
through the drip system at rates compa- 
rable to those applied uniformly. The 
extent of movement was determined by 
rate of application. At the rate of 90 kg 
of PzOs/ha., the movement of P was 
25 cm laterally and 30 cm in depth, com- 
pared with 10 cm laterally and 10 cm in 
depth for the 15 kg of P2O5/ha. rate. The 
drip system has a much greater effective 
application rate because it applies phos- 
phorus on a very small surface area, cre- 
ating greater movement. For example, at 
7,200 emitters per ha., a uniform applica- 
tion rate of 15 kg of P205/ha. applied 
through the drip system would give an 
application rate equivalent to 66,000 kg 
of P205/ha., assuming the P was applied 
within a 1 cm radius of the emitter. For 
an 8 cm radius, which is comparable to 
the amount of horizontal movement of 
inorganic P observed in the field and 
laboratory for the same rate, the effective 
r a t e  of app l i ca t ion  i s  1 , 0 0 0 k g  of 
P2O5 /ha. This is comparable to the move- 
ment caused when high rates of P205 are 
applied on the soil surface. 

Furthermore, calculations of the 
volume of soil to which increased P levels 
have been attained from a uniform broad- 
cast application are of the same order of 
magnitude as the volume of soil to which 
elevated P levels are observed when it is 
applied through a drip system. Conse- 
quently, it  is logical that the chemistry of 
P reactions in a given soil would dictate 
that the volume of soil in which increased 
levels of P are measurable should be simi- 
lar no matter how the P is applied. 

Glycerophosphate applied through 
an  emitter moved approximately 5 to 
10 cm farther (fig. 1)  in the horizontal 
plane than did orthophosphate, according 
to field measurements. The organic phos- 
phate moved farther than the inorganic 
phosphate because of the delay in release 
of t h e  orthophosphate ion from the 
organic moiety which requires an enzy- 
matic hydrolysis. Although organic phos- 
p h a t e  moved slightly f a r t h e r  than 
inorganic phosphate, the plant uptake of 
P was not greatly affected by 5 cm of 
increased movement as indicated in the 
discussion on plant uptake. 

A l abo ra to ry  expe r imen t  was 
designed to evaluate the extent of phos- 
phorus movement when applied to soils 
in a way duplicating drip irrigation place- 
ment. In a laboratory experiment ortho- 
phosphoric acid containing radioactive P 
(32P) was slowly dripped onto the soil 
surface at one spot in the center of a box 
filled with Yo10 loam soil. The 32P was 
used to distinguish the applied P from the 
soil P which may have dissolved as a 
result of the acid application, and to 
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unmistakably determine the extent of 
inorganic P movement under these condi. 
tions. The rate of P application was equiv- 
alent to 30 kg of P205/ha. and at the 
same emitter density (72 per plot) as in 
the field studies. The same procedure was 
used to apply calcium glycerophosphate. 
The  glycerophosphate did not contain 
32P- 

After two days, the soil was sam- 
pled on a 5 cm grid in both the horizontal 
and vertical plane, using the point of 
application as the zero point. The P and 
radioactive P content was measured in 
bicarbonate extracts of the soil samples. 
The movement of orthophosphoric acid 
was ascertained from the distribution of 
32P. The movement of glycerophosphate 
was ascertained from the increase in bi- 
ca rbona te  soluble P above the back- 
ground level. Glycerophosphate moved 
approximately 5 cm farther both horizon- 
tally and vertically than inorganic phos- 
phate (fig. 2)-movement similar to that 
observed in the field. 

