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Introduction

This is the20™ annualreport on potato research funded by Keystone Potato Producers Association
(KPPA), McCain Foods Limited and Simplot Canada Limited. The CaNtaatoba Crop
Diversification Centres in Carberry and Portage la Prairie provided land and irrigation for a nadjority

the research trials. Ot h e or InKindrSuppardb uht ecaatisi nagr e
the beginning of each project report.

On behalf of above sponsors we would like to thank everyone who contributed to the success of the
2000 potab research program.

Copies of the this report can be downloattedh www.gaiaconsulting.mb.ca

Anyone wanting additional information regarding the research trials can contact:
Gaia Consulting Ltd.
Box 314
Portage la Prairie, Manitoba
R1N 3B5
Phone: (204) 262665
Email: bgeisel@gaiaconsulting.mb.@a dgibson@gaiaconsulting.mb.ca
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Effect of Nitrogen and Potassium Rate and Timing on the Specific
Gravity of Ranger Russet20062009

Funding: Keystone Potato Producers 16.67%

Simplot Canada 16.6%
McCain Foods 16.67%
IDP Irrigation Development Project 50% 2008
Agricultural Sustainability Initiative 50% 200@9

In Kind: Keller and Sons FariinLand and irrigation management

Westman Aerial SprayingyAerial Spraying for insect and disease coht

Progress: Fourth and finalear
Principal Investigators: Blair Geisel, Darin Gibson and Don Fehr, Gaia Consulting Ltd.
Introduction: TheRanger Russet potato variety is of lesser importance to the French fry

processing industry than Russet Burbamdyever, it does possesses desirable traits. Ranger Russet

is moderately resistant to Verticillium wilt and produces higher yield than Russet Burbank in fields
where disease is present. Ranger Russet matures earlier than Russet Burbank and is used fo
processing approximately 6 weeks in late August and September before Russet Burbank has matured
Unfortunately, this variety produces very high specific gravity, which are undesirable for French fry
processing.  Previous research has demonstrated thaatthend timing of nitrogen (N) and
potassium (K) fertilizer will affect specific gravity. = The 2002009 study was conducted on a
coarse textured Miniota Sand in the Shilo area. Nitrogen management is challenging on these soils
because frequent lednly eventscausenitrogen losses. The results in this report may not apply to
finer texture soils, which are less susceptible to leaching.

A problem occurred in the 2006 trial and the resulting data could not bel&8d7, the early split
applicationof urea, the preplant application of E§pblymer coated ureand the application of
additional potassium produced theeatestyields. The application of additional potassium and the
late split application of nitrogen produced the lowest and most bisspecific gravity for French

fry processing.These results led toravised protocofor 2008 and 2009 which expanded the number

of ESN treatments and changed the timing of nitrogen and potassium applications. In 2008 and
2009, both the source of rogen and time of application had an effect on specific gravity and yield.
Preplant ESN and Prplant ESN/split urea treatments produced higher yields and lower specific
gravity than urea only treatments.

In 2008 and 2009 potassium rate and timing hadeffect on yield and specific gravity. Extra
potassium had the greatest impact on yield and specific gravity when nitrogen was deficient. Extra
potassium applied as a split increased yield in the urea only treatments. Extra potassium, applied as
a pe-plant or split decreased specific gravity in the urea only treatments. Potassium rate and timing
had little effect on yield and specific gravity in tBEN/uredreatments.
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Objectives:

Procedure:

Plot size:
Trial design:
Plot location:
Soil Texure:
Variety:

To compare the effect of polymer coated and conventional nitregarces on
yield, grade, specific gravity and nitrate leaching.

To compare Ranger Russet yield, grade and processing quality between different
fertility treatments on a coarse textured soil.

To develop a management program for producing high quakbtyg® Russet
with acceptable specific gravity for early harvest on coarse textured soils.

4 rows by 12 m (Assessments conducted on 2 centre rows)
RCB 4 replicates

Shiloi Irrigated grower field

Miniota Sand

Ranger Russet

Intrarrow spacing:l metre

In-row spacing:

13.5in.

Residual Nutrients 32 Ibs/acre nitrogerl@inch) (2008)

Planting dates:
Harvest dates:

Treatments:

64 Ibs/acre nitrogen {02 inch) (2009)

April 29 2008

May 2 2009

Septembr 2 2008

August 31 2009

Tablel andTable2 Preplant nitrogen and potassium treatments were broadcast

and incorporated into the soil just prior to planting.

Tablel List of treatments

Trt #

Treatment

=

© oo ~NO UL WN

100% Preplant N & K

100% Preplant N & Extra Preplant K

50% Preplant N, 50% N Early Season Splits & Preplant K
50% Preplant N, 50% N Full Season Splits & Preplant K
50% Preplant N, 50% N Full Season Splits & Extra Preplant
50% Preplant N, 50% N Full Season Splits & Extra Split K
100% Preplant ESN & K

100% Preplant ESN & Extra Preplant K

50% Preplant ESN, 50 % N Early Season Splits & Preplant

10 50% Preplant ESN, 50% N Full Season Splits & Preplant K
11 50% Preplant ESN, 50% N Full Season Splits & Extra Prepl
12 50% Preplant ESN, 50% N Full Season Splits & Extra Split
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Table2 Amount and timing of nutrients.

At-Plant 35 - 46 DAP 58 DAP* 75 DAP' 88 DAP*  Total

Trt# N K N K N K N K N K N K
1 180 200 0 0O O O O O o0 0 180 200
2 180 400 0] 0O 0O O O O O 0 180 400
3 90 200 45 O 45 O O O O 0 180 200
4 90 200 30 0O 20 0 20 O 20 O 180 200
5 90 400 30 0O 20 0 20 O 20 O 180 400
6 90 200 30 100 20 100 20 O 20 O 180 400
7 180 200 0 0O 0O O O O O 0 180 200
8 180 400 0 0O O O O O O 0 180 400
9 90 200 45 O 45 O O O O 0 180 200
10 90 200 30 O 20 O 20 O 20 O 180 200
11 90 400 30 0O 20 0 20 O 20 O 180 400
12 90 200 30 100 20 100 20 O 20 O 180 400

' DAP = days after planting

Specific Gravity Analysis:
Specific gravity (SG) was determined by comparing the weight of a 4.5 kg tuber
sample in air and in water.

Fry Colour Analysis:
The centre % inch fry strip from 10 tubers per plot were fried forirfutes 30
seconds in vegetable oil at 375° F.  Fry colour was determined using the USDA
scale, which ranges from "0" (light colour) to "4" (dark colour).

Sugar End Analysis:
If less than 1/3 of the French fry is darker than #meainder of the fryyp?2
colour gradientsn the USDA fry colouscale it is defined as a sugar end. The
fry colour is determined by assessing the remaining 2/3 of the fry. However, if
the dark end affects more than 1/3 of the entire fry, colour is determined by
assessinghe dark end.

Statistical Analysis:
An ANOVA (analysis of variance) was performed on the assessment and yield
data. Mean separation was determined using the least significant difference
(LSD) test
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No. Name

Table3 Effect of treatment on Ranger Russet yield and grade.

Yield

Underize Marketable Total Yield

Bonus % Sp Gravity

1 100% Preplant N & K 99.1 239.1h 338.3e 6.2h 1.092Za
2 100% Preplant N & Extra Preplant K 84.2 252.7gh 336.9e 9.4efg 1.0903bc
3 50% Preplant N, 50% N Early Season Splits & Preplant K 89.2 274.8¢f 364.Cc 7.7gh 1.0911ab
4 50% Preplant N, 50% N Full Season Splits & Preplant K 85.7 261.3fg 347.Cde 8.8fgh 1.089Zcd
5 50% Preplant N, 50% N Full Season Splits & Extra Preplant K 68.4 288.5de  356.Ccd 11.5def 1.0873ef
6 50% Preplant N, 50% N Full Season Splits & Extra Split K 64.0 302.4cd 366.4c 12.0de 1.0867fg
7 100% Preplant ESN & K 7.7 304.3bcd 382.Cb 12.9cd 1.0881de
8 100% Preplant ESN & Extra Preplant K 72.8 315.3abc 388.1ab 14.3bcd 1.086&fy
9 50% Preplant ESN, 50% N Early Season Splits & Preplant K 70.7 324.6a 395.2ab 16.1ab 1.089¢c
10 50% Preplant ESN, 50% N Full Season Splits & Preplant K~ 70.3 322.5ab 392.8ab 18.4a 1.0860fgh
11 50% Preplant ESN, 50% N Full Season Splits & Extra Preplan7i&.5 326.Ca 401.6a 14.8bc 1.0857gh
12 50% Preplant ESN, 50% N Full season Splits & Extra Splt K 66.8 329.Ca 395.8ab 18.9a 1.0851h
LSD (P=.05) NSD 18.3 14.0 2.8 0.0013
CcvVv 1.9 0.8 0.5 2.9 0.02
Treatment Prob(F) 0.3862 0.0001 0.0001 0.0017 0.0001

Results: Affect of Nitrogen Application Timing on Marketable Yield

T
T

When comparing the same application methods and timing, the ESN/urea treatmetit®)(#s 7
produced greater yields tharea only treatments (#s6).

