AN ABSTRACT OF THE THESIS OF

John Paul Gainer McQueen for the degree of Master of Science in Soil Science
presented on July 24, 2007.

Title: Estimating the Dry Matter Production, Nitrogen Requirements, and Yield of
Organic Farm-Grown Potatoes.

Abstract approved:

Dan M. Sullivan

As part of a participatory research project, where farmers and Oregon State
University researchers collaborated, aspects of potato (Solanum tuberosum L.)
growing systems were studied. It was determined through conversations with the
farmers that quantification of certain growth parameters of potato was lacking,
including dry matter accumulation, crop nitrogen (N) uptake, and yield. In order to
better assist the farmers in making fertilization decisions a study of the systems was
undertaken.

An important aspect in making fertilization recommendations is estimating the
contribution of N by the soil in a growing season. This contribution was estimated in
two ways. The first was through a laboratory aerobic incubation. Soil was collected
in spring, summer, and post-harvest from the participating farms’ potato fields in 2006.
The N mineralization incubation was conducted for 63 d at 22°C with subsampling to
determine NO3-N every 21 d beginning with Day 0. The second method was by using
a plant bioassay approach. Plant biomass, excluding roots, was harvested three to four
times during tuber bulking from plots where no current season amendments were
added to the soil (zero-N plots). The concentration of N was determined for the plant
residues and N uptake estimated. Petiole samples were analyzed for NO3-N to
monitor the relative N status during the season and to determine if there were N
deficiencies.



Growth measurements of potato were also conducted on “Intensive Farms” in
plots where farmers conducted “typical” nutrient management. Weekly plant samples
were removed beginning when tubers were 1 to 3 cm in diameter. From these samples
dry matter accumulation, crop N uptake, and fresh tuber yield were estimated. Petiole
samples were also taken to determine the relative N status of the plant. Yield was also
measured for a second group of farm, “All-Farms”. This sampling used an “as-is”
approach that consisted of hand-digging sections of row and calculating yield per
hectare using row spacing found in the sampled field.

In the laboratory, net N mineralization rates were approximately 0.4 to 1.3
NOs-N mg kg™ d* during the 63-day incubation at 22°C for soils collected from 11
farms in the spring with a median of 0.7 NOs-N mg kg™ d*. The N-supplying
capacity of the soils is estimated at 120 to 160 kg N ha-1 for 2000 degree days. The
uptake of N by the potato in zero-N plots at harvest was 83 to 237 kg N ha™
confirming the high amounts of N mineralization observed in the laboratory
incubation. The soils on these farms mineralize an estimated 3% of total soil N in less
than 1400 degree days (base 0°C).

On Intensive Farms, total nitrogen uptake was an estimated 145, 190, and 245
kg N ha™ for Farms 1, 2, and 3. Despite different levels of N uptake, fresh tuber yields
on Intensive Farms were similar between farms with 53 Mg ha™* on Farm 1, 45 Mg
ha™ on Farm 2, and 43 Mg ha™* on Farm 3. Higher N levels on Farm 3 did not
increase yields and total N in shoots at harvest was highest at 150 kg ha™ verses Farm
1 with 40 kg ha™™. Tuber bulking rates were 0.8, 0.7, and 1.0 Mg ha™ d™* for Farms 1,
2, and 3. Delaying harvest could have resulted in higher yields. For tuber yields of 50
Mg ha™ farmers can expect a total N uptake of approximately 200 kg N ha™ with 0.9
m between-row spacing. Fresh tuber yields on All-Farms varied by cultivar and
location with a median of 19 Mg ha™ that reflected in-field between-row spacing. At
harvest, medium tubers 85 to 227 g (3 to 8 0z) averaged 50% of fresh tuber yield. To
accomplish higher yields, row spacing near 1 m is recommended. Petiole N levels

were variable during the season with starting values lower than common



recommendations and decreasing rapidly as time progressed. We estimate that the soil
at these farms supplies approximately 120 to 160 kg N ha™ and applications of less

than 100 kg of plant-available N should support current yields.
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GENERAL INTRODUCTION

Information was lacking concerning the growth of potato (Solanum tuberosum
L.) on organic farms in Oregon and western Washington. Farmers and Oregon State
University researchers collaborated in a participatory research project directed towards
the growing of potatoes. Farmer directed research questions were explored to help the
growers utilize their resources more wisely. A survey-type approach was used to help
understand the participating farms as a group.

A concern for the small organic farm is the need to make fertilizer decisions
for a range of crops in a system that relies on large amounts of organic matter
contributions where fertilizer recommendations have not been calibrated. Fertilizer
guides are typically made for certain crops in specific locations and extrapolating the
results to fit different scenarios is not advised. However, knowing the soil N
contribution to crop N uptake could improve recommendations by creating a baseline
for applying additional fertilizer.

Organic farms generally supply large amounts of organic matter to their soils
through composts and cover cropping. Over time, these additions increase the size of
the active pool of soil organic matter (Marriott and Wander, 2006) and could change
the amount of N from mineralization that should be budgeted for. Estimating the
contribution of soil N to these systems could lead to more efficient use of N,
minimizing risks to the environment and lowering production costs (Jarvis et al., 1996;
Rice and Havlin, 1994). Increased information on the contribution of soil N to the crop
could be useful to these growers since their nutrient management programs are driven
by soil N mineralization. If soil N mineralization is high the amount of fertilizer that
is recommended could be in excess.

Specific information relating N mineralization from soil to organic agriculture
is not available. Extension bulletin PNW 513 Nitrogen Uptake and Utilization by
Pacific Northwest Crops (Sullivan et al., 1999a) estimates that the soil N supply from

mineralization in the Willamette Valley, OR commonly ranges from 50 to 130 kg N



ha™ depending on soil type and crop management practices. A common
recommendation states that N mineralization estimates can be made by assuming that
approximately 2% of the total organic N in the surface foot of soil is mineralized
annually (Brady and Weil, 1999; Schepers and Mosier, 1991) and that the uncertainty
associated with this estimate is 25 to 50% (Schepers and Mosier, 1991). This estimate
could double with irrigation bringing favorable moisture conditions, or a history of
adding crop residues that increase the soil organic matter content and enlarge the pool
of readily decomposable plant material compared with the more recalcitrant pool of
soil organic matter (Schepers and Mosier, 1991). A situation likely encountered on
the study farms.

Many methods for estimating organic N mineralization in laboratory and field
settings are used. Most of the laboratory procedures employ incubating a known
quantity of soil for a specified period of time and measuring the increase in NH4-N
and NOs-N. Incubations can be performed under anaerobic or aerobic conditions.
Field indices include manipulations with the soil or using plants as an indicator of N
mineralization. In situ soil methods include buried bag methods (Eno, 1960), cover-
cylinders (Adams and Attiwill, 1986), and cylinders containing ion-exchange resin
(DiStefano and Gholz, 1986). Sullivan et al. (1999b) found that for farms with a
history of manure application their estimated rate of N mineralization was in the range
of 0.015 to 0.035 NOs-N mg kg™ DD™* (median 0.028 NOs-N mg kg™ DD™).

One of the best field-based approaches to estimating N mineralization is using
a recently unfertilized crop as a bioassay of N mineralization (Schepers and Meisinger,
1994). Field methods capture the variability of field conditions including farming
management practices, soil moisture and temperature, and the rooting depth of the
crop. Potatoes have been used as a field bioassay of soil N supply (Zebarth, 2005b).

Fertilizer trials generally include a nutrient control plot were the contribution
of N by the soil is estimated in absence of fertilizer N applications. Usually in these
plots, P and K are added to assume no other plant growth limitations. In Canada,
Zebarth (2005a) observed in ‘Russet Burbank’ potato a N uptake of 91, 60, and 73 kg



ha™ in 2000, 2001, and 2002. Riley (2000) on sandy soils in Norway, observed N
uptake values of 46 kg ha™ by ‘Rutt’ potato, an early maturing cultivar. Trehan (2006),
in India, observed a N uptake of 122 kg ha™ as an average of 11 cultivars of potato
following a green manure crop of Sesbania sp., and 51 kg ha™* without the green
manure crop. Lorenz (1944 and 1947), in California, observed N uptake values of 71
and 67 kg ha™ in 1942 and 1945 for “White Rose’ potato. Dyson and Watson (1971)
at the Rothamsted experiment station in England found that *King Edward’ potato
contained a total of 50 and 90 kg N ha™ in 1963 and 1964. Millard and Marshall
(1986) found that “‘Maris Piper’ potato contained 80 and 60 kg N ha™ in 1983 and
1984 in 100 days after emergence. Vos (1997) growing ‘Prominent’ and “Vebeca’
potatoes in the Netherlands, found an average of 110, 55, 55, 75, and 55 kg N ha™ in
years 1988, 1989, 1990, 1992, and 1993. Overall, the amount of N taken up by the
potato plant in N control plots is variable from year to year probably due to climatic
and environmental conditions affecting N mineralization and losses of N from the
system.

Understanding the growth of the potato can explain how N requirements
fluctuate during plant development. ‘Russet Burbank’ potato has been described as
having four stages of growth (Kleinkopf et al., 1981; Lang et al., 1999; Ojala et al.,
1990). Stage 1 is vegetative growth and starts after planting when the seed piece
produces stolons that later form the tubers. The underground stolons elongate during
Stage 1 until the tips swell, signaling the start of Stage 2: tuberization or tuber
initiation. During this 10 to 14 day period, tubers grow to approximately 3 cm. During
Stage 3, tubers are in their maximum growth or bulking phase. It concludes with the
start of leaf senescence. In growth Stage 4 tubers mature, set tougher skin, and any
increase in tuber weight is generally from the translocation of nutrients from the leaves.
Commonly farmers aid tuber maturation by killing the shoots through mowing,
chemical sprays, or forgoing irrigation, an efficient method in the dry summers of the

Pacific Northwest.



The pattern of N uptake and dry matter accumulation for potato from planting
until shoot senescence has been described by a sigmoid curve function (Alva et al.,
2002; Kleinkopf et al., 1981). During growth Stage 1, N uptake and dry matter
accumulation are both relatively slow. But by the end of Stage 2, Kleinkopf et al.
(1981) found that 60% of total seasonal N uptake had occurred while only 20% of the
dry matter was produced, thus N uptake precedes dry matter accumulation. They also
found that at end of Stage 3, the potato had accumulated 98% of its total N and 95% of
its total dry matter, but only 80% of the tuber dry weight had been obtained. The
remaining 20% of dry weight gain would occur during Stage 4 when reallocation from
the shoots to the tubers is responsible for the increase.

Recommendations for fertilizer N rates to obtain optimal potato yields vary.
The Extension Service publication Potato Nutrient Management for Central
Washington (Lang et al., 1999) gives fertilizer N recommendations based on yield
goals and residual soil test N which includes NO3-N and NH4-N. With a soil test N
value of 0, they recommendation applying 220, 280, 340, and 390 kg N ha™ to
achieve yields of 45, 60, 70, and 80 Mg ha™* respectively. For every 10 ppm increase
in soil test N the N application rate decreases by 20 % from the 0 ppm value.

The Malheur County Oregon Experiment Station found during cultivar trials
conducted in 1993 and 1994 that optimum fertilizer rates didn’t exceed 135 kg N ha™*
for *Shepody’ and ‘Russet Burbank’ potatoes grown under sprinkler irrigation with
wheat grown as the previous crop (Shock, 2005). They found that optimum yield
responses also occurred at rates of 0 to 120 kg N ha™* depending on the year.

In a summary of mixed fertilizer potato trials from the past 40 years, the
Florida Cooperative Extension Service recommends a maximum N application of 200
kg ha™ for optimal potato yields and with only sporadic yield increases with up to 225
kg N ha* (Hochmuth and Cordasco, 2000). And from the Virginia Cooperative
Extension for white potato production, a recommendation of 140 to 170 kg N ha™ is
given for a yield goal of 22 Mg ha™ of fresh tubers (Phillips et al., 2004). For higher
yield goals they recommend that growers add approximately 7 kg N per Mg of yield



increase. Westermann (2005) reported in a review of the nutritional requirements of
potatoes that for a 56 Mg ha™ yield a total uptake 235 kg N ha™ is used.

Petiole sampling can provide a grower with an in-season method to ascertain
whether or not to supply addition N fertilizer to obtain desired yields, as top dressing
with N fertilizer has been shown to maintain petiole nitrate (petiole N) during tuber
bulking (Gardner and Jones, 1975). Petiole nitrate values generally start high at the
beginning of the season and decline with growth (Gardner and Jones, 1975; Lewis and
Love, 1994; Meyer and Marcum, 1998; Wescott et al., 1991), therefore sampling
petioles more than once during the growing season is recommended (Gardner and
Jones, 1975). A monitoring program is suggested due the variability in values from
one site to the next and in order to measure the actual effects of soil N availability
during growth (Wescott et al., 1991).

