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SOIL AND WATER CONSERVATION

Soil degradation is costing farmers millions of dollars each year in
lost revenue. The recent increased level of concern about soil

| degradation among farmers and agencies has pointed to a general lack of

quantitative data on soil degradation, preventing the application of

.effective soil conservation practices that will reduce soil

degradation. The relationship between different types of soil
degradation (erosion, campaction, loss of organic matter and soil
structure, etc.), and production (yield) has not been measured. An
econanic evaluation of this relationship will point to effective soil

. conservation practices that are profitable and, therefore, acceptable to

the farmer.

In regions with significant moisture stress during the growing season,
increasing the infiltration of rainfall and snowmelt runoff not only
reduces soil erosion, but it also stores more water into the soil for
crop production. The area of water conservation needs investigation.

Projects Required Suggested Approaches
Determining the effect of soil - Paired comparisons between eroded
erosion on crop production and non-eroded sites at plot scale.
(yield) and farm profitability. - Determine costs of production

o (input costs), yield differences,
Similar projects for other types and sales prices for calculating
of soil degradation such as profitability.
campaction, loss of organic ~ Evaluate effective soil
matter and soil structure. conservation practices that are

profitable and acceptable to the
farmer.
Evaluating the effectiveness - Plot and field scale investigations
of erosion control practices of camparing cross slope and
in terms of soil loss and crop contouring with up-down slope culti-
production. vation and planting.

- Field investigations comparing
terraces with tile outlets to no
terraces under intensive crop
production systems in the Lower
Fraser Valley.

- Demconstration of erosion control

technology.
Investigation of methods to - Crop residue factors, quantity and
improve infiltrability for quality of residue cover.
reducing surface runoff and — Crop cover factors (plant density,
for conserving water for percent cover, etc.).
crop production. - Surface roughness factor,

- Evaluation of methcds.
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7. CONSERVATION FARMING

- Most conventional farming systems negatively affect soil and water quality
to same degree. Modifications to such systems are required to control soil
and water degradation. The change from conventional to conservation farming
systems is constrained by the perception that such systems reduce
profitability. The conservation challenge is to develop farming systems
that meet the dual goals of conservation and profitability.

'Projects Required Suggested Approaches
1. Determining modifications - Analysis of conventional systems
required to change fram that are degrading soil and water

conventional to conservation quality.

: — Evaluate alternate production
methods to determine effect on
degradation and farm profitability.
Develcp conservation farming
guidelines.

2. Increase on-farm adoption of — Demonstration.
: conservation farming methods. Financial incentives.
— Attitude surveys.

— Workshops.
3. Evaluation of the succegs of ‘- BEconomic analysis.
conservation farming. - Attitude surveys,

- Adoption rate surveys.
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NITROGEN

A recently published review (Agric. Can. Res. Br. Tech. Bull. 1987-3E)
has shown that fertilizer nitrogen recommendations for British Columbia
agriculture are largely general in nature and based on research that
ineluded limited soil nitrogen analyses. Nitrogen application rates (as
fertilizer and manure) vary considerably with respect to regions. Some
regions are applying amounts considerably higher and some regions
considerably lower than current recommendations. Additional research,
particularly including soil nitrogen analyses, are needed to improve
current nitrogen recommendations to improve the economics of use and to
limit nitrate pollution. The research should be specific for regional
and/or management differences to address the variety of problenms.

Projects Required Suggested Approaches

Nitrogen research for humidic - Studies to enhance the basic under-
management areas. standing of soil nitrogen processes
' such as the use of mathematical
models, tracer techniques, etc.,
with special emphasis on
mineralization.

- Examine the possibility of the use
of soil nitrate, "mineralizable"
soil nitrogen, or plant tissue
analyses to guide nitrogen
fertilization.

—~ Examine the differential responses
of crop types to soil and applied
nitrogen to enhance fertilizer
recommendations.

— Evaluate management factors (form,
time, rate, placement) for
improving efficiency of fertilizer
use.

— Determine the significance of
nitrate in surface and subsurface
waters and the contribution of
agriculture to these levels. the
use of fall seeded crops for
nitrate management should be
examined.

