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INTRODUCTION:

CULTURAL PRACTICES THAT DECREASE POTATO DARK-ENDS

Clinton Shock, Lynn Jensen, Tim Stieber,
Eric Eldredge, James Vomocil, and ZoeAnn Holmes

Malheur Experiment Station
Oregon State University
Ontario, Oregon, 1988

In the fall of 1985, potato processors in eastern Oregon and southwestern
Idaho found themselves in a squeeze between rising quality specifications from
food service industry buyers and severely stressed potatoes that were hard to
process to these specifications. When water and temperature-stressed Russet
Burbank tubers are made into french fries, one end fries darker than the
other. The darker color is related to increased reducing sugar in that part
of the tuber. The nonuniform color has been dubbed "dark-ends".

The dark-end problem is not new and is not isolated to one production area.
In 1971 Columbia Basin potatoes suffered a severe dark-end year. Dark-ends
have occurred from time to time over many locations in the northwest.
Reducing dark ends has become increasingly important to growers selling to
processors as more of the processors' raw materials are made into frozen
french fries and as buyers of french fries demand a more uniformly light
colored product. Growers need to be able to produce high quality potatoes
with a low incidence of dark-ends.

Crop Rotation and Planning

Growers are implementing the findings of industry and research to reduce dark-
ends. Reduction of dark-ends begins with planning crop rotations. Silt loam
soils in southwestern Idaho and eastern Oregon should be planted to potatoes
only once every four years - a five or six year rotation is better. Desirable
crops to precede potatoes include alfalfa, wheat and corn. In general, the
preceding crop should leave considerable residue that can be incorporated to
reduce soil bulk density and promote water infiltration. Following sugar
beets or onions, little residue is left for incorporation and the soil is apt
to be compacted by tillage and harvest operations.

Fall vs Spring Bedding

Besides planning potatoes into a crop rotation, growers need to decide when to
bed the ground, what bed spacing to use and what irrigation system to use.
Soil conditions are often wet in the spring in Malheur County, Oregon. Spring
bedding of wet soil leads to soil compaction and decreased water infiltration.
Fall bedding in 1987 for the 1988 season produced higher quality potatoes than
spring bedding with both a greater percentage US Number One and slightly less
dark-ends (Table 1). Processors and growers could achieve mutual benefits by
reaching contractual agreements before fall bedding time.

Bedding Width

Growers can choose bed widths when new machinery is purchased. While the
potato industry raises potatoes on 32-in, 34-in, and 36-in beds, growers in
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southwestern Idaho and eastern Oregon use 36-inch beds. Experiments at the
Malheur Experiment Station in 1988 tested the effects of bed width on the
incidence of dark-end tubers in furrow irrigated Russet Burbank (Table 2).
Potato seed was planted on 32-in, 34-in, and 36-in beds at 10.1 in, 9.5 in,
and 9 in seed spacings respectively so that each treatment would have the same
number of seed pieces per acre. Greater incidence of dark-ends was found in
1988 on the 36-in bed spacings. Narrower bed promote more general wetting of
the soil between the furrows. Narrower beds may also promote earlier shading
of the soil surface.

Table 1. Comparison of fall and spring bedding. Malheur Experiment Station, Oregon State University,
Ontario, Oregon, 1988.

	

Total	 	 Grade 	 Specific	 USDA #4
Bedded
	

Yield	 Ones	 Twos	 Gravity	 Dark-ends
cwt/ac

Fall	 510	 48	 33	 1.081	 6.2
Spring	 522	 38	 44	 1.079	 10.4

F Fall vs Spring	 ns	 **	 ****	 25%

Table 2. Effect of decreasing row width on yield and quality of Russet Burbank potatoes. Malheur
Experiment Station, Oregon State University, Ontario, Oregon, 1988.

	

Market	 Dark-ends
Row	 Total	 Grade	 Specific	 USDA
Width	 Yield	 #1	 Gravity	 #4 

cwt/ac	 %	 %

32'	 461	 60	 1.075	 7.5
34'1	461	 64	 1.074	 7.5
36"	 482	 64	 1.075	 20.0

LSD(.05) ns	 ns	 ns	 9.2

Sprinkler vs Furrow Irrigation

Entering the mid-1980s, almost all potatoes in the Pacific Northwest were
grown under sprinklers. Yet the majority of the potato acreage in south-
western Idaho and eastern Oregon was under furrow irrigation. Trials were
conducted at the Malheur Experiment Station in 1986 and 1987 to compare solid
set sprinkler systems with furrow irrigation. Potatoes grown under sprinklers
had lighter fry color in all four trials. Sprinklers were related to
increases, in yields and tuber specific gravity in only one of the four trials.
In addition to reduced dark-ends, sprinklers were responsible for an increase
in US Number One tubers from 53 to 64 percent. In 1988 Ore-Ida fieldmen
analyzed all their furrow and sprinkler irrigated fields in Malheur County.
Sprinkler irrigated fields had fewer dark-end tubers and a greater proportion
of USDA Number One tubers.

Growers cannot always change to a well designed sprinkler system. They have
substantial investments in their existing systems and limited revenue to cover
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additional expenses. Growers have alternatives in irrigation management that
can improve potato quality with furrow irrigated systems including:

1) choice of the date of irrigation onset,
2) avoiding water stress during critical periods, and
3) using objective criteria to maintain soil moisture.

Delayed Irrigation Onset 

Silt loam soils that are worked and bedded in the fall can retain considerable
moisture into the spring. Little water is used by a potato seed piece from
planting to emergence. Soil water supplies from winter snow and spring rains
may be adequate to sustain the plant from planting to full emergence and
beyond.

Potato industry personnel observed that fields with delayed furrow irrigation
onset had healthier potato plants, resulting in better potato grade, few
dark-ends, and less "early die." Experiments were conducted in 1985 and 1986
testing the idea that delayed irrigation might lead to better potato quality.
Five stages of growth were used to start watering: sprouts on tubers, first
emergence of leaves, full emergence, beginning of tuber initiation, and about
a week after the beginning of tuber initiation. The highest incidence of
dark-ends occurred both years on the earliest irrigated potatoes. The percent
of US Number Ones increased with a delay in furrow irrigation onset both
years. Delay in irrigation onset beyond emergence decreased total yield in
1985 but not in 1986.

Usually with silt loam soils, furrow irrigation can be delayed until after
plant emergence. Irrigation before tuber initiation should not begin when
soil moisture at the seed piece level is 65% available water. When residual
soil moisture is adequate, farmers can reduce labor, conserve water, and
improve potato quality by not watering.

Timing of Stress That Results in Dark-ends 

Producers need to know when water stress must be minimized to avoid dark-ends.
Replicated trials at the Malheur Experiment Station under furrow irrigation
over the last three years have examined this key question. Late June water
stress treatments have lead to dark-ends in all the last three years. July
water stress was associated with dark-ends in 1987 and 1988, while early
August stress was associated with increased dark-ends in 1986 and 1987. Tuber
initiation in all these trials began between June 4 and June 8. Growers
should seek to avoid water stress from initiation through tuber bulking, while
keeping in mind that crop water use is greatest in the middle of the season.
The ease and consistency with which dark-ends can be produced by late June
water stress suggests that if the soil could be continuously wetter than the
normal in late June, dark-ends might be reduced further. Extra irrigations
resulting higher than normal soil moisture failed to further reduce dark-ends
at the Malheur Experiment Station (Table 3).
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Table 3. The effect of timed moisture stress periods on Russet Burbank tuber quality. Malheur
Experiment Station, Oregon State University, Ontario, Oregon, 1988.

Tuber Quality
Average USDA 	 Dark-ends 

Specific Stem-end #3 USDA	 #4 USDA
Treatment	 Gravity Fry Color	 Fry Color	 Fry Color	 Total

1. Check	 1.0850	 1.3	 13	 0	 13
2. Wetter	 1.0830	 1.4	 26	 0	 26

late June
3. Late June	 1.0825	 2.3	 47	 8	 55

water stress
4. July water 1.0803	 1.8	 34	 5	 39

stress
5. Early Aug.	 1.0859	 1.4	 16	 0	 16

water stress

LSD(.05) .0033	 0.6	 20	 0	 22

How Wet Should The Soil Be?

The industry standard is to keep the soil at or above 65% available water.
For many soils, 65% available water occurs near -0.5 or -0.6 bars soil water
potential. The lowest incidence of dark-ends under sprinkler irrigation was
found where the soil moisture level from mid-June to mid-August averaged -0.4
to -0.5 bars (or near to 70% available water) with no marked stress periods.

A Plan of Action

Growers who have had problems with dark-ends can reduce the problem by doing
the following:

1. Rotate crops, with four years or more between crops.
2 Follow crops that add residue to the soil, like wheat, corn, or

alfalfa.
3 Bed soil in the fall.
4 Reduce bed widths from 36-in to 34-in or 32-in.
5 Use well designed sprinkler systems rather than furrow irrigation

where economically feasible.
6 Delay furrow irrigation onset until emergence or beyond when soil

moisture permits.
7 Minimize water stress from tuber initiation through bulking without

over irrigating.
8. Maintain close control of soil water.
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EFFECTS OF ROWSPACING AND FURROW DEPTHS ON FURROW
IRRIGATED RUSSET BURBANK YIELDS AND QUALITY

Clint Shock, Tim Stieber, Eric Eldredge,
Mike Lewis, Mike Mungoven, and Jim Vomocil

Malheur Experiment Station
Oregon State University
Ontario, Oregon, 1988

Purpose 

While the potato industry raises potatoes on 32-in, 34-in, and 36-in beds,
growers in southwestern Idaho and eastern Oregon use 36-in beds. Narrower bed
widths would promote more general wetting of the soil between the furrows and
promote earlier shading of the potato hill. These changes in plant
environment may reduce dark-ends and increase quality of furrow irrigated
potatoes.

Procedures 

In the spring of 1988, 120 lbs N/ac as ammonium nitrate were broadcast because
the available sidedressing equipment was not adjustable over the 32-in, 34-in,
and 36-in hilling treatments. On April 26, two ounce Russet Burbank seed were
hand planted 9-in deep on 32-in, 34-in, and 36-in beds at 10.1 in, 9.5 in, and
9-in seed spacings respectively so that each row width treatment would have
the same number of seed pieces per acre. The hills were opened, hand planted,
3 lbs ai/ac Temik applied, then immediately closed to preserve soil moisture.

At final hilling, shovels in the row wheel furrows were adjusted to either 5-
in or 9-in for the three row widths. This resulted in six treatments (Table
1). The experimental design was a randomized complete block with four
replications. Plots were four rows wide and 80 feet long.

Dry spring bedded soil conditions necessitated an early irrigation onset in
May. First irrigation of the furrows was June 15 to maximize soil moisture
during late June. Irrigation decisions were by soil content monitored by
neutron probe with access tubes located in each harvest row. Infra-red canopy
measurements were made to detect possible differences in plant stress due to
the treatments.

Thirty lbs N/ac was applied July 29 in response to low petiole N levels. The
additional N did not have a large effect on the N deficient plants and may
have caused the late August sengence.

On September 23, 50 feet from the center of each plot was harvested. The
potatoes were graded into four basic categories: ones, twos, culls, and
rotten tubers. The US Number One tubers were divided into three sizes:
greater than ten oz, six to four oz, and four to six oz. The US Number Two
tubers were divided into two sizes: greater than 10 oz, and four to ten oz.
All tubers less than four ounces were considered culls.

A tuber sample from the harvested potatoes was measured for specific gravity
by the weight-in-air/weight-in-water method. Stem-end fry color was
determined by frying center slabs of 20 potatoes per plot for 2.5 minutes at
375° F. The light reflectance of each slab was read using a Photovolt
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Reflectance Meter centered 0.5 in from the stem-end. Pre-established cut-off
values were utilized to determine the percent, USDA #3 and #4 dark-ends.

Results and Discussion

Furrow irrigation of the evaluated non-wheel furrows did not significantly
increase soil water content in the potato hill at any time during the season
(Table 2).- Soil cracks across the hill caused some stream crossover during
the first irrigation of the evaluated furrows. In every case, the standard 9-
inch non-wheel furrow had more water in the second foot than evaluated furrows
(Table 2).

First foot soil water content in the 32-in rows averaged 3.2 in/ft compared to
3.0 in/ft for 34-in and 36-in rows. Second foot soil water content and also
higher in the 32-in rows. (Table 2).

Evaluated non-wheel furrows were related to a decrease in percent Number One
tubers and an increase in large US Number Two tubers in all three row width
(Table 3). Evaluated furrows did not have a consistent effect on specific
gravity or fry color (Table 4).

The 36-in row width had more US Number One tubers greater than 10 oz at the
10% significance level (Table 3). Total Ones and percent Ones were also
higher with 36-in beds but neither reach statistical levels (Table 3). There
was a trend towards more undersized tubers with the decreasing row width which
suggests increased tuber set.

The August plant senescence coupled with the unseasonably warm September
temperatures likely induced the dark overall fry color observed in all plots
(Table 4). Beds on 36-in spacing had significantly greater percentage of
Number Four dark-ends. The 32-in spacing was not different from 34-in spacing
in this regard.
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Table 1. Row width and non-wheel furrow depth treatments. Malheur Experiment Station, Oregon State
University, Ontario, Oregon, 1988.

Treatment	 Row	 Non-wheel
#	 Width	 Furrow Depth

in	 in

1. 32	 9

2. 32	 5

3. 34	 9

4. 34	 5

5. 36	 9

6. 36	 5

Table 2. Season long soil water content of row width and non-wheel furrow treatments. Malheur
Experiment Station, Oregon State University, Ontario, Oregon, 1988.

- - - Non-wheel 	 Average Soil Water Content 	
Row	 Furrow
Width	 Depth	 June	 July	 August	 Season

1'	 2'	 1'	 2'	 1'	 2'	 1'	 2'

in	 in	 	  inches per foot 	

32	 9	 2.99 3.80	 3.11	 3.75	 3.12	 3.86	 3.10 3.80
32	 5	 3.11	 3.64	 3.29	 3.74	 3.26	 3.76	 3.24 3.71

34	 9	 3.00 3.69	 3.07	 3.67	 3.07	 3.70	 3.07 3.70
34	 5	 2.77 3.63	 3.01	 3.56	 2.84	 3.61	 2.93 3.60

36	 9	 3.04 3.70	 3.12	 3.72	 3.23	 .3.82	 3.13 3.74
36	 5	 2.76 3.66	 3.00	 3.66	 2.82	 3.70	 2.91 3.68

F Row Width	 ns	 ns	 ns	 ns	 ns	 ns	 2.5% ns
F Furrow Depth 25% 10%	 ns	 ns	 ns	 ns	 ns 25%

Table 3. Yield and grade of Russet Burbank potatoes in response to row width and non-wheel furrow depth treatments 1988. Malheur Experiment
Station, Oregon State University, Ontario, Oregon, 1988.

