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Abstract

Four treatments (BioForgeTM, CoMoTM, Generate®, and M orePower) were applied just after baling

to alfalfa near Rising City, NE, that had experienced potato leafhopper feeding injury in previous

growth cycle.  Field also had additional stress factors (lack of moisture, low pH).  Alfalfa  treated  with

CoMoTM had  highest yields (7% greater than untreated) and hay quality.  Usage of More Power

treatment resulted lowest hay quality.  Alfalfa treated with BioForgeTM had 10% less yield than

untreated alfalfa.   Treatments did not result in statistical difference at the 0.05 level, although several

quality differences between trea tment means were  significant at the 0.1 level.

  

Introduction

    Potato leafhoppers (Empoasca fabae) can be major pests of alfalfa in the eastern U.S.   Other
Empoasca spp. leafhoppers are pests of alfalfa in Arizona and California.   These insects cause both
alfalfa yield loss and quality reduction through their feeding which results in diamond shaped yellow
areas at leaflet tips.  Severe Empoasca leafhopper feeding can result in severe damage called “hopper
yellows” where almost the entire plant turns yellow.  Occasionally alfalfa turns an almost purple color
rather than yellow under lower temperatures in the fall in some low desert valleys of Arizona and
California.    Stunting from hopperburn is known to affect the current cutting and can often reduce the
yield of the next cutting, and severe infestions can occasionally reduce yields of the next two harvests.

   While most research has focused on controlling the leafhoppers prior to damage, little research has
been completed to determine if effects of potato leafhopper feeding in the subsequent regrowth after
harvest can be decreased.   This experiment was initiated to document effects of several products for their

abilities to potentially improve alfalfa growth and yields that had previously suffered hopperburn injury.   
         

Methods and Materials

    An alfalfa field that was seeded in spring 2013 with Cropland MaxiPro 3.10RR was used for this
experiment.  The very first harvest for this field was taken before first full crop would be normally
developed normally on July 16 due to potato leafhopper (Empoasca fabae) feeding and resultant stunting
and hopperburn yellows.  This resulted in plants with small root systems, and would therefore be under
the most stress.  

   Cutting height for the harvest was higher than normal (4.5 inches) to allow adequate photosynthetic
plant material (stems and leaves) for better regrowth.   Cut forage was baled the morning of July 19, prior

to treatment application that afternoon.    



   Four treatments (BioForgeTM, MorePower, CoMoTM and Generate®) were applied using a ShurFlo 600
back-pack sprayer equipped with a boom containing four Lurmark 04F80 flat fan nozzles, with spray
volume at 28 gallons/acre, with treatment design being a randomized complete block utilizing four
replications for each applied treatment.  Plots were 7 ft. x 25 ft.   

     Bio-ForgeTM (StollerUSA) is an 2-0-3 (N-P-K) anti-oxidant product that has growth enhancing co-
factors.  It was applied at 8 oz./acre.  The product information label notes that it will reduce plant stress
through activating several  plant gene cascades, thereby increasing plant tolerance to stress.   Bio-ForgeTM

did not result in increased alfalfa yields in a 2012 University of Nebraska-Lincoln trial on irrigated
alfalfa when applied at 16 oz./acre after a hail storm (Rethwisch and Niemeyer, unpublished).  Hail
storms and potato leafhopper feeding may not involve the same mechanisms that affect regrowth

however.       

   CoMoTM (StollerUSA) contains 0.5% cobalt and 5.0% molybdenum, derived from cobalt sulfate and
sodium molybdate.  Product labeling notes that both of these micronutrients are required for nitrogen
fixation.  CoMoTM was applied at 24 oz./acre.

  Cobalt is an inhibitor of 1-aminocyclopropane 1-carboxylic acid (ACC) oxidase and can inhibit
ethylene production (Lau and Yang, 1976, Locke et al., 2000).  Plants under stress are known to produce
ethylene.  

    While no direct studies investigating the secondary effects of Empoasca leafhopper feeding/
hopperburn/toxin on alfalfa nodules were readily available, it is known that phloem in alfalfa is effected,
thus reducing carbohydrates to roots and can result in increased stress.   We are unaware of any previous
univeristy experimentation with CoMoTM on alfalfa.   

   Generate® (manufactured by Agnition, Marshall, MN) labeling states that the product is a proven
microbial and nutrient catalyst to optimize crop growth and yields.  It consists of 0.52% cobalt, 0.14%
copper, 0.28% iron, 0.11% manganese, 0.001% molybdenum, 0.11% sodium and 0.11% zinc.   This
product weighs 8.68 lbs./gallon.  Generate® was applied at 32 oz./acre 

   More Power (StollerUSA) contain 6% calcium derived from calcium chloride.   No known alfalfa
experimentation with this product is known to exist under Nebraska conditions.  The product label states
that it is not recommended for foliar application at this time, however, there has been foliar applications
to alfalfa in Wisconsin (Stoller, 2012).   This product was applied at 8 oz./acre.

