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General Production Recommendations

VARIETIES
New vegetable varieties are constantly being developed through-
out the world. Since it is impossible to list and describe all of them, 
only some of the better performing commercial types are listed in 
the specific crop section, either alphabetically or in order of rela-
tive maturity from early to late. These varieties are believed to be 
suitable for commercial production under most conditions in the 
southeastern US.  
 The ultimate value of a variety for a particular purpose is de-
termined by the grower, the variety’s performance under his or her 
management, and environmental conditions. Several years of trial 
plantings are suggested for any variety not previously grown. For a 
true comparison, always include a standard in the same field.

Disease Resistance or Tolerance. Natural variation within a crop 
species particularly from wild types can be a source of disease re-
sistance. Plant scientists have taken advantage of this natural vari-
ation to develop varieties that are resistant or tolerant. Superscripts 
appearing after the variety names refer to the disease resistance or 
tolerance these are are spelled out in the footnotes.

Specialty Vegetables. Many producers are considering growing 
specialty or “gourmet” vegetables. 
  A limited number of pesticides are registered for many spe-
cialty vegetables and herbs. Successful pest control in these crops 
is dependent on sanitation, seed treatment, crop rotation, planting 
site, mechanical cultivation, and the use of resistant varieties when 
available. 
 Promising specialty vegetable crops crops include asparagus, 
Belgian endive, dandelion (blanched), kale, Swiss chard, tyfon 
(Holland greens), herbs, ethnic vegetables, red leaf lettuce, ro-
maine lettuce, scallions, snap peas, and snow peas. 
 Other promising types include bok choy, Chinese cabbage, en-
dive and escarole (blanched), garlic (pink skin), Japanese melons, 
leeks, pak choi, pep per, potato (red, blue, yellow, and golden), red 
radicchio, rhu barb, sweet on ions, and sweetpotatoes (moist and dry 
types with unusu al colors). 
 Miniature or baby vegetables are vegetables that are harvest-
ed at an immature stage to insure tenderness and often sweetness. 
These include beets, carrots (finger and round types), cucumbers, 
eggplant (little finger types), Jersey Golden acorn squash (im-
mature with blossom attached), baby lettuce, pickling corn, snap 
beans (small sieve types), summer squash (immature with blossom 
attached), and winter squash (Oriental and Little Dumpling). 
 Before planting a specialty crop; however, growers must de-
termine that specific retail, wholesale, restaurant, or processing 
markets exist.

CROP ROTATION 
Crop rotation is an effective and widely used cultural practice to 
prevent or reduce the buildup of soil-borne plant pathogens. An 
effective rotation sequence includes crops from different fami-
lies that are poor or non hosts of these pathogen(s). In general, the 

longer the rotation, the better the results; a 3- to 5-year rotation is 
generally recommended. However, from a practical standpoint this 
will depend upon the availability of land, the markets, the selection 
of alternate crops suited to grow in the area, the pathogen(s), and 
the purpose of the rotation (prevention versus reduction). When 
used to reduce pathogen populations, rotations of longer than 5 
years may be required (see Table 1A).

SOILS AND SOIL FERTILITY 
The best soils for growing vegetables are well-drained, deep soils 
that are high in organic matter. These soils should have good struc-
ture and have been adequately limed and fertilized. Loamy sand 
and sandy loam soils are gen erally better suited for growing early 
market crops because they drain quickly and warm early in spring. 
Deep, well-drained organic soils are ideal for leafy vegetables, 
bulb and root crops that offer a high return per acre. 
 Soils that are not ideal for vegetable production may be made 
suitable for production by addressing the underlying problem(s). 
For example, poorly drained soils may require the use of cover 
crops and/or tiling to improve drainage. 

Grass Family
    Sweet corn
    Popcorn
    Ornamental Corn
Allium Family
    Onion
    Leek
    Garlic
    Shallot
    Chive
Goosefoot Family
    Beet    
    Chard
    Spinach
Mustard Family
    Kale
    Collard
    Brussels Sprout
    Cabbage
    Cauliflower    
    Broccoli
    Kohlrabi
    Rutabaga
    Turnip
    Mustard
    Upland cress
    Radish
Mallow Family
    Okra
Bindweed Family
    Sweetpotato

Pea Family
    Garden/English Pea
    Bean (lima, snap)
     Cowpea or Southernpea
    Soybean
Parsley Family
    Carrot    

    Parsley

    Celery

    Cilantro

Solanaceae Family
    Potato
    Eggplant
    Tomato
    Pepper
Gourd Family
    Pumpkin
    Squash
    Watermelon
    Cucumber
    Muskmelon
    Cantaloupe
Composite Family
    Chicory
    Endive & Escarole
    Dandelion
    Lettuce
    Artichoke
    Jerusalem artichoke

TABLE 1A. VEGETABLE FAMILIES
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 A large percentage of the vegetables grown in mineral soils of 
the Coastal Plain are grown in soils with essentially no structure. 
These sandy soils also have little intrinsic fertility; however, they 
can be productive if managed properly. Adequate fertilization, ad-
justing pH as needed, and use of irrigation water are required.

Soil Management. In a good soil management program, proper 
liming and fertilization, good tillage practices, crop rotation, an-
nual additions of organic matter with cover crops, and adequate 
irrigation are all necessary to maintain high levels of production. 
Winter cover crops and periodically resting the land with summer 
cover crops between vegetable plantings are essential in preventing 
deterioration of the soil struc ture. In soil management, this is vital 
for maintaining highly productive soils.

Nutrient Management and the Environment. The sandy soils 
preferred for vegetable production in the southeastern US result in 
an aerated root zone and enable timely tillage, planting, and har-
vesting. The same drainage allows water and dissolved nutrients to 
move through the soil profile. Even with loams or clays, nutrients 
retained in surface soil may be carried with sediment or as dis-
solved run-off to surface water. Nitrates and phosphorus remain the 
two agricultural nutrients of greatest environmental concern. Even 
agronomically small losses of N & P can impact water quality, es-
pecially in eco-sensitive regions. Other issues of potential concern 
include K fertilizer losses and accumulation of heavy metals such 
as copper, zinc, etc. supplied with organic amendments. 
 Ongoing research has documented increased costs and re-
duced profits, as well as natural resource degradation and human 
health risks, due to over-fertilization. It is therefore critical that 
both nutrients and irrigation are managed to optimize vegetable 
production while minimizing impact on the environment. Careful 
nutrient management includes at least the following four issues: 
rate, timing, placement, and source. Land-grant university recom-
mendations are based on calibrated crop response studies that can 
differ substantially across the region. Producers should consult 
guidelines prepared specifically for their state for the most appro-
priate nutrient management recommendations. A well-balanced 
nutrient management plan represents good stewardship and should 
satisfy any applicable environmental regulations.
Soil Acidity and Liming.  Many soils in the southeast are natu-
rally acidic, or become acidic with cropping, and need liming to 
attain optimum production levels. Soil acidity is the term used to 
express the quantity of hydrogen (H+) and aluminum (Al3+) cations 
(positively charged ions) in soils. Soil pH is determined by using a 
1:1 soil-to-water solution. The pH of the solution is measured by a 
pH meter (potentiometer). Soil pH is an indicator of “soil acidity”. 
Combined, the use of the soil pH and soil textural class determines 
the lime requirement. A pH of 7.0 is defined as neutral, with val-
ues below 7.0 being acidic and above 7.0 being basic or alkaline. 
Root growth and plant development may be severely restricted if 
acidic cations, especially aluminum, occupy a large percentage of 
the negatively charged soil cation exchange capacity (CEC). This 
negative charge is due to the chemical makeup of the soil clay and 
organic matter, and means that they can attract positively charged 
ions. Soils become acidic due to the leaching of calcium (Ca2+) and 
magnesium (Mg2+), especially in sandy coastal plain soils. Acid-
ification also occurs when H+ is added to soils by decomposition 

of plant residues and organic matter, and during the nitrification 
of ammonium when added to soils as fertilizer (UAN solutions, 
urea, ammonium nitrate, ammonium sulfate, anhydrous ammo-
nia), manures, or plant residues. Declines of one pH unit can occur 
even in properly fertilized beds. The H+ added to soils reacts with 
the clay minerals (aluminum silicates) and releases Al3+, the most 
deleterious component of soil acidity. Lime is applied to neutralize 
soil acidity by releasing a base (HCO3

-, OH -) into the soil solution, 
which reacts with acid-forming ions (H+). Increasing soil pH reduc-
es the concentration of dissolved aluminum, as well as influencing 
the concentrations of other ions. 
 Lime recommendations must take into account differences in 
acidity among soils as well as differences among various crops’ 
tolerance to acidity. Both the soil pH and some measure of residual 
or exchangeable acidity are needed to calculate lime recommenda-
tions. Although portable soil test kits determine pH rapidly, it is not 
possible to make an accurate lime recommendation based solely 
on a pH measurement. Another issue to consider is that different 
soil laboratories may use different testing methods developed for 
their particular soil conditions. Due to these differences, producers 
should consult with their local Extension office about laboratory 
methods and target pH assumptions used in determining lime rec-
ommendations. Consult your state guidelines for a description of 
the current soil test method and interpretation guidelines. 
 If soil pH is too high for the desired crop, elemental sulfur (S) 
is the most effective material to reduce soil pH.. The amount of 
acidity generated by 640 pounds of elemental S is the same as that 
neutralized by 1 ton of lime. Soil pH can be lowered by apply-
ing aluminum sulfate or iron sulfate. Whether trying to increase 
or decrease the pH of your soil, always follow the manufacturer’s 
instructions for appropriate rates. A slight pH reduction can be pro-
duced by using ammonium sulfate, ammonium nitrate, or urea as a 
fertilizer source of nitrogen. 
 Liming materials containing only calcium carbonate (Ca-
CO3), calcium hydroxide [Ca(OH)2], or calcium oxide (CaO) are 
called calcitic limes. Pure calcium carbonate is used as the stan-
dard for liming materials and is assigned a rating of 100 percent. 
This rating is also known as the “calcium carbonate equivalent, 
and is referred to as the CCE. All other liming materials are rated 
in relationship to pure calcium carbonate. Liming materials with 
significant amounts of magnesium carbonate (MgCO3) are called 
dolomitic limes. Dolomitic limes should be used on soils low in 
magnesium, as indicated by the soil test report. It is possible to use 
a magnesium fertilizer instead of dolomitic lime, but the costs of 
this source of magnesium are almost always considerably higher. 
Because lime dissolves very slowly, it must be finely ground to ef-
fectively neutralize soil acidity. Lime laws in most states describe 
standards for composition and particles sizes. 
 The most commonly used liming materials are finely ground 
dolomitic or calcitic rock. Most agricultural lime is sold in bulk by 
the ton.  Additional liming materials include burnt lime or hydrat-
ed lime, pelleted lime, liquid lime, wood ash, ground seashells, and 
industrial slags. Lime pellets and lime suspensions (liquid lime) 
can be convenient and fast-acting, but are usually considerably 
more expensive than ground limestones. Industrial by-product lim-
ing materials can be useful soil amendments capable of reducing 
soil acidity and supply a variety of nutrients including calcium, 
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magnesium, potassium, phosphorus, and micronutrients. Each lot 
of such materials should be analyzed as considerable variation in 
CCE, fineness, and nutrient composition may occur. 
 Within a one to three year time-period, lime moves little in the 
soil and neutralizes acidity only in the zone where it is applied. To 
be most effective, lime must be uniformly spread and thorough-
ly incorporated. In practice, rates are adjusted after checking the 
spreader pattern and making appropriate corrections. If the applica-
tion is not correct, strips of under-limed soil could result, possibly 
reducing crop yields. The most commonly used lime incorporation 
tool is the disk. It will not incorporate lime as well as offset disks 
that throw the soil more vigorously. The best incorporation imple-
ment is a heavy-duty rotary tiller that mixes the soil throughout the 
root zone.

Lime and Fertilizer. Lime and fertilizer work together synergisti-
cally to produce high yields and better crops. Lime is not a substi-
tute for fertilizer, and fertilizer is not a substitute for lime.  

How to Use Plant Nutrient Recommendation Table #1 and #2. 
Use Table 1 to determine the relative levels of phos phorus and po-
tassium in the soil based on the soil test report from the laboratory. 
Use Table 2 as a guide in conjunction with specific soil test results. 
Plant nutrient recom mendations listed in Table 2 are expressed in 
terms of nitrogen (N), phosphate (P2O5), and potash (K2O), rather 
than in specific grades and amounts of fertilizer. When soil test re-
sults are not available, use recommended amounts of P2O5 and K2O 
listed under medium phosphorus and medium potassium soil test 
levels for the crop to be grown. When soil test results are available, 
the phosphate (P2O5) and potash (K2O) needs for each cropping sit-
uation can be determined by selecting the appropriate values under 
the relative soil test levels for phosphorus and potassium: very low, 
low, medium, high, or very high.  
 The cropping and manuring history of the field must be 
known before a fertilization program can be planned (see Table 3). 
This history is very important in planning a nitrogen fertilization 
program, because a reliable soil test for nitrogen is not available. 
 Plant nutrient recommendations listed in Table 2 were de-
veloped for fields where no manure was applied and where no 
legume crop is being turned under prior to the planting of a new 
crop. If manure and/or legume crops are used, the plant nutri-
ent recommenda tions listed in Table 2 should be reduced by the 
amounts of nitrogen (N), phosphate (P2O5), and potash (K2O) be-
ing contributed from these sources. See Tables 3 and 3A for nutri-
ent values of various products. 
 Once the final fertilizer-plant nutrient needs are known, de-
termine the grade and rate of fertilizer needed to fulfill these re-

quirements. For ex ample, if the final plant nutrient requirements 
that need to be added as a commercial fertilizer are 50 pounds of 
nitrogen (N), 100 pounds of phosphate (P2O5), and 150 pounds of 
potash (K2O), a fertilizer with a 1-2-3 ratio, such as 5-10-15, 6-12-
18, 7-14-21, is needed. Once the grade of fertilizer is selected, the 
quantity needed to fulfill the plant nutrient requirements can be 
deter mined by dividing the percentage of N, P2O5, or K2O con-
tained in the fertilizer into the quantity of the respective plant nu-
trient needed per acre and multiplying the answer by 100. 
 For example, if a 5-10-15 fertilizer grade is chosen to sup-
ply the 50 pounds of N, 100 pounds of P2O5, and 150 pounds of 
K2O needed, calculate the amount of 5-10-15 fertilizer needed as 
follows: Divide the amount of nitrogen (N) needed per acre (50 
pounds) by the percentage of N in the 5-10-15 fertilizer (5 per-
cent), and multiply the answer (10) by 100, which equals 1,000 
pounds. This same system can be used for converting any plant nu-
trient recommendations into grades and amounts. 

NUTRIENT MANAGEMENT AND  
MAXIMIZING PRODUCTION 
Plants remove substances from the soil and air to enable them 
to grow and reproduce. The specific substances they remove are 
termed nutrients. Certain of these are generally required in larger 
quantities, and termed macronutrients. Those needed in smaller 
quantities, micronutrients, are as important as macronutrients for 
achieving required metabolic processes in the plant. Most com-
mercial fertilizers include macronutrients nitrogen (N), phospho-
rus (P), and/or potassium (K), expressed as a weighted percentage 
(N-P2O5-K2O). Micronutrients may be supplied along with macro-
nutrients.  

Nitrogen Management. Nitrogen is one of the most difficult nutri-
ents to manage in vegetable production systems. Nitrogen is readi-
ly leached in sandy textured soils that dominate vegetable produc-
tion regions of the southeastern US. Nitrogen can be immobilized 
by soil microbes, volatilized if not quickly incorporated, or lost 
via denitrification under water-saturated soil conditions. Nitrogen 
recommendations are based on years of fertilizer trials and yield 
potential. Nitrogen application timings, application methods, and 
sources are also commonly tested in state university fertilizer trials 
and have resulted in recommendations for splitting nitrogen fertil-
izer application for increased fertilizer use efficiency. 
 Heavy rainfall, higher than normal yields, and production 
following non-legume cover crops are a few examples where ni-
trogen fertilizer may be immobilized or lost from the production 
system. When these nitrogen reduction scenarios arise, an addi-

TABLE 1. SOIL TEST INTERPRETATIONS AND RECOMMENDATIONS BASED ON SOIL TEST RESULTS

Soil Test Rating
Relative Yield

without Nutrient (%) Recommendations
Low 50–75 Annual application to produce maximum response and increase soil fertility.

Medium 75–100 Normal annual application to produce maximum yields.
High* 100  Small applications to maintain soil level. Amount suggested may be doubled and applied in alternate years.

Very high* 100  None until level drops back into high range. This rating permits growers, without risk of loss in yields, to benefit economically 
from high levels added in previous years. Where no P or K is applied, soils should be resampled in 2 years. When phosphorus 
is extremely high, further additions may limit the availability of Fe and/or Zn.

*  Some states recommend that no fertilizer P or K be added when the soil test rating is either “High” or “Very High”, in order to minimize runoff in nutrient-sensitive watersheds
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tional application of nitrogen is warranted. Leaf tissue testing is 
the best option when deciding if and how much more nitrogen is 
needed to meet expected yields and is described below. Leaf tissue 
testing can help identify any “hidden hunger” that might exist in 
the crop. A “hidden hunger” develops when a crop needs more of 
a given nutrient but has shown no deficiency symptoms. With most 
nutrients on most crops, responses can be obtained even though no 
recognizable symptoms have appeared.

Evaluating the Effectiveness of Your Fertility Program—Using 
Plant Analysis/Leaf Tissue Testing. Plant analysis is the chemi-
cal evaluation of essential element concentrations in plant tissue. 
Essential elements include those that are required to complete the 
life cycle of a plant. The elements carbon (C), oxygen (O), and hy-
drogen (H) are supplied by the atmosphere and water and general-
ly are not considered limiting. Scientists place most emphases on 
essential elements supplied by soil or feeding solutions. Macro-
nutrients — nitrogen (N), phosphorus (P), potassium (K), calcium 
(Ca), magnesium (Mg), and sulfur (S) — are required in great-
est quantities. Micronutrients — iron (Fe), manganese (Mn), zinc 
(Zn), copper (Cu), boron (B), molybdenum (Mo), and chlorine (Cl) 
— are required in very small quantities. Toxicities of micronutri-
ents are equally important and yield limiting as deficiencies. Plant 
analysis is also effective in diagnosing toxicities of micronutrients. 
The interpretation of plant analysis results is based on the scientific 
principle that healthy plants contain predictable concentrations of 
essential elements.  
 State and private soil testing laboratories can provide nitrogen 
concentrations as well as those of the other essential macro- and 
micronutrients to aid in mid-season fertilizer application decisions. 
A program of periodic leaf tissue sampling and analysis will help 
you optimize your fertility program and often can allow you to cor-
rect deficiencies before symptoms become apparent. The best indi-
cator samples have been identified for most economically important 
vegetable crops. In turn this has provided the basis for developing 
data for which we can compare values from our analysis to those of 
established, recognized values. These are called Sufficiency Ranges 
or Critical Values. For those crops such as tomatoes which receive 
the greatest research support, indicator samples have been identified 
by stage of growth. In tomato we have sufficiency ranges estab-
lished for plant tissue samples taken at mid-bloom of the first, sec-
ond, third, fourth, fifth, and sixth flower clusters.  

Critical values have been defined as the concentration at which 
there is a 5–10% yield reduction. The use of critical values for prac-
tical interpretation has limited value. It is best suited to diagnose 
severe deficiencies and has little application in identifying hidden 
hunger. Symptoms are generally visibly evident when nutrient con-
centrations decrease below the critical value. Critical values play an 
important role in establishing lower limits of sufficiency ranges.

Sufficiency range interpretation offers significant advantages 
over the use of critical values. First, hidden hunger in plants can 
be identified since the beginning of the sufficiency range is clearly 
above the critical value. Sufficiency ranges also have upper limits, 
which provide some indication of the concentration at which the 
element may be in excess.

Method for Collecting Leaf Tissue Samples  
for Analysis

•  Each vegetable crop has a specific corresponding plant part 
that is collected and used to determine foliar nutrient levels. 
Often this corresponds to sampling the most recently ma-
tured or fully expanded leaves. Careful sampling ensures the 
effectiveness of plant analysis as a diagnostic tool. For major 
crops, best indicator samples have been identified by stage 
of growth. For young seedlings, the entire plant is sampled 
2.5 cm above the soil level. For larger plants, the most re-
cent fully expanded or mature leaf is the best indicator of 
nutritional status. As some crops, including corn, approach 
flowering and fruiting, the best indicator of nutritional status 
is the leaf adjacent to the uppermost fruit (ear leaf). When 
unfamiliar with sampling protocol for a specific crop, it is 
generally acceptable to select the most recent mature leaf as 
the best indicator of nutritional status. Detailed information 
for sampling most vegetable crops can be found at http://
www.ncagr.gov/agronomi/saaesd/scsb394.pdf.

• Sample from 20 to 30 plants.
•  Sample across the field, from different rows, and avoid prob-

lem areas (low spots, ridges, washed out areas, etc.) unless 
you are trying to diagnose a problem in one of these areas.

•  Sample when the plants are actively growing (typically be-
tween 9 a.m. and 4 p.m.).

• Do not collect samples from water stressed plants.
•  Send samples to a laboratory in a paper bag. DO NOT 

SEND SAMPLES IN A PLASTIC BAG. Plastic bags will 
cause your samples to spoil and will impact results. Contact 
your local Extension office for information on how to submit 
leaf tissue samples to your state diagnostic labs.

Phosphorus Management. Crops are very likely to respond to P 
fertilization when the soil test indicates that P is deficient—very low 
or low. A soil testing deficient—medium will sometimes respond 
to P fertilization and will sometimes not. Soils testing optimum or 
exceeds crops needs are unlikely to respond to P fertilizer, but P 
may be applied to maintain the fertility level in the optimum range. 
Crops are more likely to respond to P fertilizer when growing con-
ditions are favorable for high yields. 
 It is often recommended that a band of P fertilizer be placed 
near the seed as a starter fertilizer regardless of the P fertility level. 
High phosphorus fertilizers are often referred to as ‘pop-up’ fertil-
izers because of their positive effect during early growth when soil 
temperatures in early spring can be very low. Banded P is especially 
helpful at low soil test levels. Even at P soil test levels that exceed 
crop needs, a small amount of banded P may benefit crop establish-
ment. When the soil test level is deficient, P should generally be 
applied as a combination of broadcast and banded methods. When 
the level exceeds crop needs, only a small amount of P should be 
applied as a band. Many soils exceed crop needs category for P 
due to previous fertilizer and manure applications. When applied 
in excess of crop removal, P accumulates in the soil. Phosphorus is 
strongly adsorbed to soil particles and very little is subject to loss 
via leaching. When the soil test level exceeds crop needs, growers 
can benefit economically by withholding P fertilizers.
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Potassium Management. Crops are very likely to respond to K 
fertilizer when the soil test indicates that K is deficient—very low 
or low. A soil testing deficient—medium in K may or may not re-
spond to K fertilizer. Crops are more responsive to K when grow-
ing under drought stress than when growing under favorable condi-
tions. Soils testing optimum or exceeds crop needs are unlikely to 
respond to K fertilizer, but K may be applied to maintain the soil 
fertility level in the optimum range. 
 In general, most of the K fertilizer should be broadcast. When 
the fertility level is deficient, it may be advantageous to apply a 
portion of the total K application as a band. There is generally no 
benefit to applying banded K when soil fertility levels are optimum 
or exceeds crop needs. Crops remove larger amounts of K than 
P from the soil during a growing season. In addition, sandy soils 
have low reserves of K, and K is susceptible to leaching. There-
fore, frequent applications of K are needed to maintain K at an op-
timum fertility level.

