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IRRIGATING

For vegetable crops to grow successfully, large quantities of water, either
as rain or as irrigation, are needed. Unfortunately, in most areas in the United
States where vegetables are grown, rainfall is either inadequate or too incon-
sistent for optimum vegetable production. Many regions may receive ade-
quate rainfall during the year, but the rain does not occur when crops need it
the most.

Irrigation is the only reliable means of assuring adequate water supply for

successful commercial vegetable production. All vegetables in California, Ari-

- zona, and New Mexico are irrigated in some form or fashion, and a large per-

centage of crops grown in other western states are fully or partly irrigated.

Not only 1s itrigation important in arid and semi-arid regions, but it is also

~ important in humid regions. With the high costs of production, growers can-
not afford losses in crop quality or yields due to insufficient water.

WATER REQUIREMENTS

During the production of a crop, water is lost from plants mostly from
transpiration and by evaporation from soil and accumulations on plant sur-
faces. The sum of these losses is called evapotranspiration, and together with
the water retained by the plant (about 85 to 96 percent of the total plant
weight), makes up the consumptive water use. For some crops, up to 400 to
600 pounds of water will be required to produce 1 pound of dry matter.

*This chapter co-authored by W, H, Shoemaker, Horticultarist, University of Tllinois
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A crop’s water requirement may also include water expended for other pur-
poses, including leaching, frost protection, crop cooling, seed germination, and
other reasons. Part of this water can be supplied by water previously stored in
the soil, growing season precipitation; and groundwater within reach of the
roots. Water that is not supplied by any of these sources must be supplied from
irrigation during the growing season. For example, in the San Joaquin Valley
of California it may take up to 23 gallons of irrigation water to produce 1

‘pound of lettuce, 33 gallons for 1 pound of carrots, 39 gaﬂons tor 1 pound of
cucumbers, 61 gallons for 1 pound of spinach, 51 gallons for 1 pound of musk-
melons, and 122 gallons for 1 pound of sweet corn on the cob.

The water requirement for most crops is affected by many natural and
management factors. Natural factors include soils, topography, and climate
(temperature, precipitation, solar radiation, and wind). Management factors
include water supply, water quality, planting date, crop species and cultivar,
irrigation scheduling, fertility, plant spacing, cultivation, and pest control.
Plant species and cultivar determine rooting depth and length of growing sea-
son. Management factors can usually be controlled although many are inter-
related with natural factors.

Critical Periods of Water Use

Vegetables require a fairly constant supply of soil moisture throughout the
growing season. Water stress eatly in their produttion can delay maturity and
reduce yields. Water shortages later in the growing season, éspctially duaring
maturation, can severely dccrcasc quality, even though y1eids may not be
* affected. : .

In general, vegetables grown for their fohage require uniform moistare
throughout their development, while those grown for fruits and seed require
the largest amounts during fruit set and maturation (Table 8.1). Root, tuber,
and bulb crops need water the most during the period of enlargement of these
parts. The same holds true for plants such as cabb'agc' and lettuce that develop
- heads. For solanaceous crops (tomatoes, peppers, and eggplants) and cucur-
bits (melons, cucumbers, squashes, and pumpkins), water stress during
anthesis can result in poor pollination, which can severely reduce fruit yield
and quality. Moisture stress or moisture fluctuations during fruit develop-
- ment may cause fruits to crack. Crops such as beans, peas, and corn, which
are grown for their fresh or dry seeds, pods, or ears, need adequate moisture
at the time of flowering (or tasseling), fruit set, and fruit development. Mois-
ture stress during anthesis can cause flowers to abort in beans and peas and
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Table 8.1.  Critical Periods of Water, Use in Vegetable Crops

Crop Critical Period

Broceoli, cabboge, cauliflower, o

lettuce ..o Hecd development
Beets; corrots, radishes, turmips . ... ... .. Root enlorgement
Sweetcormn ... .. e T, Tasseling and eor development
Cucumbers, eggplants, melons,

peppers, fomafoes . ... ... ..., ... Flowering, fruit set, and fruit enlargement
Beans, peos - .. ;' ........... [T Flowering and pod development
Onions ...... S PR Bulb development
Potatoes . ... .. .. e e Tuber inifiation and tuber enlargement
Aspuragus ... .. .. . PPN Fern development

can result in incomplete tipfill in sweet corn from inadequate pollination.
During fruit development, water stress can cause malformed pods and ears. -

Bad timing or too much irrigation can reduce yields and quality. Excessive
moisture in combination with high nitrogen levels can overstimulate vegeta-
tive growth in solanaceous crops and cucurbits, severely delaying maturity.
For processing crops such as pumpkins and potatoes, excessive amounts of
water late in the season can decrease total solids and dry matter in fruits and
tubers, resulting in poor quality and low product recovery.