Yield By Grade

	

US NUMBER ONES 	 US NUMBER TWOS	 Percent by Grade
Row Furrow	 1a + oz	 6-10 oz	 4-6 az	 Total 10+ oz 4-10 az	 Total	 Culls	 Rot	 Total	 Ones	 TwosWidth Depth	 Yield

in	 in  -Cwt/ac 	  

32	 9	 33	 146	 101	 280	 14	 60	 74	 105	 2	 461	 60	 1632 5	 47	 169	 73	 289	 32	 60	 93	 105	 2	 488	 59	 19

34	 9	 39	 152	 103	 294	 17	 58	 75	 90	 1	 461	 64	 1634 5	 47	 150	 80	 277	 25	 69	 94	 98	 2	 471	 59	 20

36	 9	 42	 160	 109	 311	 15	 64	 79	 89	 2	 482	 64	 1736	 5	 56	 148	 88	 293	 21	 70	 91	 92	 2	 478	 61	 19

F row width	 10%	 ns	 ns	 ns	 ns	 ns	 ns	 202	 ns	 ns	 ns	 nsF furrow depth	 ns	 ns	 **	 ns	 10%	 ns	 12%	 ns	 ns	 ns	 10%	 ns
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Table 4. Specific gravity and fry color responses of Russet Burbank potatoes to row
width and non-wheel furrow treatments 1988. Malheur Experiment Station,
Oregon State University, Ontario, Oregon, 1988.

Row	 Furrow
Width	 Depth

Specific
Gravity

Fry Color
Reflectance

USDA No. 4
Dark-ends

Photovolt %

in	 in

32	 9 1.075 35 7.5
32	 5 1.075 35 7.5

34	 9 1.074 35 7.5
34	 5 1.076 35 7.5

36	 9 1.075 31 22.5
36	 5 1.074 32 17.5

LSD (0.05) Row width ns 4 9.2
LSD (.05) Furrow depth ns ns ns
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SOIL WATER POTENTIAL THRESHOLD FOR DARK-END TUBER FORMATION
ON RUSSET BURBANK POTATOES

Eric Eldredge, Clinton Shock, and Tim Stieber
Malheur Experiment Station
Oregon State University
Ontario, Oregon, 1988

Introduction

Dark stem-end fry color in Russet Burbank potatoes grown for processing in
Eastern Oregon has been associated with environmental stress. In late June
hot and dry weather can cause the potato plants to be stressed by heating the
plant canopy, heating the soil, and creating soil moisture stress. If
irrigation is deficient, soil moisture becomes inadequate and stress can
become severe.

Research was conducted at the Malheur Experiment Station in 1988 to
investigate the relationship between a single period of soil moisture stress
and dark stem-end fry color and to determine, if possible, the soil moisture
stress threshold at which Russet Burbank produces tubers that fry dark on the
stem-ends.

Materials & Methods

Russet Burbank seed was treated with Tops fungicide and planted during late
April. Potatoes were planted 9 in apart in 3 ft beds. Trials on the Malheur
Experiment Station received 100 lbs/ac of phosphate in the fall and 120 lbs/ac
of nitrogen sidedressed at planting. The experiments were monitored for
petiole nitrate levels. Plots received an additional 20 to 50 lbs/ac of
nitrogen during July and August according to petiole nitrate levels. Temik
was sidedressed after planting at three pounds ai/ac. Fertilization and
insect control were uniform across treatments within any one experiment to
minimize their effects.

A field of Russet Burbank with solid set sprinkler irrigation was divided into
six treatments replicated seven times for a total of 42 plots. Plots were 5
rows wide by 55 ft long. Electrical conductivity soil moisture sensors
(Watermarks) were buried 10-in deep in the center row of each plot, 2 sensors
20 ft apart, with hookup wires leading out to the edge of the field. Soil
moisture readings from the Watermark sensors constituted the treatment levels
based on Watermark readings of 2.5, 5, 7.5, 10, 12.5, and 15.

All plots were irrigated similarly until June 18, when the solid set sprinkler
system was converted to deliver water under pressure to garden hose faucets
installed on the sprinkler risers in place of the sprinkler heads. Plots were
then allowed to dry out until the Watermark sensor readings reached the
treatment soil water potential planned for each plot. When a plot reached its
soil water potential treatment level a small PVC pipe miniature sprinkler
system having three square-pattern heads was carried in and connected to the
water supply with a garden hose. Plots were then maintained at their
treatment soil water potential by irrigation using the mini systems until the
most stressed treatment plots had received their stress-relief irrigation.
Then, on July 19, the solid set sprinkler system was turned on again and the
crop was grown to harvest with irrigation supplied by the solid set system.
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Tubers from five plants were dug form each plot at three different times:
before the stress period, on the day stress was relieved in each plot, and
after stress had been imposed and relieved on all plots. A sample of tissue
was cut from the center of the stem-end of 30 tubers at each sampling and
frozen in liquid nitrogen for analysis of amino acid changes associated with
stress. At the time of stress relief in each plot, an soil sample consisting
of 10 sample probes at the seed piece/sensor depth (10 in) was taken for the
center of the middle row for gravimetric soil moisture measurement. Leaf
water potential was measured in each plot at the time of stress relief by
placing the terminal leaflet of the third fully unfurled leaf form the shoot
apex in a J14 model leaf press.

At harvest a sample of 75 tubers was taken from each plot and approximately 25
of those were used to determine stem-end fry color. Yield and grade were
measured on the harvest of tubers (including the sample 75 tubers) from 40 ft
of the harvest row in each plot. Dark-end fry color was determined by frying
slabs of potatoes for 2.5 minutes at 375°F. The light reflectance of each
piece was read using a photovolt reflectance meter with a green trismulus
filter. The lighter the fried potato strip, the greater the light
reflectance. Tuber stem-end fry color was also related to the USDA fry color
chart.

Results and Discussion

There was no significant response in total yield of Russet Burbank to the six
soil moisture stress treatments (Table 1). Tuber quality was influenced by
stress imposed in late June and early July. The yield of US Number One tubers
in the 12.5 and 15 bar treatments was significantly less than in the other
treatments. US Number Two tuber yields increased with soil moisture stress
(Table 1). A large proportion of the tubers was undersized, possibly due to
white mold infection on the potato plants.

Specific gravity was highest in the treatment plots that had been stressed
least, and as stress levels increased specific gravity decreased. Stem-end
fry color was darkest in the treatment that had been stressed the most, while
the three least stressful treatments had light fry color (Table 2).

Sugar-ends (individual stem-end slabs that fried USDA No. 3 or No. 4) were
mostly in the most stressed treatments (Table 2).
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Table 1. The effects of six levels of soil water potential during early tuber bulking
on the yield and market grade of Russet Burbank potatoes, Malheur Experiment
Station, Oregon State University, Ontario, Oregon, 1988.

Treatment

Yield by trade 
Watermark	 Number	 Number	 Undersized	 Jelly-end	 Total
Reading	 One	 Two	 Tubers	 Rot	 Yield

cwt/ac

	

2.5	 179	 176	 138	 2	 495

	

5	 165	 208	 140	 1	 515

	

7.5	 163	 207	 157	 1	 528

	

10	 143	 223	 167	 0	 533

	

12.5	 67	 239	 194	 8	 507

	

15	 50	 292	 169	 5	 515

LSD(.05)	 38	 52	 ns	 5	 ns
LSD(.10)	 32	 -

Table 2. The effects of six levels of soil water potential during early tuber bulking on
the yield and market grade of Russet Burbank potatoes. Malheur Experiment
Station, Oregon State University, Ontario, Oregon, 1988.

Treatment	 Dark-ends

Average USDA
Watermarks	 Specific	 Stem-end	 No. 3 USDA	 No. 4 USDA
Readings	 Gravity	 Fry Color	 Fry Color	 Fry Color	 Total

2.5 1.0819 0.5 6 0 6
5 1.0828 0.6 9 0 9
7.5 1.0816 0.4 5 0 5.

10 1.0781 0.8 8 0 8
12.5 1.0718 1.5 23 1 24
15 1.0705 1.9 30 3 33

LSD(.05) .0034 0.4 13 ns 14
LSD(.10) 2

1 1



LOCATION OF TUBERS WITH DARK-END FRY COLORS
IN FURROW IRRIGATED POTATO BEDS

Tim Stieber and Clint Shock
Malheur Experiment Station
Oregon State University
Ontario, Oregon 1988

Purpose

Potatoes from numerous furrow irrigated research plots were analyzed for stem-
end fry color following the 1986, 1987, and 1988 seasons. These samples were
seldom completely free from dark-end tubers. Potato beds were excavated in
1988 to help explain the variability observed in the fry analyses and
determine the areas with the greatest concentration of dark-ends within the
potato hill.

Ob ectives

The potato bed excavation was designed to test for differences in percent
dark-end potatoes as related to soil depth, north or south exposure, and
position relative to wheel or nonwheel furrows. The hypotheses to be tested
were the following:

1. Location of dark-end tubers within the potato hill is completely
random.

2. Potatoes deeper in the bed grow in a cooler environment and have
fewer dark-ends - top vs bottom of potato bed.

3. North side of the beds are cooler and consequently tubers have fewer
dark-ends - north vs south side of potato hill.

4. Potatoes adjacent to wheel row grow into soil with greater bulk
density and have reduced water penetration, so they have more dark-
ends - area adjacent to wheel vs nonwheel furrow.

Procedures 

The Owyhee silt loam soil in the sampling area had been fall bedded after fall
chisel plowing of the 1987 wheat stubble. Two oz Russet Burbank seed was
planted 9-in apart and 9-in deep on three-ft beds. The potatoes were
sidedressed with 120 lbs N/ac as ammonium nitrate and 3 lbs ai/ac of Temik on
May 3, 1988. An additional 30 lbs N/ac were broadcast on July 29 as indicated
by petrole analysis.

The field was furrow irrigated in every other furrow starting May 27, 1988.
Tuber initiation was June 4. The areas surrounding the sampling site were
harvested September 20 and analyzed for yield, grade, specific gravity, and
stem-end fry color.

The eight hill locations sampled are outlined in Table 1 and illustrated in
Figure 1. The experiment was designed so that three 2-factor comparisons
could be made using a large number of observations. The potatoes were dug on
October 24 and analyzed for specific gravity and stem-end fry color,
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October 25. Only potatoes entirely within one of the eight locations were
kept for analysis. Tubers not entirely in one of the eight regions were
discarded. About 20 ft of row was needed to obtain an adequate lab sample (20
tubers per treatment). Five replicates of each treatment were collected at
increasing distances down the same set of potato hills in the field.

The specific gravities were determined by the weight-in-air/weight-in-water
method. Stem-end fry color was determined on all tubers by frying center
slabs of potatoes for 2.5 minutes at 375°F. The light reflectance of each
piece was read using a Photovolt reflectance meter centered 0.5 in from the
stem-end. Previously established cut-off values were utilized to determine
the percent of USDA No. 3 and USDA No. 4 dark-ends in each sample.

Results and Discussion

Potato yield and quality of the areas adjacent to the sampling sight is
outlined in Table 2. The site had high yields, percent ones, specific
gravity, and a light average fry color of USDA 2.0, but a discouraging 6.2%
USDA No. 4 dark-ends.

Average stem-end fry color reflectance of 100 tubers from each area was nearly
identical (Table 3). The only significant difference in fry color occurred
with the percent USDA No. 4 dark-ends. All eight locations tested had both
USDA No. 3 and USDA No. 4 dark-ends. The differences in specific gravity did
not always support the original hypotheses. The specific gravity on the north
side of the non-wheel row were among the lowest (p –.05).

Comparing the potatoes found in the top versus the bottom of the hill reveals
a significantly higher specific gravity and lower incidence (not statistical)
of USDA No. 4 dark-ends in the bottom of the potato hill (Table 4). This
supports the hypothesis that states that potatoes in a cooler soil temperature
environment would develop higher quality potatoes.

Neither north vs south sides of the beds nor wheel row vs non-wheel rows were
consistently related to differences in dark-ends or tuber specific gravity
(Tables 5 and 6). North vs south sides of the rows may not have been as
important in this study because of excellent canopy cover and little direct
solar penetration to the soil surface.

• Conclusion

Results of this study may only be applicable to furrow irrigated potatoes.
Variations in cultural practices, field conditions, and season may produce
different results than those observed in this study. USDA No. 4 dark-ends
were not highly localized to any of sampled regions. Variation in the fry
analysis procedure might be further explained by examining plant-to-plant or
stem-to-stem differences down the row.

Results & Discussion

The area adjacent to the sampling site had 6.2% USDA No. 4 dark-ends (80
strips fried) compared to 2.1% over all the 800 + tubers fried from the eight
regions. The 6.2% represent potatoes of all grades equally while the 2.1%
figure could not include as many large US No. 2 tubers because they were not
often localized to one of the eight areas being measured. Another factor in
the descrepancy in dark-ends was harvest date.

13



Table 1.	 Potato hill locations sampled October 24 and analyzed for specific
gravity and fry color. Malheur Experiment Station, OSU, Ontario,
Oregon 1988.

Treatment Top*/Bottom of
Potato Hill

North/South
Exposure

Adjacent to
Wheel or Non-
Wheel Furrow

1 Top North Wheel
2 Bottom North Wheel
3 Top South Non-wheel
4 Bottom South Non-wheel
5 Top North Non-wheel
6 Bottom North Non-wheel
7 Top South Wheel
8 Bottom South Wheel

* Top 4" depth

Figure 1.	 Potato hill locations sampled October 24 and measured for specific
gravity and fry color. Malheur Experiment Station, OSU, Ontario,
Oregon 1988.

NORTH SOUTH	 SOUTH NORTH

TOP

WHEEL
	

NONWHEEL	 WHEEL	 BOTTOM
ROW
	

ROW	 i	 ROW

14



Table 2.	 Potato quality of October 24 sampling site. Malheur Experiment
Station, OSU, Ontario, Oregon 1988.

