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EXECUTIVE SUMMARY

The Use of Kelp and Molasses in an Aeration
Tillage System

In 1989 and 1990 two field trials were carried out each year in Oxford County to determine the

effects of kelp, molasses and 71B fertilizer solution (1990 only) on soybean plant growth and seed
yield in an aeration tillage system.  

Results from two years of study indicate that the use of kelp and/or molasses and/or 71B fertilizer

solution as a seed and/or foliar treatment in an aeration tillage system did not significantly affect the
growth and yield of soybeans.  
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1.0 INTRODUCTION

It is our understanding that the Technology Evaluation and Development (TED) Sub-program of the

Soil and Water Environmental Enhancement Program (SWEEP) was established to facilitate the
evaluation of existing agricultural technologies and the adaptation of such technologies for soil

conservation and phosphorus load reduction purposes in the Lake Erie Basin.  It is intended that TED
sponsored investigations will be undertaken mainly at field-scale and within commercial farming

operations.  Rapid adoption of promising technologies will be necessary for SWEEP to realize its
phosphorus reduction goals within the specified time frame.  TED also aims to coordinate program

efforts with those others currently sponsored by SWEEP in order to minimize duplication, to collect
and share relevant economic and social data, and to maximize program effectiveness by considering

options for technology transfer to a wide range of farm operators.

In light of the above objectives and in a more specific effort to increase our understanding of aeration
tillage systems using the Aer-way system of crop production, Conservation Management Systems

(CMS) has been requested to study the use of kelp and molasses in the above system.

1.1 Rationale for Research

Many producers are interested in reducing the inputs required for crop production.  "Low input"

agriculture is often used as a term to describe this goal.  An emphasis is placed on products that are
naturally produced as opposed to being commercially manufactured.  Kelp and molasses are two

inputs that have recently gained profile as potential components in a low input crop production
system.  One such system is the Aer-way system.

The Aer-way® is a piece of tillage equipment with tined rollers used to aerate the soil.  This

equipment also helps to increase water infiltration and relieve compaction in the top 17.5 centimetres
of the soil.  In addition to the use of the Aer-way® equipment, low input fertilizers such as kelp and

molasses and cover crops are also included in this system.  While cover crops are used to suppress
weeds, provide nitrogen, improve soil structure and protect the soil surface from erosion, questions

arise as to the efficacy of the kelp and molasses treatments.  Do these components of the system have
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a positive effect on crop performance?  The studies as outlined herein provide a preliminary
examination of the potential effects of these products on soybean production.  

The study outlined in Section 1.1 represents a complementary study to the "Evaluation of Aeration

Tillage Systems in Low Input Farming" prepared for TED by Can-Ag Enterprizes.  The study,
outlined herein, provides statistical data on which to base conclusions; a highly desirable condition

that would not likely be possible under the project set-up outlined in the above-mentioned proposal.
By utilizing research sites already in place under the Can-Ag study, valuable information regarding

the use of kelp and molasses in a low input crop production system was gained.  This provides a more
efficient use of TED funds while encouraging interaction between projects.

1.2 Study of the Effect of Kelp and Molasses on Main Crop Growth and Yield

Hypothesis:

1. that the presence of kelp and/or molasses at currently recommended rates and time of application
will have no effect on main crop growth and soybean seed yield.

Objectives:

i) to determine the effect of kelp and/or molasses on main crop growth and seed yield;

ii) to prepare preliminary conclusions on the efficacy of kelp and/or molasses as essential practices

within the Aer-way system of low input crop production.
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2.0 DEVIATIONS FROM THE WORK PLAN

In the second year of the study (1990) additional treatments using the 71B fertilizer solution were
added upon the recommendation of participating cooperators and the client.  The number of

treatments increased from four in the first year to six in the second year of the study.

Due to an error in the setting up of the treatments in the side-by-side comparison, the trials were
reversed in the second year of the study (see Section 3.2).

Soybean yield data for site 4 were not obtained prior to custom harvest of this field.

3.0 MATERIALS AND METHODS

3.1 Site Location and Characterization

Two sites were chosen in each of the two years of the study.  Each year a site was located on the
properties of Mint Klynstra (sites 1 and 3) and Dave MacIntosh (sites 2 and 4).  Sites 1 and 3 were

located on Lot 17 of Concession 3, South West Oxford Township, Oxford County.  Sites 2 and 4
were located on Lot 19 of Concession 10, South West Oxford Township, Oxford County.  

Soil samples were taken in October of each year to determine soil texture and soil fertility.  These

samples were analyzed according to the standard procedures used by the Department of Land
Resource Science, University of Guelph.  The results are presented in Table 1.
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Table 1: Soil fertility and particle size distribution results for samples collected at all sites.
Kelp and Molasses Study, 1989-1990.

Soil Specifications

Site Soil Texture % Sand % Silt % Clay P
(mg/l)

K
(mg/l)

Mg
(mg/l)

Ca
(mg/l)

pH

1 Loam 36.4 49.9 14.0 11 80 259 2790 7.4

2 Silt Loam 19.4 58.2 22.4 10 101 233 2800 7.0

3 Silt Loam 25.4 60.6 14.1 27 695 229 1970 7.0

4 Silt Loam 22.7 55.7 21.6 14 179 201 2535 7.3

3.2 Experimental Design and Analyses

The main trials were set up as a randomized complete block design (RCBD) consisting of four
replications in an area of a field treated with the Aer-way system minus the kelp and molasses soybean

seed treatment.  In year 1 each replicate consisted of four different treatments:
1. foliar applications of kelp and molasses;

2. foliar applications of kelp alone;
3. foliar applications of molasses alone; 

4. control, no foliar applications.

