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Abstract
All soil-borne di of chi ‘, (Cicer arietinum) arc ioncd, but only three of
them arc ducuscd in delnl ium will (Fusari Lsp. ciceni), dry root
ot {Rhis P ina ph )] and collar ot (Sclclvlmm rolfsu)
This paper add, hni of i ,for sources, |
and resistance mccllamsms, inheritance of resi and p for

resistance brecding. So far only fusarium wilt can be handlcd Wllh uml'ldcnu: in brccdmg
programs.

Introduction

All discases causcd by pathogens that live in the soil and infect the root or lower part
of the stem are called soil-borne diseascs in this paper. They correspond with what
Shipton (1984) calls foot and root rots for fungi, and with what Nenc and Reddy (1987)
grouped as fungal discascs infecting root and stem base, but comprisc, additionally, foot
and root di causcd by nonfungal

Nene and Reddy (1987) described ninc fungal foot and root discascs, but only three
arc idcred of global imp These arc: (usarium wilt, caused by Fusanium
axysporum Schlccht. cmend. Snyd. & Hans. [sp. ciceri (Padwick) Snyd. & Hans., dry root
rot caused by Riiizoctonia batalicola Taub Butler (Macrophomina phaseolina) and collar
rot, caused by Sclerotium rolfsii Sacc. Nonc of the viral or bacterial discascs mentioned
by the latter authors arc soil-borne, but discases caused by nematodes arc, and in this
group the root knot nematodes (Meloidogyne spp.) and cyst nematodes (Heterodera spp.)
are probably the most important (Grcco 1987, Sharma 1988). This paper deals only with
resistance breeding for the three ma)or il-b fungus di We discuss
mechanisms, which could be imp. for ing and brecding proced
summarizc what is known about the inheri of discasc resi because inheril
pauem largely dclcrmmcs lhc brccdmg strategy to be followed. Fimally, we propose

ques for resi g that arc cither specific, where sufficient information
is availablc on the resistance I‘aclors, or general, where sufficicnt information is lacking,
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The terminology used in this paper follows the terms proposed by Robinson (1987)
mainly for convenicnce and uniformity, although not all of these are commonly accepted,
¢.g., “horizontal” resistance (Nelson 1973).

Major Soil-Borne Diseases

Chickpea suffers from severe soil-barne diseases. In the order of importance, these are
wilts (F. axysponim [.sp. ciceri and Venticillium albo-atrum Reinke & Berth.), dry root rot
(R. bataticola), collar rot (S. rolfsii), wet root rot (Rh[zoclonia solani Kithn), black root
rol [Fusarium solani (Mart.) Appel & Wr.], phytophth root rot (P
m:gmpclma Drechler). pythium root and secd rot (Pythium ultimum Trow.) and foot rot
lelta p i Kheswalla) (Nene and Reddy 1987). The soil-borne discascs arc

Tatitud,

mon P in arcas b 0 and 20°, where the chickpea-growing season
is dry and warm, This is partly duc to high temperature rcquirements of the fungi (Fig.
1) and accentuation of wilt and root rot symp under moi stress conditions. The
distribution of these discases across the major chickpea-producing countries is known
(Table 1), but precisc information on the losses caused by them is not available. Wilt in
India has been found to cause about 10% yield loss (Singh and Dahiya 1973).

Kabuli types are more susceptible to soil-borne diseases than desi types. More than
ont soil-borne discase commonly occurs in the same ficld at the same time, but most
produce specific and characteristic symptoms and thus it is possible to diagnose them on
the basis of symptoms, especially in the carly stages of discase development (Nene ef al.
1978). In addition 1o temperature and soil moisture, the age of the plant also detcrmines
ils susceptibilily to these discases.

Fusarium wilt is thc most important and widely distributed soil-borne discase
(Table 1). Temperatures between 20 and 25°C are optimal for growth of the I'ungus (Fig.
1). The pathogen is both sced- and soil-borne (Haware ef al. 1978). It can survive in the
soil in the abscnce of chickpea for at least 6 years. P:gconpca. lenul und pea can carry
llwvnll fungus as symptomless carricrs, The pathogen exhibits ph gic sp

and tolerant genotypes support the mul iplicati of the pathogen in the soil
similarly to the susceptible types (J.N. Rao, M.V. Reddy and Y.L. Nene, unpublished
data). An inoculum threshold of 67 to 483 propagules/g soil causes 100% mortality in
susceptible cultivars,

Among the root and sccd rots, dry root rot is the most important disease, causing

lhe most severe losses in dry and hot condmom (35°C). The damage duc to dry root rot
Hly most ive at the y stage, whercas other root and seed rots prevail

in vlel and warm (25 to 30°C) situations and the losses are more in the scedling stage.

