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ABSTRACT

Fusarium wilt and sterility mosaic virus (?) are the two most important diseases of
pigeonpea, causing considerable yield losses to the crop. Various aspects relating to these
diseases; i.e. mode of transmission, pathogenic races, genetics, screening for resistance,
breeding methodology and disease control measures using cultural practices and resistant
varieties have been reviewed. Latest information of significant use to the geniticists,
breeders and plant pathologists, particularly for development of resistant varieties has been
compiled. '
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Wilt, caused by the fungus Fusarium udum [1], and sterility mosaic (SM) (virus ?) [2] are
the two economically most important diseases of pigeonpea (Cajanus cajan (L.) Millsp.) in
India and other pigeonpea growing countries of the world. Wilt and SM are reported to
cause an annual monetory loss of 36 and 76 million US dollars, respectively, in India alone
[3]. Fusarium wilt is a soil-borne disease, mainly transmitted through plant debris. The
plants initially turn pale yellow and gradually die completely. Its expression in plants is
seen at pre-flowering and podding stages (100% loss), at maturity (67% loss), and at
pre-harvest stage (30% loss) [4]. Itsincidence increases in the ratoon and perennial crops [5].
Sterility mosaic, a viral disease, has characteristic symptoms of stunted growth, bushy and
pale appearance, mild mottled ring spots on leaflets, and the plants may become partially
or wholly sterile. The SM virus is transmitted by eriophyid mite (Aceria cajani
Channabasavahna) [6], nematades [7], and through grafting [8]. »

Different species of Fusarium have been isolated by Padwick [9], and the number of
strains were reported to be 4 [10], 5 [11], 7 [12] and 8 [13]. Sterility mosaic virus has distinct
strains be_cause its pathogenicity differs in different localities [14-16].
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Pigeonpea genotypes show different levels of wilt resistance under field conditions. It
has been reported to be controlled by multiple factors without linkage with any distinct
morphological characters [17], by two complementary genes with recessive and dominant
expression [18], by duplicate genes [19], by a single dominant gene [20], and by a major
dominant gene for resistance and minor polygenes for field resistance in the susceptible
cultivars [21]. A gene for wilt resistance was transferred from Atylosia to Cajanus by Kumar
[22]. Resistance for SM is governed by four independent nonallelic genes with at least one
dominant and one recessive gene for resistance [23]. Multiple allelism with dominance of
tolerance over resistance has also been reported [24]. Screening for wilt resistance is done
by observing the reaction after inoculation with different races in different cultivars of
pigeonpea [25], through inoculation by means of longitudinal cut in the stem 10-15 cm
above ground level 45, 75 and 127 days after planting [26], through soil with the inoculum
added in pots [27], by incorporation of wilted plant debris in the soil, by cultivation of
susceptible cultivars continuously for 2-3 seasons [27], using the green house technique with
multiplication of Fusarium on sand (90 g) and pigeonpea meal (10 g) media [28], and by
electric current infection [29]. Hill sowing is more economical for evaluating large numbers
of genotypes for wilt resistance than row sowing as the requirement for area is reduced to
20% [30]. The infectious nature of SM is screened through graft transmission and sap
inoculation [31], stapling of diseased leaflets on the primary leaf of the test seedlings [32],
planting susceptible cultivars 4-6 months in advance of the test material (spreader row) and

- inoculation in the spreader rows with the leaf staple technique [33]. The modified infector
row technique with four-row hedge of susceptible cultivar infected by the leaf stapling
technique on the west side is sufficient for a 2 ha field [34]. The degree of SM infection is -

" directly proportional to the number of infected leaflets used and negatively affected by

seedling age; 2-9 leaflets infested with 50-131 SM virus carrying mites are sufficient for

staple on the healthy leaflets [35].

Breeding for pigeonpea wilt resistance was started in 1923 at Pusa [36]. The progress in
establishing wilt resistant lines from hybridization has been very slow mainly due to lack
of purity and uniformity of the resistant parents, complex nature of inheritance based on
multiple alleles and high degree of variability for virulence in the wilt pathogen [37].
Healthy plants of local cultivars were screened in a wilt sick plot and selections of healthy
and vigorous plants were made at late harvesting stage. The produce of these plants was
bulked, again screened, and evaluated for seed yield. Finally resistance was confirmed by
changing the direction of rows at right angle [38]. The breeding material developed through
hybridization (straight single crosses and back crosses) was screened for both SM and wilt
resistance, and the selected populations were further evaluated through bulk breeding
method for resistance (Table 1) [39, 40].

Breeding for SM resistance mainly involves pedigree method after hybridization with
resistant parents [37]. On the basis of disease incidence, selection starts F3 onward. All the
selected plants are selfed and harvested separately. Single plant progeny rows showing high



November, 1994] Wilt and Sterility Mosaic Diseases of Pigeonpea 333
. Table 1. Pigeonpea breeding materials resistant to wilt, sterility mosaic, and both diseases

Wilt Sterility mosaic . Combined resistance

T 16, T 51, T80[101] ICP 3783, 6986, 6997 ICPL 335, 8362

CP 80, C 38-3-1 [102] 7035, HY 3C[116], * 7035, 4769 [39],

NP 41, NP 69 [103] TT 87, Bahar [117], AL1,ICPL 267

Yadgir, No. 3 C 11 [104] ICP 4782 [118], [111, 120].