Sampling
    Plots were sampled on August 5 and 16 for stem height.  Chlorophyll levels were obtained on August
5.   Plant height measurements consisted of placing a yardstick in five locations in each plot and noting
the natural plant height, measured to last numeral quarter-inch increment which was no longer visible.

Forage yield
     Forage yields were obtained on August 26 (38 days post treatment).   Three samples were cut from
each spot by placing a square PVC frame which had a 12.125 inch interior edge in each plot and cutting
the stems within the square with a serrated knife at approximately 1 inch above the soil surface.  Fresh
material was then placed in paper bags, samples were oven dried (University of Nebraska-Lincoln
Havelock farm facility), and net weights after drying were then recorded.   As August 2013 conditions
were cool with some moisture, plant had not begun to flower excessively, however, rust was noted in
plots and grower cut the field after harvest to limit leaf loss due to rust.  



Forage Quality
     Quality analyses were conducted on dried samples via NIR technology by Ward Laboratories, Inc.
(Kearney, NE).   

Data Analyses
    Data were analyzed and treatment means statistically separated using the Tukey-Kramer Honestly
Significant Difference (HSD) test (JMP 10.0.0, SAS Institute Incorporated, Cary, NC).

    In addition to stress associated with potato leafhopper feeding, being the first cutting of fairly newly
established alfalfa of undersized plants, rainfall (or lack thereof) and soil nutrition/pH level were thought
to contribute to stress in this field.  

    Rainfall was limiting during this experiment, with only 1.65" recorded between treatment application
date and plot harvest on Aug. 26 from the closest reporting station (butl005, nerain.dnr.ne.gov,
approximately 1.7 miles from plots).  The majority of this rainfall occurred on July 23 (0.47") and July
29 (0.56"). 

   Soil sampling of plots also indicated potential stress due to sub-optimal pH (6.1-6.3 modified WDRF
BpH), as 7+ is best for legumes.  Soil sample results are shown in Table 1.  Previous cropping patterns
resulted in both less alfalfa growth with a yellow green coloration as well as a taller darker green area. 

Both areas were noted in plots and soil samples were collected from both areas.    

   
   Table 1.  Nutrient levels of soil sampling from alfalfa field, Rising City, NE

Yellow-Green 
Area

Green 
area

Soil pH 1:1 4.9 5.0

Soil pH (modified WDRF buffered) 6.3 6.1

Organic Matter 2.4 2.5

Nitrate lbs./acre (0-8") 42 12

Phosphorus (ppm) (M-P3) 46 25

Potassium  (ppm) 452 384

Calcium (ppm) 1108 1174

Magnesium  (ppm) 143 150

Sodium  (ppm) 10 8

Sulfur (Ca-P sulfate)  (ppm) 11 10

Zinc  (ppm) 1.42 1.05



Results

    SPAD meter readings on August 5 noted that lowest SPAD meter readings were from alfalfa treated
with More Power, while highest was noted from the CoMoTM treatment (Table 2).  SPAD meter readings

were only obtained on August 5.    

  Alfalfa stem heights were very similar on August 5 and 16, with the exception of More Power on
August 5 which averaged almost 0.5 inches shorter than untreated and all other treated alfalfa (Table 2). 
This difference was not statistically different however.  It is unknown why More Power treated alfalfa
had the lowest mean SPAD meter reading as well as shortest stems on August 5.    

    Plots were infested with alfalfa rust and plots were harvested earlier than expected due to this fungal
infestation.  Usage of CoMoTM resulted in highest mean yields (1,681 lbs./acre) and was the only product
to have higher yields than the untreated check (1,571 lbs./acre) (Table 2).  CoMoTM treated alfalfa also
had the highest chlorophyll levels when measured with a  SPAD meter on August 5.  While CoMoTM

treated alfalfa did have higher mean yields, increases were not greater than untreated alfalfa in all
replicates however.

     Mean yields of alfalfa treated with More Power (98% of untreated) and Generate® (96.6% of
untreated) were slightly less than untreated alfalfa.  Usage of BioForgeTM resulted in over 10% less
alfalfa yield than the untreated check (1,407 vs. 1,571 lbs./acre) in this experiment.   A large reduction in
yield was also noted from BioForgeTM usage when applied after hail damage (Rethwisch and Niemeyer,
unpublished).  These two experiments indicate that BioForgeTM has a detrimental effect of alfalfa yields
when applied at 7+ days after stress conditions exist.