Yield	 523 cwt/ac
Grade	 52% Ones
Specific Gravity	 1.0827
Average Stem-end Fry Color	 USDA No. 2.0
USDA #4 Dark-ends	 6.2%

Table 3.	 Potato quality distribution within the potato hill. Malheur
Experiment Station, OSU, Ontario, Oregon 1988.

Average
North Top	 Wheel Row	 Dark-ends	 Stem-end
vs	 vs	 vs	 Specific	 No.	 No.	 Fry Color
South Bottom Non-wheel 	 Gravity	 3	 4	 Total	 Reflectance

	  % 	

N T	 W	 1.0805	 16	 3	 19	 45.9
N T	 NW	 1.0798	 16	 1	 17	 45.0
N B	 W	 1.0842	 19	 2	 21	 47.6
N B	 NW	 1.0796	 18	 1	 19	 46.3

S	 T	 W	 1.0805	 10	 1	 11	 47.6
S	 T	 NW	 1.0822	 12	 4	 16	 45.4
S	 B	 W	 1.0821	 15	 4	 19	 45.1
S	 B	 NW	 1.0820	 15	 1	 16	 46.2

LSD(.05)	 .0021	 -
LSD(.10)	 3

Table 4. Specific gravity and percent USDA No. 4 stem-end fry color of
potatoes from the top four inches and below four inches within a
potato hill. Malheur Experiment Station, OSU, Ontario, Oregon
1988.

Specific	 USDA No. 4
Location	 Gravity	 Darkends*

Top	 1.0807	 2.3
Bottom	 1.0820	 2.0
LSD(.05)	 0.001	 NS

* Comparison of 400 tubers per location.

15



Table 5. Specific gravity and percent USDA No. 4 stem-end fry color of
potatoes from sides of potato hills with either a north or south
exposure. Malheur Experiment Station, OSU, Ontario, Oregon 1988.

Specific	 USDA No. 4
Location	 Gravity	 Darkends* 

North	 1.0810	 1.8
South	 1.0817	 2.5

NS	 NS  

* Comparison of 400 tubers per exposure. 

Table 6. Specific gravity and percent USDA No. 4 stem-end fry color of
potatoes from areas adjacent to either wheel or non-wheel rows.
Malheur Experiment Station, OSU, Ontario, Oregon 1988. 

Area Adjacent	 Specific	 USDA No. 4
To	 Gravity	 Darkends*  

Wheel	 1.0818	 2.6
Non-wheel	 1.0809	 1.8

NS	 NS  

Comparison of 400 tubers per acre. 
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PLANT GROWTH REGULATOR 86177 EFFECTS ON WATER STRESSED
AND NON-STRESSED RUSSET BURBANK POTATOES

Clinton Shock, Tim Stieber,
and Angela Bibby

Malheur Experiment Station
Oregon State University
Ontario, Oregon, 1988

Ob ective

The plant growth regulator UC 86177 with anti-transpirant activity was tested
to see if it could be used to improve the quality of Russet Burbank potatoes.
The plant growth regulator was tested on water stressed and non-water stressed
potatoes. Water stress in the Treasure Valley typically leads to dark
stem-end french fry color and high proportions of Number Two tubers. Any
product or practice that could reduce dark-ends would be of practical value.

Procedures

Owyhee silt loam soil was fall bedded in beds three feet apart. The soil had
2.4 inches of available water holding capacity per foot. Before planting 2 lb
ai/ac of Dual and 1 lb ai/ac of Prowl were sprayed for weed control. Two
ounce Russet Burbank seed pieces were planted April 27, 9-inches apart and
9-inches deep. On May 2 the beds were sidedressed with 120 lb N/ac in the
form of ammonium nitrate and 3 lb ai/ac of Temik. The field received no
further cultivation.

The experimental design was a randomized complete block with seven treatments
and four replicates. Treatments included well watered check plots, June
stressed plots, and August stressed plots. Anti-transpirant was applied one
week before each stress period and on corresponding non-stressed plots (Table
1)

The anti-transpirant UC 86177 was applied June 17 and July 27 at a rate of 1.9
and 1.1 lb ai/ac respectively. For each 10 g of UC 86177 mixed, 12 ml of a
specific adjuvant was added. Sprays were applied at 5 ppm using 30 gallons
per acre and 45 psi using four teejet 8002 nozzles to cover two rows of
potatoes.

Each experimental unit consisted of four rows of potatoes 100 feet long. Each
plot was served with gated pipe, tail ditch, and two watermark sensors. The
watermark sensors were mounted on both sides of the harvest row, 10 cm from
the center of the bed and 20 cm deep. Soil moisture was monitored
approximately four times per week. Plots were furrow irrigated starting in
early June to maintain soil moisture at or above -0.7 bars. Each successive
irrigation was in alternate furrows. Total rainfall was 1.25 inches between
planting and harvest.

Crop canopy temperature, air temperature, and air relative humidity were
measured one to five times a week, June through August, using a Standard Oil
of Ohio 1987 model Scheduler. Scheduler readings were taken one meter above
the crop canopy at a 30° angle from the horizontal facing directing away from
the sun with 10 replicates per plot. The Scheduler calculated the vapor
pressure deficit (VPD) and the crop water stress index (CWSI). CWSI values
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were on a scale of 0 to 10 using baselines developed at the Malheur Experiment
Station. Negative CWSI values can occur on well watered potatoes.

The field was sprayed July 19 with P, Zn, Cu along with four lb ai/ac of
Dithane. Petiole analyses indicated the need for nitrogen fertilizer in late
July. On July 27 urea was broadcast on all treatments to supply 30 lb N/ac.
The crop was harvested October 3, graded October 5 and samples were stored for
determination of specific gravity and fry color. Fry color was determined 1/2
inch from the tuber stem-end using longitudinal slabs through the length of
the tuber.

Results 

Potato tuber initiation started June 7. On June 17 irrigations were stopped
on June stressed plots to allow the soil moisture level to fall below -0.7
bars by late June. Similarly, irrigation ended July 27 for early August
stressed plots. Plots with and without anti-transpirants had equivalent soil
moisture (Table 1). Weather was unusually hot from June 16 to June 26.

No phytotoxic effects of the anti-transpirant were observed in 1988. None of
the tubers in any treatment had hollow heart or heat necrosis.

Crops Water Stress Index

Anti-transpirant applied on June 17 was associated with significant heating of
the crop canopy and significantly higher crop water stress indices during the
pre-stress period (Table 2). During the late June period CSWI values were
cooler where the anti-transpirant had been applied to water stressed potatoes
(p –.10). Neither canopy temperature differences nor CWSI changes were
significant following the July 27 anti-transpirant applications.

Potato Yield and Grade

Water stress and the anti-transpirant applications had clear effects on potato
yield and market grade (Table 3). The check treatment produced 613 cwt/ac
consisting of 49.8 percent Number One tubers, 29.4 percent Number Two tubers,
and 0.5 percent jelly-end rot tubers. The check treatment had relatively high
yields and reasonable market grade given the unfavorable 1988 growing con-
ditions. June applied anti-transpirant had no effect on yield or market grade
of well watered potatoes on the yield or market grade of well watered potatoes
but July 27 applied anti-transpirant reduced yields of Number One tubers in
the non-stressed plots.

June stress was associated with increased Number Two tubers and corresponding
decreases in Number One tubers. Jelly-end rot was very high in the June
stressed tubers. Anti-transpirant applied before June stress reduced
jelly-end rot and was also associated with reduced yield of tubers larger than
10 ounces (Table 3). August stressed potatoes receiving anti-transpirant were
not significantly different from the well watered check in yield or market
grade.

Specific Gravity

All treatments resulted in potatoes with specific gravity above 1.08. June
stressed potatoes receiving anti-transpirant had a significantly lower
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specific gravity (1.0812) than the well watered check with or without
anti-transpirant (Table 4).

Stem-end Fry Color

Tubers from June stressed treatments had high indices of dark stem-end fry
color compared with the check (Table 4). Non-homogeneous variances clouded
the distinction of dark-end levels between other treatments.

Critical Stem-end Fry Colors and Jelly-end Tubers 

Severe stress leads to dark stem-end fry colors and high indices of
jelly-ends. Jelly-end tubers would be recorded as dark-ends if fried, but
they were discarded before frying. In Table 5, jelly-end tubers and critical
stem-end fry colors are considered together. June stressed tubers without
anti-transpirant had a significantly higher proportion of useless tubers
(22.8%) than with the anti- transpirant (14.1%).

Discussion

The June stressed treatment without anti-transpirant yielded 709 cwt/ac,
significantly more than any other treatment (Table 3). June stress treatments
at Ontario typically produce dark green plants that have prolonged vigor at
the end of the growing season. Late season bulking may have contributed to
the high yield of this treatment. If culls and jelly-end rot are subtracted
from the yield total, the June stressed treatment produced 500 cwt/ac of
marketable yield. Marketable yield was not significantly different among
treatments (footnote on Table 3).

Conclusions

Irrigation stress in June of 1988 lead to increased yield, Number Two tubers,
jelly-ends, and dark-ends. August stress in 1988 had little effect on potato
yield or quality.

June 17 applied anti-transpirant was associated with increased potato canopy
temperatures resulting in increased CWSI values prior to the stress period.
June applied anti-transpirant reduced jelly-end tubers on late June stressed
potatoes. June anti-transpirant had no statistically significant effect on
tuber yield or quality when applied to well watered potatoes.

The anti-transpirant applied on July 27 to well watered plots reduced Number
One tubers. Dark-ends were increased (p – 0.10). July 27 anti-transpirant
application had no statistically significant effect on tuber yield or quality
for early August stressed potatoes.

Acknowledgment
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Table 1.	 Stress period soil moisture of water stressed and non-stressed
Russet Burbank potatoes treated with the anti-transpirant UC
86177, Malheur Experiment Station, OSU, Ontario, Oregon, 1988. 

Treatment 	 Average Soil Moisture 
Anti-transpirant	 During Late	 During Early
Timing	 Rate	 June Stress	 August Stress

Irrigation

lbs/ac	 	  bars

Check	 None	 -0.48	 -0.64

Check	 June 17	 1.9	 -0.52	 -0.62

June stress	 None	 -1.10	 -0.62

June stress	 June 17	 1.9	 -1.07	 -0.58

Check	 July 27	 1.1	 -0.52	 -0.70

August stress	 None	 -0.51	 -1.08

August stress	 July 27	 1.1	 -0.41	 -1.10

F overall
	 ***	 ***

LSD(.05) 
	

0.26
	

0.20
***Significant at p - .001.

Table 2. Crop canopy cooling and crop water stress index (0-10) for water stressed and

non-stressed Russet Burbank potatoes treated with the anti-transpirant UC 86177.

Malheur Experiment Station, OSU, Ontario, Oregon, 1988.

Average Crop Water Stress Index

Irrigation Anti-transpirant Entering 	 During	 Entering	 During	 Entering	 During

Application	 June	 June	 June	 June	 August	 August

	

Stress	 Stress	 Stress	 Stress	 Stress	 Stress
0

- _ _ -	 	  0 to 10 	

Check None -10.1 -9.7 0.4 -1.6 -0.1 0.9

Check June 17 -8.8 -9.3 1.1 -1.4 -0.9 0.2

June stress None -7.5 -4.9 1.8 1.0 -0.6 0.5

June stress June 17 -3.6 -5.7 3.4 0.4 -0.9 -0.1

Check July 27 -10.0 -9.3 0.5 -1.4 -0.2 0.4

August stress None -11.5 -9.2 0.1 -1.4 -0.5 1.6

August stress July 27 -10.8 -9.7 0.1 -1.6 -0.2 1.4

F overall *** *** *** *** ** 6X
LSD(.05) 1.3 1.3 0.7 0.7 0.5 ns

LSD(.10) 1.1 1.0

***Significant at p = .001, ** significant at p = .01, 6X significant at p = 0.6.
20
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Table 4. Specific gravity and stem-end fry color of water stressed and non-stressed Russet Burbank potatoes

with the anti-transpirant UC 86177. Malheur Experiment Station, OSU, Ontario, Oregon, 1988.

Treatments	 Stem-end	 Percentages of Marketable Yield 

Irrigation	 Anti-transpirant	 Specific	 Fry Color	 No 3 Fry No 4 Fry Total Dark-ends

applicaton	 Gravity	 Reflectance	 Color	 Color	 #3's & #4's

Check None 1.0850 43.8 13.1 0 13.1

Check June 17 1.0847 46.0 18.0 1.2 19.2

June stress None 1.0825 34.2 46.7 8.3 55.0

June stress June 17 1.0812 36.6 40.2 6.2 46.4

Check July 27 1.0830 42.4 18.0 1.2 19.2

August stress None 1.0859 43.3 16.2 0 16.2

August stress July 27 1.0831 40.5 17.5 5.0 23.5

F overall * ** * 72 **

LSD(.05) .0033 6.3 19.7 ns 22.0

LSD(.10) - 5.0

*Significant at p = 0.5, ** significant at p = .01, 72 is significant at p = .07.

Table 5. Percent jelly-end rot and percent critical dark-ends of water stressed and non-

stressed Russet Burbank potatoes treated with the anti-transpirant UC 86177. Malheur

Experiment Station, OSU, Ontario, Oregon, 1988.

Treatments 	 Percent of Severely Damaged Tubers

Irrigation	 Anti-transpirant	 Jelly-end	 USDA No. 4 Stem-end	 Jelly-end &

Application	 Rot	 Fry Color	 USDA No. 4

(All Yield)	 (Marketable)	 (All Yield)

Check None 0.5 0 0.5

Check June 17 0.9 1.2 2.1

June stress None 16.5 8.3 22.8

June stress June 17 8.5 6.2 14.1

Check July 27 1.7 1.2 2.9

August stress None 0.4 0 0.4

August stress July 27 0.4 5.0 5.4

F overall *** 7X * * *

LSD(.05) 4.9 - 7.6

LSD(.10) 5.0

7 X is significant at p = .07, *** significant at p = .001.
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Irrigation Stressed Potato Variety Trial, 1988

Tim Stieber, Clint Shock, and Eric Eldredge
Malheur Experiment Station
Oregon State University
Ontario, Oregon, 1988

Ob ective

The effects of water stress on promising new potato lines were evaluated in
comparison to the Russet Burbank variety. The effects of late June water
stress were evaluated on tuber yield, market grade, subjective evaluation,
internal solids, and fry color.