C 28, C36[105]

NP (WR) 15, 16, 18, 42 [36]
Borill, Tuljapur 455

Latur 466-1, 476-11,

DT 230 {106}, Osmanabad,
NP (WR) 19, NP 69, S 103,
Balapur 10, P 1005, Paras
5, Javud [107, 108], C O2
[103], Kanke 9, 3 [109},

C 03, 518[110],

H 76-44, 76-51, 76-65,
Prabhat, ICPL 81,

ICPL 87, TT5,TT 6

[111], ICP 8863 (Maruti)
ICP 7366 and BDN 1 [41]
BDN 2{112],ICPL 227,
ICP1 8357, DA 12 {113},
ICP 8863, ICP 10957,
10958, 11290, 11292,

11294 [114], GAUT 82-9,
82-74 [57], BP 1809

[115], JJAL 27 {124).

DA11,13,15MA
165, 166, PDA 2,

PDA 10[119],

ICPL 4, 8306, 86,

MA 97,128-2,

PDA 84-2, ICPL 366,
PDA 3,7,9[120]

ICPL 176, 288,

8308, 8324, 8074,

84077, 146, MA 166,
167 {1211, ICP 10976,
8862 [122], ICPL 269,
8327, Pant A, 8505,
8507, 8508, Bhavanagar
1, NPRR 1, DDPA 84-66-1,
86-61, 84-8-3, ICPL, 146,
Sehore 367 [113], '
134 B, 124 B, {123]
JJAL 13,24 [124].

JJAL 11,15, 22,

.26, 28,29 {124]

level of resistance for 2-3 years are evaluated for yield in progeny rows and seeds are
maintained by selfing. Pure lines resistant for either of the two diseases were involved in
crossing programme [41]. in F1 and F2 these plants were tested for resistance against both
diseases. Plants showing resistance for any one or both diseases were harvested separately.
The F3 plants susceptible to either disease were discarded, and only those plants which show
resistance for both diseases were selected for further screening in Fa.

Fusarium udum is always present in high quantities in the soils having high proportion
of sand [42], 30% water holding capacity, 25 + 5°C temperature, high C : N ratio and sodium
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nitrate [43], and with old diseased plants because their root exudates promote germination
of the Fusarium [44]. Addition of 1% carbohydrate, sucrose, ammonium sulphate, or urea
decreases the fungal population in the soil [43]. The Fusarium fungi in the root region of the
diseased (susceptible) and healthy (resistant) plants differ quantitatively and qualitatively.
Some susceptible cultivars had nearly double the Fusarium count than the resistant lines at
seedling stage [44], which increased from seedling to flowering stage but decreased at pod
formation stage in both susceptible and resistant cultivars [45]. In early stage of development
the Fusarium population decreases in the wilted plants and increased in healthy plants but
at later stage it becomes similar in the root of both types [46]. The mycoflora of wilt resistant
cultivars consists of soil saprophytes and antagonistic organism [47].

Inoculation of Fusarium udum in sterilized soil produces more wilt than in unsterilized
soil [48, 49] mainly due to inhibitory activity of the associated mycoflora in the soil, viz., F.
oxysporium {.sp. ciceri and sp. vasinfectrum [50] and Bacillus subtilis [51]. Sap of SM infected
plants inhibits the germination of Fusarium conidia [52]. Présence of the vasicular-arbuscular.
mycorhizae does not affect wilt incidence [53]. Aspergillus lerrus [54], and the nematodes
Heterodera cajani [55, 56] and Meloidogyne incognita [57] appear to enhance the virulance of
Fusarium udum. '

Fusarium udum, a soil borne pathogen enters the plant through rootlets and wounds in
the lateral roots. Its incidence is influenced by the biochemical defence mechanism.
Alkaloids accumulate at the site of wound, act as fungitoxic [58]. The chemical cajanone [59],
methionine [60], caffeic and chorogenic acids [61] and xylose [62] exudated from resistant
pigeonpea cultivars inhibit germination and germtube growth of Fusarium. Fusarium
resistance in pigeonpea has also been reported to be associated with high content of
chlorophyll, ascorbic acid, total manganese, free reducing sugar [63] total and reducing
sugars, flavanol, phenol, alkaloids, amino nitrogen, cystosine, tryptophan and alanine 61,
64]. Resistance is also associated with the lower quantity of phenylalanine [61, 64], Fe/Mn
ratio and carbohydrate accumulation in the roots [63]. Susceptible cultivars depleted sugar
rapidly from root and shoots after infection [65]. At all stages of plant growth the resistant
cultivars had higher concentration of flavanol and total alkaloids than the susceptible
cultivars [66]. More number of xylem vessels are plugged in the seedlings inoculated with
the pathogen as compared to the uninoculated plants due to production of pectolytic
enzymes in the vessels [67, 68]. Wilt incidence is reduced in the plant from which
reproductive sinks are removed [69].