In year 2 each replicate consisted of six different treatments:
1. foliar applications of kelp alone;

2. foliar applications of molasses alone;
3. foliar applications of 71B fertilizer alone;

4. foliar applications of kelp and molasses;
5. foliar applications of kelp, molasses and 71B fertilizer;

6. control, no foliar applications.

The dimensions of each plot were 3.7m by 6.1m in year 1 and 4.6m by 4.9m in year 2, within each
replicate.
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In addition to the above study, a side-by-side comparison trial with 8 paired sample areas was also
implemented at all sites.  In year one this study was situated in an area of the field treated with the

Aer-way system plus the soybean seed was treated with kelp and molasses just prior to seeding.  The
side-by-side treatments included: 

1. seed and foliar treatment applications with kelp and molasses (test); 
2. seed treatment with kelp and molasses only (control).  

In year two, the study was situated in an area of the field treated with the Aer-way system.  The side-

by-side treatments included:
1. seed treated with kelp and molasses at planting, foliar application of kelp, molasses and 71B

fertilizer (test);
2. foliar applications of the kelp, molasses and 71B fertilizer (control).

For the side-by-side comparison trials the dimensions of each plot were 3.7m by 6.1m for both sites

in year 1 and 4.6m by 4.9m at site 4 in year 2.  At site 3 the plot size was 4.6m by 1.5m.

The kelp and/or molasses seed and foliar treatments were applied at rates recommended in `The
Natural Fertility Alternative of Formula 71B Fertilizer Solution' (Appendix A).  The cooperator

treated the soybean seed with .73 l/ha kelp and .95 l/ha molasses just prior to planting.  Adjustments
to the planters were made, if required, to accommodate the treated seed.  The foliar treatments were

applied by CMS twice during the growing season, once at the soybean trifoliate leaf stage (7-10 cm
tall, approximately 4 weeks after planting) and the second at first flower (approximately 6 weeks after

planting).  The rates applied were .51 l/ha, .95 l/ha and 9.36 l/ha for kelp, molasses and 71B fertilizer,
respectively.  The foliar treatments were applied using a gas powered mister/fogger back-pack

sprayer. 

The data collected from the randomized complete block design plots were analyzed using a two-way
analysis of variance.  Significant differences among treatments were determined using the Least

Significant Difference (LSD) test at the 5% level of significance.  The sites were analyzed

individually.  Data collected from the side-by-side comparison trials were analyzed using a paired t-

test and are also presented on an individual site basis.
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3.3 Agronomic Practices

In late spring of 1989 and 1990 the kelp and molasses study was initiated at two locations in each
year.  Each participating cooperator had previously used the Aer-way® tillage implement to work

their land, as well, rye was used as a cover crop at each site.  See Appendix B for a summary of
individual site management practices.

Maximum, minimum and mean daily temperatures and daily total precipitation are summarized for

the months of May to October of each year in Appendix C. Information for these tables was obtained
from the Atmosphere Environmental Service, Environment Canada, Foldens, Tillsonburg and

Culloden stations.

3.4 Measurements

i) Soybean plant emergence

The number of plants emerged per square metre (plants/m2) were counted at one and three locations
within each plot for the comparison and RCBD trials, respectively.  These data were collected

approximately 7, 14, and 21 days after planting (DAP).

ii) Soybean plant height

The height of the soybean plants within a one square metre area were recorded at three locations
within each plot for the RCBD trial.  Only one location per plot in the side-by-side comparison trial

was sampled.  Heights were taken from the ground to the tip of the apical meristem (main shoot).
Measurements were taken to the nearest half centimetre at approximately 14 DAP and within two

days of the foliar treatment applications (approximately four and six weeks after planting).

iii) Soybean plant vegetative and reproductive stage

The soybean plant vegetative and reproductive stages were recorded at two locations within each plot
from the RCBD trial and from one location within each plot in the comparison trial.  The number of

plants within a one quarter of a metre square area were sampled.  Vegetative and reproductive stages
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were recorded according to the method outlined by Fehr et al. (1971).  These data were collected
within two days of the foliar treatment applications.

iv) Physiological maturity

According to Fehr et al. (1971) soybean plant physiological maturity is reached when pods start

turning yellow and 50 percent of the leaves have turned yellow.

Each plot was visually assessed in mid-September of each year, regarding the amount of colour
change of the leaves and pods.  Ratings were given from 0 to 10, where 0 equals no colour change

(green) and 10 equals complete colour change (yellow and/or brown).

v) Soybean seed yield 

All above ground material was hand harvested from within a 3.2 square metre area (sites 1 and 2) and
2.6 square metre area (site 3) per plot in the RCBD trials.  One square metre per plot was harvested

from the side-by-side comparison trials at sites 1 and 2 and a 1.3 square metre per plot at site 3.
These samples were passed through a plot size combine (Hege®) and the seed was subsequently

cleaned and weighed.  The weights were adjusted to kilograms per hectare at 14.0% seed moisture
content.  

4.0 RESULTS

4.1 Randomized Complete Block Design Trials

a) Soybean plant emergence

Soybean plant emergence is presented in Tables 2 through 4.  At the time of the data collection for
the soybean plant emergence none of the treatments had been applied.

There was no significant difference in the number of plants emerged per square metre at 7 DAP at

sites 1 and 3.  At site 2, significantly fewer plants emerged on the control plots when compared to
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the number of plants emerged on the kelp only and molasses only plots.  The number of plants
emerged on the control plots however, was comparable to the number of plants emerged on the kelp

and molasses treated plots.  A wide variation in rate of emergence existed between all four sites.  Wet
conditions at planting (site 4) and the near absence of rye residue at site 2 may account for the

dramatic differences between these two sites in particular.  The coefficient of variation (c.v.) values
were quite high for sites 1 and 3.  This high value may have been due to poor plant depth control

because of the rye residues resulting in uneven germination and emergence of the soybeans.

