
ity. If catches continue t o  be high, t ree  
and ground fruit should be checked for 
entr ies  to  verify the  size of post-harvest 
infestations. 

A grower has several options to  re- 
duce a post-harvest infestation. As with 
many pests  on fruit and nut  crops, sanita- 
tion is good practice t o  res t r ic t  codling 
moth build-up during this period. To pre- 
vent fur ther  oviposition it is important 
t o  remove the  remaining tree fruit and 
drop it t o  the  ground where it can be 
readily destroyed by cultural measures 
such as flailing, discing, and post-harvest 
irrigation. 

Larval mortality from t h e  various 
sources mentioned above may substan- 

tially reduce t h e  overwintering larval 
population. Assuming a larval mortality 
r a t e  of 90 percent for t h e  post-harvest 
period, only 7 of 67 larvae per  tree would 
have survived in the  orchard with the  
highest infestation in this study. If two- 
thirds  of these mature  larvae survived 
t h e  dormant  period, about 360 adult 
moths per  acre  would emerge the  fol- 
lowing spring. This  certainly would be a 
sizable population which would pose a 
particular th rea t  t o  growers who are un- 
aware of this potential carry-over and 
who have become accustomed to  the  use 
of minimum spray programs with re- 
duced dosages. 

H e l m u t  R ied l  is Ass i s tant  Entomologist  
in the  Exper imen t  Station, Depar tmen t  
of  Entomological Sciences, University of 
California, Berke ley;  James  E. DeTar  i s  
F a r m  Adv i sor ,  Solano County. The  auth- 
ors thank  John  Yoakley,  Entomology  
s tuden t ,  UC, Berke ley ,  f o r  assistance 
dur ing  this f i e ld  s tudy  and Pred Charles, 
P e s t  Management  Consultant, W e s t  
Poin t ,  California f o r  providing the phero- 
m o n e  t rap  records. Par t  of this project 
w a s  suppor ted  b y  the  Extens ion  Service 
and t h e  A n i m a l  and Plant Health Inspec- 
t ion Serv ice  ( A P H I S )  of the United S ta tes  
D e p a r t m e n t  of Agr icu l ture .  

he sunflower moth (Ijlornoro8oma T rbcklkrrn Hulrt.) will probably 
never be put on the endangered species 
list, but many California h e r s  would 
iiketolmit uextinctu tbe dinos8Urs be 
uuse of the h g e  it does to the sun- 
flower crop. This pert h M  d80 c8Used 
CdrMiM-to-in- 
Kansas, Louiaha, Missouri, Nebraska, 
Texas, Minnesota, North Dakota, and 
in pub of canrd.. 

Newly hatched larvae feed on the 
pollen and other floral structures of the 
disk florets. Infestation u n  be deteeted 
by a silken webbing over the face of the 
sunflower head, and L very trashy ap 
peulrnce due to-dead florets and f r ~ ~ .  
The larvae bore through the seedoot of 
the achene (seeds) and feed on the devel- 
oping kernel. U€hough h g e  to luge 
plantings may vary from slight to 50 or 
a O p e r c e n t y i e l d d ~ ~ ~ , l u v d i n f ~  
ation of individual hewb may uuae 100 
percent seed destruction. 

Meuures that provide limited 

moth control include cultural practices, 
especially early planting to avoid dam- 
age, and chemical control. Possible b i e  
logical controls include predators, p a -  
sites, a pathogenic fungus, and the use 
of pheromones. Development of resist- 
ant plant varieties, the subject of thin 
report, offers the greatest control poten- 
tial. 

Plant breeders in Europe and Ru6 
sia have found sunflowers resistant to 
seed damage from a larva similar to that 
of the sunflower moth present in this 
country. These researchers believe a re* 
inous or carbon layer (a phytomelanin 
layer) in the rebene wall gives mechani- 
cal protection from larval penetration. 
Studies in California do not support the 
mechanical barrier concept. but indicate 
chemical resistance mechanisms may be 
important. 

We have been working with two 

sources of resistance. One was obtained 
from the USDA, Agricultural Research 
Service at  the Texas Agricultural Exper- 
iment Station and WM aeleeted from a 
line developed in Canada. The other 
came from a domestic variety x wild 
H e b t l l u t  unnuw L. cross from a stu- 
dent’s thesis study on the inheritance of 

have provided slightly different dam- 
age estimates from natural infestation in 
the field, but progeny from crosses of the 
two source8 have not shown additive re 
sistanee. 