The activity of enzymes chlorophyllase, diastatic {70, 71], polyphenolic oxidase and
RNase [72] increased substantially after SM infection. Synthesis of sucrose sugar takes place
at a Jower rate in the diseased plants which is a result of dislocation in total photosynthetic
activity [73]. Resistant cultivars are characterized by the presence of specific isoperoxidase
[74]. Chlorophyllic proteins [70], carbohydrates, calcium, potash, sodium, manganese [73],
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bound amino acids and nitrogen [72] decreases in the sterility mosaic infected plants. The
diseased leaves produce higher amount of cytoplasmic protein [71], reducing sugars,
nonfermentable reducing substances, total nitrogen {73, 75] and free amino acid [72] than
the leaves of healthy plants.

Fusarium udum has been shown to spread in the soil up to 275 cm in one season [76] and
survives up to 8 years [77] on the tissues invaded by the pathogen [78] and colonized [79].
The fungus grows in the collar region and roots of the infested host in both imperfect
(Fusarium udum) and perfect phase (Gibberella indica). On wilting it survives as saprophyte
on dead plant parts for indefinite period or as perfect state [80]. SMV and its vector survive
on summer pigeonpea, ratoon growth and perennial crop during off season {81, 82].

Cultural practices have been found to influence the disease incidence. Wilt incidence is
reduced by green manuring with Crotoloria juncia, heavy application of nitrogen and farm
manure [77], crop residue of oat [83], oil cake [84] and neem cake [85], rotation with tobacco
over several years [86], mixed or intercropping with sorghum [87], especially grain sorghum
(881, and Crotolaria medicagina [89]. Mixed cropping with sorghum reduces wilt incidence
even in the second season [90]. One year break in crop rotation or fallow also reduces wilt
incidence substantially [91]. Post-rainy season sowing [92] and higher plant population [93]
also decrease wilt incidence considerably. Irrigation increases the incidence and spread of
wilt [94], while oil cakes of margosa and castor stimulate the growth of Fusarium [95].

Intercropping with low plant population shows higher incidence of sterility mosaic
diseases [96]. Late cultivars have lower incidence of sterility mosaic disease with 50 cm row
spacing [97].

Breeding for wilt resistance is usually done by pedigree or mass pedigree selection,
although in some cases backcrossing has also been successful [98]. Pedigree method was
also reported to be useful in breeding for highly heritable traits, such as sterility mosaic
disease resistance [97], however, selection based on single plant yield in early segregating
generations has been found to be ineffective [99]. Bulk hybrid, advanced by single pod
descent, appears to be a better procedure for breeding high yielding lines which are selected
and advanced from the early segregating population tested for resistance in the disease
screening nursery [100]. Studies are therefore necessary to determine the usefulness of the
phenotypically homogeneous bulk population retaining heterogenesity (e.g. composites) as
the final produce rather pure lines, looking to the complex nature of inheritance for multiple
disease resistance and pollination behaviour oi pigeonpea [98].

Few races of the pathogen and a number of resistant genes against Fusarium wilt are
known. Genetics of resistance has also been worked out. Race-specific resistant genes have
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not been identified. Number of races, genes for resistance, and nature of inheritance of
resistance are not known for the sterility mosaic disease. In both the diseases, the resistance
is of quantitative nature, therefore, screening of resistant genotypes is difficult. Similarly,
homogeneous response to the pathogen is not guaranteed because of heterogeneous spread
of Fusarium udum in the soil and sterility mosaic through the vector. Thus, host-pathogen
relationship involves the biological nature of pathogen and plant complex pattem leading
to slower growth rate for formation of resistant varieties.

The following conclusions emerge from the review of the situation with regard to the
two major diseases of pigeonpea: '

1. Standard techniques for screening of resistant variety/breeding material should be
adopted. For effective screening against SMV, spreader row technique is more effective.
Screening for Fusarium wilt resistant lines should be done in the sick plot, and the
population of pathogen in the sick plots should be first characterized and then
monitored at least once a year to ensure consistency of disease reaction.

2. Resistance of the line selected should be done based on 34 years of field screening in
the sick plot at different locations and it should be corroborated by laboratory tests,
glasshouse, and growth chambers.

3. Identification of different pathotypes of wilt is essential.

4. Systematic genetic studies need to be undertaken to have a better idea about the nature
of inheritance of resistance.

Based on the experience gained from the work conducted at JNKVV, Jabalpur and from
this review it can be concluded that breeding for wilt resistance may be done by adopting
pedigree or mass pedigree method of selection and also through partial backcrossing.
Simple bulk selection can also be favoured because of the greater values of both the
proportion of homozygotes and genetic variance. Conservation of the genes of the recurrent
parent and incorporation of resistant genes for sterility mosaic would be possible by .
following the pedigree method of selection and backcross breeding or by intermating the
F2 plants showing resistance. Resistance for both the diseases can be combined by adopting
backcross breeding and advancing the material through bulk population and modified mass
selection methods.

REFERENCES

1. E.]. Butler. 1906. The wilt disease of pigeonpea and pepper. Agril. Jour. India, 1
25-36.



November, 1994] Wilt and Sterility Mosaic Diseases of Pigeonpea 337

2.

10.

11

12,

13.

14.

M. Mitra. 1931. Report of the Imperial Mycologist. In: Scientific Report. Imperial
Agric. Res. Inst., Pusa, (1929-30): 58-71.

