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Executive Summary

The sx week Nuffidld Scholarship Core Study Tour through New Zedand, Asa, Europe,
Canada and the United States of America, demondirated to me that potato farmers globdly are
al faced with the same problems. The environment, soil types, water supply, regulations, seed
quality, machinery and market demand, are some issues faced by all.

| chose to tour Canada and The United States of America (US), because the crigping industry in
Audrdia is owned and dominated by two US based globd giants. Fritolay, who own Smith's
Crigps and Cambell’'s who own Arnott’'s, take up approximatedy 90% of the Audrdian crigp
chips market. The crisping potato industry world wide, is one that is growing a a repid rate. In
order to keep up with the technologica advances and the expected end product, every aspect of
the fam has to be evduated. Pans need to be edtablished, implemented, re-evduated and
updated.

Initidly 1 embarked upon my sudy tour with the idea of addressng the different agronomic and
economic issues involved in the crisoing potato industry, from seed devdopment to the
commercid crop. Once over there | quickly redized that dl of these issues were rdiant on
management practices specificdly. Given the broad nature of my initid project subject, | have
focused on Best Management Practices (BMP).

The introduction of qudity assurance programs and BMP has highlighted individud needs of
growers.  The idea of BMP is about enabling growers to ensure survivad in a competitive
business by usng a management program which ddivers a hedthier potato crop and end season
profit, while maintaning thar loca environment. | bdieve that an invedigaion into BMP of
farmers, in the same industry on a larger scale, would help me to consider whether my own BMP
were a an internationaly competitive standard.

My research into these practices covered the management of fertility, irrigation, seed sources,
planting practices and crop rotation and green manure for soil borne pathogens. After
criscrossing the US and Canada, spesking with farmers, industry representatives and academics
about their BMP on these topics, | was encouraged by the fundamental smilarities between their
management systems and the ones we currently use on our farm.

While sheer dze enables America to influence the world markets in a lot of different arenas, it
does not eiminae the rest of us from the race. With internet facilities, globa pogtioning systems
and greater use of computer technology, Audtrdian farmers can resource the same, up to date
information used by ther American counterparts. The tour and research divulged to me that,
scae doesn’t matter.
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Introduction

In the US and Canada, best management practices (BMP), fertility, irrigation, green manure (GM)
and crop rotation (CR) and development through breeding programs of new potato varieties, have
been fundamentd to yield improvement.

Through out the potato growing regions of the USA and Canada that | visted on my study tour,
the predominant potato variety grown was the Russet Burbank. This particular cultivar served a
dua purpose, in that it is used in the processng market as well as the packed fresh market. The
Pecific Northwest states of Oregon, Washington and ldaho, produce over 50% of the US
Autumn crop. The USDA egtimates that Russet Burbank accounted for about 80% of Oregon and
Washington crops and 97% of the Idaho.

Price premiums are paid for specific Sze grades in fresh, processing, and seed markets. Diseases
in seed crops, sugar and dry matter in processing crops, and externa/internd defects due to
physiological or pathologica causes, are common reasons for rgection of crops and economic
losses. As we do here in Audrdia, to optimize grower returns for specific markets, the American
and Canadian growers pay paticular atention to best management practices (BMP), that

influence size and other qudlity factors.

Severd new vaieties have not yet been sufficiently evduated to provide information on
determining plant population for specific market requirements. This need is widdy recognized,
both for new cultivars and for the introduction of exising cultivars into new production aress.
Economic return to the grower is based on potato quality rather than the tons per hectare. There
IS agreater importance now on achieving maximum economic yield rather than the highest yield.
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Fertility

As with Audrdian growers, US and Canadian growers recognize crop fertility as one of the
aress in potato production that can be effectivdly managed, and fed that, with proper nutrition,
the incidence and severity of many diseases could be markedly minimized. An improper nutrient
baance, results in higher susceptibility to hollow heart, disease, dress, 9ze and marketable yield.
With a greater emphasis on precison stand establishment, not only should seed piece sze and
spacing be effective, but aso fertilizer gpplication based on accurate agronomy analysis should
be adopted.

