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Chagpter 1

INTRCDUCTION

Increased production costs for vegetakle crops have
caused production practices to favor more intensive culture.
The evolution of this concept has presently reached the
level of practicing sequential cropping utilizing [flastic
mulch, trickle irrigatiom, amd soil fumigation, conducted on
the same site in one season. These combined fpractices dis-
tribute costs over two crops in one season season thus serv-
ing to offset the high costs and risks incurred. Besearch
on intensive culture of vegetables has been conducted in
Georgia on sandy soils with high frequency rates of irriga-
tion and supplemental nuotrition (5). High value crops with
associated production probleas could possitly be economi-
cally grown by utilizing such a combination of production
practices.

Caktbage production im southwest Virginia has been cur-
tailed because of infestations of pPlasmodium brassicae Wor.,
clubroot. The profitability from producing a single cabbage
crop does not warrant the expense of soil fumigatiom for
controling this fungus (11). fhe objective of the research
reported in this paper was to assess the use of sequential

cropping of caktbage and a second vegetable, utilizing plas-



tic mulch, trickle irrigation, and soil fusigation im Virgi-

nia on silt loam scil.



Chapter II

MATERIALS AND METHCDS

Experiments were conducted at the Viginia Tech Horticul-
ture Research Paras im Blacksburg, on a lodi silt-loam soil,
during the spring and summer growing seasons of 1980 and
198 1. The experimental design was a split-split plot,
including four replicatioms of all possible coabinations of
with apnd without soil fumigation as main plots, trickle
irrigation as subplots, and 1.5 =ail tlack plastic mulch as
sub-sub plots. Beds were 6.1 8 x 0.91 m, 10 cm high, and
1.52 m apart. Irrigated treataments received municipal water
through one (Bi-wall) trieckle line G[per bed, placed 5 ca
deep, laid in the center of the bed. The trickle lines had
holes every 30 ca and the rate of water application was 1.9
liter/w®in/30 » at 1.1 kg/sq ca Eressure. These treatments
were irrigated at S0% field capacity deteramined by soil
moisture blocks placed 15 ca deep. Moisture blocks were
calibrated by using a soil Bmoisture desorption curve.
Enough water was applied to restore the scil to field capac-
ity during each irrigatioa. Beds were fumigated under plas-
tic after broadcasting, and incorpaorating 84 kg N, 96 kg P,
and 139 kg K per ha to a depth of 15 cm. Subsegquent N was

applied through the trickle system and sidedressed on non-



irrigated plots at equivalent rates. Calcium nitrate was
the N source for all treatments both years. At transplant-
ing 56 kgsha of 20N-8.6P-16.6K was injected through the
trickle system and placed on the non-irrigated plants as a
starter solution. Prior to [planting, plastic was removed
from the plus soil fumigatiogyminus plastic aulch plots.
All plant material was cut at ground level after harvesting

the first crop for both experiments.

Experiment I, 1980

First Crop. Prior to the April 18 planting date, ferti-
lizer was broadcast aad incorporated. Fumigated treatmeats
received a aixture of 98% sethylbromide and 2% chloropicrin
(brom-o-gas) fumigamt at 258 kg, /ha. Caktbage transplants
were set U6 ca apart in the rovw with two rows 46 cm apart om
each bed. Additional N wvas supplied at 28 kgsha at 14 amd
28 days after plantiag. Cakbage harvest uas conducted on
July 7.

Second Crop. Cr July 10, tomato transplants were set U6
ca apart in a single row per bed. Supplemental N was
applied at 67 kgsha at 4 weeks and 22 kgsha at 8 weeks after

planting. Tomato harvest was conducted from August 22 to

September 6.



Experiment II, 1981

First Crop. Plots were prepared as in 1980 and fumigated
with a 67% methylbromide and 33% chloropicrin (Terr-o-gas
67) fumigant at the rate of 393 kg/ha. On May 18, cabbage
transplants vere set 30 cs apart in the row, with two rows
46 cm apart per bed. Additional N was applied similarly to
the first crop in 19840. Cakbage harvest vas conducted July
3.

Second Crop. Broccoli tramsplants were set on August 16,
46 cm apart 1in the row with two rows 46 cm apart per bed.
Plants were set regardless of the location to the decapi-
tated cabbage plants. Supplemental N was applied at 56
kgs/ha two weeks after planting. Broccoli harvest was con-

ducted from Sefptember 15 to Cctoker 22.



Chapter III

RESULTS AKD DISCUSSION

There were no ianteracting effects (F > 0.05) among varia-
bles on marketable yield in this study. Individual treat-
ment effects are presented in Table 4 of the appendix; how-
ever only the =wmain effects of trickle irrigation, Ffplastic

mulch, and soil fumigatiom are discussed below.

