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FOREWORD    
 

The fourteenth issue of "Capsicum and Eggplant Newsletter" includes two invited papers: 

the first one has been written by Chen Shifriss and deals with the male-sterility in Capsicum, 

while the second one refers to the gene nomenclature for Potyvirus resistance genes in pepper 

and has been prepared by Alain Palloix and Molly Kyle. Thank you very much to the above 

mentioned  

Authors, for their kind willingness to increase the scientific value of our publication.  

As usual, the accepted contributions have not been modified and have been printed as received. 

So, only the Authors themselves are responsible for both the scientific content and the form of 

their own reports.  

The co-operation between the Newsletter and the Food and Agriculture Organisation (FAO) has 

been renewed for this year. In this way we are able to distribute the Newsletter to Institutions in 

about 140 countries allover the world.  

Please, remember that a subscription fee to the Newsletter will be much appreciated. The 

fees are the same as the last year. Remember also that it is possible to book your own copy, so 

quickening its delivery. Just fill in the order form on page 95 and send it to us, together with a 

copy of the payment order, which must always be made to Eucarpia. In case you decide to pay 

by credit card, please use the voucher on page 97. We prefer this way of paying because of the 

lower bank costs.  

The deadline for the submission of articles to be included in the next issue of the 

Newsletter (No. 15, 1996) is February 28, 1996. Please note that it is also possible to submit the 

paper on diskette. Details can be found in the enclosed sample sheet.  

 

 

 

Piero Belletti and Luciana Quagliotti 

 

Turin, 1st June 1995 
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Capsicum and Eggplant Newsletter, 14 (1995): 11-25. Invited Paper. 
 

Male sterility in Capsicum  
Chen Shifriss 

 
Male sterility in pepper, capsicum annuum L., was first documented by Martin and Grawford 

(1951) and then by Peterson (1958). Since then, many reports dealing with the trait have 

appeared, including its isolation, induction inheritance, cytology and, particularly potential for 

hybrid seed production. 

 

Interspecific hybridization 

Sterility in pepper, as in other plants, can occur following interspecific hybridization due to 

chromosomal, or plasmon-genome incompatibility. Egava and Tanaka (14) suggested, based on 

chromosomal pairing in interspecific hybrids, the genetic distance between species. Hence, 

Capsicum chinensis and C. frutescens are considered close species (12 bivalents in the hybrids), 

while in C. annuum x C. chinensis and f. annuum x C. baccatum combinations both quadrivalent 

and hexavalent, due to reciprocal translocations were observed. 

In these last cases F1 hybrids are practically male sterile, their anthers do not dehisce, containing 

few or no stainable pollen grains. Pollen fertility in such material can be restored by 

backcrossing to one or both parental lines. An extensive interspecific study was carried out (1, 3, 

13, 14, 17, 22, 33, 37, 41, 42) to improve C. annuum, particularly with C. chinensis, C. 

baccatum, C. frutescens and C. chacoense. 

With the C. baccatum x C. annuum combination, a developmental process of male sterilization 

followed repeated backcrossing to C. annuum, resulting in antherless (frequently combined with 

reduced female fertility) progeny.  Such plasmon-genome interaction leads to the cytoplasmic 

male sterility (CMS) phenomenon.  

The attempt of several workers to identify fertility restorer genes for this specific case was 

unsuccessful, as will be clarified later.  F1 hybrids among C. annuum and the above mentioned 

species demonstrated different levels of male sterility, depending on the accessions used in each 

interspecific cross. 

 

Contribution from The Agricultural Research Organization, ARO, The Volcani Center, Bet 

Dagan 50 250, Israel No. 1638-E, 1995 series. 
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Spontaneous and induced male sterile ms mutants   

Over dozen single gene mutants were independently found or induced following mutagenesis (X-

rays, gamma rays and EMS) (6, 10, 18, 24, 26, 30, 35, 38, 43, 51).  

The ms-509 for example which was induced by mutagenesis in France (38) was found allelic to 

the msk allele isolated spontaneously in Korea (55). Looking for spontaneous mutants, it is 

advisable to select among “old” cultivars that contain more recessive mutants than in lines 

(cultivars) that pass strict selection for uniformity.  

Generally, these ms mutants are similar in nature and function but few exceptional ones (26, 30, 

35) are linked with additional marker traits which can help in early identification of the ms 

individuals for hybrid seeds production.  

 

Cytoplasmic male sterility in C. annuum  

Peterson (36) isolated a male sterile individual within accession 164835. He classified several 

degrees of sterility, from one or two to 10-15 viable pollen grains per anther. The trait was found 

to be controlled by a major ms gene interacting with specific S plasma type to generate (S) ms 

ms mother plants. A dominant Ms allele is necessary to restore pollen fertility. Hence, from the 

cross (S) ms ms x (N) Ms Ms we should obtain fertile (S) Ms ms progeny only. In addition, 

fromseveral test cross pollinations, a dihybrid ratio was obtained (3 fertile: 1 sterile) suggesting 

additional locus, i.e. Ms1 and Ms2 independently restore fertility. Novak et al, working with 

Peterson's male sterile material (32), suggested two contradictory digenic interpretations to his 

data. Based on the 1:3 and, 9:7 (fertile: sterile) ratios in testcrosses and F2 populations, 

respectively, a complementary gene action was suggested. On the other hand, the 3: 1 test cross 

data suggested autonomous gene action of the expected Ms1 and Ms2 loci. With this last 

suggestion one would expect the 15:1 F2 ratio, but such F2 segregation was never documented.  

While Ms alleles were found in most wild hot pepper accessions, the ms alleles are present in 

most sweet, large-fruited lines (32,34,36,54, 55).  

Further studies revealed that the trait is unstable with a tendency to restore pollen fertility under 

varying growing conditions (21, 22, 36, 48, 

 

 

 

 
11



54, 55).                                                                                                                                             

According to Peterson (36), "Warm temperatures present the most critical environment for 

sterility expression." The relative instability of the trait was attributed to an interaction between 

temperature and sterility modifier genes.  

Woong Yu (55) in a study of 270 pepper lines, found 152 to be "stable B-lines", i.e., maintainer 

(N) ms mm, 66 restorer lines (N) MsMs and the remaining 50 lines were defined unstable 

leading to segregating progeny following crossing with Peterson's male sterile plants. In 

addition, the pattern of segregation demonstrated great deviation from year to year. These 

"unstable lines" were probably heterozygote to the Ms-modifiers complex and their progeny 

were exposed to yearly or seasonal variation. Eventually, selfing and selection in this material 

yielded both "stable" maintainer lines and fertility restorer ones.  

Woong Yu (54, 55) did not find any maintainer line among pubescent phenotypes and among the 

sweet accessions; only one, Di Quneo, was a restorer.  

Shifriss and Frankel (47) succeeded in isolating S plasma type following interspecific crosses.  

Eventually, this source of male sterility proved to be identical to that of Peterson's.  

 

Cytoplasmic male sterility from interspecific crosses 

Capsicum frutescens x C. annuum yielded cytoplasmic male sterile progenies following 

backcrosses with B-maintainer lines (3, 55). The C. frutescens plasmatype was found to be 

identical to Peterson's one in its sterilization and fertility restoration potential when crossed with 

Peterson's maintainer and restorer lines, respectively. Hence, three independent sources of S 

plasmatype, two in C. annuum and one in C. frutescens, were found to be identical. C. baccatum 

x  C. annuum hybrids backcrossed to  C. annuum yielded an extreme type of male sterility, viz, 

antherless flowers (1, 3, 13, 42). Efforts to isolate fertility restorer genes of a Ms nature were 

unsuccessful.  

At this stage we should differentiate between the standard ms genes operating autonomously 

ms1' ms-509, etc. from the male sterility if genes interacting with N and S plasmatypes which 

were originally designated as ms genes (Peterson 36).  
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Hence, cytoplasmic male-sterile individuals will be marked (S) rf rf and the restorer allele as Rf. 

It was also clarified that ms mutants are non-allelic to the rf ones. A gradual feminization process 

which occurred in advanced backcrossing of C. baccatum x C. annuum, suggests a polygenic 

plasmon-genome nature of inheritance.  

It is possible that pollen fertility in C. baccatum depends on (N) rf rf ((N) ms ms in previous 

nomenclature) and additional modifiers. Hence, no dominant alleles of Rf nature are expected to 

restore male fertility, but rather the recessive rf ones. Such an interspecific situation is useless for 

producing male-fertile hybrids.  

 
Cytological aspects of meiotic breakdown  

Except for one case of meiotic breakdown at the pachytene stage (30), all reported evidence on 

male sterility indicates that microspore breakdown, occurs after the tetrads stage of meiosis. 

Microscopic observation (19, 31) and electron microscopy (20) helped to clarify the functions of 

the tapetal layers and the callose during the process. In normal meiosis, the callose dissolves and 

normal microspores are released from the tetrads. In meiosis of cytoplasmic male steriles the 

microspores abort and both the outer and inner layers of the tapetum degenerate.  

The aborted mass, late in anther development, consists of crushed microspore tetrads, primary 

walls of the sporogeneous cells and tapetum, callose and the collapsed tapetum.  

  

Stability of the trait  

All male-sterile ms mutants are highly stable and hence promising sources for hybrid seeds 

production. In exceptional cases (6), a few aborted pollen grains were found in anthers of male-

sterile plants. The cytoplasmic source of male sterility is highly sensitive to temperatures, as 

found by Peterson and others (21, 22, 36, 48).  

The variation among CMS lines in the expression of sterility relies on the difference among their 

maintainer lines, i.e., in their modifiers.  

Hence, one can select B-lines highly resistant to seasonal (temperature) fluctuations.  

Generally, under optimal and cool weather conditions meiotic breakdown in (S) rf rf plants is 

delayed, followed by a tendency to restore pollen 
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fertility.  During the hottest part of the summer season (August-September in Israel), male 

sterility is complete. Hence, one can manipulate the different seasons for either hybridization 

during late summer or for selfing in (S) rf rf parental lines for seed increase during the cool 

season.  

 

Maintenance of male sterile ms lines  

Genic male sterility. Single gene ms mutants can be increased vegetatively but the resulting 

explants are non-juvenilic, loaded with flowers at their young stage. The sibbing ms ms x Ms ms 

cross is a common procedure for seed increase of 50% msms plants while rouging the remaining 

50% Ms ms individuals at anthesis. A seedling marker linked with the ms gene might be helpful 

for early identification and planting only the desirable ms ms individuals. Cssilery (4) and 

Shifriss (50) succeeded in constructing the digenic system ms1 ms1 ms2 ms2 x ms1 ms1 ms2 

ms2 which yielded 3 male-sterile vs. 1 fertile progenies, comparable to the 1:1 ratio in the 

previous system.  

The digenic procedure, however needs vegetative maintenance of the two crossing components 

and close protection from viral contamination.  

Shifriss (44) tried to build an XYZ system (12) in which an interspecific trisome, that is an alien 

addition line carrying a foreign univalent with the Ms gene. Such a line should serve as a 

maintainer - Y or B - line. Hence the cross ms ms x ms ms Ms should yield approximately 100% 

male sterile ms ms individuals. Using C. annuum (ann) ms ms and C. chinensis (chin) Ms Ms, 

we arrived at the following crossing stage:  

12II Ms MS (ann) + 12 I Ms (chin) x 12 II ms ms (ann) + 12 II Ms Ms (chin) 

This cross resulted in plants with large range of pollen fertility (sterility). Although selfed seeds 

were obtained, the desirable 12 II ms ms (ann) + I II Ms Ms (chin) Z line was not achieved.  

 

CMS seed increase  

The main advantage of the CMS system over the previous genic one, sterns from the fact that 

one can Obtain 100% male-sterile plants for direct use as females (S) rf rf x (N) rf rf 

Alternatively, based on its relative instability, we can multiply the (S) rf rf plants under off-

season conditions that induce pollen restoration for selfing. This procedure was  
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found applicable in he Arava region of Israel, during the winter season  (Shifriss unpublished). 

How to look for male sterility?  

A.  A search for ms ms mutant plants  

Every open pollinated cultivar is a potential candidate in Which we can find ms mutant plants. 

Exceptionally tall, poor fruiting plants are suspected of being ms ms. 

 

B.  A search for new plasmon genome interaction   

This search is based on the suggestion of Frankel and Galun (15) that a standard ms ms plant 

may actually be a (S*) ms ms type and the fertile plants are (S*) Ms Ms. Such model should be 

tested through a search far an alternative (N*) type cytoplasm.  

Crosses of tested accessions with the (S*) Ms ms male genotype, like (S*) Ms Ms x (S *) Ms ms, 

should yield F1 hybrids in which 50% will segregate for male sterility in their F2 generation. 

However, rare exceptional cases are expected to show fertile progenies only in their F 2 

generation. Such finding can be derived from the cross (N*) Ms Ms x (S*) Ms ms. Its F2 

progenies, (N*) Ms Ms, (N*) Ms ms and (N*) ms ms are expected to be fertile and the new (N*) 

ms ms line will serve as a unique maintainer B-line to generate 100% male-sterile plants for 

hybrid seeds production. Such a system is ideal, since all pepper accessions may serve as restorer 

(S*) MS Ms – C lines.  

We tested this assumption with a few dozen accessions and two different ms mutant genes but 

did not find the anticipated N*-type cytoplasm.  

 

Male sterility and hybrid seed production  

Different genetic and field procedures are being used an experimental and a commercial scale in 

order to obtain both sweet and hot pepper hybrids. The ms mutants are widely used (2, 5, 7, 8, 

17, 18, 27, 40, 49, 52, 53, 55) in spite of the limiting needs to identify the ms ms individuals at a 

rather late stage - anthesis - and to remove 50% fertiles Ms ms. 

The CMS system is particularly advantageous for hot pepper hybrids, since it supplies 100% 

male-sterile plants and, addition, restorer, Rf genes are widely distributed in hot accessions (32, 

34, 36, 47, 54, 55). Where sweet-fruited hybrids are concerned, we can use the (S) rf rf x (N)  
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rf rf scheme to obtain 100% females, but the Rf Rf C-lines should be reconstructed to through 

the Rf gene into sweet fertile lines.  The only sweet accession, which was found to be Rf rf is Di 

Quneo (55). In practice the new backcrossed C-lines are of the (S) Rf Rf type.  

The breeding procedure to build special sweet C-lines is a burden When compared with the genic 

system in Which each line is potentially a Ms Ms "restorer line". When (S) F1 's were compared 

with their isogenic (N) F1 IS, in both hot (55) and sweet groups, (Shifriss and Gazit, 

unpublished) no agronomical or other differences were found.  

In addition, for breeding hot pepper hybrids, Shifriss and Sacks (52) suggested to use sweet-

fruited CMS mother plants That contain a larger number of seeds per fruit than common hot 

varieties.  

Woong Yu (55) suggested to combine both genic and CMS components of sterility in order to 

obtain double cross hybrids. Such a program can exploit the yielding heterosis well known 

among hot pepper accessions. Daskallof and Mihailov (9) demonstrated an elegant system in 

which a conditional female-sterile C-line continues to flower and to supply pollen. In addition, a 

CMS line Which contains a lethal gene 1 serves as the seed parent. True F1 seeds will be 

obtained from the cross (natural or manual): (S) rfrf 11Cfs Cfs x (N) RfRf LL cfs cfs. 

Although the system is attractive, its applicability and the involvement of the lethal 1 gene 

remain unclear.  

Following research on natural pollination of male-sterile plants, maximal yield of F 1 seeds per 

unit area was obtained within the 2:1, 3:1 ratios among rows of male-sterile and fertile ones (2, 5, 

7, 8, 1 7, 27, 52).  

Highest yield per plant was obtained from the 1: 1 ratio and under most experimental conditions 

hybrid seed yields from male sterile plants was lower than 50% comparable with fertile plants. 

Studies on insect pollination demonstrated that both honey bees (Aphis melliferal) and bumble 

bees (Bombus terrestris) prefer fertile plants When exposed to both fertile and male-sterile ones 

(40, 49).  

Rabinovitch et ale (40) found that male fertile flowers produced more nectar and a higher sugar 

concentration than sterile ones. In addition "significant correlation between sugar quantity and 

number of honey bee visits per flower was evident." However, additional studies are needed, 

particularly on the effect of pollen on the selective attractiveness of bees to fertile vs. male-sterile 

flowers.
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Economic importance of male sterility   

Male sterility, genic and CMS sources are widely used on both experimental and commercial 

bases in the hybrid seed industry. Both manual and open pollination procedures are used for 

large scale hybridization. The increasing importance of male sterility stems from the growing 

involvement of seed companies in producing elite F1 hybrids.  

Although sweet F1 's are considered the most important in the seed industry, more hot hybrids 

are becoming popular.  

In Korea, for example, 197 pepper hybrids - mostly hot ones - were registered up to 1994, and all 

of them were multiplied with genic or cytoplasmic mechanisms of male sterility. Today the CMS 

system is the dominant one (Woong-Yu, personal commun.).  

Besides the general importance of male sterility in the seed industry, it has been suggested as an 

instrument for selecting genotypes with high potential of parthenocarpy (45).  

Parthenocarpy or pepper cultivars with low seeds dependence for normal fruit development 

might be of economic importance.   
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Capsicum and Eggplant Newsletter, 14 (1995): 26-29. Invited paper.  
 
PROPOSAL REVISION OF GENE NOMENCLATURE FOR POTYVIRUS RESISTANCE 
GENES IN Capsicum sp.  
A. Palloix. and M. Kyle. Station d'Amelioration des Plantes Maralcheres, INRA, BP 94,84143 
Montfavet cedex france). Dept. of Plant Breeding and Biometry, Cornell University, Ithaca, NY 
14853-1902.(USA).  

Many different potyviruses infect pepper in different regions of the world. Several 
sources of resistance were characterized in Capsicum sp. and introduced in commercial varieties 
(for review, see Greenleaf 1986, Green and Kim 1991). Many of the resistance sources to potato 
virus Y (PVY), tobacco etch virus (TEV) and pepper mottle virus (PeMV) = were found to be 
monogenic and recessive, allowing gene denomination by the authors. An updated list of pepper 
genes was published by Daskalov and Poulos (1994). In this list, different symbols were given to 
the same gene or to alleles at the same locus involved in potyvirus resistance, probably because 
the different authors involved in gene denomination were interested in different potyviruses. This 
raised the necessity to clarify this nomenclature and to revise symbols for potyvirus resistance 
genes. Mapping of pepper genome is also underway (Prince et al 1993, Lefebvre et al 1995) and 
this revision would help for a better coordination and coherence in mapping projects.  

The new nomenclature must be made according to the rules for gene nomenclature of 
Capsicum (Capsicum and Eggplant Newsletter 1994). This nomenclature must also easily 
accommodate new information about the known genes (new alleles, pleiotropic effects...), new 
loci for potyvirus resistance and revisions in viral taxonomy. As general rule, we propose the 
symbol pr for Qotyvirus resistance loci, followed by a number specific to each locus, according 
to the chronological precedent. Alleles at a single locus will be differentiated using superscript 
numbers. The proposed revision of the nomenclature described above can be summarized as 
follows in the table.  

 
Present  
symbol 

Source Resistance to: New  
symbol 

etc, etc1, etc2 PI 159236, PI 152225 TEV © (Greenleaf 1956, 1986) and TEV 
(Blauth 1994) 
PeMV (Zitter 1972) 

pr1 

ya, vy1 
 
eya, eta, vy2 

Yolo RP10, yolo Y 
 
PI264281, SC46252 
Florida VR2 

PVY (Cook 1960), PVY (0) (Gebre 
Selassie et al 1983, 1985) 
PVY(0,1)+TEV (Cook and Anderson 
1959) (Gebre Selassie et all 1983, 1985) 

pr21 

 

 

pr22 
etav Avelar PeMV  (Zitter and Cook 191973) 

PeMV, TEV, PVY (Greenleaf 1986). 
pr3 

Cy2 Cm 334 PVY (0,1,2), PeMV (Palloix 1992, Pasko 
et al 1992), (Chanie-Dogimont 1993), 
(Dogimont et al 1995). 

pr4 

 
Resistance to TEV was firstly discovered by Greenleaf (1956) in C. chinense PI 152225, who 
named this recessive resistance gene ef. Resistance to TEV (C) was later found in C. chinense PI 
159236 and Greenleaf (1986) tentitatively named this allele ef1 and renamed ef2 the preceding 
allele, although allelism tests remained to be made. Zitter  
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(1972) reported that PI 159236 was also resistant to PeMV but did not look for cosegregation of 
the resistances to both viruses. More recently, Blauth (1994) performed the allelism test between 
the two Pis. They showed that TEV resistance cosegregated in F2 and BC1 populations. 
Resistance to PeMV in PI 159236 and tolerance in PI 152225 also cosegregated. Although they 
observed cosegregation for TEV/PeMV resistance in these two PIs no conclusive evidence for 
identity of TEV and PeMV resistance was obtained. Thus we propose the unique symbol pr1 for 
TEV and PeMV resistance in PI 152225 and PI 159236 ( 1 because it was historically the first 
discovered locus), although it remains to be determined weather resistance loci to TEV and to 
PeMV are identical or tightly linked.  

Recessive resistance to pVY was first identified by Cook and Anderson (1959) in both 
C.. annuum PI264281 and SC46252. These accessions where also resistant to TEV (C) and the 
authors named this locus er to differentiate it from the C. chinense source. Cook (1960) later 
discovered that the recessive resistances to TEV and PVY from SC46252 were cosegregating 
and suggested this resulted from a single locus. This TEV resistance allele complemented the 
recessive PVY resistance allele from PI264281 (the F1 hybrid was TEV resistant), suggesting 
these two alleles to be identical. He renamed it eyli. Cook (1961), further discovered a mutant 
(Yolo RP10) bearing a recessive resistance to PVY that was allelic to ey but was susceptible to 
TEV(C). He named the PVY -specific resistant allele y but this was not consistent with the 
preceeding et or ey nomenclature. This allelic serie was further renamed by Gebre Selassie et al 
(1983, 1985) vy1 (for y) and vi (for ey) with the susceptible allele vyi-. These authors also 
showed that PVY isolates from Mediterranean regions could be classified into three pathotypes 
(0), (1) and (1-2), according to their virulence on vyi-, vy1 and vi respectively. In order to 
simplify this complex nomenclature, we propose the symbol pr2 for this locus (the second 
potyvirus resistance locus discovered). The different alleles could be designated by prZ 
(susceptibility from Yolo Wonder), pr21 (instead of y or vy1 from Yolo RP10 and Yolo Y) and 
prZ (instead of ef, ey or vi from SC46252 introduced in Florida VR2).  

Monoaenic resistance to PeMV from Avelar was fistly reported by litter and Cook 
(1973). Avelar is also resistant to TEV (C) and to PVY(O) and Greenleaf (1986) named efv the 
allele supposed to confer resistance to the three viruses. However, litter and Cook (1973) had 
showed that resistance to PVY and TEV in Avelar were independant from resistance to PeMV. 
Subramanya (1982) tested the allelism between Avelar and PI 159236 for resistance to PeMV. 
He obtained susceptible F1 hybrid but F2 segregation did not allow to choose between 1/1 or 7/9 
ratios corresponding respectively to the segregation of two alleles (with negative interaction as 
concluded) or two in dependant loci. Blauth (1994) further confirmed that PeMV resistance from 
C. chinense (PI 159236) was genetically distinct from that of Avelar. Thus we propose the 
symbol pr3 for this locus governing resistance to PeMV (the third locus discovered). Allelism 
between Avelar and C. chinense for TEV resistance remains to be made with an appropriate 
strain since Avelar was susceptible to the TEV isolate used by Blauth (1994), as well as with C. 
annuum (Yolo Y or SC46252) for PVY resistance.  

