
( 

( . 

( 

ANNUAL REPORT 1988 

Project No. 88-U2 - Fungicide Applications Versus Yields 

Project Leader: Dr. Beth L. Teviotdale 
Kearney Agricultural Center 
University of California 
9240 South Riverbend Avenue 
Parlier, California 93648 

(209)891-2500 

Cooperators: Mario Viveros, Steve Sibbett, Mark Freeman and Joe Ogawa 

Objectives: Test the effects of spring applications of captan, maneb, 
Rovral, ziram; combination of Benlate and ziram, and combination of Funginex 
and ziram applied in spring on yield. One plot will test the addition of 
delayed dormant copper sprays to improve the controls mentioned above. 

Interpretive Summary: 

Disease incidence was low in all three test orchards. No brown rot 
strikes were observed in the Fresno County trial, and only occasional 
infections were observed at the Fresno and Tulare County trials. The rot 
of young fruit encountered in 1986 was not found in any of the three 
orchards in 1988. 

Fungicides were applied three times (pink bud, petal fall and two 
weeks after petal fall) by an aircarrier ground sprayer, 80-100 gpa, 2.0 mph, 
150 psi. There were five replications in Kern County and six replications 
in Tulare and Fresno Counties of 5-tree plots. Data were collected from 
the center three trees of each plot. 

Shot hole was evaluated by counting the number of lesions on 100 
fruits per plot. The average percent healthy fruit (no lesions) ranged 
from 96.4 to 99.2 (Kern), 74.0 to 99.6 (Fresno), and 37.2 to 98.7 (Tulare). 
The average number of lesions per fruit -ranged from 0.08 to 0.02 (Kern), 
1.49 to 0.02 (Fresno), and 5.05 to 0.03 (Tulare). There were no 
significant differences (5% level) among treatments in the Kern trial, 
and the check and budswell application of Kocide 101 alone were significantly 
less effective than other treatments in the Fresno and Tulare trials. 

Yield data were not collected because disease incidence was low. 
Results of similar trials in 1987 showed that no significant differences 
in yields could be detected when disease incidence was low. 
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Treatmenta) 

Kocide 101, then 
Ziram 76W 

Kocide 101, then 
Captan 50W 

Kocide 101, then 
Rovral 50W 

Kocide 101, then 
Dithane M22, 80W 

Kocide 101, then 
Benlate 50W + 
Ziram 76W, then 
Ziram 76W 

Ziram 76W 

Captan 50W 

Rovral 50W 

Dithane M22, 80W 

Ziram 76W 

Tilt 3.6EC 

Kocide 101 

Noram 25WP 

Check 

Almond Bloom Disease Control, 1988 

KERN COUNTY 

Cult i var Merced 

Shot Hole Evaluations - 11 May, 1988 

100 fruit/rep, 5 reps 

Numberb) 
Pounds/ appli-

acre, a.f. cations 

8.0 (BOS)c) 1 
8.0 3 

8.0 (BOS) 1 
10.0 3 

8.0 (BOS) 1 
1.0 3 

8.0 (BOS) 1 
8.0 3 

8.0 (BOS) 1 
1.5 + 8.0 1 

8.0 2 

8.0 

10.0 

1.0 

8.0 

8.0 

0.25 

8.0 (BOS) 

0.25 a. i • 

3 

3 

3 

3 

2 

3 

1 

3 

X Percent 
hea lthy fruit 

99.2 

98.8 

98.6 

97.6 

98.8 

98.2 

98.8 

97.8 

97.6 

98.2 

98.1 

97.2 

97.8 

96.4 

P = 0.05, LSD = N.S. 

a)Applied air carrier ground sprayer, 80-100 gpa, 2.0 mph, 150 psi. 

X Number 
spots/fruit 

0.02 

0.03 

0.03 

0.06 

0.03 

0.04 

0.05 

0.04 

0.06 

0.04 

0.04 

0.07 

0.05 

0.08 

N.S. 

b)Bloom treatments applied a pink bud, petal fall and two weeks after petal fall. 

( c)BOS = Budswell, late January. 

BROWN ROT: None observed. 

