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Abstract

Dale Gies grows potatoes, wheat, and seed crops for vegetables and cover
crops under irrigation near Moses Lake, Washington. In this publication, Gies
discusses his experiences using a biofumigant cover crop to add organic matter
and improve soil quality while successfully suppressing soilborne diseases and
nematodes in potatoes.

This case study is part of the Farmer-to-Farmer Case Study project, which
explores innovative approaches regional farmers are using that may increase
their resilience in the face of a changing climate.

Information presented is based on growers' experiences and expertise and
should not be considered as university recommendations. Mention of trade
names or commercia productsis solely for the purpose of providing specific
information and does not imply recommendation or endorsement. Grower
guotes have been edited dlightly for clarity, without changing the meaning.

Readers interested in other case studiesin this series can access them at on the
REACCH website, aswell asin the WSU Extension Learning Library.



https://www.reacchpna.org/case_studies
http://extension.wsu.edu/learn/
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Biofumigant Cover Cropping in Potatoes: Dale Gies

L ocation: Moses Lake, WA
Average Annual Precipitation: 8 inches (irrigated cropping)

Cropping System: 2-year rotation of potatoes with winter or
spring wheat, plus a biofumigant cover crop (mustard-arugula
mix) in late summer after wheat harvest. Other crops grown on
the farm include seed crops (mustard and arugula for cover
crops, onion, carrot, and others) grown in rotation with wheat
and vegetables.

Watch the companion video Mustard Cover Cropping in
Potatoes, introducing Dale Gies and his cover cropping system.
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Introduction

Dale Gies produces potatoes, wheat, and seed crops for
vegetables and cover crops using irrigation from the Columbia
Basin Project. He farms land his father started cultivating in
1952 just after the area was converted from native sagebrush.
He hopes to one day pass the farm on to his two sons, who
currently help in the operation.

With coarse sandy loam soils (Timmerman coarse sandy loam;
NRCS 2013), low soil organic matter, and topsoil ranging from
12-36 inches in depth (averaging 18 inches), Gies does
everything he can to prevent erosion and build soil quality.
Using areduced tillage system, he adds organic matter with a
biofumigant mustard-arugula cover crop. This cover crop
improves soil quality while successfully suppressing soilborne
diseases and nematodes.

With this system, he has grown potatoes without chemical
fumigation, despite his intensive two-year rotation.
Conventional wisdom generally dictates a three-year or longer
rotation for potatoes to produce a healthy crop, even with
fumigation.

Gies a'so produces seed for vegetables and cover crops (Figure
1), and he consults with farmers around the world to help
improve their disease suppression through rotations and
biofumigant cover cropping.

Figure 1. Swathing mustard for cover crop seed production. Photo: Andy
McGuire.


https://www.youtube.com/watch?v=z9qYSSqmOd8&index=10&list=PLajA3BBVyv1z8zOtVWmznqGJ7ZCP-Xooa
https://www.youtube.com/watch?v=z9qYSSqmOd8&index=10&list=PLajA3BBVyv1z8zOtVWmznqGJ7ZCP-Xooa

Innovating to Improve Soil
Quality and Pest Suppression

From the beginning of his farming career in 1981, Gies has
done things differently than other farmersin hisarea. He
eliminated moldboard plowing, then standard practice in the
ColumbiaBasin for al crops, and disked high-residue crops
(generally wheat or corn) into the soil rather than removing
them through burning or baling. After disking, he planted
directly into the resulting stubble. Gies could see the benefits
right away. “It eliminated the plow pan layer, the plants rooted
better, the water infiltration was better—all the things we
needed. Plus, it saved us alot of labor and reduced wind
erosion.”

But over time, despite these benefits, Gies noticed declining
soil quality, especially on his potato acreage. Potatoes take a
lot of nitrogen from the soil and require tillage both at planting
and harvest. Although fumigants effectively controlled
soilborne diseases and pests on hisfarm, Gies felt that his soil
health suffered, noting that chemicals “are alittle like
chemotherapy in the soil in that they take out the good and the
bad [microorganisms].”

Trying to rebuild his soil, Gies experimented with adding
additional high-residue cropsto hisrotation. He tried a number
of different possibilities, and ultimately chose mustard due to
its desirable qualities. It can be planted late in the season, after
acrop with arelatively early harvest, such as wheat. Some
mustards are also frost tolerant, which means they can survive
later into the fall and thus grow even more biomass to help
build up the soil. Unlike wheat, mustard residue decomposes
easily, reducing the possihility of problems when planting the
following crop.

