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Organic Agronomy Training
Session 3. Insect and disease management

Disclaimer

 While Canada has an amazing group of scientists and
extension workers with expertise in insect pest and plant
disease management, far too little of their talent has been
directed at organic production.

* This leaves us with many knowledge gaps.



Organic Agronomy Training
Session 3. Insect and disease management

Insects

Vast majority of insects cause
no problems.

Pest problems less likely to
occur in complex farm
ecosystems.

Intercropping and cover
cropping can help reduce
insects.

Focus on cultivating beneficial
insects in fields and on farms.

Large-scale problems difficult
— grasshoppers.




Organic farm Conventional farm

Lessons from Entomologist, Dr. Larry Phelan

https://entomology.osu.edu/our-people/larry-phelan



https://entomology.osu.edu/our-people/larry-phelan

After planting maize (corn), female European corn borers were released into the
greenhouse to determine egg-laying preferences. In each of 4 experiments,
females consistently laid fewer eggs on corn plants in soil from organic farms
than on plants in conventional soil.

110 Sustainable Agroecosystem Management: Integrating Ecology, Economics, and Society
Egglaying by European Corn Borer on Maize
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FIGURE 9.2 Meta-analysis of egg laying by Ostrinia nubilalis, the European corn borer, on maize planted
in the greenhouse in soils collected from neighboring organic or conventional farms. Analysis conducted on
results from four replicated factorial experiments with amendments of dairy cow manure, cow manure com-
post, or chemical fertilizer in each soil type: (a) mean egg laying by soil type across fertilizer treatments, nor-
malized to account for differences in total egg laying among experiments, and (b) variance (sum of squares)
in egg laying across fertilizer treatments and experiments.

Dr. Jonathan Lundgren



Mineral fertilizer, synthetic insecticides Nicaraguan farm family

Organic: Composted manure, cover crop,
natural insecticide (neem tree)


http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&docid=dU7HrDbQ8bp0iM&tbnid=Ct3qq0Y9ZBPDWM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.ithakabound.com%2Fpersonal%2Fsold%2F&ei=tthBUq7aBsiKiAKIg4CIAw&bvm=bv.53077864,d.cGE&psig=AFQjCNGPpwPnIMW9p_jk4va8hP71lT7_Pw&ust=1380133390834976

Prevention — Avoid the problem
* Resistant varieties

* Crop rotation (green bridge)
* Intercropping (polyculture)

* Landscape diversity

Intervention — Deal with the problem once it arises
e Treat disease or insect







Insect tolerant varieties
eg. Midge tolerant wheat

Year
Tolerant variety =~ Refuge variety  Class registered”
Unity Waskada CWRS 2007
Goodeve AC Intrepid CWRS 2007
Glencross Burnside CWES 2008
Fieldstar Waskada CWRS 2008
Shaw AC Domain CWRS 2009
CDC Utmost Harvest CWRS 2010
Vesper Waskada CWRS 2010
Conquer 5701PR CPSR 2010
Enchant AC Crystal CPSR 2012
AAC Foray AAC Penhold CPSR 2014
AAC Prevail CDC Plentiful CWRS 2014
AAC Tenacious AAC Crusader CPSR 2014
CDC Titanium Stettler CWRS 2014
AAC Cameron Carberry CWRS 2015
AAC Jatharia Carberry CWRS 2015

b

Source: Country Guide

Agriculture and
Agri-Food Canada

Agriculture et
Agroalimentaire Canada



Crop rotation Carabid beetle



Shauna Humble (M.Sc. 2001)




Total ground beetle
Axis 2:14.6%  capture was greatest in
systems with the most

diverse weed population
(organic grain rotations)

AXis 1: 24.3%

Humble (2001)

The first and second RDA axes for ground beetle community composition,
1999. Total variation accounted for: 38.9%



https://www.umanitoba.ca/outreach/naturalagriculture/articles/gltr results hist.html



https://www.umanitoba.ca/outreach/naturalagriculture/articles/gltr_results_hist.html

Wheat curl mite spreads
virus that causes wheat
streak mosaic






Prevention — Avoid the problem

Intercropping (polyculture)
* Landscape diversity

Intervention — Deal with the problem once it arises

* Treat disease or insect




Kristen McMillan, Agronomist in Residence, University of Manitoba



The population density of arthropod herbivores in polyculture is found to be lower
than that in monoculture. In contrast, the population density of natural enemies,
especially parasitoids, are found to be lower in monoculture (Andow, 1991).
Growing plants of different species in close physical proximity may aid insect
control in several different ways depending on the volatile traits of various plants
(Perrin and Phillips, 1978; Uvah and Coaker, 1984).









