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In 1999 the precision agriculture experiment was repeated for the fourth year on the same two
fields near Hays and Fincastle that it was on in the first year (1996).

In 1999 CASI Imagery was obtained by Itres from a flight on July 28. Detailed analysis of this
imagery will be done during the summer of 2000. This will involve comparing the imagery to
ground data on tissue nitrogen content, yield, irrigation, distribution, weeds, soil texture and soil
fertility.

Unique Observations in 1999

The Fincastle field had received in the fall of 1997 an application of hog manure on the southern
2/3 of the field. This raised the available P level from 9 to 29 ppm to 33 to 65 ppm. The area that
had been treated with manure had tissue P levels which remained adequate or high throughout
the growing season. The remaining area had adequate tissue P levels early in the season on July 9

and some deficient areas on July 28 and August 13.

For the first time detailed calcium carbonate analysis was completed on both fields. The CaCO,
level for 0.0-.30 m was below 2% on 37 of 51 sites at Fincastle and below 1.2% on 47 of 53 sites
at Hays. These calcium carbonate levels should not be high enough to tie up a lot of phosphorus
and are lower than what is encountered in Idaho where high rates of phosphorus are

recommended.

Clay contents on both fields in 1999 were quite variable with 60% of the Hays samples for 0-0.6
m below 15% clay and 11% above 25% clay. The Fincastle field has a similar range of textures
with 55% below 15% clay and 10% above 25% clay. Deficient tissue P levels late in the season
were more severe in the areas with high clay content, but also occurred on areas with low clay

content.

Disease counts and the effects of phosphorus, manure and compost were made at 12 row x 400 m
long strips at Hays in 1999. The treatments had no significant effects on yield or disease visible
on tuber surface. The number of plants which were showing visible disease on the tops was
significantly lower on the compost and high rates of manure treatments than on the low rates of
manure and phosphorus fertilizer treatments (Table 1).



Table 1. Effect of P, compost and manure on tuber vield and size and disease incidence of potatoes - Hays, 1999

% surface infected
on 160 tubers

P,O; Total tuber  Medium tubers ~ Tubers* Disease %*
Treatments (kg/ha) wt (t/ha) (t/ha) 12m Rhizoctonia  Scab  on 600 mrow
Low P 45 34.6 30.2 65 0.68 0.75 9
HighP 134 36.5 325 70 0.32 0.88 7.1
Low compost 101 40.0 33.3 95 0.82 1.2 6.6
8.7 t/ha
High compost 188 38.7 35.2 82 0.36 0.57 59
17.5 t/ha
Low manure 87 37.2 34 81 0.68 0.57 7.6
12.3 tha
High manure 182 39.8 36.2 75 0.86 0.73 6.1
24.7 tha

* significant at 5% level

Results from Data Analysis to the End of 1999

Using USA standards as adequate, levels of the tissue nutrient levels in petioles were evaluated.
These USA standards were developed in warmer climates than Alberta and were developed at a
time when surface and groundwater quality were not considered important factors.

Nitrogen

Despite high application rates of soil plus fertilizer N, much of the fields showed deficient levels
of tissue nitrogen. Eg., Hays 1998 - soil + fertilizer N 305 kg/ha and 96% of the samples
deficient on July 6 declining to 46% on August 10. This field received 45 kg/ha as fertigation.
Fincastle - soil + fertilizer N 310 kg/ha and 76% of samples deficient - July 7 declining to 21%
deficient on August 11. In 1999 despite high applications of nitrogen, most of both fields were
deficient throughout the season.

Field fertilizer tests in 1997 and 1998 indicated the farmer’s rates of N are close to optimum for
total yield. Groundwater measurements indicate losses of N are occurring at current application
rates.

Phosphorus
In all the years at the Hays site, phosphorus in petioles was adequate at the first week of July and
declined later in the season so much of the field was deficient. This occurred despite fertilizer
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applications of as high as 134 kg/ha P,O;. The Fincastle sites in some cases had received manure
applications as well as P fertilizer applications. Those parts of the field that had received manure

in previous years did not develop P deficiency.

A question remains. Does root or soil-born diseases on fields which have frequently grown
potatoes restrict the uptake of P? In 1999 on fields which had not grown potatoes, tissue P
deficiency did not develop even when little or no P fertilizer was applied.

Potassium
In 1996, 1997 and 1998, both fields showed low levels of tissue K in early July and adequate or
high tissue K later in the season. In 1999 tissue K levels were adequate or high throughout the

s€asomn.