Secondary Nutrients. Calcium (Ca), magnesium (Mg), and sul-
fur (S) are included in the secondary element group. Calcium 
may be deficient in some soils that have not been properly limed, 
where excessive potash fertilizer has been used, and/or where 
crops are subjected to drought stress. Magnesium is the most like-
ly of these elements to be deficient in vegetable soils. Dolomitic 
or high-magnesium limestones should be used when liming soils 
that are low in magnesium. Magnesium should be applied as a 
fertilizer source on low-magnesium soils where lime is not needed 
(Table 4). Magnesium may be applied as a foliar spray to supply 
mag nesium to the crop in emergency situations (2 TBSP of Epsom 
salts per gallon of water). 
 Sulfur is known to be deficient in vegetable crop soils in 
coastal plain soils. Sulfur deficiency is often mistaken for lack of 
nitrogen because the symptoms are similar.  Onions are one crop 
that will need additional sulfur over what vegetables normally re-
quire, particularly on coastal plain soils.

Micronutrients. Boron is the most widely deficient micronutrient 
in vegetable crop soils. Deficiencies of this element are most like-
ly to occur in the following crops: asparagus, most bulb and root 
crops, cole crops, and tomatoes. Excessive amounts of boron can 
be toxic to plant growth. This problem can occur when snap beans 
(a sensitive crop) follow sweetpotatoes (a crop where boron is ap-
plied late in the season). Do NOT exceed recommendations listed 
in Table 2. 
 Manganese deficiency often occurs in plants growing on soils 
that have been overlimed. In this case, broadcast 20 to 30 pounds 
or band 4 to 8 pounds of manganese sulfate to correct this. Do 
not apply lime or poultry manure to such soils until the pH has 
dropped below 6.5, and be careful not to overlime again. 
 Molybdenum deficiency of cauliflower (which causes whip-
tail) may develop when this crop is grown on soils more acid than 
pH 5.5. An application of 0.5 to 1 pound of sodium or ammonium 
molybdate per acre will usually correct this. Liming acid soils to a 
pH of 6.0 to 6.5 will usually prevent the development of molybde-
num deficiencies in vegetable crops.  
 Deficiencies of other micronutrients in vegetable crops in the 
Southeast are rare; and when present, are usually caused by over-
liming or other poor soil management practices. Contact Exten-

sion if a deficiency of zinc, iron, copper, or chlorine is suspected. 
Sources of fertilizers for the essential plant nutrients are found in 
in Tables 3A and 4.

Municipal Biosoilds. Biosolids Should Not Be Applied to Land 
on Which Crops Will Be Grown That Will Be Entering the Hu-
man Food Chain. Municipal biosolids are the solid material re-
moved from sewage in treatment processes. Biosolids treated by 
one of the digestive or similar processes to reduce pathogens is a 
low-analysis fertil izer suitable for application to nonfood crops 
under specific soil conditions. It should not be applied to sloping 
land, to highly leachable soils, to poorly drained soils, to soils with 
high water tables or near surface water, or to soils having a pH less 
than 6.2. Check with your local or state department of environmen-
tal management for latest regulations. The time required to wait 
prior to planting a food crop varies from state to state.

Foliar Fertilization. Foliar feeding of vegetables is usually not 
needed. Plants usually obtain their nutrients from the soil through 
their roots. It is known that plants can also absorb a limited amount 
of some nutrients through aerial organs such as leaves. Properly 
managed soils will supply the essential mineral nutrients the crop 
will need during its development. If, for some reason, one or more 
soil-supplied nutrients becomes limiting or unavailable during the 
development of the crop, foliar nutrient applications may then be 
advantageous but likely only with the micronutrients.
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TABLE 2.  GENERAL FERTILIZER SUGGESTIONS FOR VEGETABLE CROPS* (cont’d)

CROP
Desirable

pH

Nitrogen 
(N)

lb/acre

Recommended Nutrients Based on Soil Tests

Nutrient Timing and Method

Soil Phosphorus Level Soil Potassium Level

Low Med High
Very
High Low Med High

Very
High

P2O5 lb/acre K2O lb/acre
ASPARAGUS
 6.5 to 7.0 100 250 150 100 0 250 225 150 0 Total recommended. 

50 250 150 100 0 150 100 75 0 Broadcast before cutting season. 
50 0 0 0 0 100 125 75 0 Sidedress after cutting. 

Apply 2 lb boron (B) per acre every 3 years on most soils. 
BEAN, Lima
...Single crop 6 to 6.5 70 to 110 120 80 40 20 160 120 80 20 Total recommended. 

25 to 50 80 40 20 0 120 80 60 0 Broadcast and disk-in. 
20 40 40 20 20 40 40 20 20 Band-place with planter. 

25 to 40 0 0 0 0 0 0 0 0 Sidedress 3 to 5 weeks after emergence. 
BEAN, Snap

6 to 6.5 40 to 80 80 60 40 20 80 60 40 20 Total recommended. 
20 to 40 40 40 0 0 40 40 0 0 Broadcast and disk-in. 
20 to 40  40 20 40 20 40 20 40 20 Band-place with planter. 

BEET
 6 to 6.5 75 to 100 150 100 50 0 150 100 50 0 Total recommended. 

50 150 100 50 0 150 100 50 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress 4 to 6 weeks after planting. 

Apply 2 to 3 lb boron (B) per acre with broadcast fertilizer. 

BROCCOLI
 6 to 6.5 125 to 175  200 100 50 0 200 100 50 0 Total recommended. 

50 to 100 150 100 50 0 150 100 50 0 Broadcast and disk-in. 
50  50 0 0 0 50 0 0 0 Sidedress 2 to 3 weeks after planting. 
25 0 0 0 0 0 0 0 0 Sidedress every 2 to 3 weeks after initial sidedressing. 

Apply 2 to 3 lb boron (B) per acre with broadcast fertilizer. 
BRUSSEL SPROUTS, CABBAGE, and CAULIFLOWER

6 to 6.5 100 to 175 200 100 50 0 200 100 50 0 Total recommended.
50 to 75 200 100 50 0 200 100 50 0 Broadcast and disk-in.
25 to 50 0 0 0 0 0 0 0 0 Sidedress 2 to 3 weeks after planting.
25 to 50 0 0 0 0 0 0 0 0 Sidedress if needed, according to weather. 

Apply 2 to 3 lb boron (B) per acre and molybdenum per acre as 0.5 lb sodium molybdate per acre with broadcast fertilizer.
CANTALOUPES and MELONS
...Bareground 6 to 6.5 75 to 115 150 100 50 25 200 150 100 25 Total recommended. 

25 to 50 125 75 25 0 175 125 75 0 Broadcast and disk-in. 
25 25 25 25 25 25 25 25 25 Band-place with planter. 

25 to 40 0 0 0 0 0 0 0 0 Sidedress when vines start to run. 
Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer.

...Plasticulture 100 to 150 125 75 25 25 200 150 100 25 Total recommended. 
25 125 75 25 25 100 75 50 25 Broadcast and disk-in. 

75 to 125 0 0 0 0 100 75 50 0 Fertigate.
Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. Drip fertilization: See “cantaloupe” in specific commodity recommendations later in this 
handbook.

CARROT
6 to 6.5 90 to 120 150 100 50 0 150 100 50 0 Total recommended.

50 150 100 50 0 150 100 50 0 Broadcast and disk-in.
40 to 70 0 0 0 0 0 0 0 0 Sidedress if needed.

Apply 1 to 2 lb boron (B) per acre with broadcast fertilzer.
CUCUMBER
...Bareground 6 to 6.5 80 to160 150 100 50 25 200 150 100 25 Total recommended. 

40 to 100 125 75 25 0 175 125 75 0 Broadcast and disk-in. 
20 to 30 25 25 25 25 25 25 25 25 Band-place with planter 7 to 14 days after planting.
20 to 30 0 0 0 0 0 0 0 0 Sidedress when vines begin to run, or apply in irrigation water.

...Plasticulture 120 to 150 150 100 50 25 150 100 50 25 Total recommended. 
 25 125 75 25 0 150 100 50 0 Broadcast and disk-in. 

95 to 125 25 25 25 25 0 0 0 25 Fertigate. 

Drip fertilization: See “cucumber” in specific recommendations later in this handbook. 
* Nitrogen rates should be based on your local fertilizer recommendations.
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TABLE 2.  GENERAL FERTILIZER SUGGESTIONS FOR VEGETABLE CROPS* (cont’d)

CROP
Desirable

pH

Nitrogen 
(N)

lb/acre

Recommended Nutrients Based on Soil Tests

Nutrient Timing and Method

Soil Phosphorus Level Soil Potassium Level

Low Med High
Very
High Low Med High

Very
High

P2O5 lb/acre K2O lb/acre
EGGPLANT

 ...Bareground 6 to 6.5 100 to 200 250 150 100 0 250 150 100 0 Total recommended. 
50 to 100 250 150 100 0 250 150 100 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress 3 to 4 weeks after planting. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress 6 to 8 weeks after planting. 

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer.
 ...Plasticulture 145 250 150 100 0 240 170 100 0 Total recommended. 

50 250 150 100 0 100 100 100 0 Broadcast and disk-in. 
95 0 0 0 0 140 70 0 0 Fertigate. 

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. Drip fertilization: See “eggplant” in specific recommendations later in this handbook.

ENDIVE, ESCAROLE, LEAF and ROMAINE LETTUCE
6 to 6.5 75 to 150 200 150 100 0 200 150 100 0 Total recommended. 

50 to 100 200 150 100 0 200 150 100 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress 3 to 5 weeks after planting.

HOPS
6.0 100 to 150 80 to 120 30 to 80 0 to 30 0 100 to 140 50 to 100 0 to 50 0 Total recommended.

50 to 75 80 to 120 30 to 80 0 to 30 0 100 to 140 50 to 100 0 to 50 0 Broadcast
50 to 75 0 0 0 0 0 0 0 0 Sidedress 4 weeks after bines emerge

Apply 1 lb of boron (B) per acre with broadcast fertilizer.  NOTE:  First year planting N rate should be reduced to 75 lbs/acre.  Nitrogen should not be 
applied after flowering.

HERBS (BASIL, PARLESY, CLIANTRO)

6 to 6.5 100 to 175 200 150 100 0 200 150 100 0 Total recommended. 
50 to 75 200 150 100 0 200 150 100 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress after first cutting. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress after each additional cutting. 

LEAFY GREENS, COLLARD, KALE, and MUSTARD
6 to 6.5 75 to 80 150 100 50 0 150 100 50 0 Total recommended. 

50 150 100 50 0 150 100 50 0 Broadcast and disk-in. 
25 to 30 0 0 0 0 0 0 0 0 Sidedress, if needed. 

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. 
LEEK

6 to 6.5 75 to 125 200 150 100 0 200 150 100 0 Total recommended. 
50 to 75 200 150 100 0 200 150 100 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress 3 to 4 weeks after planting, if needed. 

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. 
OKRA

6 to 6.5 100 to 200 250 150 100 0 250 150 100 0 Total recommended. 
50 to 100 250 150 100 0 250 150 100 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress 3 to 4 weeks after planting. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress 6 to 8 weeks after planting. 

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer.
NOTE: Where plastic mulches are being used, broadcast 50 to 100 lb nitrogen (N) per acre with recommended P2O5 and K2O and disk 
incorporate prior to laying mulch. Drip fertilization: See “okra” in specific commodity recommendations later in this handbook. 

ONION
...Bulb 6 to 6.5 125 to 150 200 100 50 0 200 100 50 0 Total recommended. 

50 to 75 200 100 50 0 200 100 50 0 Broadcast and disk-in. 
75 to 100 0 0 0 0 0 0 0 0 Sidedress twice 4 to 5 weeks apart. 

Apply 1 to 2 lb boron (B) and 20 lb sulfur (S) per acre with broadcast fertilizer.
...Green 150 to 175 200 100 50 0 200 100 50 0 Total recommended. 

50 to 75 200 100 50 0 200 100 50 0 Broadcast and disk-in. 
50 0 0 0 0 0 0 0 0 Sidedress 4 to 5 weeks after planting. 
50 0 0 0 0 0 0 0 0 Sidedress 3 to 4 weeks before harvest. 

* Nitrogen rates should be based on your local fertilizer recommendations.
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TABLE 2.  GENERAL FERTILIZER SUGGESTIONS FOR VEGETABLE CROPS* (cont’d)

CROP
Desirable

pH

Nitrogen 
(N)

lb/acre

Recommended Nutrients Based on Soil Tests

Nutrient Timing and Method

Soil Phosphorus Level Soil Potassium Level

Low Med High
Very
High Low Med High

Very
High

P2O5 lb/acre K2O lb/acre
Apply 1 to 2 lb boron (B) and 20 lb sulfur (S) per acre with broadcast fertilizer. 

PARSNIP
6 to 6.5 50 to 100 150 100 50 0 150 100 50 0 Total recommended. 

25 to 50 150 100 50 0 150 100 50 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress 4 to 5 weeks after planting. 

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer.
PEA, Garden/English

5.8 to 6.5 40 to 60 120 80 40 0 120 80 40 0 Total recommended. Broadcast and disk-in before seeding.
PEPPER
 ...Bareground 6 to 6.5 100 to 130 200 150 100 0 200 150 100 0 Total recommended. 

50 200 150 100 0 200 150 100 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress after first fruit set. 
25 to 30 0 0 0 0 0 0 0 0 Sidedress later in season, if needed. 

 ...Plasticulture 100 to 185 320 250 100 0 350 250 100 40 Total recommended. 
 50 200 150 100 0 200 150 100 40 Broadcast and disk-in. 

50 to 135 120 100 0 0 150 100 0 0 Fertigate. 
Drip fertilization: See “pepper” in specific commodity recommendations later in this handbook. 

POTATO
... Loams and 

silt loams
5.8 to 6.2 100 to 150 110 90 70 50 200 150 50 50 Total recommended. 

85 to 135 60 40 20 0 200 150 50 50 Broadcast and disk-in. 
15 50 50 50 50 0 0 0 0 Band-place with planter at planting. 

... Sandy loams  
and loamy  
sands 

150 200 150 100 50 300 200 100 50 Total recommended. 
50 200 150 100 50 300 200 100 50 Broadcast and disk-in. 

100 0 0 0 0 0 0 0 0 Sidedress 4 to 5 weeks after planting. 
PUMPKIN and   WINTER SQUASH
 ...Bareground 6 to 6.5 80 to 90 150 100 50 0 200 150 100 0 Total recommended. 

40 to 50 150 100 50 0 200 150 100 0 Broadcast and disk-in.
40 to 50 0 0 0 0 0 0 0 0 Sidedress when vines begin to run. 

...Plasticulture  80 to 150 150 100 50 0 200 150 100 0 Total recommended. 
25 to 50 150 100 50 0 100 75 50 0 Disk in row.

55 to 100 0 0 0 0 100 75 50 0 Fertigate.
RADISH
 6 to 6.5 50 150 100 50 0 150 100 50 0 Total recommended. Broadcast and disk-in. 

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. 
RUTABAGA and TURNIP

6 to 6.5 50 to 75 150 100 50 0 150 100 50 0 Total recommended. 
25 to 50 150 100 50 0 150 100 50 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress when plants are 4 to 6 in. tall.

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. 
SOUTHERNPEA

5.8 to 6.5 16 96 48 0 0 96 48 0 0 Total recommended. Broadcast and disk-in.
SPINACH
 ...Fall 6 to 6.5 75 to 125 200 150 100 0 200 150 100 0 Total recommended. 

50 to 75 200 150 100 0 200 150 100 0 Broadcast and disk-in. 
25 to 50 0 0 0 0 0 0 0 0 Sidedress or topdress.

...Overwinter 80 to 120 0 0 0 0 0 0 0 0 Total recommended for spring application to an overwintered 
crop.  

50 to 80 0 0 0 0 0 0 0 0 Apply in late February.
30 to 40 0 0 0 0 0 0 0 0 Apply in late March.

SQUASH, Summer 
6 to 6.5 100 to 130 150 100 50 0 150 100 50 0 Total recommended. 

25 to 50 150 100 50 0 150 100 50 0 Broadcast and disk-in. 
50 0 0 0 0 0 0 0 0 Sidedress when vines start to run.

25 to 30 0 0 0 0 0 0 0 0 Apply through irrigation system.
Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. 

* Nitrogen rates should be based on your local fertilizer recommendations.
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TABLE 2.  GENERAL FERTILIZER SUGGESTIONS FOR VEGETABLE CROPS* (cont’d)

CROP
Desirable

pH

Nitrogen 
(N)

lb/acre

Recommended Nutrients Based on Soil Tests

Nutrient Timing and Method

Soil Phosphorus Level Soil Potassium Level

Low Med High
Very
High Low Med High

Very
High

P2O5 lb/acre K2O lb/acre
Drip fertilization: See “summer squash” in specific commodity recommendations later in this handbook. 

SWEET CORN
6 to 6.5 110 to 155 160 120 80 20 160 120 80 20 Total recommended. 

40 to 60 120 100 60 0 120 100 60 0 Broadcast before planting. 
20 40 20 20 20 40 20 20 20 Band-place with planter. 

50 to 75 0 0 0 0 0 0 0 0 Sidedress when corn is 12 to 18 in. tall. 
Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. NOTE: On very light sandy soils, sidedress 40 lb N per acre when corn is  
6 in. tall and another 40 lb N per acre when corn is 12 to 18 in. tall. 

SWEETPOTATO
5.8 to 6.2 50 to 80 200 100 50 0 300 200 150 120 Total recommended. 

0 150 60 30 0 150 50 30 0 Broadcast and disk-in. 
50 to 80 50 40 20 0 150 150 120 120 Sidedress 21 to 28 days after planting. 

Add 0.5 lb of actual boron (B)  per acre 40 to 80 days after transplant. 
TOMATO
... Bareground 

for 
 Sandy loams 
and loamy 
sands

6 to 6.5 80 to 90 200 150 100 0 300 200 100 0 Total recommended.
40 to 45 200 150 100 0 300 200 100 0 Broadcast and disk-in.
40 to 45 0 0 0 0 0 0 0 0 Sidedress when first fruits are set as needed.

Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. 

 ...  Bareground 
for Loam 
and clay

75 to 80 200 150 100 0 250 150 100 0 Total recommended.
50 200 150 100 0 250 150 100 0 Broadcast and disk-in.

25 to 30 0 0 0 0 0 0 0 0 Sidedress when first fruits are set as needed.
Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. 

...Plasticulture 6 to 6.5 130 to 210 200 150 100 0 420 345 275 0 Total recommended. 
50 200 150 100 0 125 125 125 0 Broadcast and disk-in. 

80 to 160 0 0 0 0 295 220 150 0 Fertigate. 
Apply 1 to 2 lb boron (B) per acre with broadcast fertilizer. 
Drip fertilization: See “tomato” in specific commodity recommendations later in this handbook. 

WATERMELON
 ...Nonirrigated 6 to 6.5 75 to 90 150 100 50 0 200 150 100 0 Total recommended. 

50 150 100 50 0 200 150 100 0 Broadcast and disk-in. 
25 to 40 0 0 0 0 0 0 0 0 Topdress when vines start to run. 

...Irrigated 100 to 150 150 100 50 0 200 150 100 0 Total recommended. 
 50 150 100 50 0 200 150 100 0 Broadcast and disk-in. 

25 to 50 0 0 0 0 0 0 0 0 Topdress when vines start to run. 
25 to 50 0 0 0 0 0 0 0 0 Topdress at first fruit set. 

...Plasticulture  125 to 150 150 100 50 0 200 150 100 0 Total recommended.
25 to 50 150 100 50 0 100 75 50 0 Disk in row.

100 0 0 0 0 100 75 50 0 Fertigate.
NOTE: Excessive rates of N may increase the incidence of hollow heart in seedless watermelon. 
Drip fertilization: See “watermelon” in specific commodity recommendations later in this handbook.

* Nitrogen rates should be based on your local fertilizer recommendations.

N P2O5 K2O

Pounds per Ton 
Cattle manure 5-101 3 3
Poultry manure 25-501 20 10
Pig manure 5-101 2 2
Horse manure 6-121 3 6
Liquid poultry manure 
   (5 - 15% solids)

7-151 5-10 5-10

Alfalfa sod 50-1002 0 0
Hairy vetch 50-100 0 0

N P2O5 K2O

Pounds per Ton 
Ladino clover sod 60 0 0
Crimson clover sod 50 0 0
Red clover sod 40 0 0
Birdsfoot trefoil 40 0 0
Lespedeza 20 0 0
Soybeans
    Tops and roots
    Grain harvest residue

40
15

0
0

0
0

TABLE 3. NUTRIENT VALUES FOR MANURE APPLICATIONS AND CROP RESIDUES

1 Lower values for fall -  and winter - applied manure and higher values for spring - applied manure. Use these figures only if manure being used has not been analyzed.
2 75% stand = 100 - 0 - 0, 50% stand = 75  - 0 - 0, and 25% stand = 50 - 0 - 0.
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TABLE 4.  PERCENTAGE EQUIVALENTS AND CONVERSION FACTORS FOR MAJOR, SECONDARY, AND MICRONUTRIENT 
FERTILIZER SOURCES

*  Supplies more than one essential nutrient.

