
plots. At Tamarack, species richness 
was also greatest in the underburned 
areas, but herbicide-treated areas ex- 
ceeded untreated areas. At this site, 
the area without a herbicide treatment 
demonstrated the lowest slope as well 
as the smallest number of species at 
each quadrat size. Species richness 
was nearly identical between the her- 
bicide-treated and underburned forest 
at Pondosa, whereas species richness 
in the untreated site was significantly 
reduced. These results support the 
finding obtained using the plant diver- 
sity indices. 

the species composition between the 
untreated and the herbicide-treated 
areas. 

Conclusions 

strate the importance of herbicide site 
preparation for successful reforesta- 
tion following catastrophic fire. In the 
absence of shrub control, competition 
for water (and perhaps light) can lead 
to the suppression of both conifer 
seedlings and many of the indigenous 
native herbaceous species. 

Despite the initial reduction in 
plant diversity and species richness in 
herbicide-treated areas, the native 
plant diversity was not statistically 
different from that of the unburned 
forest sites 8 years after the treatment. 
In contrast, untreated burned areas 
demonstrated a long-term reduction in 
plant diversity and species richness 
compared to the unburned site. Al- 
though the untreated area had a simi- 
lar level of vegetative cover to the un- 
burned or herbicide-treated site, the 
vegetation was dominated by only a 
few shrubby species, particularly 
Ceanothus spp. and Arctostaphylos 
patula. 

There was little apparent change in 

Results of this investigation demon- 
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The severity of russetting on Granny Smith apples increased with increasing numbers 
of copper treatments used to control fire blight during bloom. 

Amle russettina influenced 
by more than copper sprays 
Beth L. Teviotdale o Mario Viveros o Joseph A. Grant 

Apple trees are commonly treated 
with antibiotics during bloom and 
early shoot growth to control fire- 
blight, but antibiotic resistance is 
a concern. To prevent antibiotic 
resistance, copper treatments 
may be beneficial, but would be 
feasible only if stages in bloom or 
fruit development could be identi- 
fied that are not subject to fruit 
russetting. Most fruit russetting 
results from injury to epidermal 
cells early in fruit development. 
Studies in Kern and San Joaquin 
counties showed copper-induced 
russetting of apple fruit was 
unpredictable and sporadic re- 
gardless of application timing. 
Severity of damage varied from 
year to year. 

Apple trees are susceptible to fire 
blight, a bacterial disease that kills 
flowers and young shoots. In very sus- 
ceptible cultivars the disease can de- 
stroy large scaffolds or entire trees. 
The pathogen, Erwinia amylovora, over- 
winters in the tree and is spread in 
spring chiefly by rain and insects. In- 
fections occur mainly through flowers, 
although succulent vegetative shoots 
are also attacked. Fire-blight epidem- 
ics are promoted by moderate tem- 
peratures and wet or humid weather 
during bloom. Fire blight is controlled 
with bactericide treatments during 
and shortly after bloom, removal of in- 
fected shoots or branches throughout 
the year and specific cultural prac- 
tices such as avoiding irrigation dur- 
ing bloom and limiting nitrogen fer- 
tilization. 
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Antibiotic resistance 
The basis of fire-blight control in 

apple trees is treatment during bloom 
and early shoot growth periods. The 
only effective materials are the antibi- 
otic streptomycin-sulfate and products 
that contain copper. Growers rely on 
streptomycin-sulfate because copper 
may result in unacceptable fruit 
russetting of several commercial apple 
cultivars. On the other hand, multiple 
applications of streptomycin-sulfate 
during any growing season can pro- 
mote antibiotic resistance in the patho- 
gen that erodes the effectiveness of 
subsequent antibiotic treatments. 
Therefore, reducing the number of 
streptomycin-sulfate applications in 
fire-blight management programs 
would help minimize the risk of resis- 
tance development. 

The recent discovery of streptomy- 
cin-sulfate resistant E .  urnylovoru 
strains in apple orchards in several 
counties in the San Joaquin Valley 
stimulated interest in finding alterna- 
tives to the antibiotic. Copper is an ob- 
vious possibility: it is registered for 
use on apples, is readily available and 
was used for fire-blight control before 
antibiotics were discovered. Although 
generally less effective than antibiotics 
for fire-blight control, it is an accept- 
able alternative. 

in apple fire-blight control programs 
Copper has been tested extensively 

in many regions over several decades. 
The aggregate wisdom from these 
tests points to great variability in the 
severity of phytotoxic responses to 
copper treatment. Factors that affect 
phytotoxicity include the copper com- 
pound, its formulation and concentra- 
tion, the cultivar and the stage of tree 
growth when treated. Climate and 
other unknown elements also prob- 
ably affect russet incidence and sever- 
ity. A treatment program that includes 
copper may be beneficial, but would 
be feasible only if stages in bloom or 
fruit development could be identified 
that are not subject to fruit russetting. 
Here we report our observations of 
russetting of ‘Granny Smith and ’Fuji’ 
apple fruit on trees treated with cop- 
per at various times during and after 
bloom. 

