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Abstract

A micronutrient study was established at two locations in North Central Alberta to evaluate the
effect of soil and foliar applied micronutrients on pea yields. The study was conducted by the
Alberta Pulse Growers - Zone 3 with assistance from Alberta Agriculture, Food and Rural
Development (AAFRD) and Agri-Trend Agrology Ltd.

This study was conducted at two sites, Namao and Neerlandia. There were eight micronutrient
treatments applied to two different field pea varieties using two application methods. The
treatments were: untreated (check), boron, copper, iron, manganese, molybdenum, zinc and a
mixture containing all the micronutrients. Micronutrients were soil and foliar applied on two
varieties, Espace (green variety) and Integra (yellow variety). The test design was a completely
randomized block with four replicates.

The plots were seeded May 3, 2001 into very dry soil at Namao and May 4, 2001 at Neerlandia.
Prior to seeding plots were fertilized with phosphate and potash, to meet requirements. The pea
test was seeded with granular inoculant.

Results of the study show that micronutrient treatments were not an effective method for
increasing pea yields at the test sites. However, there are some site specific and variety specific
differences seen in the statistical analysis. Soil applications were less effective than foliar
applications. Statistical analysis of the two pea varieties combined shows there is no difference
in yield between the untreated check and the soil applied micronutrient treatments for both the
Namao and the Neerlandia sites. There were site specific differences in yield seen for the foliar
applied treatments when the two varieties were analyzed together. A comparison of the two sites
shows yields at Namao were significantly higher than Neerlandia for both the soil and foliar
applied treatments. Yield results in 2001 show similar trends to 1999 and 2000.

Three years of data (6 site years) show no yield advantage to increasing micronutrient fertility on
field pea. If detailed soil tests show extremely low levels of micronutrients then producers may
assess responses with small micronutrient field trials on part of the field. The three year study
suggests a foliar micronutrient application is preferred to soil applications with the seed.



Key Results and Conclusions

The study found that application of micronutrients did not significantly increase yields. There
was no difference in yield between the untreated check and micronutrient treatments overall.
Some site specific, variety specific and application type specific variations were observed.
Yields at Namao were significantly higher than at Neerlandia for both soil and foliar applied
treatments. The foliar treatments show a higher yield response than the soil applied treatments at
each site. The micronutrients that each variety responded to were site specific and yield increases
were seen for some of the nutrients. A majority of the treatments were not effective in increasing
yields and in some instances may have done some damage as some of the treatments yielded
significantly less than the untreated check.

Background

All plants require 16 essential elements for proper growth and development (Havlin et al., 1999).
These elements are part of two main categories, macronutrients and micronutrients.
Macronutrients are those nutrients that are required in large quantities and micronutrients are
required in trace amounts for proper plant growth and development (Havlin et. al., 1999).
Examples of macronutrients include nitrogen (N), phosphorus (P), potassium (K) and sulphur (S)
while iron (Fe), boron (B), copper (Cu) and zinc (Zn) would be examples of micronutrients
(Agdex 531-1, 1992). An improper balance or deficiency of any of the essential nutrients can
lead to delays in growth and development along with decreased yield.

Micronutrient deficiency is suspected of being a limiting factor to obtaining optimum pea yield.
Leighbig’s Law of the Minimum states that the most limiting factor determines yield potential.
A producer cannot control most factors affecting crop growth especially climatic factors,
however, producers are able to control soil and crop factors such as seed quality, weed control
and soil fertility (Havlin et al., 1999). For example, if iron is the limiting factor in a field, the
yield will be restricted by the amount of iron in the soil even if the amount of phosphorous,
moisture and sunlight are increased one hundred fold (Havlin et al., 1999). Sufficient nutrient
availability is required to maximize yield, therefore, if micronutrients are the limiting factor in a
crop of field pea then the yield potential is reduced regardless of the amount of phosphorous
fertilizer applied, insect or disease control.

Literature and research suggests that most soils in Alberta have sufficient levels of
micronutrients available but where they are deficient decreases in yield may be seen. The
Alberta Agriculture, Food and Rural Development publication, Minerals for Plants, Animals and
Man (Ag-dex 531-3, 1998) suggests that a 100 bushel per acre field pea crop would require 0.12,
0.18, 1.26 and 0.18 pounds per acre of boron, copper, iron, manganese and zinc respectively.
These requirements appear to be small, but they are critical to reach this target yield.

The function of micronutrients for healthy physiological plant growth is understood. Boron plays
a critical role in flowering and seed set, especially in legumes such as field pea (Agdex 531-3,
1998). In vivo studies suggest that boron is required for the normal development and
functionality of Rhizobium nodules (Bolanos, 1994). Copper is important in a plant’s



reproductive growth stage and plays and indirect role in chlorophyll production (Agdex 531-3,
1998). Iron is critical for chlorophyll formation and photosynthesis and is important in the
enzyme systems and respiration of plants (Halvin et. al., 1999). Manganese is involved in the
enzyme systems related to carbohydrate and nitrogen fixation in legumes (Agdex 531-3, 1998).
Zinc is essential for sugar regulation and enzymes that control plant growth (Halvin et. al.,
1999).

Field pea can tolerate low or deficient levels of copper, zinc and boron if proper rotations are
used (Park and Lopetinsky, 1999). Adequate amounts of iron, manganese and molybdenum are
much more critical (Park and Lopetinsky, 1999). Most Alberta soils have adequate amounts of
iron and manganese but acidic or alkaline soil conditions may make these nutrients unavailable.
Soils with a sandy texture or low organic matter tend to have lower amounts of micronutrients
and may respond best to micronutrient fertilization (Park and Lopetinsky, 1999).