=~ Evaluate and possibly enhance the
contribution of symbiotic nitrogen
fixation to crop production such as
legumes for intercropping and
winter cover.

Nitrogen research for aridic- = Studies to enhance the basic under-
irrigated-intensive management standing of soil nitrogen processes
areas. ' ' such as the use of mathematical
- models, tracer techniques, etc.,
with special emphasis on nitrogen.
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Projects Required

3. Nitrogen for aridic-nonirrigated -
management areas.

4. Nitrogen research for aridic- -
irrigated-extensive management
areas. '

Suggested Approaches

leaching under various irrigation
methods and schedules.

Improve lead tissue testing and
examine the potential of

‘camplimentary soil nitrate

monitoring as a means of
recomnending nitrogen fertilization.
Evaluate management factors (form,
time, rate, placement) for

“improving efficiency of fertilizer

nitrogen use with consideration of
yield (immediate) and vegetative
{long term) effects, requirements
of immature versus mature plants
ard responses to fertigation of
nitrogen. The long term
implication of nitrogen fertigation
on leaching and acidification
should be given particular
attention.

Examine the dynamics of nitrogen in
fruit tree crops as basic
information for nitrogen management.
Evaluate and possibly enhance the
contribution fo symbiotic nitrogen
fixation for crops production such
as using legume cover Crops.
Examine the role of agricultural
activities toward nitrate in ground
and surface waters with respect to
contribution and/or mitigation
(e.g., trees or forages used for
sewage effluent disposal systems.

Examine the use of soil nitrate
and/or other analyses and
mathematical models to derive
nitrogen fertilizer recammendations
incorporating factors for econdmic
forecasts.

Evaluate and possibly enhance the
contribution of symbiotic nitrogen
fixation to crop production.
Evaluate management factors (form,
time, rate, placement) for
improving efficiency of nitrogen
use.

Examine the use of soil nitrate and/
or other analyses and mathematical
models for fertilizer nitrogen
recammendations.
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Projects Required Suggested Approaches

- Examine and possibly enhance
nitrogen fixation in legume crop
production.:

'~ Examine the interaction of
irrigation methods and scheduling
on nitrogen movement.

. — Evaluate management factors (form,
time, rate, placement) for

- improving the efficiency of
fertilizer nitrogen use.




MICRONUTRIENTS

number of crops in the province.
suspected on scme East Kootenay soils.
tentatively observed in South Coastal B.C.

. Micronutrient deficiencies of B, Zn, and Fe have been confirmed in a
Cu deficiency in alfalfa has been

Mn and Mo deficiencies have been
The correct diagnosis and

early alleviation of these deficiencies help farmers to maximize the

returns on their investments.

The interpretive criteria and nutrient recommendations presently in use
for many of the micronutrients were established elsewhere and it is
believed that verification of these values are needed under local

conditions.

Projects Required

To determine the reliability of
ITPA soil Zn, Fe, Mo, Mn, and Cu

critical levels now used for
specific crops or crop groups
other than tree fruits.

Evaluation of the effects of
liming on the availability of
Zn, Mn, ard Mo for vegetable
crops on South Coastal B.C.
soils.

Verification of the critical B
soil test levels for small
fruits and tree fruits in
South Coastal B.C.

Investigation of methods to
improve Fe, Mn, and Zn
nutrition of fruit trees on
the 10-15% of fruit soils in
the interior with high soil
pH values.

suggested Approaches

- Use of soil analysis reports to

predict soils most likely to be
deficient. Conduct extensive field
survey on soils where specific crops
would be sampled at the proper
stage of growth and soils sampled
at the same time to determine if a
direct relationship existed between
soil and tissue values. Simple
yield trials would then be
conducted to verify soil testing
procedure and determine critical
levels for local crops and soils.

Measure crop response to each of the
nutrients on limed soils.

Conduct simple yield trials to
measure yield response or tree vigor
at various B soil test levels.

Boron values determined at various
soil depths might be necessary to
establish critical values.

Campare application methods (foliar,
injected, surface, and incorporated)
of nutrient sources.

Investigate affects of acidifica-
tion of part or all of soil around
tree for Fe deficiency. In the
case of Fe, the amount of
irrigation applied might also be a
factor.