A monoaenic dominant resistance to PVY was described in C. annuum Serrano Criollo 
de Morelos 334 (CM 334), (Pal16ix 1992, Pasko et al 1992). This resistance was effective 
against all the known strains of PVY and also against PeMV. Allelism tests were performed with 
the C. annuum sources of resistance to PVY and independant segregation was confirmed. 
Cosegregation of resistance to PVY and PeMV was also observed in doubled haploid and BC 
progenies (Dogimont et al 1995). We propose the symbol Pr4 for this locus.  
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Other monogenic resistances and new alleles will probably be discovered in a near  
future. New loci might be designated by new numbers and new alleles by superscripts if  
allelism tests are conclusive. Additional allelism tests should be performed to clarify 
relationships between PVY and TEV resistance from Avelar, the following for TEV resistance"':  
from SC 46252 and from C. chinense. Progress will also be obtained from cosegregation '  
observations between resistance to different potyviruses. This is possible thanks to haploid: 
segregations or vegetative (graft) multiplication. When two resistances cosegregate in F2 or in 
successive BC, a single locus can be admitted from the segregating (breeding) point of view, 
although only gene sequencing will allow to chose between very tight linkage or pleiotropy. 
Some gene symbols may have to be changed, according to the results of these studies and to the 
increase of our knowledge in genetics of pepper/potyvirus interactions.  
We would expect the general nomenclature will allow these changes.  
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NUCLEAR DNA CONTENT IN DIFFERENT SPECIES OF CAPSICUM MEASURED BY 
FLOW CYTOMETRY - P. Belletti, C. Marzachi, E. Nada and S. Lanteri DI.VA.P.R.A. - Plant 
Breeding and Seed Production University of Turin, via P. Giuria 15, 10126 Torino, Italy  
 
Introduction  

Flow cytometry (FCM) is a powerful technique for DNA analysis, .a originally developed 

for human cells and recently adapted to the analysis of plant cells. FCM analysis of nuclear DNA 

is based on the use of DNA-specific fluorochromes and on the measurement of the relative 

fluorescence intensity of stained nuclei. A possible application of FCM is for the determination 

of nuclear DNA content. Since thousands of cells can be analyzed within few minutes, FCM is 

more convenient, precise and rapid than other techniques, e.g. microdensitometry and static 

cytofluorometry (Galbraith, 1989).  

The absolute DNA content (usually expressed as pg/nucleus) can be established through 

the inclusion of a suitable standard of known DNA content, as chicken red blood cells (CRBC), 

which have a DNA content of 2.33 pg (Galbraith et al., 1983) or cells of species with previously 

determined DNA content.  

The nuclear DNA content has been measured for a wide variety of species, using FCM 

(see for instance Arumuganathan and Earle, 1991). Only a few data are available for the species 

belonging to the genus Capsicum. i Galbraith et al. (1983) found a DNA content of 5.52 

pg/nucleus in Capsicum annuum. Arumuganathan and Earle (1991) reported a range of 5.6-7.51 

pg/nucleus referred to 7 cultivars. Bennet and Smith (1976) found higher values, by using 

Feulgen microdensitometry: 8.0 and 10.8 pg/nucleus for wild and cultivated forms respectively. 

They also analysed the following species (DNA content in pg/nucleus are reported between 

brackets): C, baccatum, wild form (9.8), C. baccatum, cultivated form (12.7), C. chinense (11.8), 

C. eximium (12.3), C. frutescens (12.0) and C. pubescens (12.9). In this work we determined the 

nuclear DNA content in different species '.  

of Capsicum, with the aim to detect variations which could be useful in a better understanding of 

systematic and evolutionary relationships within the genus.  

Materials and Methods  
Nine species and two sub-species of Capsicum (with two or more accessions each, with 

the exceptions of C. baccatum baccatum, C. cardenasii and C. lovan/) were analysed (Table 1). 

They represent all the Capsicum 
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species utilized by man (IBPGR, 1983), with the exception of C. galapagoense, whose seed at 
our disposal did not germinate at all.  

For flow cytometric analysis, young leaves obtained from plants grown in climatic 
chamber were used. 20 mg of leaf tissue was homogenyzed in ice-cold nuclear extraction buffer 
(Saxena and King, 1989), filtered through a 25 Jlm mesh nylon filter and centrifuged at 5,000 
rpm. The intact released nuclei were stained with propidium iodide (PI) and treated with DNase-
free RNase A (Sigma R 5000). For each accession, at least five different plants were used.  

Fluorescence was measured using a FACScan flow cytometer (Becton and Dickinson, 
USA) equipped with a 488 nm ligth source (argon laser). Two filters were used to collect the red 
fluorescence due to PI staining the DNA, one transmitting at 585 nm and the other above 620. 
The flow rate was set at about 1_00 nuclei/sec and at least 5,000 nuclei were analyzed for each 
sample. Data were recorded in a Hewlett-Packard computer (HP 9000, model 300) using CellFit 
software (Becton and Dickinson).  

Pea (Pisum sativum) , with 2C nuclear DNA content of 9.07 (Dolezel et al., 1992), was 
used as internal reference standard for the estimation of the nuclear genome size in Capsicum 
annuum 'Doux Long des Landes': the other accessions were measured with reference to the latter.  

Clustering of the data was performed through the Ward method (SPSS, 1988) and the 
distances on the dendrogram were rescaled to numbers between 1 and 25.  
 
Results and Discussion  

The DNA amount of the studied species is reported in Table 1. Since no significant 
differences were found among accessions from the same species, only the mean values are 
reported. The general mean of the genus was 8.42 pg, and the values ranged between 7.65 (C. 
annuum) and 9.72 (C. pubescens). The DNA content values found in our study are lower than 
those of Bennet and Smith (1975), who used a different method of evaluation: in both cases, C. 
annuum (cultivated form) disp1ayed the minimum amount of DNA and C. pubescens the 
highest. Referring to the species C. annuum, the value of 7.65 pg is practically in accordance 
with the findings of Arumuganathan and Earle (1991), but higher than the value obtained by 
Galbraith et al. (1983). This disaccordance could be explained by the fact that the latter Authors 
used a different staining fluorochrome, that is mithramycin, which binds selectively to guanine-
cytosine rich regions of DNA. Moreover they used RBCS as internal standard: the genome size 
of RBCS is considerably different from that of Capsicum and this could amplify the risk of DNA 
content misestimation due to nonlinearity of the flow cytometer amplification system as well as 
to the zero level error (Bagwell et al., 1989). 

The dendrogram constructed with the data of DNA content is reported in Fig. 1. It is 
possible to observe two main groups of species, one including C.  
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cardenasii, C. praetermissum and C. pubescens and the other the remaining species. The latter 
group can be furtherly subdivided, having the two forms of C. baccatum and C. eximium a DNA 
content slightly higher than the other species.  
In general, the white-flowered species showed a lower DNA content, with the exception of C. 
praetermissum, which displayed a value as high as 9.23 pg. On the other hand, C. tovarii and, to 
a lesser extent, C. eximium, although purple flowered-species, proved to have a DNA content 
very similar to that of white-flowered species. C. annuum, C. chinense and C. frutescens, which 
are known to be closely related species (IBPGR, 1983), displayed arso very similar DNA 
contents. A similar consideration can be done with reference to C. pubescens and C. cardenasii.  
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Table 1 – Mean DNA content (± Standard error) in the species utilized in the study. 
SPECIES ACCESSION DONOR* DNA CONTENT (pg)
C. annuum Cuneo 1 7.65 (± 0.14) 
 Doux Long des Landes 2  
C. baccatum baccatum 
(wild forms) 

10-14193 5 8.43 (± 0.14) 

C. baccatum pendulum 
(cultivated forms) 

Campride aidida 
15429 

3 
5 

8.39 (± 0.08) 

 40-15507 5  
C. cardenasii Unnamed 6 8.97 (± 0.20) 
C. chacoense 6-15981/2 5 7.66 (± 0.08) 
 9-15004 5  
C. chinense Pimenta de Chien 3 8.04 (± 0.12) 
 C 334 4  
C eximium Hawkes 3860 4 8.70 (± 0.08) 
 Unnamed 6  
C . frutescens 28-201 5 7.94 (± 0.07) 
 Malagueta 3  
 Tabasco 2  
C pratermissum 4 6 9.23 (± 0.13) 
 P 469/85 7  
C. pubescens 3 6 9.72 (± 0.14) 
 42 6  
C. tovari AC 2017 8 7.83 (± 0.10) 
LSD (5% level)   0.258 
 
*1= DI.VA.P.R.A. Plant Breeding and Seed Production, University of Turin Italy 
  2= I.N.R.A. Plant Breeding Station, Monafavt France 
  3= San Paulo University, Brasil 
  4= Department of Agricultural Botany, University of Reading, United Kiingdom 
  5= Department of Horticulture, Tuscia University, Budapest Hungary 
  6= Vegetable Crops Research Institute, Budapest Hungary 
  7= Institute for plant Genetics, gatersleben, Germany 
  8= CPRO-DLO, Wageningen, the Netherlands 
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HETEROSIS FOR CHIASMA FREQUENCY AND QUANTITATIVE  TRAITS IN PEPPER 
F1 INTERVARIETAL HYBRIDS 
V. Mirkova  
Institute of Genetics, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria  
 

The genetic variability of species is to a large extent controlled by the recombination of 
genes or gene complexes between homologous chromosomes. The chiasma is a visible 
expression of genetical crossing-over and, as such as a potential marker for the degree of 
recombination between linked genes. The frequency and distribution of crossovers are measured 
directly by observing chiasmata at the diplotene or diakinesis stages of meiotic prophase. 
Although for a given species the number of chiasmata per nucleus deviates little from the 
average (Shaw et al. 1976), chiasma frequency differences between genotypes (Srivastava and 
Malik 1974, Murray 1976, Mirkova and Molhova 1983) and between male and female 
reproductive cells (Traut 1977) have been observed. Some individual differences can also be 
caused by mutations (Tease and Jones 1976), amount of heterochromatin (Rhoades 1978) or 
environmental factors (Couzin and Fox 1974). Significant genetic association of chiasma 
frequency in relation to heterosis (Srivastava 1979) has been demonstrated.  

The present study was undertaken in six intervarietal F 1 hybrids of Capsicum annuum to 
determine whether correlation exist between chiasma frequency in late diakinesis and 
quantitative traits. An attempt has been made to study correlation of chiasma frequency to a 
number of quantitative characters, such as plant height, pepper seed yield, fruit yield, fruit 
length, and thickness of pericarp.  

The F1 hybrids (144 x Sivria, 144 x Ziaten medal, 144 x Pazardzishka ... kapia, Sivria x 
144, Ziaten medal x 144 and Pazardzishka kapia x 144) showed high mean chiasma frequency 
per cell and per bivalent relative to the parental forms. They exhibited increase of chiasma 
frequency 18% in comparison with parental form, having the highest chiasma frequency. The 
data in the distribution of bivalents with different number of chiasmata for the F 1 hybrids and 
parental forms revealed that the hybrids were additionally characterised to posses bivalents with 
three chiasmata.; thus feature was never observed in the parental forms. Bivalents with two 
chiasmata were, however a common feature in both  
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hybrid and parental populations, but in parental forms bivalents with one chiasma were also 
observed.  

The increase in chiasma frequency and the regular and superior chromosomal behaviour 
of these hybrids were found to be positively associated with quantitative measures on seed and 
fruit yield, fruit length and thickness of pericarp.  

There was no correlation between chiasma frequency and plant height. The negative 
correlation between height and chiasma frequency must be considered relative to the fact that 
height is not a yield-contributing trait (Quisenberry 1977).  

There have been some reports from higher plants indicating that an ~ increase in chiasma 
frequency improves meiotic regularity (Hazarika and Rees1967, Growley and Rees 1968, 
Hussain 1976). It is not clear whether the meiotic improvement was due to an increase in 
chiasma frequency or due to position distribution of chiasmata (interstitial and terminal). The 
amount of genetic recombination depends not only on chiasma frequency but also on chiasma 
position (Srivastava 1980); thus counting of chiasma position is a technique which could yield 
more information than studies of chiasma frequency alone.  
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A FIELD STUDY OF ENVIRONMENTAL INTERACTION ON PUNGENCY  
 
K. Lindsey and P. W. Bosland  
New Mexico State University, Department of Agronomy and Horticulture, Box 30003, Dept. 3Q, 
Las Cruces, New Mexico 88003...  
 
Introduction  
Pungency is one of the most characteristic attributes of the genus Capsicum. A consistent 
pungency level is important for processors and consumers. Capsicum pungency is the result of a 
genotype by environment interaction. Little is known to what extent the environment affects the 
level of pungency in Capsicum. It has been reported that high temperatures at time of maturity  
increase pungency (Cotter, 1980), and that irrigation practices can affect the level of pungency in 
a cultivar (Quagliotti, 1971). Quagliotti observed that pungency was influenced when plants 
were stressed for moisture. We have observed that pungency varies between cultivars, 
geographical areas and even between plots in the same field. The extent to which the 
environment affects pungency in a single field has not been explored.  
 
Materials and Methods  
A double haploid line generated from' NuMex R Naky' provided a mechanism to quantify the 
environmental effect on pungency. These plants, being genetically identical, allowed for any 
variation measured in pungency to be attributed to the environment. In 1994, plots were planted 
at the Leyendecker Plant Science Research Center, located 10 miles south of Las Cruces. 
Throughout a 20 m x183 m field, 5 plots of 1 m x 9 m were planted. Standard commercial and 
cultural practices were used during the course of the experiment. Mature fruits from individual 
plants were harvested within each plot. Pungency was quantified using High-Performance Liquid 
Chromatography (Collins et a/., 1995). The pungency measurements taken in parts per million 
were converted to Scoville heat units (SHU).   
 
Results and Discussion  
This study substantiates that the environment has a sizeable effect on pungency. Statistically 
significant differences (P ~ .05) in Scoville heat units were found among individual plants from 
the same plot (Table 1). The. Scoville heat units of individual plartts ranged from 2896 SHU to 
9614 SHU. The overall field mean for individual plants was 5391 SHU. When ind1vidual plant 
SHU are compared to the mean, they ranged from 78% higher to 46% below the mean. The 
smallest difference between individual plants was 1.2%.  
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Table 1. Variation of pungency in Scoville heat Units (SHU) among individual plants. 
 
PLANT - # 
 

SHUz 

PLANT - M 9614a 
PLANT – B 8193b 
PLANT – O 6894bc 
PLANT – L 6203cd 
PLANT – N 5936cde 
PLANT – K 5543cdef 
PLANT – H 5454cdef 
PLANT – C 5237defg 
PLANT – F 5170defg 
PLANT – J 4608efgh 
PLANT – A 4195fghi 
PLANT – D 3832ghi 
PLANT – E 3608hi 
PLANT – I 3517hi 
PLANT - G 2896i 
 
  
z Means are for individual plants with 2 replications. Mean separation within columns by Duncan 
test. Means followed by the same letter are not significantly different at P <  0.05. 
 
When plot to plot variation for SHU was examined, statistiucally significant differences (P <  
0.05) were found among plots. The Scoville heat units ranged from 7482 SHU to 3956 SHU 
(Table2). The range of Scoville heat units was 6% for the smallest difference and 89% for the 
largest difference fro the mean. 
 
 
Table 2. Variation of pungency in Scoville heat units (SHU) among plots. 
 
Plot # 
 

SHUz 

5 7582a 
1 5836ab 
4 5452bc 
2 4204bc 
3 3956c 
 
 

z Means are calculated from plants within the plot. Mean separation within columns by 

Duncan test. Means followed by the same letter are not significantly different at P <  0.05. 
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Conclusion 
 
The environmental effect on pungency is significant. The large environmental effect on 
pungency will impact breeding programs. It may be warranted that cultivars with a low genotype 
by environment interaction for pungency be selected, thus reducing the large variability observed 
for pungency.  
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STABILITY ANALYSIS IN HOT PEPPER  
Yayeh Zewdiel and J.M. Poulos .  
Asian Vegetable Research and Development Center, P.O. Box 42, Shanhua Tainan, Taiwan 741  
 
Introduction  

Average yield alone may not be sufficient to describe the performance of a certain 
genotype, since it does not indicate the relative performance with other genotypes over different 
environments. A significant genotype x environment (GxE) interaction reduces the usefulness of 
genotype means for identifying superior cultivars (Magari and Kang, 1993). An ideal goal for 
breeders is to get environmentally buffered (stable) and high-yielding cultivar(s). Different 
stability estimates were proposed to measure the relative performance of genotypes under a wide 
range of environments. The different concepts and statistical implications were reviewed by Lin 
et. al. (1986) and Pritts and Luby (1990). This report summarizes the response of (INTHOPE 1) 
entries across seven testing environments by using three stability estimates. Some understanding 
was gained as to which cultivars did and did not contribute significantly to the GxE.  
Materials and Methods  

Data from the first set of the International Hot Pepper Trial Network (INTHOPE 1), 
which was evaluated at California, USA; Kamphaengsaen, Thailand; Los Banos, Philippines; 
Maha llluppallama; Sri Lanka; Shanhua, Taiwan and Suweon, Korea were used for this analysis. 
Experimental designs were randomized complete blocks with three replications at each site. Data 
of total pod yield, g/plant were subjected to a combined analysis of variance to examine GxE 
interaction effects. After testing the significance level for GxE, the following stability parameters 
were estimated: a) stability variances, O'? and (Shukla, 1972), b) coefficient of variation (CV) 
for determination of groupings I-N (Francis and Kannenberg, 1978), and c) regression coefficient 
b1 (Finlay and Wilkinson, 1963). The stability variance statistics assigned to each genotype were 
calculated by the Proc IML SAS program (Kang, 1989). Regression coefficients and coefficients 
of variation were calculated using Basica programs for calculating adaptability and stability 
(Yap, 1989). Experiments conducted at Shanhua, Taiwan, during the summer (1990) and fall 
(1990/91) seasons were considered as two different environments. Similar analyses were 
conducted for the yield component, fruit number, over five sites but are not presented in this 
report.  
Results  

Combined analysis of variance for total pod yield showed highly significant F ratios for 
mean squares of environments, cultivars, and GxE interaction (data not shown). The interaction 
effect indicated that cultivars differed in their pattern of response relative to each other in various 
environments.  

A significant stability variance (O'?) indicated the genotype was unstable across 
environments, and a significant adjusted stability variance (s?) indicated a genotype was unstable 
even after removal of the environmental covariate (environmental index) effect from the GxE. 
Except cultivars 'MC 4', 'Atarodo' and 'JCJtilaba', all were rated as stable genotypes using the 
stability variance (O'?) estimate (table I). After removing the linear effect of the environment, 
'Jatilaba' became stable.  
--------------------------------------------------------- 
1. AVRDC Research Fellow. permanent address: Nazareth Research Center, P.O Box 436,  
Nazareth, Ethiopia.   
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  The CV analysis identified cultivars 'Jatilaba', 'Paris Minyak', 'Tit Super', 'Lv. 1092', 
'Cipanas' and 'Long Fruit' as most stable (table 1). These had higher than average yield and  
smaller than average coefficient of variation (Group I). Cultivars 'Jatilaba', 'Paris Minyak', 'Tit 
Super', 'Lv. 1092' 'Cipanis' and 'Long Fruit' were identified to have above-average stability by the 
regression coefficient method (bl ranged - from 0.73 to 0.90 and mean yields were always above 
average). Similarly, cultivar 'Atarodo' had above-average stability, but produced above average 
yield mostly in poor environments. Cultivars 'Jawahar 218', 'Extra Long', 'Punjab Lal' and 
'Keriting' had average stability with bl = 1.02, .03, 1.02, and 1.07, respectively, but their total 
yields were below average. Cultivars 'MC 4' and 'Huay Sithon' were unstable (bl = 1.43), but 
performed well in favorable environments, producing 17 and 35 g/plant at low-yielding 
environments and 651 and 417 g/plant at high,.yielding environments, respectively. Taiwan-
summer was considered a low-yielding environment (135 g/plant site mean), whereas California, 
USA, as a high-yielding environment (590 g/plant site mean).   
Discussion  

The use of a covariate in stability variance analysis provides information for the breeder 
to identify the underlying cause of the axE (Magari and Kang, 1993). This method rated more 
cultivars as stable. It rates based on the relative contribution of a cultivar to the axE variance, 
such that lower-yield cultivars are grouped as stable as far as they had low contribution.to the 
axE. Well-adapted cultivars would be ones with low-stability variance (O'j2) and high mean 
yield (Kang et al., 1991). With the CV method, however, for a genotype to be rated as stable, it 
has to yield above-average and have a smaller than average coefficient of variability. In the 
regression coefficient method, environments are grouped based on site mean. Cultivars adapted 
to specific environments were identified by their high or low bl values. Cultivars which had 
above-average phenotypic stability and above average yield in all environments are the most 
desired as they have general adaptability for all environments. Out of these three stability 
estimates, the CV method was the easiest method to apply. As discussed by Pritts and Luby 
(1990) and Negave and Bouwkamp (1993), however, a significant negative association between 
the CV and the mean would add bias in judging the cultivars.  

In conclusion, cultivars 'Jatilaba' (except in stability variance, O'j2), 'Paris Minyak', 'Tit 
Super', 'Lv. 1092', 'Cipanas', and 'Long Fruit' were stable by three of the stability estimates 
computed. They, therefore, might be important gemiplasm sources in a breeding program. These 
cultivars, except 'Long Fruit', all originated in Indonesia. It would be interesting to study the  
selection environments where these cultivars had been developed to defme test sites for selection 
of widely adapted genotypes. A more extensive analysis will be conducted as additional data sets 
are received.  
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Table 1. Stabiltiy for total pod yield of 15 hot pepper cultivars evaluated at seven environmentsa 

 

Stability estimates Cultivarb Origin Yield 
g/plant Stability variances               Coefficient     Regression 

                                            Of Variation    Coeffecient 
 δi 

2 

 
si 

2 Group d bi 
e 

MC4 MAL 270.83 55180.43 63263.70** IV 1.43 
Jawahar 218 IND 286.54 5835.51 7139.45 III 1.02 
Ludhiana Long IND 281.06 3177.50 1386.96 IV 1.13 
Extra Long IND 301.57 9137.57 6866.74 IV 1.03 
Punjab Lal  IND 271.21 10551.93 12843.94 IV 1.02 
Huaruar THA 238.41 8306.48 5051.32 III 1.16 
Huay Sithon THA 201.20 5518.77 1684.79 IV 1.43 
Atardo NIG 285.98 117991.64 141804.23** IV 0.86 
Keriting INI 266.89 6344.78 6483.16 III 1.07 
Jatilaba INI 441.03 20313.37 627.43 I 0.90 
Paris Minyak INI 379.11 5841.64 5757.03 I 0.72 
Tot Super INI  343.50 6656.00 7735.57 I 0.79 
Lv. 1092 INI 317.45 7062.44 5041.87 I 0.75 
Cipanas INI 316.93 1341.73 1625.91 I 0.83 
Long Fruit THA 377.40 5541.61 4150.89 I 0.87 
       
Mean  305.27     
Pooled Error   6154.31   
 
*, ** F-Test statistically significant at 5 and 1 % level, respectively. 
A1) California, USA (March-Oct. 1993); 2) Suweon, Korea (feb-Aug 1991); 
3) Los Banos, Phillippeans (Oct 1991-May 1992); 4) Maha Illuppallama, Sri Lanka (March- 
Aug1994); 5) Shanhua, Taiwan- Fall (Sept 1990 – Feb 1991); 6) Shanhua, Taiwan – summer 
(April-Oct 1990); 7) Kamphaengsaen, Thailand (May-Oct 1991). 
BC annuum except ‘Atadoro’ C, chinense. 
CTHA = Thailand; INI = Indonesia; IND=India; Tai = Taiwan; NIG=Niger; MAL = Malaysia 
Evalues after long transformation 
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PLOIDY ASSESSMENT USING STOMATAL CHLOROPLAST NUMBER IN CAPSICUM  
T. Srivalli, N. Lakshmi and V. V. Ramachandra Rao Cytogenetics laboratory, Department of 
Botany, Nagarjuna University-522 510, A.P., India.  
 

