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INTRODUCTION
The Irish potato (Solanum tuberosum L.) is a high yielding vegetable crop to which approximately 5,600 hectares are planted annually
in West Texas.

Like many vegetable crops, production costs are high.

The high cost of production necessitates proper management and
planning.
Potatoes in West Texas are grown for an early retail market
which requires harvesting prior to maturity.

Early tuber set v/ould

allow more time prior to harvest for tuber bulking.

An extended

period of tuber bulking would result in higher numbers of marketable
tubers, thus an increase in yield.

A knowledge of some of the factors

influencing tuber initiation would aid in the understanding of early
tuber set.
The majority of potatoes grown in West Texas are irrigated by
furrow application of water.

With the increasing importance of water

conservation in West Texas, it is paramount to understand the effect
of limited water on tuber initiation.

The selection of soil types

for increased tuber initiation and better water utilization by potato
plants can be beneficial to increasing the yield.
The objectives of this study were:
1.

To compare the effects of three soil types on several yield

influencing parameters.

The parameters chosen were stolon number,

tuber initiation, and tuber volume.
1

2.

To investigate the effect of two moisture regimes on stolon

number, tuber initiation, and tuber volume with respect to the three
soil types.
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LITERATURE REVIEW
Tuber initiation is one of several important parameters having an
effect on potato yields. The number of tubers set, the time of tuber
initiation and the number of tubers retained can be considered under
this parameter.

The environment has been shown to have a significant

effect on tuber initiation (Moorby and Milthorpe, 1975).

Environmental

effects can cause more variability in stolon elongation and tuber
initiation than could be the result of heredity, because the potato
is clonally propagated and should not be subject to extreme variability
(Stevenson et al., 1964; Gregory, 1965).
Presently potatoes are grown from seed pieces. These are cut
potatoes having one or more "eyes" present.
the eyes and form stems.

Shoots will develop from

Shoots are apically dominant and will com-

pete until one shoot dominates the others (Moorby and Milthorpe, 1975).
During this time period the shoot is dependent on the seed piece or
"mother tuber".
on the shoot.

Adventitious roots will form from underground nodes
Once the shoot reaches the soil surface it will start

photosynthesis, and the plant will exhibit a general shift of dependence from the mother tuber to photosynthetic assimilate
(Bodlaender and Marinus, 1969; Moorby and Milthorpe, 1975).
During the early growth of the shoot, stolons are differentiated.
Stolons are modified lateral shoots which originate from underground
nodes as do adventitious roots.

They differ from normal green shoots

in having elongated internodes, hooked tips, small scale leaves,
diageotropic growth habit and a general lack of chlorophyll (Kumar
and Wareing, 1972).

It has been noted (Jensen and Morris, 1931;

Moorby and Milthorpe, 1975) that some stolons may be present during
planting, but this is dependent on seed piece treatment.

Once stolon

initiation has begun, stolons extend rapidly and some will branch
from nodes on the individual stolons (Kumar and Wareing, 1972).

A

fully developed system of stolons should be present 20 to 25 days
after stolon elongation has begun (Edmunson, 1938).
It has been postulated that the mother tuber controls stolon
formation (Madec, 1963).

The effect of the mother tuber may be that

of a stimulus for plant growth.

A good seed piece provides the shoot

with a ready energy source, this results in a vigorous growing plant
and enough energy to develop a stolon system (Bodlaender and Marinus,
1969).

Seed piece production of more than one stem has been shown to

reduce the number of stolons per stem (Svensson, 1962).

The pro-

duction of multi-stems occurs when more than one eye sends out a
shoot or when more than one bud in a single eye produces a shoot,
this is the result of lack of suppression by the primary shoot.

The

multi-shoot phenomena is very common in field grown potatoes (Moorby
and Milthorpe, 1975).

With more stems, the plant should receive more

photosynthetic assimilate, thus more energy available for stolon
development (Goodwin, 1963; Milthorpe, 1963).

However, existing data

suggests that the number of stolons per stem is suppressed because of

an early energy deficit formed in getting more than one stem to the
soil surface.

Although, the number of stolons per stem is reduced,

the number of stolons per plant is increased (Svensson, 1962; .Moorby
and Milthorpe, 1975).
A relationship between stolon development and haulm growth has
been suggested (Svensson, 1962).

Experiments by Burt (1964) have

shown that stolon growth is greatest at 25 C, this also corresponds
to the optimum temperature for haulm growth.

Other work (Gregory,

1965) has shown that at day temperatures of 30 C maximum leaf areas
were achieved, but stolon number was decreased.

This suggests that

there is an upper limit of temperature in which repression of some
physiological systems occur.

This may in part be due to increases

in soil temperature.
Development of individual stolons is stopped by the onset of
tuber initiation.

Tuber formation is marked by cessation of longi-

tudinal growth or elongation, and the radial expansion of apical and
subapical regions of the stolon tip (Palmer and Smith, 1969; Palmer
and Barker, 1972).