In the ESN/urea treatments (#4.2) applying early season splits (# 9) and full season splits
(#10) produced a greater yield than applying all nitrogefpfaet (# 7). There was no
difference in yield between early seasptits (# 9) and full season splits (#10) of ESN/urea.
In the urea only treatments (#6), applying nitrogen as an early season split (#3) or full
season splits (#4) increased yield when compared to applying all nitrogplapt€#1). There
was no dfference in yield between the split application treatments #s 3 and 4.

Results: Affect of Potassium Application Rate and Timingon Marketable Yield

T
T

In the ESN/urea treatments (#.2), there was no difference in yield between potassium rate
and timing.

In the urea only treatments (#6), applying extra prplant potassium (#s 2 and 5) did not
increase yield when compared to applying the recommended amourtpbpr@otassium (#1
and 4).

In the urea only treatments (#6), applying extra split gassium (# 6) increased yield when
compared to applying the recommended amount eplamat potassium (# 4)

There was no yield difference between applying extra potassium at plant (# 5) or in split
applications (# 6).
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Results: Affect of Nitrogen Application Timing on Specific Gravity

T
T

When comparing the same application methods and timing,3Murea treatment{#s 712)
produced lower specific gravithan urea only treatments (#6).

In the ESN/urea treatments (#4.2), the application of nitrogeas an early season split (#9)
produced a higher specific gravity than applying all nitrogerpfast (#7). In the later part of

the growing season, treatment #7 applying all nitrogen as ESplaawemay have provided

more nitrogen for growth than tharly season ESN/urea split, thus producing a lower specific
gravity. The urea nitrogen applied as a split (#9) may have leached producing a deficiency later
in the growing season.

In the ESN/urea treatments (#4.2), the application of full season splitsnitrogen (#10)
produced a lower specific gravity than the application of nitrogen as@are(#7) or early
season split (#9). Full season split of urea provides more nitrogen later in the season thus
producing a lower specific gravity.

In the ureanly treatment$# 1-6), there was no difference in specific gravity between applying
all urea preplant (# 1) or in an early season split (# 3).

In the urea only treatmeni 1-6), applying urea in full season splits (# 4) produced a lower
specific graity than applying all urea pselant (# 1) or in an early season split (# 3).

Results: Affect of PotassiumApplication Rate and Timing on Specific Gravity

T
T

Extra potassium had less effect on specific gravity in the ESN/ureal@stfian in the urea

(#s 1-6) treatments.

In the ESN/Urea treatments (#4.2) the effect of additional potassium on specific gravity was
dependent upon the time of nitrogen application. The application of extpgmtepotassium
reduced specific gravity only when all nitergwas applied prplant, but had no affect when
nitrogen was applied as full season splits (# 10). The addition of extra split potassium (# 12)
did not affect specific gravity when all of the nitrogen was applied full season splits.

In the urea onlyreatments (#s-86), the addition of extra potassium applied as gofant (#s 2

& 5) or split application (#6) produced a lower specific gravity than applying the recommended
amount of potassium (#1 & 4). There was no difference in specific gravitgéetiue

addition of extra potassium as a4plant (# 5) or split (#6) application.

Results: Fry Colour and Sugar End [able 4)

There were no differences in fry colour or sugar end defect between treatments.
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Table4 Effect of treatment on French fry colour and sugar end defect.

Harvest January
Mean Fry % Sugar Fry % Sugar
Trt No. Treatment Colour End Colour End
1 100% Preplant N & K 0.01 0.00 0.21 3.75
2 100% Preplant N & Extra Preplant K 0.04 3.75 0.29 2.50
3 50% Preplant N, 50% N Early Season Splits & Preplant K 0.01 2.50 0.34 2.50
4 50% Preplant N, 50% N Full Season Splits & Preplant K 0.01 1.25 0.40 0.00

5 50% Preplant N, 50% N Full Season Splits & Extra Preplant K 0.09 0.00 0.06 1.25
6 50% Preplant N, 50% N Full Season Splits & Extra Split K 0.00 1.25 0.23 1.25
7 100% Preplant ESN & K 0.03 1.25 0.16 2.50
8 100% Preplant ESN & Extra Preplant K 0.04 3.75 0.18 1.25
9 50% Preplant ESN, 50% N Early Season Splits & Preplant K 0.05 2.50 0.28 3.89
10 50% Preplant ESN, 50% N Full Season Splits & Preplant K 0.06 1.25 0.34 0.00
11 50% Preplant ESN, 50% N Full Season Splits & Extra Preplant 804 2.50 0.10 4.06
12 50% Preplant ESN, 50% N Full season Splits & Extra Splt K  0.06 1.25 0.13 0.00

LSD (P=.05) NSD NSD NSD NSD
cVv 8.10 10.37 7.28  10.59
Treatment Prob(F) 0.0828 0.4468 0.5393 0.2763

Results: Residual Soil Nitrogen LevelsTable 6 and Figure 1)

Ideally, the quality of a nitrogen application (source, amount and application metbadeton

using all of the nitrogen (applied and soil residual) to grow the crop and having no nitrogen lost to the
environment. All of the applied and residual nitrogen can be accounted for in the crop biomass
(tubers, vines and roots) and the residue neimguin the soil after harvest. Any nitrogen that cannot

be accounted for has been lost through leaching or nitrification. Any nitrogen escaping to the
environment pollutes both the air and water and increases the cost of production. Nitrogen is a green
house gas which is more potent than carbon dioxide. Drinking water with morEOtinagyL of

nitrateN is not considered potable. Lost nitrogen must be replaced with applied fertilizer nitrogen,
which increases the cost of crop production.

In the fallof 2009, soil was collected from thel@, 1224, 2436 and 3&48 inch depths in treatments
1,3,4,7,9, and 10 and analyzed for nitrate nitrogen residue. The residual nitrogen levels tended to
be higher in the ESN (4, 7 and 9) than the Urea only tredsnig, 3 and 4) and higher in the split
application (3, 4, 9 and 10) than in the-ptant application treatments (1 and 7). The same
treatments with the highest residual soil nitrogen after harvest are also the treatments with the least
loss of nitrogerio the environment. More of the nitrogen can be accounted for in the plant biomass
and in the soil after harvest. For example, it is possible to account for more of the nitrogen in
treatment 7 than in treatment 1. Treatment 7 produced a higher yi@ld gneater amount of

residual soil nitrogen after harvest and less nitrogen unaccounted for than treatment 1, which
produced a lower yield with less residual nitrogen after harvest and more nitrogen unaccounted for.
Nitrogen applications which provide tlerrect amount of nitrogen at a time when it is required by

the plant will maximize yield and reduce the losses into the environment.
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Table5 Effect of treatment residual soil nitrogen.

0-12 12-24 24-36 36-48 Total
Trt No. Treatment Ib/ac Ib/ac Ib/ac Ib/ac Ib/ac
1 100% Preplant N & K 19.0 c 6.5 a 40Db 3.5 a 33.0 a
3 50% Preplant N, 50% N Early Season Splits & Preplant K 19.0 ¢ 9.0 a 6.0b 9.5a 435 a
4 50% Preplant N, 50% N Full Season Splits & Preplant K 24.0 bc 12.0 a 9.5 a 8.5 a 54.0 a
7 100% Preplant ESN & K 345 a 7.5 a 40b 35a 49.5 a
9 50% Preplant ESN, 50% N Early Season Splits & Preplant K 25.5 abc 10.0 a 6.5b 10.0 a 52.0 a
10 50% Preplant ESN, 50% N Full Season Splits & Preplant K 34.0 ab 9.0 a 50b 7.5 a 55.5 a
LSD (P=.05) 10.3 4.3 2.8 5.8 16.6
cv 26.3 32.0 31.9 54.1 23.0
Treatment Prob(F) 0.0153 0.1774 0.0073 0.0965 0.0918

Figurel Residual nitrogen concentrations in fall for selddteatments in 2009
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K-Mag Fertilizer Evaluation in Irrigated Russet Burbank Potato

Funding: Keystone Potato Producers

In Kind: Trevor Thornton, Crop Car@onsulting Ltd. Analysis of soil for test field and
contributed to the protocol.