JACKET ROT (Botrytis): None observed. 
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Treatmenta) 

Kocide 101, then 
Ziram 76W 

Ziram 76W 

Ziram 76W 

Captan SOW 

Rovral SOW 

Dithane FZ 

Funginex + Ziram 76W, 
then Ziram 76W 

Kocide 101 

Check 

Almond Bloom Disease Control, 1988 

FRESNO COUNTY 

Cultivar Ne Pl us 

Shot Hole Evaluations - 3 May, 1988 

100 fruit/rep, 6 reps 

Numberb) 
Pounds/ appli- X Percent 

acre, a. f . cations he a lth~ fru it 

8.0 (BDS)c) 1 
8.0 3 99.2 a 

8.0 3 96.6 ab 

8.0 2 92.2 b 

10.0 3 97.8 ab 

1.0 3 97.6 ab 

1.6 gal 3 85.2 c 

48 oz, 8.0 1 
8.0 2 99.6 a 

8.0 (BDS) 1 80.6 c 

74.0 c 

P = 0.05, LSD = 1.9 

a)Applied air carrier ground sprayer, 80-100 gpa, 2.0 mph, 150 psi. 

X Number 
spots/fruit 

0.02 a 

0.10 a 

0.22 a 

0.06 a 

0.18 a 

0.68 a 

0.23 a 

1.10 b 

1.49 b 

0.59 

b)Bloom treatments applied at pink bud, petal fall and two weeks after petal 
fa 11 • 

c)BDS = Budswell, late January. 

BROWN ROT: Two strikes observed in entire test area. 

JACKET ROT (Botrytis): None observed. 



c Almond Bloom Disease Control, 1988 

TULARE COUNTY 

Cultivar Merced 

Shot Hole and Brown Rot Evaluations - 10 May, 1988 

100 fruit/rep, 6 repsa) 

Numberc) 
Pounds/ appli- X Percent X Number 

Treatmentb) acre z a. f . cations hea lth~ fruit seots/fru it 

Kocide 101, then 8.0 (BOS)e) 1 
Ziram 76W 8.0 3 97.5 a 

Ziram 76W 8.0 3 97.2 a 

Ziram 76W 8.0 2 97.0 a 

Captan SOW 10.0 3 96.5 a 

Rovral SOW 1.0 3 94.7 a 

C ?ane FZ 1.6 gal 3 56.0 b" 

Funginex + Ziram 76W, 48 OZ, 8.0 1 
then Ziram 76W 8.0 2 98.7 a 

Kocide 101 8.0 (BOS) 1 56.2 b 

Check 37.2 b 

P = 0.05, LSD = 19.8 

a)Grower over-sprayed two of the original eight reps with ziram. 

b)Applied air carrier ground sprayer, 80-100 gpa, 2.0 mph, 150 psi. 

0.06 a 

0.09 a 

0.07 a 

0.07 a 

0.13 a 

1.83 ab 

0.03 a 

2.85 b 

5.05 c 

0.21 

c)Bloom treatments applied at pink bud, petal fall and two weeks after petal fall. 

d)Average number strikes in 3 trees per rep, eight reps. 

e)BOS = Budswell, late January. 

JACKET ROT (Botrytis): None observed. 

( 

- d) X Number 
Brown Rot 

2.0 

1.0 

1.0 

1.0 

0.3 

0.3 

1.7 

4.5 

2.7 



Shot hole lesions on fruit first appear as 
small spots. On leaves, small, dark 
fruiting structures (sporodochia) in the 
center of the lesions are characteristic 
of the disease. 

Effect of fungicides on 
shot hole disease of almonds 
Beth l. Teviotdale 0 Mario Viveros 0 Mark W. Freeman 
G. Steven Sibbett 

( feral registered fungicides 
evaluated over a 7-year period in 
the southern San Joaquin Valley 
controlled the disease on fruit. 
Captan, captafol, and ziram pre
ceded by dormant copper provided 
the most consistent control. Fungi
cides protected against yield 
losses in a heavy-disease year but 
had no effect on yields when the 
disease was not prevalent. 

Almond trees are subject to several flower, 
fruit, and foliage diseases. Of these, brown 
rot, shot hole, and jacket rot are most com
mon and occur during or shortly after 
bloom. Brown rot (Mol1ilil1ia laxa) causes 
death of flowers and twigs, jacket rot 
(Botrytis cil1erea) destroys young fruit, and 
shot hole (Stigmilla carpophila) causes defo
liation. These diseases are controlled by one 
to three applications of fungicides during 
bloom, with additional treatments after 
bloom for shot hole when necessary. 

All three diseases are favored by rainfall. 
Growers regularly use control measures in 
northern and central California orchards, 
where rainfall during bloom is expected in 
most years. Since high rainfall conducive to 
~ us disease outbreaks is less common in 
tL ,;outhern San Joaquin Valley, many 
southern orchards have not been regularly 
treated for control of bloom diseases. 

