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Abstract. Ten cultivars of processing tomatoes (Lycopersicon esculentum Mill.) grown in
bare soil or on black polyethylene and hairy vetch (Vicia villosa Roth.) mulches were
evaluated for yield, fruit processing quality, and leaf necrosis. Yields were higher, fruit was
heavier, and leaf necrosis less in hairy vetch than in bare soil or black polyethylene mulc
With the exception of pH, yield and fruit quality component responses to mulch treatments
were not cultivar-dependent. Fruit pH, soluble solids concentration, and color equaled
values obtained using bare soil production practices. Percent solids was highest with bla
polyethylene and lowest in hairy vetch. The hairy vetch mulch delayed fruit maturity
compared to the bare soil and black polyethylene. The hairy vetch cultural system has th
potential to increase yield of processing tomatoes.
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Tomatoes grown for processing represe
the largest segment of the processed vegeta
industry in North America. The United State
produces ≈48% of the world’s supply of toma
toes grown for processing (Sullivan and Rava
1990). The crop occupies ≈142,000 ha with a
total yield of more than 10 million t and a
annual farm gate value of $700 million [U.S
Dept. of Agriculture (USDA, 1991)]. More
than 90% of total production in the Unite
States is grown in California (Bennett, 1988

In the mid-Atlantic United States, proces
ing tomatoes are viewed as a low investme
crop. Because of occasional dry spells a
irregular rainfall during the growth period
most processing tomato fields receive three
five irrigations (Garrison and Mangano, 199
Garrison and Russell, 1991; Orzolek an
Kaplan, 1984). The crops often encounter e
vironmental stress, including high temper
ture (Garrison and Russell, 1991), droug
(Orzolek and Kaplan, 1994), and long perio
of rain and high humidity (Garrison an
Mangano, 1993), which increase damage 
pathogens, interfere with optimum harves
and reduce yield and quality. As a result, ma
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fluctuations in yield from year to year mak
production of processing tomatoes in the ea
ern states more risky and less competitive w
favorable locations, such as California. Ave
age yields in the mid-Atlantic states are ≈47
t•ha–1 (USDA, 1991) as compared to >8
t•ha–1 in California (Johannessen, 1990).

The greatest limitation to yield has be
attributed to an unbalanced shoot/root syst
in which root growth and development a
limited by soil compaction (Johannesse
1990). Compacted soils restrict water mov
ment and availability and reduce drainage a
aeration. Frequent use of heavy machine
such as those used in plowing and cultivati
contributes significantly to soil compactio
Alternative production systems that combi
reduced tillage with cover crops effective
reduce soil compaction and improve wa
penetration, drainage, soil aeration, and yi
(Abdul-Baki and Teasdale, 1993a).

Various winter annual cover crops ha
been evaluated for vegetable crop product
singly (Abdul-Baki and Teasdale, 1993
Stivers and Shennan, 1991) or in mixtur
(Creamer, 1994). The impact of these alter
tive cultural practices on tomato productio
has been favorable (Creamer, 1994). Yie
were higher and fruit quality was better 
these than in the conventional systems, res
ing in greater profit (Kelley et al., 1995). Ou
preliminary results on four processing toma
cultivars demonstrated a positive effect 
hairy vetch mulch on yield and average fr
weight when compared to conventional pr
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duction systems (Abdul-Baki et al., 1993b
Our objective in this research was to dete
mine the effects of hairy vetch and blac
polyethylene mulch on yield, fruit weight
product quality, and foliage necrosis of 1
processing tomato cultivars.

Materials and Methods

The experiments were conducted in Su
mer 1994 at the farm of the Beltsville Agricu
tural Research Center, Beltsville, Md. The s
is a Keyport fine loam (clayey, mixed, mes
Acquic Hapludult) with 2% slope. Two mulch
treatments (black polyethylene and hairy vetc
were compared to bare soil, the convention
method for growing processing tomatoes co
mercially. Plots were organized in a split-pl
design with mulch as whole plots and cultiva
as subplots, each subplot consisting of 
plants spaced 37 cm within the single ro
Treatments were replicated four times with 
plants per replicate. Ten commonly plant
cultivars of processing tomatoes, represent
early, midseason, and late maturity, were 
lected (Table 1). Except for ‘Red Rock’, whic
was developed by the USDA as an extra-fir
cultivar for fresh market and processing, see
for all cultivars were obtained from comme
cial sources.