Ten mh, from each of the red& 
ant lines Wuding mh with and with- 
out the phytomelanin I a y e r Q I m  
(our susceptible check) ware collected 
from different stager of postpollination 
development ranging from 1 to 40 drys. 
Each sample was placed in PeM dbhes 
containing six sunflower moth ha. 
Three r e p l i u t i o ~  of each need develop 
mental stage and each lvvrl instar 
on each type of seed were included. 

bnnching. Theae two dennpkmr mumes 



Percentage of 3r Seeds Damaged by Sunflc Mot1 
I c Phytomelanin layer 

Present Absent 
Larvae sire' Larvae size' 

y ( I ~ s  after pollination I II 111 I II II. 
percent 

1-3 4.5 10.0 22.1 21.5 32.1 40.2 
10.3 27.4 20.4 30.0 40.2 5-7 3.2 

9-1 1 2.0 10.0 20.0 14.4 26.0 35.0 
13-15 0.0 5.4 15.3 11.4 18.1 31.9 

40 0.0 0.0 3.8 0.0 1.5 

Note: Seeds and larvae were confined in petri dishes. 
' I= Is tor2ndinstar :  II=3rdor4thinstar:III=5th instar 

k 2 .  Estimated Seed Damage of Resistant and Susceptibl- 
Sunflower Lines Caused by Sunflower Moth Larvae 

Damaged seeds' 
Field infestation Artificial infestation 

Phytomelanin layer Phytomelanin layer Sunflower 
line Present Absent Present Absent 

9.0 a 
average no. 

H2129 4.6 ab 14.0 ab - 

H2135 
H2160 8.2 ab 16.0 b 
''2165 suscept. 68.0 c 23.5 b 

5.2 ab 15.4 b 2.3 a 

4 r 
3ased on counts of 5 replications per variety. Estimates not having a letter ir 
3mmon are significantly different at the 5% level of probability according tc 
uncan's multiple range test. 

4 .  

. _ .  

- 
TABLE 3. Larval Growth of H. electellurn on 

diets containing: (I) trachyloban-19.oic acid ant 
(II)( ).kaur.l6-en-i9-oic acid - - 

Additive 
percent 

None 

I. 0.5 
1 .o 
2.0 

II. 0.5 
1 .o 
2.0 

Larval 

mg 
13.9 

6.7 
2.5 

10.6 
4.2 
0.14 

8.5 

weight 

7.6 

I 'Percent of control after 14 days. I 

Q.wlh 

The resulta in percent damaged 
aeeda (table 1) indicate the s d e d  lu- 
vae Uint and aecoad inrtu) were un- 
able to penetrate ads with the p W  
melanin layer, but could penetrate thow, 
without, even up to older eeeda of 19 to 
15 days port-pollin8tion development. On 
the other hand, the older larvae could 
penetrate all eeeda, with or without 
the phytomelanin layer. However, an in- 
dication that muething other than the 
phytanelanin layer contributm to re- 
d 8 t u m I r u r h a n n P p i n f b l d ~  
of redatant d 8wceptible liner-even 
tbors tedrtrnt p h q  without the p h y b  
melanin layer.show fewer h g e d  
aeeda thrn doer the susceptible cheelt 
(table 2). 

A pouible explanation for thlr dif- 
ference hu been found a t  the Weatern 
Regional Research Center, Albany 
where researcher6 have isolated at leaat 
two subtanma which reem to contribute 
to sunflower moth rerlrtance. These two 
subetancer. isolated from the floreb of 

18 -mucunm-wn 

the sunflower by liquid and vapor p h  
chromatographic teehniqUe6. have been 
identified u diterpenoid .ddr. We have 
r l r ~  found another sunflower line that 
reemr to have an entirely different type 
of chemical, indiating that more variation 
may be available. 

Sunflower moth larvae reared on 
artificial dieb containing 2 to 3 percent 
diterpenoidrddrdonotgrowandwillre- 
main in the first iwtu for long per id .  
A threshold concentration ia required for 
these subetaneer to be effedve since low 
concentratiom have only small effects on 
the larvrq (table 8). Isolation rtudies 
have rhown t h e  subtancer are present 
in floreta of dl sunflower6, but 8t differ- 
ent concentratiom in rureeptible and re- 
sistant lines. U n f ~ r t ~ ~ t e l y  we have 
been unable to coodinate data for chem- 
i d  concentration and moth damage on 
the mme head due to low populations 
of moths in the field a t  the proper time. 

l n h r t o w o n ~  
In California we have used both nat- 

ural and artificial infertation methods to 

test for plant resistance in the field. Nat- 
ural infestation often fails to give reli- 
able rerulta due to insufficient adult 
moth p o p u l a t i ~ ~  or variability in num- 
ber of moths during the growing season. 
Thus resulb vary by year6, loeationr, or 
even areas in the mme field, making our 
field testa inaensitive to small differ- 
ences in resistance. 

Artificial infestation terb have 
conaiated of placing ten first inatar lu- 
vae or 10 to 25 freshly hid eggs on sun- 
flower heads previously protected by 
lurft paper bagr. An average of leaa than 
two of the ten larvae have survived per 
head, even on our mod swceptible sun- 
flowers; hatching percentage and h a l  
establishment from the introduced egg6 
were .Is0 very limited. S@y&hdbiien 
difficult to have an adequate rupply of 
larvae or eggs, and beeruse extreme 
care is neceaauy to avoid injury when 
moving larvae 'or egp, only a limited 
number of sunflower planta can be t e a t  
ed. Large scale infestation ia easential 
since it appeara that a sunflower line 
may be redstant to only one or two lu- 



vae per head, but susceptible to large 
numbers of larvae. 