J. Kannaiyan, Y. L. Nene, M. V. Reddy, J. G. Ryan and T. N. Raju. 1984. Prevalence
of pigeonpea diseases and associated crop losses in Asia, Africa and the America.
Tropical Pest Management, 30(1): 67-71.

J. Kannaiyan, M. V. Reddy and Y. L. Nene. 1981. Survey of pigeonpea diseases with
special reference to wilt and sterility mosaic in India. Proc. Intern. Workshop on
Pigeonpea, 15-19 Dec., 1980, ICRISAT, Hyderabad, vol. 2: 277-303.

M. V. Reddy, S. B. Sharma and Y. L. Nene. 1990. Pigeonpea: Disease management.
In: The Pigeonpea (eds. Y. L. Nene, S. D. Hall and V. K. Shaila), CAB International,
Wallingford, Oxon, OX10 8D, UK: 303-348.

M. L. Seth. 1962. Transmission of pigeonpea stérility by an eriophyid mite. Indian
Phytopath., 15: 225-227.

P. Narayanswamy and K. Ramakrishnan. 1965. Studies on the sterility mosaic
disease of pigeonpea. I. Transmission of disease. Proc. Indian Acad. Sci., Sect. B, 62:
73-86.

V. R.Mali, A. M. Shirsat and G. M. Godbole. 1977. Occurrence of pigeonpea sterility
mosaic. Res. Bull. Marathwada Agric. Univ., 1(10): 148-149.

G. W. Padwick. 1939. Report of the Imperial Mycologist. Scientific Report. Imperial
Agric. Res. Inst., New Delhi (1938-39): 105-112.

S. Subramanian. 1963. Fusarium wilt of pigeonpea. Symptomatology and infection
studies. Proc. Indian Acad. Sci., Sect. B, 57: 134-148.

M. S. Pawar and C. D. Mayee. 1983. Virulence difference in Fusarium udum isolates
from Maharashtra State. Intern. Pigeonpea Newsl., 2: 41-42. :

Om Gupta, S.R. Kotasthane and M. N. Khare. 1988. Strain variation in Fusarium udum
in M.P,, India. Intern. Pigeonpea Newsl., 7: 22-25.

T. S. Sorejini. 1951. Soil condition and root diseases. Part II. Fusarium udum disease
of red gram. Proc. Indian Acad. Sci. Sect. B, 33(2): 41-68.

G. N. Oldfield, M. V. Reddy, Y. L. Nene and W. Reed. 1981. Preliminary studies on
the eriophyid vector of sterility mosaic. Intern. Pigeonpea Newsl., 1: 25-26.



338 D. Khare et al. [Vol. 54, No. 4

15. Y. L. Nene, M. V. Reddy, S. P. S. Beniwal, M. Mahmood, K. K. Zote, R. N. Singh and
K. Sivaprakasam. 1989. Multilocational testing of pigeonpea from broad based
resistance to sterility mosaic in India. Indian Phytopath., 47: 444-448.

16. M. V. Reddy, T. N. Raju and Y. L. Nene. 1991. Appearance of a new strain of
pigeonpea sterility mosaic pathogen. Intern. Pigeonpea Newsl., 14: 22-23.

17. B.P.Pal. 1934. Recent prdgress in plant breeding at Pusa. Agriculture and Livestock
in India, 4: 505-515.

-18. F. J. F. Shaw. 1936. Studies in Indian Pulses. The inheritance of morphological
characters and wilt resistance in arhar (Cajanus indicus spring). Ind. J. agric. Sci., 6:
139-187.

19. A. B. Joshi. 1957. Genetics of resistance to disease and pest. Indian J. Genet., 17:
305-317. : .

20. N. B. Pawar and C. D. Mayee. 1986. Reaction of pigeonpea genotypes and their
crosses to Fusarium wilt. Indian Phytopath., 39(1): 70-74.

21. D.Sharma. 1986. Breeding-disease resistant varieties of pigeonpea (Cajanus cajan (L.)
Millsp.). In: Pigeonpea Genetics and Improvement (ed. S. B. S. Tikka). Sharda Pub.
Acad., Gujarat: 103-139.

22. L. S. S. Kumar. 1957. Pulses, History and Development of the Economic Botanist’s
(Sec. 1908-58). Poona Agr. Coll. Mag., 48(2-3): 7-16.

23. B. V. Singh, B. P. Pandya, P. L. Gautam, S. P. S. Beniwal and M. P. Pandey. 1983.
Inheritance of resistance to sterility mosaic virus in pigeonpea. Indian J. Genet.,
43(3): 487-93.

24. D. Sharma, S. C. Gupta, G. S. Rai and M. V. Reddy. 1984. Inheritance of resistance to
sterility mosaic disease in pigeonpea. Indian J. Genet., 44(1): 34-90.

25. D. Mukhefjee, T. K. De and N. R. Parui. 1971. A note on screening of arhar against
wilt diseases. Indian Phytopath., 24: 598-601. '

26. N.D. Sharma, L. K. Joshi and S. C. Vyas. 1977. A new stem inoculation technique for
testing Fusarium wilt of pigeonpea. Indian Phytopath., 30(3): 406-407.