Seeds were sown in a greenhouse on
Apr. in 128-cell flats (cell size 3 × 3 × 7 cm)
filled with Jiffy Mix (50% peat : 50% horticul-
tural grade vermiculite). Flats were fertilize
with a solution containing Peters 20N–8.8P
16.6K (Grace Sierra Horticultural Product
Milpitas, Calif.) at 37 g•liter–1 water. The seed-
lings were maintained for 4 weeks in th
greenhouse and 1 week in a cold frame a
transplanted on 17 May.

Beds, 1.5 m center to center and 15 c
high, were prepared and the drip irrigatio
lines were laid as described by Abdul-Ba
and Teasdale (1993b). Beds for the hairy ve
mulch treatment were prepared in mid-Se
1993. The hairy vetch seed was sown on 
Sept. at 45 kg•ha–1 using a Brillion seeder
(Brillion Iron Work, Brillion, Wis.). The hairy
vetch received no water, herbicide, fertilize
or any other treatment until it was mowed o
16 May 1994 with a high-speed flail mowe
(Hesston Corp., Oregon, Ill.). It cut the plan
≈3 to 5 cm above the bed surface.

Beds for the black polyethylene and ba
soil treatments were prepared on 13 May 19
as described earlier (Abdul-Baki and Teasda
1993a). The tomato seedlings were plan
using a minimum tillage planter developed b
Morse (Morse et al., 1993). Peters starter f
tilizer (9N–19.6P–12.5K) was applied at 3
g•liter–1 water as part of the planting proces
The drip lines in the bare soil and polyethyle
treatments were buried 5 cm deep in the s
and 8 to 10 cm away from the plants. In t
hairy vetch treatment, drip lines were laid o
the vetch mulch 8 to 10 cm away from th
plants and held in position with U-shaped wi
at 5-m intervals.

Plots were irrigated every other day 
avoid water stress. Colorado potato beet
were controlled using Bt-based insecticide
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Table 1. Yields of processing tomato cultivars grown in bare soil, black polyethylene film, and hairy vetch
mulches.

Yield (t•ha–1)
Cultivar Bare soil Black polyethylene Hairy vetch Meanz

Brigade 92.5 82.9 119.8 98.4 b
FM 6203 73.7 67.2 91.2 77.4 cd
Heinz 1439 79.3 90.5 108.7 92.8 b
Hybrid 882 79.2 85.9 106.6 90.6 bc
Hypeel 696 96.8 116.3 134.3 115.8 a
Nema 1200 64.7 62.8 92.1 73.2 d
Nema 1400 79.7 84.7 95.2 86.2 b–d
Ohio 8245 85.9 84.5 122.8 97.7 b
Red Rock 86.3 78.5 99.2 88.0 bc
Spectrum 579 80.2 72.2 111.3 87.9 bc
Meanz 81.8 b 82.5 b 108.1 a
zLetters denote mean separations based on protected least significant difference test (P ≤ 0.05).

Table 2. Analyses of variance for yield, necrosis, and fruit quality components of processing tomato cultivars
as a function of cultivar and mulch.

Source df F value Probability
Variable: Yield

Block 3 12.12 0.0001
Mulch 2 10.72z 0.0104z

Block × mulch 6 2.77 0.0168
Cultivar 9 5.57 0.001
Mulch × cultivar 18 0.57 0.9113

Variable: Necrosis (%)
Block 3 33.53 0.0001
Mulch 2 7.38 0.0241z

Block × mulch 6 10.16 0.0001
Cultivar 9 5.88 0.0001
Mulch × cultivar 18 0.90 0.5819

Variable: pH
Mulch 2 16.79 0.0314
Cultivar 9 14.05 0.0001
Mulch × cultivar 18 2.79 0.0008

Variable: SSCy

Mulch 2 1.96 0.3383
Cultivar 9 19.80 0.0000
Mulch × cultivar 18 1.16 0.3160

Variable: Solids (%)
Mulch 2 11.6 0.0001
Cultivar 9 16.6 0.0001
Mulch × cultivar 18 1.07 0.3965

Variable: Fruit color
Mulch 2 1.90 0.2925
Cultivar 9 33.45 0.0001
Mulch × cultivar 18 1.18 0.2290

zF values of probability using block × mulch as error term.
ySSC = soluble solids concentration.