Water

Uniformity of water applications was a problem in all the years on all fields. Problems occur
with pivots equipped with a corner arm not applying sufficient water on the corners. In 1996 one
set of pivots was underpressured and did not provide sufficient water at the outer end. Later the
pivot were redesigned and then provided excess water at the outer end. One farmer frequently
applied excess water which pooled in low or poorly drained areas causing loss of yield. The other

farm frequently encountered some deficiency of water applications.

Quality

Tuber quality as measured by size and specific gravity was associated with water applications.
Areas such as under an end gun which had received insufficient water had high average tuber

size and a lower specific gravity than the remainder of the field.

French fry and chipping scores were not related to the characteristics of the field.
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Abstract Figure 1. Soil textural varicbifity 1998

Tre cbjective of this project wes to deterrmine how site varabiity ond
manogemeni influenced unformily of visld ond quaitly of inigeted poictoss.
The environmenic! impact of nifiogen (N} fertiizer management was
measurec. Two varigties of potaioes were monitored for four vears, Yiels was
measured wilh ¢ harvesier ecuipped with @ yieid moniior and with hond cug
gid scmples of tubers. Grid sompiing was ¢iso done 10 determnine soll texiurs,
soil ferliiity, availabie soil moisture and tissue nutrient levels, Aerici muitiscectial
imogery was coliected and compared 1o ground data.

The resufls incicate that N fertiizer ictes of cbout 300 kg/ha N availabie sofl
and fertfizer proviced maximum yields but caused iosses of N o
grouncwater. Tissue phosphorus (P) was usuclly acdeguate in early July but
equerntly by iale July ond August become ceficient when compared to NW
USA standards. This occuned despite opplications of 110 10 130 kg/ha PO,
fertiizers. inigation water applications were found 1o be uneven and ihis
influenced size and numbers of tubers produced,

Infrocduction

Polcioes are a high value crop requiring high inputs. Excess nitogen will delay Soll nfirogen was determined af ¢l sites In 1997, 1998 and 1999, tissue

maturity, reduce the guality of polatoes in storage, contribule 1o ground petiole nifrogen was delermined in all four years, On July 28, 1999,

water contomination and increase the cost of production. while insutficient hyperspectial contact altbome spectiographic imager (CASY imagery of the

nitrogen will reduce vield and increase the severity of early biight. Phosphorus poiato fields was oblained. A correlation between Hays leaf chiorophyil

fertilizer applications are higher on poicioes than on other crops and may content determined by CAS! imagery on July 28 and tissue N on July 30 gave

conliibute 10 surfuce waler conformination. Potatoes are offen giown on a1’ of 0.42. Three weeks earlier on July 7 the corelation betwaen the July 28

coaise fexiured soils which have low waler and nutrient holding capacily and CAS! imagery on fissue N ihe 1 was only 0.004 {Figure 2). Remote sensing

high fleld variability. Uniformity of qualiy Is on importent facior when potaioes imagery deserves consideration os a basls for applying nificgen ferflizer.

are grown for processers. Traditional resecrch under smail piot condiiions

does not describe his field variabiity and current maonagement systemns do In 1998, addifion of 67 kg/ha N 1o fields which had ¢ totat of soil and ferilizer

not account for i, N af Hays of 305 kg/ha and 310 kg/fha af Fincaostie resulted In reductions in
yields of 5% ot Hays and 7.5% ot Fincastie, When this N wos combined with

The objectives of this project were 1o; measure the variability of vield within a exira phosphorus an increcse In yield of 1.8% occuned af Hays and af

field using @ yield monitor and glokal positioning fechnology: detemmine the Fincasiie. Nitrale cccumulations In the groundwaier at these siles exceedsd

effects of soli type, landscape position, nulient level, ferliity reatments, Ceonadian drinking waoler guidelines,

imigation, diseases and waeds on the yield and qualily of poiatoes; evaluate
1emole sensing and digilc! image analysis 1o detect nuirient deficiencies and
diseases of polatoss and meaosuie the financial and envirenmental benelits
of sife specific management of potatoss.

