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) Soybean and Mungbean Breeding Project

Abs_tract
Mungbean.

_'The objectrves in mungbean breeding were to improve for resistance to powdery
mlldew and eercospora Ieaf spot ‘and for synohromzed maturity, Breeding for resistance to
powdery mildew was made by gamma radlanon of SUTI ‘which results in resrstant lines.
‘Backeross breedmg method was used to 1mprove mungbean vanety Chainat 36 for resrstance to
_ powdery mildew usmg SUT4 as the donor parent. The backcross was made three tlmes and many
resistant lines were developed These lines are being tested in yield trials. Breedmg for resistance
to cereospora leaf’ $pot 1nvolv1ng the yreld tr1al of SUT2 3 and 4 to aceumulate data for

cert1ﬁeat10n of the varieties by DOA Crop eertlﬁcatxon commlttee N

Soybean

The_ objectives-of soybean breeding_Were to develop. early maturing varieties of soybean
to improve soybean varieties t‘or reslstance to shattering and for high protein .Two methods were
used to 1mprove for early maturmg vanetles mcludmg selection for early maturmg lmes from
varlety Cross procedures and by backcross breedmg method In. the ﬁrst method, single seed
descent method was used followmg erossmg between. an early maturing varlety Ch1angma1 2
'(CMZ) thh a late maturlng vanety, Long Juvenile 4 (LJ4) Lmes with- days to flowerlng longer
than Ch1angma1 2 and days from ﬂowermg to maturmg shorter or equlvalent to Chlangma:l 2 were'.
.seleoted These lines. should .be harvested within 85 days For the second method LJ4 was cross
and backcrossed to CM2 for three ttmes In each generat1on early maturing lines w1th h1gh pods
per plant were selected These- two prooedures were successful in 1mproved early maturing

soybean for h1gh y:eld



. Q7 N
a3y
'
g
=y oay k

DARNTTUUTENIFL. oottt )
UNARTIDIHIING. .o 9y
UNFAABDATHITIRNH . ..ot ettt eee e ese et f
BITIGLL ettt e 3
TITUUYPITN. oottt ereertb e teree et e e 9
AITUUYNTH. ettt er sttt e e e e eeee e e s e s e e e et as i 2
BT, Lttt ettt et e et et s et e et ¥y

1. msdivlgedadisn g umuTsasudls luge saslergiufsanioudu Tauld3s

IITITUNUU 1. oo e e e e e i s e e e e eee oot boe et oot e

2. Breeding Mungbean for ReSiéﬁmce to _Pdwdery MiIAEW. .. e.cervesieeecnreenin, e, e 3
3. 1nheri_tande of _Powdei'y Mildew Resistance in Mungbean' [Vigna radiata(L.) Wilczek]....... 11
4. mydfulyeiugdaumbesengdu............... Vit RO et 21
. v - £ ) 'w
5. MWL IMAee @ uTae EnsRaun@ ... 31
aw o 3 3 .a
6. UWENOG IUTUAUUUNT. v, SR PRSP 38
£ Py o



TIFUYATIN
4
Hwin
P @ o e Ao A g v @ ¥
neh 1 meRugiudsiidadenantszmnsd ldsumseddunumnTddnmi
Tansudle naglorgRumoawdsuiu. ., 2

Table 1. Grain yield and other characters of mungbean lines selected from backcross progenies

for resistance to powdery mildew.. ... 7

Table 2. Grain yield and powdery mildew reaction of lines obtained from backeross breeding

using SUT4 as donor parent and CN36 as recurrent parent..........cooovvveieniiennivinenn, 8

Table 1. Means and standard errors of different mungbean populations for disease reaction in

susceptible x resistant crosses during 2000 and 2001....... ... 16

Table 2. Estimates of additive and dominance effects and standard errors from the joint scale
test for resistance to powdery mildew on susceptible-x resistant crosses and their P,

P,, F,, BC, and BC, grown in 2000 and 2001................ocovovrrriesreressosens, 17

Table 3. Estimates of number of effective factors (k) and broad-sense heritability (h;) for
powdery mildew reaction. .. ..i i i e 18

Table 4. Segregation ratios for powdery mildew disease scores of F, and backcross populations

derived from crosscs of susceptible x resistant genotyPes.. .. vvvvviiireiiennernrseenen. 19
A5 1 uaraemsauiL I unase 9 Wug Taominswednusenaieng.. ............... 2
Table 2. Number of plants for three cross populations selected by MSSD and CSSD............. 25

Table 3. Number of the best F, lines selected by conventional single seed descent and modified
single seed descent ProcedUre. .. ... ot e 25

Table 4. Means over locations of each population for yield, days to flowering, days to maturity

and seed size of three cross populations selected by two procedures. ... ..ol 26
Table 5. Means over locations of five best lines obtained from CB1 x NS1 population............... 27
Table 6. Means over locations of five best lines obtained from LJ4 x NS1 population............... 28
Table 7. Means over locations of five best lines obtained from LJ4 x CM2 population............... 29

{ = o 4 o o J 7] 3 1 )
?‘]'li"l\‘l‘?l 1 ﬂ15'3&7‘3513»’??’31&?614%*1]8\?51@1?1@@ HAZANYRSAIY VBIGANTUNALT 3 ANTU.... 35

= o ol 1 o el ¥ ar Y o 1 9
AT NN 2 HANDH LaTaNHUSAE 9 “Uf]qﬁ'lflwuﬁ:ﬂllﬁ'il'lﬂﬂ']iwa'ﬂﬂﬁuﬂlﬂllﬂ'luju‘ﬂﬂﬁ@ﬂuqqm 36



MIUYMNN
b
Hi
Fig. 1. Breeding procedure to incorporate powdery mildew resistance from SUTY4 to CN36...... 9
Fig. 1. Procedures for single sccd descent (SSD) selection for late flowering and early maturity..... 23