Fertilizer
Source Material

Plant Food  
Contents,%

Lb of Material  
Required to Supply 
1 Lb of the Initially 

List ed Plant Nutrient
Nitrogen Materials

Monoammonium phosphate* 11 (N) and 48 (P2O5) 9.1
Nitrate of potash* 13 (N) and 44 (K2O) 7.7
Nitrate of soda-potash* 15 (N) and 14 (K2O) 6.7
Calcium nitrate* 15 (N) and 19 (Ca) 6.7
Nitrate of soda 16 (N) 6.3
Diammonium phosphate* 18 (N) and 46 (P2O5) 5.6
Nitrogen solution 20 (N) 5.0
Ammonium sulfate* 20.5 (N) and 23 (S) 4.9
Nitrogen solution 30 (N) 3.3
Nitrogen solution 32 (N) 3.1
Ammonium nitrate 33.5 to 34.0 (N) 3.0
Nitrogen solution 40 (N) 2.5
Urea 45 to 46 (N) 2.2
Anhydrous ammonia 82 (N) 1.2

Phosphorus Materials
Normal superphosphate* 20 (P2O5) and 11 (S) 5.0
Triple superphosphate* 44 to 46 (P2O5) 2.2
Monoammmonium phosphate* 48 (P2O5) and 11 (N) 2.1
Diammonium phosphate* 46 (P2O5) and 18 (N) 2.2

Potassium Materials
Nitrate of soda-potash* 14 (K2O) and 13 (N) 7.1
Sulfate of potash-magnesia* 21.8 (K2O) and 11.1 (Mg) 4.6
Nitrate of potash* 44 (K2O) and 13 (N) 2.3
Sulfate of potash* 50 (K2O) and 17 (S) 2.0
Muriate of potash* 60 (K2O) 1.7

Fertilizer
Source Material

Plant Food  
Contents,%

Lb of Material  
Required to Supply 
1 Lb of the Initially 

List ed Plant Nutrient
Magnesium Materials

Epsom salts* 10 (Mg) and 13 (S) 9.6
Sulfate of potash-magnesia* 11.1 (Mg) and 21.8 (K2O) 9.0
Kieserite* 18.1 (Mg) 5.5
Brucite 39 (Mg) 2.6

Sulphur Materials
Granulated sulfur 90 to 92 (S) 1.1
Ammonium sulfate* 23 (S) and 20.5 (N) 4.3
Gypsum* 15-18 (S) and 19 to 23 (Ca) 6.1
Epsom salts* 13 (S) and 10 (Mg) 7.7

Boron Materials
Fertilizer Borate Granular* 14.30 (B) 7.0
Fertilizer Borate-48 14.91 (B) 6.7
Solubor 20.50 (B) 4.9
Fertilizer Borate-68 21.13 (B) 4.7

Manganese Materials
Manganese sulfate* 24.0 (Mn) 4.2
Manganese sulfate* 25.5 (Mn) 3.9
Manganese sulfate* 29.1 (Mn) 3.4
Manganese oxide 48.0 (Mn) 2.1
Manganese oxide 55.0 (Mn) 1.8

Zinc Materials
Zinc sulfate* 36 (Zn) 2.8
Zinc oxide 73 (Zn) 1.4

Molybdenum Materials
Sodium molybdate 39.5 (Mo) 2.5
Sodium molybdate 46.6 (Mo) 2.1
Ammonium molybdate* 56.5 (Mo) 1.8

Table 3A.  NUTRIENT VALUES FOR VARIOUS PLANT, ANIMAL, AND NATURAL PRODUCTS
Typical NPK Analysis

Plant By-Products N P2O5 K20 Release Time

Alfalfa Meal or Pellets 2.0 1.0 2.0 1 to 4 months
Corn Gluten Meal 9.0 0.0 0.0 1 to 4 months
Cottonseed Meal 6.0 0.4 to 3.0 1.5 1 to 4 months

Soybean Meal 7.0 1.2 to 2.0 1.5 to 7.0 1 to 4 months
Kelp Powder 1.0 0.0 4.0 Immediate to 1 month

Animal By-Products
Bat Guano (high N) 10.0 3.0 1.0 4 plus months
Bat Guano (high P) 3.0 10.0 1.0 4 plus months

Blood Meal  12.0 to 14.0 2.0 1.0 1 to 4 months
Bone Meal (raw) 3.0 22.0 0.0 1 to 4 months

Bone Meal (steamed)  1.0 to 2.0  11.0 to 15.0 0.0 1 to 4 months
Feather Meal  7.0 to 12.0 0.0 0.0 4 plus months

Fish Emulsion 5.0 2.0 2.0 1 to 4 months
Fish Powder 12.0 0.3 1.0 Immediate to 1 month

Enzymatically Digested Hydrolyzed Liquid Fish 4.0 2.0 2.0 1 to 4 months
Fish Meal 10.0 6.0 2.0 1 to 4 months

Worm Castings 2.0 1.5 1.5 1 to 4 months
Natural Minerals

“Soft” Rock Phosphate 0.0 14 to 16 0.0 Very slow (years)
Greensand 0.0 0.0 3.0 Very slow
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MINIMUM TILLAGE FOR VEGETABLE  
PRODUCTION 
The development of various types of tillage practices was an inte-
gral part of the evolution of modern farming practices. Tillage is 
helpful in crop production systems for purposes of weed manage-
ment, incorporation of amendments such as lime and fertilizer, buri-
al of crop residues to facilitate other field operations, disease man-
agement and the preparation of a seedbed that is conducive to crop 
establishment. While the use of tillage practices provides a number 
of benefits to crop producers, agronomists have also learned that 
the soil disturbance associated with tillage has some drawbacks. In 
a nutshell, tillage over time results in the degradation of several soil 
properties that are important to crop productivity.  
 One of these properties is organic matter content. Organic mat-
ter is important because it contributes appreciably to the water and 
nutrient holding capacity of soil and to the maintenance of a desir-
able soil structure. These soil properties, in turn, allow soil to better 
support the weight of equipment and workers. In warm southern 
climates the loss of organic matter due to tillage is even more pro-
nounced than in cooler climates. Tilled soil is also less hospitable 
to a variety of soil organisms including microbes, insects and other 
small animals. When present in adequate numbers these are benefi-
cial for various reasons. When minimum tillage is used, soil struc-
ture is improved by the release of exudates of various organisms 
that glue soil particles together into larger, more desirable aggre-
gates, plant roots benefit from the increased presence of pore spaces 
in the soil such as earthworm channels, and plant diseases may also 
be reduced by the increased diversity of soil microorganisms.  
 Adoption of minimum tillage in vegetable production is 
possible but requires careful planning and preparation. Making a 
transition to minimum tillage will affect a number of vegetable 
production field operations. For example, one common objective 
of minimum tillage is to retain crop residues on the soil surface. 
These residues are beneficial for reducing soil erosion but also may 
interfere with the seeding of crops, particularly small-seeded veg-
etable crops. Similarly, cultivation, often an important measure for 
controlling weeds in vegetables, may require different equipment 
than what the farmer is able to use in conventionally tilled fields. 
In general, it may be best to start with those vegetables that are 
grown similarly to agronomic row crops or to use crops that can 
be established by transplanting through crop residues. Row crop 
examples include sweet corn and cowpeas. Examples of vegetables 
that are easily transplanted include tomato, pepper, squash and wa-
termelon.  
 Growers interested in adopting minimum tillage practices 
should begin by learning about the practices currently employed by 
agronomic crop producers and others who grow vegetables using 
reduced tillage. One such practice is to limit tillage and seedbed 
preparation to a narrow strip where the crop will be planted. This 
may be done in combination with the use of cover crops that are 
killed by rolling and crimping prior to tilling the strip. This method 
has been used successfully for vegetables such as tomatoes and cu-
curbits. 

Additional Resources
Reduced Tillage Fact Sheet #1: Zone Tillage. (2007) By  
J. Idowu, A. Rangarajan, H. van Es and B. Schindelbeck. http://
www.vegetables.cornell.edu/reducedtillage/ZTFactSheet_1.pdf 

Minimum Tillage Vegetable Production in California. (2004) By 
J. Mitchell, L. Jackson and G. Miyao. http://anrcatalog.ucanr.edu/
Details.aspx?itemNo=8132

Reduced Tillage and Cover Cropping Systems for Organic Vegeta-
ble Production. (2007) M. Schonbeck and R. Morris.  http://vabf.
files.wordpress.com/2012/03/reducedtillage_sm.pdf

COVER CROPS
Many soils that are not productive due to poor physical properties 
can be restored and made more productive through the continued 
use of cover crops. Many cover crops can reduce or limit the build-
up of some soilborne disease and insect pests that damage vegeta-
ble crops.  
 Prevalent disease and insect pressure should be considered 
when selecting a cover crop as some covers crops could increase 
the severity of these pests. In some cases, specific cultivars of 
cover crops can differ in their reaction to various nematodes. For 
example, ‘Cahaba White’ common vetch is suppressive to south-
ern root-knot nematodes while ‘Vantage’ common vetch is sus-
ceptible to southern root-knot nematode.  For further reading on 
nematode suppressive crops and cover crops, go to http://www.
aces.edu/pubs/docs/A/ANR-0856/ANR-0856.pdf and http://
www.sare.org/Learning-Center/Fact-Sheets/Cultural-Practic-
es-for-Root-Knot-and-Root-Lesion-Nematode-Suppression-in-Veg-
etable-Crop-Rotations/Text-Version/Cover-Crops-and-Nema-
tode-Management 
 With intensive cropping, working the soil when it is too wet 
and excessive traffic from using heavy-tillage equipment all will 
contribute to severely damaging soils. These practices cause soils 
to become hard and compact, resulting in poor seed germination, 
loss of transplants, and shallow root formation of surviving plants. 
Such soils can easily form crusts becoming compact, making them 
difficult to irrigate properly. Combined, all of these practices will 
yield negative consequences for your soil; poor plant stands, poor 
crop growth, low yields, and loss of income. In some cases, sub-
soiling in the row might help improve aeration and drainage but 
its effect is limited and short term. Continued and dedicated use of 
cover crops will aid in preventing these conditions.  
 Cover crops can also be planted in strips for wind protection 
during the early part of the next growing season. Annual rye seed-
ed before November can be a good choice for use in wind protec-
tion. Cover crops reduce nutrient loss during the winter and early 
spring. When using a cover crop, covers crops should be disked or 
plowed before they seriously deplete soil moisture.  
 Seeding dates suggested in the following section are for the 
central part of the Southeastern United States and will vary with 
elevation and northern or southern locations. For state specific 
recommendations for planting dates for cover crops, consult your 
local Extension office.
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Summer Cover Crops 
Summer cover crops can be useful in controlling weeds, soil borne 
diseases, and nematodes. They also provide organic matter and 
can improve soil tilth while reducing soil erosion. There are many 
potential summer cover crops available but you will need to find 
one that will work well in your area and into your overall produc-
tion scheme. Sudex (sorghum-sudan grass cross) (do not allow to 
exceed 3 ft. before mowing), southernpeas (cowpeas), millet, and 
Lab Lab are summer cover crops that provide organic matter, con-
trol erosion and will enhance the natural biota of your soil. 
 Summer cover crops, such as sudangrass or sudex, seeded at 
20 to 40 pounds per acre are good green manure crops. Sunhemp 
and pearl millet also provide a good green manure; can be planted 
as early as field corn is planted requiring eight to 12 weeks of frost-
free growth conditions.  These crops should be clipped, mowed, or 
disked to prevent seed development that could lead to weed prob-
lems. Summer cover crops can be disked and planted to wheat or 
rye in September or allowed to winter-kill and tilled-in the follow-
ing spring.  
 Soil test to determine lime and fertilizer needs.  For state spe-
cific recommendations for planting dates, seeding dates and man-
agement for cover crops, consult your local Extension office.

Types of summer Cover Crops: Small Grains
SEEDING RATES AND DEPTHS 
SORGHUM-SUDANGRASS: broadcast 50 to 60 lbs/A;  
drill 45 to 50 lbs/A (seeding depth: ½ - 1½ in.)
SUDANGRASS: broadcast 40 to 50 lbs/A;  
drill 35 to 40 lbs/A (seeding depth: ½ - 1 in.)
JAPANESE MILLET: broadcast 25 to 35 lbs/A;  
drill 20 to 25 lbs/A (seeding depth: ½ - 1 in.)
GERMAN FOXTAIL MILLET: broadcast 30 to 40 lbs/A;  
drill 25 to 30 lbs/A (seeding depth: ½-1 in.)
PEARL MILLET: broadcast 10-25 lbs/acre;  
drill 5 to 15 lbs/A (seeding depth: ½ - 1 in.)
BUCKWHEAT: broadcast 50 to 100 lbs/A;  
drill 30 to 90 lbs/A (seeding depth: ½ in.)

Types of summer Cover Crops: Legumes 
SEEDING RATES AND DEPTHS 
COWPEAS: broadcast 70 to 120 lbs/A;  
drill 40 to 50 lbs/A (seeding depth: 1- 1½ in.)
SESBANIA: broadcast 25 to 40 lbs/A;  
drill 20 to 25 lbs/A (seeding depth: ½ - 1 in.)
SOYBEAN: broadcast 80 to 100 lbs/A;  
drill 60 to 80 lbs/A (seeding depth: 1- 1½ in.)
SUNNHEMP: broadcast 30 to 40 lbs/A;  
drill 25 to 35 lbs/A (seeding depth: ½ - 1 in.)
VELVETBEAN: broadcast 30 to 40 lbs/A;  
drill 25 to 35 lbs/A (seeding depth: ½ - 1½ in.)
LAB LAB: broadcast 50 to 60 lbs/A;  
drill 40 to 45 lbs/A (seeding depth:  ½ - 1½ in.)

For further information on summer cove crops, refer to “Summer 
Cover Crops” at  
http://www.ces.ncsu.edu/depts/hort/hil/hil-37.html

Winter Cover Crops  
Choosing a grass cover crop is a little easier than choosing a le-
gume.  Rye, triticale, barley, wheat, oats, and ryegrass can be plant-
ed in the fall; expect to harvest or plow under anywhere from 1/2 
ton to 4 tons of dry matter per acre.  Soil test to determine lime and 
fertilizer needs.   

Types of WinTer Cover Crops: Small Grains
RYE: Rye is probably used more as a winter cover than any other 
grain. Rye can be sown from late September through mid-Novem-
ber. Most ryes will grow well in the fall (even late fall) and in late 
winter/early spring. This makes rye a top choice for farmers who 
have late-season vegetable crops with little time left before winter 
to sow a cover. Spring growth provides excellent biomass to turn 
under for use in early potatoes, cole crops, etc. Rye also provides a 
forage source for grazing animals and a straw source if harvested 
before mature seeds are formed or after rye seed harvest (typical 
seeding rate: 60-120 lbs/A). 

BARLEY: Barley provides an excellent source of biomass in the 
spring. It grows shorter than rye, will tiller, and potentially produc-
es as much straw/forage/plow-down as rye. Barley takes longer to 
catch up with equivalent rye biomass in the spring, and the possi-
bility of winter kill will be greater with barley. Late fall planting of 
barley will often result in winter kill. Plant in September or early 
October for greatest survival (typical seeding rate: 80-120 lbs/A 
broadcast; 60-110 lbs/A drilled). 

WHEAT: Using wheat as a cover crop works well and provides the 
additional option of a grain harvest. Wheat can be seeded late Sep-
tember through mid-November. Wheat produces biomass similar 
to barley but will be a week or two later. It can be grazed before 
turning under or harvested for grain and the straw removed. Prob-
lems may occur if the Hessian fly is abundant, so choose another 
small grain in areas where Hessian fly is present. (typical seeding 
rate: 60-120 lbs/A) 

OATS: Oats can be managed to provide many options for the cover 
crop and good late spring biomass. Seeding spring oats during Sep-
tember or October provides a good cover crop that will winter-kill 
in the colder areas but may overwinter in warmer areas.  It can 
be grazed, made into excellent hay, or the grain harvested and oat 
straw produced.  Planting spring oats in the early fall can provide 
good winter-killed mulch that could benefit perennial vegetables 
or small fruits.  Spring oats survive through some milder winters; 
thus, herbicides may be necessary to kill spring oats in perennial 
plantings (typical seeding rate: 80-120 lbs/A).  

RYEGRASS: This grass has great potential use as a green manure 
and as a forage/hay material, but ryegrass can potentially become a 
difficult pest in some farm operations.  In the mountain region, rye-
grass grows rather slowly in the fall and provides only moderate 
winter erosion protection, but in late spring it produces an abun-
dant supply of biomass.  
 Grazing and spring hay from ryegrass can be excellent, and a 
fine, extensive root system makes it a great source for plow-down. 
(typical seeding rate: 5-10 lbs/A drilled; 15-30 lbs/A broadcast) 

TRITICALE:  Triticale is a small grain resulting from a cross be-
tween wheat and rye. Triticale has similar characteristics to wheat, 
while the plant has the overall vigor and winter-hardiness of rye. 
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Fall planting of triticale should follow similar recommendations 
as wheat, sowing 60 to 120 lbs/acre. Triticale biomass can exceed 
wheat, thus plowing under or killing for no-till culture should oc-
cur at an earlier time in the spring. 
NOTES on SMALL GRAINS: Determine small grain fertilizer 
and lime needs based on soil test results. Successful stand es-
tablishment generally can be obtained with planting dates later 
than those of legumes, even as late as early December in coastal 
plain regions. This permits establishment of the cover crop after  
late-fall-harvested crops such as sweetpotatoes. Remember, that 
some soil erosion protection may be sacrificed with late seeding 
dates. For sandier coastal plain soils, rye is the preferred small 
grain cover crop. As previously discussed, seeding depth varies 
from ½ to 1½ inches, depending on soil texture. Planting methods 
are the same as described for legumes.

Types Of Winter Cover Crops: Legumes
A wide range in planting dates exists for most legumes, though best 
results are obtained with early plantings. Early seeding dates are 
easy to meet with legume cover crops following spring vegetables. 
Because Cahaba White Vetch possesses little winter hardiness, it is 
not adapted to western NC and the northern regions of other south-
eastern states. Freeze damage has also occurred with Austrian Win-
ter Pea in higher elevations (above 2,500 feet). Avoid planting late 
otherwise you increase the risk of winter kill. For state specific rec-
ommendations for planting dates, seeding dates and management 
for legume cover crops, consult your local Extension office.

SEEDING RATES AND DEPTHS 
CRIMSON CLOVER: broadcast 20 to 25 lbs/A;  
drill 15 to 20 lbs/A (seeding depth: ¼ - ½ in.)
HAIRY VETCH: broadcast 20 to 30 lbs/A;  
drill 15 to 20 lbs/A (seeding depth: ½ - 1½ in.)

CAHABA WHITE VETCH: broadcast 20 to 30 lbs/A;  
drill 15 to 20 lbs/A (seeding depth: ½ - 1½ in.)
AUSTRIAN WINTER PEA: broadcast 25 to 35 lbs/A;  
drill 20 to 25 lbs/A (seeding depth: ¾ - 1½ in.)

When seeding, use shallow planting depths for finer-textured, 
clayey soils and deeper depths for coarse-textured, sandy soils. 
Drilling into a conventional seedbed is the most reliable way to 
obtain a uniform stand. A no-till grain drill can be used success-
fully, provided residue from the previous crop is not excessive 
and soil moisture is sufficient to allow the drill to penetrate to the 
desired planting depth. Seeds can be broadcast if the soil has been 
disked and partially smoothed. Cultipacking after broadcasting will 
encourage good soil/seed contact. Crimson clover, in particular, re-
sponds favorably to cultipacking. 

MIXING GRASS AND LEGUMES: Planting a single grass or le-
gume may be necessary, but combining a grass and legume to-
gether may prove better than either one alone. Grasses provide 
soil protection during the winter and also produce great forage or 
plow-down organic matter. Legumes do not grow well during the 
winter, but late spring growth is abundant and produces high pro-
tein forage and nitrogen for the following crop. Crimson clover is 
a legume to grow in combination with a grass. Crimson clover’s 

height matches well with barley, wheat, and oats, but may be shad-
ed and outcompeted by rye. Hairy vetch has been sown with grass 
cover crops for many years, using the grass/vetch combination as a 
hay or plowdown. 
BIOFUMIGATION AND COVER CROPS: Biofumigation is the 
horticultural practice of using naturally produced volatile chem-
icals or allelochemicals to suppress soil-borne pathogens, pests, 
and weeds. These allelochemicals (specifically isothiocyanates 
produced when glucosinolates break down) are produced when 
crops in the Brassica family decompose in the soil. 
 Brassica crops have been used extensively as winter cover 
crops and as “break crops” where the residues are tilled into the 
soil for their biofumigation effect. They have also been used in ro-
tations, where the Brassica crop is harvested for sale and then the 
remaining residue is tilled-in for the biofumigation effect. There 
are several commercially available cover crops that have been used 
for biofumigation. “Caliente 119” (a mixture of oilseed radish and 
mustard), oilseed radish, “Florida Broadleaf Mustard”, garden 
cress, penny cress, “Dwarf Essex” rape, and several canola variet-
ies have been reported to have biofumigation potential.  
 In much of the southeast region of the U.S., these crops can be 
seeded in fall and over-wintered, or direct seeded in early spring. In 
either case, the crop should be chopped and tilled-in when it is in 
the early flowering stage in order to achieve the maximum biofumi-
gation potential. The early flowering stage is the point at which the 
allelochemical concentrations are their highest. Seeding rates range 
from 4 to 20 lbs/A and will vary with location and seed size (gener-
ally, the smaller the seed size, the lower the rate).  
 These crops respond and produce more biomass and more bio-
fumigation potential when provided with 30 to 90 lbs/A N fertilizer 
at planting. These crops grow rapidly and can normally be plowed 
down in 6 to 10 weeks. In areas where the average last spring frost 
is 1 May or later, only spring planting is recommended. Optimal 
results occur when the Brassica cover crop is chopped, and tilled 
completely into the top 6 to 8 inches of soil and then watered in 
thoroughly. Watering in will help trap the volatile compounds into 
the soil. Brassica seed meals (specifically mustard seed meal) may 
also be utilized for biofumigation. Mustard seed meal is highly 
concentrated in volatiles and also provides a partial source of or-
ganic fertilizer for the following crop. Mustard seed meal can be 
used as a biofumigant by spreading it like a fertilizer, tilling into 
the soil, and then watering in to trap the volatiles.
PLOWDOWN: Plowing early defeats the purpose of growing cover 
crops as little biomass will have been produced by the cover crop. 
In the case of legume cover crops, they require sufficient time to 
develop biomass which an early plowdown would prevent.  If you 
need to plow early, use a grass cover crop (rye) that produces good 
fall growth and will provide maximum biomass for incorporation.  
Allow 3-6 weeks between plowdown and planting. 

TRANSPLANT PRODUCTION
These recommendations apply to plants grown under controlled 
conditions IN GREENHOUSES OR HOTBEDS. (Field-grown 
plants are covered under the specific crop.) A transplant is affected 
by factors such as temperature, fertilization, water, and spac ing. A 
good transplant is one that has been grown under the best possible 
condi tions.
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 Table 5 presents optimum and minimum temperatures for seed 
germination and plant growth, time and spacing (area) require-
ments, and number of plants per square foot  for a number of eco-
nomically important vegetable crops in the southeastern US.

Commercial Plant-growing Mixes. A number of commercial me-
dia formulations are available for growing transplants. Most of 
these mixes will produce high-quality transplants when used with 
good management practices. However, these mixes can vary great-
ly in composition, particle size, pH, aeration, nutrient content, and 
water-holding capacity. Avoid formulations having fine particles, 
as these may hold excessive water and have poor aeration. Have 
mix formulations tested by your state’s soil test laboratory to deter-
mine the pH and the level of nutrients the mix contains. 

Treatment of Flats. Flats used in the production of trans plants 
should be new or as clean as new to avoid damping-off and other 
disease problems. If flats are to be reused, they should be thor-
oughly cleaned after use and completely submerged in a household 
bleach solution for at least 5 minutes. Use 5 gallons of 5.25% sodi-
um hypochlorite (such as Clorox) for each 100 gallons of solution 
required. Permit flats to dry completely prior to use. Never treat 
flats with creosote or pentachloro phenol.

Plant Containers: There are a wide variety of containers available 
for starting seeds for transplants. Most growers start seeds either in 
flats or in cell packs.  
 The main advantage of using flats is that more plants can fit 
into the same space compared to cell packs. However, if you start 
seeds in flats, you will need to transplant to larger cell packs or to 
individual pots as the seedlings get bigger.  
 Seeding directly into cell packs saves time, because trans-
planting into a larger container later is not necessary. Cell packs 
come in many different cell sizes; the overall tray size is standard-
ized. For tomatoes and peppers, 72-cell packs work well. For larg-
er-seeded vegetables; such as cucumbers, squash, and watermel-
ons, 48-cell packs work better.  

  Each vegetable crop has specific cell sizes for containerized 
transplant production and requires a certain number of weeks be-
fore they are ready for transplanting (Table 5). For example: broc-
coli, Brussels sprouts, cabbage, cauliflower, and collards require a 
0.8 to 1.0 inch cell and 5 to 7 weeks to reach an adequate size for 
transplanting; cantaloupe and watermelons require a 1.0 inch cell 
and 3 to 4 weeks; eggplant and tomato require a 1.0 inch cell and 
5 to 7 weeks; and pepper requires a 0.5 to 0.8 inch cell and 5 to 7 
weeks. Other options are available depending on the crop and your 
situation.  