High concentrations of soluble carbohydrates at

the stolon tip have been noted to occur even before visual signs of
stolon swelling (Slater, 1963; Slater, 1968).
Tubers may be initiated by plants over a wide range of developmental states (Gregory, 1965).

The period of flowering has been

thought to be a key to tuber initiation (Clark, 1921; Ito and Kato,
1951), but this appears to be only because older plants are more
likely to form tubers (Moorby and Milthorpe, 1975).

Photoperiod and

low temperature conditions have also been shown to affect tuber
formation (Werner, 1934; Gregory, 1956; Slater, 1968).

Potato plants

are extremely photoperiod sensitive, and short daylength seems to
induce tuber development (Garner and Allard, 1923; Montaldi and CI aver,
1963).

It has been shown that plants grown under 8 hours daylight

started forming tubers within a week after sprout emergence (Gregory,
1956, 1965).

Other workers have indicated that when plants growing

under non-inducing conditions (long daylength) were changed to short
daylength, for at least 5 to 7 days, tuber initiation was brought
about (Chapman, 1958; Slater, 1963).

Experiments conducted by Okazawa

and Chapman (1962) have shown that tuber formation was induced when
only a small part of the haulm was exposed to short daylength while
the rest of the haulm was maintained under non-inducing conditions.
Chapman (1958) showed that if plants under short daylengths were
initiating tubers, and were placed back under long daylength conditions, they would revert back to a vegetative state and exhibit a
marked increase in stolon development.
Although relatively high temperatures appear to enhance stolon
initiation, exposure of potato plants to temperature of 7 C for approximately a week has been shown to be adequate to induce tuber
initiation (Burt, 1964).

The time requirement for inducing tuber

initiation with respect to temperature seems to be approximately the
same as that for inducement by photoperiod (Gregory, 1965).

Slater

(1968) in another experiment showed that low night temperatures are
more important for tuber initiation.

When the effects of temperature

and photoperiod are combined, photoperiod seems to have slightly more
effect on the earliness of tuber initiation (Gregory, 1965).

It

should be noted that unlike the reversible effects of photoperiod,
when tuberization is stimulated by low temperature it will continue
even though the temperature is raised (Chapman, 1958; Gregory, 1965).
Before tuber initiation can take place it is thought that the
stolon must be in an induced state.

Photoperiod and low temperature

have been shown to determine the environmental boundary conditions
for the inducing stimulus (Burt, 1964; Madec, 1963; Slater, 1963;
Gregory, 1965).

Two sets of reactions favoring tuber formation are

thought to occur; a hormonal based reaction that may or may not be
associated with photoperiod and low temperature, and a reaction more
dependent on the environment in which increases in photosynthetic
assimilate in the stolon tip enhance tuber formation (Moorby and
Milthorpe, 1975).

Low temperature effects can also be categorized

under the latter reaction as well as being associated with a hormonal
stimulus.

Low temperatures have the effect of lowering the amount

of assimilate utilized for haulm growth and stolon elongation.

This

allows a larger proportion of assimilate available for transport to
other parts of the plant, thus an accumulation of soluble sugars at
the stolon tip (Bushnell, 1925; Slater, 1963).
The hormonal stimulus was long thought to have formed in the
mother seed piece then to have been translocated to the stolons
(Okazawa and Chapman, 1962).

It now appears that the hormonal stimulus

is activated in the shoots, and travels basipetally sensitizing re-
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ceptive sites in the stolons (Gregory, 1965; Kumar and Wareing, 1973).
Stolon elongation is characterized by different hormonal gradients,
that is, high levels of gibberellins and low levels of cytokinins.
The natural gibberellins necessary for stolon elongation have been
shown to inhibit tuber initiation. Therefore the hormonal stimulus
must in some way counter the effects or suppress the naturally found
gibberellins (Smith and Rappaport, 1969; Kumar and Wareing, 1972).
Ito and Kato (1951) in an attempt to explain the physiology of
tuber initiation applied CO^ gas to the haulm of potato plants. They
found that CO^ feeding did not affect tuber formation. Other workers
have shown that CO^ does stimulate tuber initiation, but application
of ethylene gas overrides the effects of the COp and suppresses
formation (Patterson, 1970; Mingo-Castel et al., 1974).

Data obtained

from the application of ethrel (2-chloro-ethyl-phosphoric acid), a
compound that breaks down in tissues and produces ethylene close to
the site of tuber initiation, indicated that ethylene promotes tuber
initiation (Garcia-Torrez and Gomez-Campo, 1972).

In a similar ex-

periment Palmer and Barker (1972) showed that ethrel did not promote
tuber formation. They showed that ethylene inhibited longitudinal
growth of stolons, and caused a generalized swelling of the entire
stolon which was not sufficient evidence for tuber initiation.