27. Y. L. Neneg, ]. Kannaiyan and M. V. Reddy. 1980. Techniques to screen resistance to
some pigeonpea diseases. ICRISAT Inform. Bull. No. 35.



November, 1994] Wilt and Sterility Mosaic Diseases of Pigeonpea - 339

28.

29.

30.

31.

32.

33.

34.

. screen pigeonpea for sterility mosaic resistance. Intern. Pigeonpea Newsl., 1: 27.

35.

36.

37.

38.

J. Kannaiyan and Y. L. Nene. 1980. Field and greenhouse techniques to screen
pigeonpea for resistance to wilt. Proc. Intern. Workshop on Pigeonpea, 15-19 Dec.,
1980, ICRISAT, Hyderabad, vol. 2: 277-280.

S.K. V.K. Charij, ]. Kannaiyan, Y. L. Nene and E. W. Nunn. 1984. Technique to detect -
infection by F. udum in pigeonpea before symptom appearance. Trop. Agric., 61:
257-260.

M. V.Reddy, T. N. Raju and K. B. Saxena. 1992. Effectiveness of hill plots in screening
pigeonpea for resistance to Fusarium wilt. Indian J. Pulses Res.,5(1): 45-48.

S. P. Caoper. 1952. Observation on the sterility disease of pigeonpea. Indian J. agric.
Sci., 22: 271-274.

Y. L. Nene and M. V. Reddy. 1976. A new technique to screen pigeonpea for
resistance to sterility mosaic. Trop. Grain Legume Bull., 5: 23.

Y. L. Nene and M. V. Reddy. 1976. Screening for resistance to sterility mosaic of
pigeonpea. Plant Dis. Reptr., 60: 1034-1036.

Y. L. Nene, M. V. Reddy and E. Deena. 1981. Modified infector row technique to

Y. L. Nene and M. V. Reddy. 1977. Leaf stapling technique to screen pigeonpea for
resistance to sterility mosaic. Indian Phytopath., 30(1): 153.

R. B. Despande, L. M. Jeswani and A. B. Joshi. 1963. Breeding of wilt resistant
varieties of pigeonpea. Indian J. Genet., 23: 57-63.

J. M. Green, D. Sharma, L. I. Reddy, K. D. Saxena, S. C. Gupta, K. C. Jain, B. V. S.
Reddy and M. R. Rao. 1981. Methodology and progress in the ICRISAT pigeonpea
breeding programme. Proc. Intern. Workshop on Pigeonpea. 15-19 Dec., 1980,
ICRISAT, Hyderabad, vol. 1: 437-449.

H. C. Sharma. 1988. Selection and development of wilt resistant pigeonpea lines for

- Tawa Command area in Central India. Intern. Pigeonpea Newsl., 7: 9-10.

39.

R.G. Satpute. 1991. Transfer of Fusarium wilt and sterility mosaic resistance to arhar
varieties of M.P. Final Project Report 1988-91. Deptt. of Plant Breeding and Genetics,
JNKVYV, Jabalpur.



340 h D. Khare et al. [Vol. 54, No.“4

40. R. G. Satpute. 1992. Collection, evaluation, characterization and documentation of
pigeonpea germplasm of MP. First Annual Progress Report, 1991-92. Deptt. of Plant
Breeding and Genetics, JNKVV, Jabalpur. .

41. K. K. Zote, B. P. Dandanaik and P. V. Khikar. 1983. Reaction of Maharashtra
pigeonpea cultxvars to wilt and sterility mosaic. Intern. Pigeonpea Newsl., 2:
44-45.

42, D. S. Shukla. 1975. Incidence of Fusarium wilt of pigeonpea in relation to soil
composition. Indian Phytopath., 28(3): 395-396.

43. A. P. Singh and S. N. Bhargav. 1981. Survival studies on three species of Fusarmm
causing wilt of pigeonpea. ]. Phytopath., 100: 300-311.

44. A.D. Gupta and P. K. Sen Gupta. 1988. Reaction of pigeonpea (Cajanus cajan) lines
to wilt pathogen Fusarium udum. Indian J. agric. Sci., 58(7): 546-548.

45. V. K. Rao, A. G: R. Reddy and K. Satyanarayana. 1988. Quantitative changes in the
rhizosphere microflora of wilt resistant and susceptible varieties of pigeonpea.
Indian J. Mycol. P1. Path., 17(1): 59-61.

46. R. S. Upadhyaya and B. Rai. 1982. Ecology of Fusarium udum causing wilt disease of
pigeonpea. Population dynamics in the root region. Trans. Br. Mycol. Soc., 78:
209-220.

47. 1. Shaikh and M. Nusrat. 1987. Varietal variation in the rhizosphere and rhizoplane
mycoflora of Ca]anus cajan L. w1th special reference to wilt diseases. Indian J. Bot.,
10(2): 126—129

48. R. S. Vasudeva and T. G. Roy. 1950. The effect of associated soil microflora on
- Fusarium udum Bull. The fungus causing wilt of pigeonpea. Ann. Appl. Biol., 38(2):
169-178.

49. R. G. Satpute. 1990. Transfer of Fusarium wilt and sterility mosaic resistance to arhar
varieties of M.P. Second Annual Progress Report, 1989-1990. Deptt. of Plant
Breeding and Genetics, JNKVV, Jabalpur.