To assist organic farms in Oregon and western Washington with fertilization
decisions, a study of potato growing systems was undertaken. Our objectives were to
(i) estimate the N contribution from soil through laboratory and field methods, (ii)
estimate dry matter accumulation, N uptake, and yield under normal growing
conditions, (iii) monitor petiole N levels, and (iii) give a fertilizer recommendation

based on research results.
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ESTIMATING THE NITROGEN SUPPLYING CAPACITY OF
ORGANICALLY MANAGED SOILS FOR POTATO PRODUCTION

Abstract

As part of nutrient budgets in annual cropping systems, the amount of nitrogen
(N) supplied by the soil is generally estimated for planning purposes. Inaccurately
accounting for the amount of N the soil contributes to crop uptake can lead to over, or
under, fertilization. This study was undertaken to provide an estimate of N
contribution by the soil during a growing season for organic potato production.
Nitrogen release by the soil was estimated for 12 small organic farms in Oregon and
Washington using an aerobic laboratory incubation technique and zero-applied N plots
located on the farms. Net mineralization rates were in the range of 0.4 to 1.3 NO3z-N
mg kg™ day™ during the 63-day incubation at 22°C for soils collected in the spring
with a median of 0.7 NOs-N mg kg™ day™. The N-supplying capacity of the soils is
estimated at 120 to 160 kg N ha™ for 2000 degree days (base 0°C) assuming a sample
depth of 15 cm and bulk densities of 1.0 to 1.3 g cm™. The uptake of N by the potato
in zero-N plots at harvest ranged from 83 to 237 kg N ha™* with a median of 155 kg N
ha confirming high amounts of N mineralization. The soils on these farms
mineralize an estimated 3% of total soil N in less than 1400 degree days.

Introduction

When determining the amount of nitrogen (N) a grower needs to supply as
fertilizer, it is common to estimate the amount of N taken up by the crop and then
subtract the N contribution from various sources (Eq. 1).

fertilizer N = N requirement of crop - nonfertilizer N source [1]

Nitrogen contributions that are non-fertilizer sources include recent

incorporation of a cover crop, mineralization of N from past organic additions and the

soil organic matter, and pre-plant soil nitrate-N levels. Guidelines for estimating
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cover crop N vary but are commonly based on the plant species, dry weight, %N,
stand density, and the height when incorporated (Sattell and Dick, 1998). Guidelines
on the estimated N contribution from soil mineralization vary depending on the source.

Typically, when fertilizer guides are created, the amount of N mineralized
from the soil is included in the recommended fertilizer rate. This value is obtained
from the crop response grown in the nutrient control plot. Fertilizer guides are
typically made for crops in specific locations and extrapolating the results to fit
different scenarios is not recommended.

Within the context of this study, on small organic farms (USDA, 2002), the
diversity of crops grown in relatively small areas suggests that fertilization decisions
are made to cater to a variety of crops and might not fit within the parameters of
fertilizer guides. Herein lays a concern for the small organic farm, the need to make
fertilizer decisions for a host of crops in a system that relies on large amounts of
organic matter contributions where fertilizer recommendations have not been
calibrated. Increased information, such as on a field or farm scale on the contribution
of soil N mineralization to the amount of non-fertilizer N, could be useful to these
growers since their nutrient management programs are driven by soil N mineralization.

Information on estimating the N contribution from mineralization is not readily
available. Extension bulletin PNW 513 Nitrogen Uptake and Utilization by Pacific
Northwest Crops (Sullivan et al., 1999a) estimates that the soil N supply from
mineralization in the Willamette Valley, OR commonly ranges from 50 to 130 kg N
ha™ depending on soil type and crop management practices. A common
recommendation states that N mineralization estimates can be made by assuming that
approximately 2% of the total organic N in the surface foot of soil is mineralized
annually (Brady and Weil, 1999; Schepers and Mosier, 1991) and that the uncertainty
associated with this estimate is 25 to 50% (Schepers and Mosier, 1991). This estimate
could double with irrigation bringing favorable moisture conditions, or a history of

adding crop residues that increase the soil organic matter content and enlarge the pool
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of readily decomposable plant material compared with the more recalcitrant pool of
soil organic matter (Schepers and Mosier, 1991).

Estimating the contribution of soil N to the system could lead to more efficient
use of N on farms minimizing risks to the environment and lowering production costs
(Jarvis et al., 1996; Rice and Havlin, 1994). Organic farms generally add large
additions of organic matter to their soils through composts and cover cropping. This
activity increases the size of the active pool of soil organic matter (Marriott and
Wander, 2006). These additions change the amount of N from mineralization that
should be budgeted.

Many methods exist for estimating organic N mineralization in laboratory and
field settings. Most of the laboratory procedures employ incubating a known quantity
of soil for a specified period of time and measuring the increase in NH4-N and NO3-N.
This can be done under anaerobic or aerobic conditions.

Anaerobic incubations involve saturating a sample of soil and storing it at
40°C for a period of seven days and then measuring the amount of NH4-N present.
Most of the aerobic incubation methods are related to Stanford and Smith (1972) who
employed a leaching method to determine soil accumulated NH4 and NO3-N.

Field indices include manipulations with the soil or using plants as an indicator
of N mineralization. In situ soil methods include buried bag methods (Eno, 1960),
cover-cylinders (Adams and Attiwill, 1986), and cylinders containing ion-exchange
resin (DiStefano and Gholz, 1986).

A review of N mineralization results for soils that are similar to our study sites
is given in Table 2.1. Kusonwiriyawong (2005) performed N mineralization
experiments in microplots with exchange resin where separated dairy solids were
applied in the current season and where they were applied the previous season.
Estimates from the microplots were 0.004 and 0.009 mg N kg™ DD for current
season application of screened dairy solids and 0.014 and 0.019 mg N kg™ DD™ where

screened dairy solids were applied one year ago. Sullivan et al. (1999) found on dairy
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farms with high organic matter content soils a median of 0.026 mg N kg™ DD™ using
microplots with exchange resin.

One of the best field-based approaches to estimating N mineralization is using
a recently unfertilized crop as a bioassay of N mineralization (Schepers and Meisinger,
1994). This method captures the variability of field conditions including farming
management practices, soil moisture and temperature, and the rooting depth of the
crop. Potatoes (Solanum tuberosum L.) have been used as a field bioassay of soil N
supply (Zebarth, 2005b).

The following potato research trials contained zero-N control plots (Table 2.2).
All values reported here for N uptake were obtained from those plots and averaged
across years. Within each study, fairly consistent N uptake values were obtained from
the zero-N plots. In Canada, Zebarth (2005a) observed a N uptake of 91, 60, and 73
kg ha™ in 2000, 2001, and 2002 by ‘Russet Burbank’ potato. Riley (2000) on sandy
soils in Norway, observed N uptake values of 46 kg ha™ by ‘Rutt’ potato, an early
maturing cultivar. Trehan (20086), in India, observed a N uptake of 122 kg ha™ as an
average of 11 cultivars of potato following a green manure crop of Sesbania sp., and
51 kg ha™ without the green manure crop. Lorenz (1944 and 1947), in California,
observed N uptake values of 71 and 67 kg ha™ in 1942 and 1945 for “‘White Rose’
potato. Dyson and Watson (1971) at the Rothamsted experiment station in England,
found that ‘King Edward’ potato contained a total of 50 and 90 kg N ha™in 1963 and
1964. Millard and Marshall (1986) found that “Maris Piper’ potato contained 80 and
60 kg N ha™ in 1983 and 1984 in 100 days after emergence. Vos (1997) growing
‘Prominent’ and “Vebeca’ potatoes in the Netherlands, found an average of 110, 55,
55, 75, and 55 kg N ha™ in years 1988, 1989, 1990, 1992, and 1993. Overall the
amount of N taken up by the potato plant in N control plots is variable from year to
year probably due to climatic and environmental conditions affecting N mineralization
and losses of N from the system.

Jackson et al. (1974) conducted fertilizer trials in the Willamette Valley, OR

on Experiment Stations and in collaborator’s fields during the 1960s. The zero-N plots
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obtained yields of 25, 22, 13, 36, 22, and 27 Mg ha™. Likewise, many fertilizer
studies have published values for yields from zero applied N to measure the N
contribution of mineralizing soil organic matter. A review of published values (Table
2.3) had a median yield of 33 Mg ha™ (standard error 2.0 Mg ha™).

This study was undertaken to provide organic farms an estimate of N
availability to potato crops in the absence of current season N inputs. This
information could be used for fertilization planning. Our methods included both an in-
field measurement of soil N mineralization by measuring N uptake by potatoes and an
aerobic laboratory incubation using soil collected from the participating farms. A

review of the farms’ nutrient management and soil tests was also conducted.

Materials and Methods

Farms 1-12 participated in the laboratory soil incubation experiment. Farm 12
joined the study later and therefore had no soil samples taken in the spring. The soil
for the N mineralization incubation was sampled from the 2006 potato field that
received typical farm management in spring, summer, and post-harvest. Field plots
were used to monitor crop N uptake in absence of current season N inputs (zero-N
plots), which Farms 1, 2, 3, 4, 6, and 10 participated in. A winter cover crop was
planted on most of the farms and the incorporated residue may have contributed to N
mineralization during the growing season. The zero-N plots were not replicated
within the field. Petiole samples were taken from the zero-N plots and analyzed for
NO3-N during the sampling period (petiole-N). At harvest on most farms, the soil
profile was sampled for NO3-N to the 90 cm depth in 30 cm increments.

Nitrogen Mineralization Laboratory Incubation

The samples for the N mineralization incubation were collected three times
during the year, in spring, summer, and post-harvest. Spring soil samples were taken
before current season amendments were applied. Field preparation had not begun on

the farms except Farms 8 and 9 which had already added amendments and tilled the
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soil. Since most of the spring samples were taken before amendments were applied,
they represent past management activities, whereas the summer and post-harvest
samples were possibly influenced by current season applications.

The summer sample was taken at a time that was appropriate for a sidedress N
application from the potato hill. Hilling operations remove soil from between the
rows, piling it around the potato plants. This action potentially impacts the soil profile
sampled from the hills making the soil depth sampled the top 15 cm, not 30 cm.

In spring and summer, the soil was sampled with a stratified random method
that resulted in three composite samples of 10-15 cores each. Each composite sample
was incubated separately for a total of three samples per farm. The average sampled
area was approximately 2000 m?. Sampling was conducted with a 2.5 cm diameter
probe to a depth of 30 cm. From the spring samples, a whole field sample (mixture of
the 3 field composite samples) was submitted for nutrient analysis (Table 2.4).

After harvest, the samples were collected using a shovel with a blade
approximately 15 cm wide by 45 cm tall, to a depth of 30 cm. A large volume was
sampled, approximately 34 L for a concurrent greenhouse experiment. The shovel
was pushed into the soil and then drawn back creating a hole that exposed the 30 cm
profile. Slices of the profile were taken to the 30 cm depth. The sampling procedure
was executed in such a manner as to attempt to collect equal volumes from the 30 cm
profile. This procedure was repeated approximately 10 times randomly in the whole
field. Many times the shoots of the potato plants were mowed prior to the post-harvest
soil sampling and decomposition of the shoots might have influenced NOs-N levels
found in the soil. For the post-harvest collection, the entire field sample was mixed
and three subsamples were removed for the laboratory incubation procedure.

For the incubation procedure, field-moist soil was added to 1 L polyethylene
bags at a rate of 500 g on a dry weight basis. If gravimetric moisture content was
below 20% distilled water was added with a hand spray bottle and the soil was mixed.
The soil was not pulverized and screened unless clods or aggregates larger than 1 cm

were present to preserve some of the soil structure. Aggregates of this size could
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interfere with subsampling for nitrate extraction. The bags were placed in plastic
boxes with loose-fitting lids, then in an incubation closet in the dark at 22°C.

The bags were sealed to preserve moisture loss except for a drinking straw
inserted to facilitate gas exchange and maintain aerobic conditions. Moisture was
monitored by determining gravimetric moisture content at each extraction event. A 10
g subsample was removed from the bag, weighed, and dried at 105°C for 24 hours
upon which time it was weighed again. Any moisture loss from the previous
extraction event was corrected by adding distilled water by way of a spray bottle,
followed by a thorough mixing. See Appendix 1 for moisture levels during the
incubation process. Moisture level change during the incubation period averaged 3.5
g water 100 g dry soil™ (+ 0.4 g, 95% confidence interval).

Ten gram soil samples were removed from the incubation bags and extracted
with 50 mL 2 M KCl at intervals of 0, 21, 42, and 63 days. Samples were analyzed for
NO3-N in spring, summer, and post-harvest. Additionally, spring samples were
analyzed for NH4-N. The extracts were analyzed by automated colorimetric analysis
with the salicylate method for NH4-N determination and cadmium reduction for NOs-
N (Horneck et al., 1989).

Net N mineralization was determined by subtracting the starting nitrate-N
concentration of the soil from the concentration determined at the final sampling event
(Eq.2).

Net Nmin (NOs-N mg kg™*) = NOs-N at sampling event (mg kg™*) - [2]
NOs-N at Day 0 (mg kg™)

A rate of net N mineralization was calculated by dividing the final net N
mineralization value by the number of days of the incubation or thermal units elapsed
during the incubation (Eqg. 3).

Net Nmin rate NOs-N mg kg™ (d* or DD base 0°C) = [3]
(net NOs-N mg kg™) / (d or DD base 0°C)
Incubation DD were calculated by subtracting the incubation temperature from

0°C. Temperature levels during the incubation were typically measured at 22°C (+
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2°C) and a constant 22°C was used in calculations (Honeycutt, 1994) which equaled
1386 DD for the incubation period of 63 days.

Percent of soil N mineralized in relation to days of incubation or thermal units
was calculated by dividing NOs-N kg ha™ measured at the end of the incubation by the
total soil N kg ha™ determined during the spring soil analysis (Eq. 4).