Fig. 1. Diagram for backcross breeding and selection for early maturity and high number of

pods per plant



¥
o 0
IRNEY
Iasams3dviiiidagilszadiowannmsdgndumdouazdadeoaly v, unssadn
1 td
uazmaezivesnieuniis  Wesnnuuanigadananifianmiiadeuiana e inumas
[l 3 FLU | [l
gndu 9 Tualszina duiuivihmuaiaglssaddes q Tlumsidudall ambes Mediulga
@ 3 = 1 A Ve A A @l v o JY 1
wugegdu wawdags waziln hisendlognun dudes mielfulpaiugammiuae Isasuds
= at ar < 1 o & . [ ar
Tsaluge wamdage MmsUdinlgenug laedimsnonatoiug (mutation) uazdiuilgasiugln
o el o o =
sunsafune) ldasuas
@ y ' = oar w o o ' 1 s o
yemiviliiuindmeeimsifeaiaglszasidana wu miteiundes
A = = =5 1 :x’ a a1 ma A 9/ c?/’ A . [
valT e Tdshuegluduneiug diunsiiadie lvegdu uasmsiiuduiudndedy

u;.-’ ¥ t o o o VA - a o cg
Tumsneassaseitehssruanudiuiuiluegediy mazaunsafissandatamdesegdu

]
Qs <=1

) 1=€iJ 3 1 < % o Y- | a ch:d'.sf 1 =
Tgaruld drumsietudion ldhimsdadeniufidumude Traswdle Tuge nasiio
o ¥ a4 aw v A d o o o 1 ad "
ALAYINTFLN °]N311!’353ﬂi‘”fﬂu‘U'NIﬂ'iQﬂ’liﬂﬂﬁgﬁﬂﬂg']ﬂﬁuﬁfﬂlﬂu’ﬂﬁi"NﬂEN Glumﬁﬂﬂmﬂﬂ

@ oy g P ]
WU NRBING ‘1JNIﬂ'Nﬂ1iﬂ'§ﬂﬂNﬁﬂ’iﬁ'ﬂﬂﬁ@ﬂ'ﬂuuu@u

Tunrsadouraz iy ilaTen13390000 7 (component sub-project) Ha1gHi W W14

Y 9}@;3

Vo =Y d'l oo 4 1 ar dw VY g d"L ﬁ!o}
Wma"lﬂmmuﬂ'mwamwwuw LHELLWTLEN muu‘luﬂaamnmm ulﬂ'i"i'l’i”lﬂ\‘!"m‘lf] lﬂiﬂﬂ'li

Ao &Y Y o o
ARUWUAIUHEAUDRAY ﬂ\?ﬂﬂ?’lﬂ{]



m3dSudpadauaenlidmndsasuila luga

= [~ C; FY r Qi f ar e
uazdogiuNeINiauny laglditaaTaduninn

Twrm iva1g 750 vz gwoed Sunid

M
@ ‘ﬁ @ o Aa ' £ & ' dad A a '
dudgntluiyarzpadrnlmalgnunivateiaviiwelszmalne edwlsfdnuingn sou
¥ o w 1et o [~ ap & o4 o et e
Judiia uas hifimsvesannitunamaet  Mdlimsensdgadadsiilamvaslszms Tasmwe
v o A [ o o o 1 a4 A
adrgsmsdulsaluga uazswdls vazmsiumor indousu i T¥Fon 1F e lumafudorg uas
' o v 4 o w w  da gt o & oA o 4 ¥ ag
iewnszi legliniesdng nslsinlyeiugividnuaeiis 3 adwedl duGeson uazdsaldinanny
o @ o add o = e o ar | ar 1 a o
mdfulyaiug laedsnuiivnans nanedug Taoldsadunuun dwzud luilgmdand s e
LA ¢ A ar v do A 1 =4 ' ar
afdildagdsvasdmoliunlyeiugdudies Tidumude Tsaluga swil uasiioggaurndeuiu

Tag 145 9@ unn

JimInaaog

b4
~ o

14 +

myneaeeniinuiumsdenisnnmsronuves Tadia nesiing taznma mdigassa

o 4 o do = w o e a o woa e a o

(2545} Tamiwwdaiugautioaiug wia. 1 Tdmedafunuan o medndidlszgnd wninedy
¢S A o g 4 @ o o o & o
mnEasmas wedudanilgaiiovesiug luuuunus i bulk) 9109 M, M,, M,, M, Tud M, i1

ar i o o L ' & Al P +

asfiadenluduggeu 3 2544 edadenmeduindumude Tsaluga Hufien duidumiudeTsn
Tuga hwdandudu gnifedadenduiidumlsaswils Traluge uasiiftngnwioudu Tugguds

1 2544 - 2545 iufivaduueniwiiuswdu udniundgaun 1 dudeuodludugqeh

Nﬁﬂ’l‘iﬂﬂﬁﬂ&lmzﬁ}ﬁ’liﬂi

wansnaneuaad i lumswi 1 meiuifidadoninnianiosd Tvszuneiuilugn uaz

:)‘ e o ar ar A { o &

Hngafegnduniniug uma. 1 waz Auwesau 1 9owug meRuiniwnuiiga Ao Mol
& @ o ar . . P 1 H o o4 & o ar

M4SUT-10-2 Favinfiudiod 12 Juminiu msdlisrnaiunuildsuiuneinsudondld aweiug

3 ]

dandummlsatuge uazswiludisahunans lumsnaaesiined udaeiuginldsunnms

[Ty 1 = 9 1 1 o o =t @ 1 a o 1 é‘d

mwfidesiiiwaiinusndsdlngaiiogn luandvondugafSoufonnmin - wameWufiveid

= (R = = o - = I & =2 U g4
PwnsilngnyausaganiiugnlFouiion dniudfnaumsiufenaiwsniags sdnlsidmnaaes
oy 1
o e o Y =t a e [}
assfiflumsnseiludugaru  wwdeuSeudsuiumalilansgedudnndmils  daumsdmmm

Tsaliga uazswdls Sadegluszduiimels



c; o u‘ulz = Jd.cu - = o ar A 3ot 1
139N 1 ﬁ]ﬁl1ﬂu§€]?Lﬂlﬂ@ﬂﬂﬂmﬁ]ﬂmﬂﬂia’ﬁﬂﬂiﬂulﬂ‘j‘llﬂ]iﬂ‘lil‘i{iﬁuﬂ&m”i °1wmumuﬂahmmﬂa