Very little field pea micronutrient research has been done in the past. Stoller Enterprises Ltd.
and Agri-Trend Agrology Ltd. in Red Deer have reported yield increases in field pea even when
check yields were below 20 bushels per acre. Where all present inputs do not provide for high
target yields it is possible that micronutrient deficiencies exist.

Objectives

e Establish micronutrient trials at two locations with different soil types, a low organic matter
soil at Neerlandia and a high organic matter soil at Namao.

e Evaluate both soil applied (with the seed) and foliar applied micronutrients using two pea
varieties.

e Use soil sample analysis (0-6” and 6-12” depths) and tissue analysis to evaluate
micronutrient supply if deficiency symptoms occur.

e Provide a final economic evaluation of micronutrient costs as they relate to pea yield.

Project Plan
Treatments

Soil Applied Treatments

1. Espace + Boron (B) 9. Integra + Boron (B)

2. Espace + Copper (Cu) 10. Integra + Copper (Cu)

3. Espace + Iron (Fe) 11. Integra + Iron (Fe)

4. Espace + Mangnese (Mn) 12. Integra + Manganese (Mn)
5. Espace + Zinc (Zn) 13. Integra + Zinc (Zn)

6. Espace + Molybdenum (Mo) 14. Integra + Molybdenum (Mo)
7. Espace + Mix 15. Integra + Mix

8. Espace Untreated (check) 16. Integra Untreated (check)



Foliar Applied Treatments

17. Espace + Boron (B) 25. Integra + Boron (B)
18. Espace + Copper (Cu) 26. Integra + Copper (Cu)
19. Espace + Iron (Fe) 27. Integra + Iron (Fe)
20. Espace + Managese (Mn) 28. Integra + Manganese (Mn)
21. Espace + Zinc (Zn) 29. Integra + Zinc (Zn)
22, Espace + Molybdenum (Mo) 30. Integra + Molybdenum (Mo)
23. Espace + Mix 31. Integra + Mix
24, Espace Untreated (check) 32. Integra Untreated (check)
Table 1 Rates of Micronutrient Application
Micronutrient Soil Applied Rate Foliar Applied Rate Rate in ppm
(with seed) (4-6 node)
Boron (B) 10 Ibs/ac 1.5L/ac 0.5 ppm
Copper (Cu) 28.5 lbs/ac 1.5L/ac 1.0 ppm
Manganese (Mn) 57.1 Ibs/ac 1.5 L/ac 2.0 ppm
Iron (Fe) 17.6 Ibs/ac 1.5L/ac 1.5 ppm
Zinc (Zn) 11.1 Ibs/ac 1.5 L/ac 2.0 ppm
Molybdenum (Mo) 150 mL/100 lbs seed 0.5 L/ac 2.0 ppm
Micromix Cu/Zn - 28.5 Ibs/ac Super Starter - 2 L/ac | combined amounts
Mn/Zn - 57.1 Ibs/ac Boron - 1 L/ac
Boron - 1 Ib/ac Mo - 0.5 L/ac
Fe —17.6 Ibs/ac
Mo - 150 mL/100 Ibs seed

Soil applied micronutrients were placed in the furrow with the seed. The foliar applied
micronutrients were applied on June 7, 2001 when the plants were at the 4-6 node stage.

Experimental Design

The experiment design was a completely randomized block with four replicates. There were 32
treatments in total, 28 combinations of micronutrients and pea varieties and 4 untreated checks (1
Espace check for foliar applied, 1 Espace check for soil applied, 1 Integra check for foliar
applied, 1 Integra check for soil applied).

Four row plots were seeded using 8 inch row spacing. Plots were trimmed to 14.76 feet.



Plot Plan — Namao 2001

801 802 803 804 805 806 807 808 809 810 811 812 813 814 815 816
30 | 24 | 20 | 25 | 22 | 26 | 17 | 32 | 23 | 18 | 28 | 31 | 26 | 19 | 21 | 29
701 702 703 704 705 706 707 708 709 710 711 712 713 714 715 716
13 | 11 8 15 1 6 5 16 4 12 9 3 7 2 14 | 10
601 602 603 604 605 606 607 608 609 610 611 612 613 614 615 616
20 | 21 | 23 | 26 | 22 | 32 | 19 | 28 | 27 | 31 | 24 | 30 | 17 | 18 | 25 | 29
501 502 503 504 505 506 507 508 509 510 511 512 513 514 515 516
3 13 2 16 | 14 8 5 6 1 7 10 4 9 11 | 15 | 12
ALLEY
401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416
17 | 29 | 32 | 23 | 31 | 22 | 25 | 19 | 28 | 21 | 30 | 27 | 18 | 24 | 20 | 26
301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316
13 2 7 5 11 | 15 | 12 1 6 9 4 3 14 8 10 | 16
201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216
30 | 20 | 28 | 22 | 19 | 18 | 25 | 17 | 27 | 24 | 31 | 26 | 23 | 32 | 21 | 29
101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116

Plot Plan — Neerlandia 2001
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Site Descriptions
Test plots were seeded at two sites in 2001: Namao and Neerlandia. The sites are located in the
same eco-region but soil types are slightly different.

Namao

Legal Land Description: NE 9-55-24 W4

Descriptive Location: 3 miles north of Namao on Highway 28, ¥ mile west on Carbondale road,
and plot is on the south side of the road

The soil at this site is an Eluviated Black Chernozem developed on lacustrine material. The soil
texture is a silty clay loam. Water storage is regarded as high (more than five inches of water per
foot of soil). The topsoil has medium permeability (between 0.2-2.0 inches of water per hour)
and the subsoil has low permeability (less than 0.2 inches of water per hour). The average depth
of the topsoil ranges between 14 and 18 inches. The amount of organic matter in the topsoil is
medium to high (>3.5% OM). The soil drainage is classified as well drained (i.e. the water is
removed from the soil readily). Salinity of subsoil is low to medium (between 0-0.8% soluble
salt). Productive ability ranges from very good to excellent.




