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GRAPH 1. AVERAGES OF OBSERVATIONS OF DROPPINGS FROM JULY 23 TO 25; 
JULY 16 TO SEPTEMBER 20; AND MEAN HOURLY TEMPERATURE, JULY 23 TO 25 

I.Y. 3 6 9 I t  P.I .  3 6 S I2 
Tiuf of D A Y .  iD.vLic*i abvinm 

GRAPH 2. AVERAGES OF OBSERVATIONS O F  DROPPINGS FROM JULY 16 TO 
SEPTEMBER 20; SEPTEMBER 5 TO 7; A N D  MEAN HOURLY TEMPERATURE, 

SEPTEMBER 5 TO 7 
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GRAPH 3. OUERVATIONS OF DROPPINGS MADE JULY 28 TO AUGUST 20, 1962; 
AND JULY 16 T O  SEPTEMBER 20, 1963-AVERAGE OF THREE CONSECUTIVE 

DEGREES OF TEMPERATURE 

AREAS WHERE NATURAL ENEMIES Of r the grape leafhopper, Erythroneura 
elegantula Osb. are absent, or insufficient 
in numbers, chemical control may be 
necessary to prevent an increase in leaf- 
hoppers from causing serious economic 
damage. From an economic standpoint, 
determining the level of infestation allows 
not only prevention of serious damage to 
the vines, but also could save the cost of 
insecticide applications. This study of 
daily and seasonal periods when leafhop- 
per damage occurred was conducted as a 
preliminary step in determining the eco- 
nomic level of leafhopper infestation. 

Leafhopper effects on grape vines may 
involve injury to the foliage from insect 
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Grape leafhopper nymph hatching from transparent egg in 
grape leof. 

feeding on the leaves which may influence 
the vitality of the vine. Droppings of 
insect excrement also mar the appearance 
of the grapes. Preliminary observations 
made in the laboratory showed that a 
close correlation existed between the 
amount of feeding, as determined by the 
number of feeding punctures made in the 
leaf and the quantity of droppings pro- 
duced by the insect. 

In 1962 and 1963, studies were con- 
ducted on the rate of leafhopper feeding 
on Sauvignon blanc variety grapes in the 
U.C. vineyard at Davis. In these studies, 
leafhopper droppings were collected on 
strips of moving paper. The adult leaf- 
hoppers were caged in the vineyard, and 

a vine-attached leaf was used to form the 
upper closure of a small cylindrical wire 
screen cage. The bottom of the cage was 
closed with a strip of moving paper which 
was pulled by a clock mechanism. This 
paper was 1% inches wide and moved 
at the rate of 2 inches per hour, or 1.8 
times the diameter of the cage. A thermo- 
graph in the field supplied the tempera- 
ture fluctuation data. 

In 1962, 10 leafhoppers were used in 
each of six 24-hour trials conducted from 
July 28 to August 20. 

In 1963, 15 leafhoppers were used in 
each trial, and ten 48-hour runs were con- 
ducted from July 16 to September 20. 
The general daily pattern during these 
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periods showed that the average number 
of droppings began to increase at dawn 
and reached a peak in the early evening 
(graphs 1 and 2) .  After this peak was 
reached, the number declined rapidly 
and remained at a low level during the 
night. 

During the observation periods, the 
daily curve for the number of droppings 
tended to change gradually in shape as 
the season progressed. These changes are 
indicated in the curves of July 23 to 25 
in graph 1 and September 5 to 7 in 
graph 2. In mid-summer (July 23 to 25), 
the number of droppings increased dur- 
ing the morning hours, reached a peak 
and then decreased in the early after- 
noon. This decline was followed by an 
increase in the late afternoon or early 
evening. Later in the season (September 
5 to 7) ,  the trend showed a gradual in- 
crease in the number of droppings in the 
morning and a peak was reached in the 
late afternoon. This seasonal change in 
the shape of the curve appeared to be 
correlated with the trend toward cooler 
morning temperatures. 

The greatest variations in the number 
of droppings from hour to hour during 
the 24-hour period, tended to occur at 
temperatures of 80' F and above. The 
maximum rate of droppings often came 
several hours after the highest tempera- 
ture occurred. The curve in graph 3 
shows an increase in the rate of feeding 
at temperatures up to 87' and 90' F, but 
a decrease occurred at higher tempera- 
ture?. 