    The effect of treatments on a subsequent harvest is unknown, as a severe rust infestation adversely
affected growth for the rest of the season and low confidence was expected of potential yield data. 
University of Nebraska-Lincoln Extension field experimentation have noted that some treatments which
have a negative effect on the first harvest after application are known to have higher yields in subsequent
harvests when compared with untreated alfalfa, thought due to plant energies being directed to roots
(Rethwisch et al., unpublished). 

Hay quality              
       Alfalfa treated with CoMoTM had highest mean levels of crude protein (24.4), lowest acid detergent
fiber level (25.3% @ 100@ dry matter), and highest relative feed value (215)/relative feed quality (217),
and lowest lignin level (5.4%)  (Table 3).  Converserly, lowest levels of crude protein (21.9%), highest
acid detergent fiber level (28.7) and lowest relative feed value (180)/relative feed quality (181) and
highest lignin level (6.3%) were noted from alfalfa treated with More Power.  Quality data of untreated
alfalfa and alfalfa treated with either Generate® or BioForgeTM were between.  

   While significant statistical differences due to treatments were not noted for any quality aspect in this
study at the 0.05 level of significance, several were noted at the 0.1 level (crude protein, neutral detergent
fiber, relative feed value, relative feed quality, lignin).  

    It is noteworthy that application of CoMoTM resulted in the both highest alfalfa yields and as well as
quality of treatments in this experiment.  This may be due to increased nodulation and available nitrogen
potentially due to the combination of cobalt and molybdenum, although this has not been verified via
root examination however.  Additional testing is necessary to verify the results obtained in this
experiment, especially in light of the various stresses involved.        
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Table 2.  Mean Croplan Maxi-Pro 3.10RR alfalfa stem heights, SPAD meter readings and yields
following treatment application on July 19, 2013, Rising City, NE.
                                                                                                                                                              

SPAD Meter Mean Stem Height (inches) Yield (lbs./acre)
Treatment and rate/acre   Aug. 5     Aug. 5    Aug. 16     August 26    
BioForgeTM   8 oz.   44.2a       8.3a     12.2a          1,407a

CoMoTM 24 oz.   45.1a      8.2a     12.4a       1,681a

Generate® 32 oz.   43.8a     8.3a     12.4a       1,517a

More Power        8 oz.   41.0a     7.8a     12.3a       1,540a  

Untreated  ------   42.7a     8.4a     12.2a       1,571a
---------------------------------------------------------------------------------------------------------------------------

 P value      0.20      0.38            0.99                     0.81

                                                                                                                                                             
Means in columns followed by the same letter are not statistically different at the p<0.05 level (Tukey-Kramer HSD test, JMP 10.0.0).



Table 3.  Mean Croplan Maxi-Pro 3.10RR alfalfa hay quality factors at harvest on August 26, 2013, Rising City, NE.
                                                                                                                                                                                                                                                                    

 % Crude          Percent                    Mcal/lb                                                   Percent                                    
Treatment and rate/acre   Protein   ADF  NDF  TDN  NEL  NEM  NEG  RFV RFQ   Ca  Phos    K     Mg   Ash  Lignin NFC
BioForgeTM              8 oz.    22.7a 26.0a 32.1a  69.8a 0.723a 0.740a 0.465a  198a 198a 1.81a 0.34a 3.09a 0.37a  10.0a   6.0a 34.9a

  
CoMoTM 24 oz.      24.4a  25.3a 30.2a  71.6a 0.743a 0.765a 0.487a   215a 217a 1.83a 0.36a 3.11a 0.38a  10.0a  5.4a 35.1a

Generate® 32 oz.       22.0a 27.6a 33.1a  69.2a 0.716a 0.730a 0.456a   190a 191a 1.81a 0.33a 3.06a 0.37a    9.9a  6.2a 34.7a

More Power   8 oz.       21.9a 28.7a 34.5a  68.0a 0.702a 0.713a 0.441a   180a 181a 1.73a 0.34a 3.15a 0.36a    9.8a  6.3a 33.5a

Untreated check ------    22.7a 26.8a 32.5a  70.1a 0.726a 0.743a 0.468a   196a 196a 1.82a 0.34a 3.04a 0.38a    9.8a  5.9a 34.6a

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P value     0.06  0.11  0.07  0.12   0.11   0.11   0.11   0.08  0.07  0.41  0.27 0.66  0.67   0.96 0.09 0.58

                                                                                                                                                                                                                                                                 
Means in columns followed by the same letter are not statistically different at the P<0.05  level (Tukey’s HSD test, JMP 10.0.0).

All values reported at 100% dry matter

ADF = %  Acid detergent fiber

NDF =  % Neutral detergent fiber

TD N = % T otal digestible nutrients

NEL = Net Energy Lacation 

NEM  = Net Energy Maintanence

NEG = Net Energy Gain

RFV = Relative Feed Value 
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