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Foliar feeding involves the application of nutrients (through spraying) to plant leaves and stems, and their 
absorption at those sites. It is a viable means of enhancing crop nutrition. Foliar feeding has been used as a 
means of providing supplemental doses of minor and major nutrients, stimulants, and other beneficial sub-
stances. Observed effects of foliar feeding have included yield increases, resistance to diseases and insect 
pests, improved drought tolerance, and enhanced crop quality. Plant response is dependent on species, nu-
trient form, concentration, and frequency of application, as well as the stage of plant growth. Foliar applica-
tions are often timed to coincide with specific vegetative or fruiting stages of growth. Several foliar feeding 
nutrients are available in the market, but in this study, we only used Compost Tea, Fish Fertilizer and Liquid 
Carbon 9-5-3, to learn if there was a measurable benefit to foliar feeding using these products. 
 

Objectives 
To find ways to improve plant and soil health, and ultimately yield and profitability. 

 
Methods 

The study was carried out at Mark and Tracy Vetsch’s farm in Valleyview, MD of Greenview, Alberta.  It was 
an on-farm study using multiple acre test plots across the entire field. 
 
Two crop types (oats and peas) were used on separate fields, which were far apart.  The oats were seeded 
on the field at NW5-72- 21W5 and the peas were seeded on the field at NW7-72- 21W5. Both fields were 
cultivated before seeding. Soil samples were taken from 0-6” depth just before the foliar feeders were 
sprayed.  
 
Table 1 shows soil nutrients and quality as well as soil health indicators for both fields. The soil tests 
showed a pH of 5.9-6.1 for the fields. Soil organic matter was higher for the oat field (4.7-8.7%) than the 
pea field (2.8-3.0%). The soil nitrate-N was lower for the pea soil (4-5 ppm, 8-10 lbs/acre) than the oat soil 
(15-36 ppm, 30-72 lbs/acre). The soil health index was lower for the pea field (27.5) than the oat field 
(32.0), indicating that the oat field was probably slightly healthier and had slightly more microbial activities 
than the pea soil.  
 
Table 2 shows % base saturation obtained from the fields and the desired levels for each measurement. Ex-
cept for %Mg, which was within the 10-20% ideal (optimum) level for crop production, other elements (K & 
Ca) as well as K/Mg ratios were all below the ideal levels for crop production. 
 
Morgan oats was seeded @ 140 lbs/acre (42 lbs/bushel) into 2.0” depth on May 27.  
 
Meadow peas (yellow) was seeded @ 240 lbs/acre (12 seeds/ft2) into 1.5-2.0” depth. The pea seed was in-
oculated with Tag Team® + AGTIV®. 
 



 

Table 1. Soil chemical (nutrients) and health indicators measured from 0-6” depth taken just before spray-
ing foliar feeders (CT+FF and Humalite). 

 
 

 
 
Table 2. Soil cation exchange capacity (CEC), K/Mg ratio, general fertility index (GFI) and % nutrients and 
base saturation from 0-6” depth taken just before spraying foliar feeders (CT+FF and Humalite). For GFI, L 
indicates low level & M indicates moderate level 

  Peas                                              Oats                       

 Parameter Pre-CT+FF Pre-Humalite Pre-CT+FF Pre-Humalite 

Chemical Parameter      

pH 6.1 6.0 5.9 6.1 

Organic matter, % 3.0 2.8 8.7 4.7 

EC, ms/cm 0.19 0.19 0.55 0.33 

Nitrate-N, ppm 4 5 36 15  

P (Bicarb method), ppm 20 15 16 13 

P (Bray-P1 method), ppm 28 19 21 23 

K, ppm 26 50 48 63 

Mg, ppm 290 265 375 345 

Ca, ppm 1120 1050 2180 1600 

Na, ppm 31 27 25 30 

S, ppm 10 9 32 18 

Zn, ppm 3.5 31 6.5 4.9 

Mn, ppm 19 23 8 19 

Fe, ppm 136 105 119 113 

Cu, ppm 0.5 0.4 0.6 0.5 

B, ppm 0.1 0.3 0.7 0.3 

Al, ppm 704 644 607 627 

Soil Health Indicator      

Mineralizable N 43 36 52 45 

CO2 respiration 82 60 128 90 

Biological quality rating 4 4 5 4 

Active C 536 480 897 784 

Solvita CO2-C, ppm 82 60 128 90 

Reactive C, ppm 536 480 897 784 

Soil health index 27 28 33 31 

  Peas                                              Oats                       Ideal (optimum) 