Polyploids often serve as unique germplasm resources for specific traits of breeding 

significance. So there has been increasing interest of breeders for induction and utilization of  

polyploids in several crops. In chilli, an important cash and : condiment crop of India, work in 

this direction was initiated in our laboratory from 1989 onwards. Using the well-known alkaloid 

colchicine a good number of polyploids of Caosicum were developed in different species and as 

well as in divergent diploid cultivars of annuum. In all these cases confirmation of ploidy is by 

counting of the chromosome number alone. The need for the development of a biological marker 

for rapid screening of tetraploids, without making cytological studies is realized. Since chilli is a 

transplanted crop and if there is a reliable marker to detect polYPlddy in the nursery stage itself 

it will be of practical use.  

Earlier literature in other crops revealed that there might have been a correlation between 

stomatal frequency and size together with pollen sterility and meiotic disturbances in detecting 

the polyploids. t However, in Capsicum work in this direction was completely absent. Hence, the 

utility of counting chloroplast number in stomatal guard cells and the development of a technique 

for rapid screening of treated populations is taken up.  
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The tetraploid stocks used in this experiment include seven divergent diploid strains of 

annuum (x180, x206, Santaka, Jawahar, Tc1, Se11 and Lec21) and one of chinense. Leaf 

samap1es of C2 generation tetrapo1ids were collected from 6 week, old seedlings and the peels 

of lower epidermis were taken. These were stained in 2% iodine - potassium iodide solution and 

average number of chloroplasts per stomata, stomatal length and width of stomatal pore for 

diploids and tetrap10ids was recorded.  

The mean number of chloroplasts in the guard cells of a different strains at both ploidy 

levels were counted and the..' results are presented in Table 1. Irrespective of the strain, the 

material can be classified into two groups 1) diploids and 2) tetraploids. In diploid group the 

mean number of ch10roptasts per stomata was found to be 18.19 in contrast to 27.60 in tetraploid 

group. From the data it is apparent that the number of stomatal chloroplasts increased with the 

increase in ploidy level (Table 1). Considering diploid number as base, 49.3~ of "inctease is 

observed in tetrap10ids. The size of the stomata was also increased in tetraploids and the number 

per unit area was decreased (Table 1).  

An increase in stomatal size along with a decrease in number per unit area was observed 

in Phlox (Rao et al. 1982), Trigonella (Arya et a1. 1988) and P1ant~go (Asha Bhan et a1. 1990). 

Butterfass (1958) and Rothacker et al. (1966) observed no s1ngnificant change in the number of 

plasids in the stomata in diploids and tetrap10ids of Solanum tuberosum. Eigsti and Dustin 

(1955) pointed out that stomatal size and frequency 
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together with pollen sterility and meiotic disturbances have been taken as criteria of detecting 

polyploids.  

The divergence that has been observed in the number of stomata between~. chinces~ and 

annuum can be attributed to its different genomic constitution. However, confirmation of this  

may involve production of large number of polyploids of diverse genomic combinations and 

their testing. In India annuum is the most widely cultivated and economically useful species.  

Since, sufficient number of tetraploids from this species are tested in the study, it can be pointed 

out that in Cacsicum too, the diploids and tetraploids can be identified on the basis of stomatal 

chloroplast number and size. The techniques seem to be accurate and it helps in screening large 

populations either in seedling stage itself or in early stages of plant growth.  
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NEW SWEET PEPPER CULTIVARS FOR CUBAN OFF SEASON PRODUCTION  
T. Depestre and o. Gomez  
Liliana Dimitrova Horticultural Research Institute Carr. Quivican km 33 %, La Salud, Havana, 
Cuba  
 
In vitro androgenesis has shown its usefulness in pepper breeding (Dumas de w Vaulx et al., 

1981). Haploidization technique gives the possibility, after hybridization, to regenerate hybrid 

gametic segregation. The doubled-haploid plants obtained give homozygotic genotypes when 

selfing progenies are z, definitively stabilized (Demarly, 1989). This operation made in 1-2 years 

would 7 require at least 6-8 self-pollinations.  

 

In Cuba, climatic adaptation and disease resistance are main goals of pepper breeding program, 

since production in the isalnd is seasonal due to pepper limitant climatic conditions and pests 

during' the summer, mainly Polyphagotarsonemus latus Banks, which symptoms are often 

mistaken with those from virus. So it is necessary to develope new sweet pepper cultivars for 

off-season cuban production.  

A population from the combination 'Lamuyo' x 'Medalla de Oro' has been submitted to anther 

culture technique (Gomez and Chambonnet, 1992) and compared during two years in a field trial 

to a coomercial variety ('SC-81 ') in order to establish its agronomic and disease performance, as 

well as its high temperature adaptation. Results are reported in this paper.  

Mean temperature was 28°C during the growing season and 420 mm rainfall.  

Nursery was sown in april, whereas the transplanting was done in the third ... week of May. A 

randomized complete block design with four replicates was used. Net plot size was 4 x 2 m; 

space between rows was 0.8 m and 0.25 m between plants in the row. Pest incidence in the field 

was measured by a scale (0 = healthy plant to 5 = stunting).  

With yield there was significant variability for 'cultivar' but not for 'year x cultivar' interaction; 

similar occured with yield components number of fruits per plant and mean fruit weight.  

Table 1 shows that the three doubled-haploid lines produced significantly higher yield per plant 

than the commercial control variety 'SC-81', which is commonly grown in Cuba during the 

summer season and used as fresh  
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condiment In meals. It has a good adaptation to high temperatures and humidity conditions but 

mean fruit weight is very low.  

The increasing of mean fruit weight by breeding increased yield per plant in this case (Fig. 1). A 

possibility appears with the doubled-haploid lines which can be grown even in cuban extreme 

summer conditions. Mean fruit weight was higher in these lines than in 'SC-81' control variety as 

well as fruit quality; so they can be used for local consumption and not only as fresh condiment. 

These lines showed tolerance to P. latus while 'SC-81' was susceptible under field conditions.  

 
Table 1 - Yield and yield components of pepper 'off season' cultivars.  
 
Cultivar Number of fruits/plants   Mean fruit weight (g)  Yieldlplant (g) .  

 
'HD-60' 11.13c 36.04 a 400 a 
'HD-16' 12.63 b 30.46 b 381 b 
'HD-12' 10.50 c 28.21 b 300 c 
'SC-81' (control) 18.38 a 14.61 c 247 d 
ES 2.23** 4.56* 5*** 
 
a b c d: Means without letter in common differ significantly at p = 0.05 (Duncan's Multiple 
Range Test) 
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YIELD PERFORMANCE OF JALAPdO PEPPER CULTIVARS (Capsicum. annuum L.)  

Juan Hernandez Hernandez Papantla Experimental Station, INIFAP, Aquiles Serdan 802 
Papantla, Veracruz 93400, Mexico.  

IN  TRODUCTION  
Commercial hot jalapeno pepper cultivars available on the Gulf of Mexico region comprising 

such states as Veracruz, Oaxaca, Campeche, " etc. Comes from local varieties (creoles) which 

have not been improved (Hdez. 1993). Growers produce their own seeds from theirown farm 

often as seed mixtures, who usually make choice of fruits for seeds without any breeding 

process. The use of this low genetic quality seed is one of the reasons for low yield and average 

yield range from 6 to 10 ton/ha. The most common creole varieties used are 'espinalteco, 

candelaria, tipico and tres lomos'. These cultivars shows high variability in terms of fruit shape, 

size, color and maturity, that are insuitable traits for the Mexican and foreing market. In contrast 

with the pepper growing area in the northwest region of the country, produces high yields of 

good quality fruit because to the use of improved cultivars developed in the united states of 

America by breeding and they marketed by seed companies. Some of these American cultivars 

were evaluated for their yield potencial for the environmental conditions of the humid tropical of 

Mexico. Therefore, the purpose of this report is to present yield performance data on American 

cultivars compared to criole varieties.  
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MATERIALS AND METHODS  
 
Jalapeno entries evaluated in this trial included the cultivars Mitla (hybrid), Tam-Veracruz, 

Jalapeno M, Jumbo, Early-J, Jalapa (hybrid), from Peto seed Company and four creole varieties, 

Espinalteco, Candelaria, Tres lomos and Abel Salinas from local growers as local checks. The 

evaluation was conducted during the autumn-winter 1992-93 growing season at Espinal, 

Veracruz, Mexico.  Seeds were sown in nursery trays and at 6 weeks seedlings were transplanted 

in the field at spacing of 60 and 30 cm between rows and plants respectively. The experimental 

material was planted in a randomized block design with four replications. Routine cultural 

practices (land preparation, cultivation, fertilization, pest control etc.) were carried out and plants 

were grew under open field conditions by rain. Plots were harvested for yield estimates in 

January and February 1993 at 95 to 131 days after transplantin9. A cylindrical plastic box with 

transparent plastic on topside was placid on plants for counting whitefly adults. The topside kept 

facing the sun so that the whiteflies being phototropic, migrated to it. Incidence of virus diseases 

were evaluated by estimating the percentage of plants showing characteristic symptoms in each 

plot (0-100%). Analyses of variance and tukey's studentized range (HSD) test at the 5 percent 

level of significance were applied for statistical evaluation of yield, whitefly and virus diseases 

data.  

RESULTS AND DISCUSSIONS  

Comparative performance data on yield (ton/ha), whitefly /planta and virus diseases/plot are 

summarized in tabla 1. In general, all cultivars showed low fruit cumulative yield due to virus 

diseases and moisture stress mainly. Therefore with adequate irrigation and plant protection 

these cultivars may be better than the revealed 
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results. Tam-Veracruz and Mitla significantly out performed the rest of the cultivars including 

local checks at 6.28 and 5.32 ton/ha, respectively. As the result of virus diseases, the cultivars 

had low yield, small fruit size and low height plant. However fruits of Tam-Veracruz followed 

developing after virus infection. The most wide-spread virus disease was tigre disease 

(geminivirus complex) whose vector was the whitefly Bemisia tabaci Genn. La incidence of 

whitefly virus vector was strong and virus diseases symptoms were observed in all cultivars and 

none of them 5 showed resistance in their reaction. At the beginning of the harvest, plants were 

infected one-hundred percent and the ~4 difference among the cultivars was not statiscally 

significant. other importants data on vegetative and reproductive characters were not recorded 

due to virus diseases affected their characteristics. The Tam-Veracruz cultivar in the most 

seemed to the native jalapeno from Veracruz about their botanical and horticultural traits.  

 

CONCLUSIONS  

This preliminary study reflects the high yielding ability the Tam- Veracruz and Mitla with good 

pod characteristics. Overall performance data and other important observations indicate that 

these cultivars has tremendous potentialities. These cultivars should therefore produce much 

more fruit yield in optimal soil, protection plant and environmental conditions.  
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TABLE 1. JALAPE&O PEPPER COMPARATIVE PERFORMANCE TEST, WINTER 1993, 

ESPINAL, VERACRUZ.  

CULTIVAR Total Fruit Yield 
Ton/HA 

N* Of Whitefly Adult 
Per Plant 

Virus 
Disease/Plant 
Score (0-100%) 

TAM-Veracruz 6.28 a* 20.10 100 
Mitla 5.32 a 23.62 100 
Jalepano-M 1.97 b 18.40 100 
Jumbo 1.97 b 16.92 100 
Early-J 1.86 b 21.30 100 
Abel Salinas 0.90 b 19.40 100 
Jalapa 0.76 b 22.40 100 
Espinalteco 0.72 b 25.80 100 
Tres Lomos 0.58 b 17.10 100 
Candelaria 0.27 b 15.40 100 
ANOVA ** NS NS 
 

** Significant al 1% level NS. Not significant  

* Means in a column followed by the same letter are not significantly different at the 5% level of 

significance by Tukey's studentized range test.  
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CYTOLOGICAL INVESTIGATION ON PEPPER PLANTS INFECTED BY TOBACCO 
MOSAIC VIRUS (TMV) IN DIFFERENT STAGES OF DEVELOPMENT 

 
V. Microva and V. Sotirova 

Institute of Genetics, Bulgarian Academy of Sciences, Sofia 1113, Bulgaria 
 

It is well known from the literature that disea$es caused by viruses and other pathogens 

may induce diviation from normal cytological processes e found in plants. Several investigators 

have shown that the different pathogens interfere with cell division and couse somatic 

polyploidy. Different abnormalities 8m like decrease of chiasma frequency, disturbances of 

cytokinesis, lagging chromosomes at Anaphase I and II, decrease of pollen fertility and other 

ones were reported by some authors in different virus-infected plants (Swaminathan et al. 1959, 

Kazimierski and Kazimierska 1969, Mirkova and Molhova 1983). The type of the disturbances 

observed in different phases of meiosis in bacterial infected tomatoes was similar to that 

described in virus diseased plants (Sotirova and Beleva 1978) ,The significant differences in 

mentioned meiotic aberrations between different plants were probably connected with different 

degree 9f infection in particular plants (Mirkova and Molhova 1983).  

The present study was undertaken in some pepper plants from different species 

(Capsicum annuum - C.annuum var. nigrum, varieties: Sivria and Ziaten medal- and Capsicum 

pendulum) which were infected with Tobacco mosaic virus (TMV) in different stages of 

development (cotyledon stage and stage "second true life").  

On the basis of studying microspordgenesis in different pepper "-species and varieties the 

significant increase was estimated in the frequency of abnormalities at different meiotic phases 

(Metaphase I and II, Anaphase I and II, Telophase I and II and Tetrads) in plants infected by 

TMV, inoculated in different stages of their development comparing with respective healthy 

p1ants. In all virus-infected plants and healthy plants there were found some abnormalities of 

meiosis like univalents in Metaphse I, lagging chromosomes and bridges in Anaphase I and II, 

Telophase I and II and micronuclei in Tetrads, However, in all virus-infected plants we observed 

significant decrease of chiasma frequency 
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both per bivalent and per cell, pollen mother cells with different chromosome number in 

Anaphase I, non-synchronised division in Anaphase II, micronuclei in Telophases, formation of 

dyads, triads and polyads, pycnosis of chromosomes in all investigated phases.  

The investigated virus-infected plants characterised with decreased pollen fertility and 

productivity (Table 1).  

 
Table 1. Pollen fertility, seed and fruit productivity of pepper plants infected with TMV in stage  
 

SPECIES C. pendulum C. annuum var. nigrum 
Traits healthy infected healthy infected 
Pollen fertility 98,5 75, 45 92, 35 62,35 
Number of Normal fruits 15-20 12-15 12-15 2-3 
Number of Deformed fruits - - - 10-12 
Number of Normal Seeds per fruit 30-35 25-30 45-50 5-6 
Number of deformed seeds per fruit - - - 15-20 
 

Plants from different varieties of C.annuum (Sivria and Ziaten medal) infected with TMV 
in cotyledon stage formed flowers that made possible cytological analysis but perished before 
fruit formation.  

As a result of the present investigation the following conclusion can be made: The stage 
“second true life” is the most suitable early phase of plant development for infection with viruses 
and for analyses of cytological disturbances caused by these pathogens.  
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EMERGENCE OF VIGOROUS-GROWING LATERAL SHOOTS FROM A CMV -
INFECTED PLANT OF CAPSICUM FRUTESCENS L. FOUND ON A SUBTROPICAL 
ISLAND IN JAPAN  
T. Uemacm, H. Watanabe and S. Yai.awa Faculty of Agriculture, Kyoto University, Sakyo-ku, 
Kyoto 606-01, Japan 
 
 ABSTRACT  

We found that vigorous-growing lateral shoots emerged from a pepper plant ( C. 
frutescens L.) infected with CMV growing in Irabu, a subtropical island located in the southwest 
part of Japan. This species can grow through the winter season there, and the plant mentioned 
above was about 5 years old. In these vigorous-growing lateral shoots, CMV could not be 
detected when checked by the EliSA, ;; method. The vigorous-growing cutting had resistance to 
the virus.  

 
INTRODUCTION  

CMV causes very severe damage and important 
economic losses in pepper. Once pepper plants are infected 
with CMV, their leaves often show mosaic or  necrotic spots, 
their leaf width sometimes becomes narrow, and the plants 
become dwarfed. Furthermore, peppers (infected with CMV 
generally set few fruits, and their fruits are small and warped.  

Vigorous-growing lateral shoots sometimes emerge, 
under greenhouse conditions from certain pepper cultivars 
infected with CMV several years after infection with the virus 
(Fig. 1) (Yazawa, 1989, 1991). No CMV V symptoms were 
exhibited nor was CMV detected in the Fig.1 The vigorous 
growing lateral shoots lateral shoots. Cuttings were not 
infected with CMV after emerged from the CMV -infected 
plant of  inoculation by grafting and an aphid transmission 
method. C. annuum L. 'M-3' growing in greenhouse. 

 We found that the vigorous-growing lateral shoots A vigorous growing laternl shoot 
emerged from a CMV -infected pepper plant not only B: CMV-infectfd laternl shoot under 
greenhouse conditions, but also in the field under weedy conditions, where peppers had reseeded 
themselves.  
In this study, we investigated CMV infection and resistance in vigorous-growing lateral shoots 
that emerged from a CMV infected pepper plant (C. frutescens L. ) growing under wild 
conditions.  
 
MATERIALS AND METHODS  

The presence of CMV in the infected pepper plant was confirmed with enzyme-linked 
immunosorbent assay (ELISA) method. To correlate the ELISA data to CMV infection, CMV 
concentration index was set up. The index was calculated by the following expression: index 0 = 
0.000-0.099 (absorbance value at 405nm), 20 = 0.100-0.199,50 = 0.200-0.499, 100 = 0.500-, 
CMV concentration index = L(number of samples at the given index value X the given value) 
number of samples. CMV was not detected in  

 53



index 0 plants. Most plants whose index values were greater than 50 displayed serious CMV 
symptoms.  

A test for CMV -resistance in a cutting of the vigorous-growing lateral shoot was carried 
out. A vigorous-growing cutting was ftom the plant on November 3, 1992. The cutting was 
inoculated with CMV with'-aphids between September 24, 1993 and March 4,1994. Presence of 
CMV in the vigorous-groWing cutting was detennined by the ELISA method on March 4, 1994. 
In this experiment, ~ ~L. cv. 'California Wonder' (a CMV-sensitive cultivar) seedlings were u~ 
as control plants. Vector aphids were maintained and propagated on CMV -infected tobacco 
plants.  

Many plants of both C. annuum L- and C. ftutescens L. growing on Miyako and Irabu 
island in southwest Japan exhibited oo~ ! sympto~ And then, a test for CMV -resistance in 
seedlings of them was canied out in the field condition. Seedlings of ~ ~ L. introduced ftom the 
southwest part of Japan and 'California Wonder' were planted in the field on May 12, 1994. 
Concentrations of CMV were checked by ELISA method on October 26, 1994.  
 
RESULTS  

We found vigorous-growing lateral shoots emerged  
from a CMV -infected pepper plant (C frutescens L.) 
growing in Irabu, a subtropical island located the 
southwest part of Japan (Fig2). Peppers often grow 
through the winter season there, and the pepper plant 
mentioned above was about 5 years old. Leaves of CMV -
infected lateral shoots were small in size, twisted and 
displayed light green patches in a mosaic pattern. 
Furthermore, internodes were short, and few flowers and 
ftuits developed on the infected shoots. In contrast, the 
vigorous-growing lateral shoots exhibited no CMV 
symptoms. Their leaves were large and uniformly deep 
green. Their internodes were long, and many flowers and 
fruits were set. After cutting off a vigorous-growing shoot 
from the infected pepper plant, the cutting still exhibited 
no CMV symptoms.  

CMV was not detected in the vigorous-growing lateral shoots (Fig2-A) by the ELISA 
method in spite of a high concentration of CMV in the infected shoots (Fig2-B, Table 1). 
Furthermore, CMV was not detected in the vigorous-growing cutting.  

The vigorous-growing cutting showed no CMV symptoms after the CMV -inoculation 
period of five months and CMV was not detected in the cutting by the ELISA method (Table 2). 
All of 14 'California Wonder' seedlings as control plants were infected with CMV.  
A test for CMV -resistance in seedlings of the pepper plants found on Irabu and Miyako island 
was carried out in the field condition CMV concentration index of the ~ annuum L. seedlings 
introduced from MiyakO island was about 30 (Table 3). CMV was not detected in the C. 
frutescens L. seedlings introduced ftom Miyako and Irabu island. The CMV concentration index 
in the seedlings of  C.annuum L. 'California Wonder' was 59. 
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DISCUSSION .  
 

In the southwest part of Japan, pepper plants grow in various places, because their seeds 
are dispersed by birds. These plants are not actively cultivated, but their fruits are harveSted by 
the local people. Gradually, they have become nearly wild and can continue to grow for several 
years. Many pepper plants did not exhibit CMV symptoms. Considering this fact and our 
experimental results, it appears that many pepper plants growing in the area may obtain some 
way to overcome CMV.  
It took several years for the vigorous-growing lateral shoots to emerge u:om CMV infected 
plants of. C annuurn L. in the greenhouse (Yazawa ~~, 1989). This suggeSted that vigorous-
growing lateral 
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shoots could also emerge from the weedy plant of C frutescens L. infected with CMV on Irabu 
island, because pepper plants can also live for several years.  

In the work presented here, the vigorous-growing cuttings were shown to have resistance 
to CMV. This result was expected because the vigorous-growing lateral shoots must have been 
continuously infected with CMV by the infected lateral branches.  

Dufour  (1989) and Nono-Womdim (1991) reported that some inbred varieties of pepper 
had resistance to CMV migration. In the resistant pepper varieties, CMV was detected only in 
inoculated leaves. Although in our study, many leaves of the vigorous-growing cuttings were 
inoculated with CMV with aphids and tested by ELISA method, CMV could not be detected in 
the vigorous-growing cuttings. Furthermore the vigorous-growing cuttings showed resistance to 
CMV when they were exposed to CMV with infected rootstocks. In the grafting treatment, test 
plants were inoculated with the virus through their vascular bundles. This fact may show that the 
resistance vigorous-growing cuttings are not due to obstruction to CMV migration.  

It was reported that pepper extract had inhibitoty activity on plant virus infections 
(McKeen, 1956). CMV resistance of the vigorous-growing cuttings may be related to this 
inhibitive effect of pepper extract on some viruses.  

Viruses are localized on mosaic-affected leaves. The green areas of mosaic-affected 
leaves of CMV -inoculated tobacco were virus-free and resistant to reinoculation with CMV in 
spite of high concentration of the virus in adjacent yellow areas (Loebenstein, 1971). Viral 
localization by the same mechanism operating in mosaic-affected leaves might also have 
occurred at the branch level in the pepper plants with the vigorous growing lateral shoots.  