Seed Germination. Seed that is sown in flats to be “pricked out” 
at a later date should be germinated in ver miculite (horticultur-
al grade, coarse sand size) or a plug growing mix. However, it 
is recommended that no fertilizer be included in the mix or the 
vermicu lite and avoid fertilizing the seedlings until the seed leaves 
(cotyledons) are fully expanded and the true leaves are begin ning 
to unfold. Fertilization should be in the liquid form and at one-half 
the rate for any of the ratios listed in the following section on “Liq-
uid Feeding.” Seedlings can be held for a limited time if fertiliza-
tion is withheld until 3 to 4 days before “pricking out.” Seed that is 
sown in pots or other containers and that will not be “pricked out” 
later can be germinated in a mix that contains fertilizer. 
 To get earlier, more uniform emergence, germinate and grow 
seedlings on benches or in a floor-heated greenhouse. Germination 
can be aided by using germination mats which provide heat directly 
to the trays.  With supplemental heating such as this, seedling emer-
gence and uniformity can be enhanced decreasing the amount of 
time required to produce a transplant. If floor heating or benches is 
not available, seed the trays, water, and stack them off the floor dur-
ing germination. Be sure to unstack trays before seedlings emerge.

Heating and Venting. Exhaust from heaters must be vented to the 
outside. It is also recommended to have an outside fresh air intake 
for the heaters. Be sure vents and fans are properly designed and 
positioned to avoid drawing exhaust gases into the greenhouse. Ex-
haust gases from oil and improperly adjusted gas heating systems 
can cause yellowing, stunting, and death of seedlings. Do not grow 
or hold seedlings in an area where pesticides are stored.

Liquid Feeding. The following materials dissolved in 5 gallons of 
water and used over an area of 20 square feet are recom mended for 
use on the transplants if needed:

20-20-20   1.2-1.6 oz/5 gal water
15-15-15    2 oz/5 gal water
15-30-15    2 oz/5 gal water

Rinse leaves after liquid feeding. Fertilizers used for liquid feeding 
must be 100% water soluble. 
 When transplanting to the field, use a “starter fertilizer” being 
sure to follow the manufacture’s recommendations. 

Watering. Keep these mixes moist but not continu al ly wet. Wa-
ter less in cloudy weather. Watering in the morning allows plant 
surfaces to dry before night and reduces the possibility of disease 
development.

TABLE 5.  OPTIMUM AND MINIMUM TEMPERATURES FOR 
TRANSPLANT PRODUCTION

°F
Opt. Day

°F
Min. Night

Weeks  
to Grow

Broccoli 65-70 60 5-7
Cabbage 65 60 5-7
Cantaloupe1 70-75 65   3-5
Cauliflower 65-70 60 5-8
Cucumber 70-75 65 2-3
Eggplants 70-85 65 5-8
Endive & Escarole 70-75 70 5-7
Lettuce 60-65 40   5-6
Onions 65-70 60   8-12
Peppers 70-75 60 5-8
Summer squash 70-75 65 2-3
Sweetpotato 75-85 ambient 4-5
Tomatoes 65-75 60   5-6
Watermelon, seeded 85-90 80 3-5
Watermelon, seedless 85-90 85 3-6
1 Cantaloupe and other melons
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Hardening and Transplant Height Control. Proper hardening of 
transplants, stiffens stems, and hardens the transplants increasing 
their survival. 
 There are several methods – chemical and cultural – used to 
harden transplants and the choice of which to use is often crop-de-
pendent. At this time there is one chemical plant growth regulator 
available for use in producing vegetable transplants but its use is 
limited to several solanaceous crops. 

Transplant Height Control. The goal of a transplant producer 
should be to produce a strong transplant with sturdy growth that 
can withstand transplanting into the field. Tall, spindly, or over-
grown transplants can be difficult to remove from the transplant 
tray and might become entangled in the transplanting equipment. 
There are a few methods available that can aid the producer to con-
trol the top growth of developing transplants. One method is to use 
cold water for irrigation, 33-34°F, which has been shown in some 
species to control top growth. 
 Brushing the plants, or setting up fans so that the plants are 
moved (brushed by air) is another method. This results in a me-
chanical stress of the plant stem and can result in shorter plants 
overall.  The intensity and frequency of brushing will have to be 
adjusted to avoid damage to developing foliage while still achiev-
ing height control.  

Chemical Hardening. Recently, a label for Sumagic™ 
(uniconazole) has been released allowing foliar sprays on the fol-
lowing vegetable transplants: tomato, pepper, ornamental pepper, 
eggplant, tomatillo, ground cherry, and pepino. But the new label 
is rather restrictive; the maximum total allowed application is 10 
ppm at 2 quarts per 1,000 square feet. This means only one 10-
ppm spray, two 5-ppm, or four 2.5-ppm sprays are allowed, and so 
on. The final spray must be made no later than two weeks after the 
two- to four-leaf stage, about four to six weeks after sowing.  
 For production of retail tomato transplants in six-packs to 
4-inch pots, we recommend an initial uniconazole spray at 1 to 2.5 
ppm two weeks after sowing. If additional height control is need-
ed, up to three additional applications of 1 to 2.5 ppm can be made 
at seven-day intervals. Until we know more about the post-harvest 
effects and the range of sensitivity each cultivar demonstrates, we 
recommend growers avoid the use of higher rates in excess of 5 
ppm. Uniconazole is a highly active PGR (plant growth regulator), 
it is critical to emphasize that caution is paramount while imple-
menting uniconazole for vegetable transplant height control.

Cultural Methods for Hardening. Cultural methods used to hard-
en transplants employ reducing water and altering the ambient 
temperatures. Combinations of these two methods are often used. 
By reducing the amount of water used and lowering ambient 
temperatures, one can cause a “check” in plant growth (a “slow 
down”) to prepare plants for field setting. Never reduce or limit 
fertilizer as a means to harden transplants because it will often de-
lay maturity. If ambient temperatures are too low, chilling injury 
can result causing plant damage and delayed re-growth after trans-
planting. Caution: Lowering air temperature on some crops, such 
as cool season crops, might induce bolting.  

DIF. Plant height can be held in check and hardening can be im-
proved by using a process that reduces or increases ambient tem-
peratures in the early morning over the course of several days. 
Plants elongate most at daybreak. Raising the temperature before 
daybreak (2 hours before) or lowering the temperature just after 
daybreak (2 hours after) by 10°F will cause plants to be short-
er and more hardened. This process is called DIF, because you 
are employing a difference in temperature. DIF can be positive or 
negative, but positive DIF is more commonly used for hardening 
transplants. Negative DIF can cause crop injury on cold sensitive 
crops or bolting on cool season crops. 

GRAFTING IN VEGETABLE CROPS
The phase-out of methyl bromide fumigation is driving the search 
for alternative methods to manage soilborne pathogens in vegeta-
ble crops. Although alternative pesticides and other physical treat-
ments are being tested and developed, grafting with resistant root-
stocks offers one of the best methods to avoid soilborne disease. 
Grafting involves combining a desirable scion which is the fruit 
bearing portion of a grafted plant with a rootstock which provides 
resistance to various soilborne pathogens. The scion is generally 
from a plant that produces highly desirable fruit. As well as man-
aging soilborne diseases, grafting can influence vegetative growth 
and flowering; affect fruit ripening and fruit quality; enhance abi-
otic stress resistance; and enhance yield especially under low-tem-
perature conditions. 
 At present, most research is being conducted on grafting to-
mato and watermelon. The primary motive for grafting tomato and 
watermelon (and other cucurbits) is to manage soilborne pests and 
pathogens when genetic or chemical approaches for management 
of these diseases are not available. Grafting a susceptible scion 
onto a resistant rootstock can provide a resistant cultivar without 
the need to breed a resistant cultivar. Furthermore, grafting allows 
a rapid response to new races of pathogens, and, in the short-term, 
provides a less expensive and more flexible solution for controlling 
soilborne diseases than by breeding new, resistant cultivars. 
 Grafted transplants are more expensive than non-grafted trans-
plants due to labor, material costs (grafting supplies, seed costs of 
rootstock and scion), and specialized facilities required to produce 
grafted plants. These specialized facilities include healing cham-
bers and trained personnel both to produce the grafted transplants 
and to care for them. Potential changes in fruit quality, which occur 
with some rootstocks, must also be considered. Some commer-
cial transplant producers offer grafting services and with improved 
grafting techniques and mechanization, costs will being to de-
crease.  
 Due to the status of current research, new developments in 
grafting can be found at http://www.graftingvegetables.org. This 
site consists of the latest findings on grafting Solanaecous (toma-
toes, peppers, eggplants, etc.) and cucurbit (watermelons, melons, 
etc.) crops. You will find detailed tables listing researched root 
stocks and their specific attributes. 

Cucurbit Grafting. Beginning in the 1920’s, cucurbits grafting 
has become the predominately practiced growing method in Asia.  
Currently 95% of watermelons and Oriental melons are grafted in 
Japan, Korea and Taiwan. Grafting has only recently been consid-
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ered as a practice for cucurbits in the United States due to trans-
plant costs. Currently those costs are as much as $1.30 per trans-
plant. This is nearly five times the cost of a standard transplant. 
Grafting presents an option, however, for soilborne pathogen man-
agement for diseases such as Fusarium wilt, Monosporascus Vine 
Decline, Phytophthora blight, and other soilborne diseases. 
 Additionally, grafting can enhance tolerance to abiotic stress; 
increase water and nutrient use efficiency; extend harvest periods; 
and improve fruit yield and quality in certain cucurbits. There is a 
wide array of potential rootstocks: Lagenaria spp. (Bottled Gourd), 
interspecific squash hybrids, wild watermelon or melon. These 
rootstocks can produce vigorous plants with resistance to many 
soilborne diseases. Each rootstock type provides advantages under 
certain environmental conditions.
Grafting Methods for Cucurbits. There are four commonly used 
methods in production to date:  Tongue Approach Graft, Hole In-
sertion Graft, One Cotyledon Graft, and Side Graft. Each of these 
methods are described in detail in the following publication: R. 
Hassell, F. Memmott, and D Liere (2008) Grafting methods for 
watermelon production in HortScience 43(6):1677-1679.  
 Only one of these methods is automated (one cotyledon graft 
method). The other three methods are labor intensive. Remember 
that grafting is an art that requires attention to detail. The major con-
cern with cucurbit grafting is the constant threat of regrowth of the 
rootstock which needs to be removed by hand. Current research by 
Hassell and Daley at Clemson University has eliminated any chance 
of regrowth by destroying the growing point of the rootstock. You 
can read about this method by acquiring the following publications: 
1.  Daley, S.L., J. Adelberg, and R. L. Hassell. 2014. Improvement 

of grafted watermelon transplant survival as a result of size and 
starch increased over time caused by rootstock fatty alcohol 
treatment: part 1. HortTechnology 24(3):343-349.

2.  Daley, S.L., W. P. Wechter, and R. L. Hassell. 2014. Improve-
ment of grafted transplant survival as a result of size and starch 
increase over time caused by rootstock fatty alcohol treatment: 
part ll. HortTechnology 24(3): 350-354.

3.  Daley, S.L. and R. L. Hassell. 2014. Fatty alcohol application to 
control meristematic regrowth in bottle gourd and interspecific 
hybrid squash rootstocks used for grafting watermelon.  
HortScience 49(3):206-264.

Additional information can be found at http://www.graftingveg-
etables.org

Grafting Methods for Tomatoes. There are three primary tech-
niques used for grafting tomatoes, Tongue Approach Grafting, 
Cleft Grafting, and Tube (or Clip) Grafting. Cleft grafting and tube 
grafting are similar in that the shoot of the fruit producing scion is 
completely cut off from its own roots and attached to the severed 
stem of the rootstock. The name ‘Tube Grafting’ originated because 
when the technique was first developed; a tube was used to attach 
the shot to the root. Clips are now used to make this graft. Tube 
grafting is quicker and less complicated to do than cleft grafting 
because it only requires a single, straight cut on both the rootstock 
and the scion. Also, because fewer intricate cuts are involved, this 
technique can be used on very small seedlings. Grafting can be 
performed at various stages of seedling growth. Grafting at the 2-3 

true leaf stage is common. With both cleft and tube grafting, the 
newly grafted plants must be protected from drying out until the 
graft union is healed. This usually involves covering the plants with 
a plastic cover or protecting them in some type of healing chamber 
where temperature and humidity can be regulated. Some method 
should be employed to reduce light intensity to the grafted plants 
for several days after the procedure. It is critical to increase the hu-
midity in the chamber to near 100% for the first two days. Humidity 
must then be reduced incrementally over the next five days to pro-
hibit the formation of adventitious roots from the scion and to prop-
erly heal the graft. Tomato grafts heal quickly and the seedlings can 
be to be acclimated back into the greenhouse after 4-5 days. 
 With both cleft and tube grafting, it is important that the di-
ameter of the cut ends (of the scion and the rootstock) match up 
perfectly. If the diameter does not match, the graft may not heal 
properly, if at all. Rootstock cultivars tend to have different growth 
habits than scion cultivars so it is important to grow a small amount 
of rootstock and scion seed at first to determine their growth rate 
relative to each other. Rootstock cultivars tend to be more vigor-
ous than scion cultivars. Another critical factor is to cut rootstock 
seedlings below the cotyledons. If the cotyledons are left they will 
generate suckers that will compete with the scion requiring pruning. 
For step by step instructions, go to http://graftvegetables.org/. 

DISEASE CONTROL IN PLANT BEDS
For the best control of all soil-borne diseases, use a good commer-
cial plant-growing mix. If this is not possible, use one of the fol-
lowing procedures:
Preplant. The only practice that ensures complete sterilization 
of soil is the use of steam. When steam is used, a temperature of 
180°F must be maintained throughout the entire mass of soil for 30 
minutes. 
 A list of recommended procedures to sanitize a greenhouse or 
soil is listed in Table 3-46. Further information on sanitizing  
equipment, storage houses, produce and water can be found in  
Tables 3-52 and 3-53.

Seed Treatment. Seed treatment is important to control seed-borne 
diseases. Use of untreated seed could lead to diseases in the plant 
bed which could reduce plant stands or result in diseased trans-
plants and potential crop failure. See sections on SEED TREAT-
MENTS in Tables 3-49, 3-50, and 3-51 for detailed information 
on how to properly treat seeds and for materials labeled for use as 
seed treatments.  
Postplant. Damping-off and foliar diseases can be a problem in 
plant beds. To prevent these diseases, it may be necessary to ap-
ply fungicide sprays especially as plants become crowded in plant 
beds. Refer to label clear ance before use. The use of sphagnum 
moss as a top dressing will reduce damping-off because it keeps 
the surface dry. See the section on GREENHOUSE VEGETABLE 
CROP DISEASE CONTROL SCHEDULE in Tables 3-46, 3-47, 
and 3-48.
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Crop Seeds/Unit Weight
Asparagus 13,000-20,000/lb
Beans:  

small seeded lima
large seeded lima
snap

1,150-1,450/lb
440-550/lb

1,600-2,200/lb
Beets 24,000-26,000/lb
Broccoli 8,500-9,000/oz
Brussels sprouts 8,500-9,000/oz
Cabbage 8,500-9,000/oz
Cantaloupes 16,000-19,000/lb
Carrots 300,000-400,000/lb
Cauliflower 8,900-10,000/oz
Collards 7,500-8,500/oz
Cucumbers 15,000-16,000/lb
Eggplants 6,000-6,500/oz
Endive, Escarole 22,000-26,000/oz

Crop Seeds/Unit Weight
Kale 7,500-8,900/oz
Kohlrabi 9,000/oz
Leeks 170,000-180,000/lb
Lettuce: 

head
leaf

20,000-25,000/oz
25,000-31,000/oz

Mustard 15,000-17,000/oz
Okra 8,000/lb
Onions: 

bulb
bunching

105,000-144,000/lb
180,000-200,000/lb

Parsnips 192,000/oz
Parsley 240,000-288,000/lb
Peas 1,440-2,580/lb
Peppers 4,000-4,700/oz
Pumpkins 1,900-3,200/lb

Crop Seeds/Unit Weight
Radishes 40,000-50,000/lb
Rutabaga 150,000-192,000/lb
Spinach 40,000-50,000/lb
Squash: 

summer
winter

3,500-4,800/lb
1,600-4,000/lb

Sweet corn:
normal and  
sugary enhanced
supersweet (sh2)

1,800-2,500/lb 

3,000-5,000/lb
Tomatoes:

fresh
processing

10,000-11,400/oz
160,000-190,000/lb

Turnip 150,000-200,000/lb
Watermelons:

small seed
large seed

8,000-10,400/lb
3,200-4,800/lb

TABLE 6. VEGETABLE SEED SIZES

TABLE 7. POPULATION OF PLANTS PER ACRE AT SEVERAL BETWEEN-ROW AND IN-ROW SPACINGS
Between-row  
spacing (in.)

In-row spacing (in.)
2 4 6 8 10 12 14 16 18 24 30 36 48

7 448,046 224,023 149,349 112,011 89,609 74,674 64,006
12 261,360 130,680  87,120  65,340 52,272 43,560 37,337 32,670 29,040 21,780 17,424 14,520 10,890
18 174,240  87,120  58,080  43,560 34,848 29,040 24,891 21,780 19,360 14,520 11,616  9,680  7,260
21 149,349  74,674  49,783  37,337 29,870 24,891 21,336 18,669 16,594 12,446  9,957  8,297  6,223
24 130,680  65,340  43,560  32,670 26,136 21,780 18,669 16,335 14,520 10,890  8,712  7,260  5,445
30 104,544  52,272  34,848  26,136 20,909 17,424 14,935 13,068 11,616  8,712  6,970  5,808  4,356
36    (3 ft)  87,120  43,560  29,040  21,780 17,424 14,520 12,446 10,890  9,680  7,260  5,808  4,840  3,630
42    (3.5 ft)  74,674  37,337  24,891  18,669 14,934 12,446 10,668  9,334  8,297  6,223  4,978  4,149  3,111
48    (4 ft)  65,340  32,670  21,780  16,335 13,068 10,890  9,334  8,167  7,260  5,445  4,356  3,630  2,722
60    (5 ft)  17,424  13,068 10,454  8,712  7,467  6,534  5,808  4,356  3,485  2,904  2,178
72    (6 ft)  14,520  10,890  8,712  7,260  6,223  5,445  4,840  3,630  2,904  2,420  1,815
84    (7 ft)  12,446   9,334  7,467  6,223  5,334  4,667  4,149  3,111  2,489  2,074  1,556
96    (8 ft)  10,890   8,167  6,534  5,445  4,667  4,084  3,630  2,722  2,178  1,815  1,361

TABLE 8.  CRITICAL PERIODS OF WATER NEED FOR  
VEGETABLE CROP

Crop Critical Period
Asparagus Brush
Beans, Lima Pollination and pod development
Beans, Snap Pod enlargement
Broccoli Head development
Cabbage Head development
Carrots Root enlargement
Cauliflower Head development
Corn  Silking and tasseling,  ear development
Cucumbers Flowering and fruit development
Eggplants Flowering and fruit development
Lettuce Head development
Melons Flowering and fruit development
Onions, Dry Bulb enlargement
Peppers Flowering and fruit development
Potatoes (Irish) Tuber set and tuber enlargement
Radishes Root enlargement
Southernpeas Seed enlargement and flowering and English
Squash, Summer Bud development and flowering
Sweetpotato Root enlargement
Tomatoes  Early flowering, fruit set, and enlargement
Turnips Root enlargement

TABLE 10.  SOIL INFILTRATION RATES BASED ON SOIL 
TEXTURE

Soil Texture Soil Infiltration Rate (inch/hour)

Coarse sand 0.75–1.00

Fine sand 0.50–0.75

Fine sandy loam 0.35–0.50

Silt loam 0.25–0.40

Clay loam 0.10–0.30

TABLE 9.  AVAILABLE WATER-HOLDING CAPACITY BASED 
ON SOIL TEXTURE

Soil Texture
Available Water Holding Capacity  

(water/inches of soil)
Coarse sand 0.02–0.06

Fine sand 0.04–0.09
Loamy sand 0.06–0.12
Sandy loam 0.11–0.15
Fine sandy loam 0.14–0.18
Loam and silt loam 0.17–0.23
Clay loam and silty clay loam 0.14–0.21
Silty clay and clay 0.13–0.18
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SEED STORAGE AND HANDLING
Both high temperature and relative humidity will reduce seed ger-
mination and vigor of stored seed. Do not store seed in areas that 
have a combined temperature and humidity value greater than 100 
[e.g., 50°F + 50% relative humidity]. In addition, primed seed does 
not store well after shipment to the buyer. Therefore, if you do not 
use all the primed seed ordered in the same season, have the seed 
tested before planting in subsequent seasons. 
 Corn, pea, and bean seed are especially susceptible to me-
chanical damage due to rough handling. Bags of these seed should 
not be dropped or thrown because the seed coats can crack and 
seed embryos can be damaged, resulting in a nonviable seed. When 
treating seed with a fungicide, inoculum, or other chemical, use 
only gentle agitation to avoid seed damage.

PLANT POPULATIONS 
For vegetable seed sizes and plant populations see Tables 6 and 7.

IRRIGATION
Basic Principles. Vegetables are 80 to 95% water. Maintaining 
proper soil moisture levels is important in order to maximize the 
productivity of vegetable crops. Plant stress caused by too much or 
too little soil moisture can lead to decreased size and weight of in-
dividual fruit and to defects such as: toughness; strong flavor; poor 
tipfill and podfill; cracking; blossom-end rot; and misshapen fruit. 
Saturated soil conditions can reduce soluble solids in cantaloupes 
and other small melons as well as capsaicin in hot peppers. 
 It is imperative that soil moisture level be maintained near 
field capacity at all times during the growing season. Field capacity 

is the soil moisture status/content/tension when water will no lon-
ger drain due to the force of gravity. To maintain field capacity at 
all times requires good soil drainage (both surface and subsurface), 
and that your irrigation system is capable of making uniform, fre-
quent, and precisely timed applications (time/length of irrigation 
determines the amount/depth applied). More than one irrigation cy-
cle per day may be needed to maintain field capacity. This is par-
ticularly true for fast growing crops grown in soils with little water 
holding capacity, such as sandy loams.  
 Different soil types have different moisture holding capacti-
ties. It is important that irrigation events be scheduled properly 
and based on measured soil moisture contents throughout the soil 
profile. In some cases, water supplies might not be adequate to 
meet the crop’s peak demand. In these cases, it is a better use of 
the available water to irrigate only a portion of the planting and 
sacrifice the remaining area, rather than practicing deficit irriga-
tion on the entire planting. Vegetable crops have a high peak water 
requirement. To prevent plant stress, irrigation systems should be 
able to apply a minimum of 2.0 inches per week over the entire 
field area (6 gpm/acre if operated 24/7).  
 For sprinkler systems used on vegetable crops, droplet size and 
application rate are also important. Large droplets resulting from 
low pressure at the sprinkler head can cause damage to young veg-
etable plants and can contribute to soil crusting when the soils dry. 
Water is more readily held in clay soils; however, clay soils have a 
lower water infiltration rate as compared to sandy soils. Irrigation 
rate is dependent on soil type, and application rates should follow 
values in Table 10. Depending on the soil structure, high application 
rates will result in irrigation water running off the field, contributing 
to erosion and fertilizer runoff particularly on heavy clay soils. 
 Even relatively short periods of inadequate soil moisture can 
adversely affect many crops. Thus, irrigation is beneficial in most 
years, since rainfall is rarely uniformly distributed even in years 
with above-average precipitation. Moisture deficiencies occurring 
early in the crop cycle may delay maturity and reduce yields. Short-
ages later in the season often lower quality and yield. Over-irrigat-
ing, however, especially late in the season, can reduce quality and 
postharvest life of the crop. Table 8 shows the critical periods of 
crop growth when an adequate supply of water is essential for the 
production of high-quality vegetables. 
 Applying the proper amount of water at the correct time is crit-
ical for achieving the optimum benefits from irrigation. The crop 
water requirement, termed evapotranspiration, or ET, is equal to the 
quantity of water lost from the plant (transpiration) plus water that 
evaporated from the soil surface. The ET rate is important in effec-
tively scheduling irrigations. Numerous factors must be considered 
when estimating ET. The amount of solar radiation, which provides 
the energy to evaporate moisture from the soil and plant surfaces, 
is the major factor. Other factors include: crop growth stage; day 
length; air temperature; wind speed; and humidity level. 
 Plant factors that affect ET are crop species; canopy size and 
shape; leaf size, and shape. Soil factors must also be considered. 
Soils having high levels of silt, clay, and organic matter have great-
er water-holding capacities than sandy soils or compacted soils 
(Table 9). Soils with high water-holding capacities require less fre-
quent irrigation than soils with low water-holding capacities. When 
such soils are irrigated less frequently, a greater amount of water 
must be applied per application. 

