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ABSTRACT 

Fluctuations in nematode population, vine vigor 
and yield were assessed in five commercial vineyards 
following implementation of 18 different nematicide 
treatment programs. Data from 11 treated sites indi- 
cated a 79 to 17% change in fruit yield as a result of 
DBCP with a two year average of 132% improvement 
over untreated. We calculate an average gross return 
of six dollars for every one dollar of DBCP input. In- 
cluding application costs the average gross return was 
4.7 dollars to one. Data obtained were highly variable 
depending upon vine and vineyard condition, and 
method of DBCP application. Vines with limited root 

systems were damaged by use of repeated DBCP ap- 
plications in one vineyard. Greatest yield improve- 
ments were obtained in two treatment sites where 
water applications were made; however, certain of the 
chisel applications provided a n  equivalent vine re- 
sponse. Nematode samples indicated that  chisel and 
water applications made to relatively large treatment 
s i tes  were effective a t  lowering p lan t  parasit ic 
nematode populations to half of the initial. Popula- 
tions of certain nematodes were not lowered due to 
several biotic and abiotic factors. 

Nematode control is an important component of 
vit iculture.  Root damage by plant  paras i t ic  
nematodes results in a n  estimated loss of 15% of vine 
yields (13). One of the few possibilities for postplant 
chemical control of nematodes has been the use of 
1,2-Dibromo-3-chloropropane (DBCP). The objectives 
of this research are to: 1) assess the effectiveness of 
chemical nematode control strategies in vineyards, 2) 
determine the most suitable method and timine of ~~- - - ~  ~ ~ ~ ~ ~ ~ ~ ~ - 
DBCP applications and 3) develop information on the 
relative influence of soil and environmental factors on 

vaguely understood i3). Numerous questions on eco- 
nomic threshold levels and the importance of each 
nematode species are unanswered. This study pro- 
vides information on DBCP a s  a nematicide and on 
the importance of nematodes in the vineyard ecosys- 
tem. The justification for this extensive field study 
with its interdisciplinary aspects was to develop a 
broader information base than could be provided by 
a n  intensive, highly replicated study in a single field. 

MATERIALS AND METHODS 
DBCP efficacy. A study was initiated to monitor vine- Application methods: Five vineyards of different 
yard vigor and yield as  influenced by DBCP move- history, management, soil characteristics and loca- 
merit and nematode control over a period of six Years tion were selected. In each case nematodes were sus- 
in seven commercial vineyards. Recent data gather- pected to be causing some crop loss. ~ ~ ~ ~ t i ~ i d ~  
ing on DBCP risks (2) and benefits (15) provided the treatments were made in an area of the vineyard 
stimulus for this progress report. where both low and high vigor vines were present. 

Information is available on DBCP movement and DBCP was applied with application methods, rates 
persistence in soil (5,6,16); however, field results in and timing appropriate to the grower and topographic 
vineyards are unpredictable and inconsistent situation (Table 1). Previous studies on nematode dis- 
(10,11,12). The target spectrum of DBCP is relatively tribution (4) indicated a high percentage of nemgtodes 
narrow although organisms other than nematodes in the'berm. Application techniques were rela ed to 
may be directly and indirectly affected (14). The this distribution to improve efficiency. t. 
quantitative impact of nematodes on grapes is only Each treatment was applied to three adjacent vine 
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.- 
~ a b l e  1. schedule of rates, nmings and methods of nemarcide applicallon used in live 

CBlflornta uineysrb. 

Treal- Vineyard DBCPa (ail Surface area Tlmng 
men, Rare Tohi treated 

kglha !ha 

water appliCsiDnS 
1 I 
2 2 
3a 2 
3b 5 

chisel applications 
4 1 

5a 1.2.3 
5c 4 

61 161 1:3 (ln furrow) 5-'76. '77 
81 81 Entlre Burlace S-'76 
40 27 1:3 (French plow furrow) 5-'76, '77 
40 81 1:2 (crowder blade] 5 ~ 7 6 ,  '77. F 7 8  

81 121 3i4 (drive row only) S~ '76 ,  '77 
40 54 l i3  (berm only) S-'78, '77. F-'75. 7 6  
40 1 ~ 3  (berm only) F-76.  5-'76 
95 58 F- 76 
40 113 (berm only) S-'76 
95 76 F:78 5-'77 