Vigorous-growing lateral shoots emerged from a weedy plant of C. frutescens L. infected 
with CMV. CMV could not be detected in the shoots and they had resistance to the virus. These 
facts may suggest that this phenomenon could be a way to introduce resistance in addition to 
traditional plant breeding methods.  
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VARIETAL DIFFERENCES IN RESISTANCE TO BACTERIAL WILT IN RELATED 
SPECIES OF CAPSICUM ANNUUM  
 
H. Matsunaga and S. Monma. National Research Institute of Vegetables, Ornamental Plants and 
Tea (NlVOT), Ano, Age, MIE 514-23, Japan  
 
   Bacterial wilt is an important disease affecting sweet pepper (Capsicum annuum 1.) in japan. 
Breeding for disease resistance is the most effective means of cont.roling bacterial wilt. To 
discover sources of resistance to bacterial wilt, it is necessary to screen a wide range of 
Capsicums. The resistance of sweet pepper and chile pepper varieties to bacterial wilt has been 
reported previously (Matsunaga et al. 1993; Matsunaga and Monma 1994). The present study 
attempted to identify accessions ~ ~ resistant to bacterial wilt in related species of C. annuum.  
   A total of 64 accessions including 23 accessions of C. chinense, 14 accessions of C. fmtescens, 
25 accessions of C. baccatum and 2 accessions of C. pubescens were examined. As cont.rol 
varieties, White Khandari' , 'Pant C-1' and' California Wonder' were used. Ten seedlings per 
accessioQwere transplanted to a field infested with Pseudomonas solanaceamm at NIVOT. 
Subsequently, an inoculum suspension of P. solanaceamm (isolated from a diseased pepper plant 
in this field) was poured into the soil at the base of each plant after root wounding. For 
evaluation of resistance, each plant was scored for bacterial wilt symptoms at 8 weeks after 
inoculation. The scale of resistance ranged from 0= no symptoms to 4= death.  
   At 8 weeks after inoculation, all the 'California Wonder' plants had died, whereas almost all the 
'White Khandari' plants had no symptoms. All the plants of 50 accessions wilted and 21 of the 50  
accessions died. Seven accessions of which the disease index was lower than 1 were considered 
to be resistant. These were' Ranche Khorsani' belonging to C. chinense, , Heiser 6240' , 'LS2390' 
, and 'LS1840' belonging to C. frutescens, and' LS1716' , 'Casali BGH 1761' , and 'Pickersgill 
277' belonging to C. baccatum. All the 3 resistant accessions of C. baccatum belonged to C. 
baccatum var. baccatum. Eleven accessions, that is 3 accessions of C. chinense, 2 accessions of 
C. frutescens and 6 accessions of C. baccatum, whose disease index was greater than 1 but lower 
than 2 were regarded as moderately resistant. The remaining 46 accessions were considered to be 
susceptible (Table 1).  
   As C. chinense, C.frutescens and C. baccatum are partly able to cross with C. annuum, the 7 
accessions considered resistant in this experiment can be used as sources of resistance to 
bacterial wilt of pepper.  
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PHYTOPHTHORA PROBLElIIl ON CHILL IES ,\ND ITS CONTROL.  
Muhammad Nazir A Chaudhry, Ahmad Saleem Akhtar,and Rai Amjad Ali Khan, Ayub 
Agricultural Research Institute. Faisalabad Pakistan  
 
INTRODUCTION 

Chillies, botanically known as Capsicum annuum L . belongs the N.O. SOLANACEAE. 
Due to its massive use in Indo-Pakistan, sometimes, some BotanJ.sts believed that perhaps its 
origin is in South Asia but in fact it is natJ.ve to tropical America,West Indies and Brazil where it 
exists in wild form.  

Chillies are grown allover the wor1.d for its dietic importance. The most important 
countries where this crop is grown are South America, (China, Turkey, Spain, India, Pakistan, 
Japan and Italy. In Punjab (1985-86) the total area under this crop was about 18:9 thousand 
hectares with the total production of about 31.8 thousand metric tons.  

For the normal and satisfactory growth 6f the crop, the optimum temperature range is 
24.27 C. If the temperature goes up the abscission of flower occurs and the growth of the plants 
is retarded.  
Phytophthora (collar rot) is the major constraint for reduction in yield of chillies in Pakistan. 
When disease becomes severe especially during rainy season, the crop fails altogether.  
Normal production of chillies in Pakistan was 98800 tons (1985-86> whereas the production 
figures during the year 1988-89 was 74400 tons. 
 
Area and production of' chillies. 
 
YEAR PUNJAB PAKISTAN 

Area (000) Hac.Prod. (000)M.T. Area (000) Hac. Prod. (000) M.T. 
1985-86 18.9 31.8 68.4 98.8 
1986-87 14.7 24.7 64.6 92.4 
1987-88 13.9 22.4 60.6 84.3 
1988-89 12.5 20.1 57.6 74.4 
189-90 17.7 28.6 71.0 125.5 
190-91 17.1 27.7 61.6 100.9 
 
  
SOURCE: Agri. Statistics of Pakistan, 1991. 62  
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The situation improved during 1989-90 but again went. down dring 1990-91. It can be controlled 
by strengthening the progra- mmes in the fields of plant protection and Plant Breeding. To 
increase per acre yield it is important that the disease is controlled so that the losses caused are 
averted.  
 
Phytophthora blight  

Phytophthora blight caused by 'phytophthora capsici' is an important disease of chillies 
throughout the world It was reported for the first time in Mexico in 1912. Since then the litera- 
ture reflects its reporting from many countries of the world. Prior to the year 1986 this disease 
was not known in Pakistan. But during the crop season 1986 on account of excessive and 
prolonged rains during the months of April, May the disease was observed for the first time in 
major chillies growing areas of country. Heavy losses were faced by the growers and they were 
dishearted. Keeping  in view the importance of the disease, studies were initiated in the plant 
Pathology Section, AARI.,Faisalabad. The Ca8se of the disease was established for the first time 
in Pakistan.As mentiQ'1- ed above the production of chillies in the country was reduced to 
74,000 tonnes during 1988-89 as compared to the normal production of 92,000 tonnes and the 
country has to import chillies from other countries worth crores of rupees. This situation 
challenged the scientists for thorough investigation on the disease.  
 
Symptoms.  
All plant parts are affected by this disease. Seedlings soon after their emergence are killed in the 
nursery beds. On the  
adult plants in the field,symptoms may develop on the stem at the soil line.Stem lesions are first 
dark green.later turn into dark brown,these lesions may extent upto 2-) inches above the soil  
line and the plants may wilt and subsequently die within few days.  
The branches are also affected and brown to dark brown  
lesions appear and the portion further to the infection is killed and plants may give blighted 
appearance. The disease also attacks the fruit. The infection generally starts from the stem. The  
fungus grows from pedicel into the fruit. The invaded fruit tissue  
.. become dark green, water soak. Under high humidity white mold an . fungus spores develop on 
the affected area and fruit can rot  
completely in few days. Such fruits dry out rap~dly, shrink and  
. wrinkle but remain attached to the plant. Epiphytotics are encou- * raged by rain and warm 
conditions. Crop nutrition is also impor-  
tant in determining the severity of the symptoms.Excess applicatim of nitrogen increases the 
incidence of the disease whereas  
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potassium retards it. The fungus remain viable in the soil for 2-8 years. An alternate source of 
infection is through diseased seed and infected nursery but the infecti'on can be, controlled  
by the use of seed dressing with Captan and Ridomil at 2.0 gms/ kg and by dipping nursery in 
0.1% solution of Ridomil MZ for 5 minutes.  
 
Recommendations for control.  
 
The following control measures can help to reduce the damage due to this disease: 
- Healthy seed obtained from healthy plants, healthy fields,  

should be used for nursery growing.  
 
- Seed should be treated with Ridomil M.Z. or Captan @ 2.0 "'. gmsfkg  
 
- Seed bed be sterilized with forma line or through solarization before sowing .the nursery or it 

should be virgin soil or there should have been no chillies crop for the last three years.  
 
- Nursery plants should be dipped in 0.1% solution of Ridomil 1. Z before plant ing for 5 minutes 
  
- Transplanting should be done on the ridges on such a level so that the water does not touch the 
plant parts water should not be allowed to over flow the ridges. Earthing up should be done so 
that only the seepage water is available to the roots of the plants.  
 
- Rotation should be followed. No chillies crop should be sown in such a field where there has 
been any solanaceae crop(Chillies, Bringal, Tomato, Potato) for last J years.  
 
- If the diseaseappears in the field, the chemical Ridomil M.Z should be sprayed @ 0.2% 
solution to the Plants in such a way that the stems upto J" - 4" from the soil level of'  
the plants are also thoroughly cov~red wittL the chemical. It will be appropriate if' )-4" soil 
around the stem is also soaked with the solution of' the chemical. Application of' the chemical 
should be repeated af'ter J weeks. The spray will f'urther prove more benef'~cial if applied before  
irrigation 
 
- Resistant varieties should be used if avai1able.  
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ADDITIONAL SOURCES OF RESISTANCE TO VERTICILLIUM WILT AND 
PHYTOPHTHORA ROOT ROT OF Capsicum  
 
M.K. Riley and P.W. Bosland.  
Department of Agronomy and Horticulture, New Mexico State University, Las- Cruces, New 
Mexico, USA 88003  
 

Verticillium wilt and Phytophthora root rot are economically important diseases of 
Capsicum in many areas of the world. No cultural or chemical controls have been found to be 
effective, leaving genetic resistance as the best technique for control of these diseases. New 
Mexico State University has developed a Verticillium wilt resistant line of Capsicum annuum 
that has reached a resistance level of approximately 75 percent (Gonzalez-Sa Ian and Bosland, 
1993). Because no higher level of resistance could be achieved in this line, new sources of 
resistance to Verticillium wilt are being sought. The  'Criollo de Morelos 334' is an important 
source of resistance to Phytophthora root rot. Nevertheless, new sources of resistance to 
Phytophthora root rot will be useful as new pathotypes evolve.  
 

Recently, Capsicum germplasm was obtained from the Asian Vegetable Research and 
Development Center (AVRDC), as part of the International Hot Pepper Trial Network 
(INTHOPE). The objective of INTHOPE is to evaluate popular land races and elite germplasm 
for adaptive qualities across the international test environments. Four sets of INTHOPE seed 
were screened for resistance to Verticillium wilt and Phytophthora root rot. In addition, wild 
species of Capsicum were investigated as sources of Phytophthora root rot resistance.  
 

The Verticillium wilt screenings were performed in soil temperature tanks where 
temperature and lighting were strictly controlled. Soil was infested with Verticillium dahliae at a 
rate of 2000 microsclerotia per gram of soil. Seeds were planted in the infested soil in trays, 
where each tray contained four . INTHOPE accessions and one susceptible control (B.G.1668). 
After 70 days, plants were scored for an interaction phenotype on a scale of 1 to 9, where: 1 = no 
disease symptoms and 9 = death. This screening method successfully differentiates between 
resistant and susceptible plants (Johnson, 1988). Statistical analyses were performed to 
determine disease severity (mean interaction phenotype score) and percent resistant plants, where 
resistant plants have a score of 1 or 3. All lines were statistically contrasted with the susceptible 
line for significant differences. 
 

 Of the INTHOPE accessions, ten lines were found to contain some level of resistance, 
although the disease severity (d.s.) of these accessions was fairly high (Table 1.). All plants from 
the susceptible line exhibited a high disease severity (mean d.s. = 7.48). Cuttings were taken 
from plants with a d.s. of 3 or less. Germplasm from these cuttings will be screened again, and 
accessions showing resistance will be selected and cuttings taken. This cycle will be repeated in 
an attempt to achieve a level of resistance greater than 75%. If this level of resistance can be 
reached, the line containing this  
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resistance can be used to introgress resistance to Verticillium wilt to commercial varieties.  
 
Table 1. Disease severity and percent resistant plants for accessions showing resistance to 
Verticillium wilt.  

AVRDC# D.S.a %RPb 
PBC473 5.87 4 
PBC580 6.33 0 
PBC408 6.00 5 
PBC518 5.36 23 
PBC535 6.04 0 
PBC485 6.14 0 
PBC615 6.43 0 
PBC731 6.33 0 
PBC495 6.22 4 
PBC370 6.70 11 
PBC1668 7.48 0 

  
a = Mean disease severity.  
b = Percent resistant plants = individuals in Interaction phenotype classes 1 and 3.  
 

The Phytophthora root rot screenings were done as described by 8osland and Lindsey 
(1991). Seedlings are inoculated at the 14-day-old stage and disease severity was scored 7 to 14 
days later. An interaction phenotype scale, where: 1 = no disease symptoms and 9 = death, 
evaluated the accessions for resistance. From the INTHOPE accessions, five accessions (Table 2) 
had significant levels of resistance. The accession PBC408 exhibited some resistance to both 
Verticillium wilt and Phytophthora root rot.  

A fascinating observation is that C. ciliatum was immune to Phytophthora root rot. The 
roots of C. ciliatum displayed no reaction to Phytophthora capsici. The roots were wh.ite and 
lacked even the slightest Indication of host-parasite interaction. The controls were dead within 
the treatment, verifying that the parasite was presented to the host. Host-parasite interactions are 
generally believed to have evolved over a long period of time. Our observations have been that 
all Capsicums react in some way to Phytophthora capsici. These reactions range from a slight 
browning for highly resistant material to necrotic tissue for very susceptible material. C. ciliatum 
is an anomaly within the Capsicum genus with 13 chromosomes. Eshbaugh has suggested that it 
does not belong in the genus (Naj, 1992). Our results indicate that C. ciliatum is a non-host to 
Phytophthora capsici, which may support Eshbaugh's hypothesis that C. ciliatum does not 
belong in the Capsicum genus.  
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Table 2. Disease severity and percent resistant plants of accessions showing  
resistance to Phytophthora root rot.  
 
AVRDC# D.S. a %RPb 

PBC199 2.70 75 
PBC408 3.18 70 
PBC592 3.51 64 
PBC612 2.71 71 
PBC613 3.12 72 
PBC474 9.00 0 
PBC596 9.00 0 
PBC595 9.00 0 

C. ciliatum 1.00 100 
C. tovari 3.22 72 
NM 6-4 8.54 <1 

  
a = Mean disease severity,  
b = Percent resistant plants = individuals in Interaction Phenotype classes 1 and 2.  
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SCREENING OF HOT PEPPER GERMPLASM FOR RESISTANCE TO  
FUSARIUM WILT (Fusarium pallidoroseum (Cooke) Sacc.)  
Nayeema J., N. Ahmed; M. I. Tanki and G. M. Oar'  
Division of Olericulture, S.K. University of Agricultural Sciences and Technology, Srinagar - 
191 121. J&K India.  
*Division of Plant Pathology, S.K. University of Agricultural Sciences and Technology, Srinagar 
- 191 121. J&K India.  
 
INTRODUCTION  
 

Fusarium pallidoroseum (Cooke) Sacco has recently devastated the hot pepper crop in 
Kashmir, causing great concern to vegetable and seed growers. Ahmed et al. (1992) although 
found few lines and cultivars to be resistant under natural epiphytotic condition, however, for 
further confirmation; there is a need to screen genotypes under artificial inoculation. Therefore a 
material consisting of sixty six lines/cultivars were screened under controlled (artificial 
inoculation of soil and sick soil) and natural epiphytotic conditions.  
 
MATERIALS AND METHODS  
 

The seedlings of sixty six lines were raised at Vegetable Experimental Farm, S. K. 
University of Agricultural Sciences and Technology, Sri nagar, during Kharief 1992 and 1993. 
These seedlings were screened both under controlled and natlJral epiphytotic conditions as 
mentioned below. 
  
I-a) Screening by artificial soil inoculations  
 

Screening was carried by following the techniques suggested by Kesavan and Choodhury 
(1977) during Kharief 1993 and was performed as under:-  
 

Culture of pathogenic fungus was subcultured on 2% PDA medium by tranferring culture 
bits from culture and incubating at an ambiept temperature ~ of 27..:t. 1°C for one week for 
growth. For mass production of inoculum, the fungus was later grown on 150gm. Sand maize 
medium (4: 1) in 150ml. Erylenmeyer flasks maintained at room temperature (23-26°C) for 3-4 
weeks. ~~ Earthern pots of 22.5cm dia were filled with sterlized soil and the fungal inoculum 
was mixed throughly with the top layers at the rate of one inoculum flask per pot. Inoculated pots 
were placed under controlled conditions for 7 days for the development of fungus. Six week old 
healthy seedlings of 66 different lines/cultivars were transplanted in these inoculated pots and 
then placed under controlled conditions for the disease development. In each treatment 8 
seedlings were planted in CRD with two replications along with 8 uninoculated seedlings as 
control. Periodical watering was done to provide requisite moisture for plant and pathogen 
growth. In order to make sure that  
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infection does take place and there is no disease escape a second inoculation was made after 
three weeks of transplanting by pouring water suspension containing spore and mycelium around 
the root zone as done earlier by Mishra and Bais (1987). The data on disease incidence was 
recorded upto fruit maturity and percentage wilt incidence (PWI) was worked out and rated as 
suggested by Kesavan and Choodhury (1977) as immune, highly resistant, resistant, moderately 
resistant, susceptible and highly susceptible having average PWI of zero, 1-10, 11-30, 31-50, 51-
80 and 81-100, respectively.  
 
b) Screening under sick soil conditions  

Germplasm comprising of 64 lines/cultivars were screened in sick soil collected from 
farmers field where wilt incidence was cent per cent. Pots were " filled with sick soil and carried 
as under artificial soil inoculation with control during 1992 and 1993. The data on disease 
incidence was recorded. Pooled for both the years and average percentage wilt incidence worked 
out.  
 
II) Screening under natural epiphytotic conditions  
 

59 lines/cultivars were screened under natural epiphytotic condition for resistance to 
Fusarium wilt at Vegetable Experimental Farm, both during 1992 and 1993. Six week old 
seedlings were transplanted in RBD with two replications at a spacing 60x45cm. in a field where 
wilt incidence was almost cent per cent in susceptible lines in previous season. In each 
replication there were two rows of each genotype with ten plants in each row. The data on 
wilting percentage recorded during both 1992 and 1993 was pooled and average PWI was 
worked out.  
 
RESULTS AND DISCUSSION  
 

Results on screening have been presented in Table 1. Among the lines/ cultivars tested, 
cultivar 'Masalwadi' was found to be immune under all tested conditions. Under artificial soil 
inoculations only five lines viz. SC-120, SC-335, SC-415, SC-1 07 and' Phule C-5' were highly 
resistant, whereas 10 lines namely SC-348, SC-212, SC-172, SC-1 08, SC-407, 'LCA-305', 
'LCA- 304', 'Arka Lohit', 'Pusa Jwala' and' Pant C-2' were however found resistant. Under 
moderately resistant group there were 26 lines with rest of the lines having susceptible to highly 
susceptible reaction.  
 

In another experiment where pots were filled with sick soil, it was observed that among 
the lines tested, SC-212, SC-621, SC-407 'Arka Lohit' and' Phule C-5' were highly resistant, the 
lines SC-413, SC-371, SC-348,SC- 415, SC-372, SC-1 07, SC-404, SC-31, SC-451, SC-1 08, 
'LCA-304', 'LCA- 248', 'DPLC-1' and' Pusa Jwala' were found resistant, 14 were moderately 
resistant while rest were susceptible to highly susceptible.  
 

Under natural epiphytotic conditions also the lines SPC-2, SC-502, SC- 451, 'Arka Lohit', 
'Phule C-5' were found highly resistant, 151ines namely SC-108, SC-413, SC-416, SC-348, SC-
504, SC-404, Sc-31, SC-621, SC-  
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131, 'LCA-206, 'LCA-248,' 'Pusa Jwala', 'Pant C-2' and Jawahar-218' were found resistant, 16 
were moderately resistant while the remaining twenty two lines were found to be susceptible to 
highly susceptible.  
 

The lines namely 'Masalwadi', SC-120, 'Phule C-5', SC-335, SC-415, SC-1 07, SC-348, 
SC-108, 'LCA-304', 'Arka Lohit', 'Pusa Jwala', 'Pant C-2', SC-1 01, SC-371, SC-137, SC-419, 
SC-451, SC-31, 'LCA-248, 'Jwahar-218' and SC-502 showed resistance of various degrees 
varying from immune and highly resistant to moderately resistant in all the three screening 
procedures. Ahmed et al. (1991) under natural epiphytotic condition also reported' Phule C-5', 
'Masalwadi', SC-1 08, 'Arka Lohit', 'Pant C-2', SC- 101, SC-137, 'LCA-248' and Jwahar-218' as 
resistant. Further, it was observed that hot pepper lines such as SC-1 07, SC-108, SC-348, SC-
502, SC- 451 and' Pant C-2' in addition to high level of resistance have also been found ~ 
superior in yield and quality. Hence, these lines could be well identified for commercial growing 
under Kashmir conditions after necessary evaluation.  
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FLOW CYTOMETRIC DETERMINATION OF NUCLEAR REPLICATION STAGES IN 
PEPPER SEEDS DURING PRIMING AND GERMINATION  
Lanteri S., Benetti P., Nada E. and Quagliotti L. ,  
DI.VA.P.R.A., Plant Breeding and Seed Production, via P.Giuria 15,10126 Turin, .Italy  
 
 
Introduction  

At a certain stage during development seeds achieve optimal vigour. Seed vigour is defined as the 
ability to develop into normal seedling under field of greenhouse conditions. The inevitable process of 
seed ageing is related to a reduction in seed vigour, resulting in a decrease in rate of germination and 
stress resistance.  

Priming, i.e. the pre-imbibition of seeds in osmotic solutions, can partly reverse the negative 
effects of ageing and may result In both accelerated germination rate and animproved seedling 
uniformity. Its benefical effect has been related to the physiological changes occurring in the partially 
hydrated embryos, i.e. restoration of DNA, RNA and membrane integrity (Osborne, 1983) as well as to a 
more favourable metabolic balance of primed seeds at the start of germination in water (Dell' Aquila et 
al., 1978).  

In the present research, we analyse the relative nuclear DNA content in pepper seeds during 
germination and the effects of different priming treatments on germination characteristics and on relative 
DNA contents in tissues of pepper seeds belonging to different cultivars and seed lots. By combining 
results at the molecu1ar and physiological level, we attempt to contribute in the definition of the various 
aspects of the seed quality concept.  
 
Materials and Methods.  

Two pepper (Capsicum annuum L.) seed lots of the cultivar 'Corno di toro' and one of the cultivar 
'California Wonder' were used. Germination experiments were performed following ISTA Rules (1993).  

Seed priming was carried out on filter paper wetted with PEG-6000 at the osmotic potential of -
1.1, -1.3 and -1.5 Mpa for 14 days at 20°C in darkness. After priming, seeds were washed with running 
tap water to remove the osmotic agent an dried back to their initial moisture content (7.5% on a 
dry/weight basis).  

Nuclear samples for flow-cytometric analysis were prepared as reported by Lanteri et al., (1993). 
To detect DNA, 10mg/1 of 4',6-diamidino-2-phenylindole (DAPI) was added to the isolation buffer. For 
each sample 20 seeds were used and determination was made in duplicate. A PAS II flow cytometer 
(Partec GmbH, MOnster, Germany) was used, equipped with a HBO-100 mercury arc lamp, a TK-420 
dichroic mirror and GC-435 long pass filter. All analyse were performed using peak height detection and 
logarithmic amplification (Bino et al., 1992). The fluorescent signals are presented as frequency 
distribution histograms over 500 channels, starting from channel number 20. The DNA amount is 
expressed as arbitrary C values in which the 1 C value comprises the DNA content of the unreplicated 
haploid chromosome complement.  
 
Results  

More than 90% of seedlings of all used pepper seed samples were normal. The osmotic 
treatments did not affect the percentages of normal seedling (data not reported) but significantly reduced 
the MGT as compared with untreated seeds. For all seed lots, the highest reduction of the MGT was 
observed after priming at the osmotic potential of -1.1 Mpa (Table 1).  

DNA profiles of dry pepper seeds revealed three peaks: at the channel 100, which corresponded 
with the pre-replication diploid chromosomal configuration (2C) and at channel  

 69



144 and 220, which contained DNA amounts 1.5 and 3 times higher than the 2C value and corresponded 
with DNA levels of 3C and 6C respectively (Figure 1). Between 24 and 36 h of imbibition in water, a 
signal at channel 190, corresponding with 4C DNA, was induced in root tip cells of all samples of non 
primed seeds (Figure 2). This peak increased during subsequent times of imbibition and after 72 h the 
4C/2C ratio was approximately 1. No changes in DNA content in the rest of the seeds were observed.  
After priming an induction of 4C signals was found in the pepper seed lots at all PEG concetrations. The 
induction of 4C signals was highest after treatment in PEG solution with an osmotic potential of -1.1 MPa 
and lowest after priming in -1.5 MPa (Table 1). For the three pepper seed samples primed at -1.5 MPa the 
amount of 4C cells ranged from 6.5 to 8.3% and the differences in the percentages of nuclei in G2 were 
not significant (p > 0.05) (Table 1). After priming at -1.3 and -1.1 MPA, however, significant differences 
between the individual seed samples were observed. Priming at -1.3 MPA induced about 14.5% of the 
cells to enter the G2 phase both in 'California Wonder' and 'Corno di toro' lot 1, compared with 26.0% of 
the cells in 'Corno di toro' lot 2 (Table 1). Priming at -1.1 MPa most effectively increased the number of 
4C nuclei in all pepper seed samples. Again the largest effect was found for 'Corno di toro' lot 2 (Table 1). 
An inverse correlation was found between the percentage of nuclei in  G2 stage (4C DNA) and MGT for 
each individual pepper seed lot (Figure 3)  
 
Discussion  

Flow cytometric determination of nuclear DNA contents in embryos of dry, fully matured pepper 
seeds revealed only 2C signals in all pepper seed lots. Therefore, pepper belongs to those species in which 
the quiescient embryo arrests in the presynthetic G1 phase of nuclear division, i.e. the stage before DNA 
synthesis.  