Hassanali, Ahmed, Hans Herren,
Zeyaur R. Khan, John A. Pickett, and
Christine M. Woodcock. "Integrated
pest management: the push—pull
approach for controlling insect pests
and weeds of cereals, and its
potential for other agricultural
systems including animal
husbandry." Philosophical
Transactions of the Royal Society B:
Biological Sciences 363, no. 1491
(2008): 611-621.

https://en.wikipedia.org/wiki/Push%E2%80%93pull_agricultural_pest_management



Intercropping with nonhost
molasses grass (Melinis
minutiflora) was found to
significantly decrease stem
borer infestation in the
main crop as well as
increase larval parasitism by

parasitoid Cotesia sesamiae.

Volatile compounds emitted
by M. minutiflora were
found to repel female stem
borers and to attract
females of C. sesamiae
(Khan et al., 2007).

Shrivastava et al. 2010



Trap crops

“trap crops” are plants that attract
insects

Sawflies lay eggs in bromegrass
rather than wheat

Lygus bugs prefer cut alfalfa — so
cut some strips around seed field

Grasshoppers do not like certain
pea varieties, so plant peas around
flax crops

Perennial strip around field, then
till perennial after grasshoppers lay
eggs in that strip.



-
-
48)
O
>
.w

in da

Push pull system




Strip cropping

hanldsitolViatthewsDewavin, agir:

EesfEermesitongpliesi(2009) Lteer s~

18m/36m strips (200ac)

Rotation: Corn-Soybeans-
Wheat-Fallow

Prevention of insect pest
outbreaks

Quantified positive effect on
insects natural predators
diversity



Number of soybean aphids/plant (+SE)
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Labrie, G., Estevez, B. and Lucas, E., 2016. Impact of large strip cropping system (24 and 48 rows) on soybean aphid
during four years in organic soybean. Agriculture, Ecosystems & Environment, 222, pp.249-257.




Strip cropping

Wheat acted as a refuge for lady
bugs, which were then able to
move to the soybean and
control the aphids.



Edible buffer zones — Fruit trees



Farming for parasatoids
Insects controlling other insects!



https://www.gov.mb.ca/agriculture/crops/insects/pubs/predatorsofinsectsfactsheet.pdf

10 orders of insects and arachnids that help manage crop
pests:Beneficial insect. Dr. John Gavloski, Manitoba Agriculture

Ordonata: dragonflies, damselflies

Orthoptera: crickets

Dermaptera: earwigs

Thysanopterta: predacious thrips

Hemiptera: minute pirate bugs, damsel bugs, stink bugs
Neuroptera: green lacewings

Coleoptera: ground beetles, rove beetles, lady beetles
Diptera: tachinid flies, hover flies, stiletto flies
Hymenoptera: parasitic wasps, ants

10 Araneida: spiders

OO NOUhAWNRE

Here is an excellent website showing images of different beneficial insects

https://www.country-guide.ca/crops/a-guide-to-beneficial-insects/



https://www.country-guide.ca/crops/a-guide-to-beneficial-insects/
https://www.gov.mb.ca/agriculture/crops/insects/pubs/predatorsofinsectsfactsheet.pdf

Using insects to control other insects: Example from Quebec



https://www.irda.qc.ca/en/services/agricultural-practices/organic-farming/






Summarizing some of the observations so
far — using work by Khan in Africa

Ratto, F., Bruce, T., Chipabika, G., Mwamakamba, S., Mkandawire, R., Khan, Z., Mkindi, A., Pittchar, J., Sallu, S.M., Whitfield, S. and Wilson, K.,
2022. Biological control interventions reduce pest abundance and crop damage while maintaining natural enemies in sub-Saharan Africa: a
meta-analysis. Proceedings of the Royal Society B, 289, p.20221695.



Ratto, F., Bruce, T., Chipabika, G.,
Mwamakamba, S.,
Mkandawire, R., Khan, Z.,
Mkindi, A., Pittchar, J., Sallu,
S.M., Whitfield, S. and
Wilson, K., 2022. Biological
control interventions reduce
pest abundance and crop
damage while maintaining
natural enemies in sub-
Saharan Africa: a meta-
analysis. Proceedings of the
Royal Society B, 289,
p.20221695.




Beetles

Ratto, F., Bruce, T.,

Chipabika, G.,

Mwamakamba, S., .
Mkandawire, R., Khan, Z., Aph|d3
Mkindi, A., Pittchar, J.,

Sallu, S.M., Whitfield, S.

and Wilson, K., 2022.

