
Research, education needed
Recent outbreaks of foodborne in 

fectious disease caused by E. coli 
O157:H7 and C. parvum have gotten 
the public's attention. Food safety so 
lutions will come only with a detailed 
understanding of how and why patho 
gens enter the food supply; better de 
tection and processing technologies; 
working cooperatively with produc 
ers, processors and distributors; and 
educating consumers through such 
means as UC Cooperative Extension 
on how to prepare and cook their food 
properly and safely.

D.O. Oliver is Professor, and E.R. Atwill 
is Extension Veterinarian and Assistant 
Professor, Department of Population 
Health and Reproduction, School of Vet 
erinary Medicine, UC Davis.
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•4 Composted 
"greenwaste" 
mulch was ap 
plied in the vine 
row for weed con 
trol. The wood 
chips cost more 
than the other 
treatments, but 
they controlled 
weeds well and 
half the chips 
were still in the 
vineyard after the 
second year.

Four weed management systems compared. ..

Mulch plus herbicides 
effectively control vineyard 
weeds
Clyde L. Elmore 
Paul Verdegaal

John Roncoroni

Mulches have been used for many 
years to control weeds by smoth 
ering the weed seedlings. A 2-year 
study in a Lodi grape vineyard 
compared the weed-control effec 
tiveness of herbicides, cultivation, 
cover crop biomass and wood- 
chip mulch and the cost of these 
practices. The most effective and 
least expensive treatment over the 
2 years was the use ofpreemer- 
gence herbicides and a post- 
emergence herbicide as needed. 
Growing cover crops, chopping 
the biomass and placing it into 
the vine row was very effective 
the second year, when more bio 
mass was produced and weeds 
were controlled prior to mulch 
placement. The mulch was persis 
tent in the field and should give 
long-term weed-control benefits, 
which were not evaluated in this 
study.

Layne Wade

Weed management with herbicides in 
the vine row has been very successful 
for the control of annual weeds and 
some perennial weeds. However, weed 
species change as herbicides in different 
families are used, and unless different 
herbicides are used a weed species 
may become more severe than before 
herbicides were used. When annual 
weeds are controlled, some perennial 
weeds become more common and are 
more difficult to control. Herbicide 
costs have increased as new herbicides 
become available. In addition, there is 
interest in reducing pesticide inputs 
into the vineyard and in managing 
vegetation in the row by other meth 
ods, while at the same time growing 
cover crops between the vine rows.

Mulches have been used for many 
years to control weeds by smothering 
the weed seedlings. Mulches are com 
monly used in the landscape to sup 
press emergence and growth of weeds. 
At the same time that weeds are con-
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A Biomass from cover crop was chopped 
and transported into the vine row as 
mulch. This method was especially effec 
tive when herbicides were applied prior to 
chopping, cleaning the vine row for effi 
cient biomass application.

^ Biomass mulch was created by chop 
ping the cover crop between the vine rows 
in late March.

trolled, crop growth is often enhanced 
by reduced fluctuation in soil tempera 
ture and moisture. Depending on the 
type and coarseness of the mulch, 2 to 6 
inches of material is needed to control 
most annual weeds. Many perennial 
weeds such as field bindweed are not 
controlled well with organic mulches. 

There is interest in using mulches 
such as biomass grown between the 
vine rows in the vineyard, or organic 
material placed in the vine row, to re 
duce weeds. At the same time, new 
California regulations (AB939) require 
cities to reduce the amount of waste 
material sent to landfills. Increased 
dumping fees and the need to divert 
material from the landfills are incen 
tives for communities to divert yard 
waste and wood-product material to 
other uses. There could be a benefit to 
farmers in using this material if there 
is a continuous source of clean (free of 
weed seeds and pathogens) mulch. 
Using mulch for partial weed control

may make it possible to reduce herbi 
cide use and give the grower another 
option for weed management.

The costs of various practices for 
weed management in vineyards have 
not been comparatively evaluated 
against the use of mulches. To deter 
mine the applicability of different 
weed-control practices in vineyards 
and the cost of these practices, we ini 
tiated a study in November 1993 in a 
29-acre zinfandel vineyard at Kautz 
Farms in Lodi.

Four weed-control methods
The zinfandel vines used in this 

study were 20 years old. Vine and row 
spacings were 7 feet and 12 feet (2.1 
and 3.65 m), respectively. There were 
four main plot treatments:

1. A standard preemergence herbi 
cide program for the weed spectrum 
(diuron, oxyfluorfen with glyphosate 
used for emerged weeds) was applied 
on Jan. 10,1994, and Jan. 19,1995.