A & M Farm Ventures, Carberry MB provided land, irrigation and crop for the

trial.
Progress Year one
Principal Investigators: Blair Geisel, Darin Gibson and Don Fehr, Gaia Consulting Ltd.

Introduction/Summary :
K-Mag fertilizer (potassium magnesium sulfate) is compos@dwiitrogen 0% phosphorus, 22%
potassium (K)22% sulfur (S) and11% Magnesium (Mg). Manitoba potato farmers traditionally
apply sulfur and potassium, but dondt wusually
deficient in the soil. Magnesium is a key component of chlorophyll and is essential f
photosynthesis. Response to fertilizer magnesium is most likely when the soils are acidic (<pH 6.0),
low in organic matter, sandy in texture and located in regions of intense rainfall. In addition, response
is often crop specific and influenced by otpeactices such as liming and/or the use of high rates of
potassium and nitrogerif soil test magnesium is less than 50 ppm (100 Ib/ac) and/or tissue
magnesium is less than 0.22%, then it is recommended to band 20 Ib/ac or broadcast 100 Ib/ac of
magnesim as kMag. Symptoms of magnesium deficiency include a pale green color between the
veins on older leaves. In more severe cases the tissue may appear scorched. In most situations, tuber:
are small and deformed while the foliage appears normal.

In the 2009otato trial, he concentration of nutriesiin the petiole, with the exception of nitrogen,

was sufficient to maximize yield. The concentration of nitrate nitrogen in the petiole was low to
marginalin all fertilizer treatmentand could have restrictadeld. There were no differences in the
concentration of N, P, K and Mg in the petioles between treatments. There was a difference in the
concentration of sulfur in the petioles between treatments. The highest concentration was in the
treatments 1 and @10 Ibs S/acre) and lowest in treatment 3 the untreated check (10 lbs S/acre).

There were no differences in yield, tuber size or processing quality between treatments.

Objective: To evaluate the effect of-Klagfertilizer on the yield and grade ofuRset
Burbank potatoes grown on magnesium deficient soils.

Procedure:
Plot size: 4 rows by 12 m (Assessments conducted on 2 centre rows)
Trial design: RCB 4 replicates
Plot location: Harte, Manitoba
Crop-Variety: Potato- Russet Burbank
Row spacing: 38 inches

Residual nutrients and recommendatidsise6
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Table6 Residual nutrients and recommendations

Recommendatior

Description Residual Ibs/ac
Nitrogen 4-5 ppm 180
Phosphorus 108 ppn? 70
Potassium 215 ppm 125
Sulfur 7-10 ppm 30
Magnesium 105 ppm 100
pH 51

Organic Matter 1.80%

4 Bray

Treatments: Table7. The target N, P, K and S rates were exceeded by 50 N, 30 P, 20K, 10 S
Ibs actual/acre spectively because of a pgdant fertilizer application error on
June 28. The additional amount of N, P, K and S would have had little effect
on the trial results because each treatment received the same application and no
additional magnesium was digal.

Results: Petiole Analysis

Forty-eight (48) petiole samples (3 dates x 4 treatments x 4 replicates) were collected on July 11, July
21 and August 24 and analyzed for selected macro and micro nutfiabts§,

Table9, Tablel10, TablellandTable12). The concentration of all nutrients in the petiole, with the
exception dnitrogen, was sufficient to maximize yiel@igble13). The concentration of nitrate

nitrogen in the petiole was low to marginal and could have restricted yield. There were no
differences in the concentration of N, P, K and Mdhe petioles between treatments. There was a
difference in the concentration of sulfur in the petioles between treatments. The highest
concentration was in the treatments 1 and 4 (110 Ibs S/acre) and lowest in treatment 3 the untreated
check (10 Ibs Skre).
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Table7 Treatment List

Total Applied®
Actual Nutrients Ibs/acre

Treatment N P K S Mg
1 KMAG 182.0 119.1 270.0 110.0 50.0
2 Grower Standard 181.9 119.1 270.0 40.0 0.0
3 Sulphur Check 182.0 119.1 270.0 10.0 50.0
4 Mg Check (Mgg)l 182.0 119.1 270.0 110.0 0.0
At Plant
Actual Nutrients lbs/acre
Treatment N P K S Mg
1 KMAG 79.2 89.0 210.0 60.0 30.0
2 Grower Standard 79.2 89.0 210.0 30.0 0.0
3 sulphur Check 79.2 89.0 210.0 0.0 30.0
4 Mg Check 79.2 89.0 210.0 60.0 0.0
Hilling
Actual Nutrients lbs/acre
Treatment N P K S Mg
1 KMAG 52.8 0.0 40.0 400 20.0
2 Grower Standard 52.8 0.0 40.0 0.0 0.0
3 sulphur Check 52.8 0.0 40.0 0.0 20.0
4 Mg Check 52.8 0.0 40.0 40.0 0.0

Hilling Error - additional nutrients broadcast at hilling
Actual Nutrients lbs/acre

Treatment N P K S Mg

1 KMAG 50.0 30.2 20.0 10.0 0.0
2 Grower Standard 50.0 30.2 20.0 10.0 0.0
3 sulphur Check 50.0 30.2 20.0 10.0 0.0
4 Mg Check 50.0 30.2 20.0 10.0 0.0
# Nutrient Sources Analysis Nutrients Supplied

Urea 46-0-0 N

MAP 11-52-0 N+P

KCI 0-0-60 K

(NH4)2S04 21-0-0-24 N+S

KMAG 0-0-22-22-11 K+ S+ Mg

MgClI2 0-0-0-0-11 Mg
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Table8 Concentration of nitrate in the petiole

NO; (ppm)
Treatment 11-Jul 21-Jul 24-Aug
1 KMAG 6709.3a 15732.3a  967.0a
2 Standard 4732.8a 15324.3a 715.3a

3 Sulphur Check 6349.3a 14389.0a 1267.5a

4 Magnesium check 6776.5a 15002.3a 1105.5a
LSD (P=.05) NSD NSD NSD
CVv 24.7 8.6 36.2
Treatment Prob(F) 0.2567 0.5389 0.2518

Means followed by same letter do not significantly differ (P=.05, L

Table9 Concentration of phosphorus in the petiole

% P
Treatment 11-Jul 21-Jul 24-Aug
1 KMAG 0.370a 0.465a 0.218a
2 Standard 0.385a 0.498a 0.218a

3 Sulphur Check 0.413a 0.475a 0.238a
4 Magnesium check 0.373a  0.490a 0.233a

LSD (P=.05) NSD NSD NSD
CcVv 11.8 9.6 16.0
Treatment Prob(F) 0.5596 0.7569 0.8085

Means followed by same letter do not significantly differ (P=.05, LS

Table10 Concentration of potassium in the petiole

% K
Treatment 11-Jul 21-Jul 24-Aug
1 KMAG 991a 8.87a 8.93a
2 Standard 10.45a 9.03a 8.36a

3 Sulphur Check 10.05a 8.71a 8.34a

4 Magnesium check  9.74a 9.39a 8.27a
LSD (P=.05) NSD NSD NSD
Cv 4.6 5.7 6.0
Treatment Prob(F) 0.2387 0.3377 0.2983

Means followed by same letter do not significantly differ (P=.05, L
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Tablel11 Concentration of sulfur in the petiole

% S
Treatment 11-Jul 21-Jul 24-Aug
1 KMAG 0.293a 0.30Ca 0.248a
2 Standard 0.263ab 0.285a 0.18%5bc

3 Sulphur Check 0.248b 0.248b  0.17tc

4 Magnesium check 0.283a 0.30€a 0.22Cab
LSD (P=.05) 0.032 0.023 0.044
cv 7.5 5.0 13.4
Treatment Prob(F) 0.0466 0.0009 0.0176

Means followed by same letter do not significantly differ (P=.05, LSC

Table12 Concentration of magnesium in the petiole

% Mg
Treatment 11-Jul 21-Jul 24-Aug
1 KMAG 0.730a 0.740a 0.875a
2 Standard 0.733a 0.675a 0.820a
3 Sulphur Check 0.755a 0.743a 0.735a
4 Magnesium check  0.698a 0.698a 0.748a
LSD (P=.05) NSD NDS NDS
Cv 13.0 7.7 12.6
Treatment Prob(F) 0.8587 0.295 0.2327

Means followed by same letter do not significantly differ (P=.05, LSD

Table 13 Suggested ranges in nutrient concentrations for the fourth petiole of Russet Burbank
potatoes during tuber bulkinglutrient ManagemenBryan G. Hopkins, Jeffrey C. Stq Dale T.
Westermann, and Jason W. Ellswotthniversity of Idaho

Nutrient Low Marginal Sufficient
Nitrate nitrogen, ppm <10,000 10,000-15,000 15,000-20,000
Phosphorus, % <0.17 0.17-0.22 >0.22
Potassium, % <7.0 7.0-8.0 >8.0
Calcium, % <0.4 0.4-0.86 =0.6
Magnesium, % <0.15 0.15-0.3 >0.3
Sulfur, % <0.15 0.15-0.2 =0.2
Zinc, ppm <10 10-20 >20
Manganese, ppm <20 20-40 >4()
Iron, ppm <20 20-50 =50
Copper, ppm <2 24 >4
Boron, ppm <10 10-20 >20
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Results: Yield and Grade

There was no difference in yield, tuber size or processing quality between fertilizer treatments.

