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THE IMFLUENCZ OF POTASSIUM FORMULATION

ON POTATO PRODUCTIVITY

A LITERATURE REVIEW OF THREE POSASSIUM FERTILIZER FORMULATIONS

Ongoing refinements in potato production arerprogressively
reducing the growers margin for error. Today’s more vigorous and
productive crops place increasing demands against all of the
growth requisites. Of major concern is the adequate and timely
supply from residual soii fertility and applied nutrients to
satisfy the developing plants needs. To complicate matters, the
requirements for essential nutrients change considerably through
the course of a growing season. Generally the greatest concerns
Tocus on peak demand periocds. Whenever nutrient demand exceeds
the crops fertilizer uptake, the production potential is
cdiminished. An acpropriatzs selection from the available nutrient
formulations is also becoming increasingly important to the
success of the crop. Thiz consideration is especially relevant
for potassium fertilizers. While no potassium formulation has
more negative than positive croperties, there are clearly some
tvpes with more desirable benefit/risk ratios in specific crop
situations. With increasing frequency we are tTinding unusually
high fertilizer rates being applied where exceptional yields are
expected. The eTfectiveness of potassium as a fertilizer depands
in part on the form and 7ormulation in which it is applied. Many

potassium fertilizers are formulated as salts. The potential



concern for elevated soil salts is an agronomic consideration
that should not be ignored. Accumulations of dissolved ions that
have little or no role in plant nutrition may directly interfere
with the osmotic functions of nutrient uptake and translocation.
For this reason the salt index of various potassium fertilizers
merits a careful review. Potassium sulfate (K§04) has is a 52%
equivalent of K,0 and a fertilizer salt index of 45. With
Potassium nitrate, (KNO;) there is a 47% equivalent of K,0, and
it has a salt index of 74. This 64% increase in salt index is
significant. Muriate of potassium or potassium chloride (KCl)
has a 0% equivalent K, 0 and a salt index of 116. KCIl thus has a
salt index that is 152% higher thanK2504 and 57% higher than
KNO;. The soluble salts in soils and the salt index of the
fertilizer selected are always interrelated considerations. The
salt index is a measures of a soluble materials potential to
change the dissolved ion concentration or osmotic pressure of the
soil solution. Fertilizer materials with high salt index’s have
the greatest effect on raising the soil solutions osmotic
pressure and therefore the highest potential for phytotoxic
"burn”. By selecting a lower salt index formulation, the
potential for salt induced vield and quality reduction is
minimized. Also the higher the fertilizer application rate, the
more important these considerations become. This is especially
true where warm arid climates and high soil evaporation losses

occur .



Fartility availability to the plant is influenced in part by the
salt index of the formulation. Since "plants drink, they don’t
eat” all nutrients must dissolve before they become available.
Furthermore, all nutrients move into the plant across selectively
permeable membranes in water as dissolved ions. This is in
direct response to the magnitude of existing osmotic pressure
gradients. "Salts" as dissolved ions can also change the osmotic
potential of the soil solution. If the osmotic pressure within
the cell gets too high, neither is water taken into the root nor
are the dissolved nutrient ions. If the salt concentration gets
too high, water may actually be withdrawn producing a fertilizer
"burn”. All things considered, the rates of application must be
lower with fertilizer forms with a high salt index. The elevatad
sodium content in irrigation water is another important concern
in salt management strategies.

There is considerable evidence of an inhibitory effect on
potassium uptake as chloride ions concentration increases. This
antagonistic relationship is not present when sulfate or nitrate
formulations are selected. VYield and gquality responses are also
better with sulfate and nitrate formulations, not so much because
of tne nitrate or sulfate presence. but because of the negative

effects of chloride ions at the higher levels.

Nutrient balance and interaction is always an important
consideration. When a need for high X levels exists we may need

to make special allowancas for interactionz with potassium



fertilizers. Calcium, magnesium, boron and molybdenum uptake may
be reduced because of antagonistic interactions with potassium.
Conversely high K levels are known to enhance Zn, Mn and Cu
uptake. Potassium also tends to enhance nitrogen use and
interact synergistically with phosphorus. Chlorides however tend

to inhibit potassium urtake.

Injury caused by chloride ions occurs in sensitive crops at the
3,000 to 5,000 ppm range. The potato plant is generally
considered to be moderatelvy sensitive to chloride ions. The
potato is also a relatively high user of potassium. Considering
these factors together it may be wise to select carefully the
formulation(s) of potassium fertilizer to be applied to a potato
crop. Ey carefully managing the nutrient balance, plants will
generally be able to assimilate adequate gquantities of all the
essential nutrients as long as sufficient soil levels are
maintained. In other words. the effactiveness of potassium as a
nutritional element is related to the crops need being satisfied
on a daily basis and also the interaction(s) with the carrier ion
with which it is formulated. These considerations are further
complicated by the requirementz of the specific crop. moisture

and evaporation conditions and existing soil salt properties.

Wwhen undisturbed, potassium exists in the soil in a balanced and
stable equilibrium. The chemistry and pohvsical properties of the
soil itzelf effects this relationshis. The potazssium <eauilibrium

is composed of the SOLUBLE (awvailable, dissclved ions):



EXCHANGEABLE (unavailable. electrically bonded on soil particle
surfaces) and FIXED (unavailable, bound within the mineral
structure of the soil particles) forms. During the growing
season when plants are present this equilibrium is continually
out of balance due in large part to root system potassium
withdrawals. This interaction is therefore in an ongoing dynamic
flux. It is governed most by the soil characteristics, the rate
of addition (fertilizer applications) and withdrawal (plant
uptake). All the potassium we apply enters the equilibrium in
the SOLUBLE form and then largely ties up on the soil particle
sur faces as EXCHANGEABLE potassium. While plants may have briaf
access to in season K applications bertore tie up occurs, the most
important benefits are from the new equilibrium that will provide
proportionately more available potassium and for extended
periods. Potassium does not limit growth or vigor as long as the
available, i.e. SOLUBLE. supply exceeds the level of assimilation
demand which satisfies the plants needs. As glants continue :o
remove soluble potassium, the equilibrium shifts to restore that
which is removed by the root system. When the conversion from
EXCHANGEABLE to SOLUBLE does not satisfy the plants need we may
see a deficiency condition develop. Good agronomics will then
cdictate that we apply some Torm of potassium fertilizer to the
field. This balance in fertility is the growers attempt to meet
the crops needs and at the same time maintain the best econcmic
return on the fertilizer investment. 3inces more than 40% oTF croF
yield is prowvicied by appliec fertilizers, correct decisions apout

rate, timing., 7orm and formulations ave coritically imeortant.



Potassium’s primary function in the plant is to optimize ths
functions of photosynthesis. We are also concerned with
activating enzymes to accelerate growth., regulating energy and
water relations and the assimilation and translocation of
nutrients and carbohydrates. Potassium is recognized as having
more influence on crop quality than any other individuai nutrient
element. Furthermore, because crop performance is the objective
and profit our primary measure of success, we tend to look at

this aspect with particular interest.

Irrigation practices are also important since all nutrients are
taken into the plant in the form of dissolved ions. The ion
solutions in our soils are subject, in wvarying degrees to
relocation whenever an over watering situation occurs. This may
move our available nutrients out of reach to our plants rooct
system. When soils are over-irrigated, i.e. saturated, some of
the dissolved nutrients may be washed away from their
equilibrated cositions. Based on solubilities, the potential for
K.S0, to lzach is half that of KCl and KNO,. The soil
equilibriums for potassium will be restored from the non-soluble
reserves but there is a delay while this process occurs. This
sauilibrium recovery varies considerably with different soils.
Ouring this lag time the amount of soluble potassium necessarvy to
satisfy crop nzeds may be temporarily inadequate. The owverall
effect is predictably one o7 reduced productivity and lost
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eTiciency in soil potassium availability occurs. there is



limited banefit to applying a single large application. Very
high rates, that may be uneconomical (greater than 500 lbs/aj,
can however make corrections to potassium supply in the short
term. A much better option may be to apply small amounts of
soluble K frequently through the irrigation water in order to
remain on the desirable side of the cost/benefit relationship.
Fertilizer formulation solubility therefore becomes an important
consideration since we are in effect supplementing the soil
reserves with the additional nutrient needed in an available
form. Application timing and rate must match the plants need by
the amount that this need exceeds the soils current potassium
release rate. The results demonstrate that the smaller and the
more frequent these additions are made, the more efficient the
results. It also suggests that preplant rates in some situations
can be reduced and that in some situations the total amount

applied can be lower for an equal or better result.

The relative effectiveness of potassium fertilizer formulations
in terms of pPotato yield, specific gravity and starch
accumulation favors K,80, over KNO; and KNO; over KCl. The
arfectivenesz of potassium theretore depends on both the
formulation and the crop to which it is applied. It is gernerally
bzliesved the poorer responsss associated with muriates is due to
the negative effects of chlorides rather than the positive
benefits of sulfates or nitrates. It is further noted that the

consequences of slevated chloricie ions is greatest on cour=ze 301l
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vE2= and in situations wihers arid climatss and higin zoll zurtace



water losses as upward percolation exists. While the information
about potassium fertilizer formulation and potato crops comes
from throughout the world there is little data currently
availalbzle from the Columbbia Basin in Washington State. To
address this issue a replicated and randomized trial was
undertaken in the central part of the basin area during summer ot
1992 to compare Russet Burbank potato crop performances with the
three most common potassium fertilizer formulations used

commercially in the Pacific Northwest.



METHODS AND PROCEDURES

A field site was selected that had an unusually low potassium
soil test value. This field was deliberately selected to enhance
the opportunity for performance differences between applied
potassium formulations to be exhibited. A location well into the
selected field (more than 600 feet from the perimeter ) was chosen
for its topographic and soil type uniformity. The perimeter of
the plot site was measured and staked prior to the commercial
preplant broadcast fertilizer application to the remainder of
this 100 acre pivot irrigated field. The broadcast application
and the test treatments were applied on April 20, These were
incorporated using a tightly set finishing disc to minimize the
movement of the applied fertilizers during the incorporating
process. Following this tillage operation, the borders of the
replicated and randomized test blocks were remeasured and staked.
Oon April 27 the plot rows were individually opened, the 10 inch
seed interval marked and the seed was hand planted. Four rows
each twenty five feet in length of each 30 foot treatment area
was planted with 30 seed pieces on 10 inch spacings and 34 inch
row centers. The soil covering the seed was shaped by hand tools
to exactly duplicate the size and shape of the hill created by
the growers mechanical planter. Seed piece depth was 6 1/2
inches below the top of the hill'’s soil surface. Every effort
was made to duplicate the commercial situation of the field.
After planting was complete, with the exception of stand counts

on May 215!, the extensive petiole sampling beginning July et and



ending September 18th

and the split KNO; applications (July 15th-
315t and August 1athy, nothing culturally was done within the plot
site that did not occur in the remainder of the field until
harvest . That is to say the plots were cared for under good
commercial agronomic practices to make the results more relevant
to commercial potato production. Weekly petiole sampling
consisted of collecting 40 petioles (10 from each replicated
block) fourth from the top of the stem, leaves removed and placed
in ID coded paper sample bags. All samples were delivered to the
lab within one hour of being collected. All were collected

before 10 AM in the morning and were transported to the lab in an

ice chest.

The plots were harvested on October oth with a single row potato
lifter after vine senescence. All the remaining vines were
removed by hand prior to digging. The center two rows of each
four row block were dug for yield and grade evaluation. The
harvested crop was hand sacked, tagged and taken to a USDA 9rade
facility where it was evaluated by USDA inspectors using USDA
process grade criteria on October 16m. The balance of plot rows
and the field was harvested after the plot harvest was complete

by the commercial grower; Johnson Agriprises Inc.



The growers preplant fertility program applied to test field
(except for the test plot site) based on soil test and projected
crop need.

Nitrogen 140 lbs/a
Phosphorus 150 lbs/a
Potassium 225 lbs/a
Sul fur 50 lbs/a
Zinc 5 lbs/a
Boron l 1lb/a

Figure 1



POTASSIUM FORMULATION EVALUATED

Treatment 1 KCl 100% preplant applied April 20th
Treatment 2 K,80, 100% preplant applied April 20th
Treatment 3 KHDi 100% preplant applied April 20':h
Treatment 4 KNO, 50% preplant applied

16.7% applied July 15%
16.7% applied July 31°% h
16.7% applied August 14t

Figure 2



PLOT LAYOUT

NORTH
3 1 4 2 REP 1
2 3 4 1 REP 2
1 3 2 4 REP 3
4 2 1 3 REP 4
SOUTH

Treatment Code:

KcCl

K,SO

o

KNO, (split)

o W N
wunuau

Each treatment block was 30 ft long X 11' 4" wide or 339.0 sq ft.
339.9 sq ft X 4 replications = 1360 sq £t or .003 acres

Diagram 1



PLANT POPULATIONS

TOTALS

Treatment 1 237
Treatment 2 235
Treatment 3 236

Treatment 4 236

OVERALL TOTAL 944

Percent Stand 944/960 = 98.33%

Figure 3

STAND COUNTS AT 4" GROWTH STAGE

21 MAY 1992
REP 1 REP 2 REP 3 REP 4
Treatment 1 30*30 29 29 30 30 30 29
Treatment 2 29 30 28 29 30 30 30 29
Treatment 3 29 30 29 29 29 30 30 30
Treatment 4 29 30 29 28 30 30 30 30

*Plant count per 30 seed pieces planted.

Figure 4



RESULTS AND DISCUSSION

The established plant population in the plot site was 98.33% of
the seed planted. Figure 3. This is based on stand counts made
on May 215 when the plants were approximately four inches tall.
Figure 4. Of the 960 seed pieces planted 944 emerged. Missing
plants were due equally to three pathogens Fusarium sp.,
Rhizoctonia sp., and Pithium sp. and losses were distributed very
equitably between the four treatments and the four replications.
In other words, the loss in stand, small as it was, was randomly
distributed throughout the plot site and not related to the

treatments.

Early vigor and plant development was examined closely and found

not to be different between treatments or replications.

Petiole sampling began July 6th when the plants were 12 to 14
inches tall. The collection of petioles was delayed to this
stage of growth because the seed pieces planted were relatively
large (2.5 oz. average) and seed this large is recognized as
having an important influence on crop nutrient status at least
through the 10 to 12 inch plant height. All treatments had first
sample NOj-nitrogen petiole levels above 20,000 ppm with the
exception of the split KNO; treatment. Figures 5 through 8,
Tables 1 through 4. Petiole levels increased in all treatments
for the next two weeks. After that, all treatments exhibited a

characteristic (normal) downward trend through September 18th



when sampling ended. Petiole sample collection was discontinued
at that time due to the maturation progress of the potato vines.
In other words, there wasn't enough healthy tissue remaining to

collect a credible and representative sample.

The phosphorus tissue levels was measured a PO,-P percentage.
Figures 9 through 12, Table 5. The phosphorus levels were
slightly higher for the split potassium nitrate treatment from
the start. In eight of the eleven weeks the KNO, split treatment
was equal to or higher than any other treatment. The potassium
chloride treatment had equal to or the highest phosphorus levels
in five of the eleven sample periods. The potassium sulfate and
potassium nitrate treatments each had one highest value in the
eleven weekly samples. It is interesting to note that the
phosphorus tissue level showed a distinctly elevated value the

week after each of the three mid-season KNO, split applications.

The potassium level in the tissue sample analysis also produced
some interesting results. Figures 13 through 16, Table 6. The
tissue levels were highest in the potassium chloride plots during
the first three sample periods. With the exception of the final
sample period, the potassium nitrate treatment either
individually or together with another formulation had the highest
tissue potassium level for the last seven weeks. The split
potassium nitrate treatment consistently maintained the highest

potassium levels through most of the growing season.



The sulfur levels in the tissue analyses show the potassium
sulfate treatment had the highest sulfur levels in four of the
first five sample periods and again in the last three sample
periods. Figures 17 through 20, Table 7. The potassium chloride
treatments were highest or equal to the highest levels after
August 1. sSulfur levels were consistently lower in the

potassium nitrate treatments by comparison.

The yield and quality performances of the plants in the four
tested treatments exhibited some very useful relationships.
Figures 21 through 23, Table 8. This performance, when measured
in yield and quality parameters, indicates that all the potassium
formulation applied entirely pre-plant incorporated were
significantly better than the KNO, split applications. The 100%
PPI potassium nitrate produced a crop with a value $275.39 per
acre higher than the KNO, split treatment. The KNO, and K,80,
yields were very nearly equal with only a one half percent yield
or $24.23 per acre in crop value difference in this trial. The
internal defects in the K'.ZSO4 treatment was significantly higher
than any of the other treatments which were not different from

one another. Figure 24.

The poorest performance of the three 100% K pre-plant
incorporated treatments was the muriate of potassium formulation.
The KCl plots averaged .89 tons/acre or $111.46 less crop value
per acre than did the K.S0, treatment and $87.23 less than the

KNO; plots.



The harvested tuber size distributions showed no consistent or
important differences of economic significance. Figure 25
through 28, Table 9. The effect of potassium formulation on
tuber specific gravity shows the K,S0, and KNOy split had the
best averages. Figure 29, Table 10. The KCl treatment had the
lowest dry matter results. As expected the smallest tubers had
the lowest specific gravities. This is the most likely direct
result of immaturity. The 4 to 6 oz. potatoes had in all cases
higher gravities than the 2 to 4 o0z. tubers and in all cases
lower gravities than either the 6 to 10 oz. or the 10 to 14 oz.
size categories. The largest tuber size, the 10 to 14 oz. group,
had equal to or higher gravity properties as compared to the 6 to
10 oz. sizes. The differences occurring in this trial are
commercially significant and of monetary consequence to the

grower.

The sugar content of the harvested tubers as measured by fry
color on the USDA color chart showed the KNO; treatments had
significantly more 1 and 2 color fry strips than did KCl and

K,S0, . Table 11. While samples graded directly out of field
seldom exhibited sugar levels of concern there may be reason to
wonder what the outcome might be after an extended storage
exposure. This was not done as the entire sample was consumed as

the grade evaluation was done.



PETIOLE ANALYSIS DATA

Treatment 1 - KCl 100% PPI

NO;-N (PPM) S (%) P (%) K (%)
7/06 20,750 .21 .36 10.0
7/15 22,250 .26 . 45 19.9
7/24 22,875 .30 .55 12.7
7/31 17,050 .27 .36 11.3
8/07 16,500 .29 .36 10.4
8/14 14,125 .32 .33 10.6
8/21 12,125 .31 .43 8.7
8/28 8,500 .21 .22 8.6
9/04 9,000 .22 .21 9.3
9/11 7,750 .25 .17 8.8
9/18 4,725 .19 .14 7.9

Table 1

Treatment 2 - K, 50, 100% PPI

NOj-N (PPM) S (%) P (%) K (%)
7/06 20,125 .22 .37 9.7
7/15 23, 450 .26 .38 10.9
7/24 25,950 .37 .50 12.0
7/31 21,950 .33 .32 11.6
8/07 19,750 .29 .30 10.1
8/14 15,250 .28 .42 10.9
8/21 12,955 .23 .23 9.5
8/28 10,000 .20 .27 9.3
9/04 9,550 .22 .21 8.9
9/11 5,450 .25 .15 8.5
9/18 4,675 .20 .13 8.0

Table 2



7/36
7/15
7/24
7/31
8/07
8/14
8/21
8/28
9/04
9/11
9/18

Treatment 4 - KNO;, Split (50% PPl and three 16.

7/Q6
7/15
7/24
7/31
8/07
8/14
8/21
8/28
9/04
9/11
9/18

PETIOLE ANALYSIS DATA

Treatment 3 - KN03100% PPI

NO;-N (PPM)
21,000
21,000
25,850
21,100
21,125
19,075
14,550
9,350
8,000
5,325
4,750

NO;-N (PPM)
19,000
20,550
25,000
19,125
20,375
16,500
12,125
8,500
9,000
7,750
4,725

S (%) P (%)
.25 . 41
.25 .32
.28 .48
.29 .30
.29 .43
.30 .30
.26 .32
.26 .29
.19 .17
.20 .16
.19 .13
Table 3

S (%) P (%)
.24 .42
.26 . 40
.30 .57
.30 .38
.27 .50
.27 .26
.25 .43
.23 .22
.22 .21
.20 17
.19 .14

Table 4

K (%)
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POTASSIUM CHLORIDE 100% PPI
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POTASSIUM SULFATE 100% PPI
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POTASSIUM CHLORIDE 100% PPI
PETIOLE PHOSPHORUS LEVELS
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SAMPLE DATE
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POTASSIUM SULFATE 100% PPI
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POTASSIUM NITRATE 100% PPI
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POTASSIUM NITRATE 50% PPI

P
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ETIOLE PHOSPHORUS LEVELS
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DATE

7/06
7/15
7/24
7/31
8/07
8/14
8/21
8/28
9/04
9/11
9/18

PHOSPHORUS TISSUE LEVELS (PERCENT)

KCL

.36
.45
.55
.36
.36
«33
.43
.22
.21
.17
.14

.37
.38
.50
.32
.30
.42
.23
.27
.21
.15
50 5

KN03

.41
.32
.48
)0
.43
.30
.32
.29
.17
.16
.13

Table 5

KNO; split

.42
. 40
.57
.38
.50
.26
.43
.22
.21
.17
.14



POTASSIUM TISSUE LEVELS (PERCENT)

DATE KCL K,S0, KNO, KNO; Split
7/06 10.0 9.7 9.6 9.8
7/15 11.9 10.9 10.7 10.5
7/24 12.7 12.0 12.2 12.0
7/31 11.3 11.6 11.1 10.8
8/07 10.4 10.1 10.7 12.4
g/14 HLOpNEE 10.9 11.4 10.8
8/21 8.7 J5E) 9.8 11.3
8/28 8.6 9.3% 9.6 9.6
9/04 )5 8.9 9.1% e
9/11 8.8 8. 8.5 8.8
9/18 7.9 8. 7.9 7.9

*The trial in the Pacific Northwest suggests that plant
senescence is initiated in Russet Burbank when K tissue

levels go below 9.0 in most seasons.

Table 6
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POTASSIUM CHLORIDE 100% PPI
PETIOLE POTASSIUM LEVELS
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SAMPLE DATE
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POTASSIUM SULFATE 100% PPI
PETIOLE POTASSIUM LEVELS
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SAMPLE DATE
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POTASSIUM NITRATE 100% PPI

PETIOLE POTASSIUM LEVELS
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e
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7/06 7/16 7/24 7/31 8/07 8/14 8/21 8/28 9/04 9/11 9/18

SAMPLE DATE
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POTASSIUM NITRATE 50% PPI
PETIOLE POTASSIUM LEVELS
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DATE

7/06
7/15
7/24
7/31
8/07
8/14
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9/11
9/18

SULFUR TISSUE LEVELS (PERCENT)

KCL

.21
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Sl
.21
.22
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.19

K,50,

.22
.26
.37
.33
.29
.28
.23
.20
.22
3215
.20

KNO,

3215
.25
.28
.29
.29
.30
.30
.29
.19
.20
.19
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YIELD DATA

TREATMENT
REP 1l 2 3 4
1l 227 219 199 192
2 188 202 216 183
3 236 224 247 234
4 206 258 218 210
Totals: 857 903 880 819
Average Yld: 214.25 b* 225.75 a 220 a 204.75 ¢
Ton/Acre: 32.96 T/A 34.73 T/A 33.85 T/A 31.5 T/A
1l 29 31 20 23
2 23 25 32 21
3 24 34 2 26
4 22 31 22 27
Totals Culls: 24.5 30.25 25.75 24.5
% Culls: 11.4% a 13.4% b 11.7% a 12.0% a
1 198 188 179 169
2 165 177 184 162
3 212 190 218 208
4 184 2217 196 182
Totals: 759 782 777 721
Avg Payables: 189.75 195.50 194.25 180.25
Ton/Acre: 29.19 T/A b 30.08 T/A a 29.88 T/A b 27.76 T/A c
*Crop Value/A: $3,678.23 $3,789.69 $3,765.46 $3,490.07

Treatment 4 had the lowest yield, lowest payables and tied for lowest
culls.

Treatment 2 had the highest yield, but was on 1/2% higher than treatment
3.

*Analysis at 90% level of significance.

*Payable yield X grower return ($126/ton) = crop value per acre.

TABLE 8
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POTATO SIZE DISTRIBUTIONS

TREATMENT TUBER WEIGHT CATAGORIES
REP 4-6 02 6-10 02 10-14 02 >14 02
1 67 80 30 21
(1) 2 33 60 42 30
3 53 82 35 42
4 41 82 35 26
Totals: 194 304 142 119
Average: 48.5 76 35.5 29.75
25.6% ax 40.0% a 18.7% a 15.7% a
1 53 78 29 27
(2) 2 45 60 35 37
3 48 63 48 31
4 60 84 41 42
Totals: 206 285 153 137
Average: 51.5 71.25 38.25 34.25
26.4% a 36.5% a 19.6% a 17.5% a
1 49 76 36 18
(3) 2 48 69 45 22
3 56 84 41 37
4 50 88 27 36
Totals: 203 317 149 113
Average: 50.75 79.25 37.25 28.25
26.0% a 40.5% a 19.1% a 14.4% a
1 35 63 37 34
(4) 2 28 48 44 42
3 50 75 47 36
4 49 86 30 17
Totals: 162 272 158 129
Average: 40.5 68 39.5 32.25
22.5% a 37.7% a 21.9% a 17.9% a

*Analysis at 95% level of significance.

TABLE 9
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SPECIFIC GRAVITIES

TREATMENT TUBER WEIGHT CATEGORIES
REP 2-4 0z 4-6 02 6-10 0Z 10-14 0Z OVERALL
AVERAGE
1 1.0790 1.0849 1.0857 1.0849 1.0830
(1) 2 1.0746 1.0800 1.0840 1.0851 1.0808
3 1.0807 1.0837 1.0840 1.0860 1.0834
4 1.0781 1.0820 1.0829 1.0808 1.0811

Average: 1.0781 c* 1.0827 b 1.0842 ¢ 1.0842 d 1.0821 c

1 1.0815 1.0866 1.0866 1.0897 1.0856
(2) 2 1.0808 1.0835 1.0821 1.0855 1.0829
3 1.0753 1.0799 1.0823 1.0850 1.0801
4 1.0825 1.0835 1.0845 1.0847 1.0836

Average: 1.0800 b 1.0834 a 1.0839d 1.0862 b 1.0831 a

1 1.0793 1.0853 1.0854 1.0869 1.0838
(3) 2 1.0810 1.0797 1.0838 1.0831 1.0814
3 1.0769 1.0811 1.0853 1.0833 1.0811
4 1.0817 1.0816 1.0878 1.0889 1.0837

Average: 1.0797 a 1.0819 ¢ 1.0856 b 1.0856 ¢ 1.0825 b

1 1.0792 1.0844 1.0841 1.0817 1.0827
(4) 2 1.0811 1.0863 1.0892 1.0866 1.0849
3 1.0773 1.0825 1.0842 1.0871 1.0824
4 1.0789 1.0819 1.0893 1.0924 1.0833

Average: 1.0791 b 1.0838 a 1.0867 a 1.0870 a 1.0833 a

Treatment 4 had the highest gravities overall and for each category
above 4 oz tuber weight. *LSD 10% by size category and 5% for overall.

Treatment 1 had the lowest gravities overall and for the 2-4 oz and
10-14 oz size categories and was only slightly better than the lowest
levels in the 4-6 oz and 6-10 oz size groups.

TABLE 10



FRY COLOR (SUGARS) DATA

TREATMENT TUBER WEIGHT CATEGORIES
REP : 4-6 02 6-10 02z 10-14 0Z >14 0Z
1 00 00 00 00

(1) 2 00 00 0l 00 a
3 00 00 00 00
4 00 00 00 00
Totals: 00 00 0l 00
1 00 00 00 00

(2) 2 00 00 00 00 a
3 0l 00 00 00
4 00 00 00 00
Totals: 0l 00 00 00
1 00 00 00 00

(3) 2 00 00 00 02 a
3 00 00 00 00
4 00, 00 00 00
Totals: 00 00 00 02
1 00 00 00 00

(4) 2 00 00 0l 0l b
3 00 02 00 00
4 00 00 00 00
Totals: 00 02 0l 01l

Although sugar accumulation is normally very low at harvest, treatment
4 had more sugar and symptoms than any of the others by a factor of
2X. Sugar ends are generally associated with stress conditions during
the growth of the plant. It has not been directly linked in this
researchers experience to lower potassium tissue levels. This
connection merits further investigation because such a relationship
would be very important to understand and may be a grower controlled
variable.

TABLE 11
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UNDERSTANDING THE ROLE OF THE NUTRIENT POTASSIUM

Steve Holland

There are growing numbers of potato producers who would argue that growing a crop
which one can be proud of is an increasingly complex undertaking. Each season they re-
examine countless variables while contemplating the important choices to be made.
Some of their decisions will involve parameters we don’t control while others are
reasonably manageable. It makes a lot more sense to focus our attention on those things
which we can improve, if we make the right choices, than to dwell on the aspects we
can’t change. Growers recognize crop fertility as an aspect of potato production that can
be effectively managed. It is nevertheless only a small part of the overall decision
making process that needs to be re-addressed annually. Almost everyone appreciates the
importance of the fertility program, yet, surprisingly few understand all that they should
about the rather intricate role each nutrient plays in soil and plant systems.

This discussion will review some of the more important properties of potassium as a
plant nutrient. Each of the sixteen elements recognized as having nutrient properties are
considered ESSENTIAL to the growth and vigor of plants. Accept, if you will, that
“essential” means nothing more or less than ABSOLUTELY NECESSARY. Each
nutrient has at least one and generally many very specific functions. In fact, most
nutrients are involved in a number of complex activities and interactions both in the soil
and inside the plant. Potassium is one of the three major nutrients along with nitrogen
and phosphorus. Major simply means it is required by plants in much larger quantities
than are any of the micro and minor nutrient elements. It is however no more or less
“essential” than any of the other fifteen nutrients. Typically almost as much potassium is
removed from the soil by the potato plant as are all the rest of the nutrients combined.
Somewhere between .5 and .6 1b is contained in each hundred weight harvested. This
does not correlate well with application rates since nutrient uptake efficiencies vary
widely with soil type, texture, structure, organic content, pH, temperature, and moisture,
etc etc. Potassium is unique among the fertilizer elements in that it does not chemically
react with anything in the plant. It remains a free ion and performs its function in that
form alone throughout the entire season. Potassium is perhaps best known for its’ role in
balancing water relations within the plant. A number of the other functions of potassium
in the plant are less widely understood. Potassium appears to be necessary for (1)
synthesis of simple sugars and starch, (2) the translocation of carbohydrates, (3) chemical
reduction of nitrates, (4) synthesis of proteins (particularly in meristems), (5) normal cell
division, (6) opening and closing of the stomata, (7) maintaining permeability of
cytoplasmic membranes, (8) hydration of protoplasm and (9) promoting foliage and tuber
maturity. The bulk of the potassium normally absorbed by the plant is taken in through
the root hairs during the early stages of growth. Since potassium remains in an inorganic
and ionic form it is readily transported from one plant part to another throughout the life
of the plant. Older leaves and organs frequently lose potassium to new growing regions.
Potassium is almost always the most abundant univalent cation in plant cells. Potassium



is absorbed from the soil in quantities far in excess of the amounts necessary for the
plants physiological processes. Potassium’s importance to water relations within plants
especially in high temperature and low humidity climates cannot be over emphasized.
Since potassium is not chemically combined to any extent into organic compounds
within the plant, it remains in ionic form in the vacuole of cells and this property alone
permits it to remain osmotically active. This activity enables the plant roots to extract
water from the soil and to resist transpiration loses through the leaves. The symptoms of
potassium deficiency commonly observed are also those commonly associated with water
deficits and include such symptoms as low turgor pressure, reduced cell division, limited
stomatal opening, dark green foliage color, tissue necrosis, leaf margin scorch, shedding
of lower leaves, reduced yield, high dry matter, immaturity and highly black spot
susceptible tubers.

In the soil, potassium exists in three forms: exchangeable K, solution K, and mineral K,
all in a dynamic equilibrium. Only the soluble form which represents 1%-2% of the total
soil K is available to plants and it like all other disolved nutrient ions must be osmotically
absorbed by the plant root hairs. This is especially important to the plant since without
adequate water, cell turgor is lacking and without cell turgor there is no cell division.
Thus, at the risk of over-simplification, potassium functions as a nutrient as well as a
water regulator. A high concentration of potassium ions within the cell can by virtue of
an associated high osmotic pressure, prevent or delay water movement out of cells and
the loss of plant turgor, i.e., wilting. Thus, high levels of potassium within a plant or
tuber will have a buffering effect against water loss and reductions in turgor be it in the
field or in the storage. As already noted, potassium is able to move freely to all parts of
the plant during the growing stages and again this is primarily because potassium is not
tied chemically to any components within, or as part of, the plant itself. The amount of
potassium that ends up in the tuber is roughly equal to the amount of potassium
translocated out of the vines during the tuber bulking period. Roots can not absorb
potassium rapidly enough to meet the needs of the tubers during bulking and at the same
time maintain the required high level in the vines. Therefore, as noted, much of the high
potassium content of the vines, absorbed early in the growth season, ultimately ends up
translocated to the tubers by fall. If adequate potassium is not present in the vines
relatively early in the growing season there will most likely not be enough taken in
during mid and late season to supplement the translocation to the tubers. In this
situation, yield and quality, as they relate to hydration and tuber bulking due to
translocation will suffer. For semi arid climates with high rates of evapo-transpiration,
adequate potassium is particularly important since it plays its greatest role in hot weather
where low humidity persists. High potassium rates play a very active role in preventing
early dying and generally tend to improve quality, yield and long term storage keeping
potential.

There exists an inverse interrelationship for both nitrogen and potassium with dry matter
content (specific gravity) in potatoes. This decrease due to potassium results from the
hydrating influence of potassium ions effectively diluting the solids within the cells. The
effect of high nitrogen availability is that plants generally have more foliage with larger



leaves and are more susceptible to water stress which closes stomates, reduces
photosynthesis, and subsequently limits dry matter content. High nitrogen also causes the
plant to continue its vegetative growth phase longer which in tum delays tuber bulking.
Bruise, i.e., black spot susceptibility is in several ways directly and indirectly associated
with turgor pressure in cells. Leaving the crop in the field after vine kill or natural
senescence and allowing the soil to dry may have the effect of tuber dehydration thereby
raising specific gravity, decreasing yield and increasing the potato tuber susceptibility to
internal bruise, i.e., black spot. Specific gravity however, is not per se, uniquely related
to internal bruise.

For immature potatoes, soil moisture should be at or just slightly below 60% of field
capacity in the coarser soil types at the time of vine kill. A slow vine kill and semi-dry
fields can improve solids whereas, fast vine kill on wet fields generally reduce solids
because the roots don’t die as quickly as the foliage. They continue to take in soil
moisture and much of it ends up going into the tubers. This may boast yields without
cost, which may be good as long as it doesn’t reduce dry matter below acceptable levels.

Low relatively humidity (below 90% relative humidity) in storage may contribute a
reduced ability of the potato to properly wound heal and suberize damaged tissue. It may
also contribute to excessive tuber dehydration and ultimately pressure bruise. These
problems are always more severe in tubers which are low in potassium. Sunken areas on
tubers that have been stored in undesirably low relative humidity situations, which we
call pressure bruises, are extremely fragile. The normal impacts associated with
unloading and delivering a stored crop is usually enough to cause high levels of black
spot bruise to the tissue within the pressure bruise sites. This same response will also
occur in highly dehydrated or physiologically old tubers and for the same reasons.

Tuber temperature is also effects bruise susceptibility. Cold potatoes are most
susceptible to internal bruise, therefore, it is desirable to avoid harvesting and handling
activities when potato pulp temperatures are below 45° F. Immature and low specific
gravity potatoes will usually bruise more easily than mature, high gravity potatoes
regardless of the harvest time and temperatures. Immature potatoes also accumulate
reducing sugars faster, are more prone to skinning, and do not suberize as well. They
also accumulate more frying oils, take longer to cook, and have lower recovery rates,,.
There can also be too much of a good thing. Overly mature potatoes do not suberize
well, have more shrink in storage, will sprout sooner, and are more susceptible to internal
black spot bruise. It is generally believed that long season, slightly immature potatoes
are more desirable for long term storage followed by processing into French fries. For
fresh pack utilization, a slightly more mature (vine killed) potato with a firmly set skin is
preferred since the appearance factor is most critical.

Stresses on the plant during the growing season resulting from nutrient deficiencies,
insects pressures, disease incidence and cultural mismanagement all tend to increase
tubers susceptibility to internal bruise. By way of review, high levels of potassium in the
soil are not only needed for a top production but they have significant beneficial



secondary effects as well. The effects of potassium in reducing tuber black spot have
been well documented. The potassium relationship to water content in the tubers as
measured by specific gravity are also well established. The effect of proper soil moisture
at harvest in reducing black spot is most effective if the plant contains adequate amounts
of potassium. If potassium is deficient, adequate soil moisture will not control black
spot. Stresses in the storage environment including improper humidity, inadequate (CO,
build-up) or excessive ventilation (dehydration) and undesirable temperature regimes can
contribute further to the potatoes susceptibility to internal disorders. Thus, it is safe to
say that potato yield, quality, maturity, black spot susceptibility, specific gravity, and
long term storage potential are all closely related to potassium nutrition. Recognize at
least that potassium is the only major nutrient that can consistently reduce the severity of
black spot bruise in potato tubers.



