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Let’s Talk Foliar Feeding 
 

Darryl Warncke 
Crop & Soil Sciences 

Michigan State University 
 

Foliar feeding of crops refers to the spraying of nutrients on the foliage of plants.  The root 
system is the primary mechanism for plants to take up essential nutrients for growth and 
development.  The root system is designed to take up large amounts of water and nutrients on a 
continual basis.  Foliar feeding should be viewed as a supplement to the nutrients supplied 
through the soil – root system.  Leaves can adsorb nutrients applied to their surfaces, but the rate 
of adsorption varies with the nutrient and the nutrient source.  Nitrogen, potassium and zinc are 
readily adsorbed whereas magnesium, molybdenum, copper and iron are adsorbed more slowly.  
The benefit of adsorbed nutrients is also related to the mobility of the nutrient once it is adsorbed 
into the leaf.  Nutrients vary greatly in their mobility from the site of adsorption.  Nitrogen, 
phosphorus, potassium and sulfur are readily translocated to other plant parts.  Calcium, 
magnesium and iron move very slowly from the site of adsorption.  For these three elements 
complete coverage of the foliage and frequent sprays are necessary to be of benefit.   
 
Foliar feeding of specific nutrients can be very effective in correcting a deficiency that may occur 
during the growing season.  Many vegetable crops are sensitive to a deficiency of manganese or 
boron.  For sensitive crops applying 0.5 to 1 pound of manganese or 0.3 pound of boron per acre 
can have significant beneficial effects.  Appropriate rates for foliar application of nutrients are 
given in Table 1.  Foliar nutrient application can also serve to help bridge stress situations, such 
as excess water or drought, or improve overall crop health.  Some times foliar nutrient application 
is used to insure that the crop is not nutrient limited and the cost of doing this is small, especially 
when combined with other foliar sprays.  Foliar feeding has a limitation on the amount of nutrient 
that can be supplied and the supply to the plant is only short term.   Leaf or petiole tissue analysis 
can serve as an indicator of the nutrient status of a crop and the need for supplemental nutrient 
application.   
 
The potential for benefit from foliar nutrient application is probably best during the early growth 
stages and during the period prior to flowering to early fruit set.  During the early growth stages 
the amount of nutrients able to be supplied is significant relative to the amount being accumulated 
by the plant.  Once fruit is set and rapidly sizing the plant may utilize 0.5 to 2 pounds per acre per 
day of the major nutrients, which is about the amount that can be safely applied to the foliage in 
one application. 
 
Except for when a nutrient deficiency or stress condition occurs, the use of foliar feeding is a 
matter of personal preference.  The cost of the material and application must be weighed against 
the potential for benefit.  Judging the benefit is many times subjective unless untreated strips or 
areas left in the field.  Knowing the field history, soil properties and the responsiveness of the 
crop to foliar application of foliar nutrients can aid in deciding whether or not to use foliar 
feeding.  Information on the responsiveness of vegetable crops to the essential micronutrients is 
found in MSU Extension bulletins E-486 and E-2934.   
 



Table 1.  Suggested rates for foliar application of essential nutrients.   
 
Nutrient    Rate   Nutrient    Rate    
   lb/acre       lb/acre 
 
Nitrogen  3 – 8   Boron   0.1 – 0.4 
Phosphorus  1 – 3   Copper   0.5 – 1.0 
Potassium  1 – 3   Iron   0.5 – 2.0 
Calcium  1 – 2   Manganese  0.5 – 2.0 
Magnesium  1 – 2   Molybdenum  0.05- 0.1 
Sulfur   1 – 2   Zinc   0.3 – 0.7 
            
 



 
 
 
 
 

Performance of 15 Bell Pepper and 10 Jalapeno Selections in 
Southwest Michigan 

 
Ron Goldy and Virginia Wendzel 

Southwest Michigan Research and Extension Center 
 
OBJECTIVE:  

To evaluate adaptability of 15 bell pepper and 10 jalapeno pepper varieties to southwest Michigan 
growing conditions. 
 