Biological control MOthS
interventions reduce pest

abundance and crop

damage while maintaining

natural enemies in sub-

Saharan Africa: a meta-

analysis. Proceedings of

the Royal Society B, 289,

p.20221695.

Termites



How to organize the
farm to promote
parasitoids?



There are 85 species of grasshoppers in
Manitoba, and 180 species in Canada. There are
four species of grasshoppers on the Canadian
prairies that, when populations get high, can
potentially be pests of crops.



Lentils
Wheat seeds
eaten

Photo credits: Allison Squires

“We observed in our pea/oat grazing mix that
the grasshoppers would eat the oats and leave
the peas. Pastures were also impacted,
especially alfalfa. As the season went on and
everything was drying up the grasshoppers had
much less green to eat and we found that they
would even go for the Russian thistle still
growing in the fields. All of our caragana trees in
the yard site were stripped bare”.

Allison Squires Flax bolls eaten



“Grasshoppers are a reminder that nature works in cycles. In hot dry years, they can
get ahead of their enemies. In cool wet years, natural predators and parasites will
get the better of them. Our extensive cereal cropping feeds the population booms in
grasshopper cycles”. Brenda Frick, Univ of Saskatchewan

https://www.producer.com
/opinion/organic-methods-
for-tackling-grasshoppers-
organic-matters/



https://www.producer.com/opinion/organic-methods-for-tackling-grasshoppers-organic-matters/

Recent research on native rangeland also indicates that different intensities and schedules of cattle
grazing (e.g., season-long versus twice-over rotational grazing) affect vegetation structure and species
composition, which in turn influence grasshopper performance and the likelihood of population
outbreaks (figure 4; Onsager 2000). Outbreak densities were observed in pastures with season-long
grazing, but not in twice-over rotational pastures, in years in which outbreaks were likely (figure 4).

Differences in grasshopper responses were consistent with the hypothesis that differences in
microhabitat structure resulting from the two grazing management practices (e.g., increased canopy
cover during critical periods of grasshopper development and decreased amounts of bare ground in
the rotational system) altered grasshopper thermoregulatory capacities and consequently affected
development and survival (Onsager 2000).




Outbreak prevention

* poor egg laying sites

shred forage (eg. CRP in Texas)

* grazing management

alternating availability of bare ground and canopy cover affects

optimal thermoregulation (Onsager, 2000).

* |andscape diversity so that more non-pest grasshoppers present

* habitat manipulation to slow nymphal development (tillage, fire,
cover crops?)

Intervention
* limit food supply (grasshoppers are food limited)
* keep grasshoppers from becoming adults

Suppression
* Biological control




Diversity at the landscape level \

And more biodiversity means fewer
insect outbreaks

Studies have shown that in areas where non-host trees have
been planted, locust densities have declined by more than
90%. China




¢ )

Which farm more
“insect pest
resilient?”

Organic farm
within white
lines



Perennial buffer strips, Dr. Sangu Angadi, New Mexico State University

-




Perennial buffer strips, Dr. Sangu Angadi, New Mexico State University

-




Prevention — Avoid the problem
Resistant varieties

Crop rotation (green bridge)
Intercropping (polyculture)
Landscape diversity







Fan blows beetles off plants into the interrow space

Then flamer kills the beetles










Diseases

Source: Manitoba Agriculture



Lesson 3. Insect and disease management

Diseases

Diseases controlled through
sanitation, rotation, diversity
and monitoring (eg. field
scouting).

Healthy, biologically active
soils critical to keeping disease
levels low.

Intercropping and cover
cropping can help reduce
disease.

Some biological approaches

can suppress disease (eg., https://www.youtube.com/watch?v=XSKSxLHMv9k
compost tea).



https://www.youtube.com/watch?v=XSKSxLHMv9k

Northern European Agronomy

1600 1800 1900 1944
3-crqp 7-year
rotation crop rotation

2-crop Norfolk 4-year Fertilizer

rotation

crop rotation

instead of rotation



“The photos show how rotation, especially for MS and S varieties, improves yield. Rotation also plays an
important role for growers relying on R varieties in clubroot infested fields. Short rotations using
resistant varieties will select quickly for clubroot pathotypes that are not controlled by the genetic
resistance. This can rapidly eliminate the value of the resistance trait on those fields, which is a situation
that has already been experienced in canola and cole crops around the world”. Peng, Quebec.



http://www.canolawatch.org/
2013/04/04/rotations-role-in-
clubroot-management/

Plant breeders are in a race to stay ahead of clubroot by looking for alternative sources of resistance
to develop new hybrids with protection against new virulent pathotypes. As the clubroot threat continues
to evolve, canola varieties with multiple effective resistance genes are the first line of defense, offering
additional protection and durability. Crop rotation is central to long-term disease management and will

help preserve the resistance genetics currently available.