TABLE 11.  HOURS REQUIRED TO APPLY 1" WATER 
BASED ON ROW SPACING.

Drip Tube Flow Rate Row Spacing (Ft.)

gph/100 ft. gpm/100 ft. 4 5 6 8 10

11.4 0.19 21.9 27.3 32.8 43.7 54.7

13.2 0.22 18.9 23.6 28.3 37.8 47.2

20.4 0.34 12.2 15.3 18.3 24.4 30.6

27.0 0.45 9.2 11.5 13.9 18.5 23.1

40.2 0.67 6.2 7.8 9.3 12.4 15.5

80.4 1.34 3.1 3.9 4.7 6.2 7.8

TABLE 12.  MAXIMUM APPLICATION TIME IN MINUTES 
FOR DRIP IRRIGATED VEGETABLES.

Available Water Holding Capacity1

Inch Of Water/Inch Soil Depth

Drip Tubing Flow Rate (gpm/100 ft.)

0.2 0.3 0.4 0.5 0.6
Maximum Number of Minutes  

per Application2

0.02 20 14 10 8 7
0.04 41 27 20 16 14
0.06 61 41 31 24 20
0.08 82 54 41 33 27
0.10 102 68 51 41 34
0.12 122 82 61 49 41
0.14 143 95 71 57 48
0.16 163 109 82 65 54
0.18 183 122 92 73 61

1 Refer to Table 9 for Available Water Holding Capacity based on soil texture.
2 Assumes a 10-inch deep root zone and irrigation at 25% soil moisture depletion. 
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 Another soil factor influencing irrigation practices is the soil 
infiltration rate. Water should not be applied to soils at a rate great-
er than the rate at which soils can absorb water. Table 10 lists the 
typical infiltration rates of several soil types. 
 Without the use of soil moisture monitoring devices, there is 
no way to accurately schedule irrigation because all the above fac-
tors interact to determine water loss. The following factors should 
be kept in mind when deciding when and how much to irrigate: 
 Soils vary greatly in their water-holding capacities and infil-
tration rates. Silt and clay soils and those high in organic matter 
can hold much more available water than sandy soils, low in or-
ganic matter. 
 Water loss from plants is much greater on clear, hot windy days 
than on cool, overcast days. During periods of hot, dry weather, ET 
rates may reach 0.25 inch per day or higher. ET can be estimated by 
the use of a standard evaporation pan. Check with your local Exten-
sion office for information on how to use evaporation pans. 
 Recent research indicates that maintaining soil moisture levels 
in a narrow range, just slightly below field capacity (75% to 90% 
available soil moisture), maximizes crop growth. This may mean 
that more frequent irrigations of smaller amounts are better than de-
laying irrigations until the soil moisture reaches a lower level (40% 
to 50% available soil moisture) and then applying a heavy irrigation.  
 Plastic mulches reduce evaporation from the soil but also re-
duce the amount of rainwater that can reach the root zone. Thus, 
the much of the natural precipitation should be ignored when 
scheduling irrigations for crops grown under plastic mulch.

Drip Irrigation. Drip irrigation is used to maintain soil moisture 
whereas other types of irrigation are used more to replace deplet-
ed soil moisture. Drip irrigation is a method of slowly applying 
water directly to the plant’s root zone. Water is applied frequently, 
often daily, to maintain favorable soil moisture conditions. Even 
so, field operations can continue uninterrupted. Water is applied 
without wetting the foliage, thereby decreasing evaporative losses 
and decreasing disease pressure due to damp foliage. Additionally, 
the use of drip irrigation can limit waste and potential contamina-
tion from overuse (or unnecessary use) of agricultural chemicals. 
In most cases, drip irrigation is considerably more uniform and 
efficient in its distribution of water to the crop than other irrigation 
methods. Still, drip irrigated crops can require up to 10%  
more water than sprinkler or furrow irrigated crops because of in-
creased plant vigor, larger canopies, and heavier fruit setting. In 
addition, fertilizers applied through the drip irrigation system are 
conserved.  
 Drip irrigation is used on a wide range of fruit and vegetable 
crops. It is especially effective when used with mulches; on sandy 
soils; and on high value crops, such as cantaloupes, watermelons, 
squash, peppers, eggplants, and tomatoes. Drip irrigation systems 
have several other advantages over sprinkler and surface irrigation 
systems. Low flow rates and operating pressures are typical of drip 
systems. These characteristics lead to lower energy costs. Once in 
place, drip systems require little labor to operate, can be automati-
cally controlled, and can be managed to apply the precise amount 
of water and nutrients needed by the crop. These factors also reduce 
operating costs. The areas between rows remain dry reducing weed 
growth between rows and reducing the amount of water lost to 
weeds.   

 There are several potential problems unique to drip irrigation 
systems. Most drip systems require a higher level of management 
than other irrigation systems. Moisture distribution in the soil is 
limited with drip systems. In most cases, a smaller soil water re-
serve is available to plants. Under these conditions, the potential to 
stress plants is greater than with other types of irrigation systems. 
In order to use drip irrigation successfully, the system must be 
carefully managed and maintained.  
 The equipment used for drip irrigation systems must be rou-
tinely monitored and maintained in order to prevent any challenges. 
Drip irrigation tape and tubing can be damaged by insects, rodents, 
and laborers, and often has a higher initial investment cost than oth-
er irrigation system types. Pressure regulation and filtration require 
equipment not commonly used with sprinkler or surface systems. 
The drip system, including a pump, headers, filters, and various 
connectors, must be checked and be ready to operate before plant-
ing. Failure to have the system operational could result in costly 
delays, poor plant survival, and irregular stands, reducing yield.  
 Calculating the length of time required to apply a specific 
depth of water with a drip irrigation system is more difficult than 
with sprinkler systems. Unlike sprinkler systems, drip systems 
apply water to only a small portion of the total crop acreage. Usu-
ally, a fair assumption to make is that the mulched width approx-
imates the extent of the plant root zone. Although the root zone is 
confined, the plant canopy is vigorous and water use and loss from 
evapotranspiration (Et) can far exceed the water applied if applica-
tion is based on a banded or mulch width basis. Table 11 calculates 
the length of time required to apply 1-inch of water with drip irri-
gation based on the drip tape flow rate and crop row spacing. The 
use of this table requires that the drip system be operated at the 
pressure recommended by the manufacturer. 
 Excessive application of water can move nutrients, water and 
pesticides below the plant root zone. Table 12 has been prepared 
to calculate the maximum recommended irrigation period for drip 
irrigation systems. The irrigation periods listed are based on the as-
sumption that 25 percent of the available water in the plant root zone 
is depleted. Soil texture directly influences the water-holding capac-
ity of soils and the consequential depth reached by irrigation water. 
 In drip tape systems, water is carried through plastic tubing 
(which expands when water flows through it) and distributed along 
the drip tape through built-in outlets or devices called emitters. 
The pressure-reducing flow path also allows the emitter to remain 
relatively large, allowing particles that could clog an emitter to be 
discharged.  
 Although modern emitter design reduces the potential for 
trapping small particles, emitter clogging can be a common occur-
rence with drip irrigation systems. Clogging can be attributed to 
physical, chemical, or biological contaminants. Proper filtration is 
a must and occasional water treatment might be necessary in order 
to keep drip systems from clogging. Further information on drip ir-
rigation systems can be obtained from manufacturers, dealers, and 
your local Extension office.

Chlorination. Bacteria can grow inside drip irrigation tapes, form-
ing a slime that can clog emitters. Algae present in surface waters 
can also clog emitters. Bacteria and algae can be effectively con-
trolled by chlorination of the drip system. Periodic treatment before 
clogs develop can keep the system functioning efficiently. The fre-
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quency of treatments depends on the quality of the water source. 
Generally two or three treatments per season are adequate. Irriga-
tion water containing high concentrations of iron (greater than 1 
ppm) can also cause clogging problems due to a type of bacteria 
that “feeds” on iron. In consuming the dissolved (ferrous) form of 
iron, the bacteria secrete a slime called ochre, which may combine 
with other solid particles in the drip tape and plug emitters. The 
precipitated (ferric) form of iron, known commonly as rust, can al-
so physically clog emitters. In treating water containing iron, chlo-
rine will oxidize the iron dissolved in water, causing the iron to 
precipitate so that it can be filtered and removed from the system. 
 Chlorine treatment should take place upstream of filters in 
order to remove the precipitated iron and microorganisms from 
the system. Chlorine is available as a gas, liquid, or solid. Chlo-
rine gas is extremely dangerous and caution should be exercised 
if this method of treatment is chosen. Solid chlorine is available 
as granules or tablets containing 65% to 70% calcium hypochlo-
rite but might react with other elements in irrigation water to form 
precipitates which could clog emitters. Liquid chlorine is available 
in many forms, including household bleach (sodium hypochlorite), 
and is the easiest and often safest form to use for injection. Stock 
solutions can be bought that have concentrations of 5.25%, 
10%, or 15% available chlorine. Use chlorine only if the prod-
uct is labeled for use in irrigation systems. 
 Since chlorination is most effective at pH 6.5 to 7.5, some 
commercial chlorination equipment also injects buffers to main-
tain optimum pH for effective kill of microorganisms. This type 
of equipment is more expensive, but more effective than simply 
injecting sodium hypochlorite solution. 
 The required rate of chlorine injection is dependent on the 
amount of microorganisms present in the water source, the amount 
of iron in the irrigation water, and the method of treatment being 
used. To remove iron from irrigation water, start by injecting 1 
ppm of chlorine for each 1 ppm of iron present in the water. For 
iron removal, chlorine should be injected continuously. Ad-
equate mixing of the water with chlorine is essential. For this rea-
son, be certain to mount the chlorine injector a distance upstream 
from filters. An elbow between the injector and the filter will en-
sure adequate mixing. 
 For treatment of algae and bacteria, a chlorine injection rate 
that results in the presence of 1 to 2 ppm of “free” chlorine at the 
end of the furthest lateral will assure that the proper amount of 
chlorine is being injected. Free, or residual, chlorine can be tested 
using an inexpensive DPD (diethyl-phenylene-diamine) test kit. 
A swimming pool test kit can be used, but only if it measures free 
chlorine. Many pool test kits only measure total chlorine. 
 If a chlorine test kit is unavailable, one of the following 
schemes is suggested as a starting point:
For iron treatment:

•  Inject liquid sodium hypochlorite continuously at a rate of 
1 ppm for each 1 ppm of iron in irrigation water. In most 
cases, 3 to 5 ppm is sufficient.

For bacteria and algae treatment:
•  Inject liquid sodium hypochlorite continuously at a rate of 5 

to 10 ppm where the biological load is high.
•  Inject 10 to 20 ppm during the last 30 minutes of each irriga-

tion cycle where the biological load is medium.

•  Inject 50 ppm during the last 30 minutes of irrigation cycles 
two times each month when biological load is low.

•  Superchlorinate (inject at a rate of 200 to 500 ppm) once per 
month for the length of time required to fill the entire system 
with this solution and shut down the system. After 24 hours, 
open the laterals and flush the lines.

 The injection rates for stock solutions that contain 5.25%, 
10% and 15% can be calculated from the following equations:

FOR 5.25% STOCK SOLUTION:
Injection rate of chlorine, gph = [(Desired available chlorina-
tion level, ppm ) x (Irrigation flow rate, gpm)] divided by 875.

FOR A 10% STOCK SOLUTION:  
Injection rate of chlorine, gph = [(Desired available chlori-
nation level, ppm ) x (Irrigation flow rate, gpm)] divided by 
1,667.

FOR A 15% STOCK SOLUTION:  
Injection rate of chlorine, gph = [(Desired available chlori-
nation level, ppm ) x (Irrigation flow rate, gpm)] divided by 
2,500.

It is important to note that chlorine will cause water pH to rise.
This is critical because chlorine is most effective in acidic water. If 
your water pH is above 7.5 before injection, it must be acidified for 
chlorine injection to be effective.

IMPORTANT NOTES.
-  Approved backflow control valves, low pressure drains, and 

interlocks must be used in the injection system to prevent 
contamination of the water source.

-  Chlorine concentrations above 30 ppm may kill plants.
Fertilization. Before considering a fertilization program for 
mulched-drip irrigated crops, be sure to have the soil pH checked. 
If a liming material is needed to increase the soil pH, the materi-
al should be applied and incorporated into the soil as far ahead of 
mulching as practical. For most vege tables, adjust the soil pH to 
around 6.5. When using drip irrigation in combination with mulch, 
apply the recommended amount of preplant fertilizer and incorpo-
rate it 5 to 6 inches into the soil before laying the mulch. If equip-
ment is available, apply the preplant fertilizer to the soil area that 
will be covered by the mulch. This is more efficient than a broad-
cast application to the entire field. 
 The most efficient method of fertilizing an established 
mulched crop is through a drip irrigation system, which is installed 
during the mulching operation. Due to the very small holes or ori-
fices in the drip tape, high quality liquid fertilizers, or water-solu-
ble fertilizers must be used. Since phosphorous is a stable non-mo-
bile soil nutrient and can cause clogging of the drip tape emitters, 
it is best to apply 100% of the crop’s phosphorous needs pre-plant. 
Additionally, apply 20 to 40% of the crops’s nitrogen and potassi-
um needs pre-plant. The remainder of the crop’s nutrient needs can 
be applied through the drip system with a high quality liquid fertil-
izer such as 8–0–8, 7–0–7, or 10–0–10. Generally, it is not neces-
sary to add micronutrients through the drip system. Micronutrients 
can be best and most economically applied pre-plant or as foliar 
application if needed. 
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 The amount of nutrients to apply through the drip system de-
pends upon the plant’s growth stage. In general, smaller amounts 
of nutrients are needed early in the plant’s growth with peak de-
mand occurring during fruit maturation. The frequency of nutri-
ent application is most influenced by the soil’s nutrient holding 
capabilities. Clay soils with a high nutrient holding capacity could 
receive weekly nutrient applications through the drip system while 
a sandy soil with low nutrient holding capacity will respond best 
with a daily fertigation program. Fertigation rates are provided un-
der crop specific recommendations later in this handbook.

MULCHES AND ROW COVERS
Mulches. The most widely used mulches for vegetable production 
are black, white on black, clear and metalized polyethylene mulch-
es. Black mulch is most widely used for spring applications where 
both elevated soil temperatures and weed control are desired. Clear 
plastic mulch is used when maximum heat accumulation is desired 
and weed control is not as critical. White on black plastic (with 
white-side of plastic facing up) is used for late spring and summer 
plantings where the benefits of moisture retention and weed con-
trol are valued and heat accumulation may be detrimental. Grow-
ers often will apply white latex paint to black mulch when double 
cropping.  
 Metallized mulch, commonly referred to as reflective or silver 
mulch, is used to combat aphids and thrips that vector viral diseas-
es. Metalized mulch should reflect a recognizable image (that is, be 
mirror-like) to be most effective. 
 Organic mulches such as straw, pine straw, compost, and 
coarse hay provide weed control and moisture retention and keep 
soils cooler than bare ground. Using hay often introduces weeds 
into a field. One benefit of using organic mulches is that they add 
organic matter to the soil when incorporated after the growing 
season. When using these mulches, supplemental nitrogen may be 
needed to compensate for the nitrogen that is lost to soil microbes 
in the process of breaking down the organic mulch.  
 Bed formation and moisture are critical to the success of 
growing vegetables with plastic mulch. Beds should be smooth, 
free of clods and sticks, and of uniform height. Black plastic mulch 
warms the soil by conduction, so as much contact as possible 
should be made between the mulch and soil. Raised beds allow the 
soil to drain and warm more quickly. Drip tape is commonly laid 
under the plastic in the same field operation. The soil should be 
moist when the plastic is applied since it is difficult to add enough 
water to thoroughly wet the width of the bed when using drip ir-
rigation. Steep slopes may limit row length when using drip tape, 
normally row lengths should not exceed 300 to 600 feet depending 
on the specifications of drip tape. 
 Follow label directions for fumigants and herbicides used with 
plastic mulches. Fumigants have a waiting period before seeds or 
transplants can be planted. Transplanters and seeders are available 
to plant through plastic mulch. In fields with a history of nutsedge, 
appropriate measures must be taken in order to reduce or eliminate 
infestations as plastic mulches cannot control nutsedge. Nutsedge 
will compromise plastic mulch by piercing it.
Fertilization. Vegetables produced on plastic mulch, but with-
out the ability to supply nutrients through the drip system, should 
have all of their required fertilizer incorporated into the beds prior 

to applying the mulch. Broadcasting the fertilizer before bedding 
has been shown to be an effective method of application since the 
bedding process moves most of the fertilizer into the bed. Growers 
using fertigation should follow the recommendations for each spe-
cific crop. Fertigation schedules are listed for cantaloupe, cucum-
ber, eggplant, okra, pepper, summer squash, tomato, and water-
melon later in this handbook. Also, refer to the previous section for 
further information on fertilization.

Double cropping. Growers frequently grow two crops on black 
plastic mulch. The spring crop is killed and removed, then the plas-
tic is generally painted with white latex paint diluted with water (1 
part paint to 5 parts water). After painting, a second crop is planted 
through the mulch. The new crop should be planted into new holes 
and fertilizer added based on soil test results and the new crop’s 
nutrient requirements. 

Degradable mulches. Photodegradable and biodegradable plas-
tic mulches are available, but usually cost more than convention-
al films. This additional expense is offset to an extent by reduced 
disposal costs. They have many of the properties and provide the 
usual benefits of standard polyethylene mulches. Photodegradable 
mulches begin to break down after the film has received a prede-
termined amount of sunlight. When a photodegradable film has 
received sufficient light, it becomes brittle and develops cracks, 
tears, and holes. Small sections of film may tear off and be blown 
around by the wind. Finally, the film breaks down into small flakes 
and disappears into the soil. The edges covered by the soil retain 
their strength and break down very slowly. 
 Biodegradable plastic mulches are weakened by exposure to 
sunlight, but are designed to degrade in the soil by microorganisms 
when soil moisture and temperatures are favorable for biological 
activity. Biodegradable film will usually be retained on the surface 
of the soil rather than be blown away from the application site. In 
addition, all of the biodegradable film will eventually decompose, 
including the tucked edges buried in the soil. It is recommended 
that biodegradable mulch be incorporated into the soil at the end of 
the harvest or growing season. Cover crops can be planted the next 
day after biodegradable plastic mulch has been rototilled into the 
soil.

Plastic Mulch Removal and Disposal
Commercial mulch lifters are available. Plastic can be removed by 
hand by running a coulter down the center of the row and picking 
the mulch up from each side. Sanitary landfills may accept plastic 
mulch in some areas. There are a few recycling projects which 
accept plastic mulch. Some states allow burning of mulch with a 
permit. 

Row covers. Row covers are used to hasten the maturity of the 
crop, exclude certain insect pests, and provide a small degree of 
frost protection. There are two main types of row covers: vented 
clear or translucent polyethylene that is sup port ed by wire hoops 
placed at regular (5 to 6 ft) intervals, and float ing row covers that 
are porous, light weight spunbonded materials placed loosely over 
the plants. In addition, plastic can be placed loosely over the plants 
with or without wire supports. Floating covers are more applica ble 
to the low-growing vine crops. Upright plants like tomatoes and 
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peppers have been injured by abrasion when the floating row cov-
er rubs against the plant or excess temperatures build-up. Erratic 
spring temperatures require intensive management of row covers 
to avoid blossom shed and other high temperature injuries. 
 In particular, clear plastic can greatly increase air tem-
peratures under the cover on warm sunny days, resulting in a dan-
ger of heat injury to crop plants. Therefore, vented materials are 
recommended. Even with vents, clear plastic has pro duced heat 
injury, especially when the plants have filled a large por tion of the 
air space in the tunnel. This has not been observed with the trans-
lucent materials. 
 Usually, row covers are combined with plastic mulch.  

High Tunnels. High tunnels are unheated polyethylene covered 
greenhouse structures that provide a larger degree of frost pro-
tection than row covers. A properly built high tunnel with one or 
two layers of plastic, should afford 5-8 °F of frost protection for 
growers. As with row covers, high tunnels require intensive man-
agement to ensure that they are vented properly when warm spring 
temperatures can cause excessive heat to build up in tunnels, re-
sulting in damage to the crop. Tomatoes are commonly produced 
in high tunnels as well as a variety of leafy greens crops, due to the 
premium prices obtained. Row covers are often combined with the 
use of high tunnels and plastic mulch.  
 In some northern regions, high tunnels can provide 3-4 weeks 
of season extension for spring and fall crops such as tomatoes as 
well as year-round production of cole crops and lettuce. High tun-
nels can reduce the incidence of certain diseases and insects due to 
protection from rain and changes in light interception, respectively, 
inside the tunnel; however, traditional greenhouse pests, such as 
leaf mold, aphids, spider mites, and white flies may be more prev-
alent in high tunnels. In many states high tunnels are considered a 
greenhouse structure for the application of pesticides, which may 
reduce the number of chemicals available compared to field pro-
duction. Be sure to determine if the pesticides you are applying are 
acceptable for use in high tunnels in your state.  
 Extensive information regarding construction, specifics of 
crop production, soil management, and economics of production 
for many fruit, vegetable, and cut flowers grown in high tunnels 
can be found at http://www.hightunnels.org/.

Considerations for Using Mulch, Drip Irrigation, and Row  
Covers. Each grower considering mulches, drip irrigation, and/
or row covers must weigh the economics involved. The long-term 
versus short-term opportunities must be considered.

Does the potential increase in return justify the additional 
costs? 
Are the odds in favor of the grower getting the most benefit 
in terms of earliness and yield from the mulch, drip irrigation, 
and/or row covers?
Does the market usual ly offer price incen tives for early pro-
duce? Will harvesting early allow compet ition against produce 
from other regions?

 For planting on 5 to 6-foot centers, polyethylene mulch costs 
$250 to $300 per acre, respectively When using plastic mulch, drip 
irrigation must also be used. With 5 to 6-foot centers, drip irriga-

tion materials will cost $300 to $350 per acre, respectively. Row 
covers can cost over $400 per acre. Growers must determine these 
costs for their situations and calculate their potential returns.

