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ABSTRACT

Blaker, N. S., and Hewitt, J. D. 1987. A comparison of resistance to Phytophthora parasitica in tomato. Phytopathology 77:1113-1116.

The basis of resistance in tomato to Phytophthora parasitica was
examined using three resistant genotypes, CX8303, 27-1A, and LA1312
and two susceptible cultivars, 6203 and Peto 343. Seedlings were grown
hydroponically and inoculated with 2 X 10° zoospores. Microscopic
examination of root tips 5 hr after inoculation showed no genotypic
differences in the number of zoospores encysted on 2 cm of root tip. Linear
colonization of taproots of young seedlings was examined by growing
plants in root boxes and inoculating root tips with approximately 200
zoospores. After 3 days, roots were sectioned into 1-cm lengths, which were
plated sequentially on P1oVP medium. In 27-1A and LA1312, P. parasitica
was only isolated < 2.5 cm from the root tip, whereas the fungus was
detected 5.5-6.1 cm from the point of inoculation in the other three
genotypes. The number of propagules of P. parasitica per gram of root
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tissue (ppg) in inoculated root systems was estimated by using root
maceration and dilution plating methods. LA1312 and 27-1A had the
lowest level of infection (2.1 and 3.2 X 10° ppg, respectively). CX8303 had
significantly less infection (6.8 X 10° ppg) than Peto 343 and 6203 (14.1 and
9.7 X 10° ppg, respectively). Root growth after inoculation, or mechanical
pruningin the absence of P. parasitica, was measured in three genotypes by
using a grid intersect method. Four weeks after inoculation, total root
lengths in 27-1A, CX8303, and Peto 343 were 1,714, 1,314, and 427 cm,
respectively. There were no genotypic differences in total root length 2 wk
after root pruning. All three genotypes had root lengths of 830-910 cm.
Differences in root growth after inoculation may be due to differences in
severity of root infection.

cerasiforme.

Phytophthora root and crown rot, caused primarily by
Phytophthora parasitica Dastur and P. capsici Leonian, is
annually responsible for major losses in California processing
tomatoes (3,10,18). Control strategies have generally focused on
good water management and, to a lesser degree, use of chemicals.
Recently, however, rapid and reliable methods for screening large
numbers of tomato seedlings for resistance to P. parasitica were
developed (3,19), and resistance was detected in both tomato
cultivars and accessions of Lycopersicon esculentum var.
cerasiforme (Dun.) A. Gray (2,3). Thus far, resistance has been
identified in several tomato genotypes from diverse genetic
backgrounds (2,3). A knowledge of the biological basis of
resistance in tomato may be useful in designing a breeding program
and in improving screening methods for resistance to P. parasitica.

The purpose of this study was to determine quantitatively the
basis of resistance in one commercial tomato cultivar and two
accessions of L. esculentum var. cerasiforme.

MATERIALS AND METHODS

Three tomato cultivars, Peto 343, 6203, and CX8303 obtained
from seed companies and two accessions of L. esculentum var.
cerasiforme, LA1312 and 27-1A, collected by C. M. Rick
(Department of Vegetable Crops, University of California, Davis)
were grown from seed in a steam-pasteurized UC mix (14) in all
experiments. In previous studies (2,3), Peto 343 and 6203 were
found to be susceptible to P. parasitica, whereas CX8303, LA1312,
and 27-1A were determined to be equally resistant. A pathogenic
isolate of P. parasitica (obtained from R. G. Grogan, University of
California, Davis) was used to inoculate tomato lines. Zoospore
inoculum was prepared by growing P. parasitica on V-8 agar plates
at 24 C for 7 days. Colonized agar plates were cut into
approximately 4-cm pieces, and contents of five plates were placed
in a 30- X 23-cm plastic box containing 300 ml of 2% aqueous soil
extract and incubated at 24 C for 48 hr to obtain numerous
sporangia. Sporangia were induced to release zoospores by chilling
at 4 C for 20 min, followed by rewarming at 25 C. Zoospores were
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separated from agar by filtration through a single layer of
cheesecloth.