Introduction

The negative impacts of water stress on Russet Burbank potatoes are well docu-
mented. Tubers are typically irregular with chaining, dumbbells, pointed
ends, knobs, and growth cracks. Internal defects include low specific
gravity, dark stem-end fry colors, and reduced starch at the stem-end of the
tuber. Extremely stressed tubers may develop jelly-ends.

Potato breeding and selection procedures are providing a wealth of varieties
with potentially useful properties for processing. Variety Trials are
normally conducted under favorable cultural practices. Yet it would be useful
for growers and processors to have tolerance to stress included in a variety
so that raw material characteristics would be stable independent fluctuations
in weather and growing conditions.

Materials and Methods 

Thirteen potato lines were chosen from among the 1987 Oregon Statewide Potato
Variety Trial that demonstrated low indices of dark-ends, light general fry
color, high specific gravity, and high yields of Number One tubers. The other
six varieties have long histories of testing at Ontario.

Two-ounce potato seed was planted April 28, 1988, in 36-inch beds, 9 inches
deep and 9 inches between seed pieces. Seed had been treated with Tops
fungicide. Varieties were replicated four times in single row plots with 40
feet per plot. Varieties were separated within each bed with red potatoes.
The experimental design was a randomized complete block design with four
replicates.

The soil was an Owyhee silt loam with high water holding capacity. Fall
fertilization consisted of 44 lbs P/ac. On May 2 the field was side dressed
with 120 lbs N/ac as ammonium nitrate. Temik was applied on the same date at
three pounds ai/ac. On July 29, 30 lbs N/ac as Urea was broadcast.

Irrigation stress was imposed by omitting furrow irrigations from June 16 to
July 6. No rain fell during the water stress period. Maximum day time
temperatures over 100° F were reached on June 20, 22, and 23. The average
soil water potential reached -1.12 bars, 8 inches deep in the beds, on July 6
as determined by Larson Block Soil Moisture Sensors.
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Potatoes were dug October 4 and graded into the following categories: US
Number One 10-ounce and larger, US Number One 6 to 10 ounces, US Number One 4
to 6 ounces, US Number Two 10-ounce and larger, US Number Two 4 to 10 ounce,
undersized potatoes (less than 4 ounces), and rot. A representative sample of
potatoes from every plot was evaluated for specific gravity, solids distribu-
tion, average fry color, percent of tubers with dark-end fry color, glucose
content, and sucrose content. The glucose forming potential (GFP) was
calculated by dividing the molar concentration of glucose by the molar
concentration of sucrose.

Results and Discussion

Plant growth was normal and tuber initiation began on June 7. The period of
June 16 to June 26 was abnormally hot with day time highs averaging 98.5°F.

Yield and Grade

It must be remembered that conditions were designed to place the varieties
under severe stress. Abnormal tubers were common as a response to stress
(Table 1). In spite of the severe conditions, 9 lines produced over 50% USDA
Number One tubers (Table 2).

The two lines with highest yields were A74212-1 with 899 cwt/ac and A083026-3
with 760 cwt/ac. Russet Burbank had the highest yield of jelly-end rot.
Russet Burbank and Shepody were among the lines with the lowest yields of
Number One tubers (Table 2).

Solids and Solids Distribution

Russet Burbank and Shepody at 21.8 percent solids were among the 10 lines
with lowest solids. Nine lines had solids significantly higher (23.4 percent
and above) than Russet Burbank. These same lines had few tubers with solids
below 20 percent (Table 3).

Fry Color and Dark-ends

Shepody and Russet Burbank were among the varieties with the lightest french
fry colors averaging a USDA 0.5 and 1.0 respectively (Table 3). Russet
Burbank had the highest incidence of dark-ends. Ten lines had one-sixth or
less as many dark-ends as Russet Burbank.

Synthesis 

Three experimental lines compared favorably with Russet Burbank in all
attributes measured in 1988. Attributes included the following:

1. Yield equal or greater than Russet Burbank.

2. Greater percent Number Ones than Russet Burbank.

3. Lower percent Number Twos than Russet Burbank.

4. No larger percentage of undersized tubers.

5. Solids equal to or better than Russet Burbank.

24



6. Light average fry color.

7. Tolerance to dark-ends.

The experimental lines were A082283-1, A0826117 and C083008-1 in the 1988
season. These lines may possess other characteristics of storage, disease,
defect of appearance, or internal texture that may make them unusable.

The identification of many sources of tolerance to dark-ends under severe
water stress should encourage breeding and selection efforts to find dark-end
tolerant processing varieties.
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Idaho. Potato seed was grown by Steve James and distributed by Jerry Maxwell
of Oregon State University.
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Table 1. Subjective evaluation of 19 potato varieties subjected
to late June water stress, Malheur Experiment Station,
OSU, Ontario, 1988.

1	 R. Burbank
2	 A081178-11
3	 A74212-1
4	 A76147-2
5	 A7411-2
6	 Shepody

7 A081084-2
8 A081216-1
9 A081394-7

10 A082283-1
11 A082611-7
12 A082616-18
13 A083026-3
14 C0082063-3
15 C0083008-1
16 ND01062-1
17 A080455-1
18 A082260-8
19 C008014-1

Number 2's, garbage, jelly ends, water rot
OK, Number 2's
Huge russet, oversized
Number 2's, ugly to nice, growth cracks
Number 2's, curved tubers
Number 2's, huge, white, water rot, pointed ends, growth
cracks
Nice to OK, folded, water rot, severe shatter bruise
Nice to OK, thumbnail cracks
Nice to OK, shatter, dumbbells
Nice to high % of number 2's, round, light skin color
Very pointed to pointed, #2's, mixed, folded bud end
OK to high % of number 2's, pointed ends
OK to pointed, large, white, pointed, jelly end
Nice to rough, cracks from handling
OK to large % number 2's, cracks
OK, shatter bruise, a few folded bud ends
Nice, heavy russet, deep eyes
Nice to OK, 2 varieties or skin types
Nice to OK, water rot, growth cracks, ugly folded bud ends
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TIMING OF SHORT DURATION WATER STRESS THAT PROMOTES
DARK-END RUSSET BURBANK TUBERS

Clinton Shock, Tim Stieber, Eric Eldredge, and Zoe Ann Holmes
Malheur Experiment Station

Oregon State University

Introduction

Russet Burbank plants grown in eastern Oregon and southwestern Idaho can
produce tubers that fry dark on their stem ends, called "dark-ends." Growers
need to know the time during the growing season when short duration water
stress can lead to dark-end tubers. Late June stress is known to produce
dark-end tubers. Water stress in late June, July, or August could be
associated with a high incidence of tubers with dark stem-end fry colors.
Extra irrigations might reduce dark-ends fry over the normal well watered
treatment.

Materials and Methods 

Russet Burbank seed was treated with Tops fungicide and planted
at nine inches spacing in 36-inch beds. The trial received 100
phosphate in the fall and 120 lbs/ac of nitrogen sidedressed at
experiments were monitored regularly for petiole nitrate levels
an additional 30 lbs/ac of nitrogen in early August. Temik was
after planting at three lb.s ai/ac.

in late April
lbs/ac of
planting. The

, and received
sidedressed

Furrow irrigated treatments were arranged so that each plot could be
individually from gated pipe:

1. Check, soil moisture > -0.5 bars season long
2. Late June wetter than the check
3. Late June water stress
4. July water stress
5. Early August water stress

Soil moisture was measured with Larson Watermark Soil Moisture Sensors.
Watermark readings were calibrated to tensiometers. Irrigation decisions were
based on soil water content.

Potatoes were harvested at the end of September and were graded and weighed by
market class. Twenty potatoes from every plot were evaluated for specific
gravity and stem-end fry color.

Stem-end fry color was determined by frying slabs of potatoes for 2.5 minutes
at 375°F in soybean oil. The light reflectance of each slab was read using a
Photovolt reflectance meter with a green tristimulus filter. The lighter the
fried potato slab, the greater the light reflectance. Tuber stem-end fry
color was also related to the USDA color chart.

Results and Discussion

Soil water potential of the treatments followed the experimental design
(Figures 1-3). Periods of high temperature occurred in June and July (Figure
4).

irrigated
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Water stress in late June of July of 1988 lead to high incidence of dark-end
tubers (Table 1). Added furrow irrigations in late June made no improvement
over the normal irrigated check. Early August water stress did not lead to
dark-ends in 1988 as it had in the 1986 and 1987 trials when associated with
higher ambient temperatures.

Short duration water stress periods did not induce tuber yield reductions in
1988. Moisture stress in either late June or July was associated with high
incidence of Number Two potatoes and jelly-end rot (Table 2).

Conclusions 

1. Late June or July water stress lead to increases in dark-end tubers, U.S.
No. 2 tubers and jelly-end rot in 1988.

2. Extra water in late June provided no benefit in tuber yield, grade, or
quality over the well watered check.

3. August water stress was not associated with dark-ends in 1988.

Table 1. The effect of timed moisture stress periods on Russet Burbank tuber
quality. Malheur Experiment Station, OSU, Ontario, Oregon, 1988.

Average USDA 	 Dark-ends 
Specific	 Stem-end	 #3 USDA	 #4 USDA

Treatment	 Gravity	 Fry Color	 Fry Color	 Fry Color	 Total

1. Check	 1.0850	 1.3	 13	 0	 13
2. Wetter	 1.0830	 1.4	 26	 0	 26

late June
3. Late June 1.0825	 2.3	 47	 8	 55
4. July water 1.0803	 1.8	 34	 5	 39

stress
5. Early Aug. 1.0859	 1.4	 16	 0	 16

water stress

LSD(.05)	 .0033	 0.6	 20	 6	 22
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Table 2. The effects of timed water stress periods on Russet Burbank potato
yield and market grade. Malheur Experiment Station, OSU, Ontario,
Oregon, 1988.

Yield 	 Percent by Grade 
Undersized	 Jelly	 Total

Treatment	 Potatoes	 End	 Yield	 Ones	 Twos

	  cwt/ac 	 	 %

1. Check	 126	 3	 613	 50	 29
2. Wetter	 111	 4	 601	 46	 35

late June
3. Late June	 90	 110	 709	 24	 46

water stress
4. July water	 106	 52	 629	 23	 52

stress
5. Early	 118	 3	 620	 49	 32

August stress

LSD(.05)	 ns'	 26	 73	 11	 12

'ns, not statistically significant
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COMPARISON OF FALL AND SPRING BEDDING FOR FURROW IRRIGATED
POTATOES FOLLOWING FALL MOLDBOARD OR CHISEL PLOWING

Clinton Shock, Tim Stieber, Eric Eldredge,
Bob Sojka, and Elizabeth Kennedy-Ketcheson.

Malheur Experiment Station
Oregon State University
Ontario, Oregon 1988

Purpose 

The decision to fall or spring bed potatoes is often dictated by weather and
processor contract agreements. Although there are advantages to both fall and
spring bedding, soil conditions are often wet in the spring in Malheur County,
Oregon. Spring bedding of wet soils leads to soil compaction and decreased
water infiltration. The primary objective of the study was to determine the
effects of fall or spring bedding on tuber yields and quality under furrow
irrigation.

Determining the most effective method of fall potato ground preparation was
the second objective of the trial. Land for potato production is normally
moldboard plowed in the fall. Chisel plowing may provide better placement of
residues in bedded ground and thus promote higher infiltration under furrow
irrigation.

The third objective of the study was characterizing the soil environments
under the tillage treatments and relating these to resultant potato quality.

Procedures 

In the fall of 1987, two 75 foot by 100 foot strips were either moldboard or
chisel plowed in a north-south direction (Figure 1). Four eight-row strips
(36 inch rows) were bedded in an east-west direction across the plowed strips
(Figure 1); two in the fall and two in the spring.

Two ounce Russet Burbank seed was planted 9 inches apart and 9 inches deep on
April 22. Spring soil sampling of the tillage treatments indicated no
differences in soil N. On May 3, 120 lbs N/ac as ammonium nitrate were
sidedressed along with 3 lbs ai/ac of Temik. An additional 30 lbs N/ac were
broadcast on July 29 as indicated by petiole analyses.

The field was furrow irrigated in alternate furrows starting May 27. Tuber
initiation was June 4. The field was irrigated using a soil moisture criteria
of 65 percent of field capacity monitored with neutron probe. The neutron
probe access tubes were located at the bottoms of each plot to avoid
unnecessary foot traffic in the harvest row. Infra-red canopy measurements
were made on average twice per week throughout the season, using a Standard
Oil Scheduler. The scheduler calculated crop water stress index (CWSI).

The soil environments under the tillage treatments were characterized by
measuring soil strength with a recording penetrometer and by measuring bulk
density at multiple bed locations. The beds were evaluated prior to
irrigation and August 24.
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On September 20, 50 feet from the center of each plot was harvested where soil
moisture and CWSI data had been collected. The potatoes were graded into four
basic categories: US Number Ones, US Number Twos, culls, and rotten tubers.
The Number One tubers were divided into three sizes: Greater than ten ounces,
six to ten ounce, and four to six ounce. The Number Two tubers were divided
into two sizes: Greater than ten ounces and four to ten ounce. All tubers
less than four ounces were considered culls.

A tuber sample from the harvested potatoes was measured for specific gravity
by the weight -in-air/weight-in-water method. Stem-end fry color was
determined by frying center slabs of 20 potatoes per plot for 2.5 minutes at
375°F. The light reflectance of each slab was read using a Photovolt
reflectance meter centered 0.5 inches from the stem-end. Pre-established
cut-off values were utilized to determine the percent USDA No. 3 and No. 4 fry
color in the sample.

Results and Discussion

The winter of 1987-88 was dry with only 4.95 inches of precipitation between
the October billing and the April 20 planting. The spring bedding operation
was performed on much dryer than average soil, which likely minimized the
effect on compaction and soil bulk density, but resulted in dryer bed
conditions. Slightly greater top growth in the fall bedded plots was observed
in early June. By mid-June there were no visible differences among the
treatments.

The neutron probe did not detect any significant differences in soil watered
plots content between the fall and spring bedded plots (Table 1). Moldboard
plow had significantly greater soil water content than the chisel plowed areas
when averaged over the fall and spring beddings. The bulk density and soil
resistance measurements have not yet been fully analyzed. The neutron probe
readings need to be adjusted for bulk density differences between the
moldboard and chisel plowed plots.