POLLINATION
Honeybees or other pollinating insects are essential for commercial 
production of cucurbit vine crops and may also improve the yield 
and quality of fruit in beans, eggplants, peas, and peppers.  In other 
fruiting vegetables, such as okra and some legumes, pollination 
does not require insect visits. Lack of adequate pollination usually 
results in small or misshapen fruit in addition to low yields. The 
size and shape of the mature fruit is related to the number of seeds 
produced and each seed requires one or more pollen grains for 
normal development. Cucumbers, squash, pumpkins, and water-
melons have separate male and female flowers, while cantaloupes 
and other specialty melons have male and hermaphroditic (perfect 
or bisexual) flowers.  Adequate amount of the sticky pollen of the 
male flowers must be transferred to the female flowers to achieve 
fruit set. Cucurbit flowers are usually open and attractive to bees 
for no more than one day. Flower opening, release of pollen, and 
commencement of nectar secretion normally precede bee activity.  
Pumpkin, squash, cantaloupe, and watermelon flowers normal-
ly open around daybreak and close by or before noon; whereas, 
cucumbers and melons generally remain open the entire day. Polli-
nation must take place on the day the flowers open because pollen 
viability, stigmatic receptivity, and attractiveness to bees lasts only 
that day. 
 European honeybees and various native wild bees may visit 
the flowers of flowering vegetables.  However, successful polli-
nation requires that these insects visit male and female flowers 
frequently for pollen transfer to occur.  Some insects present in 
flowers may not contribute greatly to pollination.  Honeybees and 
bumblebees move frequently from one flower to another and plac-
ing hives of these bees into a crop at the correct time will greatly 
enhance pollination.  Even though bumblebees and other species 
of wild bees are excellent pollinators, populations of these native 
pollinators usually are not adequate for large acreages grown for 
commercial production. Colonies of wild honeybees have been 
decimated by Tracheal and Varroa mites, and possibly other envi-
ronmental factors, and therefore cannot be counted on to aid in pol-
lination. One of the best ways to ensure adequate pollination is to 
keep or rent strong colonies of honey bee from a reliable beekeep-
er.  Another option for pollination is the bumblebee. Bumblebees 
are becoming a popular grower’s choice over the past decade and 
are being found to be effective as a pollinator alternative to honey-
bees. Commercial bee attractants are available but have not proven 
to be effective in enhancing pollination. Growers are advised to in-
crease numbers of honeybee or bumblebee colonies and not to rely 
on such attractants. Suppliers of both honeybee and bumblebee 
colonies need ample notice prior to when the bees are needed for a 
given crop. Approximately 3 to 4 months advance notice is usually 
sufficient to meet crop pollinator needs. A written contract between 
the grower and beekeeper/supplier can prevent misunderstand-
ings and, thus, ensure better pollinator service. Pollinator contracts 
should specify the number and strength of colonies, the rental/pur-
chase fee, time of delivery, and distribution of bees in the field. 
 Honeybee activity is determined to a great extent by weather 
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and conditions within the hive. Bees rarely fly when the tempera-
ture is below 55°F. Flights seldom intensify until the temperature 
reaches 70°F. Wind speed beyond 15 miles per hour seriously 
slows bee activity. Cool, cloudy weather and threatening storms 
greatly reduce bee flights. In poor weather, bees foraging at more 
distant locations will remain in the hive, and only those that have 
been foraging nearby will be active. Ideally, colonies should be 
protected from wind and be exposed to the sun from early morning 
until evening. Colony entrances facing east or southeast encourage 
bee flight. The hives should be off the ground and the front en-
trances kept free of grass and weeds. For best results, hives should 
be grouped together. A clean water supply should be available 
within a quarter mile of the hive.  
 The number of colonies needed for adequate pollination var-
ies with location, attractiveness of crop, density of flowers, length 
of blooming period, colony strength, and competing blossoms of 
other plants in the area. In vine crops, recommendations are one to 
two colonies per acre, with the higher number for higher density 
plantings. Each honeybee hive or colony should contain at least 
40,000 - 50,000 bees. Eight or more bee visits per female flower 
are required to produce marketable fruit.  Bumblebees have some 
advantages compared to honeybees in that the former fly in cool, 
rainy, and windy weather and often visit flowers earlier in the 
morning than honeybees.  Bumblebees are also active later in the 
day when temperatures cool and they have a larger body size than 
honeybees, thus requiring fewer visits to achieve good pollination 
and fruit set.  Bumblebee hives are sold as a quad or four hives per 
quad. A quad is the minimum order that can be purchased from a 
supplier.  Generally one bumblebee hive contains 200 to 250 bees 
and is equivalent to one honeybee hive; however, research that can 
specifically document this is lacking. Thus, one quad of bumble-
bees would provide good pollination for four acres of a cucurbit 
crop if the recommendation is to use 1 bumblebee hive per acre. In 
some instances, two hives per acre or more may be recommended 
(i.e. triploid watermelon).  In this case, one quad would provide 
good pollination for two acres. Bumblebee hives should not be 
placed in direct sunlight so that the bees work more efficiently. No 
more than two bumblebee quads should be placed in one location 
so that pollination is more uniform in the field. The quad locations 
should be at least 650 to 700 feet from each other. 
 Insecticides applied while a crop is in bloom pose a serious 
hazard to bees visiting flowers. If insecticides must be applied, se-
lect a product that will give effective control of the target pest but 
pose the least danger to bees. Apply these chemicals near evening 
when the bees are not actively foraging and avoid spraying adja-
cent crops while bees are active. If insecticide spraying is neces-
sary, give the beekeeper 48 hours of notice of when you expect to 
spray so that precautions can be taken. Avoid leaving puddles of 
water around chemical mixing areas as bees may pick up and be 
harmed by insecticide contaminated water.  As with honeybees, 
one must carefully plan when to spray insecticides so that the bum-
blebees are not injured or killed. Because bumblebees are most 
active from dawn until late morning, and again from about 4 PM 
until sunset, the hives need to be closed around 11 AM so that the 
bumblebees remain in the hive and are protected during a late eve-
ning spray application.

HOW TO IMPROVE PEST CONTROL
Failure to control an insect, mite, disease, or weed pest is often er-
roneously blamed on the pesticide when the cause frequently lies 
elsewhere. Several common reasons for failure to achieve control 
are the following:

1.  Delaying applications until pest populations become too large or 
damage is too advanced. 

2.  Poor coverage caused by insufficient volume, inadequate pres-
sure, or clogged or poorly arranged nozzles.

3. Selecting the wrong pesticide for the target pests.

4. Contaminated or high pH water source. 

SUGGESTED STEPS FOR MORE EFFECTIVE PEST CONTROL:
1.  Scout fields regularly. Know the pest situation and any build-

ups in your fields. Frequent examina tions (at least once or twice 
per week) help determine the proper timing of the next pesticide 
application. Do not apply a pesticide simply because a neighbor 
chooses to do so.

2.  Integrated Pest Management (IPM). Use an ongoing program of 
biological, physical, cultural, and chemical methods in an inte-
grated approach to manage pests. IPM involves scouts visiting 
fields to collect pest population data. Use this updated informa-
tion to decide whether insecticide applications or other manage-
ment actions are needed to avoid economic loss from pest dam-
age. Control decisions are based on factors such as:

•  The economic action threshold level (when the cost of con-
trol equals or exceeds potential crop losses attributed to real 
or potential damage)

•  Other factors are listed in the Recommended Control Guide-
lines section that follows

To employ an IPM program successfully, basic practices need to 
be followed. Whether participating in a univer sity- or grower-sup-
ported IPM program, hiring a private consultant, or doing the work 
personally, the grower still practices:

• frequent and regular examination of fields to assess pest pop-
ulations

• applying a control measure only when the economic thresh-
old level has been reached

• where possible, employing a cultural practice or a biological 
control or using a pesticide that is less harmful to natural ene-
mies of the target pest

Resistance management. The way pesticides are used affects 
the development of resistance. Resis tance develops because in-
tensive pesticide use kills the susceptible individuals in a popula-
tion, leaving only resistant ones to breed. Adopting the following 
practices will reduce the development of pest resistance:

1.  Rotate crops to a nonhost crop, thus reducing the need for pesti-
cide treatment and, thereby reducing the ratio of resistant to sus-
ceptible individuals in the breeding population.

2.  Use control guidelines as an important tactic for reducing the 
pesticide resistance problem. For more informa tion concern-
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ing control guidelines, refer to the following section and the 
crop-specific sections of this handbook.

3.  Spot treat when possible. Early-season insects are often concen-
trated in areas near their overwintering sites. Diseases often can 
be first detected in favorable microclimates, such as low or wet 
areas of the field. Perennial weeds and newly intro duced or her-
bicide-resistant annual weeds often occur first in small numbers 
in a part of a field. Treating these areas, rather than the entire 
field, can prevent the development of resistant populations.   

4.  Control pests early, because seedling weeds and immature in-
sects are more susceptible to pesticides and less likely to devel-
op resistance compared to older and more mature crop pests. 

5.  Do not overspray. Attempts to destroy every pest in the field by 
multiple applications or by using higher than labeled rates often 
eliminate the susceptible pests but not the resistant pests.

6.  Rotate pesticides to reduce the development of resistance, par-
ticularly with pesticides that differ in their mechanism of action. 
Rotation among different chemical groups is an excellent meth-
od of reducing resistance problems.

7.  Use appropriate additives when recommended on the pesticide’s 
label. For example, adding a crop oil concentrate or a surfactant 
to certain postemergence herbicides will increase the effective-
ness of the herbicides. 

Control Pests According to Recommended Control Guidelines 
or Schedule. Control guidelines provide a way to decide wheth-
er pesticide applications or other management actions are need-
ed to avoid eco nomic loss from pest damage. Guidelines for pests 
are generally expressed as a count of a given insect stage or as a 
crop damage level based on certain sampling techniques. They 
are intended to reflect the pest population that will cause econom-
ic damage and thus would warrant the cost of treatment. Guide-
lines are usually based on pest populations, field history, stage of 
crop’s development, variety, weather conditions, life stage of the 
pest, parasite, and/or predator populations, resistance to chemicals, 
time of year, and other factors. Specific thresholds are given in this 
handbook for a number of pests of many crops.

Insect population sampling techniques include:
•  Visual observation. Direct counts of any insect stages (eggs, 

larvae, adults, etc.) are accomplished by exam ining plants or 
plant parts (leaves, stems, flowers, fruits). Counts can be tak-
en on single plants or a pre scribed length of row, which will 
vary with the crop. Usually, quick moving insects are count-
ed first, followed by those that are less mobile.

•  Shake cloth (also known as a ground cloth). This sampling 
procedure consists of using a standard 3-foot by 3-foot shake 
cloth to assess insect popula tions. Randomly choose a site 
without disturbing the plants and carefully unroll the shake 
cloth between two rows. Bend the plants over the cloth one 
row at a time and beat the plants vigorously to dislodge in-
sects held on stems, leaves, and branches. Count only insects 
that have landed on the shake cloth. The number of sampling 
sites per field will vary with the crop.

•  Sweep net. This sampling procedure uses a standard 15-inch 
diameter sweep net to assess insect popula tions. While walk-

ing along one row, swing the net from side to side with a 
pendulum-like motion to face the direction of movement. 
The net should be rotated 180 degrees after each sweep and 
swung through the foliage. Each pass of the net is counted 
as one sweep. The number of sweeps per field will vary with 
the crop.

Weed population sampling techniques include:
•  Weed identification. This first step is frequently skipped. 

Perennial weeds and certain serious annual weeds should be 
controlled before they can spread. Common annual weeds 
need only be controlled if they represent a threat to yield, 
quality, or harvestability. It is critical to know the weed his-
tory of a field prior to planting as many herbicides need to be 
applied pre-plant. Your county Extension office is an excel-
lent resource for reliable weed identification.

•  Growth stage determination. The ability of weeds to com-
pete with the crop is related to size of the weed and size of 
the crop. Control of the weed using herbicides or mechan-
ical methods is also dependant on weed size. A decision to 
control or not to control a weed must be carried out before 
the crop is affected and before the weed is too large to be 
controlled.

•  Weed population. Weeds interfere with crop production in 
many ways.  They may compete for light, water, nutrients, 
and space. The extent of this interference is dependant on 
population and is usually expressed as weeds per foot of row 
or weeds per square meter. Control measures are needed 
when the weed population exceeds the maximum tolerable 
population of that species.

 Disease monitoring involves determining the growth stage of 
the crop, observing disease symptoms on plants, and/or the daily 
weather conditions in the field. 
 Disease control is often obtained by applying crop protectants 
on a regular schedule. For many diseases, application must begin 
at a certain growth stage and must be repeated every 7 to 10 days. 
When environmental conditions are favorable for disease develop-
ment, delaying a spray program will result in a lack of control if 
the disease has progressed too far. For certain diseases that do not 
spread rapidly, fields should be scouted regularly.  
 Predictive systems are available for a few diseases. Tempera-
ture, rainfall, relative humidity, and duration of leaf wetness period 
are monitored, and the timing of fungicide application is deter-
mined by predicting when disease development is most likely to 
occur. One such program for Downy Mildew is available at  
http://cdm.ipmpipe.org/ 

Weather Conditions. These are important to consider before apply-
ing a pesticide. Spray only when wind velocity is less than 10 miles 
per hour. Do not spray when sensitive plants are wilted during the 
heat of the day. If possible, make applications when ideal weather 
conditions prevail. 
 Certain pesticides, including biological insecticides (e.g. BT’s) 
and some herbicides, are ineffective in cool weather. Others do not 
perform well or may cause crop injury when hot or humid condi-
tions are prevalent. Optimum results can frequently be achieved 
when the air temperature is in the 70°F range during application. 
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Strive for Adequate Coverage of Plants. 
 Improved control of aphids can be achieved by adding and 
arrang ing nozzles so that the application is directed toward the 
plants from the sides as well as from the tops (also see Alkaline Wa-
ter and Pesticides, which follows). In some cases, nozzles should 
be arranged so that the application is directed beneath the leaves. 
As the season progresses, plant size increases, as does the need for 
increased spray gallonage to ensure adequate coverage. 
 Applying insecticide and fungicide sprays with sufficient spray 
volume and pressure is important. Spray volumes should increase 
as the crop’s surface area increases. Sprays from high-volume-
high-pressure rigs (airblast) should be applied at rates of 40 to 200 
gallons per acre at 200 psi or greater. Sprays from low-volume-
low- pressure rigs (boom type) should be applied at rates of 50 to 
100 gallons per acre at 20  psi. The addition of a spreader-sticker 
improves coverage and control when wettable powders are applied 
to smooth-leaved plants, such as cole crops and onions.

Use a dedicated sprayer for herbicides and a different spray-
er for fungicides and insecticides. Herbicide sprays should be 
applied at between 15 and 50 gallons of spray solution per acre 
using low pressure (20 to 40 psi). Never apply herbicides with a 
high-pressure sprayer that was designed for insecticide or fungicide 
application because excessive drift can result in damage to nontar-
get plants in adjacent fields and areas. Do not add oil concentrates, 
surfactants, spreader-stickers, or any other additive unless specified 
on the label, or crop injury is likely.

Select the Proper Pesticide. Know the pests to be controlled and 
choose the recommended pesticide and rate of application. When 
in doubt, consult your local Extension office. The herbicide choice 
should be based on weed species or cropping systems. 
 For insects that are extremely difficult to control or are resistant, 
it is essential to alternate labeled insecticides, especially with dif-
ferent classes of insecticides. Be alert for a possible aphid or mite 
buildup following the application of certain insecticides. 
 Caution: Proper application of soil systemic insecticides is ex-
tremely important. The insecticide should be placed according to 
the label instructions (which, in general, indicate application should 
be directed away from the seed) or crop injury may occur.  
 Be sure to properly identify the disease(s). Many fungicides 
control specific diseases but provide no control of others. For this 
reason, on several crops, fungicide combinations are recommended. 

Pesticide Compatibility. To determine if two pesticides are com-
patible, use the following “jar test” before you tank-mix pesticides 
or tank-mix pesticides with liquid fertilizers:
1.  Add 1 pint of water or fertilizer solution to a clean quart jar, then 

add the pesticides to the water or fertilizer solution in the same 
proportion as used in the field.

2.  To a second clean quart jar, add 1 pint of water or fertilizer solu-
tion. Then add 1/2 teaspoon of an adjuvant to keep the mixture 
emulsified. Finally, add the pesticides to the water-adjuvant or 
fertilizer  adjuvant in the same proportion as used in the field.

3.  Close both jars tightly and mix thoroughly by inverting 10 times. 
Inspect the mixtures immediately and after standing for 30 min-
utes. If a uniform mix cannot be made, the mixture should not 

be used. If the mix in either jar remains uniform for 30 min-
utes, the combination can be used. If the mixture with adjuvant 
stays mixed and the mixture without adjuvant does not, use the 
adjuvant in the spray tank. If either mixture separates but read-
ily remixes, constant agitation is required. If nondispersible oil, 
sludge, or clumps of solids form, do not use the mixture.

Note: For compatibility testing, the pesticide can be added directly 
or premixed in water first. In actual tank-mixing for field applica-
tion, unless label direc tions specify otherwise, add pesticides to the 
water in the tank in this order: first, wettable granules or powders, 
then flowables, emulsifiable concentrates, water solubles, and com-
panion surfactants. If tank-mixed adjuvants are used, these should 
be added first to the fluid carrier in the tank. Thoroughly mix each 
product before adding the next product.

Select Correct Sprayer Tips. The choice of a sprayer tip for use 
with many pesticides is important. Flat fan-spray tips are designed 
for preemergence and postemergence application of herbicides. 
These nozzles produce a tapered-edge spray pattern that overlaps 
for uniform coverage when properly mounted on a  boom. Standard 
flat fan-spray tips are designed to operate at low pressures (20-40 
psi) to produce small-to medium -sized droplets that do not have 
excessive drift. Flat fan-nozzle tips are available in brass, plastic, 
ceramic, stainless steel, and hardened stainless steel. Brass nozzles 
are inexpensive and are satisfactory for spraying liquid pesticide 
formulations. Brass nozzles are least durable, and hardened stainless 
steel nozzles are most durable and are recommended for wettable 
powder formulations, which are more abrasive than liquid formu-
lations. When using any wettable powder, it is essential to calibrate 
the sprayer frequently because, as a nozzle wears, the volume of 
spray material delivered through the nozzle increases. 
 Flood-type nozzle tips are generally used for complete fertiliz-
ers, liquid N, etc., and sometimes for spraying herbicides onto the 
soil surface prior to incorporation. They are less suitable for spray-
ing postemergence herbicides or for applying fungicides or insec-
ticides to plant foliage. Coverage of the target is often less uniform 
and complete when flood-type nozzles are used, compared with the 
coverage obtained with other types of nozzles. Results with poste-
mergence herbicides applied with flood-type nozzles may be satis-
factory if certain steps are taken to improve target coverage. Space 
flood-type nozzles a maximum of 20 inches apart, rather than the 
suggested 40-inch spacing. This will result in an overlapping spray 
pattern. Spray at the maximum pressure recom mended for the noz-
zle. These techniques will improve target coverage with flood-type 
nozzles and result in more satisfactory weed control. 
 Full and hollow-cone nozzles deliver circular spray patterns 
and are used for application of insecticides and fungicides to 
crops where thorough coverage of the leaf surfaces is extremely 
important and where spray drift will not cause a problem. They 
are used when higher water volumes and spray pressures are rec-
ommended. With cone nozzles, the disk size and the number of 
holes in the whirl plate affect the output rate. Various combina-
tions of disks and whirl plates can be used to achieve the desired 
spray coverage.

Alkaline Water and Pesticides. At times applicators have com-
mented that a particular pesticide has given unsatisfac tory results. 
Usually, these results can be attributed to poor application, a bad 
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batch of chemical, pest resis tance, weather con ditions, etc. Howev-
er, another possible reason for unsatisfactory results from a pesti-
cide may be the pH of the mixing water. 
 Some materials carry a label cautioning the user against 
mixing the pesticide with alkaline materials. The reason for this 
caution is that some materials (in par ticular the organophosphate 
insecticides) undergo a chemical reaction know as “alkaline hy-
drolysis.” This reaction occurs when the pesticide is mixed with 
alkaline water;  that is, water with a pH greater than 7. The more 
alkaline the water, the greater the breakdown (i.e., “hydrolysis”). 
 In addition to lime sulfur, several other materials provide alka-
line conditions: caustic soda, caustic potash, soda ash, magnesia or 
dolomitic limestone, and liquid ammonia. Water sources in agricul-
tural areas can vary in pH from less than 3 to greater than 10. 
 To check the pH of your water, purchase a pH meter or in 
most states you can submit a water sample to your state’s soil or 
water testing lab.  If you have a problem with alkaline pH, there 
are several products available that are called nutrient buffers that 
will lower the pH of your water. 
 There are some instances when materials should not be acidi-
fied, namely, sprays containing fixed copper fungicides, including: 
Bordeaux mixture, copper oxide, basic copper sulfate, copper hy-
droxide, etc.

BENEFICIAL INSECTS
A number of environmental factors, such as weather, food avail-
ability, and natural enemies combine to keep insect populations 
under control naturally. In some human-altered landscapes, such as 
in agricultural crop fields, the levels of natural control are often not 
acceptable to us, and we have to intervene in order to lower pest 
populations. While some environmental factors, such as weather, 
cannot be altered to enhance control of pests, others such as popu-
lations of natural enemies, can be effected. The practice of taking 
advantage of and manipulating natural enemies in order to sup-
press pest populations is called biological control. 

Approaches To Biological Control. There are three general ap-
proaches to biological control: importation, augmentation, and 
conservation of natural enemies. Each of these techniques can be 
used either alone or in combination in a biological control pro-
gram.

Importation:  Importation of natural enemies, sometimes referred to 
as classical biological control, is used when a pest of exotic origin 
is the target of the biocontrol program. Pests are constantly being 
imported into countries where they are not native, either acciden-
tally, or in some cases, intentionally. Many of these introductions 
do not result in establishment or if they do, the organism may not 
become a pest. However, it is possible for some of these intro-
duced organisms to become pests due to a lack of natural enemies 
to suppress their populations. In these cases, importation of natural 
enemies can be highly effective. 
 Once the country of origin of the pest is determined, explora-
tion in the native region can be conducted to search for promising 
natural enemies. If such enemies are identified, they may be evalu-
ated for potential impact on the pest organism in the native country 
or alternatively imported into the new country for further study. 

Natural enemies are imported into the U.S. only under permit from 
the U.S. Department of Agriculture. They must first be placed in 
quarantine for one or more generations to be sure that no undesir-
able species are accidentally imported (diseases, hyperparasitoids, 
etc.). Additional permits are required for interstate shipment and 
field release.