In recent years, public concern about drinking water qudity has prompted growers and
researchers to consder not only production aspects of fertilizer management, but environmenta
aspects as well. Deveoping a hedthy balance in nutrient management practices that are both
environmentaly sound and economicdly vigble for the fams is dedrable.  When | vidted the
Atlantic coast region of Canada, in particular the provinces of Nova Scotia and Prince Edward
Idand (PEI), it was demondrated to me that the community a large were working together to
edablish this environmentad and economic union. The depatments of agriculture both in Nova
Scotia and PEl have been very proactive in tackling these environmental problems because of

the importance of agriculture to their economies.

Agriculture is the principa contributor of any resource sector, to the economic Status of PEI.
The Idand was of particular interest to me as it had an intensve and expanding processing potato
industry. Agriculture in generd on the Idand is a large generator of wadte products. The
expandve potato industry linked with a very short growing season and light soils, has created

some maor environmenta problems.

The problems of pedticide runoff killing fish, nitrate levels high in the ground water supply and
eroson problems when the snow mdts, has prompted the government to introduce farm planning
legidation. The “Crop Rotation Act” determines the minimum rotation length of a crop and
disalows certain crops on dopes grester than 10 degrees. Potatoes are rotated with wheat and
then hay. The levels of nitrate in ground water and surface run off into water ways are a concern
not only in Canada but right through out the world. One of the mgor contributors to this on PEI
was the spreading of anima waste such as pig, chicken and cow manure. With the environment
under a lot of pressure, the government forced farmers to come up with an environmentd plan

for ther farms. This plan was an assessment and action plan prepaed by the famers,
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government bodies and outside consultants. The process is designed to be a no codt to the farmer
by utilizing exising government departments The plan includes an action plan and timelines
with follow up vidts from the coordinators to help maintain the process. The plan is meant to
overlap qudity assurance system like Hazard Analysis Criticad Control Point (HACCP) that a lot

of producersin Audtrdiarun.

To prevent fertilizer losses, it is essentid, that an integrated approach to crop management be
used. A senshle fertilizer program for potatoes should therefore, be based on soil test

recommendation, tissue tests, yield goas and previous crop.

I will not ded with application rates of fertilizer as they vay widdy with soil type texture,
dructure, organic matter. As it is here in Audraia, soil test results prior to planting provide the
best information to the famers for determining the crop response to applied fertilizer, it aso
indicates whether or not there is a need for most essentid nutrients.  Although soil tests can be
used to predict fertilizer recommendations for crops the accuracy of the test can vary greatly
under irrigation. This is because nitrogen can move rapidly in paticular in irrigated sandy soils
that the magority of crigping growers that | visited in the US and Canada preferred to grow in. To
combat this problem the combination of soil tedting, tissue andyds and the plit goplication of
nitrogen was being practiced. Tissue andyss was being used during the season to monitor
nutrient deficiencies. This procedure was particulaly useful for monitoring nitrogen and the
impact it has on the end use of the potato. If the tissue testing reveded the potato plant to be
lacking in nutrients, additiona fertilizer gpplications through the irrigation sysem were
implemented. This type of management was not only important from a crop production

viewpoint but dso an environmenta one.

Keeping records of the nutrient levels over the years helped most of the farmers | spoke to, make
fertilizer management decisions easer. This practice was adso renforced by Dr Miller of the
Texas Agriculturd and Mining Univeraty in College Station and Dr Rykbost of Klamath Fals
Oregan, when | met with them in October 2003. Nitrogen, phosphorus and potassum
recommendeations are al based on the combination of the soil and tissue tests. The use of micro
nutrients such as boron, zinc, copper, iron, manganese, molybdenum and chlorine can be applied

depending aso on the results of the soil and tissue tests.

Potatoes have a relatively shalow root system and it is common practice as it is here in Audrdia
and in both the US and Canada to band the fertilizer two to three inches below and two to three
inches to the dde of the seed a planting. Fertilizer containing Phosphorus, Potassum and Zinc
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were being effectively incorporated into the soil in the autumn before the onset of winter, when
the ground froze over. Timing of fertilizer gpplication and placement, was largely a maiter of

individud farmer’s choice.