Zoospore encystment. Six seedlings of each genotype were
removed from the UC mix, established in a hydroponic system,
and inoculated as described by MacDonald (13). Plants were
grown in 2-L ceramic crocks to the three-leaf stage, at which time
seedlings were removed from the crocks and placed in beakers
containing 2X 10° motile zoospores in 400 ml of distilled water for
5 hr. To minimize the possibility of wounding, roots were not
directly handled during the inoculation procedure. Twenty 2-cm-
long root tips were clipped from each genotype and fixed in 2%
glutaraldehyde in 0.1 M phosphate buffer (pH 7.2). Root tips were
mounted on glass slides, stained with acid fuchsin in lactophenol,
and viewed at X100 magnification to count the number of encysted
zoospores on each root (13). This experiment was repeated twice,
and data were analyzed by using a one-way analysis of variance.

Root colonization. Root colonization was studied in two ways.
The extent of linear hyphal growth from infected root tips and
severity of infection based on the number of fungal propagules in
the entire root system were both examined.

To determine the distance P. parasitica could colonize from a
single infection site, seedlings were grown in thin, modified root
boxes (20 X 30 X 2 cm) made from the lids of plastic boxes. The
front faces of the root boxes were made from clear 0.5-cm-thick
acrylic to allow undisturbed access to roots. A clear acetate sheet
was placed between the soil and the acrylic face to prevent roots
from adhering to the acrylic. The root boxes were held together by
two clips on each side and were covered with aluminum foil to
block light. Fifteen seeds of each genotype were planted at the top
of the root box between the soil and acetate sheet. Root boxes were
placed upright in a growth chamber adjusted to provide 16-hr of
light with 28 C day and 26 C night temperatures. Seedlings were
watered twice daily with distilled water.

Ten to fourteen days after planting, taproots of 10 seedlings in
each root box were inoculated by removing the acrylic face and
acetate sheet and placing a holder made from a 2-cm-long piece of
tygon tubing cut in half longitudinally under the root tip. A 20-ul
drop containing an average of 200 zoospores was placed on each
root tip. The acetate sheet was replaced over roots and soil and
covered with moist paper towels to prevent the roots from drying.
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After 2 hr, holders were removed, and six 0.5-cm leaf disks cut
from newly emerged citrus leaves were placed along the length of
the taproot, 2 to 3 mm away from the root as bait, to detect any
secondary zoospore production. Previous experiments had shown
that the isolate of P. parasitica used in these experiments would
readily infect citrus leaves at a concentration of < 20 zoospores per
milliliter. Boxes were reassembled and returned to the growth
chamber.

Three days after inoculation, lateral roots were clipped off, and
adhering soil was rinsed with distilled water from the taproots.
Roots were sectioned into 1-cm segments and arranged on P;oVP
(16) agar plates sequentially according to distance from the root
tip. After 3 days at 25 C, the extent of root colonization was
assessed by counting the number of consecutive segments from
which mycelium of P. parasitica could be observed growing in the
medium. Citrus leaf disks also were plated out on P10 VP medium
to detect the presence of Phytophthora. Root colonization
experiments were repeated twice, and data from both experiments
were combined and analyzed using a one-way analysis of variance.

The rate of linear colonization was studied over 4 days in Peto
343, CX8303, and 27-1A. Seedlings were grown and inoculated as
described above. At 24-hr intervals after inoculation, 7-10
taproots from seedings of each genotype were removed from the
root boxes, sectioned, and plated out as before. Because of the
difficulty in uniformly inoculating large numbers of roots and a
limited number of root boxes, all seedlings in the study could not
be inoculated simultaneously; however, all seedlings within a given
time interval were inoculated at the same time. Experiments at
each 24-hr interval were repeated three times, and data were
combined.

