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Our objective in this research was to deter-

1 mine the effects of hairy vetch and black
Halry VetCh MUICh Favorably ImpaCtS polyethylene mulch on yield, fruit weight,
product quality, and foliage necrosis of 10

Yield of Processing Tomatoes processing tomato culivars,

Aref A. Abdul-Baki * and John R. Stommel Materials and Methods
Vegetable Laboratory, Plant Sciences Institute, Agricultural Research Service

; : The experiments were conducted in Sum-
U.S. Department of Agriculture, Beltsville, MD 20705-2350 mer 1994 at the farm of the Beltsville Agricul-

AIIey E. Watada tural Research Center, Beltsville, Md. The soil

Horticultural Crop Quality Laboratory, Plant Sciences Institute, Agriculturg a Keyport fine loam (clayey, mixed, mesic

. . X ic Hapludult) with 2% slope. Two mulch
Research Service, U.S. Department of Agriculture, Beltsville, MD 20705- entsp(b|ack)po|yethﬁenepand hairy vetch)

were compared to bare soil, the conventional
John R. T.eanaIe . . . method for growing processing tomatoes com-
Weed Science Laboratory, Plant Sciences Institute, Agricultural Rese&{&hially. Plots were organized in a split-plot
Service, U.S. Department of Agriculture, Beltsville, MD 20705-2350 design with mulch as whole plots and cultivars

as subplots, each subplot consisting of 12

Ronald D. Morse . L. . . . . plants spaced 37 cm within the single row.
Department of Horticulture, Virginia State University and Polytechnic Institut@eatments were replicated four times with 14
Blacksburg, VA 24061 plants per replicate. Ten commonly planted

cultivars of processing tomatoes, representing
Additional index words. Lycopersicon esculentum, Vicia villosa early, midseason, and late maturity, were se-

lected (Table 1). Exceptfor ‘Red Rock’, which
was developed by the USDA as an extra-firm
cultivar for fresh market and processing, seeds
for all cultivars were obtained from commer-
‘cial sources.

Abstract.Ten cultivars of processing tomatoed fycopersicon esculenturiviill.) grown in
bare soil or on black polyethylene and hairy vetch\(icia villosa Roth.) mulches were
evaluated foryield, fruit processing quality, and leaf necrosis. Yields were higher, fruitwas
heavier, and leaf necrosis less in hairy vetch than in bare soil or black polyethylene mulch
With the exception of pH, yield and fruit quality component responses to mulch treatments Seeds were sown in a greenhouse on 13
were not cultivar-dependent. Fruit pH, soluble solids concentration, and color equaled Apr. in 128-cell flats (cell sige 83x 7 cm)
values obtained using bare soil production practices. Percent solids was highest with blaclﬁlf’e('j with Jiffy Mix (50% peat : 50% horticul-
polyethylene and lowest in hairy vetch. The hairy vetch mulch delayed fruit maturity wral grade vermiculite) pFIaté were fertilized
compared to the bare soil and black polyethylene. The hairy vetch cultural system has the 9 ’

. X X . with a solution containing Peters 20N-8.8P—
potential to increase yield of processing tomatoes. 16.6K (Grace Sierra Horticultural Products,

Tomatoes grown for processing represerftuctuations in yield from year to year makeMilpitas, Calif.) at 37 diter*water. The seed-
the largest segment of the processed vegetalpieduction of processing tomatoes in the easings were maintained for 4 weeks in the
industry in North America. The United Statesern states more risky and less competitive withreenhouse and 1 week in a cold frame and
produces48% of the world’s supply of toma- favorable locations, such as California. Avertransplanted on 17 May.

toes grown for processing (Sullivan and Ravarage yields in the mid-Atlantic states a7 Beds, 1.5 m center to center and 15 cm
1990). The crop occupied42,000 ha with a t-ha! (USDA, 1991) as compared to >84high, were prepared and the drip irrigation
total yield of more than 10 million t and ant-ha!in California (Johannessen, 1990).  lines were laid as described by Abdul-Baki