% soil N mineralized = incubation kg N ha™ / field total soil N kg ha™ [4]

The incubation kg N ha™ was calculated by multiplying the final NO3s-N mg
kg™ by the weight of a hectare of soil estimated to be 1 500 000 kg ha™*. This weight
was determined by assuming that the potato hills had a bulk density of 1.0 Mg m™ and
multiplying by the sampling depth of 15 cm to represent the potato hill. The field soil
total N kg ha™ was calculated by multiplying the N concentration of the soil
determined in the spring soil sample analysis by weight of a hectare of soil 15 cm deep,
again using 1 500 000 kg ha™.

Crop N Uptake in Zero-N Plots

Farms 1, 2, 3, 4, 6, and 10 participated in the potato bioassay of N
mineralization. Planting dates, row spacing, and sampling dates is in Table 2.5.
Zero-N plots of at least four rows wide and 15 m long were marked and no current
season amendments, such as composts or chicken litter, were added. The spacing
between the rows was based on the current management practice of the farmer and
ranged from 0.9 m to 1.8 m. All calculations to determine N uptake were based on 0.9
m row spacing and 0.3 m between plants, equating a plant population of 36 360. This
calculation assumes that no additional growth response occurred as a result of wider
spacing. We observed bare areas of ground between rows when the spacing was wider
than 0.9 m. The inner two rows were sampled three or four times during the growing
season at three-week intervals beginning at early tuber set when the tubers were
approximately 1 to 3 cm diameter. At each sample event, three sections of three plants
in a row were harvested and separated into shoots and tubers. The plants were

weighed, dried at 55°C, ground in a stainless steel Wiley Mill through a 2mm screen,
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and analyzed for total C and N with a LECO Total CNS elemental analyzer (LECO
Corp., Las Vegas, NV; Nelson and Sommers, 1996). Nitrogen uptake was determined
by multiplying the dry biomass by its N concentration (Eg. 5).
uptake N kg ha™ = dry biomass kg ha™ x N% [5]

Petiole samples were taken at the time of bioassay plant sampling to help
monitor the relative N status of the plants (Figure 2.1). Twenty of the first fully
mature leaves were removed, one per plant, stripped of the blades and placed in a
paper bag. The petioles were dried at 50°C and submitted for analysis to a
commercial plant tissue testing laboratory for nitrate-N by a nitrate combination

electrode (Hanna Instruments, Ann Arbon, Ml).

Farm Descriptions

The farms in this study were 5 to 100 acres, certified organic farms in Oregon
and western Washington that grow a diversity of vegetable crops. Many of them
market their produce through regional farmers’ markets, wholesalers, farm stands,
restaurants, local natural food stores, and subscription programs such as community-
supported agriculture. A majority of the group has been farming in their respective
locations for 10 to 25 years on purchased or leased land. The size of potato fields in
2006 ranged from 0.2 to 1 ha for Farms 1 through 8, 10 and 11, and 2 through 5 ha for
Farms 9 and 12. The farms grew between 5 and 15 potato cultivars.

The amendment application values reported were provided by the farmers or
approximations derived from conversations with the growers (Table 2.6). Some of the
farms had detailed records, others did not. Approximations were made when
information was limited.

Farmers approached nutrient management differently (Table 2.6). Most of the
farms grew winter cover crops, applied compost in spring prior to planting, and used
chicken litter compost for N. Farms 2, 6, and 7 used concentrated organic fertilizers,

such as feather meal or blood meal, instead of chicken litter compost to supply N.
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Nutrient management at Farm 1 consisted of a cover crop and applied
composts that were made on-site at their Willamette Valley, Oregon location (Table
2.6). The composts were combinations of horse, rabbit, and cow manures with leaves
and yard waste compost and stacked broiler litter. The compost was made using a
windrow system utilizing a tractor-drawn mixer that added water to the compost
during the turning. Some of these composts, such as the composted rabbit manure, are
extremely stable with decomposition rates of around 10% in 70 days at 22°C (Gale et
al., 2006). Broiler litter from a nearby chicken operation was also allowed to heat
without water additions. Application rates were approximately 45 Mg ha™ on an “as-
IS” moisture basis for the stable compost. An estimate of the N application rate is 450
kg N ha™* for the compost and 100 kg N ha™* from broiler litter. Data was collected on
Farm 1’s soils and composts (Appendix 2).

The potato field in 2006 was newly leased land that had previously been grass
hay for 20+ years receiving limited fertilization. In fall of 2005, it was tilled and a
cover crop of sorghum sudangrass (Sorghum bicolor L.) and field peas (Pisum sativum
L.) planted, but establishment was minimal and was probably not a large contributor
of organic matter once tilled in spring of 2006. The N control plot was planted with
‘Nicola’ potato on 29 April.

Farm 2, near Portland, OR, is located on a publicly-owned historic farm site
that also has community gardens. Its nutrient program utilized a winter cover crop and
concentrated organic fertilizers (Table 2.6). The potato field in 2006 had a 1.75m tall
stand of sorghum sudangrass (Sorghum bicolor L.) that was mowed and tilled in after
being winter-killed. Feather meal with a N concentration of 12% was banded in the
row at a rate of 4.5 kg for every 90 meters, supplying approximately 33 kg N ha™ at a
row spacing of 1.8 m. ‘Island Sunshine’ potato was planted in the zero-N plot on 12
May. For irrigation, a single drip line was utilized on top of the hills and the plants
displayed signs of water stress during farm visits suggesting uneven water distribution
in the hills. Irrigation also began relatively late in the season, approximately during

the beginning of tuber bulking.
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Farm 3, in the Willamette Valley, OR, utilized mixtures of winter cover crops,
that included legumes, and composted chicken litter for its nutrient program (Table
2.6). Greenhouse and processing wastes, such as vegetable culls and potting soil, were
also composted on-site for application. The 2006 potato field contained a cover crop
mixture of hairy vetch and oats, but due to excessive rainfall did not grow well.
Composted chicken manure with a N concentration of 3.1% (grower comm..) was
applied by a manure spreader prior to planting at a rate of 9.6 Mg ha™ on an “as-is”
moisture basis, assuming a moisture content of 30% this is approximately 210 kg N
ha™. “Yellow Finn’ potato was planted in the zero-N plot on 2 May.

Farm 4, near Portland, OR, employed the use of concentrated organic
fertilizers, such as blood meal, with winter cover crops (Table 2.6). In 2006, on the
potato field, a one-time application of blood meal with 12.5% N was broadcast at a
rate of 470 kg ha™ or 60 kg N ha™. In addition, kelp meal (1.2-0.2-2.5) was applied at
450 kg ha™ and sulfate of potash (0-0-50) at 340 kg ha™. Irrigation water tested on 5
Sept 2007 contained levels of 14 mg L™ NOs-N. A 2.5 cm application of irrigation
water supplies approximately 3.6 kg N ha™. This water was used throughout the
growing season for irrigation. The concentration found in September was of the same
magnitude as previous well-water samplings performed by other parties. “Yukon
Gold’ potatoes were planted in the zero-N plot on 12 April.

Farm 5, located in southwest Oregon, is one of the newest farms with the 2006
growing season was their second year in crop production. In 2006, nutrient
management at this site consisted of a rye/vetch winter cover crop and pelletized
chicken manure with 4% N applied by a drop spreader at a rate of 110 kg N ha™
(Table 2.6). Liquid fish fertilizer with a guaranteed fertilizer analysis of 4-3-3, and an
unknown dilution, was also added with an application rate of 18.9 L for every 60 m of
row.

Farm 6 is located near Bend, OR east of the Cascade mountain range.
Compost was made at the farm from horse barn clean-out, a mixture of manure and

straw, mixed with brewery wastes consisting of wet grain slurry. Spent hops were
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used as mulch and a soil amendment. In addition, concentrated organic fertilizers
were applied at an unknown rate. French Fingerlings were planted on 18 April in the
zero-N plot. A late freeze occurred and killed the tops of the potatoes after which they
revegetated.

Farm 7, located in southwest Oregon, has recently concentrated a majority of
their growing efforts to a few wholesale crops. The nutrient additions for 2006 was a
plowed-down stand of crimson clover and additions of broadcasted pelletized chicken
manure with 4% N at a rate of 1.3 Mg ha™ or 52 kg N ha™ and in-row banded
pelletized fish fertilizer with 8% N at a rate of 0.7 kg m™ or approximately 560 kg N
ha™ (Table 2.6). The total N addition by concentrated organic fertilizers was 610 kg N
ha™.

Farm 8 is also located in southwest Oregon where crops are grown mainly for
the wholesale market. The 2006 potato crop received composted chicken litter at a
rate of 40 m™ ha™ on an “as-is” moisture basis, assuming a dry bulk density of 0.7 Mg
m™ and 50% moisture content, this is approximately 14 Mg ha™ on a dry weight basis
and at 3% N equals 420 kg N ha™ (Table 2.6).

Farm 9 is in the Skagit Valley of Washington. It grows primarily root
vegetables for the wholesale market.

Farm 10 is located in the Willamette Valley of Oregon close to Farms 1 and 3.
The 2006 potato field was on rented land close to the Willamette River. Nutrient
additions were chicken litter with 3% N at a rate of 4.5 to 6.7 Mg ha™* which equals
135 to 200 kg N ha™, and yard waste compost with 1.8% N at a rate of 18 to 20 Mg
ha™ which is approximately 325 to 360 kg N ha™ (Table 2.6). This is a total of 460 to
560 kg N ha™* although 70% of this N, represented by the yard waste compost, is only
6 - 16% available in the first year after application (Gale et al., 2006). ‘Carola’ potato
was grown in the zero N plot and was planted on 10 May.

Farm 11, growing crops for 15+ seasons, is in the southern Willamette Valley
of Oregon. Nutrient management was based on 5-year rotations that include some

years in pasture for grazing cattle. Compost was also made on-farm using biodynamic
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methods and broadcasted at a rate of 22 Mg ha™. Compost samples analyzed by the
Central Analytical Laboratory at Oregon State University had 7.2% C and 0.7% N. At
the reported application rate this is approximately 130 kg N ha™ (Table 2.6).

Farm 12 is in the northeast Olympic Peninsula of Washington. They used
legume and cereal cover crops, farm based manure composts, and reduced tillage.
Compost was applied at the “as-is” rate of 22 Mg ha™ supplying 220 to 440 kg N ha™

for an estimated N concentration of 1 - 2% (Table 2.6).

Results and Discussion

To assist organic farms with their nutrient management programs, this study
provided an estimate of the timing and amount of N available to potato crops in the
absence of current season N inputs. A laboratory N mineralization test was performed
for spring, summer, and post-harvest farm-collected soils. In addition, a zero-N plot
was established utilizing potatoes for N uptake. Petiole-N values were also used to
inform the relative N status of the crop.

The field N uptake experiment had the strength of representing the same
environment that the farmer experiences. The zero-N plots were subject to the
farmers’ decisions on cultural practices including cultivation and irrigation, and they
reflect the farm management history. Using a crop as a N sink is considered one of
the simplest methods to gather information on the amount of N released by the soil
(Jarvis et al., 1996). However, unaccounted for N additions and losses were possible.
Some possible losses include leaching and denitrification, and also nonharvested plant
parts such as senesced leaves (Jarvis et al., 1996). Unaccounted N additions also can
occur through pathways such as irrigation water, for example Farm 4. The laboratory
incubation experiment has the advantage of potentially eliminating unaccounted N
losses and additions from the environment. Since it is performed under controlled
conditions, it might not reflect the farming environment and due to the handling and

processing of the samples, e.g. mixing, sieving, wetting, drying, mineralization rates
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could be affected (Jarvis et al., 1996). In spite of these limitations and differences
between the methods, both pointed to medium to high N supply on these farms.

The differences between farms, in terms of their approaches to soil
management and history, warrant individual interpretation of the results. Farms that
participated in both the laboratory incubation and the field bioassay will be addressed
before an overall summary is given.

Farm 1 has been in operation for 20 years. In 2006, the location of the soil
samples, zero-N plot, and potato field was on newly leased land that had a history of
low inputs. This was reflected in the Bray P1 soil test value of 8 mg kg™*. The organic
matter level of 50 g kg™ is reasonable given that perennial grasses were grown in this
field for many years. The net N mineralization observed in the spring laboratory
incubation, 62 NOs-N mg kg™ (SE = 1.4) in 63 days, was expected for a field that was
previously in perennial grass and recently tilled (Table 2.7). However, this high rate
of N release is likely not sustainable once the easily degradable organic matter from
the incorporated grass has further decomposed. This could be the reason for the
decrease in the amount of net N mineralization observed in the summer soil sample,
45 NO3-N mg kg™ (SE = 4.5) (Table 2.8), as it appeared lower than the spring value.

