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Tomato: Bacterial Diseases and Late Blight

Dr. M.K. Hausbeck (517-355-4534, hausbec1@msu.edu)
Michigan State University, Department of Plant Pathology

Bacterial canker
Bacterial canker was diagnosed in several fields of processing tomatoes in Michigan in 2004.  Bacterial
canker is caused by the bacterium, Clavibacter michiganensis subsp. michiganensis, and causes plant
stunting, wilting and fruit spotting.  This year, symptoms on fruit appeared early and became severe in
some fields.  Although yield losses vary among years, bacterial canker has the potential to be devastating. 
Young plants are more susceptible than older plants.  Bacterial canker can be introduced into a clean
field via transplants, machinery and wooden stakes or other equipment that has been previously used in
an infected field.

Once a greenhouse or field is
contaminated with bacterial
canker, steps must be taken to
assure that future crops remain
disease free.  If a greenhouse is
contaminated, remove all plant
material from the greenhouse
(including weeds and dead plant
tissue on the floor), wash and
disinfect floor surfaces, hoses, equipment, etc. with a 10% solution of bleach or a commercial
disinfestant (GreenShield is an example).  Wooden structures such as benches or trays should be soaked
in a disinfestant such as bleach (10%) or GreenShield for a minimum of an hour and preferably
overnight.  A simple washing of wooden surfaces is inadequate because of the cracks and crevices that
may allow the bacteria to escape a surface wash.  Bacteria that overwinter on a wooden surface may be
carried to the plants in water droplets next season during the splashing of overhead irrigation.

A contaminated field should be rotated out of tomatoes for at least three years.  At one time it was
believed that a rotation of at least five years was necessary, however, it is now known that the level of
bacteria in a contaminated field drops dramatically after the first year of rotation.  Any equipment used in
the problem field should be washed and disinfected prior to entering a clean field.  Equipment and
workers should begin work in the cleanest field and finish with the contaminated field.

Copper sprays every five to seven days may help reduce the spread of bacterial canker.  However, if the
environment is favorable for bacterial canker (75 - 90°F with rain) coppers may be limited because the
bacteria has a decided advantage in a wet environment.

Avoid working in a diseased field when it is wet to avoid spreading the disease.  Bacteria may enter the
plant through natural openings, or wounds created by wind, pesticide spraying or insects.  A film of water
on the leaf surface allows the bacteria to remain viable and move.  If workers are moving within a wet
field and creating new wounds on the plants, new infections are likely.  If plants have been staked, all
stakes should be treated as discussed previously for wooden trays and benches.
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Untreated Serenade
Max 2 lb

+ Kocide 2 lb
+ Biotune 0.5 pt

alternate
Bravo 1.5 pt

Serenade
Max 1 lb

+ Kocide 2 lb
+ Biotune 0.5 pt

alternate
Bravo 1.5 pt

Kocide 2 lb Bravo 1.5 pt
+ Actigard 0.02 lb

Bars with a letter in common
are not significantly different.

Fig. 1.  Bacterial Canker Infection of Tomato Foliage
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Untreated Tanos 0.38 lb
+ Kocide 2 lb

+ Manzate 2 lb
    apps 1,3    
Manzate 2 lb
+ Kocide 2 lb
    apps 2,4    
Tanos 0.38 lb
+ Kocide 2 lb
+ Bravo 1.5 pt
   apps 5,7,9   
Bravo 1.5 pt
+ Kocide 2 lb

   apps 6,8,10   

Tanos 0.5 lb
+ Kocide 2 lb

+ Manzate 2 lb
    apps 1,3    
Manzate 2 lb
+ Kocide 2 lb
    apps 2,4    
Tanos 0.5 lb
+ Kocide 2 lb
+ Bravo 1.5 pt
   apps 5,7,9   
Bravo 1.5 pt
+ Kocide 2 lb

   apps 6,8,10   

Tanos 0.63 lb
+ Kocide 2 lb

+ Manzate 2 lb
    apps 1,3    
Manzate 2 lb
+ Kocide 2 lb
    apps 2,4    
Tanos 0.63 lb
+ Kocide 2 lb
+ Bravo 1.5 pt
   apps 5,7,9   
Bravo 1.5 pt
+ Kocide 2 lb

   apps 6,8,10   

Manzate 2 lb
+ Kocide 2 lb
   apps 1-4   
Cabrio 0.5 lb
+ Kocide 2 lb
  apps 5,7,9  
Bravo 1.5 pt
+ Kocide 2 lb
 apps 6,8,10 