Parameter Pre-CT+FF Pre-Humalite Pre-CT+FF Pre-Humalite level 

CEC, meg/100g 13 11.3 17.8 14.7   

K/Mg Ratio 0.03 0.06 0.04 0.06 0.25-0.35 

General Fertility Index 48 53 57 57 L 

%K 0.5 19.6 0.7 1.1 3-5 

%Mg 18.6 1.1 17.5 19.5 10-20 

%Ca 43.1 46.6 61.2 54.3 65-72 

%H 36.7 31.7 20 24.2 5-15 

%Na 1 1 0.6 0.9 <1 

Base saturation (Ca, Mg, K & H), % 98.9 99.00 99.4 99.1   



 

On June 7, red clover was seeded into the peas @ 5lbs/acre with a double disc drill (DDD). Peas were begin-
ning to emerge when the red clover was being seeded.  On June 10, sweet clover was seeded into the oats 
@ 6lbs/acre with a DDD when the oats were about 2” tall. 
 
The organic based foliar feeders (fertilizers) used were Compost Tea (CT), Fish Fertilizer (FF) and Liquid Car-
bon 9-5-3 (from Canada Humalite International (CHI), Edmonton).  The foliar fertilizers consisted of a combi-
nation of CT+FF as one foliar feeder type and Liquid Carbon 9-5-3 (Humalite) as another type of foliar feed-
er.  
 
The treatments from the foliar feeders tested were: 
1. Control 
2. Humalite (CHI liquid carbon 9-5-3)- Just one application on July 5 @ 4 L/acre with 18 L of water  
3. Early spraying of Compost Tea/Fish Fertilizer (CT-FF Early)–  The combination of compost tea and fish 

fertilizer was sprayed early on July 6. This was done just once.   
4. Delay spraying of Compost Tea/Fish Fertilizer (CT-FF Delay)–  The combination of compost tea and fish 

fertilizer was sprayed early on July 20. This was done just once as well.  
5. Two applications of Compost Tea/Fish Fertilizer (CT-FF 2Apps)- The combination of compost tea and 

fish fertilizer was sprayed twice, first on July 6 and then July 20. 
 
Compost tea was applied @4 L/acre and fish fertilizer @ 6 L/acre. Water was 50 L/acre. 
 
The budget for CHI liquid carbon 9-5-3 and compost tea + fish fertilizer were: 
 Cost of compost tea (CT) + fish fertilizer (FF) = $35.00/acre ($10 for CT product, $15 for FF product & 

$10 for spraying application) 
 Humalite (CHI liquid carbon 9-5-3) = $18.80 /acre (for product & spraying application). 
 
Measurements taken: 
 Soil nutrients and soil health indicators– base data sampling was taken this year in spring. Another set 

of  samples will be taken in spring 2018 to enable comparisons of soils taken in both years.  
 Crop yield and quality, thousand kernel weight, test weight (only for oats) were determined.  
 The peas were assessed for nodulation.  



 

 Straw yield and quality were determined as well.  
 A spectroradiometer equipment known as Green-Seeker was used to measure Normalized Difference 

Vegetation Index (NDVI) at early/mid pod development stage. 
 Simple economic performance using direct input costs and revenues. 
 

Results and Discussion 
 

Pea Trial  
Crop yield (Table 3): The pea yield varied from 35.1 bus/acre for CT+FF Delay to 45.7 bus/acre for CT+FF 
2Apps. For some reason that is difficult to explain, CT+FF Delay produced lower yield than Control. For oth-
er foliar feeding treatments, yields over Control was 3% for CT+FF 2Apps, 4% for Humalite and 12% for 
CT+FF Early. Overall, in this study, foliar feeding treatments did not seem to improve yield over Control 
treatment much.  
 
1000-seed weight (Table 3): The thousand pea grain weight varied from 209 grams/1000 grain for CT+FF 
Delay to 218 grams/1000 grain for Humalite.  Also, CT+FF Delay had lower 1000-seed weight than Control 
and the reason for this is difficult to explain as well.  
 