annual farm gate value of $700 million [U.S. The greatest limitation to yield has beerand Teasdale (1993b). Beds for the hairy vetch
Dept. of Agriculture (USDA, 1991)]. More attributed to an unbalanced shoot/root systemulch treatment were prepared in mid-Sept.
than 90% of total production in the Unitedin which root growth and development arel993. The hairy vetch seed was sown on 24
States is grown in California (Bennett, 1988)limited by soil compaction (JohannessenSept. at 45 kfpa! using a Brillion seeder
In the mid-Atlantic United States, process1990). Compacted soils restrict water moveBrillion Iron Work, Brillion, Wis.). The hairy
ing tomatoes are viewed as a low investmembent and availability and reduce drainage angetch received no water, herbicide, fertilizer,
crop. Because of occasional dry spells anderation. Frequent use of heavy machinergr any other treatment until it was mowed on
irregular rainfall during the growth period, such as those used in plowing and cultivatior,6 May 1994 with a high-speed flail mower
most processing tomato fields receive three twontributes significantly to soil compaction.(Hesston Corp., Oregon, Ill.). It cut the plants
five irrigations (Garrison and Mangano, 1993Alternative production systems that combine=3 to 5 cm above the bed surface.
Garrison and Russell, 1991; Orzolek andeduced tillage with cover crops effectively Beds for the black polyethylene and bare
Kaplan, 1984). The crops often encounter ereduce soil compaction and improve watesoil treatments were prepared on 13 May 1994
vironmental stress, including high temperapenetration, drainage, soil aeration, and yields described earlier (Abdul-Bakiand Teasdale,
ture (Garrison and Russell, 1991), droughtAbdul-Baki and Teasdale, 1993a). 1993a). The tomato seedlings were planted
(Orzolek and Kaplan, 1994), and long periods Various winter annual cover crops haveusing a minimum tillage planter developed by
of rain and high humidity (Garrison andbeen evaluated for vegetable crop productioMorse (Morse et al., 1993). Peters starter fer-
Mangano, 1993), which increase damage tsingly (Abdul-Baki and Teasdale, 1993bfilizer (9N-19.6P-12.5K) was applied at 37
pathogens, interfere with optimum harvestStivers and Shennan, 1991) or in mixtureg:liter water as part of the planting process.
and reduce yield and quality. As aresult, majdiCreamer, 1994). The impact of these altern&he drip lines in the bare soil and polyethylene
tive cultural practices on tomato productiortreatments were buried 5 cm deep in the soil
- has been favorable (Creamer, 1994). Yieldand 8 to 10 cm away from the plants. In the
Received for publication 8 Sept.1995. Accepted foyere higher and fruit quality was better inhairy vetch treatment, drip lines were laid on
bel'Cat'c.’nz Feb. 1996. We thank Peter E.W"’.‘Shko.\gwse than in the conventional systems, resuttie vetch mulch 8 to 10 cm away from the
or technical assistance. The cost of publishing this =~ . - - . -
paper was defrayed in part by the payment of padd in greater profit (Kelley et al., 1995). Ourplants and held in position with U-shaped wire
charges. Under postal regulations, this paper therBl€liminary results on four processing tomatat 5-m intervals.
fore must be hereby markedvertisemergolelyto ~ Cultivars demonstrated a positive effect of Plots were irrigated every other day to
indicate this fact. hairy vetch mulch on yield and average fruiavoid water stress. Colorado potato beetles
To whom reprint requests should be addressed. weight when compared to conventional prowere controlled using Bt-based insecticides.
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Fungicides tetrachloroisophthalonitrileTable 1. Yields of processing tomato cultivars grown in bare soil, black polyethylene film, and hairy vetch
(chlorothalonil) and copper hydroxide were mulches.
applied as needed using manufacturers’ sug=

. B Yield (tha?)
gestedrates, and 4-amino-1,1-dimethlylethyl-. . - -
3-(methylthio)-1,2,4-triazin-5(@)-one Cultivar Bare soil Black polyethylene Hairy vetch Mean

(metribuzin at 0.56 kba') was applied as a E,(',lgggSS 92.5 82.9 1198 98.4b

¢ 73.7 67.2 91.2 77.4cd

postemergence herbicide 3 weeks subsequeilinz 1439 79.3 905 108.7 92.8b
to planting. Fertilizer application was limited Hybrid 882 79.2 85.9 106.6 90.6 bc
to soluble N applied through the drip system imypeel 696 96.8 116.3 134.3 1158 a
equal portions weekly over 13 weeks adlema 1200 64.7 62.8 92.1 73.2d
Ca(NQ),, using a total of 56 kba'for the Nema 1400 79.7 84.7 95.2 86.2 b—d
hairy vetch plots and double that rate for th@hio 8245 85.9 84.5 122.8 97.7b
bare soil and polyethylene mulch. Red Rock 86.3 78.5 99.2 88.0 bc

Multiple nondestructive hand harvests Wer%p(ﬁrum 579 8?%2b 8;252b 1%);11'361 87.9 be
made to investigate treatment effect on spem*e i i i

of maturation. One sample (20 fruit) was takerl-etters denote mean separations based on protected least significant differefce Ge35).

from each replication for quality determina-Table 2. Analyses of variance for yield, necrosis, and fruit quality components of processing tomato cultivars
tion using pH, soluble solids concentration as a function of cultivar and mulch.