Neerlandia

Legal Land Description: NW 3-62-3 W5

Descriptive Location: 1 mile North of Neerlandia on Hwy 769, plot is on the East side of the
highway

The soil at this site is primarily a Dark Grey Wooded Luvisol that developed on till parent
material with a loam to clay loam texture. This soil is moderately well drained and typically has
an Ah horizon ranging from 3-5 inches, a distinct Ae horizon and a blocky Bt horizon which are
all slightly acidic. This soil is found in association with a shallow Dark Grey Chernozem and a
shallow Orthic Grey Wooded Luvisol. These soils both developed on alluvial-lacustrine parent
material. They are well drained and have a gently undulating to undulating topography. All soil
types are fairly good to very good arable land.

Soil Analysis and Fertilization
Table 2 and Table 3 table list results of a soil analysis for macro and micronutrients for both sites
at two soil depths, 0 — 6 inches and 6-12 inches.

Table 2 Soil Sample Analysis Summary — for Macronutrients
(Early Spring Sampling)
Plant nutrients Neerlandia Namao
removed per 0-6” 6-12” 0-6” 6-12”

acre by peafor | Sampling Sampling Sampling Sampling

100 bu/ac crop Depth Depth Depth Depth
NO;3- N (ppm) 153 ppm 12 ppm 8 ppm 9 ppm 7 ppm
PO4- P (ppm) 43 ppm 12 ppm 5 ppm 9 ppm 6 ppm
Na (ppm) n/a 29 ppm 30 ppm 15 ppm 20 ppm
K (ppm) 137 ppm 88 ppm 62 ppm 343 ppm 252 ppm
SO4- S (ppm) 13 ppm 6 ppm 5 ppm 6 ppm 7 ppm
PH 7.7 7.9 55 5.9
E.C. (Ms/cm) 0.5 0.5 0.4 0.4
O.M. % 6.2 4.9 11.1 10.3

Note: 130 Ibs/acre of 8-38-15 fertilizer was added to each site. The final amounts of available

plant nutrients are provided in Table 4.




Table 3

Soil Sample Analysis Summary — for Micronutrients
(Early Spring Sampling)

Plant nutrients Neerlandia Namao
removed by pea 0-6” 6-12” 0-6” 6-12”
for 100 bu/ac Sampling Sampling Sampling Sampling
crop Depth Depth Depth Depth
Zn (ppm) 0.09 3 2 8 5
Cu (ppm) 0.09 2.1 1.6 2.8 4.2
Mn (ppm) 0.45 11 7 47 33
Fe (ppm) 0.63 68 58 216 181
B (ppm) 0.06 0.6 0.6 1.5 1.0

For a 100 bu/acre pea crop, 0.06 ppm boron, 0.09 ppm copper, 0.63 ppm iron, 0.45 ppm
manganese and 0.09 ppm zinc would be required (Agdex 531-3, 1998). There was no evidence
of a micronutrient deficiency based on soil sample analysis in 2001. The soil sample analysis
suggests marginal levels of boron at Neerlandia and adequate levels of all other micronutrients.

Table 4 Total Amount of Available Macro Nutrients for the 2001 Growing Season
(Including Nutrients in the Soil and Added Fertilizer)

Plant nutrients removed by pea | Soil Nutrientsat | Soil Nutrients at
for 100 bu/ac crop Neerlandia Namao
NOs- N (ppm) 153 ppm 25 ppm 21 ppm
PO, - P (ppm) 43 ppm 42 ppm 40 ppm
K (ppm) 137 ppm 160 ppm 605 ppm
SO,- S (ppm) 13 ppm 11 ppm 13 ppm

Note: The nitrogen levels appear low, however pea is able to fix atmospheric nitrogen so these
reduced levels are not a concern. The phosphorous and sulfur levels appear marginal, however,
the values for plant nutrients removed is for a 100 bu/acre pea crop which is highly unlikely.

Climate Information
Both sites, experienced early season drought, heat stress and later a shift towards better
conditions. The Namao site experienced the best growing conditions. It received 329 mm of
rain from May 3 to August 27, 2001. Neerlandia received 307 mm of rain between May 4 and
August 23, 2001 however, 224 mm of rain were received in the last week of July. This large

amount of rain resulted in flooding and a very wet site.




Table 5 Summary of monthly rain averages from May to August 2001

Month Neerlandia 2001 Namao 2001
May rainfall 20 mm 45 mm
June rainfall 44 mm 62 mm
July rainfall 224 mm 192 mm

August rainfall 19 mm 30 mm
Total Rainfall 307 mm 329 mm

Seeding Specifications and Plot Maintenance

The pea cultivars were seeded at a rate of 7 plants/ft? or 75 plants/m®. Seeding rates for each
cultivar were determined by calculating the 1000 kernel weight (g/1000) of each variety. Both
sites received phosphate-potash fertilizer (8-38-15) at a rate of 130 Ib/ac. The fertilizer was
broadcast applied and worked in prior to seeding. MBR pea granular inoculant was applied at 8
Ib/ac with the seed. Neerlandia was sprayed with a full rate of Sencor. Namao was sprayed with
a full rate of Poast for grassy weed control. This site had fall applied Edge for broadleaf weed
control. Reglone PRO was applied at both sites one week prior to combining to enhance dry
down and assist harvest.