The effects of moldboard and chisel plowing on yield, grade, and tuber
quality, did not reach statistically significant levels. The trend with
chisel plowing was increased US Number Ones (p e 0.15) and less culls (p
0.11) (Table 2). Chisel plowing plus fall bedding had the highest cwt yield
of Number One tubers and the lowest levels of Number Twos, culls, and rot
(Table 2).

Fall bedding had significantly more Number One tubers and proportionally less
Number Two tubers (Table 2). The five cwt/ac decrease in rot with fall
bedding was highly significant (Table 2).

Specific gravity was significantly greater under fall bedding (Table 3).
Dark-ends were marginally less for potatoes grown on fall bedded soil compared
with potatoes grown on spring bedded soil (Table 3).

To be added to this report: Effects of year, herbicides applied, conditions,
etc.
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Table 1.	 Season long soil water content of 1988 tillage treatments. Malheur Experiment
Station, OSU, Ontario, Oregon.

Fall	 	  Average Soil Water Content 	
Bedded	 Tillage	 June	 July	 August	 Season 

1'	 2'	 1'	 2'	 1'	 2'	 1'	 2'

Inches/Foot

Fall	 Chisel	 2.90	 3.71	 3.05	 3.74	 2.81	 3.54	 2.93	 3.66
Fall	 Plow	 3.07	 3.81	 3.05	 3.78	 3.05	 3.72	 3.05	 3.77
Spring	 Chisel	 2.85	 3.71	 2.98	 3.53	 2.76	 3.38	 2.87	 3.51
Spring	 Plow	 3.07	 3.82	 3.06	 3.74	 3.08	 3.69	 3.07	 3.74

LSD(.05) Fall x Spring	 NS	 NS	 NS	 NS	 NS	 NS	 NS	 NS
LSD(.05)	 Chisel x Plow	 0.17	 0.09	 NS	 NS	 0.14	 0.15	 0.14	 0.14

Table 2. Yield and grade response to tillage treatments, 1988. Malheur Experiment
Station, OSU, Ontario, Oregon.

Fall	 Total	 Grade
Bedded Tillage	 Yield	 Ones	 Twos	 Culls	 Rot

Fall	 Chisel	 514	 268	 157	 89	 0
Fall	 Plow	 506	 224	 184	 95	 2
Spring	 Chisel	 505	 193	 228	 77	 6
Spring	 Plow	 539	 203	 233	 97	 6

F fall vs spring	 ns	 **	 ***	 ns	 ****
F chisel vs plow	 ns	 10%1	 ns	 11%1	 ns
F A x B	 10%1	 9%	 ns	 ns	 ns

ns - Not statistically different
** - 1% level of significance, *** - 0.1%, **** - 0.01%
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Table 3.	 Specific gravity and fry color responses to 1988 tillage treatments.
Malheur Experiment Station, OSU, Ontario, Oregon.

Bedding
Fall	 Specific	 Average	 USDA No. 4

Tillage	 Gravity	 Fry Color	 Dark-ends

Photovolt

Fall	 Chisel	 1.082	 40.1	 7.5Fall	 Plow	 1.080	 41.0	 5.0
Spring	 Chisel	 1.079	 37.9	 10.7
Spring	 Plow	 1.079	 33.7	 10.2

F fall x spring	 *	 ns	 25%
F chisel x plow	 ns	 ns	 ns

Figure 1. Plot diagram for potato tillage study. Malheur Experiment Station, OSU,
Ontario, Oregon 1988.
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IMPROVING FURROW IRRIGATION FOR POTATOES BY DELAY OF
FIRST TIME USE OF NON-COMPACTED FURROWS

FOR INFILTRATION

James Vomocil, Clinton Shock, Tim Stieber,
Mike Mungoven, Dan Peek, Angela Bibby and Lynn Jensen

Malheur Experiment Station and
Department of Soil Science,
Oregon State University

Introduction

As reported in Oregon State University Agricultural Experiment Station special
report 832 (February 1988), 1985 and 1986 potato irrigation trials indicated
that potato plots which received their first irrigation early tended to
produce fewer US Number One potatoes and to have a relatively high proportion
of dark ends. It was speculated that these early irrigations led to a sealing
of the silt loam soils, making later irrigation more difficult. Neutron probe
data had shown that it was difficult to maintain high soil moisture in the
furrow irrigated potato hills. It is known that with a sensitive crop such as
potatoes it is important to maintain high soil water status. Another
unrelated hypothesis is that early irrigation leads to luxuriant growth and
tubers then can come under greater stress.

As a consequence of these early findings it was decided that in 1988 a trial
would be established in which the first irrigation in some furrows would be
delayed as long as possible in order to save some high infiltration furrows
for later irrigations when it is so important to get adequate amounts of water
into the soil. It was believed that if some of the furrows were left unused
as long as possible furrows with high infiltration potential would be
available during the critical times to expedite irrigations in July and early
August.

Observations made in this early irrigation work also indicated that compaction
of the furrow bottoms by tractor traffic during planting contributed to poor
water infiltration later in the season. Thus a treatment was designed in
which the furrow bottoms would be ripped with tines (three tines behind each
tractor wheel) to reduce compaction after the last passage of the tractor
wheel.

Materials & Methods 

The irrigation start, either early or late, was combined with furrow tillage,
either tilled or non-tilled, in a single project which involved four
treatments. The four treatments were: early irrigation, with and without
tines for two treatments and delaying the first irrigation as late as possible
and repeating this treatment with and without tines.

The experiment was arranged as a randomized block with four treatments in each
block; each block represented a replicate of the experiment. There were four
replications, hence four blocks in the project plots.
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Experimental Site Characteristics 

The first irrigation timing and tillage trial (FITS) was established at the
Malheur Experiment Station in Block B-7. This block is located approximately
300 yards north-northeast from the buildings. The soil in the area of block
B-7 is coarse silty mixed mesic xerollic camborthid. The soil type in the
area is Greenleaf silt loam, dark phase. It is very well leveled and has very
low slope. Samples were analyzed in the soil physics laboratory in Corvallis
for their moisture retention characteristics which are reported in Table 1.

Table 1. Soil moisture characteristic data for Owyhee silt loam, (dark phase)
from block B7, Malheur Experiment Station, Ontario, Oregon, 1988.

Depth of	 Gravimetric moisture content
Sampling	 at indicated soil moisture suction

Suction (-MPa) 0.001	 0.01	 0.08	 0.20	 1.50

0 - 1 foot	 45.9	 32.3	 23.3	 17.4	 12.6

1 - 2 feet	 45.5	 32.3	 21.7	 17.1	 13.3

The gravimetric (dry weight basis) water contents reported in Table 1 can be
converted to volumetric water contents as shown in Table 2 by multiplying each
entry in the body of the table by the soil bulk density. Numerous
measurements yielded an average value of 1.11 grams per milliliter for the dry
soil bulk density for the surface foot of soil and 1.32 grams per milliliter
for the second foot.

Table 2. Soil moisture characteristics on the volume basis from the data in
Table 1, Malheur Experiment Station, Ontario, Oregon, 1988.

Depth of	 Volumetric
Sampling	 Water Content

Suction (-MPa) 0.001	 0.01	 0.08	 0.20	 1.50

0 - 1 foot	 55.5	 39.1	 28.2	 21.1	 15.3

1 - 2 feet	 55.1	 39.1	 26.3	 20.7	 16.1

Assuming a solid phase density of 2.65 g/ml and calculating total porosity
yields a result of 54% for total porosity in the surface one foot. This
agrees very closely with at - 0.001 MPa (saturation water content, volume
basis) of 55.5% (first foot) or 55.1% (second foot). If one takes a soil
moisture suction of -0.01 MPa (-0.1 bar) as a close approximation of "field
capacity", then air space at field capacity is 55.3 - 39.1 - 16.2%. That is,
at field capacity, 16.2% of the soil volume is occupied by air. This is low
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and typical. The soil where the first foot bulk density samples were taken
was not excessively compacted for good aeration and root growth. At 1.34
g/ml, found in the second foot and at an assumed solid phase density of 2.65
g/ml, the air space at field capacity would be 10%. Previous experience has
indicated that at levels below 10% potatoes suffer from compaction and
aeration stress.

However, the soil hydraulic conductivity may still be quite low even at air
space levels of 14-16%.

Estimating an Irrigation Schedule

One should base irrigation plans on the moisture characteristic curve. Since
potatoes are very sensitive to soil moisture stress, one should allow only
about 35% of available water to be depleted between irrigations. This is to
insure the soil in the root zone is always moist enough to have an unsaturated
hydraulic conductivity which is sufficient to prevent excessive depletion of
plant water content. Water must move through progressively drier soil to the
root system as fast as water moves from the plant leaves to the atmosphere.
It has been demonstrated that if soil water depletion in loams exceeds 35% of
the available water storage capacity, potato plants under high radiation
intensity, high air temperature, and low relative humidity will be subject to
yield and quality depressing moisture stress.

As shown in Figure 1, 35% available water depletion corresponds to a soil
moisture suction of -0.045 MPa, that is, -0.45 bars. Irrigations should be
scheduled to refill the soil in the root zone to field capacity when the soil
moisture stress attains a suction of -0.45 to -0.50 bars.

From Figure 2, by interpolation, one can estimate the volumetric water content
at -0.045 MPa (-0.45 bars) as being 31.6%. If field capacity, volumetric
basis (field capacity, ml/ml, volume of water per unit volume of soil), is
taken to correspond to the moisture content as a suction of -0.01 MPa (-0.1
bar) which is 39.1% (see Table 2), then water available at 35% depletion will
be 39.1% - 31.6% or 7.5% on a volume basis. Assuming the potato root system
is confined to a one-foot depth of soil, this corresponds to a depth of
readily available water equal to 0.90 inches. This estimate is quite
conservative. As a first approximation for irrigation design planning, it can
be assumed that depletion levels from 0.7 to 1.2 inches may be very close to
equal in availability.

The amount of readily available water, stated above, must be compared with
depletion rate estimates to establish an irrigation schedule. Depletion rate,
as irrigation requirement, have been estimated and are shown in Table 3.
Table 3 and Figure 4 (cumulative irrigation requirements) were derived from
Figure 3, which in turn was estimated from modified Blaney-Criddle
estimates.
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Table 3.	 Data table for modified Blaney-Cridle potato irrigation requirements
for Malheur County.'

Date

Mean
Monthly
Rate

Daily
Requirement

Cumulative
Requirement

in in/day in

May 18 1.35 0.04 0.24
May 24 1.92 0.06 0.54
May 30 2.48 0.08 0.96
June 5 3.31 0.11 1.56
June 11 4.38 0.15 2.34
June 17 5.52 0.18 3.36
June 23 6.63 0.22 4.56
June 29 8.00 0.27 6.06
July 5 9.20 0.30 7.74
July 11 10.40 0.34 9.66
July 17 10.55 0.34 11.70
July 23 10.40 0.34 13.74
July 29 10.15 0.33 15.74
Aug. 4 9.48 0.32 17.74
Aug. 10 8.46 0.28 19.42
Aug. 16 6.00 0.20 20.86
Aug. 22 4.95 0.17 22.00
Aug. 28 4.23 0.14 22.90
Sept. 3 3.70 0.12 23.65
Sept. 9 3.33 0.11 24.31

Allowing 0.9 inches of depletion between irrigations establishes the
irrigation calendar shown as Table 4 for an "average" weather year. This is
an idealized irrigation calendar and many factors will influence the
feasibility of its use.

10SU Ag. Experiment Station Circ. Info. 628 (1968).
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Figure 1. Percent available water remaining as a function of soil
moisture suction. A "35% depletion" corresponds to -0.045
MPa, i.e., -0.45 bars. Malheur Experiment Station, OSU,
Ontario, Oregon, 1988.
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Figure 2. Volumetric water content (percent, volume basis) as a
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Experiment Station, OSU, Ontario, Oregon, 1988.
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Figure 3. Irrigation requirement for potatoes in Malheur County taken
from OSU Circ. Info. 628 (1968) and reported as inches per
day as a function of calendar date. Malheur Experiment
Station, OSU, Ontario, Oregon, 1988.
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Table 4. Theoretical irrigation calendar for potatoes, average weather year
at Malheur Experiment Station, Block B-7, 1988.

Irrigation
Number

Date Interval Irrigation
Number

Date Interval

1 May 30

days

14 July 20

days

3
2 June 7 6 15 July 22 2
3 June 13 6 16 July 25 3
4 June 18 5 17 July 28 3
5 June 23 5 18 July 31 3
6 June 27 4 19 Aug. 2 2
7 July 1 4 20 Aug. 4 3
8 July 3 2 21 Aug. 8 3
9 July 6 3 22 Aug. 12 4

10 July 9 3 23 Aug. 16 4
11 July 12 3 24 Aug. 20 4
12 July 14 2 25 Aug.	 26 6
13 July 17 3 26 Sep 1 6

Twenty six irrigations may not be economic or feasible even if these small
irrigations could be carefully controlled. However, an effort should be made
to irrigate weekly in early June and late August, and twice a week in late
June through early August. This should result in a minimum of 16 to 18
irrigations in an "average" year. This should be quite satisfactory since 0.9
inches of depletion allowance can be considered as a conservative first
estimate for the moisture providing capacity of the soil.

For 1988, arrangements were made for irrigations to occur for the first
irrigation timing trial every five to seven days during the period of maximum
evapotranspiration.

Soil Fertility and Fertilizing

Laboratory analyses for fertility assessment were performed by Western
Laboratories, Inc. of Parma, Idaho. Results indicated the soil had a pH of
7.7, low in nitrogen, medium in phosphorous, very low in potassium, low in
iron, sulfate, and boron. (Phosphate at 100 lb/ac had been plowed down the
previous fall, from 0-46-00.)

Fertilizer applications were made as follows:
a. 120 lbs. N per acre applied May 2, as side dress to emerging plants.
b. 7 lbs. per acre KNO3 applied by air in 10 gallons of water, applied

July 20.
c. 5 lbs. per acre nutri-Phos K (31% Zn, 15% K, 32% P205 ) applied with

b, above.
d. b and c above repeated on July 23.
e. Urea (46% N) applied at 30 lbs. N/acre broadcast on July 29.

Petiole nitrates became low July 26; 11,250 ppm, hence the treatments on July
29. K was not requested.
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Observations of plant growth, color, and other petiole analyses indicated
adequate nutrition for the potatoes during the whole season. An abundant
cover of vines were "beat off" a week before harvest.