(SSC), percentsolids, and fruit color as qualit'S

indices (National Food Processors Assn\,/ou.mbe| ~ield df F value Probability
1992). Another sample=R00 fruit) was taken anave. Yie

. . . . Block 3 12.12 0.0001
to determine average fruit weight. Yield was 2 10.72 0.0104

evaluated according to Garrison and Rossellg|gck x mulch

6 2.77 0.0168
(1991). Total yield was the sum of the red fruit cultivar 9 557 0.001
picked at all harvests plus those mature greenMulch x cultivar 18 0.57 0.9113
which were picked only at the last harvestVariable: Necrosis (%)
Plant necrosis as affected by mulch type wasBlock 3 33.53 0.0001
evaluated on 19 Aug. and 2 Sept. by four Mulch 2 7.38 0.0241
independent evaluators scoring percent ne-g'uolfi'\‘/;m“mh g 13';3[86 8'88811
crotic leaf area 'ghat exhibited necrosis. As Mulch x cultivar 18 0.90 05819
results were similar at each date, data we riable: pH
combined for analysis. Analysis of variance pyich 2 16.79 0.0314
was performed using SAS version 6.08 Gen- Cyltivar 9 14.05 0.0001
eral Linear Models procedure. Mulch x cultivar 18 2.79 0.0008
Variable: SS€
Mulch 2 1.96 0.3383
Results Cultivar 9 19.80 0.0000
Processing tomato yields for bare soil ang/M.UICh x C”'.“"aro 18 116 0.3160
black polyethylene and hairy vetch mulche ",’\‘A”able' Solids (%)

. 4 ulch 2 11.6 0.0001
differed S|gln|f|cantly between mulche§ apd Cultivar 9 16.6 0.0001
among cultivars (Table 1). Lack of a signifi- puich x cultivar 18 1.07 0.3965
cant mulchx cultivar interaction indicated that variable: Fruit color
cultivars responded similarly to mulch treat- Mulch 2 1.90 0.2925
ments (Table 2). Average yields of the 10 Cultivar 9 33.45 0.0001
cultivars in bare soil were not significantly Mulch x cultivar 18 118 0.2290

different from those in black polyethylene andF values of probability using blockmulch as error term.
averaged 82ha? (Table 1). Average yield of YSSC =soluble solids concentration.

the 10 cultivars in the hairy vetch mulch was ) ) .
26.3 tha! higher than that in bare soil. Theable 3. Percentage of total yield harvested at each of four harvest intervals as influenced by muich.

greatest yield response due to hairy vetch was Percentage of total yield by harvest intetval

in ‘Ohio 8245 (43%), followed by ‘Nema myich 1 2 3 4
1200’ (42%), and the least was in ‘Red Rockgare soil 168 332 b 39a 13b
(15%). Our yields were higher than thoselack polyethylene 19a 42 a 24 b 15b
reported in California (USDA, 1991), partly Hairy vetch 0b 12¢c 25b 63 a

because we had multiple nondestructive ifinterval 1 = 1-3 Aug.; Interval 2 = 8-11 Aug.; Interval 3 = 15-22 Aug.; Interval 4 = 30 Aug.—27 Sept.
stead of one destructive harvest. The highesilean separation, within harvest intervals, according teatest P < 0.05)
yields were with ‘Hypeel 696'.

