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.-------------------- Abstract --------------------. 

Examinat~on of the soil and root systems of 34 landscape-grown Japanese holly, (17 rated as healthy/I 7 as declining) was undertaken 
to determIne the rol~ of Thielaviopsis basieola and phytopathogenic nematodes in plant decline. One hundred roots per plant were 
cultured on carrot dISCS and the recovery of T. basieola was recorded. Soil was assayed for phytopathogenic nematodes and tested 
for P, K, Ca, Mg, soluble salts and pH. Thielaviopsis basieola was found to have colonized 33 of the 34 plants and the extent of 
occurrence was positively correlated with the presence of decline synlptoms. Declining plants had a total of 34% of intact roots 
colonized while healthy plants had 17%. Only one plant had a significantly high number of nematodes. Nematodes, soil pH, soluble 
salts, P, K, Ca, and Mg were not correlated with decline. 

Index words: Holly, Thielaviopsis basieola, decline 

Introduction 

Japanese holly (Ilex crenata Thunb. 'Helleri') is an im
portant landscape shrub. During 1979 in Virginia alone, 
more than 500,000 plants were propagated (5). Japanese 
holly is also one of the plants most frequently submitted to 
the Plant Disease Clinic at Virginia Tech., Blacksburg for 
diagnosis of dieback and decline (13). Dieback and decline 
or decreased growth rate of Japanese holly has been asso
ciated with Thielaviopsis basicola (Berk. & Br.) Fr. (8, 10), 
and nematodes (1, 2, 3, 6, 12). Colonization of holly roots 
by T. basicola resulted in stunted growth, chlorosis and 
"reduction" of foliage (10). Colonized roots developed dis
tinct dark brown to black lesions (9, 14). Root-knot ne
matodes [Meloidogyne javanica (Treub.) Chitwood, M. 
arenaria (Neal) Chitwood] cause stunting, defoliation, root 
knot and root necrosis on holly (2, 12). Tylenchorhynchus 
claytoni Steiner, Criconemoides xenoplax Raski (1) and 
Pratylenchus penetrans (Cobb) Filip. & Shuum-Stekh are 
also reported as pathogens of Japanese holly (6). This study 
was conducted to document the incidence of T. basicola 
and phytopathogenic nematodes associated with healthy and 
declining landscape-grown Japanese holly. 

Materials and Methods 

Five, three and seven different sites in the counties of 
Montgomery and Roanoke (southwest Virginia) and Fairfax 
(nolthem Virginia) respectively, were selected. In nlost cases, 
the sites were selected because healthy appearing and de
clining plants were growing adjacent to each other thus 
minimizing environmental variables. Froln these sites, 34 
'Helleri' Japanese holly were chosen and rated as either 
healthy or declining. Healthy plants had dark green leaves 
of normal size, and no defoliation. Declining plants had 

1Received for publication September 18, 1986; in revised form May 1, 
1987. Technical assistance of G. Stewart Bunn is gratefully appreciated. 

2Current address of author: Assistant Professor, University of Massachu
setts, Suburban Experiment Station, 240 Beaver Street, Waltham, MA 
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either chlorosis, dieback or both. Plants with evidence of 
insect infestations or other obvious problems were not in
cluded in this study. 

Ten to twelve 2.5 cm (1 in) dia. soil cores were taken 
randomly throughout the root zone of each plant. Roots 
were removed from the soil cores by wet sieving and placed 
in 250 ml beakers which were then covered with cheesecloth 
and washed with running tap water for 30 minutes. After 
the washing, approximately 300 intact feeder roots, 3-5 
mm (0. 1-0.2 in) in length, were excised from each root 
system, placed in 9 cm (3.5 in) sterile plastic petri dishes 
and rinsed with three changes of sterile distilled water. Al
though feeder roots were selected without regard to black 
root disease symptoms, obviously dead (shriveled or de
cayed) roots were intentionally not selected. One hundred 
roots were selected from the 300 (again, without regard to 
symptoms) and depending on the diameter of the carrot, 1
3 roots were placed on each slice. To prepare the slices, 
whole carrots were surface disinfected for 10 min. in 0.5% 
sodium hypochlorite, rinsed in sterile distilled water, sliced 
into 8 to 10 mm (0.3-0.4 in) thick discs and placed in sterile 
incubation chambers consisting of moistened filter paper in 
glass petri dishes. After 6 days incubation at 27°C (73°F), 
the total number of roots colonized by T. basicola was 
recorded for each plant. 

The soil was assayed for nematodes with a semi-automatic 
elutriator (4) followed by sugar flotation (6). Soil was tested 
for P, K, Ca, Mg; pH and soluble salts by the Virginia Tech 
Soil Testing Laboratory, Blacksburg, Va. 

Results and Discussion 

Thielaviopsis basicola was recovered from 33 of the 34 
plants examined. Twenty six percent of the 3,400 roots 
cultured were positive for T. basicola. Analysis of v:4rience 
showed that hollies rated as healthy had significantly less 
(p == 0.05) incidence of T. basicola than those rated as 
declining. Seventeen percent of the feeder roots of healthy 
plants were colonized by T. basicola; declining plants had 
340/0 incidence 9f colonization (Table 1). These data are 
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Table 1. Percent recovery of Thielaviopsis basicola from roots, number of phytopathogenic nematodes in soil, and soil characteristics for healthy 
and declining 'H4~lIeri' Japanese holly in the landscape. 