BMP should guide the growers both economicaly and agronomicaly, when sdecting the most
gopropriate fertilizer for annud production. The nutrient requirement of the plants and soil,
tissue results and dedred yidd leves and the impact the nutrient requirement has on qudity,
should be considered.
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Irrigation

Water, as it has been in Audrdia for the 2003 season, has been an issue in Nth America
Acquiring it, keeping it, and how to use it more effectivdly are the common chalenges that
Audrdian and Nth American famers face for the future Managing water in agriculture will
become increasingly important as competition for this resource outside agriculture in particular
becomes more demanding.  Urban expanson, environmenta flows in river sysems and
secondary indudtries, are demanding more each year. The true cost of water is darting to be
factored into the policy development of naturad resources by governments a dl leveds These
water chadlenges present themsdves in the form of environmental concerns, both legdly and
legidatively.

It is globdly accepted that irrigation scheduling is criticd to growing qudity potatoes. Proper
water management can result in high yields and increased net returns on the asset. In the US and
Canada there has been a concerted effort by dl sectors of the industry in getting the message
across to farmers on the importance of irrigation scheduling on potatoes using sound, scientific
data

While vigting Washington State | had the opportunity to meet with Dr Robet Thornton a
leading potato research specidist at Washington State Universty in Pullman, where | was gble to
discuss the following aspects of irrigation scheduling.  Potatoes are more sendtive to moisture
dress and fluctuations than most other mgor agronomic crops. The frequency and amount of
irrigation will depend on the water holding cepacity of the soil, the crop growth stage, and the
wegther conditions.  Water dress affects the development of potato vines, foliage, roots and
tubers. The most accurate nitrogen recommendation can literdly be washed away with poor
irrigation management. Good management of irrigation influences the devdlopment of a potato
plant during the four stages of its growth cycle, 1) vegetdive, 2) tuber initiation, 3) tuber
bulking, and 4) tuber maturation. Water dress can dso contribute to severad diseases and
disorders in potatoes. These disorders and diseases include such problems as common scab,
brown centre, growth crack and verticillium wilt.

Over the years a number of scheduling methods along with gppropriate decison criteria have
been developed, this incorporates the irrigation management around the 4 stages of growth. In
consdering this during my tour through the USA and Canada, it was evident that the most
popular form of irrigation was usng the Centre Pivot sysem. This enabled farmers to
implement their irrigation schedules. Compared to the Nelsen Gun traveing irrigator and Solid
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Sets, which under windy conditions have lower irrigation uniformities, the advantages of using
the Centre Pivot offered a more uniform and environmentdly friendly application of water,
therefore, the most appropriate system to use, to abide by the irrigation schedule.  Another
important aspect of this style of irrigation is that it is cost effective, furthermore, keeping crop
costs down. The development of low pressure pivots to increese irrigation efficiencies was in a
direct response to the increased energy costs.

Other andyticd tools used to ad in irrigation scheduling other than the soil fed method are
Tensometers, Enviro-scans and Watermark Data Logging Systems to gauge soil moisture status.
This datus is read by setting the fullpoint, which is the wettest the soil can be around the potato
root zone, and the refill point, which is the driest point before the plant demondtrates water stress
symptoms.  Evapotranspiration rates will impact on these readings, so in order to effectively
irrigate, these said rates need to be considered when deciding on find water application rates.
When vidting the Klamath Fdls Research Sation, it was shown to me how the
evapotranspiration rates are caculated and subsequently recorded. These rates are widey
advertised daly through the web, radio and newspapers.

Given that our country is one of the driest in the world and drought is a mgor influencing factor
on crop surviva, water presents as a precious commodity. BMP on our farm in Bundaberg will

combine the two systems and will lead to the find irrigation scheduling being more efficient.
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Seed

As it is in Audrdia, the potato growers of the US and Canada dl acknowledge that seed qudlity
is a mgor contributer to precison stand establishment and crop yidd. Therefore, obtaining
qudity seed from a certified grower is essentid.  With a combined populaion of gpproximately
300 million, compstition is dive and well in the US and Canada

The cetified potato seed growing industry is no exception and processng factories teke
advantage of this. Processng companies undertake scientific breeding programs to develop
improved crisping varieties. Once a variety is bred, they contract the commercia growth of the
nuclear stock out to plant breeding laboratories.  Seed goes through 2 contracted growing stages
before it is sold to crigping growers.  Initidly the nuclear stock growers have to bid for contracts
every year, the competition for the sad contracts is fiercee. That stock is then sent out to
contracted, certified seed growers throughout the US and Canada, for the next stage of growth.