Soil Moisture

For determining the amount and frequency of irrigation, the soil type, tex-
ture, and depth should be checked, since this information is used to ascertain .
the soil water-holding capacity or field capacity (FC). This is the quantity of
water that the soil will hold against the pull of gravity and represents the
upper limit of available water. The difference between the actnal available
moisture in the soil and the FC indicates how much water to supply. The
actual available soil moisture can sometimes be estimated by feel but can be
more precisely determined by instruments such as rensionmeters, neutron
probes, or meters for measuring electrical resistance.

Measurement of soil moisture levels, however, provides only indirect mea-
surements of plant water status. Generally, irrigation should begin when 40
percent of the FC is removed from fine-textured soils, and 60 percent is
removed from sandy soils. There should be no delay in supplying water.
Research and experience show that with many crops a damaging water short-
age may exist before the plants exhibit outward signs of water stress.
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Water Frequency and Amount

The frequency of water application depends on the total supply of avail-
able moisture to the roots and the rate of water use, which is influenced by
factors such as rainfall, plant age, rooting depth, soil type, and rate of
evapotranspiration; the latter depends on crop cover, temperature, humidity,
and wind. For most vegetables in humid regions, from 1 to 2 inches of water
per week is needed during their active growing season. However, under hot,
dry, windy conditions, 2 to 3 inches of water may be needed per week. In arid
regions, vegetables may require up to 4 inches of water per week.

When plants are young, the rate of water use is low. Later in the season, as
the crop canopy size increases, daily water use increases because there is more
transpirational surface from growth, but the depth of rooting is also greater.
Generally, less frequent irrigations will be needed later in the season, but at
cach irrigation, more water will be required. Light, frequent irrigations are
usually not recommended, except at the early seedling stage, when the plant
has a limited root system.

A consumptive water-use curve for dry bulb onions grown in Arizona is
presented in Figure 8.1. The figure contains estimates of seasonal use (23.3

SEASONAL
S0IL MOISTURE DEPLETION DAY ONIONS

oa b ot e . i}
-2 (26%) Bulbs 3*
23 [32]15%)

03 Bighs 2"—\

Depth in feet

02 | Butbs 12"

Consumptive Use in Inches/Day

01

Bulbs 4"
SEASONAL USE 23.3"

SEMIMONTHLY USE iN INCHES

05 ] o9 | 20| a7 | 51 ] 74 ] 881100 o0v] avo | 494565 | 287 |
November | December January February March Apr May

Figure 8.1. Meon consumptive water use for dry bulb onions at Mesa, Ari-
zona. {Source: Erie, L. J., O. F. French, B. A. Bucks, and K. Harris. 1982. Con-
sumptive Use of Water by Major Crops in Soufhwestern United States. USDA
ARS Consv. Res. Rpt. No. 29} ' :
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inches), semi-monthly use, and soil moisture depletion. Peak water-use rate
occurs during the period when the bulb increases in size from 0.25 to 3
inches. Seasonal moisture depletion in the soil down to 3 feet is shown by bar
graphs in the upper lefthand corner of the figure.

Rooting depth is an important factor affecting the crop’s water require-
ment and the frequency of irrigation. Not only does it determine the depth of
the soil profile that roots can utilize as a water source, but it also influences
the irrigation depth. Vegetables such as celery, lettuce, potatoes, and sweet
corn are shallow-rooted, and it is necessary to keep the available soil moisture
in the surface foot of soil, especially for the first part of the growing season.
Onions are very shallow-rooted, and available water must be maintained in
the surface 6 to 12 inches throughout the growing season.