3.1 TBICKLE IRBIGATION

Individual and combined crop yields were increased both
years with trickle irrigation (Yable 1). During both years
the first crop received rather uniformly distrikbtuted rain-
fall throughout the growing seasopnp whereas the second crop
did not (Figure 1). Large amounts of raiafall during the
1981 cabltage growing season created a situation in which the
mulched plots required conmsiderably more irrigation water
than the non-mulched plots to maintain the soil at 50% field
capacity (TIable 2). Rater runnoff created by the plastic
probably limited the rain water froa reaching the soil-root
zone in the plastic aulched plots.

Even though the trickle irrigated cabbage in 1980
received only slightly more water than the non-irrigated

plots in 1981, they did yield bLetween 13 to 24 HNT/ha



Table 1. Influence of trickle irrigation, plastic mulch, and soil fumigation on marketable
yield of double cropped vegetables, 1980 and 1981.

1980 Yields (MT/ha)” 1981 Yields (MT/ha)
Variable Cabbage Tomato Total Cabbage Broccoli Total
Trickle Irrigation
+with 43.4 10.7 54.1 60.5 2.2 62.7
-without 29.4 6.3 35.6 23,7 0.5 24.2
*%Z *k *kk *kk *kk *hk
Plastic Mulch
+with 38.7 10.8 49.5 42,0 1.5 43.5
-without 34.0 6.2 40,2 42.3 1.1 43.4
NS *% * NS NS NS
Fumigation
+with 37.3 8.5 45.8 41.3 1.5 42.8
-without 35.4 8.6 44,0 42.9 1.2 44,1
NS NS NS NS NS NS

“Levels of significance: *, **, **% - (0,05, 0.01, 0.001.
YMT/ha times 0.446 = Tons/acre.
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Table 2. Amount of irrigation water applied and rainfall per crop, 1980 and 1981.

First crop Second crop
1980 1981 1980 1981

Water Source Cabbage Cabbage Tomato Broccoli
Irrigatiog Water (cm)

+PM 9.1 14.7 6.1 8.8

"PM 1106 9.8 708 607
Rainfall (cm) 7.3 15.7 7.2 7.3
Total Water (cm)

+PM 16.4 30.4 13.3 16.1

-PM 18.9 25.5 15.0 14.0
Growing Season 80 days 74 days 70 days 40 days

ZpM = plastic mulch.
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greater. It is recogmized that many factors might have dif-
fered betvween the 1980 and 1981 growing season; never—the-
less trickle irrigation appears to be a superior water
source than rainfall. Undoubtedly, irrigation affected
growth and yield Ly maintaiging soil &moisture above 50%
field capacitye. In additiogn, trickle irrigation has the
added advantage over other irrigation methods of applying
water and nutrients near the root syster thus conserving

these sukstances (10).

3.2 PLASTIC MULCH

There were no yield responses to plastic mulch except for
tomato and total yields im 1980 (Table 1). Despite the
onset of cool weather late in the 1980 growing season which
slowed plant develorment, yields of the irrigated and aul-
ched tomato treatments reached the state averages (1).
Tomatoes have been proven to respond well to plastic mulch
(4,6) - Cabbage and brocccli, both cole crogs, did not res-
pond to the plastic aulch. Since they are cool-seasom crops
apparently plastic amulch was of no real benefit, particu-
larly when coabined with trickle irrigation. Plastic mulch
has been shown to only slightly increase yields for cool
season cole crops in Florida (2,3). Ccle crops grown at the
latitude and elevation of this study may very well respond

differently to mulch.
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3.3 SQI1L FUMIGATICH

Although the methylbromide fusigants used are knouwa tc con-
trol clubroot organisas (11), there was nc effect frcs soil
fumigation, indicating that deleterious so0il organisms were
not present in the soil or the fumigant was not effective.
1o be effective sequential cropping of vegetatles in
southwest Virginia vwill require early sgring planting. 1f
soil fumigation is to be wused with sequential cropping in
this area, weather conditiogs must be right and the soil
must be well-drained to accosodate early tillage and soil
preparation. In 1980, good weather and soil coamnditions per-
mitted early fumigation and the caktbage was planted op April
18- Flanting of cabbage in 1981 was delayed wuntil Bay 18
because weather conditions sould not permit fumigation.
Once fumigation was perforased a aminisus of 7 days was
required for the fumigant tgo dissipate Lefore planting vas
possible. Since planting and bharvest of cakbage was delayed
in 1981, the secowmd crop, bracceli, had to be plaamted Leyond
the recommended planting dates. Althcugh the 1981 broccoli
only had a 40 day growing season, trickle irrigatioan pro-
moted some head develogment .thus avoiding total crop fai-

lures.