Abera

AGRICULTURAL RESEARCH

INSTITUTE
Office of the Executive Director 3rd floor, J.G. O’'Donoghue Building  Telephone 403/422-1072
7000 - 113 Street Fax 403/422-6317
Edmonton, Alberta E-mail: christi@agric.gov.ab.ca

Canada T6H 5T6

October 19, 1999

Mr. Ed Van Dellen

Potato Growers of Alberta

6008 - 46 Avenue

Taber, AB T1G 2B1

Dear Mr. Van Dellen:

Re: Project #99E246, “Phosphorus Requirement of Potatoes”

Enclosed is an originally signed copy of the memorandum of understanding between
Westco and the Alberta Agricultural Research Institute for your files.

Your support of agricultural research is appreciated.

Yours sincerely,

y 7 -

Dr. Ralph G. Christian
Executive Director

Encl.

CcC: Dr. R.C. McKenzie

© Printedon Recycled Paper



Aberia

AGRICULTURE, FOOD AND

RURAL DEVELOPMENT
Crop Diversification Centre S.S.#4 Telephone 403/362-1300
South Brooks, Alberta Fax 403/362-1306
Canada T1R 1E6
June 8, 2000
Ed Van Dallen
Potato Growers of Alberta
6008 - 46 Ave.

Taber, AB T1G 2B1
Dear Mr. Van Dallen:

For our research project on Phosphorus and Compost on Potatoes, the Potato Growers of Alberta
sent a cheque for $9000 on March 27 and another cheque for $9000 on May 29. The second
cheque is in error and I enclose this cheque with this letter.

This project, Phosphorus and Compost on Potatoes, has encountered financial problems as
industry support has not been as large as in previous years and as anticipated we have also
encountered problems with budgeting. We had accumulated a surplus from staff educational
leave account. The surplus funds in this account were used on the Centre’s deficit budget at the
financial year end of March, 2000. Therefore, we have a wage deficit for this current year of
$22,792 which was much larger than anticipated and used up surplus funds from other sources.

Even after allocating $4000 from other projects we are still nearly $10,000 in deficit. If other
funds are not available it will be necessary to cut back on the amount of petiole samples, hand
samples and disease surveys. I have attached an updated budget on this account.

Thank you for the support and interest you have shown in this research.

Sincerely,

R. Colin McKenzie

Research Agronomist

Soil and Water

/scd

cc Ron Howard
Clive Schaupmeyer



Current Budget (cash outlays)

Lab analysis of plant and soil samples

Casual labour petiole samples

Manual harvest of samples

Labour for grading doing disease counts on tubers
In field disease surveys

Trucking of compost

Compost spreading

Stakes and lath and water wells

Revenue
Potato Growers of Alberta
McCain Foods
Westco
Carry over funds from previous year
Funds from other projects

$12,000
4,000
6,000
2,000
2,000
2,660
500

340

$29,500

$9,000
2,700
3,000
950
4,000

$19,650

Southern Ag Services and Agrium supply fertilizer and spreader (no charge) - value $1500

Lakeside Fertilizer application of fertilizer and supply fertilizer (no charge) - value $500

$9,850



I ¥ I Agriculture and Agriculture et Research Centre

Agri-Food Canada Agroalimentaire Canada P.O. Box 3000
Research Direction générale Lefhbmdge AB T1J 481
Branch de la recherche U

Telephone: (403) 327-4561
Facsimile: (403) 382-3156
April 6, 2000

( Fund Centre SPA A02082
Mr. E. Van Dellen g e

Potato Growers of Alberta ["’L P
6008 - 46 Avenue
Taber, AB T16 281 Mﬁ‘;'f @,

Dear Mr. Van Dellen:

Enclosed please find two signed copies of the Research Support Agreement between the
Potato Growers of Alberta and Her Majesty the Queen as Represented by the Minister of
Agriculture and Agri-Food for Canada related to Dr. Larney's project entitled, “Irrigated
cropping systems for sustainable management".

Please have both copies of the agreement signed in blue ink, witnessed, and retain one
copy for your files. Please return one copy to the undersigned. We gratefully acknowledge

receipt of your cheque in the amount of CON$8,000.00.

We are pleased to be involved with you in this study.

Sincerely, 2 ‘H/\)s a P Ol ?

Pl B \D B

%
P. A. Burnett /
Acting Director
‘wd
Encs.
cc: F. Larney
W.Willms
Finance
1+l
Canada
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Confidential Business Information
SPA No. A02082

RESEARCH SUPPORT AGREEMENT

BETWEEN.:
HER MAJESTY THE QUEEN IN RIGHT OF CANADA
as represented by the Minister of Agriculture and Agri-Food
("Canada")
AND:
Potato Growers of Alberta

a company incorporated under the Province of Alberta,
having its head office at
6008 - 46 Avenue, Taber, AB T1G 2B1
("the Company")

THE PARTIES HERETO COVENANT AND AGREE AS FOLLOWS:

The Project
Canada will conduct the research project entitled "Irrigated cropping systems for sustainable
management” (“the Project’), described in detail in Appendix "A" hereto.

LOCATION AND DURATION

The Project will be carried out at Agriculture and Agri-Food Canada's Research Centre,
Lethbridge, in the Province of Alberta, Canada, between the date of signing and the 31* day of
March, 2001.

CONTRIBUTION BY THE COMPANY
The Company's contribution for the Project shall comprise the items listed in Appendix "B"
hereto and is estimated at CDN $8,000 dollars as shown in Appendix “B" hereto.

All goods and services purchased by Canada in connection with the Project with funds from the
Company shall remain the property of Canada.

CONTRIBUTION BY CANADA

Subject to the availability of funding from the Matching Investment Initiative, Canada's
contribution will not exceed the value of the cash plus in-kind contribution from the Company's
contribution as shown in Appendix "B".

Research Support Agreement - Imigated cropping systems
Her Majesty & PGA

March 31, 2000C:\MyFiles\Larney\PGA\000331 rsa.wpd -1-



Confidential Business Information
SPA No. A02082

Itis understood that Canada's contribution will be in kind and that no payments will be required
to be made by Canada to the Company under this Agreement.

5. REPORTS

Canada shall provide the Company with a copy of public reports arising from this Project.

6. RELATIONSHIP
Nothing contained in this Agreement shall be considered or construed as creating a partnership
or the relationship of principal and agent, lessor and lessee, licensor and licensee or of employer
and employee between the parties.

i/ INTELLECTUAL PROPERTY
All technical information, inventions, designs, methods and processes and other intellectual
property rights related to the Project that are conceived, developed, or first reduced to practice
in the carrying out of the Project (collectively, the "Intellectual Property') shall be the property
of Her Majesty and, subject to the Access to Information Act, shall be treated as confidential.

8. TERMINATION
Canada may, by notice in writing to the Company, terminate this Agreement if it can no longer
continue with the Project, or if in Canada's opinion, the circumstances surrounding the Project

have changed and are such that further support by Canada to the Project is not warranted.

9. NOTICE

Unless otherwise notified, the representative of the parties for the purpose of the Agreement
shall be:

Research Support Agreement - Imigated cropping systems
Her Majesty & PGA

March 31, 2000C:\MyFiles\Lamey\PGA\000331.rsa.wpd -2-



10.

1.

Confidential Business Information
SPA No. A02082

For Canada: For the Company:

Dr. F. J. Larney Mr. E. Van Dellen
Research Scientist Potato Growers of Alberta
Agriculture and Agri-Food Canada 6008 - 46 Avenue
Lethbridge Research Centre Taber, AB T1G 2B1

5403 1% Avenue South Telephone: (403) 223-2262
Box 3000 Facsimile: (403) 223-2268

Lethbridge, AB T1J 4B1
Telephone: (403) 317-2216
Facsimile: (403) 382-3156
Internet: larney@em.agr.ca

ENTIRE AGREEMENT

This Agreement constitutes the entire agreement between the parties and sets forth all
representations forming part of or in any way affecting or relating to this Agreement. The
parties acknowledge that there are no representations, either oral or written, between Canada
and the Company, relating to this Agreement, other than those expressly set out in this

Agreement.

GENERAL

a) This Agreement shall be governed, firstly, by applicable Canadian Federal laws, and
secondly, by the laws of the Province of Alberta.

b) Al amendments to this Agreement shall be in writing.

Research Support Agreement - Irrigated cropping systems
Her Majesty & PGA
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IN WITNESS WHEREOF this Agreement has been signed by duly authorized representatives of the

parties.

Executed in duplicate this L day of _ﬂﬁgz , 2000.

- For Her Majesty:

%&_‘:&4 N X[Lﬁ.ucafxﬂ\rd’ ﬁ ﬁ/gm

(Witness) (Signature)
S.D. Morgan Jones, Ph.D., Director
Lethbridge Research Centre

- For Potato Growers of Alberta:

—1

Lo o anc o —

(Witness) (Signature)

EdlonDellewn

(Name in Block Letters)

- éTitle)

Research Support Agreement - Iirigated cropping systems
Her Majesty & PGA
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APPENDIX "A"

(to the Research Support Agreement)
DESCRIPTION OF RESEARCH PROJECT

PROPOSAL FOR NEW MATCHING INVESTMENT INITIATIVE
2000-2001
Western Region

Centre: Lethbridge Research Centre
Project Title: Irrigated cropping systems for sustainable management
Project Managers: F.J. Larney and R.E. Blackshaw

Industry Partner(s):

Potato Growers of Alberta ($8,000 cash)
Alberta Pulse Growers Commission ($6,000 cash)
Alberta Pulse Growers Commission (Zone 1) ($2,000 cash)
Rogers Sugar Ltd. ($20,100 in-kind)
Sugar Beet Industry Development Fund (SBIDF) ($8,000 third party)

Alberta Environmentally Sustainable Agriculture (AESA)  ($8,000 third party)

Objectives: To devise crop sequences and tillage management systems for irrigated land
that. 1) reduce soil erosion, enhance soil quality and ensure long-term sustainability; and (2)
minimize weed and disease problems.

Impact and Benefits: Irrigated crop production plays a vital role in southern Alberta’s
economy. It offers a diversity of crop choices that is not feasible with dryland rotations. In
recent years, there has been increased expansion of the potato, sugar beet and pulse
industries in southern Alberta. It is imperative that this expansion be sustainable and not
jeopardize soil, water or air quality. Sustainability of a cropping system can only be assessed
using long-term field experiments.

Crop sequencing and tillage plays a major role in weed and disease pressure and hence crop
yield. Some weeds are inhibited by lack of soil disturbance resulting in less weed pressure and
more uniform weed flushes. Some diseases are reduced due to the environment created by
high residue conditions while others are favoured by these systems. However, weed and
disease pressures associated with crop sequences under high residue management are not
well defined for irrigated cropping in southern Alberta.

Research Support Agreement - Irigated cropping systems
Her Majesty & PGA
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This study will address issues such as crop yield and quality, disease and weed pressures, soil
chemical, physical and biological properties and economics for a range of different crop
rotations on irrigated land. It is envisaged that the study will provide valuable information to the
farming community and help ensure the preservation of our soil resource. The study was
devised with input from farmer representatives of the various industry partners. Hence it has
had producer buy-in from the outset.

Relationship to Mandate: The mandate of the Soil Management Project at Lethbridge
Research Centre is to devise management practices that enhance soil productivity and ensure
its preservation for future generations.

Work Plan / Milestones: The four crops chosen for the rotations are: soft wheat (W), beans
(B), potatoes (P) and sugar beet (SB). Timothy (T) will also be included as a forage break in
one rotation. The experimental design will comprise of 7 rotations: one 1-yr rotation
(continuous W), two 3-yr rotations (P-B-W), two 4-yr rotations (W-SB-B-P), one 5-yr rotation (P-
W-SB-W-B) and one 6-yr rotation (W(t)-T-T-SB-B-P). Each phase of each rotation will appear
in any given year resulting in 26 treatments. The plots will be replicated four times giving 104
plots. For the 3-yr and 4-yr rotations, one will be managed with sustainable practices and one
with conventional practices. Sustainable practices will include reduced tillage where possible,
use of fall cover crops, replacement of inorganic fertilizer with compost and direct cutting rather
than undercutting of beans.

2000-01: Seed wheat, beans, potatoes and sugar beet at site in Vauxhall. This site has
already been sampled for soil properties and planted to barley (1999) for yield uniformity
assessment. Fertilize with recommended rates of N and P. Irrigate accordingly. Perform soil
nutrient sampling, weed counts, mid-season biomass measurements, disease assessments,
yield measurements and soil erodibility sampling.

2001-06: Repeat 2000-01. Annual interim reports detailing first six years of crop rotations on
crop yields, soil quality, weed populations and plant pathogen buildup. Final report detailing the
above parameters as well as an economic assessment.

Technology Transfer Plan: Results from the study will be presented at field days during the
'growing season and at producer meetings during the winter.

Research Support Agreement - Imigated cropping systems
Her Majesty & PGA
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Budget:
a. Industry contribution (annual).
00-01 01-02 02-03

Pay:

Salary (EG-3) 13,300 14,820 4,544
Non-Pay Operating:

Mat & Supplies’ 5,000 3,700 1,413

Student? 8,000

Travel* 2,955 2,735 1,000

Admin Svcs 2,745 2,745 1,043
In-kind® 20,100 0,500 21,000
TOTAL INDUSTRY 52,100 44,500 29,000
Type of funding: Cash $ 40,000 In-Kind $ 61,600____ Third Party $ 24,000

'$8,000 cash from Sugar Beet Industry Development Fund (SBIDF), including $5,000 M&S plus $2,340
Travel, not matchable but subject to 9% admin. services (administered by AAFC).

*The remaining Travel money,$615, is from the cash contributions and subject to 15% admin. services.
2AESA administered by Alberta Pulse Growers Commission and Alberta Sugar Beet Growers, not
subject to admin. services (3 party, $8,000 for student).

3Rogers Sugar Ltd., $20,100 in-kind (labour for land preparation, seeding, pesticide application,
monitoring and harvest; materials and supplies and travel).

b. Mil requirement (annual).

00-01 01-02 02-03

Pay:

Salary (EG-3) 24,730 24,730 20,808

Benefits (20% of salary) 4,946 4,946 4,161
Non-Pay Operating:

Mat & Supplies 48 131

Admin Svcs 3,716 3,729 3,121
Subtotal (MIl Drawing Rights) 33,440 33,536 28,090
*Benefits (20% of employee salaries
paid through industry cash funding) _ 2,660 2,964 910
TOTAL AAFC 36,100 36,500 29,000

A-base Contribution: 0.4 py, $180,000

Research Support Agreement - Irrigated cropping systems
Her Majesty & PGA
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APPENDIX "B"

(to the Research Support Agreement)

COMPANY'S CONTRIBUTION

2000-01
Salary (EG-3) $6,960
Administrative Services* 1,040
Total $8,000

* Administrative costs will be deposited to a separate Specified Purpose Account reserved
specifically for these costs.

Research Support Agreement - Irrigated cropping systems
Her Majesty & PGA
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Project #99E246
New:_X_ Renewal:____

MEMORANDUM OF UNDERSTANDING

Between:
Potato Growers of Alberta
and the \ - |
Alberta Agricultural Research Institute Z‘
(hereafter referred to as the “Institute™)
Project Title: ‘“Phosphorus Requirement of Potatoes” L

Objectives:  To measure the response of irrigated potatoes to phosphorus fertilizers. To measure the
phosphorus response of potatoes and relate this to soil salinity, calcium carbonate content and
pH.

STATEMENT OF WORK
The Alberta Agricultural Research Institute is willing to undertake the study for the Potato Growers of

Alberta, which hereby agrees to pay to the Institute the costs of researching the information required as
described on the attached.

PERIOD OF WORK

The research study will commence April 1, 1999. A final report will be provided to the Potato Growers of
Alberta by July 1, 2000.

BASIS OF PAYMENT

The Potato Growers of Alberta have provided $5,000 to the Institute to cover manpower, travel, supplies and
the administration fee.

Payment of research project expenditures will be made from funds made available to the Institute up to the

maximum amount of funds received, less the administrative fee. The administrative fee is 7% of the total
expense incurred by the project and administered by the Institute.

i & Cues oy Jgq
atf 105 QY



The Institute will provide a record of revenue and expenditure upon project completion or depletion of funds.
Any remaining funds after completion or termination of the project can be used for research at the discretion
of the project manager.

RESPONSIBILITY OF PROJECT MANAGER

The project manager for this research study will be Dr. R. Colin McKenzie. He will provide all reports to the
Institute and the sponsor.

The project manager will authorize expenses and submit them to the Institute for payment.

The project manager is not eligible for any manpower funds for himself.

AMENDMENTS OR TERMINATION

This Memorandum of Understanding may be amended by mutual consent of the parties as evidenced by an
exchange of letters.

Either the Institute or the Potato Growers of Alberta may terminate this Memorandum of Understanding by
providing two weeks notice in writing to the other party.

NOTICES AND REPRESENTATIVES

Notices for all purposes of or incidental to this Memorandum of Understanding shall be effectively given if
delivered personally, or sent by registered or certified mail to the representatives of the parties designated as
follows:

Potato Growers of Alberta: Alberta Agricultural Research Institute:
ED VAN DELLED
tr-Glann Huorst Dr. Ralph Christian
6008 - 46 Avenue Executive Director
Taber, AB T1G 2Bl J.G. O’Donoghue Building

7000 - 113 Street
Edmonton, AB T6H 5T6

Information generated from the project may be used by the Department of Agriculture, Food & Rural
Development, the Institute and the Potato Growers of Alberta.

The Potato Growers of Alberta relinquishes ownership of supplies and assets purchased with these funds to
the Institute which assigns control to the project manager’s departmental division.



If you agree, and the terms of this Memorandum of Understanding are acceptable to you, please sign and date
both originals and return both copies to this office. An original copy of this Memorandum will be retumed

to you after Institute authorization.

ANl ﬂfc'/\/ Losot? Ol /1999

Signature, Project Managet, \ ~ Date

I agree that the project manager named above may supervise this project.

(1 ;}; | 57;)( #/55

Signature, Division Director Date

B DE?”L 22‘/ 72 .

ignature, Potato Growers of Alberta

/l‘e:[wc;w( (O (/" 62/\(0/

Title

A7 O g2/

Signature, Executive Director Date
Alberta Agricultural Research Institute




Phosphorus Requirement of Potatoes
R.C. McKenzie
Crop Diversification Centre South, AAFRD
Brooks, Alberta
June 7, 1999

Background

Alberta farmers have applied phosphorus fertilizers to potatoes according to recommendations
provided by AAFRD or by local soil testing laboratories. These normally ranged from 60-140
Ibs/ac of P,O;. Since 1998, new recommendations from Idaho and Washington are for 140 to 300
or 400 lbs/ac of P,O; for potatoes.

The soils where these USA recommendations were developed are often higher in lime than
Alberta soils and may contain allophone, a clay mineral. Both lime and allophone adsorb
phosphorus and reduce its availability. These new recommendations were developed as a result
of field experiments which are not fully described. Alberta farmers, fertilizer dealers and
agronomists are uncertain what is the rate of phosphorus to use on potatoes.

Alberta also has a problem with phosphorus loading of soils contributing to runoff which
contains excess phosphorus . A survey completed by Alberta Agriculture and Alberta
Environment in 1998 found about 90% of the surface waters in the agricultural areas of Alberta
contained more phosphorus than allowed by the Canadian aquatic water quality standards. The
phosphorus problem has been mostly associated with the livestock industry. The potential exists
for the expanding potato industry in southern Alberta (22,000 acres in 1998 and about 55,000
expected in 2002) to become a significant contributor to phosphorus contamination of surface
waters.

Objectives

» To measure the response of irrigated potatoes to phosphorus fertilizers.

» To compare the phosphorus response of potatoes to soil test phosphorus, soil pH, soil
calcium carbonate content and to salinity.

* To measure the effect of compost as a means of supplying phosphorus

* To establish a relationship between tissue phosphorus and yield.



Methods

Two fields will be operated in 1999, one as part of a farmer’s field SW of Vauxhall. Rates of
phosphorus and of compost will be applied to replicated 400 m strips in the field. At this site, the
field will be yield monitored using Global Positioning techniques and hand samples will be
taken. Both fields will be monitored during the summer to determine tissue phosphorus level.
Remote sensing will be done during the season. The Vauxhall site contains differing levels of
soil phosphorus, calcium carbonate, soil pH and salinity. A second small plot site will be
operated at Brooks on land leased by CDC North. It will be used to test low to high rates of
phosphorus to establish a response curve for phosphorus. The amount of phosphorus retained in
the soil as measured by soil test of available phosphorus will be determined.

Project Budget

Manpower/Professional/Technical Services $11,565

Travel $1,000

Supplies $800

Administration Fee _ $935
$14,300

Sponsors:

Westco $6,000

Others Anticipated $8,300

Note: Budget can be adjusted and used at the discretion of the project manager.



__,-"' Sandra Day
03/03/2000 02:44 PM

To Clive Schaupmeyer/AAFRD@AAFRD
cC.
Subject The use of phosphorus & compost on potatoes

Dear Mr. Van Dellen:
This is the matching grants application which was rejected by Alberta Agriculture Research Institute. | will be
approaching Cargill. Westco and the Potash and Phosphate Institute of Canada for $5000 each and the Potato

Growers of Alberta for $9000. | anticipate Agricore and Southern Agri Services will supply materials and
equipment.

Sincerely,
Colin McKenzie

Phone: 403-342-1347
Fax: 403-362-1311

td /5/&7/&@@
CK#HW/ 354, 000. @D



Alberta Agricultural Research Institute (AARI)
Matching Grants Program Application - 2000/2001

IOﬁce Use Onlz: Date Received AERIication Number

1

Project Title (maximum 15 words)

The use of phosphorus and compost on potatoes.

2.  Commencement and Duration of Project
Expected commencement date for this request for funding  _April, 2000
Anticipated duration of projectis _2 year(s) Is this a renewal application? _No
If yes, state the first year the project was funded ___ andthe current project #
3. Choice of Research Committee
Beef & Dairy Pork, Poultry, Sheep & Other Livestock
Cereals & Oilseeds Forage, Pulse, Vegetable & Other Crops v
Resource Conservation Policy, Economics & Marketing
4. Principal Researcher
Name R.C. McKenzie Mailing Address _CDC South
Title Soil & Water Agronomist SS4
Organization _AAFRD, NCDU _Brooks, AB_TIR 1E6
Department _CDC - South Telephone # 403-362-1347
Fax # 403-362-1306
5.  Co-applicants
Name _C.A. Schaupmever Mailing Address 5011 49" Ave.
Title Potato Agronomist Taber. AB TIG 1V9
Organization _AAFRD
Department CDC - South Telephone # 403-223-7903
Fax # 403-223-3396
Name D. K. Fujimoto Mailing Address _ PO Box 3000
Title Res. Sci/Potato Biotechnoogy _Lethbridge, AB
Organization _Agric.& Agri-Food Canada T1J 4Bl
Department Crop Sciences Tclephone # 403-317-2287

Fax # 403-382-3156




6. Outline of Research Proposal (one page may be added to this block if required)
A. Background, Objectives and Key Results Expected
1. Background (Provide a brief statement indicating what this research is about and why it is considered
important ?)

Alberta potato growers are uncertain what rates of phosphorus fertilizers they should be using. They have
traditionally used from 60 to 140 Ibs/ac P,O;. New recommendations from Idaho suggest using 100 to 300 or
more lbs/ac P,0O; (J. Stark et al 1998). Agronomists in Washington state suggest applying 700 lbs/ac P,O, over
four years in soil which has potatoes once in a four-year rotation. Alberta agronomists and soils labs are
uncertain what recommendations to provide. A 20 ton/ac potato crop has an uptake of about 66 Ibs/ac of P,0,
and removal of 36 lbs/ac P,O, (Can. Fert. Inst. 1998).

Alberta has an excess of livestock wastes. Manure contains a large amount of phosphorus. According to
Canadian aquatic guidelines, over 90% of surface waters in agricultural areas of Alberta have excess phosphorus,
much of which has been derived from agricultural land. Potato fields as well as heavily manured fields may
become a significant source of phosphorus losses to surface water if high rates of P are used.

Potato growers have been reluctant to use manure on potatoes because of fear of the occurrence of scab on
potatoes being increased. Manure is also considered a source of weeds and in the past, Tordon, a broadleaf
herbicide, has been transmitted by manure and caused damage to potatoes.

The difficulties which can occur from use of manure can be overcome by use of compost which is different from
manure and is an excellent source of phosphorus. Starting in 1999 large supplies of compost from cattle feedlot
manure are available in southern Alberta. The fermentation in preparation of the compost destroys most weeds.
Since 1994, Tordon has not been registered. Reports on manure causing scab of potatoes are associated with
fresh manure, not with compost.

There is some evidence that manure and organic materials reduce the presence of some potato diseases.
Lazarovits with Agriculture Canada at London, Ontario, has reported some reductions of disease organisms on
soils receiving high rates of manure. In 1999 in southern Alberta, McKenzie, et al, with two rates of P fertilizer,
compost and manure found the following amounts of Snowden potatoes showed severe disease (rhizoctonia,
black leg, early blight and a small amount of leaf roll) on the tops: low phosphorus 9.1%, high phosphorus 7.1%,
low manure 7.6%, high manure 6.5%, low compost 6.6%, high compost 5.9%. This was based on counts of
about 2200 plants on each treatment and the LSD was at the 5% level 1.8%.

ii. Objectives

To establish what effect high rates of phosphorus fertilizer has on yield and quality of potatoes.

To determine critical soil and tissue levels at which a response to phosphorus can be expected.

To compare compost to mineral phosphorus fertilizer as a means of supplying phosphorus to potatoes.
To determine if compost applications have the ability to suppress the occurrence of diseases in potatoes.

SO -

iii. Key Results Fxpected

|. Develop appropriate recommendations for phosphorus fertilizer applications for potatoes in Alberta. To
obtain optimum yield and to minimize the risks of soil and water overloading with P.

2. Improve knowledge about and usefulness of tissue analysis of potato petioles for phosphorus.

3. Develop recommendations to permit the use of compost with potatoes in combination with mineral fertilizers.



4. Improve the productivity and sustainability of potato production in Alberta.
B.  Progress to Date (renewal applications only)
Provide a concise report of the results achieved. It should contain a summary of the data collected and any
preliminary conclusions made. The report should clearly state whether the results expected under the action plan
for the preceding year have been achieved. If not, provide reasons. Include all changes or modifications to original
expectations, citing reasons. One page may be added to this section if required.

A similar one-year direct funded program was operated in 1999 - “ Phosphorus Requirements of Potatoes”. In a
replicated experiment, seven rates of phosphorus and four rates of compost were used in a farmer’s field. Nine
rates of phosphorus were applied at another site in a small plot experiment. Yield samples were collected but
results have not yet been measured and analysed. Tissue tests from these experiments indicated that it took about
two times as much phosphorus applied as compost to supply an equivalent amount of phosphorus as a mineral
phosphorus fertilizer. Tissue tests also estimated what were deficient, adequate and excess applications of
phosphorus.

C. ResearchPlan

Two farmers’ fields will be selected for phosphorus applications. These fields will be sandy loam or loamy sand
in texture, suitable for yield monitoring. Fields chosen will be fall bedded and spring fertilized. Fertilizer or
compost strips will be laid out 4 to 8 rows wide, equivalent to one pass of the farmer’s harvester and windrower.

Fields selected will have medium to low levels of soil phosphorus (less than 60 ppm of P in the 0-15 cm layer).
Fertilizer treatments will be up to 200 kg/ha P with compost treatments designed to apply twice as much P as the
fertilizer treatments.

The seven treatments will consist of four rates of phosphorus fertilizer and three rates of compost and will be
replicated three times. These treatments will be broadcast on the rows for the length of the field. They will be
incorporated when the farmer rehills the field prior to planting. The area occupied by the plot will be about 20

acres.

Data collected will include tissue samples taken at a series of 3 points on each treatment within each replicate.
Disease counts and identification will be made on sections of each treatment.

Yield samples will be harvested by hand from each treatment and yield monitor samples will be determined on
each treatment using a global positioning system and a yield monitor mounted on the potato harvester.

Average yields for treatments will be determined and compared by regression to tissue and soil test levels of
phosphorus.

Disease frequencies will be compared to measure the effect of compost and phosphorus fertilizer on disease.
Tuber samples will be examined to determine the effects of treatments on quality.

A small plot of potatoes will be grown on irrigated land near Brooks. This plot will have five rates of phosphorus
fertilizer and four rates of compost, each replicated four times. Treatments will be from 0 to 400 kg/ha P and
compost treatments to provide twice the amount of phosphorus as the fertilizer treatments. Tissue samples and
hand samples of tubers will be taken on all treatments and replicates of the small plot. Disease counts will be

taken on tubers.



D. Action Plan

i. 2000-2001

- Grid soil sample project fields for 0-15, 15-30 and 30-60 cm.

Apply fertilizer and compost treatments in April prior to planting by the farmer.
Locate treatments with Global Positioning techniques.
— Tissue samples will be taken twice during the summer.
Disease counts will be made during early August on sections of rows within treatments.
— Samples will be taken to confirm identification of diseases.
Samples will be dug by hand prior to harvest to determine yields and tuber quality.
Data will be tabulated and reports prepared. Results will be presented to Alberta Potato

Growers.

ii. 2001-2002
— Repeat process from previous year.
— Write final reports.

iii. 2002-2003

E. Expected Industry Impacts/Benefits

Recommendations for optimum applications of phosphorus fertilizer will improve production of potatoes and
increase the profitability of the potato industry.

The potato industry’s acceptance of the use of compost will provide a large area of land for disposal of livestock
wastes: 20,000 ha potatoes x 4 year rotation = 80,000 ha (200,000 acres). Compost will assist in maintaining
organic matter levels and reduce loss of soil and soil phosphorus to water. An annual application of 6 t/ha (2.7
t/ac) compost would apply 216 kg/ha (192 lbs/ac) P,Os in four years. This would account for 480,000 tonnes of
compost per year which requires 960,000 tonnes of manure or the manure of about 300,000 cattle.

If compost is shown to suppress diseases of potatoes, this reduces the disease problems which develop on land
which is used frequently in rotations including potatoes. This will increase the sustainability of potato production

in Alberta.

F. Related Research Performed in Your Organization

Site Specific Management of Potatoes. 1996-2000. McKenzie, R.C., Schaupmeyer, C.A., Green, M.,
Goddard, T.W., Penney, D.C.

Phosphorus requirement of potatoes. 1999-2000. McKenzie, R.C.

G. Related Research Performed in Other Agencies

H. References
Conn, K L. and Lazarovits, G. 1999. Impact of animal manures on verticillium wilt, potato scab, and soil

microbial populations. Can. J. Plant Path. 21 : 81-92.

Lazarovits, G. 1997. Assessment of the Influence of Manures for the Control of Soilborne Pests including
Fungi Bacteria and Nematodes Research Report 1.10 Agriculture and Agrifood Canada, London, Ontario.
McKenzie, R.C. 1999. Site Specific Management of Potatoes. 1998. Progress Report AARI #96M979.
Can. Fertilizer Institute 1998. Nutrient Uptake and Removal by Field Crops in Western Canada.



- Stark, J. Westerman, D. and Tyndall, T. 1998. Revised Univ. of Idaho N, P, K Fertilizer Guidelines for
Potatoes. Unpublished report 4 pp.
I. Environmental Assessment
Will the project activities have any negative influence on the environment? Yes ------- No ---V ---

If yes, provide a description of the mitigation plans to address them.

1.

J. Biotechnology Related Proposals
1. Does this proposal involve biotechnology research? Yes _ No V_
If yes, state any potential adverse impact the project results may have on:
* food safety and human health:
* environmental sustainability:

i. Doesthe research involve transfer of DNA between unrelated organisms? Yes
No Vv
If yes, state:
* the common name of the source of the genetic material:

¢ the Latin name:

K. Technology Transfer Plan

Presentations will be made at Alberta Potato Growers meetings. C. Schaupmeyer has regular contact with potato
growers and provides management information to growers.



Budget and Manpower Needs for 2000-2001
State the amount being requested in each category. One page may be added to this block to describe

budget requests or any unusual items.

A. Manpower
Person Amount
Years Requested
Name Title Required for 2000-
for 2000- 2001
2001
Principal Soil & Water
Researcher R.C. McKenzie Agronomist 0.25
Co-applicant (1) C.A. Schaupmeyer Potato 0.05
Specialist
Co-applicant (2) D. Fujimoto Plant 0.05
Pathologist
Professional J. Holley _Plant Pathology_ 0.05
Technical 0.20 8,000

Graduate Students

Other (specify) Field labour and 0.80 16,000
laboratory labour

TOTAL A 1.30 24,000

Justification must be outlined below if more than a total of one person year is hired for the project or the
amounts requested for technicians and graduate students exceed $38,000 and $18,000, respectively, per person
per year:

Justification for labour - Field and Lab - Technical labour will be required for yield monitoring using Global
Positioning and for analysing data. Labour will be required for grid soil sampling of fields, tissue sampling
potatoes, applying fertilizers and compost, disease surveys and manually sampling tuber yield. Labour will be
supplied to the AAFRD soil and crop diagnostic lab to assist with analysis of samples. Labour will be required
for seeding, irrigation, weed control, fertilizing and sampling the small plot.

Note: Principal researchers and co-applicants who are employees of public institutions are not eligible for
wages, honoraria, or other compensation from project funds. However, they must note the amount
of time they expect to devote to the project during the fiscal year. Applicants should carefully read the
instructions before completing block 7.

B. Capital Assets (specify)

S— .

e i

TOTAL B

Justification for capital assets:



C. Supplies and Services

i. 7ravel (includes travel and accommodation costs)

a. Project Travel

Traveller’s Name _various staff

Destination(s)

Number of Trips _40

Mode of Travel  _government truck

Purpose —collect samples
_apply treatments
_harvest treatments Cost 700:; - -
b. Conference Travel
Traveller’s
Destination(s)
Number of
Mode of Travel
Purpose
Cost
Justification is required for requests over $1,500:
ii. Materials/Supplies (if you have more than six items, please attach a list)
List Item $ Per Unit Cost
_Laboratory supplies 400
_Bags for samples 200
—Repairs to GPS equipment
—Seed potatoes small plot 400
Total: _1.000

iii. Computer Cost

Justification is required for requests over $500:



iv. Publication Cost (specifically for this project’s results)

Justification is required if request is over $700:

v. Remtals and Leases

truck rentals 1.500
vi. Contract Personnel
_GPS Engineer - 2 days 600
-Compensation paid to farmers for losses from treatments 1.000
TOTALC __43800
TOTALA+B+C _28800
D. Overhead Cost

Indicate how overhead costs were calculated (refer to instructions on page 7):

TOTAL AMOUNT REQUESTED FOR 1999-2000 (A+ B+ C+D) _28,800



Principal Researcher - Biographical Data
This personal information is being collected for the purpose of assessing the researchers’ qualifications under the
authority of the AARI Act. It is subject to the provisions of the Freedom of Information and Protection of
Privacy Act.
Name (Surname first):
McKenzie, R. Colin

Post-Secondary Education and Training Relevant to Proposal:

Institution Field of Specialization Degree/Diploma Year
Univ. of Alberta Soil Science Ph.D. 1973

Soil Plant Relationships
Univ. of Alberta Soil Science M.Sc. 1970
Univ. of Sask. General Agric. B.Sc. Ag. 1957
Relevant Professional Experience (Begin with present position):
Dates Position or Function Employer Location
1987-present Research Agronomist

Soil & Water CDC - South Brooks, AB
1979-80 Instructor Soil Science Univ. of Man.CIDA Lusaka, Zambia
1973-1987 Soil & Crop Specialist Irrig. & Cons. Brooks, AB

Div. AB Agric.

Research Activities Related to Research Proposal:
Phosphorus requirement of potatoes. R.C. McKenzie 1999-2000
Precision farming systems to maximize profits and minimize environmental impacts.
D.C. Penney, T.W. Goddard, R.C. McKenzie and P. Crown. 1993-97
Site specific management of irrigated potatoes.
R.C. McKenzie, C.A. Schaupmeyer, T.W. Goddard, M. Green and D.C. Penney. 1996-2000
Tolerance of forage and turf grasses to salinity. McKenzie & Najda. 1990-94

Relevant Articles Published in Refereed Journals and Other Relevant Works in the

Last Three Years: :

McKenzie, R.C., Woods, S.A., Kryzanowski, L. and McKenzie, R.H. 1999. Fertilizer response of irrigated
alfalfa in Alberta. /n Proceedings, Western Nutrient Management Conference, Salt Lake City, Utah. March 1999.
pp 49-56

McKenzie, R.C. and Williams, P. 1998. Influence of irrigation on wheat strength. /n Wheat Protein Production
and Marketing. Ed. By D.B. Fowler, W.E. Geddes, A M. Johnston and K.R. Preston. Pub. By Univ. of Sask.
Extension Press. 278-280.

Campbell, C.A., Selles, F., Zentner, R.P., McConkey, B.G., McKenzie, R.C. and Brandt, S.A. 1997. Factors
influencing grain N concentration of hard red spring wheat in the semiarid prairie. Can. J. Plant Sci. 77:53-62.

McKenzie, R.C., George, R.J, Woods, S.A., Cannon, M.E. and Bennett, D.L. 1997. Use of the
electromagnetic induction meter as a tool in managing salinization. Hydrology Journal. S. 1: 37-50.
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3C) PROJECT CONTINGENCIES

a) If you do not get grant monies from sources can this project be conducted as
submitted?