5b 1 61 54 1!3 (berm only] 5.F- 76 
68 1 2 3  40 161 Entire L U ~ ~ C B  F-75.  '76. 5-'76, '77 
6a 4 40 Enllre Iurlace F-'75. S ~ ' 7 6  

96 176 Entire svdace F-76  
6a 5 40 121 Enllre rurlace 5-'78. '77, F-'76 
6b 1 81 161 Entire rurlace S F ~ ' 7 6  

CBrbol~ran ~pplicstion 
10 4 69 22 1:2 berm area on Nanhride 5-'76 

87 17 1:2 berm area on Soufbslde 5 -77  

" 81 kgiha = 72 lb!ac = 6 gal Fummone 66 EC;acrc. 
40 kglha = 36 1b:ac - 3 gal Fumazons 88 EC:acre. 

rows as  a unit,  involving 180 to  360 grape vines. 
Fumazone 86 EC (Dow Chem. Co., Midland, Mi.) was 
used in all experiments. Water applications consisted 
of mixing DBCP into irrigation water following a 
prior, quick irrigation. In making chisel applications 
to the berm the chemical was introduced into the soil 
through tubes behind three chisels spaced 15  cm 
apart. The chisels were back swept and delivered the 
chemical a t  5 to 15 cm depth. They were followed by a 
dragchain to close the channel. Both sides of the  vine 
row received t r ea tments  designed to  control 
nematodes in a 100 cm strip down the vine row. The 
closest chisel was 2 to 15 cm from the vine trunk. In 
another treatment the closest chisel was 45 cm from 
the vine trunk, a standard commercial application ex- 
cept for the distance between chisels. A third treat- 
ment involved a combination of the two above. Except 
for applications made in November 1975, all chisel 
treatments were followed by 2 to 15 cm of irrigation or 
rainfall, within several days of application. 

Carbofuran available as  Furadan 10 G V F M C ,  
Middleport, N.Y.) was applied by granular spreader in 
a 180 cm strip down one side of the vine row for phyl- 
loxera (Dactylasphaera vitifoliae Shimer) control inone 
vineyard. Applications were preceded by a deep soil 
ripping and disking and followed by a disking. 

Description of vineyards: Each vineyard situation 
was unique (Table 2) and there is a danger in gener- 
alizing from results without assessment of field condi- 
tions. None of the vineyards had previously received a 
pre- or post-plant nematicide treatment.  Specific 
treatments used in each vineyard are listed in Table 1. 

Vineyard I: A peach orchard on unknown rootstock 
was removed in 1960 and planted to own-rooted Roy- 
alty grapes the following spring. Vine growth was vig- 
orous and crop production excessive initially, but by 
1968 production was declining and death of vines oc- 
curred sporadically throughout the vineyard (personal 

communication). Nineteen metric tonsiha were har- 
vested in 1974 and 13 metric tonsha in 1975. A routine 
nematode sample in 1972 revealed excessive root gal- 
ling by root-knot nematode. A portion of this vineyard 
was extensively sampled in a statewide survey of 
nematode populations in vineyards (4). Populations of 
leafroller (Desmia funeralis Hubner) and leaf hoppers 
(Erythroneura elegantula Osborn) were excessively 
high in the late summers of 1974 and 1975, resulting in 
complete defoliation of some vines and reduction of 
photosynthetic capability in others. Weeds are man- 
aged by tillage and herbicide applications to the berm. 
Die-back (Eutypa armeniacaea Hansf and Carter) is 
prevalent in the vineyard and its symptoms are typi- 
cally expressed in most of the dead vines (personal 
communication B. Teviotdale). Annual vine death is up 
to 5% of remaining vines. Prior to succumbing, the vine 
leaves are always red the previous fall and have had 
excessive cropileaf ratios during the  previous two 
years. The soil is a Hanford fine sandy loam with no 
restrictive layers but when dry there is a n  increase in 
soil strength below 60 cm. Variation in soil texture 
across the field surface is slight. 