Meanz 

Healthy 

S.D. Mean 

Declining 

S.D. 

Roots with T. basicolaY 

Nematodes:~ 

Pratylenchus 

Meloidogyne 

Xiphinema 

Helicotylenchus 

Hoplolaimus 

Crinonemoides 

Hemicycliophora 

Trichodorus 

Paratylenchus 

17.41 

1.18 

1.18 

32.94 

102.94 

1.18 

37.65 

3.53 

2.35 

0.00 

17.12 

3.32 

4.85 

53.24 

287.66 

4.85 

111.38 

10.57 

9.70 

0.00 

33.82 

5.88 

0.00 

30.59 

49.41 

1.18 

0.00 

0.00 

4.71 

4.71 

20.17 

24.25 

0.00 

49.04 

140.91 

4.85 

0.00 

0.00 

13.28 

15.05 

Soil characteristicsw 

pH 
Soluble salts 
Phosphorus 
Potassium 
Calcium 
Magnesium 

6.92 
253.12 

14.94 
103.18 

1161.18 
112.76 

0.60 
109.56 

7.94 
37.15 
94.82 
14.17 

7.10 
279.41 

21.82 
90.05 

1167.53 
114.00 

0.61 
172.20 

12.89 
38.67 

130.82 
14.38 

ZData for calcium and magnesium do not represent the true mean because in most cases, soil samples were in excess of the upper limit of detection.
 

YNumber of intact roots per 100 from which T. basicola was recovered.
 

xNumber of nematodes extracted by wet sieving/sugar flotation per 500 cc of soil.
 

wSoluble salts and soil nutrients are expressed in ug/g.
 

representative of intact roots, irrespective of symptoms. No 
attempt was made to quantify the amount of detached or 
dead roots in the soil samples. 

Japanese holly has been reported to be a host of a number 
of phytopathogenic nematodes. With the exception of one 
plant, which had 100 Pratylenchus sp./500 cc (1 pint) of 
soil, none of the soil samples in this study had a significant 
number of nematodes. Recovery of T. basicola was also 
high for this plant (64%). Root-knot nematode was only 
recovered from one sample (20 juveniles/500 cc soil) and 
the plant was rated as healthy. The nematode extraction 
procedure used would not have detected root-knot nema
todes most efficiently:; however, galls were not observed on 
any of the roots exarnined. 

Analysis of soil nutrients and soluble salt levels did not 
reveal significant difft~rences between healthy and declining 
plants (Table 1). This was expected since most of the plants 
rated as healthy and declining were adjacent to each other. 
Phosphorous was lovi (less than 6 ug/g) for three healthy 
plants but not for any of the declining plants. Calcium was 
low (less than 1,100 ug/g) for two healthy plants and for 
one declining plant. 

A cause and effect relationship between the incidence of 
T. basicola and decline symptoms was not established here 
but there was a positive correlation. Also, it is apparent that 
undetermined factors are involved in Japanese holly decline. 
One plant that was rated as declining had only 1% of the 
intact roots positive for T. basicola. In this case, neither 
nutritional problems or nematodes were correlated with de
cline. Conversly, approximately 50% of the hollies listed 
as healthy occurred within the same frequency distribution 
with respect to incidence of T. basicola colonization, as 

declining plants (Fig. 1). Above-ground symptoms alone 
can be deceiving. For example, two specimens that were 
rated as healthy had 44% and 57% of the intact roots positive 
for T. basicola. Since the majority of plants rated as healthy 
and declining shared the same site, the influence of envi
ronmental factors such as exposure, air pollution, temper
ature and availability of water take on less importance as 
primary or predisposing factors. Furthermore, the random 
distribution of declining plants among healthy plants is 
symptomatic of an infectious, soil-borne disease. 

7 ~ Healthy 

(/)6 .....	 • Declining
C 

~5 
a. 

1-9 1·19 20·29 30"39 40·49 50·59 60"69 

Number	 of roots colonized 

Fig. 1.	 Frequency of distribution of the number of intact Japanese 
holly feeder roots colonized by Thielaviopsis basicola from 
a random sample of 100 roots per plant in plants rated as 
healthy and as declining. 
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Significance to the Nursery Industry 

Black root disease caused by Thielaviopsis basicola has 
been reported to be destructive to Japanese holly in nursery 
production. The study reported here demonstrates that there 
is also a correlation between decline of landscape-grown 
Japanese holly and the presence of T. basicola in the roots. 
In sonle cases, the disease may only result in decreased rate 
of growth without symptoms of dieback or chlorosis, thus 
poor health may not be recognized. Holly transplanted into 
the landscape with this disease may in time, decline. Fur
thernl0re, the site will become infested with a fungal path
ogen that has the ability to survive in soil for many years. 
It is in the best interest of propagators, nurserymen and 
landscape contractors to learn to recognize the root symp
toms of this disease and to avoid out-planting diseased plant 
material. 