Table 3. Percentage of total yield harvested at each of four harvest intervals as influenced by mulch.

Percentage of total yield by harvest intervalz

Mulch 1 2 3 4
Bare soil 16 ay 32 b 39 a 13 b
Black polyethylene 19 a 42 a 24 b 15 b
Hairy vetch 0 b 12 c 25 b 63 a
zInterval 1 = 1–3 Aug.; Interval 2 = 8–11 Aug.; Interval 3 = 15–22 Aug.; Interval 4 = 30 Aug.–27 Sept.
yMean separation, within harvest intervals, according to an LSD test (P ≤ 0.05)
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Fungicides tetrachloroisophthalonitril
(chlorothalonil) and copper hydroxide we
applied as needed using manufacturers’ s
gested rates, and 4-amino-1,1-dimethlyleth
3-(methylthio)-1,2,4-triazin-5(4H)-one
(metribuzin at 0.56 kg•ha–1) was applied as a
postemergence herbicide 3 weeks subsequ
to planting. Fertilizer application was limite
to soluble N applied through the drip system
equal portions weekly over 13 weeks 
Ca(NO3)2, using a total of 56 kg•ha–1 for the
hairy vetch plots and double that rate for t
bare soil and polyethylene mulch.

Multiple nondestructive hand harvests we
made to investigate treatment effect on spe
of maturation. One sample (20 fruit) was tak
from each replication for quality determina
tion using pH, soluble solids concentratio
(SSC), percent solids, and fruit color as qua
indices (National Food Processors Ass
1992). Another sample (≈200 fruit) was taken
to determine average fruit weight. Yield wa
evaluated according to Garrison and Ross
(1991). Total yield was the sum of the red fru
picked at all harvests plus those mature gre
which were picked only at the last harve
Plant necrosis as affected by mulch type w
evaluated on 19 Aug. and 2 Sept. by fo
independent evaluators scoring percent 
crotic leaf area that exhibited necrosis. 
results were similar at each date, data w
combined for analysis. Analysis of varianc
was performed using SAS version 6.08 Ge
eral Linear Models procedure.

Results

Processing tomato yields for bare soil a
black polyethylene and hairy vetch mulch
differed significantly between mulches an
among cultivars (Table 1). Lack of a signif
cant mulch × cultivar interaction indicated tha
cultivars responded similarly to mulch trea
ments (Table 2). Average yields of the 1
cultivars in bare soil were not significantl
different from those in black polyethylene an
averaged 82 t•ha–1 (Table 1). Average yield o
the 10 cultivars in the hairy vetch mulch w
26.3 t•ha–1 higher than that in bare soil. Th
greatest yield response due to hairy vetch w
in ‘Ohio 8245’ (43%), followed by ‘Nema
1200’ (42%), and the least was in ‘Red Roc
(15%). Our yields were higher than tho
reported in California (USDA, 1991), partl
because we had multiple nondestructive 
stead of one destructive harvest. The high
yields were with ‘Hypeel 696’.

Yields harvested at various time interva
indicate that crop maturity was similar in ba
soil and black polyethylene (Table 3). Most 
the yield in these treatments matured dur
the second and third harvest intervals. Harv
in hairy vetch was delayed and most of t
crop matured during the fourth harvest inte
val.

Like yield responses, average fruit weigh
in the bare soil and black polyethylene tre
ments were similar and averaged 73 g/fru
Average fruit weight in the hairy vetch (87 g
was significantly higher than that for the ot
ers. Preliminary data obtained in 1993 a
HORTSCIENCE, VOL. 31(3), JUNE 1996
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consistent with the present results demonstr
ing an increase in yield and average fru
weight in tomatoes grown on hairy vetch mulc
(Abdul-Baki and Teasdale, 1993b).

The percentage of foliar necrosis was sim
lar in bare soil and black polyethylene an
higher than that noted in hairy vetch (Table 4
Likewise, significant differences in the per
centage of necrosis were noted among cu
vars. ‘Heinz 1439’, ‘Hypeel 696’, ‘Ohio 8245’,
‘Red Rock’, and ‘Hybrid 882’ exhibited the
least necrosis, whereas ‘Nema 1200’ a
‘FM6203’ exhibited the most, but these di
not differ significantly from ‘Spectrum 579’.
at-
it
h
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d
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-
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d
d

Hairy vetch reduced average necrosis by ≈50%
over bare soil and black polyethylene. Simila
to yield observations, no mulch × cultivar
interaction was evident (Table 2).