NDVI Values (Table 3): The results of the Green-Seeker optical unit showed that the NDVI score was highest 
for CT+FF 2Apps. Generally, all foliar feeding treatments seemed to give higher NDVI values than Control, 
which had an NDVI score of 0.78.  
 
In simple terms, NDVI is a measurement of plant health based on how a plant reflects light (usually sunlight) 
at specific frequencies. The rules of thumb say that an NDVI plant health rating between 0 and 0.33 indi-
cates unhealthy or stressed plant material, 0.33 to 0.66 is moderately healthy, and 0.66 to 1.00 is very 
healthy. Therefore looking at the NDVI values, all pea stands in this study seemed be healthy. CT+FF 2Apps 
appeared to producer slightly healthier pea crop than other foliar feeding treatments tested as well as con-
trol. Except for CT+FF Delay, all foliar feeding treatments had higher NDVI scores than Control.  
 

 
 
 
 
 
 
 
 
 
 

 
 
 
Grain Quality (Table 3): The pea seed crude protein (CP) appeared to be similar for all foliar feeding treat-
ments tested here, though CT+FF Delay foliar treatment tended to be slightly higher. There wasn’t any ap-
parent improvement with foliar feeding treatments here over Control for both macro and trace minerals 
measured.  

Control, NDVI=0.78 Humalite, NDVI=0.85 CT+FF Early, NDVI=0.82 CT+FF 2 Apps, NDVI=0.93 CT+FF Delay, NDVI=0.78 

Figure 1. NDVI scores of peas at early/mid pod stage following foliar feeding treatments 



 

Table 3. Crop yield & quality, and straw quality of peas when sprayed with foliar feeding products 

 Pea Straw Quality (Table 3): The straw CP was generally below 5%, varying from 3.37-4.82%. A mature beef 
cow requires a ration with CP of 7% in mid pregnancy, 9% in late pregnancy and 11% after calving. Looking at 
the straw CP obtained in this study, it is obvious that all foliar feeding treatments and Control had very low 