Their

data further suggests that kinetin is involved in the inducing stimulus.
Data of Palmer and Smith (1969) indicates that high concentrations
of cytokinins, low levels of which are necessary for stolon elongation,
stimulate tuber initiation. Working under the premise that environ-

mental factors which retard haulm growth tend to accelerate tuber
initiation, Gifford and Moory (1967) applied CCC (2-chloroethyltrimethyl-ammonium chloride) to potato plants. Their data suggest
that CCC stimulated the initiation of tubers.

It is clear that the

absolute nature of the hormonal stimulus is not clearly understood
(Moorby and Milthorpe, 1975).
It is generally agreed that conditions of high radiation, long
days, and high temperatures will delay tuber initiation.

It should

be noted that these conditions that delay tuber initiation are, in
fact, the conditions under which the vast majority of field grown
potatoes are subjected (Gregory, 1965; Slater, 1968; Moorby and
Milthorpe, 1975).

Under field conditions the genetic differences of

potato cultivars play an important role. Tinker (1925) suggested
that the yield of tubers is more dependent on the genetical composition
of the plant than on the response of the plant to temperature and
photoperiod.

Those cultivars that initiate tubers early in the

season seem to be less affected by changes in photoperiod, while
those cultivars tuberizing later in the season show a more delayed
response with increasing daylength (Moorby and Milthorpe, 1975).

In

these general cases it is apparent that a combination of heredity, age,
and some environmental effects contribute to the initiation of tubers.
Various environmental and managerial effects such as N fertilization, and plant spacing have a pronounced affect on increasing the
competition between plants.

It has been suggested that a close re-

lationship between the underground and aerial parts of the potato
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plant exist (Svensson, 1962, Miller, 1976).

Conversely, Gregory (1965)

has shown that there is no relation between plant size and tuber number
Timm et al. (1963) showed that increases in N fertilization decreased
the tuber number.

Work with N fertilization and plant spacing showed

that increasing the competition in the stand decreased the number of
tubers formed (Dubey and Bhardwaj, 1971).
Past research suggests that high levels of soil moisture can
increase the competition within a stand (Edmunson, 1938; Lis et al.,
1964; Kouwenhoven, 1970).

The literature indicates that the effects

due to soil moisture are quite variable and go beyond just increasing
stand competition.

Singh (1969) suggests that adequate moisture, soil

water tensions no greater than 0.3 bar, enables every stolon to set
a tuber.

It is thought that there are two critical periods in the

life cycle of the potato that are affected by soil moisture; stolon
elongation and tuber initiation (Lis et al., 1964).

Cavagnaro et al.

(1971) and Narang and Kanwal (1971) have shown that moisture stresses
are detrimental to tuber formation.

However, moisture stress at

planting apparently drought hardens the plant.

Additional moisture

stress at the time of tuber initiation had no effect when the plants
were drought hardened.

Maintenance of high soil moisture levels has

been shown to cause early tuber initiation.

This is thought to be

the result of increased haulm growth and increases in photosynthetic
assimilate available for tuber formation (Bradley and Pratt, 1955).
Ito and Kato (1951) have shown that restricted moisture favors tuber
formation.

Their theory is that drought conditions act in the same
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manner as low temperature and causes an accumulation of soluble sugars
at the stolon tip.

Experiments done in vitro with differing sucrose

solutions show that increases in the osmotic potential of the medium
did not bring on tuber initiation (Lo et al., 1972).

Other work has

shown that moisture stress had no measurable effect on tuber number
(Robins and Domingo, 1956).

Increases in yield under high moisture

regimes has been shown to be due to increased tuber weight and not to
increased tuber number (Singh, 1969).
Soil moisture as well as soil temperature are apparent functions
of soil texture.

Generally clay soils have a higher plant available

moisture than do sandy soils. This difference is due to the clay
content and to the aggregation exhibited in the soil. The soil moisture also affects soil temperature.

Since sandy soils have low water

contents, heat is conducted through the top 10 cm of soil with greater
speed in sands than in clays.

This general effect will vary with the

amount of radiation and the color of the top soils.

Generally clays

tend to have a darker color and will absorb more radiant energy.
However, because of their increased moisture content, they require
more energy for v/arming (Hi 11 el, 1971; Baver et al., 1972).
The literature discussing the effects of soil types on tuber
initiation is extremely limited.

Work done in comparing a peat and

a mineral soil showed no significant differences in potato quality
(Neenan et al., 1967).

Bushnell (1953) showed that there were no

differences in yield on a virgin soil and an intensely cropped soil of
the same texture.

Other experiments suggest that tuber formation.
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hence yields, are stimulated on light textured soils exhibiting poor
structure and increased water premeability (Kouwenhoven, 1970).

Ivins

and Montague (1958) suggested that rapid fluctuations in soil temperature surrounding the stolons increased the number of tubers set.
Gregory (1965) and Sommerfeldt and Knutson (1968) have shown that
high soil temperatures are antagonistic to tuber formation in the same
manner as high aerial temperatures.