Projects Required

Development of methods of
identifying and correcting

Zn deficiency in tree fruits.

To improve the prediction

of Fe deficiency in fruit

trees that are being grown
on high pH soils.

Standardization of soil
preparation and the analysis
of DTPA extractable micro~-
nutrients throughout the
province.
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Suggested Approaches

Assess relative usefulness of DIPA
and 0.25 M MgCly soil tests for
identifying Zn deficiency in tree
fruits.

Canpare the abilities of various
extractants of "active" Fe and that
of total Fe to predict Fe deficiency
in leaf tissue from green and
chlorotic trees.

Consultation between the
supervisors of both the private
laboratories and the provincial
laboratory is necessary.
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10. FERTILIZER EFFICIENCY AND USE

British Columbia, with over 50 different crops and hundreds of different
g80il and climate combinations, has a number of agricultural systems for
which information required to make efficient use of fertilizer inputs is
lacking. The problem is most acute for mobile elements, such as
nitrogen, in humid regions, however, there is a need for ongoing soil
test correlation work for immobile nutrients, such as P, K, and Mg. 1In
both cases, mobile and immobile nutrients, an accurate assessment of the
s0il’s ability to supply nutrients to crops is a prerequisite for
efficient fertilizer use. Reliable, site specific fertilizer
recommendations are essential to prevent economic losses from under or
over fertilization and to minimize water pollution from leached
fertilizer salts.

Current management practices in intenslve crop production systems have
resulted in extremely high soil test phosphorus and potassium levels and
inefficient use of fertilizers. Alternative approaches to making
fertilizer recommendations are needed to build grower confidence in the
501l testing system.

The various potassium fertilizers (KC1, K5S50,, KNO3, K9804.2 MgS04) are
generally considered to be equally effective sources of potassium and
produce differences in crop response due to the effect of the
accompanying anion. Recent research has established positive effects of
chloride on disease resistance and ylelds of various crops including
wheat and potatoes in Oregon. Even though many B.C. soils may be high
in potassium, chloride would be leached annually in coastal areas and
deficiencies could result.

S50il test correlation is meant to be an ongoing process to allow for the
intreduction of new varieties and management practices as well as long
term changes in soils under management. Little work has been done in
recent years in the Peace Region and grower confidence in the soil
testing system and its trecommendations is declining. Deep placement of
nitrogen and phosphorus fertilizers has been studied in variocus grain

-producing regions of the Canadian Prairies, however, there is inadequate

data to support recommendations on fertilizer placement in the Peace
Region.

Projects Required Sugpested Approaches
Development of interactive soft- ~ Via extension methods using existing
ware to educate producers on the data.

"diminishing returns" nature of

the nutrient response curves and

to demonstrate the costs and
benefits of various alternatives.
This would regquire a change in the
current philosophy of soil test
recommendations which only provides
one option, the fertilizer rate
required to achieve a given target
sufficiency level. Also, an
economic analysis could be incorpo-
rated.




Projects Required

Evaluation of an improved
nutrient maintenance approach.
Currently a maintenance or
starter fertilizer rate is
recommended on high P and K
soils but this should be

placed on a sound scientific
basis utilizing crop removal

and quantity/intensity data
specific to B.C. crops and soils.

Comparison of potassium sources

for grains, potatoes. Initial
work in Lower Fraser Valley.

Verify and/or update soil test
correlations for N, P, K and §

for grains and forages in Peace
River region.

Comparison of placement methods
for nitrogen and phosphorus
fertilizers for grains in

Peace Region.
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Suggested Approaches

- Combination of research to assess

Q/I relations for B.C. soils and a
literature search to determine
approaches used in other countries.

Field trials with comparisons of

potassium sources (KCl, K9804) and
timing. Soil and crop analyses
should be conducted in addition to
yield measurement.

Field trials on a range of sites
with soil and crop analysis.

Field trials with adequate soil and
crop sampling to support yield data.
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11, ORCHARD IﬁTENSIFICAIION

2.