Coreen Franke, R&D Pathology Research, Nutrien


http://www.canolawatch.org/2013/04/04/rotations-role-in-clubroot-management/

van Bruggen, AHC, A.
Gamlielb and M. R
Finckhc. 2016. Plant
disease management
in organic farming
systems Pest Manag
Sci 2016; 72: 30-44



Martin-Guay, M.O., Paquette, A., Dupras, J. and Rivest, D., 2018. The new green revolution:
sustainable intensification of agriculture by intercropping. Science of the total
environment, 615, pp.767-772.






Scott Chalmers,

Lana Shaw, WADO, Melita,
Redvers, SK MB



Wheat — pea intercrops (weeds and wheat leaf diseases)
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7. Wheat+Red
Clover

8. Wheat+Hairy
Vetch

9. Wheat+ Annual
Ryegrass

7
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10. Half-rate wheat

11. Full-rate wheat

Pridham, J.C. and Entz, M.H., 2008. Intercropping spring wheat with cereal grains, legumes, and oilseeds fails to improve productivity under organic
management. Agronomy Journal, 100(5), pp.1436-1442.










Which crops form mycorrhizae?

Group I: Very Mycorrhizal
* Corn

* Flax

e Sunflower

* Peas

* Beans

* Potato

Group Il: Mycorrhizal
* Wheat

* Qat

* Barley

(Plenchette, 1983)
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https://spudsmart.com/exterminating-verticillium-wilt-from-potato-fields-
with-mustard-biofumigation/



https://spudsmart.com/exterminating-verticillium-wilt-from-potato-fields-with-mustard-biofumigation/

Williams-Woodward, J.L.,

Pfleger, F.L., Fritz, V.A. and

Allmaras, R.R., 1997. Green

manures of oat, rape and sweet

corn for reducing common root <

rot in pea (Pisum sativum)

caused by Aphanomyces .
euteiches. Plant and Soil, 188(1), Oat Brassica
pp.43-48.



44 Fungistatic compounds such as avenacin and saponins in oat tissues cause lysis of
zoospores and inhibition of oospore formation and germination (Mitchell and Deacon,
1985).

Oat cover crop, Glenlea, fall 2022

Mitchell, R.T. and Deacon, J.W., 1986.
Differential (host-specific)
accumulation of zoospores of Pythium
on roots of graminaceous and
non-graminaceous plants. New

Fungicides from oats Phytologist, 102(1), pp.113-122.



The question of diseases in pea-based intercrops

 Aphanomyces — a fungus that affects peas (and alfalfa) that can last in soil 10 years
* No effective seed treatment control

* Factors that increase aphanomyces include:
* Wet soils

* Soil compaction

es damage include:
AMF protection of root surface
Certain gr

* QOats
* Cruciferous plants (mustards, etc)

Mycorrhiza discussed next class



Compost tea

73




What is it...

Table 1 Definitions of terms used interchangeably with compost tea or in association with the compost tea production or application process

Term Definition References

Composting A biological process through which microorganisms convert organic materials into useful end- Modified from Buchanan and
products, which may be used as soil conditioners andfor organic fertilizers, plant growth substrates Gliessman [45]; Stoffella and
and biological control agents Kahn [46)]

Compost The solid particulate products of composting, which are extracted during the maturation and curing Paulin and O'Malley [47];
phase are referred to as compost. Litterick and Wood [2]

Vermicompost The process of worms digesting organic matter to transform the material into a beneficial soil NOSB [36]

Vermicompost tea
Compost leachate

Compost slurry
Compost tea additives

Amended extracts
Manure extract

Suppressive compost tea

Spreader

Sticker
Protectant

amendment.

Filtered products of vermicompost fermented in water for more than 1 h.

Ligquid that has leached through a compost pile and collects on the ground, compost pad, or
collection ditches, puddles, and ponds.

A term used to describe non-aerated compost tea prior to filtration.

Materials apart from compost and water that are added in the process of making compost tea, which
are presumed to sustain and enrich microbial growth.

These compost extracts have been fermented with the addition of specific nutrients or combined
with isolated microorganisms before application.

Water suspension containing raw, non-disinfected manure; when the suspension is maintained for
several hours or more it is sometimes referred to as manure tea.

A suppressive compost tea provides or changes the environment so that the pathogen does not
establish or persist, establishes but causes little or no damage, or establishes and causes disease
for a while but thereafter the disease is less important, although the pathogen may persist.

An adjuvant that reduces the surface tension of spray droplets, thus allowing them to spread evenly
over leave surfaces rather than lying in beads.