Table 1.  Products used in tomato trials.
Product Active ingredient Company Registered
Acrobat 50WP dimethomorph BASF Ag Products yes
Actigard 50WG acibenzolar-S-methyl BASF Ag Products no
Amistar 80WG azoxystrobin Syngenta Crop Protection Inc. yes
BAS 55007F 4.17SC experimental BASF Ag Products no
Bravo Weather Stik 6SC chlorothalonil Syngenta Crop Protection Inc. yes
Cabrio 20WG pyraclostrobin BASF Ag Products yes
Dithane 75DF mancozeb Dow Agrosciences LLC yes
Kocide 61.4DF copper hydroxide Griffin LLC yes
Kocide 2000 54DF copper hydroxide Griffin LLC yes
Ranman 3.3SC cyazofamid ISK Biosciences no
Ridomil Gold Bravo 76.5WP mefenoxam + chlorothalonil Syngenta Crop Protection Inc. yes
Serenade Max 20WP Bacillus subtilis AgraQuest Inc. no
Tanos 50WG famoxadone + cyazofamid du Pont yes

New Product Test for Bacterial Canker
A study of bacterial diseases on tomato was conducted at the Plant Pathology Farm of Michigan State
University on a clay loam soil that was previously planted to tomatoes.  The field was chiseled plowed
and field cultivated on 26 April.  Forty-three raised beds, with 1.5 mil black-plastic mulch and drip-
irrigation tube, were formed on 3 May.  The drip tube had an emitter spacing of 12 in. and delivered 0.4
GPM per 100 ft of tube.  Raised beds were
spaced 8 ft apart and were 6 in. high and 24 in.
wide at the top.   Planting holes were punched
in the tops of the beds using a water wheel
with a hole spacing of 18 in. on 8 June and
one ‘Mt Spring’ transplant from a 72-cell plug
tray was planted in each hole.  Treatment plots
consisted of 20 ft of row with a 2 ft buffer
space between treatments within the row, and
one buffer row between each treatment row. 
Treatments were replicated four times in a
randomized complete block design.  Insects
were controlled with a drip irrigation
application of Admire (24 fl oz/A) on 9 June. 
The plot received applications of 20-20-20 (5
lb/A) weekly through the drip tube.  After
plant establishment, plots were watered via
drip irrigation 4 hours per day two times a
week.  Mist irrigation was also applied to the
plot three times per week to promote foliar
disease after 1 August.  Fungicide sprays were
applied using a CO2 backpack sprayer with
three 8003XR nozzles spaced 19 in apart.  The
sprayer was operated at 50 psi and was



calibrated to deliver 50 gal/A.  Ten sprays were made to the 7-day treatments on 26 June; 2, 9, 16, 23,
and 31 July; 7, 14, 21, and 25 August.  Plots were evaluated for foliar bacterial infection (based on a
rating of 0 to100%) on 2 and 14 September.  Yields were taken from the inner five ft of plants on 7 and
15 September.  Harvested fruit were held in the dark at room temperature for seven days before being
evaluated for bacterial infection.

Defoliation was caused by both bacterial canker and bacterial speck.  Canker symptoms caused a
blighting and yellowing that resulted in death of entire petioles on one side of the stem.  Bacterial speck
lesions were small dark black spots that coalesced and then caused death of single leaves on a petiole. 
All treatments had less bacterial canker and bacterial speck than the untreated control for the last foliar
rating (Fig. 1).  There were some significant differences in yields of infected fruit among treatments, but
theft of fruit from the plot on several occasions limits the reliability of the yield data. 