At 14 DAP there were no significant differences in the number of plants emerged across all treatments
at sites 2 and 4.  At site 1 the number of plants emerged under the kelp and molasses treatment was

significantly greater than for all other treatments.  The kelp, molasses and 71B fertilizer treatment plus
the molasses only and the kelp and molasses treatments had a significantly greater number of plants

emerged than the 71B fertilizer only treatment, but were not significantly different from the control
and kelp only treatments at site 3.

At 21 DAP there were no significant differences between treatments at any of the sites.  Site 3 had

the greatest number of plants emerged per square metre (29.4 to 43.7) followed by site 1 (34.2 to
37.5), site 2 (32.4 to 33.9) and site 4 (27.6 to 33.3).  Since soybean plants will branch out to

compensate for lower plant densities, no one site was considered at a disadvantage in this regard. 

b) Soybean plant height

At two weeks after planting (pre-treatment application) there was no significant difference in the
height of the soybean plants between treatments at all sites, as shown in Table 5.  Site 1 had the

shortest plants.  This occurrence may have been caused by competition between the fall rye cover
crop (which was still alive at this time) and the soybeans.  The other sites did not have this

competition.

In general, the soybean plant height at the first foliar treatment application date was about 8.5 to 10

cm across all sites.  There was no significant difference between treatments in the soybean plant

height at sites 1, 2 and 3, as outlined in Table 6.  At site 4 the plants under the molasses only
treatment were the tallest (10.1 cm).  This result was significantly greater than the result for the 71B

fertilizer only treatment and the control, but was not significant when compared to the remaining
treatments.
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Again, at sites 1, 2 and 3 there were no significant differences in plant height between treatments at
the second foliar treatment application date.  At site 4 plant height for the kelp and molasses

treatment was significantly greater than the 71B fertilizer only treatment, but not significantly greater
than for the remaining treatments (Table 7).  Site 4 also recorded the tallest plants.  This may be due

to weed competition which may have caused the plants to stretch.  The weeds were removed by hand
in order to decrease this competition before the second foliar application.  Similarly at site 3, a greater

number of plants per square metre than at any other site probably encouraged increased plant height
with less branching due to plant competition.

c) Soybean plant vegetative stage

Overall, there were no significant differences in the rate of vegetative growth at the first foliar
treatment application date at any of the sites, as shown in Table 8.  Plant growth was more advanced

at sites 1 and 2 than at sites 3 and 4.  This may have been caused by the excessive wet conditions in
the 1990 growing season relative to 1989 and the long term average.  As noted above plant height

was greater at sites 3 and 4 in comparison with sites 1 and 2.  The plants may have expended more
energy on stem elongation than leaf development causing a delay in overall development.  In addition

soybean varietal differences at each site may confound differences on a site-by-site basis (see
Appendix B for soybean varieties used).  

At the second foliar application date sites 1, 2, and 4 had no significant differences in soybean plant

vegetative growth stage between treatments (Table 9).  At site 3, the kelp, molasses and 71B fertilizer
treatment was vegetatively further advanced than the kelp only and molasses only treatments.  The

remaining treatments were not significantly different from the kelp, molasses and 71B fertilizer
treatment.   The vegetative stage increased more rapidly at site 4 than at the other sites which may

have been due to the weed competition at this site.
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Table 2: Soybean plant emergence at 7 DAP at four locations in Oxford County.  Kelp and
Molasses Study, 1989-1990.

Treatment Mean soybean plant emergence (plants/m2)

1989 1990

Foliar application‡ Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

  3.1 a*
1.9 a
-
2.8 a
-
3.4 a

26.0 a
26.8 a

-
25.0 ab

-
22.8  b

1.4 a
0.8 a
1.1 a
0.7 a
1.9 a
1.7 a

0.0**
0.0
0.0
0.0
0.0
0.0

c.v. 48.6  6.9 86.7
‡ Treatments not yet applied at time of data collection.
* Values in the same column followed by the same letter are not significantly different (p#0.05) according to the

Least Significant Difference test.
** No plants emerged 7 DAP at this site.

Table 3: Soybean plant emergence at 14 DAP at four locations in Oxford County.  Kelp and
Molasses Study, 1989-1990.

Treatment Mean soybean plant emergence (plants/m2)

1989 1990

Foliar application‡ Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

30.9  b*
28.9  b

-
40.5 a

-
32.3  b

31.0 a
29.3 a

-
28.8 a

-
30.5 a

39.0 ab
40.1 a
35.0 b
40.7 a
42.9 a
39.2 ab

28.6 a
33.0 a
26.3 a
30.2 a
24.8 a
29.0 a

c.v. 13.9  8.1  8.2 21.4

‡ Treatments not yet applied at time of data collection.
* Values in the same column followed by the same letter are not significantly different (p#0.05) according to the

Least Significant Difference test.
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Table 4: Soybean plant emergence at 21 DAP at four locations in Oxford County.  Kelp and
Molasses Study, 1989-1990.

Treatment Mean soybean plant emergence (plants/m2)

1989 1990

Foliar application‡ Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

34.3 a*
34.1 a

-
37.5 a

-
36.6 a

32.4 a
32.9 a

-
33.7 a

-
33.9 a

43.7 a
32.9 a
38.0 a
43.0 a
41.5 a
39.4 a

32.0 a
33.3 a
28.8 a
32.0 a
27.6 a
31.6 a

c.v. 11.7  5.0 12.7 14.5

‡ Treatments not yet applied at time of data collection.
* Values in the same column followed by the same letter are not significantly different (p#0.05) according

to the Least Significant Difference test.

Table 5: Soybean plant height at 14 DAP at four locations in Oxford County.  Kelp and Molasses
Study, 1989-1990.