50. S. A K. Kaiser and P. K. S. Gupta. 1960. Cross protection against wilt disease caused
Fusarium oxysporum fsp. udum in pigeonpea. Indian J. Mycol. Res., 7: 38-39.

51. R. S. Vasudeva, G. P. Singh and M. R. S. Iyengar. 1962. Biological activity of
bulbiformin in soil. Ann. Appl. Biol,, 50(1): 113-117.



52.

53.

54.

55.
56.

57.

58.
59.

60.

61.
62.

63.

November, 1994] Wilt and Sterility Mosaic Diseases of Pigeonpea 341

Anonymous. 1964. Mycology and Plant Pathology Section. Agric. Res., 4(4): 209-222.

M. V. Reddy, Y. L. Nene, T. N. Raju, K. N Sheila, ]. Kannaiyan and S. P. S. Beniwal.
1989. Evaluation of pigeonpea lines for resistance to wilt, sterility mosaic and
phytophthora blight. Intern. Pigeonpea Newsl., 10: 22-24.

R. S. Vasudeva and C. V. Govindaswamy. 1953. Studies on the effect of associated
soil microflora on Fusarium udum Butl., the fungus causing the wilt of pigeonpea
(Cajanus cajan (L.) Millsp.) with special reference to its pathogenicity. Ann. Appl.
Biol., 40(3): 573-583.

A. Hasan. 1984. Synergism between Heterodera cajani and Fusarium udum attacking
Cajanus cajan. Nematol. Medit., 12: 159-162.

M. M. Salam and M. W. Khan. 1986. Reaction of some cultivars of pigeonpea against
Fusarium udum and Meloidogyne javanica. Intern. Nematol. Newsl., 3(4): 16-17.

B. A. Patel, J. C. Chavda, S. T. Patel and D. J. Patel. 1987. Susceptibility of some
pigeonpea lines to root-knot nematodes (Meloidogyne incognita and Meloidogyne
javanica). Intern. Pigeonpea Newsl,, 6: 55-57.

L. V. Metlitski and O. L. Ozeretskovskaya. 1968. Plant Immunity : Biochemical
Aspects of Plant Resistance to Parasitic Fungi. Plenum Press, New York, USA.

N. W. Preston. 1947. Cajanone: an antifungal isoflavanone from Cajanus ca]an
Phytochem., 16(1): 143-144.

Purkayastha and A. Das. 1973. Amino acids associated with pathogenicity of U.V.
induced mutants of Fusarium udum wilt of pigeonpea. Proc. Indian Sci. Cong.,
60(3): 357.

G. S. Murthy. 1975. Studies on the nature of persistence in Cajanus cajan (L.) Millsp.
against wilt caused by Fusarium udum Butl. Mysore J. Agric. Sci., 9(4): 716-717.

G. S. Murthy and D. ]. Bhagyaraj. 1980. Role of sugars in resistance of Ca]anus cajan
to Fusarium wilt. Curr. Res., 9(12): 206-208.

S.Subramanian. 1963. Fusarium wilt of pigeonpea. II. Change in the host metabolism.
Proc. Indian Acad. Sci., Sect. B, 57: 178-194.

. G. S. Murthy and D. J. Bhagyaraj. 1978. Free amino nitrogen and amino acids in

Cajanus cajan in relation to Fusarium wilt resistance. Indian Phytopath., 31(4):
482-485.



342 | | D. Khare et al, [Vol. 54, No. 4

65. S. K. Choudhary and M. Prasad. 1974. Variation in sugar contents of healthy and
Fusarium oxysporum var. udum infected plants of Cajanus cajan. Phytopath. Z., 80(4):
303-305. '

66. G.S. Murthy and D. ]J. Bhagyaraj. 1980. Flavanol and alkaloid content of pigeonpea
- cultivars resistant and susceptible to Fusarium udum. Indian Phytopath., 33(4):
633-634.

67. S. A. K. M. Kaiser and P. K. Sengupta. 1975. Infection and pathological histology of
pigeonpea (Cajanus cajan L.) plants inoculated with pathogenic and non-pathogenic
formae specials of Fusarium oxysporum. Z. Pflkrankh Pflachutz., 82(8/9): 485-492.

68. S. A. K. M. Kaiser and P. K. Sengupta. 1979. Role of pectolytic enzymes in
pathogenesis by different formae specials of Fusarium oxysporum on pigeonpea.
Indian Phytopath., 32: 311-313.

69. A. R. Sheldrake, A. Narayanan and ] Kannaiyan. 1978. Some effects of the
' physiological state of pigeonpea on the incidence of wilt disease. Trop. Grain
Legume Bull., 11/12: 24-25.

70. P. Narayanswamy and K. Ramakrishnan. 1965. Studies on sterility mosaic disease
of pigeonpea. IV. Carbohydrate metabolism of infected plants. Proc. Indian Acad.
Sci., Sect. B, 62: 130-139. ’

71. P. Narayanswamy and K. Ramakrishnan. 1966. Studies on the sterility mosaic
disease of pigeonpea. III. Nitrogen metabolism of infected plants. Proc. Indian Acad.
Sci., Sect. B, 63: 288-296.