~ 8 A ) o
lLaZlJﬂ'}fJLﬂULﬂﬁi'.]‘Wﬁﬂllﬂu

ufl uimedui  szesingn wesFudmaiufie Tsnluga Tsasudls
(Fu) Afad 1 Afadi 2
1 #Ne 1 (check) 18 85 13 MR MR
2 fuwane 1 18 75 25 S S
3 M4SUTI-S 15 100 0 MR MR
4 M4 SUTI1-6 15 100 0 MR MR
5 M4SUTI-9-i 17 100 0 MR
6  M4SUTI-01 12 - 99 1 MR
7 M4 SUTI-16-2 15 99 1 MR MR
8 M4 SUT1-9-2 14 98 2 MR
9 M4 SUT1-2 14 100 0 MR
(BN 1989

L) = ' ar o ar
Yardia noaiue uazlwena wagassa 2545 malsulaiugaaudion Taoniserwsssdunuu. s1eem
a e o o da - & el o a o = s @
Ms3de IasimsdSulysiuidunie uaz0a@easzezil 1, ynaneidoma luladgsus. wi

58-67.



Breeding Mungbean for Resistance to Powdery Mildew
Bubpa Chaiteing], Monta Manaz, Yuphavong Chan-kham’

. 2
and Paisan Laosuwan *

Abstract
Powdery mildew (Ervsiphe polygoni D.C.) is an important fungal disease of mungbean in

Thailand. This study was conducted to improve mungbean variety Chainat 36 (CN36) for resistance
to the disease by backcrossing using mungbean line VCI210A and variety SUT4 as the donor
parents. A number of lines derived from the third backcross, i.e. BC,” s, was found to be resistant to

the disease in high levels and selected for further testing.

Introduction
Mungbean [Vigna radiata (L) Wilczek] is an important legume of Thailand and grown

widely in Central, Northern and Northeastern part of the country. Besides other factors, the
production of the crop is often adversely affected by foliar diseases, especially Cercospora: leafspot
and powdery mildew,

Powdery mildew, incited by fungus Erysiphe polygoni D.C., is commeon in the cool and dry
months. The disease reduced yield of mungbean between 20 and 40% in the Philippines (Soria and
Quebral, 1973) and up to 41 percent in Taiwan (AVRDC, 1979), The contradicted evidence was
found for the evidence of inheritance of resistance to the disease. It was found to be controlled by a
single dominant gene (AVRDC, 1979; Chaiteing et al., 2003} and by two dominant genes (Reddy et
al., 1987). These were probably due to the difference in the plant materials and races of the pathogen
used in each study.

The backeross breeding method has been employed effectively to improve characters
controlied by qualititive genes, The earliest example of backcross breeding disease resistance was the
development of wheat variety, Baart, resistant to bunt (Briggs, 1930 quoted in Jensen, 1988).
Recently, Laosuwan et al., (1995} was successful in using backcross breeding to improve mungbean
varieties for resistance to Cercospora leafspot. This study was aimed to improve a mungbean variety

for resistance to powdery mildew by using backcross breeding method.

l Faculty of Agriculture, Ubon Ratchathani University, Ubon Ratchthani, * Institute of Agricultural
Technology, Suranaree University of Technclogy, Nakhon Ratchasima 30000.
* Corresponding author, paisan@ecs.sut.ac.th



Material and Methods

A. Breeding for resistance

A susceptible mungbean variety, Chainat 36 (CN36), was used as the recurrent parent and
two resistant variety / line, SUT4 developed at Suranaree University of Technology (SUT), Thailand
and line VC1210A from Asian Vegetable Research and Development Center (AVRDC) were used as
donor parents. The susceptible variety was crossed with two resistait varicties / line to produce single
crosses : CN36 x SUT4 and CN36 x VC1210A. The F, seeds from each cross were backcrossed to
CN36, the recurrent parent to produce BC F, seeds. In the next step, the BC F, seeds were planted and
the resistant plants (R/rj were crossed with the recurrent parent to obtain BC,F, seeds. This step will be
repeated until BC,F, was obtained and planted to produce BCF, (R/R, R/r and r/r).

The BC,F, seeds (R/R, R/r and r/r) were planted in the cool dry months favorable for discase
incidence and seeds from 10 resistant plants (R/R ans R/r) were harvested individually. The BC,F,
seeds from individually selected plants and recurrent parent, CN36, were grown in a randomized
complete block design in two replications at the experimental farm, Suranarce Uni;.fersity of
Technology on Sept 5, 2001. Each plot consisted of two 3 m rows, spacing 50 x 10 cm with one plant
per hill. The experimental field is located in the Northeastern part of Thailand (15° N). Susceptible
variety and line, CN36 and M5-5, were planted in between every two plots and around the
experimental site as the source of powdery mildew inoculum. The non—segregated rows for powdery
mildew reaction were identified as homozygous resistant lines (R/R). Other characters measured were

seed yield, yield components and plant height.

B. Preliminary Yield Trial

Five lines, lines no. 105, 111, 132, 140 and 145, from CN36 x SUT4 cross were selected
according to acceptable seed size (> 6.00 g/100 seeds) for further test (Table 1). These lines and five
check varietics which included VCI1210A, CN36, SUT1, SUT4 and Kamphaeng Saen 1 were tested
in two seasons at the SUT experimental farm. The experiments were planted on May 9 and October
15, 2002 using a randomized complete block design with four replications. Each plot consisted of
four rows each 5 m long with the spacing of 50 cm between rows and 20 c¢m between hills with two
plants per hill. Characters measured were sced yield, yield components, plant height and disease

score.



Result and Discussion

The F| crosses were made successfully in April 2000. All F, plants were found to be resistant
to powdery mildew indicating that the resistance was controlled by dominant gene(s). Ten F , blants
from each cross were backcrossed to recurrent parent (CN36) in July 2000 to produce BCF, seeds.
Backerossing was repeated until BC,F, was obtained. All BC,F, seeds were planted and selfed to
produce BCF, seeds. Selection for powdery mildew resistance was made on BC,F, plants. Each
selected plant was harvested separaiely and seeds were planted in a randomized completed block
design in three replications for identification of homozygosity for disease resistance and for testing
the performance of these lines. Ten homozygous lines were selected ard their characters are given in
Table 1.