Treatment Mean soybean plant height (cm)

1989 1990

Foliar application‡ Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

  1.8 a*
  1.5 a

-
  1.9 a

-
  1.7 a

  3.7 a
  3.8 a

-
  3.9 a

-
  3.7 a

  3.2 a
  3.2 a
  3.1 a
  2.9 a
  3.2 a
  3.2 a

  2.8 a
  2.5 a
  2.4 a
  2.6 a
  2.4 a
  2.6 a

c.v. 22.8 7.1  11.0   16.3

‡ Treatments not yet applied at time of data collection.
* Values in the same column followed by the same letter are not significantly different (p#0.05) according

to the Least Significant Difference test.



12

Table 6: Soybean plant height at the first foliar application date (soybean first trifoliate leaf stage,
approximately four weeks after planting) at four locations in Oxford County.  Kelp and
Molasses Study, 1989-1990.

Treatment Mean soybean plant height (cm)

1989 1990

Foliar application‡ Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

 10.5 a*
 10.6 a

-
 10.9 a

-
 10.5 a

  9.6 a
 10.2 a

-
  9.7 a

-
 10.0 a

  8.7 a
  9.2 a
  9.0 a
  8.3 a
  8.8 a
  8.8 a

 9.7 ab
10.1 a
 7.5 c
 8.7 abc
 8.9 abc
 8.4  bc

c.v.   6.8   7.4   8.9 11.1

‡ Foliar treatments applied within 2 days of data collection.
* Values in the same column followed by the same letter are not significantly different (p#0.05) according

to the Least Significant Difference test.

Table 7: Soybean plant height at the second foliar application date (soybean first flower,
approximately six weeks after planting) at four locations in Oxford County.  Kelp and
Molasses Study, 1989-1990.

Treatment Mean soybean plant height (cm)

1989 1990

Foliar application Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

20.5 a
19.8 a
  -
20.7 a

-
20.8 a

18.8 a
19.7 a

-
 19.1 a

-
19.0 a

27.8 a
24.8 a
27.6 a
27.7 a
28.3 a
27.6 a

25.7 ab
37.0 ab
32.3 b
42.2 a
35.1 ab
36.0 ab

c.v.  8.5  4.8  8.8 12.7

* Values in the same column followed by the same letter are not significantly different (p#0.05)
according to the Least Significant Difference test.
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d) Soybean plant reproductive stage

As shown in Table 10, there was no significant difference in the soybean plant reproductive growth
stage at the second foliar treatment application date at sites 1, 2 and 4.  At site 3, the reproductive

stage of the plants treated with the kelp and molasses was significantly more advanced than those
plants treated with the molasses only foliar spray but there were no significant differences between

the remaining treatments.

Table 8: Soybean plant vegetative stage at the first foliar application date (soybean first trifoliate
leaf stage, approximately four weeks after planting) at four locations in Oxford County.
Kelp and Molasses Study, 1989-1990.

Treatment Mean soybean plant vegetative stage*

1989 1990

Foliar application‡ Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

 2.7 a**
 2.6 a
-

 2.6 a
-

 2.6 a

 2.8 a
 2.8 a
-

 2.8 a
-

 2.7 a

 1.0 a
 1.0 a
 0.9 a
 0.9 a
 1.0 a
 1.1 a

 1.9 a
 1.8 a
 1.7 a
 1.9 a
 1.9 a
 1.8 a

c.v.  4.3  3.5 12.0  9.8

‡ Foliar treatment applied within two days of data collection.
* Adapted from Fehr et al.(1971).
** Values in the same column followed by the same letter are not significantly different (p#0.05) according

to the Least Significant Difference test.

e) Physiological maturity

A visual assessment of soybean leaf and pod colour change (Tables 11 and 12) appears to indicate

that no one treatment is consistently superior to another.  At sites 1 and 3 for example, the plants
treated with the kelp and molasses foliar spray reached physiological maturity slightly ahead of non-

treated plants in the control plots.  At sites 2 and 4 the reverse trend is apparent.  Due to a variety
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of differences between sites these results are inconclusive.  No statistical analysis was performed on
the data.

Table 9: Soybean plant vegetative stage at the second foliar application date (soybean first flower,
approximately six weeks after planting) at four locations in Oxford County.  Kelp and
Molasses Study, 1989-1990.

Treatment Mean soybean plant vegetative stage*

1989 1990

Foliar application Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

 6.4 a**
 6.3 a
-

 6.5 a
-

 6.4 a

 7.3 a
 7.4 a
-

 7.6 a
- 
 7.4 a

 4.6  bc
 4.5   c
 4.8 abc
 4.8 abc
 5.0 a
 4.9 ab

  6.7 a
  6.3 a
  6.0 a
  6.3 a
  6.0 a
  6.5 a

c.v.  3.7  4.1  3.9  10.2

* Adapted from Fehr et al.(1971).
** Values in the same column followed by the same letter are not significantly different (p#0.05) according

to the Least Significant Difference test.
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Table 10: Soybean plant reproductive stage at the second foliar application date (soybean first
flower, approximately six weeks after planting) at four locations in Oxford County.  Kelp
and Molasses Study, 1989-1990.

Treatment Mean soybean plant reproductive stage*

1989 1990

Foliar application Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

 .81a**
 .79 a  

-
 .84 a  

-
 .91 a  

   .64 a
   .66 a

-
   .72 a

-
   .58 a

  .19 ab
  .15  b
  .20 ab
  .36 a
  .17 ab
  .22 ab

  1.0 a
  1.0 a
  0.6 a
  0.5 a
  1.0 a
  0.6 a

c.v. 9.7  25.5 59.5  48.0

* Adapted from Fehr et al.(1971).
** Values in the same column followed by the same letter are not significantly different (p#0.05) according

to the Least Significant Difference test.