Late Blight
Late blight is a fungal disease that most commonly affects potatoes, but can affect tomatoes in some
years.  When the weather is favorable, late blight can be a very serious disease.  Although this disease
was not a reported problem in Michigan this year, it occurred in several eastern states.  Late blight
symptoms include blighting on all aboveground parts of the tomato plant.  Lesions on leaves often appear
dark and oily with production of spores occurring on the undersides of the leaves resulting in a purplish
appearance especially when conditions are wet and humid.  Blackened lesions on the stems also occur
and are unique to late blight  disease.   Late blight affects green and ripened tomato fruit.   The blighting
on fruit appears as dark, greasy areas that enlarge rapidly encompassing the entire fruit.  During wet and
humid conditions, white threads (mycelium) can be seen on the fruit.

Between cropping seasons, the fungus survives on volunteer and abandoned potato and tomato plants in
fields, cull piles, and homeowner gardens.  Cool nights and warm days are ideal for late blight
development.  The spores can be carried from diseased plants to nearby healthy plants via wind.  

Control measures include eliminating all potato cull piles in the vicinity of tomato plantings and
destroying volunteer potato plants that grow from overwintered tubers.  All tomato varieties are
susceptible to late blight.  When late blight on potatoes has been reported in the state, fungicides that
control late blight are recommended for tomatoes.

New Product Test for Late Blight
A tomato late blight study was conducted at a grower cooperator’s farm in Calhoun County, MI, on a
sandy clay loam soil that was previously planted to winter wheat.  The field was prepared by plowing,
discing, forming beds and covering with black plastic.   Plots consisted of one 20-ft row spaced 8 ft apart,
with 18 in. between plants.  On 9 June, 72-cell ‘Mt. Spring’ tomato plugs were transplanted into the field. 
Eighteen treatments were replicated four times in a randomized complete block design.  Fertilizer 10-50-
10 (5 lb/A) was applied via drip irrigation weekly from 9 to 30 June, and 20-20-20 (5 lb/A) + 6% calcium
(2 pt/A) was applied weekly from 1 July to 7 September.  Insects were controlled with an application of
Admire (24 fl oz/A) applied through the drip on 9 June and a foliar applications of Asana (9.6 fl oz/A) on
3 August.  Weeds were controlled with an application of Sandea 75DF (0.66 oz/A) and Dual Magnum (1
pt/A) on 10 June, and Sencor 75DF (10 oz/A) and Fusilade DX (24 fl oz/A) on 19 July.  A spore
suspension (1 x 105 spores/ml) was prepared from 11-day old cultures of Phytophthora infestans (US-6,
A1) grown on rye agar and applied to plants in the field on 31 July, 7, 14, and 21 August.  Plots were
kept wet 24 hr after inoculation with a mist irrigation system.  Tomato early blight (Alternaria solani)
infection was suppressed by applications of Endura 70WG (4 oz/A) on 17 July and again on 5 August. 
Fungicide sprays were applied using a CO2 backpack boom sprayer equipped with three 8003XR nozzles
spaced 19 in. apart, operated at 50 psi to deliver 50 gal/A.  Sprays were applied on a 7-10 day schedule



Fig 2.  Late Blight on Tomato
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Untreated Bravo
1.5 pt

alternate
Ranman
0.17 pt

+ Silwett
0.13 pt

Bravo
1.5 pt

 apps 1-3 
Cabrio
0.75 lb

apps 4,6,9
Ranman
0.17 pt
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Dithane
2 lb
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Bravo
1.5 pt
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Ranman
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+ Manzate
2 lb

Cabrio
0.75 lb

alternate
Ridomil

Gold
Bravo
2 lb

Bravo
Weather

Stik
1.5 pt

Treatments applied at
7-day intervals

Bars with a letter in common
are not significantly different

on 9, 20, and 25 July; 5, 11, 19, and 27
August; and 4 September.  Plants were
visually assessed for foliar disease on 26
August and 9 September.  Yields were taken
by stripping the fruit from the three center
plants of each treatment plot and the fruit was
sorted by disease on 13 September. 