Lines obtained from the backcross using VC1210A as the donor parent gave a smaller seed
size than that obtained from the backcross using SUT4 as the donor pareat, Therefore, these lines
were excluded from further tests. Five lines, namely no. 105, 111, 132, 140 and 142 using SUT4 as
the recurrent parent, were selected based on acceptable seed size for further testing . |

Mean yields averaged from two seasons given in Table 2 showed that lines obtained from
backerossing were generally higher than the check varieties and respective donor parents. This higher
yield potential was due to the resistance of these lines to powdery mildew. Laosuwan et al. (1995)
found that backcrossed progenies which were improved by backcrossing for resistance to Cercospora
leafspot yielded higher than respective recurrent parents 10 — 20 %. This was found due to the
resistance to the disease. The disease scores for all backeross progenies were in the range of 1.08 to
1.75 were regarded as high resistance to powdery mildew.,

This study showed that breeding for resistance fo powdery mildew was successful in
transferring resistant gene(s) from donor to recurrent parents. The procedure was quite simple as it
was found in the same experiment that the inheritance of resistance to the disease was controlled by
one dominant gene pair (Chaiteing et al., 2003). However, it was observed that the resistance was
variable, even though the score was low. This variability could be due to environmental effects and

the influence of modifying genes not directly involved with this character.



Conclusion
This study showed that breeding for resistance to powdery mildew by backcrossing was quite
successful. Due to the resistance to the disease, these improved lines gave a higher yield than their
respective recurrent parents. Three generations of backeross should be sufficient as most characters

of the plants were sitmlar to recurrent parents.



Table 1. Grain yield and other characters of mungbean lines selected from backcross progenies for

resistance to powdery mildew.

Line no. {cross)’ Grain yield  1U0seed  Height  Pods per Pod Seeds per
weilght plant length pod
kg/hab g cm uo. em no.
104 (CN 36 x VC1210A) 2,000 a 5.28%* 67.07 21.83* 8.67 11
105 (CN 36 x SUT4) 1,350 ¢ 6.20 61.53 18.10 9.20 10
108 (CN 36 x VCI210A) 1,531 be 5.62%% 70.37 19.70 8.67 13
I11 (CN 36 x SUT4) 1,219 cd 6.20 54.93% 16.20 9.10 1t
121 (CN 36) 1,450 ¢ 6.45 69.67 1630 9.40 Y
124 (CN 36 x SUT4) 1,675b 5.47%* 76.53 22.40%* 8.95 10
132 (CN 36 x SUT4) 1,931 a 6.25 67.23 21.90 9.07 10
138 (CN 36 x VC12104) 1,338 ¢ 5.32*%%  73.80 19.20* 8.43 11
140 (CN 36 x SUT4) [,031d 6.41 75.40 15.50 9.23 11
142 (CN 36 x SUT4) 969 e 6.16 69.23 14.30 9.30 11
145 (CN 36 x VC1210A) 1,150 d 525%% 7303 16.90 8.57 11
Mean 1,419 5.87 68.98 18.71 8.96 10.77
LSD 0.05 56.73 3.74 12.15 471 - -
CV% 14.6 3.7 10.3 14.8 5.0 5.8

* These lines derived from backcrossing for three times (BC,) using CN 36 as the recurrent parent.
® Means followed by the same letter are not significantly different at 0.05 level by DMRT.

*, *¥* Significantly different from the check (CN 36) at 0.05 and 0.01 levels of probability, respectively.



Table 2. Grain yield and powdery mildew reaction of lines obtained from backcross breeding using

SUT 4 as donor parent and CN 36 as recurrent parent.

Line/variety Yield 100 seed pods per Plant powdery
weight plant neight inildew*
kg/ha' g no. cm score

Check VCIZI0A 1,331 be 5.65¢ 31 57 1.87 be
CN 36 1,375 b 6.74 b 24 58 3.66a
SUT L 1,450 ab 7.20a 25 50 2.47 ab
Surl4 1,321 be 5.90 be 25 50 140 e
KPS 1 1,206 ¢ 6450 21 55 337a

Line No 105 1,469 ab 6.51b 25 59 1.33f
No 111 1,481 ab 6.62b 25 50 1.45 de
No 132 1,488 ab 6.72b 24 54 - 1.08 g
No 140 1475ab  658b 25 57 175 cd
No 142 1,503 a 6.80b 25 57 140 e
F —test * * ns ns *

* Means followed by the same letter are not significantly differed according to DMRT.

* The scoring system for powdery mildew response described by Young et al. (1993) as follow : 1 (no
visible mycelial growth), 2 (1 — 25% foliage area covered by fungus), 3 (26 — 50% fotiage covered), 4
(51 -75% foliage covered) and 6 (76 — 100 % foliage covered).



CN36 x SUT4
(suscepiible) (resistant)
1/t R/R
F

i

{reststant)  x CN36

R/r r/r
BCF, x CN36
R/r, t/r backcross
: Until BC,F,
Y (select resistant)
BC,F,
Ri, o/t

(select resistant)

«+— selfing

BC,F,
R/R, R/, i/t
(select RR)

Fig. 1. Breeding procedure to incorporate powdery mildew resistance from SUT4 to CN36
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Abstract

Powdery mildew (Erysiphe polygoni D.C.) is a serious disease of mungbean [Vfgnd radiaia -

(L.) Wilczek] and a constraint in mungbean production. The information on the inheritance of this
disease is required to facilitate breeding of resistant cultivars. The inheritance of powdery mildew
resistance was studied in four crosses between two resistant (P)) and two susceptible lines and
varieties (P,} of mungbean in 2000 and 2001. Six generations, comprising P,P,F,F,BC:F,xP)
and BC, (F] x P,), of each cross were evaluated in a randomized complete block design with three
replications under field conditions and subjected to generation mean analysis. Significant additive and
dominant gene effects of similar magnitude were observed indicating that these gene effects are
responsible for the inheritance of powdery mildew resistance. Epistatsis was not found in any of the
crosses. Frequency distributions for powdery mildew reaction in the F, and BC, were used to analyze
segregation ratios. It can be concluded that the resistance to powdery mildew in all four crosses was

controlled by a single dominant gene,

Key words: Mungbean, mungbean powdery mildew, gene action, heritability
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Introduction