Seeding and Harvest Dates
Namao was seeded May 3, 2001 and Neerlandia was seeded May 4, 2001. Neerlandia was
harvested August 23, 2001 and Namao on August 27, 2001.

Data Collected and Analysis

Total Plant Height or Vine Length
Plants were measured after they had completed flowering and prior to desiccation to determine
total plant height or vine length. The heights were measured in centimeters.

Thousand Kernel Weight
A thousand kernel weight was done for each treatment to provide seed size. A sample of 100
seeds was weighed and then multiplied by 10.

Yield
Harvested samples from each plot were dried and then weighed to determine yield. Yield was
recorded in grams per plot and converted to kilograms per hectare.

Protein Analysis
Protein analysis was conducted on 400g seed samples from each plot. Samples were analyzed by
Robyn Russell at Agricore.

Statistical Analysis

Statistical analysis of the yield data was completed by using the GLM statistical program of
SAS, 2001. Least Significant Difference (L.S.D.) P <0.05, was calculated to determine
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significant differences between treatments and Coefficient of Variance (C.V.%) was calculated
to reveal the relative measure of variation that exists within the data.

Discussion of Results

Namao agronomic data for height, percent protein, thousand kernel weight and yield is provided
in Tables 6 and 7. Tables 8 and 9 provide agronomic data from Neerlandia. Table 10 is a
summary of the Namao and Neerlandia agronomic data for the Espace data. A summary of the
agronomic Integra data for Namao and Neerlandia is provided in Table 11.

Espace Yields at Namao and Neerlandia

Yield responses of Espace to the various micronutrient treatments are provided in Table 12.
There were no yield differences observed at Namao for the soil applied treatments. The foliar
applied complete micronutrient mixture and the foliar applied iron treatments significantly
reduced yields compared to the check at Namao; there may have been an iron toxicity effect
caused by the treatment. The remaining five foliar applied treatment yields were not statistically
different from the untreated check at Namao; there was no advantage to foliar application of
micronutrients at the Namao site. The soil applied treatment yields were significantly lower for
boron, copper and zinc at Neerlandia while, the iron, manganese, molybdenum and the complete
mixture soil applied treatments increased yield. Yield increases occurred for the foliar applied
boron, iron and complete mixture treatments at Neerlandia.

Integra Yields at Namao and Neerlandia

Table 13 shows pea yields for variety Integra with soil and foliar applied micronutrient
treatments. The soil applied zinc treatment yielded significantly higher than the other
micronutrients at the Namao site. Namao foliar applied micronutrients; copper, zinc and the
complete micronutrient mixture treatments, all had significantly higher yields compared to the
untreated check. There were no significant yield differences observed for the Neerlandia soil
applied micronutrient treatments. The zinc and copper foliar applied treatments at Neerlandia
showed a significant yield reduction, possibly because of toxicity effects.

Neerlandia Yields Compared to Namao Yields

Table 14 shows yield comparison by site and treatment application. Yields at Namao were
significantly higher with an overall average yield of 5283 kg/ha for all soil applied treatments as
compared to 4197 kg/ha for all soil applied treatments at Neerlandia. Foliar applied treatment
yields at Namao were significantly higher than Neerlandia. Average yields were similar between
soil and foliar treatments for Namao and Neerlandia.

Three Year Summary

Table 15 provides a comparison of yield results for the three test years 1999, 2000 and 2001.
Statistically, there was no response to soil or foliar applied treatments, compared to the untreated
check, at either site in 1999 or 2000.

In 2001 there was a small response to soil applied Zinc and some foliar response to copper,
molybdenum and zinc at Namao. At Neerlandia in 2001 there was no response to soil applied
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micronutrients, but foliar applied treatments showed an advantage with boron, iron, molybdenum
and the mix

Protein Analysis

Table 16 provides the results from the seed protein analysis. Integra has a higher protein content
compared to Espace and this trend is observed at both Neerlandia and Namao. There were
extremely small differences between some of the treatments. There do not appear to be any
trends and there is also no correlation between yield and protein content.

12



Table 6 Summary of Agronomic Data for Espace, Namao 2001

Micronutrient

Espace

Treatment Plant Height (cm) % Protein 1000 KWT (g/1000 seeds) Yield (kg/ha)

Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave.
Untreated Check 69 66 67 24.3 24.3 24.3 251 268 260 5428 5479 5453
Boron 69 71 70 24.0 26.1 25.1 258 313 285 5501 5091 5296
Copper 66 69 67 24.2 24.5 24.3 258 266 262 5764 5771 5768
Iron 64 71 68 24.2 25.7 24.9 260 298 279 5668 4755 5211
Manganese 69 67 68 24.0 24.1 24.1 252 263 258 5583 5452 5518
Molybdenum 65 67 66 24.3 24.1 24.2 264 257 260 5472 5513 5492
Zinc 68 69 68 24.0 24.3 24.1 262 262 262 5708 5453 5581
Mix 70 71 70 24.3 26.0 25.2 261 307 284 5365 4887 5126
Table 7 Summary of Agronomic Data for Integra, Namao 2001

Micronutrient Integra
Treatment Plant Height (cm) % Protein 1000 KWT (g/1000 seeds) Yield (kg/ha)

Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave.
Untreated Check 71 72 71 26.0 26.0 26.0 298 301 299 4969 4705 4837
Boron 72 68 70 25.9 25.9 25.9 303 302 302 4793 4689 4741
Copper 72 63 68 25.7 24.6 25.1 293 252 272 4819 5759 5289
Iron 74 70 72 25.7 26.0 25.8 302 304 303 5096 4806 4951
Manganese 70 75 73 26.0 26.0 26.0 291 297 294 5159 4816 4988
Molybdenum 69 74 71 26.4 25.9 26.2 295 291 293 5052 4963 5008
Zinc 74 69 71 26.0 24.1 25.1 307 260 283 5438 5650 5544
Mix 74 66 70 26.2 24.1 25.2 292 261 276 4711 5377 5044
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Table 8 Summary of Agronomic Data for Espace, Neerlandia 2001