Yes No X  Yes, with changes

—r—

b) Modifications necessary:

BACKGROUND, OBJECTIVES, AND PLAN (Maximum of 3 pages for items 5A -
5D.)

5A) Background to the Proposed Project

Alberta potato growers are uncertain what rates of phosphorus (P) fertilizers they should be using. They have
in recent years used from 60 to 140 lbs/ac P,0O,. New recommendations from Idaho suggest from 245 Ibs/ac
P, O, for a soil testing 10 ppm sodium bicarbonate P and low lime content to 365 lbs/ac P,O; for a soil testing
high in lime content (J. Stark et al 1998). Alberta Agriculture recommendations are based on fertilizer tests
done by Agriculture Canada at Lethbridge in the 1970's are for a maximum of 100 lbs/ac P,O. Agronomists
in Washington State suggest applying 700 lbs/ac P,O, over four years in soil which has potatoes once in a
four-year rotation. Alberta agronomists and soils labs are uncertain what recommendations to provide. A 22-
ton/ac potato crop has an uptake of about 73 Ibs/ac of P,04 and removal in the tubers of 40 Ibs/ac P,O,
(Canadian Fertilizer Institute 1998).

Many parts of southern Alberta have an excess of livestock manure. Manure contains a large amount of P.
According to Canadian aquatic guidelines, over 90% of surface waters in agricultural areas of Alberta have
excess P, much of which has been derived from agricultural land. Soil particles and soluble P from potato
fields, as well as heavily manured fields, may become a significant source of P losses to surface water where
high rates of P are used.

Potato growers have been reluctant to use manure on potatoes because of fear of the occurrence of scab on
potatoes being increased. Manure is also considered a source of weeds and in the past, Tordon, a broadleaf
herbicide, has been transmitted by manure and caused damage to potatoes.

The difficulties which can occur from the use of manure can be overcome by the use of compost which is
different from manure and is an excellent source of P. Starting in 1999 large supplies of compost from cattle
feedlot manure are available in southern Alberta. The fermentation in preparation of the compost destroys
most weed seeds. Since 1994, Tordon has not been registered for use and is banned. Reports on manure
causing scab on potatoes are associated with fresh manure, not with compost. There is some evidence that
manure and organic materials reduce the presence of some potato diseases. Lazarovits, a Plant Pathologist
with Agriculture Canada at London, Ontario, has reported some reductions of disease organisms on soils
receiving high rates of manure.

Precision agriculture experiments with potatoes indicate that fields which received large amounts of P
fertilizer showed adequate levels of petiole P in the first week of July but samples taken later in the season
showed deficient levels of petiole P (McKenzie and Woods 1999).



5D) Action Plan and Work Schedules

a) First year: 1999/2000

Set out plots on one field of potatoes near Vauxhall with rates of phsophorus and compost. One small plot
with nine rates of phosphorus was grown near Brooks.

b) Second year: 2000/2001

Three field plots of potatoes near Fincastle, Bamwell and Cranford were grown with rates of phosphorus and
compost, disease and specific gravity measurements were made on tubers.

c¢) Third year: 2001/2002

Two fields will receive treatments which consist of a control with no phosphorus or compost, four rates of
phosphorus and three rates of compost. All treatments will receive nitrogen fertilizer. Counts of occurrence
of disease will be made in the field and on tubers. Yield size and gravity of tubers will be determined.

SE) RELATED RESEARCH (Literature review - Maximum of 2 pages.)

a) At your institution

Site Specific Management of Potatoes 1996-2000. McKenzie, R.C., Schaupmeyer, C.A., Green, M.,
Goddard, T. and Penney, D.C.

b) At other institutions

Phosphorus research with potatoes and precision agriculture research with potatoes is being
conducted by J. Davenport, Univ. Of WA at Prosser. The results have not yet been published. Olds
College has established a com post program. Lethbridge research station has a long-term research
program with rates of manure application to crops.

c) References. (List references cited in the above literature review.)

— Conn, K.L. and Lazarovits, G. 1999. Impact of animal manures on verticillium wilt, potato scab and
soil microbial populations. Can. J. Plant Path. 21: 81-92.

— Lazarovits, G. 1997. Assessment of the Influence of Manures for the Control of Soilborne Pests
including Fungi Bacteria and Nematodes Research Report 1.10 Agriculture and Agrifood Canada,
London, Ontario.

-~ McKenzie, R.C. 1999. Site Specific Management of Potatoes.1998. Progress Report AARI
#96M979.

— Can. Fertilizer Institute 1998. Nutrient Uptake and Removal by Field Crops in Western Canada.

~ Stark, J. Westerman, D. and Tyndall, T. 1998. Revised Univ. of Idaho N, p, k Fertilizer Guidelines
for Potatoes. Unpublished report 4 pp.



7) BUDGET AND MANPOWER NEEDS FOR 1 YEAR

7A) MANPOWER TO BE HIRED WITH PDI/OTHER FUNDS

TIME RATE AMOUNT
NAME (If known) POSITION REQUIRED OF PAY | REQUIRED
Professional and Technical manpower
L. Hingley Technologist 2 mths 2,700 5,400
Casual manpower
Soil & Water labour Field & Lab 3 mths 1,900 5,800
Soils Lab, Edmonton 4 mths 1,900 7,600
TOTAL LABOUR COSTS
A 18,800
7B) TRAVEL EXPENSES TO BE PAID WITH PDI/OTHER FUNDS FOR 1 YEAR
NUMBER TRAVEL MEALS AND
DESTINATION PERSON(S) PURPOSE | OF TRIPS COSTS ACCOM. TOTAL COST
Taber 1-4 monitor 50 500 500
Cranford plots
Purple Springs

TOTAL TRAVEL COSTS B 500

7C) MATERIALS, SUPPLIES AND SERVICES TO BE PAID WITH PDI/OTHER FUNDS

DESCRIPTION COST
Lab materials 800
Compost trucking 1,900
Office costs and repairs and fuel for trucks 1,400
TOTAL COST OF MATERIALS, SUPPLIES AND SERVICES;?R 1 C 4,100
AR




7G) VALUE OF "IN KIND" CONTRIBUTIONS BY RESEARCH AGENCY FOR 1 YEAR
Include estimated value of research staff time and operating budgets contributed by principal researcher's
agency, or other cooperator's agency, towards this project in the period covered by this application. (Funding
is not requested for these items.)

DESCRIPTION PERSON YEARS APPROX.
VALUE

Professional, technical, and other staff 0.70 35,000

Materials and supplies (compost Agricore 3000) 6,000

Travel 1,000

Overhead (estimate) 6,000
TOTAL VALUE F 48,000
"IN-KIND" COSTS

_ ESTIMATED TOTAL PROJECT COST FOR 1 YEAR _
ESTIMATED TOTAL COST OF PROJECT (1 YEAR) E & F l 74,000
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AGRICULTURE, FOOD AND

RURAL DEVELOPMENT
Crop Diversification Centre S.S. #4 Telephone 403/362-1300
South Brooks, Alberta Fax 403/362-1306

Canada T1R 1E6

January 24, 2001

Board of Directors

Potato Growers of Alberta
6008 - 46™ Avenue

Taber, Alberta

T1G 2Bl

Re: Reguest for Research Funding - 2001

Dear Board Members:

Enclosed are 20 copies of the research proposal for our preliminary project entitled “Influence of
potassium fertilizer on specific gravity in Russet Burbank potatoes in southern Alberta”. The
proposal is a condensed version of the AARI application submitted in January and the first page
is a summary of the proposal. This is a collaborative project addressing concerns expressed by
processors regarding specific gravity in Russet Burbank in excess of 1.100. The results of this
project will enable us to design solution-oriented research in the future. Industry participants and
government cooperators will contribute cash and in-kind funding for the project. We are
requesting $2,000 from the PGA for 2001. Please contact me if you have any questions (403-
362-1314).

Thank you for your consideration. We look forward to hearing from you.

Sincerel

A / \ &

Michele Ko.r;schuh, Ph.D. o
Potato Research Agronomist
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January 24, 2001

Board of Directors

Potato Growers of Alberta
6008 - 46™ Avenue

Taber, Alberta

T1G 2B1

Re: Regquest for Research Funding - 2001

Dear Board Members:

Enclosed are 20 copies of the research proposal for our preliminary project entitled “Influence of
potassium fertilizer on specific gravity in Russet Burbank potatoes in southern Alberta”. The
proposal is a condensed version of the AARI application submitted in January and the first page
is a summary of the proposal. This is a collaborative project addressing concerns expressed by
processors regarding specific gravity in Russet Burbank in excess of 1.100. The results of this
project will enable us to design solution-oriented research in the future. Industry participants and
government cooperators will contribute cash and in-kind funding for the project. We are
requesting $2,000 from the PGA for 2001. Please contact me if you have any questions (403-
362-1314).

Thank you for your consideration. We look forward to hearing from you.

Michele Konschuh, Ph.D.
Potato Research Agronomist



Farming For the Future Research Funding Program
Application - 2001/2002
Part A

Project Title: (maximum 15 words)
Influence of potassium fertilizer on specific gravity in Russet Burbank potatoes in Southern Alberta

Identify the Strategic Research Priority, which best fits your project. Choose only one.

Agri-food & Health - Functional Foods & || Non-food, Fibre & Industrial Uses, including
Nutraceuticals ___ Molecular Farming

Environmental Sustainability X | Primary Agriculture and Food Safety
Genomics, Proteomics, Bioinformatics & Other || Value-added Processing

Basic Research

In the space provided below, please describe how the following aspects of your proposal advance the
Strategic Priorities. (delete bulleted text for more space)
» Overall purpose

Our overall purpose is to conduct a preliminary trial to determine the effect of potassium fertilization on
specific gravity in Russet Burbank potato tubers. The rather unique set of growing conditions in southern
Alberta often results in tuber specific gravity (dry matter) that exceeds the ideal range for french fry
processing. Processors have identified high specific gravity as a concern with respect to fry quality.

+ Key Objectives

1. To determine the effect of three rates of potassium fertilization on yield, specific gravity, fry quality, and
defects in Russet Burbank potatoes.

2. To correlate tissue potassium concentrations with potassium application rates and specific gravity.

3. To establish the economics of potassium fertilization for control of specific gravity.

« Potential Benefits to Industry and Society

Providing potassium fertility information to producers will help them maintain high quality potato production
for the processing industry. This will also allow processors to reduce losses associated with high specific
gravity. This research will benefit both producers and processors.

» Total cost of project and dollar amount requested from AARI
Total cost: $37,800 Amount requested from AARI: $8,500

Please indicate:
Expected Commencement Date: _March, 2001____
Anticipated duration of project: __ One Year___

Where does your project best fit on the Research Continuum? Choose only one.
I:l Basic I:l Applied D Development D( Technology D Commercialization
Research Research & Adaptation Transfer




Part B
Progrid Evaluation

1. Contributions to Advancement of Agri-food Knowledge

In point form, please describe the potential benefits to the Agri-food industry and to society, in the space
provided.

The potato processing industry in Alberta has expanded recently and is poised for further growth.
Processors have clients with very specific requirements for fry production and may begin to impose
upper limits on specific gravity in tubers grown for the frozen french fry market.

Processors have identified concerns with respect to very high tuber specific gravity, such as
feathering, blackspot bruising, and economics (potatoes are sold by weight, fries are sold by volume).
If specific gravity in the potatoes in maintained, processing costs are lower, and processors may be
able to offer preferred pricing to producers with the highest quality potatoes.

Potato fertility (rates, timing, and placement of fertilizer) was identified as a research priority by
Potato Development Inc. for 2000-2001.

Based on this one-year trial, we will be able to plan additional research to optimize rate and source of
potassium as well as method and timing of potassium applications required to maintain the high
quality of potatoes that industry has come to expect in southern Alberta.

2. Benefits to Alberta's Agri-food Industry

In the space provided, please describe in point form the expected contributions to the advancement of agri-
food knowledge.

Will determine whether it is possible, under southern Alberta conditions, to manipulate specific gravity
in Russet Burbank potatoes by applying additional potassium fertilizer.

Will establish the correlation, if any, between tissue potassium concentrations and potassium
application rates.

Will establish whether a larger scale project of this nature is necessary to fine tune potassium fertility
recommendations.

Will provide local information for producers regarding potassium fertilization for Russet Burbank
potatoes.

In point form, please describe the knowledge transfer plan, in the space provided.

Results of this research will be made available to all of the industry and government participants in
the form of a final report.

Results will be presented at breakfast meetings of the Potato Growers of Alberta (PGA) so that all
producers may benefit from the information gathered.

If specific recommendations are forthcoming as a result of the research results, a fact sheet outlining
these recommendations will be produced and made available to the producers, the PGA, and to
industry participants.




6. Research Design, Method & Analysis

In the space provided below, please describe the Research Design, Method and Analysis and Research Plan
for the duration of the proposed project. Include reference to the most relevant literature references for your
research design and methodology.

The research will be conducted at the Lethbridge Correctional Centre. The horticulturist at the
Correctional Centre, Cynthia Watson, will provide manpower for planting, hilling and maintaining the plots.
Twelve core soil samples will be taken from each replicate block prior to the beginning of the trial. The 0-15
cm layer will be analyzed completely (N, P, K, S, Mn, Fe, Cu, Zn, Bo, Ca, Mg, Na, organic matter, pH, E.C.,
base saturation and ClI-), and the 15-30 cm and 30-60 cm layers will be analyzed for nitrate, sulfate, pH and
E.C. Plots will be planted adjacent to regular potato plots on land at the Correctional Centre and will be
maintained in a similar fashion. Plots will be laid out in 6 replicated blocks (randomized complete block
design), with three levels (0, 250 and 500 kg/ha) of potassium fertilizer (KCI) in each block. Each treatment
will consist of four to six rows, 40 m long, 91 cm between-row spacing and 30 cm in-row spacing. The center
two rows will be mechanically harvested for data collection to avoid edge effects. All potassium will be
banded on prior to planting the potatoes. All other aspects of the fertility regime will be constant for all of the
treatments. Petiole tests will be conducted on three separate occasions during the growing season,
approximately three weeks apart, starting in early July. Atthe time of harvest, samples will be collected for
yield data, grading data, specific gravity measurements, and fry quality.

Soil and petiole analyses will be conducted by Norwest Labs using standardized procedures of the
analytical labs supporting the potato industry. Yield data will be collected by harvesting and weighing
potatoes from a known area in each treatment. Grading will be carried out at CDC South using standards
employed by the Western Canadian Potato Breeding Program for size, internal and external defects.
Specific gravity will be determined using the weight in air/weight in water method. Fry quality will be
determined by McCain Foods following industry protocols.

References:

Dubetz, S. and J. B. Bole. 1975. Effect of nitrogen, phosphorus, and potassium fertilizers on yield
components and specific gravity of potatoes. Am. Potato J. 52: 399-405.

MacKay, D.C. and J.M. Carefoot. 1987. Potassium status of irrigated brown Chernozemic soils of southern
Alberta. Can. J. Soil. Sci. 67: 877-891.

McDole, R.E., G.F. Stallknecht, R.B. Dwelle, and J.J. Pavek. 1978. Response of four potato varieties to
potassium fertilization in a seed growing area of eastern Idaho. Am. Potato J. §5: 495-504.

Mosley, A.R. and R.W. Chase. 1993. Selecting cultivars and obtaining healthy seed lots. /n: Potato Health

Management (R.C. Rowe, ed.).APS Press, St. Paul, MN. pp. 19-25.

Nogueira, F.D., J.G. de Padua, P.T.G. Guimaraes, M.B. de Paula, and E.B. Silva. 1996. Potato yield and
quality under potassium and gypsum levels in southeastern Brazil. Commun. Soil Sci. Plant Anal. 27:
2453-2475.

Panique, E., K.A. Kelling, E.E. Schulte, D. E. Hero, W.R. Stevenson, and R.V. James. 1997. Potassium rate
and source effects on potato yield, quality, and disease interaction. Am. Potato J. 74: 379-398.

Silva, G., R.W. Chase and R.B. Kitchen. 1989. Effects of potassium source and rate on potato quality. Am.
Potato J. 66: 543-544

Westermann, D.T. 1993. Fertility management. /n: Potato Health Management (R.C. Rowe, ed.).APS Press,

St. Paul, MN. pp. 77-86.

Westermann, D.T., T.A. Tindall, D.W. James, and R.L. Hurst. 1994. Nitrogen and potassium fertilization of

potatoes: Yield and specific gravity. Am Potato J. 71: 417-431.




8. Research Budget

Please provide a summary of the total research budget in the space provided.
Research Budget

| Year | Source | Type Personnel Travel | Capital | Supplies | CDL* | Ove
1 AARI Cash | $7.000 $500 $1.000
Gov't | Cash $550
Inkind | $20,000 $1.500 $250
Industry $2.000

W‘- S
*Communication, Dissemination, and Linkage

Please provide justification for the amount requested in each of the main budget categories. Ensure the amounts
are appropriate and consistent with the Guidelines.

Personnel;
The personnel requirements for this project involve providing technical staff for taking soil samples, petiole

samples, harvesting tubers, grading tubers, and handling data input and analyses. Industry will be contributing
staff through in-kind contributions. All supervision for the project, and a considerable amount of technical help will
be provided as in-kind government contributions. Technical help will be required for the following operations:

1 soil sampling event with 2 people

1 day of site preparation with 2 people

1 day of fertilizer application with 2 people

3 petiole sampling events with 2 people

2 days of harvest with 4 people

2 days grading tubers with 2 people

8 to 10 site visits

2 days of data input

2 days processing soil and petiole samples

All analyses (soil, petiole, culinary, data, etc)

Travel:
Travel requirements of the project largely involve travel to and from the research site which is located in

Lethbridge. Staff from CDC South (Brooks) and from Taber will need to make several trips to the research site to
monitor the project and to assist with key data collection events.
8 to 10 site visits for two people

Supplies:

Seed potatoes, fertilizer inputs, pesticides, fuel costs, stakes, bags and tags will be required for laying out the
research plots and planting the trials. Seed potatoes, fertilizer inputs, pesticides and fuel will be provided by
Alberta Justice as in-kind contributions. Soil samples, petiole samples, and all analyses were also included in the

supplies section.

CDL:
Communication costs relate to preparing data and results for technology transfer. This will most likely take the
form of slides or overheads and perhaps preparation of a fact sheet on potassium fertility.

Overhead:
CDC South charges 5% overhead on all projects funded externally. Overhead charges by government agencies
are not eligible for funding through AARI and these charges will be covered from the AAFRD operating budget for

the potato program.




Part D

Research Team: Biographical Information

This personal information is being collected for the purpose of assessing the researchers' qualifications under the authority of the ASRA Act. It is subject to
the provisions of the Freedom of Information and Protection of Privacy Act.

Team Member - Biographical Data
Please provide the following biographical data for each member of the research team (including the team leader)

Name (surname first):

Konschuh, Michele Nadine

Post-Secondary Education and Training Relevant to Proposal:

Institution Eield Specialization Degree/Diploma Year Completed
U of Calgary Developmental Plant Physiology Ph. D. 1995
U of Calgary Biological Sciences - Botany B.Sc. 1989

Relevant Professional Experience (begin with present position):

Dates Position or Function Employer Location
2000 - present Potato Research Agronomist Alberta Agriculture, Food &
Rural Development (AAFRD) Brooks, AB
1998 - 2000  Technologist - Biotechnology AAFRD Brooks, AB
1998 - present Vice-president, R & D Grow West Plant Regeneration Medicine Hat, AB
1996 - 1998  Post-doctoral fellow U of Alberta, AFNS Edmonton, AB

Research Activities Related to Research Proposal (list up to 4 projects):

Title Date
Development of a biocontrol for grey mold on tomatoes. J Calpas, JP Tewari 1998 - present

Characterization and production of powerful, consistent, and reliable Echinacea.
MN Konschuh, AM Johnson-Flanagan 1998 - 2000

Reducing green seed in canola using antisense technology. AM Johnson-Flanagan,
J Singh, L. Robert 1996 - 1998

Relevant Articles Published in Refereed Journals and Other Relevant Works in the Last Three Years

Miranda, J, MN Konschuh, EC Yeung & CC Chinnappa (1999) /n vitro plantlet regeneration from hypocotyl explants of
Stellaria longipes (Caryophyllaceae). Can J Bot. 77: 318-322.

Politeski Morissette, JC, MN Konschuh, J Singh, L. Robert & AM Johnson-Flanagan (1997) Reduction of chlorophyli
accummulation in seed of transgenic Brassica napus using antisense-technology. Acta Hort. 459: 183-190.

Hawkins, GP, MN Konschuh & AM Johnson-Flanagan (1997) Breaking the linkage between freezing tolerance and
vemalization in winter Brassica napus. Acta Hort. 459: 397-402.

Konschuh, MN & Thorpe (1997) Metabolism of 14C-aspartate during shoot bud formation in cultured cotyledon explants
of radiata pine. Physiol Plant. 90: 144-151.



PartD

Research Team: Biographical Information

This perscnal information is being collected for the purpose of assessing the researchers’ qualifications under the authority of the ASRA Act Itis
subject to the provisions of the Freedom of Information and Protection of Privacy Act.

Name (Surname first):
McKenzie, R. Colin

Post-Secondary Education and Training Relevant to Proposal:

Institution Field of Specialization Degree/Diploma Year
Univ. of Alberta Soil Science Ph.D. 1973

Soil Plant Relationships
Univ. of Alberta Soil Science M.Sc. 1970
Univ. of Sask.  General Agric. B.Sc. Ag. 1957
Relevant Professional Experience (Begin with present position):
Dates Position or Function Employer Location
1987-present Research Agronomist

Soil & Water CDC - South Brooks. AB
1979-80 Instructor Soil Science Univ. of Man.CIDA Lusaka, Zambia
1973-1987 Soil & Crop Specialist Irrig. & Cons. Brooks, AB

Div. AB Agric.

Research Activities Related to Research Proposal:
Phosphorus requirement of potatoes. R.C. McKenzie 1999-2000

Precision farming systems to maximize profits and minimize environmental impacts.
D.C. Penney, T.W. Goddard, R.C. McKenzie and P. Crown. 1993-97

Site specific management of irrigated potatoes.
R.C. McKenzie, C.A. Schaupmeyer, T.W. Goddard. M. Green and D.C. Penney. 1996-2000

Fertilizer requirement of irrigated alfalfa. R.C. McKenzie, R.H. McKenzie and
L. Kryzanowski. 1994-1996

Relevant Articles Published in Refereed Journals and Other Relevant Works in the
Last Three Years:

McKenzie, R.C., Woods, S.A., Kryzanowski, L. and McKenzie, R.H. 1999. Fertilizer response of
irrigated alfalfa in Alberta. Jn Proceedings, Western Nutrient Management Conference, Salt Lake
City, Utah. March 1999. pp 49-56.

McKenzie, R.C. and Williams, P. 1998. Influence of irrigation on wheat strength. /n Wheat Protein
Production and Marketing. Ed. By D.B. Fowler, W.E. Geddes, A.M. Johnston and K.R.
Preston. Pub. By Univ. of Sask. Extension Press. 278-280.

Campbell, C.A., Selles, F., Zentner, R.P., McConkey, B.G., McKenzie, R.C. and Brandt, S.A. 1997.
Factors influencing grain N concentration of hard red spring wheat in the semiarid prairie.
Can. J. Plant Sci. 77:53-62.

McKenzie, R.C., George, R.J., Woods, S.A., Cannon, M.E. and Bennett, D.L. 1997. Use of the

electromagnetic induction meter as a tool in managing salinization. Hydrology Journal. §. 1:
37-50.



Team Member 2 R. Colin McKenzie Title Sail & Water Agronomy Research Scientist

Signature gj{ ,{G‘_,,{/A_A WC' M g_‘ na : ;Date N 5 Rooo.

Name: ‘ Title Director, Plant Industry Division, AAFRD
Agency's Signing Authority
Signature > Dbate Q. .9 Q00|
9 .
Team Member 3 Title
Signature Date
Name: Title

Agency's Signing Authority

Signature Date

This personal information 1S being collected (under the authonty of the ASRA Act) for the purpose of assessing the research teams’
Other Researchers qualifications. It 1s subject to the provisions of the Freedom of informavon and Protection of Privacy Act

Name Lori Delanoy Title Potato Agronomist

Function in Project  Petiole Sampling Organization AAFRD

Signature m Telephone # 403-223-7915

Name Cynthia Watson Title Gardener ll

Function in Project  Field Supervision Organization Lethbridge Correctional Centre
Signature //f/g\/ ; Telephone#  403-317-7535

Name Title

Function in Project Organization

Signature Telephone #




Project 329015
New: x Renewal:_

MEMORANDUM OF UNDERSTANDING
Between: THE POTATO GROWERS OF ALBERTA
(hereafter referred to as “PGA”)
and the

Alberta Agriculture, Food & Rural Development
(hereafter referred to as “AAFRD”)

Project Title: “ Influence of potassium fertilizer on specific gravity in Russet Burbank potatoes in
Southern Alberta”.

Objectives: 1. To determine the effect of three rates of potassium fertilization on yield, specific
gravity, fry quality, and defects in Russet Burbank potatoes.
2. To correlate tissue potassium concentrations with potassium application rates and
specific gravity.
3. To establish the feasibility of potassium fertilization for control of specific gravity.

STATEMENT OF WORK

Alberta Agriculture, Food & Rural Development is willing to undertake the study for PGA which
hereby agrees to pay to contribute toward the costs of researching the information required as
described.

PERIOD OF WORK

The research project will commence on April 01, 2001. A yearly report will be provided to PGA by
Dec 30, 2001.

BASIS OF PAYMENT

The sponsor of the project, PGA will provide $2,000 upon finalization of the memorandum to
AAFRD, to cover the following estimated yearly cost:

Casual Manpower (on an as need basis): $
Materials & Supplies $2,000.00
The Budget can be adjusted and used at the discretion of the project manager.

Payment of research project expenditures will be made from funds made available to AAFRD up
to the maximum amount of funds received from the sponsor.

1



AAFRD will provide a record of revenue and expenditure upon project completion or depletion of
funds. Any remaining funds after completion or termination of the project can be used for research
at the discretion of the project manager.

RESPONSIBILITY OF PROJECT MANAGER

The project manager for this study is Michele Konschuh. She will provide all reports to AAFRD and
the sponsor.

The project manager will authorize expenses and submit them to the appropriate AAFRD
department for processing payment.

The project manager is not eligible for any manpower funds for herself.
AMENDMENTS OR TERMINATION

This Memorandum of Understanding may be amended by mutual consent of the parties as
evidenced by an exchange of letters.

Either AAFRD or PGA may terminate this Memorandum of Understanding by providing two
weeks notice in writing to the other party.

NOTICES AND REPRESENTATIVES
Notices for all purposes of or incidental to this Memorandum of Understanding shall be effectively

given if delivered personally, or sent by registered or certified mail to the representatives of the
parties designated as follows:

Alberta Agriculture, Food & Rural

Development:
Vern Warkentin Dr. Ron Howard
Executive Director Horticulture Unit Leader
Potato Growers of Alberta Crop Diversification Centre South
6008 - 46" Ave. S.S. #4,
Taber, AB T1G 2B1 Brooks, AB T1R 1E6

Information generated from the project may be used by the Department of Agriculture, Food &
Rural Development, and PGA.



The sponsor, PGA relinquishes ownership of any materials, supplies and assets purchased with
the project funds to the AAFRD which assigns control to the project manager’s departmental
division.

The parties affirm their acceptance of the terms of this Memorandum of Understanding by signing
below.
Copies bearing original signatures of this Memorandum will be kept by each party.

Wl

- : ) B Z/&r 19 200
Michele Konschuh, Ph.D, Project Manager Date

| agree that the project manager named above may supervise this project.

l/[a»jlé-'ol

Ron Howa.rd,'HorticuIture Unit Leader Date

Vern Warkentin, Executive Director
Potato Growers of Alberta

= /”4;1 fé,

Signature ‘ Date
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MEMORANDUM OF UNDERSTANDING

Between: Potato Growers of Alberta
(hereafter referred to as “PGA”)

and

Alberta Agriculture, Food & Rural Development
(hereafter referred to as “AAFRD”)

Project Title: Petiole Nutrient (N, P and K) Recommendations for Russet Burbank Potatoes
Grown in Southern Alberta.

Objectives: 1. To determine the optimal petiole nutrient concentrations for Russet Burbank
potatoes, specific to southern Alberta,
2. To determine the relationship, if any, between potato petiole nutrient
concentrations and tuber specific gravity and
3. To compare these relationships to those found in field-scale petiole data.

STATEMENT OF WORK

Alberta Agriculture, Food & Rural Development is willing to undertake this study for the PGA,
who hereby agrees to contribute toward the costs of researching the information required as
described in the research proposal.

PERIOD OF WORK

The research project will commence in April, 2004. An interim update (poster format) will be
provided at the November 2004 PGA meeting and a yearly report will be provided to the PGA
by January 31, 2005.

BASIS OF PAYMENT

The sponsor of the project, the PGA, will provide $9,200 upon finalization of this memorandum
to AAFRD, to cover the following estimated yearly costs:

Casual Manpower $2,250
Travel $ 800
Laboratory Analysis $5,050
Materials $ 100
Overhead (5%) and GST (7%) $1,000
Total $9,200

The Budget can be adjusted and used at the discretion of the project manager.



l5ayment of research project expenditures will be made from funds made available to AAFRD
up to the maximum amount of funds received from the sponsor.

If requested, AAFRD will provide a record of revenue and expenditure upon project completion
or depletion of funds. Any remaining funds after completion or termination of the project can be
used for research at the discretion of the project manager.

RESPONSIBILITY OF PROJECT MANAGER

The project manager for this study is Shelley Woods, Soil and Water Research Scientist. She
will provide all reports to AAFRD and the sponsor.

The project manager will authorize expenses and submit them to the appropriate AAFRD
department for processing payment.

The project manager is not eligible for any manpower funds herself.
AMENDMENTS OR TERMINATION

This Memorandum of Understanding may be amended by mutual consent of the parties as
evidenced by an exchange of letters.

Either AAFRD or the PGA may terminate this Memorandum of Understanding by providing two
weeks notice in writing to the other party.

NOTICES AND REPRESENTATIVES

Notices for all purposes of or incidental to this Memorandum of Understanding shall be
effectively given if delivered personally, or sent by registered or certified mail to the
representatives of the parties designated as follows:

Potato Growers of Alberta Alberta Agriculture, Food & Rural
Development:

Mr. Vern Warkentin Dr. Christine Murray

Executive Director Branch Head, CDCS

Potato Growers of Alberta Crop Diversification Centre South

6008 — 46" Avenue S.S. #4

Taber, AB T1G 2B1 Brooks, AB T1R 1E6

Information generated from the project may be used by the Department of Agriculture, Food &
Rural Development and the PGA.

The sponsor, the PGA, relinquishes ownership of any materials, supplies and assets purchased
with project funds to the AAFRD which assigns control to the project manager’s departmental
division.



The parties affirm their acceptance of the terms of this Memorandum of Understanding by
signing below.

Copies bearing original signatures of this Memorandum will be kept by each party.

ﬁﬁ%g“@ i) Ad 23, 2004
elley Wgods, Project Manager Date’

| agree that the project manager named above may supervise this project.

4 7 ik A ) 1 R .
( Pudloni ’A-'\,amz«'/ % [{,/.Jf_d. 23 004
i 7
Dr. Christine Murray, Bra'ﬁchﬂe‘ad, CcDCS Date

_ \«4/ %ﬂi@/ S i Qurd/ 25 ,/0’7’

Mr. Vern Warkentin, Executive Director Date ’
Potato Growers of Alberta




Aberia

AGRICULTURE, FOOD AND
RURAL DEVELOPMENT

Crop Diversification Centre S.S.#4 Telephone 403/362-1300
South Brooks, Alberta Fax 403/362-1306
Canada T1R 1E6
April 23, 2004

Potato Growers of Alberta
6008 — 46™ Avenue
Taber, AB T1G 2B1

Attention: Vern Warkentin, Executive Director
Alfonso Parra, Technical Director

Re: MOU for research project “Petiole Nutrient (N, P and K) Recommendations
for Russet Burbank Potatoes Grown in Southern Alberta” first year (2004)

Dear Vern and Alfonso,

Thank you for your April 16, 2004 e-mail, which indicated that the PGA approved
funding for the project proposal entitled “Petiole Nutrient (N, P and K)
Recommendations for Russet Burbank Potatoes Grown in Southern Alberta”. | have
been instructed to set up a Memorandum of Understanding (MOU) with each
cooperator for externally funded projects. Please review the enclosed MOU. If the terms
are acceptable, please sign both copies and return one original to me, the other is for
your records. If you would prefer to propose alternate terms in the MOU, please
contact me at 403-362-1352. An invoice will be issued under separate cover.

Thank you for funding this project. | am excited about the potential benefits of this
research to members of the PGA and look forward to our collaboration.

Sincerely,

\//%ﬂ /-

Shelley Woods
Soil and Water Research Scientist
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POTATO GROWERS OF ALBERTA

Taber, April 16 2004.

Shelley Woods

Alberta Agriculture, Food and Rural Development
Crop Diversification Centre South

Brooks

Re: “Petiole Nutrient (N, P and K) Recommendations for Russet Burbank
Potatoes in southern Alberta”

Dear Shelley

We are pleased to advise that the Board of the Potato Growers of Alberta has
approved your application for a three-year period in the amount requested,
$9,200.00 per year, and the funds are available to meet the timelines specified in
your application.

When requesting the funds for the project, please provide an invoice that
specifies the amount, GST and to whom payable.

We appreciate your commitment and dedication to the potato industry.

Yours truly,

Alfonso Parra
Technical Director



Petiole Nutrient Recommendations for Russet Burbank
Potatoes Grown in Southern Alberta

Researcher: Shelley Woods (AAFRD Brooks)

Term: 3 year

Objectives:

B To determine optimal petiole nutrient concentration for RB specific to
Southern Alberta

B To determine the relationship if any, between petiole nutrient
concentrations and tuber specific gravity.

B To compare these relationships to those in field-scale petiole data.
Cost: $9.200.00 ( year).

Comments:

B Good project that fits into the PGA categories with high priority.

m Might be replicated on other commercial varieties in Alberta



Project Proposal

Petiole Nutrient (N, P and K)
Recommendations for Russet Burbank
Potatoes Grown in Southern Alberta

Prepared for:

Board of Directors
Potato Growers of Alberta
6008 — 46™ Avenue
Taber, AB T1G 2Bl

Prepared by:

Shelley Woods and Michele Konschuh
Alberta Agriculture, Food and Rural Development
Crop Diversification Centre South
SS #4, Brooks, AB TIR 1E6

March 17, 2004



I. BACKGROUND

Precise fertilizer application rates are critical for optimal potato production. Sufficient nutrients
are necessary to maximize tuber yield, quality and uniformity, while issues of economy and
environment make surplus fertilizer undesirable.

The analysis of potato petiole samples has been used to monitor the nutrient status of potato
crops throughout the growing season. This can be a useful and timely technique for monitoring
any crop deficiencies that may occur mid-season that were not identified in spring soil samples.

Many of the current recommended petiole nutrient (N, P and K) concentrations have come from
research conducted in the northwest United States (Schaupmeyer, 1999), where longer growing
seasons and different soil conditions and climate prevail.

Petiole analysis results from previous Russet Burbank studies in southern Alberta (Woods et al.,
2002) indicated that the current recommendations may be high for potassium (K) and somewhat
high for phosphorus (P), especially early in the growing season. Results also indicated that
recommended nitrate nitrogen (N) concentrations may need fine-tuning to suit southern Alberta
growing conditions.

The purpose of this proposed research is to provide recommendations for critical petiole nutrient
(N, P and K) concentrations for Russet Burbank potatoes, throughout the southern Alberta
growing season. Russet Burbank has been chosen because it is the most commonly grown
processing variety in southern Alberta.
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Belanger, G., J.R. Walsh, J.E. Richards, P.H. Milburn and N. Ziadi. 2001. Critical nitrogen curve
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Shepody potatoes in response to varying nitrogen rate. Am. Potato J. 68:493-505.

Schaupmeyer, C.A. 1999. Personal comments.

Westcott, M.P., V.R. Stewart and R.E. Lund. 1991. Critical petiole nitrate levels in potato.
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Woods, S.A., McKenzie, R.C. and Hingley, L.E. 2002. Phosphorus and compost on irrigated
potato crops. In Proceedings of the 39" Alberta Soil Science Workshop, p. 210-214.



II. PROJECT OBJECTIVES

e To determine the optimal petiole nutrient concentrations for Russet Burbank potatoes,
specific to southern Alberta. Petiole nitrate nitrogen, phosphorus and potassium will be
assessed and expressed as a function of days after planting (DAP) for optimized potato yield.

e To determine the relationship, if any, between potato petiole nutrient concentrations
and tuber specific gravity. Petiole nitrate nitrogen, phosphorus and potassium will be

assessed.

e To compare these relationships to those found in field-scale petiole data. Suitable data
from previous PGA-funded research projects will be analyzed and available processor data
(where correlating yield values are available) will be assessed.

III.

WORK PLAN

This two-part project will combine analysis of data from s plot-scale experiment with a review of

southern Alberta field-scale data.

