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in early spring. This suggests that the difference in sur
vivability between the early and later digging times may 
not be due to the later dug plants having developed new 
active roots during the fall and winter. There appears to 
be some physiological factor which is possibly triggered 
by chilling, photoperiod, carbohydrate translocation or 
other process that influences transplant survival. 

Plants dug and shipped in the spring survived and 
grew well, however, 4/22 is a very late planting date for 
southern nurserymen although it is early for Northern 
Wisconsin. Labor is less available in the spring making 
fall digging and transplanting advantageous in the 
Southern U.S., especially if survival is similar to spring 
planted material and an earlier flush of growth is ob
tained. 

Significance to the Nursery Industry 

This study shows that mugo pine, Pinus mugo 
'Mughus' can be effectively grown in northern Wiscon
sin, then dug and shipped to southern nurseries with lit
tle if any loss if they are not dug too early. Likewise, 
storage of mugo pine did not influence survival as long 
as they were not dug too early. This study suggests 
southern container growers can obtain northern grown 
plants in the fall when labor pressures are light yet ob
tain acceptable survival rates. 
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------------------Abstract-----------------. 

Copper hydroxide [CU(OH)2] (Kocide 101® ) used as a fungicide initially increased leaf copper (Cu) in 'Hinod~giri' and 
'Massasoit' azaleas (Kurume type). There was a direct relationship between CU(~H~2 rates. a.~d lea~ c:~ of '~assasolt' up to 4 
times the commercial rate of 3.58 grams ai/liter (3.08 lb/IOO gal). Leaf Cu of Hinodegiri was initially directly related to 
CU(OH)2. At rates greater than 0.47 grams ai/liter (0.77 lb/IOO gal), leaf Cu became inversely relate~ to the rate of C~(OH)2. 

No visual phytotoxic symptoms were observed at 4 times the commercial rate. Erroneous interpretatIo.n ~f leaf analY~I~ co~ld 

occur if the interpreter was not aware of recent CU(OH)2 fungicide applications. Growers should not eliminate Cu fertilization 
based on CU(OH)2 sprayed plants. 

Index words: Rhododendron, tissue analysis. 

Introduction 

Pest management is an important tool in the produc
tion of container-grown nursery plants in the South. 
Herbicides, insecticides and fungicides are often used 
individually or in various combinations by growers. Re
cently, pesticide application has been related to changes 
in nutritional status of plants. Significant reduction in 
total N and protein N in mature tomato foliage follow
ing application of some herbicides was reported by 
Glaze and Gaines (3), but an increase in protein Nand 
nitrate N of several other species was noted by Eastin 

(2). . id 1 ..
Application of nutrient sprays with fungici a activity 

modified the effect of Sclerotinia blight disease in pea

1Received for publication February 10, 1983. 

2Research Horticulturist. 

nuts (4). Nitrogen fertilizer affecte~ the susceptibilit~ of 
Juglans nigra to anthracnose organIs~s (7).and applica
tion rates were indirectly correlated with disease seven
ty. Ammonium fertilizer apparently increased the devel
opment rate of blossom-end rot of tomato as well as re
ducing tissue levels of calcium and magnesium (12). Ef
fects of pesticides on nontarget organisms also have 
been noted (8). Pest management is considered essential 
for maximum production in the nursery industry be
cause container-grown plants are a predominant cul
tural method of the South. This cultural method of pro
duction predisposes these crops to fungal infection due 
to frequent irrigation which serves to spread and en
hance fungal infections. Therefore, many nurseryme.n 
make repeated fungicide applications on a prophylactic 
basis. Disease severity is often related to the nutritional 
level of the plant and fungicide sprays may alter nutrient 
content through foliar absorption. However, little in-
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formation is available to correlate fungicide application 
with plant nutrition. Since nurserymen routinely apply 
fungicides, knowledge of the contribution of fungicide 
application to plant nutrition would aid growers in 
evaluating fertilizer programs. 

Leaf Cu requirements for 'Gloria' azaleas have been 
determined to be 5 ppm with 3 ppm leaf Cu being a 
marginal leaf content to prevent Cu deficiency (II) . The 
objective of this study was to examine the relationship 
between copper hydroxide applications and the leaf cop
per content of 2 azalea cultivars. 

Materials and Methods 

'Hinodegiri' and 'Massasoit' azaleas were grown 
from April to November 1979 in pine bark:peat moss : 
sand (I: 1:1) amended with dolomite, gypsum, trace ele
ments, and NPK fertilizer. There were 4 plants per repli
cate and 4 replicates per treatment. Treatments con
sisted of CU(OH)2 at 0.47,0.92, and 3.58 grams ai/liter 
(0.06, 0.12, 0.48 oz/gal) and a control. The fungicide 
was applied 4 times as a spray in May, June, July and 
August. Forty of the most recently matured leaves from 
each replicate (10 from each plant) were collected in 
November, washed in detergent, tap water, 1070 HCl, 
rinsed 3 times in demineralized distilled water, then 
dried and analyzed by atomic absorption spectroscopy 
for Cu (5,9,10) . The data were analyzed by analysis of 
variance (P = 0.05). 