The “Nicola’ potato had N content at harvest of 116 kg N ha™ (SE = 7.0).
Assuming a linear N uptake this amounted to 1.2 kg ha™ day™ (Table 2.9). Of the
farms in the study this was one of the lowest uptake values, but when compared to
values from other potato studies with zero-N plots, it is high (Table 2.2). The petiole
values suggest that the plants could have been N-limited (Figure 2.1). Recommended
petiole-N levels for ‘Russet Burbank’ in the Colombia Basin in a similar growth stage
are 15 to 26 g kg™ (Lang et al., 1999) whereas the ‘Nicola’ tested around 8 g kg™,

The low result of the Bray P1 test, 8 mg kg™, suggests that animal manure
composts can be applied for some time without building excess levels of P in the soil;
a common result when using animal manures for N. The Bray P1 level should be
monitored and the nutrient management program evaluated for the amount of P added

in the composts. Compost analysis in 2006 revealed that the N to P ratio averages 2 to
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1 (Appendix 2). With this ratio, total P applications are approximately 200 to 250 kg
P ha! at the current rate of amendment application. When the Bray P1 level has
reached adequate levels in the soil, 20-40 ppm, switching to a concentrated form of
organic N fertilizer could help to prevent an excess of P in the soil.

Farm 2 has a unique situation in its location on a publicly owned historic dairy
farm that has been converted to vegetable production, although soil test K indicates
that the dairy has probably not been operational for many years. The net N
mineralization in the laboratory incubation appeared high with 43 NOs-N mg kg™ (SE
=5.6) in 63 days for the spring sample. Nitrogen uptake in the field by ‘Island
Sunshine’ potato was also high compared with other studies (Table 2.2) but ranked
with the median in our study with 127 kg N ha™ (SE = 23.0) at harvest (Table 2.9).
The amount of N in the shoots of the potatoes appeared to be increasing throughout
the sampling period indicating that after 107 DAP maturity was probably yet not
reached and N-uptake values could have been higher. Petiole-N values were fairly
high early in the season indicating ample N availability (Figure 2.1).

Currently, levels of N inputs on this farm are low, 33 kg N ha™*. This field
could be in a situation where continued cropping with low N additions could lead to a
decline in yields. The concentrated organic N fertilizer currently in use should be
supplemented with compost for adding organic matter.

Farm 3 has been in organic production for 10-15 years. The soil test values
reflect the continuous use of animal manure composts with high levels of P and K
(Table 2.4). The levels are high enough that monitoring is recommended and
composts should be applied following best management practices for P fertilization to
avoid continued build-up of P.

The results of the mineralization studies in the laboratory and crop N uptake
suggest that low levels of inputs could sustain current production and that the
contribution by the soil to plant-available N is high. The laboratory incubation

resulted in a net increase of 45 NOs-N mg kg™ (SE = 4.0) for the 63 day incubation.
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The amount of N mineralized was near the estimated median value for all of the farms
at 41 NOs-N mg kg™ (SE = 5.0).

The “Yellow Finn’ potato bioassay resulted in a total uptake of 220 kg N ha™
(SE = 22.1) at harvest, one of the highest in our study group. The petiole-N reflects a
high level of N supply by the soil with close to 20 g kg™ at tuber initiation. Since the
shoots had appeared to stop accumulating N at the final sampling 106 DAP, the plants
were nearing maturity. However, approximately 114 kg N ha™ (SE = 16.3) remained
in the shoots at the time of harvest. Shoots were mowed off one to two weeks prior to
harvesting the tubers for market. This represents a significant NO3-N source at the
end of the season and it is recommended that steps to minimize losses to the
environment should be taken, such as the planting of a trap crop in early fall.

A yearly application of stable compost with the discreet use of concentrated
organic fertilizers during periods of maximum plant uptake should maintain the
current productivity of this soil as the intensity of organic inputs have been high over
the long term.

Levels of organic inputs as reported by Farm 4 are low (Table 2.6). At the
level of current production the soil is possibly being depleted of organic N. The
elevated levels of NOs-N that have been found in the irrigation water could be
supplying the N required for crops growth. The long history of agricultural production
in the region is reflected in the excessive levels of the Bray P1 test at 117 mg kg™.
However, the level of K in the soil, 127 mg kg™, suggests that a plant response might
occur with the addition of K-containing materials. Increasing the inputs on this farm
could deter any loss of yield in the future.

Farm 6 displayed the highest level of net mineralization in the laboratory for
spring-collected soil, 79 NOs-N mg kg™ (SE = 19.6) in 63 days. The level of total N
uptake at harvest was 237 kg N ha™ (SE = 60.4), the highest observed in the study,
along with highest levels of petiole-N at 32 g kg™ at 85 DAP. This suggests that the
past farming activities have provided readily mineralizable organic matter. A

continuation of current compost application with a reduction in the use of readily
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available N sources should result in sustained production while minimizing the risks
of nutrient losses to the environment.

Farm 10 has adequate levels of P, Bray P1 69 ppm, and K, 339 mg kg™. The
percent of total N mineralized, 2.6 %, matched the median for the farms (Table 2.10);
suggesting an ample level of microbial activity and readily mineralizable organic
sources. However, relative to the other farms, the N mineralization was below the
median at 34 NO3-N mg kg™ (SE = 2.1) in 63 days for the spring collected soil. The
N uptake was also the lowest in the study with 83 kg N ha™* (SE = 13.1) at harvest. A
continuation of current nutrient management practices should result in increased

organic matter levels and sustained production.

Laboratory N Mineralization Incubation

The laboratory incubation was conducted for 63 days at 22°C with NO3-N
determination conducted at 3-week intervals. We were trying to determine if the level
of N mineralization was high or low compared to other studies and recommendations.
A radical departure from linear NO3-N release was not observed during the incubation
(Figure 2.2). The need to separate the data into two or more pools of soil organic
matter was not warranted since this study is a survey type, looking at values across
farms, and not looking for a high degree of precision within each farm.

Net N mineralization values for the 12 Farms was approximately 25 to 79
NOs-N mg kg™ with a median of 41 NOs-N mg kg™ (SE = 5.0) for the spring collected
soil during the 63-day incubation at 22°C (Table 2.7). The summer-collected samples
were estimated at 20 to 144 NOs-N mg kg™ with a median of 43 NOs-N mg kg™ (SE =
2.9) for the same incubation period (Table 2.8), and the post-harvest-collected samples
were approximately 13 to 96 NOs-N mg kg™ with a median of 24 NOs-N mg kg™ (SE
=1.9) (Table 2.11). These values are similar to soils collected in 2005 from the study
farms and other organic farms in the region (Appendices 3 and 4).

The spring samples are likely more representative of potential soil N

mineralization because generally they do not have current season amendments that can



26

influence net N mineralization. However, winter cover crops could have affected N
mineralization. Soil testing early in the season has the potential to influence current
season management decisions.

The level of NO3z-N accumulating in the soil during the N mineralization
incubations appeared steady. The median N mineralization rates for all spring samples
were approximately 0.8 (SE = 0.06), 0.8 (SE = 0.06), and 0.7 (SE = 0.05) NO3-N mg
kg™ day™ for 0 to 21, 21 to 42, and 42 to 63 days after incubation respectively (Table
2.12). The summer samples median N mineralization rates were approximately 0.8
(SE = 0.08), 0.6 (SE = 0.05), and 0.6 (SE = 0.05) NO3-N mg kg™ day™ for 21, 42, and
63 days after incubation respectively (Table 2.12). A few of the farms did not have
such consistent rates between sampling events. Farm 6 received fall-applied manure
which might account for the rapid period of N mineralization in the first 21 days of the
spring incubation, a rate of 2.4 NOs-N (SE = 0.76) mg kg™ day™. Farms 8 and 9 had
applied amendments to the fields prior to the spring soil collection. Farm 8 displayed
a decreasing rate of mineralization during the spring incubation, starting at 1.3 (SE =
0.06) NO3-N mg kg™ day™ for 0 to 21 days, and ending at 0.8 (SE = 0.08) NOs-N mg
kg™ day™ for 42 to 63 days. Farm 9 started with relatively high NOs-N levels in the
soil for the spring soil incubation at 23 (SE = 1.0) NOs-N mg kg™, but had lower than
the median rates of net N mineralization. Farm 7 had very high rates of N
mineralization for the summer collected sample at 3.3 (SE = 0.53), 2.6 (SE = 0.44),
and 2.3 (SE = 0.40) NOs-N mg ka™* day™ for 0 to 21, 21 to 42, and 42 to 63 days
respectively. Farm 7 also reported the highest application rates of concentrated
organic fertilizers (Table 2.6).

The farms can be placed in four categories according to their N incubation
mineralization rate: low, medium, high, or very high (Table 2.13). In comparison to a
review of other N mineralization studies (Table 2.1), most of the farms in our group
fall into the medium to high range of N mineralization rates. The high N
mineralization rates observed is consistent with what is known about the nutrient

management programs of the farms where large amounts of animal manure compost
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were added that have probably increased the size of the readily mineralizable pool of
soil organic matter. Past additions of animal manures have been shown to increase the
mineralization of N during soil incubations (Kusonwiriyawong, 2005; Sullivan et al.,
1999b). Most farms had similar rankings of N mineralization rate between the spring
and summer collected sample. An exception was Farm 7, with a ranking of low for
the spring sample and high for the summer sample. The increase in the N
mineralization rate for summer could be a result of the high rates of concentrated
organic fertilizers applied to the soil.

The percent of total soil N mineralized during the 63-day incubation for the
spring soil samples ranged from 1.2 to 4.7% with a median of 2.6% (Table 2.10). This
is similar to a western Washington microplot incubation study with dairy farms where
soils that had received a history of manure, an average of 2.9 % and 4.0 % for each of
the two study years was observed (Sullivan et al., 1999b). It appears that assuming an
annual mineralization rate of 2% of soil organic matter per year is too low for these
farms where large amounts of organic materials are added. The 63-day incubation
represents 1386 DD and a growing season for potatoes and other crops is typically

longer.

Crop N Uptake

The amount of total N in the shoots and tubers of the potatoes grown in the
zero-N plots at harvest was approximately 83 for farm 10, 116 for farm 1, 127 for
farm 2, 184 for farm 4, 220 for farm 3, and 237 for farm 6 kg N ha™ (Figure 2.3). On
Farm 10 plants harvest did not occur until a week or two after the final sampling date
and uptake might have continued resulting in a higher uptake value. The petiole-N
values observed (Figure 2.1) suggests that the plants were N deficient (Lang et al.,
1999; Wescott et al., 1991) on all farms except Farm 6 and it is likely that the amount
of potato N uptake is an accurate reflection of the amount of soil N made available by
mineralization. Soil NOs-N levels were also low during the growing season except for
Farm 6 (Table 2.9).
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The amount of N uptake on Farms 3, 4, and 6 was comparable to other N
uptake research studies in systems where manure is used (Table 2.14). Marx (1995)
showed that N uptake values on dairy farms in the Pacific Northwest where manure,
but no additional mineral N was applied to the current season of silage corn, N uptake
values were generally in the range 175 to 210 kg N ha™. Other fertilizer trials in the
Pacific Northwest report soil N contribution ranging from 50 to 125 kg N ha™.

All of the study farms had high levels of N uptake compared to other potato
research studies reviewed that reported results for zero-N plots (Lorenz, 1944 and
1947; Riley, 2000; Trehan, 2006; Zebarth, 2005a) (Table 2.2). Assuming that the
potatoes were efficient scavengers of N, this is indicative of high soil N mineralization
rates or that N was entering the system from an unknown source. Petiole analysis
during tuber growth also showed that the N status of the plants on Farms 3, 4, and 6
was higher than on Farms 1, 2, and 10 (Figure 2.1).

Farms that had high levels of laboratory mineralization (Table 2.13) also had
high rates of N uptake in the field (Table 2.15). In the absence of current season
fertilization, soil N mineralization supplied large amounts of plant-available N to these
plants. However, the amount or rate of N mineralization in the laboratory incubations
was not a good predictor of the amount of N uptake by the potato except in a general
sense. This is probably due to the variability associated with field studies; particularly
when conducted on-farm with non-replicated plots.

The soil NOs-N levels reported for day 0 of the incubations are indicative of
PAN levels present in the soil near the time of collection. These values provide a
measure of PAN during the growing season (Figure 2.2). Rodrigues (2004) found that
when comparing N indicators for the need of supplemental sidedress-N, soil NO3-N
was the most accurate. In general, the NO3-N was low in the spring samples and
higher at the summer and post-harvest sampling. For crops like corn (Zea mays), pre-
sidedress soil nitrate test NO3-N levels above 25 mg kg™ do not typically respond to
additional fertilization in western Oregon and western Washington (Marx et al., 1997).
Farms 5, 6, 7, and 8 had summer values of 22, 41, 53, and 42 NOs-N mg kg™



29

respectively, which indicate adequate to excess NOs-N in the soil mid-season. The
post-harvest soil sample incubation day 0 NOs-N levels are relatively high, with only
two Farms, 9 and 10, below 20 mg kg™. The post-harvest samples were stored for
approximately 100 days at 4°C before the soil was extracted and this likely resulted in
increased levels of NOs-N in the samples at the time of extraction. Regardless, the
NOs-N levels were probably high at sampling, and high enough to cause some concern
for the fate of this nutrient over winter. The 90 cm soil samples were collected in mid-
August near the time of harvest and generally before the shoots of the potatoes were
cut. The soil for the post-harvest mineralization incubation was collected at the end of
August after the shoots were down. The relatively large difference of NO3z-N in the
surface soil between these two sample events is likely due to the mineralization of
potato shoot residue and continued N mineralization from soil organic matter that
could accumulate without the presence of plant roots acting as a sink for uptake.
Farms with the highest post-harvest NOs-N levels, particularly 2, 7 and 8, are known
to have used concentrated organic fertilizers or quickly degradable amendments like
chicken litter that were applied at high rates.