1. Plot Measurements: Ten rates of N, P and K fertilizers will be applied to a small portion
of a field of grower-managed Russet Burbank potatoes. Between 75 and 100% of the
fertilizer will be applied pre-plant and incorporated, with the remaining portion top
dressed during the growing season. Each treatment plot will be 6 rows wide x 35 m long.
Petiole samples will be collected and analyzed for each plot 6 times throughout the 2004
growing season, beginning approximately at the time of tuber initiation. Tuber samples
(10 foot strips x 4 reps x 10 treatments) will be collected, graded and measured for total
yield, <6 oz yield, 6-10 oz yield, >10 oz yield, mean tuber weight and specific gravity.
Treatments will be applied at the following rates, which may be adjusted slightly to

account for base fertility at the site.

| Rate (kg/ha) Rate (Ibs/ac)

Treatment | N P K N P,Os KO
1 | 0 50 100 0 102 107

2 | 100 50 100 89 102 107

3 | 200 50 100 179 102 107

4 | 300 50 100 268 102 107

5 | 200 0 100 179 0 107

6 | 200 25 100 179 51 107
(see#3) | 200 50 100 179 102 107
7 200 100 100 179 204 107

8 200 50 0 179 102 0

9 | 200 50 50 179 102 54
(see #3) 200 50 100 179 102 107
10 200 50 200 179 102 214




2. Data Review: Previous PGA-funded projects, including phosphorus and compost on
potatoes, precision farming of potatoes and potassium requirements of potatoes, will
provide a database on nutrient concentrations and the corresponding tuber yield and
specific gravity measurements. This database will be reviewed and summarized. Making
further use of this data will add value to projects previously funded by the PGA.
McCain’s has expressed a willingness to contribute anonymous petiole analysis and
correlating yield data. Other processors will be approached for their interest, and analysis
of this data will be completed and compared to the controlled plot measurements.

It is recommended that the trial be conducted for 3 consecutive years to account for differences
in climate, cropping and environmental conditions between years. In the second and third years,
the trial may be fine-tuned and altered in response to first-year results. This project will address
the needs for Russet Burbank potatoes. If the results prove to be satisfactory and useful, it may
be beneficial to repeat the research on additional varieties in the future.

IV. TIME-FRAME AND REPORTING

Surface apply pre-plant fertilizer treatments April-May 2004

Collect petiole samples (6 dates) July-August 2004
Collect tuber samples August-September 2004
Tuber grading and specific gravity October 2004

Collect data from co-operating processors October-November 2004
Analyze results October-December 2004
Present poster at annual PGA meeting November 2004

Prepare first-year summary report January 2005

Interim progress will be reported verbally or by e-mail as requested by the PGA. Shelley Woods
(Soil and Water Research Agronomist, CDCS) will act as project leader and Michele Konschuh
(Potato Research Scientist, CDCS) will collaborate.



V. BUDGET

Description I Cost

Manpower: |

Petiole collection and processing (2 people x 0.5 days x 6 sampling dates x $125/day) 750

Tuber harvest (4 people x 2 days x $125/day) 1000

Grading and specific gravity analysis (2 people x 2 days x $125/day) 500

Travel:

Plot set-up, petiole collection and harvest (including travel time, lunches and gas) 800

Services:

Laboratory analysis of petiole samples (10 treatments x 4 reps x 6 dates x $20/sample) 4800

Laboratory analysis of soil samples (10 treatments x 5 foot depth x $5/sample) 250

Materials:

Bags, tags, stakes and hand-held fertilizer spreader 100

Data analysis and report preparation and presentation (included) 0

Sub-total 8200

Overhead and GST (5% OH + 7% GST) 1000

Total requested for 2004 |  $9200

Note: The budget does not include compensation for time committed to the project by salaried
professional AAFRD staff.

An invoice will be mailed out for the total cost of the project once a memorandum of
understanding has been signed by both parties.

Contact Information:

Shelley Woods

Soil and Water Research Scientist

AAFRD, Crop Diversification Centre South
S.S. #4

Brooks, AB TIR 1E6

Ph. 403-362-1352; Fax 403-362-1306



Ten rates of N, P and K fertilizers were applied
(April 20/04) to a field of grower-managed Russet
Burbank potatoes, near Taber, Alberta. Each plot
was 8 rows wide (24 ft) and 115 ft long (see back
of brochure).

The potato crop was planted April 28/04 and was
damaged by hail on July 7/04.

Petiole samples were collected and analyzed for
each plot 7 times in the 2004 growing season.

Tuber samples (2x25 ft strips) were collected
(Sept 22-23/04), graded for marketable yield (total
yield minus smalls) and analyzed for specific
gravity.

Fertilizer rates 2003-2004.
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Plots are not to scale.
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8 rows wide (24 ft)
by 115 ft long.
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2004 Plot layout.

This project was made possible with the financial support of
the Potato Growers of Alberta (PGA), Alberta Agriculture,
Food and Rural Development (Crop Diversification Centre
South), McCain’s and Sandberg Laboratories Ltd. Jerry
Zeinstra hosted the trial.

Petiole Nutrient

(N, P and K)
Recommendations for
Russet Burbank
Potatoes Grown in
Southern Alberta (2004)

S.A. Woods", L.E. Hingley' and M.N. Konschuh?

1 Soil and Water Agronomy Program and
2 Potato Agronomy Program

Crop Diversification Centre South
Brooks, Alberta



The analysis of potato petiole samples is used to
monitor the nutrient status of potato crops
throughout the growing season. This can be a
useful and timely technique for monitoring any
nutrient deficiencies that may occur mid-season
that were not identified in spring soil samples.

Petiole analysis results from previous Russet
Burbank studies in southern Alberta indicated
that the current recommendations (NW USA)
may be somewhat high for phosphorus (P) and
potassium (K), especially early in the growing
season. Results also indicated that
recommended nitrate nitrogen (N)
concentrations may need fine-tuning to better
suit southern Alberta growing conditions.
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Potato petiole N, P, K content, marketable yield and specific gravity, for fertilizer rates (2004).

Determine optimal petiole nutrient concentrations,
throughout the growing season, for Russet
Burbank potatoes, specific to southern Alberta.

Determine the relationship between potato petiole
nutrient concentrations and tuber specific gravity.

Nitrogen (N) Fertilizer Rates

* The highest N rate (367 Ib/ac) consistently
showed the highest petiole N. Petiole N declined
from late June to mid-July but recovered quickly.
» Treatment 3 (272 Ib N/ac) had the highest yield,
but results were not significantly different.
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Applied Phosphorus (Ib P,Os/ac)

Phosphorus (P) Fertilizer Rates

* Increasing rates of fertilizer P gave increasing
amounts of petiole P.

* The two higher rates of fertilizer P had a slightly
greater yield than the two lower rates of fertilizer
P but results did not show significant differences.
Potassium (K) Fertilizer Rates

* Increasing rates of fertilizer K had no effect on
petiole K. Initial soil K was high at the study site.
» There was a trend toward slightly increased
yield with increasing fertilizer K with a small
decrease for the highest rate.

» There was a trend toward decreasing specific
gravity with increasing fertilizer K but differences
were not statistically significant and all
treatments gave acceptable values.
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Petiole Nutrient (N, P and K) Recommendations for Russet Burbank Potatoes Grown in
Southern Alberta (2005)

S.A.Woods', L.E. Hingley? and Michele Konschuh®
! Soil and Water Research Scientist, Irrigation Branch, AAFRD. Lethbridge, Alberta.
% Soil and Water Technologist, Irrigation Branch, AAFRD. Brooks, A lberta.
3 Potato Research Scientist, Crop Diversification Centre South, AAFRD. Brooks, Alberta.

INTRODUCTION

The 2005 season marked the second year of a three-year study sponsored by the Potato Growers
of Alberta (PGA). The 2005 growing season in southern Alberta was remarkable for the record
rainfall and cool temperatures. Many growers were forced to pump out portions of fields that
were flooded and these saturated conditions can lead to nitrogen losses through runoff, deep
drainage and microbial denitrification. Although the cool temperatures likely slowed
denitrification, the potential for nitrogen losses was still present. Other nutrients can also be lost
with water that is removed by pumping and through runoff and deep drainage. The potential for
nutrient losses in 2005 make it difficult to be certain that the applied rates of fertilizer remained
within the root zone of their designated plot sites.

Background

e Precise fertilizer application rates are critical for optimal potato production. Sufficient
nutrients are necessary to maximize tuber yield, quality and uniformity, while issues of
economy and environment make excess fertilizer undesirable.

e The analysis of potato petiole samples has been used to monitor the nutrient status of
potato crops throughout the growing season. This can be a useful and timely technique
for monitoring any crop deficiencies that may occur mid-season that were not identified
in spring soil samples.

e Many of the current recommended petiole nutrient (N, P and K) concentrations have
come from research conducted in the northwest United States (Schaupmeyer, 1999),
where longer growing seasons and different soil conditions and climate prevail.

e Petiole analysis results from previous Russet Burbank studies in southern Alberta
(McKenzie et al., 2002; Woods et al., 2002) indicated that the current recommendations
may be high for potassium (K) and somewhat high for phosphorus (P), especially early in
the growing season. Results also indicated that recommended nitrate nitrogen (N)
concentrations may need fine-tuning to suit southern Alberta growing conditions.

Objectives

e Determine the optimal petiole nutrient concentrations for Russet Burbank potatoes,
specific to southern Alberta.

e Determine the relationship, if any, between potato petiole nutrient concentrations and
tuber specific gravity.
e Compare these relationships to those found in field-scale petiole data.



METHODS AND MATERIALS
Project Treatments and Layout

Ten rates (Table 1) of N, P and K fertilizers were surface applied (April 20-21/05) to
strips in a small portion of a field of grower-managed Russet Burbank potatoes, approximately 5
km southwest of Taber, Alberta. The ten treatments were broken down into four different rates
each of N (Treatments 1, 2, 3 and 4), P (Treatments 5, 6, 3 and 7) and K (Treatments 8, 9, 3 and
10) fertilizer, where the other nutrients were held constant. Each treatment plot was 8 rows wide
(24 ft) x 115 ft long (Figure 1). All plots ran just west of the pivot road. There were a total of
four randomized replications of the experiment and the plots covered a total area of 2.5 ac.
Figure 1 shows the layout of the experimental site and its approximate location within the
grower’s field. Blue squares indicate the lowest rate for the individual nutrients and red the
highest. The pink squares indicate the treatment (Treatment 3) that was common to all three (N,
P and K) sub-trials. Note that the individual plot sizes are not shown to scale. Because of
flooding in the study field, the cooperating grower was forced to plough out a low area of the
south end of the field that included Rep 1, Treatments 1 and 6 and Rep 2, Treatments 9 and 7, so
no petiole or yield data could be collected from those 4 plots (Figure 2). Late-season flooding
also made an additional 4 low-lying plots inaccessible at harvest (Rep 3, Treatments 7 and 10
and Rep 4, Treatments 4 and 5) so yield data was not collected for these (Figure 1).

Figure 1. Plot layout, 2005.
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rows wide (24 ft) by
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Figure 2. South end of research site looking north from edge of field, on a) July 20, 2005 and b)
September 14,2005, showing flooded portion of the field.

a) b)

Fertilizer Schedule

In the fall of 2004, the field received a fertilizer application of 75 Ib/ac N, 30 Ib/ac P;0s5
and 115 Ib/ac K,O. Soil samples taken April 22, 2005, after the grower applied fall fertilizer and
just outside of the individual fertilized plots, indicated that there was a total of 297 Ib nitrate
N/ac, 145 Ib P/ac and 1994 Ib K/ac in the surface 2 feet of soil. The experimental rates of
fertilizer were applied April 20-21, 2005. The fertilizer rates for the experimental treatments
were chosen to create four increasing amounts of one nutrient, while holding the other two
constant. So, for example, treatments 1, 2, 3 and 4 have increasing levels of N, while P and K
were kept constant (Table 1).

Table 1. Fertilizer schedule (Ib/ac) 2004-2005.

- Grower Applied 2004-2005 Experiment Amts Total
E Fall 2004 | Planting | Top dressed  Fertigation Apr 20/04
Ll N | P,Os | KO0 | POs | N N N | P,Os | KO N |P0s| K,0
1 [75 30 115 60 80 30 16 69 22 201 159 137
E 2 75 30 115 60 80 30 77 69 22 262 159 137
23 |75 3 115 60 80 30 126 69 22 311 159 137
4 75 30 115 60 80 30 177 69 22 362 159 137
g 5 75 30 IS 60 80 30 127 0 22 312 90 137
3 75 30 115 60 80 30 127 69 22 311 159 137
3 6 75 30 115 60 80 30 126 174 22 312 264 137
7 75 30 115 60 80 30 99 258 22 284 348 137
g 8 75 30 115 60 r 80 30 126 69 0 311 159 115
; 3 75 30 115 60 80 30 126 69 22 311 159 137
g 9 75 30 115 60 80 30 126 69 133 311 159 248
10 75 30 115 60 80 30 126 69 234 311 159 349

Whole Site was 2300 ft x 48 ft = 110400 sq ft =2.5 ac
Each Individual Plot was 115 ft x 24 ft = 2760 sq ft = 0.0633 ac
Each Treatment was 0.0633 ac x 4 reps = 0.253 ac



Crop Timetable

The potato crop was planted April 22/05 and it had begun flowering by July 13/05. At
planting, in spring 2005, the grower applied starter fertilizer (60 1b/ac P,0s) to the entire field,
including the research plots. An additional 80 Ib/ac N was top dressed and a total of 30 Ib/ac N
was applied through fertigation. Petioles were collected seven times throughout the growing
season and tubers were harvested September 21-22/05.

Petiole Sampling

Petiole samples were collected and analyzed for each plot 7 times throughout the 2004
growing season, on June 30, July 6, 13, 20 and 27, and August 10 and 24. The 4™ leaf stem
(petiole) from the top of the main stem was taken and leaflets were removed in the field (Figure
3). Approximately 80 petioles were collected from each plot, at each sample date. Within each
plot, approximately 40 petioles each were collected from the 2™ and 3™ potato rows and the 6™
and 7" potato rows on alternating weeks (Figure 4). Staff were instructed to sample
representative plants only, to avoid any unhealthy or overly advanced plants. Staff were
instructed to only walk in furrows between the 2™ and 3™ rows and between the 6 and 7" rows,
in order to leave the middle two rows (4™ and 5" undisturbed for tuber harvest. Field staff were
also instructed to only walk between rows at the border between two plots, as indicated by
footprints in Figure 4. In order to maintain consistency, whenever possible, the same person
sampled the same plots at approximately the same time of day and in the same order. The outside
two rows were designated guard rows and were not sampled. Petiole samples were kept in a
cooler and then air dried overnight in a tobacco dryer (45-50 °C). Samples were ground and sent
to a laboratory for analysis of nitrate nitrogen (NO3-N), phosphorus (P) and potassium (K).
Because of a problem with laboratory equipment, initial K results were too low and samples
required re-analysis over the winter. Final results were received from the lab January 23/06.

Figure 3. Russet Burbank 4™ leaf stem a) before and b) after removal of leaves (petiole shown in
dashed circle). e g . :

A b "
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Tuber Harvest

Tuber samples (2x25 ft strips) were collected on September 21 and 22/05. The harvest
was done with the PGA two-row harvester (Figure 5) and field staff collected, bagged and
labelled samples in the field. In the laboratory, samples were graded and weighed, in order to
calculate total yield, marketable yield, mean tuber weight and % smalls. Grading categories used
were small (<1'/5”), medium (17/s — 3%4™), over-size (> 3%”) and deformed. Weights and tuber
numbers were recorded for each category and each sample and then converted to yield (short
tons per acre) based on sample area (2 rows = 6 ft x 25 ft long = 150 sq ft). Marketable yield was
defined as total yield minus yield of small (undersize) tubers. Specific gravity was calculated by
the weight in air over weight in water method, on 25 medium tubers for each sample.

Figure 5. PGA plot combine with Crop Diversification Centre South staff collecting harvested
tubers, 2005.




RESULTS AND DISCUSSION
Average Petiole Concentration Compared to Marketable Yield and Specific Gravity

Complete results for each of the ten treatments and four replications are indicated in

Appendix 1 (petiole N), Appendix 2 (petiole P), Appendix 3 (petiole K) and Appendix 4 (tuber
yield and specific gravity).

Averages for each of the treatments are summarized in Figures 6, 7 and 8, which are

shown on the following three pages. On all graphs, the colour of lines and bars corresponds to
the colours designated for fertilizer applications (Table 1). On the line graphs (petiole nutrient
content as a function of date), the dashed black lines correspond to upper and lower suggested
limits used in the northwest USA (Schaupmeyer, 1999). The error bars on the bar graphs
(marketable yield and specific gravity) indicate the 95% confidence intervals. Differences
between treatments for which error bars overlap are not statistically significant. In all cases, there
were no statistically significant differences between treatments, in yield or specific gravity,
however, there are some notable trends.

a) Nitrogen (N) Fertilizer Rates (Figure 6)

The highest N rate (Treatment 4: 367 Ib N/ac) consistently showed the highest petiole
nitrate N (NOs-N) concentration (Figure 6a) but not by a large margin. The lowest N rate
(Treatment 1: 201 1b N/ac) actually had the second-highest average petiole N
concentration for the first, second and fourth sampling dates (June 30, July 6 and 20). For
the remainder of the sampling dates, it had the lowest average petiole NO3-N. These
inconsistencies may have resulted form N losses from the large amounts of rainfall in
2005. Despite the record rainfall, all petiole NO3-N results were within or above the
suggested adequate ranges for the northwest USA. Petiole NOs-N initially decreased until
75 days after planting (DAP), increased dramatically at 82 DAP and then decreased for
the remainder of the growing season. At the 2004 study site, the initial decrease lasted
until 76 DAP, with the increase noted 83 DAP. It may be possible that the initial decline
in petiole N coincides with the tuber initiation stage of growth, where rapid formation
and growth of stems and leaves is taking place. The jump in petiole N may coincide with
tuber bulking, where above-ground plant growth has stabilized and the plant root uptake
of N is able to “catch-up” to optimal levels. It is at this stage that growers typically begin
to monitor petiole nutrients. Results from the first two years of the study suggest that the
recommendations for petiole NOs3-N ranges will not follow a single line but instead will
have two-stages; prior to and after the beginning of tuber bulking. The 2006 results will
be necessary to confirm this finding.

Treatment 2 (262 b N/ac) had the highest overall yield, however, the treatments were not
significantly different (Figure 6b). The yield data for this treatment was quite variable
(Appendix 4).

For fertilizer rates greater than 262 Ib N/ac, there was a slight decrease in specific gravity
(Figure 6c¢). Although it was not statistically significant, the trend does correspond to
suggestions in the literature that excess nitrogen fertilizer can have the unwanted
consequences of low specific gravity (Waterer and Heard, 2005). Because lowered
specific gravity is a goal for some Alberta producers, further research into the link
between specific gravity and amounts and timing of excess N fertilizer may be useful.



Figure 6. Potato petiole N, marketable yield and specific gravity for four different N fertilizer

rates (2005).
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b) Phosphorus (P) Fertilizer Rates (Figure 7)

In 2005 the two highest rates of fertilizer P gave higher amounts petiole P (Figure 7a).
Overall, petiole P initially decreased, until 89 DAP, when it took a sharp increase
(especially for the two highest fertilizer P rates). Petiole P then decreased at 96 DAP and
levelled-off or increased slightly for the remainder of the growing season. All but a few
points were beneath the lower limit for the adequate USA petiole P standard range, yet
yields were not significantly impacted. This indicates that the lower limits for petiole P
are likely too high for Alberta fields. Because soil P is not very mobile, it is unlikely that
the heavy rains of 2005 led to significant leaching of P.

The highest rate of fertilizer P (Treatment 7: 348 b P,Os/ac) had a slightly greater yield
than the other three rates of fertilizer P but results did not show statistically significant
differences (Figure 7b). Incidentally, this treatment had a slightly lower amount of
fertilizer N applied (99 Ib N/ac) compared to the other three treatments (126-127 1b N/ac)
because of limitations in the application rates of the fertilizer spreader used.

The specific gravity was variable, did not show any statistically significant relationships
and did not appear to be affected by fertilizer P (Figure 7c)

c) Potassium (K) Fertilizer Rates (Figure 8)

Similar to 2004 results, the 2005 data showed that increasing rates of fertilizer K had no
observable effiect on petiole K (Figure 8a). This may be due to the already high soil
potassium levels at the site, sampled on April 22/05 (1994 Ib K/ac). Also, like the 2004
results, most average petiole K concentrations were above the USA standard ranges, at
the 2005 site. Together, these results confirm those of previous unpublished studies
(Konschuh, 2001 and McKenzie et al., 2002) that have shown no relationship between
fertilizer K and petiole K. This may be a function of the potassium buffering effects of
the soils found in southern Alberta. With the exception of very sandy soils, most soils
found in southern Alberta have high levels of K, much of which (90-98%) is in an
unavailable/nonexchangeable form within soil minerals. Over a period of years, this
unavailable K can move into available forms and vice-versa, depending on crop use and
fertilizer K rates. The exchangeable form of K can then rapidly move into the soil
solution in response to depleted K levels, where it can be taken up by plant roots. This
dynamic equilibrium creates a labile pool of K in the soil, which is capable of
maintaining a constant supply of plant-available K and which is also capable of masking
effects of different application rates of fertilizer K.

There was a trend toward slightly increased yield with increasing fertilizer K up to 248 Ib
K,O/ac with a small decrease for the highest rate (349 Ib K,0O/ac) but results did not show
statistically significant differences and were all within a narrow range, between 21.5 and
23.1 t/ac (Figure 8b).

In 2005, there was a trend toward increasing specific gravity with increasing fertilizer K
but differences were not statistically significant (Figure 8c). These results are contrary to
those seen in 2004, where a trend toward decreasing specific gravity with increasing
fertilizer K was observed. The 2005 results may call into question the notion that
manipulation of fertilizer K can be used to lower tuber specific gravity.
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Figure 8. Potato petiole K, marketable yield and specific gravity for four different K fertilizer

rates (2005).
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Optimal Petiole Concentration vs Days After Planting

Belanger et al. (2001 and 2003) proposed a technique for determining critical petiole
nitrate nitrogen concentrations from experimental data. In addition to petiole nutrient
concentrations, the Belanger technique requires several other measurements, such as shoot
biomass and shoot nutrient concentration, that were not collected as part of this study due to cost
constraints. The Belanger technique was adapted and applied to the data gathered in 2005. Only
paired petiole and yield data were available so, rather than using a nitrogen nutrition index
compared to yield as Belanger did, yield was compared to petiole nutrient concentration at each
petiole sample date.

1. For the first step, a second order polynomial curve was fitted to the yield vs petiole
nutrient relationship and the petiole concentration at the maximum yield value for the curve was
recorded. This maximum occurred where the slope of the second order polynomial equalled zero.
This was called the 100% relative yield (100%RY) petiole concentration. The maximum yield,
designated as 100%RY, was multiplied by 0.9 to calculate the 90% relative yield (90%RY). Its
corresponding petiole nutrient concentration was calculated for each petiole sampling date, from
the formula for the second order polynomial best-fit line. For the seven petiole sampling dates in
2005, the chart showing data points, fitted curve and 100%RY and 90%RY values are shown for
nitrogen (Figure 9), phosphorus (Figure 10) and potassium (Figure 11). The black circles
indicate the actual data points and the “+” signs, along the best-fit curves, indicate the 90%RY
and 100%RY values. The intercept of the best-fit lines was set to zero, in order to fix the shape
of the second order polynomial as an inverted “U”. This gives a relationship where yield
increases with increasing petiole nutrient concentration to a point (100%RY), beyond which,
yield actually decreases with increasing petiole nutrient concentration, as concentrations reach a
level that is detrimental to tuber formation. The fit of these lines is highly variable (* = 0.070 to
0.79 for NO3-N; r* = 0.10 to 0.97 for P and r* = 0.058 to 0.87 for K).

2. For the second step of the adaptation of the Belanger procedure, the petiole nutrient
concentrations at 100% and 90% relative yields are plotted as a function of the days after
planting (DAP) for each corresponding date. In this study, there were seven petiole sampling
dates, which corresponded to 69, 75, 82, 89, 96, 110 and 124 DAP. These graphs depict the
optimal petiole nutrient concentration throughout the 2005 growing season (Figure 12), including
the 100%RY (green circles) and 90%RY (blue squares) and their respective best-fit lines. Also
shown on these graphs (dashed black lines) are the optimal ranges that have been suggested for
the northwest USA (Schaupmeyer, 1999).

For the 2005 study site, the USA standard ranges are very similar for N, much higher for
P and slightly lower for K. At the study site, for the 100%RY, the optimal petiole NO3-N was
nearly 24,000 ppm at 60 DAP and declined to 14,000 ppm by 125 DAP (Figure 12a). The
following is the 2005 formula for the best-fit | 00%RY relationship for NOs-N, which holds for
DAP = 69-124.

Petiole NOs-N (ppm) = -153.7*DAP + 32826 (r* = 043)

As discussed before, however, the actual relationship is more likely two lines, one for the
tuber initiation growth stage (<80 DAP) and the other from the beginning of tuber bulking and
onward (>80 DAP). Figure 13 shows the relationship, with both 2004 and 2005 (darker coloured
markers) results. A difference in petiole nutrient concentrations has been noted in past studies
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between fields and between years (climate-effect) (Woods et al., 2004). This year-to-year
difference is also noticeable in Figure 13 and will likely be apparent when the 2006 data is
added. The following formulae are the best-fit 100%RY relationship for NO3-N, in 2004 and
2005.
Petiole NOs-N (ppm) = -363.7*DAP + 42884 (r? = 0.49) for DAP < 80
Petiole NO3-N (ppm) = -273.4*DAP + 44976 (r* = 0.80) for DAP > 80

The 100%RY optimal P was approximately 0.24% at 60 DAP and declined a small
amount to 0.21% by 125 DAP (Figure 12b). This relationship was nearly a flat line in 2005 and
overall values are much smaller than in 2004, yet no negative impacts on yield were observed.
For this reason, and because of corroborating data from past studies (Woods et al., 2004) it is felt
that both the upper and lower limits for petiole P (as given by NW USA standards) is too high.
Once the 2006 data is collected, a more precise estimate of this range will be calculated. The
following formula is for the 2005 best-fit 100%RY relationship between petiole P and DAP,
which hold for DAP = 69-124.

Petiole P (%) = -0.00021*DAP + 0.24 (r*=0.01)

The 100%RY optimal K was approximately 13.3% at 60 DAP and declined to 7.9% by
125 DAP (Figure 12c). The 2005 petiole K results are much higher than the 2004 results and
than the adequate range from the NW USA. In 2005, the laboratory experienced problems with
their equipment used for measuring K and results were re-analysed in January 2006. Results
were adjusted to much higher than initial estimates. Results from previous studies (Konschuh
2001, McKenzie et al., 2002 and Woods et al., 2002) have indicated that a wider range for
adequate petiole K will be more suitable in southern Alberta (Woods et al., 2004). Estimtes for
this will be given after analysis of the final year (2006) of data. The following formula is for the
2005 best-fit 100%RY relationship between petiole K and DAP, which hold for DAP = 69-124.

Petiole K (%) = -0.0834*DAP + 18.3 (r*=0.17)

Similar to NOs-N, petiole K optimal levels appear to follow two stages, one for prior to

tuber bulking (<80 DAP) and the other from the beginning of tuber bulking and onward (>80
DAP) (Figure 12c). The 2006 results will be necessary to confirm this inference.
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Figure 9. Russet Burbank potato tuber yield (t/ac) as a function of petiole nitrate nitrogen (ppm),
showing data points, fitted second order curve and the 100%RY and 90%RY values, for seven
2005 petiole sampling dates.
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Figure 10. Russet Burbank potato tuber yield (t/ac) as a function of petiole phosphorus (%),
showing data points, fitted second order curve and the 100%RY and 90%RY values, for seven
2005 petiole sampling dates.
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Figure 11. Russet Burbank potato tuber yield (t/ac) as a function of petiole potassium (%),
showing data points, fitted second order curve and the 100%RY and 90%RY values, for seven
2005 petiole sampling dates.
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Figure 12. 100%RY and 90%RY petiole (a) nitrate nitrogen, (b) phosphorus and (c) potassium
concentration as a function of days after planting, for the 2005 Taber site.
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Summary

Petiole analysis results from 2005 corroborate previous studies, which have indicated that
current recommendations may be high for phosphorus (P). Results also indicated that
recommended nitrate nitrogen (N) and potassium (K) concentrations may need fine-tuning to suit
southern Alberta growing conditions.

In the 2005 study, the relationships between petiole nutrient concentrations, tuber yield
and specific gravity of Russet Burbank potatoes was examined. Although no statistical
significance was found between treatments in yield and specific gravity results, there were some
notable trends. For example, the highest N rate consistently showed the highest petiole N
concentration. The highest rates of fertilizer P gave higher amounts of petiole P, throughout the
growing season. Increasing rates of fertilizer K had no observable effiect on petiole K. This year,
there was a trend toward increasing specific gravity with increasing fertilizer K and decreasing
specific gravity with increasing fertilizer N but differences were not statistically significant.

At the 2005 study site, the USA standard ranges were found to be somewhat high for P,
slightly low for K and about right for NO;-N. Results differed somewhat from the 2004 study
and this highlights the fact that climatic differences also greatly impact petiole nutrient
concentrations. The summer of 2005 will be remembered for its record rainfall and cool
temperatures and this, no doubt had an effect on petiole nutrient concentrations. The results from
the final year (2006) of this three-year study will be essential to estimate optimal petiole nutrient
concentrations for southern Alberta.
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Appendix 1. Petiole nutrient N concentrations (ppm) for seven sample dates, ten treatments and
four replications 2005.

N (ppm)

Trt Rep June 30 July 6 July 13 July 20 July 27 August 10 August 24
| 1 n/a n/a n/a n/a n'a s n/a
| 2 21500 19200 16700 19800 1 B0 18200 10100
1 3 24000 16800 21900 19800 19200 16300 8400
1 4 24400 15600 15900 14100 13600 11400 6900
1 Average 23300 17200 18167 17900 16400 15300 8467
2 1 15500 17000 25300 15700 19600 15900 10500

2 2 21500 15300 18900 16500 14000 17900 10700
2 3 22800 16400 21000 20300 19600 15900 9300
2 4 24400 14900 17600 15300 15200 11400 7600
2 Average 21050 15900 20700 16950 17100 15275 9525
3 1 22400 16400 22300 17000 20400 18200 11000
3 2 26000 17200 21000 16500 18800 18200 11400
3 3 12100 15600 21900 19400 18000 14200 9100
3 4 23100 16400 18900 16100 16400 15000 8600
3 Average 20900 16400 21025 17250 18400 16400 10025
4 1 22000 16400 22700 17400 19200 18200 11000
4 2 23200 20700 21000 18600 19600 19500 11200
4 3 23600 17600 22700 21900 20800 16300 9100
4 4 28500 21500 19700 21100 20800 17900 12200
4 Average 24325 19050 21525 19750 20100 17975 10875
5 1 22000 15600 21900 17000 19200 18200 10700
5 2 25200 18400 18900 18200 18400 17100 9100
5 3 22800 16000 22300 17800 21200 14200 11000
5 4 25200 24600 18000 17400 18800 11800 8800
5 Average 23800 18650 20275 17600 19400 15325 9900
6 1 n/a n/a n/a n/a n/a n/a n/a
6 2 24400 17200 18900 18200 18800 20300 11800
6 3 24800 19600 22300 21500 19600 16700 11800
6 4 26800 19200 18400 17400 18400 15900 13300
6 Average 25333 18667 19867 19033 18933 17633 12300
7 I 22000 16800 22700 15700 20000 16300 10700
7 2 n/a n/a n/a wa n/a n/a n/a
7 3 22400 19200 24000 18600 16000 21100 6300
7 4 22000 18000 18400 16100 16800 13000 10700
7 Average 22133 18000 21700 16800 17600 16800 9233
8 1 21500 17200 21400 15700 18800 18700 9900
8 2 26800 18800 17100 16500 17200 18200 12000
8 3 18300 16000 21400 19400 18400 15500 9500
8 4 26800 18400 16700 13600 17200 15000 11800
8 Average 23350 17600 19150 16300 17900 16850 10800
9 1 19100 16800 22300 17800 21200 17900 9100
9 2 n/a n/a n/a n/a n/a n/a n/a
9 3 22800 16400 19700 20300 17600 13800 12200
9 4 25200 16800 16700 18600 16800 12200 8800
9 Average 22367 16667 19567 18900 18533 14633 10033
10 1 22000 18400 24000 17800 19600 18200 10900
10 2 22800 16400 17600 14500 15200 18700 15200
10 3 22000 16400 22700 21900 21200 16300 12900
10 4 25200 16400 15000 14500 15200 11400 8400
10 Average 23000 16900 19825 17175 17800 16150 11850
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Appendix 2. Petiole nutrient P concentrations (%) for seven sample dates, ten treatments and
four replications 2005.

P (%)

Trt Rep June 30 July 6 July 13 Jul¥ 20 July 27 August 10 August 24
1 1 n/a n/a n/a n/a n/a n/a n/a
1 2 0.45 0.32 0.16 0.29 0.16 0.25 0.16
1 3 0.38 0.21 0.18 0.23 0.21 0.16 0.14
1 4 0.3 0.17 0.13 0.14 0.08 0.14 0.11
1 Average 0.38 0.23 0.16 0.22 0.15 0.18 0.14
2 1 0.25 0.18 0.15 0.29 0.13 0.22 0.22
2 2 0.29 0.21 0.15 0.13 0.15 0.19 0.16
2 3 0.25 0.16 0.18 0.26 0.18 0.14 0.16
2 4 0.25 0.18 0.15 0.16 0.1 0.14 0.25
2 Average 0.26 0.18 0.16 0.21 0.14 0.17 0.20
3 1 0.2 0.183 0.09 0.21 0.16 0.14 0.27
3 2 0.33 0.18 0.18 0.21 0.15 0.16 0.14
3 3 0.25 0.16 0.16 0.16 0.15 0.14 0.14
3 4 0.15 0.15 0.18 0.14 0.1 0.11 0.14
3 Average 0.23 0.17 0.15 0.18 0.14 0.14 0.17
4 1 0.25 0.16 0.11 0.21 0.13 0.16 0.14
4 2 0.3 0.21 0.16 0.18 0.21 0.27 0.16
4 3 0.3 0.18 0.13 0.18 0.15 0.16 0.14
4 4 0.38 0.29 0.26 0.16 0.13 0.22 0.19
4 Average 0.31 0.21 0.17 0.18 0.16 0.20 0.16
5 1 0.18 0.16 0.09 0.23 0.11 0.19 0.14
5 2 0.3 0.18 0.16 0.18 0.15 0.11 0.08
5 3 0.3 0.17 0.13 0.18 0.13 0.14, 0.16
5 4 0.4 0.28 024 0.14 0.13 0.19 0.19
5 Average 0.30 0.20 0.16 0.18 0.13 0.16 0.14
6 1 n/a n/a n/a n/a n/a n/a n/a
6 2 0.25 0.2 0.18 0.54 0.15 0.19 0.14
6 3 0.39 0.25 0.18 0.22 0.18 0.22 0.19
6 4 0.38 0.25 0.21 022 0.1 0.16 0.16
6 Average 0.34 0.23 0.19 0.33 0.14 0.19 0.16
7 1 0.25 0.16 0.13 0.23 0.13 0.25 0.19
7 2 n/a n/a n/a n/a n/a n/a n/a
7 3 04 0.29 0.13 0.25 0.21 0.35 0.38
7 4 0.23 0.21 0.18 0.23 0.15 0.19 0.16
7 Average 0.29 0.22 0.15 0.24 0.16 0.26 0.24
8 1 0.2 0.18 0.09 0.18 0.08 0.19 0.16
8 2 0.28 0.16 0.15 0.13 0.13 0.16 0.11
8 3 0.37 0.26 0.24 0.16 0.13 0.19 0.14
8 4 043 0.24 0.26 0.11 0.13 0.19 0.14
8 Average 0.32 0.21 0.19 0.15 0.12 0.18 0.14
9 1 0.28 0.2 0.11 0.26 0.13 0.14 0.14
9 2 n/a n/a n/a n/a n/a n/a n/a
9 3 0.25 0.16 0.29 0.18 0.13 0.14 0.14
9 4 0.35 0.21 0.18 0.19 0.13 0.15 0.14
9 Average 0.29 0.19 0.19 0.21 0.13 0.14 0.14
10 1 0.27 0.21 0.13 0.21 0.11 0.16 0.15
10 2 0.37 0.21 0.16 0.18 0.13 0.19 0.16
10 3 04 0.24 0.16 0.22 0.18 0.22 0.23
10 4 0.3 0.18 0.16 0.1 0.1 0.08 0.1
10 Average 0.34 0.21 0.15 0.18 0.13 0.16 0.16
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Appendix 3. Petiole nutrient K concentrations (%) for seven sample dates, ten treatments and
four replications 2005.