Table 11: Visual assessment of soybean leaf colour change at four locations in Oxford County.
Kelp and Molasses Study, 1989-1990.

Treatment Soybean leaf colour change*

1989 1990

Foliar application Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

  4.4
  4.1

-
  5.0

-
  4.5

  7.8
  7.9

-
  7.5

-
  7.4

  4.8
  4.0
  5.0
  5.3
  4.5
  4.3

  3.3
  3.5
  2.3
  2.3
  3.3
  3.3

* Soybean leaf colour change: 0 = no colour change (green); 10 = complete colour change (yellow
and/or brown).
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Table 12: Visual assessment of soybean pod colour change at four locations in Oxford County.
Kelp and Molasses Study, 1989-1990.

Treatment Soybean pod colour change*

1989 1990

Foliar application Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

  0.8
  0.5

-
  1.3

-
  0.8

  1.5
  2.0

-
  1.8

-
  2.0

  3.0
  3.5
  3.5
  3.5
  3.3
  3.3

  0.5
  0.3
  0.0
  0.0
  0.3
  0.5

* Soybean leaf colour change: 0 = no colour change (green); 10 = complete colour change (yellow
and/or brown).

f) Soybean yield at 14.0% moisture

As Table 13 indicates, in the first year of application, there were no significant differences between
soybean seed yields across all treatments at sites 1 and 2. The yields at site 1 ranged from 2787 to

3255 kg/ha whereas at site 2 the yields ranged from 2489 to 2637 kg/ha.

At site 3 in 1990, the seed yields from the kelp and molasses treatment (3038 kg/ha) followed by the
kelp, molasses and 71B fertilizer treatment (3004 kg/ha) and control (2949 kg/ha) were significantly

greater than the molasses only treatment (2434 kg/ha).  The remaining treatments, kelp only (2839
kg/ha) and 71B fertilizer only (2709 kg/ha) were not significantly different from the above treatments.

Hand samples for yield of soybeans at site 4 were not taken.  Attempts were made to hand harvest
but due to wet weather in the fall of 1990 and excessive wet conditions in this field the trial area could

not be reached to collect the samples.  Unfortunately however, the field was harvested by custom
operators under extremely wet conditions.  The co-operator and CMS were not aware that this was

going to occur.
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Table 13: Soybean seed yield at 14.0% moisture content at four locations in Oxford County.  Kelp
and Molasses Study, 1989-1990.

Treatment Mean soybean seed yield (kg/ha)

1989 1990

Foliar application Site 1 Site 2 Site 3 Site 4

Kelp only
Molasses only
71B fertilizer only
Kelp and molasses
Kelp, molasses and 71B
Control

2800 a*
2787 a

-
3255 a

-
2854 a

2528 a
2489 a

 -
2637 a

-
2618 a

2839 ab
2434 b
2709 ab
3038 a
3004 a
2949 a

  n/a
  n/a
  n/a
  n/a
  n/a
  n/a

c.v.  13.3 14.3 10.1   n/a

* Values in the same column followed by the same letter are not significantly different (p#0.05)
according to the Least Significant Difference test.

4.2 Side-By-Side Comparison Trials

a) Soybean plant emergence

Table 14 indicates there were no significant differences in plant emergence between all treatments at

all sites.
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Table 14: Soybean plant emergence as affected by seed or foliar treatments* of kelp/molasses/71B
fertilizer in a side-by-side comparison trial area in 1989 and 1990.

Comparison 
Pair No.

1990 1989 1990

7 DAP 14 DAP 21 DAP 21 DAP

Site 3 Site 4 Site 3 Site 4 Site 1 Site 2 Site 3 Site 4

1   -2+ 0 -6 -4 1 -2 5 -4

2 -1 0 4 -1 14 -13 -2 2

3 0 0 -2 -6 -8 -6 -4 -5

4 1 0 -7 8 -4 4 8 6

5 1 0 7 -14 14 2 6 3

6 3 0 12 2 5 11 5 6

7 1 0 -22 -21 -4 4  -25   -3

8 1 0 -12 -12 14 11 -2 -2

Std. Error
(difference)

1.5
NS

NA 11.0
NS

9.4
NS

9.1
NS

8.2
NS

10.6
NS

4.4
NS

* 1989 Control treatment = seed treatment with kelp and molasses only.  
Test treatment =seed and foliar treatment applications with kelp and molasses. 

1990 Control treatment =seed treatment with kelp and molasses at planting, foliar application of kelp,
molasses and 71B fertilizer.
Test treatment =seed and foliar treatment applications with kelp and molasses. 

+ The numbers in each column represent the difference between the control minus the test treatment for that
particular set of data.

NS Not significant at the 0.05 level of probability according to a paired sample t-test.
NA Not available, no plants emerged at 7 DAP.

b) Soybean plant height

In year 1 of the study there were no significant differences between the control and test treatments

for all sampling dates (Table 15).  In year 2  there were no significant differences between treatments
at all sampling dates for site 3 and 14 DAP and the first foliar application date for site 4 (Table 16).

There was however at site 3, a significant  difference between treatments at the second foliar
application date, with the control plots (no seed treatment plus foliar applications) being significantly

shorter than the test plots (seed treatment plus foliar applications).
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Table 15: Soybean plant height as affected by foliar treatments* of kelp and molasses in a side-by-
side comparison trial in 1989.

Comparison
Pair No.