Light 
Light may also play a role on the feed- 

ing rate of the leafhoppers. In the vine- 
yard-within the range of temperatures 
that occurred in the daylight and dark- 
ness (50' to 76' F)-the rate of drop- 
pings per hour was greater, on the aver- 
age, during the light period. The effect 
of light was also demonstrated in the 
laboratory. Ten leafhoppers were con- 
fined in wire screen cages, from July 16 to 
July 24, 1963, in a constant temperature 
cabinet with light provided by a fluores- 
cent lamp for periods of 15 out of every 
24 hours. The top of the cage was enclosed 

by using a detached grape leaf with the 
petiole immersed in a weak Hoagland's 
solution. Instead of a moving strip of 
paper on the bottom of the cage, a paper 
card disk was used and held in place with 
small magnets. The cards were changed 
every three hours except during the dark 
periods. 

The results showed that the average 
numbers of droppings per hour per 
adult leafhopper in the dark and light 
periods were: 70' F-1.2, 2.9; 80' F-1.8, 
3.9; and 90' F-2.3, 5.3, respectively. 
From August 26 to September 5, 1963, 
droppings were also collected on a strip 
of paper moving continuously beneath 
and closing the bottom of the cage. The 
average numbers of droppings per hour, 
per adult leafhopper in the dark and light 
period in this test were: 80' F-dark, 
0.75 and light, 0.78; 90' F-dark, 1.8 and 
light, 3.1. 

H .  Kid0 is Laboratory Technician and 
E .  M .  Stafford Professor of Entomology, 
Department of Entomology, University of 
California, Davis. 

SURVEYING leafhopper populations 
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Rapid and accurate surveying for grape 
leafhopper population levels is essential 
to a decision for necessity of insecticide 
treatment within an integrated pest con- 
trol program. These Tulare County studies 
indicate that counting the nymphs on only 
two leaves per acre gives as accurate an 
estimate of the population as did counting 
the nymphs on fifty leaves. It was also 
found that the leaves could be selected 
from vines along the avenues, rather than 
from vines scattered throughout the vine- 
yard. 

o SURVEY LEAFHOPPER populations T in a standard vineyard planted with 
vines 8 f t  apart in rows 12 ft wide and 
approximately 640 ft long, the following 
procedures are suggested: 

(1) Choosing the v i n e w a l k  along 
each end of the block. At every fifth row, 
go in to the third vine and select one leaf 
for examination. Avoid the outside rows 
and the two end vines, since these usually 
show higher-than-normal populations. 

(2) Locating the leaf for exami- 
nation-First brood, select one of the 

basal leaves on the cane. The second 
through sixth leaves give highest counts. 
Second brood, select a mid-cane leaf. 
(3) Choosing the leaf-Look for 

evidence of feeding damage as a guide in 
selecting leaves for nymphal counts. Be- 
fore beginning the counts on any particu- 
lar day, examine a few leaves to deter- 
mine which ones are likely to give the 
highest counts. However, once the counts 
are begun, never discard any leaf which 
has been selected, even if no nymphs are 
found. 

(4) How often to count-Two or 
three counts for the first brood and addi- 
tional counts every 10 days to two weeks 
beginning with the second brood, are suf- 
ficient. Should populations appear to be 
changing rapidly, additional counts may 
be necessary. Climbing populations al- 
ways are reflected in the counts of 
nymphs, which are small at first. These 
young nymphs do little damage; there- 
fore, a few days delay in counting or 
treating does little harm. 

( 5 )  Averaging counts-For any 
block, count a minimum of 15 leaves. 
Total the number of nymphs, and divide 
by the number of leaves examined to ob- 
tain the average number of nymphs per 
leaf. Keep figures separate for each block. 

The system described was developed 
for use in vineyards ranging from 10 to 
40 acres in size and takes two to three 
minutes per acre. On larger commercial 
acreages, a slightly different system has 
been used, successfully. Because it is 
faster to drive between sample loca- 
tions instead of walking, three leaves were 
examined at every thirtieth row at each 
end of the block rather than one leaf 
every fifth row. Using this system, an av- 
erage of only one leaf was examined per 
acre rather than two. No block less than 
20 acres in size is suitable for this method. 
Mite populations can also be checked 
while walking from the truck to the sam- 
ple location by selecting a three-leaf sam- 
ple from the fifteenth vine from the end 
of the row. One man can survey 500 to 
1,000 acres per day with this system. The 
number of nymphs per leaf greatly in- 
fluences the amount of time needed for 
counting. 

F. L. Jensen is Farm Advisor, Tulare 
County; E .  M .  Stafford is Professor and 
Entomologist, University of California, 
Davis; H .  Kido is Laboratory Technician, 
Department of Entomology, U.C., Davis; 
and D. Flaherty is Laboratory Techni- 
cian, Division of Biological Control, U.C., 
Albany. 
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