Vineyard 2: Own-rooted Thompson Seedless were 
planted ca 1935 following cotton and other row crops. 
The vines produced well in the third leaf but a weaker 
area is present in the center of the treated area. In 
1973 a n  extensive soil sampling revealed numerous 
nematode characteristics of the vineyard (4). Treat- 
ments of granular nematicides and DBCP had lowered 
populations in adjacent areas of the vineyard without 
visual or yield differences (unpublished results ,  
McKenry). Foliar arthropod pests are minimized with 
frequent use of pesticides. The field was relatively 
weed free until 1975 and 1976 when sewage sludge 
containing weed seeds was applied. Powdery mildew 
(Uncinula necator Burr.), bunch rot complex (171, 
Spanish measles (Fomes igniarius Kickx) and water 
berry (17) are persistent important problems. The soil 
is a Hanford sandy loam in the weaker areas and a 
more shallow Hesperia fine sandy loam in the more 
vigorous areas. Soil compaction is  not a problem except 
from wheel traffic in the surface 60 cm of the drive row. 
Irrigation is by two wide furrows. French plowing of 
the vine rows (17) has not been practiced since 1968, 
except for the vines where DBCP treatment 3a  was 
applied (See Table 1). Vineyard drive rows are chiseled 
to the 60 cm depth every few years to enhance water 
penetration. 

Vineyard 3: This vineyard was planted to own- 
rooted Sultanas and Thompson Seedless ca 1925. It is 
located on an old riverbank of extremely deep soil. The 
vineyard was changed to sprinkler irrigation in 1972. 
Improved irrigation practices have improved vine yield 
and vigor. Insect and fungal problems are minimal; 
however, weeds in the berm area make diff~cult the use 
of any equipment there. The soil is a Dello l o a q  sand 
which is uniformly deep and offers little resistance to 
root penetration. 

Vineyard 4: The vineyard was established in two 
portions; the better vines on the Hanford sandy loam 
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--------p-p-ppp- . 
Table 2. Characterlzatlon of five California vineyards studied 

-- - ~ 

~ - --- Vineyards 
1 2 3 4 5 

Localion Parlier Selma Selma Malaga Livingslon 
Variely Royalty Thompson Seedless Sultana and Thompson Thompson Seedless French Colombard 

Seedless 
Planting date 1961 ca 1935 ca 1925 1945. 1950 1969 
Soil texture Sandy loam Sandy loam Sand Sandy ioam Loamy sand. sand 
Soil compaction Slight, below 60 cm Drive rows only None Poor area only None 
Topographya 5 cm fa11130 m 1.0 cm la11/30 m Planted on contour 8 cm fall:30 m in poor Sloplng 15 cm la11130 m 

area 
Recurring insect pests Leafroller, leaf hopper Leafroller mites OLA Occ. leafroller Phylloxera, mites Occ. OLR, leafroller 

leafroller 
Weed conlrol Berm herbicide Berm herbicide Spot trealment Spot treatment Spot treatment French 

plow 
lrrlgatlon method Furrows Broad furrow Sprinkler frequent Furrow Furrow 
Yield (m 10ns:ha)~ 5 to 27 19 lo 30 11 to 19 16 to 25 13 to 25 
Crop size manipulation Light pruning Heavy pruning, Moderate pruning Moderate pruning Moderate pruning 

thinned, airdled " 
Use of grapes W~ne Cannery. wine 
Wheel traffic Moderate High 

~ -- --- - - - - - - - - 

a 2.5 cm fa11130 m - 1 inch fall1lOO f t  of row. 
b l metric lon!ha = 2.723 1ons;acre. 

were planted in 1945 whereas poorer vines on the slop- 
ing compacted Hesperia fine sandy loam were planted 
in 1950. The grower suspected that grape phylloxera 
was a major factor in the weak arca in the center of the 
vineyard in 1970. Soil samples in 1974 rewaled the 
presence of dagger 1,Xiphinema americanum CobbJ and 
root-knot nematode. Phylloxera is present throughout 
the vineyard. Several other insect, fungal and weed 
pests are present. In January of 1976 and 1977, alter- 
nate drive rows were ripped with six shanks on 45 cm 
spacings to 60 cm deep. Half the rows were ripped each 
year. Carbofuran applications were made to the ripped 
side of the vine row and followed by disking. 