K (%)

Trt Rep June 30 July 6 July 13 July 20 July 27 August 10 August 24
1 1 n/a n/a n/a n/a n/a n/a n/a
1 2 10.38 9.92 8.02 13.78 6.84 6.76 6.17
| 3 10.76 10.14 8.6 8.54 9.96 8.06 6.19
| 4 12.1 9.24 7.16 6.8 5.5 5.22 3.14
1 Average 11.08 9.77 7.93 9.71 7.43 6.68 5.17
2 1 10.6 15.96 8.58 84 83 7.12 6.52
2 2 8.74 10.52 7.24 9.34 6.54 9.04 6.46
2 3 9.54 10.98 10.76 9.1 8.7 7.44 5.9
2 4 9.1 838 8.86 11.32 7.78 6.45 4.46
2 Average 9.50 11.46 8.86 9.54 7.83 7.51 5.84
3 1 10.9 9.3 10.08 10.1 9.28 7.64 7.23
3 2 11.36 9.38 8.58 8.74 8.82 9.26 5.46
3 3 7.64 9.2 10.86 824 834 6.78 4.81
3 4 9.28 9.38 8.7 8.62 7.82 6.53 4.79
3 Average 9.80 9.32 9.56 8.93 8.57 7.55 5.57
4 1 9.82 9.16 9.76 11.04 8.24 10.48 7.01
4 2 7.78 8.68 7.98 8.56 7.44 114 6.26
4 3 15.9 93 10.38 884 10.26 6.92 6.01
4 4 14.12 11.28 10.46 7.16 10.68 8.64 6.44
4 Average 11.91 9.61 9.65 8.90 9.16 9.36 6.43
5 1 9.07 10.74 7.06 9.46 9.06 75 6.41
5 2 8.76 10.08 8.54 8.38 8.84 7.22 4.78
5 3 10.34 9.34 8.04 8.12 11.56 8.45 6.18
5 4 15.4 12.56 12 10.88 12.08 8.37 8.49
5 Average 10.89 10.68 8.91 9.21 10.39 7.89 6.47
6 1 n/a n/a n/a n/a n/a n/a n/a
6 2 8.52 14.24 8.68 10.14 6.86 10.26 8.14
6 3 16.03 10.01 9.2 13.14 8.56 9.5 6.89
6 4 7.12 8.38 8.32 7.64 742 6.22 4.65
6 Average 10.56 10.88 8.73 10.31 7.61 8.66 6.56
7 1 11.5 10.1 7.16 7.32 7.06 8.44 592
7 2 n/a n/a n/a n/a n/a n/a n/a
7 3 10.28 9.84 10.7 8.1 10.94 10.21 7.98
7 4 9.12 6.96 79 8.34 6.94 6.37 5.47
7 Average 10.30 8.97 8.59 7.92 8.31 8.34 6.46
8 1 10.14 11.56 9.94 9.38 7.86 10.14 6.51
8 2 10.36 7.64 8.75 8.5 7 8.74 7.82
8 3 16.24 9.14 9.56 9.72 11.54 8.25 7.03
8 4 10.96 7.56 7.76 4.76 7.6 7.7 49
8 Average 11.93 8.98 9.00 8.09 8.50 8.71 6.57
9 1 11.7 7.84 11.62 8.86 7.02 10.46 6.67
9 2 n/a n/a n/a n/a na n/a n/a
9 3 9.44 9.06 8.74 7.88 11.68 5.87 6.02
9 4 9.44 898 10.94 9.94 7.74 9.07 5.66
9 Average 10.19 8.63 10.43 8.89 8.81 8.47 6.12
10 1 9.1 98 8.56 894 8.62 9.4 6.5
10 2 9.02 11.8 10.08 9.08 7.2 10.08 6.69
10 3 9.88 7.58 12.82 8.12 13.04 10.08 8.6
10 4 9.5 8.38 74 7.46 6.28 5.51 3.69

10 Average 9.38 9.39 9.79 8.40 8.79 8.77 6.37
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Appendix 4. Potato marketable yield (t/ac), mean tuber weight of marketable potatoes (g), %
smalls by weight and specific gravity 2005.

Marketable Tubers % Smalls Specific

Trt Rep Yield(t/ac)| MTW (g) by Weight Gravity
1 1 n/a n/a n/a n/a
1 2 20.7 254 171 1.092
1 3 25.0 285 15 1.084
1 4 18.3 254 23 1.092
1 Average 21.3 264 18 1.089
2 1 25.3 273 16 1.093
2 2 21.0 280 17 1.084
2 3 25.0 303 13 1.093
2 4 214 290 17 1.093
2 Average 23.2 286 16 1.091
3 1 237 295 13 1.095
3 2 23.6 271 14 1.083
3 3 23.7 296 14 1.090
3 4 19.3 271 18 1.089
3 Average 22.6 283 15 1.089
4 1 244 280 14 1.094
4 2 20.2 287 17 1.079
4 3 23.4 315 14 1.087
4 4 n/a n/a n/a n/a
4 Average 22.7 294 15 1.087
5 1 249 298 13 1.088
5 2 233 312 13 1.085
5 3 18.7 283 16 1.081
5 4 n/a n/a n/a n/a
5 Average 223 297 14 1.085
6 1 n/a n/a n/a n/a
6 2 205 328 15 1.083
6 3 25.4 310 12 1.083
6 4 20.1 287 15 1.085
6 Average 22,0 309 14 1.084
7 1 25.0 291 15 1.092
7 2 n/a n/a n/a n/a
7 3 n/a n/a n/a n/a
7 4 234 274 11 1.084
7 Average 24.2 283 13 1.088
8 1 20.8 305 11 1.088
8 2 22.0§ 274 16 1.092
8 3 22.1 294 12 1.090
8 4 21.0§ 265 14 1.094
8 Average 21.5 284 13 1.091
9 1 25.4 293 12 1.092
9 2 n/a n/a n/a n/a
9 3 225 352 16 1.097
9 4 214 280 15 1.091
9 Average 23.1 308 14 1.093
10 1 248 287 13 1.093
10 2 225 387 13 1.094
10 3 n/a n/a n/a n/a
10 4 19.2 261 19 1.097
10 Average 222 312 15 1.095
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ABSTRACT

A 3-yr project was conducted by Alberta Agriculture and Rural Development (ARD) staff,
with the financial support of the Potato Growers of Alberta (PGA). The goals of the project were
to determine the optimal petiole nutrient concentrations for Russet Burbank potatoes, specific to
southern Alberta; to determine the relationship, if any, between potato petiole nutrient
concentrations and tuber specific gravity; and to compare these relationships to those found in
previously-collected field-scale petiole data. The collection and analysis of potato petiole
samples is used to monitor the nutrient status of potato crops throughout the growing season.
This can be a useful and timely technique for identifying any crop deficiencies that may occur
mid-season, however, the currently-recommended petiole nutrient concentrations have come
from research conducted in the northwest USA and previous studies in southern Alberta have
indicated that these recommendations may be high for potassium (K) and somewhat high for
phosphorus (P), especially early in the growing season. Based on the results from this study, new
optimal petiole nutrient ranges have been proposed and the suggested petiole nitrate nitrogen
(NOs-N) range is slightly lower than the northwest USA standards at the beginning of the
growing season (Days After Planting (DAP) < 80) and late in the growing season (DAP > 105).
The proposed optimal petiole phosphorus ranges are substantially lower than the northwest USA
standards. The proposed petiole potassium ranges are broader than the northwest USA standards
overall, are similar early in the growing season (DAP < 80), and the upper limits are higher later
in the growing season. The proposed petiole nutrient recommendations were compared to
previously-collected data and gave reasonable results for P and K. There was a great deal of
scatter in the previously-collected NOs-N data, as petiole nitrate nitrogen can be affected by
many factors in addition to available soil nitrogen, such as climate (temperature and
precipitation), soil texture, weed competition, insects, petiole sampling technique, location of
samples within the field, and laboratory analysis techniques. Potassium fertilizer did not have a
consistent impact on specific gravity. Petiole nutrient concentrations should be considered on a
field-specific basis. Spatial variability exists across any field, even if the entire field receives
identical fertilizer application, so care must be taken to choose petioles from benchmark
locations that are representative of the field, in terms of location and plant appearance. The
proposed petiole nutrient recommendations drawn from this study are based on three years of
experimental data and it is suggested that the potato industry continue to refine these
recommendations.
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INTRODUCTION
Background

Precise fertilizer application rates are critical for optimal potato production. Sufficient
nutrients are necessary to maximize tuber yield, quality, and uniformity, while issues of economy
and environment make excess fertilizer undesirable. The analysis of potato petiole samples has
been used to monitor the nutrient status of potato crops throughout the growing season. This can
be a useful and timely technique for monitoring any crop deficiencies that may occur mid-season
that were not identified in spring soil samples. Many of the current recommended petiole nutrient
(NOs-N, P, and K) concentrations have come from research conducted in the northwest United
States (Schaupmeyer pers. commun.), where longer growing seasons and different soil conditions
and climate prevail. Petiole analysis results from previous Russet Burbank studies in southern
Alberta (McKenzie et al. 2002; Woods et al. 2002) indicated that the current recommendations
may be high for potassium (K) and somewhat high for phosphorus (P), especially early in the
growing season. Results also indicated that recommended nitrate nitrogen (NO3-N)
concentrations may need fine-tuning to suit southern Alberta growing conditions. This was the
impetus behind a project to determine petiole nutrient recommendations for Russet Burbank
potatoes grown in southern Alberta.

Objectives

In 2004, a three-year research project was initiated by Alberta Agriculture and Rural
Development (ARD), with the support of the Potato Growers of Alberta (PGA) to address the
discrepancies between current petiole recommendations and previously-observed data. The
project had the following goals. The main objective was to determine the optimal petiole nutrient
concentrations for Russet Burbank potatoes, specific to southern Alberta. Another objective was
to determine the relationship, if any, between potato petiole nutrient concentrations and tuber
specific gravity. The third objective was to compare these relationships to those found in field-
scale petiole data.

METHODS AND MATERIALS
Site Selection

Cooperating growers were chosen based on their willingness to participate in the project and
allow a small potion of their field to be reserved for differential fertilizer applications. Preference
was given to sites where spring nitrogen applications had not yet been applied. The 2004 site was
located approximately 15 km east of Taber, Alberta (Fig. 1) on a coarse-textured Orthic Brown
Chernozem. In 2005, the project was conducted on a field 10 km south of Taber, Alberta (Fig. 1)
on a medium-textured Orthic Brown Chernozem. In 2006, a suitable field was not located, so the
final year of the study was completed in 2007, on a field approximately 10 km northeast of
Coaldale, Alberta (Fig. 1) on a medium-textured Orthic Dark Brown Chernozem.



Figure 1. Petiole study site locations (map created using the Alberta Soil Information Viewer,
Alberta Agriculture and Rural Development, 2008).

Current Petiole Standards

Information on current recommendations for petiole nutrient concentrations is difficult to find
and the northwest USA standards used for comparison in this study were collected and kindly
supplied by Clive Schaupmeyer in his former capacity as potato specialist with Alberta
Agriculture and Rural Development (Table 1).

Table 1. Current petiole nutrient (NOs-N, P, and K) recommendations based on information
from the northwest United States (NW USA) (Schaupmeyer pers. commun.).

Days After Planting (DAP) NW USA minimum NW USA maximum
Nitrate Nitrogen (ppm)

60 16000 24000

69 16000 24000

76 14000 22000

83 14000 22000

89 12000 18000

106 10000 16000
Phosphorus (%)

69 0.62 0.22

89 0.5 0.2

106 0.4 0.2

Potassium (%0)

69 9 7

89 7 5

106 5.5 3.5



Experimental Design

Ten rates of N, P, and K fertilizers were surface applied on April 20, 2004 (Table 2), April
20-21, 2005 (Table 3), and April 17, 2007 (Table 4), to strips in a small portion of fields of
grower-managed Russet Burbank potatoes in southern Alberta (Fig. 1). The 10 treatments
consisted of four different rates each of N, P, and K fertilizer, where the other nutrients were held
constant. In 2004 and 2005, each treatment plot was eight rows wide (24 ft) and 115 ft long. In
2007, each treatment plot was six rows wide (18 ft) and 115 ft long. All plots ran adjacent to a
pivot road. There were a total of four randomized replications of the experiment and the plots
covered a total area of 2.5 ac in 2004 and 2005, and 1.9 ac in 2007.

Because of flooding in the study field in 2005, the cooperating grower was forced to plough
out a low area of the south end of the field that included Rep 1, Treatments 1 and 6, and Rep 2,
Treatments 9 and 7, so no petiole or yield data could be collected from those four plots. Late-
season flooding also made an additional four low-lying plots inaccessible at harvest (Rep 3,
Treatments 7 and 10 and Rep 4, Treatments 4 and 5) so yield data was not collected for these.

Due to an error in the application rate of K on several plots in Rep 2, data from four plots
were not used in results calculations. On August 10, 2007, the crop was damaged by a hail storm
that swept through southern Alberta. Crop damage was slightly worse on the north half of the
field than the south. The hail likely had a detrimental effect on overall yields; however, the
methodology used in this experiment compares the relative differences in yield between fertilizer
treatments, not absolute yield values. Therefore, the hail should not have a detrimental effect on
the veracity of the experimental results.

Fertilizer Applications

Taber 2004. In the fall of 2003, the field received a fertilizer application of 130 Ib/ac N and 50
Ib/ac K;,0. Soil samples taken on April 5, 2004, after the grower applied fall fertilizer and just
prior to the individual plot fertilization, indicated that there was a total of 192 Ib NO3-N /ac, 144
Ib P/ac, and 1647 1b K/ac in the surface 2 ft of soil.

The experimental rates of fertilizer were applied on April 20, 2004. The fertilizer rates for the
experimental treatments were chosen to create four increasing amounts of one nutrient, while
holding the other two nutrients constant. So, Treatments 1, 2, 3, and 4 had increasing levels of N,
while P and K were kept the same; Treatments 5, 6, 3, and 7 received increasing amounts of
fertilizer P, while N and K remained the same; and Treatments 8, 9, 3, and 10 received
increasing amounts of fertilizer K, while N and P applications were the same (Table 2). These
increasing amounts are shown in colour and correspond to the colours used in subsequent
figures. At hilling in the spring of 2004, starter fertilizer (34 Ib/ac N and 10 Ib/ac P,Os) was
applied to the entire field, including the research plot. The plot also received three applications of
fertigation and one application of foliar feed (Table 2).



Table 2. Fertilizer schedule (Ib/ac) in 2003-2004.
Grower Applied 2003-2004

£ Fall 2003 Hilling
S (130-0-50)  (34-0-0) +P
g Oct 18/03
S
|_
N KO N POs N

_1 130 50 34 10 5
£ 2 130 50 34 10 5
£ 3 130 50 34 10 5

4 130 50 34 10 5
5 5 130 50 34 10 5
£6 130 50 34 10 5
g€ 3 130 50 34 10 5
7 130 50 34 10 5
c 8 130 50 34 10 5
29 130 50 34 10 5
£3 130 50 34 10 5
10 130 50 34 10 5

Taber 2005. In the fall of 2004, the field received a fertilizer application of 75 Ib/ac N, 30 Ib/ac
P,0s, and 115 Ib/ac K,O. Soil samples taken April 22, 2005, after the grower applied fall

Foliar Feed
(20-20-20)
July 9/04

P,Os KO

()]

DN W b D
DN L W D b D D D

Fertigation
(20-0-0)
JnJ1Jl
25 5 15
N N N
15 15 15
15 15 15
15 15 15
15 15 15
15 15 15
15 15 15
15 15 15
15 15 15
15 15 15
15 15 15
15 15 15
15 15 15

Experiment Amts

N
29
41
58

153

60
58
58
54
58
58
58
58

Apr 20/04

P,Os
122
122
122
122

0
57
122
231
122
122
122
122

K0
62
62
62
62
62
62
62
62

0
29
62

183

N
243

272
367
274
272
272
268
272
272
272
272

Total

P20s
137
137
137
137

15

137
246
137
137
137
137

fertilizer and just outside of the individual fertilized plots, indicated there was a total of 297 1b
NOs-N/ac, 145 1b P/ac, and 1994 1b K/ac in the surface 2 ft of soil. The experimental rates of

fertilizer were applied on April 20-21, 2005. The fertilizer rates for the treatments were chosen to
create four increasing amounts of one nutrient, while holding the other two constant (Table 3).

Table 3. Fertilizer schedule (Ib/ac) in 2004-2005.
Grower Applied 2004-2005

Trtmt

N
75
75
75
75
75
75
75
75
75
75
75

0 75

Phosphoru Nitrogen
P OWONOOWUDNWNER

Potassium

Coaldale 2007. In the fall of 2006, the entire field received an application of composted
manure. Fall 2006 and spring 2007 applications of mineral fertilizer were not applied to the area
where the experiment was conducted. Soil samples taken on September 18, 2006, indicated there

Fall 2004

P20s
30
30
30
30
30
30
30
30
30
30
30
30

K0
115
115
115
115
115
115
115
115
115
115
115
115

Planting

P20s
60
60
60
60
60
60
60
60
60
60
60
60

Top dressed

N
80
80
80
80
80
80
80
80
80
80
80
80

Fertigation

N
30
30
30
30
30
30
30
30
30
30
30
30

Experiment Amts
Apr 20-21/05

N
16
77
126
177
127
127
126
99
126
126
126
126

P20s
69
69
69
69

0
69
174
258
69
69
69
69

K0
22
22
22
22
22
22
22
22

0
22
133
234

N
201

311
362
312
311
312
284
311
311
311
311

Total

PZOS
159
159
159
159
90
159

348
159
159
159
159

K0
117
117
117
117
117
117
117
117
55

117
238

K0
137
137
137
137
137
137
137
137
115
137

349



was a total of 32 1b NO;-N/ac in the surface 2 ft and 21 1b P/ac and 1123 1b K/ac in the surface
foot of soil.

The experimental rates of fertilizer were applied on April 17, 2007. The fertilizer rates for the
experimental treatments were chosen to create four increasing amounts of one nutrient, while
holding the other two constant (Table 4). These increasing amounts are shown in colour and
correspond to the colours used in subsequent figures. The field also received eight applications
of fertigation between June 15 and August 18, 2007 (Table 4).

Table 4. Fertilizer schedule (Ib/ac) in 2006-2007.

£ Grower Applied 2006-2007* Experiment Amts Total
. Fall 2006 Compost Fertigation Apr 17/07
= N P,0s KO N P,Os N P,Os K,O N P,Os K;O
21 50 60 105 101 17 24 101 75 175 178 180
& 2 50 60 105 101 17 151 101 75 178 180
Z 3 50 60 105 101 17 200 101 75 351 178 180
4 50 60 105 101 17 250 101 75 401 178 180
s 5 50 60 105 101 17 200 0 75 351 77 180
2.3 50 60 105 101 17 200 101 75 351 178 180
8 6 50 60 105 101 17 201 151 75 352 180
-7 50 60 105 101 17 200 201 75 351 278 180
c 8 50 60 105 101 17 200 101 0 351 178 105
z 3 50 60 105 101 17 200 101 75 351 178 180
£ 9 50 60 105 101 17 200 101 152 351 178
10 50 60 105 101 17 200 101 206 351 178 311

Petiole Sampling

Petiole samples were collected and analyzed for each plot seven times throughout the growing
season, on June 29, July 6, 13, 20, and 25, and August 12 and 26, 2004; on June 30, July 6, 13,
20, and 27, and August 10 and 24, 2005; and on June 27, July 4, 11, 18, and 25, and August 8
and 22, 2007. The fourth leaf stem (petiole) from the top of the main stem was taken and leaflets
were removed in the field (Fig. 2). Approximately 80 petioles were collected from each plot, at
each sample date.

Within each plot, approximately 20 petioles each were collected from the second, third, sixth,
and seventh potato rows in 2004 and 2005 and from either the second or the sixth rows on
alternating weeks in 2007. Unlike previous years, the 2007 plots consisted of six rows not eight.
This was because the cooperating grower utilizes a six-row harvester, so this size of plot was
most suitable. Staff were instructed to sample representative plants only and to avoid any
unhealthy or overly advanced plants. Staff were instructed to only walk in furrows between the
second and third rows and between the sixth and seventh rows in 2004 and 2005 and between the
first and second or the fifth and sixth in 2007, in order to preserve the middle two rows for tuber
harvest. Field staff were also instructed to only walk between rows at the border between two
plots. In order to maintain consistency, whenever possible, the same person sampled the same
plots at approximately the same time of day and in the same order. The outside two rows were
designated guard rows and were not sampled. Petiole samples were kept in a cooler and then air
dried overnight in a tobacco dryer (45-50 °C). Samples were ground and sent to a laboratory for



analysis of nitrate nitrogen (NOs-N), phosphorus (P), and potassium (K). Because of a problem
with laboratory equipment in 2005, initial K results were low and samples required re-analysis
during the winter.

petiole

a) b)

Figure 2. Russet Burbank fourth leaf stem a) before and b) after removal of leaves (petiole
shown in dashed circle).

Tuber Harvest

Tuber samples (2 x 25 ft strips) were collected on September 22 and 23, 2004; September 21
and 22, 2005; and September 13 and 14, 2007. The harvest was conducted with the PGA two-
row harvester. Field staff collected, bagged, and labelled samples in the field. In the laboratory,
samples were washed, graded, and weighed to calculate total yield, marketable yield, mean tuber
weight, and percent smalls. Grading categories used were small (<17/g in), medium (17/s — 3%
in), over-size (> 3 in), and deformed. Clean weights and tuber numbers were recorded for each
category and each sample and then converted to yield (short tons per acre) based on sample area
(2 rows = 6 ft x 25 ft long = 150 sq ft). Marketable yield was defined as total yield minus yield of
small (undersize) tubers. Specific gravity was calculated by the weight in air over weight in
water method (Schippers 1976) on 25 medium tubers for each sample.

Data Analysis

Results were analyzed as a randomized complete block design, with six treatments and four
replicates, using an analysis of variance (ANOVA) procedure (SAS Institute Inc. 2004). The
Student-Newman-Keuls multiple range test (P = 0.05) was used to determine if differences
existed among treatments.



Critical Petiole Nutrient Concentrations

Belanger et al. (2001 and 2003) proposed a technique for determining critical petiole nitrate
nitrogen concentrations from experimental data. In addition to petiole nutrient concentrations,
the Belanger technique requires several other measurements, such as shoot biomass and shoot
nutrient concentration, that were not collected as part of this study due to cost constraints. The
Belanger technique was adapted and applied to the project data. Only paired petiole and yield
data were available so, rather than using a nitrogen nutrition index compared to yield as Belanger
did, yield was compared to petiole nutrient concentration at each petiole sampling date.

1. For the first step, a second order polynomial curve was fitted to the yield versus petiole
nutrient relationship and the petiole concentration at the maximum yield value for the curve was
recorded. This maximum occurred where the slope of the second order polynomial equalled zero.
This was called the 100% relative yield (100%RY) petiole concentration. The maximum yield,
designated as 100%RY, was multiplied by 0.9 to calculate the 90% relative yield (90%RY). The
corresponding petiole nutrient concentration was calculated for each petiole sampling date, from
the formula for the second order polynomial best-fit line. The intercept of the best-fit lines was
set to zero, in order to fix the shape of the second order polynomial as an inverted “U”. This
gives a relationship where yield increases with increasing petiole nutrient concentration to a
point (100%RY), beyond which, yield actually decreases with increasing petiole nutrient
concentration, as concentrations reach a level that is detrimental to tuber formation.

2. For the second step of the adaptation of the Belanger procedure, the petiole nutrient
concentrations at 100% and 90% relative yields are plotted as a function of the days after
planting (DAP) for each corresponding sampling date.

RESULTS AND DISCUSSION
Meteorological Observations

Early in the first growing season of the study (2004), just as flowering initiated (July 7), the
potato crop was damaged by hail but recovered well. Overall, 2004 temperature and rainfall were
similar to long-term (1950-2000) averages (Table 5).

The 2005 growing season in southern Alberta was remarkable for the record rainfalls in June
and September (Table 5). Many growers were forced to pump out portions of fields that were
flooded. Saturated conditions can lead to nitrogen losses through runoft, deep drainage, and
microbial denitrification. Although the cool temperatures likely slowed denitrification, the
potential for nitrogen losses was still present. Other nutrients can also be lost with water that is
removed by pumping and through runoff and deep drainage. The potential for nutrient losses in
2005 made it difficult to be certain that the applied rates of fertilizer remained within the root
zone of their designated plot sites. Additionally, eight of the forty plots were not harvested due to
the wet conditions.



Overall, growing season (May to August) temperatures in 2007 were somewhat higher than
long-term averages and total precipitation was close to the long-term average (Table 5). June and
July 2007 were hotter and drier than long-term averages with no precipitation falling in July. On
August 10, 2007, the crop was damaged by hail.

Table 5. Taber monthly average temperature and rainfall for 2004, 2005, and 2007 compared
to long term (1950-2000) averages (Environment Canada, 2008).

Average Temperatures (°C) Total Precipitation (mm)

1950- 1950-

2000 2000

Month 2004 2005 2007 Average 2004 2005 2007 Average
April 8.1 7.6 4.6 5.7 25.6 26.3 83.6 31.6
May 10.3 12.5 12.8 11.7 78.4 174 89.4 44.0
June 153 15.0 17.0 15.8 57.8 198.4 343 69.9
July 19.6 19.3 23.5 18.7 51.8 5.0 0.0 379
August 17.9 15.8 18.7 18.0 76.9 58.8 47.6 38.5
September 12.8 12.4 11.5 12.8 8.2 116.4 36.4 34.5
Average/Total 14.0 13.8 14.7 13.8 298.7 422.3 291.3 256.4

Crop Growth and Development

Taber 2004. The potato crop was planted on April 28, 2004, and it was flowering on July 7,
2004, the same date of a hailstorm that damaged the field. The grower responded to the hail with
a foliar feed application of 20-20-20 on July 9, 2004, which was in addition to three scheduled
fertigation applications of 20-0-0 (June 25, July 5, and July 15, 2004).

Taber 2005. The potato crop was planted on April 22, 2005, and it had begun flowering by July
13, 2005. At planting in the spring of 2005, the grower applied starter fertilizer (60 1b/ac P,Os) to
the entire field, including the research plots. An additional 80 Ib/ac N was top dressed and a total
of 30 Ib/ac N was applied through fertigation.

Coaldale 2007. The crop was planted on April 22, 2007, and it had begun flowering by July 11,
2007. The plot area was avoided by the grower during the spring and planting fertilizer
applications. A total of 101 Ib/ac N and 17 Ib/ac P,Os were applied through fertigation. The field
was impacted by a hail storm on August 10, 2007. Crop damage was more extensive on the north
half of the field.

Average Petiole Nitrate Nitrogen Compared to Marketable Yield and Specific Gravity

Average petiole nitrate nitrogen (NOs-N), marketable yield, and specific gravity for each of
the variable nitrogen treatments for 2004, 2005, and 2007, are summarized in Fig. 3, 4, and 5. On
all graphs, the colour of lines and bars corresponds to the colours designated for treatments in the
fertilizer schedules (Tables 2, 3, and 4). In all cases, there were no statistically significant
differences among treatments, in marketable yield or specific gravity; however, there are some
notable trends.



Petiole Nitrate Nitrogen. There was an increasing concentration of petiole NOs-N with
increasing fertilizer N and this was seen in all three years of the study. Throughout 2004, the
highest N rate (367 Ib N/ac) consistently showed the highest petiole NO3-N concentration (Fig.
3a). Early in the growing season, petiole NO3-N concentration in all but the highest N treatment
fell below the USA standard range, yet this did not have a detrimental effect on yield for the 272
Ib N/ac treatment. Petiole NOs-N initially decreased for the first three sample dates until 76 days
after planting (DAP), with a large increase noted on the fourth petiole sampling date (83 DAP).
The initial decline in petiole NO3-N possibly coincided with the tuber initiation stage of growth,
where rapid formation and growth of stems and leaves was taking place. The jump in petiole
NOs-N may coincide with tuber bulking, where above-ground plant growth has stabilized and the
plant root uptake of N is able to “catch-up” to optimal levels. Growers typically begin to monitor
petiole nutrients at this stage.

The highest N rate (Treatment 4: 362 Ib N/ac) in 2005 consistently showed the highest petiole
NO;-N concentration (Fig. 3b), but not by a large margin. The lowest N rate (Treatment 1: 201 b
N/ac) actually had the second-highest average petiole NO3-N concentration for the first, second,
and fourth sampling dates (June 30, July 6, and 20). For the remainder of the sampling dates,
Treatment 1 had the lowest average petiole NO3;-N concentration. These inconsistencies may
have resulted from N losses from the large amounts of rainfall in 2005. Despite the record
rainfall, all petiole NOs3-N results were within or above the suggested adequate ranges for the
northwest USA. Petiole NOs-N initially decreased until 75 DAP, increased dramatically at 82
DAP, and then decreased for the remainder of the growing season.

In 2007, all but the lowest N fertilizer treatment (Treatment 1: 175 Ib N/ac) fell within the
USA standards (Fig. 3c). The highest three N treatments had very similar petiole NO3-N
concentrations, despite representing a range in fertilizer N (302 to 401 Ib N/ac). Overall petiole
NOs-N initially decreased and then levelled-off between 73 and 94 DAP, then decreased for the
final two petiole samplings in August 2007. The sharp increase in petiole NO3;-N seen at 83 DAP
in 2004 and 82 DAP in 2005, respectively was not seen. This may be due to crop stress due to
the extreme heat and lack of precipitation seen in July 2007 (Table 5). The hail storm on August
10, 2007, did not seem to have an effect on the petiole NO3-N concentrations for the subsequent
sampling date (August 22, 2007) (Fig. 3¢) and petiole NOs-N concentrations followed a similar
declining pattern that was observed in August of previous years (Fig. 3a and 3b).

Marketable Yield. In 2004, Treatment 3 (272 Ib N/ac) had the highest overall yield; however,
the treatments were not significantly different (Fig. 4a). Treatment 3 was designed to
approximate the typical grower-applied rate of fertilizer. In 2005, Treatment 2 (262 Ib N/ac) had
the highest overall yield; however, the treatments were not significantly different (Fig. 4b). Yield
data for this treatment was quite variable.

In 2007 on Reps 1 and 2 (north half of the field), plots that received the lowest N fertilizer
rates (Treatment 1) were visibly different (lighter green) than all of the surrounding treatments.
Fig. 6 shows the Treatment 1, Rep 1 plot just next to the Treatment 9 Rep 2 plot. Treatment 3
was meant to approximate the grower fertilizer rates and gave the highest yield of all 10
treatments in 2007 (Fig. 4c).There was no significant yield difference among treatments;



however, there was a trend to increasing yield with increased fertilizer (Fig. 4c), with a decreased
yield at the highest rate of N.

Tuber Specific Gravity. In 2004, the higher two rates of N fertilizer (Treatments 3 and 4) had
slightly higher specific gravities (Fig. 5a). This result is contrary to the findings of Waterer and
Heard (2005) who stated that excess fertilizer N may lead to low specific gravity. In 2005, a
slight decrease in specific gravity was found for fertilizer rates greater than 262 b N/ac (Fig. 5b).
In 2007, there was also a slight trend to decreasing specific gravity with increased fertilizer N
(Fig. 5¢). Although these results were not statistically significant, this observation is similar to
other findings wherein excess nitrogen fertilizer can have the unwanted consequences of low
specific gravity (Waterer and Heard, 2005). Because lowered specific gravity is a goal for some
Alberta producers, further research into the link between specific gravity and amounts and timing
of excess N fertilizer may be useful.

10



a) 30000

Foliar Application 367 Ib N/ac

25000 Hail 272 Ib N/ac
255 1b N/ac

20000 243 Ib N/ac

Adequate '
Petiole Nitrate Nitrogep, I
ange (N U
SA)

10000

Petiole Nitrogen (ppm)
&
o
8

5000

Fertigation
0
June 29 July 6 July 13 July 20 July 26 August 12 August 26

30000
b) 362 Ib N/ac
25000 311 Ib N/ac
262 Ib N/ac
20000 201 Ib N/ac

qu

Petiole Nitrogen (ppm)
&
o
]

5000

June 30 July 6 July 13 July 20 July 27 August 10 August 24

30000
©) 401 Ib N/ac

351 Ib N/ac
302 Ib N/ac
20000 175 Ib N/ac

d . . .
a
)

25000

10000

Petiole Nitrogen (ppm)
=
a
o
o
o

5000

0
June 27 July4 July 11 July 18 July 25 August 8 August 22

Figure 3. Russet Burbank potato petiole nitrate nitrogen (NO3-N) concentrations (ppm) for four
different N fertilizer rates, in (a) 2004, (b) 2005, and (c) 2007. Dashed black lines correspond to
upper and lower suggested limits used in the northwest USA.
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Figure 4. Russet Burbank potato marketable yield (ton/ac) for four different N fertilizer rates, in

(a) 2004, (b) 2005, and (c) 2007. Error bars indicate standard deviations. Differences among
treatments for which error bars overlap are not statistically significant.
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Figure 5. Russet Burbank potato tuber specific gravity for four different N fertilizer rates, in (a)
2004, (b) 2005, and (c) 2007. Error bars indicate standard deviations. Differences among
treatments for which error bars overlap are not statistically significant.
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Treatment 1 Treatment 9
Replicate 1 Replicate 2
(175 Ib N/ac) (351 Ib N/ac)

Figure 6. Visible difference in colour of Treatment 1, Rep 1 (175 Ib/ac N fertilizer, including 24
Ib/ac N added on April 17, 2007) compared to Treatment 9, Rep 2 (351 Ib/ac N fertilizer,
including 200 Ib/ac N added on April 17, 2007), looking north on August 8, 2007 (photo
courtesy of Gary Larson, AAFC).
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Average Petiole Phosphorus Compared to Marketable Yield and Specific Gravity

Average petiole phosphorus, marketable yield, and specific gravity for each of the phosphorus
(P) treatments are summarized in Fig. 7, 8, and 9. As with the N treatments, there were no
statistically significant differences among P treatments, in yield or specific gravity; however,
there are some notable trends.

Petiole Phosphorus. In 2004, increasing rates of fertilizer P gave increasing amounts of petiole
P (Fig. 7a). This held true throughout the growing season, with the exception of the petiole
samples taken immediately following the hail. This may be because of a spatially variable impact
of the hail. The lower rates of P fertilizer gave petiole P concentrations in the lower half of the
USA standard range, yet yields were not significantly impacted. In 2005, the two highest rates of
fertilizer P gave higher amounts of petiole P (Fig. 7b). Overall, petiole P initially decreased until
89 DAP, when it took a sharp increase (especially for the two highest fertilizer P rates). Petiole P
then decreased at 96 DAP and levelled-off or increased slightly for the remainder of the growing
season. All but a few points were beneath the lower limit for the adequate USA petiole P
standard range, yet yields were not significantly impacted. This indicates that the lower limits for
petiole P are likely too high for Alberta fields. Because soil P is not very mobile, it is unlikely
that the heavy rains of 2005 led to significant leaching of P. In 2007, all petiole P results were in
the low range, within and slightly below the USA standards (Fig. 7c). The lowest fertilizer P rate
had the lowest petiole P content until 108 DAP (August 8, 2007); however, on most petiole
sample dates, the highest rate of fertilizer P gave the second-lowest petiole P content and the
lowest on the last sampling date (Fig. 7c¢).

Marketable Yield. In 2004, the two higher rates of fertilizer P (137 and 246 1b P,Os/ac) had a
slightly greater yield than the two lower rates of fertilizer P (15 and 72 1b P,Os/ac), but results
were not significantly different (Fig. 8a). In 2005, the highest rate of fertilizer P (Treatment 7:
348 Ib P,0Os/ac) had a slightly greater yield than the other three rates of fertilizer P, but results
were not significantly different (Fig. 8b). Incidentally, this treatment had a slightly lower amount
of fertilizer N applied (99 1b N/ac) on April 20-21, 2005 (Table 3), compared to the other three
treatments (126-127 1b N/ac) because of limitations in the application rates of the fertilizer
spreader used. Treatment 7 had 258 Ib P,Os/ac applied on April 20-21, 2005, as 506 Ib/ac of
monoammonium phosphate (12-51-0), which also provided 61 Ib N/ac. This left 65 Ib N/ac (188
Ib/ac product) to be applied as ammonium nitrate (34.5-0-0) to give a total application of 126 1b
N/ac. The nearest to this amount that the chain settings on the fertilizer spreader could achieve
was 111 Ib/ac product or 38 1b N/ac, which gave a total of 99 1b N/ac for Treatment 7, applied
April 20-21, 2005 (Table 3). In 2007, the highest tuber yield was found on the plots that received
the second-lowest P fertilizer rate (Treatment 3: 178 Ib P,Os/ac) (Fig. 8c).

Tuber Specific Gravity. There was no discernible trend in tuber specific gravity in relation to
fertilizer P rates in 2004 (Fig. 9a). In 2005, the specific gravity was variable, did not show any
statistically significant relationships, and did not appear to be affected by fertilizer P (Fig. 9b). In
2007, there was virtually no difference in the specific gravity for the different P rates (Fig. 9c).
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Figure 7. Russet Burbank potato petiole phosphorus concentrations (%) for four different P,Os
fertilizer rates, in (a) 2004, (b) 2005, and (c) 2007. Dashed black lines correspond to upper and
lower suggested limits used in the northwest USA.
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treatments for which error bars overlap are not statistically significant.
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Average Petiole Potassium Compared to Marketable Yield and Specific Gravity

Average petiole potassium, marketable yield, and specific gravity for each of the potassium
(K) treatments are summarized in Fig. 10, 11, and 12. As with the N and P treatments, there were
no statistically significant differences among K treatments, in yield or specific gravity; however,
there are some notable trends.