Disease developed 7 days after the first
inoculation and spread across the plot by the
last evaluation date.  All treatments provided
significant disease control compared to the
untreated on the first evaluation date (Fig. 2). 
All treatments provided significantly better
foliar blight control than the untreated on the
last observation date.  BAS 55007F 4.17SC applied alone did have a significantly higher level of disease
than the other treatments.  All other treatments were very effective in controlling foliar late blight
symptoms.  As with the foliar ratings, all treatments had less infected fruit than the untreated.  The
treatment of BAS 55007F 4.17SC applied alone had a higher level of infected fruit than the other
chemical treatments.  The remaining treatments were very effective in controlling late blight fruit
infections.  There were no significant differences in total yield among treatments and the untreated.



 
 
 
 
 

Weed Management in Tomatoes 
 

David Monks, Extension Weed Scientist 
Department of Horticultural Science 

North Carolina State University 
Box 7609 

Raleigh, NC 27695 
 

Weeds in tomato fields can reduce fruit yield and fruit quality.  Research at North Carolina State 
University found that upright weeds like pigweed are capable of reducing jumbo fruit by 30%.  
These weeds shade tomatoes and compete for nutrients, and water necessary for optimum crop 
growth.  Weeds can also interfere with crop harvest, making it difficult to locate and harvest fruit.  
Garvey (1999) and Buckelew and Monks (2005) found that weeds growing from the hole near 
tomato grown on plastic could reduce total marketable fruit yield 33 (eastern black nightshade) to 
67 % (pigweed species).  Numerous researchers have reported that weed control during the first 
35 days of the growing season is most critical to prevent weeds from reducing fruit yield and 
quality.   This time coincides with tomato transplanting through flowering and early fruit set.  
There are many options for controlling weeds in tomatoes. 
 
Preemergence weed control:   
Dual Magnum gives excellent control of annual grasses and certain broadleaf weeds such as 
broadleaf signalgrass, large crabgrass, goosegrass, fall panicum, foxtails, eastern black 
nightshade, pigweed, and groundcherry.   
 
Goal is not registered in tomatoes in Michigan at this time however it looks promising in a 
plasticulture system for tomatoes.  It gives preemergence control of certain annual grasses and 
several broadleaf weeds such as common ragweed, common lambsquarters, galinsoga, and 
pigweed.  Based on some of the initial research that has been conducted in the Southeastern 
United States, Goal is likely to fit into a system with methyl bromide alternative fumigants in that 
timing of application is similar to the fumigants and it gives excellent weed control.    
 
Sandea gives excellent preemergence control of broadleaf weeds such as pigweed, common 
cocklebur, hairy galinsoga, common lambsquarters, wild mustard, wild radish, common ragweed, 
smartweeds, and velvetleaf.  It can be applied to the soil surface just prior to laying plastic mulch.  
It can also be applied after transplanting either over the top or directed between crop rows but at 
least 14 days after transplanting.  Sandea preemergence does not give as effective control of 
nutsedge as Sandea postemergence.  
 
Sencor gives effective control of many broadleaf weeds including pigweed, common 
lambsquarters, and many others.  Care should be used not to incorporate Sencor too deep.  It does 
not effectively control grass weeds.  Thus, in a program including Sencor, an option 
(preemergence or postemergence) should be included in the program that will control grasses. 
 
Treflan gives effective control of most annual grasses and a few small seeded broadleaf weeds 
such as pigweed.  This herbicide must be incorporated to prevent loss through volatilization.   



 
Postemergence weed control:  
Matrix controls certain grasses and broadleaf weeds such as large crabgrass, fall panicum, 
foxtails, wild mustard, pigweed species, and wild radish.   
 
Paraquat (Gramoxone) is a nonselective herbicide that controls most broadleaf weeds and small 
grasses.  As grasses grow they become more tolerant of paraquat.  Crop injury occurs if Paraquat 
contacts the crop. 
 