3.4 EBODDCTION COSIS

Double cropping decreased production costs ky 35% coampared
to conventiopal singie cropping systems (Tabkle 3). Trickle
irrigation, plastic mulch, taxes and insurance when distri-
buted over two crcgs represented 100% savings. Savings on
fertilizer, machinery and equifpament was approximately 35%.
Figures such as these shqu .the walue of amultiple cropping

when costs savings are copsidered.
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Table 3. Production costs estimates for conventional versus multiple
cropping systems.

Production costs ($/ha)”

Production inputsz Conventional®™ Multiple cropping

Cabbage Tomato Total Cabbage followed by

tomato
------------ $/ha = = = = = = = = - =

Plants 430 716 1,146 1,146
Machinery & equipment 1,712 1,366 3,078 1,976
Pest management 178 615 793 793
Fertilizer 343 343 686 425
Trickle irrigation 1,235 1,235 2,470 1,235
Plastic mulch 647 647 1,294 647
Taxes, insurance 247 247 494 247
Total 4,792 5,169 9,961 6,469

ZDoes not include fumigation, labor, harvesting, and marketing costs.
Ycosts according to 0'Dell (1982).

XAssumes spacing would be equal for both crops if grown on separate site.



Chagter IV

CONCLUSICNS

The use of trickle irrigatiop has increased the yields of
the crops grown when seasop totals are ccmpared (Table 1).
Annual totals of both crops shcw an advantage of plastic
mulch only in 1980 and no effect of soil fumigation with the
Crops grown 1in this studj. Fossibly other varieties or
crops would maximize the use of this systes. If soil Lkorne
organisss were a procklea, fusmigation would ke pecessary and
plastic mulch would therefore be useful tc ccntain the fumi-
gant when applied.

Considering the vwvariaktility of yield respopses for the
second crop, sequential cropping proved to have a keneficial
effect both years on the annual comktined tctals of crogs per
ha. This 1is indicative of the advantages of sequential
cropping concerning the compensation for possible crop
losses on one of the two crogs grosn (7,9).

Based on this study sequential crorping is a worthwhile
method of minimizimg the risks involved in producing vegeta-
ble crops. This practice when perforsmed in copjuction with
trickle irrigation, plastic =mulch, and soil fumigation
(vhere npeeded) can increase annual productivity and net

return fper ha in Virginia. Careful attention aust be

14
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directed to varietal selectiom and segquence of plamting.
Timing is also critical, especially in the shorter growing

season of western Virginia.
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Table 4. Influence of trickle Irrfgation, plastic mulch, and soll Ffumligatlion on mirketable yfeld of
double cropped vegetables, 1980 and 1981,

Treatments® 1980 Yields (MT/ha) 1981 Yields (MI/hi)
Relatlive Yield Relative Yield
Response Response
T P F Cabbage Tomato Total (Z of Total) (:abbage Broccoll Total (X of Total)
X X X 45.3a% 13.1ab 58.4a 97 57.2a 3.0a 60.2a 93
X X 45.7a 14.3a 60.1a 100 61.0a 1.9ab 62.9a 97
X X 46 .4a 9.1bc 55.5a 92 60.7a 1.9ab 62.6a 96
X 36.1ab 6.4¢ 42,5b 71 63.2a 1.8ab 65.0a 100
X X 31.3b 6.8c 38.1L 63 24, 7b 0.4bc 25.1b 39
X 32.5b 9.1bc 41.6bH 69 24.,9b 0.2¢ 2%.8b 40
X 26.2b 4.9c 31.1b 52 22.6b 0.5bc 24.1b 36
27.4b 4.3 31.70 53 22.6bL 0.2c 22.8b 35

27w trickle irrigation, P = plastic mulch, F = soll fumlgation.
Mean separation within colums by Duncan's multiple range test, 5% level.



Appendix B

LITEBATUBE BREVIEW

Be1 MULTJIPLE CRCEPING

Multiple cropping bas beem practiced in many parts of the
world over the past few centuries. Development of this con-
cept has not reached the imterests of the comaercial agri-
culture research coamnmunity uptil recently (29). Agricul-
tural practices utilizing this copgcept bave beem limited to
low 1level equilibrium faraipg in other countries of the
world, typically located in tragical areas {1,29). Sequen-
tial cropping is an application of multiple cropping imply-
ing the froduction of two or mcre crafs on the sasme site in
one year (1)«

Plant growth factors are intemsified by the practice of
multiple cropping. Factars such as moisture, nputrition,
soil characteristics, seasonal variations, and their limita-
tions require careful coeoerdination with crogs to Le grown,
in what seguence, and hoyw to grow them (1,29). Multiple
cropping increases the iaportance of space and time utiliza-
tion factor. The biclogical dynamics of multiple cropping
generally maximizes crop productivity, water and nutrient

use efficiency during a growing season (1).