They also found that with high

soil temperatures a large number of tubers were formed sessile to the
stems.

Stevenson et al. (1964) in a general study showed some dif-

ferences due to soil type, but they suggested that these differences
could be the result of other environmental conditions.

Experiments

with differing soil reaction suggested that tuber initiation was
altered by both high and low pH (Smith, 1932).

Bushnell (1953) has

suggested that where ample moisture and air are present, the texture
of the soil does not have any marked effect on tuber initiation.
As reported, yery little research has been done to elucidate the
effects of different soil types on the initiation of potato tubers.
However, considerable study has been devoted to finding the stimulus
for tuber initiation whether it be photoperiodic, temperature controlled, or a series of hormone reactions.

The reported variability of

response to soil moisture and soil type with reference to tuber
initiation merits further research in this area.

MATERIALS AND METHODS
Irish potatoes (Solanum tuberosum L. c.v. Viking) were grown in
the greenhouse and an outside area adjacent to the greenhouse on the
campus of Texas Tech University.

The areas were approximately 6 m by

12 m. A movable rain-out shelter was constructed over the plot area
adjacent the greenhouse. The shelters construction was a slight
modification of the shelter constructed and reported by Arkin et al.
(1975).

The purpose of the shelter was to control soil moisture with-

out the other environmental effects inherent in a greenhouse. A useful comparison between the two environments was developed.
The experimental design was a randomized block within a split
plot with four replicates.

Split plots were composed of two different

environments, one inside the greenhouse and the other under the rainout shelter. Three soil types were used for the experiment.

Two

moisture regimes were imposed on plants growing in the three soil
types.

Four harvests were to be taken starting with 17 days after

plant emergence and spaced at 15 day intervals thereafter.
A lack of noticeable stolon formation and tuber initiation during
the first two harvest periods, as well as poor emergence of plants in
the greenhouse resulted in a modification of the experimental design.
The design implemented was a complete randomized design within a
split plot. The same treatments vyere maintained, but the harvest
periods were shifted to later in the growing season. Mew harvest
13
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times were at 45, 60, 70, and 80 days after emergence.

Due to the

new design implementation, the four replicates of the original design
were lost.
Three soil types were chosen for experimentation:
1.

Amarillo fine sandy loam, calcarious deviate, (fineloamy, mixed, thermic family of aridic Paleustalfs)
from the Texas Tech farm at Lubbock,

2.

Patricia fine sand (fine-loamy, mixed, thermic family
of Aridic Paleustalfs) from the Texas Tech farm at
Brownfield,

3.

Pullman clay loam (fine, mixed, thermic family of
Torrertic Paleustolls) from the Texas Tech farm at
New Deal.

Bulk quantities of Ap horizon material were taken at the three
locations.

Samples from each were taken for chemical analysis (Table

1).
TABLE 1
CHEMICAL PROPERTIES OF THE THREE STUDY SOILS
Soil Type

PH^

NO^-N^

K^O^

CaO^

Mg^

• ppm

Pullman

7.8

46.5

725

4260

>250

Amarillo

7.9

22.5

555

5700

>250

Patricia

7.6

7.5

350

1275

218

1:1 soil:

solution reading (Texas Ag. Exp. Station)

^Extracted with 51 ml H^O/Sg soil (Texas Ag. Exp. Station)
Extracted with pH 4.2 ammonium acetate (Texas Ag. Exp. Station)
Textural analysis (Day, 1965) was conducted on the three study soils
and reported in Table 2.
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TABLE 2
PARTICLE SIZE ANALYSIS FOR THE THREE STUDY SOILS
Size Fraction

Soil
Clay

Silt

Textural Class
Sand

, <y
A)

Amarillo
Patricia

26
5

15
4

59
91

fine sandy loam

Pullman

34

27

39

clay loam

fine sand

The soils were placed in 25 cm diameter and 45 cm deep 10 mil polyethylene bags.

The bags were filled to approximately the same height

so that differences in bulk density would be noted.

Bulk densities

were taken at 7.5, 15.2, and 22.9 cm depths at the third harvest
period.

The combined values of bulk density for soils inside and

outside the greenhouse are given in Table 3.
TABLE 3
BULK DENSITY AT DIFFEf^ENT DEPTHS OF THE THREE
SOILS AND AMARILLO GROUNDBED
Depth
cm -

Soil
7.5

15.2

22.9

/ 3
g/cm
Amarillo
Patricia

1.17
1.27

1.28
1.63

1.22
1.55

Pullman
Amarillo Groundbed

1.16
1.31

1.31
1.58

1.24
1.46

Trenches 45 cm deep were dug in the plot areas. The bags were placed
in the trenches so that the surface of the soil in the bags was even
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with the surface of the outer bulk soil. This was done to minimize
any rapid changes in soil temperature due to fluctuations in air temperature. At the same time, plots were formed in the outer Amarillo
bulk soil for planting directly into the soil, these were flat planted
without the use of beds.
Cut seed pieces of constant size (75 g) were planted in the bags
and bulk soil plots on April 29, 1976. The seed pieces were placed
at a depth of 15 cm. This depth was chosen to give the plants an
adequate area for maximum stolon formation and to closely approximate
infield plantings. The plots were not pre-plant watered. After
planting the plots were watered to approximately 0.1 bar soil water
tension and kept moderately wet until signs of plant emergence v/ere
noted.