2. Biomass produced from a cereal 
grain cover crop mix (wheat, oat and 
barley) was planted broadcast in No 
vember 1993 and drilled in a 6-foot- 
wide area between the vine rows in 
1994. The biomass from the top 
growth was chopped and conveyed 
into the vine row using a Trimax flail 
mower with a Mulchmasta conveyer 
behind the mower on March 19,1994, 
and April 10,1995. In 1994, no herbi 
cide was applied to the vine rows 
prior to mowing and mulching the 
biomass. In February 1995, glyphosate 
was applied to the weeds and cover 
crop in the vine row so that the row 
would be relatively weed-free for ap 
plication of the mulch in April 1995.

3. An in-row cultivator (Kimco 
Mfg.) was used on May 5,1994, and 
April 8,1995.

4. A mulch of "greenwaste," a 
wood-chip material that was coarsely 
ground and "composted," was ap 
plied to each vine row on April 4, 
1994, with a wheel-driven manure 
spreader with a conveyor. The green- 
waste composting was not a complete 
reduction of the wood products to a 
fine organic planting mixture.

Three subtreatments were estab 
lished within the main plots: (1) a 
banded postemergence application 
of paraquat using a standard high- 
volume boom sprayer; (2) an applica 
tion of paraquat using a sprayer 
(WeedSeeker) that recognizes and 
sprays only the green plants in the 
vine row; and (3) an untreated plot. 
The subtreatments were applied on 
May 26, 1994, and May 3,1995. Each 
main treatment consisted of 4 vine 
rows, each 208 vines long. Each 
subtreatment consisted of 40 vines 
within the 4 vine rows of the main 
treatment. The main treatments were 
randomized within the field, and the 
subtreatments were randomized 
within the main plots. All treatments 
to main plots and subplots were repli 
cated four times in a split-plot design.

Weed and grape samples
Weeds were sampled in the vine 

row on June 1,1994, Aug. 3,1994, June 
3,1995, and Aug. 31,1995. The ground 
surface covered by weeds (% cover)
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TABLE 1. Weed suppression in the vine row in June 1994 with four vineyard floor 
management systems

Treatment Malva Sowthistle
Yellow 

Filaree nutsedge
Barnyard- 

Wheat grass
Prickly 
lettuce

Total 
weeds*

.................................................. % cover .....................

Herbicide
Cultivation
Mow/biomass
Greenwaste

P=

0.8 bf
1.4ab

11. 7 a
5.7 a
0.007

0.2
0.0
1.1
0.7
NS*

5.2 ab
1.3b
8.9 a
6.3 ab
0.019

3.7
2.4
1.2
3.3
NS

O.Ob
1.6b
4.4 a
0.8 b
0.009

2.0
0.2
0.5
0.1
NS

O.Ob
0.2 b
4.0 a
0.8 b
0.0004

11. 8 be
7.1 c

31 .8 a
17.8b
<0.0001

* Total weeds may not equal the sum of each species because there were small numbers of other species
present that were not analyzed individually.
fNumbers followed by the same letter are not significantly different.
$No significant difference.

TABLE 2. Weed suppression in the vine row in June 1994 with three postemergence
subplot treatments

Treatment

Paraquat
standard
sprayer

Paraquat

Malva

4.0

WeedSeeker 4.2
Control

P=
5.5
NS*

Sowthistle

0.3

0.5
0.8
NS

Filaree

0.9 bf

4.3 b
11.1 a

< 0.0001

Yellow
nutsedge

l.8b

1.1 b
5.8 a
0.025

Wheat

0.8

0.9
2.0
NS

Barnyard-
grass

0.7

0.5
0.4
NS

Prickly
lettuce

0.7

1.0
1.4
NS

Total
weeds*

10.2b

12.7b
27.3 a

< 0.0001

' Total weeds may not equal the sum of each species because there were small numbers of other species
present that were not analyzed individually.
fNumbers followed by the same letter are not significantly different.
$No significant difference.

TABLE 3. Effect of weed management systems on weed cover in the vine row over 2 years,
Spring 1995

Treatment Malva Filaree Oat Chickweed
Poa 

annua Burclover
Prickly 
lettuce

Total 
weeds*

. . ... ............. ................................ % weed cover ...........................................................