In thesouthernSanJoaquin Valley, brown 
rot and jacket rot sporadically cause consid
erable damage, while shot hole disease oc
curs more frequently. Irrigation by high
angle sprinklers that direct water into the 
tree canopy creates a suitable environment 
for shot hole, and heavy infection is often 
found in the lower canopies of such trees. 
Some almond growers apply copper fun

gicide during dormancy to aid in control of 
several diseases, induding shot hole, brown 
rot, and bacterial canker. However, data 
supporting this practice for control of these 
diseases have not been available. 

We cond ucted almond orchard studies to: 
(1) test the effectiveness of several fungi
cides for control of shot hole; (2) determine 
the benefit of a dormant application of cu
pric hydroxide followed by applications of 
ziram during bloom for control of shot hole; 
and (3) evaluate the effect of fungicide treat
ments on almond yield. 

Almond orchard study 
Tests of fungicide effectiveness were con

ducted in two commercial almond orchards 
in Kern County, California. We used one 
orchard with the Thompson cultivar in 1981 
and 1982, and the other with cultivar Mer
ced in 1983 through 1986. Trees in both 
orchards were 9 years old in the first experi
mental year. Before these experiments, the 
Thompson orchard had received no qisease 
control and the Merced orchard had re-

ceived one ziram application annually at 
the popcorn stage. The Thompson orchard 
was sprinkler-irrigated for 12 hours at 7-day 
intervals and the Merced orchard for 24 
hours at 13-day intervals. Water reached 
into the lower third of the tree canopy in 
both orchards. 

Fungicides tested were: cupric hydroxide 
53W (Kocide 101), captafol80 DWG (Difola
tan), captan 50W (Orthocide), iprodione 
50W (Rovral), maneb 80W (Dithane M22), 
and ziram (Ziram 76W). Materials were 
applied with a concentrate airblast sprayer 
traveling at2 miles per hour and delivering 
80 to 100 gallons per acre at 150 pounds per 
square inch. 

The effect of dormant copper fungicide 
application on control of shot hole in spring 
was tested with: (1) cupric hydroxide ap
plied in late January followed by ziram 
applications in spring (copper-then-ziram), 
and (2) ziram applications in spring (ziram
only). 

Application dates, determined by plant 
growth stage, were approximately 2 weeks 
apart. The dormant treatment was in late 
January before any new flower or leaf tissue 
appeared. Spring applications were made 
when petals emerged from bud scales but 
flowers were not open (PB), a t full bloom to 
early petal fall (PF), and 2 weeks after petal 
fall when small fruit were present (APF). 
Spring treatments were applied twice (at PB 
and PF> or three times (at PB, PF, and APF). 
Five five-tree plots were arranged in a ran
domized complete block design. A differ
ent location in the orchard was used each 
year. 
Shot hole incidence in the center three trees 

of each plot was evaluated on fruit each year 
and on leaves in 1986. We counted the le
sions on each of 25 to 100 fruit selected ran
domly from the lower portion of each tree 
(75 to 300 fruit per plot). In 1986, lesions 
were counted on four fully expanded leaves 
on 25 shoots of each tree (300 leaves per 
plot). Stigmilla carpophiln was recovered 
from cultures of representative fruit lesions 
and sporodochia, the fruiting structures of 
the shot hole fungus, were present in leaf 
lesions. We collected data in May 1981, 
1982,1983, and 1987 and late March 1986. 
We did not collect data in the spring of 1984 
and 1985 because shot hole lesions were 
scarce. 

Yield measurements were taken from 
treatments in the 1986 fungicide-effective
ness experiment. 

In 1987, fungicide tests similar to those just 
described were established in Kern, Fresno, 
and Tulare County orchards with the culti
var Merced. The Kern County orchard was 
sprinkler-irrigated, and the Fresno and 
Tulare County orchards furrow-irrigated. 
The Tulare County orchard had not been 
treated previously for disease control; the 
other two had been treated annually for 
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TABLE 1. Efficacy of several fungicides for control of shot hole on almond 

Average number of lesions' 

Per fruit Per leaf 

Two applications' Three applications' Twoappl.' Three appl.1 

Fungicide 1981 1983 1986' 1982 1986' 1987 1987 1987 1986' 1986' 
and rate' Kern Kern Kern Kern Kern Kern Fresno Tulare Kern Kern 