<0



21

B.2 PLASIJC MULCEH

Plastic fila mulches are being used extensively in the pro-
duction of vegetable crops ¢4,14,17,21). Elastic muiching
has proven to increase root development, decrease nutrient
leaching, increase soil teaperature, isprove soil structure,
provide weed contrcl, retaim soil nmoisture, and allow for
uniform distribution of wvater (4,17). Using suach mulches,
particularly black plastic mulch, creates a npew dimension

for vegetakle productioa.

B-3  TBICKLE ISBIGATIQN

Since its inception by Syncha Blass 4(C years ago in Israel,
trickle irrigation has accomfpanied technilogical advances in
agriculture and is now well estaklished in the U.S. (18,33).
The use of trickle irxrigatiog as the name isglies involves
the use of low volumes of water at low fpreasures to provide
water directly to the rooting zone of the plant (12). Fre-
quency of applications aad solume of water varyaccordimng to
soil, environmental, plant, and cultural characteristics.
Water applicatioms at freguenmt intervals have bLeen recos-
mended with trickle irrigation on light soils
(6,7,8,11,.12,21,31). Beceptly using such gquantities of
water so often have been found tgo be excessive. Root devel-

opment and water movement are controled and limited to a



large extent bLy trickle irxigation, particularly vhen in
conjuction with plastic oulch (3,7,8,9,11,12,31). Bucks et
al. (5) determined that irrigations as frequently as every 3
days decreased yields oan a clay loam soil. Earl and Jury
(9) found that soils without excessively high hydraulic con-
ductivity, created better grcwth responses at weekly inter-
vals. Based upon this informsatiaom, irrigation at 50% field
capacity seems suitable for heavier soils (19,24,25). Such
a frequency allowed ample rcot developament and decreased
surface evaporation of the water applied. Csizinsky and
Overman (§) indicated that the placement of one tuke per bed
was sufficient tc provide yater tc grow vegetables with
increased yields.

Another dimension developed by the use cf trickle irriga-
tion has been the injectiop ef saluble fertilizers through
the systen. The system itself limits the type and guantity
of fertilizers to be applied but when performed prorerly,
increased yields apd quality have been the results
(569,25,31) Bar-Yosef (3) indicated that to determimne the
rate of fertilizer injection depends wupon 3 parameters; a)
the plants daily uptake rate of nutrients, b) the relation-
ship betseen uptake rate and nutrient concentration in the
soil solutiop, and c) the plants daily water reguirement.
Variation of requireaents during plant growth stages and

environsental changes thrcughcut the season are isplesmented.



[ N
(W)

B-4  SCIL FUMIGATJION

Controcl of certain so0il korne insects, diseases and weeds
can ke attained through the use of soil fumigation. These
materials (fusmigamts) when ipjected into the soil are toxic
to the orgamisas which impare the growth and development of
the desired crop. Limitations tc sqoil fumigation are pri-
marily moisture and temperatare. Fuaigation in the fall has
been found to be preferable cver spring treataeants (15,23).
This maximizes the respoases tc fumigation. McCarter et al.
{(23) determined that anaval fumigation is warranted to
alleviate any reinfestation of detrimental orgamisas. Also,
a number of soil fumigants due to their volatility must be
covered. The use of plastic sulch for this fpurpose is often
performed and in fact increases the efficacy of the fumiga-

tion when left on throughout the season (1§).

B.5 COMBINING SEQUENIIML GROPBING, BLASTIG
TRICKLE IBRIGAIION, AMD SOIL FUMIGATION

Vegetakle production costs hawe increased. Growers seek to

H,

improve productivity and offset the costs and risks involved
by using methods to intepsify their cultural fpractices.
Such demands bhave led to the intensification of vegetable
production by usimg trickle irrigation, soil fumigation, and

plastic mulches together (18). Further demands and risks



have proven it necessary to carry this technique further and
apply sequential cropping to this system. This distributes
the pre-planting cost of aore thbaas $2570 per ha over two or
more crops (10,14,18). Hayslip et al. (14) indicated that
plastic mulches are im good comdition after the first crop
and cause the rententiom of much residual fertilizer. Elas-
tic mulch combined with trickle irrigationm provides a means
by which supplemental fertilizatiog for subsequent cropging
1s possible. 1This maxiamizes crop productivity and comtinued
efficiency of water amd fertilizer usage.