Both phosphoric acid and glycero- 
phosphate apparently move far enough 
below emitters at small application rates 
to be a satisfactory means of placing P in 
the root zone of drip irrigated crops. 
However, the problem of inorganic phos- 
phate precipitation clogging drip lines is 
of great concern and can only be pre- 
vented by careful adjustment of the pH 
of t h e  irrigation water receiving the 
inorganic phosphate. Glycerophosphoric 
acid and its soluble salts cause no such 
concern since the phosphate ion is only 
hydrolyzed enzymatically in the soil; this 
also allows sufficient movement in the 
soil for the P to be placed in the root 
zone. Furthermore, in other types of irri- 
gation systems where concentrated appli- 
cations cannot be achieved (as with drip 
irrigation), the movement of the organic 
phosphate can be utilized to achieve the 
desired P placement. 
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Rolston, Assistant Professor of Soils, and R. G. 
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Plant Nutrition Section; A. 6. Carlton, Special- 
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of the University of California, Davis. 
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WALNUT 
alnut blight, caused by the bacterial w organism Xanthomonas juglandis, is 

L disease of worldwide importance on 
valnuts. In northern California, blight 
nay occur on a number of commercial 
parieties of English walnuts, although 
ate-blooming varieties generally escape 
nfection by leafing out after most of the 
pring rains are over. 

Buds, catkins, leaves, shoots, and 
iuts of current season's growth are all 
usceptible to infection. On leaves, the 
larenchyma tissues, midrib, lateral veins 
lr the rachis and petiole may all be in- 
olved; dark brown to black irregular- 
haped  spots on young leaflets cause 
ialformed older leaves. 

Nut infection accounts for a major 
art of the economic loss. Rain during 
ollination commonly results in blossom- 
nd infection of young nutlets. The first 
~ g n  of blight appears on the stigma in the 
3rm of a rapidly enlarging black spot 
~ h i c h  might subsequently involve the 
ntire fruit. Occasionally infection enters 
i e  young nutlet, causing a breakdown of 
ie internal tissues with only limited ex- 

TABLE 1. EFFECTIVENESSOF MATERIALS 
AGAINST BLIGHT ON ASHLEY WALNUTS, 

SACRAMENTO VALLEY, 1974. 
~~~ ~ 

~~~ ~ -~ ~ 

Rate/ Mean % 
Material* 100 gal. infected nutst 

Copper-Count-N 3 gal. 18 a 
Bordeaux mixture 8:5:100 18 a 
PO8 2 pt. 31 b 
Untreated check __ 32 b 

~ ~~ - 

* Sprayed by air-blast sprayer at the rate of 
100 gal./acre on April 16 and May 2, 
1974. 

t Three hundred nuts per replicate were 
evaluated on May 23, 1974 (1200 nuts/ 
treatment). Values followed by a com- 
mon letter are not significantly different 
at the 0.05 level, according to Duncan's 
multiple range test. 
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Experiments indicate that the number and timing of treat- 
ments for optimum control of walnut blight vary with the 
season, rainfall being the governing factor. There was no 
evidence that any one control chemical was superior to 
another. 

BLIGHT CONTROL 
t e rna l  evidence of the disease. Many 
affected young nuts drop from the tree. 
Lesions produced by infection of partly 
grown nuts appear first as water-soaked 
spots. These spots darken and enlarge 
rapidly, resulting in black sunken areas on 
the walnut hull. Attack by walnut blight 
before the shell hardens usually results in 
shriveled kernels. If nuts are attacked 
after the shell hardens, the kernel may 
not shrivel but is often discolored. 

It is generally assumed that pollen 
from partially infected catkins is contam- 
inated with blight bacteria. Segments of 
affected catkins turn black and shrivel. 
On in fec t ed  green shoots, black and 
elongated lesions develop near the tip. In 
some cases this infection may result in 
girdling and twig death. Lesions that do  
not girdle the shoot may develop into 
elongated sunken cankers which, along 
with diseased buds, provide a source of 

TABLE 2. EFFECTIVENESS OF MATERIALS 
AGAINST WALNUT BLIGHT ON ASHLEY 

WALNUTS, SACRAMENTO VALLEY, 1975. 

Rate/ Mean % 
Material* 100 gal. infected nutst 

Copper-Count-N 2.5 gal. 6.1 a 
Kocide 101 8 Ib. (+ 1 pt. 6.1 a 

80% summer 
oil emuls.) 

112 gal. 60% 
summer oil 
emuls.) 