SUMMARY:  
 The fifteen bell peppers had variation in all traits evaluated.  Total yield ranged from 1326 (2502) 
to 915 (SVR 9916480) bushels/acre.  Average number one fruit weight ranged from 232 (‘Legionnaire’) 
to 181 (‘Alexandra’) grams.  The best overall performing variety in 2004 was ‘Excursion II’.  ‘Excursion 
II’ was among the leaders in total yield, fruit weight and yield of number one, jumbo, extra-large and 
large fruit.  ‘Excursion II’ also had a low yield of number 2 fruit. 
 Yield of the ten selections evaluated ranged from 1284 to 1609 bushels/acre and average fruit 
weight ranged from 36 to 52 grams.   Fruit size for all entries dropped from the first to third harvest.  
Change for some varieties was as little as 6 grams, others were as much as 18.  Entries also varied in color 
intensity and fruit shape. 
 
METHODS: 
Fertilizer: Prior to planting, 0-0-60, 33-0-0, Solubor and 90% Sulfur were broadcast and incorporated at 
200, 150, 10 and 20 pounds/acre, respectively.  After planting, 43 gallons/acre Nitro Formula (59-0-9-
18Ca-B-Mg-Zn-Mn-Cu-Fe-PGR) was applied between transplanting and first fruit set.  Another 15 
gallons/acre was applied at first fruit set.  Weekly fertilizations were then alternated between 20 
pounds/acre Urea Mate (5-10-27 plus micronutrients) and 5 gallons/acre Nitro Formula.  The first 
fertilizer application was done 7 June and the last 2 September, 2004. 
 
Fumigation/Herbicide: Beds were fumigated at shaping and plastic laying with 350 pounds/Acre 
67/33% Methyl Bromide/Chloropicrin.  Weeds between rows were controlled through cultivation and 
hand hoeing when needed. 
 
Planting: Seed was planted in a greenhouse 1 April in 72-cell trays.  Plants were transplanted to the field 
on 18 May in raised, plastic mulched beds, 6" high and 24" wide.  Plants were set in double rows on each 
bed, 14 inches between rows and 18 inches between plants in each row (10,560 plants/acre).  Beds were 
spaced on 5.5' centers.  The trial was planted and analyzed as a completely randomized design with four 
replications, eight plants/replication.  Each plot was bordered by two guard plants. 
 
Harvest and data collection: Bell pepper harvest was conducted four times; 3, 17 and 31 August and 14 
September.  Fruit was graded at each harvest into jumbo, extra-large, large, medium, number 2 and cull 
and converted to 1-1/9 bushels per acre (bu/a).  Jalapeno harvest was conducted 3 times, 10 and 24 
August and 7 September.  Total weight was converted to 1-1/9 bu/a.  Weight of 25 fruit was obtained to 
determine average fruit size and change in fruit size over harvests. 
 



RESULTS BELL PEPPER: 
Total yield of the 15 bell peppers ranged from 1326 (2502) to 915 (SVR 9916480) bu/a (Table 1).  Ten 
other entries had statistically similar total yields to 2502 (Table 1).  Yield from 2502 was primarily in 
large and medium-sized fruit (428 and 518 bu/a, respectively).  2502 was among the lower yielding 
varieties for jumbo and extra-large fruit.  The largest number of jumbo came from ‘Excursion II’ at 187 
bu/a and the largest number of extra-large came from ‘ACX 238’.  Other entries were statistically similar 
to ‘Excursion II’ and ‘ACX 238’ in these two traits.  Yield of all number 1 fruit ranged from 1132 (2502) 
to 728 (‘Red Knight’) bushels/acre. 
 
The largest fruited entry was ‘Legionnaire’, which had a average fruit size of 232 grams (Table 1).  Only 
‘Alexandra’ was statistically smaller in average number one fruit size at 181 grams per fruit.  Nearly half 
(49%) of ‘Alexandra’s’ fruit graded out as medium and only 6% were jumbo or large. 
 
‘Red Knight’ had the highest number of culled fruit.  Most fruit was culled due to Blossom End Rot and 
associated secondary pathogens.  However, only three other entries (2502, ‘Orion’ and SVR 9916480) 
had less Blossom End Rot. 
 
The only entry not resistant to Bacterial Leave Spot races 1, 2 and 3 was 2502.  This is somewhat 
disturbing since it was the highest yielding entry.  Fortunately other entries had statistically similar yields 
and were more economically attractive to growers due to their larger fruit size. 
 
Color and fruit shape varied between selections.  ‘Aristotle’, ‘Orion’ and 2502 appeared to have darker 
green fruit.  ‘Legionnaire’, ‘Golden Sun’, ACX 238 and 2506 appeared to have somewhat lighter colored 
fruit.  2502 had a significant number of short, blocky fruit as indicated by the increased number of No. 2 
fruit (Table 1). 
 