Collar rot incidence is most common in the seedling stage under wet and warm soil
conditions, especially when undecomposed organic matter is present in the soil.
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Table 1. Distributioa of major soil-b & of chickpeat.

Discase Country

Fusarium wilt Algeria, Arg Australia, Bangladesh,
Burma, Chilc, Ethiopia, India, ltaly,
Malawi, Mcxico, Moroceo, Nepal, Pakistan,
Pcru, Spain, Syria, Tunisia, USA

Dry root rot Australia, Ethiopia, India, Iran,
Pakistan, Spain, USA

Collar rot Bangladesh, Ethiopia, India, Pakistan,
Syria

Wet root rot Argentina, Australia, Chilc, India, Iran,
Mexico, Pakistan, Syria

Black root rot Chile, India, Mexico, Spain, USA

Verticillium wilt Pakistan, Tunisia$

Phytophthora root rot
Pythium root and sced rot
Foot rot

India, Australia
Chile, India, Turkcy, USA

India

t Nene er al. (1984); Nene and Reddy (1987).

# Halila and Harrabi (1987).

g
e N
‘3 18 / \
g-;_ 18 / Lo -
g3 4
SE o
t
E
H
-t
20 28 %0 2

Temperature (C)

Fig, 1. The effect of temperature on growth of Fusarium axysporum [, sp. ciceri (FOC), F. solani (FS),

(RB) snd rolfsé (SK).
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Techniques for Screening for Resistance to Soil-borne

Diseases
Fusarium wilt
Efficicnt ficld, greenh and lab y inoculati hniques for rapid and large-
scale screcning of germplasm and segregating breeding matcrials arc available (Nene et

al. 1981). Expericnce at 1ICRISAT has shown that the development of a sick plot in
slightly alkaline vertisol (pH 8.85) is relatively casy. Sclecting a ficld that shows some
incidence of wilt in patches and then growing a susceptible cultivar for two to three
scasons and incorporating the dead plants in the ficld will result in a uniform sick plot.
Thercafter, growing a susceptible cultivar after every two to four test rows helps in

g the wilt incidence and maintaining sickness in the ficld (Nene et al. 1981).
Dry root rot
As the discase develog is highly inf) d by envi | factors such as
I and soil moisture, ing for dry root rol under field conditions is not
as cfficicnt as for fusarium wilt. High temperatures (30°C) and dry soil conditions,
especially at flowering and podding stage, can considerably enhance discase develop
Fields developed for fusarium wilt ing at ICRISAT Center were found to be

infeeted with R. bataticola and were useful in climinating the highly dry root rot.
susceptible types. There are no reported cascs of uniform and cffective dry root rot-sick

plots having been developed. Pot culture techniques for greenh ccning and a
paper towel technique for laboratory screening have been developed (Nenc ef al 1981),
There is, however, scope for further imy in the technigues to make them

correspond more reliably with ficld resistance, Further studics on the influence of
inoculum levels, age of the plants, temperature and moisture on the host-plant resistance
need to be done.

Collar rot
Thcu are no reports on the d(.vulupmcn( of ficld plu(s for screcning of collar rot
r in chickp bulgood ions can be achieved in pot culture, Multiplying the

fungus on sorghum stem picecs, mixing them in the soil in pots or trays and incubating
them at 25 to 30°C with a high level of moisture was found Lo produce about 80%
mortality in susceptible cultivars,

Sources of Resistance to Soil-borne Diseases

For fusarium wilt, scveral good sources of resi at individual and multiple locati
arc available (Tables 1 and 2). These sources retain resistance under high levels of
inoculum in the soil. Resi is available in both desi and kabuli typcs. Also, good

progress has been made in the development of wili-resistant high-yiclding cultivars (Singh
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Table 2. Number of chickpea lines tested and resistant to wikt and root rots at different locations in the
International Chickpea Root Ret and Wikt Nursery (1978-82).