Bordeaux mixture 8:5:100 (+ 6.3 a 

COCS 12 Ib. 8.1 a 
Untreated check -- 21.5 b 

* Sprayed by air-blast spraiyer at the rate of 
100 gal./acre on March 30, April 19 and 
May 7. 1975. 

evaluated on May 29, 1975 (1500 nuts/ 
treatment). Values followed by a com- 
mon letter are not significantly different 
at the 0.05 level, according to Duncan's 
multiple range test. 

t Three hundred nuts per replicate were 

W. H. OLSON 0 W. J. MOLLER 0 L. B. FITCH 0 R. B. JETER 

CALIFORNIA AGRICULTURE, MAY 1976 

blight bacteria for the following year. 
Water, particularly rain droplets falling on 
hoIdover sources, spreads the bacteria to 
current season's growth. Windblown con- 
taminated pollen might also contribute to 
spread of the disease. 

Although blight bacteria can cause 
damage at any time during the growing 
season, the major period of risk is in 
spring- b e t  ween the period of initial 
growth and two weeks after full bloom. 
Frequent and prolonged rains during this 
period result in serious blight outbreaks. 
Infections occurring after nuts are about 
three-fourths grown are generally of little 
economic importance. 

The present studies were conducted 
during 1974 and 1975 in Ashley walnut 
orchards  in the northern Sacramento 
Valley. Three trials compared the efficacy 
of various materials, and differing rates of 
bordeaux mixture, in the control of wal- 
nut blight. Two other trials were conduct- 
ed to determine the influence of spray 
timing on blight control. 

MateriaIs tested 

In 1974, one trial was established 
using f o u r  treatments replicated four 
times in a randomized complete block 
design, with individual plots of 5 X5 
trees. Bordeaux mixture at 8:5:100 was 
compared with two fixed copper formula- 
tions-Copper-Count-N and PQ8 (copper- 
8-quinolinolate), both applied according 
to l abe l  directions-and an untreated 
check. All materials were applied at the 
semi-concentrate rate of 100 gallons per 
acre by air-blast sprayer and were timed 
to coincide with various stages of plant 
growth during the main walnut blight 
susceptible period. Unfortunately, the 
earliest  (pre-bloom) spray had to be 
omitted due to orchard flooding. The 
second and third sprays went on at 30 to 
40 percent pistillate bloom and 50 per- 
cent post-pistillate bloom, respectively. 

I n  1 9 7 5 ,  two trials were estab- 
lished, each with five treatments and five 

~ 

TABLE 3. EFFECTIVENESSOF DIFFERENT 
RATES OF BORDEAUX MIXTURE AGAINST 
WALNUT BLIGHT O N  ASHLEY WALNUTS, 

SACRAMENTO VALLEY, 1975. 

Ratel Mean % 
Material* acre infected nutst 

Bordeaux mixture 12:7.5:100 0.2 a 
Bordeaux mixture 16:10:100 0.5 a 
Bordeaux mixture 4:2.5:100 0.7 a 
Bordeaux mixture 8:5:100 0.8 a 
Untreated check -- 8.2 b 

* Sprayed by air-blast sprayer at rates of 
100 gal./acre on March 30, April 18 and 
May a, 1975. 

evaluated on May 30, 1975 (1500 nuts/ 
treatment),. Values followed by a com- 
mon letter are not significantly different 
at the 0.05 level, according to Duncan's 
multiple range test. 

t Three hundred nuts per replicate were 

replicates i n  a randomized complete 
block design. Individual plots were 4 X 4 
trees and materials were applied at the 
rate of 100 gallons per acre by air-blast 
sprayer. Blight chemicals tested in the 
first t r i a l  inc luded  Copper-Count-N, 
Kocide 101, COCS (copper oxychloride 
sulphate) and bordeaux mixture. These 
materials were used at the manufacturer's 
minimum recommended rate per acre, 
along with an 80 percent summer oil 
emulsion when specified. The bordeaux 
mixture was 8:5: 100, combined with 0.5 
gallon of an 80 percent summer oil emul- 
sion. In the second trial, various rates of 
bordeaux mix tu re  were evaluated- 
4 : 2 . 5 : 1 0 0 ,  8 :5 :100 ,  12:7.5:100 and 
16:lO:lOO. Again, in these two trials, 
three applications were timed to coincide 
with various stages of plant growth during 
t h e  spr ing  b l igh t  suscept ib le  peri- 
od: l )  catkins expanding and beginning 
to shed pollen, 2) 30 to 40 percent pistil- 
late bloom, 3) 50 to 60 percent post- 
pistillate bloom. 
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Walnut Blight Control Studies - 1974 
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Fig. 1 