Results

Yield

Potatoes grown in the first irrigation timing and tillage trial (called FITS)
were harvested, graded, and sampled for analyses of sugar-ends on September
26, 1988. Results are shown in Table 5.

Early first irrigation (irrigation on May 28) increased total yield (544 cwt)
compared to that obtained on plots where the first irrigation was withheld
until June 8 (453 cwt). However, early irrigation decreased the yield of US
Number One potatoes, increased the yield of US Number Two potatoes, and the
yield of culls. Evidently, a heavy set was stimulated by early irrigation but
the tubers were too numerous to continue development to meet number one
quality standards of smoothness and regularity of shape.

Late initiation of irrigation significantly increased US Number One potatoes
in the 6 to 10 oz. size, and significantly decreased US Number Two potatoes in
the 4 to 10 oz. size.

Furrow tillage had no dramatic effect but appears to have reduced percent US
Number Ones very slightly. At any rate, it does not appear to have
contributed importantly to either improved yield or quality.

Stem-End Fry Color

As previously indicated, the objective of this research was to find ways to
reduce or prevent the moisture stress in the potato crop because evidently
water stress leads to stem-end fry color problems. If the potato plant (or
tuber) is under moisture stress at some stage of tuber development, later on
as a consequence of stress, reducing sugars accumulate in the stem end of the
tuber, and this accumulation of sugar causes the stem-end of french fry strips
to darken excessively when the strips are fried in hot oil.

Tubers from the first irrigation timing and tillage trial were collected for
fry color tests on September 26, 1988. Results of these tests are shown in
Table 6.

Table 6. Specific Gravity, Fry Color, and Dark End Incidence in Potatoes from "FITS"
Trial, Malheur Experiment Station, Ontario, Oregon 1988.

Irrigation	 Furrow	 Specific	 Fry USDA USDA	 Total
Treatment	 Onset	 Tillage	 Gravity	 Color No. 3 No. 4	 Dark-Ends

%	 %

1	 Early	 Tine	 1.082	 39.7 21.3	 1.3	 22.5
2	 Early	 No Tine	 1.081	 44.7	 7.5	 3.8	 11.3
3	 Late	 Tine	 1.083	 48.5	 3.6	 1.3	 4.9
4	 Late	 No Tine	 1.082	 51.5	 1.3	 1.3	 2.6
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Fry color was adversely affected by early irrigation. Also,
dark ends was significantly increased by early irrigation as
later start of watering. Interpretation of these results is
the dark end is caused by stress, early irrigation evidently
moisture stress. Did it do so by causing a "sealing" of the
infiltration of later irrigations was Impaired? In this case,
have shown up in the "early" irrigated plots at a time roughly
to the time of the first irrigation in the late irrigation set
would be the first two weeks of June. This seems early in the
serious quality impacting stress. Later in the season, there were
important differences in irrigation intervals. However, small stress
differences may have occurred, as will be shown later.

Another linkage which could associate early irrigation with moisture stress
would be the possibility that early irrigation sufficiently stimulated
vegetative growth to have accelerated soil drying and created demand for
earlier more frequent irrigations. Observations indicated increased
vegetative tissue on the early first irrigation plots.

The use of tines to break up compacted furrow bottoms appears to have had no
significant effect on total incidence of dark ends. However, fry color was
significantly lower (darker) where tines had been used. Additionally,
percentage of USDA No. 3 fry colors was increased by furrow tillage. Could
this be further evidence of overstimulation of early growth by early
irrigation?

Such overstimulation appears very unlikely but every possible consequence must
stand analysis. As will be seen later, one of the consequences of furrow
tillage was an appreciable increase in irrigation duration between the tilled
and the non-tilled furrows. Water was in tilled furrows about 24 hours during
the June 8-9 irrigation, but only 8 hours in the non-tilled furrows. This
duration difference could have affected the amount of capillary rise and
capillary subbing and consequently the moisture supply to very small plant and
small root systems. Did such wetting, early in the life cycle, stimulate
"excessive" vegetative growth which promoted stress in the potato plants later
in the season?

Infiltration of Irrigation Water

As shown above, even with furrow. tillage and relatively frequent irrigations,
evidence of stress (dark ends, fry color, culls, small potatoes) did appear in
the "FITS" trial. This suggests irrigations were not adequate. Measurements
were made of water input into furrows and water output to the tail ditch for
the duration of each and every irrigation during the entire season.

Inflow into each furrow was adjusted with a home made flow meter and a valve,
then measured with a catch can and a stop watch. Similarly, outflow was
measured with a catch can and a stop watch. The difference between inflow and
outflow rate was an estimate of the volume of water infiltrating into the soil
per unit time at approximately the time of the measurement. The time of the
infiltration is only an approximation because for a given increment of outflow
water, infiltration from which that water is residual had been occurring for
the time of residence of said increment in the furrow. For instance, if 10
gallons of water enters a furrow during the 10 minute period of 8:00 to 8:10
A.M., and 4 gallons outflows during the period from 2:00 to 2:10 P.M., the six
gallon difference "infiltrated" somewhere over the length of the furrow

the percent
compared to
difficult.
increased
soil so that
a stress would
corresponding
of plots. That
season for a

of
the
If

no
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sometime between 8:00 A.M. and 2:10 P.M.. Where and when is relative between
any treatments, and precise information about this is unnecessary for
treatment comparisons or system design. It is somewhat more important for
system design than for treatment comparisons, but averaging can nonetheless
yield satisfactory first order approximations which will suffice.

In the first irrigation timing and tillage trial, the hills and furrows were
140 feet long, at very small slope and each irrigation plot was 2 hills and 2
furrows, a total width of 6 feet. This is an area of 140 x 6 or 840 square
feet. A one gallon per minute difference between inflow and outflow rates
represented an average infiltration rate of 1 840, or 0.00199 gallons per
square foot per minute, or 0.11 inches per hour.

The results of infiltration measurements and calculations as described above
are given in Table 7. The upper one-half of the table are numbers taken for
furrows which were not subjected to tractor wheel passes during spring
operations, largely, the planting operation. The lower one-half of the table
contains numbers taken from traffic furrows. In the second column from the
left are the irrigation dates.

Note that irrigation started in the wheel furrows on May 28th, while it was
withheld on non-wheel furrows until June 8. This delay was designed to "save"
some infiltration capacity for later in the season.

Reported in the third column from the left are the inches (acre inches/acre)
of water applied, that is, measured into the upper end of the respective
furrows. For instance, for irrigation number one, on June 8, for non-wheel
(non traffic) furrows 5.2 inches (2 gpm on 840 square feet for 24.1 hours;
i.e. 0.22 inches per hour for 24.1 hours – 5.2 inches) was measured into the
head end of each such furrow on the average (four replications). Note that
the total amount of applied water was large for the non-wheel furrows (40.1
inches) and small (15.2 inches) for the wheel furrows. Since both furrows are
servicing (irrigating) the same area, these two numbers must be added together
to find the total irrigation for the season (55.3 inches).

The reason for the large difference in inches of water applied between the
non-wheel and the wheel furrows is the difference in the length of time,
number of hours, the water ran into or was applied to the respective furrows
and the difference in infiltration rate. The application time is reported in
the fifth column from the left, labeled hr (hours). Note that five of the
irrigations in the non-wheel furrows lasted for 24 or more hours, whereas for
the wheel furrows, the longer irrigations were approximately 8 hours. Input
rates were the same for the two cases, two gallons per minute per furrow. In

the case of the wheel furrows, water would outflow from the lower end of the
furrow to the tail ditch within 1 to 2 hours whereas in the case of the non-
wheel traffic furrows, outflow would not commence for 4 to 24 hours. These
very long application times continued all season.

In the fourth column from the left, labeled "Total Infiltration" are reported
the number of inches of water infiltrated. This value was calculated for each
furrow by difference between applied water (column 3) and outflow into the
tail ditch for each irrigation. The outflow was measured by catch can and
stop watch at the lower end of each furrow.
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Table 7. Infiltration data collected in the First Irrigation Timing and
Tillage Trial, 1988, Malheur Experiment Station, Ontario, Oregon,
1988.

Non-Wheel Furrows

Irrigation
Number

Water
Date Applied

Total
Infiltration

Duration Infiltration

in in hr in/hr

1 6/8 5.2 5.0 24.1 0.21
2 6/20 9.2 8.7 31.4 0.28
3 6/30 5.9 5.5 25.7 0.21
4 7/12 3.1 2.4 12.8 0.21
5 7/19 1.9 1.7 8.0 0.20
6 7/22 5.8 4.6 25.0 0.18
7 8/3 5.9 4.5 24.0 0.19
8 8/25 3.1 2.3 4.0 0.57

TOTAL 40.1 34.7

Wheel Furrows

Irrigation
Number

Date
Water
Applied

Total
Infiltration

Duration Infiltration

in in hr in/hr

1 5/28 1.9 1.3 8.1 0.16
2 6/8 2.3 1.3 8.0 0.16
3 6/15 1.8 1.0 8.0 0.13
4 6/24 1.8 0.7 8.0 0.09
5 7/7 1.8 0.8 8.0 0.10
6 7/28 1.9 0.6 8.0 0.08
7 8/11 1.8 0.9 8.0 0.11
8 8/16 0.9 0.4 4.0 0.09
9 8/23 1.0 0.4 4.0 0.11

TOTAL 15.2 7.4

The last column, at the right margin of the table, labeled in/hr (inches per
hour) is the average infiltration rate of water into the furrow bottom (and
sides) calculated by dividing the rate at which water disappeared from the
furrow stream (volume/unit time) by the total evapotranspiring area served by
the furrow (6 x 140 feet, 840 square feet). It is not the "actual"
infiltration rate, that is, the volume of water infiltrated divided by the
infiltrating area (furrow wetted perimeter).

Comparing the amounts of water infiltrated (fourth column), it is obvious that
the major dominating variables in this regard are: (1) irrigation duration,
and (2) compaction of the furrow bottom by tractor wheel traffic (related
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issues). Note that nearly 35 (34.7) inches of water infiltrated into soil
from the non-wheel furrows while only 7.4 inches infiltrated from the wheel
furrows. The total average infiltration for the whole experimental area was
42.1 inches (34.7 + 7.4).

Comparing 42.1 inches to the estimated irrigation requirement for potatoes in
Malheur (Ontario area) which is 22.2 inches, yields an overall irrigation
efficiency of 53%, not unusually low for surface application irrigation.
However, it does indicate that about one-half of infiltrated water was lost by
deep percolation while at the same time, the potato crop quality parameters
suggest the crop suffered moisture stress (inadequate water supply).
Why does the data suggest these seemingly conflicting conclusions? It is
because the right amount of water was NOT at the right place (in the hill) at
the right time (when needed).

If both furrows accepted water and had been irrigated like the non-wheel
furrows, the total infiltrated water would have been 69.4 inches, the
irrigation requirement 22.2, and the average irrigation efficiency would
calculate as 32%. The waste of water, loss of water by deep percolation would
be obvious. The potato crop may or may not have been better supplied with
water and suffered less stress. It is impossible to know. However, it seems
likely that with long(er) irrigations on both sides of the hill, irrigation of
the hill by subbing and capillary rise would have been better. It is certain
that leaching water would have been in greater volume. It may, however, have
moved leachates at lower concentrations and have caused no greater groundwater
pollution.

Had both furrows for each hill been compacted like the wheel furrows, the
total infiltrated water for the season would have been 14.8 inches,
considerably short of the 22.2 inches, the irrigation requirement of potatoes
in the Ontario area as calculated by the modified Blaney-Criddle method using
weather information. Under these conditions, the potatoes very definitely
would have been severely stressed for moisture during much of the growing
season.

Even though irrigations on the compacted side seem inadequate, it is still
possible that some of this water was lost to deep percolation. It depends on
relative downward versus horizontal and upward movement. Silt loams are not
famous for good subbing; eight hours may be short for irrigation duration in
the case of broad (36 in. row spacing), high (up to 12 inches) hills.
Downward moving water probably contacted virtually no "dried out" soil at
below field capacity moisture content. Such water could continue moving
downward to the water table.

Furrow Tillage Effect

Since previous experience has suggested that furrow compaction may have had a
detrimental effect, furrow tillage was tested as a variable. Tines were
pulled through the soil during the last tractor pass in some plots and not in
others. Tines were used in wheel rows, in non-traffic rows, on early start
irrigation plots and in plots with late irrigation starting dates.

Results are shown in Table 8. Since irrigations varied in size, duration,
inflow rates, etc., it was convenient to identify possible treatment effects
by comparing ratios of infiltrated water to applied water for each of a series
of treatments. If infiltration rate was high, the ratio is large.
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Timing of the first irrigation, early or late, and furrow tillage, tilled
versus non-tilled, had no effect on• relative infiltration of non-wheel furrows
during the first irrigation. All of the ratios were high, 94 + percent of the
applied water infiltrated. The ratios for all irrigations in the wheel
furrows were also constant, at a lower level; 75% of the applied water
infiltrated from the non-wheel furrows. There was a decrease during the
season although the ratio remained over 0.90 for three irrigations.

In the wheel furrow, the ratio of water infiltrated to water applied was
considerably lower, even in the first irrigation, even after furrow tillage,
than in the non-wheel furrow. It dropped abruptly after the first irrigation
to the level where only 45% of the applied water was infiltrating in any wheel
furrow for any irrigation after the first.

The only positive effect of furrow tillage was a 10% increase in
infiltration for the first irrigation in the wheel furrow. Said
this means that the tillage was instrumental in the infiltration
additional 0.13 inches out of a seasonal total of 7.4 inches, an
effect.

Table 8.	 Mean ratio of infiltration to total irrigation for the first and for
all irrigation in the "FITS" experiment. 	 Malheur Experiment
Station, Ontario, Oregon, 1988.

Treatment Infiltration Ratio'
1st Irr.	 All irrigation

Non-wheel furrow 0.96' 0.75b
Early first irr. 0.94' 0.78b
Late first irr. 0.98' 0.74b
Furrow tillage 0.95' 0.75b
no furrow tillage 0.97' 0.76b

Wheel furrow 0.74' 0.45'
Early first irr. 0.71' 0.43'
Late first irr. 0.78' 0.47'
Furrow tillage 0.83' 0.47"
No furrow tillage 0.67f 0.43'

'Quantities tagged with different letter superscripts are signifi-
cantly different (0.05 level) from each other if a comparison is in order.