Augmentation:  Augmentation is the direct manipulation of natural 
enemies to increase their effectiveness. This can be accomplished 
by one of two general methods or a combination of these meth-
ods: mass production and/or periodic colonization of natural ene-
mies. The most commonly used of these approaches is the first, in 
which natural enemies are produced in insectaries, then released 
either inoculatively or inundatively. For example, in areas where a 
particular natural enemy cannot overwinter, an inoculative release 
each spring may allow the population to establish and adequate-
ly control a pest. Inundative releases involve the release of large 
numbers of a natural enemy such that their population completely 
overwhelms the pest.  
 Augmentation is used where populations of a natural ene-
my are not present or cannot respond quickly enough to the pest 
population. Therefore, augmentation usually does not provide 
permanent suppression of pests, as may occur with importation 
or conservation methods. An example of the inoculative release 
method is the use of the parasitoid wasp, Encarsia formosa Gahan, 
to suppress populations of the greenhouse whitefly, Trialeurodes 
vaporariorum (Westwood). The greenhouse whitefly is a ubiqui-
tous pest of vegetable and floriculture crops that is notoriously dif-
ficult to manage, even with pesticides. Releases of relatively low 
densities (typically 0.25 to 2 per plant, depending on the crop) of 
Encarsia immediately after the first whiteflies have been detected 
on yellow sticky cards can effectively prevent populations from 
developing to damaging levels. However, releases should be made 
within the context of an integrated crop management program that 
takes into account the low tolerance of the parasitoids to pesticides. 
It is important to bear in mind that Encarsia can provide effec-
tive control of greenhouse whitefly, but not sweetpotato whitefly. 
Therefore, it is critical to identify which whitefly is present before 
releasing Encarsia. Another parasitoid, Eretmocerus californicus 
has shown promise against sweetpotato whitefly.  
 Because most augmentation involves mass-production and peri-
odic colonization of natural enemies, this type of biological control 
has lent itself to commercial development. There are hundreds of 
biological control products available commercially for dozens of 
pest invertebrates (insects, spidermites, etc.), vertebrates (deer, ro-
dents, etc.), weeds, and plant pathogens. A summary of these prod-
ucts and their target pests is presented in Table 13. The efficacy of 
these predators and parasites is dependent on many factors. Man-
agement of the target pest is more likely than 100% control. It is 
critical to familiarize yourself with proper usage of these predators 
and parasites otherwise you may not achieve satisfactory results 
and obtain inconsistent results. Selection of products and suppliers 
should be done with care, as with purchasing any product. Review 
publications for guidelines on how to purchase and utilize natural 
enemies.

Conservation:  The most common form of biological control is 
conservation of natural enemies which already exist in a cropping 
situation. Conservation involves identifying the factor(s) which 
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TABLE 13. PREDATORS AND PARASITES OF VEGETABLE PESTS (cont’d)

Predators and Parasites
Approx. # North 
American Species  Pest(s) Controlled or Impacted

WASPS
Aphelinid Wasps * 1,000 Aphids on some greenhouse and vegetable crops; mummies of parasitized aphids will be black.
Aphidiid Wasps * 114 Aphid parasites; mummies turn tan or golden.
Braconid Wasps * 1,000 Caterpillars on cole crops and potatoes, leafminers in greenhouse crops.
Chalcid Wasps * 1,500 Internal and external parasite of fly and moth larvae and pupae.  A few species attack beetles. 
Cotesia Wasps (Braconid Family) * 200 Parasites of caterpillars including armyworms, Alfalfa caterpillar, loopers, cabbageworms.
Encarsia formosa * 1 A commercially available Aphelinid wasp, whiteflies on greenhouse/some field crops.
Encyrtid Wasps 500 Aphids on some greenhouse crops, Cabbage looper, root maggot.
Eulophid Wasps 3,400 Colorado Potato Beetle, Mexican Bean beetle, Asparagus beetle, leafminers in field crops.
Ichneumonid Wasps * 3,100 Caterpillars, eggs,  and beetle larvae in: cole crops, corn, Asparagus whiteflies on cole crops and tomato.
Mymarid Egg Wasps 1,300 Lygus bug, Tarnished Plant bug, carrot weevil. Egg parasite of beetles, flies, grasshoppers, leafhoppers 

and many true bugs (Stink bugs, lygeids). Adults are 1/25 inch in size.
Pteromalid Wasps 3,000 Parasites of beetles, flies, and other wasps, cabbage worm, diamondback moth.
Scelionid Egg Wasps 300 Parasite of true bug and moth eggs.
Tiphiid Wasps 225 Parasites of Japanese beetles and Tiger beetles.
Trichogramma Wasps * 650 Moth eggs on cole crops, peppers, sweet corn, and tomatoes. Because only eggs are parasitized, 

releases must be timed to coincide with egg laying (use pheromone trap to determine timing).
Thripobius semiluteus (Eulophidae Family)* 1 Controls thrips via parasitism.
Vespid Wasps (hornets, yellowjackets, etc.) 200 Caterpillars, flies, true bugs, beetles, and other wasps are fed to Vespid larvae.

FLIES 

Aphid Flies (Chamaemyiid Flies) 36 Feed on aphids, mealybugs, and soft scales.

Bombyliid Flies (Bee Flies) 250 Internal and external parasites of various caterpillars and wasp larvae, beetle larvae, some eggs.

Nemestrinid Flies (Tangle Veined Flies) 250 Internal parasites of locusts and beetle larvae and pupae.

Phorid Flies (Humpbacked Flies) 350 Internal parasites of ants, bees, caterpillars, moth pupae, and fly larvae.

Pipunculid Flies (Big-Headed Flies) 100 Internal parasites of leafhoppers and planthoppers.

Predatory Midges (Cecidomyiid Flies)* 10 Aphids and mites on some greenhouse crops.

Pyrgotidae (Pyrgotid Flies) 5 Internal parasites of June beetles and related Scarab beetles; nocturnal and rarely seen.

Syrphid Flies 1,000 Most larvae are predaceous upon aphids, whitefly pupae, and soft-bodied small insects. 

Tachinid Flies 1,300 Internal parasite of beetle, butterfly, and moth larvae, earwigs, grasshoppers and true bugs.  Tachinids lay 
eggs directly on host or on a leaf that is then eaten by the host insect. Some species parasitize Japanese 
beetles.

TRUE BUGS

Assassin Bugs (Reduviidae) 160 Generalist predators against small and soft-bodied insects, eggs, and pupae.

Big-Eyed Bug, Geocoris spp. 25 Generalist predators feeding on a wide variety of insect eggs and small larvae.  Both immature and adults 
are predaceous and feed on over 60 species of other insects. 

Damsel Bugs (Nabidae) 34 Mites, aphids, caterpillars, leafhoppers, and other insects, especially soft-bodied insects.

Minute Pirate Bug,  
Orius insidiosis (aka Flower Bug)*

1 Thrips, spider mites, aphids, small caterpillars small insects in sweet corn, potato, and on some green-
house crops.

Predatory Stink Bug  
(Perillus, Podisus spp.)

14 Look similar to plant feeding Stink bugs, but feed on caterpillar pests, small insects and insect eggs, and 
Colorado Potato beetle (larvae). Effective in solanaceous crops, beans, cole crops and asparagus.

Spined Soldier Bug,  
Podisus maculiventris*

1 Generalist predator on many vegetables (i.e. potato, tomato, sweet corn, cole crops, beans, eggplant, 
cucurbits, asparagus, onions). Attacks larvae of European Corn borer, Diamondback moth, Corn Earworm, 
Beet Armyworm, Fall Armyworm, Colorado Potato beetle, Cabbage Looper, Imported Cabbageworm, and 
Mexican Bean beetle. A pheromone to attract Spined Soldier Bug is also available.

BEETLES 

Ground Beetles (Carabid Beetles) 2,200 Both larvae and adults predaceous, nocturnal.  Feed on mites and snails, soil dwelling beetle and fly eggs 
and pupae, some caterpillars, and other soft bodied insects.  Most beneficial in cole crops, root crops, and 
onions.

Lady Beetles  (Coccenelidae)* 400 Aphids, mites, whitefly, small insects, and insect eggs in most vegetable crops (especially potatoes,  
tomatoes, sweet corn and cole crops. Release purchased lady beetles in evening, in vicinity of pest, and 
cover with a light sheet or cloth overnight for best predator retention. 

Rove Beetles (Staphylinidae) 3,100 Distinguished by short outer wings and exposed abdomens, Rove beetles feed on a variety of eggs, 
pupae, larvae, and soft bodied insects (aphids, mites, whitefly). 

Soft-Winged Flower Beetles (Melyridae) 450 Adults and larvae feed on aphids, leafhoppers, and other immature insects.  Covered in fine hairs that give 
the insect a velvety appearance.

Soldier Beetles (Cantharids,  
aka Leather-Winged Beetles)

100 All larvae, and some adults, are predaceous.  Other adults feed on nectar and pollen, so can be attracted 
by flower plantings.   Predators of eggs and larvae of beetles, butterflies moths, aphids, others. Most 
effective in cole crops, cucurbits, and sweet corn.

Tiger Beetles (Cicindelid Beetles) 40 Adults and larvae prey on a wide variety of insects.
*  Insects marked with an asterisk represents species that are available commercially for purchase.   

For a list of Biological Control (Beneficial Insects) Suppliers, see http://wiki.bugwood.org/Commercially_available_biological_controls
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TABLE 13. PREDATORS AND PARASITES OF VEGETABLE PESTS (cont’d)

Predators and Parasites
Approx. # North 
American Species  Pest(s) Controlled or Impacted

OTHER BENEFICIAL ORGANISMS
Praying Mantis * Flies, crickets, bees, moths.  All life stages are predatory.  Commercially available mantis are usually 

Tenodera aridifolia, a Chinese species. 
Lacewings* 27 Aphids, thrips, small caterpillars, leafhoppers, mealybugs, psyllids, whiteflies, and insect eggs.  Release 

purchased lacewings as soon as target pest is noticed in field to achieve good results.
Parasitic nematodes* Cutworms, beetle larvae, root maggots.
Predatory mites  
(Phytoseiidae & 3 other families)*

6 Releases most beneficial in strawberries and greenhouse vegetables; avoid carbamates and organophos-
phates to encourage natural populations in field.  Primarily effective against spider mites and thrips.

*  Insects marked with an asterisk represents species that are available commercially for purchase.   
For a list of Biological Control (Beneficial Insects) Suppliers, see http://wiki.bugwood.org/Commercially_available_biological_controls

TABLE 13 A.  RELATIVE IMPACT OF INSECTICIDES & MITICIDES ON KEY NATURAL ENEMY GROUPS (cont’d)
IRAC 
Group Common Name Example Product

Predaceous 
Mites

Lepidopteran
Parasitoids

Aphid  
Parasitoids Coccinellids Lacewings

Predatory 
Bugs

1A
carbaryl Sevin M H H H H H
methomyl Lannate H H H H H H
oxamyl Vydate H H H M H H

1B

chlorpyrifos Lorsban H H H H H H
diazinon - M H H H H M
dimethoate - M H H H H H
malathion - M H H H H H

3A

bifenthrin Brigade H H H H H H
cyfluthrin Baythroid H H H H H H
fenpropathrin Danitol H H H H H H
permethrin Pounce L H H H H H
ζ-cypermethrin Mustang Max H M M H H H
λ-cyhalothrin Karate H H H H H H

4A

acetamiprid Assail M H H M H
clothianidin Belay L
dinotefuran Venom M M/H M/H M/H
imidacloprid Admire M H H M M/H H
thiamethoxam Actara/Platinum L M L M H H

4C sulfoxaflor Closer M M L M M
4D flupyradifurone Sivanto M M

5
spinosad Entrust M L/M L/M M M M
spinetoram Radiant M M/H L H H

6
abamectin Agri-Mek H H H M L H
emamectin benzoate Proclaim L L L L L L

7C pyriproxyfen Knack L L L L L L
9B pymetrozine Fulfill L L L L L L
10 etoxazole Zeal M M L M M
11 Bt various L L L L L L
15 novaluron Rimon M L M H H H
16 buprofezin Courier L L L M L L
17 cyromazine Trigard M L L
18 methoxyfenozide Intrepid L L M L L L

20B acequinocyl Kanemite L H L L M L
20D bifenazate Acramite L H L L M L

21A
fenpyroximate Portal H H H M M L
tolfenpyrad Torac M

22A indoxacarb Avaunt L M L M L M

23
spiromesifen Oberon L
spirotetramat Movento L

25 cyflumeton Nealta L L L L L L

28
chlorantraniliprole Coragen L L L H H L
cyantraniliprole Verimark/Exirel L L L H H L

29 flonicamid Beleaf L L L L L L
UN azadirachtin NeeMix L M L L L L
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may limit the effectiveness of a particular natural enemy and 
modifying these factor(s) to increase the effectiveness of natural 
enemies. In general, this involves either reducing factors which 
interfere with natural enemies or providing resources that natu-
ral enemies need in their environment. The most common factor 
that interferes with natural enemy effectiveness is the application 
of pesticides. Some cultural practices such as tillage or burning of 
crop debris can also kill natural enemies or make the crop habitat 
unsuitable. In some crops, accumulation of dust deposits on leaves 
from repeated tillage or a location near roadways may kill small 
predators and parasites and cause increases in certain insect and 
mite pests. In some cases, the chemical and physical defenses that 
plants use to protect themselves from pests may reduce the effec-
tiveness of biological control.  
 An example of how conservation can work involves the dia-
mondback moth, Plutella xylostella (L.). This insect has developed 
into the most important pest of crucifers in recent years due to the 
pest’s development of resistance to most pesticides. Two parasit-
oids, the Ichneumonid wasp Diadegma insulare (Cresson) and the 
braconid wasp Cotesia plutellae (Kurdjunov), can help reduce dia-
mondback moth populations if excessive pesticide applications are 
avoided, especially with reductions in the use of pyrethroids. BT 
products can work well to suit this purpose. Therefore, by simply 
being selective in the type of pesticide used, and by spraying only 
when threshold levels are reached, free control can be provided by 
natural enemies already present in the field.
Incorporating  Biological Control Into A Pest Management 
Program:  Biological control can be an effective, environmentally 
sound method of managing pests. However, when trying to make 
the best use of natural enemies in your crop, it may be helpful to 
consider the following suggestions. 
 First, make sure you have your pest(s) accurately identified. 
Extension can help with this. Consulting your local Extension of-
fice is a good practice regardless of which pest control method you 
use.  
 Second, determine if natural enemy releases are appropri-
ate for your specific situation. Sometimes knowledge of crop and 
cultural practices that encourage naturally-occurring biological 
control agents can allow you to maximize the control they provide. 
By conserving these natural enemies, pesticide use (and therefore 
expense) can be minimized.  
 Usually, released natural enemies work best as a preventative 
pest management method. That is, if they are introduced into your 

crop at the beginning of a pest infestation, they can prevent that 
population from developing to damaging levels. If you wait until 
pests have become a problem before releasing natural enemies, the 
use of natural enemies usually will not work. Therefore, pest prob-
lems must be anticipated and planned for by carefully monitoring 
pest population development. Effective trapping, monitoring, and 
field scouting should be used to determine when pests appear, and 
to determine the timing of natural enemy releases.  
 If you decide to use commercially available biological control 
agents, you should choose your product and supplier carefully. 
Once you have received your natural enemies, handle them with 
care, following all instructions provided by your supplier. The 
number or rate of natural enemies to release can be determined 
through consultation with a reliable supplier, as can the timing of 
application. Because natural enemies are living organisms, adverse 
conditions (e.g. stormy weather, pesticide residues) can kill them 
or reduce their effectiveness. Because the actions of natural ene-
mies are not as obvious as those of pesticides, it may be important 
to work with your supplier to develop a procedure to evaluate the 
effectiveness of your releases. 
 Further details of the above suggestions are provided in Ta-
ble 13. Remember, just because an organism is sold as a “natural” 
or “biological” control does not mean it will work as you expect. 
For example, praying mantids are general “ambush” predators that 
will eat anything small enough (usually mobile insects) that pass 
in front of them. They do not specifically attack pests that growers 
are usually interested in removing. Another example is ladybee-
tle adults that have been “pre-conditioned.” These ladybeetles will 
just as readily leave the area that you have treated as ladybeetles 
that have been collected and not pre-conditioned. 
 This does not mean that biological control will not work for 
your situation. There are a number of products and approaches that 
can provide very satisfactory results.  
 Finally, if insecticides are necessary to control a pest, choose 
a product that is least harmful to the beneficial(s) you are trying 
to preserve.  Listed in Table 13A is the relative safety of different 
pesticides to key groups of beneficial organisms in most important 
in vegetable systems.

 For the most current information about suppliers of organisms 
and related products, the purchase of natural enemies, and how to 
effectively use them, consult with Extension.

TABLE 13 A.  RELATIVE IMPACT OF INSECTICIDES & MITICIDES ON KEY NATURAL ENEMY GROUPS (cont’d)
IRAC 
Group Common Name Example Product

Predaceous 
Mites

Lepidopteran
Parasitoids

Aphid  
Parasitoids Coccinellids Lacewings

Predatory 
Bugs

sulfur various M
? insecticidal soap various M M L L
? kaolin Surround M L M/H
? spray oils various M M L L

Key:  L = Low impact, M = Medium impact, H = High impact, Blank space = no data currently available
Sources:  Washington State University, University of California, North Carolina State University, Pest Management Science, Intech (http://dx.doi.
org/10.5772/47244), Journal of Entomology and Zoology Studies, Journal of Economic Entomology, and Biocontrol Science and Technology
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DIAGNOSING VEGETABLE CROP  
PROBLEMS
When visiting a vegetable field, follow the steps outlined below to 
help solve any potential problems. All vegetable problems, such as 
poor growth, leaf blemishes, wilts, rots, and other problems should 
be promptly diagnosed. This is necessary for the grower to imple-
ment prompt and effective corrective measures or to help reduce 
the probability of its reoccurrence in following crops or its spread 
to susceptible neighboring crops.
1. Describe the problem.
2.  Determine whether there is a pattern of symptomatic plants in 

the field.
a.  Does the pattern correlate with a certain area in the field, 

such as a low spot, poor-drainage area, or sheltered area?
b.  Does the pattern correlate with concurrent field operations, 

such as certain rows, time of planting, method of fertiliza-
tion, or rate of fertilization?

3. Try to trace the history of the problem.
a.  On what date were the symptoms first noticed?
b. Which fertilizer and liming practices were used?
c.  Which pest-management practices were used to manage 

diseases, undesirable insects, and weeds — which chem-
icals (if any), were applied, at what application rates, and 
what was the previous use of equipment that was used for 
application?

d.  What were the temperatures, soil moisture conditions, and 
level of sunlight?

e.  What was the source of seed or planting stock?
f.  Which crops were grown in the same area during the past 3 

or 4 years?
4.  Examine affected plants to determine whether the problem is re-

lated to insects, diseases, or cultural practices.
a.  Do the symptoms point to insect problems? Insect problems 

are usually restricted to the crop. (A hand lens is usually es-
sential to determine this.)

(1)  Look for the presence of insects, webbing, and frass 
on foliage, stems, and roots.

(2)  Look for feeding signs such as chewing, sucking, or 
boring injuries.

b.  Do the symptoms suggest disease problems? These symp-
toms are usually not uniform; rather, they are specific for 
certain crops.

(1)  Look for necrotic (dead) areas on the roots, stems, 
leaves, flowers, and fruit.

(2)  Look for discoloration of the vascular tissue (plant 
veins).

(3) Look for fungal growth.
(4)  Look for virus patterns; often these are similar to 

injury from 2,4-D or other hormones and nutritional 
problems.

(5) Examine roots for twisting or galling.
c.  Do the symptoms point to cultural problems? Look for the 

following:
(1)  Nutrient deficiencies. (A soil test from good areas 

and poor areas should be done as well as analysis of 
nutrient content of leaf tissue from the same areas.)
•   Nitrogen—light green or yellow foliage. Nitrogen 

deficiencies are more acute on lower leaves.
•   Phosphorus—purple coloration of leaves; plants 

are stunted.
•   Potassium— yellow or brown leaf margins and leaf 

curling.
•   Magnesium—interveinal chlorosis (yellowing be-

tween veins) of mid level or lower leaves.
•   Boron—development of lateral growth; hollow, 

brownish stems; cracked petioles.
•   Iron—light green or yellow foliage occurs first and 

is more acute on young leaves.
•   Molybdenum—”whiptail” leaf symptoms on cauli-

flower and other crops in the cabbage family.
(2) Chemical toxicities.

•   Toxicity of minor elements—boron, zinc, manga-
nese.

•   Soluble salt injury—wilting of the plant when wet; 
death, usually from excessive fertilizer application 
or accumulation of salts from irrigation water.

(3)  Soil problems. (Take soil tests of good and poor  
areas.)
• Poor drainage.
• Poor soil structure, compaction, etc.
• Hard pans or plow pans.

(4)  Pesticide injury. (Usually uniform in the area or 
shows definite patterns, and more than one plant spe-
cies, such as weeds, are often symptomatic.)
• Insecticide burning or stunting.
•  Weed-killer (herbicide) burning or abnormal 

growth.
(5) Climatic damage.

• High-temperature injury.
• Low-temperature (chilling) injury.
• Lack of water.
• Excessive moisture (lack of soil oxygen).
• Frost or freeze damage.

(6) Physiological damage.
• Air-pollution injury.
• Genetic mutations (this is rare).

In summary, when trying to solve a vegetable crop problem,  take 
notes of problem areas, look for a pattern to the symptoms, trace 
the history of the problem, and examine the plants and soil closely. 
These notes can be used to avoid the problem in the future or to 
assist others in helping solve their problem. Publi ca tions and bul-
letins designed to help the grower identi fy specific vegeta ble prob-
lems are avail able from Extension.
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AIR POLLUTION INJURY
The extent of plant damage by particular pollutants in any given 
year depends on meteorological factors leading to air stagnation, the 
presence of a pollution source, and the susceptibility of the plants. 
 Some pollutants that affect vegetable crops are sulfur dioxide 
(SO2), ozone (O3), peroxyacetyl nitrate (PAN), chlorine (Cl), and 
ammonia (NH3).

Sulfur dioxide. SO2 causes acute and chronic plant injury. Acute 
injury is characterized by clearly marked dead tissue between the 
veins or on leaf margins. The dead tissue may be bleached, ivo-
ry, tan, orange, red, reddish brown, or brown, depending on plant 
species, time of year, and weather conditions. Chronic injury is 
marked by brownish red, turgid, or bleached white areas on the 
leaf blade. Young leaves rarely display damage, whereas fully ex-
panded leaves are very sensitive. 
 Some crops sensitive to sulfur dioxide are: squash, pumpkin, 
mustard, spinach, lettuce, endive, Swiss chard, broccoli, bean, car-
rot, and tomato.

Ozone. A common symptom of O3 injury is small stipple like or 
flecklike lesions visible only on the upper leaf sur face. These 
very small, irregularly shaped spots may be dark brown to black 
(stipplelike) or light tan to white (flecklike). Very young leaves 
are normally resistant to ozone. Recently matured leaves are most 
susceptible. Leaves be come more susceptible as they mature, and 
the lesions spread over a greater portion of the leaf with successive 
ozone exposures. Injury is usually more pronounced at the leaf tip 
and along the margins. With severe damage, symptoms may extend 
to the lower leaf surface. 
 Pest feeding (red spider mite and certain leafhoppers) produces 
flecks on the upper surface of leaves much like ozone injury. Flecks 
from insect feeding, however, are usually spread uniformly over the 
leaf, whereas ozone flecks are concen trated in specific areas. Some 
older watermelon varieties and red varieties of potatoes and beans 
are particu larly sensitive to ozone.