In whole pepper seeds two other peaks were observed, which corresponded with the 3C and 6C 
DNA content and originated from the triploid endosperm tissue. Possibly the 6C peak arises from 
developmentally regulated cellular endoreduplication.  

Upon imbibition in water an induction of the 4C signal, indicating DNA synthesis, was observed 
before visible germination; nuclear replication activity, therefore, precedes radicle protrusion.  

Preconditioning of all the seed lots in PEG solutions induced DNA synthesis and considerably 
reduced the MGT. In each seed lot a strong positive correlation was found between the treatment 
effectiveness and the frequency of nuclei in 4C (Figure 3) These results are consistent with those 
previously obtained (Bino et a/., 1992; Lanteri et al., 1993) and show that the induction of nuclear 
replication activity during priming sustains a more rapid germination upon subsequent imbibition in 
water. For all seed lots of pepper analysed, the lowest concentration of PEG (-1.1 Mpa) induced 4C 
signals and reduced MGT more efficiently than the higher PEG concentrations (-1.3 and -1.5 Mpa). The 
amount of induced DNA synthesis, as other processes in the seeds, is regulated by the water potential and 
it is directly correlated to the effect of the osmotic treatment. Nevertheless, the present results show that 
the amount of priming-induced DNA synthesis and the priming effect on seed performances may vary 
more between seed lots of the same cultivar than between lots of different cultivars. These variations 
apparently resulted from specific differences in the reaction to the priming treatments among seed lots 
and were previously observed by other researchers (Pearl and Feder, 1981; Ellis and Butcher, 1988).  

The next step of our work will be the application of osmoconditioning to artificially aged pepper 
seed samples. They, together with a sample of unaged material, will provide an useful model to gather 
further information on the relationship between priming effect and nuclear replication activity of seeds at 
different degree of deterioration.  
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FURTHER RESULTS ON STORAGE IN LIQUID NITROGEN OF PEPPER SEEDS  
 
Quagl.iotti L. and Lotito S.  
DI. VA. P. R..A Plant Breeding and Seed Production, University of Turin  
via Giuria 15, 10126 Turin, Italy  
 

Seed cryopreservation in liquid nitrogen (-196°C) of different species has shown to be a 
reliable technique for germptasm preservation (Hu et al., 1994; Iriondo et al., 1992; Stanwood, 
1984 and 1985).  

In a previous work on pepper and eggptant (Bettetti et al., 1990) it was observed that 
seeds subjected to 25 cycles of cooting and rewarming from 20 to - 196°C and back, showed 
irril.evant loss of viability (3-4%) and seed viability was not affected by slow or fast cooling and 
rewarming rates. However the effect of seed moisture content was not clear since, in pepper, the 
lowest water content negatively infl.uenced seed storability.  

For a better understanding of the relationship between seed moisture content and seed 
viability and vigour after storage in liquid nitrogen, the following trial was carried out. Seeds of 
pepper at 5 different moisture contents, ranging from 4.7 and 20.1 %, were subm1tted to 25 
cycles of cooltng and rewarming. Afterwards, in order to magnify the effect of the treatment, 
seed vigour was evaluated by applying artificial ageing test.(seed moisture content 18%, 
temperature 45°C and time 24 h.  

The results, submitted to Response Surface Analysis, are reported in Fig. 1. As expected, 
on the whole, the decrease in the percentage of germination (Fig. 1A) and the increase in the 
mean germination time (Fig. 1B) was positively correlated with the number of cooling-
rewarming cycles as well as the seed moisture content. However, as prevtously observed, in 
seeds subjected to a low number of cooling-rewarming cycles, a negative effect of low moisture 
content was observed.  
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GENERAL AND SPECIFIC COMBINING ABILITY ESTIMATES IN EGGPLANT (Solanum 
melongina l.)  
Muhammad Naeem Iqbal; Muhammad Nazir A. Chaudhry and Muhammad Sadiq Ch.  
Vegetable Research Institute,AARI,Faisalabad  
 
ABSTRACT  

Combining ability analysis was done for fruit yield and its compohents in a diallel set 
involving four varieties of eggplant. Mean squares due to general combining ability (GCA) were 
highly significant for all the characters, while mean squares due to specific combining ability 
(SCA) effects for number of fruits per plant, fruit length, fruit yield per plant and plant height 
were highly significant. Both GCA and.  
SCA effects contributed significantly to fruit yield and its components. SCA effects were 
relatively of greater importance than GCA effects.  
 
INTRODUCTION  

Griffing (1956) elaborated the diallel technique and presented a theoratical discussion on 
its use for estimating GCA and SCA. The technique has been extensively exploited in var.ious 
field crops. A few studies have been made to explore this aspect in eggplant(Verma, 1986, 
Rashid 1988; Singh and Kumar 1988; Chadha and Hegde, 1989; Mishra and Mishra, 1990). The 
present studies were an attempt to obtain information on relative importance ofGCA and SCA of 
different varieties for fruit yield and its various components for developing high yielding 
eggplant hybrid. 

 
MATERIALS AND METHODS  

The experimental material comprised of four varieties of eggplant viz; 
'Nirala,"Qaiser,"Multan Selection'and'Tranda Purple Round. 'Nursery of these varieties was sown 
during July, and transplanted in the field during August, 1992 and crossed i_[l.-t.~. §.§. to obtai n 
seed of si x si ngle crosses and their reciprocals. In the next growing season (Feburary to July 
1993) six single crosses and their reciprocals alongwith four parental varieties were planted in a 
Randomized Complete Block Design with three replications. The planting plan ~ consisted of 
two rows (700 cm each) per experimental unit planted 100 cm apart with plant to plant distances 
of 50 cm. At flowering stage, ten randomly competitive plants were selected for recording data 
for various characters including number of fruits per plant, fruit width (cm), fruit length (cm), 
fruit weight (gm) fruit yield per plant (kg) and plant height (~m). Analysis of variance was 
carried out to test the significance of differences. Analysis of combining ability was performed 
by, applying Griffing's (195~)Method-I, Model- II.  

 
DISCUSSION 

GCA effects of individual parents for each character are presented in Table-1. 
Variety'Tranda Purple Round' had the highest positive GCA effects for fruit yield per plant, fruit 
weight and fruit width, an observation compatible with the findings of Singh and Kumar (1988) 
and Chadha and Hegde  
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 (1989).Variety' Multan Selection' showed negative GCA effects for most of the characters. This 
would indicate that certain varieties might contribute to higher fruit yield through their influence 
on individual yield components.  

To study the performance of varieties in specific combinations,SCA effects were used 
and are given in Table-2.- The overall assessment for all the characters indicated that  
the highest specific effects for fruit yield per plant, fruit weight and plant height in cross 
combination'Nirala'x'Oaiser' was accompanied by intermediate specific effects for number of 
fruits per plant, fruit width and negative for fruit length. These results are in agreement with 
Singh and Kumar (1988) and Mishra and Mishra (1990 ) studies. The cross 'Nirala'x'Multan 
Selection' showed the lowest specific effects for fruit yield per plant whereas it exhibited the ~ 
highest effects for fruit width, high for number of fruits per plant, negative for fruit length, fruit 
weight and plant height.  

Estimates of reciprocal effects are presented in Table-3. For fruit yield per 
plant,maximum positive effect was noticed for the cross'Multan Selection'x'Oaiser'followed by 
cross ‘Tranda Purple Round'x' Oaiser.' Regarding number of fruits per plant cross'Multan 
Selection'x'Oaiser,'revealed the highest reciprocal effect.Reciprocal cross'Multan Selection'x 
'Nirala'showed maximum negative effects for fruit yield per plant, fruit length and number of 
fruits per plant.  

From the foregoing description of various characters, it may be concluded that both 
additive and non-additive geY1e effects contributed equally for the manipulation of genetic 
variability. However, the parents possessing high GCA value may be more useful in the 
hybridization programme of eggplant.  
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SOURCES OF RESISTANCE TO VERTICILLIUM WILT IN SOLANUM MELONGENA 
AND ITS AFFINITIES IDENTIFIED BY IMPROVED ROOT DIP METHOD Baiqing Lin and 
Yunhua Xiao  
Institute of vegetables and flowers, Chiness Academy of Agricultural Science, Beijing 100081, 
China  
 
I. INTRODUCTION Fungi of the genus Verticil/iurn are plant pathogens which cause vascular wilt 
disease in a large number of host plants (Pegg, 1974). Screening eggplant germplasm to verticillium wilt 
has been carried out in various countries. Unfortunately most investigations have dealt with a 
comparatively small number of accessions. Different degrees of susceptibility (Sivaprakasam, 1975) or 
resistance (Cox, 1956) have been observed in eggplant seedlings by root dip (Braveman, 1963; 
Nothmann,(1979) or by hypodermic spore injection (Sivaprakasam, 1975). No resistant oriolerarlt 
commercial eggplant cultivars are available in practice.  
  
To evaluate eggplant accessions on mass, an improved root dip method had been developed to 
differentiate resistant to the disease (Lin, 1991). This report identifies sources of genetic resistance to 
verticillium wilt in eggplants.  
 
II. MATERIALS AND METHODS 
1. Accessions  
1024 accessions of Solanum were involved in the experiments which included 983 landraces and 
cultivars, 26 introductions, 15 wild/semi-wild species. Jiuyeqie, a landrace in Beijing and Qiqie No. 3, an 
improved commercial cultivar were used as a susceptible and resistance controls respectively.  
 
2.Seedling culture  
A two-layer tray system was used to prepare seedling and for inoculations. Germinated seeds were sown 
each in a reverted pyramid cell (3x4x4 cm) of a plastic tray (upper tray). Support media was pearlite and 
peat, 2:1 v/v, supplemented with commercial fertilizer. The upper tray has 16x8 reverted pyramid cells. A 
row (8 cells) for an accessions as a replicate. 32 seedlings for each accessions were divided to 4 replicates 
and located randomly in a screening batch. Control accessions of Jiuyeqie and Qiqie No.3 were appeared 
each in every 6 tray to delimitated the influence of environment. The upper tray was placed in a rectangle 
flat (lower tray) which is slightly larger than the upper one and was filled with support media up to two 
third of its heights. The upper tray were watered when needed. During growing, radicula of seedlings had 
penetrated through a hole at the bottom of reverted cell to the media in the lower flat.  
 
3. Inoculation and Resistance Evaluation 
When seedlings have four well developed leaves (about 40 days in our greenhouse), upper tray was raised 
gently and thus resulted in some slight wounds in seedlings' rootlets. They were rinsed in a inoculation 
tank of 1.0 cm depth of inoculum suspensions (107 conidia of Verticilliurn dahliae, strain VD-02 from 
Beijing) for 15 minutes. After the treatment upper trays were placed back to its support flat. The media 
inside the flat were softened or changed during inoculation. Seedlings were watered thoroughly and 
placed in greenhouse benches at 25:t2oC with 55-70% relative humid conditions. 4 weeks after 
inoculation, individual plants were rated for verticillium wilt symptom based on a six degree interaction 
phenotype scales, where: 0, no aerial symptom; 1, only first true leaf necrotic or curled; 2, first three 
leaves developed wilt symptoms'; 3, only newest true leaves remain healthy,  
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 older ones being necrotic and curled, defoliation happened; 4, all developed leaves had fallen 
out, plant having only One new-fonned leaf; 5, plant death. A plant scored as 1 or less was 
considered as resistant. Mean interaction phenotYPe, percentage of resistant plant and a disease 
severity were calculated for each accessions with the nearby control accessions as a covariance.  
 
III. RESULTS  
Of the 1024 Solanum accessions planted, Seeds of 11 accessions failed to gennjnated or 
seedlings were weak and died before inoculation. These 11 accessions were eliminated from 
experiments. The remaining 1013 accessions had excellent seedling vigor. No symptom of 
nutrient deficiency were observed among any of the accessions. The seedlings had Iionnal 
groWth except some had be depressed in some degree by ovetheadof nearby fast groWth 
accessions after two true leaves developed.  
 
Verticillium wilt disease'symptom appeared among accessions as early as 14 days after 
inoculation. The initial symptoms included a loss of turgor in the upper part of lower leaves, 
following by yellow 'L irregular spots on leaves. The yellow spots then developed on the upper 
ones. Eventually those spots became necrotic and leaf margins curled upward or laterally or 
rolled inward. The plants became epinastY. Some plants began to shed their lower leaves and 
after that the lower leaves were dropped. A few accessions developed stunting. Complete 
defoliation occurred in most susceptible accessions.  
 
Table 1. The 10 Solanum accessions identified as having the highest level ofverticillium 
resistance when tested with the improved root dip methoda  
Identification 
Number b 

Identification Number of 
Seedlings 

Average Inter 
action Phenotype

Disease 
Severity c 

Percentage of 
Resistant 
plants 

II6B0301 S. aethiopicum 31 1.1 2.1 41.9 
II6B0506 S.melongena 28 1.2 2.4 31.0 
II6B0980 S.sisymbrifolium 32 1.4 2.7 28.1 
II6B0345 S.coagulans 31 1.5 3.0 29.0 
II6B0382 S.melogena 28 1.6 3.1 28.5 
II6B0177 S. melogena 32 1.6 3.4 20.3 
II6B0892 S. melogena 20 1.9 3.6 22.5 
II6B0685 S. melogena 28 1.9 3.8 23.2 
II6B0358 S. melogena 28 2.0 4.0 21.4 
II6B0734 S. melogena 28 2.0 4.0 21.4 
Jiuyeqie 
(sus. Ck) 

S. melogena 88 5 10 _ 

Qiqie No.3 
(res. Ck)  

S. melogena 85 2.5 4.8 20.45 

  
a Disease severity means for these accessions are st.atistically similar.  
b Jiuyeqie(nine leaves eggplant, a landrace) as susceptible control, while Qiqie No.3, an improved  
commercial cultivar is used as resistance control. PI c Disease severity for each accessions was calculated by 
multiplying the number of plant belonging to each interaction phenotYPe class and dividing the sum of all scores by 
the total number of plant for each accessions multiplying of the highest interaction phenotYPe of scale( 5). the data 
on table had been enlarged 10 times for easier identifying.  
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The disease severity of all of the accessions was among 2.1 to 10, showing obvious difference in resistant 
levels to verticillium wilt among S. melongena and its affinities. However, no accession was 
demonstrated as completely resistance, i.e. average interaction phenotype scored less than 1.0. Table 1 
lists the 10 accessions identified with the lowest disease severity. II6B030 1, II6B0506, II6B0980, 
II6b0345, had the lowest disease severity scores of 2.1, 2.4, 2.7 and 3.0 respectively. These 4 accessions 
had also highest percentage of resistant plants of4l.9, 31.0, 28.1., and 29.0 respectiyely. Some accessions 
had a few individuals of disease free or with an interaction phenotype score of 1.0. Among the total 1013 
accessions screened 20 accessions did not contain any living plant while 15 accessions had more than 10 
or more resistant plants. Generally speaking, wild species and semi-wild species demonstrated higher 
resistance to verticillium wilt. But it is noted that some wild affinities of eggplant also showing a high 
disease severity(Table 2). 
  
Table 2. The resistance level of 15 affinities of Solanum melongena tested for verticillium wilt 
resistance with the improved root dip method  
Identification 
number 

Species Average Interaction 
Phenotype 

Disease  
Severity a 

II6B0301 S. aethiopicum 1.1 2.1 
II6B0980 S.sisymbrifolium 1.4 2.7 
II6B0345 S.coagulans 1.5 3.0 
II6B0403 S. angulvi 2.5 4.9 
II6B0 327 S aeothipicum 2.8 5.5 
II6B0414 S. indicum 2.9 5.7 
II6B0586 Not Identified 2.9 5.7 
II6B0312 S aeothipicum 3.1 6.2 
II6B0332 S aeothipicum 3.2 6.4 
II6B0983 S idicum forma album 3.2 6.2 
II6B0311 S. aethiopicum 3.3 6.5 
II6B0728 S. integrifolium 3.5 6.9 
II6B0333 S indicum 3.5 6.9 
II6B0936 S deflexicarpum 3.7 7.4 
II6B0 987 S idicum forma album 3.9 7.4 
Jiuyeqiu 
(sus.ck) 

S. melogena 5.0 10 

Qiqie No.3 
(re.ck) 

S. melogena 2.5 4.8 

  
a Disease severity for each accessions was calculated by multiplying the number of plant . belonging to 
each interaction phenotype class and dividing the sum of all scores by the  
J"'f total number of plant for each accessions multiplying the highest interaction phenotype of scale(5). 
the data on the table had been enlarged 10 times for easier identifying.  
 
IV DISCUSSIONS  
Screening eggplant germ plasm resistant to verticillium wilt is one of the prerequisite for direct release of. 
valuable crops cultivars in China because in some region the disease triggered the production of the 
vegetables. The results of evaluation are also valuable to resistance breeding programs. Sources of 
eggplant resistant to verticillium wilt were identified through use of an improved root dip method which 
could be used to screen the accessions in mass. The infection level of 107 cfu/ml of inoculum for root dip 
produced a simple and reliable evaluation for verticillium  
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wilt of Solanum germplasm. The reliability and differentiation among accessions depend on the stable 
soil temperature. Other environmental factors, such as light intensity, watering intervals, air humid had 
also effects on disease severity. Appreciate numbers of check/control accessions should appear in a 
replicate to eliminate environmental influence on interaction phenotype of accessions. This improved root 
dip method appeared to be more severe than traditional root dip method because it resulted in a more root 
wound on rootlets. It is also severe than that of soil drench and that of mixture inoculum (microsclerotia) 
with support media (Gonzalez-Salan, 1991).  
Although some accessions of eggplant had an interaction phenotype sores for disease severity within 2.0-
2.5, none of accessions had disease severity equal or lower than 1.0 or with disease free plantings more 
than 50 percents. So all of them could not been classified as resistant. However, some accessions had 
been considered as tolerance. We consider tolerant charectericsics in Solanum spp mainly according to if 
the infected seedlings could setting fruits after transplanted to natural field. Most tolerant accessions 
mainly come from wild or semi-wild species of Solanum. Cargo eggplant .  
(II6B030 1, S. aethiopicum(sens. lat)), had lowest disease severity of 2.1 and 41.9% disease free ~  
plantings. But it is quite difficult;to introduce the tolerance gene to cultivars because of sexual 
incompatibility between them. It had been used as a stock in grafting for over verticillium wilt and . - the 
application had gotten a preliminary success in Beijing. Another tolerant accession, II6B0506, Changtsing 
landrace with disease severity of 2.4 was a high production cultigen and with good quality in toast. Seed 
increase of this accessions was made with resistant individual plants and had released to the region 
suffering severely for wilt disease. Seeds increase had also been made for other accessions tolerant to 
verticillium wilt; e.g, II6BO177, II6B0685, II6B0358, II6B0734, II6BO144, II6B0565, II6B0582, Qiqie 
No.3, from resistant individual plant for further evaluation and distribution. We hope it be possible to 
select verticillium wilt resistant line within a commercial cultivar or landrace, rather than introgressing 
from alien gene sources.  
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SCREENING OF GERMPLASM AGAINST INSECT PESTS OF BRINJAL CROP  
Muhammad Nazir A Chaudhary, Muhammad Naeem Iqbal.M.Sadiq Ch. Veget.able Research 
Institute, Faisalabad.  
 
The nursery of thirteen varieties/lines viz; Multan Selection, Nirala, NuY'ki, White Egg Long, 
Sarhandi Long, 88006-2, Tranda Purple Round, No.6, White Egg Round, cPusa Purple Long, 
89016-1,Pusa Pu.rple Round and Qaisar were sown in nursery in beginning of July, 1993 and 
transplanted in the ;. field Oil 22.7.93. No insecticide was sprayed throughout the crop season. 
The data regarding Jassid and Whitefly population was recorded at weekly interval starting from  
20 days af~er transplanti~g. For this purpose three leaves .. per plant l.e. upper, medlum and 
lower were observed from  five randomly selected plants in each variety/line. The fruit borer 
percentage was recorded by counting the infested fruits out of total yield.  
 
The data given in the table re\"eals that none of the varieties/lines resisted against Jassid and 
Whitefly. In case of Jassid the attack was more than economic injury level in all the cases. The 
varieties Tranda Purple Round, No.6 and Pusa Purple Round were severely attack by the Jassid 
i.e. 13.82, 11.29 and 11.07 Jassid per leaf respectively. Whereas ,in Whitefly some of the 
varieties/lines like NuY'ki, Sarhandi Long, Tranda Purple Round, No.6, Pusa Purple Long, 
89016-1 and Qaisar showed som~ tolerance while varieties Nirala and Pusa Purple Round were 
heavily infested i.e. 9.90 and 9.91 whitefly per leaf respectively.  
 
Research Conclusion.  
 
Out of 13 cultivars tested none of them was found tolerant to fruit borer. All were severely 
infested. The lowest attack of .. 19.20% was observed in 88006-2, while the highest value was  
I. 38.54% in White Egg Round.  
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ANNOUNCEMENT 
 
12th National Pepper Conference, Las Cruces, New Mexico, USA  
 

The 12th National Pepper Conference was held in Las Cruces (New Mexico, USA) on 
August 15-16, 1994, organized by Paul W. 8osland and Javier C. Vargas.  
During the Conference, 25 oral presentations and 23 posters were given. The oral presentations 
were the following.  
 
McGlashan D.H., Polston J.E. and Maynard D.N. Viruses affecting Scotch Bonnet pepper in Jamaica.  
Murphy J.F. and Kyle M.M. Restricted systemic infection of Capsicum annuum 'Avelar' by '.. Pepper 
Mottle Potyvirus is overcome when co-infected with Cucumber Mosaic Virus.  
Liddell C.M. and Waugh M.E. The nature of Phytophthora capsici pathogenicity to pepper.  
Liddell C.M., Sollars J. and Jones T. Control of Phytophthora capsici blight and root rot of . . peppers by 
irrigation management.  
Matheron M.E., Matejka J. and Porchas M. Effect of Fluazinam on growth and sporulation of 
Phytophthora capsici and development of stem and root rot on chile pepper.  
Kousik C.S., Ritchie D.F. and Sanders D.C. Use of mixed genotypes combined with copper sprays to 
manage bacterial spot of bell peppers.  
Motsenbocker C.E., Gersch K.P. and Lang G;A. Differential Tabasco and Cayenne pepper fruit 
detachment studies.  
Marshall D.E. Mechanical pepper harvesting status-worldwide  
Davis J.H., Carson S.R., Flores A.M. and Sutherland C.A. Use of an aggregation pherormone to monitor 
pepper weevil (Anthonomus eugenil) in New Mexico during 1993.  
Sutherland C.A., Davis J.H., Eller F., Burke H. and Pakaluk J. The weevil fauna associated with chile in 
New Mexico (Insecta: Coleoptera: Curculionidae).  
Anciso J.R. and Chambers C. Utilizing pherorrnone traps in an integrated pest management approach for 
the pepper weevil in lower Rio Grande valley, Texas.  
Prostak D.J. and Neary P.E. Developing an economic threshold for European Corn Borer on bell peppers.  
Walter J.F. and Harris J.R. Neemix: a new tool in pepper pest control.  
Villalon B. Development of multiple disease and insect resistance Capsicums  
Blauth J.R., Murphy J.F. and Kyle M. Genetics of resistance.to Pepper Mottle Potyvirus and Tobacco 
Etch Potyvirus in Capsicum.  
Poulos J.M., Green S. and Wang J. Genetics of resistance to Chili Veinal Mottle and Pepper Veinal 
Mottle Viruses in Capsicum annuum.  
Villalon B., Campos M. and Avirineni V.S. Plant regeneration from tissue culture and ... transformation 
of selected multiple virus resistant Capsicum genotypes.  
Kyle M., Prince J.P., Lackney V.K., Blauth J.R., Murphy J.F. and Angeles C. Molecular markers  in 
Capsicum: fingerprint, mapping and tagging disease resistance genes.  
Castillo C., Fender S. and O'Connell M. Isolation of placental-specific cDNA from pungent and non-
pungent Chiles.  
Roe N.E. and Stoffella P .J. Influence of 'uncured' compost on growth and yield of bell pepper. Grun P. 
and Orzolek M.D. Growth of Capsicum chinense landraces on contrasting soils in  
Pennsylvania: the wilt problem.  
Motsenbocker C.E., Mulkey W.A., Boudreaux J.E. and Buckley J.B. Influence of nitrogen rates and plant 
spacing on mechanical harvested Jalapeno and sport pepper.  
Shuler K.D. and Vavrina C.S. Effect of transplant depth on bell pepper growth and yield. Cantwell M. 
Storage conditions for intact and diced bell peppers.  
J. Singh. Performance of indian hot peppers in the International Hot Pepper Trial Network. 
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Department of Agronomy and Horticulture  
Box 30001 - Dept. 3Q 
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1st International Symposium on Solanacea for fresh market  
Malaga (Spain), 28-31 March 1995  
The Proceedings with the abstracts of both the oral communications as well as the posters given 
during the Symposium have been published.  
For information: J. Cuartero, Estacion Experimental La Mayora - CSIC, 29750 Algarrobo-Costa, 
Malaga, Spain  
 
 
BOOK ANNOUNCEMENT  
R.Y. Cavero and M.L. Lopez, 1993. Contenido y evolucion de 68 elementos quimicos en el 
sistema planta-suelo del cultivo del pimiento 'Piquillo de Lodosa' en Navarra. Publicaciones de 
Biologia, Universidad de Navarra, Serie Botanica no. 9. Servicio de Publicaciones de la 
Universidad de -  
Navarra, Pamplona, pp.252 (in spanish). -  
For information: Departamento de Botanica, Universidad de Navarra, E-31080 . Pamplona, 
Espana. 