Toual Duration of resistance (ycars)$
entrics
Locstion tested 2

Bangiadesh-Joydebpur 59 1(1CC 11831)
Egypt-Giza S5 NTS
Ethiopia-Debre Zeit 10 (ICC 10,102,434,
1910,1913,6366,6455,
6926,8004 8970)
India
Berhampore 1 1 (1CC 7248) 1(1CC 267)
Bijapur 10} NT NT
Dahod % " NT
Dethi k] None
Dholi 2 3 NT
Durgapur " NI
Faizabad ] None
Gurdaspur 62 c None
Hisar 3 (1CC 1443,1611,6671) 1(ICC8s8)
Jabalpur 89 37 4(1CC267,
2083,3103,
439)
Kanpur 18 None None
Ludhisna 29 1(1CC 4552) 1(lccass)
Patancheru (ICRISAT) 55 20 3(IcCsss,
2083, 3103)
Varanasi 61 1 (1CC 4552) None

Mexico-Culiscan n 12 1.00C )

Nepal-Parwanipur 3 2 (1CC 267,10104) None

Peru-Chiclayo $6 4 (ICC 858,8003,8004, None

1531)

Spain-Cordoba S(ICC3141, NI NT
858,11088,
1CCL 8011)

Sudan-ludeiba 18 None

USA-San Luis 1y 45

Obispo

Yemen Arab 4 (ICC 190,435, None
Republic-1bb $804,8976)

1 Unpublished data provided by Y.L. Nene.

4 Any cntry was considered resistant when it showed resistance ( < 10% mortality) in cach year at a particular
location. ICC 858 was resistant at Patancheru (or 4 years. ICC 858, 3439 and 8933 were resistant for 4 years
in the USA and 1CC 8933 was rosistant for § years.

§ NT = not tesicd.
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1987). Compared with fusarium wilt, studies on the resistance to dry root rot at different
locations arc limited. Experience at ICRISAT shows that some lincs have reasonable
field tolerance to dry root rot (Tables 2 and 3). Although these show some root rot, they
do not dry prematurely. In the multilocation trials, they showed less than 10% mortality.
Lines such as ICC 12441 and ICC 12450 showed tolerance to dry root rot in pot culture,
paper towel screcning and sick plots at ICRISAT. At present, there are no reports on
resistance sources for scl collar rot in chickp

Tuble 3. Chickpea lines with broad-based resistance to wilt and root rots identified
through Internutional Chickpea Root Rot and Wilt Nurseryt.

Reaction of linc$

ICcC 1ICcC 1cC 1cC ICC 1CC
2862 W23 9032 803 11550 11551

Bangladesh-Joydcbpur S S N R R R
Ethiopia-Debre Zeit R S R R R R
India
Berhampore N N N S R S
Dahod R R R R R S
Delhi R R N S R R
Dholi R R R R R R
Durgapur S R R S S S
Faizabad S R S S S S
Gurdaspur S R S S S S
Hisar R R R R S N
Jabalpur R R R S R R
Kanpur S R R S R R
Ludhiana S S R R R R
Patanchcru (ICRISAT) R s R R s S
Varanasi S S S S S R
Mexico-Culiacan R R R R N R
Peru-Chiclayo R R R R R R
USA-San Luis Obispo R R R R R R
No, locations tested 8 18 18 18 18 18
No, locations resistant 10 12 12 10 n n

+ Unpublished data provided by Y.1.. Nene.
$R = <10% mortality, § = >10% monulity.



Infection and Resistance Mechanisms of the Major
Soil-borne Discases

The vuculnr wilt dlscascs are duunct from those llm producc local Icsions in that the
p resides | lly in the xylem vesscls. Its
and the g products of its action, or of its interactivn by the host, may

be moved lhrouchom the stems and lcaves by the transpiration systcm.

The precisc mode of cntry of F. oxysponum into the vascular sysicm remains
unknown. Penctration of the root surfacc is occasionally prevenied by physical or
chemical barrices, It has been suggested that the root cxudates from susceptible and
resistant cullivars may stimulatc or inhibit the process of pathogencesis in discascs caused
by soil-borne pathogens, including the vascular wilt pathogen (Schroth and Hildebrand
1964). The studics at ICRISAT (Hawarc and Ncnc 1984) suggested that the resistance
of CPS 1 to racc 1 of F. axysporum [.sp. ciceni was caused by the production of a root
exudatc that inhibitcd sporc germination and ded mycclial growth, The roots of JG
62 produccd an cxudate capable of stimulating spore germination, which might account
for the extreme susceptibility of this cultivar.