The severity of root infection was determined by estimating the
number of propagules of Phytophthora per gram of root tissue by
using root maceration and dilution plating techniques similar to
those of Kellam and Coffey (11). Sixteen seedlings of each
genotype were transplanted into 10-cm-diameter pots (four plants
per pot) containing steam-pasteurized river sand and irrigated
daily with water or nutrient solution (Plantex, 15N-15P-30K,
Plantco, Inc., Bramalea, Ontario, Canada) on alternate days.
Plants were grown in the greenhouse for 4 wk, at which time they
were inoculated by adding 15 ml of soil extract containing 10°
zoospores to each pot and were then flooded with distilled water
for 24 hr. To prevent secondary inoculum production, plants were

TABLE 1. Comparison of zoospore encystment, linear colonization,
severity of infection, and potential regeneration of roots of five tomato
genotypes resistant or susceptible to Phytophthora parasitica

Potential
root
Linear Infection regeneration
colonization (ppg severity  (Total root
Zoospore  of taproot fresh root Jlength,”
Genotype encystment” (cm)™ X 10%)* (cm)
27-1A (R) 17.7 a* 22a 2.1a 910 a
LA1312 (R) 26.0 a 24a 32a
CX8303 (R) 25.5a 6.1b 6.8b 832a
Peto 343 (S) 139 a 57b 14.0 ¢ 952 a
6203 (S) 288 a 59b 9.7c¢

“Mean number of zoospore cysts per 2 cm of root tip. Mean based on 20
root tips per genotype.

“Taproots of seedlings (10 per genotype) were inoculated at the tip with
approximately 200 zoospores. After 3 days, roots were sectioned in 1-cm
pieces and plated on P oVP agar plates. Data are averages of two
experiments.

*Root systems were inoculated with 10° zoospores and incubated 3 days at
which time root systems were macerated, diluted, and plated out on P,oVP
medium. The number of colonies of Phytophthora per plate were counted
and propagules per gram fresh weight estimated. Means are based on four
replicate pots with four plants per pot.

"Total root length of uninoculated plants estimated using grid intersect
method 2 wk after root clipping and expressed as a mean root length of
five replicates.

“Values in a column followed by the same letter do not differ significantly,
P =0.05, according to Duncan’s multiple range test.
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notirrigated after the flooding period and showed no symptoms of
droughtstress (1). Three days after inoculation, tops of plants were
cut at soil level and discarded. All roots were removed from pots,
rinsed free of adhering sand, and uniformly blotted between eight
layers of paper towel. Roots from each pot were weighed and
ground in 30 ml of distilled water in a Waring blender at high speed
for 2 min. The macerated suspension was diluted 1:10 and 1:50 with
distilled water, and 1-ml samples of each dilution were spread on
each of five replicate plates of P,oVP medium. Colonies were
counted after 2 and 3 days, and the propagules of Phytophthora
per gram fresh weight of roots were calculated. This experiment
was repeated three times and was analyzed using Duncan’s
multiple range test.

Root growth. Root growth after inoculation was studied over a
4-wk period in 27-1A, CX8303, and Peto 343. Seeds were sown in
45 10-cm-diameter pots per genotype and maintained under
greenhouse conditions. On emergence, seedlings were thinned to
one plant per pot. At early flowering, 20 plants of each line were
inoculated with 10° zoospores per plant and flooded for 24 hr as
described above, and 20 plants were flooded only and served as
uninoculated controls. Roots of the remaining five plants were
harvested before inoculation for an initial root measurement. Root
systems of five plants of both inoculated and uninoculated plants
were destructively harvested every 7 days after inoculation for root
length measurements. Root systems were rinsed free of UC mix,
cut into pieces, and randomly spread between two 21- X 29-cm
sheets of glass on which a grid had been drawn. The distance
between grid lines was 1.25 cm. Root length for each plant was
estimated using a grid intersect method described by Tennant
(4,22). Root growth experiments were repeated twice and analyzed
at week 4 using Duncan’s multiple range test.

