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Objectives: 

To determine the prevalence of Salmonella in almond orchards in 
counties where manure is applied to the soil as a fertilizer, 
and to study the dynamics of salmonella contamination in almond 
orchard soils. 

Background: 

In most almond orchards, the nuts are mechanically knocked to the 
ground and allowed for several days to dry before being picked 
up. Growers prefer to knock several acres at one time and the 
knocking is often done a week or more ahead of picking up. This 
may introduce other problems in handling. The use of animal 
manure in almond orchards is growing, and so is the concerns 
about the potential of almond crop contamination with salmonella 
or other microorganisms from orchard soils where animal manure is 
applied as a fertilizer. 

The ability of salmonellae to remain viable in the environment 
may contribute to their persistance in almond orchard soils and 
may contaminate almonds at harvest time. Literature on the 
ability of salmonella to live under various conditions is rather 
limited. Gibson (1967) determined that salmonellae could survive 
the common slurry system and remain alive when manure containing 
them was spread upon pastures. Once applied to pastures, 
salmonella organisms could survive 6 to 12 months. Galton (1963) 
also estimated that salmonella organisms could survive up to 1 
year after pasture application. Rankin & Taylor (1969) noted the 
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gradual die-off of Salmonella dublin, S. typhimurium, Staph. 
aureus, and E. coli in one manure slurry. These were - still 
detectable after 12 weeks in slurry. 

Large differences in the survival of various serotypes of 
salmonella in liquid manure were also reported by Hahn (1967). 
Similarly, Tucker (1967) found that S. thompson survived longer 
than either of the more delicate host-adopted S. pullorum or S. 
gallinarium in used poultry litter. In addition, several studies 
have shown that used poultry litter becomes actively 
salmonellacidal. For example, Fanelli et al (1970) reported that 
S. infantis and S. typhimurium did not persist as long in built
up poultry litter as in fresh litter. Bokhari (1989) found that 
recovery of Salmonella typhimurium in new pinewood shavings was 
significantly influenced by the moisture contents and holding 
temperature. S. typhimurium survive better at lower moisture 
levels and lower holding temperatures when pH remained constant 
at 4.2. 

The colloidal character and microbial population of soil tends 
to effectively inhibit downward movement of pathogenic organisms. 
In laboratory and field tests, McCoy (1969) found that the top 14 
inches of a silt loam soil retained most of the fecal bacteria 
from manure applied at the rate of 5 to 80 tons per acre. A sandy 
soil was slightly less efficient in straining bacteria. 

Experimental Design 

1. The first phase of this project will include an extensive 
survey of almond ranches where animal manure is used as a 
fertilizer during the crop year. Random samples of field run 
nonpareil variety of almonds weighing 4 pounds will be taken 
from a composite sample collected from each individual 
orchard. These samples will be divided into two parts. One 
part wil.l be tested as "inshell nuts" and the other as 
"almond meat" for the presence or absence of salmonella. 
Soil samples from each site will also be taken for 
salmonella testing. The data will be summarized and reported 
in an appropriate fashion. 

To study the complete profile of salmonella contamination and its 
dynamics, there are several variables involved, requiring 
extensive experimentation and field trials for several years and 
require financial support. After the completion of phase one, we 
purpose the phase two for next years' funding. 

2. The second phase of this project will start in the spring of 
1991 to study the dynamics of salmonellae contamination in 
almond crop harvested from orchard where animal manure will 
be applied at a controlled rate. The manure will be 
experimentally inoculated with salmonellae. The population 
dynamics will be studied. Soil and manure samples will be 
collected before the application of manure on the orchard 
soil. Subsequent soil samples will be taken on a periodic 
basis until the harvest time when crop samples will also be 
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taken along with soil samples. All those samples will be 
tested for the presence or absence of salmonella. The number 
of salmonellae during the study period in the soil and 
almond harvest will also be determined. The percentage 
survival rate of salmonella will be determined. 
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Objectives: (1) Determine the prevalence of Salmonella in almond 
orchards in counties where manure is applied to the soil as a 
fertilizer. (2) study the dynamics of salmonella contamination in 
almond orchard soils. 

Interpretive summa~: 

The use of animal manure as a fertilizer in almond orchards have 
caused somE: (' (;;,"l. ce1.-ns abo,.ut c:ontamination of soil and almond crop 
with salmonella or other microorganisms. The results reported 

: here w~re obtained by a survey of twenty-five almond orchards in 
stanislaus (13), San Joaquin (6) and Merced (6) Counties. Of 
these orchards, six were control orchards where no manure was 
applied as a fertilizer and ninteen were test orchards where 
animal manure has been used as a fertilizer. Random samples of 
orchard soil and field run almonds were taken from each site to 
det e ~miL £ the presence or absence of Salmonella in the orchard 
soii~ . and its persistance in the almond crop. 

The almond' samples were sub~divided into three parts and 
designated as ' "fiel d-run ", tthull edit, and "shell ed" sampl es, 
respectively. All samples were submitted to the veterinary 
Service Inc. Modesto, California for testing. Ten grams of each 
sample were inoculated into 90 rnl of s~lenite cysteine and 
tetrathionate broths and incubated at 37 degrees C for 24 hours. 
The broth cultures were subcultured onto plates of brilliant 
green agar (BGA) or MacConkey's agar and inCUbated for 24 hours 
at 37 c. Lactose negative colonies were subcultured to slant 
tubes of triple sugar iron (TSI) and lysine iron agar (LlA). API 
test stripes were used for further identification. 

No salmonella was isolated from the soil samples and almond 
samples collected from control orchards and test orchards. Other 
harmless bacteria were isolated and identified. Six soil samples 
(four from test orchards and two from co~trol orchards) showed 
large white spreadings and were -identified as Proteus mirabilis. 
Thcee field-run samples (one control and two test orchards), five 
hulled samples (all from test orchards) and none of the shelled 
samples showed lactose negative colonies. All other samples 
showed either lactose positive growth or no growth at all. 
Lactose positive and negative colonies were identified as 
Entrobactor agglomeraus and E. clo~,cae, respectively. 
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