Cupric hydroxide 
53W, Bib (Dor)" 
THEN Ziram 7SW, 81b 2.3a 1.3ab 0.9a 0.2a 0.2a 0.01 a .002 a .022a 0.20ab 0.13a 

CaptafolSO DWG, Sib 0.5a 0.2a 0.3a 0.41 bede 0.45ede 
Captan SOW, 10 Ib 3.2ab 2.1 abc O.Sa 0.2a O.Sa 0.03 a .002 a .015a 0.35abcd 0.4Bde 
Iprodione SOW, 1 Ib 3.Sc 3.9c 0.4a O.SSab .001 a .0SOa 0.25 abed 0.15a 
Maneb BOW, Bib 3.2ab 3.0bc 4.0c 0.5a O.Sa 0.11 a .003 a .OS4a 0.40bcde 0.2Babcd 
Ziram 7SW, Bib 4.5b 9.4d 11.7d 1.0a 2.1 b 0.05a .017 ab .029 a O.SOe 0.24 abc 
Cupric hydroxide 

53W, Sib (Dor)" 7.3c 12.4e 2.Sb 1.11 b .002 a .239b 
Untreated B.Sc 14.0e 13.4e 3.2b 13.4e 3.41 c .019b .252b 1.20f 1.20f 

P = 0.05, LSD = 1.S 1.S 0.9 2.0 0.9 O.Sl .017 .OBO 0.20 0.20 

• Ratee pounds per acre as formulated. Materials applied by air-carrier sprayer, SO-l 00 gpa, 2 mph, 150 psi. 
, Five replications (eight replications Fresno, Kern 19B7) of five-tree plots 75-300 fruit or 300 leaves collected from center three trees of each plot. Treatments followed by the 
same letter do not differ significantly, P = 0.05, ANOVA and DMRT. 
• Applications made 2 weeks apart beginning when petals showed but flowers were not open. 
• Two- and three-application treatments part of same experiment, Kern 19S5. 
" Dor = dormant application. applied once late January at budswell. 

brown rot and shot hole. Five (Kern 
County) and eight (Fresno and Tulare coun
ties) replications of five-tree plots were ar
ranged in a randomized complete block 
design. Shot hole incidence on fruit was 
evaluated as previously described. All fruit 
from the center three trees of each plot were 
harvested and weights adjusted for dry 
kernel weight. 
We received Kern County rain data in 1981 

and 1982 from the National Weather Service 
approximately 10 miles from the test site 
and in 1983-87 from the orchard owner a 
mile from the experiments. California Irri
gation Management Information System 
(CIMIS) stations were sources in Fresno and 
Tulare counties in 1986 and 1987. 

Rainfall during February and March in 
Kern County was 2.93, 0.67,6.22,1.08,2.50, 
and 4.11 inches in the 6 years, 1981 through 
1986, respectively. In the same period in 
1987, rainfall was 2.68, 4.03, and 3.81 inches 
in Kern, Fresno, and Tulare counties, re
spectively. 

Fungicide effectiveness. On fruit, cap
tafol (not registered for use on almonds), 
captan, iprodione, maneb, and copper
then-ziram were significantly better than 
the untreated check for control of fruit le
sions in all years (table 1). Ziram-only was 
significantly better than the check in every 
test except Fresno, 1987. 
Captafol was consistently among the best 

treatments. Copper-then-ziram, captan, 
and maneb performed similarly in every 
test except one in 1986, where two applica
tions of copper-then-ziram or captan were 
significantly better than two of maneb. 

Control by ziram-only was equivalent to 
that of captan and maneb, except in 1983 
and 1986, both years of severe shot hole in
fection. In those years and in 1981, copper
then-ziram was significantly better than 
ziram-only. Dormant copper application 
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did not significantly improve control by 
ziram in the low-disease-incidence years of 
1982 and 1987. 

Iprodione was less effective than the best 
treatments where two applications were 
made, but there were no significant differ
ences among three applications of iprodi
one, copper-then-ziram, captafol, captan, or 
maneb. Direct comparison of two versus 
three applications can be made only with 
data from 1986, when both timings oc
curred in the same experiment. In that year, 
three applications of iprodione, maneb, or 
ziram-only were better than two, but two or 
three applications of the other materials 
provided similar control. 
On leaves, all treatments in 1986 were sig

nificantly better than the untreated check. 
Dormant copper significantly improved 
control where two but not where three 
applications of ziram were made, and three 
applications of ziram-only were better than 
two. Differences among other treatments 

cannot be determined, because results of 
statistical analysis were unclear. 