Parameters Unit Control Humalite CT+FF Early CT+FF 2Apps CT+FF Delay Mean 

Crop Yield & Quality               

Seed  yield  bus/acre 40.8 42.3 45.7 42.1 35.1 41.2 

Seed yield increase as % of Control  % 100 104 112 103 86   

1000-Seed weight Grams 215 218 211 216 209 214 

NDVI values   0.78 0.85 0.82 0.93 0.78 0.83 

CP % 19.5 20 19.5 19.9 20.8 19.9 

ADF (acid detergent fibre)  % 5.73 7.14 7.04 6.74 8.52 7.03 

NDF (neutral detergent fibre)  % 9.01 10.5 10.2 9.79 11.6 10.2 

TDN (total digestible nutrients) % 84.4 83.3 83.4 83.6 82.2 83.4 

NEL (net energy for lactation) Mcal/kg 1.96 1.93 1.93 1.94 1.9 1.93 

NEG (net energy for gain) Mcal/kg 1.44 1.41 1.41 1.42 1.38 1.41 

NEM (net energy for maintenance) Mcal/kg 2.16 2.13 2.13 2.14 2.1 2.13 

Calcium  % 0.08 0.09 0.09 0.09 0.1 0.09 

Phosphorous % 0.25 0.28 0.32 0.31 0.19 0.27 

Potassium % 1.02 1.13 1.11 1.13 1.13 1.1 

Sulphur % 0.16 0.17 0.16 0.18 0.22 0.18 

Magnesium % 0.13 0.14 0.13 0.13 0.13 0.13 

Sodium % 0.01 0.01 0.01 0.01 0.01 0.01 

Copper ug/g  7.28 8.42 8.55 8.95 7.49 8.14 

Zinc ug/g  35.4 34.6 54.2 52.6 41.6 43.7 

Iron ug/g 57.4 65.2 67.2 57.9 66.7 62.9 

Manganese ug/g 12.5 13.7 10.2 11.3 11.2 11.8 

NFC (Non-Fibre Carbohydrate) % 60 58 58.7 58.7 56 58.3 

Starch % 46.5 44.3 45.2 43.6 41.6 44.2 

Crude fat % 1.56 1.52 1.24 1.44 1.7 1.5 

Ash % 2.29 2.29 2.5 2.49 2.4 2.39 

Straw Quality               

CP % 4.01 4.07 4.27 3.37 4.82 4.11 

ADF (acid detergent fibre)  % 49 47.6 46.4 49.6 48.4 48.2 

NDF (neutral detergent fibre)  % 61.2 62.2 61.7 63.9 62.8 62.4 

TDN (total digestible nutrients) % 50.6 51.8 52.7 50.2 51.1 51.3 

NEL (net energy for lactation) Mcal/kg 1.13 1.15 1.18 1.12 1.14 1.14 

NEG (net energy for gain) Mcal/kg 0.46 0.49 0.52 0.45 0.48 0.48 

NEM (net energy for maintenance) Mcal/kg 1.18 1.21 1.24 1.17 1.2 1.2 

Calcium  % 1.58 1.51 1.85 1.64 1.63 1.64 

Copper ug/g  3.87 3.06 3.98 4.44 4.75 4.02 

Phosphorous % 0.04 0.04 0.06 0.04 0.04 0.04 

Potassium % 0.97 0.67 1.04 1 0.67 0.87 

Sulphur % 0.06 0.06 0.05 0.08 0.12 0.07 

Magnesium ug/g  0.32 0.32 0.36 0.34 0.28 0.32 

Zinc ug/g 9.7 8.17 20.2 10.4 19.6 13.6 

Iron ug/g 15.5 22.5 18.9 8.86 11.8 15.5 

Manganese ug/g  37.4 39.6 25.6 20 33.8 31.3 

Sodium % 0.05 0.02 0.04 0.06 0.02 0.04 

NFC (Non-Fibre Carbohydrate) % 23.2 22.2 22.5 21.2 20.8 22.0 



 

CP and they thereby all fell far short of meeting the CP requirements of mature beef cattle. 
 
The straw energy (%TDN) varied from 50.2 to 52.7% TDN for foliar feeding treatments and Control. For a 
mature beef cow to maintain her body condition score (BCS) through the winter, the ration must have a 
TDN energy reading of 55% in mid pregnancy, 60% in late pregnancy and 65% after calving. Overall, all foliar 
feeders and Control fell short of meeting the TDN requirements of mature beef cattle at different stages.  
 
The NEM varied from 1.17 to 1.24 Mcal/kg for the foliar feeding treatments and Control. The NEM require-
ments by mature beef cattle (1.19-1.28 Mcal/kg) have been met by all treatments. The NEM  is  an estimate 
of the energy value of a feed used to keep an animal in energy equilibrium, neither gaining weight nor losing 
weight. 
 
Generally, the foliar feeding treatments did not consistently improve straw minerals more than Control. 
However, the pea straw Ca, K and Mg contents appeared to be better with CF+FF Early application than oth-
er foliar feeding treatments.  
 
In terms of beef cattle mineral requirements, only the Ca, K and Mg requirements of mature beef cattle 
were met by all foliar feeding treatments and Control. Other minerals from all treatments fell short of 
meeting mature beef cattle requirements. 

 

Oats Trial  
Grain Yield:  In this study, the oat grain yield did not seem to be improved by foliar feeding treatments over 
Control. Overall the oat grain yield varied from 76.1-83.6 bus/acre.  
 
1000-Kernel weight and Test Weight:  The 1000-kernel weight and oat test weight appeared to be similar for 
all treatments. The 1000-kernel weight varied from about 42 to 46 grams/1000 oats kernel, while the test 
weight varied from 36-39 lbs/bus. 
 

Control, NDVI=0.77            Humalite, NDVI=0.85      CT+FF Early, NDVI=0.85   CT+FF Delay, NDVI=0.81      CT+FF 2 Apps, DVI=0.85 

   
 

Figure 2. NDVI scores of oats at milk stage following foliar feeding treatments 



 

Table 4. Crop yield & quality, and straw quality of oats when sprayed with foliar feeding products  
 
 
 