The post-harvest soil NO3-N levels to a depth of 90 cm are summarized in
Table 2.16. Generally, the levels are low in the surface with the exceptions of Farm 3
and 7. Farm 7 had high application rates of easily mineralizable N sources. A high
level of NOs-N in the top 30 cm seemed to indicate high levels in the 0 to 90 cm
profile. One high sample was found at the 30-60 cm depth on Farm 10 where

irrigation could have leached the NO3-N downward.

Conclusions

The N uptake by a crop in an unfertilized plot and the PAN measured in the
laboratory were of the same approximate magnitude. This provides additional
justification for using the laboratory incubation method to estimate the supply of N in
the soil. Due to the linear appearance of the N release during the laboratory

incubation, a shorter period of time, less than 63 days, might be warranted. To
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provide an estimate that is not influenced by current season activities, soil samples
taken in the spring before field work has begun is recommended.

In the laboratory, we observed a typical N mineralization rate of 0.7 (SE = 0.06)
NOs-N mg kg™ d* (Table 2.12). This is approximately 120 to 160 kg N ha™ in the
field for a growing season of 2000 degree days (base 0°C). This calculation assumes a
soil sample depth of 15 cm from potato hills since hilling operations build up soil from
the top 15 cm to create a 30 cm depth. It also assumes bulk densities of 1.0t0 1.3 g
cm™ and a soil N concentration of 0.2%. As a percent of total N mineralized, the
median value observed for the spring collected samples was 2.6% in 63 days of
incubation (Table 2.10) or approximately 3.7% in 2000 degree days assuming a
continued linear increase of NO3s-N. Using 2% of organic N mineralized per year as a
guideline appears to be too low for these farms. An estimated 3 to 4% of total soil N
mineralized per year could be used for planning purposes.

Our results are similar to studies that incubated soils with a history of manure
application (Table 2.1). Sullivan et al. (1999b) found that for farms with a history of
manure application their estimated rate of N mineralization was in the range of 0.015
t0 0.035 NOs-N mg kg™ DD (median 0.028 NOs-N mg kg™ DD™). Our results
ranged from an estimated 0.018 to 0.057 NOs-N mg kg™ DD (median 0.031 NO3-N
mg kg™ DD™) for spring-collected soil in the laboratory incubation.

The observed crop N uptake at harvest in the on-farm zero-N plots was an
observed 83 to 237 kg N ha™ (median 155 kg N ha™; SE = 25 kg N ha™). Nitrogen
uptake from zero-N plots was approximately 70% of N uptake for potatoes under
typical grower management (data in Chapter 3). If tuber yields of 50 Mg ha™ require a
crop N uptake of approximately 200 kg ha™* (Chapter 3), and the soil supplies >100 kg
N ha™, a fertilizer application of less than 100 kg of plant-available N from organic
sources is recommended.

Most of the Farms had low amounts of NO3-N in the soil profile at harvest
(Table 2.16). Those with the highest reported values also have high rates of applying

N in readily available forms (Table 2.6). These farms should be cautious about the
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possibility of N losses from their systems as the soil samples collected for the post-
harvest N mineralization incubation, taken a few weeks after the harvest samples,

revealed the highest levels of NO3-N.
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Figure 2.1. Petiole nitrate concentration of potato plants during N uptake in zero-N
plots. Sampling began at tuber initiation. Farm 6 had delayed tuber initiation due to a
freeze that caused die-back of the shoots early in the season.
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Figure 2.2. Nitrate-N accumulation as a result of incubation period in laboratory for 63
days at 22°C. Post-harvest samples were stored for 100 days at 4°C. Points are means
of 3 samples and error bars are the SE (continued).
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Figure 2.3. Total N uptake by potatoes grown in zero-N plots. Values shown reflect a

between-row spacing of 0.9 m, in-row spacing of 0.3 m, and plant population of 36
360 ha™. Points are the mean of three samples and error bars are the SE.
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three samples and error bars are the SE (continued).
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Table 2.2. Published N uptake data for potato grown in zero applied N plots.

Source Soil Potato cultivar Year Total N uptake®
kg ha™

Zebarth, et al. 2005 loam Russett Burbank 2000-2002 75
Riley, H., 2000 sand Rutt 1993-1995 46

Trehan, S.P., 2006 loam unknown 2003-2004 122°
2003-2004 51°

Lorenz, O.A., 1944 sandy loam White Rose 1942, 1945 69
Dyson and Watson, 1971  clay loam King Edward 1963, 1964 70
Millard and Marshall, 1986 Maris Piper 1983, 1984 70
Vos, 1997 Prominent and Vebeca 1988-1993 70
Median 70
Standard error 4.2

8Uptake was averaged across years within each study
®average of 11 varieties with a green manure crop, Seshania spp.
‘average of 11 varieties without green manure
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Table 2.6. N application rates of organic amendments reported by growers in 2006.

Cover crop preceeding  contribution  Organic amendment  applied from
Farm 2006 potato rating® source amendment
kg N ha
1 sudangrass and pea + compost 450
mixture
chicken litter 100
2 sudangrass + feather meal 33
3 hairy vetch and oats + chicken litter 210
4 - blood meal 60
5 rye and vetch mixture + pelletized chicken 110
manure
6 rye and vetch mixture + brewery wastes
7 crimson clover ++ pelletized chicken 52
manure
pelletized fish meal 560
8 barley - chicken litter 420
9 - unreported
10 - chicken litter 135 - 200
yard waste compost 325 - 360
11 vetch, oats, and annual - compost 130
rye mixture
12 grass and legume - compost 220 - 440
mixture

%cover crop N contribution estimated by author's observation when applicable, - =
unknown, + = 0-40 kg N ha-1, ++ = >40 kg N ha-1
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Table 2.9. Nitrogen uptake and yield by potatoes in zero-N plots 2006 (means and SE).

Total N
Farm DAP Total N uptake uptake rate® Yield
shoot tuber total kg ha'd™ Mg ha-1
kg ha-1

1 54 58 (7.0)  7(L6) 64 (85) 1.2 4 (1.0)
1 74 52(82) 40 (83) 92 (15.8) 1.2 22 (3.5)
1 95 40 (44) 76 (47) 116 (7.0) 1.2 39 (4.1)
2 65  53(19) 5(0.7) 57 (2.3) 0.9 2 (0.3)
2 86  54(88) 18(55 72(121) 08 7 (2.0)
2 107 75(145) 51 (86) 127(230) 1.2 19 (1.5)
3 64  54(1.6)  5(L0) 59 (1.0) 0.9 2 (0.4)
3 85 121 (1.3) 29 (0.9) 150 (L6) 1.8 14 (0.7)
3 106 114 (16.3) 106 (6.9) 220 (22.1) 2.1 48 (6.9)
4 41 13(10)  0(00) 13 (L0) 0.3 0
4 62 48 (L7) 12(19) 61 (3.4) 1.0 6 (1.1)
4 82  84(33) 81(23) 164 (5.0) 2.0 40 (2.2)
4 103 54 (22) 130 (14.6) 184 (13.1) 1.8 69 (7.5)
6 84 48 (122) 1(0.2) 49 (125) 06 1(0.4)
6 105 89 (3.1) 32(7.7) 121 (10.6) 1.2 11 (2.6)
6 126 124 (59.5) 113 (9.7) 237 (60.4) 1.9 34 (2.7)
10 43 32(26)  4(04) 36 (24) 0.8 3(0.2)
10 63  28(23) 25(26) 54 (4.6) 0.9 14 (2.1)
10 84  24(53) 59(80) 83(131) 10 31 (4.7)

®Total N uptake rate is the concentration of total N at harvest divided by the number of
days elapsed since planting. Rate is assumed to be linear for comparative purposes.
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Table 2.10. Percent N mineralized from 2006 spring soil samples in 63-day incubation
at 22°C.,

Net NO3-N
after 63 day Total soil Total N
Farm  incubation® NP mineralized"

mg kg-1 g kg-1 %
1 62.0 2.4 2.6
2 43.0 1.8 2.4
3 45.1 1.7 2.6
4 31.2 1.5 2.1
5 63.6 2.0 3.2
6 79.3 1.7 4.7
7 29.6 1.4 2.2
8 50.5 1.1 4.4
9 25.0 0.9 2.8
10 34.3 1.3 2.6
11 39.8 3.3 1.2
median 43.0 1.7 2.6

®Net NO3-N calculated by subtracting the starting nitrate level from the 63 d nitrate
level (Table 2.7 and Eq. 2).

®Concentration determined by combustion analysis of 2006 spring soil sample.
“Determined by dividing the estimated NOs-N kg ha™ from the incubation by the total
soil N kg ha* (Eq. 4).



54

(¢ 'b3)

uoreqnoul Burnp spun [eway 0 sAep 4o Jaquinu Ag papIAIP Sem p €9 Je UOIJezI|eJauiw 18U ‘Jeaul] g 0} PaWINSSe SeM ajey,
(¢ "b3) anfen p £9 wouy pajoelIgns sem anjen Buiers,
'900¢ J1aqwiaidas 0z pue 1snbny gz usamiaq pajos||od sajdwes,

LT00 70 1724 W'1) 9 (0°1) 99 (60) TS (50) o  Uelpaw
0200 0 8¢ ('1) 28 (1) oy Q1) € (z0) vz T
6000 20 eT (90) ¥€ (50) 1€ (00) 52 (50) T2 1T
020°0 0 8¢ (50) 8¥ (co)or (60 o€ (2'0) 6T 0T
¥10°0 €0 6T (€0) 1€ (o) 22 (50) 02 (00) 21 6
2200 G0 0 (#'T) 88 T2 (@D (9°2) 85 8
690°0 G'T 96 (Te)est  (T1)99r  (29)8eT  (97) 26 L
9900 A 16 wy) st @wsyt  (o)ztt (67T) v8 9
8200 90 6€ (1) 9L (670 TL (2'1) s (50) 8¢ S
¥T0°0 €0 02 #'1) 19 (7'v) 99 (6°0) L (8'0) T¥ v
¥T0°0 €0 6T (50) s (z0) €3 (¥°0) 2¥ (°0) 9¢ g
0700 20 T (€2) 68 (¢0) ¥8 (S7T) v (g¢) oL Z
GT00 €0 02 (L°€) 19 (€'T) 99 (6°0) oS (€0) Ly T
.01 Bw N-€ON

.aa b Aep . BYN-€ON buw €9 v T2 0

N-EON Bw B3 N-€ON B

,91el UoNezijessul N 18N uonezifelsulw skeq Luire

N 18N
(3

pue ueaw) O,z 1e sAep £9 10J uoneqnaul Alojeloge] ul sajdwes |10s 1s8AIey-150d 900z JO uonezijeisulw usboniN "TT°Z 9|qel



55

Table 2.12. Net mineralization rates at sampling intervals of 2006 spring and summer
soil samples during 63 day laboratory incubation at 22°C (mean and SE).

Farm

Sample event

21 days

42 days

63 days

spring

summer

spring

summer

spring

summer

NO3-N mg kg™ day™

[N

0.9 (0.09)
0.8 (0.13)
0.8 (0.05)
0.7 (0.13)
1.1 (0.04)
2.4 (0.76)
0.8 (0.03)
1.3 (0.06)
0.6 (0.03)
0.6 (0.05)

© 00 N oo o b~ w DN

N
= O

0.9 (0.11)
12

median 0.8 (0.06)

0.8
0.8
0.8
0.4
1.3
0.9
3.3
1.0
0.4
0.8
0.9
0.5
0.8

(0.14)
(0.04)
(0.12)
(0.04)
(0.05)
(0.25)
(0.53)
(0.85)
(0.06)
(0.09)
(0.07)
(0.06)

11
0.8
0.8
0.6
1.1
1.4
0.5
1.0
0.4
0.6
0.6

(0.06) 0.7 (0.10)

(0.11) 0.7 (0.05)

(0.09)
(0.07)
(0.10)
(0.44)
(0.02)
(0.05)
(0.04)
(0.04)
(0.05)

0.6
0.3
1.0
1.2
2.6
0.6
0.5
0.6
0.6
0.6

(0.08) 0.8 (0.06) 0.6

(0.11)
(0.03)
(0.02)
(0.25)
(0.44)
(0.54)
(0.03)
(0.01)
(0.02)
(0.05)

1.0 (0.02) 0.7

0.7
0.7
0.5
1.0
13
0.5
0.8
0.4
0.5
0.6

(0.09)
(0.06)
(0.06)
(0.06)
(0.31)
(0.03)
(0.08)
(0.02)
(0.03)
(0.05)

(0.05) 0.7 (0.06)

0.6
0.6
0.3
0.9
0.9
2.3
0.6
0.4
0.6
0.6
0.6
0.6

(0.07)
(0.01)
(0.10)
(0.03)
(0.06)
(0.22)
(0.40)
(0.40)
(0.02)
(0.02)
(0.03)
(0.01)
(0.05)

®Rates calculated by subtracting the nitrate level at the previous sample event from the
nitrate level at the subsequent sample and dividing by the number of days elapsed, in

each case 21 d. Rates were assumed to be linear.