72. B. L. S. Rao, Y. L. Nene and R. Jambunathan. 1985. Sterility mosaic infection in
different pigeonpea genotypes. I. Studies on different nitrogenous components of
the host. Indian J. Plant Path., 3(1): 108-118.

73. K. K. N. Nambiar and K. Ramakrishnan. 1968. Studies on pigeonpea sterility mosaic
disease. VI. Effect of disease on carbohydrates. Proc. Indian Acad. Sci., Sect. B, 68:
295-300.

74. Y. P. S. Rathi, A. Bhatt and U. S. Singh. 1986. Biochemical changes in pigeonpea
(Cajanus cajan (L.) Millsp) leaves in relation to resistance against sterility mosaic
disease. J. Biol. Sci., 10(4): 467-474. »

75. K. K. N. Nambiar and K. Ramakrishnan. 1969. Studies on pigeonpea sterility mosaic.
IX. Effect on nitrogen metabolism. Proc. Indian Acad. Sci. Sect. B, 70: 200-207.



76.

77.

78.

79.

80.

November, 1994] Wilt and Sterility Mosaic Diseases of Pigeonpea _ 343

W. McRae. 1924. Report of the Imperial Mycologist. Scientific Report, Impenal Agric.
Res. Inst., Pusa (1923-24): 41-51.

W.McRae and F.]. E. Shaw. 1933. Influence of manures on the wilt disease of Cajanus

indicus Spreng and isolation of types resistant to the disease. Part II. The isolation of
resistant types. In: Imperial Council of Agril. Res. Scientific Monograph, 7: 37-68.

V. Agnihothrudu. 1954. Soil Condition and Wilt Diseases in Plants. Rhizosphere
Microflora in Relation to Fungal Wilt. Ph. D. thesis. Madras University, Madras.

C. V. Subramanian. 1955. Symposium on soil microorganisms and plant well being.
Proc. Indian Acad. Sci., Sect. B, 41: 97-154. '

R. S. Upadhyaya and B. Rai. 1983. A new disease cycle of wilt of plgeonpea Curr.

~ Sci., 52: 978-981.

81

82.

83.

84.

85.

86.

87.

-'38-40.

88.

S.V.Reddy, M. V. Reddy, A. M. Ghanekar, Y. L. Nene and K. 5. Amin. 1988. Annual
recurrence of pigeonpea sterility mosaic in eastern U.P., Indla Intern. Pigeonpea
Newsl,, 7: 30-31.

M. V. Reddy, G. Arjunan and V. Muniappa. 1990. Survival of pigeonpea sterility
mosaic pathogen and its vector during summer in Southern India. Intern. Pigeonpea
Newsl., 11: 16-17.

S. R. Kotasthane, Om Gupta and M. N. Khare. 1987. Influence of fungicidal seed
treatment and soil amendment on the development of Fusarium udum propagules in
soil and pigeonpea wilt. Indian Phytopath., 40: 197-200.

R. S. Singh and N. Singh. 1970. Effect of soil cake amendment in soil on population
of some wilt causing species of Fusarium. Phytopath. Z., 26: 160-167.

T. Raguchander, G. Arjunan and R. Samiyappan. 1982. Influence of organic
amendments on Fusarium wilt of pigeonpea. Indian J. Pulses Res., 5(2): 203-205.

R. D. Bose. 1938. The rotation of tobacco for the prevention of wilt disease in
pigeonpea (Cajanus cajan (L.) Millsp.). Agriculture and Livestock in India, 8: 653-668.

P. K. Dey. 1947. Administration report Agnculture Department U.P. (1944—45)

R. S. Mathur. 1954. Diseases of pulse crops in U.P, Agrlculture and Ammal
Husbandry in India, 5: 24-28.



344

89.

90.

91.

92.

93.

9.

95.

96.

97.

98.

99.

100.

D. Khare et al. [Vol. 54, No. 4

R.S. Upadhyay and B. Rai. 1981. Effect of cultural practices and soil treatments on
incidence of wilt disease of pigeonpea. Plant and Soil, 62: 309-312.

P. K. Dey. 1948. Plant Pathology. In: Administrative Report of the Agriculture
Department, U.P. (1946-47): 39-42.

M. Natarajan, J. Kannaiyan, R. W. Willey and Y. L. Nene. 1985. Studies on the effects
of cropping system on Fusarium wilt of pigeonpea. Field Crops Res., 10: 333-346.

J. Kannaiyan and Y. L. Nene. 1985. Effect of sowing date on wilt incidence in
pigeonpea. Intern. Pigeonpea Newsl,, 4: 33.

Y. S. Chouhan. 1991. Possible influence of competition from weeds and increased
plant population on wilt incidence in pigeonpea. Intern. Pigeonpea Newsl,, 14:
26-27.

H. C. Sharma, J. P. Dixit and R. N. Saran. 1987. Effect of intercrops and irrigation
level on the incidence of pigeonpea wilt cauised by Fusarium udum Butler. Indian J.
agric. Sci., 57(9): 650-653.

N. Singh and R. S. Singh. 1982. Effect of oil cake amended soil atmosphere on
pigeonpea wilt pathogen. Indian Phytopath., 35: 300-305.