Potential root regeneration of uninoculated plants also was
compared in the same tomato lines. Plants of each genotype were
grown as described above. At flowering, five plants of similar size
were unpotted and all roots were clipped 5 cm from the crown.
Plants were then repotted and grown for 2 wk at which time total
root length per plant was measured as described above. Potential
root growth experiments were repeated twice and analyzed using a
one-way analysis of variance.

RESULTS

Zoospore encystment. When zoospore encystment was
compared on roots of resistant and susceptible lines, there was a
high degree of variability among roots from the same plant and
genotype. Within any genotype, the number of zoospore cysts ona
2-cm root tip ranged from two to nearly 100, and there were no
significant differences in zoospore encystment between tomato
lines. All genotypes had an average of 1429 zoospore cysts per
root tip (Table 1).

Root colonization. Differences in the linear extent of root
colonization from a single point of inoculation were apparent
between resistant and susceptible genotypes. In both cerasiforme
accessions, LA1312 and 27-1A, P. parasitica was isolated only
within 2.5 cm of the inoculated root tip 3 days after inoculation.
The fungus was detected approximately 6 cm from the root tip in
the other three cultivars (Table 1). The total root length of
inoculated roots ranged from 9 to 17 cm. Phytophthora was not
isolated from citrus leaf bait that were placed alongside inoculated
roots. Therefore, we believe that the presence of P. parasitica in
root tissue above the root tip was due to fungal growth through the
root and not infection by secondary inoculum.

When the linear colonization of roots was examined at 24-hr
intervals after inoculation, significant differences between
genotypes were observed within 48 hr (Fig. 1). The rate of
colonization in 27-1A was significantly slower over the 96-hr
period than in Peto 343 and CX8303. Within genotypes, there were
no detectable increases in root colonization between 72 and 96 hr.
It is not clear if fungal growth within roots was arrested or simply
slowed after 72 hr, and colonization studies beyond 96 hr are not
feasible in these root boxes.

When the relative intensity of root infection was studied using a




root maceration technique, all three resistant genotypes had
significantly fewer propagules per gram of root tissue than did the
susceptible cultivars, Peto 343 and 6203 (Table 1). LA1312 and
27-1A had the fewest propagules per gram fresh weight, whereas
CX8303 appeared to have an intermediate number of propagules.

Root growth. There were differences between genotypes in root
growth after inoculation. In Peto 343, which had the largest root
system before inoculation, total length declined during the 4 wk
after inoculatien, and this genotype had significantly a smaller root
system than CX8303 and 27-1A at the termination of the
experiment (Fig. 2). In these two genotypes, total root length was
constant for 3 wk after inoculation, and there was a significant
increase in root length in the fourth week. Root growth was greater
in 27-1A than in CX8303. Root length in uninoculated plants of all
genotypes increased throughout the experiment and 4 wk after
flooding were 2,038, 2,203, and 2,936 cm for CX8303, Peto 343,
and 27-1A, respectively. When roots received a mechanical
pruning, the potential to regenerate roots 2 wk after clipping was
the same in both susceptible and resistant genotypes (Table 1). In
all three lines, total root length 2 wk after pruning was 832-952 cm.

DISCUSSION

An understanding of the basis of resistance to Phytophthora
would be useful in designing breeding strategies. First, it might
help in making prudent decisions concerning the source of resistant
material used. If well-adapted cultivars possess the same form of
resistance as wild material, then it would be sensible to use the
former as a source of resistance. Also, if more than one type of
resistance is present, then a combination of these resistance
mechanisms might lead to a greater level of resistance and possibly
a more durable resistant cultivar.