Iti is unllkcly that dmca\c resistance in vascular wilt is dependent upon a single

h ical defense mechanisms, with different metabolic sites of

action at different stages in the host-parasite interaction, may cxplain the long-term
stability of will-resistant chickpea cultivars,

Once the infection has occurred in the roots, the pathogen trics 1o invade vascular
tissucs. Vascular colonization by the wilt pathogen is ive in wilt-susceplible plants,
but is limited to the basal part of latc wilters and restricted to the root of resistant
chickpea plants (M.P. Hawarc, unpublished). Wilting of the plant depends upon the
capacity of the pathogen to invadc and cstablish in the conductive xylem system.

Vascular gelation, the first visible structural change in the scquence of vessel-
occluding processes, begins during the first day after vascular infection (Beckman and
Halmos 1962). The gels, which arc highly resistant to physical and chemical degradation,
scrve o cut off the transpiration strcam and to cmbed and immobilize the sccondary
sporcs of the parasite at the sites of their formulation,

Soil and air tcmp cs play a d ining rolc during discasc development and
in the expression of wilt symptoms,

Infcction by R. bataticola may occur through cotylcdons during emergencc, through
small rootlets, or through small wounds on the root surface. The fungus grows inter- and
intraccHularly and invades the cortical cclls. Hyphac colonize the vascular system and
sclcrotia develop in the xylem vessels. Dry root rot of chickpea is considered to be a
high-temperaturc pathogen. The scverity of the discasc incrcascs with increasing

with a maxi b 28 and 35°C.
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Infection of chickpea and other crop plants with S. rolfsii occurs in wet soil. This
fungus is very active ncar the soil surface. It has a low competitive saprophytic ability in
the soit and relics on saprophytic growth in the dead host remains. Thereforce, removal
of plant debris from the ficld reduces plant mortality caused by S. rolfsii.

Inheritance of Resistance to the Major Soil-borne Diseases

The inheri of resi to soil-bx discases has been reported only for F.
vsp and R. bataticola. These ure described here and suggestions for future studies

are given.

Wilt

Studies conducted under ficld conditions indicate that resistance to fusarium wilt is
governed by a single recessive gene (Haware et al. 1980 Kumar and Haware 1982
Sindhu er al. 1983). Hawarc and Nuu. (1982) reported the exi of physiologi
races in F. axysy {.sp. ciceni. ic work on the inheritance of ruce 1 of this
pathogen at the ICRISAT center was initiated in 1978, Kumar and Haware (1982) found
that resistance in cach of the crosses of resistant parents WR 315 and CPS 1 with
susceptible cultivar C 104 (kabuli) scgregated for one recessive gene. No scgregation for
wilt susceptibility occurred in the WR 315 and CPS 1 cross. However, when the crosses
of the same parents with susceptible cultivar JG 62 were tested, the proportion of the
susceptible segregant was much more than could be explained by a 3 (susceptible) to 1
(resistant) ratio.

Continuing these studics, Upadhyaya et al. (1983a) obscrved a difference in the
number of days taken to wilting by the two susceptible cultivars JG 62 (carly wilting) and
C 104 (fate wilting). This difference in carly and late wilting was governed by 4 single
gene with carly wilting partially dominant to late wilting (Upadhyaya et 4. 1983b). Singh
etal (1"87) studicd a cross of two late-wilting parents (C 104 and K 850) and recovered

a gregant in the Fy generati The two genes fnr late wullmg appeared to
complcmcnl cach other to impart compl o m lividual carrying these in
form, The F, g i gated in a 9 (carly) to 6 (late) to 1

resistant ratio. In & fater study of crosses of unmhcr late-wilting parent (H 208) with C
104 and K 850, gregants were d in cach cross (Singh et al. 1987), The
resistance gene in H 208 was partially domi The genotypes and ions of the
parents studied are listed below:

JG 62 HH, HH, hyhy  carly willing

K 850 hyhy HH, hghy late wilting

14 HH, hh, hohy  late wilting

H2 HH, HH, HH,  late wilting

WR 315 hyh, hohg hshy resistant

CPS1 hyh, hoh, hjhy resistant
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Thus it appears that resi can be d through hybridization of any two
of the abovemcationed late-willing parcnts. We have unpnbhshcd data (o show that there

are scveral late-wilting genotypes in the availabl licction at ICRISAT and
some of thesc complement the known gencs lor late wnllmg to impart completc
resistance. Our studies indicate that other mech of cxist. R ly, JG

62 was shown to be resistant to a new race in Tunisia and Spain. Studics with other raccs
have not been donc. It is possible that some of the gencs effective to race | may operate

other races as well. Sources of resistance to morc than one race cxist and have
been utilized in developing resistant cultivars.