Relative Soil Wetness 

The importance of avoiding crop moisture stress in potatoes, especially in
late June and the first three weeks of July, has been mentioned above. Soil
moisture blocks, especially constructed to enhance their sensitivity in the
low suction range ("Watermark" soil moisture sensors, sold by Irrometer, Inc.)
were installed in the "FITS" plots and read regularly during the season.
Results are reported in Table 9.

Soil moisture differences existed only early in the season. There were no
significant differences on a season basis, or in July or August. The

relative
another way,
of an
insignificant
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irrigation onset delay caused an obvious large difference, which was highly
significant, in early June.

There appeared to be some reverse carry over into late June but the difference
was significant only at the 10% level. Nonetheless, plots with the delayed
irrigation onset were, on the average, wetter in late June. This may have
carried over into early July.

The observed difference in soil moisture suction is consistent with the
hypothesis proposed above regarding early irrigation causing later stress.
Evidently a possible stimulated vegetative vigor caused by early irrigation
made it difficult to maintain low stress in late June and early July. The
average soil moisture suction as measured on July 11 with Watermark soil
moisture sensors was -0.72 bars in early irrigated plots, -0.56 in those with
late irrigation onset. This was not a big difference but it may have been a
critical difference in terms of tuber size, shape, potato yield, and quality.

Table 9. Soil moisture suction in the beds during the season for each
treatment, Malheur Experiment Station, Ontario, Oregon, 1988.

Irrigation Furrow	 Average soil moisture suction
Onset	 tillage

Early	 Late
June	 June	 July	 Aug.	 Season

	  bars 	

Late May	 yes	 -0.58'	 -0.53	 -0.40	 -0.64	 -0.56

Late May	 no	 -0.55'	 -0.51	 -0.41	 -0.64	 -0.56

Mid June	 yes	 -1.18b 	-0.37	 -0.35	 -0.64	 -0.57

Mid June	 no	 -1.19b	 -0.47	 -0.41	 -0.66	 -0.60

1°) Numbers followed by different superscripts are significantly different at
the 0.01 probability level.

Suggested Irrigation Scheme

There was no gain in potato yields with tines or delayed irrigation onset.
Delayed irrigation onset was associated with improved tuber quality. There
was no net gain in irrigation efficiency or effectiveness from delay of
irrigation or furrow tillage. Too little water infiltrated in compacted
furrows, wheel furrows; and too much water infiltrated in noncompacted, non-
wheel furrows. This suggests that to reduce or avoid deep percolation losses,
all furrows should be compacted, irrigation parameters should be changed to
make individual irrigations more effective, and the frequency of irrigations
should be increased. The following list of irrigation parameters should be
tested:

1. Increase water input rate from 2 gpm to 3 gpm per 150 feet of
furrow. (Can furrow erosion be controlled on slopes of 1 to 2
percent?)

2. Increase the number of irrigations from 9 to 13 in each furrow.
3. Increase the duration of each irrigation from 8 hours to 14.
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4. Compact all furrows as now done by the planting operation.
5. Delay first irrigation to early June if possible.
6. Irrigate by soil moisture suction criteria.
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USE OF AMENDMENTS TO IMPROVE WATER
INFILTRATION INTO SOILS

James Vomocil, Clinton Shock, Tim Stieber,
Mike Mungoven, Dan Peek, Angela Bibby and Lynn Jensen.

Malheur Experiment Station and
the Department of Soil Science,

Oregon State University

Purpose 

Previous experience and measurements of soil moisture had indicated that
inadequate irrigations were associated with the dark end syndrome on potatoes
in the Treasure Valley. Soil moisture contents were found to be lower than
they should have been for satisfactory growth and development of potato
tubers. Plant moisture deficit (stress) eventually results in the
accumulation of reducing sugars in tuber stem ends.

The objective of this project is to improve irrigation management enough to
avoid development of dark end problems. To relieve water stress, one must
find ways to get adequate supplies of water into the soil rapidly enough to
meet the needs of the potato plants. One must place the right amount of water
at the right place at the right time. This requires adequate infiltration of
water into the soil from the furrow and an adequate rate of movement of water
through the soil in all directions, including movement by subbing upward into
the bed. Adequate water movement can be prevented by soil compaction or lack
of tilth. Both these phenomena modify pore size, which causes slower water
movement.

Introduction

The slow infiltration problem can be reduced by (1) reducing soil compaction,
(2) improving soil tilth or increasing soil structure (flocculation and
aggregation of soil particles), and (3) increasing the soil-water contact area
for infiltration.

Several observers of agriculture and irrigation in the Treasure Valley over
the years have noted that gypsum appears to improve water infiltration in some
cases. The reason for such an improvement is not understood. It is known
that gypsum will improve infiltration rates by improving soil structure
(flocculation) in sodic (salt affected, alkali) soils, but the Greenleaf silt
loam at MES is not sodic. The exchangeable sodium percentage is less than 3
percent, far too low to be of any significance in clay dispersion.

Some observers have suggested that gypsum improves some non-sodic soils by a
"colloid salting out" process when certain clay constituents (amorphous iron
and aluminum oxides) are present. They are present in Owyhee soil, but the
salt content of the station irrigation water is sufficient that it is doubtful
if additional "salting out" would be induced by application of gypsum.
Nevertheless, it was deemed appropriate to test gypsum again because some
success had been observed with it in 1986 and 1987.

Infiltration can be increasing by increasing the depth of the water stream as
it flows down the furrow. Small dikes or dams in the furrow can increase
depth. Earthen dikes would wash out or erode away once they were overtopped.
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If dams were covered with plastic sheeting, too much hand labor would be
involved.

Placing straw in furrows is one inexpensive way to provide small water flow
obstructions. When potatoes are "laid by" shortly after planting, straw can
be applied to a rough unstable soil surface that will tend to catch the straw.
Straw is washed along with the moving water until it catches on potato bed
roughness. Once a straw catches, it tends to stop other straws until a small
temporary flow obstruction is generated. Water backs up sufficiently to
effectively increase the wetted perimeter of the stream. Such enhancement, in
turn, can be expected to increase infiltration of water into the soil.
Several successful trials of this process in the Treasure Valley have
demonstrated that straw can increase water infiltration under some
circumstances.

Material and Methods

Experimental Design

A field plot research plan was designed in which infiltration of water into
soils, soil moisture stress in the potato crop root zone, and yield and
quality of the potato crop were measured and recorded as a function of: (1)
gypsum applied to the land, (2) straw scattered in the furrows, and (3) the
combination of gypsum and straw in the same plot. A fourth set of plots were
established as check or control plots which received no gypsum or straw.

Gypsum was applied at the rate of 1000 lb per acre and straw at a rate of 800
lb per acre.

A randomized complete
as a replicate. (The
four replicate blocks

block design was used with each of four blocks serving
four treatments were located randomly within each of the

.)

Field Plot Location Characteristics

This experiment, which became known as the amendment trial, "AMEND" was
located in the middle of Block B7 at the Malheur Experiment Station (MES) near
Cairo Junction in the Owyhee Irrigation Project. Block B7, in Greenleaf silt
loam is approximately 300 meters north northeast of the station buildings.
The site is well leveled and has very little slope. Slope is to the east and
the dark phase of Greenleaf is the surface soil. Moisture retention
characteristics of the site soil are reported in Table 1 below.

Table 1. Moisture characteristic data for soil from "AMEND" trial site.
Malheur Experiment Station, Ontario, Oregon, 1988.

Gravimetric moisture content
Soil	 at indicated soil
Layer	 suction 
Suction (-MPa) 0.001	 0.01	 0.08	 0.20	 1.50

•

	0 - 30 cm	 46.5	 33.5	 19.2	 17.1	 13.2

	

30 - 60 cm	 45.9	 32.7	 21.0	 17.7	 14.3
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Soil bulk density was found to be 1.1 g per cc in the surface 30 cm, 1.2 in
the second 30 cm.

It is possible to calculate soil air space at field capacity using bulk
density and moisture characteristic data. While no single soil parameter
adequately describes soil physical fitness for cropping, air space at field
capacity (S*) has been correlated with potato yield and quality. If one
assumes that the -0.01 MPa water content is "field capacity", for block B7, S*
is 21 percent for the surface one foot of the soil profile. This should be
excellent growth medium for potatoes.

Estimating an Irrigation Schedule

The irrigation schedule was based on the non-delayed irrigations in the "Delay
of First Irrigation" (FITS) trial planned for 1988 in the same area (Block
B7). Size and frequency of irrigations were subject to some adjustment to
accommodate the intense effort necessary to obtain accurate measurements of
water infiltration into the soil. The amendments were planned to affect
infiltration. Procuring accurate infiltration data had high priority and the
needs of that process could and did influence irrigation frequency and
duration.

However, every effort was made to irrigate adequately to maintain a minimum

soil moisture status of 65 percent of the plant-available water remaining in
the soil at the time of irrigation. An irrigation was planned (and executed)
whenever 35 percent of plant-available water was consumed by the crop
evapotranspiration. As reported in the 1988 MES "FITS" annual report (MES,
1988), 35 percent available water depletion corresponds to a soil moisture
suction (SMS) of -0.045 MPa, or -0.45 bars. The outcome of this plan will be
described below in the report section on Results.

Soil Fertility and Fertilizing

Laboratory analyses for fertility assessment were performed by Western
Laboratories, Inc. of Parma, Idaho. Results indicated the soil had a pH of
7.7, was low in nitrogen, had medium amounts of phosphorous, was very low in
potassium, and was low in iron, sulfate, and boron.

Fertilizer applications were made as follows:

a. 120 lbs. N per acre applied May 2, as side dress to emerging plants.
b. 7 lbs. per acre KNO3 applied by air in 10 gallons of water, applied

July 20.
c. 5 lbs. per acre nutri-Phos K (31% Zn, 15% K, 32% P 205) applied with

b, above.
d. b and c above repeated on July 23.
e. Urea (46% N) applied at 30 lbs. N/acre broadcast on July 29.

(July 26, 1988 petiole nitrates hit 11,750 ppm, implying a need for
20 lbs N/ac.)

Observations of plant growth, color, and other petiole analyses indicated
adequate nutrition for the potatoes during the whole season. An abundant
cover of vines were "beat off" for harvest.
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Results 

Yield

Potatoes in the AMEND trial were harvested on September 26, 1988 and graded.
Samples were cooled slowly them stored at 9C and 90 percent relative humidity
before analysis of specific gravity and fry color reflectance. Results of
yield and grade measurements are reported in Table 2.

There were no significant differences in yields, or in distribution in size
and grade classes associated with treatments. There appeared to be a slight
tendency for the gypsum plus straw (together) to increase large U.S. Number
One and total US Number One potatoes. The percent U.S. Number Ones in this
trial was relatively low. The overall average percent of US Number Ones was
38.6. Low percent of U.S. Number Ones suggests that potatoes suffered
excessive water stress during the season. The average US Number Ones in the
companion trial, "FITS", for instance was 44.8 percent. The difference, which
cannot be evaluated by statistical comparison, appears to be of appreciable
magnitude. A possible explanation may be the difference in irrigation
scheduling. The AMEND trial was relatively wetter in June and this difference
may have caused a vegetative vigor and tuber set which could not be developed
and maintained unstressed through July.

Dark-End Syndrome

There was no significant effect of amendments on the relative proportion of
dark-ends in fry color tests. Tuber specific gravity and frying results are
shown in Table 3. The check and all three treatments showed relatively high
percent dark-ends. The average percent dark-ends for all plots as 37.2.
Comparing this result against number for the "FITS" trial (10.3%) supports the
hypothesis that the June wetness of the irrigation program led to a vegetative
vigor level which in turn led to a more serious July plant moisture stress.

Table 3.	 Specific gravity and fry color test results for all treatments in
the AMEND trial, Malheur Experiment Station, Ontario, Oregon, 1988.

Treatment
Specific Light	 US No	 US No	 Total
Gravity Reflectance	 3's	 4's	 Dark-ends 

1. Check 1.080 39.0 26.8 7.7 34.5
2. Gypsum 1.075 38.4 26.3 15.1 41.4
3. Straw 1.078 38.9 32.3 11.5 43.8
4. Gypsum 1.077 42.4 22.6 6.6 29.2

& Straw

There is an indication that the gypsum plus straw treatment, which had the
greatest percent and yield of number ones, and the lowest yield of culls, also
had the lowest percentage of dark ends. However all these differences were
too small to be statistically significant.
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Infiltration of Irrigation Water 

The yield, quality, fry color and dark end data raise questions about the
adequacy of irrigation. During the season thirteen irrigations were applied.
By using the catch can and stop watch system described in the report for
'FITS, '88' above, (MES, 1988) input to each furrow and outflow of tailwater
from each furrow were measured. The furrows and beds were 140 feet long with
each bed having a wheel furrow (traffic furrow) on one side, a non-wheel
furrow (no traffic furrow) on the other side. Irrigations were more or less
regularly alternated from one side of the bed to the other with some
exceptions depending on the relative need for water in the bed.

Irrigation dates, furrow type, and irrigation duration and interval are
recorded in Table 4. All irrigations consisted of measured inflow at 2
gallons per minute into the head end of furrows 140 feet long servicing 840
square feet of potato crop.

Table 4. List of irrigation dates, durations, irrigation interval and
identification of the employed furrow for each individual

irrigation, Malheur Experiment Station, Ontario, Oregon 1988.

Irrigation Date Furrow Irrigation Irrigation
Number Used Duration Interval

hrs. days

1 June 7 wheel 7.8
2 June 13 wheel 8.2 6
3 June 17 non-wheel 38.5 4
4 June 24 wheel 8.0 7
5 July 1 wheel 7.0 7
6 July 6 non-wheel 23.2 5
7 July 15 wheel 8.0 9
8 July 20 non-wheel 14.7 5
9 July 27 wheel 8.0 7

10 Aug. 2 non-wheel 24.0 6
11 Aug. 12 wheel 8.0 10
12 Aug. 18 wheel 8.0 6
13 Aug. 25 non-wheel 4.0 7

It is of interest to note that there were eight irrigations using the wheel
furrow, where the furrow bottom had been compacted during the planting
operation (wheel furrows). In these compacted furrows, because of the
compaction of the bottoms, the water front arrived at the tail ditch a few
hours after it was turned on into the head of each furrow; infiltration was
slow. Conversely, as was the case in the "FITS" trial above, non-wheel
furrows had greater infiltration of water into the soil and water advanced
down the furrow length slowly. The irrigations were longer in duration as
shown in Table 4 because of time lapsed before any measurable tailwater
outflow commenced. Because of differences in soil compaction, wheel furrow
irrigations had a duration of about 8 hours, but the duration of non-wheel
furrow irrigations averaged 21 hours.

