance Germplasms Proportio

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, GG-23-350, GG-23-363, GG-23-373, GG-23-399, GG-23-408,

1 =Pl HR GG-23-419, GG-23-433, GG-23-448, GG-23-451, GG-23-479, GG-23-490, GG-23-500, 40.88
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,




SC11, 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
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, 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,
2 i R 27.01
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
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, GG-23-368, GG-23-368, GG-23-285, GG-23-352, GG-23-359,
3 HU MS GG-23-261, GG-23-334, GG-23-340, GG-23-283, GG-23-428, GG-23-522, GG-23-450, 24.09
GG-23-174, GG-23-332, GG-23-531, GG-23-266, GG-23-88, GG-23-327, GG-23-288,
GG-23-452, GG-23-383, GG-23-370, GG-23-372, GG-23-380
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, SC205

5 /& HS GG-23-183, GG-23-378 1.46
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Table 3  Coefficient of variation and genetic diversity of agronomic characteristics of cassava materials
pEAR BUME BRI TBIE RRER BRAN SR B (%) Ratio distribution
Traits Min. Max. Mean SD (%) CV  Genetic diversity 0 1 2 3 4 5 6 7
R ZE P B BESEC 1 3 1.33 0.57 43.07 0.75 — 69.89 2473 538 0 0 — —
1.0
R ZE AR BSOS C 1 7 2.11 1.64 77.63 1.11 — 6237 2151 430 3.22 753 0
8
PUR 4N B TOC 1 4 1.71 1.21 70.51 0.82 — 72.04 430 430 19.35 0 — —
4y X 3 PEFH 0 1 0.71 0.45 63.93 0.60 29.03 7097 @ — — — - = —
S XK (M) NF 0 2 1.26 0.88 69.85 0.98 29.03 16.13  54.84 0 — - = —
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— indicates that this classification does not exist in the record standard
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HARNE90.52~8.54 kg; & 28 m M B 0080, HAR 57 R 8000 70l 939.33%M133.75%, AR 43791 916.80~
335.00 cmAH13.00~27.005%: #k M ZEAH 122 7t R B0 1) 9 14.46%4116.32%, AR M8 53 71 9151.40~395.30 cm
F121.20~49.70 mm. S/MEARIEL 2 FEMETRBOE FBITE1.95%2.04, “FIEH2.00, XEELEHRH, KRB
FRftpkm . 2. 2R, S RHONEE T RS EEUR 2R R ERCOR, RoR HEGE 2R, X

NI REARZE AL RARJG (15708 5 A F SR 0 R 4r (AL, 90845 Ja AR B dh A (K S R AR & S 04 T 4R 9
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Table 4 Diversity analysis of yield characteristics of cassava materials

E2TN RKME e/ ME FEE bRz 5 RE (%) BAE SRR AL
Traits Min. Max. Mean SD crv Genetic diversity
PR (em) PH 395.30 151.40 298.74 4321 14.46 1.95
24 (mm) SD 49.70 21.20 30.73 5.02 16.32 1.99
F%E (em) SH 335.00 16.80 200.89 79.02 39.33 2.03
FREEEHE (%) RNPP 27.00 3.00 12.37 4.17 33.75 2.04
FRREEEE B (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
2.3 REMMMREERZIEREEXES
Xt 93 IARZEHURA B 6 A EEREPIRBATHICE T (R 5). S5 REIR, M52 2R B
Ky MRAREON 0.250, bkl 55 200 e SR 5 50 2 (8] I AR 2 28 IEAR G, ARG R B 79105 0.490
#0.680, LARZURKW], A ‘GR891" BHAJFAMBIAR SRS P EIERZ W AF A EAAE . £5)5
FpUpE A R QIR AR, LR E B RA SRS P BRI P .
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Table 5 Correlation analysis of agronomic characteristics of cassava materials

EZIN BemiCem)  ZEHL (mm)  EZER (em) SR AL R LR
Traits PH SD SH (™) NF (%) RNPP (kg) RWPP
ki (em) PH 1

2 (mm) SD 0.250* 1

F2%5 (em) SH 0.110 0.050 1

SAEE (A NF 0.310%* 0.180 -0.240%* 1

kit EEE (%) RNPP 0.140 0.260* -0.090 0.170 1

ki EH (kg) RWPP 0.170 0.490%* 0.000 0.200 0.680%* 1

* IR o3 5l R 5 35 A 9% (P<0.05) R I3 35 4 9% (P<0.01)