The best overall performing variety in the 2004 trial was ‘Excursion II’.  It was second in total yield 
(1228 bu/a), yield number one (1101) and average number one fruit size (231 grams).  It was highest in 
yield of jumbo fruit, third in extra-large and large yield, eleventh in medium yield and no number two 
fruit.  “Excursion II” is also resistant to Bacterial Leaf Spot races 1, 2 and 3. 
 
RESULTS JALAPENO PEPPER: 
Total yield for the ten jalapenos ranged from 1284 (‘Perfecto’) to 1609 (SXP 4517) bushels/acre (bu/a) 
(Table 2).  Of the ten varieties tested, only ‘Jaladuro’ and ‘Perfecto’ had significantly lower total yields 
than SXP 4517. 
 
Fruit shape and color varied somewhat between selections.  ‘Maylon’ and ‘Telica’ had somewhat darker 
fruit while ‘Sayula’ and ‘Maxi-Jala’ had somewhat lighter green fruit.  ‘Maylon’ had a long tapered fruit, 
while ‘Sayula’ was somewhat shorter and blockier.  If left on the plant, fruit on all entries would 
eventually acquire the small growth cracks typical of jalapeno-type peppers. 
 
Average fruit size ranged from 36 (‘Sayula’) to 52 (‘Maxi-Jala’) grams (Table 2).  Average fruit weight 
for each selection fell from first to second and second to third harvest (Figure 1).  ‘Perfecto’ and ‘Ixtapa’ 
had the smallest drop in fruit size between first and third harvest at 7 and 6 grams, respectively.  
‘Perfecto’ fruit at first harvest was 43 grams and third harvest fruit averaged 36 grams.  ‘Ixtapa’ fruit for 
the same harvests was 45 grams and 39 grams.  ‘Maxi-Jala’ had the largest drop in fruit size from 59 
grams at first harvest to 41 grams at third harvest.  ‘Maylon’ had the largest fruit at the third harvest at 43 
grams. 
 
‘Dulce’ is jalapeno in shape but lacks hotness typical to jalapeno-type peppers.  It is as mild as the 
average sweet bell pepper. 



Table 1.  Yield in 1-1/9 bushels/acre of 15 bell pepper varieties at the Southwest Michigan Research 
and Extension Center in 2004.   
  Total Yield Average % Yield Yield Yield Yield Yield Yield  

Variety SS*  Yield  No. 1 No.1 wt No. 1 Jumbo  Xlrg.  Lrg.  Med.  No2  Cull BLS
2502 HZ 1326 1132 194gms 86 6 180 428 518 142 51 - 

Excursion II AC 1228 1101 231 90 187 346 382 186 0 127 1,2,3
Aristotle AS 1212 1029 222 84 166 389 298 176 31 151 1,2,3

Golden Sun HZ 1186 962 201 81 22 196 425 320 76 148 1,2,3
ACX 238 AC 1152 974 224 85 105 407 340 122 45 133 1,2,3
Crusader RG 1133 896 204 79 64 228 377 226 54 182 1,2,3

SVR2703198 AS 1124 928 213 83 71 289 354 215 35 160 1,2,3
Legionnaire RG 1113 908 232 82 164 308 298 138 30 174 1,2,3

2506 HZ 1068 896 210 84 57 215 343 280 11 161 1,2,3
Socrates AS 1066 843 206 80 61 285 334 162 32 191 1,2,3

Red Knight AS 975 728 207 75 72 223 267 166 20 227 1,2,3
Alexandra HZ 964 825 181 85 7 51 298 469 30 108 1,2,3

SVR2792073 AS 961 765 216 79 39 266 330 130 21 175 1,2,3
Orion EZ 941 842 213 89 114 241 267 220 26 73 1,2,3

SVR 9916480 AS 915 804 206 88 42 229 330 203 28 83 1,2,3
lsd0.05   272 261 19 13 113 145 117 111 76 124   

          *SS = Seed Source; HZ = Hazera Seeds; AC = Abbott & Cobb; AS = Asgrow Seeds; RG = Rogers Seeds; 
                    EZ = Enza Zaden 



  
Table 2.  Yield in 1-1/9 bushels of ten jalapeno pepper  

varieties at the Southwest Michigan Research and  
Extension Center in 2004.   
  Seed Total Average 