Herbicide
Cultivation
Mow/biomass
Greenwaste

P=

2.7 bf
14.8 a
3.8 b
2.6 b
0.0008

O.Ob
47.7 a

7.6 b
8.8 b

< 0.0001

0.1
1.5
3.2
3.8
NS*

0.1 b
34.6 a

5.0 b
5.9 b

< 0.0001

0.1 b
51. 8 a
13.5 b
10.3 b

< 0.0001

0.0
1.4
1.1
2.0
NS

O.Ob
2.2 a
0.2 ab
5.7 a
0.0012

3.9 b
161.1 a
37.5 b
40.7 b

< 0.0001

'Total weeds may not equal the sum of each species because there were small numbers of other species
present that were not analyzed individually.
fNumbers followed by the same letter are not significantly different.
$No significant difference.

TABLE 4. Weed control in the vine row after treatment with four vineyard management systems,
Fall 1995

Treatment Malva
Yellow 

nutsedge
Prickly Barnyard- 

Foxtail Sowthistle lettuce grass
Total 

Crabgrass weeds*

% nnvar . ........... ................................................

Herbicide
Cultivation
Mow/biomass
Greenwaste

P=

5.6 af
3.3 b
2.4 b
0.2 b

0.044

5.4 a
i.7b
L9b
0.9 b

0.039

1.8
10.9
0.7
0.9

NS*

0.5 b
2.6 a
0.1 b
0.6 b

0.0006

0.6 b
3.1 a
O.Ob
4.0 a

0.001

3.4
7.5
1.0
1.6

NSt

2.6
7.5
1.0
2.0

NS*

23.1 a
36.7 a

8.8 b
16.2 a

0.0001

Total weeds may not equal the sum of each species because there were small numbers of other species
present that were not analyzed individually.
tNumbers followed by the same letter are not significantly different.
JNo significant difference. ,.,

was measured using a 2.7 ft quadrat 
placed in the center of the row. Aver 
ages were taken from 10 samples per 
plot. On June 3, 1995, weeds were 
sampled differently and were counted 
at 1-foot intervals along a 100-foot 
transect.

Biomass of the cover crop was mea 
sured from samples collected from 
10.8 ft2 quadrats before each spring 
mowing. The amount of biomass was 
also evaluated on Aug. 30,1995, and 
April 12,1996, by removing the mulch 
material in a 2.7 ft2 quadrat within the 
vine row, drying the material at 158°F 
for 48 hours, then measuring the dry 
weight.

Sugar content in grapes was mea 
sured to determine if bare soil versus 
mulched soil influenced the maturity 
of the grapes at harvest. Grape 
samples were collected from 5 clusters 
per vine at 10-vine intervals from the 
middle 2 rows of each subplot (three 
30-cluster samples per replication for 
each main treatment). Each grape 
sample was crushed and the mean of 
two readings from a refractometer was 
taken. Results were evaluated and 
analyzed using ANOVA techniques 
for the split-plot design.

Biomass and greenwaste
At the first mowing of the cover 

crop (March 19,1994), 2.0 tons/acre of 
dry biomass were placed in the vine 
row. In April 1995, when the biomass 
was mowed, 4.2 tons/acre of biomass 
were produced because of the greater 
growth of the cover crop. The biomass 
of the greenwaste applied to the vine 
row in 1994 was 62 dry tons/acre, 
with no replenishment of the material 
in 1995. This produced a cover of 2.5 
to 3 inches of mulch. In August 1995, 
about 2 years after the start of the 
study, there were 3.6 tons/acre of dry 
chopped biomass (accumulation of 
two mowings) and 40 tons/acre of 
greenwaste in the vine row. In April 
1996, there were 2.6 tons/acre of bio 
mass from cover crop mowing and 
31.6 tons/acre of greenwaste in the 
vine row.

Weed control
Winter weed control in the vine 

row was excellent with the preemer-
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gence herbicides diuron and oxy- 
fluorfen with glyphosate for post- 
emergent control of existing weeds 
(table 1). The herbicide-treated area 
had fewer malva (cheeseweed), 
prickly lettuce, wheat and total weeds 
compared to the area where the cover 
crops were mowed and the biomass 
deposited in the vine row. Weed num 
bers were highest in plots that had re 
ceived biomass from a cover crop 
(table 1). Part of the reason for this 
greater number of weeds was that a 
cereal cover crop had been broadcast 
on the vine row in 1993 and was not 
adequately killed before the biomass 
was deposited. The cereal crop pre 
vented even application of mulch, 
causing gaps in coverage of the soil. 
Cultivation in the vine row in April re 
duced filaree, wheat, prickly lettuce 
and total weeds compared to the cover 
crop/biomass treatment but was only 
different from the greenwaste mulch 
in total weeds in June. In June, there 
was no difference in weeds between 
cultivation and herbicide treatment 
(table 1).