Sandea gives effective control of yellow and purple nutsedge, common cocklebur, smartweeds, 
ragweeds, hairy galinsoga, wild mustard, wild radish, ragweeds, velvetleaf and other weeds.  
Sandea also has activity on annual sedges, however, control is reduced as sedges mature.  It is 
very safe to tomatoes when applied according to the herbicide label.   
 
Sencor gives very effective control of many broadleaf weeds including pigweed, common 
lambsquarters, morningglory species, and other weeds.  It is not effective on nightshades and 
groundcherries.  
 
Poast or Select controls most annual and perennial grasses.  Select herbicide also controls annual 
bluegrass.  Grasses must be actively growing for best control.  A crop oil concentrate must be 
used with either herbicide for optimum control.  Do not mix either herbicides with other 
pesticides.           
 
Hand removal gives effective control of most weeds.  Weeds should be removed by hand prior to 
them reaching 3 to 4 inches tall.  If weeds are removed later, they should be cut at ground level to 
prevent disturbance or uprooting of the crop. 
 
For best results, growers should select herbicides or nonchemical methods of control (hand 
removal) based on the expected weed problems and follow all instructions on the herbicide label. 
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Irrigation and Fertigation of Fresh Market Tomatoes 
 

Dr. Dorota Z Haman 
Agricultural and Biological Engineering 

University of Florida - Gainesville  
 

The tomato is a warm season crop. With special production practices fresh market tomatoes can be 
produced in approximately 60 days. Generally, tomatoes require a large investment in time and labor, but 
increase in intensity of management is repaid by increased yields and profits. 
 
Efficient production of tomatoes requires good water management on the field.  This may incude 
irrigation and drainage systems.  Tomatoes can be irrigated using a variety of irrigation systems.  These 
include drip irrigation, sprinklers, surface irrigation and seepage irrigation. 
 
Sprinkler irrigation can be portable, self propelled (traveling gun), or solid set system.   
 
In some regions, where soil conditions are appropriate fresh market tomatoes are grown under seepage 
irrigation (also called subirrigation).  Seepeege irrigation requires natural high water table or restrictive 
horizon like semi-impermeable spodic layer 18- to 36- inches below the soil surface very common in 
Florida’s soils. It also requires high hydraulic conductivity of soil so the water will quickly migrate into 
the planting beds.  Sandy soils or organic soils with a spodic horizon or other shallow restrictive layer 
work well with seepage irrigation.  Typically, in open or semi-open system, water is conveyed by open 
ditch or pipe to lateral ditches and pumped continuously, except during rainfall, to maintain a water table 
18- to 24-inches below the soil surface. The closed system uses pipes for water delivery and distribution 
similar to typical drainage pipes that are blocked at the outlets and deliver the water to the field in place of 
draining it.  Any seepage system can be also used for drainage during heavy rainfall. 
 
Plasticulture (plastic covered raised beds with drip irrigation lines under plastic) are frequently used for 
fresh vegetable production including fresh market tomatoes.  Polyethylene plastic film, used for mulch, 
accelerates plant growth by increasing soil temperature and stabilizing soil moisture. Properly scheduled 
drip irrigation used in conjunction with plastic mulch helps maintain optimum soil moisture, aids plant 
establishment and promotes excellent crop growth throughout the season. Drip irrigation allows also for 
“prescription application of fertilizer and other chemicals.  Well-managed early spring vegetables on 
plastic mulch routinely mature one to two weeks earlier than those on bare ground. Plastic mulch also 
helps protect vegetables from decay by preventing contact with contaminated soil. In addition, plastic 
mulches control most weed growth.  It has been shown that most of the vegetables such as: cantaloupe, 
tomato, pepper, cucumber, squash, eggplant, watermelon and okra are high-value vegetables crops that 
can be produced earlier and with higher yield and/or fruit quality when grown on plastic mulch.  
 
With plasticulture, it is important to think in terms of rows and not in terms of field surface for irrigation 
and fertilization. For bare ground production of vegetables, fertilizer and irrigation rates are typically 
expressed in lbs/acre and gallons/acre, respectively. However, when vegetables are grown with 
plasticulture, the number of linear feet of beds in an acre becomes more important than the actual surface 
of the field. It is useful to think in terms of lbs/100 linear bed feet (lbf) for fertilization injections and 
gallons/100 lbf for irrigation, and take into account the bed spacing. 
 