To undcrstand the mechanisms of resistance, studics of other late-wilting and
resistant parcats with racc 1 and other races arc nccessary.

Dry root rot

A singlc report is on the i of resi 1o dry root rol (Ananda Rao
and Hawarc 1987). Crosscs of two resistant (H 208 and C 104) parcats with two
susceptible parcnts (K 850 and C 104) scgregated for a single dominant genc for
resistance. Recently it has been observed that cven the resistant parents develop
symptoms of the discasc il plants arc grown lor a longer period in infected soil (S.K.
Singh, pers. comm.). However, lines with higher levels of resistance are not known.
Iaheri studics of resi to F. soluni and S. rolfsii have not been conducted,

FIRRY horl

Techniques of Breeding for Soil-borne Disease Resistance

Soil-borne discascs arc less mobile than air-borne discases and therefore may seem less
dangcrous, morc static and morc predictable, but this is not nceessarily the casc. lf a
ficld is infccted with a soil-borne pathagen, it poses a conti threat 1o a
crop. This is different from air-borne discascs, where often a period of absence or
duced | of the pathogen occurs. Possibilitics of change due to mutation,

yosis, or sexual propag; are similar for air-borne and suil-borne discascs,
or possibly cven greater for the latter because of their sustained populnlion size over
scasons. Only the sprcad of new pathotypes will be slower. It is suggested that in
iple the g for resi to soil-bornc discasc may not be different from

g for resi to other di or Lo other stress factors for that matter,

h

h

Fusarium wilt has been studicd more extensively than the other major chickpea
soil-borac (ungal and ncmatode discascs. This will have a bearing on the techniques to

be applicd in resi breeding, as is discussed below.

Fusarium wilt

The inheritance of resistance to wilt is relatively simple and the situation for chickpea
at present is a typical ple of vertical resi breeding with diffcrential reactions
between pathodemes and pathotypes (Hawarc and Nenc 1982; ICRISAT 1989; Smithson
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1985). The oligogenic nature of the control of fusarium wilt gives no reason to be
alarmed. ICRISAT reports and personal communications confirm that over a period of
more than 10 years and in different environments, the resistance has been durable No
cases of gmcm defeat of pathod by path that have acqui djusted

genicity or virul have been ported and the fusarium wilt case bles those
ol' many other discases where slmply inherited rcslsunccs havc been durable (Parlevliet
1983). The techniques for b are th latively casy, as
expericnced at the ICRISAT Center and other i mslnunons, where uniform wilt-sick fields
are available. C ding methods for self-pollinating crops can be applied:
bulk por breeding, pedigree breeding and back b g (Fehr 1987).
Combinations of these methods also are | bl We will look at the ﬁrsl and the last
method in more detail.

Pedigree breeding is similar to bulk population breeding, but it starts with a single
plant sclection in the F, rather than in F 24. Figure 2 shows a possible procedure for
bulk-population breeding in which the numbers given are arbitrary. The scheme starts
with the selection of parents: an agronomically good but susceptible cultivar as female,
P, and a good source of resistance, P,. The number of F, sceds required depends on the
desired size of the F, population. If we want to ble the two wilt-resistant genes and
cight independent field genes (2n = 16 chromosomes for chickpea) from the good
cultivar, which are abscnt in the donor, then the smallest complete F, population must
consist of 1.05 x 10° plants (Sneep 1977). Only plants having the allcles h,h,h,h,, or one-
sixteenth of the population, will survive, leaving us with 6.6 x 10* plants. Such numbers
cannot be realized, but in the F,, onc in every 10 plants may still carry all the eight
desired yicld genes and therefore a random sample of 40 F, survnving plants may not yet
iuve suffered an irreparable loss of desired alleles. In |Ill.r generations these numbers

iderably. The conclusion is that the larger the population, the better it will
be, but for practical rcasons and also in order to accommodate more crosscs, the
numbers arc reduced.

The effective F, population in scheme 1 (Fig. 2) corresponds with the
number of F, plants mentioned by Allard (1960) for pedigree breeding. The F,
population may be exposcd to a second stress factor, for example, ascochyta blight. The
F, population is thea ready for single plant selection and the scheme finally ends with
the threc-location replicated testing of the Fq progeny bulks. Through all generations
from F, to F,, sclection for highly heritable characters like flowering initiation and seed
size can be done effectively.