Yields harvested at various time intervalsonsistent with the present results demonstrattairy vetch reduced average necrosis®3%
indicate that crop maturity was similar in baréng an increase in yield and average fruibver bare soil and black polyethylene. Similar
soil and black polyethylene (Table 3). Most ofveight in tomatoes grown on hairy vetch mulchio yield observations, no mulck cultivar
the yield in these treatments matured durinAbdul-Baki and Teasdale, 1993b). interaction was evident (Table 2).
the second and third harvestintervals. Harvest The percentage of foliar necrosis was simi- Mulches had a significant effect on fruit
in hairy vetch was delayed and most of théar in bare soil and black polyethylene angH and solids (Table 5). Lack of significant
crop matured during the fourth harvest interhigher than that noted in hairy vetch (Table 4)cultivarx mulch interaction indicates that SSC,
val. Likewise, significant differences in the per-solids, and color responses to mulch treat

Like yield responses, average fruit weightgentage of necrosis were noted among cultiments were not cultivar-dependent. Fruit pH
in the bare soil and black polyethylene treatvars. ‘Heinz 1439’, ‘Hypeel 696, ‘Ohio 8245, for plants grown with hairy vetch and bare soil
ments were similar and averaged 73 g/fruitRed Rock’, and ‘Hybrid 882’ exhibited the treatments were similar, but it was signifi-
Average fruit weight in the hairy vetch (87 g)least necrosis, whereas ‘Nema 1200’ andantly higher with hairy vetch than black poly-
was significantly higher than that for the oth-FM6203’" exhibited the most, but these didethylene (Table 5). Percent solids was highest
ers. Preliminary data obtained in 1993 areot differ significantly from ‘Spectrum 579’. with black polyethylene and lowest with hairy
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Table 4. Percent necrosis in foliage of processing tomato cultivars grown with bare soil or mulchesbare soil production practices. The slight de-
cline in solids is more than offset, however, by
the potential increase in yield using hairy

Necrosis (%)

CB:gItlvczjar Ba;: soil Black?;,);)lyethylene Hféry vetch 25Méeanvetch mulch. Adoption of cultural systems
rlgace employing hairy vetch mulch in applicable

FM 6203 39 45 19 34a X : . .

Heinz 1439 21 20 13 21 ¢ producthn regions has_the potential to in-

Hybrid 882 25 27 15 22 ¢ Crease yield for processing tomatoes.

Hypeel 696 26 32 15 24 c . .

Nema 1200 46 44 24 38a Literature Cited

Nema 1400 29 40 13

27 bc ppdul-Baki, A. and J.R. Teasdale. 1993a. A no-

Ohio 8245 25 40 13 26¢ tilage tomato production system using hairy
Red Rock 31 31 10 24c vetch and subterranean clover mulches.
Spectrum 579 40 42 17 33ab  HortScience 28:106-108.

Meary 3la 37a 15b Abdul-Baki, A. and J.R. Teasdale 1993b. Evalua-
“Means of four independent raters over two dates. tion of processing tomato varieties in a sustain-
YLetters denote mean separations based on least significant diffé?en@e)5. able agricultural system using hairy vetch mulch.

Proc. Mid-Atlantic Veg. Worker's Conf., Univ.

Table 5. Fruit quality components of processing tomato cultivars as affected by muich type. of Delaware, Newark. p. 59-64.

Bennett, M.A. 1988. Guidelines for machine-har-

Muich type vested tomatoes for processing. Ohio Coop. Ext.
Quality component Bare soil Black polyethylene Hairy vetch  Serv. Bul. 647.
pH 4.45 ab 440b 450a Creamer, N.G. 1994. An evaluation of cover crop-
SSC 42a 42a 41a processing tomato production systems, with an
Solids (%) 50b 51la 48c emphasis on weed management. PhD Diss.,
Color 43 a 41 a 45 a Ohio State Univ., Columbus.
?Letters denote mean separations based on least significant diffefead®05) for individual quality D€cker, AM., AJ. Clark, J.J. Meisinger, F.R.
components compared across treatments. Mulford, and M.S. Mcintosh. 1994. Legume
¥SSC = soluble solids concentration. cover crop contribution to no-tillage corn pro-

duction. Agron. J. 86:126-135.

_ . . Garrison, S.A. and S.A. Mangano. 1993. 1993 Pro-
vetch. SSC and color values of fruit wereeconomic return by hairy vetch are not only  cessing tomato variety trial results. Proc. Mid-

similar for all mulch treatments. due to N but also to additional factors relating Atlantic Veg. Workers’ Conf., Univ. of Dela-
to improved soil structure and water use effi- ware, Newark. p. 50-58.
Discussion ciency (Decker et al., 1994). Similar result$3arrison, S.A. and L. Rossell. 1991. Processing
were observed with fresh-market tomatoes Variety trial results. Proc. Mid-Atlantic Veg.
The shift in processing tomato productior(Kelly et al., 1995). Worker's Conf., Univ. of Delaware, Newark. p.