From this study of three resistant genotypes, it appears that at
least two different types of resistance to P. parasitica exist in
tomato. Both mechanisms appear to result in less colonization of
roots by the fungus. In both accessions of L. e. var. cerasiforme,
27-1A and LAI1312, P. parasitica was detected only a few
centimeters from the point of inoculation. Inhibition of lesion
extension and hyphal growth have been demonstrated to be
important components of resistance to Phytophthora in other
crops (6,17,23). In the other resistant cultivar, CX8303, and in the
susceptible lines Peto 343 and 6203, P. parasitica was isolated
approximately 6 cm from the inoculated root tip. Yet when entire
root systems were inoculated, CX8303 had fewer propagules per
gram of root tissue than the susceptible cultivars (Table 1). This
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Fig. 1. Linear colonization of taproots by Phytophthora parasitica
examined at 24-hr intervals for 96 hr after inoculation. Seven to 10 root tips
were inoculated with approximately 200 zoospores. At each time interval,
roots were sectioned in 1-cm pieces and plated on P;oVP agar plates. Data
are averages of three experiments, and vertical lines represent standard
errors of means.

suggests that roots of CX8303 may not be as extensively colonized
as Peto 343 or 6203 and that perhaps just the outer cortical layers
are infected. Histological studies of roots of susceptible and
resistant safflower and strawberry inoculated with Phytophthora
have shown that hyphae penetrate roots of resistant cultivars but
are limited to the epidermal and outer cortical layers. In susceptible
lines, however, mycelia spread and extensively colonize the
vascular tissue (7,12). Similarly, an increase in disease severity in
salt-stressed chrysanthemum roots was associated with fungal
colonization of vascular tissue, whereas in nonstressed roots
Phytophthora was limited to the outer three to four cell layers (21).
Histological examination of inoculated roots is needed to compare
directly the extent of penetration and colonization of roots of
resistant and susceptible tomato lines.

Another possible explanation for the differences in the number
of propagules per gram of root tissue between cultivars is that P.
parasitica may form fewer reproductive structures in the
cerasiforme accessions and CX8303 relative to the susceptible
lines. However, in the dilution plating assay, the source of the
colonies was not examined, and no distinction was made between
mycelial fragments and reproductive or survival structures.

The genotypic differences in root growth after inoculation are
possibly a secondary type of resistance resulting from differences in
the severity of root infection. In both 27-1A and CX8303, root
regeneration was apparent 4 wk after inoculation, whereas in Peto
343 root length declined throughout the experiment (Fig. 2).
However, all three lines had an equal capacity to regenerate roots
after mechanical clipping (Table 1). Roots of resistant lines that are
less heavily colonized may be able to produce healthy lateral roots,
whereas roots that are severely rotted may have a limited capacity
for root regeneration. Although it may be a secondary type of
resistance in 27-1A and CX8303, abundant root growth after
inoculation most likely enhances the survival of these lines in
infested fields. Root growth has been shown to be important in
resistance to Phytophthora in citrus and avocado (1,5,11,20) and
may be the primary basis of resistance in other tomato lines.

Zoospore encystment on roots was highly variable, and
differences were not detected between genotypes. These results are
consistent with studies on other crops in which zoospores of
Phytophthora encysted and penetrated roots of susceptible and
resistant cultivars in equal numbers (7-9,15).
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Fig. 2. Root growth of three tomato genotypes after inoculation with 2 X
10° zoospores of Phytophthora parasitica per plant. Root growth was
measured before inoculation and at weekly intervals after inoculation and
was expressed as mean root length per plant, which was estimated using a
grid intersect method. Means are based on five replicates.
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These results suggest different mechanisms of resistance are
present in tomato genotypes from diverse genetic backgrounds. As
resistance to P. parasitica is detected in other genotypes and the
basis of resistance examined, still other types of resistance may be
apparent. This may allow for even greater possibilities in
developing a high level of durable resistance to Phytophthora root
rot.

LITERATURE CITED

1. Blaker, N. S. 1984. The effect of soil salinity on asexual reproduction
by Phytophthora parasitica and severity of Phytophthora root rot of
citrus. Ph.D. thesis. University of California, Davis. 65 pp.

2. Blaker, N. S., and Hewitt, J. D. 1987. Comparison of seedling and
mature plant resistance to Phytophthora parasitica in tomato.
HortScience 22:103-105.

3. Bolkan, H. A. 1985. A technique to evaluate tomatoes for resistance to
Phytophthora root rot in the greenhouse. Plant Dis. 69:708-709.