Mungbean [Vigna radiata 1. Wilczek] is an important source of human protein and the crop
is well adapted to the tropical environment. The production of mungbean is adversely affected by
many factors such as low genetic potential of current varieties, environmental stresses, diseases and
insect pests, and poor cultural practices. The main foliar diseases of mungbean are Cercospora leaf
spot and powdery mildew. Powdery mildew caused by Erysiphe pulygoni D.C, has a wider
geographic range than Cercospora leafspot (Pochlman, 1991). Severe infection of powdery mildew
occurs in cool, dry months when it can reduce yield of mungbean by between 20‘ and 40% (Soria and

Quebral, 1973). Mungbean incurs ‘maximum damage when powdery mildew infects plants just
before the flowering stage (Pochlman, 199i).

Mungbean breeders have long suspected that both qualitative and quantitative genes are
responsible for resistance to powdery mildew. It was found that the resistance in two breeding lines
from India, Mung Ludhiana (ML-3) and ML-5, was controlled by a single dominant gene as reported
by The Asian Vegetable Research and Development Center (AVRDC, 1979). However, res}stance to
powdery mildew has also been reported to be controlled by quantitative genes (AVRDC, 1981a, 1981b;
Young er al., 1993). The difference in reports for the mode of inheritance in the literature are
probably due to the difference in the plant materials and/or pathotypes used. The objective of this
study was to determine the inberitance of resistance to powdery mildew in a resistant variety (SUT4)
and a resistant line (VCIZ10A). |

Materials and Methods

Population development

Mungbean varieties Chainat 36 (CN36) and Kamphaeng Saen 1 (KPS1) were used as sources
of susceptible parents (P|). Variety SUT4 from Suranaree University of Technology and line
VCI210A from AVRDC were used as sources of resistance to powdery mildew (P,). Four crosses
were made between CN36 x SUT4, CN36 x VC1210A, KPS1 x SUT4 and KPSI x VCI210A in
1999. The resulting F,s were self-pollinated in the greenhouse and also backcrossed to both parents
to obtain F,, BC, (F, x P,}, and BC, (F, x P,) generations. The P, P, F, F, BC, and BC, of each
cross were evaluated in the field in a randomized complete block design with three replications in

2000 and 2001 at Suranaree University of Technology research farm at Nakhon Ratchasima,
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Northeast Thailand. Plot size varied with generations. Parental lines, F;s, BC,s and BC,s were grown
in single-row plots and I,5 were grown in 2-row plots with plants spaced 0.25 m within row, in 3 m
row length and 0.5 m between rows. Susceptible varietics, CN36 and M3-5, were planted adjacent to

each plot as a source of powdery mildew inoculum.

Field screening

Individual plants were scored for powdery mildew response at 35 days after germination
using the scoring system described by Young er al. (1993) as follows: [ (no visible mycelial growth),
2 (1-25% foliage area covered by fungus), 3 (26-50% foliage covered), 4 (51-75% foliage covered),
and 5 (76-100% foliage covared).

Data analysis

Generation mean analyses were carried out on original field recorded scores without
transformation to determine the gene effects of powdery mildew resistance. The mean observation of
each character consists of components of generation means proposed by Hayman (1958) a}ld Jinks
and Jones (1958) to include six parameters, m = mean, {d] = additive effects, [h] = dominance effects,
{i] = additive x additive interactions, [j] = additive x dominance interactions, [l] = dominance x
dominance interactions. In this study, a joint-scaling test was performed using data from parents, F,
F,, BC, and BC, to identify the model that best it the data consisting of three parameters, viz, m, [d]
and {h] in the absence of all interactions as described by Cavalii {1952} and Mather and Jinks (1982).
In the procedure, additive and dominance effects were estimated by the procedure of weighted least
squares using as a weight the inverse of the variance of generation means. The Chi square test for the
three parameter model (three degrees of freedom) was used on the observed data. If the model
adequately explained the observed data, no further analyses were conducted for gene effects. The
same set of data was also used to estimate broad-sense heritability (Warner, 1952) and number of
genes.controlling the inheritance of resistance (Sinnot & al., 1953) using the following formulae:

VE, —

v
Broad-sense heritability (b,), % = ———— X 100
VFz

(Vp, *Vp, +Vg)
3

The estimate of the environmental variance (V) =

. & guémmmmus&iam:ﬂ |
i v L
&2 awminedomelulafgandt:: ]

1
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(p—r:)’

8(VE,—VE,)

Minimum number of genes (k) =

Where p,, p, are actual means of P,and P,, Vp,,Vyp,, VF,and Vg, are variances of the P,
P, F, F,, BC, and BC, populations, respectively.

Segregation ratios for disease rating scores in the F, and BC, (backeross of ¥} ic susceptible
parent) were re-classified as follows: plant progenies that had rating scores similar to the resistant
parent and F, were classified as resistant, On the other hand, progenies with rating scores above F, or
similar to the susceptible parent were classified as susceptible. Chi-square tests were used to test the

goodness of fit of the observed to expected ratios based on the above classifications.

Results and Discussion

'.i"he mean scores for powdery mildew reaction of the P, P,, F, IF,, BC,, and BC, populations
of different crosses made during 2000 and 2001 are shown in Table 1. The powdery mildew
susceptible lines (P)), CN36 and KPS1, had disease scores from 3.94 - 4.16 and the resis‘tant lines
(P,), SUT4 and VCI1210A, had consistently low scores from 1.89 - 2.02. The F, and F, mean scores
of disease of all crosses in two years were lower than the midparent [m = (151 + E) / 2] and tended
towards that of the resistant parents. The BC, population had lower disease scores than P,
(susceptible parent) but the scores were close to the midparent value. BC, populations had mean
disease scores ¢lose to the P,’s (resistance parent) scores (Table 1).