Tablel4Yield and tuber size analis

Yield (cwt)
Undersize Marketable
(<2 (>2" Total Bonus %
1 KMAG 109.1a 358.8a 467.9a 6.2a
2 Standard 106.5a 336.5a 443.0a 4.4 a

3 Sulphur Check 76.6a 374.0a 450.6a 12.0a

4 Magnesium check 93.5a 360.0a 453.4a 10.9a
LSD (P=.05) NSD NSD NSD NSD
Cv 19.6 9.6 5.7 48.2
Treatment Prob(F) 0.1283 0.5163 0.6010 0.0744

Means followed by same letter do not significantly differ (P=.05, L

Table15 Quality analysis

Hollowheart Hollowheart Specific Fry Sugar

Treatment % by # % by Wt  Gravity Colour End %

1 KMAG 0.8a l4a 1.0872a 0.3a Oa

2 Standard 0.0a 0.0a 1.0862a 0.2a Oa

3 Sulphur Check 29a 5.3a 1.0827a 0.6a Oa

4 Magnesium check 0.0a 0.0a 1.0872a 0.3a 0a
LSD (P=.05) NSD NSD NSD NSD NSD
Cv 229.7 231.8 0.2 83.1 0.0

Treatment Prob(F) 0.2488 0.2399 0.1047 0.2562 1.0000

Means followed by same letter do not significantly differ (P=.05, LSD)

Pagel3



Phosphorus Management for Irrigated Russet Burbank Potato
Production - 200709

Funding: Keystone Vegetable Producers 16.6%
Simplot Canada 16.6%
McCain Foods 16.7%
ARDI 50%

In Kind: Rick and Derek Fiskel
Bailey Farms Ltd. (land and irrigation)
Beaver Creekland and irrigation)
Don Dickson(land and irrigation)
Westman Aerial Spraying Ltdl/Applied Fungicides and Insecticides)

Progress: Third and final year
Principal Investigators: Blair Geisel, Darin Gibson and Don Fehr, Gaia Consulting Ltd.

Introduction/Summary: Recent changes in Manitoba have driven the need-&ssess phosphorus
fertilizer recommendations for potato producti@ince the 1980s, potato yield has increased
by 52%causing the industry to question if current fertility recommendations were adequate. In
addition, recent studies identified phosphorus as a-poaomt sourceof surface water
contamination, which is having a negative impact on the health of lakes. The Province of
Manitoba undekVater Protection Act was proposing to regulate the-pastest concentration
of residual N andP,0Os in the soil. Given these changéise potato industry felt that producers
required updated fertility recommendations, so they could continue to produce profitable yields
and at the same time comply with the proposed fertility management regulations.

From 2007 to 2009, 6 trials comparidiferent phosphorus rates and application methods were
conducted in the Portage and Carberry production areas. The sites had residual phosphorus
concentrations in the soil ranging from32Z ppm (Olsen). At all six locations, the petiole
phosphate concemtiions were sufficient to maximize yield. PetiolgOP concentrations were
between 0.2®.65% early season, 0-2651% midseason and 0.10.45% late season (data not
shown in this report). According to the University of Idaho, petief@sRoncentrationshould

be greater than 0.22% during the early bulking stage of growth. The mid to late August petiole
analysis indicated that some petiolgOP concentrations were below this threshold however
lower concentrations during the late bulking stage would ketyliaffect yield. A response in
petiole BOs concentration to phosphorus fertilizer was measured in both théanked and
broadcast applications at five of the six sites.

The sideband application of 40, 80 and 160 IbgOFacre produced a greatereld than the
unfertilized check. There was no additional yield response beyond the application of 40 Ibs
P,Os/acre sidébanded. The broadcast application of 20, 40, 80 and 16QM&Ere produced

a greater yield than the unfertilized check. There meaadditional yield response beyond the
application of 80 Ibs fs/acre broadcast. Russet Burbank was more responsive to the side
band than the broadcast method of phosphorus applicitienapplication of 80 Ibs,Ps/acre
broadcast or 40 Ibs ,®s/acre &le-banded produced similar yields. Broadcasting 80 Ibs
P,Os/acre would likely build up soil s concentration over time whereas applying 40 lbs
P,Os/acre would not.
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Avail coated MAP applied as a sideband at 40 i3sRacre produced a greater yield ththe
unfertilized check. There was no difference in yield between MAP at 40.(hgaere and
Avail coated MAP at 40 Ibs,Ps/acre.

The addition of phosphorus had no effect on tuber size (percent bonus tubers >10 oz.), specific
gravity, fry colour or thencidence of hollow heart or sugar end defect.

Solil tests tend to be a poor predictor of the probability of a response to phosphate fertilizer.
When sites were analyzed individually, a yield response occurred at 2 of the @/kittshad

the highest esidual POs concentration in the soil (18 and 32 ppm). Yield response did not
always occur when soil test® levels were deficient. The unpredictable response @ P
fertilization is explained in a paper titléeyroeconomics of Phosphate FertilizerNManitoba

by Rigas E. Karamanos of the Western Cooperative Fertilizers Limited.

ASoil testing has been a pillar in derivir
to consider that existing soil testing databases were developed based on the Law of
Minimum and for that only soils that were not previously fertilized were used. Nowadays

it is virtually impossible to find such soils and the behavior of P in a soil is quite different
once the soil has been fertilized for a prolonged period of timeomypitation of yield

data from 155 experiments showed that when soil test levels were less than 10 Ib
P,Os/acre (deficient), not all crops responded to P fertilization in all cases. At the same
time when soil test levels were greater than 30.BsRcre (sifficient) still a number of

crops were responding to high@? levels. Although the frequency of responses was
higher at lower soil test,Ps levels, there were no clear trends, which would suggest that
response to phosphate fertilizer is indeed affebiethctors other than the soil test level

and in any event application of® would be necessary almost at any soil test level. A
longterm (23year) study showed that elimination ofQB fertilization results in

i mmedi ate yield | osses. 0

Given the hgh levels of P that have been built up in Manitoba soils and the low correlation of
yield response to soil test®s, the best strategy is to apply maintenance amounts of P to
replace what is removed by the crop. Potatoes require 0.14d&kWt of prodiction. To
produce a 300 to 350 cwt/acre yield of potatoes, apply 40 to 5QUz&Ere.

Objectives:
1. Determine the effect of phosphorus placement on potato yield and quality.
2. Determine the effect of phosphorus rate on potato yield and quality.
3. Determine the effect of coated phosphorus product on efficient use of
phosphorus, potato yield and quality.
4. Determine critical soil and tissue levels at which a response to P can be
expected.
5. Improve the efficiency of phosphorus use.
Procedure:
Plot size: 4rows by 12 m (Assessments conducted on 2 centre rows)
Trial design: RCB 4 replicates

Site Description  Tablel6
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Table16 Site Descriptions

Residual Residual Residua CEC
Year Location Soil type N (Ibs/ac) P205 (ppm K (ppm) Ph (meq)
2007 Portage Clay Loam 34 8 398 7.9 42
2007 Carberry Loamy Sand 76 13 234 6.8 10
2008 Portage Fine Sandy Loam 20 32 180 8.2 27
2008 Carberry Loamy Sand 32 18 282 52 6
2009 Portage Clay Loam 78 7 246 8.1 45
2009 Carberry Loam 87 11 159 6.1 17

Maintenance Fertility: Residual nitrogen ranged between 32 to 87 Ibs N/acre. Between 100 and
195 lbs N/acre were applied depending upon soil analysis.
K/acre was siddanded at plant, which is to broadcasting 200 Ibs K/acre.