 85



LITERATURE REVIEW 
 
Capsicum  
ALCANTARA T.P. and BOSLAND P.W., 1994. An inexpensive disease screening -  
technique for foliar blight of chile pepper seedlings. HortScience 29: 1182-1183.  
 
ALONI B., KARNI L. and RYLSKI I., 1995. Inhibition of heat induced pepper (Capsicum 
annuum) flower abscission and induction of fruit malformation by silver thiosulphate. J. Hort. 
Sci. 70: 215-220.  
 
BARTUAL R., LACASA A., MARSAL J.I. and TELLO J.C., 1994. Epistasis in the :, resistance 
of pepper to phytophthora stem blight (Phytophthora capsici L.) and  
its significance in the prediction of double cross performances. Euphytica 72:  149-152.  
 
BASAK A.B., MRIDHA M.A.U. and FAKIR G.A., 1994. Fruit rot diseases of chilli in 
Bangladesh. Bangladesh Journal of Botany 23: 231-237.  
 
BERNAL M.A., CALDERON A.A., FERRER M.A., DECACERES F.M. and BARCELO A.R., 
1995. Oxidation of capsaicin and capsaicin phenolic precursors by the basic peroxidase 
isoenzyme B-6 from hot pepper. J. Agr. Food Chem. 43: 352- 355.  
 
BERNAL M.A., DIAZ J., BARCELO A.R. and DECACERES F.M., 1994. Peroxidase 
isoenzyme gradients in Capsicum annuum leaves and their expression in vegetative and 
flowering plants. Agronomie 14: 205-210.  
 
BOITEUX L.S., 1995. Allelic relationship between genes for resistance to tomato spotted 
tospovirus in Capsicum chinense. Theor. Appl. Genet. 90: 146-149  
 
BOITEUX L.S. and DEAVfLA A.C., 1994. Inheritance of a resistance specific to tomato spotted 
wilt tospovirus in Capsicum chinense 'PI 159236'. Euphytyca 75: 134-142.  
 
BOSLAND P.W., 1993. An effective plant field cage to increase the production of genetically 
pure chile (Capsicum spp) seed. HortScience 28: 1053.  
 
BOSLAND P.W. and GONZALEZ M.M., 1994. NuMex Mirasol Chile. HortScience 29: 1091.  
 
BOSLAND P.W., IGLESIAS J. and GONZALEZ M.M., 1994. NuMex Centennial and NuMex 
Twilight ornamental chiles. HortScience 29: 1090.  
 
BOUZAR H., JONES J.B., STALL R.E., HODGE N.C., MINSAVAGE G.V., BENEDICT A.A. 
and ALVAREZ A.M., 1994. Physiological, chemical, serological, and pathogenic analysis of a 
worldwide collection of Xanthomonas campestris pv. vescicatoria strains. Phytopathology 84: 
663-671.  
  
 

 86



BUONAURIO R., STRAVATO V.M. and SCORTICHINI M., 1994. Characterization of 
Xanthomonas campestris pv vescicatoria from Capsicum annuum L. in Italy. Plant. Dis. 78: 296-
299.  
 
CAFE A.C. and DUNIWAY J.M., 1995. Effects of furrow irrigation schedules and host 
genotype on Phytophthora root rot of pepper. Plant Dis. 79: 39-43.  
 
CANDELA M.E., MUNOZ R., ALCAZAR M.D. and ESPIN A., 1994. Isoperoxidase 
involvement in the resistance of Capsicum annuum to infection by Cucumber Mosaic Virus. 
Journal Plant Physiol. 143: 213-217.  
 
CAVERO J., GIL ORTEGA R. and ZARAGOZA C., 1995. Influence of fruit ripeness at the 
time of seed extraction on pepper (Capsicum annuum) seed germination. . Sci. Hort. 
(Amsterdam) 60: 345-352. " -  
 
CHRISTOPHER T. and RAJAM M.V., 1994 In vitro clonal propagation of Capsicum ~ $Pp. 
Plant Cell Tissue Organ Cult. 38: 25-29. -  
 
COLLINS M.D., WASMUND L.M. and BOSLAND P.W., 1995. Improved method for 
quantifying capsaicinoids in Capsicum using high-performance liquid chromatography. 
HortScience 30: 137-139.  
 
COOKSEY J.R., KAHN B.A. and MOTES J.E., 1994. Calcium and etephon effects on paprika 
pepper fruit retention and fruit color development. HortScience 29: 792- 794.  
 
DANIELL I.R. and FALK C.L., 1994. Economic comparison of Phytophthora root rot control 
methods. Crop Proto 13: 331-336.  
 
DE DONATO M. and CHIAVAZZA P., 1994. Rapid hydrogen peroxide release in cell 
suspensions of Capsicum spp elicited by fungal preparations. Appl. Biochem. Biotechnol. 48: 
45-54.  
 
ELLER F.J., BARTELT R.J., SHASHA B.S., SCHISTER D.J., RILEY D.G., STANSLY P.A., 
MUELLER T.F., SHULER K.D., JOHNSON B., DAVIS J.H., DAVIS J.H. and SUTHERLAND 
C.A., 1994. Aggregation pherormone for the pepper weevil,  
Anthonomus eugenii Cano (Coleoptera, Curr:ulionidae) - Identification and field ,. activity. J. 
Chem. Ecol. 20: 1537-1555.  
  
FIERRO A., TREMBLAY N. and GOSSELIN A., 1994. Supplemental carbon dioxide ~ and 
light improved tomato and pepper seedling growth and yield. HortScience 29: 152-154.  
  
GERA A., TOSTADO J.M., GARCIALUNQUE I. and SERRA M.T., 1994. Association of the 
inhibitor of virus replication with resistance mechanisms in pepper cultivars. Phytoparasitica 22: 
219-227.  
 
 

 87



HOLDEN P.R. and YEOMAN M.M., 1994. Variation in the growth and biosynthetic activity of 
cloned cell cultures of Capsicum frutescens and their response to an exogenously supplied 
elicitor. Plant Cell Tissue Organ Cult. 38: 31-37.  
 
HOSHINO T., CHIDA M., YAMAURA T., YOSHIZAWA Y. and MIZUTANI J., 1994. 
Phytoalexin induction in green pepper cell cultures treated with arachidonic acid. Phytochemistry 
36: 1417-1419.  
 
HOULNE G., SCHANTZ M.L., MEYER B., POZUETAROoERO J. and SCHANTZ R., 1994. 
A chromoplast-specific protein in Capsicum annuum: characterization and expression of the 
corresponding gene. Curro Genetics 26: 524-527.  
 
INAI S., ISHIKAWA K., NUNOMURA O. and IKEHASHI H., 1993. Genetic analysis of 
stunted growth by nuclear-cytoplasmic interaction in interspecific hybrids of  
Capsicum by using RAPD markers. Theor. Appl. Genet. 87: 416-422.  
  
LANTERI S., SARACCO F., KRAAK H.L. and BINO R.J., 1994. The effect of priming  
on nuclear replication activity and germination of pepper (Capsicum annuum) and tomato 
(Lycopersicon esculentum) seeds. Seed Science Res. 4: 81-87.  
 
LARKIN R.P., GUMPERTZ M.L. and RISTAINO J.B., 1995. Geostatical analysis of 
Phytophthora epidemic development in commercial bell pepper fields. Phytopathology 85: 191-
203.  
 
LEFEBVRE V., PALLOIX A., CARANTA C. and POCHARD E., 1995. Construction of an 
intraspecific integrated linkage map of pepper using molecular markers and doubled haploid 
progenies. Genome 38: 112-121.  
 
LEVY A., HAREL S., PALEVITCH D., AKIRI B., MENAGEM E. and KANNER J., 1995. 
Carotenoid pigments and beta-carotene in paprika fruits (Capsicum spp) with different 
genotypes. J. Agr. Food Chem. 43: 362.366.  
 
LIN W.C., HALL J. W. and SAL TVEIT M.E., 1993. Ripening stage affects the chilling 
sensitivity of greenhouse. grown peppers. J. Amer. Soc. Hort. Sci. 118: 791-795.  
 
LOWNDS N.K., BANARAS M. and BOSLAND P.W., 1994. Postharvest water loss and storage 
quality of 9 pepper (Capsicum) cultivars. HortScience 29: 191-193.  
T"  
 
LUNING P.A., DEVRIES R.V., YUKSEL D., EBBENHORSTSELLER T., WICHERS . H.J. 
and ROOZEN J.P., 1994. Combined instrumental and sensory evaluation of ;; flavor of fresh bell 
peppers (Capsicum annuum) harvested at three maturation stages. J. Agr. Food Chem. 42: 2855-
2861.  
 

 88



LURIE S., RONEN R. and MEIER S., 1994. Determining chilling injury induction in green 
pepper using non-d~tructive pulse amplitude modulated (PAM) fluorometry. Journal Amer. Soc. 
Hort. Science 119: 59-62.  
 
MERCADO J.A., FERNANDEZMUNOZ R. and QUESADA M.A., 1994. In vitro germination 
of pepper pollen in liquid medium. Sci. Hort. (Amsterdam). 57: 273- 281.  
 
MINGUEZMOSQUERA M.I. and HORNEROMENDEZ 0.,1994. Comparative study of ,,/ the 
effect of paprika processing on the carotenoids in peppers (Capsicum annuum) of the Bola and 
Agridulce varieties. J. Agr. Food Chern. 42: 1555- 1560. '.  
 
MINGUEZMOSQUERA M.I., JARENGALAN M. and GERRIDOFERNANDEZ J., 1994. "- 
Carotenoid metabolism during the slow drying of pepper fruits of the agridulce variety. J. Agr. 
Food Chern. 42: 2260-2264.  
 
MOSCONE E.A., LOIDL J., EHRENDORFER F. ~nd HUN~IKER A.T., 1995. Analysis of 
active nucleolus organizing regions in Capsicum (Solanaceae) by silver staining. Amer. J. Bot. 
82: 276-287.  
 
MUHYI R.I., B.OSLAND P.W. and POCH~RD E., 1994. Difference ~etwe~n USA and :;ej:;  
French Isolates of tobacco etch ViruS and pepper mottle virus displayed by  
doubled haploid line analysis. Euphytica 72: 23-29. ~  
 
MURPHY J.F. and KYLE M.M., 1994. Isolation and viral infection of Capsicum leaf protoplast. 
Plant Cell Rep. 13: 397-400.  
 
NEDERHOFF E.M. and VEGTER J.G., 1994. Canopy photosynthesis of tomato, cucumber and 
sweet pepper in greenhouses - Measurements compared to models. Ann. Bot. 73: 421-427.  
 
NEMEC S. and DATNOFF L., 1993. Pepper and tomato cultivar responses to inoculation with 
Glomus intraradices. Advances in Horticultural Sciences 7: 161- 164.  
OGARRO L.W. and TUDOR S., 1994. Contribution of 4 races of Xanthomonas ,-- campestris 
pv. vescicatoria to bacterial spot in Barbados. Plant Dis. 78: 88-90.  
 
PAUL E., GOTO M. and TANKSLEY S.D., 1994. SolGenes - a Solanaceae database. Euphytica 
79: 181-186.  
 
RABINOWITCH H.D., FAHN A., MEIR T. and LENSKY Y., 1993. Flower and nectar 
attributes of pepper (Capsicum annuum L.) plants in relation to their attractiveness to honeybees 
(Apis me/lifera L.). Ann. Appl. Bioi. 123: 221-232. ~  
 
RODRIGUEZALVARADO G., KURATH G. and DODDS J.A., 1994. Symptom . modification 
by satellite tobacco mosaic virus in pepper tYpes and cultivars '- infected with helper 
tobamoviruses. Phytopathology 84: 617-621.  
 
SANTOSDIAZ M.D. and OCHOAALEJO N., 1994. PEG-tolerant cell clones of chili pepper: growth, 
osmotic potentials 'and solute accumulation. Plant Cell Tissue Organ Cult. 37: 1-8.  

 89



 
SCHANTZ M.L., SCHREIBER H., GUILLEMAUT P. and SCHAN'rZ R., 1995. Changes in ascorbate 
peroxidase activities during fruit ripening in ~ Capsicum annuum. FEBS Lett. 358: 149-152.  
 
SHIBATA Y., MATSUI K., KAJIWARA T. and HATANAKA A., 1995. Purification and properties of 
fatty acid hydroperoxide lyase from green bell pepper fruits. Plant Cell Physiol. 36; 147.156.  
 
SHIFRISS C., PILOWSKY M. and ALONI B., 1994. Variation in flower abscission ot peppers under 
stress shading conditions. Euphytica 78: 133-136.  
 
SHIPP J.L" WITHFIELD G.H. and PAPADOPOULOS A.P., 1994. Effectiveness of the bumble bee, 
Bombus impatiens Cr. (Hymenoptera, Apidae) , as a pollinator of greenhouse sweet pepper. Sci. Hort. 
(Amsterdam) 57; 29-39.  
 
SOTO M.J., ARTEAGA M.L., FERERES A. and PONZ F., 1994. Limited degree of .serological 
variability in pepper strains of Potato Virus Y as revealed by analysis with monoclonal antibodies. Ann. 
Appl. Bioi. 124: 37-43.  
 
STOFFELLA P.J., LOCASCIO S.J., HOWE T.K., OLSON S.M., SHULER K.D. and c 1: VAVRINA 
C.S., 1995. Yield and fruit size stability differs among bell pepper  
cultivars. J. Amer. Soc. Hort. Sci. 120: 325-328.  
 
TENLLADO F., GARCIALUNQUE I., SERRA M.T. and DIAZRUIZ J.R., 1994. Rapid detection and 
differentiation of tobamoviruses infecting L-resistant genotypes of pepper by RT -CPR and restriction 
analysis. Journal of Virol. Methods 47: 165- 173.  
 
TERANSARABIA G., MAITI R.K., ALMANZAENRIQUE J.G. and HERNANDEZPINERO J.L., 1994. 
Photoperiodic response of wild chili "chile piquin" (Capsicum annuum va,. aviculare Dierb). Phyton-int. 
J. Exp. Bot. Agr. 56: 113-118.  
 
TISSERAT B. and GALLETTA P.O., 1995. In vitro flowering and fruiting of Capsicum frutescens L. 
HortScience 30: 130-132.  
 
TURNER A.D. and WIEN H.C., 1994. Dry matter assimilation and partitioning in pepper cultivars 
differing in susceptibility to stress-induced bud and flower abscission. Ann. Bot. 73: 617-622.  
 
VILLALON B., DANIELLO F.J. and BENDER D.A., 1994. Jaloro fot yellow Jalapeno pepper. 
HortScience 29: 1092.1093.  
  
TURNER A.D. and WIEN H.C., 1994. Photosynthesis, dark respiration and bud sugar concentrations in 
pepper cultivars differing in susceptibility to stress-induced bud abscission. Ann. Bot. 73: 623-628.  
 
VANRUTH S.M., ROOZEN J.P. and COZIJNSEN J.L., 1995. Changes in flavour release from 
rehydrated diced bell peppers (Capsicum annuum) by artificial saliva components in three mouth model 
systems. J. Sci. Food Agr. 67: 189- 196.  

 90



VILLASENOR I.M. and DEOCAMPO E.J., 1994. Clastogenicity of red pepper (Capsicum 
frutescens L.) extracts. Mutation Research 312: 151-155.  
 
YAHARA S., URA T., SAKAMOTO C. and NOHARA T. Steroidal glycosides from Capsicum 
annuum. Phytochemistry 37: 831-835.  
 
ZAMORA E., BOSLAND P.W. and THOMAS S., 1994 Carolina Cajenne as a source of 
resistance to Meloidogyne incognita Race-1, Race-2, Race-3 and Race-4. HortScience 29: 1184-
1185.  
 
Eggplant  
 
GUPTA V.P., GARG 1.0. and NAQVI Q.A., 1994. Immunosorbent electron microscopic . 
studies on a tobamovirus causing brinjal necrotic mosaic. Acta Virol. 38: 43-45. ~  
~  
ISSHIKI S., OKUBO H. and FUJIEDA K., 1994. Genetic control of isozymes in .. ~ eggplant 
and its wild relatives. Euphytica 80: 145-150.  
 
ISSHIKI S., OKUBO H. and FUJIEDA K., 1994. Phylogeny of eggplant and related Solanum 
species constructed byallozyme variation. Sci. Hort. (Amsterdam) 59: 171-176.  
SAITO T. and NISHIMURA S., 1994. Improved culture conditions for somatic embryogenesis 
using an aseptic ventilative filter in eggplant (Solanum me/ongena L.). Plant Science 102: 205-
211.  
 
SAKATA Y. and LESTER R.N., 1994. Chloroplast DNA diversity In eggplant (Solanum 
melongena) and its related species S. incanum and S. marginatum. Euphytica 80: 1-4.  
 
SHARMA P. and RAJAM M.V., 1995. Genotype, explant and position effects on organogenesis 
and somatic embryogenesis in eggplant (Solanum me/ongena L.). J. Exp. Bot. 46: 135-141.  
 
TOGURI T. and TOKUGAWA K., 1994. Cloning of eggplant hypocotyl cDNAs  
encoding cytochromes P450 belonging to a novel family (Cyp77). FEBS Lett. :.~  
338: 290-294.  
 
VELAYUDHAN K.C. and UPADHYAY M.P., 1994. Collecting okra, eggplant and their £-  
wild relatives in Nepal.. Plant Genetic Resources Newsletter 97: 55-57. -  
 
 

 

 

 

 

 91



 
ORDER FORM FOR "CAPSICUM AND EGGPLANT NEWSLETTER"  

No. 18, 1999  
(to be published in the summer of 1999) 

 
If you want to receive promptly the next issue of "Capsicum and Eggplant Newsletter", please 
fill in this form and return it together with a copy of the payment order to:  
 

DI.VA.P.R.A. Iii Plant Breeding and Seed Production 
Via P. Giuria, 15 

10126 TORINO - Italy Fax +39 11 6502754 
 

 
To "Capsicum and Eggplant" Editorial Board 
 
Please, when available, send me a copy of "Capsicum and Eggplant Newsletter" No. 18 (1999). I 
am sending the subscription rate directly to EUCARPIA Secretariat (P.O.Box 315, 6700 AH 
Wageningen, The Netherlands).  
 
 
Name ……………………………………………………………………………………………… 
 
Dept/lnst…………………………………………………………………………………………… 
   
Address ……………………………………………………………………………………………. 
 
City…………………………………………………..Country…………………………………….  
 
 
Date……………………………………….Signature……………………………………………… 
 

 92



 
VOUCHER TO BE RETURNED TO THE EUCARPIA SECRETARIAT (P.O.Box 315, 
6700 AH Wageningen, The Netherlands) IN CASE YOU PAY THE SUBSCRIPTION FEE 
BY CREDIT CARD  

To: EUCARPIA Secretariat  

Object: subscription for "Capsicum and Eggplant Newsletter"  

Volume(s) No. . - Year(s)  

From:………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………  
 
Invoice No. …………………………………………..Amount ... ... ………………………. 
 
Charge my credit card of  
 
__American Express     __Diners Club  
 
__Eurocard     __ V.a 
 
   
Card Number ………………………………………………….... Expiring date ………….. 
 
Issuing bank ………………………………………………………………………………..  
 
Date……………………………………………Signature …………………………………. 
 