Micronutrient

Espace

Treatment Plant Height (cm) % Protein 1000 KWT (g/1000 seeds) Yield (kg/ha)

Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave.
Untreated Check 75 72 73 23.3 22.9 23.1 196 205 200 3705 4059 3882
Boron 72 81 76 23.1 24.2 23.6 203 245 224 3827 4678 4253
Copper 76 75 76 23.0 22.4 22.7 204 210 207 4003 4318 4160
Iron 76 81 78 22.9 24.1 23.5 206 248 227 4209 4940 4574
Manganese 77 76 77 22.9 22.8 22.9 197 200 199 4085 3983 4034
Molybdenum 70 78 74 22.6 22.7 22.7 204 205 204 4331 4271 4301
Zinc 76 77 76 22.7 22.9 22.8 206 205 206 3961 4293 4127
Mix 77 79 78 22.9 24.5 23.7 202 238 220 4055 4649 4352
Table 9 Summary of Agronomic Data for Integra, Neerlandia 2001

Micronutrient Integra
Treatment Plant Height (cm) % Protein 1000 KWT (g/1000 seeds) Yield (kg/ha)

Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave.
Untreated Check 82 80 81 24.5 24.2 24.4 246 239 242 4563 4621 4592
Boron 80 77 79 24.8 24.6 24.7 229 230 229 4334 4471 4402
Copper 79 77 78 24.6 22.8 23.7 239 208 223 4393 4044 4218
Iron 81 80 81 24.8 24.4 24.6 234 238 236 4384 4705 4544
Manganese 79 81 80 24.6 24.3 24.4 236 221 228 4352 4801 4576
Molybdenum 82 79 81 24.5 24.5 24.5 225 244 235 4361 4846 4604
Zinc 75 74 74 24.9 22.6 23.7 236 205 220 4410 4024 4217
Mix 86 77 82 24.9 22.6 23.7 227 206 216 4179 4310 4244
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Table 10 Overall Summary of Agronomic Data for Espace, Namao and Neerlandia 2001

Micronutrient

Espace

Treatment Plant Height (cm) % Protein 1000 KWT (g/1000 seeds) Yield (kg/ha)

Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave.
Untreated Check 72 69 70 23.8 23.6 23.7 224 236 230 4566 4769 4668
Boron 70 76 73 23.5 25.1 24.3 230 279 254 4664 4885 4774
Copper 71 72 71 23.6 23.4 23.5 231 238 234 4884 5044 4964
Iron 70 76 73 23.5 24.9 24.2 233 273 253 4938 4847 4893
Manganese 73 72 72 23.5 23.5 23.5 225 232 228 4834 4717 4776
Molybdenum 68 72 70 23.5 23.4 23.4 234 231 232 4901 4892 4897
Zinc 72 73 72 23.3 23.6 23.5 234 233 234 4835 4873 4854
Mix 73 75 74 23.6 25.3 24.4 232 272 252 4710 4768 4739
Table 11 Overall Summary of Agronomic Data for Integra, Namao and Neerlandia 2001

Micronutrient Integra
Treatment Plant Height (cm) % Protein 1000 KWT (g/1000 seeds) Yield (kg/ha)

Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave. Soil Foliar | Ave.
Untreated Check 77 76 76 25.3 25.1 25.2 272 270 271 4766 4663 4715
Boron 76 73 74 25.3 25.3 25.3 266 266 266 4564 4580 4572
Copper 76 70 73 25.2 23.7 24.4 266 230 248 4606 4901 4754
Iron 77 75 76 25.2 25.2 25.2 268 271 269 4740 4755 4748
Manganese 75 78 76 25.3 25.1 25.2 263 259 261 4756 4808 4782
Molybdenum 76 76 76 25.5 25.2 25.3 260 267 264 4706 4905 4806
Zinc 74 71 73 25.5 23.3 24.4 271 232 252 4924 4837 4880
Mix 80 72 76 25.5 23.4 24.4 259 233 246 4445 4844 4644
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Table 12 Yield Response of Espace to Various Micronutrient Treatments, 2001

Micronutrient Namao Yield (kg/ha) Neerlandia Yield (kg/ha)

Treatments Soil Foliar Soil Foliar
Untreated Check 5428 a 5479 ab 3705d 4059 d
Boron 5501 a 5091 bc 3827 cd 4678 ab
Copper 5764 a 5771 a 4003 bcd 4318 bcd
Iron 5668 a 4755 ¢ 4209 ab 4940 a
Manganese 5583 a 5452 ab 4085 abc 3983 d
Molybdenum 5472 a 5513 ab 4331 a 4271 cd
Zinc 5708 a 5453 ab 3961 bed 4293 cd
Mix 5365 a 4887 c 4055 abc 4649 abc
Average 5561 5300 4022 4399
LSD (P <£0.05) 581.6 451.0 319.3 382.0
CV.% 7.1 5.8 5.4 5.9

Note: a,b...within columns, values followed by the same letter are not significantly different

Table 13 Yield Response of Integra to Various Micronutrient Treatments, 2001

Micronutrient Namao Yield (kg/ha) Neerlandia Yield (kg/ha)