Petiole Potassium. In 2004, increasing rates of fertilizer K had no observable effect on petiole
K concentration (Fig. 10a). Most average petiole K concentrations were above the USA standard
ranges at this site. Similar to 2004 results, the 2005 data showed that increasing rates of fertilizer
K had no observable effect on petiole K (Fig. 10b). Also, like the 2004 results, most average
petiole K concentrations were above the USA standard ranges at the 2005 site. Similar to
previous years, in 2007, petiole K results were above the USA adequate range and there was no
relationship between fertilizer K and petiole K (Fig. 10c). Together, these results confirm those
of previous published (Dubetz and Bole 1975; Mackay and Carefoot 1987; and Mackay et al.
1989) and unpublished studies (Konschuh 2001 and McKenzie et al. 2002) that have shown no
relationship between fertilizer K, yield, and petiole K. This may be a function of the potassium
buffering effects of the soils found in southern Alberta. With the exception of very sandy soils,
most soils found in southern Alberta have high levels of K, much of which (90-98%) is in an
unavailable/nonexchangeable form within soil minerals (Dubetz and Dudas 1981). During a
period of years, this unavailable K can move into available forms and vice-versa, depending on
crop use and fertilizer K rates. The exchangeable form of K can then rapidly move into the soil
solution in response to depleted K levels, where it can be taken up by plant roots (Brady and
Weil 1999). This dynamic equilibrium creates a labile pool of K in the soil, which is capable of
maintaining a constant supply of plant-available K and which is also capable of masking the
effects of different application rates of fertilizer K.

Marketable Yield. In 2004, there was a trend toward slightly increased yield with increasing
fertilizer K up to 117 Ib K,O/ac, with a small decrease for the highest rate (238 1b K,O/ac) but
results were not significantly different (Fig. 11a). In 2005, there was a trend toward slightly
increased yield with increasing fertilizer K up to 248 1b K,O/ac with a small decrease for the
highest rate (349 1Ib K,O/ac), but results were not significantly different and were all within a
narrow range between 21.5 and 23.1 ton/ac (Fig. 11b). In 2007, there was no relationship
between yield and fertilizer K (Fig. 11c).

Tuber Specific Gravity. There was a slight trend toward decreasing specific gravity with
increasing fertilizer K, in 2004, but differences were not statistically significant (Fig. 12a), even
at the highest rate of fertilizer K. In 2005, there was a trend toward increasing specific gravity
with increasing fertilizer K, but differences were not statistically significant (Fig. 12b). These
results are contrary to those seen in 2004, where a trend toward decreasing specific gravity with
increasing fertilizer K was observed. In 2007, there was no statistically significant trend in
specific gravity with increasing fertilizer K (Fig. 12¢); however, specific gravity decreased
slightly for the highest rate of fertilizer K (311 1b K,O/ac).
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Figure 10. Russet Burbank potato petiole potassium concentrations (%) for four different K20
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Critical Petiole Nutrient Concentrations

As described in the Methods and Materials section, a second order polynomial curve was
fitted to the yield versus petiole nutrient relationship (Belanger et al. 2001 and 2003). Examples
of these graphs are shown in Fig. 13, for the petiole phosphorus on seven petiole sampling dates
in 2005. The fit of these lines was highly variable.

The 100%RY and 90%RY values were plotted as a function of DAP and these graphs depict
the optimal petiole nutrient concentration throughout the growing seasons (Fig. 14 to 16),
including the 100%RY and 90%RY and their respective best-fit lines. Also shown on these
graphs are the optimal ranges that have been suggested for the northwest USA (Schaupmeyer
pers. commun.).

Petiole Nitrate Nitrogen. The USA standard ranges are higher than the 2004 optimal petiole
NOs-N concentrations. For the 100%RY, the optimal petiole NOs-N was approximately 19,000
ppm at 60 DAP and declined to 13,000 ppm by 120 DAP (Fig. 14a). The data appear to follow
two linear trends, one for the tuber initiation growth stage (<80 DAP) and the other from the
beginning of tuber bulking and onward (>80 DAP).

The USA standard ranges are very similar to the 2005 optimal petiole NO3-N concentrations.
For the 100%RY, the optimal petiole NO3-N was nearly 24,000 ppm at 60 DAP and declined to
14,000 ppm by 125 DAP (Fig. 14b). As discussed before, however, the actual relationship is
more likely two lines, one for the tuber initiation growth stage and the other from the beginning
of tuber bulking and onward.

The USA standard ranges are somewhat high, compared to the 2007 optimal petiole NO3-N
concentrations (Fig. 14c). For the 100%RY, the optimal petiole NOs-N was nearly 19,700 ppm at
60 DAP and declined to approximately 6,400 ppm by 125 DAP (Fig. 14c). In 2007, there was
not a dramatic increase in petiole NO3-N at around 80 DAP. Instead, the petiole NO3-N
concentration increased gradually between 80 and 94 DAP and then decreased until 122 DAP
(Fig. 14c¢). A difference in petiole nutrient concentrations has been noted in past studies between
fields and between years (climate-effect) (Woods et al. 2004). This year-to-year difference is
also noticeable in Fig. 14.

The following are the formulae for the linear best-fit 100%RY relationships between petiole
NO;-N and DAP, which hold for approximately DAP = 60-125.

2004 Petiole NO3-N (ppm) = -98.7*DAP + 24982 (* =0.32)
2005 Petiole NO3-N (ppm) = -153.7*DAP + 32826 (1 =0.43)
2007 Petiole NO3-N (ppm) = -204.4*DAP + 31955 (= 0.73)
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Petiole Phosphorus. The USA standard ranges are higher than the 2004 optimal petiole P
concentrations. The 100%RY optimal P was approximately 0.42% at 60 DAP and declined to
0.18% by 120 DAP (Fig. 15a).

The USA standard ranges are much higher than the 2005 optimal petiole P concentrations.
The 100%RY optimal P was approximately 0.24% at 60 DAP and declined a small amount to
0.21% by 125 DAP (Fig. 15b). This relationship was nearly a flat line in 2005 and overall values
were much smaller than in 2004, yet no negative impacts on yield were observed.

The USA standard ranges are much higher than the 2007 optimal petiole P concentrations
(Fig. 15¢). The 100%RY optimal P was approximately 0.30% at 60 DAP and declined a small
amount to 0.16% by 125 DAP (Fig. 15¢). The optimal petiole P values in 2007 were similar to
the 2005 results and are at the lowest end of the range of adequate NW USA standards, yet no
negative impacts on yield were observed. For this reason, and because of corroborating data from
past studies (Woods et al. 2004), it is felt that the upper and lower limits for petiole P (as given
by NW USA standards) are too high.

The following formulae are for the linear best-fit 100%RY relationship between petiole P and
DAP, which hold for approximately DAP = 60-125.

2004 Petiole P (%) = -0.0038*DAP + 0.64 (1> = 0.89)
2005 Petiole P (%) = -0.00021*DAP + 0.24 (r*=0.01)
2007 Petiole P (%) = -0.0022*DAP + 0.43 (1> = 0.83)

Petiole Potassium. The USA standard ranges are slightly lower than the 2004 optimal petiole K
concentrations. The 100%RY optimal K was approximately 11.5% at 60 DAP and declined to
5.5% by 120 DAP (Fig. 16a).

The USA standard ranges are slightly lower than the 2005 optimal petiole K concentrations.
The 100%RY optimal K was approximately 13.3% at 60 DAP and declined to 7.9% by 125 DAP
(Fig. 16b). The 2005 petiole K results were much higher than the 2004 results and than the
adequate range from the NW USA. In 2005, the laboratory experienced problems with their
equipment used for measuring K and results were re-analysed in January 2006. Results were
adjusted to much higher than initial estimates. Similar to NO3-N, 2005 petiole K optimal levels
appear to follow two stages, one for prior to tuber bulking (<80 DAP) and the other from the
beginning of tuber bulking and onward (>80 DAP) (Fig. 16b).

The USA standard ranges are slightly lower than the 2007 optimal petiole K concentrations
(Fig. 16¢). The 100%RY optimal K was approximately 12.0% at 60 DAP and declined to 10.1%
by 125 DAP (Fig. 16c). Similar to NOs-N, petiole K optimal levels appear to follow two stages,
one prior to tuber bulking (<80 DAP) and the other from the beginning of tuber bulking and
onward (>80 DAP) (Fig. 16¢). The 2007 petiole K results are higher than the adequate range
from the NW USA, especially after 80 DAP. Results from previous studies (Konschuh 2001;
McKenzie et al. 2002; and Woods et al. 2002) have indicated that a wider range for adequate
petiole K would be more suitable in southern Alberta (Woods et al. 2004).
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The following formulae are for the linear best-fit 100%RY relationship between petiole K and
DAP, which hold for approximately DAP = 60-125.

2004 Petiole K (%) = -0.0973*DAP + 17.5 (r* =0.32)
2005 Petiole K (%) = -0.0834*DAP + 18.3 (1 =0.17)
2007 Petiole K (%) = -0.0307*DAP + 13.9 (> =0.07)

Optimal Petiole Nutrient Concentrations for Southern Alberta

The study was conducted during a growing season with temperature and precipitation close to
long-term averages (2004), a growing season that was cool and wet (2005), and a growing
season that was hot and dry (2007). When the values of 100%RY and 90%RY were compared to
DAP for all three years combined, they were used to determine optimal petiole nutrient
concentrations specific for southern Alberta. Fig. 17 shows the three years of project data
compared to the current NW USA standards and the suggested optimal petiole NO;-N (Fig. 17a),
P (Fig. 17b), and K (Fig. 17¢c) concentrations during the southern Alberta growing season. It is
important to remember that these upper and lower limits are for optimal yield (90-100% of
relative yield) of Russet Burbank potatoes and are merely guidelines. Actual petiole nutrient
concentrations will be affected by genotype, climate, irrigation amount, soil type, planting date,
petiole sample collection technique, and laboratory analysis (Doll et al. 1971; MacKay and
Carefoot 1987, Westcott et al. 1991; and Lewis and Love 1994).

Nitrate Nitrogen (NO3-N). The suggested optimal petiole NO3-N concentrations are quite
similar to the current NW USA standards, especially for dates greater than 80 DAP (Fig. 17a). It
is suggested that there should be two sets of ranges, one set for dates prior to and including
approximately 80 DAP and another set for dates after approximately 80 DAP. The following
formulae can be used to calculate the ranges for NO3-N in units of parts per million (ppm) from
the known DAP.

Prior to 80 DAP Petiole NO3-N (ppm) = -290*DAP + 38800 for 100%RY
Prior to 80 DAP Petiole NOs-N (ppm) = -290*DAP + 30400 for 90%RY
After 80 DAP Petiole NO3s-N (ppm) = -244*DAP + 41156 for 100%RY
After 80 DAP Petiole NO3-N (ppm) = -244*DAP + 33756 for 90%RY

Another way to compare petiole NO3-N to the suggested optimal ranges is to refer to the
ranges given in Table 6, which gives the 100%RY and 90%RY values that correspond to dates
between 60 and 125 DAP.

Phosphorus (P). The suggested optimal petiole P concentrations are substantially lower than the
current NW USA standards, particularly early in the growing season (Fig. 17b). The following
formulae can be used to calculate the Alberta-specific optimal ranges for P in units of percent
(%) as a function of DAP.

Petiole P (%) = -0.00308*DAP + 0.485 for 100%6RY
Petiole P (%) = -0.00077*DAP + 0.196 for 90%RY
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Sample values for optimal petiole P are also given in Table 6, for dates between 60 and 125
DAP.

Potassium (K). The suggested optimal petiole K concentrations have a wider range than the
current NW USA standards (Fig. 17¢). Similar to NOs-N, it is suggested that there be two sets of
ranges of petiole K concentrations, one set for dates prior to approximately 80 DAP and another
set for dates after approximately 80 DAP. The following formulae can be used to calculate the
Alberta-specific optimal ranges for K in units of percent (%), as a function of DAP.

Prior to 80 DAP Petiole K (%) =-0.17*DAP + 22.6 for 100%RY
Prior to 80 DAP Petiole K (%) = -0.14*DAP + 15.7 for 90%RY
After 80 DAP Petiole K (%) = -0.18*DAP + 29.0 for 100%RY
After 80 DAP Petiole K (%) =-0.17*DAP + 23.1 for 90%RY

Sample values for optimal petiole K are also given in Table 6 for dates between 60 and 125
DAP.

Table 6. Suggested optimal Russet Burbank petiole nutrient (NOs-N, P, and K) contents based
on information from southern Alberta (2004, 2005, and 2007).

Days After Optimal Petiole Nutrient Concentrations
Planting NO3-N (ppm) P (%) K (%)
(DAP) 90%RY 100%RY 90%RY 100%RY 90%RY 100%RY
60 13000 21400 0.15 0.30 7.3 12.4
65 11550 19950 0.15 0.28 6.6 11.6
70 10100 18500 0.14 0.27 5.9 10.7
75 8650 17050 0.14 0.25 5.2 9.9
80 7200 15600 0.13 0.24 4.5 9.0
85 12978 20378 0.13 0.22 8.8 14.1
90 11756 19156 0.13 0.21 7.9 13.2
95 10533 17933 0.12 0.19 7.1 12.4
100 9311 16711 0.12 0.18 6.2 11.5
105 8089 15489 0.12 0.16 54 10.6
110 6867 14267 0.11 0.15 4.5 9.7
115 5644 13044 0.11 0.13 3.7 8.9
120 4422 11822 0.10 0.12 2.8 8.0
125 3200 10600 0.10 0.10 2.0 7.1

30



a) Nitrate Nitrogen (ppm)
30000

25000
20000
15000
10000

Petiole NO3-N (ppm)

5000

0
60 70 80 90 100

100%RY 90%RY  Days Biiggeplethiihgriatridards

b) Phosphorus (%)

06 100%RY 90%RY Suggested Alberta Standards
S
o 04
()
o
©
& 02

0.0

60 70 80 90 100

Days After Planting (DAP)

c) Potassium (%)
20.0
100%RY 90%RY Suggested Alberta Standards

16.0
12.0

8.0

Petiole K (%)

4.0

0.0
60 70 80 90 100
Days After Planting (DAP)

110 120
Current NW USA Standards

Current NW USA Standards

110 120

Current NW USA Standards

110 120

Figure 17. Suggested optimal petiole NO;-N, P, and K concentrations for southern Alberta
compared to current northwest USA recommendations and to the 100%RY and 90%RY data

collected in 2004, 2005, and 2007.
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Comparison to Previously Collected Data

The Belanger technique was adapted and applied to existing data sets accumulated from
previous PGA-sponsored studies, where plot-scale petiole and corresponding yield and specific
gravity data were available. These studies included projects on the precision farming of potatoes
(McKenzie et al. 2002), effects of phosphorus and compost on Russet Burbank potatoes (Woods
et al. 2002), and the effects of potassium on Russet Burbank potatoes (Konschuh 2001).

None of these studies consisted of variable rates of fertilizer N. In all cases, N was held
constant for all treatments; therefore, results were inconclusive for N. The precision farming
study demonstrated that spatial variability exists across any field, even if the entire field receives
identical fertilizer application (McKenzie et al. 2002). The phosphorus and compost study
(Woods et al. 2002) had variable rates of P, so the results of this study were used for P
assessment. For this study, six experiments were conducted during three years (1999-2001). In
all cases, P fertilizer rates were varied while other nutrients were held constant. Fig. 18 shows
the 100%RY and 90%RY petiole P concentration as a function of days after planting for these
six sites. There was variability in the results, but overall the new standards seem to fit quite well,
especially early in the growing season.
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Vauxhall 1999 Fincastle 2000 Cranford 2000 Barnwell 2000 Cranford 2001  Barnwell 2001

Figure 18. 100% relative yield (RY) phosphorus concentration as a function of days after
planting, for six previously-completed PGA-sponsored studies.

Results for several previous studies were unsuitable for the Belanger technique, as a second
degree polynomial could not be fit to the data. Because this was the case, a simplified process
was applied to these data (Konschuh 2001; Woods et al. 2002). For each site, the average petiole
nutrient (NO;3-N, P, and K) concentrations for the treatment with the highest average marketable
yield were taken as the optimal (Stark pers. commun.). This eliminated the need to fit a
polynomial to the data. NOs-N, P, and K results shown are from the P and compost project
(1999-2001) and the K results also include data from the K study (2001).
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The NO;-N results show (Fig. 19a) a great deal of scatter and that the suggested Alberta
optimal range is about in the middle of the data points. Again, the N fertilizer rates were held
constant for all of these studies, so the results from these data and this simplified technique are
uncertain.

The P results for this simplified method (Fig. 19b) support the previous results, using the
Belanger technique, and fit within the suggested Alberta optimal range for petiole P quite well.

The K results for the simplified method (Fig. 19¢) indicate that the suggested Alberta optimal
range for petiole K may be too high for data from the P project.

One point to bear in mind regarding Fig. 19 is that this simplified technique for determining
optimal petiole concentrations only takes into account the actual rates used in the study and does
not “fill-in the blanks” for concentrations between the tested rates. So if one of the treatments did
not achieve the exact optimal concentration-yield combination, it may have over or under
estimated the optimal concentration and yield by just choosing the best one. The Belanger
technique fits a curve to the data to determine the precise point at which the optimal yield should
occur.

Effects of Climate

Although it was not a part of the initial objectives of the project, the effects of climate were
examined using data from previously-completed PGA-sponsored studies done between 1997 and
2001 and using data from this study (2004, 2005, and 2007). The petiole NOs-N data as a
function of DAP were fit to a single linear regression equation, for each individual year. The
intercept and slope of the best-fit line were then compared to temperature and precipitation data
for the entire growing season and for various combinations of months during the growing season.
Although the results of this analysis were not highly significant, there were some overall trends
that were notable. Fig. 20 shows the results compared to average temperatures of June and July.
The 40-yr mean temperature (1950-1990) for June and July was 17.4 °C and only the 2005
average was below this value.

In years when June and July are hotter than average, petiole NO3;-N concentrations may be
greater than usual at the start of the measuring dates, as indicated by a greater intercept (Fig. 20a)
from the petiole NOs-N versus DAP best-fit line. Comparison of the slope of the petiole NOs-N
versus DAP best-fit line to temperature (Fig. 20b) indicates that petiole NOs-N concentrations
may decrease at a greater rate in hotter than average years than in cooler years. This may be due
to the plant growing faster in hotter June-July weather and being unable to sustain sufficient rates
of nitrogen uptake or it may be an artefact of heat-stress. Regardless, these trends hint at the
impact of climate on petiole nitrate nitrogen concentrations.

Temperature effects could possibly be seen in other petiole nutrients. Only a cursory analysis

of the effects of climate data was done here and it is recommended that the effects of climate on
petiole nutrients be examined in more detail.
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Figure 19. Petiole (a) nitrate nitrogen, (b) phosphorus, and (c¢) potassium concentration for
treatment with highest yield as a function of days after planting for previously-completed PGA-
sponsored studies.
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The potential effects of climate reinforces the notion that petiole nutrient recommendations
should only be treated as guidelines that will be impacted by climate, soil, and other
environmental factors, as well as human factors.

60000 0
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y=3013.5x - 27460
R®=0.0934

% 40000 = -100
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» N
> [
= z

£ 20000 ® 200
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Mean Temperature (June - July) Mean Temperature (June - July)

Figure 20. Climate effects on petiole nitrate nitrogen as exhibited by the relationship between
the (a) intercept and (b) slope of the NOs-N versus DAP best-fit lines as a function of mean
temperatures in June and July for each year that data were available.

Petiole Nutrient Concentration Recommendations

Current Alberta Russet Burbank potato petiole NOs-N, P, and K recommendations are based
on information from the northwest United States (Table 1; Fig. 21). A technique for determining
critical petiole nitrate nitrogen concentrations from experimental data (Belanger et al. 2001 and
2003) was applied to three years of data collected in southern Alberta in 2004, 2005, and 2007.
Based on these data, new petiole nutrient concentration ranges have been proposed (Fig. 22).
When these suggested petiole nutrient recommendations were compared to previously-collected
data, they gave reasonable results for P and K. There was a great deal of scatter in the
previously-collected N data, as petiole NO3-N can be affected by many factors.
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Figure 21. Current petiole nutrient (NO;-N, P, and K) concentration recommendations based on
information from the northwest United States (NW USA).
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Figure 22. Suggested Russet Burbank petiole nutrient (NO3-N, P, and K) concentration
recommendations based on information from southern Alberta.
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CONCLUSIONS

New optimal petiole nutrient concentration ranges for optimal marketable yield have been
developed that are specific to Russet Burbank potatoes grown in southern Alberta’s soil and
climatic conditions. These proposed optimal petiole nutrient concentrations were compared to
data collected in previously-completed studies and were found to be valid. No consistent or
significant relationships between petiole nutrient concentration and specific gravity were
observed. Potassium fertilizer did not have a consistent impact on specific gravity.

The suggested petiole nitrate nitrogen range is slightly lower than the northwest USA
standards at the beginning of the growing season (DAP < 80) and late in the growing season
(DAP > 105). The revised optimal petiole phosphorus ranges are substantially lower than the
northwest USA standards. The recommended petiole potassium ranges are wider than the
northwest USA standards overall and are similar early in the growing season (DAP < 80). Later
in the growing season, the upper limits of the new recommendations are greater than for the
northwest USA standards.

The new suggested optimal ranges should be considered as guidelines only and should be
viewed in the context of previous years’ data from any given site. Petiole nutrient concentrations
will be affected by many factors, in addition to available soil nutrients. Some of these factors
include temperature, precipitation, soil texture, and other environmental factors, as well as
human factors such as petiole sampling technique, irrigation management, location of samples
within the field, and laboratory analysis. Petiole nutrient concentrations should be considered on
a field-specific basis. Spatial variability exists across any field, so care must be taken to choose
petioles from benchmark locations that are representative of the field, in terms of location and
plant appearance.

The conclusions drawn in this study are based on three years of experimental data and it is
suggested that the PGA, along with growers and processors, continue to refine these
recommendations based on petiole nutrient concentrations they observe currently and in the
future.
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* Precise fertilizer application rates are critical for optimal
potato production. Sufficient nutrients are necessary to
maximize tuber yield, quality and uniformity, while issues
of economy and environment make excess fertilizer
undesirable.

* The analysis of potato petioles has been used to monitor
nutrient status throughout the growing season; a usetul
and timely technique for monitoring mid-season nutrient
deficiencies.

e Currently recommended petiole nutrient concentrations
are from research conducted in the northwest United
States, where longer growing seasons and different soil
and climate conditions prevail.

* Results from previous studies in southern Alberta
indicated that the current recommendations may be high
for K and somewhat high for P, especially early in the
growing season. Results also indicated that recommended
NO;-N concentrations may need fine-tuning to suit
southern Alberta growing conditions.

In 2004, a 3-year study was initiated. The objectives are to
* determine the optimal petiole nutrient concentrations
for Russet Burbank potatoes, specific to southern Alberta

e determine the relationship, if any, between potato
petiole nutrient concentrations and tuber specific gravity

e compare these relationships to those found in field-scale
petiole data.

Table 1. Fertilizer rates 2007.
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Ten rates (Table 1) of N, P and K fertilizer were
applied (April 17/07) to strips in a small portion of a field
of grower-managed Russet Burbank potatoes, near
Coaldale, Alberta. Each plot was 6 rows wide (18 ft) by
115 ft long (Figure 1) and there were 4 replicates. Due to
an error in the application rate of K on several plots in
Rep 2, data from 4 plots was not used in results
calculations. Petiole samples (Figure 2) were collected and
analyzed for each plot 7 times throughout the 2007
growing season. Tuber samples (2x25 ft strips) were
collected (September 13-14/07), graded for marketable
yield and analyzed for specific gravity.

The crop was planted April 22/07 and it had begun
flowering by July 11/07. Grower fertilizer and fertigation
amounts and dates have not yet been provided, however
the plot area was avoided by the grower during the
spring fertilizer application. The field was atfected by a
hail storm on August 10, 2007 (Figure 3). Crop damage
was more extensive on the north half of the field.

This project was made possible with the financial support of the Potato Growers of Alberta and
Alberta Agriculture and Food. McCain Foods provided funding to allow an additional date of petiole
sampling to be added and Sandberg Laboratories provided a research rate for petiole analysis. Tony Bos is
kindly acknowledged for hosting the trial. Lucinda Noronha managed the collection of petiole samples and
Corrine Thiessen Hepher, Brent Nicol, Jonathan Peters, Darren Peterson and Rod Bennett assisted. Mitchell
Froyman, Miranda Mathies, Ryan Moeller and Ralaina Virostek assisted with the tuber harvest.

Full reports of the 2004 and 2005 results are available on the PGA web site and a final report, consisting of
the 2004-2007 results will be made available to the PGA in January 2008.
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Figure 4. Potato petiole N, P, K content, marketable yield and specific gravity (2007).

Nitrogen: There was an increasing concentration of
petiole N with increasing fertilizer N and this was
seen in all three years of the study. All but the lowest
N fertilizer treatment fell within the USA standards.
The highest three N treatments had very similar
petiole N concentrations, despite representing a range
in fertilizer N. There was no significant yield
ditference between treatments, however there was a
trend to increasing yield with increased fertilizer, with
a decreased yield at the highest rate of N. There was a
slight trend to decreasing specific gravity with
increased fertilizer N. A similar trend was also seen in
2005 but the opposite was seen in 2004.

Phosphorus: All petiole P results were in the low
range, within and slightly below the USA standards,
similar to both previous years. There was no
relationship between fertilizer P and petiole P.
Potassium: Similar to previous years, petiole K results
were above the USA adequate range and there was no
relationship between fertilizer K and petiole K. There
was no statistically significant trend in specific gravity
with increasing fertilizer K.
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April 20, 2007

Dr. Anne Smith

Agriculture and Agri- Food Canada

5403 - 1 Avenue South

PO Box 3000

Lethbridge, AB T1J 4B1

Re: Developing Diagnostic Tools for Nitrogen Management in Potatoes
Dear Anne:

We are pleased to advise that the Board of Directors of The Potato Growers of Alberta
has reviewed and approved your research funding application.

The funding will be accessible for a one year period in the amount requested of $10,000.
When requesting the funds for the project, please provide an invoice that specifies the
amount, GST and to whom payable.

We appreciate your commitment and dedication to the potato industry.

Yours truly,

Vern Warkentin
Executive Director
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POTATO GROWERS OF ALBERTA,

1. Project Information
Research Location (s): Lethbridge area i

Duration (Y):1 Start Date (YY/MM):2007/05 Ending Date (YY/MM):
2007/12
Is the project linked to other applications / Research projects Y X N [_]

(Please identify related projects)
1.Project: Petiole Nutrient (N, P and K) Recommendations for Russet Burbank Potatoes
Grown in Southern Alberta

Team Leader: Shelley Woods
Start Date:

2.Project:
Team Leader:

Start Date:

Background.

(Max 2000 characters)

Nitrogen (N) fertilization in annual cropping is key to maximizing yield and quality. In
crops such as potatoes which is a high user of N, optimization of N application offers
economic and environmental advantages. In-season application of N fertilizer whether
through fertigation, banding or top-dressing is usually initiated following nitrate (NOs-N)
analyses of petiole samples (Zhang et al. 1996, Waterer and Heard 2005). Although
petiole sampling is the “standard” for in-season monitoring of N levels in potato, there
are some disadvantages to this technique. The NOs;-N levels can vary with the experience
of the sampler, the time of day of sampling, the method of sampling, and the laboratory
assay methods employed. There is also a delay between petiole sampling and obtaining
the necessary information for management decisions.

In recent years, there had been considerable interest in the use of various hand held and
tractor mounted instruments for’real-time” estimation of N deficiencies in a variety of
crops including potatoes. A number of studies reported in the literature indicate the use of
a chlorophyll meter or the Greenseeker which measure plant leaf chlorophyll content and
canopy “greenness” respectively have potential for managing in-season N fertilization on
potatoes (Olivier et al. 2006, Bowen et al. 2005). More recently investigations into the
use of fluorescence excitation and the Dualex field portable instrument for N
management have appeared in the literature (Cartelat et al. 2005). The Dualex offers a
potential tool for in-season nitrogen management (Tremblay and Bélec 2006) but to date
there is no data in potatoes. The use of these instruments has not to our knowledge been
tested in southern Alberta conditions with varieties grown in this region. Ultimately, the
use of hand held or tractor mounted tools may help producers achieve self-sufficiency
and “real-time” results for N management.

Research Proposal Potato Growers of Alberta
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O

Objectives (Measurable-Deliverables)
(Please use Bullets) (Max 1000 characters)

Objective

1. To conduct a preliminary evaluation of the use of the SPAD, Greenseeker and Dualex
meters as alternative tools to petiole NO3-N sampling for in-season estimation of N-
levels in potatoes.

Deliverable:

Report outlining the work undertaken, the relationship between the various instrument
readings and (a) petiole N-samples and (b) final yield and the potential for further work
to develop real-time diagnostic tools for N management in potatoes.

Methodology Description

(Please describe the scientific process you will follow to achieve project objectives).(Max 2000 Characters)
In 2007, we would propose that this study be be superimposed on the experiment of
Shelley Woods of AAFRD to examine petiole nutrient recommendations for Russet
Burbank potatoes. The on-going experiment, which has been established in collaboration
with a grower, will employ 10 treatments involving four nitrogen levels (0, 150, 200 and
250 1b/ac) as well as four phosphate and four potassium levels. Petiole samples will be
collected from each plot 7 times throughout the growing season and NO3-N
measurements made to determine the optimal petiole nutrient concentrations for Russet
Burbank potatoes, specific to southern Alberta. We propose that coincident to the
collection of the petiole samples, our team will collect SPAD, Dualex and Greenseeker
measurements in each plot. Multiple samples for each instrument will be taken in each
plot, to provide a measure of variability within as opposed to across treatments. The
values from the various instruments will be correlated with the petiole samples and also
final yield. The preliminary data derived from this study will be evaluated to determine
future directions and potential studies.

Economical/Environmental Benefits

(Please mention how the results of this project will benefit potato production economically and
environmentally.( Max. 1000 characters) .

In potatoes, which are high cash value crop, N is the single most important nutrient for
maximizing yield and quality. Excessive N reduces quality of the tubers thereby reducing
economic returns. In addition over fertilization can potentially have a high
environmental cost as a result of contamination of both surface and groundwater
resources and contributing to greenhouse gas emissions. In contrast, too little N leads to
stunted growth, premature death of the vines, increased susceptibility to diseases such as
early blight or Verticillium and consequently reduced yields Ultimately, the idea would
be to combine the information available from these sensor systems with that of field
spatial variability to provide “real-time” information for N management strategies to
maximize economic returns and enhance stewardship.
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Technology Transfer Plan.

(Please describe the proposed method to communicate findings and results)

The results from the study will be communicated to the PGA directly through a written
report and if desired an oral communication. The results will also be presented at local
workshops or conferences where appropriate

3. Research Team Information
Team Member:Nicolas Tremblay

Organization:AAFC Section/Department:Environmental Health
Address: 430 Gouin Blvd City:, St-Jean-sur-Richelieu, Province:QB
Postal Code:J3B 3E6 E-mail :tremblayna@agr.gc.ca

Phone Number:450-515-2102 Fax Number:

Team Member: Shelley Woods

Organization: AAFRD | Section/Department: Irrigation Branch
Address:100, 5401 1™ Avenue South | City:Lethbridge Province:AB
Postal Code: T1J 4V6 | E-mail:Shelley.A.Woods@gov.ab.ca
Phone Number (403) 381-5839 | Fax Number (403) 381-5765

Team Member:

Organization: Section/Department:

Address: City: Province:
Postal Code: E-mail address:

Phone Number: Fax Number:

Research Proposal Potato Growers of Alberta

Reviewed December 2006
C:\Documents and Settings\PGA\Local Settings\Temporary Internet Files\OLK75D\Potato Growers of
Alberta_ AMS.doc
i




-

OTATO GROWERS OF ALBERTA

Team Member:
Organization: Section/Department:
Address: City: | Province:
Postal Code: E-mail address:
Phone Number: Fax Number:
3. Project Budget
Year 1 Year 2 Year3 Total
Cash 10,000
In-Kind
PGA Total
Other
Cash
In-Kind | 20,000
AAFC Total
Other
Cash
In-Kind
AAFRD Total
Other
Cash
In-Kind
Total
Other
Cash
In-Kind
Total
Total | | | | |
Project Cost Distribution | Year 1 | Year2 | Year3 | Total |
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Personnel 28,500
Travel expenses
Capital goods
Materials

TOT

Overhead 1500
Total 30000

*TOT (Transference of
Technology)
Research Project Manager
Anne M. Smith
Signature Date

Research Proposal Potato Growers of Alberta
Reviewed December 2006
C:\Documents and Settings\PGA\Local Settings\Temporary Internet Files\OLK 75D\Potato Growers of
Alberta_ AMS.doc
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l * l Agriculture and Agriculture et
Agri-Food Canada Agroalimentaire Canada

Research Direction générale
Branch de la recherche
June 1, 2007

Mr. Vern Warkentin
Executive Director

Potato Growers of Alberta
6008-46 Avenue

Taber, AB T1G 2B1

Dear Mr. Warkentin:

Office of Intellectual Property and Commercialization
Commercialization Officer: Charmaine Ros

Agriculture and Agri-Food Canad;

Lethbridge Research Centre

5403 1** Avenue South

Lethbridge, Alberta T1J4BI

Telephone: (403) 317-2214

Facsimile: (403) 317-2185

E-mail:rosscm@agr.gc.ca

You will find enclosed two original copies of Research Support Agreement between Agriculture
and Agri-Food Canada and the Potato Growers of Alberta for the Project, “Developing
Diagnostic Tools for Nitrogen (N) Management in Potatoes”. Please sign both copies, retain
one for your records and return one copy to me for our records.

If you have any questions or concerns, do not hesitate to contact me at (403) 317-2214 or by

email.

Sincerely,

Charmaine Ross
Office of Intellectual Property
& Commercialization

Canadi

RECEIVED SN 1§ 2007



l * . Agriculture and Agriculture et

Agri-Food Canada Agroalimentaire Canada

Research Direction générale Protected Business Information
Branch de la recherche

Office of Intellectual Property and Commercialization
Agriculture and Agri-Food Canada
Commercialization Officer: Charmaine Ross

Tel: 403-317-2214

Fax: 403-317-2185

Research Scientist: Dr. Anne M. Smith

Office of Intellectual Property File: STAT 801821

June 1, 2007

Mr. Vern Warkentin
Executive Director

Potato Growers of Alberta
6008-46 Avenue

Taber, AB

T1G 2B1

Dear Mr. Warkentin:

RE: Research Support Agreement

Between: Agriculture and Agri-Food Canada AND Potato Growers of Alberta
(“Contributor”)

Project: Developing Diagnostic Tools for Nitrogen Management in Potatoes

1.

This is a Research Support Agreement (RSA) between the Contributor and Her Majesty the
Queen in Right of Canada as represented by the Minister of Agriculture and Agri-Food
(“AAFC") whereby the Contributor pays to AAFC cash support of CDON $10,000
(“Contribution”) for the Project detailed in Appendix “A” (Description of Research Project).
The funds will be due upon the signing of this RSA.

The Contribution will be directed toward the Project conducted at the Le thbridge Research
Centre, Lethbridge, Alberta and led by the Principal Investigator, Dr. Anne Smith.

The Contribution will assist in conducting the Project, and the AAFC research will be of
direct or indirect benefit to the Contributor.

The Project will be conducted from May 8, 2007 to March 31, 2008, inclusive.

You, the Contributor, agree that:

(a) The Contribution will be used to fund the Project as outlined in Appendix “A”;

(b) AAFC's only obligation is to use the Contribution for the Project mentioned above;

(c) If appropriate, research results will be published, subject to any patent or trade secret
concerns;

(d) Any and all intellectual property arising from the Project is the sole property of AAFC;

(e) The Contribution is irrevocable; and

(f) There are no other understandings or agreements regarding this contribution or Project
except as stated in this RSA.

Research Support Agreement — “Developing diagnostic tools for nittogen management in potatoes”
Her Maje t;eot wers of Alberta June 1, 2007 - 1 of 4
STAT 80



Protected Business Information

If you find these terms and conditions acceptable, please have the appropriate authority in your
organization date and sign both copies of this RSA (in any colour of ink other than black), keep
one original for your records, and return the other to us for our files.

This Research Support Agreement has been executed, in d uplicate, by duly authorized
representatives of the parties and effective on the date of the last signature.

Yours truly,

MQC,QQ/\

n Culley, Ph.D. Q
D ctor, Office of Intellekfual Property and Commercialization
Agriculture and Agri-Food Canada

Executive Director
Potato Growers of Alberta

Date: g‘“f-(/; OF

Research Support Agreement — “Developing diagnostic tools for nitrogen management in potatoes”
Her Majesty (AAFC) and Potato Growers of Alberta June 1, 2007 - 2 of 4
STAT 801821
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APPENDIX “A”
DESCRIPTION OF RESEARCH PROJECT:
Developing Diagnostic Tools for Nitrogen Management in Potatoes

Background:

Potatoes are a high user of N. Optimization of N application offers economic and environmental
advantages. In-season application of N fertilizer whether through fertigation, banding or top-
dressing is usually initiated following nitrate (NO3-N) analyses of petiole samples. Although
petiole sampling is the “standard” for in-season monitoring of N levels in potato, there are some
disadvantages to this technique. The NO;-N levels can vary with the experience of the sampler,
the time of day of sampling, the method of sampling, and the laboratory assay methods
employed. There is also a delay between p etiole sampling and obtaining the necessary
information for management decisions.