Table 2.13. Ranking of nitrogen mineralization rates from spring 2006 soil samples
and from other studies as a basis for comparison.
Farm Sample time N mineralization rate ranking
low med high very high
<0.02 0.02-0.03 0.03-0.05 >0.05

NO4-N mg kg™ DD™

1 spring X
summer X
2 spring X
summer X
3 spring X
summer X
4 spring X
summer X
5 spring X
summer X
6 spring X
summer X
7 spring X
summer X
8 spring X
summer X
9 spring X
summer X
10 spring X
summer X
11 spring X
summer X
12 summer X
Count of observations within N mineralization rate ranking”
Kusonwiriyawong, 5 0 2 1
2005
Sullivan, 1999 5 5 3 0

®Rate calculated from spring 2006 soil samples assuming a linear rate of N
mineralization (Eq. 3).
®See Table 2.1 for details about incubation results.
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Table 2.15. Categories of crop N uptake from zero-N plots on Farms 1-6 and 10
compared to other fertilizer trials with zero-N plots.

Farm Crop N uptake rate ranking®
low med high  very high
<0.02  0.02-0.03 0.03-0.05 >0.05

NO,-N mg kg™ DD ™

1 X
2 X
3 X
4 X
6 X
10 X
Study® Number of results in each category
Sullivan et al., 2002 2 1
Cogger et al., 2001 6
Sullivan et al., 2000 1
Sullivan et al., 1997 1
Marx, 1995 10 6

®Rankings determined by J.P.G. McQueen and D.M. Sullivan

PRate calculated by dividing the crop N uptake at harvest by the number of days
elapsed since planting assuming a linear rate of uptake. Crop N uptake is a
combination of shoots plus tubers, excluding roots.

“Details on reported studies are in Table 2.14.
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Table 2.16. Pre-harvest nitrate-N levels in 2006 potato fields, 0-90 cm sample in 30

cm increments.

Farm Sample date

Sample depth (cm)

NN oo R~ PR WWDNDNPREPPRE

10
10

2-Aug
2-Aug
14-Aug
14-Aug
2-Aug
2-Aug
31-Jul
31-Jul
15-Aug
15-Aug
15-Aug
15-Aug
2-Aug
2-Aug

0-30 30-60 60-90 total
NO3-N mg kg™
2.0 1.2 13 45
2.5 1.6 15 5.6
7.0 5.6 9.1 21.8
5.0 45 4.0 13.5
14.0 9.7 8.4 32.1
4.2 2.5 4.0 10.7
4.3 2.2 2.6 9.1
3.7 1.8 1.8 7.3
9.4 3.0 3.3 15.8
8.0 6.5 9.0 23.6
28.2 13.1 11.1 52.4
15.5 5.6 10.7 31.8
2.2 2.0 1.9 6.0
6.3 37.6 8.9 52.8
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GROWTH, NITROGEN UPTAKE, AND YIELD OF POTATO ON
ORGANICALLY MANAGED FARMS

Abstract

Information about the growth of potato (Solanum tuberosum L.) on organic
farms is limited. Farmers in this study group needed data to help support fertilization
decisions for growing medium-sized tubers. The objectives of this study were to
determine dry matter uptake, nitrogen (N) uptake, and fresh tuber yields on
participating organic farms. Petiole nitrate-nitrogen levels were also monitored.
Single plots were established on three “Intensive Farms” where weekly biomass
samples were taken. A larger group, “All-Farms” had in-field yields measured at
harvest. Total nitrogen uptake was an estimated 145, 190, and 245 kg N ha™* (130,
170, and 220 Ib acre™) for Farms 1, 2, and 3. Despite different levels of N uptake,
fresh tuber yields on Intensive Farms were similar between farms with 53 Mg ha™ (24
ton acre™) on Farm 1, 45 Mg ha™* (20 ton acre™) on Farm 2, and 43 Mg ha™* (19 ton
acre™) on Farm 3. Higher N levels on Farm 3 did not increase yields and total N in
shoots at harvest was highest at 150 kg ha™* (134 Ib acre™) verses Farm 1 with 40 kg
ha™ (36 Ib acre™). Tuber bulking rates were 0.8, 0.7, and 1.0 Mg ha™* d™* (714, 625,
and 893 Ib acre™ d™) for Farms 1, 2, and 3. Delaying harvest could have resulted in
higher yields. For tuber yields of 50 Mg ha™ (23 ton acre™) farmers can expect a total
N uptake of approximately 200 kg N ha™* (180 Ib acre™) with 0.9 m (34 inch) between-
row spacing. Fresh tuber yields on All-Farms varied by cultivar and location with a
median of 19 Mg ha™ (8.5 ton acre™) that reflected in-field between-row spacing. At
harvest, medium tubers 85 to 227 g (3 to 8 0z) averaged 50% of fresh tuber yield. To
accomplish higher yields, row spacing near 1 m is recommended. Petiole N levels
were variable during the season with starting values lower than some

recommendations and decreased rapidly as time progressed.
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Introduction

During conversations with organic farmers (USDA, 2002) in Oregon and
Washington, they expressed interested in information concerning the growth of potato
(Solanum tuberosum L.). Common questions they shared dealt with the yield of their
crop, whether or not the crop was nitrogen (N) limited, and what kind of crop nutrient
monitoring they could perform. Although the area dedicated to potato on a typical
diversified small farm is usually minor compared to conventional potato growing
operations, any information learned could carry over into other aspects of their farms,
optimizing production systems.

Most fertilizer recommendations are based on mineral fertilizer studies
performed on conventional farms or experiment stations. This information may not be
directly applicable to the organic farmer since relying on organic amendments makes
the timing and amount of nutrients released by the amendments harder to predict
(Stark and Porter, 2005). In addition, organic amendments, such as composts or
concentrated organic fertilizers like feather meal, behave differently when applied to
the soil (Gale et al., 2006). The amount and rate of plant-available N (PAN) in
organic amendments is dependent upon microbial action to degrade the material and
release excess mineral N into the soil solution where it is available for plant uptake.
This is a biological process dependent upon environmental factors, such as moisture
and temperature; that control the rate and timing of N availability.

Current fertilizer recommendations might not be applicable on organic farms
due to the amount of organic matter applied. As a result of organic farming
techniques, soil organic carbon and nitrogen accumulate (Drinkwater et al., 1998;
Marriott and Wander, 2006). This leads to higher amounts of N released by the soil
(Mikha et al., 2006) decreasing the amount of N additions required to meet crop N
demand.

Nitrogen management on organic farms in western Oregon is usually a

combination of applying composted animal manures, and/or high N specialty
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amendments, growing N-fixing cover crops, and relying on N mineralization from soil
organic matter (author’s observations). A common concern is that N release from the
mineralization of organic materials does not match periods of maximum crop demand
of N and yields will be affected. For instance, the type and quality of the organic
material applied to a soil controls the rate of its decomposition and in turn, its PAN
(Gale et al., 2006). If N is added in the form of concentrated organic fertilizers, such
as the feather meal, the availability of N is closer to that of mineral fertilizers
providing nearly 100 % availability in the first growing season following application
(Gale et al., 2006). Compost, due to its stability from a decomposition process prior to
application, might have a PAN of only 0 to 10% of the total N applied in the first year
after application (Gale et al., 2006).

A review by Berry et al. (2002) indicated that the sources of N in organically
managed systems will restrict crop productivity during periods of maximum N uptake.
But potatoes that have a longer period of N uptake than other crops can make better
use of slow but sustained N release, and through management, the timing of N
availability from amendments and soil with the N demand of crops can be improved.
In addition, Van Delden et al. (2001) through simulations found that crop yields would
be higher and residual soil mineral N after harvest lower if organic growers planted
mid- to late-maturing potatoes instead of early types, except in cases of premature
harvest when tuber quality could be decreased.

Understanding the growth of the potato can explain how N requirements
fluctuate during plant development. ‘Russet Burbank’ potato has been described as
having four stages of growth (Kleinkopf et al., 1981; Lang et al., 1999; Ojala et al.,
1990). Stage 1 is vegetative growth and starts after planting when the seed piece
produces stolons that later form the tubers. The underground stolons elongate during
Stage 1 until the tips swell, signaling the start of Stage 2: tuberization or tuber
initiation. During this 10 to 14 day period, tubers grow to approximately 3 cm. During
Stage 3, tubers are in their maximum growth or bulking phase. It concludes with the

start of leaf senescence. In growth Stage 4 tubers mature, set tougher skin, and any
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increase in tuber weight is generally from the translocation of nutrients from the leaves.
It is common for farmers to aid in tuber maturation by killing the shoots through
mowing, chemical sprays, or forgoing irrigation, an efficient method in the dry
summers of the Pacific Northwest.

The pattern of N uptake and dry matter accumulation for potato from planting
until shoot senescence has been described by a sigmoid curve function (Alva et al.,
2002; Kleinkopf et al., 1981). During growth Stage 1, N uptake and dry matter
accumulation are both relatively slow. But by the end of Stage 2, Kleinkopf et al.
(1981) found that 60% of total seasonal N uptake had occurred while only 20% of the
dry matter was produced, thus N uptake precedes dry matter accumulation. They also
found that at end of Stage 3, the potato had accumulated 98% of its total N and 95% of
its total dry matter, but only 80% of the tuber dry weight had been obtained. The
remaining 20% of dry weight gain would occur during Stage 4 when reallocation from
the shoots to the tubers is responsible for the increase. Rates of maximum N uptake
reported are 2.8 t0 5.5 kg N ha™ day™ (Kleinkopf et al., 1981; Lang et al., 1999;
Roberts et al., 1991).

During conversations with organic farmers, it was realized that many of the
potatoes they grow do not reach maturation, but are harvested early for fresh market.
In this situation, growth Stage 4 might not be reached and the N uptake and dry matter
accumulation could be described as a linear function starting with the beginning of
tuber bulking. It is possible that translocation of N to the tubers from the shoots in
growth Stage 4 would not be complete, leaving a larger proportion of N in the shoots
then a mature plant would have. This could impact post-harvest soil management as
the fate of the N released from decomposing shoots is questionable, whereas at full
plant maturity, the N component in the plant residue is minimal (Alva et al., 2002).

The proportion of N in the shoots versus the tubers varies under excess,
adequate, or deficient N fertilization as determined by Lauer (1984). In that
experiment, an application of 610 kg N ha™, the excessive N treatment, recorded an

estimated maximum uptake of 574 kg N ha™ which occurred at 94 days after
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emergence with a total tuber yield of 60 Mg ha™. The adequate treatment with 210 kg
N ha™ yielded an estimated total N uptake of 210 kg N ha™* and a yield of 63 Mg ha™,
a slightly higher yield than the excessive N treatment. Interestingly, in the adequate
treatment the tubers contained 63% of the total N, where as in the excessive treatment
the tubers contained 40%. Also, the tubers in the excessive treatment took up 250 kg
N ha, 70 kg N ha™ more than the adequate treatment at 180 kg N ha™, even though
the yield was slightly lower in the excessive treatment, indicating that the potato will
consume and store excess N in the tubers. The deficient N rate of 150 kg N ha™
resulted in a tuber yield of 55 Mg ha™, and a tuber N uptake of 115 kg N ha™* that
contained 65% of the total N, similar to the adequate N rate. At this deficient rate
maximum yield was not obtained, but the use of N was efficient.

Maturity class of potatoes affects the dry matter accumulation and N uptake
rates. Early maturing types tend to have increased rates of both (Kleinkopf et al.,
1981), even thought the overall amounts are similar to later maturing types. This is
consistent with the fact that the life cycle of early types is shorter than later types.
Ojala et al. (1990) recommends that due to the greater N uptake rates of early types, N
availability needs to be greater than for later types during tuber bulking and nitrogen
management can be adapted for this.

When using organic amendments to supply plant nutrients, VVan Delden (2001)
found at final harvest higher N application rates increased tuber dry weight and tuber
N uptake independent of year and cultivar. The study, in the Netherlands, used three
levels of organic N. In 1998, the lowest level (N1) used 57 kg N ha™* from compost,
the middle level (N2) used the same compost rate with an additional 270 kg N ha™
from cattle slurry, and the high level (N3) used the same compost rate with an
additional 480 kg N ha™ from cattle slurry and 120 kg N ha™ from calcium ammonium
nitrate. The organic sources were fall applied and the mineral N in N3 was spring
applied. The total tuber N uptake in for N1, N2, and N3 in 1998 was, respectively,
50.3, 57.2, and 92.5 kg N ha™ for “Junior’ potato, an early season type, and 73.6, 78.9,
and 141.8 kg N ha™ for “Agria’, a mid- to late-season type.
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In another organic amendment potato trial, Rodrigues (2004) in Portugal, used
cultivar ‘Desiree’ and a total N application rate of 100 kg N ha™* from poultry manure,
cow manure, and municipal solid waste in separate treatments. Included in this trial
also were treatments of 0, 50, 100, 200, and 300 kg N ha™* from urea. In the first year,
1996, all treatments were significantly similar, including the zero-N control plot, with
tuber yields close to 50 Mg ha™. In the second year, the organic treatment yields were
near 30 Mg ha™, while the maximum was again close to 50 Mg ha™ for the 100-300 kg
N ha™ urea treatments. Similarly, in the third year, yields were lower in the organic
treatments close to 35 Mg ha™, not statistically different from the zero-N plot, where
the 100-300 kg N ha™ treatments were approximately 45 Mg ha™.

Published yields from conventional potato trials are summarized in Table 3.1.
In comparing the yields from N application rates, the largest increase in yield is
generally found in the first rate above the zero-N plot. As fertilizer N rates increase, a
diminishing return becomes apparent toward a maximum yield plateau. Overall, in the
trials reviewed the median yield and N application rate were 39 Mg ha™* and 140 kg N
ha™.