Plant height (cm)

14 DAP 1st application 2nd application

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2

1 1.0+ 0.9 -2.6 -2.5 -1.1  -2.6

2 1.0 -0.3 2.8 -1.3 0.8 -0.2

3 1.0 0.6 -2.8 -1.2 -0.6 -0.4

4 0.0 0.0 0.1 -2.3 -8.5 -0.2

5 -1.0 1.2 0.0 -2.6 0.6 -0.3

6 -1.0  -0.5  -2.9 -1.0 0.9 -0.4

7 -1.0  -1.8  -2.4   3.2 -0.3 0.3

8 0.0 0.1 4.8 0.3 0.3 -0.1

Std. Error
(difference)

 0.7
NS

0.9
 NS

2.9
 NS

1.9 
NS

3.1 
 NS

3.4
  NS 

* Control treatment = seed treatment with kelp and molasses only.
Test treatment = seed and foliar treatment applications with kelp and molasses. 

+ The numbers in each column represent the difference between the control minus the test treatment for
that particular set of data.

NS Not significant at the 0.05 level of probability according to a paired sample t-test.
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Table 16: Soybean plant height as affected by seed treatment* of kelp and molasses in a side-
by-side comparison trial area in 1990.

Comparison
Pair No.

Plant height (cm)

14 DAP 1st application 2nd application

Site 3 Site 4 Site 3 Site 4 Site 3 Site 4

1 -1.4+ -1.3 -2.6 -3.0 -5.1 -10.3

2 -0.8 -0.8 2.8 -0.1 -3.0 0.0

3 0.8 0.8 -2.8 -0.5 -1.5 -6.8

4 0.5 0.5 0.1 -0.5 -0.6 7.1

5 1.2 -0.4 0.0 -1.6 -3.1 -8.3

6 -0.5 0.6 -2.9 1.5 -7.0 8.0

7 -1.8 -0.3 -2.4 -0.8 -0.4 -9.2

8 0.1 0.1 4.8 -0.9 -5.4 -4.4

Std. Error
(difference)

 0.8
NS

0.7
NS

1.9
NS

1.3
NS

2.4
++

7.3
NS

* Control treatment = foliar application of kelp, molasses and 71B fertilizer.
Test treatment = seed treatment with kelp and molasses, foliar application of kelp, molasses and 71B
fertilizer. 

+ The numbers in each column represent the difference between the control minus the test treatment for
that particular set of data.

++ Significant at the 0.05 level of probability according to a paired sample t-test.
NS Not significant at the 0.05 level of probability according to a paired sample t-test.

c) Soybean plant vegetative stage

As outlined in Tables 17 and 18, sites 2 and 4 showed no significant differences between the two

treatment plots at both sampling dates.  The control treatment (seed treatment, no foliar
applications) was significantly less advanced vegetatively than the test treatment (seed treatment,

foliar applications) at site 1, when data were taken at the second foliar application date.  The same
trend occurred at site 3, with the control (no seed treatment, foliar applications) being

significantly less advanced vegetatively than the test treatment (seed treatment plus foliar
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applications).  There was no significant difference between treatments at the first foliar application
date for these two sites.

d) Soybean plant reproductive stage

There were no significant differences between the reproductive stage for the two treatments at

any of the sites when measured at the second foliar application date (Tables 17 and 18).

Table 17: Soybean plant vegetative and reproductive growth stages‡ as affected by foliar
treatments* of kelp and molasses in a side-by-side comparison trial in 1989.

Comparison Pair No.

Vegetative Stage
1st application

Vegetative Stage
2nd application

Reproductive Stage
2nd application

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2

1 -0.3+ 0.1 -2.6 0.0 0.1 -0.2

2 0.1 -0.2 2.8 1.0 0.1  0.0

3 -0.4 -0.4 -2.8 0.0 -0.3 0.2

4 0.0 -0.2 0.1 1.0 -0.3 0.3

5 0.3 -0.3 0.0 -1.0 -0.1 0.0

6 -0.4 -0.4 -2.9 0.0 0.2 -0.2

7 0.2 0.3 -2.4 1.0 -0.0 0.5

8 0.4 -0.1 4.8 0.0 0.1 -0.3

Std. Error
(difference)

0.3
NS

0.2
NS

0.4
++

0.6
NS

0.2   
NS

0.3 
NS

‡ Vegetative and reproductive growth stages after method developed by Fehr et al. (1971).
* Control treatment = seed treatment with kelp and molasses only.

Test treatment = seed and foliar treatment applications with kelp and molasses. 
+ The numbers in each column represent the difference between the control minus the test treatment for

that particular set of data.
++ Significant at the 0.05 level of probability according to a paired sample t-test.
NS Not significant at the 0.05 level of probability according to a paired sample t-test.
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Table 18: Soybean plant vegetative and reproductive growth stages‡ as affected by seed
treatment* of kelp and molasses in a side-by-side comparison trial area in 1990.

Comparison
Pair No.

Vegetative Stage
1st application

Vegetative Stage
2nd application

Reproductive Stage
2nd application

Site 3 Site 4 Site 3 Site 4 Site 3 Site 4

1 0.1+ -0.6 -0.5 -1.8 0.1 -0.1

2 0.1 0.3 -0.4 0.3 0.1  0.8

3 0.2 0.4 -0.9 -0.3 0.0 -0.4

4 0.4 0.0 -0.5 0.6 0.0 0.1

5 0.2 -0.6 -0.5 -0.1 0.0 0.2

6 -0.2 0.3 -0.7 0.1 0.0 -0.4

7 -0.4 0.0 -1.2 -1.6 0.2 -0.2

8 -0.4 -0.4 -1.4 -0.8 -0.3 -0.5

Std. Error
(difference)

0.3
NS

0.4
NS

  0.4    
++

0.9
NS

0.2
NS

0.4
NS 

‡ Vegetative and reproductive growth stages after method developed by Fehr et al. (1971).
* Control treatment = foliar application of kelp, molasses and 71B fertilizer.