from the mid-Atlantic and midwestern United  Yields of all cultivars in our test respondedJohii;Zisen’ G.A. 1990. Processing tomato pro-
States to California was the result of markdlavorably to the hairy vetch mullch treatment,  4,ction North America. California Tomato
pressure for low production cost. The fact thasuggesting that the observed yield response is Grower 33:(July/August) 4—20.
processing tomatoes are not among the highet cultivar-dependent. Similar favorable yieldkelly, T.C., Y.C. Lu, A. Abdul-Baki, and J.R.
value cash crops leaves the producers withrasponses were noted in cultivars of fresh- Teasdale. 1995. Economics of a hairy vetch
narrow margin of profits. Favorable climate market tomatoes grown in hairy vetch mulch  mulch system for fresh-market tomato produc-
sophisticated mechanization, and large-scals compared to polyethylene mulch (Abdul- tion in the mid-Atlantic region. J. Amer. Soc.
farming in California increased yield B85 Baki and Teasdale, 1993a). Lower levels of Hort. Sci. 120:854-860.
tha' compared to the mid-Atlantic states andeaf necrosis in the hairy vetch mulch late id°rseé. R.D., D.H. Vaughan, and L.W. Belcher.
reduced production costs, making productiothe season presumably permitted plants to ]}993' Evolution Ofcon.s ervation tillage systems
. . ; A : or transplanted crops; potential role of the sub-
in th_e mld-AtIantlc_ states less _attractlvencrease leaf area duration anpl prodgce photo- ¢ rface tiller transplanter (SST-5), p. 145-151.
(Sullivan, 1992). If yields could be improvedsynthate for an extended period of time, thus |n: p k. Billick (ed.). Proc. Southern Conserva-
at no additional production cost, processingncreasing production potential. Further stud-  tion Tillage Conf. for Sustainable Agr., Monroe,
tomato production in the mid-Atlantic stateses are needed to address potential causes ofLa.
has the potential to increase. foliar necrosis. National Food Processors Association. 1992. To-

Our results suggest that growing process- Although yields in the hairy vetch mulch ~ mato products bulletin 27-L, 6th ed. Natl. Food
ing tomatoes in a hairy vetch mulch can sigaveraged 32% more than for bare soil, percent Processors Assn., Washington, D.C.
nificantly increase yields and may make prosolids were lower in fruit from the hairy vetch©Orz0lek, M.D. and R. Kaplan. 1984. 1984 Process-
duction in the mid-Atlantic states more profit-plots compared to black polyethylene or bare {/r\‘/g toma,to trial resilts. Proc. Mid-Atantic Veg.

. . . . . . orkers’ Conf., Univ. of Delaware, Newark. p.

able. The production cost in the hairy vetclsoil. The increase inyield, however, morethan 1713 116
system would exceed production cost in theompensates for this slight reduction in fruitstivers, L.J. and C. Shennan, 1991. Meeting the
bare soil system because of the additional cosblids. Since no significant differences were nitrogen needs of processing tomatoes through
of vetch seed ($84/ha) and mowing ($15/hagvident for fruit pH, color, or SSC between  winter cover cropping. J. Production Agr. 4:330—
However, the profit from increased yield anchairy vetch and current production practices, 335.
reduced N input in the hairy vetch productiorwhich employ bare soil culture, hairy vetchSullivan, G.H. 1992. The outlook for tomato pro-
may offset these production costs. Increasingulture lends itself quite well to present indus- g?,sgf,';r.‘f 'g North America. Calif. Tomato Grower
N application in the bare soil system couldry expectations of fruit quality. O] .
potentially provide equivalentyield atanabout In summary, hairy vetch mulch increaseaS u”tli\(/)?n’St(?uﬂfu?g(;n%?agea\i/:iﬁell\? gr?ﬁ 2;?22('2{
equivalent cost, which could require N ratesomato yield and fruit weight and decreased y5mato processing industry. Calif. Tomato
exceeding recommended levels and increaseliar necrosis in processing tomatoes. With  Grower June 1990:4—28.
the potential for environmental contaminathe exception of fruit solids, quality compo-u.S. Department of Agriculture. 1991. Agricultural
tion. In addition, research with coriga mays nents measured on fruit from hairy vetch treat- statistics. U.S. Govt. Printing Office, Washing-
L.) has shown that the increases in yield anghents equaled those obtained using present ton, D.C. p. 165.
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