Emergence dates were recorded, the first plant emerged on

May 10 and emergence was completed on May 30. .
Nitrogen fertilizer in the form of NH-NO^ (33.5% N) was applied
In the water at the rate of 56 kg/ha on May 21. Temik (2-Methyl2(methylithio)propionaldehyde 0-(methylcarbamoyl) oxime) was applied
at this time at the suggested rate for control of white flies. Later
In the growing season a spray program was implemented using Isotox
(BHC) (1,2,3,4,5,6-Hexachlorocyclohexane).

Iron deficiency symptoms

were noted on plants in the Amarillo soil inside the greenhouse.
Sequestered iron at the rate of 11.2 kg/ha was applied on June 25.
All plots were kept at adequate moisture content until June 29.
At this time it was determined that stolon elongation and some tuber
initiation was taking place. Water retention curves were determined
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for the three soils (Figure 1) by use of the pressure membrane
apparatus (Richards, 1965).

Two moisture regimes were chosen; 0.3

bars and 0.8 bars soil water tension. The 0.3 bar level is generally
accepted in the literature as the proper moisture level for potatoes,
any soil moisture tensions greater than 0.3 bar should inhibit the
plants growth through water stress (Singh, 1969).
Tensiometers were used to monitor the soil water conditions in
the soils. The first stress period began on June 29 and continued
until July 6.

During this interval those plots not being stressed

were Irrigated and soil water tensions were not allowed to surpass
0.3 bars. On July 6 all plots were watered. Another stress period
was begun and concluded on July 15 with the 60 day after emergence
harvest.

Plots were again watered and a stress period began that

concluded with the 70 day post emergence harvest.

In most cases the

Pullman soil would not reach the 0.8 bar level before it was irrigated.
Soil water tensions on the Pullman varied between 0.6 bars and 0.8
bars. This variation was probably due to the evaporative demand at
the time and clayey nature of the soil.

It should be noted that during

second stress period, heavy rains dominated the environment and the
rain-out shelter was over the plants for approximately 4 days. An
additional stress period was imposed from 70 days after emergence
until final harvest. The sandy nature of the Amarillo and Patricia
soils resulted In some fluctuations in their moisture content at the
0.3 bar level.

It was believed that in some cases a possible buildup

of water In the bottom of the bags existed, leading to anaerobic

18
0.35

A

PULLMAN SOIL

•

AMARILLO SOIL
PATRICIA SOIL

0.30

0.25

I-

z

UJ 0 . 2 0
O
O
UJ
Q:

0.15
</)

o

0.10

0.05

_

-1.00

-0.50

0

0.50

1.00

LOG PRESSURE
Figure 1. Moisture Retention Characteristics of the
Three Study Soils
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conditions in the lower root zone and possible mortality of the plants.
Under this premise their moisture content fluctuated and generally was
kept dryer than the 0.3 bar tension level.
Soil temperatures were taken for the individual soil types, both
Inside and outside the greenhouse.

Soil thermometers were placed in

randomly selected pots of different soil types at a depth of 15.2 cm.
Temperature measurements were interspaced throughout the day.

After

each measurement was taken, thermometers were relocated into different
bags and allowed to equilibrate before another measurement was taken.
Plant emergence data were used to determine that June 16 was the
date analogous to 50 percent plant emergence.

Harvest data were taken

at specified intervals from that date. At harvest, plants were taken
at random through the plot area.

Equal numbers of plants with respect

to the different treatments were taken.

In some instances, plant

mortality or poor emergence limited the number of plants harvested
from some treatment groups.
On the specified harvest date, the bags chosen to be harvested
were removed from the bulk soil. Care was taken to keep the bags intact, this would insure that no stolons or tubers were lost. At the
same time three plants from each ground bed were dug in a random
fashion.

So that no tubers would be lost, a large amount of soil

surrounding each plant was taken. After removal of the bags was complete, the holes were filled to maintain the level of bulk soil around
the remaining bags.
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Intact bags were then split exposing the soil. The entire potato
plant, with the exception of very fine roots, was then removed. In
most cases the soil was friable enough that it fell away from the plant
with ease. Soil that exhibited some compaction had to be washed away
from the plants in certain instances, though not often. The haulm
was separated from the underground part and placed in a forced draft
oven at 60 C. After 72 hours the haulm material was removed and total
dry mass was recorded.
Separated subterranean sections of plants were placed in plastic
bags, sealed, then stored in a freezer for analysis at a later date.
Once the 80 day post emergence harvest was completed, evaluation of
the subterranean parts of the plant was begun. Data were compiled on
stolon number, stolon length, tuber number, and tuber volume. Stem
number was taken at this time, included in total stem number were those
stems that had yet to reach the soil surface but were still capable of
stolon formation. Stolons were noted as having hooked tips as described by Kumar and Wareing (1972).