Peroxyacetyl nitrate. PAN affects the under surfaces of newly 
matured leaves, and it causes bronzing, glazing, or silvering on the 
lower surface of sensitive leaf areas. 
 The leaf apex of broadleaved plants becomes sensitive to PAN 
about 5 days after leaf emergence. Since PAN toxicity is specif-
ic for tissue of a particular stage of development, only about four 
leaves on a shoot are sensitive at any one time. With PAN only 
successive exposures will cause the entire leaf to develop injury. 
Injury may consist of bronzing or glazing with little or no tissue 
collapse on the upper leaf surface. Pale green to white stipplelike 
areas may appear on upper and lower leaf surfaces. Complete tis-
sue collapse in a diffuse band across the leaf is helpful in identify-
ing PAN injury. 
 Glazing of lower leaf surfaces may be produced by the feed-
ing of thrips or other insects or by insecticides and herbicides, but 
differences should be detectable by careful examination. 
 Sensitive crops are: Swiss chard, lettuce, beet, esca role, mus-
tard, dill, pepper, potato, spinach, tomato, and canta loupe.

Chlorine. Injury from chlorine is usually of an acute type, and it 
is similar in pattern to sulfur dioxide injury. Foliar necrosis and 
bleaching are common. Necrosis is marginal in some species, but 

scattered in others either between or along veins. Lettuce plants 
exhibit necrotic injury on the margins of outer leaves, which of-
ten extends into solid areas toward the center and base of the leaf. 
Inner leaves remain un marked. Crops sensitive to chlorine are: 
Chinese cabbage, lettuce, Swiss chard, beet, esca role, mustard, 
dill, pepper, potato, spinach, tomato, canta loupe,  corn, onion, and 
radish.

Ammonia. Field injury from NH3 has been primari ly due to ac-
cidental spillage or use of ammoniated fertilizers under plastic 
mulch on light sandy soils. Slight amounts of the gas produce color 
changes in the pigments of vegetable skin. The dry outer scales of 
red onions may become greenish or black, whereas scales of yel-
low or brown onions may turn dark brown. In addition, chicken 
litter may be high in ammonia (NH3) and ammonium (NH4), and if 
sufficient time is not allowed between litter application and plant-
ing, substantial damage from ammonia toxicity may occur to seeds 
or seedlings.

WHAT ARE GOOD AGRICULTURAL  
PRACTICES (GAPS)?
Good agricultural practices (GAPs) are basic environmental and 
operational conditions necessary for the production of safe, whole-
some fruits and vegetables.  The purpose of GAPs is to give logi-
cal guidance in implementing best management practices that will 
help reduce the risks of microbial contamination of fruits and veg-
etables.  Examples of GAPs include worker hygiene and health, 
manure use, and water quality throughout the production and har-
vesting process.  While the United States has one of the safest food 
supplies in the world, media attention the past few years on food 
borne illness outbreaks underscores the importance of good agri-
cultural practices. 
 Growers, packers, and shippers are urged to take a proactive 
role in minimizing food safety hazards potentially associated with 
fresh produce.  Being aware of, and addressing, the common risk 
factors outlined in GAPs will result in a more effective, cohesive 
response to emerging concerns about the microbial safety of fresh 
fruits and vegetables. Furthermore, operators should encourage the 
adoption of safe practices by their partners along the farm-to-table 
food chain.  This includes distributors, exporters, importers, retail-
ers, producer transporters, food service operators, and consumers.

BASIC PRINCIPLES OF GOOD  
AGRICULTURAL PRACTICES (GAPS)
By identifying basic principles of microbial food safety within 
the realm of growing, harvesting, packing, and transporting fresh 
produce, growers will be better prepared to recognize and address 
the principal elements known to give rise to microbial food safety 
concerns.
1.  Prevention of microbial contamination of fresh produce is fa-

vored over reliance on corrective actions once contamination 
has occurred.

2.  To minimize microbial food safety hazards in fresh produce, 
growers, packers, and shippers should use good agricultur-
al and management practices in those areas over which they 
have control.
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 TABLE 14.   RECOMMENDED STORAGE CONDITIONS AND COOLING METHODS FOR MAXIMUM POSTHARVEST LIFE  
OF COMMERCIALLY GROWN VEGETABLES

Crop
Temperature

% Relative Humidity Approximate Storage Life Cooling Method1°F °C
Asparagus 32-35 0-2 95-100 2-3 weeks HY
Bean, green or snap 40-45 4-7 95 7-10 days HY, FA
Bean, lima (butterbean) 37-41 3-5 95 5-7 days HY
Bean, lima, shelled 32 0 95-100 2-3 days ROOM, FA
Beet, topped 32 0 98-100 4-6 months ROOM
Broccoli 32 0 95-100 10-14 days HY,ICE
Cabbage, early 32 0 98-100 3-6 weeks ROOM

Cabbage, Chinese 32 0 95-100 2-3 months HY,VAC
Carrot, bunched 32 0 95-100 2 weeks HY
Carrot, mature, topped 32 0 98-100 7-9 months HY
Cauliflower 32 0 95-98 3-4 weeks HY,VA
Collard 32 0 95-100 10-14 days HY,ICE,VAC
Cucumber 50-55 10-13 95 10-14 days HY
Eggplant 46-54 8-12 90-95 1 week FA
Endive and escarole 32 0 95-100 2-3 weeks HY,ICE,VAC
Garlic 32 0 65-70 6-7 months ROOM
Greens, leafy 32 0 95-100 10-14 days HY,ICE,VAC
Kale 32 0 95-100 2-3 weeks HY,ICE,VAC
Kohlrabi 32 0 98-100 2-3 months ROOM
Leek 32 0 95-100 2-3 months HY,ICE,VAC
Lettuce 32 0 98-100 2-3 weeks HY, VAC, ICE
Melon
   Cantaloupe, 3/4-slip
   Mixed melons
   Watermelon

36-41
45-50
50-60

2-5
6-10

10-15

95
90-95

90

15 days
2-3 weeks
2-3 weeks

FA,HY
FA,HY

ROOM, FA
Okra 45-50 7-10 90-95 7-10 days FA
Onion, green 32 0 95-100 3-4 weeks HY,ICE
Onion, dry2 32 0 65-70 1-8 months ROOM
Parsley 32 0 95-100 2-2.5 months HY,ICE

Parsnip 32 0 98-100 4-6 months ROOM
Pea, green or English 32 0 95-98 1-2 weeks HY,ICE
Southernpea 40-41 4-5 95 6-8 days FA,HY
Pepper, sweet (bell) 45-55 7-13 90-95 2-3 weeks FA, ROOM
Potato (Irish)2 40 4 90-95 4-5 months HY,ROOM,FA
Pumpkin 50-55 10-13 50-70 2-3 months ROOM
Radish, spring 32 0 95-100 3-4 weeks HY, FA
Radish, oriental 32 0 95-100 2-4 months ROOM
Rutabaga 32 0 98-100 4-6 months ROOM
Spinach 32 0 95-100 10-14 days ICE,HY,VAC
Squash, summer 41-50 5-10 95 1-2 weeks FA,HY
Sweet corn 32 0 95-98 5-8 days HY,ICE,VAC
Squash, winter 50 10 50-70 Depending on type ROOM
Sweetpotato2 55-60 13-16 85-90 4-7 months ROOM
Tomato, mature-green 55-70 13-21 90-95 1-3 weeks FA,ROOM
Tomato, firm-red 46-50 8-10 90-95 4-7 days FA,ROOM
Turnip 32 0 95 4-5 months FA,ROOM
1 FA = Forced-air cooling; HY = Hydrocooling; ICE = Package ice, slush ice; ROOM = Room cooling; VAC = Vacuum cooling
2 Curing required prior to long term storage. ‘Curing’ of dry onions actually involves drying the outer bulb scales, reducing the fresh weight by 5-6%.
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3.  Fresh produce can become microbiologically contaminated 
at any point along the farm-to-table food chain. The major 
source of microbial contamination with fresh produce is asso-
ciated with human or animal feces.

4.  Whenever water comes in contact with produce, its source 
and quality dictates the potential for contamination. Minimize 
the potential of microbial contamination from water used with 
fresh fruits and vegetables.

5.  Practices using animal manure or municipal biosolid wastes 
should be managed carefully to minimize the potential for mi-
crobial contamination of fresh produce.

6.  Worker hygiene and sanitation practices during production, 
harvesting, sorting, packing, and transport play a critical role 
in minimizing the potential for microbial contamination of 
fresh produce.

7.  Follow all applicable local, state, and federal laws and regu-
lations, or corresponding or similar laws, regulations or stan-
dards for operators outside the U.S., for agricultural practices.

8.  Accountability at all levels of the agricultural environment 
(farm, packing facility, distribution center, and transport op-
eration) is important to a successful food safety program.

9.  There must be qualified personnel and effective monitoring to 
ensure that all elements of the program function correctly and 
to help track produce back through the distribution channels 
to the producer.

More information and resources on Good Agricultural Practices 
can be found at the following websites or by contacting your local 
Extension office.

SOURCES 
NC Produce Safety 
http://ncfreshproducesafety.ces.ncsu.edu/

Produce Safety Alliance 
http://producesafetyalliance.cornell.edu/

FDA Produce Safety Standards 
http://www.fda.gov/Food/GuidanceRegulation/FSMA/ucm304045.htm

LSU AG Center Food Safety
http://www.lsuagcenter.com/en/food_health/food/safety/

FOOD SAFETY MODERNIZATION ACT’S 
(FSMA) PRODUCE SAFETY RULE
The Food Safety Modernization Act (FSMA) is a compilation of 
laws that required the Food and Drug Administration (FDA) to set 
comprehensive, prevention-based controls across the food supply. 
FSMA was passed by Congress on December 21, 2010 and signed 
into law on January 4, 2011. FSMA gave FDA a new public health 
mandate to establish standards for adoption of modern food safety 
prevention practices by those who grow, process, transport, and 
store food. It also gave FDA new mandates, authorities and over-
sight tools aimed at providing solid assurances that those practices 
are being carried out by the food industry on a consistent, on-going 
basis.
As part of FSMA, FDA developed “Standards for the Growing, 
Harvesting, Packing, and Holding of Produce for Human Con-
sumption”. These standards are commonly referred to as the Pro-
duce Safety (PS) Rule. The PS rule sets forth procedures, process-

es and practices that minimize the risks for consumers of eating 
raw fruit and vegetables that could be contaminated with bacteria, 
viruses or parasitic organisms that cause food borne illness. 
The PS rule was effective January 26, 2016 and has different com-
pliance dates for produce and sprout farms. The earliest compli-
ance date for produce farms is January 26, 2018. Inspections at 
farms are set to start in 2019. One important aspect of the PS rule 
is that it establishes training requirements for covered farms. The 
rule requires that at least one supervisor or responsible party for 
covered farms complete food safety training at least equivalent to 
that received under standardized curriculum recognized as ade-
quate by the FDA. The Produce Safety Alliance Grower training 
course is currently the only curriculum that has been approved to 
meet this requirement. Produce Safety Alliance Grower trainings 
provide an overview of good agricultural practices and the stan-
dards set in the rule that farms must follow. For a list of Produce 
Safety Alliance trainings visit:

PRODUCE SAFETY ALLIANCE TRAININGS

https://producesafetyalliance.cornell.edu/training/grower-training-courses/
upcoming-grower-trainings

POSTHARVEST HANDLING
Importance of Temperature Management

Once harvested, a vegetable continues life processes independent 
of the plant, and as a result, must utilize its own stored energy re-
serves. Within hours of harvest, crops held at ambient temperatures 
can suffer irreversible losses in quality, reducing postharvest life. 
Additionally, many vegetables, such as greens and lettuce, are cut 
at harvest, and this wound further increases stress on the tissue. 
The relative perishability of a crop is reflected in its respiration 
rate. Respiration is the process of life by which O2 is combined 
with stored carbohydrates and other components to produce heat, 
chemical energy, water, CO2, and other products. The respiration 
rate varies by commodity; those commodities with high respiration 
rates utilize the reserves faster and are more perishable than those 
with lower respiration rates. Therefore, vegetables with higher 
respiration rates, such as broccoli and sweet corn, must be rapidly 
cooled to the optimal storage temperature to slow metabolism and 
extend postharvest life during subsequent shipping and handling 
operations.
Since the introduction of hydrocooling for celery in the 1920s, 
rapid cooling (precooling) has allowed produce to be shipped to 
distant markets while maintaining high quality. Commercial cool-
ing is defined as the rapid removal of field heat to temperatures 
approaching optimal storage temperature and it is the first line of 
defense in retarding the biological processes that reduce vegetable 
quality. Cooling, in conjunction with refrigeration during subse-
quent handling operations, provides a “cold chain” from pack-
inghouse to supermarket to maximize postharvest life and control 
diseases and pests. (The term “postharvest life” is purposely used 
in this text, since “shelf life” has the connotation that the com-
modity “sits on the shelf”, implying that the product requires no 
subsequent refrigeration.) Timeliness during handling is also es-
sential in maintaining produce quality: timely and careful harvest 
and transport to the packinghouse, rapid packing and cooling, and 
rapid transport to the market or buyer. Everyone involved at each 
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of the many steps during product handling (e.g., shippers, truckers, 
receivers) must take care to ensure that the refrigerated cold chain 
is not broken.
Many shippers are well equipped to rapidly cool their crops, and 
a growing number are incorporating cooling or improving their 
existing facilities. Simple placement of packed vegetables in 
a refrigerated cooler is not sufficient to maintain quality for 
product destined for distant markets. Neither should non-cooled 
vegetables be loaded directly into refrigerated trailers. In both of 
these situations, the product cools very slowly, at best. Refriger-
ated trailers are designed to maintain product temperature during 
transport, and they do not have the refrigeration capacity to quick-
ly remove field heat. Therefore, only produce that has been prop-
erly cooled should be loaded, and only into trailers that have been 
cooled prior to loading.

STORAGE REQUIREMENTS
Horticultural crops may be grouped and stored into two broad cat-
egories based on sensitivity to storage temperatures. The degree of 
chilling sensitivity, and therefore the lowest safe storage tempera-
ture, is crop-specific. Those crops that are chilling sensitive should 
be held at temperatures generally above 50°F (10°C). Storage be-
low this threshold will give rise to a physiological disorder known 
as chilling injury. Chilling injury symptoms are characterized by 
development of sunken lesions on the skin, increased susceptibil-
ity to decay, increased shriveling, and incomplete ripening (poor 
flavor, texture, aroma, and color). Vegetables most susceptible to 
chilling injury include cucumber, eggplant, melons, okra, peppers, 
potatoes, summer squash, sweetpotatoes, and tomatoes.The extent 
of chilling symptoms is also dependent on the length of exposure 
to low temperatures. Short exposure times will result in less injury 
than longer exposure to chilling temperatures. Those crops not as 
sensitive to chilling injury may be stored at temperatures as low as 
32°F (0°C). 
 In addition to maintaining storage rooms at proper storage 
temperatures, the relative humidity should also be controlled to 
reduce water loss from the crop. Optimal storage recommendations 
and precooling methods are included for a wide range of vegetable 
commodities in Table 14.

OPTIMIZING COMMERCIAL COOLING
COOLING CONCEPTS
Cooling is a term that is often used quite loosely. In order to be ef-
fective and significantly benefit the shipping life of the product, an 
appropriate definition of commercial cooling for perishable crops 
is: the rapid removal of at least 7/8 of the field heat from the crop 
by a compatible cooling method. The time required to remove 7/8 
of the field heat is known as the 7/8 Cooling Time. Removal of 7/8 
of the field heat during cooling is strongly recommended to pro-
vide adequate shipping life for shipment to distant markets; also, 
7/8 of the heat can be removed in a fairly short amount of time. 
Removal of the remaining 1/8 of the field heat will occur during 
subsequent refrigerated storage and handling with little detriment 
to the product. 
 The rate of heat transfer, or the cooling rate, is critical for ef-
ficient removal of field heat in order to achieve cooling. As a form 
of energy, heat always seeks equilibrium. In the case of cooling, 

the sensible heat (or field heat) from the product is transferred to 
the cooling medium. The efficiency of cooling is dependent on 
time, temperature, and contact. In order to achieve maximum cool-
ing, the product must remain in the precooler for sufficient time to 
remove heat. The cooling medium (air, water, crushed ice) must be 
maintained at constant temperature throughout the cooling period. 
The cooling medium also must have continuous, intimate contact 
with the surfaces of the individual vegetables. For reasonable cool-
ing efficiency, the cooling medium temperature should be at least 
at the recommended storage temperature for the commodity found 
in Table 14. Inappropriately designed containers with insufficient 
vent or drain openings or incorrectly stacked pallets can markedly 
restrict the flow of the cooling medium, increasing cooling time.

COOLING METHODS 
The cooling rate is not only dependent upon time, temperature, and 
contact with the commodity; it is also dependent upon the cooling 
method being employed. The various cooling media used to cool 
produce have different capacities to remove heat.

ROOM COOLING
The simplest, but slowest, cooling method is room cooling, in 
which the bulk or containerized commodity is placed in a refrig-
erated room for several days. Air is circulated by the existing fans 
past the evaporator coil to the room. Vented containers and proper 
stacking are critical to minimize obstructions to air flow and ensure 
maximum heat removal. Room cooling is not considered precool-
ing and is satisfactory only for commodities with low respiration 
rates, such as mature potatoes, dried onions, and cured sweetpo-
tatoes. Even these crops may require precooling, when harvested 
under high ambient temperatures.

FORCED-AIR COOLING
The cooling efficiency of refrigerated rooms can be greatly im-
proved by increasing the airflow through the product. This prin-
ciple led to the development of forced-air, or pressure cooling, in 
which refrigerated room air is drawn at a high flow rate through 
specially stacked containers or bins by means of a high capacity 
fan. This method can cool as much as four times faster than room 
cooling. Forced-Air cooling is an efficient method for precooling. 
In many cases, cold storage rooms can be retrofitted for forced-air 
cooling, which requires less capital investment than other cooling 
methods.  However, in order to achieve such rapid heat removal, 
the refrigeration capacity of the room may need to be increased to 
be able to maintain the desired air temperature during cooling. Por-
table systems can be taken to the field. 
 With either room cooling or forced-air cooling, precautions 
must be taken to minimize water loss from the product. The refrig-
eration system actually dehumidifies the cold-room air as water va-
por in the air condenses on the evaporator coil. This condensation 
lowers the relative humidity in the room. As a result, the product 
loses moisture to the air. To minimize water loss during cooling 
and storage, the ambient relative humidity should be maintained at 
the recommended level for the particular crop (commercial humid-
ification systems are available) and the product should be promptly 
removed from the forced-air precooler upon achieving 7/8 Cool-
ing. Forced-air cooling is recommended for most of the fruit-type 
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vegetables and is especially appropriate for vegetables such as pep-
pers and tomatoes.

HYDROCOOLING
Hydrocooling removes heat at a faster rate than forced-air cooling. 
The heat capacity of refrigerated water is greater than that for air, 
which means that a given volume of water can remove more heat 
than the same volume of air at the same temperature. Hydrocooling 
is beneficial in that it does not remove water from the commodi-
ty. It is most efficient (and, therefore, most rapid) when individu-
al vegetables are cooled by immersion in flumes or by overhead 
drench, since the water completely covers the product surfaces. 
Cooling becomes less efficient when the commodity is hydro-
cooled in closed containers, and even less efficient when contain-
ers are palletized and hydrocooled. It is important to continuously 
monitor the hydrocooler water and product temperatures and adjust 
the amount of time the product is in the hydrocooler accordingly in 
order to achieve thorough cooling. 
 Sanitation of the hydrocooling water is critical, since it is 
recirculated. Decay organisms present on the vegetables can accu-
mulate in the water, inoculating subsequent product being hydro-
cooled. Cooling water should be changed frequently. Commodities 
that are hydrocooled must be sufficiently resistant to withstand the 
force of the water drench. The container must also have sufficient 
strength so as to resist the application of water. Crops recommend-
ed for hydrocooling include sweet corn, snap beans, cucumbers, 
and summer squash.

CONTACT ICING
Contact icing has been used for both cooling and temperature 
maintenance during shipping. Heat from the product is absorbed 
by the ice, causing it to melt. As long as the contact between the 
ice and produce is maintained, cooling is fairly rapid and the melt-
ed ice serves to maintain a very high humidity level in the package, 
which keeps the produce fresh and crisp. Non-uniform distribution 
of ice reduces the cooling efficiency. There are two types of con-
tact icing: top icing and package icing. 
 Top icing involves placement of crushed ice over the top lay-
er of product in a container prior to closure. Although relatively 
inexpensive, the cooling rate can be fairly slow since the ice only 
directly contacts the product on the top layer. For this reason, it is 
recommended that top icing be applied after precooling to crops 
with lower respiration rates such as leafy vegetables and celery but 
not for fruit of warm-season crops. Prior to shipping, ice is blown 
on top of containers loaded in truck trailers to aid in cooling and 
maintenance of higher relative humidity. However, care should be 
taken to avoid blockage of vent spaces in the load; this restricts air-
flow, which results in warming of product in the center of the load 
during shipment. Ice should also be “tempered” with water to bring 
the temperature to 32°F (0°C) to avoid freezing of the product. 
 Package Icing. Crushed ice distributed within the container is 
known as package icing. Cooling is faster and more uniform than 

for top icing, but it can be more labor intensive to apply. 
 A modified version of package icing utilizes a slurry of refrig-
erated water and finely chopped ice drenched over either bulk or 
containerized produce or injected into side hand holds. This “slush 
ice” method has been widely adopted for commodities tolerant 
to direct contact with water and requiring storage at 32°F (0°C). 
The water acts as a carrier for the ice so that the resulting slush, or 
slurry, can be pumped into a packed container. The rapidly flow-
ing slush causes the product in the container to float momentarily 
until the water drains out the bottom. As the product settles in the 
container, the ice encases the individual vegetables by filling air 
voids, thus providing good contact for heat removal. Slush icing is 
somewhat slower than forced-air cooling, but it does reduce pulp 
temperatures to 32°F (0°C) within a reasonable amount of time 
and maintains an environment of high relative humidity. Contain-
er selection is critical. The container must be oversized to accom-
modate sufficient ice to provide cooling. Corrugated fiberboard 
cartons must be resistant to contact with water (usually impregnat-
ed with paraffin wax) and must be of sufficient strength so as not 
to deform. Shipping operations must also tolerate water dripping 
from the melting ice during handling and storage. Package icing 
is successfully used for leafy crops, sweet corn, green onions, and 
cantaloupes.

VACUUM COOLING
Vacuum cooling is a very rapid method of cooling, and is most 
efficient for commodities with a high surface-to-volume ratio such 
as leafy crops. This method is based on the principle that, as the at-
mospheric pressure is reduced, the boiling point of water decreas-
es. Containerized or bulk product is thoroughly wetted, placed in 
a vacuum chamber (tube) and sealed. The pressure in the chamber 
is reduced until the water on the product surface evaporates at the 
desired precooling temperature. As water on the product surface 
evaporates, it removes field heat; the resultant vapor is condensed 
on evaporator coils within the vacuum tube to increase cooling 
efficiency. Any water that evaporates from the vegetable tissue is 
removed uniformly throughout the product. Therefore, it does not 
tend to result in visible wilting in most cases. 
 Precautions must be taken so as not to cool the products be-
low their chilling temperature threshold. Vacuum coolers are costly 
to purchase and operate and are normally used only in high volume 
operations or are shared among several growers. Commodities that 
can be cooled readily by vacuum cooling include leafy crops, such 
as spinach, lettuce, and collards.

SUMMARY
When selecting an appropriate cooling method, several factors 
must be considered, including: the maximum volume of prod-
uct requiring precooling on a given day, the compatibility of the 
method with the commodities to be cooled, subsequent storage and 
shipping conditions, and fixed/variable costs of the system.
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