Test treatment = seed treatment with kelp and molasses, foliar application of kelp, molasses and 71B
fertilizer. 

+ The numbers in each column represent the difference between the control minus the test treatment for
that particular set of data.

++ Significant at the 0.05 level of probability according to a paired sample t-test.
NS Not significant at the 0.05 level of probability according to a paired sample t-test.

e) Physiological maturity  

There were no apparent differences for the visual assessment of the leaf and pod colour change at

site 3 and for pod colour change at site 4, as shown in Table 19. For the leaf colour change at site
4, it appears that the test treatment plots (seed treatment plus foliar applications) were different

than the control treatment plots (no seed treatment, foliar applications).  Although the side-by-
side comparison strips did not have the weed competition that the RCBD trial area had at site 4,

the control strip bordered this area.  This bordering effect may have affected the rate of leaf

colour change in the control as compared to the test strip.  Sites 1 and 2 were not visually

assessed for the amount of leaf and pod colour change on the soybean plants.
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Table 19: Visual assessment of soybean plant leaf and pod colour change‡ as affected by seed
treatments* of kelp and molasses in a side-by-side comparison trial area in 1990.

Comparison Pair No.
Soybean leaf colour change (0-

10)
Soybean pod colour change (0-

10)

Site 3 Site 4 Site 3 Site 4

1 0.0+ 4.0 0.0 0.0

2 0.0 4.0 0.0 0.0

3 0.0 1.0 0.0 0.0

4 0.0 5.0 0.0 0.0

5 0.0 3.0 0.0 0.0

6 0.0 5.0 1.0 1.0

7 0.0 2.0 0.0 0.0

8 0.0 3.0 0.0 0.0

‡ Soybean leaf and pod colour change are adapted from the method developed by Fehr et al. (1971). 
* Control treatment = seed treatment with kelp and molasses at planting, foliar application of kelp,

molasses and 71B fertilizer.
Test treatment = seed and foliar treatment applications with kelp and molasses. 

+ The numbers in each column represent the difference between the control minus the test treatment for
that particular set of data.

f) Yield at 14.0% moisture

Table 20 indicates that at sites 1, 2 and 3 there were no significant differences between the control

and test treatment plots for yield data.  Site 4 yield data are not available.
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Table 20: Soybean seed yield as affected by seed or foliar treatments* of kelp/molasses/71B
fertilizer in a side-by-side comparison trial in 1989 and 1990.

Comparison 
Pair No.

Soybean seed yield at 14.0% moisture (kg/ha)

1989 1990

Site 1 Site 2 Site 3

1 -929.6+ 701.8 -139.2

2 474.7 -669.1 -501.0

3 -441.2 -288.8 -365.0

4 -371.0 251.9  650.9

5 230.4 -132.1 1135.2

6 -179.5 669.4  622.6

7 -547.2 -308.7 490.8

8 -202.2 -247.7 -204.7

Std. deviation
(difference)

441.5
NS

503.0
NS

175.8
NS

* 1989 Control treatment = seed treatment with kelp and molasses only.
Test treatment = seed and foliar treatment applications with kelp and molasses. 

1990 Control treatment = seed treatment with kelp and molasses at planting, foliar application of
kelp, molasses and 71B fertilizer.
Test treatment = seed and foliar treatment applications with kelp and molasses. 

+ The numbers in each column represent the difference between the control minus the test treatment for
that particular set of data.

NS Not significant at the 0.05 level of probability according to a paired sample t-test.
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5.0 DISCUSSION

The rate of soybean emergence and growth, in the early part of the growing season, may have
been affected by differences in planting depth and the presence of winter rye competition (site 1)

and winter rye root clumps (site 3).  Weed competition, at site 4, may have affected the rate of
plant growth.

In addition, weather conditions may have also played an important role in growth and

development of the soybean plants.  In general, throughout the growing season site 1 received
more precipitation that site 2 in year one of the study.  In year two the growing season was

considerably wetter than year one thus affecting emergence and growth of the soybean plants.  

6.0 CONCLUSIONS

After the completion of research at four separate locations, it was concluded that the use of kelp

and/or molasses and/or 71B fertilizer solution as a seed or foliar treatment on a one year
application basis, did not significantly affect the growth and yield of soybeans when included as

part of the Aer-way crop production system.

From the side-by-side comparison trials, it was concluded that the use of a seed treatment of kelp
and molasses plus foliar applications did not significantly affect soybean plant growth or seed

yield on a one year application basis.

It is important to note that this research was performed over two growing seasons with four
management practices using four different varieties of soybeans at four different locations.

7.0 RECOMMENDATIONS

1. To repeat the application of kelp/molasses/71B fertilizer solution at the same sites over a two
to three year period to achieve comparisons between treatments over years.
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APPENDIX B

Site Management Practices



Management Practices for the Kelp and Molasses Study, 1989 and 1990.

Management
Practices Site 1 Site 2 Site 3 Site 4

Previous crop barley soybeans winter wheat corn
Fall Tillage Aer-way (1x) Strohm Aerator (2x) Aer-way (1x)
Cover crop rye (141 kg/ha) rye (82 kg/ha) rye (141 kg/ha)
Spring Tillage Aer-way (2x) Aer-ways (1x) Aer-ways (2x) Disc(1x),Aer-way (1x),Cult.