Parameters Unit Control Humalite CT+FF Early CT+FF 2Apps CT+FF Delay Mean 

Crop Yield & Quality        

Grain Yield  Bus/acre 82.1 78.2 80.8 76.1 83.6 80.2 

Grain yield increase as % of Control  % 100 95 98 93 102   

1000 Seed weight Grams 43.3 42.8 42.3 44.3 46 43.7 

Test weight  lb/bus 36.8 36 38.5 39 37 37.5 

NDVI values   0.77 0.85 0.85 0.86 0.81   

CP % 12.1 10.2 8.48 9.92 11.2 10.4 

ADF (acid detergent fibre)  % 21 21 20.4 18.8 18.9 20 

NDF (neutral detergent fibre)  % 35.8 41.2 40.1 28.2 36.3 36.3 

TDN (total digestible nutrients) Mcal/kg 72.5 72.5 73 74.2 74.1 73.3 

NEL (net energy for lactation) Mcal/kg 1.66 1.66 1.67 1.7 1.7 1.68 

NEG (net energy for gain) Mcal/kg 1.09 1.1 1.11 1.15 1.14 1.12 

NEM (net energy for maintenance) % 1.82 1.82 1.83 1.87 1.86 1.84 

Calcium  ug/g  0.14 0.12 0.12 0.11 0.11 0.12 

Copper % 4.82 4.44 3.2 4.94 4.22 4.32 

Phosphorous % 0.31 0.28 0.34 0.31 0.31 0.31 

Potassium % 0.52 0.51 0.51 0.52 0.54 0.52 

Sulphur % 0.17 0.16 0.15 0.18 0.16 0.16 

Magnesium ug/g  0.15 0.13 0.14 0.12 0.13 0.13 

Zinc ug/g 28.4 34.7 39.6 38.3 22.4 32.7 

Iron ug/g 123 78.1 78 64.4 82.4 85.2 

Manganese % 32.6 49 24.4 49.8 47.8 40.7 

Sodium % 0.02 0.02 0.01 0.02 0.01 0.02 

NFC % 40.5 37 39.8 50.3 40.9 41.7 

Starch % 35.6 35.5 41 46.6 42.3 40.2 

Crude fat % 4.04 4.21 4.53 3.63 4.98 4.28 

Ash   2.69 3.02 3.37 3.12 3.2 3.08 

Straw Quality               

CP % 2.39 2.02 2.32 3.01 2.85 2.52 

ADF (acid detergent fibre)  % 52.5 57.7 56.6 57.1 55.8 55.9 

NDF (neutral detergent fibre)  % 80.4 80.8 78.1 77.7 78 79 

TDN (total digestible nutrients) % 47.9 43.9 44.7 44.3 45.4 45.2 

NEL (net energy for lactation) Mcal/kg 1.06 0.96 0.98 0.97 1 0.99 

NEG (net energy for gain) Mcal/kg 0.38 0.26 0.29 0.28 0.31 0.3 

NEM (net energy for maintenance) Mcal/kg 1.1 0.99 1.01 1 1.03 1.03 

Calcium  % 0.31 0.2 0.25 0.2 0.2 0.23 

Copper ug/g  3.08 2.43 3.15 2.76 2.46 2.78 

Phosphorous % 0.01 0.1 0.05 0.04 0.03 0.05 

Potassium % 2.15 1.96 1.76 2.59 2.24 2.14 

Sulphur % 0.07 0.15 0.37 0.11 0.13 0.17 

Magnesium ppm 0.09 0.05 0.06 0.07 0.06 0.07 

Zinc ppm 13.8 11.1 50.2 10.6 16.8 20.5 

Iron ppm 10.4 5.96 19.1 17.7 10.9 12.8 

Manganese ppm 20.3 4.21 53.8 26.1 49.4 30.8 

Sodium % 0.33 0.35 0.69 0.16 0.12 0.33 

NFC % 5.63 6.66 8.49 8.39 9 7.63 



 

Table 5. Crop production costs for peas and oats following foliar feeding treatments ($/acre). Note: This is 
only a simple cost analysis and is not intended as an in depth study of the cost of production.  

 
NDVI Values: The results of the Green-Seeker optical unit showed that NDVI score was similar and higher for 
all foliar feeding treatments than Control. Following the rules of thumb, which say that an NDVI score be-
tween 0.66 to 1.00 indicates that the plant is very healthy, all foliar feeding treatments as well as Control had 
healthy plants. However, the NDVI scores of 0.81-0.85 for the foliar feeders could indicate the positive effects 
of the foliar feeders in producing even healthier plants than Control (NDVI=0.77).  
 