An adjuvant that enhances the ability of compost teas to adhere to plant surfaces.

An adjuvant that protects microbes from stresses mainly due to desiccation and UV light.

Modified from Litterick ef al. [33]
NOSB [36]

Cronin et al. [48]
NOSB [36]

Weltzien [49]
NOSB [36]

Maodified from Cook and Baker [50]

Mahaffee and Scheuerell [10]

Mahaffee and Scheuerell [10]
Mahaffee and Scheuerell [10]




Islam, Mondal Hossain and Meah 36

Table 1. Effects of different organic management approaches on the incidence and severity of late blight
of potato and tomato.

Potato Tomato
Treatment
% incidence % infected leaves % Leaf area % Incidence Severity
per plant diseased

T1 60.33a 38.23a 65.00a 100.00 8.87a

Fungicide T2 14 24f 18.53d 27.00¢ 100.00 6.06d
Foliar compost tea T3 12.88f 18.75d 27.00e 100.00 8.33abc

T4 42.29b 38.23a 53.33bc 91.67 6.06d
TS 44.43b 26.19bc 54.00be 91.67 7.51a-d
T6 26.59d 30.56b 48.33c 100.00 7.52a-d

T7 60.30a 21.70cd 60.00ab 100.00 7.06cd

T8 18.67e 25.73bc 38.67d 100.00 8.71ab

T9 22.74de 23.27cd 38.67d 100.00 6.20d
T10 37.48c 27.00bc 49.33c 100.00 7.20bcd

L5D 4.088 6.285 6.472 - 1.435

Level of
significance * * * NS *

T, (Control with no spray), T; [ Control with fungicide spray), T3 (Compost tea or extract as foliar spray), T, (Compost tea or
extract as soil drenching), Ts (Poultry litter extract as soil drenching), T; (Compost as soil application), T;(Poultry litter as soil
application), Ty (Biopesticide as soil application), T,(BAU-Biofungicide as foliar spray) and T,, (Mustard Oil Cake as soil
application)

Islam, M.R., Mondal, C., Hossain, I. and Meah, M.B., 2013. Organic
management: an alternative to control late blight of potato and
tomato caused by Phytophthora infestans. International Journal of
Theoretical & Applied Sciences, 5(2), pp.32-42.



Islam, Mondal, Hossain and Meah

38

Table 2: Effects of different organic management approaches on the major growth and yield parameters of potato and tomato.

Potato Tomato
Treatments
Plant height | Number of plants | Yield per ha (t'ha) Plant height (cm) | Number of branches per | Fruit yield per ha |
(cm) plant

- T1 21.77abc 3.61 12.20f 78.00d 3.83c 43.40e

. Fungicide 21.06bc 2.01 22.40bcd 84.41bc 1.99bc 53.70c
Foliar composttea 13 23.50abc 3.80 28.50a 79.33d 4.00c 49.70d
T4 19.63cd 3.89 17.40e 97.75a 8.20a 90.60a

TS 22.00abc 3.76 20.80cde 95.00a 5.65bc 65.60b

TG 15.87d 4.04 25.50abc 86.33b 4.50c 27.60c

T7 24.90ab 3.26 22.00b-e 76.50d 4.66c 49.40d
Ta 21.46abc 3.72 18.00de 82.41c 5.15b 47.00de

T9 20.33c 3.44 23.00bc 85.67b 5.17b 232.00c

T10 25.07a 3.25 26.43ab 78.25d 4.79bc 48.80d

LsD 3.832 - 4.470 2.842 0.856 3.978

Level of
significance * NS * * * “*

T, (Control with no spray), T, (Control with fungicide spray), T; (Compost tea or extract as foliar spray), T, (Compost tea or extract as soil drenching), T, (Poultry litte
so0il drenching), T (Compost as soil application), Ty (Poultry litter (soil application),

T, (Biopesticide as soil application), T, (BAU-Biofungicide as foliar spray) and T, (Mustard Oil Cake as soil application)
* hMeans with the same letter i | .

Islam, M.R., Mondal, C., Hossain, I.
and Meah, M.B., 2013. Organic
management: an alternative to
control late blight of potato and
tomato caused by Phytophthora
infestans. International Journal of
Theoretical & Applied Sciences,
5(2), pp.32-42.

CONCLUSION

Compost tea as foliar spray in case of potato and
as soil drenching in tomato may be the best
alternative approach to control late blight of
potato and tomato with higher economic return.
However, the suitability of compost tea as a
technology to control plant diseases needs to be
evaluated against wide range of pathogens in
other crop plants as compared to other biological
means of plant disease control.
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