Generation mean analysis was performed on sets of original data fo estimate the genetic
effects of powdery mildew reaction. The additive-dominance model was adequate for the analysis of
the variation in all sets of data (Table 2). The estimates of genetic effects of three parameters, mid
parent cffect (m), additive effect [d], and dominance effect [h] for all crosses were significant (p < 0.01)
and are shown in Table 2. The xz value of all crosses was not significant indicating a gocd fit to the
model. Significant additive and negative deminarice effects were found in all crosses and were of
similar magnitude. The lower disease score rating signifies a higher level of resistance to the disease;
therefore, the negative estimate of dominance gene action indicates resistance to powdery mildew.
Therefore, the variation among generation means for resistance to powdery mildew was sufficiently

explained by the additive-dominance model.
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The estimates of minimum number of genes (effective factors, k) controlling powdery
mildew were in the range of 0.60 to 0.91 in 2000 and 0.67 to 1.05 in 2001 (Table 3). The estimates
were low indicating only a single major gene was responsibie for inheritance of resistance to powdery
mildew in both SUT4 and VCI2I0A.

Broad-sense heritability values (hhz) calculated from variance components of all crosses and
environments varied from 0.71 to 0.89 in 2000. However, these estiniaters were found to be lower in
2691. The highest estimates found in this study showed that a high proportion of variation was under
genetic control, However; the low narrow-sense heritability (not shown) indicated that in improving
this character, conventional procedures such as pedigree breeding would not be effective.
Alternatively, the backcross method is recommended to develop powdery mildew resistant lines.

In the F, generation, the number of resistant and susceptible progeﬁies for all crosses in both
2000 and 2001 fit most closely a 3:1 ratio (Table 4). This further suggested that resistance to
powdery mildew was controlled by a single dominant gene. The segregation of the BC, population
for all crosses fits a 1:1 ratio {Table 4), and provides supporting evidence of a single gene inheritance.

The results of this study show that resistance to powdery mildew in two resistant lines, SUT4
and VCI210A, was controlled by a single dominant gene. AVRDC (1979) also reported that"powdery
mildew resistance in lines ML-3 and ML-5 was controlled by a single gene. However, Reddy ef al.
(1994) reported that powdery mildew resistance in their mungbean breeding lines was controlled by
two dominant genes. In other reports, the inheritance of resistance to the disease was found to be
even more complex (AVRDC, 1981a and b). The inconsistency of these reports may be due to: (1)
the differences in the genetic background of the plant materials used in the studies, and (2) the
existence of different races of the pathogen. Previous research suggested the presence of different
physiological races of powdery mildew affecting mungbeans in Taiwan, India and the US (AVRDC,
1979; AVRDC 1981a, 1981b; Young et al., 1993; Reddy et al., 1994).

The resistant parent VC1210A used in this study is a useful genetic resource for resistance to both
powdery mildew and Cercospora leafspot as shown by tests at AVRDC, Taiwan
(Shanmugasundaram, 2001 pers. Comm.). The ancestral line of VC1210A is ML-3 which was
resistant to powdery mildew at AVRDC but susceptible in India (Reddy et al., 1987). This suggests
that the powdery mildew races in these locations are different.

In conclusion, this study has revealed that resistance to powdery mildew in the mungbean
variety SUT4 and mungbean line VC1210A are both controlled by a single dominant gene. Further

studies are needed to determine whether the gene in both these resistant materials are the same.
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Table 1. Means and standard errors of different mungbean populations for disease reaction in

susceptible X resistant crosses during 2000 and 2001.

Cross CN36 X SUT4' CN36 X VCI210A KPS1 X SUT4 KPS1 X VCi210A
Year 2000 2001 2000 2001 2000 2001 2000 2001
P 3.984.0.09 4.1140.04 3.9840.09 4.16+0.05 3.94+0.07 4.16+0.05 3.94+0.07 4.15+0.04
F 2.0940.06  2,11£0.07 2.15+0.08 2.04+0.04 2.00+0.00 2.074+0.04 2.08+0.07 2.03+0.03

2.49+0.06

BC,  2.90+0.10

BC,  2.00+0.00

P 1.98+0.02

2

2.4540.06 2.45+0.06 2.4140.05 2.43+0.06 2.60+0.07
2914012 3.01+0.1  2.8940.11 2.9630.12 3.22+0.14
2.01+0.01 2.07+0.03 2.02&07.02 2.01+0.01 2.0440.02

1.8940.03 2.02+0.02 1.93+0.03 1.98+0.02 1.89+0.03

2.5540.07 2.45:0.06
2.8640.12 3.20+0.13
2.03+0.02 2.03+0.02

2,0240.02 1.93+0.03

*  The scoring system for powdery mildew response described by Young et al. {1993) as follow : 1. (no

visible mycelial growth), 2 (1-25% foliage area covered by fungus), 3 (26-50% foliage covered), 4 (51-

75% foliage covered) and 5 (76-100% foliage covered)
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Table 3. Estimates of number of effective factors (k) and broad-sense heritability (hbz)

for powdery mildew reaction.

Cross k h,
2000 2001 2000 2001
CN306 x SUT4 0.67 0.92 0.80 0.38
CN36 x VC12104A 0.91 1.05 0.71 0.27
KPS1 x SUT4 (.96 0.67 0.88 0.68

KPS1 x VC1210A 0.60 0.93 0.89 0.87
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Table 4. Segregation ratios for powdery mildew disease scores of F, and backeross populations

derived from crosses of susceptible x resistant genotypes.