In both years, treatment plots were 
evaluated for blight infection approxi- 
mately three weeks after the final spray 
application. One-hundred nuts were ran- 
domly picked from 4 to 6 feet above 
ground level on each of three trees lo- 
cated in the center of each plot. The 
300 nuts collected from each plot were 
then inspected for visible blight infection. 

Results 

Table 1 shows the results of the 
1974 trial. Although blight control was 
poor, due to the aforementioned spring 
flooding of this orchard, both Copper- 
Count -N and bordeaux mixture were 
significantly more effective than the 
experimental material PQ8 or the un- 
t r ea t ed  check .  These two chemicals 
almost halved the amount of disease. PQ8 
gave no control of walnut blight and was 
comparable to the untreated check in per- 
cent blighted nuts. 

Table 2 shows the results of the 
material comparison trial conducted in 
1975. All materials tested were signifi- 
cantly better than the untreated check 
which had approximately three times the 
amount of blight found in any of the 
treatments. Differences in efficacy were 
slight and there was no significant differ- 
ence  be tween  t h e  materials at the 
0.05 level of probability. Results of the 
bordeaux rate trial, conducted in 1975, 
are presented in table 3. In this trial the 
incidence of walnut blight was low: the 
untreated check had only 8.2 percent of 
the nuts blighted. All rates tested brought 
the percent blight down to 0.8 percent or 
lower and there was no significant differ- 
ence between eny of them. 

Spray timing evaluated 

Two spray timing trials were also 
conducted, one in 1974 and the other in 
1975. 

In 1974, an 8:5:100 bordeaux mix- 

ture was applied by air-blast sprayer at 
the rate of 100 gallons per acre to trees 
replicated four times in a randomized 
complete block design; individual plots 
were 5 X 5 trees. Comparisons were made 
between two variables, apart from the 
untreated check. These were: 1) a single 
spray  applied at 50 percent pistillate 
bloom; and 2) two sprays, the first ap- 
plied at 50 percent pistillate bloom and 
the second at 50 percent post-pistillate 
bloom. Statistically significant differences 
were observed between each treatment. 
Two sprays reduced blight by 16 percent, 
while the single spray reduced blight by 
11 percent over the untreated check. 

In 1975, a spray timing trial, with 
1 0  replicates of three different spray 
schedules and an untreated check, was 
established in a randomized complete 
b lock  design. The standard chemical 
treatment in this case was Kocide 101 
which was applied by handgun to single 
tree plots at the rate of 2 pounds/100 
gallons + 1 pint of 80 percent summer oil 
emulsion per 100 gallons. This is approxi- 
mately equivalent to a dilute air-blast 
appl ica t ion  of 8 pounds Kocide and 
1/2gallon 80 percent summer oil emul- 
sion per acre. The three schedules includ- 
ed: 1 )  o n e  spray, applied during the 
catkin elongation period; 2) two sprays, 
applied first at  catkin elongation, then at 
30 to 40 percent pistillate bloom; and 
3) three sprays, applied respectively, at 
catkin elongation, 30 to 4 0  percent pistil- 
late bloom and two weeks later (during 
early post-bloom). The primary objectives 
were to evaluate the blight susceptibility 
of these various stages of nut develop- 
m e n t  a n d  de te rmine  optimal spray 
timing. Although there was no statistical- 
ly significant difference in blight control 
between any treatments at the 0.05 level 
of p robab i l i t y ,  spray schedules that 
included a bloom spray did have a lower 
incidence of blight. In this trial, infection 
ranged from 2.1 percent where all three 
sprays were applied, to 4.6 percent where 
only the catkin spray was applied. 