Crop/Variety:  Potatoes/Russet Burbank
Seed spacing: 13.5 inches

Row spacing: 1 metre

Treatments: Table17

Tablel7 List of fertilizer treatments

Rate

Trt # Method  Product (bs/ac)

1

© 0 N o ok~ 0N

10 Broadcast Mono Ammonium Phosphate (MAF 160 lbs BOs

Untreated Check
Side band Mono Ammonium Phosphate (MAF 20 Ibs BOg
Side band Mono Ammonium Phosphate (MAFXO0 lbs BOg
Side band Mono Ammonium Phosphate (MAFBO lbs BOg

Side band Mono Ammonium Phosphate (MAFL60 lbs BOs

Side band Avail Coated MAP 40 Ibs BOs
Broadcast Mono Ammonium Phosphate (MAF R0 Ibs BOs
Broadcast Mono Ammonium Phosphate (MAFX0 Ibs BOs
Broadcast Mono Ammonium Phosphate (MAFB0 Ibs B0Os

Results: Yield (Table 18)

Each year 100 Ibs

The sideband application of 40, 80 and 160 lbs P/acre produced a greater yield than the unfertilized
check. There was no adaitial yield response beyond the application of 40 lbs P/acrdart#ed.

The broadcast application of 20, 40, 80 and 160 Ibs P/acre produced a greater yield than the
unfertilized check. There was no additional yield response beyond the applicatioib®P3fcre
broadcast. Russet Burbank was more responsive to thbadethan the broadcast method of
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phosphorus application. The application of 80 Ibs P/acre broadcast or 40 Ibs P/abemndeke
produced similar yields.

Avail coated MAP applied as adeband at 40 lbs P/acre (#6) produced a greater yield than the
unfertilized check (#1). There was no difference in yield between MAP at 40 Ibs P/acre (#6) and
Avail coated MAP at 40 lbs P/acre (#3).

Table18 Effect of phosphorusate and method of applicatiom potato yield

Yield cwt/ac
No. Treatment Name <2" > 2" Total
1 Untreated Check 59.1 315.¢d 375.0f
2 Sideband MAP 20 Ibs®s 61.9 326.0cd 387.Se
3 Sideband MAP 40 lbs,Ps5 60.2 346.5ab  406.7abc
4 Sideband MAP 80 Ibs P 65.1 346.Sab 412.C0ab
5 Sideband MAP 160 lbs,Ps 60.9 355.3a 416.2a
6 Sideband Avail Coated MAP 40 lbs®; 54,7 350.5a 405.2bc
7 Broadcast MAP 20 IbsPs 51.0 335.S8bc 386.Se
8 Broadcast MAP 40 IbsPs 59.2 335.7bc  394.9de
9 Broadcast MAP 80 Ibs-Ps 543 343.Cab 398.1cd
10 Broadcast MAP 160 Ibs,Ps 63.1 347.6a 410.7ab
Prob. 0.1767 0.0032 0.0001
CVv 222 0.76 0.56
LSD (P=.05) NSD 11.67 10.17

Results: Quality (Table 19)

The addition of fertilizer phosphorus had no effect on tuber size (percent bonus tubers >10 0z.),
specific gravity, fry colour, incidence of hollow heart or incidence of sugar eneafef

! The centre % inch fry strip from 10 tubers per plot wasdffor 2 minutes 30 seconds in vegetable oil at 375° F.  Fry
colour was determined using the USDA scale, which ranges from "0" (light colour) to "4" (dark colamean fry colour
is aweighted mean frortheanalysis of 10 fry strips

2|f less thanl/3 of the French fry is darker than themainder of the fry by 2 colour gradiemis the USDA fry colouscale
it is defined as a sugar end. The fry colour is determined by assessing the remaining 2/3 of the fry. However, @ntle dark
affects morehan 1/3 of the entire fry, colour is determined by assessing the dark end.
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Table19 Effect of phosphorus rate and method of application on potato quality

Hollow Hollow Mean %
Trt. Bonus Heart % Heart % Speciic Fry = Sugar
No. Treatment Name >100z by# bywt Gravity Colour End
1 Untreated Check 22.6 6.7 9.7 1.084 058 19.6
2 Sideband MAP 20 Ibs @5 22.3 4.7 5.8 1.086 056 17.3
3 Sideband MAP 40 IbsPs 22.0 3.6 4.8 1.085 043 16.7
4 Sideband MAP 80 lbs P 23.5 3.5 54 1.085 053 18.1
5 Sideband MAP 160 lbs,Ps 24.8 4.6 7.3 1.085 052 111
6 Sideband Avail Coated MAP 40 bs®; 24.8 3.9 7.2 1.085 059 121
7 Broadcast MAP 20 lbs,Ps 25.6 4.3 5.7 1.085 0.58 13.8
8 Broadcast MAP 40 lbs,P5 24.4 8.3 9.0 1.086 056 154
9 Broadcast MAP 80 lbs @5 24.9 7.2 10.1 1.087 056 138
10 Broadcast MAP 160 lbs,Ps 25.8 6.6 9.9 1.087 058 14.6
Prob. 0.5984 0.1558 0.1634 0.5365 0.5130 0.1040
Ccv 2.23 9.37 8.10 0.02 3.08 4.95
LSD (P=.05) NSD NSD NSD NSD NSD NSD

Results: Phosphorus Cycle
The concentration of phosphorus in the vine, tuber, root and soil were determined at harvest. This

data will be analyzed to determine the phosphorus cycle for each tnéaindewill be reported at a
later date.
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Umatilla Adaptation Trial

Funding: Keystone Potato Producers 16.6%
Simplot Canada 16.6%
McCain Foods 16.6%
ARDI 50%
In Kind: Sawatzky Enterprises
Principal Investigators: Blair Geisel, Darin Gibson and DonligGaia Consulting Ltd.

Introduction:

Objectives.

Procedure:

Plot size:
Trial design:
Plot location:
Soil Type:
Verticillium
Crop:
Variety:

Planting Date:
Stand Counts:

Stem Count:
Harvest Date:
Row spacing:

Optimizing Nitrogen (N) management for each potato variety is critically
important to tuber yield and quality. Seed spacing can greatly influence size
distribution and yield. Information has been developed regatdengffects of N
fertilization and seed spacing on Russet Burbank, but little is known of how
recently released varieties respond to various N rates and seed spacing in
Manitoba. Understanding the interactions amongst N rate, variety and seed
spacing cou lead to the development of management strategies for each variety
under Manitoba conditions.

1. Totestthe Umatillavarietyto determindts potential as replacementniety
for those presently grown in Manitoba for French fry procgssin

2. To determine yield, grade and quality response of Umatilla to N fertility at
three different levels.

3. To evaluate the interaction between seed piece spacing and N fertility.

4. To develop management strategies for Umatilla under Manitmditons.

4 rows by 12 m (Assessments conducted on 2 centre rows)
factorial (N by spacing), 4 replicates

Bagot, Manitoba

Almasippi loamy fine sand, tile drained

91 Verticillium dahliae propagules per gram of soil
Potatoes

Umatilla Russet

May 12, 2009

43, 56 days after plant (DAP)

56 DAP

Sept 9, 2009

1 metre

Soil Analysis and Fertilizer Applicatns Table20)
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Table20 Soil analysis and fertilizer applications

Application
Description Residual Applied Method
N Ibs/acre * 42 See Table 2
P,O; ppm ** 13 40 Side-bandec
K ppm ** 88 120 Side-bandec
S Ibs/acre * 126 20 Side-bandec
Ph 8.3
CEC 26.6
*0-24 inch
*(0-6inch
TreatmentgTable21)

Table21 Treatment List
Actual N Seed
Trt# (Ibs/ac) Spacing (in

1 125 12
2 125 14
3 125 16
4 175 12
5 175 14
6 175 16
7 225 12
8 225 14
9 225 16

Fifty percent (50%) of nitrogen was applied at the time of planting (May 12 2009), 10% at
hilling (June 24 2009), 20% imediately after tuber initiation (July 7 2009) and 20% on July 28
20009.

Statistical Analysis:
After planting frost boils formed in the trial site. A frost boil saccumulation of water and
mudat the soil surface, which isleased by acceleratdthtvingof ground ice. The cold wet
soil caused seed piece decay resulting in a very pooristghats 303 (treatment 2) and 403
(treatment 8). An ANOVA (analysis of variance) was performed on yield and quality factors
without data from plots 303 and 403

Results: Stand and Stem
Nitrogen had no effect on the number of plants/row or stems/row. The fewest number of stems/row
occurred when planted with al6 inch spacing. There was no difference in stems/row between the 12
and 14 inch treatments. Seed piegacing had no effect on the number of stems/plant.