 
  
 
 
 
 
 
 
 
 

 93



 
 
 
 

ANALYTICAL INDEX 

 

Pepper  

Breeding.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..   15, 34  
Capsaicinoids content. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    22,26  
Capsicum baccatum. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    14  
Capsicum chinense . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   14, 30  
Capsicum frutescens. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    14  
Capsicum praetermissum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14  
Capsicum pubescens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   26  
Combining ability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   34, 38 
 Cultivars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    13, 19  
Genetics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    30  
Genetic resources . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   16 
 In vitro culture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    42  
Male-sterility. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..    42  
Resistance to diseases  

Bacteria  
Xanthomonas campestris. . . . . . . . . . . . . . . . . . . .    16 

Fungi  
Phytophthora capsici. . . . . . . . . . . . . . . . . . .     64, 66  

Viruses  
CMV. . . . . . . . . . . . . . . . . . .       53,57 
PLCV ,. . . . . . . . . . . . . . . . . . . ...      61  
PMPV. . . . . . . . . . . . . . . . . . .       46  
VMV. . . . . . . . . . . . . . . . . . .       50  
VY. . . . . . . . . . . . . . . . . . .        53,57  
TMV . . . . . . . . . . . . . . . . . . .       53  

Seed analysis... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..    69  
Seed dormancy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..   72  
 
 
 
 
 
 94



 
Eggplant  
Breeding. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 84  
Cultivars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 17  
Genetic transformation. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92  
Heterosis. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 76  
Resistance to diseases  

Bacteria  
Pseudomonas solanacearum. . . . . . . . . . . . . . .. . ..  80, 88  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 95



 
MAILING LIST 

 
ALBANIA  
Vegetables and Potato Research Institute, Dr. Mevlud Hallidri, TIRANA Vegetables and Potato Research 
Institute, TIRANA  
 
ALGERIA  
Dept. d'Agronomy Generale, Institute National Agronomique, EL HARRACH-ALGER Institut National 
de la Recherche Agronomique, EL ANNASSER, ALGIERS Institut pour Ie Developpement des Cultures 
Maraicheres, Centre Primaire, STAVOUELI  
 
ANGOLA  
Instituto de Investigacao Agronomica, HUAMBO  
 
ANTIGUA  
C.A.R.D.I., P.O. Box 766, ST. JOHN'S  
 
ARGENTINA  
Catedra de Fitotecnia, Fac. Ciencias Agrarias, (4700) CATAMARCA Centro de Investigacion de Frutas y 
Hortalizas, 5505 CHACRAS DE CORIA, MENDOZA Estacion Experimental La Consulta. I.N.T.A., La 
Consulta MENDOZA INTA, Ins. J.C.Zembo, 1033 BUENOS  
 
AUSTRALIA  
Department of Primary Industries, Bundaberg Research Station, Mail Service 108, BUNDABERG-Queensland 4670 
Department of Primary Industries, Horticultural Research Station, BOWEN-Queensland 4805 Department of 
Primary Industries, Plant Pathology Branch, INDOOROOPILL Y Queensland 4068 Department of Primary 
Industries, Redlands Horticultural Research Stat., A.M.Hibberd, CLEVELAND-Queensland 4163 Department of 
Primary Industries, Serials Librarian, Central Library, BRISBANE-Queensland 4001 State Library of Queensland, 
Serials Unit, Acquisition Branch, SOUTH BRISBANE 4101  
 
AUSTRIA  
Gemusesamenzucht Wanas, Leitzersbrunnerfeld 21, 2003 lECTZESDORF Inst. for Applied Pharmakognosie, 
Universitat Wien, 1090 WIEN Institute for Applied Microbiology, University for Agriculture and Forestry, 1190 
WIEN  
 
BANGLADESH  
Bangladesh Agricultural Development Corporation, DHAKA BARI, JOYDEBPUR, GAZIPUR  
 
BARBADOS  
Caribbean Agricultural Research & Development Organization (CARDI), Cave Hill Campus,  
 
BELGIUM  
Plant Genetic Systems N.V., Dr. Arlette Reynaerts, B - 9000 GENT  
 
BELIZE  
Department of Agriculture, Central Farm, CAYO DISTRICT  
 
BENIN  
Direction de la Recherche Agronomique, COTONOU  

 96



 
BERMUDA  
Department of Agriculture, Fisheries and Parks, HAMILTON HM CX  
 
BHUTAN  
Horticulture Section, Department of Agriculture, Ministry of Agriculture, THIMPHU  
 
BOLIVIA  
Centro Fitogenetico Pairumani, COCHABAMBA  
Instituto Boliviano de Technologla Agropecuaria (IBTA), Casilla Postal 5783, LA PAZ 
 
BOTSWANA  
Agricultural Research Station, GABORONE Director SACCAR, GABARONE The Principal 
Botswana College of Agriculture, Ministry of Agriculture, GABORONE  
 
BRASIL  
AGROFLORA Sementes S/A, Dept. Research, Della Vecchia Paulo Tarcisio, SRAGANCA 
PAULlSTA,SP-12.900.000 Dept. de Fitotecni.:a, Universidade Federal de Vicosa36.570 VICOSA M.G. 
Dept. de Genetica, ESAlQ, 13.400 PIRACICABA - SAG PAULO EMBRAPA, Centro Nacional de 
Pesquisa de Hortalicas, 70.359-970 BRASILIA DF EMBRAPA, lica-Cenargen, 70.000 BRASILIA OF  
Fundacao Inst. Agronomico di Parana, Area de Documentayao, Rodovia Celso Garcia Cid - km 
375,86100 LONDRINA-PARANA' Inst. Agronomico de Campinas, 13028 CAMPINAS SP  
Universidade de Sao Paulo, Campus de Piracicaba, Divisao de Bibilioteca e Documentayao, 13418-900 
PIRACICABA - SAG PAULO  
 
BRUNEI ,...  
Agronomy Department, Agricultural Res. and Development Div., Agriculture Department, BAN OAR 
SERI BEGAWAN 2059  
 
BULGARIA  
Bulgarian Academy of Sciences, Institute of Genetics "Acad. D. Kostov", 1113 SOF1A Institute of 
Introduction and Plant Resources, SADOVO 4122 Institute of Plant Physiology of Bulgarian Academy of 
Sciences, SOFIA Institute of Plant Protection, KOSTINBROD 97113 MARITSA Vegetable Crops 
Research Institute, Biblioteka, 4003 PLOVDIV SORTOVI SEMENAAD Gorna Oryahovitsa, Dr. Tador 
B. Christov, 1113 SOFIA ' V. KOLAROV, Higher Institute of Agriculture, PLOVDIV  
BURKINA FASO Institut de Recherche Agronomiques et Zootecniques, OUAGADOUGOU I RAT, 
60BO DIOULASSO  
 
CAMEROON  
Institut de la Recherche Agronomique, YAOUNDE Programme "Cultures Maraicheres", IRA Foumbot, 
BAFOUSSAM  
 
CANADA  
Agriculture Canada, Library, Attn. Exchanges, OTTAWA - K1A OC5 Agriculture Canada, Research 
Station, AGASSIZ-B.C. PADATA, VICTORIA - B.C. V9B 5B4  
Stokes Seeds Limited, Research Center, E.A.Kerr, ST. CATHARINES-Ont. L2R 6R6  
 
CAPE VERDE  
Instituto Nacional de Fomento Agrario, PRAIA  

 97
Instituto Nacional de Investigacao Agraria, PRAIA INTA, PRAIA  



President de I'INIDAM, Horacio de S. Soares,  
CENTRAL AFRICAN REPUBLIC  
Centre d'Etudes Agronomique d'Afrique Centrale, M'BAIKI  
 
CHAD  
Direction de la Recherche et des Techiniques Agronomiques, Departement Horticole, NDJAMENA ~  
  
CHILE  
CASSERES Ernesto, SANTIAGO 10  
Instituto de Investigaciones Agropecuarias (INIA), Casilla 439, Correo 3, SANTIAGO  
Universidad Austral de Chile, Inst. de Producion Vegetal, Facultad de Ciencias Agrarias, VALDIVIA  
 
CHINA P.R.  
Academy of Agricultural Sciences, Hunan Vegetable Institute, Dr. Jianhua Liu, CHANGSHA - HUNAN 
410125 Beijing Vegetable Research Institute, BEIJING  
Chinese Academy of Agric. Sciences, Inst. of Vegetables and Flowers, XIJIAO - BEIJING 100081 
Dept. of Horticulture, Northwestern Agric. University, YANGLING - Shaanxi 712100 Institute of 
Horticulture, Academy of Liaoning Agr. Sci., 110161 Dong Ling Ma Guan Qiao Vegetable and Flower 
Institute, BEIJING  
 
COLOMBIA  
Centro International de Agricultura Tropical (CIAT), CALI, VALLE DEL CAUCA I.C.A., MEDELLIN  
I.C.A., Programa Hortalizas A.A.233, PALMIRA  
Instituto Colombiano Agropecuario, ICA, SANTAFE DE BOGOTA - D.C. Universidad Nacional de 
Colombia, PALMIRA  
 
CONGO  
Conseil National de la Recherche Scientifique et Technique, BRAZZAVILLE  
COSTA RICA Centro Agronomico Tropical de Investigacion y Ensenanza (CATIE), TURRIALBA 71 70  
Inter-American Institute for Cooperation on Agriculture (IICA), 2200 CORONADO, SAN JOSE Orton 
Memorial Library IICA-CIDIA, TURRIALBA  
Sede Universitaria Regional del Atlantico, Universidad de Costa Rica, TURRIALBA Unidad de Recursos 
Geneticos, TURRIALBA 7170  
Vegetable Research Program, Ministry of Agriculture, SAN JOSE'  
 
CROATIA  
Faculty of Agriculture, 41000 ZAGREB Podravka, 43300 COPRIVNICA  
Povrtlarski Center Zagreb, 41000 ZAGREB  
 
CUBA  
Centro de I.nformacion y Documentacion Agropecuario, LA HABANA 4  
Dept. de Proteccion de Plantas, INIFAT, calle 1 esquina 2, CIUDAD DE LA HABANA  
Horticulturallnst. Liliana Dimitrova, Ministry of Agriculture, Research Network, LA SALUD-LA 
HABANA  
Inst. de Investigaciones Fundamentales en Agricultura Tropical, Ministry of Agriculture, Research 
Network, CIUDAD HABANA IRTA, HAVANA Universidad de Matanzas "Cienfuegos", Dir. de 
Informacion Cientifico Tecnica, Seleccion, Adquisicion y Canje, MATANZAS  
 
 

 98
 



CYPRUS  
Agricultural Research Institute, Ministry of Agriculture and Natural Resources, A THALASSA, 
NICOSIA  
CZECH REPUBLIC  
Academy of Sciences of the Czech Republic, 111 42 PRAHA 1  
Dept. of Genetic Resources, Div. of Genetics and Plant Breeding, Inst. of Plant Production, 161 06 
PRAGUE 6 Inst. of Experimental Botany, Academy of Science of the Czech Republic, 77200 OLOMUC 
Research Inst. of Vegetable Growing and Breeding, 772 36 OLOMOUC 7  
 
DOMINICAN REPUBLIC  
Instituto Superior de Agricultura, SANTIAGO  ECUADOR  
Instituto Nacional de Investigaciones Agropecuarias, QUITO, PICHINCHA  
 
EGYPT  
Faculty of Agriculture, KAFR-EL-SHEIKH  
 Faculty of Agriculture, University of Mansoura, SHARIA EL-GOMHOURIA, MANSOURA  
Horticultural Research Institute, Agricultural Research Center (ARC), Ministry of Agriculture and Food 
Security, GIZA,  
ORMAN, CAIRO  
 
ELSALVADOR  
Centro Nacional de Technologia Agropecuaria, SAN SALVADOR  
Centro Nacional de Technologia Agropecuaria, SAN ANDRES-LA LIBERTAD Universidad de EI 
Salvador, Ciudad Universitaria, SAN SALVADOR  
 
ETHIOPIA  
Bako Agricultural Research Center, BAKO SHOA 
FAO Representative in Ethiopia for ETH/87/001, ADDIS ABABA Institute of Agricoltural Research 
(IAR), Nazareth Research Station, NAZARETH Institute of Agricultural Research, Horticultural 
Department, ADDIS ABEBA Plant Genetic Resources Center, ADDIS ABEBA  
FIJI Sigatoka Research Station, SIGATOKA  
 
FRANCE  
CIRAD-IRAT, Documentation, B.P.5035, Av.Val de Montferrand, 34032 MONTPELLIER  
Clause Semences Professionnelles, Dr. C. Basterreix-Vergez, Mas St. Pierre, 13210 ST. REMY DE 
PROVENCE Ecole Nat. Sup. d'Horticulture, 78009 VERSAILLES Ets Asgrow-France B.P. n.5, 37270 
MONTLOUtS-SUR-LOIRE Ets Vilmorin, Division Recherche, 49250 BEAUFORT EN VALEE . 
Graines GAUTIER, 13630 EYRAGUES Griffaton Seeds, Centre de Recherches, Dr. C.Robledo, 30510 
GENERAC INRA, Station d'Amelioration des Plantes Maraicheres - Bibliotheque, 84143 MONTFAVET 
-CEDEX ~ INRA, Station d'Amelioration des Plantes Maraicheres - Anne Marie DAUBElE, 84143 
MONTFAVET -CEDEX  
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INRA, Station d'Amelioration des Plantes Maraicheres - Daniel CHAMBONNET, 84143 MONTFAVET-
CEDEX INRA, Station de Pathologie Vegetale, Domaine Saint-Maurice, 84143 MONTFAVET -CEDEX 
INRA-GEVES, Domaine d'Oionne, BP 1, Les Vigneres, 84300 CAVAILLON Institut de Biologie 
Moleculaire des Plantes du CNRS, Bibliotheque, 67084 STRASBOURG CEDEX Institut de Recherches 
Vilmorin, Dr. Jean W. Hennart, Centre de la COstiere, 30210 REMOULINS Laboratoire de 
Phytomorphologie, Experimentale Universite de Provence, 13331 MARSEILLE CEDEX 3 Laboratoire 
du Phytotron, C.N.R.S., 91190 GIF-SUR-YVETTE MINISTERE de I'AGRICUL TURE, Groupe 
d'Etudes des Varietes et Semences, Domaine d'Oionne, CAVAILLON 84300 ORSTOM, 2051 Av. du Val 
de Mont Ferrand, 34032 MONTPELLIER PALLOIX A., INRA, Station d'Amelioration des Plantes 



Maraicheres, 84143 MONTFAVET-CEDEX Royal Sluis France, Research Department, 30900 NIMES S 
& G Semences s.a., Centre de Recherche, J.L.Nicolet, 84260 SARRIANS Societe Clause, 91220 
BRETIGNY-SUR-ORGE Station d'Amelioration des Plantes I.N.R.A.-C.N.R.A., 78000 VERSAILLES 
TAKII Recherche France, Dr. Jacques Hallard, 13160 CHATEAURENARD  
TEllER, Centre de Recerche, Documentation (Christine Rascle), Domaine de Maninet, 26000 VALENCE  
 
GABON  
Centre d'inttoducion, d'Amelioration et de Multiplication (ClAM), Ministere de I'Agriculture, 
LIBREVILLE  
 
GERMANY  
Fedral Center for Breeding Research on Cultivated Plants, Institute for Resistance Genetics, 
85461GRUNBACH Inst. fur Obst und Gemusebau (370), Universitat Hohenheim Peregrasweg, 17100 
STUTTGART 70 Institut fur Pflanzengenetik und Kulturpflanzenforschung, Wissenschaftliche 
Bibliothek, 06466 GATERSLEBEN Karin Breun, Galgenhofer Str. 39, W-8522 HERZOGENAURACH 
Plant Physiology Inst., Technical University of Munich, 8050 FREISING-WEIHENSTEPHAN 
Universitat Bonn, lentralbibliothek-Landbauwissensch. leitschriften lugangstelle, 53014 BONN  
 
GHANA  
A.A. Opoku, KUMASI University of Ghana, Faculty of Agriculture, Department of Crop Science, 
LEGaN  
 
GREAT BRITAIN  
Acquisitions Unit (DSC-AO), British Library Boston Spa, WETHERBY - W YORKS LS23 7BQ C.A.B., 
International Plant Breeding Abstract, Wallingdorf, OXON OX10 8DE Dept. of Agricultural Botany, 
Plant Sciences Laboratories, University of Reading, READING RG6 2AS Horticulture Research 
International, WARWICK CV35 9EF. Institute of Horticultural Research, Worthing Road, West Sussex 
BN17 6LP  Library and Information Services, Section N.R.I., KENT ME4 4TB ";' Schering 
Agrochemicals Ltd., SALLRON WALDEN-Essex CB10 1XL School of Biological Sciences, 
Birmingham University, BIRMINGHAM B15 211 1 Scottish Crop Research Inst., Invergowrie, 
DUNDEE 002 5DA  
 
GREECE  
Costas Lepeniotis, P.O.Box 10637,54110 THESSALONIKI Greek Gene Bank, 57001 THESSALONIKI  
Inst. of Vegetable Crops, HERAKLION-CRETE 711 1 0   
GRENADAC.A.R.D.I., ST. GEORGES GUADELOUPE (FRENCH W. INDIES)  
INRA-CRAAG, 97184 POINTE-A-PITRE  GUAM  
College of Agriculture, University of Guam, 96923 MANGILAO  
 
GUATEMALA  
Academia de Ciencias Medicas, Fisicas y Naturales de Guatemala, Apartado Postal 569, GUATEMALA 
CITY ICTA, Ave. La Reforma P-60, Zona 9, GUATEMALA La Facultad de Agronomia de la 
Universidad Rafael Landivar La Facultad de Ciencias Medicas de la Universidad de San Carlos, SAN 
CARLOS Universidad de S. Carlos de Guatemala, Centro de Documentacion e Informacion Agricola, 
GUATEMALA ...  
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GUINEA BISSAU  
Centre Pilote des Actions MaraTcheres (CEPAM), Ministere de I'Agriculture, DALABA Service 
Agricole Autonome de Bissau (SMB), Ministere de I'Agriculture, BISSAU  
 
GUYANA  
C.A.R.D.I., 44 Brickdam, GEORGETOWN Guyana School of Agriculture, EAST COAST DEMERARA 
IICA, Antilles Zone, QUEENSTOWN, GEORGETOWN  
HAITI  
Ferme experimentale "Damien", Ministere de I'Agriculture, PORT-AU-PRINCE \  
HONDURAS  
Escuela Agricola Panamericana, TEGUCICALPA  
Federacion de Productores y Esportadors Agropecuarios y Agroindustriales de Honduras - FPX, SAN 
PEDRO SULA Fundaci6n Hondurena de Investigaci6n Agricola, SAN PEDRO SULA, CORT~S  
 
HUNGARY  
Agricultural Biotechnology Center, 2101 GODOLLO  
Agricultural Research Inst. of the Hungarian Academy of Sciences, 2462 MARTONVASAR 
ANDRASFALVY A., Agricultural Biotechnology Center Institute for Plant Sciences, H-2101 
GODOLLO CSILLERY Gabor, Budakert Ltd., H -1114 BUDAPEST Enterprise for Extension and 
Research in Fruit Growing and Ornamentals, Dept. Ornamentals, H-1223 BUDAPEST Institute for Fruit 
and Ornamental Growing, FERTOD H-9431  
Institute of Vegetable Growing, University of Horticulture, 1118 BUDAPEST Library, Seed Production 
and Trading Company, 6601 SZENTES Library, Vegetable Crops Research Institute, 6001 
KECSKEMET  
National Institute for Agricultural Quality Control, 1024 BUDAPEST Plant Breeding Center, Vetomag, 
Trading House Co. Ltd., 6601 SZENTES Plant Healths and Soil Protection Station, 
HODMEZOVASARHEL Y  
Plant Protection Institute, Hungarian Academy of Sciences, 1525 BUDAPEST Research Centre 
for Agrobotany, N.I.A.V.I.T., 2766 TAPIOSZELE Research Station of Agricultural University, 
4014 PALLAG-DEBRECEN Szegedi Paprika Food processing and Trading Company, 6725 SZEGED  
University of Agricultural Sciences, Faculty of Agricultural Sciences, Institute for Plant Protection, 8361 
KESZTHEL Y University of Horticulture and Food Industry, Department of Plant Pathology, 1118 
BUDAPEST  
Vegetable Crops Research Institute, Research Station Budapest, 1724 BUDAPEST Vegetable Crops 
Research Institute, Research Station Kalocsa, KALOCSA 6300 .I  VETOMAG Seed Growing and 
Trading Enterprise, J.Malik, 1364 BUDAPEST  
 
ILE DE LA REUNION  
IRA T --CIRAD-Reunion, REUNION  
 
INDIA  
Ankur Agric. Research Laboratories, NAGPUR 440 018 GRAM AVT Research Foundation, Dr. D.C. 
Sastri, P.B.No 1685, PERUMANOOR P.O.-COCHIN 682 015 Biotechnology Research Center, 
Department of Agricultural Botany, Punjabrao Agricultural University, AKOLA 444 104 - 
MAHARASHTRA ST.  
Burdwan University, BURDWAN 713 104 
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Central Experimental Station, DAPOLl415 711 (Dist.Ratnagiri-Maharashtra) CHES HINOO HOUSE, 
RANCHI - Biharstate ., Chillies Export House Ltd., VIRUDHUNAGAR - 626001 . College of 
Agriculture, Orissa University of.Agriculture and Technology, ORISSA i;. Cotton Research Units, CRS, 
Punjabrao Krishi Vidyapeeth, AKOLA - 444 104 (Maharashtra) Dept. of Botany, Dharmpeth Science 
College, NAGPUR 440010  
Dept. of Botany, Cytogenetics Laboratory, Nagarjuna University, Guntur Dist. (A.P.) Dept.. of Botany, 
Kakatiya University, Mutation Breeding, WARANGAL 506 009 A.P. Dept. of Botany, University of 
Rajasthan, JAIPUR - 302 004 Dept. of Horticulture, Banaras Indu University, VARANASI 221 005 Dept. 
of Horticulture, College of Agriculture, HYDERABAD 500 030 A.P. Dept. of Plant Pathology, 
J.N.Agricultural University, Zonal Agric. Research Station, CHHINDWARA 480002 (MP) Dept. of Plant 
Pathology, Punjab Agricultural University, LUDHIANA Punjab 141 004 Dept. of Vegetable Crops 
Landscaping and Floriculture, Punjab Agricultural University, LUDHIANA - 141 004Dept. of Vegetable 
Science, College of Agriculture, Himachal Pradesh, PALAMPUR - 176 062 Div. of Mycology and Plant 
Pathology, I.A.R.I., NEW DELHI 110 012  
Div. of Plant Genetic Resources, Indian Inst. of Hortic. Res., 255 Upper Palace Orchards, BANGALORE 
560 080 ~ (Kamataka) Div. of Vegetable Crops, Indian Inst. of Horticultural Res., BANGALORE 560 
089  
Haryana Agricultural University, Department of Plant Pathology, Prof. Narayan Rishi, HISAR - 125004 
I.A.R.t. Library, NEW DEHLI-110 012 I.C.A.R., NEW DELHI 110 001 Indian Agricultural Research 
Institute, KATRAIN - Kullu Valley - HP 175 129 Indo-American Hybrid Seeds, Research and 
Development, 214 Palika Bhavan R.K Puram, NEW DELHI-110 066 Kerala Agricultural University, 
Dept. of Olericulture, College of Horticulture, THRISSUR - KERALA Library, MAHATMA PHULE 
Agricultural University, Dist.Ahmednagar [M.S} Library, Punjabrao Krishi Vidyapeeth, AKOLA - 444 
104 (Maharashtra) Library, Tamil Nadu Agricultural University, Horticulture College and Research Inst., 
PERIYAKULAM 626 501 Library, Tamil Nadu Agricultural University, COIMBATORE 641 003 
Library, University of Horticulture and Forestry, SOLAN (P.O.: NAUNI) - 173230 H.P.. Maharashtra 
State Seeds Corporation, AKOLA (M.S.)  
MUKADA SEEDS, Boman Baug Kher Pada, GHOL V AD - Dist. Thane (W. RL Y.) '1~! NATH SEEDS 
Ltd., AURANGABAD 431005 National Research Centre for Spices, I.C.A.R., Post Bag No. 1701-
Marikunnu P.O., KERALA NEHRU Library, Haryana Agricultural University, HISSAR 125004 Pioneer 
Overseas Corporation, Dr. N. Anand, 61/A - 14th cross -1st Block, BANGALORE 560 032 Regional 
Agric. Research Station, Lam - GUNTUR 522 034 Regional Fruit Research Station, 
ANANTHARAJUPET 516105 Self Employment Training Inst., Pudupudur S..R.K.V. Post, 
COIMBATORE 641 020 (Tamil Nadu) Sher-e-Kashmir, University of Agricultural Sciences and 
Technology, Division of Olericulture and Floriculture, SRINAGAR KASHMIR 191121 Tamil Nadu 
Agricultural Univ., Agricultural Research Station, TAMILNADU - PALUR 607113 Tamil Nadu 
Agricultural Univ., Horticultural Research Station, UDHAGAMANDALAM 643 001 V. Ramsundar, 7 
Karia Kara Vilai, NAGERCOIL 629001  
 
INDONESIA  
Central Research Inst. for Horticulture (CRIH), Head office, PASAR MINGGU, JAKARTA LEHRI, 
library Project ATA, 395 Kotak Pos 1427, BANDUNG 40 014 LERIH, Research Institute for 
Horticulture, Jln. Tangkuban Perahu 517, WEST JAVA PT. EAST WEST SEED INDONESIA, 
CAMPAKA PURWAKARTA 41181  
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IRAN  
College of Agriculture, KARAJ - TEHRAN  
 
IRAQ .. College of Agriculture, University of Baghdad, JADIRIY A - BAGHDAD .  
 