Water requirements per irrigation application for shallow-rooted crops are
small, but the frequency of application may be high. Shallow-rooted vegeta-
bles should not go more than 4 to 6 days without water, either as rainfall or
irrigation, in sandy soils, and 10 to 12 days in clay soils (Table 8.2). Deep-
rooted vegetables such as tomatoes and melons require less frequent irriga-
grower should add enough to increase the soil moisture content in the root-
ing zone to field capacity.

Table 8.2, Relative Frequency and Amount of Irrigation Water for Vegeilable
Crops as Affected by Seil Type and Rooting Depth
{for summer conditions, Davis, California)

Sandy Soil Loam Soil Clay Soit
Irrigation | Application | Irrigation | Application | Irrigation | Application
Rooting Depth ‘Interval Rate interval Rote Interval Rate
(days) {in.) {doys) {in.) (derys) {in.)
Shallow {0-2 ft) 4-6 -2 7-10 2-3 10-12 3-4
Medium (0—4 f.) 7-10 2.3 10-15 34 15-20 4-5
Deep [0-6 ft} 10-12 34 20-30 4-5 30 5.6

As discussed, water requirements for vegetable crops are likely to vary,
depending on natural and management factors. However, for maximum pro-
duction, a crop requites a fairly definite amount of water during the growing
season. Table 8.3 presents information on water requirements in selected veg-
etable crops according to rooting depth.
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Table 8.3. Debih of Rooting and Amount of lrrigution Water Needed for .
Vegeiable Crops in Colifernia®

Waier Needed for Crop {in.}
Rooting ‘ ‘
Depth 12 1217 18-24 30-40
Shatlow (<2 fty...... Lettuce [winter) Broceoli Lettuce Celery
Spinach Brussals sprouts | Polatoes Potatoes {summer)
Cabbage QOnions {iate)
Cauliflower Sweet com
Onions {early]
Medium (2-4 ) ... .. Paas (winter) Cucumbers Besis
' Pole beans Carrots
Snap beans Eggplants
Turnips Peas {fall)
Peppers
) Summer squash
Deep (4 f1. or mors) . . . Artichokes Asparagus
tima beans Muskmelons
Watermelons Parsnips
- Pumpkins
Winter squash
Sweet potatoes
Tomatoes

=Saurce: Doneen, L. D, and }. H. Macgillivray, Suggestions for Irrigating Commercial Truck Crops. Univ. of Califor-
nia Agric. Exp. Stc. Leof. 9938.

IRRIGATION METHODS

Surface Irrigation

Surface irrigation, as the name implies, is the practice of spreading water
over the surface of the land. Two systems—flood irrigation and furrow irriga-
tion—are common. In flood irrigation, water is released into fields that are
very level, with only slight contour, and which have border ridges of soil to
contain the water. Usually, a thorough saturation (3 to 4 inches) is applied,
reducing the number of required irrigations. Salts, which can accumulate on
the surface, are leached into the subsoil, making this method well suited for
arid regions.

With furrow irrigation the crops are grown on beds with furrows (6 to 8
inches deep) between them (Figure 8.2). Water is allowed to flow down the
furrows, from either supply ditches or portable pipe. This method is more
suitable than flood irrigation in fields that are not level, provided they have a
constant slope. A modification of furrow irrigation, known as surge irriga-
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tion, was developed in'the 1980s. Using ‘portable pipe with electronically

controlled gates, water is allowed to flow down ah:ernate rows only as far as it
can be uniformly applied. Then the other row is 1rngatcd As the first row
soaks up water, the soil surface closes up, allowing the next surgc of water to
pass. The result is more uniformity of water apphcatzon between the begin-
ning and end of the furrow :

Figure 8.2. Sprinkler
irrigation is generally more
efficient than furrow irriga-
tion, though the furrow
system still remains the
most economical and most
widely used in western
growing areqs. '

When the mmal cost-of wells, pumps, and other equipment is not so large,
surface irrigation requires only a modest investment. If the supply of water is
limited, this method is well adaptcd to irrigating large areas, since water loss
from evaporation is. conszderably fess than in some other systems, Among the
disadvantages are the necessity for constant attention, the tendcncy for soils
to crust, and the large loss of water by seepagc in supply dltchcs

Sprinkler ErriQa?ion

Approximately 33 percent of irrigated ground in-the United States is
sprinkler-irrigated. Several different systems are used, including center-pivot
and lincar-move systems, traveling guns, portable pipe, solid-set’ pipe, and
whecl-roll systems. In all of these water under pressure is dispersed abovc thc
ground. ,