Vineyard 5 : This French Colombard vineyard is 
own-rooted except for replacement vines which are on 
1613 rootstock (17). Planted in 1969, i t  is part of a 
larger vineyard plagued by sand streaks and heavy 
root-knot galling is visible on thc roots even where 
occasional Salt Creek rootstocks (17) are  utilized. The 
sloping topography makes precision water applications 
labor-intensive. Previous land use was for beans and 
alfalfa, with one year of fallow in 1968. Typical insect, 
fungal and weed problems occur. The soil is loamy sand 
with a deep Delhi sand across the center of the treat- 
ment area. All DBCP treatments to this vineyard were 
preceded by the use of a crowder blade to provide a 
smooth surface sloping down beneath the vine so that  
water applications could be concentrated along the 
vine row. 

Evaluation methods: Efficacy of nematicide treat- 
ments wasassessed by six methods: 1) yield, 2) pruning 
weights, 3) nematode population levels, 4) aerial pho- 
tography at 300 to 500 melevation. 51 photography a t  5 
to 10 m elevation, 6) subjective vine capacity ratings of 
individual vines based on size of canes, spurs, trunk 
diameter, foliar canopy and coloration, and general 
thriftiness. The movement oC DBCP in soil was moni- 
tored (ti) following many of the treatments to deter- 
mine reasons for successes and failures. The data from 

Wine Raisin Wine 
Low Moderate Moderate 

each assessment method will be published later in 
greater detail. This discussion will be confined to pre- 
liminary generalizations on DBCP use in vineyards. 

Yield data were obtained from either of two sources. 
Five each of low, medium and high vigor vines were 
selected in October of 1975 in each treatment and yield 
data were gathered from these vines when possible. 
Pruning weights were collected from the same vines 
using standard pruning methods. Alternatively,  
grapes from the entire treated area were harvested and 
weighed. Nematode samples were taken in the row a t  
30 cm depth increments down to 120 cm and 30 cm 
from the vine trunk. Eight different vines, four low and 
four high vigor, were sampled semi-annually from each 
t rea tment .  Nematode samples were never taken 
within three months of the previous nematicide appli- 
cation. Vermiform nematodes and root-knot eggs were 
extracted from soil and analyzed by established tech- 
niques (1). Occasional aerial photographs at 300 to 500 
m and 5 to 10 m elevation recorded effects on vine 
growth 

RESULTS 
Yield data: In 1976 yields ranged Crom 84 to 2538 of 

those in the  untreated checks (Table 31. Yields in 1977 
varied from 71 to 2918 of the checks. The two water 
applications provided the greatest yield increases. For 
the 11 treatments where yields were repeatedly col- 
lected there was a n  average yield improvement of 
111% in 1976 and a total of 132% for 1976 and 1977. 
Averaging the cost of chemical and application over- 
heads a t  commercial rates over all treatment methods, 
we calculate a monetary gain for the growers of 1?3% 
from increased grape production over a two year 
period. Averaging Crom three vineyards where andual 
yield data is available, the grower was returned six 
dollars for every one dollar of DBCP input. Most of the 
yield improvement, thus far, has been in the second 
year following initial treatment. I n  vineyard 3, where 
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Table 3. Yield and monetary improvement of vineyards as a result of various DBCP treatment programs when compared to untreated checks. 

Yield (metric 1onsiha)b - Direcl value of treatments 
Treat- Vine- DBCP - - - - - - - - - -  to grower 
ment yard overhead 1976 1977 1976and 1977 

-- 

$ Cost Treat- Check Treat- Check Treat- Check Yield as % of $ improvement! 
haa men1 ment ment untreated ha 

1 1 $181.00 13.78 5.45 19.75 13.23 33.38 18.68 179% $1436.00 
2 2 82.00 26.96 28.73 - - - - - - 
3a 2 92.00 29.22 28.73 - - - - - - 
3b 5 126.00 24.83 21.95 30.82 10.59 55.66 32.54 171 3689.00 
4 1 169.00 8.41 5.45 16.39 13.23 24.80 18.68 133 504.00 
5a 1 150.00 11.57 5.45 18.24 13.23 29.82 18.68 160 1075.00 
5a 2 144.00 26.65 28.73 - - - - - - 
5a 3 144.00 15.40 17.77 - - - - - - 
5c 4 130.00 18.65 22.06 20.64 24.48 39.29 46.54 84 (928.00)  
5c 5 124.00 23.47 21.95 15.14 10.59 38.61 32.54 119 878.00 
5b 1 102.00 8.90 5.45 20.97 13.23 29.87 18.68 160 11 29.00 
6a 1 257.00 5.45 5.45 9.39 13.23 14.34 18.68 79 (680.00) 
6a 2 240.00 24.57 28.73 - - - - - - 
6a 3 240.00 15.99 17.77 - - - - - - 
6c 4 248.00 20.64 22.06 25.98 24.48 46.62 46.54 100 ( 2 7 5 0 0 )  
6a 5 180.00 23.53 21.95 19.47 10.59 43.00 32.54 132 1546.00 
6b 1 209.00 4.96 5.45 21.02 13.23 25.98 18.68 139 594.00 