Treatment timing 
‘Granny Smith’ apples. Experi- 

ments were conducted in a commer- 
cial orchard planted in 1981 in Kern 
County. Trees were free standing, cen- 
tral-leader trained, and spaced 16 feet 
by 18 feet. The orchard was irrigated 
with overhead sprinklers, beginning 
with a prebloom irrigation. No water 
was applied during bloom. After 
bloom, the orchard was irrigated ev- 
ery 4 days for 24 hours. All orchard 
practices were standard for the culti- 
var and region. 

We evaluated damage to mature 
fruit on trees treated with copper at 
various stages of flower and fruit de- 
velopment. In 1990, we applied 0.25 lb 
Kocide 101 per 100 gallons of water to 
different trees once at weekly intervals 
and for another treatment once a week 
repeatedly for 6 weeks. In 1991 and 
1992, we applied 0.25 and 1.0 lb 
Kocide 101 per 100 gallons of water at 
weekly intervals and once a week re- 
peatedly for 8 weeks. Each year, con- 
trols included trees similarly treated 
with water and nontreated trees. Trees 
were sprayed until run-off using a 
John Bean hand-gun sprayer operated 
at 400 psi. Experiments were located 
on different trees each year. There 
were four single-tree replications of 
each treatment in a randomized com- 
plete block design. 

Treatment timing was based on the 
development of the king blossom and 
fruit. The king blossom, which is the 
central and largest flower in the flower 
cluster, opens first and gives rise to the 
largest fruit. The first, second and 
third copper applications were made 
when 80% to 100% of the king blos- 
soms were at pink bud, full bloom and 
petal fall, respectively. For each suc- 
ceeding week, we determined the av- 
erage size of the king fruit by measur- 
ing the largest diameter of 40 ran- 
domly collected king fruit each. day of 
treatment. Fruit diameters when 
treated, averaged over the 3 years, 
were 7.1,13.5,18.9,25.6 and 33.4 mm 
for treatment weeks 4 through 8, re- 
spectively. The first treatment oc- 
curred on March 15,1990, March 11, 
1991 and March 12,1992. Because 
there were fruit of various sizes and 
stages of development on the trees 
when treated, 25 (1990) or 50 (1991 and 
1992) king fruit at the average fruit 
size, +/- 1 mm, for each treatment 
date, were tagged on each tree imme- 
diately before treatment each week for 
later evaluation. 

Fruit russetting was evaluated on 
Sept. 15,1990, Sept. 5,1991 and Aug. 
24,1992. The tagged fruit and 100 fruit 
selected arbitrarily on the day of 
evaluation were removed from each 
tree and rated visually according to a 
scale based on percentage of fruit sur- 
face russetted: 0 = 0%, 1 = 1% to 5%, 2 
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= 6% to 15%, 3 = 16% to 50%, 4 = 51% 
to 75% and 5 = 76% to 100%. Fruit in 
categories 3,4 and 5 were described by 
the grower as culls. 

Russetting was minimal in 1990 and 
1991. Less than 5% (1990) and 20% 
(1991) of fruit were scarred in random 
samples from trees treated once in any 
given week with Kocide 101, whereas 
nearly 30% (1990) and 40% (1991) of 
fruit from trees treated every week 
were russetted (table 1). However, no 
fruit were scored as culls. Water- 
treated and nontreated controls were 
healthy. Similar results were obtained 

from tagged fruit, and the russet rat- 
ing for random and tagged fruit 
samples was less than 0.50 for all treat- 
ments (data not presented). 

In 1992, russetting was severe in 
some treatments. Among random 
samples from single applications of 1 .O 
lb Kocide 101, more than 60% of fruit 
from trees treated during bloom were 
russetted, whereas russetting was neg- 
ligible in postbloom treatments and 
the water controls (table 1). At all 
three bloom stages, scarring was sig- 
nificantly greater in the 1.0 lb than in 
the 0.25 lb Kocide 101 treatment, and 

trees treated every week had more 
russetted fruit than those treated only 
once. Cull fruit were present in all 
three bloom treatment stages and the 
every-week Kocide 101 treatments 
(table 2). In each case, there were more 
cull fruit in the 1.0 than in the 0.25 lb 
Kocide 101 treatment. Nontreated con- 
trol fruit were not russetted. The rela- 
tionships among treatments described 
for random samples were also found 
among tagged fruit samples (data not 
presented). 

‘Fuji’ apples. Tests were performed 
in a commercial apple orchard planted 
in 1979 in San Joaquin County. Trees 
were free-standing, central-leader 
trained and spaced 12 feet by 18 feet. 
The orchard consisted of single rows 
of standard ‘Fuji’ alternating with four 
rows of ’Granny Smith’, and was 
sprinkler irrigated. All cultural and 
pest management practices were stan- 
dard for the cultivars and region. Dif- 
ferent trees were used for experimen- 
tal copper applications each year. 