ISRAEL  
Central Library of Agricultural Science, Periodicals Department, REHOVOT 76100 Dept. of 
Plant Pathology, The Volcani Center, BET DAGAN 50250 Dept. Plant Genetics and Breeding, 
The Volcani Center, BET DAGAN 50250  Div. Virology, The Volcani Center, BET DAGAN 
50250 Hazera Seed Company, Research Division, 79570 SDE GAT SHIFRISS Chen, The 
Volcani Center, BET DAGAN 50250 
 
ITALY  
AGROTEC, 00192 ROMA RMAzienda Agricola MFN di Mario Faraone Mennella & C., 80100 
NAPOLI NA  
Biblioteca, Istituto Agronomia Generale, 40126 BOLOGNA BO  Cattedra di Miglioramento Genetico, 
Facotta di Agraria. 80055 PORTICI NA CLAUSE IT ALIA, 10078 VENARIA REALE TO Consorzio 
VITROCOOP, Centrale ortofrutticola, 47027 CESENA FO DI.VAP.R.A., Plant Breeding and Seed 
Production, 10126 TORINO TODI.VA.P.R.A" Pathology, 10126 TORINO TO Dipartimento di 
Agronomia e Genetica Vegetale, Facolta di Agraria, 80055 PORTICI NA .Dipartimentodi Agronomia 
Selvicoltura e Gestione del Territorio, 10126 TORINO TO Dipartimento di Biologia, Sezione Genetica e 
Microbiologia, 20133 MILANO MI  
Dipartimento di Genetica e di Microbiologia, Universita, 27100 PAVIA PV Dr. Jean M. Poulos, 
ASGROW ltalia, 04014 PONTINIA l T ENEA Casaccia, Dipartimento FARE, 00100 ROMA RM ENEA, 
Biblioteca, c/o CRE Casaccia, 00060 S. MARIA 01 GAlERIA RM ESASEM, 37052 CASALE ONE VR  
FAO/IPGRI, Plant Production and Protection Division C 706,00100 ROMA RM  
Istituto del Germoplasma, 70126 BARI BA Istituto di Agronomia, 07100 SASSARI SS  
Istituto di Agronomia, 20133 MILANO MI Istituto di Agronomia, 35100 PADOVA PO  
Istituto di Agronomia, 50144 FIRENZE FI Istituto di Agronomia, 70126 BARI BA  
Istituto di Agronomia Generale e Coltivazioni Erbacee, Facolta di Agraria, 40126 BOLOGNA BO  
Istituto di Allevamento Vegetale, 06100 PERUGIA PG Istituto di Botanica Agraria e Genetica, Facolta di 
Agraria, Universita Cattolica, 29100 PIACENZA PC Istituto di Coltivazioni Arboree, 50144 FIRENZE 
FI  
Istituto di Genetica, 40126 BOLOGNA BO Istituto di Miglioramento Genetico, Facolta di Agraria, 
Universita Tuscia, 01100 VITERBO VT Istituto di Nematologia Agr. Appl., C.N.R., 70126 BARI BA 
Istituto di Orticoltura e Floricoltura, 56100 PISA PI Istituto di Orticoltura e Floricoltura, 90122 
PALERMO PA  
Istituto di Orticoltura e Floricoltura, 95123 CATANIA CT Istituto di Patologia Vegetate, 40126 
BOLOGNA BO  
Istituto di Patologia Vegetale, Facolta di Agraria, 80055 PORTICI NA Istltuto di Patologia Vegetale, 
Facolta di Agraria. Prof. M.Marte, 06100 PERUGIA PG Istituto Ricerche Orto-Floro-Frutticoltura, 22070 
MINOPRIO CO  
Istituto Sperimentale per l'Orticoltura, Sezione Operativa, 20075 MONTANASO LOMBARDO - MI  
Istituto Sperimentale per rOrticoltura, Sezione Operativa, 63030 MONSAMPOLO D. TRONTO AP  
Istltuto Sperimentale per l'Orticoltura, Dr. V. Magnifico, 84098 PONTECAGNANO SA  
Istituto Sperimentale Valorizzazione Tecnologica Prodotti Agricoli, 20133 MILANO MI Laboratolio 
Fitovirologia Applicata,C.N.R" 10135 TORINO TO Laboratorio Valorizzazione Colture Industrial,i 
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ENEA-CASACCIA, 00060 S. MARIA 01 GALERIA ROMA Metapontum Agrobios, 75011 MET 
APONTO MT  
NUNHEMS SEMENTI s.r.i., 40019 SANTAGATA BOLOGNESE BO OlTER Sementi,14100ASTI AT  
ORIS, Dr. F.Vecchio, 20090 SAlERANO SUl LAMBRO MI PETO ITAlIANA s.r.i., Centro Ricerche, 
04010 BORGO SABOTINO LT S.A.I.S. S.p.A., Centro Ricerche e Miglioramento Genetico, 47023 
CESENA FO SEMENCOOP S.c.r.i., 47020 MARTORANO 01 CESENA FO Stazione Sperimentale 
Industrie e Conserve AJimentari, 84012 ANGRI SA  
 
IVORY COAST  
Compagnie lvoirinne pour Ie Developpement des Cultures Vivrieres (CIDV), BOUAKE Faculty of 
Science, ABIDJAN 04 Institut des Savanes, Department des Cultures Vivrieres, BOUAKE 
 
JAMAICA  
Bodies Agricultural Research Station, ST. CATHERINE National Agriculture Research Institute, 
Ministry of Agriculture, KINGSTOM  
 
JAPAN  
Academy Kita-Osaka Co. Ltd., Yonezawa Bldg. Dai.6 Esaka 3F, Suita OSAKA 564 Agriculture Forestry 
and Fisheries Research Council, TOKYO Aoki Yosho Ltd., 1.58-14 Matsubara, TOKYO 156 Dept. of 
Breeding, Vegetable & Ornamental Crops Research Station, KUSAVA - AGE - MIE 514-23 Dept. of 
Greenhouse Cultivation, V.O.C.R., TAKETOYO -CHISTA - AICHI Faculty of Agriculture, Kagawa 
University, KAGAWA - KEN 761-07 Faculty of Agriculture, Nagoya University Chikusa, NAGOYA 
464 Faculty of Gen. Ed., Tokyo, University of Agriculture and Technology, FUCHU - TOKYO 183 Japan 
International Research Center of Agricultural Sciences, TSUKUBA 305 IBARAKI Kihara Inst. for 
Biological Res., Yokohama City Univ., YOKOHAMA~SHI Kimio ITO, Vegetable Breeding Nagano, 
Chushin Agricultural, Shiojiri - NAGANO 399-64 Laboratory of Vegetable and Ornamental Horticulture, 
Faculty of Agriculture - Kyoto University, KYOTO 606 Morioka Branch, V.O.C.R.S., MORIOKA 020-
01 Nationallnst. of Agrobiological Resources, YATABE IBARAKI National Research Inst. of Veget. 
Ornamental, Plants and Tea, Lab. of Breeding Soian. Vegetables, ANO AGE-GUN MIE 514-23 Nihon 
Horticultural Production Institute, 207 Kamishiki, MATSUDO-SHI CHIBA-KEN 271 ~ NIPPON DEL 
MONTE Corp., Research and Development, NUMATA, GUMMA 378 OHTA Yasuo, TSUKUBA - SHI 
305 SAKATA SEED Corp., Kakegawa Breeding Station, Dr. K. Miyoshi, KAKEGAWA - SHIZUOKA 
436-01 ~ Sakata Seed Corp., Plant Biotechnology Center, Toshio Shiga, SODEGAURA, CHIBA, 299-02 
~ Shizuoka Agricultural Experimental Station, SHIZUOKA The Nippon Shinyaku, Institute for Botanical 
Research, Oyake Sakanotsuji-cho 39, KYOTO 607 YUKURA Yasuo 46.7 3-Chome, TOKYO  
 
JORDAN  
Department of Agricultural and Scientific Research and Extension, AMMAN Ministry of Agriculture, 
National Centre for Agricultural Research and Technology Transfer, BAQA'A 19381  
 
KENYA , National Horticultural Research Station, THIKA  
Department of Crop Science, University of Nairobi, NAIROBI  
 
KIRIBATI  
Agricultural Division, P.O.Box 267, TARAWA  
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KOREA DEMOCRATIC REPUBLIC  
Pilot Greenhose Farm, PYONGYANG Pyongyang Vegetable Research Center, PYONGYANG  
 
KOREA, REPUBLIC OF  
Choong Ang Seed Co. Ltd., Dr II-Woong Yu, CHEONAN CITY - CHOONG NAM 330-170  
Department of Agricultural Biology, College of Agriculture and Life Sciences, Seoul National University, 
SUWON 441- 744 Department of Horticulture, College of Agriculture Seoul National University, 
SUWEON 170 Dept. of Horticulture, College of Agriculture, Kyungpook National University, TAEGU 
702-701 Div. of Vegetable Breeding, Horticultural Experiment Station, SUWON 441-440 Horticultural 
Experiment Station, PUSAN 57111 HUNGNONG Seed Co., Joongbu Breeding Research Station, 
SEOUL NONG-WOO SEEDS, Plant Breeding Research Institute, 387-2 Sasa-2Ri, HWASONG 445-820 
OSAN, Breeding Institute, Choong-Ang Seeds Co. Ltd., HWASUNG KYOUNGGI445-810 SEOUL 
SEED International Co. Ltd., Chongill BID 736-17 Yeoksam-dong, SEOUL  
 
KUWAIT  
Agricultural Experimental Station, c/o Ministry of Public Works, SAFAT  
 
LEBANON  Plant Breeding Dept., Agricultural Research Inst., TRIPOLI .. Faculty of Agricultural and 
Food Sciences, BEIRUT . Institut de Recherche Agronomique du Liban (IRAL)  
 
LESOTHO  
Lesotho Agricultural College, MASERU 100  
 
LIBERIA  
CARl, Central Agricultural Research Institute, GBARNGA-BONG COUNTY CARl, Central 
Agricultural Research Institute, MONROVIA, SUAKOKO  
  
LIBYA 
Agricultural Research Station, TRIPOLI nI:~ National Bureau for Agricultural Consultations and Studies, 
TRIPOLI  
MADAGASCAR  
Centre National de la Recherche Appliquee au Development Rural, ANTANANARIVO (101)  
 
MALAWI  
Bunda College of Agriculture, University of Malawi, LILONGWE Bvumbwe Agricultural Research 
Station, LIMBE The Officer-in-Charge, Chitedze Agricultural Research Station, LILONGWE The 
Principal Natural Resources College, LILONGWE  
 
MALAYSIA  
Dept. of Agronomy and Horticulture, University of Agriculture Malaysia, SERDANG - SELANGOR  
Dept. of Genetics & Cellular Biology, University of Malaya, KUALA LUMPUR 22-11 MARDI, 
KUALA LUMPUR MARDI, Research Station JALAN KEBUN, SERDANG-SELANGOR MARDI, 
Tanah Rata 39007, Cameron Highlands - PAHANG  
 
MALI  
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Institut d'Economie Rurale, Ministere de I'Agriculture, BAMAKO MALTA Department of Science, 
University of Malta, University Campus, MSIDA MARTINIQUE , I.R.A.T.-C.I.R.A.D., FORT DE 
FRANCE  



MAURITANIA  
Centre Nat. de Recherche Agronomique et de D~veloppement de I'Agriculture, Ministere de 
I'Agriculture, Dept. de I'Horticulture, NOUAKCHOn  
 
MAURITIUS  
Ministry of Agriculture and Natural Resources, Agricultural Service, PORT LOUIS  
 
MEXICO   
Centro de Botanica, Colegio de Postgraduados, 56230 CHAPINGO-Estado de Mexico Centro de 
Investigaciones Agricolas del Nord, INIA-SARH, 3300 CD. DELICIAS - CHIH. Experimental Station 
Celaya, INIFAP, CELAYA-GTO 38000 Genetic Center, College of Postgraduate, 56230 MONTECILLO 
IBPGR, Oficina para Latinoamerica, c/o CIMMYT, MEXICO 06600 D.F. Instituto Nacional de 
Investigaciones Forestales y Agropecuarias (INIFAP), Dr. Juan Hernandez Hernandez, 93400 
PAPANTLA-VERACRUZ Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias 
(INIFAP), MEXICO CITY Instituto Nacional de. Investigaciones Agricolas, Apartado Postal C-1, 
TAMPICO Jose A. Laborde, CELAYA-GTO. 38040  
Library, C.I.F.A.P., Campo Exper. del Sur de Tamaulipas Apartado Postal C-1, TAMPICO  
 
MOROCCO  
Complexe Horticole, Institut Agronomique et Veterinaire, Hassan I" AGADIR Direction de la Production 
Vegetate, Ministere de I'Agrlculture et de la Reforme Agranre, RABAT Division de la Documentation et 
de I'lnformation, Direction de /a Pianification et des Affaires Economiq., RABAT - DiVision de 
Recherches et Experimentations Foresters, Bibliotheque, RABAT - AGDAL Ecole Nationale 
d'Agriculture, MEKNES Ecole Nationale Forestiere des Ingenieurs, SALE Institut de Technoiogie 
Horticole, MEKNES Institut National de la Recherche Agronomique, INRA, RABAT Societe du 
Developpement Agricole (SODEA), RABAT  
 
MOZAMBIQUE  
Facultad de Agricultura, Universidade Eduardo Mondlane, MAPUTO  
 
MYANMAR  
Institute of Agriculture, University of Yangon, University Estate, YANGON Dept. of International Book 
Exchange, Central Scientific Agricultural Library, 107804 GSP-MOSCOW B-139 Majkop Research 
Station of Vavilov Institute of Plant Industry, 352772 MAJKOP REGION - SUNTUK N.I.Vavilon All 
Union, Inst. of Plant Industry, 190000 S. PIETROBOURG Research Inst. on Vegetable Crop Breeding 
and Seed Production, 143080 ODINTSOV district  
 
RWANDA  
Institut des Sciencies Agronomiques du Rwanda (ISAR), BUTARE  
SAMOA  
Department of Agriculture, Ministry of Agriculture, APIA SAO TOME AND PRINCIPE Ministerio da 
Agricultura, Estacao Experimental, SAD TOME  
SAUDI ARABIA  
Department of Horticulture, Ministry of Agriculture, RIYADH  
SENEGAL  
Centre pour Ie Development de "Horticulture (ISRA), DAKAR CORAF, Vegetable Research Network 
Attn. Alain Mbaye, DAKAR  
SEYCHELLES  
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Direction Generale de la Production Agricole, Ministere de "Agriculture, GRAND'ANSE, MAHE 
Grand'Anse Experimental Centre GRAND'ANSE, MAHE  



SLOVAK REPUBLIC  
Research and Breeding Inst. for Vegetable and Special Plants, 94701 HURBANOVO  Research and 
Breeding Institute for Vegetable and Special Plants, 94001 NOVE ZEMKY Research Breeding Station, 
Novofruct s.e., 94043 NOVE ZAMKY Slachttitelska Stanica, CRALOVA PRI SENCI Vyskumnya 
slaschtitelsky ustav zeleniny-VRBANOVO, 93041 KVETOSLAVOV  
SLOVENIA  
Agricultural Institute of Slovenia, Dr. Mihaela Cerne, 61109 LJUBLJANA SOLOMON ISLANDS Dodo 
Creek Research Station, HONIARA  
SOUTH AFRICA Division of Plant and Seed Control, PRETORIA 0001  
SPAIN  
C.S.I.C., Estacion Experimental La Mayora, ALGARROBO-COSTA MALAGACentro de 
Investigaciones Agrarias, 26080 LOGRONO Clause Iberica S.A., PATERNA (Valencia)  
Departamento de Bioquimica y Biologia Molecular, Universidad de Almeria, 04120 LA CANADA DE 
SAN URBANO Dept. de Biologia Animal y Vegetal, F. Merino de Caceres, Universidad de La Coruna, 
15701 LA CORUI'JA Diputacion General de Aragon, Servicio de Investigacion Agraria, Seccion 
Documentacion y Bibliotheca, 50080 ZARAGOZA Escuela de Capacitaci6n Agraria, DON BENITO 
(Badajoz) GIL ORTEGA R., D.G.A. - S.I.A., 50080 ZARAGOZA Horticulture Department, C.R.I.A., 
MURCIA I.N.I.A., Dr.F.Ponz, 28080 MADRID Instituto Nacionallnvestigaciones Agrarias., Cit. Centro 
Inv. y Tecn. Biblioteca, 28040 MADRID :-, Plant Protection Department, C.R.I.A., MURCIA 
Polytechnical University of Valencia, Biotechnology Department, Dr. F. Nuez, 46020 VALENCIA 
Polytechnical University of Valencia, Plant Protection Department Pathology, 46020 VALENCIA Semi 
lias Fit6, BELLPUIG (Lerida) Semillas Pioneer S.A., J. Riado Abad, 04710 EL EJIDO (ALMERIA) 
SEMILLAS RAMIRO ARNEDO, CALAHORRA-LOGRONO Sluis & Groot Semi lias, EL EJIDO-
ALMERIA  
SRI LANKA  
Agricultural Research Station, MAHAILLUPPALLAMA 
Central Agricultural Research Institute, GANNORUVA, PERADENIYA Food Technology 
Section, Ceylon Inst. of Scientific and Industrial Research, COLOMBO Government's 
Department of Agriculture,PERADENIYA ST. LUCIA C.A.R.D.I., CASTRIES  
 
SUDAN  
Agricultural Research Corporation, Horticulture Germplasm Unit, WAD MEDANI Department of 
Horticulture, Faculty of Agriculture, University of Khartoum, SHAM BAT, KHARTOUM University of 
Gesira, Faculty of Agricultural Sciences, Dept. of Horticulture, WAD MEDANI SUISSE Nestec S.A, 
CH-1800 VEVEY "  
 
SURINAM  
Surinam Agricultural Experiment Station, Cultuurtuinlaan, PARAMARIBO '.  
  
SWAZILAND  
Agricultural Research Division, MALKERNS University of Swaziland, KWALUSENI  
 
SYRIA  
Faculty of Agriculture, Damascus University, DAMASCUS Faculty of Agriculture, University of Aleppo, 
ALEPPO  
 
TAIWAN  
RO.C. DAIS, T AINAN Dept. of Horticulture, Nat. Chung Hsing Univ., TAICHUNG 40227 Dept. of 
Horticulture, Nat. Taiwan University, TAIPEI Dr. Jan-Fen Wang, The Asian Vegetable and Research 
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Development Center, SHANHUA - TAl NAN Fengshan Tropical Hort. Exp. Stat., Fengshan - 
KAOHSIUNG  
Information and Documentation, The Asian Vegetable Research and Development Center, SHANHUA 
TAl NAN 74199 Library, Taiwan Agric. Research Inst., WAN-FENG WU-FENG TAICHUNG Lowell 
L. Black, The Asian Vegetable Research and Development Center, SHANHUA, TAINAN 741 National 
Chiayi, Inst. of Agriculture, CHIAYI Taiwan Seed Improvement and Propagation Station, TAICHUNG  
 
TANZANIA  
Horticultural Training and Research Institute, Tengeru, ARUSHA Sokoine University of Agriculture, 
OAR ES SALAM  
 
THAILAND  
APTA, Phaya Thai Court, BANGKOK 10400 AVRDC, Thailand Outreach Program, Kasetsart 
University, (Kasetsart) BANGKOK 10903 CHIA TAl Company Limited, BANGKOK 10100 Div. of 
Horticulture, Dept. of Agriculture, Bagkhen - BANGKOK EAST-WEST Seed Co. Ltd., Mr. S. J. de Joop, 
CHIANG MAl 50290 Faculty of Agriculture, Chiang Mai University, CHIANG MAl 50002 Horticulture 
Research Institute, Headquarters, Dept. of Agriculture, Ministry of Agriculture and Cooperatives, 
BANGKOK 10900 r Thep Watana Seed Co. Ltd., BANGKOK 10500  
 
THE NETHERLANDS  
BEL AGRO Handelmaatschappij b.v., 1001 AS AMSTERDAM 
Bruinsma Seed b.v., Jurko Leij, 2670 AA NAALDWIJK Chronica Horticulturae, CH-ISHS, 6703 BC  
 
 
 
 
WAGENINGEN De Ruiter Seed, 2665 BLEISWIJK DE RUITER ZONEN, Dr. D. Vreugdenhil, 2691 
RA 'S GRAVENZANDE Enza laden, De Enkhuizer Zaadkandel b.v,. R.Kuijsten, 1600 AA 
ENKHUIZEN 78 EUCARPIA Secretariat, 6700 AH WAGENINGEN Gebr. Bakker Zaadteelt 
Zaadhandel, 1723 LM NOORDSCHARWOUDE  
Glasshouse Crops Research and Experiment Station, 2670 AA NAALDWIJK Institute of Horticultural 
Plant Breeding, 6700 AA WAGENINGEN Keygene NV, 8700 AE WAGENINGEN " 
Hortinnova Research Inc., Joseph Stem, SAN JUAN BAUTISTA -California 95045  
fFAS, University of Florida, Agric. Research and Education Center, FORT PIERCE - Florida 33454 
IFAS, University of Florida, Agronomy Department, GAINESVILLE - Florida 32611-0621 IFAS, 
University of Florida, ARES BELLE GLADE - Florida 33430 IFAS, University of Florida, DELRAY 
BEACH-Florida 33444  
tFAS, University of Florida, Prof. Robert E. Stall, Plant Pathology Department, GAINESVILLE - Florida 
32611-0513 Library, CORNELL University, New York State Agricultural, GENEVA-New York 14456  

 108

National Seed Storage Laboratory, U.S. Dept. Agriculture, Colorado State University, FORT COLLINS-
Colorado 80523 New Mexico State University, Dept. of Agronomy and Horticulture, Dr. P. W. Bosland, 
LAS CRUCES-New Mexico 88003 New York Botanical Garden, Library, Serials & Exchange, BRONX-
N.Y. 10458 - 5126 Pepper Research Inc., Dr. S.R.Subramanya, BELLE GLADE-FL 33430 PETOSEED 
Co, Dr. Kenneth Owens, WOODLAND - CA 95695 Petoseed Florida Research, Dr. Dale S. Kammerlohr, 
FELDA - FLORIDA 33930-0249 Rogers Food Co., Chili Products, Dr. P.A. Gniffke, 39502 Cypress 
Ave., GREENFIELD-CA 93927 ROGERS SEED Co., Steven J. Czaplewski, BOISE -IDAHO 83711-
4188 -"- Suburban Experiment Station, University of Massachussets, WAL THAM-Ma 02254  Texas 
Agr. Exp. Station, The Texas University, WESLACO - Texas 78596-8399. The Pepper Gal National Hot 
Pepper Association, Dr. Elisabeth A. Payton, FORT LAUDERDALE - FL 33311 The Pillsbury 
Company, Technology Center, Att. Bonnie Moore, MINNEAPOLIS - MN 55414-2198 USDA, Agr. 



Mark. Serv., Plant Variety Protection Office, NAL Bldg.-Room 500, BELTSVILLE - Maryland 20705-
2351 USDA, National Agricultural Library, Current Serial Records Rm 002, BELTSVILLE - Maryland 
20705 USDA-ARS Southern Regional, Plant Introduction Station, EXPERIMENT-Georgia 30212 
USDA-ARS-SM, Gilbert R.Lovell, GRIFFIN-GA 30223-1797  
 
UGANDA Library, Kawanda Agricultural Research Station, KAMPALA  
 
UNITED ARAB EMIRATES  
Agricultural Research Centre Digdaga, RAS AL KHAIMAH  
 
URUGUAY Centro de Investigaciones Agricolas "Alberto Boerger" (CIMB), LA ESTANZUELA, 
COLONIA  
Consejo Nacional de Investigaciones Cientificas y Tecnicas (CONICYT), Reconquista 535 p 7, 
MONTEVIDEO  
VENEZUELA FUSAGRI, 2122 ARAGUA  
Universidad de Oriente, ESTADO MONAGAS  
 
VIETNAM Vietnam Institute of Agricultural Science and Technology, HANOI  
 
YEMEN  
Hits Yemen (Cal Poly), SANA'A Y.A.R.  
 
YUGOSLAVIA  
Vegetable Research Institute, Palanka, 11420 SMEDEREVSKA PALANKA VITAMIN, Spice Pepper 
Breeding Station, 24420 HORGOS  
 
ZAIRE  
Institut National pour l'Etude et la Recherche Agronomique (INERA), KISANGANI  
 
ZAMBIA  
University of Zambia, LUSAKA "!-  
 
ZIMBABWE ..  
Department of Agricultural, Technical and Extension Services (AGRITEX), Ministry of Lands, 
Agriculture and Rural "/ Resettlement, HARARE  
Department of Research and Specialist Services (R & SS), Ministry of Lands, Agriculture and Rural 
Resettlement, HARARE 
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