Recommendations for fertilizer N rates to obtain optimal potato yields vary.
The Extension Service publication Potato Nutrient Management for Central
Washington (Lang et al., 1999) gives fertilizer N recommendations based on yield
goals and residual soil test N which includes NO3-N and NH4-N. With a soil test N
value of 0, they recommendation applying 220, 280, 340, and 390 kg N ha™ to
achieve yields of 45, 60, 70, and 80 Mg ha™* respectively. For every 10 ppm increase
in soil test N the N application rate decreases by 20 % from the 0 ppm value.

The Malheur County Oregon Experiment Station found during cultivar trials
conducted in 1993 and 1994 that optimum fertilizer rates didn’t exceed 135 kg N ha™*
for *Shepody’ and ‘Russet Burbank’ potatoes grown under sprinkler irrigation with
wheat grown as the previous crop (Shock, 2005). They found that optimum yield

responses also occurred at rates of 0 to 120 kg N ha™* depending on the year.
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In a summary of mixed fertilizer potato trials from the past 40 years, the
Florida Cooperative Extension Service recommends a maximum N application of 200
kg ha™ for optimal potato yields and with only sporadic yield increases with up to 225
kg N ha* (Hochmuth and Cordasco, 2000). And from the Virginia Cooperative
Extension for white potato production, a recommendation of 140 to 170 kg N ha™ is
given for a yield goal of 22 Mg ha™ of fresh tubers (Phillips et al., 2004). For higher
yield goals they recommend that growers add approximately 7 kg N per Mg of yield
increase. Westermann (2005) reported in a review of the nutritional requirements of
potatoes that for a 56 Mg ha™ yield a total uptake 235 kg N ha™ is required.

If inadequately fertilized, the potato plant responds to N stress in several ways.
Van Delden (2001) found that potato under N limitations may reduce its light
interception with less leaf area but maximizes its light use efficiency by maintaining
the concentration of N in its leaves. Gardner and Jones (1975) found that lower rates
of N fertilizer produced plants with a larger proportion of tubers that were less than
114 g. Vos (1997) found that as the N supply for potatoes decreases total N uptake
also decreases, and in turn so does total dry matter yield.

Petiole sampling can provide a grower with an in-season method to ascertain
whether or not to supply addition N fertilizer to obtain desired yields, as top dressing
with N fertilizer has been shown to maintain petiole nitrate (petiole N) during tuber
bulking (Gardner and Jones, 1975). Petiole nitrate values generally start high at the
beginning of the season and decline with growth (Gardner and Jones, 1975; Lewis and
Love, 1994; Meyer and Marcum, 1998; Wescott et al., 1991), therefore it is
recommended to sample petioles more than once during the growing season (Gardner
and Jones, 1975). A monitoring program is suggested due the variability in values
from one site to the next and in order to measure the actual effects of soil N
availability during growth (Wescott et al., 1991).

Research has established guidelines for petiole N levels during the growing
season as petiole N values have been shown to be a reliable guide to more efficient use
of N fertilizer in potato production (Gardner and Jones, 1975). Wescott et al. (1991),
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in Montana, determined that a critical nutrient concentration for petiole N in ‘Russet
Burbank’ at tuber initiation is 25 g kg™, 14 g kg™ for tuber initiation plus 21 days, and
10 g kg™ for tuber initiation plus 42 days. Porter and Sisson (1991) working with
‘Russet Burbank’ in Maine concluded that critical petiole N at 57-62 DAP was 13 g
kg, 67-73 DAP was 9 g kg™, and for 79-83 DAP 8 g kg™. Meyer and Marcum (1998)
found that to reach near maximum yields for ‘Russet Burbank’ in Northern California
that petiole N in the 15 to 25 g kg™ range for 48 DAP was necessary, 5 to 15 g kg™ at
63 and 76 DAP, but less than 5 g kg™ at 90 and 104 DAP. Gardner and Jones (1975)
give deficient levels of petiole N for potatoes when stolons are forming at 16 g kg™,
when tubers are 1 to 3 cm 10 g kg™, and when tubers are 4 to 5 cm 8 g kg™.

In petiole sampling, the first fully mature leaf is selected, usually the fourth or
fifth leaf from the growing tip. The blades are stripped from the leaf and the
remaining petiole is either dried or refrigerated, then ground prior to analysis for NOs-
N. A collection of around 20 petioles, each from separate plants, is recommended for
an accurate representation of NOs-N status in the crop (Wescott et al., 1991).
Environmental conditions and sampling methods can influence the concentration of
NOs-N in petioles. Soil N mineralization, N fertilization rate, sampling date, and
cultivar can influence the petiole N level (Vitosh and Silva, 1996). Insufficient water
for plant growth can result in the accumulation of NOs-N in petioles (Meyer and
Marcum, 1998). Potatoes that have not received current season nitrogen fertilization
generally have lower petiole N values earlier in the season and that these values
decline rapidly after tuber set (Gardner and Jones, 1975; Porter and Sisson, 1991;
Wescott et al., 1991). A maximum petiole N can be reached at levels of 25 to 30 g kg
Lin response to high rates of applied N (Wescott et al., 1991).

It has been suggested that since the rate of petiole N change during the season
IS so rapid that establishing critical petiole N is difficult unless the precise age of the
plant is known and that since the NO3-N status of the soil fluctuates less it might be a
better indicator of the N status of the crop (Doll et al., 1971; Rodrigues, 2004).
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Other implications for petiole sampling include cultivar and timing. Research
by Lewis and Love (1994) in Idaho indicate that cultivar petiole N levels differ when
grown under the same conditions. One of the cultivars they grew, ‘Gemchip’, did not
show differences in petiole N to difference rates of N fertilizer. At sampling dates
later than 50 DAP, petiole N has been shown to be a sensitive indicator of the N status
of potatoes receiving different levels of N fertilization, while sampling prior to 50
DAP can identify extremely N deficient potatoes (Porter and Sisson, 1991).

Petiole nitrate has been shown to indicate the amount of N supplied by
previously applied organic amendments or incorporated cover crops (Porter and
Sisson, 1991). Thus, petiole N testing has potential value for the organic grower of
potato.

This study was performed in cooperation with organic farmers in Oregon and
western Washington to supply information about their potato growing system to help
with nutrient management decisions. The objectives were to provide the participating
farms with estimates of potato dry matter production, N uptake, and fresh tuber yield.
In addition, petiole sampling was performed to compare values to petiole N

recommendations.

Materials and Methods

The farms in this study were part of a participatory research project that was
farmer directed. The farmers had questions pertaining to N fertilization and how it
related to potato production on their farms (see Chapter 2) which this study aimed to
answer. The farms were placed into two groups, Intensive Farms, where dry matter, N
uptake, and yield were followed through weekly samplings of potato plants, and All-

Farms, where yield was measured with simpler methodology explained below.
Intensive Farms

A summary of sampling details for the Intensive Farms is found in Table 3.2.

Plots were established within the larger potato field where typical cultural and
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fertilization practices were not altered. The on-farm plots, not replicated, were
approximately 30 m long and a minimum of 4 rows wide. Sampling took place inside
the outer 2 rows of the plots. At each sampling event, 3 adjacent plants were removed
from 3 locations within the plot, totaling 9 plants. The plants were separated into
tubers and shoots which were weighed and then dried at 55°C, the roots were
discarded. Following drying, the plants were ground in a stainless steel Wiley Mill
through a 2mm screen and analyzed for total C and N with a LECO Total CNS
elemental analyzer (LECO Corp., Las Vegas, NV; (Nelson and Sommers, 1996).
Biomass, N uptake, and tuber yield were averaged at each sampling date and the
means of the three samples were used for calculations with the standard error of the
mean used for an estimate of variability. The results determined per plant were
multiplied by a constant plant per hectare basis for comparative purposes. The in-row
spacing was similar at most locations, 20 to 30 cm between plants, and although row
spacing varied from approximately 1 to 2 m, vines did not generally cover the inter-
row area wider than 1 m, therefore, a plant population of 36 360 was used to estimate
a between-row spacing of 0.9 m and an in-row spacing of 0.3 m. Equation 1 is an
example of converting the N uptake on a per plant basis to a per hectare basis.
kg N plant™ x 36 360 plants ha™ = kg N ha™ [1]

Due to the observational nature of this study, statistical analyses were not
performed. Samples were not taken from a random population and plots on farms
were not replicated; in addition, samples taken within a farm are not considered
independent of one another. Linear and non-linear regression was used only for a
general description of the data and not to test hypotheses. The fit of linear and non-
linear regression models, generated by least-squares fitting, were compared using R
values and the simplest model was chosen to represent the data when possible
(Sigmaplot, version 10, Systat Software, Inc). In several instances, quadratic
functions provided a similar R? value as sigmoid functions, but the sigmoid was
chosen since the quadratic function resulted in negative values for which there is no

biological basis. The regression was performed on the mean value for each of the
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three samples removed from plots on each sampling event. For shoot accumulation of
dry matter and N uptake, a data point was added to the data set at 0 DAP with a value
of 0 for dry matter and N uptake. This aided in forcing the regression through the
origin to represent the biological significance of dry matter and N accumulation
beginning shortly after planting. This procedure was also conducted for total dry
matter and N uptake but not for tubers since tubers are not developed until weeks after
planting.

Petioles were sampled for the Intensive Farms. The fourth or fifth leaf from
the growing tip was removed, the blades stripped off, then placed in a paper bag.
Twenty petioles at each sample date were collected. The petioles were dried at 50°C
and submitted for analysis to a commercial plant tissue testing laboratory for NO3s-N
by a nitrate combination electrode (Hanna Instruments, Ann Arbon, Ml). Nitrate-N
levels in the potato hills were also monitored during the season (Chapter 2).

All-Farms

The second group of farms in the study included the Intensive Farms plus 7
others (see Chapter 2 for farm descriptions). Only yield was measured in this group.
Yield was determined at harvest using an “as-is” approach. Three sections, 3 m long
each, of each cultivar was hand dug and weighed, from which the mean and the
standard error of the mean was determined (Table 3.6). The tubers were separated
into three groups, small, medium, and large based on masses of <85 g, 85-227 g, and
>227 g, respectively. Yield was calculated using the field row spacing, and an in-row
spacing of 0.3 m between plants, which was generally the case. Areas were avoided
that showed signs of plant distress.

Soil was sampled to a 30 cm depth using a soil probe with a diameter of 2.5 cm.
An agronomic soil test was performed from a whole-field composite sample made up
of 3 separate samples, each containing 15 to 20 cores (See Chapter 2 for soil analysis).
Soil nitrate-N to a depth of 0.9 m was also determined for some of the farms (data in
Chapter 2).
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Intensive Farm Descriptions

Farm 1 has been in operation for approximately 20 years in the Willamette
Valley of Oregon. In 2006, the potato field was newly leased land that had previously
been pasture for 20+ years receiving limited fertilization. In the fall of 2005, it was
tilled and a cover crop of sorghum sudangrass (Sorghum bicolor L.) and field peas
(Pisum sativum L.) planted, but establishment was minimal and was probably not a
large contributor of nutrients when incorporated. Compost, produced on-farm from a
mixture of manures and plant wastes, was applied in the spring prior to planting at a
rate of 45 Mg ha™ on a “as-is” moisture basis with an estimated of the total N
application rate of 450 kg N ha™ (see Chapter 2, Table 2.6). Other composts from this
Farm have been studied and shown to have a low decomposition rate indicating
stability when soil applied (Gale et al., 2006). Compost samples were analyzed in
2006 for nutrient content (Appendix 2) and ranged in total N from 9 to 30 g kg™
Chicken litter was also spring applied at an approximate N rate of 100 kg ha™. This
was ‘composted’ chicken manure that was minimally turned. ‘Nicola’ potato, a
medium-maturity type (Plant De Pomme De Terre, 2007), was planted on 29 April
2006 with 1 m between rows and 0.3 between plants in the row.

Sampling began at tuber initiation 54 days after planting (DAP) and continued
weekly until 116 DAP when the potatoes were harvested for market, for a total of 10
sampling events. Petiole sampling was conducted 6 times during the growing season
beginning at 55 DAP. Irrigation was supplied by overhead sprinklers and at no time
during the season did the plants appear to be water stressed.

Farm 2 was located south of Portland, OR. It was located on a city-owned
historic dairy farm where community gardens are also located. The 1 ha potato field
was planted in sorghum sudangrass (Sorghum bicolor L.) the previous fall. It grew to
a height of 1.5 m before being winter-killed. In spring it was mowed and then later
roto-tilled in preparation for planting. Soil testing results (See Chapter 2) revealed
high levels of Bray P1 and low to medium levels of cations (Marx et al., 1996). The

soil organic matter levels were 41 g kg™ reflecting the long history of pasture at the
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site. Spring added nutrients, in the form of 12 % N feather meal, was banded in the
row at a rate of 4.5 kg for every 90 m supplying approximately 33 kg N ha™ at the
between row spacing of 1.8 m.

“Yukon Gold’ potato, a medium-early maturity type (Potato Association of
America, 2007), was planted with 1.8 m between-row spacing and 0.3 m in-row
spacing on 12 May 2006. Two rows, 30 m long were sampled randomly during the
season for biomass. A single irrigation drip line was placed on top of the hill after
plant emergence. It was noticed that plants were suffering water stress at during the
season. Biomass sampling began 45 DAP and concluded 108 DAP, eight days before
final grower harvesting. Petiole samples were taken 7 times during the growing
season beginning 52 DAP.