Kocide 101,0.25 lb per 100 gallons 
water, or distilled water, was applied 
once at approximately weekly inter- 
vals for 8 weeks to individual lower 
scaffold limbs, beginning when 90% of 
king flowers were at pink bud in 1990 
and at full bloom in 1991. Average 
fruit diameters were assessed by mea- 
suring 25 to 30 randomly selected king 
fruit collected on the day of treatment. 
Fruit diameters when treated, aver- 
aged over both years, were 9.9,14.5, 
19.5,25.1,28.7 and 34.4 mm, +/- 1 
mm, for weeks 4 through 9, respec- 
tively. Spray solutions were applied 
until run-off with a pressurized back- 
pack sprayer. There were four single- 
limb replications of each treatment, ar- 
ranged in a randomized complete 
block design within a single row of 
trees. 

We collected 25 fruit arbitrarily 
from each treated limb when fruit 
reached commercial harvest maturity 
(Sept. 30,1990 and Oct. 1,1991). Fruit 
russetting was rated on a scale of 0 to 
3, based on the extent of fruit surface af- 
fected: 0 = no russetting, 1 = russetting 
in stem cavity only, 2 = up to 30% of 
fruit surface russetted and 3 = 31 % to 
100% of fruit surface russetted. Fruit in 
category 3 were considered culls. 
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Average-sized king fruit were tagged prior to treatment. Later researchers rated the fruit 
from these Granny Smith apple trees according to the percentage of fruit surface 
russetted. 

In both years, 80% to 97% of fruit 
was russetted. There were no signifi- 
cant differences between copper- and 
water-treated fruit from any treatment 
date, although there was a trend to- 
ward greater russet ratings among 
fruit treated with copper (data not pre- 
sented). No cull fruit were present in 
1990, and 6% to 20% of fruit were culls 
in 1991, but treatments did not differ. 

Copper followed by streptomycin 
To reduce the potential for fruit 

damage, a fire-blight control program 
would probably include only one to 
three copper treatments in a strepto- 
mycin-sulfate program. Treatment 
would probably occur during bloom, 
when trees are in most jeopardy of in- 
fection. 

In 1992 in the Kern County orchard 
described earlier, we tested one, two 
and three treatments of 1.0 lb Kocide 
101 per 100 gallons water applied dur- 
ing bloom and followed by weekly ap- 
plications of 100 ppm streptomycin- 
sulfate, water, or no treatment during 
the same fruit growth stages already 
listed. Table 3 shows the timing sched- 
ules. There were four single-tree repli- 
cations of each treatment arranged in a 
randomized complete block design. 
We collected and examined random 
samples of 100 fruit from each tree on 
Aug. 24, 1992, as described earlier. 

Percent russetted fruit, russet rating 
and percent cull fruit increased with 
increasing numbers of Kocide 101 
treatments during bloom (table 3). 
Treatment after Kocide 101 application 
did not affect the amount of fruit dam- 
age: values were similar when copper 
was followed by streptomycin-sulfate, 
water or no treatment. 

Conclusions 
Most fruit russetting is the conse- 

quence of injury to rapidly dividing 
epidermal cells early in fruit develop- 
ment. The severe damage sustained by 
fruit on 'Granny Smith trees treated 
during bloom in 1992 fits this descrip- 
tion. However, the percent of russetted 
fruit was relatively higher in some 
postbloom treatments in 1990 and 1991 
compared to other treatment dates 
each year. This hints that fruit-growth 
stages other than bloom may also be 
subject to damage, even though scar- 
ring at these times in our experiments 
was insufficient to warrant loss. 

to the same treatments in different 
years, demonstrating the unpredict- 
able and sporadic nature of apple fruit 
russetting under California conditions. 
Furthermore, other tests on copper-in- 
duced fruit russetting, not reported 
here, were conducted in the Kern 
County orchard in 1988 and 1989. In 

We encountered differing responses 

neither year was fruit russetting ob- 
served. Thus, in Kern County, serious 
russetting developed in only 1 of 5 
years. We were unable to identify any 
weather event or treatment condition 
that might account for this. 

Copper is just one of several causes 
of russetting, and the conditions that 
trigger the russetting response are not 
well understood. 'Fuji' apple fruit fre- 
quently develop a natural russetting 
that apparently is initiated by undeter- 
mined environmental events. The 
russetting observed on the 'Fuji' apple 
fruit in our experiments seemed 
largely due to such natural russetting 
and was not exacerbated by the copper 
treatments. Whatever governs the de- 
velopment of russetting, by any cause, 
differs among years. 

The Kern County orchard was cho- 
sen for this work because fire blight 
was severe there in 1987, and we in- 
tended to evaluate treatments for fire- 
blight control. However, fire blight 
was not observed in the orchard dur- 
ing the course of these studies; thus 
we cannot comment on the efficacy of 
these treatments for disease control. 

Growers who choose to use copper 
as part of a fire-blight control program 
cannot do so without risk. Programs 
that appear safe may, without expla- 
nation, prove damaging in other years. 
Those who elect to include copper 
should select lower rates and limit ap- 
plication to one postbloom treatment 
per year. Bear in mind that the value of 
such a practice for fire-blight control is 
not known and is not without hazard. 
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