Results and Discussion 

No visual toxicity symptoms or yield losses wer~ ob
served. CU(OH)2 application significantly affected leaf 
Cu content of azalea plants (Fig. 1). Leaf Cu was signi
ficantly increased for both cultivars when CU(OH)2was 
applied at 0.47 grams ai/liter (0.12 oz/gal). Application 
of CU(OH)2 at 0.92 and 3.58 grams ai/liter (0.12 and 
0.48 oz/gal) caused an increase in leaf Cu in 'Massasoit' 
azalea but caused a decline in leaf Cu in 'Hinodegiri.' 
Leaf Cu between cultivars became significantly differ
ent at CU(OH)2 application rates of 0.92 and 3.58 grams 
ai/liter (0.12 and 0.48 oz/gal). Because all leaf samples 
were washed and otherwise similarly treated alike, the 
decline in leaf Cu of 'Hinodegiri' at the 2 high rates sug
gests that Cu levels recorded were due to internal rather 
than external Cu residue. Leaf Cu in both cultivars in
creased (above the control) at low fungicide rates, but 
higher rates of CU(OH)2 caused a decline in leaf Cu con
tent of 'Hinodegiri.' 

Movement of Cu from old leaves to new leaves de
pends largely on the growth rate of the plant. Wheat 
plants which were growing vigorously retained most of 
their Cu in their older leaves and demonstrated Cu defi
ciencysymptoms in new leaves (1). Copper sprayed trees 
seemed to move Cu from older leaves to younger leaves 
and fruit (6). However, Cu translocation in azaleas has 
not been demonstrated; and if Cu is not translocated 
from older azalea leaves to new leaves, Cu deficiency 
might develop in these rapidly growing plants . Further 
investigations into the relationship between fungicide 
application and the plant nutrient status are needed to 
properly evaluate this phenomenon. These data indicate 
that serious interpretation errors in leaf analysis could 
occur if fungicide treatment is disregarded. 
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Fig. 1.	 Influence of copper hydroxide fungicide sprays on leaf cop
per content of 2 azalea cultivars. 

Significance to the Nursery Industry 

This research indicated that azalea cultivars respond 
differently to Kocide 101 sprays. Data indicated that 
azaleas are not injured by 4 times the recommended 
rate, and erroneous interpretation of leaf analysis could 
occur if the fungicide program is disregarded. Erro
neous interpretation of tissue analysis could occur if 
fungicide application is not considered since the data 
show sufficient Cu in the sampled leaves. However, 
growers should not discontinue Cu fertilization prac
tices and depend on the fungicide to supply Cu because 
only those leaves actually sprayed will contain sufficient 
Cu. New growth cycles (flushes) will probably require 
supportive Cu fertilization for normal growth. 
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~----------------Abstract ------------------, 

Container-grown mugo pine, Pinus mugo Turra. Mughus, and field-grown loblolly pine, Pinus taeda L., were utilized in 3 
experiments to evaluate the effectiveness of granular systemic insecticides for control of the Nantucket pine tip moth, Rhya
cionia frustrana (Comstock). 

In the 1981 mugo pine study, Temik(!) lOG(aldicarb), Furadanf lOG (carbofuran) and Di-systonv 15G (disulfoton) provid
ed complete protection from tip moth attack 11 weeks after application. Phytotoxicity was highly visible on all trees treated 
with Furadan. 

During the 1982 mugo pine study, Temik, Furadan and Di-syston granules applied on either November 6, 1981, or March 2, 
1982 provided effective control when evaluated on May 20, 1982. Early March appeared to be a more effective application 
date than November for year-long control on container-grown pines. 

In the 1982 loblolly pine experiment , December applications of Di-syston and Temik granules provided good control when 
evaluated through July . Only Di-syston provided control through August. 

Index words: Pinus mugo, mugo pine, Pinus taeda, loblolly pine 

Introduction 

The Nantucket pine tip moth, Rhyacionia frustrana 
(Comstock), (Lepidoptera: Olethreutidae) is a common 
annual pest present in Oklahoma. Generally, the most 
significant infestations occur in young 2 and 3 needle 
pines grown in tree nurseries or as ornamental plant
ings. Four generations of this pest occur annually in 
Oklahoma with initial moth emergence beginning in late 
March (3). Damage is caused by the larvae, which at 
maturity are approximately 0.83 centimeters (0.33 
inches) in length and orange in color, as they feed on 
and tunnel into the terminal buds and shoots . Although 
larval damage rarely results in death, it can cause un
sightly discoloration of needles, disfiguration of lateral 
branches, and "die-back" of terminals resulting in 
growth retardation (8). Detailed descriptions on the 

'Received for publication February 18, 1983. Journal Series #4315 of 
the Oklahoma Agricultural Experiment Station, Stillwater , OK. 

'Graduate student, Profes sor of Entomology, Associate Professor of 
Entomology and Professor of Horticulture, resp. 

biology of this pest are well documented by Yates (8) 
and Baker (1) . 

Several types of contact and systemic insecticides 
have been used for protection against the pine tip moth. 
Residual contact insecticides have not always provided 
adequate protection, because several carefully timed ap
plications are required each season to control this multi
voltine insect. Repeated treatment is both time consum
ing and expensive. The systemic method is advanta
geous, since it involves only 1 application which requires 
no critical timing and usually provides protection for 1 
year (3,7). 

Recently, several nurserymen in Oklahoma observed 
that the recommended rates and dates of application for 
systemic granules did not provide adequate control of 
pine tip moth. This has been particularly true when 
dealing with small pines grown in containers. This is 
thought to be related to label recommendations that are 
primarily directed at pines growing in the field. The pur
pose of part 1 of the study was to determine the efficacy 
and phytotoxic effects of granular systemic insecticides 
when applied to container-grown mugo pine, Pinus 
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