Page20



Plants/12 metre row 56 DAP
12 14 16 Probability LSD o5)
125 33.8 32.8 28.3 31.6a Nitrogen 0.4982 NSD
175 33.8 33.5 28.0 31.8a Spacing 0.0058 2.8
225 35.0 34.0 29.8 32.9a N x Spacing 0.9962 NSD
34.2a 33.5a 28.7b
Stems/12 metre row 56 DAP
12 14 16 Probability LSD os)
125 139.8 144.3 106.3 130.1a Nitrogen 0.5177 NSD
175 133.0 139.0 114.5 128.8a Spacing 0.0181 19.3
225 144.8 147.3 120.0 137.3a N x Spacing 0.9575 NSD
139.2a 143.5a 113.6b

Stems/plant
12 14 16 Probability LSD o5
125 4.2 4.4 3.8 4.1a Nitrogen 0.8293 NSD
175 3.9 4.2 4.1 4.1a Spacing 0.2040 NSD
225 4.1 4.3 4.0 4.1a N x Spacing 0.6746 NSD

4.1a 4.3a 4.0a

Results: Quality
There was no difference in the incidence of sugar end defect and hollow heart betateents.
Seed piece spacing had no effect on specific gravity. Specific gravity decreased with increasing rates
of nitrogen. There was a interaction between nitrogen and spacing, increasing nitrogen and increasing
spacing decreased the specific gravity.

Umatilla Specific Gravity
12 14 16 Probability LSD gs)
125 1.096a 1.095a 1.097a | 1.096a Nitrogen 0.0007 0.0017

175 1.094ab 1.094ab 1.093abl 1.094b Spacing 0.0603 NSD
225 1.092bc 1.091bc 1.089c | 1.091c N x Spacing 0.0340 0.0016

1.094a 1.093a 1.093a

Results: Yield
There were no differences in yiadd tuber size profile between treatments.

Undersize
12 14 16 Probabiity LSD os)
125 108.5 124.6 101.4 111.5a Nitrogen 0.7641 NSD
175 118.1 101.3 105.7 108.3a Spacing 0.1466 NSD
225 110.1 117.7 92.4 106.8a N x Spacing 0.5597 NSD
112.2a 114.5a 99.8a
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Marketable

12 14 16
125 249.6 240.1 253.8 247.8a
179 279.3 299.3 277.3 285.3a
225 313.3 298.9 294.2 302.1a
280.7a 279.4a 275.1a
Total
12 14 16
125 358.1 364.7 355.3 359.4a
175 397.3 400.5 383.0 393.6a
225 4235 416.6 386.6 408.9a
393.0a 393.9a 375.0a
Bonus %
12 14 16
125 6.2 55 11.5 7.7b
1759 17.6 18.8 18.5 18.3a
225 31.3 19.5 17.5 22.8a
18.4a 14.6a 15.8a
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Probability LSDy os)

Nitrogen 0.1260 NSD
Spacing 0.8824 NSD
N x Spacing 0.8679 NSD

PrObability LS D(.05)

Nitrogen 0.1627 NSD
Spacing 0.2225 NSD
N x Spacing 0.8208 NSD

PrObability LS D(_05)

Nitrogen 0.0200 9.4
Spacing 0.6335 NSD
N x Spacing 0.4647 NSD




Highland Adaptation Trial

Funding: Keystone Potato Producers 16.6 %
Simplot Canada 16.6 %
McCain Foods 16.7 %
ARDI 50%
In Kind: Sawatzky Entenpses
Principal Investigators: Blair Geisel, Darin Gibson and Don Fehr, Gaia Consulting Ltd.

Introduction:

Objectives:

Procedure:

Plot size:
Trial design:
Plot location:
Soil Type:
Verticillium
Crop:
Variety:

Planting Date:
Stand Counts:

Stem Count:
Harvest Date:
Row spacing:
Soil type:

Optimizing Nitrogen (N) management for each potato variety is critically
important to tuber yield and quality. Seed spacing can greatly infls&ee
distribution and yield. Information has been developed regarding the effects of N
fertilization and seed spacing on Russet Burbank, but little is known of how
recently released varieties respond to various N rates and seed spacing in
Manitoba. Undestanding the interactions amongst N rate, variety and seed
spacing could lead to the development of management strategies for each variety
under Manitoba conditions.

1. Totestthe Highland varietyo determine itgotential asreplacemenvariety
for those presently grown in Manitoba for French fry processing.

2. To determine yield, grade and quality response of Highland to N fertility at
three different levels.

3. To evaluate the interaction between seed piece spacing and N fertility.

4. To develop management strategies for Highland under Manitoba conditions.

4 rows by 12 m (Assessments conducted on 2 centre rows)
Factorial (N by spacing), 4 replicates

Bagot, Manitoba

Almasippi loamy fine sand, tile drained

91 Verticillium dahlia propagules per gram of soil
Potatoes

Highland Russet

May 12, 2009

43, 56 days after plant (DAP)

56 DAP

Sept 142009

1 metre

Almassipisandy loam

Soil Analysis and Fertilizer Application3 @ble22)
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Table22 Soil analysis and fertilizer applications

Application
Description Residual Applied Method
N Ibs/acre * 42 See Table 2
P,O; ppm ** 13 40 Side-bandec
K ppm ** 88 120 Side-bandec
S Ibs/acre * 126 20 Side-bandec
Ph 8.3
CEC 26.6
*0-24 inch
*(0-6inch
TreatmentsTable23)

Table23 Treatment List
Actual N Seed
Trt # (Ibs/ac) Spacing (in

1 125 10
2 125 12
3 125 14
4 175 10
5 175 12
6 175 14
7 225 10
8 225 12
9 225 14

Fifty percent (50%) of nitrogen was ajgal at the time of planting (May 12 2009), 10% at
hilling (June 24 2009), 20% immediately after tuber initiation (July 7 2009) and 20% on July 28
20009.

Statistical Analysis:
After planting frost boils formed in the trial site. A frost boil isaccumulation of water and mud
at the soil surface, which isleased by accelerated thawofgyround ice. The cold wet soil
caused seed piece decay resulting in a very poor staotots 102 (treatment 2), 103 (treatment
3), 109 (treatment 9) and 209 (tn@&int 1). An ANOVA (analysis of variance) was performed on
yield and quality factors without data from plots 102, 103, 109, and 209.

Results: Stand and Stem
Nitrogen had no effect on the number of plants/row. Stems/row increased with decreasing seed
spacimg. The number of stems/plant was not affected by spacing. Stems and stems/plant increased
when nitrogen was applied at 225 Ibs/acre. There were no differences in stems/plant between the 125
Ibs/acre or 175 Ibs/acre treatments.
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Plants/12 metre row 56 DAP

10 12 14
125 41.4 37.3 35.3 38.0a
175 41.8 35.8 325 36.7a
225 45.5 37.0 33.3 38.6a
42.9a 36.7b 33.7¢c
Stems/12 metre row 56 DAP
10 12 14
125 118.6 106.3 98.3 107.7b
175 113.0 100.3 98.5 103.9b
225 139.5 123.3 96.6 119.8a
123.7a 109.9b 97.8c
Stems/plant
10 12 14
125 2.87 2.84 2.79 2.83b
175 2.68 2.80 3.03 2.84b
225 3.07 3.32 2.89 3.10a
2.87a 2.99a 2.90a

Results: Quality
There were no differences in the incidence of sugar end defect and hollow heart between treatments.
Seed piece spacing had no effect on specific gravity. Spedfiitydecreased with increasing
rates of nitrogen.

Highland Specific Gravity

10 12 14
125 1.098 1.097 1.097 1.097a
179 1.094 1.094 1.093 1.093b
225 1.091 1.090 1.090 1.091c
1.094a 1.094a 1.094a
Results: Yield

Probability LSDy o5)

Nitrogen 0.4623 NSD
Spacing 0.0002 2.4
N x Spacing 0.5889 NSD

Probability LSDy o5)

Nitrogen 0.0293 11.1
Spacing 0.0047 11.6
N x Spacing 0.4768 NSD

Probability LSD s,

Nitrogen 0.0319 0.21
Spacing 0.5848 NSD
N x Spacing 0.1146 NSD

Probability LSD g5,

Nitrogen 0.0001 0.0002
Spacing 0.8400 NSD
N x Spacing 0.9907 NSD

Seed spacing did not affect marketable yield. Tuber size profile was reduced as seed spacing
decreased as evidenced by the trends towards more undersize yield and fewer tubers >10 oz.
Applying nitrogen at 175 Ibs/ac and 225 Ibs/ac poediua greater yield than applying nitrogen at 125
Ibs/ac. There was no yield difference between the 175 Ibs/ac and 225 Ibs/ac treatments. There was an
interaction between nitrogen and spacing, as nitrogen increased and spacing decreased marketable
and totayield increased.