Variety Source Yield Fruit Wt (gms) 
SXP 4517 SS 1609 45 
Maxi-Jala UG 1526 52 

Telica AC 1431 43 
Dulce AS 1398 44 
Sayula AS 1391 36 

Magnifico AS 1384 41 
Maylon AC 1306 40 
Ixtapa AS 1305 41 

Jaladuro UG 1299 46 
Perfecto AS 1284 40 
Lsd=0.05   304 8 

SS = SunSeeds, UG = United Genetics, AC = Abbott 
& Cobb, AS = Asgrow Seeds    
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Figure 1.  Average fruit size of ten jalapeno peppers across three 
harvest dates at the Southwest Michigan Research and Extension 
Station in 2004.  Harvest dates were 10 and 24 August and 7 
September. 



 
 
 

 
 

Prevent Weeds from Robbing your Pepper Crop 
 

David Monks, Extension Weed Scientist 
Department of Horticultural Science 

North Carolina State University 
Box 7609 

Raleigh, NC 27695 
 
Many studies have been conducted on peppers and weeds.  Bell pepper is less competitive with 
weeds than tomatoes.  Weeds often emerge in higher densities in pepper than in tomato.  In a bare 
ground culture study in Maryland, weeds growing with bell pepper for as few as 40 days after 
transplanting reduced yield by 10 %.  If weeds are not controlled they can reduce yields by 70 to 
90 %.  On average, weeds reduce yield by approximately 10 % in the United States in bare 
ground culture.   Weeds in pepper produced in plasticulture, are typically more competitive with 
crops and grow faster and reach a taller height than when grown on bare ground culture.  There 
are several options that growers have to prevent yield and quality reductions in pepper. 
 
Preemergence weed control: 
Command is registered in all pepper except banana pepper.  If used in banana pepper, Command 
often will turn the foliage of banana pepper white.  Command controls many annual grasses and 
broadleaf weeds.  However, Command does not control pigweed species.  Pigweed has the 
potential to greatly reduce yield of pepper, especially the large fruit. 
 
Devrinol is registered in pepper.  It must be applied and incorporated  prior to transplanting.  
Incorporation is critical as sunlight breaks down the active ingredient in Devrinol, resulting in 
less weed control.  It controls most annual grasses, common lambsquarters, galinsoga, pigweed, 
and purslane.     
 
Dual Magnum is registered in pepper.  It gives good to excellent control of most annual grasses, 
groundcherry, eastern black nightshade, hairy galinsoga, pigweed, common purslane, and yellow 
nutsedge.   
 
Treflan is registered in pepper and gives excellent control of annual grasses.  It also controls  
pigweed, common lambsquarters, and common purslane.   
 
Postemergence weed control:           
There are a number of options for controlling emerged weeds in bell pepper.  Best control can be 
achieved when weeds are actively growing.   
 
Paraquat (Gramoxone) is registered as a postdirected application using shields.  It controls most  
annual grasses and broadleaf weeds.  Annual grasses must be small for complete control by 
paraquat.   
 



Poast or Select herbicides can be used in pepper to control emerged grasses.  Grasses must be 
actively growing to achieve control.  Select also gives good to excellent control of annual 
bluegrass.  Crop oil concentrate should be used with either herbicide.  Do not mix either herbicide 
with other pesticides.       
 
Sandea can be used as a directed spray to row middles to control emerged broadleaf weeds and 
yellow and purple nutsedge.  Broadleaf weeds that Sandea controls includes common cocklebur, 
hairy galinsoga, smartweed, wild mustard, wild radish, pigweed, and common ragweed. 
 
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. 
 
 



Recognizing and Controlling Phythophthora Blight in Pepper

Gerald J. Holmes, Assoc. Professor & Extension Specialist
Dept. Plant Pathology, North Carolina State University

Box 7616, Raleigh, NC 27695-7616
Email: gerald_holmes@ncsu.edu; Ph. 919-515-9779

Phytophthora blight, caused by Phytophthora capsici, is one of the most destructive pepper diseases in
the eastern U.S.  The disease usually starts on plants in low, poorly drained areas of the field especially
after excessive rains. The pathogen can be dispersed in soil, with surface water following drainage
patterns, and via splash dispersal from soil to foliage or from plant to plant. During heavy rain and high
wind, the pathogen can be distributed over entire fields and cause extensive losses within a few days.