Biofumigant Properties

As he gained experience using green manure crops (tilled-in
cover crops) to improve soil quality, Giesrealized that “not all
of them are good, as far as diseases and nematodes are
concerned. Some of them were nematode hosts, and some of
them elevated a number of different diseases.” Even among
different mustard varieties, Gies noted variationsin the
impacts on nematodes and soilborne diseases.

These were surprising but important results for Gies, whose
intensive cropping system has the potential for high levels of
pest and disease pressure. (Conventional wisdom for potato
production requires a minimum of athree-year rotation.) Gies
particularly emphasizes the role of nematodesin his system.
“A lot of growers don’'t even know they have a nematode
issue, but it’s eating their lunch.” (Nematodes of concern are
described in more detail in the Role of Biofumigant Cover

Crops in Managing Soilborne Pests in Potatoes sidebar.) Root
knot nematodes (Meloidogyne chitwoodi and M. hapla) can
lead to root lesions or blemishes that can cause processors to
reject the crop. Getting an accurate understanding of nematode
levels can be difficult due to high variation in samples within
the same field.

The Role of Biofumigant Cover Crops in
Managing Soilborne Pests in Potatoes

With long season varieties and awarm growing season,
potatoes experience significant pressure from soilborne
pests and diseases in the inland Pacific Northwest. One
major threat is potato early dying (also called Verticillium
wilt). The disease can be caused by two soilborne fungal
pathogens, Verticillium dahliae and V. alboatrum, either
on their own or in combination with root lesion
nematodes (Pratylenchus penetrans; Rowe and Powelson
2002). Nematodes of concern include the Columbia root
knot nematode (Meloi dogyne chitwoodi), stubby root
nematodes (Paratrichodorus spp.; a vector for Tobacco
rattle virus), and to alesser extent, the Northern root knot
nematode (M. hapla; McGuire 2012).

Mustard cover crops have shown potential for managing
soilborne pests, including V. dahliae and parasitic
nematodes (M. chitwoodi and M. hapla; McGuire 2012;
see Matthiessen and Kirkegaard 2006 for areview of the
use of Brassica for management of soilborne pests and
diseases). The pest-suppressing properties of mustard are
mainly due to compounds called glucosinolates, though
other mechanisms such as development of suppressive
soils and systemic plant responses are also likely
important (McGuire 2012).

When glucosinolates are incorporated into the soil, they
decay and rel ease other chemicals that act as a soil
fumigant and weed suppressant. High levels of
glucosinolate breakdown are necessary for effective
biofumigation and are favored by maximum cell
disruption from vigorous physical incorporation,
adequate soil moisture, and high soil temperature
(Gimsing and Kirkegaard 2009). Soil type and pH are
also important because soil type influences loss of active
biof umigant compounds and low pH can lead to the
generation of aternate breakdown products that may not
have biofumigant properties.

Research has compared potato yields following a
mustard cover crop with and without chemical
fumigation (i.e., metam sodium) on the Gies farm and



other farmsin the inland Pacific Northwest (McGuire
2012). On the Gies farm, chemical fumigation did not
benefit yield or tuber quality compared to no chemical
fumigation despite the presence of damaging levels of
V. dahliae (McGuire 2012). Gies had average yields of
32.5 tons per acretotal, and 27.9 tons per acre for US
No. 1 potatoes (>4 0z). Levels of parasitic nematodes
generally decreased under the mustard cover crop
rotation, and no buildup of V. dahliae was apparent.

Research results from other farms have been
inconsistent. McGuire (2012) notes several possible
reasons:

o Length of time using biofumigant cover cropping.
The Giestrial had received three biofumigant
cover crops over six years, whereas other trials
only received one. Benefits may increase over
time.

e Biofumigant cover crop management. Different
approaches to managing the cover crop (e.g.,
nutrient management, timing of incorporation)
may have impacted the quantity or quality of
incorporated biomass.

e Sitevariability. Differencesin pest levels, soil
type, or other factors at each location may have
been important.

e Potato management. Practices for managing
potatoes were different at all locations.