The irrigation intervals were controlled by soil moisture block readings, the
availability of ahead of water, and especially by availability of personnel
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to make the measurements (flowmeter, stopwatch and catch can) necessary to
determine the rate of infiltration of irrigation water into the soil.
The data recorded for estimation of infiltration were (1) for adjustment of
the inflow rate by flowmeter to a constancy at 2 gallons per minute per
furrow, (2) for verification of the inflow constancy by readings of inflow
rate as a function of time during the irrigation duration, and (3) measurement
of the outflow rate, from the lower end of the furrow, into the tailwater
ditch as a function of time during the irrigation duration. The latter
measurement was by catch can and stop watch, catching some of the outflow
water as it dropped into the tail ditch.

Outflow water was collected by allowing the water to flow through a metal
channel fitted into the furrow. The water dropped into the tail ditch from
the protruding end of the metal channel. The metal channel was a three foot
length of standard roof rain gutter. Infiltration rates calculated from this
data, averaged for the duration of each irrigation, are reported in Table 5.
The data is reported in Table 5 in two principle parts. In the upper part of
the table are results of measurements made in furrows which had not been
subjected to tractor wheel traffic in the fall of 1987 or the spring of 1988.
Beds were formed in the fall of 1987, worked slightly with 2-row equipment in
1988, and planted with 2-row equipment in 1988. Using 2 or 4-row equipment
behind a tractor with a 6 foot spacing between the left and right wheels, a
tractor which straddles two beds and the interposed furrow, results in a
traffic pattern in which every other furrow is subjected to compaction while
every other furrow is kept free of tractor traffic. Each bed or hill has a
wheel furrow on one side, a non-wheel furrow on the other. Thus, by
irrigating on one side of the bed, then on the other, and alternating back and
forth, one uses both traffic and non-traffic furrows for irrigation.

In Table 5, the first column on the left is irrigation number. Note that 13
irrigations were applied, 8 in the wheel furrow, 5 in the non-wheel furrow.
The second column records the irrigation date. Irrigations started in the
traffic furrow, and as was the case in the "FITS" trial at MES in 1988,
irrigation in non-traffic furrows was delayed until mid-June. During July,
the period of maximum moisture demand, irrigations alternated regularly from
one side to the other of each bed.

The third column of each half (upper and lower) of Table 5 reports the number
of inches of water applied to the 840 square feet (140 feet furrow length x
the 6 foot width of 2 beds and 2 furrows), irrigated by each furrow during any
given irrigation. Note that appreciably more water was applied during each
irrigation in the non-traffic furrow. This was due to the irrigation
duration, as shown in the fifth column from the left, as well as infiltration
rate. Because more water was infiltrating, it took several times as long for
water to outflow from the tail end of the non-traffic furrows. Irrigation
durations averaged 21 hours. On the other hand, as seen from Table 5,
irrigations in the wheel furrows lasted an average of 7.5 hours.

It is also important to note that each bed received a total of 25.8 + 13.4 or
39.2 inches of applied water during the season. This water was divided by the
system arrangement into 'water infiltrated' (29.5 inches, from the fourth
column, Table 5) and 'tail water' (39.2 - 29.5 = 9.7 inches).
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Table 5. Infiltration parameters of each irrigation applied to the "AMEND"
trial, Malheur Experiment Station, Ontario, Oregon, 1988.

Irrigation	 Irrigation
Number	 Date

Water Water Irrigation
Applied Infil. Duration

Average
Infiltration

in	 in	 hrs	 in/hr

Furrows with No Wheel Traffic

1 6/17 8.9	 8.7	 38.5 0.23
2 7/6 5.2	 4.9	 23.2 0.21
3 7/20 3.4	 3.1	 14.7 0.21
4 8/2 5.4	 4.1	 24.0 0.17
5 8/25 2.9	 1.7	 4.0 0.42

TOTAL 25.8	 22.5	 104.4 0.22

Furrow with Tractor Wheel Traffic

1 6/7 1.8	 1.4	 7.8 0.18
2 6/13 1.8	 0.7	 8.2 0.09
3 6/24 1.9	 0.8	 8.0 0.10
4 7/1 1.6	 0.7	 7.0 0.10
5 7/15 1.8	 1.0	 8.0 0.12
6 7/27 1.8	 0.9	 8.0 0.11
7 8/12 1.8	 1.0	 8.0 0.12
8 8/18 0.9	 0.5	 4.1 0.11

TOTAL 13.4	 7.0	 59.1 0.12*

*Average

Overall irrigation efficiency could be calculated two ways. If crop
irrigation requirement is taken as 22 inches (modified Blaney-Criddle
calculation), the efficiency of use of the "applied" water would be 22/39 x
100 or 56 percent. Irrigation efficiency of 56 percent is reasonable and
typical of many surface irrigation systems. However, some of the 39 inches
appears as tailwater and would be available for use for another irrigator or
another beneficial use. The efficiency of use of the "infiltrated" water
appears to be quite good;

22 inches IR 
x 100 = 75%

29.5 inches infiltrated

This calculation assumes (1) soil profile water content at the end of the
water use season in September was the same as the soil profile water content
at planting, and (2) adequate moisture was constantly available to the crop
for extraction and its evapotranspiration was never limited by availability of
water to the root system.

It is doubtful that either of these assumptions applied to the potatoes grown
in the "AMEND" trial in 1988. The potato crop grade, the low percent of U.S.
Number One potatoes and the high incidence of dark-end suggest that assumption
(2) was not true. Assumption (1) would be true only if there was a very late
irrigation just before harvest.
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Considering that these assumptions are not valid, the 75 percent calculation
is misleading. Nonetheless, it is interesting that sufficient water was
applied, but plant water stress was not prevented. To minimize plant moisture
stress, one must place the right amount of water at the right place at the
right time. Irrigating potatoes on beds by the surface method by running
water in furrows requires appreciable subbing, capillary rise, and horizontal
movement and is frequently difficult to achieve. Such movements on high beds
(up to 12 inches) and wide row spacings (36 inches) takes protracted wetting.
Under protracted wetting over a small area, large amounts of water escape

downward beyond the depth of rooting and percolate to ground water.

The probability of loss of water to deep percolation is evident when one
considers the amounts of water infiltrated during the first irrigation in the
non-traffic furrow. According to the first entry in the fourth column of
Table 5, almost 9 inches of water infiltrated during the first irrigation on
June 17th. At that time, the potato plants were small, their root systems
were small, and the volume of soil from which moisture had been withdrawn was
very small. Near the top of the bed, the plants had only used about three
inches of water, and there was no way nine inches of water could be put in
storage for the superficial root system of potato plants. At least six inches
of that irrigation (2/3) would have been wasted to percolation even if the
beds had not been irrigated from the other (traffic furrow) side.

There were probably also deep percolation losses from the traffic furrow
irrigations, but they were undoubtedly smaller. Since the traffic furrow
irrigations were too short in duration to provide much water to the crop, they
were likewise too brief to provide much water to deep percolation.

The last column, at the far right of Table 5, lists the calculated average
infiltration rates (inches of water infiltrated, into 840 square feet per
hour) during each of the successive irrigations in both traffic and non-
traffic furrows.

The average infiltration rate in the non-traffic furrows started high (0.23
in/hr.) and remained high through the five irrigations. It was unusually high
in the fifth irrigation of the non-traffic furrows. For this irrigation, the
inflow rate had been raised from 2.0 gallons per minute to 6.5-7.0 gallons per
minute. The infiltration rate was increased, but the tailwater was also
increased. For the first irrigation the tailwater was only 2 percent of the
total applied water. For the second, third, and fourth irrigations, tailwater
was 6 percent, 9 percent, and 25 percent respectively, but for the fifth
irrigation, tailwater was 41 percent of the applied or inflow water. Was this
due to gradual sealing or was the last rise due to the dramatic increase in
the inflow rate? There is no way to tell. At any rate, the average
infiltration rate for the duration of each irrigation remained high for the
non-traffic furrows.

On the other hand, for the traffic furrows the infiltration rate (after furrow
tillage) started at about the level of that of the non-traffic furrows (0.18
inches/hour) but it quickly fell to about 50 percent of that rate and stayed
low to yield a season average infiltration rate of 0.12 inches/hour. This
represents the infiltration of a total of only seven inches of water during an
infiltration opportunity time (contact time) of 59 hours.
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The rapid infiltration rate decrease illustrates the serious and alarming lack
of structural stability (tilth) so common in desert soils high in silt and low
in sand, clay, and organic matter.

Were all the necessary water (24 inches) to be applied at this rate, the
irrigation duration for the season would have to be 200 hours. This could be
achieved by 14 irrigations, each of 14 hours duration, seven on each side of
each bed. However, this simplistic calculation assumes an unattainable
irrigation efficiency. Thirty-two (32) inches of water could be applied at
0.12 inches per hour in 270 hours, 19 irrigations (9 on one side, 10 on the
other) of 14 hours duration.

Another possible combination which better matches maximum allowable stress
levels would be 23 irrigations of 12 hour duration, 11 on one side, 12 on the
other.

Combinations such as these should be worked out and tested in future research.
At present it appears that irrigations should be tried with all furrows
compacted to minimize deep percolation losses. The large amounts of water
which percolated through the non-traffic furrows undoubtedly passed downward
to groundwater.

Effect of Treatments on Infiltration

The information on irrigation reported above refers to general results of
infiltration measurements. Since infiltration rates varied appreciably due to
slow long-term sealing effects, the size of the head, and the duration of
individual irrigations, comparisons between treatments are most clearly and
sharply expressed by calculation of a parameter not yet referred to in this
report. This parameter is the ratio of water infiltrated to water applied for
each individual irrigation of each amendment treatment. This ratio eliminates
some of the variance due to extraneous factors and renders treatment
comparisons more meaningful.

Listed in Table 6 are numerous ratios of water infiltrated to water applied as
a function of wheel versus non-wheel furrow, and as functions of applied
treatments for each type of furrow.

The type of furrow had a very large, highly significant effect. Note that
about 84 percent of the applied water infiltrated into the non-wheel furrow,
while in the case of the wheel furrow, only 51 percent infiltrated. Amendment
treatments had no significant effect in either the wheel or non-wheel furrows.

An important difference between wheel and non-wheel furrows which is somewhat
inexplicable at this stage of development of research is the persistence of a
high ratio of infiltrated to applied water in non-wheel furrows as opposed to
the rapid decline in the ratio in the wheel furrows (Table 6). Why furrow
resealing after disruption (furrow tillage) should be accelerated by wheel
traffic is difficult to understand. It would appear that furrow resealing
should be a function of aggregate stability.
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Table 6. Ratio of water infiltrated to water applied, averaged for all
treatments, for each irrigation date. Malheur Experiment Station,
Ontario, Oregon 1988.

Ratio of
Irrigation	 Water Infiltrated to

Date	 Water Applied

Non-Wheel Furrows

6/17	 0.97
7/6	 0.94
7/20	 0.92
8/2	 0.76
8/25	 0.60

Wheel Furrows
6/7	 0.76
6/13	 0.41
6/24	 0.45
7/1	 0.46
7/15	 0.53
7/27	 0.48
8/12	 0.55
8/18	 0.48

No differences in aggregate stability due to furrow traffic have been
detected. Aggregate stability is a function of long-term tilth-influencing
factors such as soil organic matter content, rotations, etc. The reason for
lack of stability in wheel furrows contrasted to non-wheel furrows is
presently unknown.

As shown in Table 6, the ratio remained high, with a only slight decrease in
four (4) irrigations in non-wheel furrows. These large ratios, with long
application times, contribute to the loss of water to deep percolation early
in the irrigation season. On the other hand, the very low infiltration ratios
found in the wheel furrows suggests excessively high runoff. An infiltration
ratio of 75 to 80 percent seems a reasonable compromise.

Relative Soil Moisture

Soil moisture is reported in Table 7 below as soil moisture suction (bars) and
was measured with "Watermark" soil moisture blocks, gypsum blocks specially
constructed for wet end sensitivity. There were no significant differences
between treatments on any date. Closer scrutiny of the data showed a
tendency, not statistically significant, for low percent U.S. Number One
potatoes, and high incidence of sugar end to be correlated with high wetness
in June. This suggests that early (June) irrigation promoted a level of
vegetative mass which could not be sustained free of moisture stress in July
and early August.
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Table 7. Average relative soil water potential during different portions of the growing season, Malheur Experiment
Station, Ontario, Oregon, 1988.

Minimum Minimum
Early	 Late	 Early	 Late	 Early	 Late	 Season	 Early	 Late

Treatment	 June	 June	 July	 July	 August August Average	 June	 June

	  bars 	

1. Check	 -0.90	 -0.30	 -0.46	 -0.43	 -0.54	 -0.78	 -0.56	 -1.42	 -0.95

2. Gypsum	 -0.87	 -0.24	 -0.39	 -0.36	 -0.52	 -0.66	 -0.50	 -1.34	 -0.66

3. Straw	 -0.81	 -0.21	 -0.47	 -0.36	 -0.49	 -0.68	 -0.50	 -1.18	 -0.56

4. Gypsum	 -0.90	 -0.19	 -0.53	 -0.43	 -0.58	 -0.82	 -0.57	 -1.41	 -0.69
& Straw

Summary and Conclusions 

Use of the amendments gypsum and straw, separately and together, had no effect
on water infiltration, relative wetness of the soil during the growing season,
on yields, quality or incidence of sugar end syndrome.

Infiltration into non-traffic furrows was adequate to have caused deep
percolation water losses. Infiltration into traffic furrows was slow enough
to have required 270 hours of irrigation to provide the needed water supply.

More research should be planned on better ways to irrigate potatoes using
'furrow irrigation methods.

References

MES, 1988. Malheur Agricultural Experiment Station; Alfalfa, Corn, Onions,
Grains, Sugar Beets, Miscellaneous Crops and Potato Research. Oregon Agri.
Expt. Sta. Special Rpt. 832. pp147-158.

69


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73