Treatments Soil Foliar Soil Foliar
Untreated Check 4969 bc 4705 ¢ 4563 a 4621 ab
Boron 4793 bc 4689 c 4334 a 4471 ab
Copper 4819 bc 5759 a 4393 a 4044 c
Iron 5096 abc 4806 c 4384 a 4705 ab
Manganese 5159 ab 4816 c 4352 a 4801 a
Molybdenum 5052 abc 4963 bc 4361 a 4846 a
Zinc 5438 a 5650 a 4410 a 4024 c
Mix 4711 ¢ 5377 ab 4179 a 4310 bc
Average 5005 5096 4372 4478
LSD (P <£0.05) 433.4 450.5 406.1 397.8
CV.% 5.9 6.0 6.3 6.0

Note: a,b...within columns, values followed by the same letter are not significantly

different
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Table 14 Evaluation of Micronutrient Treatments on Field Pea Yield
Comparison Between Sites, 2001

Site Pea Yield (kg/ha)
Soil Applied Foliar Applied
Namao 5283 a 5198 a
Neerlandia 4197 b 4438 b
Treatment Average 4740 4818
LSD (P <£0.05) 141.2 156.6
CV.% 8.5 9.3

Note: a,b...within columns, values followed by the same letter are not significantly
different
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Table 15 Three Year Yield Summary: Micronutrient Treatments, Average of Espace and Integra

Micronutrient

Namao Yield (kg/ha)

Neerlandia/VVega Yield (kg/ha)

Soil Foliar Soil Foliar

Treatment 1099 | 2000 | 2001 | 1999 | 2000 | 2001 | 1999 | 2000 | 2001 | 1999 | 2000 | 2001
Untreated Check |6368a |7077a |5198ab |6108a |6497a |5092cd |4794ab |3753a |4134a|4774a |3257a |4340be
Boron 5989 abc |6569 b | 5147 ab |5898a |6524a |4890cd |4213cd | 3071c  |408Lla|5105a |3162a |4574 ab
Copper 6308 ab |6933a |5292ab |6168a |6521a |[5765a [|4560abc |3407 abc |[4198a|5011a [3267a [4181c
I'ron 6179 abc | 6857 ab |5382ab |5867a |6221ab |4781d |4625abc |3545ab |4297a |5059a |3236a |4822a
Manganese 5625c |6562b |5371ab |6161a |5780b |5134cd |4352bcd |3137c  |4218a|5215a |3377a 4392 he
Molybdenum 5972abc |6984a |5262ab |6081a |6100ab |5238 bc |4528 abc | 3614 ab | 4346 |4691a |3384a | 4559 ab
Zinc 6156 abc |6942a |5573a |6063a |6348a |[5552ab |4864a 3258 bc |4186a|5060a |3357a |4158c
Mix 5732bc |5881c |5038b |5986a |6338a |5132cd |3941d  |2230d |4117a|4962a |3342a | 4479 abc
Average 6041 16725  |5283  |6041  |6291  |5198  |4485 3252 14197 |4985  |3298  |4438
LSD (P<005) |6065 |321.2 |450.6 |4365 |478.7 |379.9 |4983  |3495  |3421 |5945 |310.7 |35L4
C.V.% 100 |46 850 |72 73 73 11.0 10.3 81 [11.9 |91 7.9

Note: a,b...within columns, values followed by the same letter are not significantly different
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Table 16 Seed Protein Analysis for Micronutrient Applications, 2001

Micronutrient % Protein Namao % Protein Neerlandia
Treatment Espace | Integra Espace | Integra
Soil Applied Treatments
Untreated Check | 24.3a 26.0 ab 23.3 a 245a
Boron 24.0a 259D 23.1a 24.8 a
Copper 24.2 a 25.7b 23.0ab 24.6 a
Iron 24.2 a 25.7Db 22.9 ab 248 a
Manganese 24.0a 26.0 ab 22.9 ab 24.6 a
Molybdenum 243 a 26.4 a 22.6b 245a
Zinc 24.0a 26.0 ab 22.7b 24.9 a
Mix 24.3 a 26.2 ab 22.9 ab 24.9 a
Average 24.2 26.0 22.9 24.7
LSD (P <0.05) 0.41 0.54 0.5 0.6
CV.% 1.2 1.4 1.6 1.6
Foliar Applied Treatments

Untreated Check | 24.3b 26.0a 22.9b 24.2 a
Boron 26.1a 259a 24.2 a 24.6 a
Copper 245D 246 Db 224D 22.8Db
Iron 25.7 a 26.0 a 24.1a 24.4 a
Manganese 24.1Db 26.0a 22.8Db 24.3 a
Molybdenum 24.1b 259a 22.7b 245a
Zinc 24.3Db 241c 229D 22.6 b
Mix 26.0 a 24.1¢ 24.5a 22.6 b
Average 24.9 25.3 23.3 23.7
LSD (P <£0.05) 0.4 0.4 0.7 0.6
CV.% 1.2 1.1 2.0 1.8

Note: a,b...within columns, values followed by the same letter are not significantly different
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Economic Impact

If higher pea yields could be obtained with micronutrient additions then producers would place a
higher value on the crop. Dr. Clayton, a researcher at Agriculture Canada in Lacombe, describes
this as field pea yield stability: the higher and more constant the yield, the more important the
crop becomes in the rotation. If a yield increase can be obtained and maintained producers
would benefit economically.

Cost analysis of the various micronutrent treatments was conducted at the end of the three year
project. Tables 17 and 18 provide a break even analysis of applying soil and foliar
micronutrients to field pea. Granular and liquid micronutrient prices came from Stoller
Enterprises Ltd., in Red Deer, Alberta. Retail prices were used as of November 26, 2001. There
are seasonal and dealer discounts available to producers, however, full retail prices were used in
these calculations. Break even calculations do not include application costs. The application
rates used in these calculations are the same as those used in the study. Calculations of increased
pea yields required to break even are based on pea prices of $4.50/bu. This calculation was
made by dividing the total cost of the micronutrient by $4.50. For example, the boron total
micronutrient cost is $7.53/acre divided by $4.50/bu gives 1.67bu/ac yield increase required to
break even.