TIrickle irrigation has some liamitations in application of
rather imaoble elements such as phosphorous may nct Lke sui-
table for trickle irrigatiop ip the guantities reguired to
sustain seguential cropping. Associated probleas with salt
accumulatiop in the soil may also become prevalent (5).

Reinfestation cf the soil Lty pathogens cam c¢ccur(14,18).
If this reinfestatiop is of any consequence, additional
fumigatioa is required. Hayslifp et al. (14) investigated
the use of a tractor mounted impleaent designed tc apply
fumigants under established beds <covered with fils mulches.
Overman (30) found that application of fuamigants through the
trickle systea could be a feasikle solution.

Any nuaber of fprobleas prisarily assiciate with produc-

tion techniques are encountered wvhem using the combination



of multiple cropping with plastic mulch, trickle irrigation,
and soil fumigatioan. Timing is critical due to the length
of the growing season 1limiting the crogs to be grown and
time required for site preparation. Bemoval of the first
crop and [planting over the remaining stukbble is an addi-
tional factore.

Plaspcdina brassicage &or., clubroot, has been an age old
probleam of producing cqQle crogs. Contrcl of this organisa
has been achieved tbrough soil fumigatios with methyl-brom-
ide (34). Yet, the profitability of producing cole crops
does not warrant the expense involved imn fumigation.
Sequential cropping may offset these costs ty imncorporating
trickle irrigatiom, and plastic mulch in addition to soil
fumigation. Seguential crops may include cocle crops or
another crop such as tosatoes.

Cszinsky and Overman (8) found that one drip tuke per
twin rows of brocccli on ope bed was sufficienmt to sustain a
crop and increase yields. Cp clay loam sails, Bucks et al.
(5) Shovwed that toc frequent irrigatiop via a trickle system
would reduce yields. Irrigation at less frequent intervals
— le. at 50% field capacity or slightly greater - should be
preferable for cole crops op silt loaas soils (5,28). Baurer
(22) reported that irrigation at near field «capacity

improved yields but this was without fplastic aulch aad
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trickle irrigation. Catbage plants develop thrcugh four
major growth stages; a)jyoung seedling, b)transition stage,
c) head enlargement, and d)mature plant stage (27). This is
also applicable tc brocceli and therefore critical moisture
requirements occur during head formation and enlargeaent
(<2) <

To insure smaxisum production of cocle crops sugplesesntal
nitrogen is recoamended until the amiddle stages of growth
with a @more conmstant supply of phosphorous and potassiua
(13,28) < Spacing of cabbage plants in the row was found to
be most productive at 30 ca {20).

Tomatoes have probleas associated with socil borne patho-
gens (15). Contral of these pathogens can be obtained
through scil fusigatiop as is also passilkle for ccle crops.

Root distribution and nutritiog of tomatoes is dramati-
cally altered by trickle iprigation. Coordination cf fre-
quency and gquantity of water and nutrients will increase
yields dramatically (18,45,31,32). Fersaud et al. {31)
found that tomato productiop was sost successful with 50% N
injected amd S0% Lroadcast. losato response tc trickle
irrigation was best at 50 % field capacity on silt loanm

soils (18,25).
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SEQUENTIAL CROPPING OF VEGETABLES USING PLASTIC MULCH,
TRICKLE IRRIGATION, AND SOIL FUMIGATION
by
Lynn P. Gayle

(ABSTRACT)

Successive cropping of two vegetable crops grown on the same site
in one season utilizing trickle irrigation, plastic mulch, and soil
fumigation was performed in two separate experiments. In 1980, cabbage

(Brassicae olericea L. var capitata cv. Market Prize) was followed by

tomato (Lycopersicon esculentum Mill cv. Pik Red). In 1981, cabbage

was followed by broccoli (Brassicae oleracea L. var italica cv. Green

Duke). Double cropping increased the annual productivity of the research
plots both years and decreased production costs by 35% compared to con-
ventional single cropping systems. Early spring planting of the first
crop was essential for economic production of the second crop. Trickle
irrigation increased yields of all crops grown and was the factor most
responsible for yield response both years. Black plastic mulch increased
yields of tomato and total yields in 1980 but cole crops showed no signif-
icant yield response to mulch either year. No difference in crop yield
resulted from soil fumigation either year. Increased production costs
have caused growers to seek improved methods to offset risks and costs
involved. Trickle irrigation can reduce the risks involved in producing
vegetables and is particularly suited to multiple cropping on plastic

mulch.
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