V. S. Bhatnagar, Y. L. Nene and D. R. Jadhav. 1984. Sterility mosaic disease of
pigeonpea in sorghum based cropping system. Intern. Pigeonpea Newsl., 3: 37-38.

S. N. Gurha, D. N. Singh and L. K. Gangal. 1983. Effect of population density on
the incidence of sterility and yellow mosaic disease in pigeonpea. Intern.
Pigeonpea Newsl., 2: 47-48.

Laxman Singh, S. C. Gupta and D. G. Farris. 1990. The Pigeonpea Breeding, CAB
International Wallingford Oxon OX10 3D, UK and ICRISAT: 375-399.

D. E. Byth, ]J. M. Green and G. C. Hawtin. 1980. ICRISAT/ICARDA chickpea
breeding strategies. Proc. Intern. Workshop on Chick Improvement, 28 Feb-2
March, 1979. ICRISAT, Hyderabad: 11-27.

J. M. Green, D. Sharma, K. B. Saxena, J. ]. Reddy and S. C. Gupta. 1979. Pigeonpea
breeding at ICRISAT. Regional Workshop on Tropical Grain Legumes, 13-22 June,
1979. University of West Indies ST Augustine, Trinidad.



November, 1994] Wilt and Sterility Mosaic Diseases of Pigeonpea 345

101.

102.

103.

104.

105.

106.

107.
108.
109.
110.

111

112

113.

114.

F.]. F. Shaw. 1934. Improved varieties of crop produced at Pusa. Agriculture and
Livestock in India, 4(5); 471.

Anonymous. 1946. Scientific Report of the Indian Agricultural Research Institute
for the year ended 30th June, 1946: 109.

Anonymous. 1954. Agricultural Research Report, ICAR 1951-52, New Delhi.

Anonymous. 1955. Report of the Division of Mycology and Plant Pathology.
Scientific Report of IARI, 1953-54, New Delhi.

S. Vaheeduddin. 1956. Selection of tur (Cajanus cajan (L.) Millsp.) resistant varieties
against wilt (Fusarium udum Butl.). Agril. J. Osmania Univ., 3: 12-13.

N. K. Raut and B. B. Bhombe. 1971. A review of the work of selection of tur varieties
resistant to Fusarium wilt at College of Agriculture, Parbhani (MS). Parbhani Agric.
Coll. Mag., 12: 37-42.

B. G. Patil and J. E. Sable. 1973. A note on the screening of tur against wilt disease.
P.K. V. Res.]., 2: 73-76.

R. Veeraswamy, P. Rangaswamy and N. M. Sheriff. 1975. Co. 2 redgram — a new
strain with early maturity and improved plant type. Madras Agric. J., 62: 541-543.

R. N. Bhargav. 1975. Two new varieties of arhar for Bihar. Indian Farming,
25(1): 23.

N. M. Sheriff, W. M. Khan and R. S. Annappau. 1977. Redgram Co. 3 and economic
mutant strain for Tamil Nadu. Madras Agric. J., 64: 561-564.

Anonymous. 1981-82. ICRISAT Annual Report, Hyderabad.

P. P. Zaveri, R. M. Shah, A. R. Pathak, J. A. Patel, H. R. Khar, R. S. Patel and S. B.
S. Tikko. 1986. BDN 2, a wilt tolerant superior cultivar of pigeonpea for Gujarat.
Intern. Pigeonpea Newsl., 5: 38-39.

Anonymous. 1986-87. ICRISAT Annual Report, Hyderabad.

A.D. Gupta and P. K. Sengupta. 1988. Reaction of pigeonpea (Cajanus cajan) lines
to wilt pathogen Fusarium udum. Indian J. agric. Sci., 58: 586-588.



346

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

D. Khare et al. [Vol. 54, No. 4

J. A. Patel, S. D. Nafde, D. B. Patel, P. P. Zaveri and A. R. Pathak. 1988. Field
screening of pigeonpea lines for resistance to wilt at Vadodra, Gujarat, India.
Intern. Pigeonpea Newsl., 7: 27-28.

Anonymous. 1975-76. ICRISAT Annual Report, Hyderabad.

Anonymous. 1977-78. ICRISAT Annual Report, Hyderabad.

K. Gangadharan, G. Arjunan, G. Krishnamohan and T. K. Kandaswamy. 1980.
Screening of pigeonpea cultivar for sterility mosaic disease. Proc. National Seminar
on Disease Resistance in Crop Plants. T. N. Agril. Univ., Coimbatore: 66-67.
Anonymous. 1983-84. ICRISAT Annual Report, Hyderabad.

Anonymous. 1984-85. ICRISAT Annual Report, Hyderabad.

Anonymous. 1985-86. ICRISAT Annual Report, Hyderabad.

R. Samiyappan and G. Arjunan. 1986. Resistance of pigeonpea to sterility mosaic
disease in Southern India. Intern. Pigeonpea Newsl., 5: 37-38.

V. B. Chouhan, U. P. Singh and R. Nandan. 1991. Reaction of some advanced
breeding/germplasm lines of pigeonpea to sterility mosaic. Intern. Pigeonpea
Newsl., 13: 19-20. ’

M. V. Reddy. 1994. Reaction of Jabalpur lines to wilt and sterility mosaic at
ICRISAT, Patancheru (AP) (personal communication).