Undersize
10 12 14
125 53.4 40.2 36.4
179 58.3 455 45.3
225 50.7 55.2 35.6
54.1a 46.9ab 39.1b

43.3a
49.7a
47.2a
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PrObability LSD(O5)

Nitrogen 0.4883 NSD
Spacing 0.0156 8.7
N x Spacing 0.3803 NSD




Marketable

10 12 14
125 294.7¢ 321.4bc 318.8bc
175 354.2ab 327.5bc 357.4ab
225 382.4a 366.2ab 343.9ab
343.8a 338.4a 340.0a
Total
10 12 14
125 348.1c¢ 361.5c 355.2c
179 412.5ab 373.0bc 402.7ab
225 433.1a 421.4a 379.5bc
397.9a 385.3a 379.1a
Bonus %
10 12 14
125 15.3 14.3 20.4
179 12.9 19.3 24.4
225 20.2 19.2 22.7
16.2a 17.6a 22.5a

311.6b
346.4a
364.2a

355.0b
396.1a
411.3a

16.7a
18.9a
20.7a
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Probability LSD o5)

Nitrogen 0.0012 184
Spacing 0.8021 NSD
N x Spacing 0.0134 28.2

PI’Obability LSD(O5)

Nitrogen 0.0034 245
Spacing 0.1364 NSD
N x Spacing 0.0008 21.6

PI’Obability LSD(05)

Nitrogen 0.3372 NSD
Spacing 0.0906 NSD
N x Spacing 0.4654 NSD




Bannock Adaptation Trial

Funding: Keystone Potato Producers 16.6 %
Simplot Canada 16.6 %
McCain Foods 16.7 %

ARDI 50 %
In Kind: Sawatzky Enterprises
Principal Investigators: Blair Geisel, Darin Gibson and Don Fehr, Gaia Consulting Ltd.
Introduction: Optimizing Nitrogen (N) management for each potato variety is critically

important to tuber yield and quality. Seed spacing can greatly influence size
distribution andyield. Information has been developed regarding the effects of N
fertilization and seed spacing on Russet Burbank, but little is known of how
recently released varieties respond to various N rates and seed spacing in
Manitoba. Understanding the interacts amongst N rate, variety and seed

spacing could lead to the development of management strategies for each variety
under Manitoba conditions.

Objectives:
1. TotesttheBannock varietyo determine itgotential asareplacement vaety
for those presntly grown in Manitoba for French fry processing.
2. To determine yield, grade and quality response of Bannock to N fertility at
three different levels.
3. To evaluate the interaction between seed piece spacing and N fertility.
4. To develop managemt strategies for each variety under Manitoba conditions.
Procedure:
Plot size: 4 rows by 12 m (Assessments conducted on 2 centre rows)
Trial design: Factorial (N by spacing), 4 replicates
Plot location: Bagot, Manitoba
Soil Type: Almasippi loamy fine and, tile drained
Verticillium 91 Verticillium dahlaepropagules per gram of soil
Crop: Potatoes
Variety: Bannock Russet

Planting Date: May 12, 2009

Stand Counts: 43, 56 days after plant (DAP)
Stem Count: 56 DAP

Row spacing: 1 metre

Harvest Date: Sept 222009

Soil Analysis and Fertilizer Application3 &ble24)
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Table24 Soil analysis and fertilizer applications

Application
Description Residual Applied Method
N Ibs/acre * 42 See Table 2
P,O5 ppm ** 13 40 Side-bandec
K ppm ** 88 120 Side-bandec
S Ibs/acre * 126 20 Side-bandec
Ph 8.3
CEC 26.6
*0-24 inch
*(0-6inch
TreatmentsTable25)

Table25 Treatment List
Actual N Seed
Trt # (lbs/ac) Spacing (in

1 75 8
2 75 10
3 75 12
4 125 8
5 125 10
6 125 12
7 175 8
8 175 10
9 175 12

Fifty percent (50%) of nitrogen was applied at the time of planting (Ma3009), 25%
immediately after tuber initiation (July 7 2009) and 25% on July 28 2009.

Results: Stand and Stem
Nitrogen had no effect on the number of plants/row or stems/row. Stems/row increased with
decreasing seed spacing. Seed spacing had no effdw aumber of stems/plant.

Plants/12 metre row 56 DAP

8 10 12 Probabilit LSD s,
75 49.0 44.5 38.5 44.0a Nitrogen 0.5699 NSD
125 50.8 43.5 39.5 44.6a Spacing 0.0002 2.7
175 49.0 43.8 37.5 43.4a N x Spacing 0.8871 NSD

49.6a 43.9b 38.5¢

Page?28



Stems/12 metre row 56 DAP

8 10 12

75| 204.8 163.8 148.3
125 193.5 166.5 147.3
175 196.0 181.3 141.0
198.1a 170.5b 145.5c

Stems/plant

8 10 12

75| 4.2a 3.7a 3.9a
125 3.8a 3.8a 3.7a
179 4.0a 4.1a 3.8a
40a 3.9a 3.8a

172.3a
169.1a
172.8a

3.9a
3.8a
40a

Nitrogen
Spacing

PrObabllm LSD(05)

0.7721
0.0010

N x Spacing 0.4936

Nitrogen
Spacing

NSD
17.4
NSD

Probabiltt LSD os)

0.3138
0.3028

N x Spacing 0.2331

NSD
NSD
NSD

Results: Quality
There were no differences in the incidence of sugar end defect and hollow heart between treatments.
Seed piee spacing had no effect on specific gravity. Specific gravity decreasedwith increasing rates
of nitrogen.

Bannock Specific Gravity

8 10 12 Probabilty LSD, os)
75] 1.098 1.097 1.098 |1.098a  Nirogen  0.0001 0.0012
125 1.097 1.097 1.095 [1.096b  Spacing 0.3825 NSD
175 1.093 1.091 1.090 [1.091c N xSpacing 0.6334 NSD

1.096a 1.095a 1.094a
Results: Yield

Seed spacing did not affect marketable yield. Tuber size profile was reduced as seed spacing
deceased as evidenced by the trends towards more undersize yield and fewer tubers > 10 oz.
Applying nitrogen at 125 Ibs/ac and 175 Ibs/ac produced a greater yield than applying nitrogen at 75
Ibs/ac. There was no yield difference between the 125 Ibs/ac and 175 Ibs/ac treatments.

Undersize
8 10 12 Probability LSDy os)
75 44.8 43.2 29.7 39.2a Nitrogen 0.4132 NSD
125 30.3 30.6 35.5 32.1a Spacing 0.7304 NSD
175 36.0 335 29.2 32.9a N x Spacing 0.5396 NSD
37.0a 35.8a 31.5a
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Marketable

8 10 12
75(346.1 339.8 349.3
125410.9 390.7 375.3
1794435 422.6 420.6
400.0a 384.4a 381.8a
Total
8 10 12
75(390.8 383.1 379.1
125441.2 421.3 410.9
1759479.6 456.1 449.8
437.2a 420.1b 413.3b
Bonus %
8 10 12
75/ 20.0 19.5 29.2
125 27.8 32.4 37.2
175 30.7 40.1 46.4
26.2a 30.7a 37.6a

345.1b
392.3a
428.9a

384.3b
424.4a
461.8a

22.9b
32.5a
39.0a
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Probability LSDy o5)

Nitrogen 0.0130 46.5
Spacing 0.0933 NSD
N x Spacing 0.6447 NSD

PrObabiIity LSD(OS)

Nitrogen 0.0069 37.6
Spacing 0.0046 11.0
N x Spacing 0.8535 NSD

PrObabiIity LSD(OS)

Nitrogen 0.0172 95
Spacing 0.0593 NSD
N x Spacing 0.8678 NSD




Field Survey to Determine Soil Factors Affecting Yield and
Quality

Funding: Keystone Vegetable Producers 50%
Agricultural Sustainability Initiative 50%

In Kind: Delta Ag. Consultants
Siemens Seed Potatoes
Border Farms Ltd.
River Trail Potato Co.
WF Farmd_td.
JP Wiebe and Sons Ltd.

Principal Investigators: Blair Geisel, Darin Gibson and Don Fehr, Gaia Consulting Ltd.

Introduction/Summary: A study funded by Keystone Potato Producers Association, Simplot Foods
and McCain Foods Limited Irrigation, winavas conducted in 2005, 2006 and 2007 demonstrated that
maintaining Available Soil Water (ASW) above 65% reduced plant stress and the incidence of sugar end
disorder. Commercial potato producers in the Portage and Winkler production areas observed that
maintaining ASW above 65% did not always reduce sugar end defect incidence to a level acceptable to
the French fry processors. This lead producers and researchers to question if there were other field
factors that were instrumental in causing sugar end2008 and 2009, tuber and soil samples were
collected and analyzed from 125 locations in 8 fields. Tuber samples were analyzed to determine yield
and grade. Soil samples were analyzed to determine salinity, organic matter content, and concentration
of Verticillium dahliae nitrogen, phosphorus, potassium and zinc.