4. Bohm, W. 1979. Methods of Studying Root Systems. Springer-Verlag,
New York. 189 pp.

5. Broadbent, P., Fraser, L. R.,and Waterworth, Y. 1971. The reaction of
seedlings of Citrus spp. and related genera to Phytophthora
citrophthora. Proc. Linn. Soc. N.S.W. 96:119-127.

6. Byrt, P. N, and Holland, A. A. 1978. Infection of axenic Eucalyptus
seedlings with Phytophthora cinnamomi zoospores. Aust. J. Bot.
26:169-176.

7. Goode, P. M. 1956. Infection of strawberry roots by zoospores of
Phytophthora fragariae. Trans. Br. Mycol. Soc. 39:367-377.

8. Halsall, D. M. 1978. A comparison of Phytophthora cinnamomi
infection in Fucalyptus sieberi, a susceptible species, and Eucalyptus
maculata, a field resistant species. Aust. J. Bot. 26:643-655.

9. Hickman, C. J., and Ho, H. H. 1966. Behavior of zoospores in plant
pathogenic Phycomycetes. Annu. Rev. Phytopathol. 4:195-200.

10. Ioannou, N., and Grogan, R. G. 1984. Water requirements for
sporangium formation by Phytophthora parasitica in relation to
bioaasay in soil. Plant Dis. 68:1043-1048.

11. Kellam, M. K., and Coffey, M. D. 1985. Quantitative comparison of
the resistance to Phytophthora root rot in three avocado rootstocks.

1116  PHYTOPATHOLOGY

13.

14.

19.

20.

21.

22.

23.

Phytopathology 75:230-234.

. Klisiewicz, J. M., and Johnson, L. B. 1968. Host-parasite relationship

in safflower resistant and susceptible to Phytophthora root rot.
Phytopathology 58:1022-1025.

MacDonald, J. D. 1982. Effects of salinity stress on the development of
Phytophthora root rot of chrysanthemum. Phytopathology
72:214-219.

Matkin, O. A., and Chandler, P. A. 1957. The UC type soil mixes.
Pages 68-85 in: The U.C. System for Producing Healthy Container-
Grown Plants. K. F. Baker, ed. Calif. Agric. Exp. Stn. Man. 23. 332 pp.

. Mehrotra, R. S. 1970. Techniques for demonstrating accumulation of

zoospores of Phytophthora species on roots in soil. Can. J. Bot.
48:879-882.

. Mircetich, S. M., and Matheron, M. E. 1976. Phytophthora root and

crown rot of cherry trees. Phytopathology 66:549-558.

. Molot, P. M., and Mas, P. 1983. Resistance of pepper, Capsicum

annuum L. to Phytophthora capsici Leon. X. Action of temperature on
capsidol concentration and level of induced resistance. Agronomie
3:39-44.

. Satour, M. M., and Butler, E. E. 1967. A root and crown rot of tomato

by Phytophthora capsici and P. parasitica. Phytopathology
57:510-515.

Skadow, K. 1985. Eine Methode der Resisternzprufung von Tomaten
gegen Phytophthora nicotianae v. Breda de Haan var nicotiana. Arch.
Phytopathol. Pflanzenschutz 21:143-150.

Stolzy, L. H., Letey, J., Klotz, L. J., and Labanauskas, C. K. 1965.
Water and aeration as factors in root decay of Citrus sinensis.
Phytopathology 55:270-275.

Swiecki, T. J. 1984. Interactions between salinity and Phytophthora
root rots of chrysanthemum and tomato. Ph.D. thesis. University of
California, Davis, 108 pp.

Tennant, D. 1975. A test of a modified line intersect method of
estimating root length. J. Ecol. 63:995-1001.

Umaerus, V., Umaerus, M., Erjefalt, L., and Nilsson, B. A. 1983.
Control of Phytophthora by host resistance: Problems and progress.
Pages 315-326 in: Phytophthora: Its Biology, Taxonomy, Ecology, and
Pathology. D. C. Erwin, S. Bartnicki-Garcia, P. H. Tsao, eds.
American Phytopathological Society, St. Paul, MN. 392 pp.