Mulches had a significant effect on frui
pH and solids (Table 5). Lack of significan
cultivar × mulch interaction indicates that SSC
solids, and color responses to mulch trea
ments were not cultivar-dependent. Fruit p
for plants grown with hairy vetch and bare so
treatments were similar, but it was signif
cantly higher with hairy vetch than black poly
ethylene (Table 5). Percent solids was highe
with black polyethylene and lowest with hair
339
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Table 4. Percent necrosis in foliage of processing tomato cultivars grown with bare soil or mulche

Necrosis (%)
Cultivar Bare soil Black polyethylene Hairy vetch Mea
Brigade 26z 37 13 25 cy

FM 6203 39 45 19 34 a
Heinz 1439 21 30 13 21 c
Hybrid 882 25 27 15 22 c
Hypeel 696 26 32 15 24 c
Nema 1200 46 44 24 38 a
Nema 1400 29 40 13 27 b
Ohio 8245 25 40 13 26 c
Red Rock 31 31 10 24 c
Spectrum 579 40 42 17 33 a
Meany 31 a 37 a 15 b
zMeans of four independent raters over two dates.
yLetters denote mean separations based on least significant difference, P ≤ 0.05.

Table 5. Fruit quality components of processing tomato cultivars as affected by mulch type.

Mulch type
Quality component Bare soil Black polyethylene Hairy vet
pH 4.45 abz 4.40 b 4.50 a
SSCy 4.2 a 4.2 a 4.1 a
Solids (%) 5.0 b 5.1 a 4.8 c
Color 43 a 41 a 45 a
zLetters denote mean separations based on least significant difference (P ≤ 0.05) for individual quality
components compared across treatments.
ySSC = soluble solids concentration.

-
y

-

-

.

-
-
.

-
t.

-
n
.,

-
-

g

ro-

h
-

.
s
-
.

-

-

s-

e
h

-

vetch. SSC and color values of fruit we
similar for all mulch treatments.

Discussion

The shift in processing tomato productio
from the mid-Atlantic and midwestern Unite
States to California was the result of mark
pressure for low production cost. The fact th
processing tomatoes are not among the hi
value cash crops leaves the producers wit
narrow margin of profits. Favorable climate
sophisticated mechanization, and large-sc
farming in California increased yield by ≈35
t•ha–1 compared to the mid-Atlantic states an
reduced production costs, making producti
in the mid-Atlantic states less attractiv
(Sullivan, 1992). If yields could be improve
at no additional production cost, processi
tomato production in the mid-Atlantic state
has the potential to increase.

Our results suggest that growing proces
ing tomatoes in a hairy vetch mulch can s
nificantly increase yields and may make pr
duction in the mid-Atlantic states more profi
able. The production cost in the hairy vet
system would exceed production cost in t
bare soil system because of the additional c
of vetch seed ($84/ha) and mowing ($15/h
However, the profit from increased yield an
reduced N input in the hairy vetch productio
may offset these production costs. Increas
N application in the bare soil system cou
potentially provide equivalent yield at an abo
equivalent cost, which could require N rat
exceeding recommended levels and incre
the potential for environmental contamin
tion. In addition, research with corn (Zea mays
L.) has shown that the increases in yield a
340
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economic return by hairy vetch are not on
due to N but also to additional factors relatin
to improved soil structure and water use ef
ciency (Decker et al., 1994). Similar resu
were observed with fresh-market tomato
(Kelly et al., 1995).

Yields of all cultivars in our test responde
favorably to the hairy vetch mulch treatmen
suggesting that the observed yield respons
not cultivar-dependent. Similar favorable yie
responses were noted in cultivars of fres
market tomatoes grown in hairy vetch mulc
as compared to polyethylene mulch (Abdu
Baki and Teasdale, 1993a). Lower levels 
leaf necrosis in the hairy vetch mulch late 
the season presumably permitted plants
increase leaf area duration and produce pho
synthate for an extended period of time, th
increasing production potential. Further stu
ies are needed to address potential cause
foliar necrosis.