Center-pivot and hncar -move systems are characterized by havmg a main
water line that is carried on top of mobile towers (Flgurc 8.3). Nozzles to dis-
perse the water arc evenly spaccd along the main conduit, oftcn at the end of
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drops. With center pivots, one end of the main is stationary and the main
turns around the pivot point, similar to the hands of a clock. Linear-move sys-
tems simply advance the main-at an even pace across the field in a swath pat-
tern. Both can irrigate large areas with a single pass and are best suited for
large fields with no more than three or four crops. However, maintenance
demands are considerable.

Figure B.3. Cenfer-pivot systems can range in size, covering from 20
acres to over 100 acres. {Photo: courtesy of Valmont Indusiries, Valley,
Nebraska)

Traveling guns resemble large sprinklcr nozzles on a rolling cart. Water is
carried to the gun by a hose and pumped through a reel, which winds up the
hose as the water is being applied. The guns can wet a pattern of up to 600
teet in diameter. The system is well suited to fields that are long and narrow
or irregular in shape, as well as to small operations. The main drawback is the
low efficiency of application. However, the low initial cost of the system
makes it a reasonable option in some cases.

Portable pipe and solid-set pipe consist of a pipe system iald out in the
field to carry water to a grid of sprinklers. A solid-set system is permanently
installed, whereas a pértabic pipe system is temporary and can be moved or
rearranged at any time. Solid-set systems are generally limited to perennial
crops because they can be a serious impediment to cultural operations. How-
ever, they can reduce labor inputs if a cultural system can be devised around
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it. Portable pipe is usually made of a light-gauge aluminum, from 2 to 12
inches in diameter, with risers and sprinklers at each joint. It is labor-intensive
but can be rearranged and easily moved. About one worker-hour per acre is
required for a portable pipe system, compared to about 10 to 15 percent as
much labor for most mechanically moved systems. If labor is not a problem,
portable pipe is the most flexible of sprinkler systems. :

Wheel-roll systems are used more often in sod production but can be used
in vegetables. A pipe with sprinklers is mounted on wheels, which carries it
through the field, applying water as it goes. A hose carries water from a main
to the system. This system is restricted by the height of the plants and works
best with short crops.

Sometimes a combination of systems may be used. In the Southwest,
growers often use portable pipe sprinkler irrigation to germinate lettuce. 'The
wet soil provides a softened soil cap, which is easily penetrated by the small
sceds during germination. The sprinkler irrigation also has a cooling effect on
the soil, increasing seed germination under high temperatures. After the crop
has emerged and is growing well, irrigation is changed to the traditional fur-
row method. '

Trickle (Drip) lrrigation

Trickle or drip irrigation is characterized by operation under low-pressure
(6 to 20 psi), point-source application, slow application, and high efficiency.
Water is carried through plastic tubes or tapes and released through emitters
that regulate the amount and rate of water applied (Figure 8.4). The slow rate
of application accommodates infiltration rates, increasing efficiency. Because
of the low pressure and volume, operating costs arc reduced. Other advan-
tages include: (1) the ability to fertilize or apply pest control materials
through the system, (2) irrigation of crops during cultural operations, (3) no
wetting of plant material, (4) adaptation of automated control systems, and
(5) greater ease of coordinating foliar pest control with irrigation schedules.
Some disadvantages of this method include a tendency for emitters to become
clogged with debris and algal and fungal growth, and a possible salt buildup
around the perimeter of wetting patterns 1n arid climates. The cost of installa-
tion and material is moderate, but it 1s higher than for conventional furrow
irrigation.

Two major types of drip systems—lightweight tapes and heavy-gauge tub-
ing—are available. The plastic tape is approximately one-third the cost of the
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Figure 8.4. Plastic trickle (drip) irrigation lines in bell peppers.

tubing buat does not last as long. Either can be laid on the surface or buried,
which facilitates cultural practices and increases longevity. ‘

Trickle systems have been used successfully for years in arid regions but are
also feasible in many humid areas and in home gardens. Recent research in
south Texas has shown trickle irrigation to increase yields of tomatoes, pep-
pers, onions, muskmelons, and watermelons by 15 to 25 percent, and with
water savings of more than 50 percent, compared to conventional furrow irri-
gation.