When we compared the broadcast, 
boom-sprayer treatment to the visual- 
sprayer treatment, there were no dif 
ferences in weed numbers in the vine 
row. There were fewer filaree, yellow 
nutsedge and total weeds compared to 
an untreated control area (table 2). 
Paraquat applied with either sprayer 
failed to kill some mature weeds.

In the spring of 1995, after 2 seasons 
of treatments, the total weed cover in 
the vine row was greatest in the area 
that had been cultivated (table 3). The 
total weed number was not signifi 
cantly different between the herbicide 
treatment and the two mulched treat 
ments (table 3). A postemergence ap 
plication of glyphosate was used to 
kill the weeds before mowing and 
mulching, so the berm was essentially 
free of weeds when the mulch was ap 
plied. Prickly lettuce was most com 
mon in the cultivated and greenwaste 
vine rows. The greenwaste mulch was 
persistent in the row and reduced 
weed cover compared to the cultiva 
tion treatment. There was no difference 
in the weed cover between the two 
sprayer types, when averaged across 
main treatments (data not shown).

Cultivating weeds in the vine row with a hydraulic cultivator was effective for the winter 
annual and spring weeds, but was less effective in the late summer.

In the fall of 1995, after 2 years of 
treatments, malva (cheeseweed) and 
yellow nutsedge cover were greatest 
in the herbicide treatment (table 4). 
Other treatments were not different 
for these weeds. There was no differ 
ence between treatments for foxtail, 
barnyardgrass and crabgrass. Com 
mon sowthistle was more common in 
the cultivation treatment, and prickly 
lettuce was higher in the cultivation 
and greenwaste treatments. The 
amount of prickly lettuce in the 
greenwaste was probably greater be 
cause the mulch was compact and of 
fine texture rather than a loose, open 
straw mulch from the cover crop. 
There were significantly fewer weeds 
in the cover crop/biomass treatment 
in the second year than in any other 
treatment (table 4).

There was a 64 to 72% cover of the 
soil with mulch by the cover crop/bio 
mass and greenwaste treatments, re 
spectively. This corresponded to a 
total of 3.6 tons/acre and 40 tons/acre 
of dry mulch in the cover crop/biom 
ass and greenwaste treatments, respec 
tively, by the fall of 1995 (table 5).

Grape maturity
Over the 2-year period there was no 

difference in brix (sugar percent) be 
tween any of the treatments (data not 
shown). There was a slight indication 
that the two treatments with a mulch 
might have a slightly lower brix in

1995, but the differences were not sig 
nificant. Also, there were no differ 
ences between type of sprayer applica 
tion of paraquat and a control area 
(data not shown), when compared 
over all treatments.

Economic comparisons
Main management systems. The

economic comparison of the various 
treatments took into account the ma 
chinery costs; other costs such as mate 
rials, including herbicides and 
greenwaste; and total costs for a com 
mercial vineyard. Within machinery 
costs, the tractor size, cost of the 
equipment, fuel used, labor and over 
head costs were determined. The low 
est direct costs, on a vineyard acre ba 
sis, were for use of a preemergence 
herbicide each year and glyphosate or 
paraquat as a postemergence herbicide 
as needed (table 6). The preemergence 
treatment was 50% of the cost of the 
next least-expensive treatment, al-

TABLE 5. Percent cover of mulch and bare soil 
in the vine row, FalU 995

Treatment Mulch Bare soil

Herbicide
Cultivation
Mow/biomass
Greenwaste

%

i.3b*
O.Ob

64.0 a
71 .8 a

P= <0.0001

76.5 a
63.3 a
27.3 b
12.0b

P- <0.0001

'Percentages followed by the same letter are not 
significantly different.
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though it would need to be applied 
each year.

The cost of the "greenwaste" wood- 
chip mulch per vine acre ($187.28) was 
much greater than the cost of any of 
the other treatments. However, much 
of the wood chips (51%) was present 
after the second year in the field, so 
long-term weed control efficacy of this 
treatment may make it more cost effec 
tive. Better weed control with green- 
waste might have been achieved if the 
greenwaste had been applied uni 
formly. A coarse, open mulch might be 
more effective than the fine green- 
waste material used here. Also, there 
are no data to indicate the overall ef 
fect of this treatment on the long-term 
health of the soil.