Cultivator(2x) Cultivator(1x) Harrow (2x) (1x)
Planting
crop soybeans soybeans soybeans soybeans
variety Pioneers 9061 B-152 Maple Donovan Hyland® T8508
date June 3/89 May 30,1989 May 30,1990 May 27,1990
depth 5.0 cm 3.25-5.0 cm 2.5 cm 4.4 cm
row width 50 cm 52.5 cm 52.5 cm 53.3 cm
seeding rate 97.4 kg/ha 80.6 kg/ha 90.3 kg/ha 90.8 kg/ha
Planting equipment Kinze double frame Whites 5100 John Deere 8200 Whites 5100

Herbicides 
preplant
pre emerge

glyphosate (1.14 kg ai/ha)
metolachlor (2.11 kg ai/ha);
linuron (1.05 kg ai/ha)
fluazifop-butyl (spot)

metolachlor (1.62 kg ai/ha);
linuron (.81kg ai/ha)

post emerge (.5 kgai/ha)
sethoxydin (.3 kg ai/ha)
bentazon (1.07 kg ai/ha)
Assist ® surfactant (2L/ha)

bentazon (1.07 kg ai/ha)

Fertilizer

preplant
31 t/ha manure before planting
rye
Ammonium sulphate

at plant (3 kg/ha) phosphate (45 kg/ha)
inoculant (Nitragin)

(seed treated Agrikelp (.73L/ha) Agrikelp(.73L/ha) Agrikelp (.73 L/ha) Agrikelp (.73 L/ha)
area) Molasses (2.3L/ha) Molasses(2.3L/ha) Molasses (2.3 L/ha) Molasses (2.3 L/ha)

71Bfert.(4.9 L/ha)
H202(100 ppm) 71B fert.(4.9 L/ha)

GTF Chromium (123 g/ha)
NaSe(17 g/ha)
Humates(15 g/ha)
Soil conditioner (133 g/ha)



APPENDIX C

Weather Information



Maximum, Minimum, Mean Daily Temperatures for Foldens (near sites 1 and 3)

1989 1990 Foldens
1951-1980

May Maximum (ºC) 17.5 16.7 18.1

Minimum (ºC)   8.2   6.5   6.8

Mean(ºC) 12.9 11.6 12.5

June Maximum (ºC) 22.7 22.8 23.5

Minimum (ºC) 13.8 13.3 12.4

Mean(ºC) 18.3 18.1 18.1

July Maximum (ºC) 26.8 24.7 25.8

Minimum (ºC) 16.2 15.3 14.7

Mean(ºC) 21.5 20.0 20.4

August Maximum (ºC) 24.7 24.2 25.0

Minimum (ºC) 14.7 15.1 13.9

Mean(ºC) 19.7 19.7 19.7

September Maximum (ºC) 20.2 19.9 20.8

Minimum (ºC) 11.2 11.0 10.5

Mean(ºC) 15.7 15.5 15.8

October Maximum (ºC) 14.6 13.2 14.2

Minimum (ºC)   5.9   5.0   4.9

Mean(ºC) 10.3   9.1   9.7
Maximum, minimum, mean daily temperatures are not available at the Tillsonburg
station.



Daily Total Precipitation for Foldens  (near sites 1 and 3)

1989 1990 Foldens
1951-1980

May Rainfall(mm) 82.0 114.6  67.6  

Snowfall(cm)   4.0 tr. 0.5

Total(mm) 86.0 114.6  68.0  

June Rainfall(mm) 90.2 112.4  75.1  

Snowfall(cm)   0.0   0.0 0.0

Total(mm) 90.2 112.4  75.1  

July Rainfall(mm) 36.2 118.2  80.6  

Snowfall(cm)   0.0   0.0 0.0

Total(mm) 36.2 118.2  80.6  

August Rainfall(mm) 71.4 101.8  100.4    

Snowfall(cm)   0.0   0.0 0.0

Total(mm) 71.4 101.8  100.4    

Sept. Rainfall(mm) 54.0 94.0 82.1  

Snowfall(cm)   0.0   0.0 0.0

Total(mm) 54.4 94.4 82.1  

October Rainfall(mm) 65.0 113.0  71.7  

Snowfall(cm)   6.6   0.0 0.6

Total(mm) 71.6 113.0  72.2  



Daily Total Precipitation for Tillsonburg (near site 2)

1989 Tillsonburg
1951-1980

May Rainfall(mm) 81.7  61.4  

Snowfall(cm) 0.0 0.0

Total(mm) 81.7  61.0  

June Rainfall(mm) 81.2  70.6  

Snowfall(cm) 0.0 0.0

Total(mm) 81.2  70.6  

July Rainfall(mm) 38.4  66.2  

Snowfall(cm) 0.0 0.0

Total(mm) 38.4  66.2  

August Rainfall(mm) 40.4  66.8  

Snowfall(cm) 0.0 0.0

Total(mm) 40.4  66.8  

Sept. Rainfall(mm) 72.4  78.7  

Snowfall(cm) 0.0 0.0

Total(mm) 72.4  78.7  

October Rainfall(mm) 70.5  92.3   

Snowfall(cm) 5.0 0.7

Total(mm) 75.5  93.2  
Maximum, minimum, mean daily temperatures are not available at the Tillsonburg station.



Maximum, Minimum, Mean Daily Temperatures for Culloden (near site 4)

1990 Culloden
1974-1985

May Maximum (ºC) 16.9 -

Minimum (ºC)   6.8 -

Mean(ºC) 11.9  13.3 *

June Maximum (ºC) 22.9 -

Minimum (ºC) 13.2 -

Mean(ºC) 18.1 17.8

July Maximum (ºC) 24.9 -

Minimum (ºC) 15.4 -

Mean(ºC) 20.2 20.7

August Maximum (ºC) 24.5 -

Minimum (ºC) 14.5 -

Mean(ºC) 19.5 19.8

Sept. Maximum (ºC) 20.2 -

Minimum (ºC) 10.7 -

Mean(ºC) 15.5 15.3

October Maximum (ºC) 13.4 -

Minimum (ºC)   4.7 -

Mean(ºC   9.0   8.8

* 1974, 1976 and 1985 data missing.
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