The disease initially occurs as a crown rot characterized by a black lesion just above the soil line.
Affected plants wilt and progressively die. Diseased plants allow the pathogen to produce more inoculum
that is splash-dispersed by wind-driven rain to the upper parts of neighboring plants including stems,
leaves and fruit. Large black lesions form along stems, especially at branching points where spores are
more likely to lodge.  On fruit, the disease causes a soft rot and the fungus will often sporulate on the
surface, taking on a powdery or whitish cast.  Lesions can also occur on leaves, but this is less common. 
These foliar lesions are circular with a necrotic center and tan-brown margin.

There is no complete management program to reliably control Phytophthora blight in peppers. If
inoculum is present in the soil and a susceptible pepper cultivar is grown, the disease can spread rapidly
under conditions of heavy rainfall, despite growers' best management practices. To reduce risk of
Phytophthora blight, a complete integrated management program should be adopted.  Such a program
should emphasize water management above all else. The following practices should be considered:

1. Rotate away from susceptible crops for a minimum of two years, preferably four years. Grain
crops are most suitable (e.g., corn and small grains) but beans and crucifers are also good
options. Potato, although related to pepper, is not susceptible to this pathogen. This disease is
particularly severe in pepper fields following a cucurbit crop.

2. Avoid poorly drained soils and low lying areas.  
3. Do not allow soil build-up at the headlands of fields but create drainage ditches to ensure

maximum soil-surface drainage from furrows.
4. Break up hardpans and plow-pans by subsoiling to increase soil drainage.
5. Plant on dome-shaped ridges or beds that are as high as possible; during transplanting, do not

allow planting depressions to remain as water will puddle here and create conditions
favorable for disease development.

6. Avoid excessive overhead irrigation.
7. Enter infested fields last and clean equipment when moving from an infested field to other

fields.
8. Immediately rogue infected plants to limit further spread.
9. Maintain sufficient surface crop residue through the use of no-till production or application

of small-grain mulches to the bed and furrows to limit splash dispersal and surface water
movement. Note: No-till production in early spring can increase the incidence of the root and



crown rot phase of the disease if soilborne inoculum is present but will limit the blight phase
(secondary spread)

10. Assay irrigation water to ensure it is not contaminated with the pathogen and avoid drainage
of water from infested fields back into irrigation water sources.

11. Plant Phytophthora tolerant pepper cultivars (e.g., Paladin, Aristotle)
12. Use fumigation for fresh-market peppers when necessary
13. Use fungicides as labeled when necessary

The decision to use fungicides can be a difficult one and depends on the history of the field and personal
management decisions. Grower experiences have shown that under heavy disease pressure, fungicides
have not proven effective at limiting economic losses. This could be due to two problems: 1) the
fungicide was not present in sufficient concentrations during the onset of disease due to soil/weather
conditions or due to timing and placement of application and 2) Phytophthora strains resistant to the
fungicide may be present in the field.

During a 1997 survey, infected plants were collected from 12 fields in North Carolina and one field in
New Jersey. Three quarters of the fields sampled contained isolates that were resistant to Ridomil Gold,
and insensitivity ranged from 11 to 80% within the fields. A total of 161 isolates were evaluated and 57%
were found to be resistant to Ridomil Gold. Resistant isolates grew in the presence of both metalaxyl
(Ridomil) and mefenoxam (Ridomil Gold). This dramatic shift in populations of P. capsici from
sensitivity to resistance occurred over a short, three-year period.

Should a fungicide program be implemented? On farms without a history of disease and practicing good
crop rotation, a fungicide program may not be necessary. Farms that have a history of the disease, that
can employ rotation, and do not have a resistant population of the pathogen will likely benefit from a
fungicide program. If rotation is not practiced in fields with a history of disease or if resistant populations
are known to be present, the benefit of a fungicide program is uncertain. Some research evidence
suggests Ridomil Gold provides benefit where resistant populations are present. In all cases, the focus
should be on water management, to minimize conditions conducive to the initiation and spread of this
destructive disease.

Modified from: Louws, F.J., Holmes, G.J. and Ristaino, J.B. 2002. Phytophthora Blight of Peppers and
Cucurbits. NC State University, Vegetable Disease Information Note 27.
http://www.ces.ncsu.edu/depts/pp/notes/Vegetable/vdin027/vdin027.htm