Discussion 

Based on the data reported here, 
there was no evidence that any one wal- 
n u t  b l igh t  material  was superior to 
another, nor was there any evidence that 
higher rates of bordeaux were superior to 
lower rates. The authors cautiously assert 
that this may not be true in other years. 

Rainfall records for 1974 and 1975 
(figs. 1 and 2) give clues to the variable 
results obtained in some of these trials. In 
1974, approximately four inches of rain 
fell during the pre-bloom and early-bloom 

stages before the first spray was appiied. 
This quantity of rainfall resulted in signi- 
ficant disease and probably explains the 
high percent blight found in the bordeaux 
and Copper-Count-N treatments in the 
1974 trial. This also serves to underline 
that protective sprays must be applied 
before significant rainfall to obtain blight 
control. In the 1974 timing trial, it was 
found that each additional spray helped 
to reduce the presence of blighted nuts in 
the orchard. Consequently, a bloom and 
post-bloom spray resulted in 16 percent 
blight, a bloom spray only resulted in 21 
percent, and no sprays resulted in 32 per- 
cent. Again, rainfall records can be used 
to explain these results: shortly after the 
post-bloom spray an inch of rain fell, 
then after the bloom spray 0.7 inches of 
rain fell. As mentioned earlier, there were 

Walnut Blight Control Studies - 1975 
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approximately four inches of rain during 
the  pre-bloom and early-bloom stages. 
Results from this trial indicate that both 
the bloom and post-bloom sprays were 
important in reducing blight and that a 
pre-bloom or early-bloom spray would 
also have been beneficial. 

In 1975, none of the spray timing 
schedules significantly reduced the per- 
cen t  blight over the untreated check. 
However, where  a bloom spray was 
included, blighted nuts were reduced by 
approximately 2 percent over the untreat- 
ed  check  a n d  pre-bloom application, 
which had 4.5 and 4.6 percent blight, 
respectively. This low percentage of infec- 
tion in the untreated check can also be 
re la ted  t o  rainfall during the blight- 
sensitive period. During the period from 
pre-bloom through post-bloom there was 
only 0.7 inches of rain. The pre-bloom 
spray showed no benefit over the untreat- 
ed check, even though 0.5 inches of rain 
fell one week after application. Perhaps, 
under these light rainfall conditions, this 
application was made well before nutlets 

12 CALIFORNIA AGRICULTURE, MAY 1976 



were exposed to blight infection. The 
inference that the bloom spray was the 
m o s t  b e n e f i c i a l  may b e  because  
0.2 inches of rain fell shortly after its 
application. 

Summary 

These  experiments indicate that 
both the number and timing of treat- 
ments for optimum walnut blight control 
will vary with the season. In years when 
there is only a relatively small amount of 
rainfall during the infection period (as in 
1975) few sprays will be needed. But if 
the rainfall is heavy and prolonged during 
the infection period (as in 1974) several 
t rea tments  will be needed. Protective 
sprays applied at  a particular stage of nut 
development will be helpful in reducing 
blight infection only if appreciable rain- 
fall follows. However, because it is impos- 
sible to predict the weather during the 
critical period of infection, applications 
should be applied to cover the major 
period of susceptibility. On early varie- 
ties, a pre-bloom spray should be used to 
help keep the bacterial inoculum at a 
minimum before the highly susceptible 
pistillate flowers are exposed. In addition, 
a pre-bloom spray might help to eliminate 
catkin infection and subsequent spread of 
the disease through infected pollen. A 
bloom spray should be applied to protect 
the pistillate flowers. Due to rapid growth 
of fertilized nuts after pollination a third 
spray should be applied at post-bloom. If 
rains threaten, additional sprays would be 
beneficial as the nuts continue to enlarge, 
but in most years in the Sacramento Val- 
ley this will be unnecessary. The nut 
enlargement period usually ends around 
the first of June on early-maturing varie- 
ties. Success in control of walnut blight 
depends on proper timing and thorough- 
ness of coverage. In devising a blight 
spray schedule remember that copper 
sprays are only protective agents; their 
continuous presence on susceptible parts 
of the plant is absolutely essential during 
the critical spring period. 