 

 
Figure 1. Typical raised beds used in vegetable production under plasticulture. 
 
 
 
Soil should be tested and the test recommendation carefully followed. A soil sample has to be recent, 
representative, and large enough to ensure valid results. The soil test recommendation has to be 
understood, and properly implemented. Typically, 20% to 50% of N and K2O, and 100% of P2O5 and 
micronutrients recommended are applied as pre-plant fertilizer. The remaining 50% to 80% of N and K2O 
are injected through the drip system. 
  
Throughout the season, plant nutritional status should be monitored to determine vegetable plants health. 
It can be done with sap test or foliar analysis early in the season (from transplanting to fruit set). A 
representative sample for petiole and leaf analysis should be made with at least 20 leaves selected 
randomly throughout the field from most recently, fully mature leaves. 
 
Efficient water application is critical to successful production of vegetables. Irrigation scheduling is 
knowing when to start irrigation and how much to apply, in a way that satisfies crop water needs, 
conserves water, and does not leach mobile nutrients. Irrigation scheduling requires (1) a target water 
volume to apply, (2) guidelines on how and when irrigation should be split to several applications, (3) a 
method to account for effective rainfall, and (4) a practical method to monitor soil moisture.  
 
Irrigation amount (target volume) should aim at replacing daily crop evapotranspiration (ETc). ETc may 
be determined from actual reference evapotranspiration (ETo), historical ETo, class A pan evaporation, or 
empirical values when no other estimates are available. Irrigation amount should not exceed soil water 
holding capacity. Otherwise, water is wasted and mobile nutrients are leached. How far water moves 
down the soil profile is a rather abstract concept because it is not visible. The amount of water applied in 
one irrigation event should not exceed the soil water holding capacity of the wetted root volume. When 
irrigation amounts required (daily crop water use) is larger than the water holding capacity of the wetted 
root volume, then irrigation should be applied in two or three events (split applications) throughout the 
day.   
 
The irrigation amounts that can be theoretically held in the root zone can be calculated based on the soil 
physical properties and the width of wetted area on both sides of drip tape. For a soil where the wetting 
width is 12 inches (6 inches each side of the drip tape), assuming a 0.75 in/foot soil water holding 
capacity and allowing a 50% soil water depletion, the theoretical largest water amounts that can be stored 
in the soil are 24 gal/100 ft within the top 12 inches, 36 gal/100 ft within the top 18 inches, and 48 
gal/100 ft within the top 24 inches. These numbers can be used as guidelines for calculating the time of 
water application.  



 
Under plasticulture production, rainfall contributes little to replenish soil moisture because of the plastic 
mulch. Since the plastic mulch protects the bed from rainfall, there is no need to apply additional fertilizer 
after a leaching rain. However, when the field gets flooded, mobile nutrients may be leached out of the 
root zone or carried out of the field through surface run off. The need for additional fertilizer may be 
assessed after field drainage by monitoring sap tests levels of nitrate and potassium. Another consequence 
of using the plastic mulch is that an irrigation may be still needed after a small rain. Soil moisture 
measurements may be used to assess the need for additional irrigation.  
 
Soil moisture level should be monitored daily to understand the stress level imposed on plants between 
irrigation events. Soil moisture may be reported in terms of soil water tension (soil matric potential) or 
volumetric water content (VWC). The recommended range for vegetable production on very sandy soils 
(like in Florida) is to maintain SWT between 6 to 8 cb (field capacity) and 15 cb. Vegetables may tolerate 
SWT up to 25 cb without yield reduction on loamy soils. Instruments available for routine monitoring of 
soil moisture for vegetable crops are tensiometers, granular matrix sensors (modified gypsum blocks), 
time domain reflectometry probes (TDR), and dielectric probes.  Further information on soil moisture 
instruments  is available at  http://edis.ifas.ufl.edu/AE266.   
 