Recent economic studies suggest increased profit potential from high
density plantings using dwarfing rootstocks (i.e., orchard
intensification, Geldhardt, BCMAF Economics Branch). This is a
consequence of being able to more quickly increase unit area yields by
closer planting of trees on dwarfing rootstock which fruit earlier, thus
quickly recouping the additional costs for trees and their support
systems, Traditional tree plantings were 125 trees ha~l (50 trees acre
~1). Presently, Dr. Harvey Quamme and BCMAF co-operators have planted 3
demonstration trials in the Okanagan Valley to illustrate several
training and pruning systems with respect to high density plantings
(1560-1920 trees ha~l or 630-780 trees acre'l). The high density
plantings include French vertical axes and Dutch or North Europezn
spindle plantings. Soil management aspects of these systems remain

uninvestigated.

As a consequence of high demsity plants, current irrigation and

fertilization practices which were developed for lower density plantings
will have to be reassessed. As a result of high initiation costs,
methods to overcome any ‘replant problems’, accelerate early fruit
production and maintain high fruit production will be important.

Projects Required Suggested Approaches

Tree establishment problems. - Research on basic studies to
investigate soil factors affecting
root growth of woody perennials
(soil pH, P, moisture stress).

~ Testing of various planting time
treatments on initial growth and
fruiting of trees in high density
plantings (fumigation, P
fertilization, artificial soil
media, microbiologic changes in
root zone).

Water requirements (Trickle - Research on effect of frequency of
Irrigation). irrigation on establishment of
young trees.

- Assessment of possibilities of
controlling excessive vegetative
vigor of mature trees by
controlling irrigation as is being
currently investigated in Australia,

= Jdentification of the significance
of lower leaf water potentials in
dwarfing rootstocks.




Projects Required

3. DNutrient requirements
(reassessing fertilization

practices).

4. Soil conservation.
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Suggested Approaches

Research to assess the consequences
of trickle P application to young
trees in ‘replant problem’ soils.
Research on N fertilization via
trickle irrigation. Studies to
assess the amount and timing of N
application in terms of fruit tree
vigor, fruit quality and winter
hardiness on mature and young fruit
trees. '

Close monitoring of nutrition of
trees in high density plantings
under several fertilization and
watering regimes in order to
determine if the higher absolute
nutrient demands (kg ha™1)
resulting from closer tree spacing
can be met in local soils which are
generally rather infertile,

Research to assess the long term
consequences of trickle irrigation
or fertigation on soil quality
(e.g., soil acidification, salt
accumulation).




12, TILLAGE

Tillage should be addressed together with soil compaction, conservation
farming and farm machinery development. The short term, cost effective
approach rests on the adaptation of reduced tillage systems and/or
machinery developed outside the province. Long term research efforts
should aim on commodity specific, tailor-made tillage procedures and
equipment which conserves both soil and energy.

Projects Required

Evaluation of minimum
till seeding and other
tillage/seeding methods
on native meadows.

Evaluation/conservation
tillage equipment.

Adapt interactive computer
models to facilitate decisiocon
making process in tillage
operation.

Develop tillage equipment/
procedures for 2lst century
farming systems.

Suggested Approaches

Use wvarious tillage and seeding
equipment and evaluate success of
establishment of tame grass species.

Test and modify minimum and/or
no-till tillage equipment with
emphasis on furrow openers, seed
and fertilizer placement and
devices,

Based on regional commodity
specific information to develop
tillage subroutine in production
models.

Multidisciplinary studies on
intensive, high-tech farming to
produce fresh products for urban
population. Specifically, develop
lightweight, precision robotic
tillage machinery.




13.

NON-SOIL MEDIA

Projects Required

Optimum potting soils for
forest seedlings and other
transplants.

Optimm hydroponic and
greenhouse soils.

Sand playfield design wder
coastal rainfall conditions.

Agsessment of the possibility
of developing an artificial
"soil starter mix" for planting
hole treatments in fruit tree
orchards.
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Suggested Approaches

- Water balances of seedlings.

- Measurement of hydraulic and thermal
properties of the soil followed by
model calculations.

~ Continuation of research started at
U.B.C.
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14. SOIL COMPACTION/STRUCTURE

Lowland Soils

The lowland soils of the Lower Fraser Valley are subjected to large
quantities of rainfall, especially in the fall and winter. Flooding is
a problem on same sites due to inadedquate drainage, and runoff from
upland areas. Ponding of water associated with surface sealing and
tillage pans is widespread.