In recent years, there had been considerable interest in and potential for the use of a variety of
hand held and tractor mounted instruments for "real-time” estimation of N deficiencies in a
variety of crops including potatoes. These instruments include the SPAD, Greenseeker and
more recently the Dualex field portable instrument which used fluorescence excitation. To date
there is limited data in potatoes and to our knowledge these instruments have not been tested in
southern Alberta conditions with varieties grown in this region. Ultimately, the use of hand held
or tractor mounted tools may help producers achieve self-sufficiency and “real-time” results for
N management.

Objectives:
To conduct a preliminary evaluation of the use of the SPAD, Greenseeker and Dualex m eters
as alternative tools to petiole NO3-N sampling for in-season estimation of N-levels in potatoes.

Various instruments will be used, along with traditional petiole sampling, to assess N sufficiency
of the potato crop to determine their effectiveness in predicting the need for in-crop N
applications to optimize yield. Ultimately, the use of these instruments, either hand held or
tractor mounted, may offer the potential to reduce nega tive environmental effects from nutrients
and improve the economics of production for the producer both of which are national Science
priorities within Agriculture and Agri-Food Canada.

Impact/Benefits:

Nitrogen (N) fertilization in annual cropping is key to maximizing yield and quality. In crops such
as potatoes which is a high user of N, optimization of N application offer s economic and
environmental advantages. Excessive N reduces quality of the tubers thereby reducing
economic returns. In addition over fertilization can potentially have a high environmental cost as
a result of contamination of both surface and groundwater resources and contributing to
greenhouse gas emissions. In contrast, too little N leads to stunted grow th, premature death of
the vines, increased susceptibility to diseases such as early blight or Verticillium and
consequently reduced yields. In-season application of N fer tilizer whether through fertigation,
banding or top-dressing is usually initiated following nitrate (NO3-N) analyses of petiole samples
(Zhang et al. 1996, Waterer and Heard 2005). Although petiole sampling is the “standard” for in-
season monitoring of N levels in potato, there are some disadvantages to this technique. The
NO;-N levels can vary with the experience of the sampler, the time of day of sampling, the

Research Support Agreement — “Developing diagnostic tools for nittogen management in potatoes”
Her Majesty (AAFC) and Potato Growers of Alberta June 1,2007 -3 of 4
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method of sampling, and the laboratory assay methods employed. There is also a delay
between petiole sampling and obtaining the nece ssary information for management decisions.
In recent years, there had been considerable interest in the use of various hand held and tractor
mounted instruments for"real-time” estimation of N deficiencies in a variety of crops including
potatoes. A number of studies reported in the literature indicate the use of a chlorophyll meter or
the Greenseeker which measure plant leaf chlorophyll content and cano py “greenness”
respectively have potential for managing in-season N fertilization on potatoes (Olivier et al.
2006, Bowen et al. 2005). M ore recently investigations into the use of fluorescence excitation
and the Dualex field portable instrument for N management have appeared in the literature
(Cartelat et al. 2005). The Dualex offers a potential tool for in-season nitrogen m anagement
(Tremblay and Bélec 2006) but to date there is no data in potatoes. The use of these
instruments has not to our knowledge been tested in southern Alberta conditions with varieties
grown in this region. Ultimately, the use of hand held or tractor mounted tools may help
producers achieve self-sufficiency and “real-time” results for N management.

Science Plan:

In 2007, this study will be superimposed on an on-going study being funded by the Alberta
Potato Growers and led by Dr. Shelley Woods of Alberta Agriculture, Food and Rural
Development to examine petiole nutrient recommendations for Russet Burbank potatoes. The
on-going experiment, which has been established in collab oration with a grower, will employ 10
treatments involving four nitrogen levels (0, 150, 200 and 250 Ib/ac) as well as four phosphate
and four potassium levels. Petiole samples will be collected from each plot 7 times throughout
the growing season and NO;-N measurements made to determine the optimal petiole nutrient
concentrations for Russet Burbank potatoes, specific to southern Alberta. Coincident with the
collection of the petiole samples, our team will collect SPAD, Dualex and Greenseeker
measurements in each plot. Multiple samples for each instrument will be taken in each plot, to
provide a measure of variability within as opposed to across treatments. The values from the
various instruments will be correlated with the petiole samples and also final yield. The
preliminary data derived from this study will be evaluated to determine future directions and
potential studies.

AAFC’'s Commitment and Role in the Project:

The objectives and work are consistent with those outlined by the lead AAFC scientist within the
approved peer reviewed project entitled “Integrated Nutrient Management for Improved
Productivity and Environmental Sustainability”. As indicated AAFC will be responsible for
acquiring the measurements with the various hand-held instruments, for analysis of the data
and delivery of a report to the Potato Growers of Alberta outlining the work undertaken, the
relationship between the various instrument readings and (a) petiole N-samples and (b) final
yield and the potential for further work to develop real-time diagnostic tools for N management
in potatoes. Agriculture and Agri-Food Canada will not be responsible for establishing the field
sites.

Company’s Commitment and Role in the Project:
The Potato Growers of Alberta will provide $10,000 in order for Agriculture and Agri-Food
Canada to conduct the work outlined above.

Research Support Agreement — “Developing diagnostic tools for nittogen management in potatoes”
Her Majesty (AAFC) and Potato Growers of Alberta June 1, 2007 - 4 of 4
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Potato Growers of Alberta
Research Tracking

Title of Research Application:j)gt 1ole Netriert ‘(.Nlp*lg Eec Pm‘ RB grou)r\ in_Qo. % .
Name of Researcher: Dr. Shelley Whods
employer._Pb Agriculture. Fond 4 Kural Dey .

Date application was received by PGA

Date application was reviewed by PGA _ﬂpci L&, plale] 2

- B) declined

A) approved
deférred to:

Project start date:_S_pl:h:% 7T Project finish date:

7
Total amount requested:&_ﬂ ,ZQQ - Amount requested per year:_q :ZQQ

MOU received and signed. Once copy returned to research agency,
one copy filed in current year Research Binder

Date completed
Invoice received: # Date funds advanced Cheque#
Invoice received:# Date funds advanced Cheque#
Invoice received:# Date funds advanced Cheque#
Invoice received:# Date funds advanced Cheque#
Were reports received from the researcher?
What was done with the reports?
Presented at PGA meeting? Put on PGA website? Filed?

NOTES:




Aberia

GOVERNMENT OF ALBERTA
ayable to: Minister of Finance

Please Remit To:

Agriculture, Food & Rural Dev

7000 113 ST

EDMONTON AB T6H 5T6

Canada

Bill To:

POTATO GROWERS OF ALBERTA
6008 46 AVE

TABER AB T1G 2B1

Canada

Please cut along line and return top portion with payment

For billing questions, please call.  403-329-1212

INVOICE

COPY

Page:

Invoice:
Invoice Date:
Customer No:

Payment Terms:

Period Covered
Due Date:

AMOUNT DUE:

1 of 1
011LA011762
August/10/2007
C031892
Immediate

August/10/2007

9,200.00 CAD

Amount Remitted

Invoice Number Invoice Date Customer Number Payment Terms Period Covered Due Date
OTILAD11762 AUQuUsUT0/2007 | C031802 immediate Augusv10/2007
Line Description Quantity UOM Unit Amt GST Amt Extended Amount
Contract No. Order No. Order Date PO Reference No.
] Research Project 1.00 EA 9,200.00 0.00 9,200.00

J for Research Project
“Final Year" 2007.

Total (GST):
Net Amount:

Government of Alberta - GST Registration Number: 124072513

Subtotal:

AMOUNT DUE:

"Petiole Nutrient Recommendations for Russet Burbank Potatoes Grown in Southern Alberta

9,200.00

9,200.00

areriye

Original

A . T
b EA 1
{ J 10 i

U




Almrq Agriculture and Food

Technology and Innovation Branch Agriculture Centre, 100, 5401 — 1 Avenue South
Lethbridge, Alberta, Canada T1J 4V6
Telephone: (403) 381-5839 Fax: (403) 381-5765

E-mail: shelley.woods@gov.ab.ca

June 20, 2007

Potato Growers of Alberta
6008 — 46™ Avenue
Taber, AB T1G 2B1

Attention: Vern Warkentin, Executive Director

Re: MOU for research project “Petiole Nutrient (N, P and K) Recommendations for
Russet Burbank Potatoes Grown in Southern Alberta” final year (2007)

Dear Vern,

Thank you for your phone call of April 19, 2007, indicating that the PGA is willing to
fund the project entitled “Petiole Nutrient (N, P and K) Recommendations for Russet
Burbank Potatoes Grown in Southern Alberta” for its third and final year. Please review
the enclosed MOU. If the terms are acceptable, please sign both copies and return one
original to me. The other is for your records. If you would prefer to propose alternate
terms in the MOU, please contact me at 403-381-5839. | have also attached an invoice,
which specifies the amount, GST and to whom payable.

Thank you for funding this project. | am excited about the potential benefits of this
research to members of the PGA and look forward to our continued collaboration.

Sincerely,

Mf W7y W 9

Shelley Woods, Ph.D., P.Ag.

Soil and Water Research Scientist, Technology and Innovation Branch
100, 5401-1%" Avenue South

Lethbridge, AB T1J 4V6



Project
New: Renewal: X

MEMORANDUM OF UNDERSTANDING

Between: Potato Growers of Alberta
(hereafter referred to as “PGA”)

and

Alberta Agriculture and Food
(hereafter referred to as “AF”)

Project Title: Petiole Nutrient (N, P and K) Recommendations for Russet Burbank
Potatoes Grown in Southern Alberta.

Objectives: 1. To determine the optimal petiole nutrient concentrations for Russet
Burbank potatoes, specific to southern Alberta,
2. Todetermine the relationship, if any, between potato petiole nutrient
concentrations and tuber specific gravity and
3. To compare these relationships to those found in field-scale petiole
data.

STATEMENT OF WORK

Alberta Agriculture and Food is willing to undertake this study for the PGA, who hereby
agrees to contribute toward the costs of researching the information required as
described in the research proposal.

PERIOD OF WORK

The research project will commence in April 2007. An interim update (poster format)
will be provided for the November 2007 PGA meeting, if requested, and a final report
will be provided to the PGA by January 31, 2008.

BASIS OF PAYMENT

The sponsor of the project, the PGA, will provide $9,200 upon finalization of this
memorandum to AF, to cover the following estimated yearly costs:

Casual Manpower $2,680
Travel $ 500
Laboratory Analysis $5,200
Materials $ 300
GST (6%) $ 520

Total $9,200



The Budget can be adjusted and used at the discretion of the project manager.

Payment of research project expenditures will be made from funds made available to
AF up to the maximum amount of funds received from the sponsor.

If requested, AF will provide a record of revenue and expenditure upon project
completion or depletion of funds. Any remaining funds after completion or termination
of the project can be used for research at the discretion of the project manager.

RESPONSIBILITY OF PROJECT MANAGER

The project manager for this study is Shelley Woods, Soil and Water Research
Scientist. She will provide all reports to AF and the sponsor.

The project manager will authorize expenses and submit them to the appropriate AF
department for processing payment.

The project manager is not eligible for any manpower funds herself.
AMENDMENTS OR TERMINATION

This Memorandum of Understanding may be amended by mutual consent of the parties
as evidenced by an exchange of letters.

Either AF or the PGA may terminate this Memorandum of Understanding by providing
two weeks notice in writing to the other party.

NOTICES AND REPRESENTATIVES
Notices for all purposes of or incidental to this Memorandum of Understanding shall be

effectively given if delivered personally, or sent by registered or certified mail to the
representatives of the parties designated as follows:

Potato Growers of Alberta Alberta Agriculture and Food:

Mr. Vern Warkentin Mr. Rick Atkins

Executive Director Head, Technology and Innovation Branch
Potato Growers of Alberta Agricultural Technology Centre

6008 — 46" Avenue 3000 College Drive South

Taber, AB T1G 2B1 Lethbridge, AB T1K 1L6

Information generated from the project may be used by the Department of Agriculture
and Food and the PGA.



The sponsor, the PGA, relinquishes ownership of any materials, supplies and assets
purchased with project funds to the AF, which assigns control to the project manager's
departmental division.

The parties affirm their acceptance of the terms of this Memorandum of Understanding
by signing below.

Copies bearing original signatures of this Memorandum will be kept by each party.

7, 3007

ods, Project Manager Date

| agree that the project manager named above may supervise this project.

7 4 367

Mr. Rick Atkins, Head, Date ~ /
Technology and Innovation Branch

/.

( (’(,
Mr er"n Warkentm /Executlve Director Date
Potato Growers of Aberta




AGRICULTURE, FOOD AND
RURAL DEVELOPMENT

Irrigation Branch Agriculture Centre, 100, 5401 - 1 Avenue South
Lethbridge, Alberta, Canada T1J 4V6
Phone: (403) 381-5839 Fax: (403) 381-5765
E-mail: shelley.woods@gov.ab.ca

May 9, 2006

Potato Growers of Alberta
6008 — 46th Avenue
Taber, AB T1G 2Bl

Attention:  Alfonso Parra; Technical Director, Potato Growers of Alberta

Re: Research project “Petiole Nutrient (N, P and K) Recommendations for Russet
Burbank Potatoes Grown in Southern Alberta”: request for deferral of the third
year of funding

Dear Alfonso,

Thank you for funding the 2004 and 2005 project titled “Petiole Nutrient (N, P and K)
Recommendations for Russet Burbank Potatoes Grown in Southern Alberta”. I am writing to
request that funding for thé final year of the project be deferred until the 2007 growing season.
We were unable to find a suitably nutrient-deficient field for the 2006 growing season. In order
to ensure the best possible results for the final year of the study, we hope to work with Mr. Jerry
Zeinstra in the fall of 2006 to set aside an unfertilized portion of one of his potato fields for our
research plots.

Due to myrecent change of job, the 2007 plot set-up, sampling (petiole and tuber) and handling
of funds will be conducted by staff from the Potato Program at CDC South, under the
supervision of Dr. Michele Konschuh. However, I will remain responsible for data analysis and
preparation of the final report.

rd

A\
\

Sincerely,
Dr. Shelley Woods

Soil and Water Research Scientist

Irrigation Branch, 100, 5401 — 1 Avenue South

Lethbridge, AB T1J 4V6



April 20, 2007

Ms. Shelley Woods
Alberta Agriculture, Food & Rural Development

A256 Agriculture Centre
100, 5401 - 1 Avenue S
Lethbridge, AB T1J] 4V6

Re: Petiole Nutrient Recommended for Russet Burbank Potatoes in Southern
Alberta

Dear Shelley:

We are pleased to advise that the Board of Directors of The Potato Growers of Alberta
has reviewed and approved your research funding application.

We are aware that this is a one year project; the total funding of $9200 is available
immediately. When requesting the funds for the project, please provide an invoice that
specifies the amount, GST and to whom payable.

We appreciate your commitment and dedication to the potato industry.

Yours truly,

et

Vern Warkentin
Executive Director

/pl



Potato Growers of Alberta

Research Tracking _
Titte of Research Application: ﬁﬂ?/ﬂ‘(aﬁm st [gl ,
Name of Researcher: ! : S (

Employer: /?f?FZD

Date application was received by PGA

Date application was reviewed by PGA

A) approved__ >~ B) declined
Project start date: Project finish date:
%
Total amount requested:$ 436[’ . Amount requested per year:

MOU received and signed. Once copy returned to research agency,
one copy filed in current year Research Binder

Date completed
Invoice received: # Date funds advanced Cheque#
Invoice received:# Date funds advanced Cheque#
Invoice received:# Date funds advanced Cheque#
Invoice received:# Date funds advanced Cheque#
Were reports received from the researcher?
What was done with the reports?
Presented at PGA meeting? Put on PGA website? Filed?

NOTES:
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Canyp Mixensification Cente Sautth

301 Honticuitiural Station Road East

Brooks, Alberta, Canadia TIR 1E6

Telephone (403) 362-1300, Fax (403) 362-1306

June 25, 2007

Mr. Vern Warkentin, Executive Director
Potato Growers’ of Alberta

6008 — 46" Ave

Taber, Alberta T1G 2Bl

Dear Mr, Warkentin,
Enclosed is your duly executed copy of the memorandum of agreement that was created to
acknowledge your collaborative support on our application of polymer-coated urea (ESN) in

potato production in southern Alberta.

As indicated in the agreement, your payment of $6,360.00 can be made payable to the Minister
of Finance and can be forwarded to my attention.

Thank you for your continued support in our research projects.

Yours traly,

Anfla Moeller
Centre Administrator

/el
enclosure (1)



Project# S 19/ 94
MEMORANDUM OF AGREEMENT

Between:
Potato Growers of Alberta

(Hereafter referred to as “PGA”")

And

Her Majesty, the Queen, in right of the Province of Alberta
as represented by the
Minister of Agriculture and Food

(Hereafter referred to as “AF")

Project Title: Application of polymer-coated urea (ESN) in potato production in southern Alberta
Objectives:

1. To determine the effect of combinations of urea and polymer coated urea on yield, specific gravity
and quality of Russet Burbank potatoes; and

2. Todetermine whether polymer coated urea can replace the need for in-season N applications
(top-dressing, side-dressing or fertigation), and
3. To determine whether polymer coated urea reduces the risk of nitrate leaching in irrigated potato
production; and
4. To determine whether polymer coated urea can be used as a tool for better nitrogen management
in Alberta potato production.
SCOPE OF WORK
1. AF will conduct the Research Project according to the research plan, which is attached to
and forms part of this Agreement.
PERIOD OF WORK
2. This Agreement will commence on 04/01/2007 and will terminate on 12/31/2009 unless
extended upon agreement of both parties.
BASIS OF COSTS and PAYMENT
3. PGA'’s total contribution for this Research Project is $6,360 to cover the following estimated
total costs:
Labour, materials, & technology transfer $6,000
GST $360
Total Cost $6,360

The budget may be adjusted and used at the discrefiion of the project manager.



PGA will provide to AF, upon execution by both parties of this Agreement, the sum of $6,000
plus GST. This represents three annual contributions of $2,000 paid in one lump sum.

Cheques shall be made payable to "Minister of Finance” and forwarded to:

Attention: Anna Moeller

Alberta Agriculture and Food

Crop Diversification Centre South
302 Horticultural Station Road East
Brooks, AB T1R 1E6

AF will use the funds paid by PGA only for the purpose of conducting the Research Project.
AF will provide, upon request, a record of revenue and expenditure to PGA upon completion
of the Research Project or depletion of funds.

RESPONSIBILITY OF PROJECT MANAGER

6.

The project manager for this Research Project is Dr. Michele Konschuh of AF who will
supervise the Research Project and provide all reports to PGA and other sponsors. The
project manager will authorize expenses and submit them to the appropriate AF office for
payment to be processed.

AMENDMENTS OR TERMINATION

7.

This Agreement may only be amended upon mutual consent of the parties and evidenced in
writing.

Either AF or PGA may terminate this Agreement in the event of a material default or breach
of a substantive term, condition or provision of this Agreement, by providing two weeks notice
in writing to the other party. In such event if AF is in default then any and all amounts of the
funds advanced by PGA hereunder that represent payment for work or services hereunder
that have not been performed by AF up to the date of termination shall be refunded to PGA.

NOTICES AND REPRESENTATIVES

9. Notices for all purposes of or incidental to this Agreement shall be effectively given if
delivered personally, or sent by registered or certified mail to the representatives of the
parties designated as follows:

PGA: Agriculture and Food:

Vern Warkentin Dr. Cornelia Kreplin

Executive Director Director, Agriculture Research Division

6008 — 46™ Avenue 204 J.G. O’ Donoghue Building

Taber, AB T1G 2B1 7000 — 113 Street

Edmonton, AB T6H 5T6

AF, PGA, and other sponsors may use information generated from the project. The sponsor, PGA,
relinquishes ownership of any materials, supplies and assets purchased with the project funds to AF
who assigns control to the project manager’s branch.



Agriculture and Food

Michele Konschuh, Project Manager

o Tk

Henry ajda rancy(Head Food Crops Branch

Cornelia Kreplin, Director, Agriculture Research Division

PGA

Ve(n\Wa:kenﬁn,“EY{c/v{ive Director

Date /

Date

%«4 2, 2002
va

Date

Ui /o

Déte
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Application of pollymear-costed mrea (ESN) i pattto production in southern Allbenta

Niitrogen (V) management iis a crucial agronomic tools used by potaiio produces 1o achieve the
yield, quality and consistiency required by the processing industry. Bavitonmentally Siart
Nitrogen (ESN) is 2 polymer-coated urea fertilizer with peak N release around 45 days after
depending on soill temperatures. Zvomuya and Rosen (2001) reported that a
synclronous association between availability and demand of N could be achieved with just one
fertilizer application of a polymer-coated urea at potato planting. Recent work in other potato
production areas with polymer-coated urea products, has demonstrated that strategies that match
erop N needs with N applications during key stages of plant development improved N-use
efficiency and decreased nitrate leaching. The proposed research will determine the effect of
combinations of urea and polymer-coated urea fertilizers for potato production in Alberta. Spring
applied ESN could potentially be used to reduce total N applied, or to replace the need for N
applications during the growing season. Products need to be evaluated under local conditions te
identify combinations that match the uptake pattems for processing potato crops in Alberta.

potato, nitrogen, controlled-release, urea, specific gravity, fertilizer, polymer-coated urea,
production

Michele Konschuh

AAFRD

04/01/2007
12/31/2009
Yes

Neo

Potatoes managed for maximum productivity exert a heavy demand on soill fentility ($). Nitrogen
(N) managemenit affects vine and tuber biomass production as well as tuber size, gradie, spesifie
gravity andl intemal and extemail quality (6). Insufficient available N leads to poor canopy
estalblishoent, decreased yicld, and earlly crop senescemee. Excessive N before tuther fonmation
<zam dielay tuber builking amd rednce yicld, while excessive latie-scason N wswallly reduees spesifie

wmmw(@

Potaito prodincers use a mumber of toolls to manage N such 35 soill senyling, ferillizer

trstiings. i recentt yeans, spliit ar penidic N ayyiication procedures have beeome commen i many
jpotato-prodiszing regjions (2). Stratiegiics thatt match crop N meeds with applications duding dhe
fiinstt &0 diays of emengene, improwe N-use efficiency (7). The potentitl for leadhing is dlossky
redhird o the efficimzy of thee N gt program (). Syliting the N application is an
efffectiive stinattegy to imeneasse fatilizer wse cficiency wiille lmiting mitzate leashing (&)
At toel] et iis heooming aweaildilke for N menegamat is polymer-costad wres ferilizars.

fiike//C NDyumentss annd] Sestiings PGANLawzd] Setti g eamyponzany Tttt Fiks\QLEKSD\...  2/16/2007
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Dellverables

Urea is an economical source of N that is converted by soil mizrobes to amunonium nitrogen.
Ammonium fiorms of N become available to plimts as micnobes then comvert it to nitrate forms.
Coated urea products are part of a larger group of controllisd-release fertilizers (CRFs), but the
release rate is mostly influenced by soil temperature and is less affected by soil moisture than
other CRFs. Earlier versions of controlled release fertilizers did not closely match N release with
plant demand and resulted in less than satisfactory results. This coupled with higher costs of
CREFs has limited their use to high value greenhouse and nursery crops (5).

Environmentally Smart Nitrogen, ESN, is a made in Alberta polymer-coated urea fertilizer (44-
0-0). ESN provides a steady N supply for the growing plants demand while reducing losses due
to leaching and denitrification. Zvomuya and Rosen (2001) reported that a synchronous
association between availability and demand of N could be achieved with just one fertilizer
application of a polymer-coated urea at potato planting. Recent work in other potato production
areas with polymer-coated urea products, have demonstrated improved N-use efficiency and
decreased nitrate leaching (1,4,10). Coated urea products range in their peak release dates, but
ESN releases N approximately 45 days after application. Results from Alberta petiole-N research
indicate that N uptake by the potato crop increases dramatically as potatoes switch from tuber
initiation to tuber bulking around 75 to 80 days after planting (Shelley Woods, pers. comm.,
2004). Spring applied ESN could potentially be used to replace broadcast fertilizer at the time of
hilling or replace the need for in-season fertigation applications. Products need to be evaluated
under local conditions to identify products or blends that match the uptake patterns for potato
plants,

The purpose of the proposed research is to determine whether ESN can be used in potato
production to improve nitrogen use efficiency while maintaining yield and quality.

The use of polymer coated urea in potato production could potentially increase nitrogen use
efficiency and reduce the total amount of nitrogen required to grow a high quality processing
potato crop.

Potatoes produced for processing must be relatively consistent in size, shape, and other
characteristics, such as fry color and specific gravity. In Alberta, it is quite common to have
potatoes with higher than desirable specific gravity. Preliminary results have shown that the
timing, quantity and the form of N fertilizer may impact specific gravity in the tubers. There is
potential for ESN to be used as a tool to maintain yield and optimize specific gravity for

processing potatoes.

Objectives:

1. To determine the effect of combinations of urea and polymer coated urea on yield, specific
gravity and quality of Russet Burbank potatoes; and

2. To determine whether polymer coated urea can replace the need for in-season N applications
(top-dressing, side-dressing or fertigation), and

3. To dietermine whether polymer coated urea can be used as a tool for better nitrogen
management in Alberta potato production.

Deliverables:

1. Recommendations for potato growers regarding the use of polymer coated urea for potato
production in Alberta.

2. Improved competitiveness of Alberta's potato industry.

Mumoz et all. (2005) identified two key aspects of the use of CRIFs in potato produstion et
wowld benefit from farther studly: 1) fertiilization schedmling amd the apylication of polymer
coalted wrem with otiher fertillizer sources to synchromize N release with plant demand; and 2)
placenenit of CRF related to root distribution im order to optimize wptzke. Polymer-coated

fertiilizens coulld be placed closer o the potato seed piece with less risk of damage than escurs
mizated Suciion im Albextta.

fille:/IC\Docuwmnents amd Settings\PGANLogcall Setttimgs\Temmporary Intemmet File\OLK75D\...  2/16/2007
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A prefivaniveary tiial withh wrea swd ESN comihiirtions was comdinctied att CDCS, Brooks, AB il
2006. Resuilts firom this prelivminry tiial imdiicatod tihat 2 50350 splitt of unea amd ESN it pleiting
mesulted i tihe greatest marketable yicld. These results 2md 2 recent decision by CFIA o aceept
tihe wse of ESN iim potiato production s pigued the intierest of petizito growers in Allberta.

The proposed work would be comdncted om Russet Burbamk potiatioes ait two southem Allbeita
tesearch stations to emsure that background N is low and that N applications can be controllled.
One set of replicated plots will be established at CDCS, Brooks and the other with be etablished
each year at the AAFC Suibsttation, Vauxhall, AB. A portion of 2 commercial fiekd mear Taber
has also been set aside for a potential demonstration-scale trial within range for the PGA field
day and tour. The trial is plamned for 3 years to determine the impact of the treatments under a
variety of environmental conditions. A total of 6 site years of data will be generated and should
provide sufficient information to develop recommendations for incorporating ESN as part of an
N management strategy for potato producers.

Various combinations of urea and ESN (polymer-coated urea) will be used pre-plant and
compared with urea at planting followed by top-dressing at emergence to determine if ESN
could be used to replace a nitrogen applciation in-season. Each treatment will be 4 rows wide
and 6m long. The centre two rows will be harvested for yield estimates and tuber evaluations.
Each treatment will be replicated 6 times to reduce some of the variability inherent in small plot
research,

Proposed treatments include:

1. No nitrogen - check

2, Urea at 180 kg/ha (100% - 0%; pre-plant incorporated

3. Urea at 120 kg/ha plus 60 kg/ha coated urea (ESN); (67% - 33%); pre-plant incorporated
4, Urea at 90 kg/ha plus 90 kg/ha ESN (50% - 50%); pre-plant incorporated

5, Urea at 60 kg/ha plus 120 kg/ha ESN (33% - 67%); pre-plant incorporated

6. ESN at 200 lbs/ac (0% - 100%); pre-plant incorporated

7. Urea 120 kg/ha pre-plant incorporated plus 60 kg/ha top-dressed at emergence

?;gm 120 kg/ha pre-plant incorporated plus 40 kg/ha top-dressed plus 2 x 9 kg/ha simulated
igation

Petiole samples will be taken three times during the season (late June, early July and mid July)te
ascertain when N from the coated urea becomes available. Yield, grade, specific gravity and
defects will be measured after harvest. Fry color may be evaluated if large differences in specific
gravity are observed.

Contributions There is no regional information available to Alberta potato producers on the use of polymer
to Alberta's  coated urea in potato production. Controlled release fertilizers (CRIF’s) such as polymer coated
Agriculture  urea have been used successfully in other potatio production areas, but our climate and the nature
and Agri- of our industry is unique. Areas such as Idsha, Florida, Colorado and Minnesota are including

Food CREF products in the development of Best Management Practives (BMP) for potato production.
Knowiedge Thereaue also envirommenial benefits to usimg CREF’s such as reduced nitrogen losses o
demibrification or leadihi

oomimibuire o the: quuallity amd yizld of processing potatoes. Unntill reseutly, mest contsilied xelegse
limitedl. Adiopftion by Allbertta growens hes allso beem delayed becanse of the Lok of infommation
o thhiis ancsm amdi breanse agynowal] of the pollymer asting by CIFIA enily eaomead wery rassidky.

Predfimmiinary nesulbis e shiowm tiiett the tining, quuantity ad tthe form off ¥ favillizer may iimpast
spyssufiic gnamitty im te tibens. For esamyplle, znmmominm miteete ayyiications renittad i mwsh
I it s greswitty them unesa agyp licztioms. THee iis ottt fior SN tto te wisad as 2
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Benefits to
Alberta's
Agrieulture
and Agri-
Food
Industry

KiwWrige

ool fo mnsiimtain yielki amdl optim - i fior . .

- be imelindled in BMIP development for potttio prodaction iin Allhenta

- provide gross economic evaluations of the wse of polymer costied urea

- potentially reduce nitrogem losses to leachimg and denitrification processes

- will have more refevance than studies conducted in other potiato production areas, because soil

The only IP expected from the outcome of this project is knowledge and information. The
knowledge and information generated by this project willl be available to the sponsoxs,
cooperators and the general public through the provincial and federal governments.

In Alberta, potatoes are grown in a short, but intensive growing season. Growers are eontinually
challenged to produce consistent potato yield and quality while limiting cost of production
figures. Recently a stronger Canadian dollar put pressure on an export market already soft from
decreased demand for potato products. Energy costs have increased and impact piocessors as
well as producers. In order to remain competitive, producers need to realize greater returns on
investment or reduce costs of production. With fertilizer and fuel costs on the rise, it is becoming
even more important to improve nitrogen-use efficiency and reduce costs associated with
additional field operations.

Heavy rainfall in Alberta in the the spring of 2004 and 2005 rendered some nitrogen applieations
inefficient, due to denitrification and leaching. Although Alberta’s potato producers are not yet
facing scrutiny over nitrate leaching, the costs (financial and environmental) and the logisties of
replacing lost N impact profitability.

Polymer-coated urea products such as ESN are less subject to N losses in the soil. N is feleased
later in the growing season when the N uptake of the plant is at its peak. ESN may increase N-
use efficiency, ensure that N is available at key times in plant growth and development, and
eliminate the need for top-dressing and possibly fertigation. This would potentially save on one
or more field operations.

Potatoes produced for processing must be relatively consistent in size, shape, and other
characteristics, such as firy color and specific gravity. In Alberta, it is quite common to have
potatoes with higher than desirable specific gravity. Preliminary results have shown that the
timing, quantity and the form of N fextiilizer may impact specific gravity in the tubers. There is
potential for ESN to be used as a tool to maintain yicld and optimize specific gravity for
Pprocessing potatoes

Some potential benefits inchadiz:

~ Maintiining or reducing costs of prodiuction by increasing N-use efficiency and redusing one or
more in-seasom N apyplicat

- Redhcing N losses due o demitrificatiion zmd leaching

~ Reducing potientiill for nitraiie comtzmimatiion of surace and growd water sypilies
thammwwmmwmmmmmmmm
presssung

For ESN 10 be 2 usefinl ool fior pottatio N managemenit in Alberts, locs infonmetion for prodysars
ifs essetiiall. Wi meed o diziemmine te best apmondh to aptiinize potste ik and qudity withewt
sigmificantily imenensing costts of pradiudiim.

Iuediinmiinzany nesuuldts fiorm thhes 2006t att CIDCS willl tee poessenttatizat e Al Gienerdl Masting
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Tramsder Plan  of tihe Potato Growers off Albanta (PGA). mmmmmmmmm@f
polynner-csated urea products @ @ mitrogen mensgementt tool.

I 2007, 2 grower cospersior s agreed tio host a fidldl-scale denmonstiaition iin 2 commeacial
Russet Buvibanlk fiicld. The PGA fiield diay noay imclindie 2 field tour of tie site. This willl ineiease
awareness and provide an opportumity for growers to provide fadiback and ask questions.

Results from 2007, 2008 and 2009 will be presented at the PGA amnual meeting each year in the
ﬁmmofomlorpmuerpnmmmﬁons.

Progress reporis will be generated each year and provided to sponsots and cooperators.

Articles will be prepared for Agri-News and the PGA newsletter once data starts coming in
(2008+).

There is potential for a scientific publication to be produced based on the information generated
by the project.

Agrium has already developed information brochures for the ESN product. The polymer coating
has been accepted by CFIA for use in Canadian potato production. As demand for the produet
increases, an economy of scale may be realized and the price differential between urea and
coated urea should become smaller. Agrium will receive information related to the trial that will
help them scale production to meet anticipated demand for the product.

Project Team The research team is strong. Each member of the team has worked previously with polyme-
Qualifications coated urea. Two of the team members have worked with potato, while the other team member
has extensive experience on other irrigated crops in southern Alberta.

Soil fertility advice will be provided by Dr. Ross McKenzie. Fertilizer applications will aise be
supervised by Dr. McKenzie to ensure that rates and incorporation methods are appropriate.

Seed preparation, planting and potato crop management will be provided by Dr. Michele
Konschuh and staff at CDCS and at the Vauxhall station. Petiole sampling will be coordinated
by Dr. Michele Konschuh. Harvest will be conducted by technical staff at CDCS and Vauxhali.
Grading will be completed by McCain or by technical staff at CDCS and Vauxhall,

Dr. Zvomuya will provide valuable insight when results are interpreted. Dr. Zvomuya has
worked with ESN on potato in other potato production areas.

Individually, each member of the team has demonstrated success with projects of this size and
scope. The team leader has a track record of success leading potato projects and has worked
mﬁﬂymsmlammmmeMThemlwdahmahowexmwoﬂhmg
wiith iindiividual members of the team on other projects. This represents the first time this
particualar group of people have been assembiled for a project. The team composition brings
togetiher the potato, agronomy and fertility expertise required for this project.

Ability © Iindiividual members of the teanm have access to equipment and facilities at CDCS and the AARC
Complete Sulbstiatiion ait Vaurdiedll requined for the wark proposad. The work requires acsess to land suitabile
for potahio production, fetiilizer applicattion eqipment, imtigation infrastrstos, potaie
equipmen, and gradimg amd stonage facilties. Msmmmqummmmwm

faiitiies beivwerm tranm memmibers, bt tihis mesd iis mott antiipated.

MiCriin Foodis Canaudia, 2 commuziiH] jprooesso, wes inwellved with grediing potaksssiin dhe
iy TESINI tivifel] comdinetisd i 2006. We hewve antitgipeatat 2 similkar levell off in-iind
emiviibuiion for tikiis thnese year thizd]. ln e ewentt thet ey axe wmatike o cormmit thiis imdkind
canitvatiion, adiqatte ffogliizs ane skl tinoygh ANFRD and AWNRC.

filks//(C N\Daimesitss and Sutings PGANL e Settimmgs Remyponary Tntamst Fikes\OLEK7SD...  Al6/28097



Onilie Grant Application System Page 6 of 12

Literature
Cited

Budget
Commentary

We have one grower cooperator willing to provide a demonstration site in 2007 and there is
strong interest in this project from the potato industry

As with any project on crops, there remains some uncertainty with respect to the weather, We
have tried to address this uncertainty by including two locations per year for three years.

The team should be well able to meet the specified objectives in a cost-effective manner.

1. Hutchinson, C.M. 2005. Influence of a controlled release nitrogen fertilizer program on potate
(Solanum tuberosum L.) tuber yield and quality. Acta Hort. 684. 99-102.

2.Love, S.L., ).C. Stark and T. Salaiz. 2005. Response of four potato cultivars to rate and timing
of mitrogen fertilizer. Amer. J. Potato Res. 82: 21-30.

3. Munoz, F., R.S. Mylavarapu and C.M. Hutchinson. 2005. Environmentally responsible potato
production systems: A review. J. Plant Nutrition. 28: 1287-1309.

4, Shaji, 8., J. Delgado, A. Mosier and Y. Miura. 2001. Use of controlled release fertilizers and
nitrification inhibitors to increase nitrogen use efficiency and to conserve air and water quality.
Commun. Soil Sci. Plan Anal. 32: 1051-1070.

5. Simonne, E.H. and C.M. Hutchinson. 2005. Controlled-release fertilizers for vegetable
production in the era of best management practices: Teaching new tricks to an old dog.
HortTech, 15: 36-46.

6. Stark, J.C. and D.E. Westermann. 2003. Nutrient Management. In: Potato Production Systems
(eds. J.C. Stark and S.L. Love). University of Idaho Agricultural Communications.