Used for a single cultivation per 
year, the in-row cultivator was the 
most expensive treatment on a year-to- 
year basis ($58.35 and $64.20 for the 2 
years). The costs for cultivation are 
high because of the high cost of the 
machinery and its associated overhead 
cost. At this site, chopping the cover 
crop and placing the chopped material 
in the vine row for weed control was 
cheaper than cultivation (table 6). The

cost of planting the cover crop is in 
cluded in the cost of the treatment. 
The long-term benefit from the degra 
dation of the mulch will also benefit 
the vines and soil.

Sprayer systems. Machinery costs 
for the different types of sprayers were 
included in the costs. The standard 
sprayer was a Ford tractor with a pull- 
behind applicator using a power take 
off (PTO) shaft to run a diaphragm 
pump. The "weed-seeking" visual 
sprayer was mounted on either a Honda 
All Terrain Vehicle (ATV) or, during the 
second year, a John Deere Gator. The 
machinery and fuel costs were greater 
with the standard sprayer than with the 
visual sprayer (table 7). Water carrier 
volume and herbicide were less with 
the visual sprayer compared to the 
standard sprayer. The least spray solu 
tion used was in the cultivation area in 
1994 because of the high percentage of 
bare soil owing to the recent cultiva 
tion. In 1995, the spray volume, and 
thus the amount of paraquat used, was 
minimal in the preemergence, cultiva 
tion and cover crop/biomass treatments 
compared to the greenwaste treatment 
(table 8).

TABLE 6. Direct costs for weed management in vineyards per vineyard acre over a 2-year period
Machinery costs*

Treatment

Herbicide 
Cultivation 
Mow/biomass 
Greenwaste

1994

7.99 
58.35 
22.03 
55.28

1995

8.16 
64.2 
31.54

Other costsf

1994

11.06

18.07 
132.00

1995

5
15.41 

11.76

Total costs

1994

19.05 
58.35 
40.10 

187.28

1995

23.57 
64.20 
43.30

Total

42.62 
122.55 
83.40 

187.28

'Includes operating expense, overhead costs and labor.
fOther costs include herbicide (Karmex $5.45/lb, Roundup $10.13/lb, Goal $45.60/lb, COC $7.88/gal), culti 
vation ($24.l8/hr), mow ($9.23/hr) and greenwaste ($6/wet ton).

TABLE 7. Cost comparison of paraquat applied with a standard boom sprayer compared to a
"weed-seeking" visual sprayer in a vineyard over 2 years___________

Treatment Machinery costs Labor costs Herbicide costs Total costs

Standard sprayer 
Visual sprayer

1994

7.91 
4.58

1995

7.96 
4.94

1994

16 
16

1995

6 
11

1994

7.65 
2.47

1995

8.33 
2.80

1994

15.56 
7.05

1995

16.29 
7.74

TABLE 8. Comparison of standard and visual sprayers using paraquat for weed control in vineyard
management systems

Standard sprayer Visual sprayer
Spray solution used

Preemergence 
Cultivation 
Mow/Biomass 
Greenwaste

1994 1995

gal/treatment

32.5 30 
32.5 30 
32.5 30 
32.5 30

Herbicide used

1994 1995

oz/treatment 
29 32 
29 32 
29 32 
29 32

Spray solution used

1994 1995

gal/treatment 
15 7 
9.4 8.5 

16.1 7.5 
16.1 22.5

Herbicide used

1994 1995

oz/treatment 
10.7 7.7 
6.7 9.4 

11.5 8.2 
11.5 24.8

When averaged over all treatments, 
the use of the visual sprayer compared 
to the standard boom sprayer would 
have saved more than 60% of the 
paraquat spray because of the reduced 
cover of the weeds by the other 
mulches. In addition, the faster speed 
through the vineyard and the reduced 
labor costs because there was less tank 
filling and time traveling between the 
water source and the field helped to re 
duce overall costs of the visual sprayer.

Summary
The most effective and least expen 

sive treatment at the site over the 
2 years of this study were preemer 
gence herbicides and a postemer- 
gence herbicide as needed. Cultiva 
tion with a Kimco Mfg. cultivator was 
effective for the winter annual and 
spring weeds, but was less effective in 
the late summer and was one of the 
most expensive treatments. Long-term 
effects of cultivation were not taken 
into account. Growing cover crops, 
chopping the biomass and placing it 
into the vine row was very effective 
the second year, when more biomass 
was produced. This method was espe 
cially effective with the use of 
glyphosate prior to chopping, which 
gave a clean vine row for efficient bio 
mass application. Even though they 
were not distributed uniformly, the 
greenwaste wood chips gave good 
weed control. The mulch was persis 
tent in the field and should give long- 
term weed-control benefits; therefore, 
the short-term direct cost is not the 
best way to evaluate this product.
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