Cross Year (Generation Resistant Susceptible Expected x2 Probability

gcnotype‘ genotype (S)  ratio

R)
CN36 X SUT4 2000 F, 121 39 3:1 0016  0.90-095
BC, 43 36 t:1 0620 03040.50
2001 F, 166 58 3:1 0090  0.70-0.80
BC, 43 41 1:1 0560 0.30-0.50
CN36 X VCI2I0A 2000 F, 114 43 3:1 0480 0.30-0.50
BC, 37 48 1:1 1420  0.20-0.30
2001 F, 146 46 3:1 0110 0.79-0.80
BC, 43 42 1:1 0012 090-095
KPS1 X SUT4 2000 E, 118 46 3:1 0810  030-050
BC, 36 39 1:1 0120 0.70-0.80
2001 F, 170 70 3:1 0 2230 0.10-0.20
BC, 26 41 1:1 3360  0.05-0.10
KPS1 X VCI2104 2000 F, 104 46 3:1 2570 0.05-0.10
BC, 40 33 1:1 0680 030050
2001 F, 146 54 3:1 0410 0.50-0.70
BC 32 45 i1 2200 0.10-20

* Disease rating score in F, and BC, were classified as follow : plant progenies that had rating scores similar to the
resistance parent and F, were classified as resistant and plant progenics that had rating scores above F, or similar

to the susceptible parent were classified as susceptible
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Late varieties x Early varieties

Medium varieties x Early varieties

L

!
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I
\ ! v
Conventional single seed descent Modified single seed descent
(CSSD) (MSSD)
(no selection) (selection)
¥
FS F3
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\{
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v \4
F F

6

v

Yield trial

Fig. 1. Procedures for single seed descent (SSD) selection for late flowering and early maturity.
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Table 2. Number of plants for three cross populations selected by MSSD and CSSD.

cssp' MSSD'

CBi x NS1 Li4 x NS1 LJ4xCM2 CBI x NSi LIJ4xNS1  LMxCM2

F 12 18 20 12 18 20
F, 624 870 960 624 870 960
F, 616 752 918 60 0 90
F, 604 740 902 40 54 60
F; 56 71 -85 30 - ) .47
F, 17 17 17 17 17 17

"Conventional single seed descent.

Modified single seed descent,

Table 3. Number of the best F, lines selected by conventional single seed descent and modified

single seed descent procedure.

Entry CSSD’ MSSDf

No. Flowering  Maturity No. Flowering  Maturity
CB1 x NS1 6 33-36 80 - 83 3 32-35 80 - 83
LJ4 x NSI 6 32-36 80 - 83 4 33-36 80 - 83
LJ4 x CM2 8 33-37 80 - 83 4 32-36 80 - 83
CM2 (Check) - 30 80 - 30 80

1 . .
Conventional single seed descent.

tModiﬁed single seed descent.
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Table 4. Means over locations of each population for yield, days to flowering, days to maturity and

seed size of three cross populations selected by two procedures.

+

Procedure  Yield Flo Mat' Seed size Nodes Branches Pods Seeds Plant
plant” height
kg ha' = e — I — P cm
CB! x NSiI
cssD' 2,693 3451 8244 1763 104 22 302 560 547
MSSD 2,537 33.68 82.84 17.05 10.5 2.5 299 54.8 523
Lsdy, - 76 024 024 029 02 03 1.7 37 32
| LJ4 x NS1
CSSD 2,732 3485 8224 19.38 10.5 2.1 284 55.1 58.0
MSSD 2,651 33.95 8283 18.02 10.7 2.0 30.7 60.2 55.5
Lsd, o 75 (.34  0.28 0.32 0.2 0.2 1.9 4.5 3.7
EJ4 x CM2
CSSD 2,723 3511 8225 1672 10.81 2.0 31.0 60.2 59.3
MSSD 2,647 3464 8264 1609 11.04 2.1 30.1 58.1 558
Lsd 72 0.28 0.23 0.25 0.25 0.2 1.7 4.3 3.8

0.05

TDays to flowering
1Days to maturity
TConventional single seed descent

*Modified single seed descent
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Table 5. Means over locations of five best lines obtained from CB1 x NS1 population.

t

Entry Yield Flo Mat' Seed size  Nodes Branches  Pods  Seeds Plant
plant” height
kgha' o~ NG, e g e——— [1, st om
Conventional single seed descent
CSSD-1106 2,650 348 81.7 169 %.q 1.8 170 51 48
CSSD-1110 2,822 353 82.7 16.7 10.5 22 30.5 59 60
CSSD-1113 2,743 34.8 82.3 i5.4 10.3 2.2 28.3 53 51
CSSD-1115 2,779 357 81.8 16.7 9.7 2.1 SQ.S 35 46
CSSD-1117 2,874 348 82.5 16.9 10.0 1.9 278 47 55
Modified single seed descent
MSSD-1202 2,615 328 81.7 16.9 10.2 2.5 29.5 52 56
MSSD-1203 2617 335 82.8 17.1 10.5 2.6 303 57 58
MSSD-1211 2,663 337 82.2 17.6 i0.6 24 26.8 34 57
MSSD-1215 2,610 34.2 82.3 18.9 10.2 2.4 304 57 59
MSSD-1216 2,742 33.7 84.2 15.7 10.6 2.0 343 63 61
CM2 2,475 300 81.2 16.3 10.0 1.9 27.1 52 45
NS1 2478 306 815 19.5 10.1 1.5 26.4 50 47
SJ5 2,617 36.0 1002 17.1 12.5 2.8 33.8 69 70

"Days to flowering

tDays, to maturity
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Table 6. Means over locations of five best lines obtained from LJ4 x NS1 population.

Entry Yield Flo' Mat' Seed size  Nodes Branches  Pods Seeds  Plant
plant” height

kgha' oo N — B mrme— TR, o s cm

Conventional single sced descent

CSSD-2101 2,682 343 81.2 18.¢ 9.9 2.3 30.2 50 59

CsSD-2104 2976 327 80.5 20.0 10.2 1.3 25.5 48 57

CSSD-2108 2,941 36.2 83.3 183 10.0 2.0 299 64 56
CSSD-2109 2,903 . 328 80.2 19.2 10.1 1.7 26.8 56 60 -

CSSD-2111 2,773 32.8 81.2 209 10.0 1.6 22.9 45 48

Modified single seed descent

MSSD-2206 2,807 367 82.2 19.8 9.7 19 273 57 53

MSSD-2207 2,702 387 817 17.7 10.1 22 321 52 55

MSSD-2208 2,882 335 82.8 17.3 10.9 2.1 355 78 74

MSSD-2209 2,740 358 81.7 16.4 10.7 2.1 29.0 49 46

MSSD-2215 2,799 348 83.3 16.1 10.7 2.1 31.4 61 65

CM2 2,439 310 80.9 i6.3 10.0 2.1 32.6 58 52

NS1 2,539 31.0 §1.3 19.3 10.0 1.9 252 48 46

SJ5 2,670  36.0 99.5 16.7 12.0 3.0 355 70 63

" Days to flowering

tDays to maturity
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Table 7. Meaus over locations of five best lines obtained from L4 x CM2 population.