Although yields in the hairy vetch mulc
averaged 32% more than for bare soil, perc
solids were lower in fruit from the hairy vetc
plots compared to black polyethylene or ba
soil. The increase in yield, however, more th
compensates for this slight reduction in fru
solids. Since no significant differences we
evident for fruit pH, color, or SSC betwee
hairy vetch and current production practice
which employ bare soil culture, hairy vetc
culture lends itself quite well to present indu
try expectations of fruit quality.

In summary, hairy vetch mulch increase
tomato yield and fruit weight and decreas
foliar necrosis in processing tomatoes. W
the exception of fruit solids, quality compo
nents measured on fruit from hairy vetch tre
ments equaled those obtained using pres
s.
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bare soil production practices. The slight de
cline in solids is more than offset, however, b
the potential increase in yield using hairy
vetch mulch. Adoption of cultural systems
employing hairy vetch mulch in applicable
production regions has the potential to in
crease yield for processing tomatoes.

Literature Cited

Abdul-Baki, A. and J.R. Teasdale. 1993a. A no
tillage tomato production system using hairy
vetch and subterranean clover mulches
HortScience 28:106–108.

Abdul-Baki, A. and J.R. Teasdale 1993b. Evalua
tion of processing tomato varieties in a sustain
able agricultural system using hairy vetch mulch
Proc. Mid-Atlantic Veg. Worker’s Conf., Univ.
of Delaware, Newark. p. 59–64.

Bennett, M.A. 1988. Guidelines for machine-har
vested tomatoes for processing. Ohio Coop. Ex
Serv. Bul. 647.

Creamer, N.G. 1994. An evaluation of cover crop
processing tomato production systems, with a
emphasis on weed management. PhD Diss
Ohio State Univ., Columbus.

Decker, A.M., AJ. Clark, J.J. Meisinger, F.R.
Mulford, and M.S. McIntosh. 1994. Legume
cover crop contribution to no-tillage corn pro-
duction. Agron. J. 86:126–135.

Garrison, S.A. and S.A. Mangano. 1993. 1993 Pro
cessing tomato variety trial results. Proc. Mid
Atlantic Veg. Workers’ Conf., Univ. of Dela-
ware, Newark. p. 50–58.

Garrison, S.A. and L. Rossell. 1991. Processin
variety trial results. Proc. Mid-Atlantic Veg.
Worker’s Conf., Univ. of Delaware, Newark. p.
88–95.

Johannessen, G.A. 1990. Processing tomato p
duction North America. California Tomato
Grower 33:(July/August) 4–20.

Kelly, T.C., Y.C. Lu, A. Abdul-Baki, and J.R.
Teasdale. 1995. Economics of a hairy vetc
mulch system for fresh-market tomato produc
tion in the mid-Atlantic region. J. Amer. Soc.
Hort. Sci. 120:854–860.

Morse, R.D., D.H. Vaughan, and L.W. Belcher
1993. Evolution of conservation tillage system
for transplanted crops; potential role of the sub
surface tiller transplanter (SST-5), p. 145–151
In: P.K. Billick (ed.). Proc. Southern Conserva
tion Tillage Conf. for Sustainable Agr., Monroe,
La.

National Food Processors Association. 1992. To
mato products bulletin 27-L, 6th ed. Natl. Food
Processors Assn., Washington, D.C.

Orzolek, M.D. and R. Kaplan. 1984. 1984 Proces
ing tomato trial results. Proc. Mid-Atlantic Veg.
Workers’ Conf., Univ. of Delaware, Newark. p.
113–116.

Stivers, L.J. and C. Shennan, 1991. Meeting th
nitrogen needs of processing tomatoes throug
winter cover cropping. J. Production Agr. 4:330–
335.

Sullivan, G.H. 1992. The outlook for tomato pro-
cessing in North America. Calif. Tomato Grower
35(5):4–8.

Sullivan, G.H. and F.A. Ravara. 1990. Organiza
tion, structure and trade in the North American
tomato processing industry. Calif. Tomato
Grower June 1990:4–28.

U.S. Department of Agriculture. 1991. Agricultural
statistics. U.S. Govt. Printing Office, Washing-
ton, D.C. p. 165.
HORTSCIENCE, VOL. 31(3), JUNE 1996