Table 17  Break Even Yields Required for Soil Application of Micronutrients
Application Price of Total Cost of Increased Pea Yield
Rate Micronutrients | Micronutrient @ | Required to Break Even
given application rate Assuming pea price of $4.50/bu
Boron 10.0 Ibs/acre $0.75/1b $7.53 /acre 1.67 bu/acre
Copper 28.5 Ibs/acre $0.69 /lb $19.78 /acre 4.40 bu/acre
Iron 17.6 Ibs/acre $0.44 /Ib $7.73 Jacre 1.72 bu/acre
Manganese 57.1 Ibs/acre $0.30/1b $16.90 /acre 3.75 bu/acre
Zinc 11.1 lbs/acre $0.72 /b $8.01 /acre 1.78 bu/acre
Molybdenum | 279 mL/acre $11.50/L $3.21 / acre 0.71 bu/acre
Cu-28.5 Ibs/acre
Complete Mn-57.1 Ibs/acre $2.91/Ib +
. B-10.2 Ibs/acre $11.50/L for $63.16 /acre 14.04 bu/acre
Mixture Fe-17.6 Ibs/acre Mo
Mo-279 mL/acre




Table 18  Break Even Yields Required for Foliar Application of Micronutrients

Application Price of Total Cost of Increased Pea Yield
Rate Micronutrients | Micronutrient @ | Required to Break Even
given application rate Assuming pea price of $4.50/bu
Boron 1.5L/acre $7.00 /L $10.50 /acre 2.33 bu/acre
Copper 1.5L/acre $8.20 /L $12.30 /acre 2.73 bu/acre
Iron 1.5L/acre $6.85 /L $10.28 /acre 2.28 bu/acre
Magnesium 1.5 /acre $7.55/L $11.33 /acre 2.52 bu/acre
Zinc 1.5L/acre $7.70 /L $11.55 /acre 2.57 bu/acre
Molybdenum | 0.5L/acre $11.50 /L $5.75 /Jacre 1.28 bu/acre
| 2.0L/acre super
Complete starter
Mixture 1.0L/acre Boron $25.70 /L $27.15 /acre 6.03 bu/acre
0.5L/acre Mo

Tables 19 and 20 show the yield increases over the untreated check. All yields were taken from
Table 15 and converted to bushels per acre. Yield increases were determined by subtracting the
treatment plot yield (ie. Boron) from the untreated plot yield. If the yield increase was greater
then the yield increase required to break even then it would have been economically beneficial to
apply that micronutrient treatment. Note, values that are economically beneficial are shaded on
the tables below. At Namao, economically beneficial yield increases occurred only in 2001. For
the soil applied micronutrients at Namao only the iron treatment yielded above the iron break
even yield of 1.72 bu/acre in 2001. For the foliar applied micronutrients at Namao copper and
zinc had a yield increase greater than the break even yields of 2.73 bu/acre and1.28 bu/acre
respectively.

In Neerlandia, yield increases beyond the break even benchmarks were seen in all three years. In
1999 there was only one yield increase from the soil micronutrient applications. Application of
zinc caused a yield increase of 1.0 bu/acre and this was greater than the break even yield of 0.71
bu/acre for zinc. There were multiple economic yield increases beyond the benchmark yields for
the foilar micronutrient applications in Neerlandia, in 1999. There was an economic benefit
received from the foliar application of boron, copper, iron, manganese and zinc. In 2000 only
the foilar application of zinc resulted in increased yields above the break even benchmark yield
at Neerlandia. An economic yield increase was seen from the soil application of iron,
molybdenum and zinc, at Neerlandia in 2001. In the same year, at the same site an economic
yield increase was observed for the foliar application of boron, iron and molybdenum.

Tables 21 and 22 show calculations of the increased/decreased income associated with each of
the treatments. Caution must be taken when examining these yield increases. According to the
statistical analysis, most yields are NOT SIGNIFICANTLY greater than the untreated yields and
can not be expected in subsequent years.
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Table 19

Namao Yield Increases Over Untreated Check Yield

Namao Yield Increase Over Untreated Check (bu/acre)

Soil Foliar
Micronutrient Yield Increase Yield Increase
Treatment | 909 | 2000 | 2000 | ReQUired To |1 a9 | 2000 | 2001 | ReQuired To
Break Even Break Even
(bu/acre) (bu/acre)
Untreated 0.0 0.0 0.0 0.0 bu/acre 0.0 0.0 0.0 0.0 bu/acre
Boron 56| -76| -0.8| 1.67 bu/acre -3.1 04| -3.0| 2.33bu/acre
Copper -09| -21| 14| 4.40bu/acre 09| 04 10.0| 2.73bul/acre
Iron -28 | -3.3 2.7 | 1.72 bu/acre -36| 41| -46| 2.28bulacre
Manganese -11.0| -7.7| 26| 3.75bhulacre 0.8]-10.7| 0.6| 2.52bu/acre
Molybdenum 59| -14| 10| 1.78bu/acre -04 | -59 2.2 | 2.57 bu/acre
Zinc -3.2| -2.0 5.6 | 0.71 bu/acre -0.7| -2.2 6.8 | 1.28 bu/acre
Mix -95|-17.8 | -2.4| 14.04 bu/acre -19| -24 0.6 | 6.03 bu/acre

Note: All shaded cells indicate yield increases greater than the break even price therefore,
indicating an economic benefit to applying that micronutrient fertilizer.