Figure 3 shows a possible | dure for back breeding. The number of
backcrosses necded depends on the difference b a donor and parent.
Wehrmann ef al. (1988) obscrved that one backcross was sufficient for soybeans if the
donor yiclded $10% less than the recurrent parent. For kabuli chickpea this may be
posslblc if lllc BC,F, population is large and is grown m a wilt-sick ficld, with

d artificial hyta blight infection. It may, h , be advisable to
inuc the back gram for several more generations and then test differences
between BC, and BC, al the end of the program.
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Other soil-borne discases

From the scctions on techniques of ing for resi and inhcritance of resistance
to the major soil-bornc dnscascs. it is clear lhl( the screening technigues for dry root rot,
collar rot and ncmatodes need further improvement; that the sources of resistance need
further confirmation and study; llul the mhcnuncc of the resistance is not yet known,
and that we have no d dcascsof at in resi 10 any of the three
pathogen specics. This puts the breeding for resistance in a statc of uncertainty.
Therefore, we can make only somc gencral suggestions.

As there is no reason to assumc that the resi 50 far reported arc
or not durablc, we suggest the following mcthodology for usc, ing that scrcening
facilitics and reported sources of resistance arc availablc.

A sclected cultivar is crossed with a resistant linc. The F, is grown under optimal
conditions. The F, population is sown in the discasc nursery for screcning purposcs. If
the plants show different infection types, as for instance described by van Dyk er al.
(1988) for whcal culuvars in The Nclhcrlands and we can distinguish between highly

deratcly susceptible and highly susceptible plants, then
!wo groups can bc ulcclcd kccpmg (hc plants scparatc: highly resistant; moderatcly
ptible. The most susceptible plants can be discarded.

The F, progenics arc grown again in the discasc nurscry and the best progenics of
A arc uscd for further single plant sclection, while the best lines of B arc for
intercrossing to start a rccurrent sclection program.

The F, progenics of A arc grown again in the discasc nurscry and the best
progenics arc bulked for replicated testing. The B crosscs also arc grown in (he discasc
nurscry and single planl sclections arc made. This recurrent process as described above

as long as it the resi This dual approach has two ad
In case the resistance is simply inheritcd and durable, lhc A group will yicld wlmlaclmy
results. This will become app inthc F 23 g But in casc the resistance is

partial, polygenically controlled, cither with or without additional racc-specific major
genes, the B group will show better results as it did for Icafl rust and powdery mildew
resistance breeding in barley (Parlevlict 1983; Parlevlict and van Ommcren 1988).

Finally, somc remarks arc madc nbonl pyramiding of resistance genes in a
g lo suggestions madc by KJ. Frey, lowa
Sule Umvcrs:ly, Amcs, UbA lhc clnckpca grmlp at ICRISAT started a germplasm

progr for resi to Helicoverp  5pp. and hyta blight. Figurc 4
shows a provisional Jurc we have proposcd, but some changes still may be
moorpomcd. The rccurrcnl sclection approach is based on similar principles, but for dry
root rot, collar rot and ncmatode resistance there is a nced to consider such a scheme
only if the polygenic nature of the resistance is cstablishcd.
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Yoar Season Activity

1 88/89 P,XP, P,lxp. Py X P, P,)I(P.
' e F, X F, X Fy X F,
A I (O I &
2 89/90 [ F, F, Fy F, Fy
(4000)  (160)  (4000) (4000)  (160)  (4000)
screen s&rm screen . screen
T T
2 90 F, F, F, J Fa F Fy
(400)  (8000)  (400) (320) (400)  (8000)  (400)
ouloen wloon lc'r.ﬂ acrloon acrlun lcr.ﬂ
3 90/91 Fo Fy' Fy F, Fy' F,
(®) (400) (0) (16000)  (8) («Im) ®)
3 91 X F. 8x F,’ 8-x F; sl-x
®) (4?0) (tll)
4 91/92 e'-x F 8-x
T
8x

F, = single cross, F,' = double cross, F," = 8-way cross
8-x = B-way cross; handle as in main scheme: F," etc.
* Scheme resuits in 7 main streams: 4 single crosses

2 double crosses

1 8-way cross

* At any time after the first screening, parents can be selected from the stil-

segregating g prog

* A any time & new, simitar scheme can be inltiated as resources permit. The
parents for a new scheme can be drawn from single crosses, double crosses, 8-
way crosses of new germplasm.

Fig 4. E of for to siress factors.
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