Individual stolons were counted

and measured individually for length.
The nature of the cultivar Viking and many other cultivars of
red potatoes is to develop a red pigmented skin or periderm. The
pigment formation occurs wery soon after radial expansion of the stolon
tip begins, for this reason the Viking cultivar was chosen for the
study. The pink pigmentation was used as an indication of tuber
Initiation. Tubers were counted for each plant, it should be noted
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that in some cases several tubers formed on an individual stolon.
After counting, all tubers greater than 1 cm in diameter were measured
for volume, this was done by water displacement.
Analysis of variance, Duncan's New Multiple Range Test, linear
regression, and polynomial regression analysis were used to detect
statistical trends and differences in data (Steel and Torrie, 1960).

RESULTS AND DISCUSSION
Analysis of the data indicates that soil type, to some extent,
influenced plant emergence, stolon number, tuber initiation, and tuber
volume.

However, soil moisture status did not show a statistically

significant effect on the parameters studied, and no significant
trends were noted.

The lack of differential response to irrigation

treatment was the result of inadequate differentiation of treatments.
Therefore, the data from the moisture regimes were pooled for comparative purposes.

Subsequent discussion will relate soil type dif-

ferences within an environment to each parameter.

Environments will

be compared using an Amarillo soil in bags and groundbeds.
Plant Emergence
The highest percent plant emergence was exhibited in the Pullman
soil type (Figure 2 ) . The percentage of plants emerging is shown to
decrease with decreasing clay content in the soil.

Plants in all

three soils failed to show any marked differences in early emergence,
up to 17 days after planting.

From 17 to 31 days after planting the

differences in plant emergence were more significant and the distinct
textural difference appeared.
The textural differences can be attributed to the differing
moisture relations in the three soil types.

Increasing the clay

content results in an increased moisture retention.

Moisture that

was held in the proximity of the seed piece would aid in increasing
22
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the percentage of emergence.

The water retention capacity of the

Patricia soil was extremely low.

Water moved through the soil and

little was retained around the seed piece.

Thus a drying out effect

between waterings existed in the Patricia fine sand that was not as
evident in the Amarillo and Pullman soils. The drying out of the
soil between waterings would affect any weak seed pieces.

This would

result in poor emergence of plants, especially during the later period
of plant emergence.
Plant emergence under the rain-out shelter failed to show any
affect on soil texture (Figure 3 ) . The plants growing in the Patricia
soil exhibited the poorest emergence, but differences between soil
types were not significant.
Plants growing outside of the greenhouse exhibited a higher
percent emergence than those inside the greenhouse.

Better water

relations outside the greenhouse could possibly account for the difference.

Lower relative humidities outside of the greenhouse would

permit a more uniform drying of the soil, this would compensate for
the rapid water movement in the sandy soils and permit a more even
moisture distribution for the three soils.

High soil temperature,

above 21 C, has been shown to inhibit plant growth of potatoes
(Somnerfeldt and Knutson, 1968).

Soil temperature data for the period

of plant emergence are listed in Table 4.
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TABLE 4
THE EFFECT OF SOIL TYPE AND LOCATION ON THE MEAN RECORDED SOIL
TEMPERATURE BETWEEN MAY 10 AND NiAY 30, 1976

'•°^^^^°"

Patricia

°^ Amarillo

Pullman

Inside Greenhouse

29.3

28.8

28.4

Outside Greenhouse

21.7

21.5

21.7

The soils inside the greenhouse averaged approximately 6 C higher
than those outside the greenhouse.

This soil temperature difference

compounded with poor soil moisture relations resulted in decreased
emergence inside the greenhouse.
Stolon Number
Plants growing in the greenhouse exhibited no statistically
significant differences in stolon number with respect to soil type.
Stolon number increased up to 70 days where a peak was reached on
plants growing in the Pullman and Patricia soils (Figure 4 ) . From
70 days to final harvest stolon number decreased on these soils.
This may be attributed to some stolon sloughing that was noticed
during the period of tuber bulking and plant senescence.

Plants

growing in the Amarillo soil failed to exhibit this trend in stolon
number with increasing date.

Instead, stolon number increased with

respect to date, and at the final harvest date, stolon number had
nearly reached the peak attained by plants growing in the Patricia
soil type.

The reason for the apparent lag in stolon number on
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plants In the Amarillo soil may be attributed to an Fe deficiency
occurring at approximately 9 days after emergence. A possible combination of high soil temperature, high levels of CaCO^, and poor root
exploration may have resulted in Fe deficiency.