Oat Straw Quality (Table 5): The oat straw CP content from all foliar feeding treatments as well as control was 
generally below 4% CP. The oat straws from all treatments therefore fell short in meeting the minimum CP 
requirement of  mature beef cattle, which is 7% CP for a dry gestating beef cow in mid pregnancy. Similarly, 
the minimum energy requirement of mature beef cattle, which is 55% TDN  at mid pregnancy was not met by 
any foliar feeding treatments and control, as the oat straw TDN was generally <50% TDN.  Except for K & Na, 
the minerals fell short of meeting mature beef cattle mineral requirements.  
 
Because of the inability of oat straw to meet the required CP, TDN and minerals for mature beef cattle, some 
form of supplementation would be required when oat straw is fed to mature beef cattle.  
 
Cost of Production Comparison for Peas and Oats 
The cost comparison of foliar feeding peas and oats compared to Control is provided above in Table 5. As ex-
pected, total direct (input) cost was lower for Control than foliar feeding treatments using CT+FF and Humalite 
for both peas and oats. The highest input costs obtained for CF+FF 2 Apps in both cases, simply resulted from 
the second application of CT+FF.  
 

      Peas         Oats     

 
 
Direct input costs 
(labour & materials) 
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Tillage/acre* $60 $60 $60 $60 $60 $27 $27 $27 $27 $27 

Seed/acre $35 $35 $35 $35 $35 $22 $22 $22 $22 $22 

Inoculant/acre  $15 $15 $15 $15 $15       

Seeding/acre $25 $25 $25 $25 $25 $25 $25 $25 $25 $25 

Humalite/acre   $8.80     $8.80     

Compost Tea/acre    $6 $12 $6   $6 $12 $6 

Fish fertilizer/acre    $19 $38 $19   $19 $38 $19 

Foliar application/acre   $5 $5 $10 $5  $5 $5 $10 $5 

Harvest/acre $35 $35 $35 $35 $35 $35 $35 $35 $35 $35 

Total Direct Input/acre $170 $184 $200 $230 $200 $109 $123 $139 $169 $139 

Estimated Farmgate             

Market Price $** $15.00 $15.00 $15.00 $15.00 $15.00 $6.00 $6.00 $6.00 $6.00 $6.00 
Yield per acre (bus) 40.8 42.3 45.7 42.1 35.1 82.1 78.2 80.8 76.1 83.6 
Revenue/acre $612.00 $634.50 $685.50 $631.50 $526.50 $492.60 $469.20 $484.80 $456.60 $501.60 

Marginal Returns/acre $442.00 $450.70 $485.50 $401.50 $326.50 $383.60 $346.40 $345.80 $287.60 $362.60 

(Over Direct Input Costs)           

Peas: tillage consisted of plow/ level /seed bed prep /post seeding harrow                                                                                                      

Oats: tillage consisted of fall tillage ($12/acre), spring tillage/post seeding harrowing ($15)                                                                                      

** Market Price $:  Producer’s contracts                                                                                                                                                                                                                                                  



 

For peas, the return was highest for CT+FF Early ($485.50) and lowest for CF+FF Delay ($326.50).  
 
Only 2 (Humalite and CT+FF Early) of the 4 foliar feeding treatments appeared to have some positive gains 
over control. The extra income from the 2 treatments over the control was $8.70/acre for Humalite and  
$43.50 for CT+FF Early.  
 
For oats, the return was lowest for CF+FF 2Apps ($287.60) and highest for Control ($383.60). The profit over 
control for oats was negative for the 4 foliar feeding treatments tested here.  
 
Conclusion 
The results did not show much improvement in crop yield and quality from the foliar feeders (fertilizers) test-
ed compared to control. However, from the NDVI scores obtained in this study, there seemed to be an indi-
cation that there were some positive impacts on crop health from 3 (Humalite, CT+FF Early and CT+FF 
2Apps) of the 4 foliar feeding treatments. For peas, there seemed to be some extra income from Humalite 
and CT+FF Early over control. Overall, there was not a clearly defined outcome. Timing of applications of the 
foliar feeding treatments used in this study was thought to be partially responsible for lack of any significant 
responses this year. The Compost + Fish fertilizer treatments in particular were applied earlier than recom-
mended. The producer would like to replicate the trial a second year to be more certain of outcomes. 