Growing sunflower plants in a 
greenhouse and subjecting them to a 
population of adult moths a t  the proper 
time would seem to be a feasible tech- 
nique for development of resistant in- 
bred lines and also for testing hybrids. 
Although techniques for rearing sunflow- 
e r  moths on artificial media have been 
known since the late 1960% the vigor of 
our artificially reared moths declines 
rapidly, apparently due to small colony 
inbreeding, and we have not been suc- 
cessful in mass production of eggs or lar- 
vae. Diapause (dormancy) has been arti- 
ficially induced by a combination of short 
daylight periods and lower temperature 
during the third to fifth instars. Larger 
colonies and development of techniques 

for storing diapausing pupae are needed. 
Also we need to be able to break dia- 
pause to make large numbers of adult 
moths available, when needed to coin- 
cide with plant development. 

Development of sunflowers resist- 
an t  t o  the sunflower moth appears pos- 
sible based on presently available test  re- 
sults, but better technical procedures are 
needed for maximum progress. 

Benjamin H. Beard is Research Geneticist 
and Research Leader, Oikeed and Indus- 
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search Service, US. Department of Ag- 
riculture and Lecturer, Agronomy and 
Range Science, University of California, 
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Department of Entomology, U C Davis. 
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Service, US. Department of Agriculture, 
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ist, Western Regional Research Center, 
Agricultural Research Service, US. De- 
partment of Agriculture, Berkeley. John 
M. Klisiewicz is Research Plant Patholo- 
gist, Oikeed and Industrial Crops Produc- 
tion, Agricultural Research Service, US. 
Department of Agriculture, Plant Path- 
ology Department, U C  Davis. Alan 
Johnson is former Graduate Research 
Assistant, Agronomy and Range Science, 
U C  Davis; now Research Director, 
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Chan is Plant Physiologist, Western Re- 
gional Research Center, Agricultural Re- 
search Service, US. Department of Aqri- 
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* 

The adult sunflower moth is generally described as gray to  brown, about 11 to 13 mm long, and with a wing spread of 21 to 
27 mm. In California the female is larger than the male. Eggs are laid singly or in small clusters of 4 to 10 eggs, within or 
among sunflower disk florets, 3 to 6 days after the ray flowers open. The eggs are elliptical, finely reticulated, 0.63 to 0.80 
mm long and 0.23 to 0.27 mm in diameter. When first laid the eggs are pearly white but after a day or two change to brown- 
ish yellow. Larvae, 1 to 1.5 mm long, usually emerge in 48 to 96 hours. Mature larval length is 16 to 18 mm, achieved about 
19 to 28 days after hatching and passage through 4 or 5 instar stages. Mature larvae spin a silken thread, lower themselves 
to the ground, spin cocoons in the soil, and enter the  pupal stage. Some reports indicate cocoons also can be found among 
or within the sunflower achenes. There may be one to four, or more, reproductive cycles each year. During early summer 
cycles, mature larvae spin light airy cocoons, but those going into diapause (overwintering) spin much heavier cocoons. 
Development of sunflower varieties or hybrids resistant to the seed-destroying larvae of the sunflower moth seems promis- 
ing, but efforts have been stymied by erratic populations of moths in the field and difficulty in rearing moths for artificial 
testing for resistance. 

I 

UC Animal Behaviorist Ed Price, UC Davis, 
displays a lamb-kid pair being raised in isola- 
tion from other sheep and goats. As adults, 
they will be studied to determine how much 
each takes on the characteristics of the other. 

Animal behaviorist Ed Price has 
paired sheep with goats and is raising 
each pair in isolation to determine the 
effects this will have on their behavior 
as adults. The objective: determine the 
relative influences of heredity and learn- 
ing in the developmental process. 

He also is looking for character- 
istics in bull calves that correlate with 
sexual motivation as adults. This would 
allow culling poor prospects without in- 
vesting time and expense involved in  
raising them to maturity. 

Another study is under way to de- 
termine the mothering ability of cows 
with twins compared with those having 
single calves. 

Deer-sheep combination 
improves range use 

There is little significant competi- 
tion between deer and sheep for most 
kinds of range forage, a summary of 19 
years of research, primarily at  the Hop- 
land Field Station, shows. 

W. M. Longhurst and other wild- 
life and range scientists conclude that 
dual stocking of a range with deer and 
sheep makes more efficient use of all 
classes of forage than with either species 
alone. 

The diet of deer consisted of ap- 
proximately 60 percent browse, 20 per- 
cent forbs, and 20 percent grass. Sheep 
consumed 6 percent browse, 9 percent 
forbs, and 85 percent grass. 

Deer and sheep overlap most i n  
their diets when both are eating grass 
during the wet months of the year. There 
is minimal competition for browse and 
forbs, says Longhurst. 
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