Soil temperatures

Inside the greenhouse averaged 5 C higher than those outside of the
greenhouse during the period of Fe deficiency.

Differences in soil

temperatures inside and outside of the greenhouse were negligible
during the harvest periods. The calcareous nature of the Amarillo
soil used in the study possibly caused some decrease in the availability of the Fe in the soil. This was probably compounded by a
decreased volume of soil for root exploration caused by growing the
plants in plastic bags.
Haulm growth on plants growing in the Pullman and Patricia soils
reached a maximum weight 70 days after emergence (Figure 5 ) . The
decrease in haulm weight noticed at the final harvest on the two
soils was due to plant senescence.

Plants growing In the Anarlllo

soil showed an increase in haulm weight throughout the harvest period.
This trend in haulm weight is very similar to the trend noted for
stolon number In the Amarillo soil. Differences in haulm weight
betv/een plants growing in the Pullman and Patricia soils, although
not statistically significant, are what one would expect due to the
differing moisture relations of the two soils.
Data from regression analysis for the entire harvest period
suggests that increases in haulm weight showed the most significant
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effect on Increasing stolon number on plants growing in the Patricia
and Amarillo soil types (Figure 6 ) . However, plants in the Amarillo
required higher haulm weights before any appreciable number of stolons
were set. This suggests that whatever may have caused the plants in
the Amarillo soil to exhibit low stolon numbers, may have caused the
Increase in haulm growth.

Stolon number on plants growing in the

Pullman soil show dependence on haulm weight, but not to the extent
of those in the Patricia and Amarillo soil. The data suggests that
plants growing in the Patricia soil may have had more dependence on
haulm weight with respect to stolon number earlier in the harvest
period than those plants in the Pullman soil. When stolon number
approached the maximum the difference became less noticeable.
Mean stolon length exhibited by plants in the Pullman and Amarillo
soils in the greenhouse was relatively constant during the harvest
period (Figure 7 ) . In the case of the Pullman soil; stolon number at
80 days after emergence was decreasing (Figure 4).

This suggests that

the plants were elongating stolons, but stolon sloughing was occurring
at the same time on the older stolons. Plants growing in the Amarillo
soil exhibited a decreasing pattern in mean stolon length. Although
total stolon length was increasing, the plants were initiating
stolons at a rate higher than they were elongating them.

Plants

growing in the Patricia soil showed a significant increase in mean
stolon length at the final harvest. This may be attributed to a much
more significant decrease in stolon number (Figure 4) than decreases
In stolon length at the final harvest. Bulking of tubers may have
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also influenced the mean stolon length exhibited by the plants, this
will be discussed in more detail later in the text.
Differences in stolon number between plants in the three study
soils outside the greenhouse were not statistically different overall,
but stolon number on the individual soil types exhibited different
trends than inside the greenhouse.

Plants in the Amarillo soil out-

side of the greenhouse had the fewest stolons at the initial harvest,
but stolon number increased markedly thereafter (Figure 8 ) . Stolon
number at 60 days after emergence on the Amarillo soil had surpassed
that attained on plants in the Pullman and Patricia soils. The
number of stolons on plants growing in the Amarillo soil increased to
70 days after emergence, and a slight decrease was noticed at the
final harvest.
Stolon number on plants growing in the Patricia soil was rather
constant during the harvest period.

This suggests that the plants in

the Patricia soil were maintaining the stolons previously formed,
and not initiating any new ones.

However, the possibility exists that

the plants were initiating stolons and sloughing stolons at the same
rate.

At 45 days after emergence the stolon number exhibited by

plants in the Patricia soil was greater than those in the Pullman
and Amarillo soils.
The maximum number of stolons on plants in the Pullman soil was
attained at 70 days after emergence.

Plants in the Pullman soil

exhibited a decrease in stolon number at the final harvest.

This

may be partially attributed to the water relations of the Pullman
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soil, in that the clay content is such that the soil exhibits a fairly
high amount of plant available water.

This high amount of available

water coupled with decreases in haulm weight led to an increase in
frequency of Blackleg.

Blackleg is a bacterial infection caused by

Erwinia Atroseptica, it is more prevalent under conditions when the
soil is kept moist for a protracted period of time.

It has been

noted that during the period of disease progression if soil moisture
is reduced, the base of the shoot will develop a blackened, shriveled
cortex.

The disease will not promptly kill the plant, but will cause

severe stunting (Walker, 1969).

Symptoms of Blackleg that resulted

in severe yield reduction have been noticed in past research of
potatoes growing on a Pullman soil in the field.
Haulm weights on plants growing in the Pullman soil outside were
relatively constant during the harvest period (Figure 9 ) . The tendency for haulm weight to decrease at the final harvest on the Pullman
soil may be attributed to either senescence of the plants, or a high
frequency of Blackleg, or a combination of the two.

Plants growing

in the Patricia soil exhibited a rather constant haulm weight up to
70 days after emergence, but an increase in haulm weight was noticed
at the final harvest.