Effect of fungicides on yield. There were 
no significant differences in 1986 among the 
highest yielding treatments: captafol, cap
tan, iprodione, and maneb (table 2). All 
were significantly better than copper-then
ziram, ziram-only, and the untreated check. 
Copper-then-ziram was significantly better 
than ziram-only, and both were signifi
cantly better than the check. 

No significant differences in yields were 
found among any treatments and the un
treated check in the Kern, Fresno, or Tulare 
County orchards in 1987. Shot hole was 
present at very low levels. Brown rot and 
jacket rot were not observed at any of the 
test sites. 

Discussion 
In general, captafol, captan and copper

then-ziram were most consistent in reduc
ing shot hole infections on fruit. When dis-

TABLE 2. Effect of fungicides on yield of almond trees, cultivar Merced 
. . 

Average pounds nutmeats per tree' 

1986 1987 1987 1987 
Fungicide, rate' .. , Kern Kern Fresno Tulare 

CaptafolBO DWG, Sib 21.Sab - - -
Captan50W,10lb 23.2ab 3B.7a 30.4 a 9.2a 
Iprodione SOW, 1 Ib 23.7a 3S.Sa 37.8 a 9.3a 
Maneb SOW, B Ib 23.2ab 32.5a 30.2 a 11.3a 
Ziram 7SW, Sib 13.Bc 3S.0a , 37.2 a 10.9a 
Cupric hydroxide 53W, 

Bib (Dor)§ 
THEN Ziram 7SW, Sib 19.2b 41.7a 33.5a " 10.7a 

Cupric hydroxide 53W, 
Slb(Dor)§ - 32.5 a 31.3a 9.5a 

Untreated 7.0d 33.0 a 32.4 a 10.5a 
P = 0.05, LSD = 4.3 11.2 7.7 2.5 

NOTE: Five replications at Kern County 1985, 19S7, eight replications at Fresno and Tulare counties, 19B7. Five-
tree plots, center three trees of each plot harvested. 
, Rates are pounds per acre, as formulated. Materials applied by air-carrier sprayer, BO-l 00 gpa, 150 psi. Three 
applications at 2-week intervals, beginning at early bloom. 
'Treatments followed by the same letter do not differ significantly, P = 0.05, ANOVA and DMRT. 
I Dor e dormant application, applied once late January at budswell. 

-. 
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ease incidence was low (1982 and 1987), the 
choice of fungicide had little effect on con
trol. Even in years with low disease inci
dence, however, shot hole was more preva
lent in untreated than in treated trees. We 
did not obtain sufficient data to evaluate 
control of leaf infections. The relative im
portance of fruit and leaf infections and the 
manner in which shot hole damages trees 
are not clearly understood. Shot hole is 
known to cause defoliation, but the extent to 
which fruit are damaged directly is uncer
tain. 
A dormant application of copper fungi

cide improved control of shot hole by ziram 
when disease incidence was high. Recent 
evidence suggests that spores of the shot 
hole fungus in buds and on tree surfaces 
may be an important source of overwinter
ing inoculum on almond, and the amount of 
this inoculum may influence disease inci
dence in the spring. Dormant a pplica tion of 
copper fungicide in our studies may have 
reduced or impaired overwintering inocu
lum, improving control by ziram applica
tions in the spring. 
With regard to fungicide effects on yield, 

conditions in 1986 and 1987 may represent 
two extremes, the former producing severe 
and the latter no measurable loss in yield to 
diseases. Less obvious losses may occur in 
years of intermediate disease levels. 

The reductions in yield reported here can
not be attributed entirely to shot hole. Sev
eral diseases were enhanced by the high 
rainfall during bloom in 1986. In addition to 
shot hole, there were symptoms of brown 
rot and jacket rot in the test area, but we do 
not have data on the incidence or severity of 
either. Other unrecognized disease organ
isms also may have been active and contrib
uted to reduced yield. Treatments with the 
broad-spectrum fungicides captafol, cap
tan, iprodione, and maneb resulted in 
higher yields than those with ziram, a nar
row-range fungicide, suggesting that sev
eral disease organisms, not just the shot hole 
fungus, contributed to yield loss. Fungi
cides active against a variety of organisms 
should be included in programs for bloom 
disease control of almond. 

Beth L. Teviotdale is Extension Plallt Patholo
gist, University of California, Kearney Agricul
tural Center, Parlier; Mario Viveros is Farm Ad
visor, Kern County; Mark W. Freemall is Farm 
Advisor, Fresno Coullty;and C. Stevell Sibbett 
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