In 2008 and 2009, a detailed survey of 8 fields indicated that marketable yield, percent bonus and
specific gravity were inversely correlated to salinity. There was a strong associatioanbistevé: 1
soil:water slurry analysis of soil and the Veris EC sensor methods of determining salu@ity{8=at
p=<0.001). This indicates that calibrated Veris readings accurately determine soil salinity readings.

In 2009 survey, 3 of the 5 fields hhijh residual nitrogen levels in the fall. Nitrogen levels of this
magnitude were caused by successive crop failures. Successive crops lacked vigour and did not utilize
all of the applied nitrogen, so over time residual nitrogen concentrations incrddmd.was positive
correlation between residual nitrogen levels and sugar end defect. High residual nitrogen levels are a
symptom of other soil factors affecting plant growth and nitrogen uptake. Regardless, high residual
nitrogen likely does contribatto sugar end defect.

Objective: To determine the effect of soil factors (salinity, elevation, residual nutrients) on
the incidence of sugar end defects yield and quality.

Procedure:
2008 Field locations: 2 fields in Winkler, 1 in Carman, and 2 in Maregor
Variety: Russet Burbank, Irrigated

Sampling Two 10 foot samples were hand harvested at each sampling site and graded to
determine yield and quality. Four@and 624 inch soil samples were collected at
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each sampling site and analyzed for nitroggmgsphorus, potassium, sulfur, zinc,
pH, salinity, organic matter

Specific Gravity Analysis:
Specific gravity (SG) was determined by comparing the weight of a 4.5 kg tuber
sample in air and in water.

Fry Colour Analysis:
The centre % inch fry striPom 10 tubers per plot was fried for 2 minutes 30
seconds in vegetable oil at 375° F.  Fry colour was determined using the USDA
scale, which ranges from "0" (light colour) to "4" (dark colour).

Sugar End Analysis:
If less than 1/3 of the French fry darker than theemainder of the fry by 2
colour gradient®n the USDA fry colouscale it is defined as a sugar end. The
fry colour is determined by assessing the remaining 2/3 of the fry. However, if
the dark end affects more than 1/3 of the effitirecolour is determined by
assessing the dark end.

Salinity Analysis:
Salinity was determine using thel soil:water slurrynethod

Statistical Analysis:
Correlation analysis was conducted between the X and Y factors below. Correlation
coefficierts describe the strength of the relationship between two variables. Correlations
range from1.0 to +1.0 in value. A correlation coefficient of 1.0 indicates a perfect positive
relationship in which high values of one variable are related perfectly tovhlghs in the
other variable, and conversely, low values on one variable are perfectly related to low values
on the other variable. A correlation coefficient of 0.0 indicates no relationship between the
two variables. That is, one cannot use the scomesne variable to tell anything about the
scores on the second variable. A correlation coefficient.6f indicates a perfect negative
relationship in which high values of one variable are related perfectly to low values in the
other variables, and comgely, low values in one variable are perfectly related to high
values on the other variable.

Plant productivity is governed by a complexity of soil and environmental factors. For
example, yield is determined by soil and environmental factors suchdagigeer, planting
date, disease pathogens, heat units, soil moisture, insect damage, etc. Correlations values
between plant growth (yield and quality) and soil (salinity, nutrients, etc.) factors tend to be
low to moderate because no one factor has cetephfluence over plant growth. In this
study, correlations between (0.4.6 are low, .6 .8 moderate and 181.0 high.

Page32



Table26 Description of correlation factors X and Y

Factor X Factor Y
Nitrogen Total Yield
Salinity Marketable Yield
Elevation Bonus >10 oz
Organic Matter Hollow Heart
Phosphorus Specific Gravity
Potassium Fry Colour

Zinc Sugar End

ResultsGeneral:

The soil and environmental conditions were radically different between 2008 and 2009. 1808,

of the samples had more than 10% sugar end defect and the mean was 19.6%. In 2009, only 19% of
the samples had more than 10% sugar end defect and the mean was 3.8%. The incidence in sugar en
is less in 2009 for two reasons: 1) less stress (droughteat) during critical growing periods and 2)
salinity levels in the fields that were sampled were significantly lawareraging 0.81 and 0.51 in

2008 and 2009 respectively. In 2009, it was more difficult to locate fields with high sédwetg.

Studies conducted in 2008, demonstrated the deleterious effect of salinity on potato yield and quality.
The results of this study motivated potato producers to select fields with lower salinity levels in 2009.

The correlation of salinity to marketable ylelanged from no correlation £0.692 with anaverage
of -0.354(Table 27). The relationship of the two factors in fields with salinity problems is low to
moderate.

The correlation of salinity to sugar end defect ranged froroanrelation to 0.812 with an average of
.255 Therelationshipof the two factors in fields with salinity problems is moderate to high.

The fields in this study were selected because there were historical production problems. In 3 of the
5 fields, hgh residual nitrogen concentrations were detected at those sample locations with low
yields. The high levels of nitrogen did not accumulate in a single season, but over many seasons.
Crops growing in soils that are compromised by salinity or otherrfaetould not use all of the
nitrogen applied in a season leaving a significant residue in the soil after each harvest. Annual
application of nitrogen based on the analysis of a composite soil sample would lead to over
fertilization and increasing soil resies over time. Because of the production problems in these
fields, there is a moderate to high negative correlation between residual nitrogen level and marketable
yield and residual nitrogen level and sugar end defeaitl€28). The high residual nitrogen levels

could contribute to sugar end defect; especially in growing seasons with more severe heat and
drought stress than 2009.
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Table27 Correlation of salinity to marketable yielddsugar end defect

Y Factor | Field 01-09] Field 02-09] Field 03-09] Field 04-09| Field 05-09] Combined |
Marketable Yield| -0.6927 -0.524° NSD NSD -0.59¢° -0.354"
Sugar End 0.538° 0.5851 NSD 0.812* NSD 0.25572

! Significant at P = 0.01

2 Significant at P = 0.05
NSD - no significant difference

Table28 Correlation of esidual nitrogen level to marketable yield and sugar end defect
Y Factor | Field 01-09] Field 02-09| Field 03-09] Field 04-09] Field 05-09] Combined |

Marketable Yield| -0.845! -0.7411 NSD NSD -0.806! -0.4731
Sugar End 0.7222 0.600* NSD 0.81¢* NSD 0.620*
! Significant at P = 0.01

% Significant at P = 0.05
NSD - no significant difference

Resuts Field 01-09
Correlation of salinity to marketable yield and sugar end defect.
Salinity levels at the 11 sampling points varied from 0.3014 mmhos/cm, which correlate well
with the Veris map reading$igure 2) where dark green is the lowest and dark red is the highest
salinity. Yield was severely limited by increasing soil salinity-@r692 at p=0.01). Extremely high
residual nitrogen concentrations were detected at those sample locations with lowFRyglds3)
(r=-0.845 at p=0.01). Residual nitrogen levels in this field vary from 68 to 434 Ibs N acre with an
average of 244 Ibs N acre.

Low crop vigour also contributed to a severe wild buckwheat infestafibe. buckwheat flourished
because the potatoes died prematurely leaving the weeds to grow without competition.
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Figure2 Veris salinity magrield 0209 showing marketable yield at sample locations

Results Field02-09

Field 0209 received excessive precipitation in late June and early July, which severely stressed the
crop. Water logged soilgtiited root development and caused tubers to set high in the hill. It was
anticipated that the limited root system would cause drought stress resulting in a high incidence of

sugar end defects.
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Despite the early season stress, the incidence of sugarasridw- only 3 of the 20 samples

collected at field 0D9 had sugar end defects. The cool summer and adequate precipitation
throughout July and August reduced crop stress and the chance of sugar end development. However,
early season stress did impgezld (Figure4). On September“Q yields ranged from 38 t0180

cwt/acre and averaged 116 cwt/acre. September was warmer than usual, so significant tuber bulking
continued until early October. The cooperagparted that the field was delivered direct from the

field to the processor and netted 200 cwt/acre with few sugar end defects. The cooperator did report a
high incidence of tuber greening, which occurred because the tubers set high in the hill and were
exposed to sunlight.

Figure4 Colour photo of Field 0D9 showing marketable yield at sample locations

Salinity levels at the 20 sampling points ranged from 6@99mmhos/cm Marketable yield was
negatively correlated to kaity (-0.524 at p=0.05) and the incidence of sugar end defect was
positively correlated to salinity (0.585 at p=0.01).

Results Field 0309

Salinity levels at the 8 sampling points varied from G.2146 mmhos/cm, which was the lowest
readings of thé& fields in the study. There were no correlations between salinity and marketable yield
and salinity and sugar end defe€igure5 shows that there were large differences in plant vigour

and yield in Field 09, but the factors that were analyZ@@ble26) do not appear to be the cause.
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