1

Entry Yield Flo Mat' Secd size  Nodes Branches  Pods  Seeds  Plant
plant’ height
108 L R— 10O, e g . O, e om
Conventional single seed descent
CSSD-3102 2,650 34.8 80.6 16,7 11.0 1.8 32.0 69 57
CSSD-3105 2,818 337 g1.2 15.6 10.9 1.7 273 55 65
CSSD-3108 2,870 333 80.3 i7.9 11.0 1.7 30.7 59 69
CSSD-3110 2,857 36.5 82.2 16.2 10.8 1.9 36.1 68 55
CSSD-31 14. ' v2,728' 35.2 | 80.4 16.9 i1.1 2.0 29.1 6i 56
Maodified single seed descent
MSSD-3202 2,754 33.7 82.5 15.7 1.4 1.8 29.9 60 44
MSSD-3206 2,733 353 823 18.5 10.5 1.6 29.0 57 61
MSSD-3211 2,818 327 82.6 17.9 10.5 2.0 265 57 58
MSSD-3215 2,750 34.7 83.2 16.4 115 2.3 35.7 64 57
MSSD-3217 2,888 333 816 16.8 11.3 2.5 29.4 56 66
CM2 2,410 30.0 80.7 16.6 10.3 1.8 253 49 42
NS1 2,574 30.7 813 19.6 10.1 1.6 27.8 49 48
SJ5 2,700 36.1 100.0 17.4 13.0 3.0 40.6 77 65

! Days to flowering

t .
Days to maturity
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Donor Parent (DP) Recurrent Parent (RP)
LJ4 X CM2, NS1, ST2
(Late maturity and high pods per plant) (Early maturity and low pods ner plant)

| |

Field selection BCF ® —»BCE, xRP

Field selection BC,F, & —» BC,F,x RP

Field selection BC.F,

BC,F,

(Yield trial)

Fig. 1. Diagram for backcross breeding and selection for early maturity and high number of pods per

plaat.



34

HanmInaaod

S o

ﬁl']ﬂﬂ'lﬁ')&ﬂ'i’]"’ﬂﬂlﬂuﬁ%@ﬂﬁ?ﬂwuﬁﬂﬂlﬂﬁaﬂwﬂ 6 fT'IfJWH‘ﬁ‘i’lﬂﬂLa@ﬂllﬁ‘lﬂﬂﬂ']iNﬁiJLi@]rﬁs‘iﬂl ey 2

a

g pagug vieni  wuhmeRugianuuenasfuiuWe-uisshaiisd i wnNata Tasi
ansuanaaiyludnvaznands Sunuilndedy Snnuuiadedy sutdedy ﬁwwﬁn 100 129
A7 T1oEnNAen wazogiiuies Fuemaluniaied

fnatvsIHARAANAZ AN A YOI UTHANNAD uazWusy namslumsed 2 Juns
S ATICTER aiuf 103 wazaowus 108 TnandngenWugsy CM2 (2,356 nnaenaid) wox
t‘]’muiw%ﬁmﬁmﬁuﬁfﬁyWwaw?mqaﬂ’hﬁ’uﬁ%u 13.16 wag 16.21% AWf AU sazdanunaaiug 309
Winanangenining s12 Fudheiuiiy luveefiroiug 303 Tuanduoniugiy

dnvazionidisadesiuranan uazwuiniiuiu devmsnaundy fo PUALAAUBIGHAL
ndy CM2 Fafiuen 16.59 nfu iy 17.81 wa 1820 nfuderinmin 100 wia Tueneviug 103 uaz 108
AR uanmﬂﬁy‘ﬁyaﬁmmﬂﬁ’uﬁf{faﬁiimauﬂﬂsiaﬁ’u 25.1 uag 286 Hn Fagendniugdy om2 (19.2
Hndedh) kansnaaeeh nansnanessdieduiing QARITUNALVIY NST asny31ooiug 309
fidnouilndedugaga uazgand ST2 (iufiv) dmfudnuuzwdededy wohmamedugiindadody
gendwiugiy sndumeiug 303 Swouiededu fdes 3 maﬁ’uﬁsﬁnfuﬁﬁ%m'suﬁwiac?fuqanfh
WSy Tdun oW 103, 204 uaz 303

pfslsnmudnuazeie 9 vesmwiugmTemidoufuiug sy ﬁ'q‘tfumaﬁuﬁﬁ CIGENNEGRE

=i @ 3y o 1 ] @ dar
PHMINAUNGDDN U THIBNY LA G HUBUNULTY



35

- P o Pl & = Q 3 v o 1
15190 1. MIAATTHIVTEUTVRIAARGH UDSANYUSA N VBIgAHTUNaLng 3 §uan

Sources of  df Yield Daysto  Daysto Seed  Height Nodes Branches  Pods Seeds

variation flowering Maturing  size p!a.nt‘1

Block 2170 0.04 038 002 1854 017 001 6.0 4231

Parent vs 1 943.5%  1.12% 2.32%  4.62%%  T4.51% 0.24 0.38%  121.71%* 76y.87%%

backeross

Lines/parent 9 574.6%*  0.26 0.71 7.20%*  53.60%*  5.64%  0.74%F 107.43%* 6IR.52%*
Error 18 821 0.14 0.32 017 1425 0.07 0.05 12.53 7543
CV (%) 11.42 3.22 2.81 224 1345 2.45 12.83 13.97 17.56

#, ** = Significant at 6.05 and 0.01 probabhility levels, respectively, ns =not significant.
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