ABBOTT LABORATORIES, Long Grove, IL
ADVANCED GENETIC SCIENCES, INC., Oakland, CA
AGRICULTURE CANADA, Vineland Station, Ontario
AGRI-DIAGNOSTICS ASSOCIATES, Cinnaminson, NJ
AGRI-SCIENCES, INC., Long Beach, CA

ALF CHRISTIANSON SEED CO., Mount Vernon, WA
AMERICAN CYANAMID CO., Princeton, NJ
ASGROW SEED CO., San Juan Bautista, CA

BASF CORPORATION, Pars'ippany, NJ

BUCKMAN LABORATORIES, INC., Memphis, TN
CALGENE, INC., Davis, CA

CARGILL, INC., Aurora, IL

CHEVRON CHEMICAL CO., Richmond, CA
CHEVRON CHEMICAL CO., San Francisco, CA

CIBA-GEIGY CORP., Agricultural Division,
Greensboro, NC

DEKALB-PFIZER GENETICS, DeKalb, IL
DEL MONTE CORP., San Leandro, CA

DEPARTMENT OF AGRICULTURE—AUSTRALIA,
Northfield, Australia

E. . DU PONT DE NEMOURS & CO., Newark, DE

ELI LILLY & CO., Greenfield, IN

FERMENTA PLANT PROTECTION CO., Painesville, OH
FERRY MORSE SEED CO., Modesto, CA

FUNK SEEDS INTERNATIONAL, INC., Bloomington, IL
GREAT LAKES CHEMICAL CO., W. Lafayette, IN
GRIFFIN AG PRODUCTS CO., Valdosta, GA
GUSTAFSON, INC., Des Moines, 1A

HARRIS MOR;\N SEED CO., Rochester, NY
HARTMAN'’S PLANTS, INC,, Sebring, FL

H. J. HEINZ CO., Bowling Green, OH

HOECHST ROUSSEL AGRI VET CO., Somerville, NJ

SUSTAINING ASSOCIATES

ICI AMERICAS, INC., Goldsboro, NC

ILLINOIS CROP IMPROVEMENT ASSOCIATION, INC.,
Urbana, IL

ILLINOIS FOUNDATION SEEDS INC., Champaign, IL
ISTITUTO DI FITOVIROLOGIA APPLICATA, Torino, Italy
ITESM, Queretaro, Mexico

JANSSEN PHARMACEUTICA, Piscataway, NJ

KALO, INC., Columbus, OH

LOXTON RESEARCH CENTRE, Dept. of Agriculture,
Loxton, S. Australia

MALLINCKRODT, INC., St. Louis, MO
MERCK & CO., INC., Rahway, NJ

MILES LABORATORIES, INC., Elkhart, IN
MOBAY CORP., Kansas City, MO

MONSANTO AGRICULTURAL CO., Chesterfield, MO

NOR-AM CHEMICAL CO., Wilmington, DE
NORTHRUP KING CO., Woodland, CA

0. M. SCOTT & SONS, Marysville, OH

PENNWALT CORP., Philadelphia, PA
PETOSEED CO., INC., Woodland, CA

PFIZER, INC.-TEKCHEM, Chemical Division, New York, NY

PIONEER HI-BRED INTERNATIONAL, INC., Johnston, IA
RHONE POULENC, INC., Monmouth Junction, NJ

ROHM & HAAS CO., Philadelphia, PA

SAKATA SEED AMERICA, INC., Salinas, CA
SANDOZ CROP PROTECTION CORP., Chicago, IL

UNIROYAL CHEMICAL, Bethany, CT

USDA FOREST SERVICE, Ogden, UT
WINDMILL PVT. LTD., Harare, Zimbabwe

W-L RESEARCH, INC., Highland, MD

W. R. LANDIS ASSOCIATES, INC., Valdosta, GA