Unlike the breeding laboratories these seed growers are under longer term contracts.  This
certified seed is then on sold outside the open market under contract to contracted crisping
growers. The annud bidding process for the nuclear stock growing contracts subsequently lower
the cost of the seed to the crisping growers and takes the price fluctuation out of the open market

price.

In Audrdia, compstition is not as fierce for severd reasons, the main reason is market volume.
Americds consumer Sze, puts them in a different category to our market, however, their ideas
could be adapted to suit the Audtraian seed growing industry. If there was greater competition
within the seed growing industry, grading, packing, transport and Storage of the seed product
would improve. This would then have a flow on effect to the end cost of the subsequent crop
production.

Dr Campbdl of the Cdifornian Seed Company, suggested to me that the qudity of the seed
poteato is the most important yield determining factor that the farmer can have some influence on.
Farmers need to establish a hedthy, long term reaionship with 2-3 seed growers to reduce the
risk of possble vird contamination or loss of seed through natural dissster. BMP see the farmer
source seed only from certified growers, preferably early generation seed and varieties best
suited to their specific geographic and agronomic conditions.  As with US and Canadian seed
supply, the devdopment and use of written contracts outlining the grade, qudity, ddivery,
payment schedules and price of the seed should be considered.
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Planting Performance

With the cost of producing a crop of potatoes increesng each year due to domestic and
international issues, as in Audrdia famers in the USA and Canada, have been focusng on the
concept of precison stand establishment, or in Smpler terms, getting a good drike.  These
concepts include knowing the physicd age of the seed, preciss machine cutting, bruise free
handling of seed potatoes, seed spacing, fertilization and planting depths.

Seed piece spacing is one of the most important factors under a growers control. In the US and
Canada, specific plant population dengties for standard cultivars, like the Russet Burbank (RB),
have developed through trid and error, for specific markets and geographica locations. These
trids were widdly carried out by both researchers and growers. The most common plant
dengties in use for RB in the US and Canada was on 91 cm (36 inch) row spacing, and 28 cm
(11 inch) between seed pieces. To obtain plant spacing and population it was suggested that only
certified seed cut/whole, sorted by Sze, be used for planting.

Variability of planter performance can be attributed to many factors such as seed shape, size,
tractor speed and desgn of the planter. After spesking with a representative of Mayo
Manufacturing, Inc., which manufacture the Harrison Potato Planter, it was established that one
of the largest problems that mechanical designers face, is that most growers use cut seed, the
irregular shape of this cut seed makes designing difficult.

The difference between planter design and subsequent use, among seed and commercid growers,
came down to the potentid risk of spreading disease. In saying this, the US commercid growers
fdt comfortable usng the needle planters, despite the risk of spreading disease via the needles,
over the cup planter for severa reasons. The man one being, the accuracy the needle planter
gave them when usng cut seed, this meant not having to man the planter to ensure even seed
digribution. As the farmers used certified seed, they were able to use the larger cheaper seed, as
goposed to the more expensve premium smal seed because they were cutting it prior to
planting.  Ironicdly, both commercid and seed famers of Audrdia have favoured the cup
planter over the needle planter, as have the seed growers of Northern America, because cup
planters have less chance of spreading disease compared to a needle planter.

In contrast with Audtrdia, where most farmers use two and four row planters, through out the US
and Canada the use of four and sx row planters is popular, with eight row planters becoming
more common. An assessment on the accuracy of planter performance was done in the US to
ascertain the economic impact that skips, double ups and misses have on yidd and return. As
discussed with and concluded by Dr Mike Thornton of the Universty of Idoho, misses and
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irregularly spaced potato plants do impact on grower returns. Dr Robert Thornton of the
Washington State University suggested, dong with growers and other researches, that plants
were missing in the potato fields because more times than not, planters fal to plant consstently.
New planters, such as the vacuum planters, in theory, seem to address skips, misses and double
ups, however, the planter has not yet performed a a high levd and therefore is not widdy used

by growers.