W. H. Olson is U.C. Farm Advisor in Butte 
County; W. J. Moller is Extension Plant Pathol- 
ogist, U.C. Davis; L. B, Fitch is U.C. Farm 
Advisor in Sutter County; and R. B. Jeter is 
U.C. Farm Advisor in Glenn County. 
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Grapes with Gibberellin 

FRED JENSEN 0 FRED SWANSON GEORGE LEAVITT 

uby Seedless is a red seedless varie- K ty used as a table grape and for the 
freezer. The clusters are well filled to 
compact. In some vineyards, looser clus- 
ters would be desirable to reduce bunch 
rot and to facilitate packing. Gibberellin 
sprays reduce set in Thompson Seedless 
and several wine varieties, so trials were 
established with Ruby Seedless to deter- 
mine the possible benefits. 

In 1973, we sprayed vines at three 
stages of development: 1) pre-bloom 
shoots 15 to 18 inches long; 2) bloom, 30 
percent caps off; and 3) bloom, 60 per- 
cen t  caps  off. The concentrations of 
gibberellin tested were 2 1/2, 5, and 
10ppm. Although a replicated trial was 
established for detailed sampling, the 
effects of the sprays were obvious and 
precluded the necessity of further evalua- 
tion. All of the pre-bloom treatments 
resulted in straggly clusters and excessive 
numbers  of shot berries. The 5 and 
10 pprn concentrations during bloom also 
p roduced  straggly clusters with shot 
berries. Only the 2 1/2 ppm concentra- 
tion approached the desired loosening but 
even this low dosage appeared to be 
excessive. The late bloom spray was more 
favorable than the early bloom spray. 

Based on our 1973 experience, we 
established a trial in 1974 using gibberel- 
lin rates of only 1 and 2 pprn to compare 
to no treatment. Vines were treated only 
in the late bloom stage on May 17, when 
70 percent of the caps had fallen from 
the flowers. About 150 gallons of spray 
were  applied per acre to insure good 
coverage of the clusters and leaves. Each 
treatment was replicated 15 times. 

Just before the grower’s harvest, we 
sampled  for  soluble solids and berry 
weight determination by taking 50 berries 
from each replication. The character of 
the clusters was rated visually by three 
observers. Clusters in the desired range, 
well filled to loose, were assigned num- 
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bers of 3 .and 4. An average cluster index 
number below 3 was excessively compact, 
and above 4, excessively straggly. 

Our data in the table show that the 
most favorable results were obtained with 
a 1 pprn spray. This treatment produced 
loose  clusters without increasing shot 
berries. This treatment had no effect on 
the soluble solids or berry weight. Two 
ppm produced excessively straggly clus- 
ters but did not increase the numbers of 
shot berries. 

The low rate of gibberellin treat- 
ment required shows that the Ruby Seed- 
less variety is very sensitive to gibberellin. 
In  contrast, Thompson Seedless table 
grapes require a 10 ppm concentration 
for berry thinning. 

This is a report of work in progress 
only. The chemicals and uses contained in 
this article are experimental and should 
not be considered a recommendation for 
use. 

Fred Jensen is Extension Viticulturist, Parlier; 
Fred Swanson and George Leavitt are Farm 
Advisors in Fresno and Madera counties respec- 
tively, all of  the University of California 
Cooperative Extension. 

I 
EFFECT OF BLOOM-TIME GIBBERELLIN 

T R E A T M E N T O N  
RUBY SEEDLESS GRAPES -_______ _____  ~ ___ 

Treatment Berry Soluble 
gibberellin weight solids Looseness 

grams OBrix indext conc. 

1. 0 pprn 3.35 a *  15.2 a 2.87 a 
2. 1 pprn 3.33 a 15.5 ab 3.80 b 
3. 2ppm 3.42a 15.7 b 4.43 c 

* Mean separation by Duncan’s multiple 

t Favorable range of well-filled to loose clus- 

~ ~ - _ _ _ _ _ _ - ~  

range test, 5% level. 

ters in the range of 3 to 4. 

I I 
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