Subirrigation

In suﬁirfigation water is added in such a way that it permeates the soil
from below. Sublmgatxon requires an abundance of water, a sandy loam top-
soﬂ through which water will move freely by capillary attraction, and an

impervious su_bscnl that will hold the water. At the same time, adequate drain-
age is necessary. The large amount of water required and the great expense
involved in the laying of tile pipes (if any such structures are needed) are dis-
advantages. Advantagcs include the maintenance of an undisturbed soil mulch
and lack of trouble from soﬂ bakmg In actual practice, subirrigation is some-
times chfﬁcuit justifying consxderablt: investigation of exxstmg soil conditions
and the water supply before such a system is installed..
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-~ SOURCES OF WATER

Water for irrigation may be obtained from streams, lakes, wells, springs,
winter-runoff, and muhitipal sources. Virtually all states have laws and regu-
lations pertaining to the use of water for irrigation. These should be known
and understood before any irrigation system is designed. Local state water
conservation offices can be of assistance.

In the past, when water was obtained from ﬂowmg wells or springs, or
diverted from streams and lakes, the costs of water application were relatively
low. While this is still true for many areas of the East and Southeast, the situa-
tion has changed considerably in other regions of the United States. In the
West and Southwest, the expense of applying water to the land has increased
dramatically. In recent years, the costs of irrigating vegetable crops in the Sac-
ramento and San Joaquin valleys of California have tripled, going from §160
an acre for 2 acre-feet of watér"t‘c‘) more than $400 an acre (note: an acre-foot
is approximately 326,000 gallons). This is due in large part to urban competi-
tion for water sources and to inconsistent rainfall in northern California
where winter mountain snows supply the water to southern growing areas.

When powerful pumps are required to raise the water, initial expenses are
high. The cost of drilling a well and installing a pump and motor, as well as
building a reservoir for temporary storage, can amount to a substantial invest-
ment. If water has to pumped uphill to the field, the costs can double what a
gravity-feed would cost.

Water Quality

The agricultural suitability or quality of irrigation water for vegetable
crops is determined by the concentration and composition of dissolved salts
in the water supply. The concentration of salts in the water can increase soil
salinity to the point where the osmotic pressure of the soil solution in the root
zope males it very difficult for plants to extract water. Consequently, crops
subjected to excessive salt levels show many of the same symptoms as in a
drought, including wilting and impaired growth. Vegetables differ consider-
ably in their sensitivity to salts. Crops such as beans, carrots, and onions are
very susceptible to high salt levels and will suffer large yield reductions if irri-
gated with saline (high salt) water. At the other extréme are asparagus, beets,
and spinach, which are tolerant of salts and can be successfully grown when
saline water is used for irrigation.
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There are several elements found in natural waters that can be toxic to
plants, with the most common ones being chloride, sodium, and boron. Leaf
burn caused by sodium and chloride may occur in some crops with sprinkler

irrigation when the humidity is low and the evaporation rate is high. Beans,
 onions, and Jerusalem artichokes are highly sensitive to boron and will experi-
ence significant yield reductions if boron concentrations exceed 1 ppm in irri-
gation waters. In contrast, asparagus and beets are tolerant of boron and will
grow quite well at refatively high boron levels in the water supply. ‘

Problems with water quality are usually less in humid climates than in arid
and semi-arid regions, where high concentrations of dissolved jons and salts
frequently occur in water used for irrigation. Depending on water manage-
ment practices, environmental conditions, and species tolerances, these could
become toxic to plant growth. For most vegetable production, irrigation
water with a salinity content less than 480 ppm (total dissolved solids),
sodium below 3.0 SAR (adjusted sodium adsorption ratio), boron less than 1
ppm, and chloride below 100 ppm, would be considered excellent (Table
8.4).

Other components of water quality include bicarbonate, nitrate, and pEH.
Bicarbonate ions in water can be a problem in some areas, primarily from
their adverse effect on soil permeability. With overhead sprinkler irrigation, a
white deposit of calcium carbonate may form on the leaves and fruit.
Although this is not detrimental to plant growth, it can render harvested

Table 8.4. Qualitative Classification of hvigation Waters

Water-Qudlity Problems -
Mone increasing Severs
Salinity ) .