Daily records should be kept on irrigation. Vegetable growers are required to keep pesticide records. 
Fertilization records are usually kept in relation to soil testing and implementing the recommendations. 
However, vegetable growers seldom document their irrigation practices. It is recommended that  a daily 
log contains soil moisture measurements (SWT or VWC) at selected depths, rainfall, an estimate of 
weather demand for water (evapotranspiration), and irrigation amount (gallons/field or duration of 
irrigation).  
 
Application uniformity of 85% to 95% is expected from a new, well-designed drip irrigation system. As 
the irrigation system is used for water and fertilizer applications throughout the growing season, the 
application uniformity may remain the same if the system is well managed, but will most likely decline 
with time. A comprehensive maintenance plan will reduce the adverse effects of the agents that reduce 
application uniformity: small solids in suspension, organic matter, micro-organisms, and chemical 
residues on application uniformity. Without a maintenance plan, the risk of complete emitter clogging and 
crop loss becomes real. Every vegetable grower who uses drip irrigation should recognize that prevention 
of clogging is the most important practice in drip system maintenance. A maintenance plan should include 
(1) a filtration system, (2) chlorination and acidification, (3) flushing, and (4) regular inspection of 
irrigation system components. 
 
Irrigation and fertilization should be always managed together. In decision on scheduling, regarding time 
and volume of water application guessing should be avoided. Poor irrigation management negates the 
potential benefits of a well-designed fertilization program.  The irrigation system should be well 
maintained, and operated at the highest irrigation efficiency and uniformity possible.  
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Background  
Due to the uneven distribution of rainfall from year to year and within individual growing seasons; most 
vegetables in Michigan are grown using irrigation.  Unfortunately, it is costly to pump and deliver 
irrigation water to the crop.  Also, water use in agriculture is being increasingly regulated in Michigan, 
thereby putting more pressure on growers to reduce amounts used.  It is therefore important to find crop 
management practices that reduce the amount of irrigation used while maintaining high crop yield.  For 
many years, some plasticulture vegetable growers have withheld irrigation for some time after tomato 
transplanting.  This practice may reduce irrigation input and nutrient leaching, and promote deeper 
rooting.  Deep roots may improve yield through more efficient water and nutrient utilization.  Does 
withholding irrigation after planting enhance water use efficiency? If yes, how long after planting should 
a grower wait before initiating irrigation?  Does natural rainfall affect the timing of irrigation initiation? 
 
Research objectives 
Field studies were conducted in 2003 and 2004 to determine effects of withholding irrigation on tomato 
plant height, root depth, yield, and irrigation water use efficiency (IWUE). 
 
Methodology 
Tomato “Mountain Spring” was grown using recommended practices for plasticulture fresh market 
tomato production in southwest Michigan.  Tomatoes were transplanted on May 24 in 2003 and May 20 
in 2004 on raised beds covered with black plastic that had been previously fumigated.  Plots were drip 
irrigated and fertigated.   Irrigation treatments were initiated either at planting, after transplant 
establishment, at first flower, at first fruit, or at fruit ripening.  A sixth treatment received only enough 
water to apply fertigation.   
The total volume of water applied to each treatment was measured using flow meters.  During the season 
plant height was measured after irrigation was started in all treatments.  Fruits were harvested seven times 
in each year. Weight and number, measured by grade (No1 Large, No1 Small, No2, and culls), were 
recorded (I didn’t like 
“measured being in the 
same sentence twice).  
Root depth was 
estimated at the end of 
2004 season by 
digging a trench on 
one side of each bed 
and measuring the 
depth of the deepest 
root.   
 
 

 
Cummulative rainfall during the growing seasons
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Figure 1.  Cumulative rainfall during the growing season in 2003 and 2004 



 

Total marketable yield was calculated as the sum of yield of all grades except the cull.  Irrigation water 
use efficiency was calculated (yield in each irrigated treatment minus yield in the fertigated only 
treatment)/(total volume of water in each irrigated treatment minus total volume of water in the fertigated 
only treatment) and expressed in Ton/ha/inch of water. 
 