As pat of the BMP, planters should be maintained and cadibrated to plant seed a the correct
depths, spacing and dendties. Monitoring planter performance on a regular basis will leed to
having a hedlthier precision stand establishment.
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Crop Rotation and Green Manure

For crop rotation (CR) and green manure cropping (GMC) to be successful, it needs to be
established what disease or soil borne pathogen is impacting on your crop. On the family fam
in Bundaberg Root-knot Nematode (RKN) is the man issue to be addressed, however,
preservation of soil fertility and eroson prevention would aso be consgdered. A GMC will
increase the nutrient and organic matter levels in soil, water infiltration rates, water holding
capacity and agration.  Used in conjunction with appropriate CR, the biological changes that
occur in the soil, will aso lead to better management of soil borne pests.  Providing the GMC or
rotated crop does not present as the host for the most troublesome pathogen (nematodes are
known to have a broad host range), the benefits will be advantageous to the ensuing cash crop.
Many of the farmers | spoke to used forage sorghum as it is particularly effective when used as a
GMC as it does not host RKN. It grows rapidly, smothers the underlying waste crop and weeds
that may be pathogen hosts and then crestes large quantities of biomass.

Studies being caried out & Washington State Universty were investigating the process of
biofumigation. Whereby the brassca crops (such as rapeseed, mustard, and sudan grass) contain
biologicaly active chemicas, which bresk down into isothiocyanates (ITCs) and can kill or
suppress some soil borne diseases, nematodes, and weed seeds.

ITCs can vay in ther toxicity to different pests. ITCs produced by plants are known as
biofumigants. This research is ongoing.

RKN is a common pest in potato crops and has an extensve range of host plants. Many farms |
vidted on the tour had RKN problems and Dr Rykbost of Klamath Experiment Station stated that
RKN is a prominent pest in irrigated potatoes in the US. The main reasons why GMC are used
are because of the impact the chemicds are having on the environment, the availability of them
in the future and the high costs involved in purchasing them. Many of the chemicds used have
been or ae being, taken off the market (for example Temik and Methol Bromide), thereby,
prompting dternaives to be used. To successfully manage nematode populations, a range of
drategies need to be employed including prevention of spread, CR, early harvest, planting GMC
and treatment with nemacides. A combination of these will give the best results, however,
results will differ with soil types weather condition, incidences of pathogens and planting
dengity.

In suggesting this, it is acknowledged that even though Temik was taken off the market due to
the impact it was having environmentdly, it was reintroduced in the North West states of 1daho,
Washington and Oregon because it was the most effective control againt RKN. In Audrdia,
Temik is not registered for use in potato production.
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Conclusion

Ganing a Nuffiedd Scholarship gave me a unique opportunity to vist growers and researchers in
another country and bench mark my BMP with theirs. It is very difficult to come to a conclusion
when bench making due to so many variables such as climatic conditions and government
legidation, but in saying this you can attempt to modify your management practices accordingly.

Whilg technicdly | beieve we in Audrdia are on the same leve, and in fact in some aress a hit
more advanced, in particular in water scheduling due to the extreme conditions experienced here
in Audrdia, and lack of agriculturd land that has a supportive water infrastructure, Nth America
is unquestionably the world leaders in farm logigtics. The machinery tha they plant, harvest and
gore with can move volumes. Competition within the industry has dso afforded the consumer a

dl levels of the production chain alot more choice than herein Audtrdia

When vidting a crigping potato grower in Florida | was amazed at the volume of potatoes he dug
and shipped out in one day while gill managing to maintain a high qudity product. | asked him
how he achieved this and he replied “ Graham, | get it right in the fidd”.

Successful potato crops are reliant on getting BMP right in the fidld. Openness to new
technology and techniques, being able to identify inefficiencies, knowing unit costs, and having
the ability to integrate these factors into your business pave the way to sound agronomic and

economic best management practices.

Another vital aspect of BMP is complete and careful record keeping. Farmers need to know the
cost of production for each unit of potato yidd so they can modify management practices. The
use of computer technology to collect and record this datais both possible and practical.

In this report | have identified severd aspects of production of potatoes that | felt would be of
benefit to managing our business. All of these aspects are ones which | can control, and through
the use of BMP, alow the potato to achieve its maximum economic yield.

Every famer has the cgpability to grow good potatoes. There is enough information and
technology made avalable globaly today tha is essly accessble Famers can use this

information to then formulate their own BMP.
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