Figure 2. Hays 1999 Snowden potatoes scil and tissue N and
Methods and Materials remnote sensed chicrophyll

A potato field on each of two farms was monitored each year for four years
fiom 1996-1999. The flelds were each from 26 1o 30 ha and were haif of a Gt
center pivot iigated fleld. The farmers used a 3-year rototion, so in 1999 the L
same fields were monitored as in 1996, At 7 of the 8 fields from 47 1o 54 sites
in each field were monitored in detail 1o measure soil fertility, soit moisture
and rainfall plus imigation. In the fisst year only, 8 points were sampled on one
field. Tissue nutient scmples were laken 3 times ecch year af each samping
site.

Solt NO3 N
Peticie NO3 N
July 7, 1999

At each moniforing point vield scrmples were dug and graded for size.
Specific gravily and chipping or french fry scores were determined on these
scmples. Yield on the entire field wos monitored with @ yield menitor and
differential global posfioning and a topographic map was made.

in 1997 and 1999 remoie sensing muili spechal imagery was obicined on
the fields. Fertitizer sirips were applied 1o the fields with rotes of Nin 1997, N
and P in oddition fo the fammers rale in 1998 and P compoest and manuie in
1999.

Results and Discussion

Soil texture (Totle 1, Figure 1) was variable. This influenced water holding 1RES Sty 28, 155
capacily and coused water {cbies o cccumulate in paris of ¢l fields, The !
crnount of soil that cccurnuicted on the harvester belt and was weighed by
the vield montior wes influenced by the per cent clay.

Paticle NOZ N
July 3, 1898

Ha®
Tebie 1.Clay % for 3 years at 2 sites scch year for cbout 50 sampie sites per s A
field.
Hoys Fincastle
0.0-0.60m 0.0-0.80m

1997 5-35% 5-25% o

1698 5-30% 5-25%

1999 5-40% 5-35%
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Petiole P content on the 8 fields stutied was found 1o decline cbmptly ofler
ihe first scmpling In ecily July (Figure 3). The farmers were opplying cbout 60-
80 kg/ha B COniy those solls which had high levels [cbove 4.5 ppm P in 0-.15
m layer] did fissue P not usuclly become deficient. Sirip fials with P ferlilizers
and compost shewed ne increase In yield s comporad 1o the fommer's ioles
of fertiizers. It s not known if the stondaords used for levels of tissue P cre
cdeguate for Alberia growing conditions. For the 0-0.30 m faver soil CaCO,
content was usually below 2% ond soil pH was usucily between 7 andg 8.
These faciors should not be of mejor impaoitance in reducing the avcliabiiify
of P

Figure 3. Two sifes soil P and poiafo peticie P for two dates.

Soil FO4 P
Kaicwna

Conclusions

Variation in water supply and refention influenced iuber quollly faciors such
Qs average uber size, specific gravily and presence of cisease. lirigation
water applications were nol uniform,

Soll ferilily ond Yissue nutient siaius were variabie, CAS! imagery was
significantly correlated with the level of tissug nikogen. Acditional ferilizer
and soif N above 300 kg/ha N will have fittle effect on vield and wili confribuie
1o cdctional N losses fo groundwaler

Tissue phosphoius was focund 1o decline cpicly during the growing secson on
305 that tesied low in soit phosphorus, Yield iesponses were not obicined with
additional phosphorus feriizers.

Field scaie precision agricuiture projects provide ¢ ussiul reseaich 100i 1o
idertity problems in poicto production.
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Figure B. Fincastle Potcioes 1998 specific grovily

On iwo cther experimernis, where 1oles of P weie appiied 10 poigioes grown
on fields which had not been pisviously used for potaioes, fissue P cid not

" apruptly decline and P fetilizers did not increase yield of jubers, This leaves
ihe possibilty that soll bom diseases may be recucing the upiake of
phesphorus.

lfigation cpplicafions by the center pivot lirigation systerns were not unifoim.
in cne case q pivot was operated below optimum pressure and insufficient
waier was applied 1o the outer part of the circle. End guns and comer anms
usually applied less water than ihe remainder of the pivol, Differences in soil
texiure caused scme areas of the fields 10 accumuicie excess waler Waler
Influenced quality. Areas which received inodequale water produced ubers
with © lower specific giovity and larger cverage size than areas which
recaeived more water. At Fincasile in 1998 conslaiion between consumptive
use and specific gravily gave an r of 0.1 6 (Figures 4 and 8). Some areas of
the fields which had excess water had loss of jubers due 1o soff 1os.
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Figure 4. Fincastle Potatoss 1998 consumptive use, precipitation and inigation and fuber specific gravity
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