10 4 84.00 17.97 22.06 24.10 24.48 42.07 46.54 90 (576.00) 
Average %change due lo DBCP 132% 123% 
a $100!ha = $40.471acre. 
b One metric ton!ha = 2.723 tons!acre. 

yield data were not obtained, there was an observable 
increase in berry size of Sultana variety treated with 
DBCP. Visual observations in 1977 of the five vine- 
yards including those where yield data were not col- 
lected indicated no obvious yield differences. 

Pruning weights: Pruning weights (Table 4) from 
1975 and 1977 in three vineyards were slightly higher 
from untreated vines in 1977 than in 1975. Weights 
from DBCP treated vines were 79 to 221% of those from 
the untreated vines in 1977 with a n  average increase 
of 167%. Increases of pruning weights generally corre- 
lated with increases in yield (Table 3) except in treat- 
ment 6a and 6b in vineyard 1, where vigor improve- 
ment did not result in proportional yield improvement. 
Weights of fruit and prunings were decreased in vine- 
yard 4 where root growth was previously restricted by 
phylloxera, soil compaction and inadequate irrigation. 

Visual assessment of vine vigor: Aerial photo- 
graphy at 300 to 500 m elevation indicated a general 
improvement in vine vigor in 1977 from various DBCP 
t?eatments in each of the vineyards. In vineyards 1, 3 
and 5, all DBCP treated blocks increased in foliar cover 
and some appeared as a darker green color. In vineyard 
2, treatment 2, 3 and the untreated check appeared to 
have more foliage than either of the vine treatments 
involving chisel application. In vineyard 4, all treat- 
ments applied to the better vines appeared to have 
more foliage than the untreated vines. In the poorer 
areas of vineyard 4 only treatment 6 appeared to have 
a slight increase in foliage. None of the nematicide 
treatments in vineyard 4 ~roduced vines as vigorous as 
two untreated rows adjacent to the nematicide plot 
which unintentionally had been receiving a more op- 
timum irrigation for the past several years. These 
better-irrigated vines yielded annually 130% more 

fruit than the untreated check. Vines treated by chisel 
application in vineyard 5 had a greater foliage canopy 
than those receiving water applications. DBCP treated 
vines of vineyard 3, especially the Sultana variety, had 
a noticeably larger foliar canopy. 

Close-range photographs, 5 to 10 m above the 
ground and across several vineyard rows, provided the 
most useful visual assessments. All DBCP treated 
vines in vineyard 1 continued with various degrees of 
new shoot growth past mid-summer whereas the un- 
treated vines stopped vegetative growth by midJuly. 
Excessively vigorous vines continued vegetative 
growth up to the time of harvest. Late vegetative 
growth was also characteristic of treatment 2 in vine- 
yard 2. Based on photographs and observations made 
in the summer of 1977, however, the 1977 yields of 
treatment 1 and 3 in vineyards 1 and 5 respectively 
were unexpectedly high. 

Table 4. Prunlng welghls (kgirlnel averaged lrom each of 15 treated and untreated vlner. 
Pruned ulnes canrlsted ol  llve each ol  hlgh, medum and low vgor ~- ~ 

Treat- Vine- 1975 ,977 

Treatment Check % ol check Treatment Check 4 a1 check 
~ -- - 

1 0.86 0.59 148% l . 5  0.68 221% 

68 5 - - - - - - 
6b 1 0.73 0 5 9  124 1.5 0.68 221 

10 4 1.2 1 3  92 1.2 1.4 86 
Average % change due lo DBCP -- 102% 167";b 
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