7. Vos, J. 1999. Split application in potato: Effects on accumulation of nitrogen and dry matter in
the crop and on the nitrogen budget. J. Agric Sci. 133: 263-274.

8. Waterer, D. and J. Heard. 2001. Fertility and Fertilizers. In: Guide to Commercial Potato
Production on the Canadian Prairies (ed. B. Geisel). Western Potato Council.

9. Zvomuya, F. and C.J. Rosen. 2001. Evaluation of polyolefin-coated urea for potato production
on a sandy soil. HortSci. 36: 1057-1060.

10. Zvomuya, F. C.J. Rosen, M.P. Russelle and S.C. Gupta. 2003. Nitrate leaching and nitrogen
use efficiency following application of polyolefin-coated urea to potato. J. Environ. Quality. 32:
480-489,

Personnel costs will cover the costs of employing seasonal workers to cut and treat seed, plant
potatoes, irrigate and weed plots, collect petiole samples, harvest and assess potatoes.

In-kind government contributions represent manpower committed to the project by techmical,
professional and field staff. I have also tried to estimate in-kind contributions provided such as
acoess to suitable land, land preparation, irrigation infrastructure and water supply, protectant
pesticides as required, field equipment, fuel, grading equipment and storage facilties.

In-kind industry contributions include fertilizer products supplied by Agrimm and assistance with
potato grading and evaluations by McCain Foods. McCain foods offered the use of their culinary
staff and lab for grading potatoes from the preliminary trial in 2006. A similar level of
contrilbuition is anticipated over the next 3 years.

The Potato Growers of Alberta typically conduct a research funding process in February each
yeax. An application will be submitted to try to secure the PGA portion of the industry
commitment. Research decisions are genexallly available by the end of March.

Travel inclades trips to Vauxhall and the commercial demonstrztion site to stake plots, apply

uealments, plant potaies, peticlle sample and harvest plots. Lunches for stafff travelling off-site
have been included as welll as mileage charges to defray finel costs.

for petiidie sample anallyses, and stakes, bags amd tags reguired to condustt fhe worlk. Sample

fiille:/C\Dewvunets amd Setings\PGA\Local Settimgs\Temporary Intemmet Files \OLK75D\....  2/16/2007
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allyses ane e lengestt pantt off e estimetied cost of supplies.

CDL costs imslindts pantiizll coverage tio atiemd ome indhsiry confnence pet year. Iintihe third yeai
off tthe trial, aniicypreted poge cherges flor 2 scientific publication keve been includied.

Antieipated  Year1

Budget By -

Year Sowce  [Type [Personncl [Travel | P%aliqueppies \CDL*  (Overhead [Total/Vear
F“""“S:, Cash [$8,000.00 ($000  [$0.00 [$000 3000 (3000  [$2,000.00
Gov't Cash [$000  [$000 (5000 [$000  [$0.00 [$0.00  |$0.00
Gov't ‘Igmd $20,000.00($0.00  [$0.00 [$4,000.00{30.00 [$0.00  [$24,000.00
Industry  |Cash [$7,000.00 |$1,500.00/$0.00 [$5,000.00[$500.00(30.00  |$14,000.00
industy |1 | $2,00000 [$000  [S0.00 50000 (8000 [$0.00  ($2,500.00

Total: 1$37,000.00|$1,500.00 ($0.00 {$9,500.00 {$500.00 [$0.00 $48,500.00
*Communication, Dissemination, and Linkage
Year 2

Capital .

Source Type |Personnel |Travel Assets Supplies |CDL* |[Overhead|Total/Year
Funding
Consortium Cash |$8,500.00 |$0.00 $0.00 |$0.00 $0.00 [$0.00 $8,500.00
Gov't Cash [$0.00  |$0.00  [$0.00 |$0.00  [$0.00 [$0.00 |$0.00
Gov't ig'nd $20,000.00($0.00  [$0.00 [$4,000.00{$0.00 [$0.00  [$24,000.00
Industry  |Cash |$7,000.00 |$1,500.00($0.00 [$5,000.00{$500.00($0.00 |$14,000,00
industry [ 5200000 [$0.00  [$0.00 [$500.00 |$0.00 [$0.00 |$2,500.00

Total:| $37,500.00{$1,500.00{$0.00 |$9,500.00($500.00($0.00  |$49,000.00
*Communication, Dissemination, and Linkage
Year 3
Source Type| Personnel | Travel Wg Supplies | CDIL* Omﬂmdll*l’otal/Yeaf
Fundiing
ones | Cash|$8,500.00 [$0.00  [$0.00 ($0.00  |$50000 [30.00 ($9,000.00
Gowt  |Cash($000  |$000 |50.00 (5000 [$0.00 |$000 |$0.00
Gov't K""!.‘ ;/520,00000/S000  |50.00 |$400000/$000 ($900  |$24.060.00
Tndustry | Casih $7,00000 |$1,500.00{30.00 |$5,00000/$50000 |$0.00 | $14,00000
industry |- | 5200000 [$000  [S00 (50000 (SROD  |$0GD  |$2500.00

Troiuit] $37,50000| $1, 50000/ $000 | $9,50000] $1000.00/F000 | $A)S00.00
- i, Dissominmtiion aniiLind

fiike /C \Dessimenits amdl Sutiings PGANLawal] Settimps anyponary Tttt Files\OLK7SD)... /1672097



Total

from
Members of
the FC

Funding
Contribution
and Sources

Government
Seureces

Industry
Sources

Apprevals
and Permits

Page B 12

Budiget Grawdl Tetall

llﬂqmnml Travel Wﬂi" Supplics |[CDL* |Owerhesd |(Gramd Totall
$112,000.00 |$4,500.00 |$0.00 ($28,500.00 |$2,000.00 ($0.00  [$147,000.00

"G - semimation. 2md Link

Year Amt Requested From FC

Year 1 $8.000.00

Year2 $8,500.00

Year 3 $9,000.00

Year4 $0.00

Year 5 $0.00

Total Amount Requested From FC: |$25,500.00

Source Amount Percentage of Total

Funding Consortium Cash |$25,500.00 |17.35%

Gov't Cash $0.00 0%

Gov't In-Kind $72,000.00 |48.98%

Industry Cash $42,000.00 {28.57%

Industry In-Kind $7,500.00 |5.10%

Total Project Cost: $147,000.00100%

Name Amount Cash | Amount In-Kind | Confirmed
Alberta Agriculture Food and Rural Development|$0.00 $43,500.00 Yes
Agriculture and Agri-Food Canada $0.00 $28,500.00 No
Name Amount Cash| Amount In-Kind | Confirmed

Agrium $36,000.00 |$1,500.00 Yes

MicCain Foods $0.00 $6,000.00 No

Potato Growers of Alberta|$6,000.00 $0.00 No
Approval/Permit Status

Camadiian Environmental Assessment Act| N/A

Alberta Environmment Act NA

Hhuman Bthics Approvall N/A
Aniinall Care Approvail N/A
Transgemic Crop Penmit N/A

Otier NA
Neme Chedl Hintethimmsom
Positiiom Reseanch amd Extensiom
Istiintion | Ubivensitly off Flotids, IFAS
Aditiess PO Box 728, Hastimgs, FIL 32145-0728
filke/(C NDewumentss anmd] Sutiings PG L] Settimes Temponany Thtomet HilesOLKAD)\...  VAl&/2097
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Phone Nuwdber [804-692- 1792

Fax Nunber  [904-692-2195

Email Address [ombmtch@uil edu

Name

Carl Rosen

Positi

Professor

="

University of Minnesota, Dept. of Soil, Water & Climate

Address

439 Boraug, 1991 Upper Bufiord Circle, St. Paul, MN 55108

Country

USA

Phone Number

612-625-8114

Fax Number

612-624-2218

Email Address

crosen@umn.edu

Name

Bemie Zebarth

Position

Research Scientist

Institution

AAFC, Potato Research Centre

Address

850 Lincoln Rd., P.O. Box 20280, Fredricton, NB E3B 4Z7

Country

Canada

Phone Number

506-452-4828

Fax Number

506-452-3316

Email Address

zebarthb@agr.gc.ca

Project Team Dr. Michele Konschuh
Ag Research Division, Crop Dvelopment - Food AAFRD Research Scientist
301 Horticultural Station Rd. Brooks

Leader

ABTIR 1E6

403-362-1314 403-362-1306

michele.konschuh@gov.ab.ca

Degrees Certificates/Diplomas:

Ph.D. Developmental Plant Physiology University of Calgary 1995
B.Sc. Botany University of Calgary 1989

Publications and Patemts:
7Mm2w@lishedmﬁmmpomhgn,l4mmpﬁmcmfammd
presentatiions at potato industry meetiings, >12 project reports to project sponsors and funding

APTRS.

Calipass, 3, MIN Romsalhuih, S Lisowskii zmd H Ono (2006) The Canadian Entomologitst.
Calipas, JT, MIN Kenscdindh, OC Toews amd JP Tewarii (2006) Can. J. Plant Patholl. 28: 109-124.

Page Def 112

Suthmuied.

DIR Lymah, LM Kaswcdinik, Q Clizm, J Wiathesth, M Kemsclinih, D Wateres, J Heilloy, ID Dyiiedger, H
Wk, IL Dumiber, P Baims, amdi P MicAlllister (2004) Paciific Russet: Am ey maturing, airaciive
st onlltivar witth excolient culimary quediity. Am. 1. Potato Ress. S1: 235-2411..

DIR LLymalh, LM Kawatinik, Q Cliem, M Kenssdinth, J Biollley,, DE Fujivstts), D Dyiiedger, B Wellks,
1L Druasmibass, D Wattne, P Baiins, I Watiedh, amd P McAllister (2004) Al Russst: An eaily
WM,MQWMWMMMWMMWWM Am. JI. Potate Ress.
Minandi, I, MIN Kavasdiudh, BC Ve & OC Chinmapya (1999) Tin it pilanttiat eqganseation
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from hypocotyl explants of Stellaria lomgipes (Caryophyliaceae). Can. J. Bot. 77: 3138 - 322.
Politeski Morissette JC, MN Konschubh, J Simgh, L Robert & AM Johnson-Flamagan (1997)
Reduction of chilorophyll accumulation in seed of transgenic Brassica napus using antisense
technology. Acta Hort. 459: 183-190.

Hawkins GP, MN Konschuh & AM Johnson-Flanagan (1997) Breaking the linkage between
freezing tolerance and vemalization in winter Brassica napus. Acta Hort. 459: 397-402.
Konschuh MN & TA Thorpe (1997) Metabolism of 14C-aspartate during shoot bud formation in
cu

Other Evidence of Productivity:

2001 — Present Secretary, Cultivar Registration Committee, Western Potato Council

2001 = Present Chair, Research Priorities Committee, Western Potato Council

Konschuh, MN, RJ Howard, R McKenzie, J Thomson, L Kawchuk, SA Woods, and D Waterer
(2006)Use of green manure crops to reduce soil-borne pests and diseases of Alberta potato crops.
ACIDF and AFC Grant 2006F052R

Konschuh, MN, P. McAllister, and D Drierger (2005) Lutein content of yellow-fleshed potatoes
grown in Alberta, ACAAF Grant #AB0001

D. Driedger & MN Konschuh (2002) Yellow discoloration of potato flesh Phase II: Chemical
differences between yellow and white Russet Burbank potatoes and effect of temperature stress
on Russet Burbank flesh color. ACIDF Project Report 2002C112N.
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Nutrient Recommendatlons
for Russet Burbank Potatoes in Southern Alberta

This research shows that optimal nutrient requirements for Russet Burbank potatoes, as measured
in the plant petioles, may be different than traditionally recommended. The new recommended
nitrate nitrogen range for southern Alberta is slightly lower than.the northwest USA standard, both
early and late in the growing season. Optimal phosphorus ranges are substantially less than the
standard recommendation. The optimal potassium ranges are similar early in the season, but may
be higher late in the growing season.

Why is this research important to potato growers?

The collection and analysis of potato petiole (leaf stem) samples can be a useful and
timely technique for identifying crop deficiencies that may occur mid-season, however, the
currently recommended petiole nutrient concentrations for Russet Burbank potatoes are
based on data collected in the northwest United States. Previous studies in southern
Alberta indicate these recommendations may be high for potassium (K) and slightly high
for phosphorus (P), especially in the early part.of the growing season. While sufficient
nutrients are necessary.to maximize tuber yield, quality, and uniformity, excess fertilizer
is undesirable from both an economic and an environmental perspective.

A three-year project was conducted by Alberta Agriculture and Food, with financial
support from the Potato Growers of Alberta, to determine the optimal petiole nutrient
concentrations for Russet Burbanks grown in southern Alberta and the relationship, if any,
between potato petiole nutrient concentrations and tuber specific gravity.

How was the research conducted?

Ten different rates of N, P, and K fertilizers were surface applied on replicated plots at
three different sites in southern Alberta during three growing seasons. The plots were
located on a coarse-textured Orthic Brown Chernozemic soil (2004), a medium-textured
Orthic Brown Chernozemic/soil (2005) and a medium-textured Orthic Dark Brown
Chernozemic soil (2007). The fertilizer rates for the treatments were chosen to create four
increasing amounts of one nutrient, while holding the other two constant.

Petiole samples were collected and analyzed for each plot on seven occasions, starting in
late June and ending in mid-August, using the fourth petiole from the top of the main
stem. Approximately 80 petioles were collected from each plot, at each sampling date.
Samples were ground and sent to a laboratory for analysis of nitrate nitrogen (NOs-N),
phosphorus (P), and potassium (K). Tuber samples were collected in mid September,
using the PGA two-row harvester. The samples were graded and weighed to calculate total
yield (short tons per acre), marketable yield, mean tuber weight, and the percentage of
smalls (potatoes less than 17/g in. diameter). Marketable yield was defined as total yield



minus the yield of undersize tubers. Specific gravity was calculated as the weight in air
divided by the weight in water.

Specific gravity is the most widely accepted measurement of potato quality. There is a high
correlation between the specific gravity and the starch content and percentage of dry matter or
total solids in the potato. Specific gravity is important to the processor because it affects the
quality and yield of the processed product. Where potatoes are fried, it affects processing costs, as
oil absorption rates are inversely related to dry matter levels.

What were the research findings?

The suggested petiole nitrate-nitrogen range is slightly lower than the northwest USA
standards both at the beginning of the growing season and late in the growing season.
The revised optimal petiole ranges for phosphorus are substantially lower than the
northwest USA standards. The recommended potassium ranges are wider than the
northwest USA standards overall. They are similar early in the growing season, but the
upper limits of the new potassium recommendations are greater than for the northwest
USA standards later in the growing season.

Recommended Russet Burbank
Petiole Nutrient (NO3-N, P, and K) Concentrations for Southern Alberta
Optimal Petiole Nutrient Concentrations

Days After NO3-N (ppm) P.(%) K (%)

Planting 90%RY 100%RY 90%RY. 100%RY 90%RY 100%RY
60 13000 21400 0.15 0.30 7.3 12.4
65 11550 19950 0.15 0.28 6.6 11.6
70 10100 18500 0.14 0.27 5.9 10.7
75 8650 17050 0.14 0.25 5.2 9.9
80 7200 15600 0.13 0.24 45 9.0
85 12978 20378 0.13 0.22 8.8 14.1
90 11756 19156 043 0.21 7.9 13.2
95 10533 17933 0.12 0.19 7.1 12.4
100 9311 16711 0.12 0.18 6.2 115
105 8089 15489 0.12 0.16 5.4 10.6
110 6867 14267 0.11 0.15 45 9.7
115 5644 13044 0.11 0.13 3.7 8.9
120 4422 11822 0.10 0.12 2.8 8.0
125 3200 10600 0.10 0.10 2.0 7.1

NO3-N = nitrate nitrogen, P = phosphorus, K = potassium, RY = relative yield

Potato growers should determine petiole nutrient concentrations on a field-by-field basis,
considering precipitation, soil texture, sampling technique, irrigation management, and
other factors, and using the new recommendations as guidelines only.

Though many growers believe increased potassium applications have an effect on specific
gravity, the researchers observed no consistent or significant relationship to exist.

For more information contact:

Shelley Woods (Shelley.A.Woods@gov.ab.ca) or
Michele Konschuh, (Michele.Konschuh@gov.ab.ca)
Alberta Agriculture and Food
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1.0 Background

Nitrogen (N) fertilization in potatoes, as in most annual crops, is key to maximizing yield and
quality. Potatoes are high users of N, and optimization of N application can offer economic and
environmental advantages. Excessive N can lead to delayed tuber set, increased incidence of
deformed tubers, hollow heart, low specific gravity of the tubers, and physiologically immature
tubers all of which can result in economic loss. In addition, over fertilization can potentially
have a high environmental cost as a result of contamination of both surface and groundwater
resources. The majority of potatoes are grown on coarse-textured soils and excessive irrigation
or rainfall can result in N leaching. In contrast, too little N leads to stunted growth, premature
death of the vines, increased susceptibility to diseases such as early blight or Verticillium and
consequently reduced yields and economic return (Waterer and Heard, 2005).

Although N fertilizer is applied in the seeding preparations, in-season N fertilizer may also be
required to maximize yield. Whether additional N is applied through fertigation, banding or top-
dressing, it is usually initiated following nitrate (NO3-N) analyses of petiole samples (Zhang et al.
1996, Waterer and Heard 2005). Guidelines for petiole NOs-N levels, which vary with the age of
the crop, are available (Figure 1) and currently undergoing review™. Although
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Figure 1: Target range for petiole NO3-N in potato petioles (Source: Waterer and Heard 2005).
petiole sampling is the “standard” for in-season monitoring of N levels in potato, there are

some disadvantages to this technique. The NOs-N levels can vary with the experience of the
sampler, the time of day of sampling, the method of sampling, and the laboratory assay

! PGA Funded project. Woods S.A. Petiole Nutrient (N, P and K) Recommendations for Russet Burbank Potatoes
Grown in Southern Alberta.



methods employed. There is also a delay between petiole sampling and obtaining the necessary
information for management decisions.

In recent years, there had been considerable interest in the use of alternative “real-time”
methods for estimating N levels in a variety of crops. These methods include the use of the
Greenseeker, chlorophyll meter (SPAD-502 or Hydro-N Tester), and Dualex hand-held
instruments (Figure 2). Depending on the crop, cost savings have been estimated at $10 to $20
per acres using in-season fertilization (Anon 2005).

(c)

I

Polyphenols
Canopy reflectance Leaf transmission in the red
red and near-infrared and near-infrared
NDVI= (NIR-red)/(NIR+red) NIR/Red

chlorophyll l chlorophyll |
red reflectance t Iy, e T t Leaf fluorescence ultravoilet and red
NIR reflectance = NIR transmission =
Greenseeker l SPAD l Polyphenols ﬁ

UV absorbance ﬂ

Dualex 1

Figure 2: Greenseeker, SPAD 502 and Dualex pinciples of operation.

Research has been conducted on the use of the Greenseeker for improving N management in
primarily wheat, forages and corn (Anon 2005). The Greenseeker consists of two diodes which
emit energy in 671 and 780 nm wavelengths. The light reflected back from the crop is measured
by a photodiode and the normalized difference vegetation index (NDVI) is computed ([R7go-
Re71]/ [R780+Re71]). The principle is that NDVI relates to biomass and greenness (i.e. chlorophyll
levels) and thus N management (Figure 2(a)). Studies suggest that the use of the Greenseeker
may enable growers to optimize N use (Raun et al. 2001) and be useful in predicting in-season N
requirements in potatoes (Bowen et al. 2005).

The chlorophyll meter is a hand held instrument which provides a simple, fast and non-
destructive method for estimating relative amounts of chlorophyll. The chlorphyll meter



measures transmittance of leaves in two wavelengths (650 and 940 nm) which are differentially
absorbed by chlorophyll (Figure 2(b)). The chlorophyll meter readings can be related to
chlorophyll levels and then indirectly to N management (Schepers et al. 1992, Varvel et al.
1997). This instrument has been widely used in N management research in a variety of crops
(Wood et al. 1992, Follet et al. 1992, Sing et al. 2002) including potatoes (Vos and Bom 1993,
Minotti et al. 1994, Denuit et al. 2002, Rodrigues 2004). A study in Belgium, involving field level
production, indicated the potential use of a chlorophyll meter to monitor potato plant N status
and aid in split applications of N fertilizer (Olivier et al. 2006).

More recently, investigations into the use of fluorescence excitation and the Dualex field
portable instrument for N management have appeared in the literature (Cartelat et al. 2005).
The Dualex (dual excitation) which measures leaf levels of polyphenolics and chlorophyll,
operates in full daylight with an UV beam at 375 nm and a red reference beam at 650 nm
(Figure 2(c)). Under conditions of N stress the concentration of polyphenolic compounds in
leaves increases while chlorophyll content. The potential of this instrument as a tool for in-
season nitrogen management in corn and wheat has recently been shown (Tremblay et al.
2007, Tremblay and Bélec 2006, Cerovic et al. 2005) but to date data for potatoes are very
limited.

The use of the newly developed Dualex instrument in combination with a chlorophyll meter
may offer even greater potential than either instrument individually to identify N stress due to
measurement of both chlorophyll and polyphenolic compounds (Cartelat et al. 2005, Cerovic et
al. 2005, Meyer et al. 2006).

Objective
(1) To conduct a second year pilot study to evaluate the use of the Greenseeker, SPAD, and
Dualex meters for measuring in-season N deficiency in potatoes.
(2) To determine the relationship amongst the Greenseeker, SPAD and Dualex readings and
petiole N values.

2.0 Methods

2.1. Experiment 1 and 2

2.1.1. Study sites

There were two study sites, Brooks (Experiment 1) and Vauxhall (Experiment 2), Alberta. The
study sites were established and maintained by Dr. Michele Konschuh and were part of an on-
going study into the effects of urea as opposed to ESN (slow release fertilizer) applications on
potato productivity. There were 10 treatments in each trial of which only the five urea
treatments were sampled (Tables 1 and 2, Figure X). The residual soil N level at both Brooks
and Vauxhall resulted in a higher than anticipated N level in the check treatment. At Vauxhall,
the residual N level was such that planned lowest N application of 115 kg/ha was not possible
and the treatment was replaced by 123 kg/ha residue soil N. There were 5 replicates per
treatments. Each plot consisted of two rows containing 20 Russett Burbank tubers per row (40



tubers per plot). The potato tubers were planted on May 13 at Vauxhall and May 14 at Brooks.
Management of the plots is described in Konschuh (2009).

Table 1: Differential nitrogen fertilizer application (kg/ha N) in the five treatments at Brooks.

Trt # Residual Urea Urea Total N % of STD
Soil N (top | (Pre- (Top-
60 cm) plant) dressed)

1* 92 0 0 92 71%

2 92 133 0 225 100%

3 92 78 0 170 75%

4 92 23 0 115 50%

10** 92 88 65 245 109%

* No N added, residual N in the soil from soil testing.
** Standard treatment

Table 2: Differential nitrogen fertilizer application (kg/ha N) in the five treatments at Vauxhall.

Trt # Residual Urea Urea Total N % of STD
Soil N (Pre- (Top-
plant) dressed)
1* 123 0 0 123 54%
2 123 102 0 225 100%
3 123 47 0 170 75%
4 123 0 0 115 50%
10** 123 90 65 278 124%

* No N added, residual N in the soil from soil testing.
** Standard treatment

2.1.2. Petiole sampling
Petiole samples were taken three times during the 2008 season to determine NOs-N. At Brooks
samples were taken 44 (June 26), 66 (July 18) and 86 (August 8) days after planting (DAP) while
at Vauxhall sampling was conducted 46 (June 27), 71 (July 22) and 85 (August 6) DAP. The July
sampling at Vauxhall was delayed one week due to a hailstorm. The protocol used is described
in Konschuh (2009).

2.1.3. Greenseeker, SPAD and Dualex measurements

Greenseeker, SPAD and Dualex measurements were taken 44 (June 26), 64 (July 16) and 87
(August 7) DAP at CDC South, Brooks and 44 (June 25), 64 (July 15), 71 (July 24) and 85 (August
5) DAP at Vauxhall. As there was a hail storm at Vauxhall 64 DAP (July 15) the plots were re-
sampled 73 DAP (July 24) to provide closer sampling to the petiole NO3-N measurements.



The Greenseeker NDVI measurements were taken over the area that included the 4th, 10" and
16" plant in each row. Particular attention was paid to keeping the sensor height in relation to
the top of the crop canopy the same on each date. Six NDVI readings were recorded per plot to
provide a measure of in-plot variability as well as between plot variability.
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Figure 3: Plot layout at Brooks and Vauxhall.

Consistent with the Greenseeker measurements the SPAD and Dualex readings were taken at
the midpoint of the terminal three leaflets on the 4™ fully expanded compound leaf of the 4™
10" and 16™ plant of each row within a plot (Figure 4). The SPAD readings were taken on the
upper surface of the leaflets while the Dualex readings were taken on both the upper and lower
surface of the leaflets. The three SPAD and the six Dualex readings per plant were averaged as
were the readings from the six plants per plot to provide a mean value per plot. In order that
the SPAD and Dualex readings could be compared and used to create a SPAD/Dualex ratio, the



measurements were always made in the same order (i.e. the 1%, followed by the 2" followed
by the 3™ leaflets).

Due to variations in the soil, water supply, growth stage, sampling protocols, variety, seasonal
environmental conditions, and variations amongst the machines themselves, it is generally
accepted that absolute values for Greenseeker, SPAD and Dualex are unsuitable. Accordingly, it
is generally accepted that the values measured with these instruments are ratioed to those
obtained from plants within a nutrient rich reference area (Tremblay and Bélec 2006). The
results for the Greenseeker, SPAD and Dualex measurements are expressed as a ratio where
the denominator is the mean value obtained in the 245 and 278 kg/ha split N application
treatment at Brooks and Vauxhall respectively, as these treatments were deemed to be
nutrient rich.

POTATO PETIOLE 3
Complete Nutrient Analysis : -
¥ ‘ 3 oy
: % |
B WY
e & 4
4th fully expanded compound leaf

Figure 4: Diagram of petiole and sampling sites.

2.2. Experiment 3.

2.2.1. Study site

The third experiment was conducted in an irrigated commercial potato field. Pre-plant N was
applied based upon initial soil tests and with the exception of two areas in the field (Figure 5)
in-season N was applied based upon petiole sampling. In the two areas set aside, based upon
petiole sampling, 0 and 50% of the in-season required N rate was applied. To achieve these
treatments, fertigation was withheld in the 0% treatment and occurred only every second time
in the 50% rate.

2.2.2. Greenseeker, SPAD, Dualex and petiole sampling

Three areas were identified and flagged in each of the fertility treatments. At each location, 10
Greenseeker measurements were taken as described above. The measurements were taken in
a random pattern around the flags but ensuring that there was a minimum of 10 paces (approx
7.5 meters) between samples. Thus, a total of 30 measurements were made in each fertility
treatment.



SPAD and Dualex measurements were taken as described previously. There were 10 plants per
sample flag for a total of 30 plants and 180 individual measurements per treatment. The same
plants were sampled on each date. Measurements are taken at the same time as the petiole
sampling. Typically this occured between 7:30 and 9:30 AM. Petiole samples and hand held
instrument measurements were taken weekly over the growing season (June 28, July 5, 12, 18
and 25, and August 2, 9, 16 and 23).

Y4 the optimal level as

0 additional N determined by the producer

Optimal as per the producer’s
usual prototocols

Figure 5: Experimental set-up in the commerical potato field.

3.0 Results
3.1. Experiment 1 and 2

3.1.1. Yield

At Brooks there was no significant difference in marketable yield amongst the various N
treatments. However, total potato yield, when compared to the standard 245 kg/ha N split
application, was significantly greater in the 170 kg/ha treatment which could be attributed to
the greater yield of large potatoes. The yield of small and medium potatoes, compared to the
standard 245 kg/ha split N application was unaffected by the various N treatments (Figure 6).

A hailstorm at Vauxhall on 64 DAP resulted in damage to the aboveground plant material and
likely contributed to the lower yields at Vauxhall compared to Brooks. Total, marketable and



medium sized potato yields were unaffected by N treatment at Vauxhall. However, compared
to the standard 278 kg/ha split application of N, large tuber yield was significantly lower and
small tuber yield significantly greater in the 123 and 170 kg/ha N treatments (Figure 7).
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Figure 6: The effect of varying N application rates on potato yield at Brooks, AB.
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Figure 7: The effect of varying N application rates on potato yield at Vauxhall.



3.1.2. Petiole NO3-N

Petiole NOs-N levels decreased over the season at Brooks. With the exception of the single pre-
plant 225 kg/ha N application 44 DAP, the 225 kg/ha split N treatment showed significantly
higher petiole NOs3-N levels compared to the other treatments. 44 and 64 DAP, the reduction in
petiole NOs-N level increased with decreasing N application rate but 86 DAP there was no
significant difference in the petiole NO3-N levels amongst the single N application treatments.
With the exception of the 225 kg/ha split application of N 44 DAP, the petiole NO3-N was below
the lower recommended level (Woods et al. 2008).

Petiole NOs-N levels at Vauxhall were highest 44 DAP but lowest 71 DAP rather than 87 DAP
(Figure X). This latter observation may be attributed to the effects of the hailstorm on July 15%
which set back potato growth. With the exception of 44 DAP, the petiole NOs-N levels in the
225 kg/ha split and single pre-plant applications were not significantly different from each
other. The 123 and 170 kg/ha N applications rates resulted in a significant reduction in petiole
NOs-N levels, the level of reduction tending to increase with decreasing N application rate. It
was noted that the petiole NOs-N levels were below the lower limit of the optimal levels
suggested by Woods et al. 2008.

3.1.3. Greenseeker

In all treatments at Brooks, the Greenseeker NDVI values increased from 44 to 64 DAP when full
canopy closure was achieved. Thereafter the Greenseeker values remained constant. With
respect to the various N treatments, the results were variable amongst dates. The Greenseeker
value for the 92 kg/ha treatment was significantly lower than for any other treatment 44 DAP.
With time, this difference was reduced and 86 DAP there was no significant difference in the
Greenseeker values amongst the various treatments (Figure 10A).

At Vauxhall, in all treatments the Greenseeker NDVI values increased from 44 to 64 DAP when
full canopy closure was achieved. With respect to the various N treatments, the results were
variable amongst dates. 44 and 85 DAP there was no significant difference amongst treatments
while 64 DAP compared to the standard 278 kg/ha split application the Greenseeker values
were significantly lower for the other N treatments (Figure 11A). The NDVI values tended to be
lower with the lower N rates.

3.1.4. SPAD

At Brooks, in all treatments, the SPAD remained fairly constant through the experimental
period. On all measurement days the SPAD readings for the 92 and 115 kg/ha N treatments
were significantly lower than for the standard 245 kg/ha split application of N. The 170 kg/ha N
application also showed a reduction in SPAD readings 44 and 86 DAP but not 64 DAP (Figure
10B). Generally the level of reduction in SPAD readings increased with decreasing N application
rate.

At Vauxhall, in all treatments, the SPAD values decreased with DAP. Early in the season, 44 DAP,
compared to the 278 kg/ha split N application, the 123 and 170 kg/ha N treatments showed a
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significant decrease in the SPAD value, the SPAD value decreased with decreasing N application

rate (Figure 11B). However, there was no significant difference in the SPAD values amongst all
N treatments 71 and 85 DAP.
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Figure 8: The effect of N application rate on potato petiole NOs-N levels at Brooks.
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Figure 9: The effect of N application rate on potato petiole NOs-N levels at Vauxhall.
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3.1.5. Dualex

Consistently on each sampling date at Brooks, the two lowest application rates of 92 and 115
kg/ha N showed a significant increase in the potato leaf Dualex values compared to all other N
treatments. There was no significant difference in the Dualex values amongst the 170 kg/ha,
225 kg/ha single N treatments and the 245 kg/ha split N application.

Within treatments at Vauxhall, the greatest change in Dualex readings occurred from 44 to 73
DAP when the values increased. From 71 DAP to 85 DAP only a slight increase was observed in
the Dualex readings. With the exception of 85 DAP and the 225 kg/ha single N application,
relative to the 278 kg/ha split N application, the Dualex readings significantly increased with a
decrease in N application rate (Figure 11C). There was no significant difference in the Dualex
readings amongst the 123 and 170 kg/ha N treatments.

3.1.6. SPAD/Dualex ratio

At Brooks, the results were similar to those with the Dualex instrument alone with the 92 and
115 kg/ha treatments showing a significant decrease in the SPAD/Dualex ratio compared to all
other treatments. There was no significant difference between the SPAD/Dualex ratios in the
92 and 115 kg/ha N treatments. Unlike the Dualex alone, the SPAD/Dualex ratio showed a
significant effect for the 170 kg/ha, the value being significantly lower than for the 245 kg/ha N
split application treatment (Figure 10D).

In all treatments, the SPAD/Dualex ratio at Vauxhall decreased with DAP. The results were
similar to those with the Dualex instrument alone. With the exception of 85 DAP and the 225
kg/ha single N application, relative to the 278 kg/ha split N application, the SPAD/Dualex ratio
significantly decreased with a decrease in N application rate (Figure 11D). There was no
significant difference in the SPAD/Dualex ratios amongst the 123 and 170 kg/ha N treatments.

3.1.7. Relationship hand held instruments and petiole sampling.

At Brooks there was no relationship between petiole NO3-N and Greenseeker measurements on
any date (Figure 12). The SPAD and SPAD/Dualex showed a strong relationship with petiole
NOs-N both 44 and 64 DAP while the Dualex alone only showed a significant relationship with
the petiole NO3-N 64 DAP. On the last date of measurement 86 DAP there were no significant
relationships between petiole NO3-N and any of the instrument readings. At Vauxhall, on each
date a strong relationship was found between the petiole NOs-N and the Dualex, SPAD/Dualex
and Greenseeker measurements but only 44 DAP was a significant relationship observed
between petiole NO3-N and the SPAD measurements (Figure 13).

Overall at Brooks there was a significant relationship between the petiole NOs-N and all

instrument measurements except the SPAD while at Vauxhall a significant relationship was
evident between the petiole NOs-N and all instrument readings (Table 3).
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Table 3: The relationship between the hand-held instrument measurements (independent

variable) and potato petiole NOs-N (dependent variable).

Location Indep.endent Intercept Slope R’ RMSE
variable

Dualex 44132 -39067 0.47 3958

Brooks SPAD - . - -
SPAD/Dualex -13416 448 0.37 4324
Greenseeker 45714 -46370 0.41 4183
Dualex -28352 -22733 0.68 2742
Vauxhall SPAD -27375 877 0.72 2542
SPAD/Dualex -5819 265 0.70 2650
Greenseeker 37953 -39563 0.33 3941
Dualex 32487 -26805 0.55 2742
Vauxhall + SPAD -24360 780 0.38 2542
Brooks SPAD/Dualex -7146 304 0.50 2650
Greenseeker 40181 -40973 0.36 3941
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Figure 10: The effect of N application rate on potato canopy Greenseeker (A), potato leaf SPAD (B) and Dualex (C) and SPAD/Dualex

ratio (D) values at Brooks.
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Figure 11: The effect of N application rate on potato canopy Greenseeker (A), potato leaf SPAD (B) and Dualex (C) and SPAD/Dualex

ratio (D) values at Vauxhall.
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Figure 12: The relationship between the Greenseeker (A), SPAD (B), Dualex (C) and SPAD/Dualex ratio (D) and potato petiole NO3-N
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Figure 13: The relationship between the Greenseeker (A), SPAD (B), Dualex (C) and SPAD/Dualex ratio (D) and potato petiole NO3-N

at Vauxhall in 2008.
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3.2. Experiment 3.

3.2.1. Yield

The total yield of potatoes in each of the three N treatment levels was similar. Unfortunately,
the harvested potatoes were not separated into small, medium, and large tubers so marketable
yield could not be determined.

3.2.2. Petiole NO3-N

The potato petiole NOs-N levels fluctuated throughout the season for all three treatments, but
with few exceptions, the levels were within the optimal target for petiole NOs-N (Figure 14).
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Figure 14: Petiole NOs-N levels in the 0, 50 and 100% fertility treatments in the commercial
field.

3.2.3. Greenseeker, SPAD, Dualex and SPAD/Dualex

With few exceptions the Greeenseeker, SPAD, and Dualex readings and, the SPAD/Dualex ratio
values were similar amongst the three fertigation levels (Figure 15).
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Figure 15: The effect of fertigation treatment on Greenseeker (A), SPAD (B), Dualex (C) and SPAD/Dualex (D) ratio values.

19



4.0 Discussion

Interestingly, at both Brooks and Vauxhall, although the petiole NOs-N values were, with few
exceptions, well below the acceptable minimum level for target yield (Table 4), the yields were
acceptable. In Vauxhall, although the marketable yield of potatoes was unaffected by N
treatment, there was the suggestion that the 123 and 170 kg/ha N rates altered yield with the
weight of small and large sized tubers increasing and decreasing respectively. This effect on
yield was mirrored in a decrease in petiole NOs-N and SPAD/Dualex ratio values and an increase
in Dualex values in plants subjected to 123 and 170 Ib/ac N.

At Brooks, yield was unaffected by the various N treatments, yet the petiole NOs-N results
showed differences with respect to the differential N rates. The trends in the results for the
Dualex and SPAD/Dualex combination were similar to those for petiole sampling and suggest
the potential of these instruments to replace destructive sampling. This is further exemplified
by the reasonable relationship observed between the petiole NOs-N levels and both the Dualex
readings and the SPAD/Dualex ratio at Vauxhall and Brooks. With respect to t<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>