Hoping to enhance his conventional fumigation program, Gies
started to look for green manure types, varieties, and mixes
with the best nematode- and disease-suppressing qualities. But
as he tested green manures known to be highly effective with
side-by-side sections that were fumigated with metam sodium
(sodium N-methyldithiocarbamate) and non-fumigated, he was
surprised to find no difference in potato yield or quality.
Intrigued but not convinced, he collaborated with scientists at
Washington State University (WSU) to carry out several years
of replicated trials on his farm (Figure 2; McGuire 2003a).

After seeing the positive results of these tria's, he decided to
eliminate fumigation on his potato acreage. Gies laughs as he
admits that his neighbors and others were skeptical.
“Everybody waslike, ‘He' sdone.” But some of my potato
crops grown without fumigation were ten tons over the
company’s average for that variety. So those were good spuds.”

Figure 2. Trials of biofumigant efficacy at the Gies farm. Photo: Andy
McGuire.

Current Biofumigant Cover Cropping
System

The biofumigant pest- and disease-suppressing properties of
mustard and arugula are due in large part to compounds in
mustard called glucosinolates, which break down in the soil to
produce other chemicals that act as a soil fumigant and weed
suppressant. (See The Role of Biofumigant Cover Cropsin
Managing Soilborne Pests in Potatoes sidebar.) Gies now uses
amustard-arugula mix to successfully grow potatoes in a two-
year rotation. Potatoes are grown the first year. Winter or
spring wheat, followed by the mustard-arugula mix, is grown
in the second year. He has used that rotation on some of his
fields since 1997.

After wheat harvest, Gies grows a cover crop mixture of
‘Caliente 199, ablend of Oriental (Brassica juncea) and white
(Snapsis alba) mustard licensed by the Italian Institute for
Industrial Crops (1SCI) and an arugula (Eruca sativa) variety
named ‘Nemat’. Arugula also contains glucosinolates, but it
can act as a nematode trap crop by allowing some nematode
speciesto infect the roots while limiting further devel opment
(Figure 3).

Planting

Gies plants his mustard-arugula cover crop around the 10th of
August, after hiswheat is harvested. In the late summer
plantings that Gies uses, the * Caliente 199° mustards tend to
dominate the resulting plant population (Figure 4).



Figure 3. A stand of ‘Nemat arugula (Eruca sativa) in early June, 2004,
with Gies’ son Joe. Photo: Gies family

Figure 4. The cover crop mixture of ‘Caliente 199’ (Brassica juncea and
Sinapsis alba) mustard and ‘Nemat' arugula (Eruca sativa) in late
October, 2007, with Gies’ son Mike. Photo: Gies family.

Over time, Gies has refined his strategy for planting the cover
crop mix. Originaly, he disked the wheat straw residue prior
to planting. However, he found that the decomposing wheat

straw tied up the available nitrogen in the soil, slowing growth

of the cover crop during the late summer. He also realized that
weed control in the wheat stubble after harvest was important
for getting a good stand of mustard and arugula.

Gies has experimented with various tillage operations prior to
planting, including rollers, culti-packers, and harrows, but
ultimately settled on a system that he feels gives him the best
crop stands with the fewest weed issues (Figure 5). After
wheat harvest, Gies plants the mustard-arugula mix into the
dry standing wheat stubble with a pneumatic fertilizer
spreader, using the boxes that normally hold micronutrients.
After he plants and spreads starter fertilizer, he cuts the roots
of any existing weeds using an undercutter at a depth of about

2-3 inches (Figure 6). The undercutter, which has overlapping
V-shaped blades that run parallel to the soil surface, loosens
the soil and helps place the seed in contact with the soil
without much burial of the wheat stubble, boosting seedling
emergence. An undercutter operation is also relatively fast,
averaging 10 or more acresin an hour. Gies emphasizes that
speed isimportant, “because every day we lose in August is
like three in October at the end of the growing season.”
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Figure 5. The cover crop mix emerging through the wheat residue in the
first week of September, 2002. Photo: Andy McGuire.
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Figure 6. The undercutter Gies uses has 5.5-foot blades that are 5 feet
apart. Gies operates the undercutter roughly 2-3 inches below the soil
surface. Photo: Dale Gies.

Water and Nutrient Management

The cover crop isirrigated afew days after seeding, as soon as
the undercut weeds die. Water and nutrient management are
designed to keep the mustard and arugula growing vegetatively
(without flowering) as long as possible (Figure 7). Thisis key
to having sufficient levels of the active compoundsin the
biomass to suppress nematodes and other pests and diseases.