TS (ppmpP ... ...t Less than 480 480-1,920 More than 1,920
Boron {ppm)...... ... ... 1.0 1.0-20 2.0-16.0
Sodium (adj SAR, ppm}®

Root absorption. .. . .. .. tess than 3.0 3.0-9.0 tore than 9.0

Folior applied .. ... .. .. Less than 70 70 —
Chloride {ppm}

Root absorption. . ... ... Less than 70 70-345 More than 345
Foliar applied ... ...... Less than 100 100 —
Bicarbonate {ppm} .. .... ... Less than 40 40-520 More than 520

pH o - 6.5-8.3 More than 8.3 —

sSource: Fumnham, D, 5., R. F. Hosek, and J. L, Paul. 1985, Water Quality. University of Colifomia Div. Agric. Sdi.
Leal. 2995.

ETDS (kni-al dissolved solids), SAR {sodium adsorption ratic).
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crops unattractive, and in some cases unmarketable. In some areas, high
fnitrate concentrations in irrigation water are becormng ma]or environmental
and consumer health concerns.

Table 8.4 outlines some water quality guidelines for vegetable production.
Some flexibility should be considered, depending on crop, soil characteristics,
irrigation methods, and local climate, ‘

MULCHING

Mulching vegetable crops to improve growing conditions is a time-
honored practice that goes back to early agriculture. In the past, mulches were
primarily organic in nature and used mainly to conserve moisture, but in the
1960s, with the introduction of new synthetic plastics, the role of mulches in
vegetable production expanded considerably. Today, mulches are also used
extensively to hasten maturity and to help control weed growth. In the home
garden, muiching can result in more efficient use of space. Whenever mulches
are used to improve the plant environment, higher yields generally result,

PRINCIPLES

A mulch is created when the soil surface is artificially modified by a cover-
ing of natural or synthetic materials. The purpose of a mulch is to enhance
crop growth by changing the plant’s soil and air microclimate. This includes
soil temperature, moisture, weed competition, soil structure, and biological
activity. Vegetable crops usually grow better when muiched because an exten-
sive root system is allowed to develop undisturbed under the protective cov-
ering.

Changes in soil temperature and moisture from mulching are usually the
most important factors in determining crop response to mulch. Mulches con-
serve soil moisture by reducing water evaporation from soil by 50 percent or
more. They also can increase water for crop use by controlling annual grasses
and broadleaf weeds. Mulching modifies soil temperatures; organic and light-
colored reflective mulches reduce soil temperatures, while black, gray, and
transparent mulches increase soil temperatures. Mulches can also reduce fluc-
tuations of both moisture and temperature in the root environment, which
may be as important as these other effects on soil water and temperature.
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Generally, the effects of mulcﬁing are’ greatest under adverse weather con-
ditions. Warm-season crops such as tomatoes, peppers, melons, cucumbers,
and sweet corn respond most favorably to soil-warming mulches applied early
in the season. Even when they do not increase yields, mulches can improve
crop quality by keeping fruits clean and free from defects.

 MATERIALS

Mulch materials can be grouped into two general categories: natural and
synthetic. Commonly used natural materials include plant residues such as
straw, leaves, corncobs, peanut hulls, and pine needles; animal manures, peat-
moss, and wood products such as bark, wood chips, and sawch_i_st. The most
popular synthetic materials are the clear and black polyethylene films. Metal
foils, paper, and asphalt mulches have also been used in some situations. Alu-
minum foil mulch has been used on Chinese cabbage and summer squashes to
repel aphids that spread mosaic viruses.

Organic Mulches

The natural or organic mulches reduce soil temperatures and provide
excellent moisture control, if applied 2 inches deep or more around crop
plants. Organic mulches can improve soil tilth and enhance biological activity
as they decompose and can reduce wind and water erosion. However, these
materials are bulky and difficult to handlc on 2 large scale, requiring much
labor to apply, and are often unavailable in sufficient quantities for most com-
mercial operations. Consequently, most natural mulches are largely restricted
to the home garden (see Chapter 30). '

Plastic Mulches

The most popular mulches for commercial vegetable operations are the
clear and black polyethylene films (Figure 8.5). Growing vegetables for fresh
market on plastic-covered beds has become a standard practice in many vege-
table areas. Florida has about 100,000 acres of commercial vegetables grow-
ing under plastic or other muich materials.