 
Results 
 
Natural rainfall 
Natural rainfall varied greatly between 2003 and 2004 seasons Figure 1.  Total rainfall during the season 
was 6.5 inches in 2003 and 16 inches in 2004.  In addition to greater rainfall in 2004, we also observed a 
better distribution compared to 2003.  2003 was therefore a dry year and 2004 a more normal year in 
terms of rainfall.  The variability between years was ideal to test how rainfall can affect tomato response 
to irrigation. 
 
Volume of water applied in each treatment 
In 2003, the volume of water applied varied 
from 44 inches for treatments where 
irrigation started immediately after planting 
to 4 inches in the treatment where irrigation 
was used only during fertigation (Figure 2).  
In 2004 similar volume of water was used, 
but slightly reduced due to more rainfall.  
Our results show that a significant amount of 
water can be saved by delaying irrigation 
after planting with no yield penalty. For 
example, delaying irrigation until the 
vegetative stage in 2003 saved about 15 
inches of water, representing 34% less water.  
In 2004, 20% less water was used by 
delaying irrigation until the vegetative stage. 
 
Plant height and root depth 
Short-term delay of irrigation after planting did not seem to affect tomato height.  However when 
irrigation was 
withheld until 
flowering plant 
height was 
reduced.  
Delaying 
irrigation 
increased root 
depth.  Root 
depth was 120 
cm in the 
fertigated only 
treatment and 90 
cm in the 
treatment 
irrigated from 
transplanting 
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Figure 3. Cumulative yield for 7 harvest for marketable fruits 
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Tomato Yield 
Yield in all treatments was smaller in 2004 compared to 2003 (Figure 3).  It appears that weather 
conditions (especially soil moisture) that follow immediately after tomato planting have a significant 
effect of final yield. It has long been asserted that excessive soil moisture during the first couple of days 
(or weeks) following planting may have adverse effects on tomato transplants and on final yield.  This is 
clearly supported by our preliminary results (Figure 1).  Planting in 2003 was followed by about 30 days 
of dry conditions, resulting in high yield.  In 2004, however, planting was followed by frequent and heavy 
rains, producing very low yield.   
 
The treatment that was irrigated only for fertigation produced the smallest yield in both years (Figure 3).  
However, the yield reduction due to lack of water was severe only in 2003 (25% yield reduction compare 
to 5% in 2004).   
 
Tomato yield responded significantly to the different timings of irrigation initiation after planting.  In 
both years, withholding irrigation following tomato transplanting showed a positive response in the form 
of yield increase (Figure 4).  In 2003, a 10% yield increase was observed by delaying irrigation until the 
end of transplant establishment.  In 2004, further delay until the end of the vegetative stage produced 15% 
more yield.  The difference may be associated with the difference in rainfall between the growing seasons 
and is another confirmation that high soil moisture early in the season may not be beneficial for tomato.  
This study shows that after planting, it was possible to withhold irrigation until 35 days in 2003 (dry year) 
and 85 days in 2004 (wet year) without yield losses.   

 
 
Irrigation water use efficiency 
Irrigation water use efficiency (IWUE) is one way of looking at the effect of irrigation on yield.  This 
parameter eliminates the effects of natural rainfall in order to estimate the contribution of irrigation to 
total yield. This is a measure the amount of tomato obtained for every inch of water applied.  IWUE was 
optimum when irrigation was delayed until the end of the vegetative stage (Figure 5).  Any treatment 
where irrigation was started earlier than that stage wasted water.  Delaying irrigation beyond that stage 
was not beneficial because the plants were so affected by the lack of water that they could not efficiently 
use subsequent irrigation water. 
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Figure 4. Effect of delaying irrigation after planting on tomato yield 



 

 
This study indicates that withholding irrigation immediately after planting may save significant amounts 
of water while increasing fruit yield.  However, it is critical to have moist soil at planting.  Also, such a 
practice requires monitoring soil moisture status, especially during excessively dry seasons. 
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Figure 5. Effect of delaying irrigation after planting on Irrigation Water 
Use Efficiency (IWUE) 