Projects Required _ Suggested Approaches

- 1.  Extension/education. - The hiring of adegquate mumbers of
qualified people.

- The writing of manuals and guides,
etc. that deal with these problems
specifically (the management
techniques in most cases are Known,
at least qualitatively).

— User friendly microcomputer based
programs could be written to
erthance the learning process, e.d.
a simple drainage simulation
leading to calculaticns of

"opportunity days'.

2. Soil flood tolerance. —~ Subject the soil to representative
stresses and measure its stability.
3. Understand the process of - Field and laboratory experiments,
surface sealing due to especially assessing the
rainfall impact. effectiveness of crop cover.

4. Optimun water content to
avoid traffic and plow pans.

5. Evaluation of campaction in
the field.

Upland Soils

Degradation of the upland soils of the Peace and Lower Fraser River Valleys
due to erosion and campaction by machinery has been recognized. Surface
sealing and tillage pans contribute to runoff and erosion.

Projects Required Suggested Approaches
1. Extension/education. - {(as for the lowland soils)
2. Surface crusting and sealing - (as for the lowland soils)

due to rainfall impact.
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Projects Required

The runoff generation process
and overall water balance,
including snow melt and some
areas.

Evaluation of compaction in the
field. '

Suggested Approaches
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15. MYCORRHIZAL FUNGI

When is the application of vesicular-arbuscular mycorrhizal fungi likely
to increase the growth and yield of target plants? According to Abbott
and Robson (1985, Proc. 6th NA Conf. on Mycorrhizae), the answer depends
on the effectiveness and density of the indigencus VAM fungi and the
adequacy of soil P for plant growth. Under optimal conditions, the
increased yield due te inoculation can more than cover the cost of
inoculation if inoculum is available. However, in B.C., we know almost
nothing about the indigenous V@M fungi and so it is impossible to assess
the potential benefits of inoculation to B.C. agriculture.

Projects Required Suggested Approaches
1. Assessment of indigencus VAM ~ Determine rate of colonization of
fungi. crop roots during first weeks of

development (crops including tree
fruits, winter wheat, vegetables,
grains).

- Isolation of indigenous fungi and
testing of effectiveness against
target crop plants.

2. Development of superior inoculum. - Testing of indigenous and exotic
: strains of VAM fungi on various
host crop plants.
- Development of procedures to raise
pure inocula.
— Development of types of inccula.
- Field testing.




16.

17.

28

SOIL VARTABILITY

Soil variability is an issue when the range of response to use or
treatment is too large to provide useful information to the user of the
information. If for example the range in soil properties found in an
area is unlikely to produce a significant difference in performance,
then soil wvariability is not an issue. If, on the other hand, soil
variability is large encugh to produce significantly different responses
than the magnitude, pattern, and distribution of the soil wvariability
must be known to determine whether or not the performance levels will be
affected unacceptably. '

For example, a normal distribution of the data (soil properties) is
often assumed, resulting in overprediction of the response (i.e. yield,
fertilizer response curve) when the data are in fact distributed
a~normally (skewed bimodal or polimodal).

The response curves will identify the sensitivity of a use or treatment
to variation in soil properties, The nature and pattern of soil
variability will determine the response pattern of the land.

Projects Required Suggested Approaches
Determination of response ~ Controlled experiments, statistical
patterns for high priority. sampling of land areas, sensitivity
problems. _ analysis on existing models.
Determination of patterns - Statistical sampling of high
of wvariability. priority land areas or land types.

SPECTIFIC APPLE REPLANT DISEASE AND REPLANT PROBLEMS

Specific apple replant disease (SARD) is becoming a more pressing
problem as orchard density increases. Many causes have been suggested,
none found to be universal. Further work is needed on identifying the
cause in B.C. and coming up with appropriate treatment. Part of this
process will entail the elimination of fertility, chemical, physical and
management causes of poor apple tree growth in replanted orchards.