Because of their ability to increase soil temperatuares, it is now standard
practice to use clear and black plastic mulches with muskmelons and water-
melons, and with early plantings of cucumbers, eggplants, peppers, tomatoes,
summer squashes, and sweet corn. Yields are often higher, and harvest may
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Figure 8 5. Peppers are being grown on o iwin-row bed covered with
black plastic. mulch

be 5 to 10 days earlier than with unmulched plantings. Clear plastic will gen-
erally warm the soil about 8 to 10°F more than black plastic and should be
used for the carliest plantings. However, weeds can grow under clear plastic;
thus, herbicides are required. Black plastlc prevents hght penetration and pro-
vides effective weed control. The strips of land between the plastic should be
kept free of weeds, either by herbicides or by cultivation. Plastic nmkch can
also reduce fertilizer losses to leachmg, increase fumigant cffccﬂveness pro-
vide for more efficient use of water, and reduce fruit losses to rotting,

The plastic mulch film generally used is 4 feer wide and 1.5 mil (1.5/1000
inch) thick, although various widths are available. The laying of the plastic
film is highly mechanized and' can be adapted for bed shaping, laying of
trickle irrigation tubing, and planting all in one operation (Figure 8.6), The
equipment for application of plastic mulch is readily available and relatively
simple. Before any mulch is applied, the soil moisture should be near field
capacity since. this moisture is critical for early growth and cannot be effec-
tively supphed by rain or ovcrhead 1rr1gat10n to.small plants growing undcr
plastic mulch.

One of the main problems assoc;atcd with plastic mulch is the rcmoval of
the material after its use. On small acreages growers manually remove it by
running a coulter down the center of the row and picking it up from each
side. Commercial removal equipment is also available. Photodegradable plas-
tic films, which break down under ultraviolet light, arc available; however,
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Figure B.6. Bed shaping and laying black plastic mulch can be done by
machine in one operation.

these are more expensive than standard plastic mulch and have not proven
completely effective. In some areas, brown paper coated with vegetable oils,
such as soybean and linseed, is being used as an alternative to plastic mulches.
The paper is biodegradable. Field use has shown the material to have light
and temperature properties similar to those of transparent films.

ROW COVERS

A recent development in vegetable production is the use of plastic films or
other synthetic materials to cover the crop, creating a greenhouse-like
microenvironment around the plant. This practice provides several advan-
tages for vegetable production, including early growth enhancement and ear-
fier maturity, higher yields, insect and wind protection, and in certain situa-
tions some frost protection.

The original material was clear or translucent polyethylene film, but poly-
ester,. polypropylene, and other polymers are now being used. These new
materials may be perforated films; lightweight, porous, spun-bound fibers; or
woven materials. When supported, usually by flexible wire hoops placed at 5
to 6 feet intervals in the row, they are called row tumnels (Figure 8.7); when
applied without any means of support, they are called floating row covers (Fig-
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Figure B.7. Row tun-
nels extend the growing
season and make possi-
ble early planting of
warm-season vegetables.

Figure B.8. Floating
row covers made of spun-
bound polyester are
placed on top of musk-
melon plants.

ure 8.8). This latter method is more applicable to low-growing vine crops,
while the former method is more suited to upright plants, ¢.g., tomatoes and
peppers. Both types are often used in conjunction with plastic mulch. In
Europe, field covers are used to cover a mumber of rows in a single swath,
Acceptance of row covers has not been as rapid as the use of plastic mulch,
due largely to problems managing the technique. High air temperatures
under the cover can stress the crop, inhibiting growth, inducing bolting, or
aborting blossoms. These problems have not been as severe with the translu-
cent materials as with clear plastic. As a result, row covers are always venti-
lated, but even with slitted air vents, clear plastic has produced heat injury.
Fresh market growers may also use other types of covers fo protect their
early crops, including “hot caps,” which are small, individual paper tents placed
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Figure 8.9. Hot
caps are placed over
individual plants.

over cach plant (Figure 8.9). These are then rémoved when temperatures are
tavorable and before plant growth,\becomes confined within the cover.
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