Literature Cited 
1. Aycock, R., K.R. Barker, and D.M. Benson. 1976. Susceptibility 

of Japanese holly to Criconemoides xenoplax, Tylenchorhynchus claytoni, 
and certain other plant-parasitic nematodes. J. Nematology 8:26-31. 

2. Barker, K.R., and D.M. Benson. 1977. Japanese hollies: intolerant 
hosts of Meloidogyne arenaria in microplots. J. Nematology 9:330-334. 

3. Benson, D.M. 1978. A direct versus a photographic technique as 
nondestructive estimates of growth response on perennial ornamentals af
fected with nematode decline. Plant Dis. Rep. 62:68-70. 

4. Byrd, D.W., Jr., K.R. Barker, H. Ferris, C.J. Nusbaum, W.E. 
Griffin, and R.H. Small. 1976. Two semi-automatic elutriators for ex
tracting nematodes and certain fungi from soil. J. Nematology 8:206-212. 

5. Doerer, D.A. 1981. Marketing characteristics of the Virginia woody 
ornamental industry. M.S. Thesis, Virginia Tech, Blacksburg, VA. 

6. Heald, C.M., and W.R. Jenkins. 1964. Aspects of the host-parasite 
relationship of nematodes associated with woody omamf"ntals. Phytopath
ology 54:718-722. 

7. Jenkins, W.R. 1964. A rapid centrifugal-flotation technique for sep
arating nematodes from soil. Plant Dis. Rep. 48:692. 

8. Lambe, R.C., and W.H. Wills. 1976. Thielaviopsis root-rot of Jap
anese holly. Proc. Amer. Phytopathol. Soc. 3:264. 

9. Lambe, R.C., and W.H. Wills. 1978. Pathogenicity of Thielaviopsis 
basicola to Japanese holly (/lex crenata). Plant Dis. Rep. 62:859-863. 

10. Lambe, R.C., and W.H. Wills. 1980. Distribution of dieback as
sociated with Thielaviopsis black root rot of Japanese holly. Plant Disease 
64:956. 

11. Lambe, R.C., W.H. Wills, and L.A. Bower. 1979. Susceptibility 
of some /lex species to Thielaviopsis basicola. SNA Research Journal 
6:8-13. 

12. Sasser~ J.N., F.A. Haasis, and T.F. Cannon. 1966. Pathogenicity 
of Meloidogyne species on /lex. Plant Dis. Rep. 50:664-668. 

13. Wick, R.L. 1982. The Plant Disease Clinic and Weed Indentifi
cation Laboratory Annual Report. Department of Plant Pathology, Phys
iology and Weed Science, Virginia Tech, Blacksburg, VA. 

14. Wick, R.L., and L.D. Moore. 1983. Histopathology of root disease 
incited by Thielaviopsis basicola in I1ex crenata. Phytopathology 
73:561-564. 

Reducing Moisture Stress in Cornus f1orida 1 

J.D. Williams, H.G. Ponder, and C.H. Gilliam2 

Department of Horticulture
 
Alabama Agricultural Experiment Station
 

Auburn University, AL 36849
 

,------------------ Abstract ----------------------, 

Two experiments were conducted to evaluate potential means for reducing moisture stress in Cornus florida. In experiment 1, the 
antitranspirant (Folicote), and defoliation treatments were applied before inducing stress and after withholding water for 1 week. 
Folicote was not effective at either application time in reducing moisture stress~ plants treated with Folicote had similar shoot water 
potentials as untreated. Defoliation at both times reduced moisture stress cOlllpared to control plants. In experiment 2, two defoliants, 
(2 chloroethyl) phosphonic acid (ethephon) and 2,3 dihydro-5,6-dimethyl-1 ,4-dithiin 1,1,4,4, tetroxide (Harvade), were compared 
at 3 rates each. Percent defoliation of dogwood was similar among treatments after 26 days, with defoliation ranging from 78 to 
94 percent. 

Index words: Defoliation, antitranspirants, moisture stress 

Introduction 

Flowering dogwood is a moisture sensitive plant grown 
widely in the southeastern United States. Periods of drought 
stress occur almost annually in this area. Prolonged drought 
stress is detrimental to growth and survival of dogwood. 

IReceived for publication September 22, 1986; in revised form May 5, 
1987.
 
2Graduate Student, Professor, and Associate Professor, resp. Published on
 
Journal paper No. 11-861102 of the Alabama Agricultural Experiment
 
Station.
 

Reduction of the transpiring surface is one of the drought 
resistant mechanisms in many plants. Antitranspirants have 
been used for reducing transpiration rate and thus moisture 
loss from plants. According to Gale and Hagan (4), there 
are 3 basic types of antitranspirants-film forming, stomata 
closing and reflecting. Folicote, a film forming antitran
spirant, when applied at a 5% (volume) rate, reduced total 
transpiration in Hydrangea macrophylla by 10-150/0, (8). 
In a study by Davies and Kozlowski (3), Falicate reduced 
transpiration in Fraxinus americana for 8 days, ~ut exhib
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