Farm 3 is located in east-central Willamette Valley, OR near the foothills of
the Cascade mountain range. The 2006 potato crop was planted in a field that
received organic management for 15 years. The 0.5 ha potato field was planted in fall
2005 with a cover crop mixture of hairy vetch and oats. However, it was planted late
and the stand was poor. Soil test results revealed excess levels of Bray P1 at 111 mg
kg™ and high levels of K at 688 mg kg™*. Calcium and Mg levels were also in the high
range at 22 and 6 cmol(+) kg™ respectively. The high levels of plant nutrients found
probably indicate a history of compost application in excess of plant uptake. The
nutrient addition in spring 2006 was of ‘composted’ chicken manure at a rate of 9.6
Mg ha™ on an as-is moisture basis. At a nitrogen concentration of 3.1 % (grower
communication) and assumed moisture content of 30%, the application supplied
approximately 210 kg N ha™.

The “Yellow Finn’ potato, another medium maturity type (Cornell Cooperative
Extension, 2007), was planted on 2 May 2006. Plant spacing between the rows was
1.2 m with in-row spacing of 0.3 m. Due to a compromised stand, samples were taken
from all four rows beginning 57 DAP and concluding 106 DAP one day before shoot

kill. Petioles were sampled four times beginning 64 DAP.
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Results and Discussion

From weekly biomass sampling on Intensive Farms, potato dry matter,
N uptake, and fresh tuber yield was measured. Fresh tuber yields were also estimated
for the other farm group in the study, All-Farms, using an “as-is” approach to field
sampling. Petioles on Intensive Farms were also sampled and NO3-N concentration

measured.

Intensive Farm Dry Matter

Dry matter accumulation was best described by a sigmoid curve for shoots and
total (shoots and tubers combined, roots were excluded), while tubers followed a
linear pattern on Intensive Farms (Figure 3.1). Values for the y-intercept in Tables 3.3
and 3.4 are not significantly different than 0 indicated by the p-values over 0.05.
(Sigmaplot, version 10, Systat Software, Inc). Maximum total dry matter occurred on
the final sampling date for all farms with similar estimates of 15, 14 and 16 Mg ha™ on
Farms 1, 2, and 3. Tuber dry matter increased at similar rates at an estimated 0.20,
0.15, and 0.18 Mg ha ™* d* for Farms 1, 2, and 3 with a maximum estimated
production of 12, 9, and 8 Mg ha™. Tuber dry matter exceed shoot dry matter after
approximately 65 and 60 DAP for Farms 1 and 2, but this did not occur on Farm 3
until 85 DAP. At final sampling, tuber weight accounted for 83, 69, and 53% of total
accumulation for Farms 1, 2, and 3. Alva et al (2002) found for ‘Russet Burbank’ and
‘Hilite Russet’ that dry tuber weight was 76 to 87% of total dry weight at full maturity.
This suggests that perhaps the plants were not mature when harvested on Farms 2 and
3 and that dry matter partitioning from the shoots to the tubers might have continued
unless the plants were restricted by disease or insect pressure. Biedmond and VVos
(1992) found however, potatoes under increasing N rates will allocate more dry matter
to the shoots instead of the tubers, suggesting higher N availability on Farms 2 and 3
since all three cultivars grown were of a similar reported maturity class. Insufficient N
on Farm 1 could have increased biomass partitioning to the tubers (Belanger et al.,
2001).
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Intensive Farm N Uptake

The pattern of N uptake on Farms 1 and 2 were similar with linear trends for
total and tubers and a decreasing quadratic function for the shoots (Figure 3.2).
Nitrogen uptake on Farm 3 was best described with linear trends for shoots, tubers,
and total, with no observed decrease in the amount of shoot N. Others have described
N uptake patterns with sigmoid functions (Alva et al., 2002; Kleinkopf et al., 1981), or
cubic and quadratic (Lauer, 1984). These functions did not fit our data. Possible
reasons for this include not beginning the sampling early enough in the season and not
continuing the sampling until the plants were mature. Sampling until plant maturity
was not an option due to farmers’ decision to harvest and to keep with the
participatory nature of this project attempts were not made to prolong sampling.

The linear functions representative of tuber N uptake described maximum N
uptake and uptake rates during crop development. Estimated maximum amounts of N
uptake for tubers were 110, 100, and 90 kg N ha™* for Farms 1, 2, and 3. Tuber N
uptake rates for Farms 1, 2, and 3 were 1.8 (SE = 0.18), 1.6 (SE = 0.16), and 2.0 (SE =
0.34) kg N ha™ d™. These rate values are lower than some literature estimates of 2.6
kg N ha* d* (Lauer, 1985), 2.8 - 4.0 kg N ha™* d* (Kleinkopf et al., 1981), and 3 - 4.5
kg N ha* d* (Lang et al., 1999). Tuber uptake values reported in the literature are
generally created using non-linear functions that result in higher peak bulking rates
than using linear functions. Carpenter (1957), at the Maine Agricultural Experiment
Station, found lower rates at 0.5 kg N ha™ d™ by simply dividing maximum tuber N
found at harvest by the number of days since tuber initiation. In total N uptake,
differences were greater than for tuber N uptake with values of 1.4 (SE = 0.21) for
Farm 1, 1.8 (SE = 0.25) for Farm 2, and 3.0 (SE = 0.50) for Farm 3, resulting in an
estimated maximum N uptake of 145, 190, and 245 kg N ha™, respectively, with shoot
uptake being responsible for the differences.

When considering the results for dry matter accumulation, the total N uptake
suggests a difference in the amount of N available in the soil on each farm. Although

similar total dry matter was found on each farm, the amount of N uptake varied.
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Millard and Marshall (1986) reported that the potato crop can take up more N than is
needed to satisfy immediate requirements. Although this increased N uptake on Farm
3 didn’t result in increased biomass production, it did appear to alter the partitioning of
the biomass by producing more shoots with relatively similar amounts of tubers as the
other farms. The patterns of N uptake for the three farms are similar to a study by
Lauer (1984) where ‘Russet Burbank’ was grown with excess, adequate, and deficient
rates of N fertilization. Lauer observed in the excessive treatment a much higher
proportion of N in the vines (60%) than in the adequate treatment (37%) at 94 days
after emergence, and an even lower proportion in the deficient treatment (35%). Lauer
also observed a similar pattern of shoot N uptake with the adequate and deficient
treatment obtaining maximum N halfway through the season around 50 days after
emergence, where the excess treatment was around 84 days after emergence ten days
before the end of the season. Farms 1 and 2 had maximum shoot N at approximately
65 and 80 DAP; in contrast, Farm 3 reached a maximum shoot N on the final day of

sampling indicating excess N in the system.

Intensive Farm Fresh Tuber Yields

Fresh tuber yields followed tuber dry matter production, accumulating in a
linear fashion (Figure 3.3). Farms had similar estimated rates of yield increase with
0.8 (SE = 0.06), 0.7 (SE = 0.07) and 1.0 (SE = 0.09) Mg ha™ d™*. Farm 1 had the
longest growing season and also the highest yield of the three farms at an estimated 53
Mg ha* at 116 DAP, followed by Farm 2 with 45 Mg ha™ at 108 DAP and Farm 3
with 43 Mg ha™ at 106 DAP. It is likely that Farm 3 would have produced larger
yields as the shoot dry matter was increasing at the final sampling date and
translocation of dry matter to the tubers was not complete. The yield values are
similar to other potato research studies reported in Table 3.1 whose overall median
yield was 39 Mg ha™* with a median applied N fertilizer rate of 140 kg ha™.

The yield results reveal another consideration for the growers: timing of

harvest. Evidence points to the plants not being mature on Farm 3, particularly the
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linear uptake of N in the shoots and the partitioning of dry matter. Although size of
tubers, especially the tubers being too large, is a concern for these growers early
harvesting can mean a sacrifice in yields. Early harvesting can also result in more N
left in easily degradable vines from incomplete translocation of nutrients. This N is
available for uptake by a fall-planted cover crop which in turn can supply N to the

next crop following incorporation.

All-Farms Tuber Yields

The fresh tuber yield for the All-Farms group were variable by farm and
cultivar (Figure 3.4 and Table 3.6). As a group, the median was close to 20 Mg ha,
with over 60% of yields between 15 and 25 Mg ha™. Very few “cull’ potatoes were
sampled and the total yield represents all potatoes removed from the hills. These
yields are about 50% lower than the fresh weight tuber yield for the Intensive Farms 1-
3 (Figure 3.3). This is expected as the between-row spacing was often wider than the
0.9 m spacing used to calculate yields for the uptake study. Also, yields for Intensive
Farms were calculated on a per plant basis and represent an optimized yield with a full
stand. With the exception of a few farms (9, 10, 12) most of the yield was medium-
size tubers (85-227 g). Farm 10 was intentionally managing for small-sized (<85 g)
tubers, and Farm 12 saw an unexpected increase in the amount of large (>227 g)

tubers by ‘lona’.

Intensive Farm Petiole Nitrate

The petiole N followed a typical pattern during the sampling, starting at some
elevated point and declining as the season progressed (Porter and Sisson, 1991)
(Figure 3.5). Farm 1 exhibited the lowest starting petiole N at 6.1 NOs-N g kg™,
followed by Farm 2 with 8.9 NOs-N g kg™, while Farm 3 had the highest starting
petiole N at 18.6 NOs-N g kg™. Petiole nitrate levels were quite variable during the

season with some increases in value as time progressed. Sampling at closer intervals
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more often and starting earlier in the season might have facilitated a more detailed
interpretation of petiole N trends.

Since petiole N is a good index of the current N status of the crop (Wescott et
al., 1991), it appears that Farm 1 had lowest N availability followed by Farm 2. In
spite of petiole N being related to relative yield (Porter and Sisson, 1991), the yield on
Farms 1, 2, and 3 was similar. Elevated petiole N levels early in the season are
possible if the potato crop follows a recent incorporation of high N fresh residues
(Porter and Sisson, 1991; Wescott et al., 1991), and although Farm 1 and 3 had similar
estimated amounts of cover crop biomass (author’s observation), petiole N values
differed between these farms by over 10 NOs-N g kg™ at the first sampling. It has
been found that petiole N is related to the rate of N application (Doll et al., 1971,
Lewis and Love, 1994; Porter and Sisson, 1991), therefore the differences we see
between farms was likely the result of nutrient management in the current season
combined with soil supplied N.

Westcott et al. (1991) determined in a study in Montana with ‘Russet Burbank’
potato that a petiole N value of 13 g kg™ should be maintained throughout tuber
growth. On all three Farms this was not the case, indicating that perhaps the N
requirements of the potato were not met during the growing season, or N uptake

occurred as NH, from soil N mineralization.

Conclusions

The objectives in this study were to provide the participating farms with
estimates of potato dry matter production, N uptake, and fresh tuber yield. In addition,
petiole sampling was performed to compare values to petiole N recommendations.

Dry matter production on the Intensive Farms was estimated at 15 Mg ha™ for
Farm 1, 14 Mg ha™ for Farm 2, and 16 Mg ha™ for Farm 3. Although these results are
similar between the farms, the partitioning of the dry matter appeared different. At

harvest, Farm 1 tubers accounted for 83% of the dry matter, on Farm 2 69%, and on
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Farm 3 tubers were only 53% of dry matter. The different partitioning on each farm is
likely due to differing N availability as indicated by the N uptake and petiole N levels.
At these farms higher N availability resulted in increased shoot production.

The results of N uptake are explained well when the field histories at each
Intensive Farm are considered. Farm 1 planted into a field that for the first season was
under their management. This field had reportedly received low inputs for 20+ years.
Farm 2 had managed the potato field for 2-3 years. The location of the plot on Farm 3
was in a field that had received animal manure compost for 10+ years. Although Farm
3 did report using the highest rates of easily degradable N sources (210 kg N ha™* as
chicken litter) we believe the N uptake results are more indicative of how past
management activities influence the current season. Results of N uptake in zero-N
plots in Chapter 2 confirm this. However, our results could be confounded by location,
cultivar, and of limited scope with only one year’s data.

Fresh tuber yields at grower harvest time for the All-Farms group were
approximately 20 Mg ha™*. Intensive Farm results show that higher yields,
approximately 40 to 50 Mg ha™ are possible with smaller between-row spacing and an
optimal stand. These yields were produced with a tuber N uptake rate near 1.0 kg N
ha™ d™! during tuber bulking. Yields were produced in similar amounts on all three of
the Intensive Farms even though indicators like petiole N and total N uptake point to
higher N availability on Farm 3, suggesting a high amount of N efficiency on Farms 1
and 2. Crop N uptake (tubers and shoots) was 145, 190 and 245 kg N ha™ at Farms 1,
2, and 3. If the soils on these farms supply 120-160 kg N ha™ (data in Chapter 2) an
application of less than 100 kg of plant-available N per hectare should result in yields
of approximately 50 Mg ha™ provided a between-row spacing of less than 1 m.

Conventional petiole N standards might not be a good indicator of N
limitations on these farms if yield expectations and goals are being met with current
practices. Lowering petiole N recommendations could be warranted after further

study.
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