Table 20 Neerlandia Yield Increases Over Untreated Check Yield
Neerlandia Yield Increase Over Untreated Check (bu/acre)
Soil Foliar
Micronutrient Yield Increase Yield Increase
Treatment 1 1999 | 2000 | 2001 | ReAUIred To | 1999 | 5000 | 2001 | REQUired To
Break Even Break Even
(bu/acre) (bu/acre)
Untreated 0.0 0.0 0.0 0.0 bu/acre 0.0 0.0 0.0 0.0 bu/acre
Boron -86 |[-10.1| -0.8 1.67 bu/acre 49 | -14 | 35 2.33 bu/acre
Copper -35 |1 -51 | 10 4.40 bu/acre 35 | 01 | -24 2.73 bu/acre
Iron 25 | 31| 24 1.72 bu/acre 42 | -03 | 7.2 2.28 bu/acre
Manganese -6.6 | -9.2 | 1.2 3.75 bu/acre 6.6 1.8 | 0.8 2.52 bu/acre
Molybdenum | -4.0 | -21 | 3.2 1.78 bu/acre -1.2 | 19 | 33 2.57 bu/acre
Zinc 10 | -74 | 0.8 0.71 bu/acre 4.3 15 | -2.7 1.28 bu/acre
Mix -12.7 [ -22.6 | -0.3 | 14.04 bu/acre 2.8 1.3 2.1 6.03 bu/acre

Note: All shaded cells indicate yield increases greater than the break even price therefore,
indicating an economic benefit to applying that micronutrient fertilizer.
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Table 21

Namao Yield Value of Increases Over Untreated Check Yield

Micronutrient

Namao Yield Increase Over Untreated Check ($/acre)

Soil Foliar
Treatment 1999 2000 2001 1999 2000 2001
Untreated $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Boron $32.90 | -$41.90 | -$11.30| -$24.44 $8.69 |  -$23.99
Copper -$23.76 -$29.16 -$13.41 -$8.24 -$10.49 $32.72
I'ron $2030 |  -$22.55 $4.46| -$26.46 | -$28.71|  -$30.96
Manganese -$84.29 -$69.44 -$23.09 -$7.74 -$59.49 -$8.64
Molybdenum $3452 |  -$14.27 $347 |  -$13.37|  -$38.12 $1.67
Zinc $17.60 | -$1220 |  $22.01 $8.91|  -$15.66 $24.84
Mix $120.65 | -$158.00 | -$88.70 |  -$35.60 |  -$37.94 |  -$24.44

Note: All shaded cells indicate yield increases greater than the break even price therefore,

indicating an economic benefit to applying that micronutrient fertilizer.

Table 22  Neerlandia Yield Value of Increases Over Untreated Check Yield
Micronutrient Neerlanénl(i)?I Yield Increase Over Untreated Clrzlgcl:iI;?/acre)
Treatment 1999 2000 2001 1999 2000 2001

Untreated $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Boron -$46.40 -$53.15 -$11.30 $11.57 -$16.79 $5.27
Copper -$35.46 -$42.66 -$15.21 $3.47 -$11.84 -$23.09
Iron -$18.95 -$21.65 $3.11 $8.64 -$11.61 $22.14
Manganese -$64.49 -$76.19 -$29.39 $18.36 -$3.24 -$7.74
Molybdenum -$25.97 -$17.42 $6.44 -$16.97 -$3.02 $3.29
Zinc $1.31 -$36.50 $0.41 $13.59 $0.99 -$17.91
Mix -$135.05 | -$179.60 -$79.25 -$14.54 -$21.29 -$17.69

Note: All shaded cells indicate yield increases greater than the break even price therefore,

indicating an economic benefit to applying that micronutrient fertilizer.

Conclusions

The 2001 yield data revealed some small yield increases, which occurred with foliar application

of micronutrient treatments. A yield increase was observed with the iron treatment at

Neerlandia; in Namao a yield increase was observed with the copper and zinc treatments. The
yield increase caused by the foliar applied iron is supported by the fact that soil with a high pH,

low organic matter and adequate micronutrients have shown yield increases from foliar

applications of iron (Fawzi, 1993). However, this cannot explain the yield increases observed at

Namao where there is a neutral pH, high organic matter and adequate micronutrients.
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There was no positive yield response from the soil applied micronutrient applications. Listed
below are some possible explanations.

Explanation 1: Soil micronutrient levels are high enough at these sites to produce
optimum pea yields without micronutrient additions

Explanation 2: With the poor soil moisture until late-July and good soil moisture
conditions later in the season, the pea root development was deeper in the soil profile.
This resulted in the root uptake of micronutrient reserves, which may not have occurred
under high moisture soil conditions.

Explanation 3: Extremely hot conditions in July during flowering, in addition to severe
levels of disease may have affected positive treatments by reducing high yield potential
with flower blasting (up to 3 flowering nodes).

Extension Activities

Producers and professionals involved in the pulse industry toured the Namao micronutrient site
over the three years of the study. Results from this study will be distribution to pulse industry
through:

1. Company technology transfer activities with Stoller and Agri-Trend

2. APGC - Pulse Crop News

3. Written articles
The information will also be distributed to over 200 producers. Final results will be available to
all pulse producers at the AAFRD office in Barrhead.

Recommendations

This study has demonstrated that micronutrient applications generally do not increase yield in
this area, however, other studies indicate that applications of micronutrients can result in
increased pea yields. If producers suspect micronutrient deficiencies in their field they should
soil test and apply FOLIAR micronutrients. The micronutrients should only be applied in small
areas of the field where the deficiency exists. Further study of micronutrient applications should
not be pursued at this time in this area. If future micronutrient deficiencies begin appearing on a
large scale continued study may be warranted.
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