* and ** indicate significant correlation (P<0.03) and highly significant correlation (P<0.01), respectively.
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X3 ARZETURM BN AR EMARIEAT T E 073t (R6do UIRFLE AT 1 ke, FHREUH3A
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TARE G B AR P R RIR ARV . B 13 R AR 92,200, TTRRSEH36.67%. FEIZF ST, B
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(0.7542) FIZEHH (0.6761). HE27E Mo IIRFEMEN1.1766, TTRAR N36.67%, Foh 32 25 m (RFAE ) & IE A
K, 0N0.8453, B3R HIAFAEE N 1.0942, TTHRFE18.24%, FHr ks HRHIE A B IEE 5K, 90.7413.
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Table 6 Principal component analysis of agronomic characteristics of cassava materials

AR F K4 Principal component

Traits 1 2 3

PR (ecm) PH 0.4640 0.0039 0.7413
24 (mm) SD 0.6761 0.2334 0.1072
F%E (em) SH -0.0844 0.8453 0.3417
SRR (M) NF 0.4853 -0.6065 0.3848
FREEEHE (J%) RNPP 0.7542 0.0605 -0.4179
MRS E (kg) RWPP 0.8464 0.1896 -0.3062
H54iE{H Characteristic value 2.2003 1.1766 1.0942
TIERZE (%) Contribution rate 36.67 19.61 18.24

BilotEkE (%)
36.67 56.28 74.52
Cumulative contribution rate
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Rtk M. B, HORREFE AN SR DR B IR BN BUEM R AT R T, 4593
EAPRHAIY 3R IERIR TR, & RBERHET R 58 T RE570 MK (GG-23-528. GG-23-191.
GG-23-413. GG-23-278. GG-23-127. GG-23-200. GG-23-379) , ETAHE: Bk CFi4226.24 cm)
A (CF425.29 mm) , P EZE1E94.00 em, FREEE KD (5.00%) , FRAREEE S ERAK (1.21 kgD,
SRR TR ACRN20.97. SHAMEEARLL, XN, R SRR A HOR R ) R R A

N,

Bigesr, 70 412.86% 89.41%- 32.07%- 54.77%. 3 KA Z 4 MR (GG-23-520. GG-23-227. GG-23-78.
GG-23-386) , FEHiE: thmiEd CF9277.75em) , ZEHHH CF3438.65 mm) , P32 2£5105.00 cm,
PRREEE ML (21.25%%) , HMREEE B (7.61ke) , FEPREIRECN31.58. 5 A EEM L,
ZRIIR R R R AU S (17.91%) , (HZEH, BPREF AU RR G Z B P E R R, AR REURIK,
IrNT.62%. 16.435%H114.94%. SHIIEE S 82 AR, FERHE: thdfm CF¥312.61 cm) , P
3322 mm, FEEEE CFY194.52 cm) o PR K EON12.65%, TFIEEEEH3.70 kg, %K
btk ROR, AR AR (12.05%) . ER2PEoR, & 1R AHRHE AR Z MR AT M 7 T %
PR, XA EHUR B M EAB AR ENE: sAh, SBICSEEE st — DAl 34N, RIHZIA R



R 2, BRI, /MEL (GG-23-214~GG-23-500) , W& KL, HoFHtkm. 20,
FEE . R AR PR EE B E TR H0 1) 79325.00 cm. 40.27 mm. 193.89 cm. 12.78%%. 4.44
kg 13.22, Z/NEERPRIRILH 2 0 e 0y, T E RO P R 1 R A R S NER2
(GG-23-508~GG-23-409) , HE29AEL, RIANMRIZREMEEGE, FEA —ER~ MG, W
VN Ja SRR AN B R A% O RE . /NEE3 (GG-23-279~GG-23-279) , & 440 A kL, MR AE P2 B AP
Mz (MR S, ATy P R S ORI B AR B R T, A RO R U
XA RV S IAARE, S A B S AR A R P T BL RS 2 R ARSI .
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Table 7 Statistical results of agronomic traits and disease index for different group

stk i H 2 Group

Traits Item I I1 1

i (em) PH A 226.24 271.75 303.59
BRFE (%) 14.75 17.91 12.05

254 (mm) SD S 25.29 38.65 29.64
BRFE (%) 12.86 7.62 10.70

F255 (em) SH S 94.00 105.00 196.41
BRFH (%) 89.41 44,54 45.29

Bk 5 268 (2% ) RNPP A 5.00 21.25 12.53

AR (%) 32.07 16.43 26.18



PR 22 5 (kg) (RWPP) TYME 121 7.61 3.31

AR (%) 54.77 14.94 27.50
Wit e s DI FYE 20.97 31.58 18.07
AR (%) 60.13 20.81 76.86
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