Projects Required Suggested Approaches
Data gathering, analysis and — Field testing and monitoring of tree
critical assessment. _ response until fruiting of various

proposed replant treatments
including fumigation, biological
amendments, including
VAM-inoculation, P fertilization,
fertigation and high frequency
irrigation.
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18. ENVIRONMENTAL ISSUES

Intensive livestock (beef feedlot, dairy, swine, poultry), greenhouses,
land based aguaculture and mushroam production are all sectors that
utilize intensive agricultural facilities. These commodities are
primarily located in the lower Fraser Valley with same pockets located
in other areas such as the North Ckanagan and Vancouver Island.
Intensive agricultural operations have the potential to cause pollution
of air or water and nuisance to neighbours.

There has been a trend in agriculture towards the separation of
livestock operations from crop production cperations. Livestock
production is changing from smaller operations, where livestock
production was integrated with crop production, to larger scale
confinement~type livestock operations where crop production is not part
of, or only a small part of the total farm operation. In many cases
crop production areas are located same distance fram the livestock

.production facilities. With this trend manure handling problems have

shifted from manure utilization as a fertilizer to manure disposal.
This results in over application and nuisances. It is expected that
waters are being polluted by manure to a significant degree in the

Fraser Valley.

Projects Required Suggested Approaches
Determining the extent and ~ Identify geographic areas with the
effect that nutrient losses greatest potential for water
from intensive agricultural pollution.
facilities have on surface ~ Determining typical losses for
and groundwater. existing management practices.

~ Develop altermative practices that
are environmentally sound.

- Extend envirormentally sound
practices to farmers through
demonstration and education.

Detetmine the maximum rates — Identify geographic areas with the
of manure that can be applied greatest potential for water
without causing pollution. contamination.

~ Develop an inventory of manure
production and lands used for
disposal.

- Identify areas where manure
production exceeds available land
area for environmentally safe
disposal.

~ Determine the affect of manure
application systens and rates have
on soil physical properties.

- Develop and transfer management
systems that allow for maximum
econamic yields without pollution.
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19. SULPHUR

2.

Instances of sulphur deficiencies have now been recognhized in all parts

~ of the province and application can result in large yield and quality

increases. A soil test for sulphur recammendations is used for the
aridic areas but is based on limited field work and considerable
extrapolation of research fram other areas. Relatively camplex

- responses to sulphur applications have been detected in the Fraser
- Valley. The responses range fram very large increases to moderate

decreases and are variable within the growing season. The relationship
of these responses to soil extraction values have not been established.

Projects Required Suggested Approaches
Sulphur research for humidic - Examine the relationship of various
areas. _ soil extracts to forage grass yield

responses and then if possible
develop soil test recammendations.

— Evaluate the effect of sulphur for
forage corn, vegetable and small
fruit production and quality.

- Determine optimm fertilizer
management practices particularly
the evaluation of elemental forms.

~ Examine the influence of sulphur
applications on forage quality
including micronutrient content.

Sulphur research for aridic - Refine available soil test
areas. recommendations and explore the
' status of sulphur for tree fruits
and grapes.

- — Examine fertilizer management
practices particularly the use of
elemental forms,

- Develop recamnendations for the use
of sulphur for acidifying high pH
soils.

- Examine the influence of sulphur in
irrigation water on yield and
fertilizer recommendations.
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20. BERRIES

Fertilizer recommendatioms For most berry crops are based on limited

 local research data. Only gemeral recommendations are made for

- raspberries and strawberries. ‘A leaf tissue analysis system for
‘blueberries and cranberries is baing used but more research is required
to establish confidemce. Blusberry production is increasing on mineral
soils whereas most fertilizer application experience is on organic
soils. With decreasing margims of profitability, increased efficiency
of fertilizer use is required to maintain a’viable industry. It is
suspected that fertilizer applications are often particularly where
poultry manure is used.

"Projects Required _ Suggested Approaches
1. Devélopment/erthancement of - Examine the potential for soil/or
‘objectively based, site plant analysis for fertilizer
specific feftilirer recammendations for raspberries and

recamendations. strawberries.

: ' - — Refine leaf tissue analysis based
recammendations for blueberries and
cranberries.

_~Deteriine optimum fertilizer and/or
manure application practices
including form, timing and
placement for initial plant
establishment and for long and
short term production.