Haulm weights on plants growing in the Amarillo

soil followed much the same pattern as stolon number, that is, steadily
increasing through the harvest period.

In general, plants growing

outside the greenhouse failed to exhibit the general decline in haulm
weight at final harvest noticed on the plants growing in the greenhouse reached senescence earlier than those outside.
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Increasing stolon number and increasing haulm weight exhibited
by plants growing in the Amarillo soil suggests some marked dependence
on haulm weight with respect to stolon number.

Figure 10 shows that

increases in stolon numbers were slightly more dependent on increases
In haulm weight on plants growing in the Amarillo soil than in the
Pullman and Patricia soils.

This dependence was more noticeable out-

side the greenhouse than inside.

Plants growing in the Pullman soil

exhibited the least dependence on haulm weight for increases in stolon
number.

It should be noted that plants grown in the Patricia soil

required less haulm growth to set an appreciable number of stolons
than plants in the Pullman and Amarillo soils.
The data for mean stolon length are presented in Figure 11.
Maximum mean stolon length for plants in the Pullman soil was attained
at 60 days after emergence.

Mean stolon length then decreased to

70 days after emergence, where it leveled off and remained constant
at the final harvest.

The data suggests that at 60 days after emer-

gence, the plants were initiating stolons, as well as elongating the
stolons formed.

Stolon elongation had ceased at 70 days after emer-

gence and the plants were actively initiating new stolons.

The data

further suggests that, at the final harvest stolon initiation had
ceased and the plants were rapidly sloughing the stolons previously
formed.
Differences in stolon number resulting from the plants being
grown inside the greenhouse and in bags may be elucidated by studying
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the plants growing in the Amarillo groundbeds. The data presented
will compare that attained from plants growing in the groundbeds and
in bags containing Amarillo soil.

Plants growing in the groundbeds

were not affected by the bags, and free root exploration resulted.
Plants growing inside the greenhouse, both in bags and groundbeds,
had the fewest number of stolons than those growing outside (Figure 12)
Differences resulting from growing the plants in bags were not as
significant as the differences resulting from growing the plants in
the greenhouse.

Plants growing in bags outside the greenhouse failed

to exhibit the stolon numbers attained by plants growing in the
groundbed outside. The same trend was followed by plants growing
inside the greenhouse, but to a lesser degree.
Data from haulm weight are presented in Figure 13. The trend
established for haulm weight suggests that the bags were more detrimental than greenhouse conditions. This must be attributed to poor
root exploration and poor water relations in the bags.

The data

further suggests that the "greenhouse effect" limited stolon number
much more than can be attributed to the bags.

In general, within a

soil system (i.e., Amarillo soil, plants growing in bags) plants
growing outside the greenhouse faired much better with regard to
general growth characteristics than those inside the greenhouse.
Tuber Initiation
Differences in tuber number, with respect to the different soil
types were not statistically significant at the 5 percent level.
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Plants growing in the Patricia soil inside the greenhouse exhibited
the highest number of tubers formed during the harvest period (Figure
14).

Tuber initiation appears to have begun at approximately 45 days

on all three soil types. Tuber number increased up to 60 days after
emergence in the Patricia soil.

From 60 days to 70 days after emer-

gence, plants growing in the Patricia soil showed a marked increase
in tuber number with respect to those plants in the Pullman and
Amarillo soils.

Tuber retention on plants growing in the Patricia

soil was poor during the period of 70 to 80 days after emergence.
This period was characterized by large numbers of tubers being sloughed
off the plants.

Tuber sloughing was typified by a rapid dehydration of

the tuber, and rotting of the subtending stolon.

This may be attributed

to a period of rapid tuber bulking that occurred at this time. The
plant essentially sloughed tubers to relieve the competition between
the photosynthetic assimilate sinks.
remaining could be adequately filled.

In this manner, those tubers
This suggests that there exists

some mechanism, whereby large tubers appear to be preferentially filled.
The plants growing in the Pullman soil followed, to some degree,
the same trend in tuber number as plants in the Patricia soil. Tuber
number increased up to 70 days after emergence, however, it was not
as rapid an increase as was exhibited in the Patricia soil.

Tuber

retention was rather poor, and at the final harvest a marked decrease
in tuber number was noted.

In fact, tuber number at the final harvest

declined at nearly the same rate on the Pullman soil as it did on the
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Patricia soil. The trend in tuber number exhibited by plants growing
In the Amarillo soil is similar to the trend in stolon number of
plants in the Amarillo soil. This suggests that the plants had yet to
reach the tuber bulking phase when the study was concluded.
Data for number of tubers per stolon are presented in Figure 15.
Plants growing in the Pullman soil, exhibited a maximum value at 60
days after emergence.

This suggests that plants were initiating tubers

at a rate closely corresponding to the rate of stolon initiation.
At 70 days after emergence a decline in tuber number per stolon was
noticed.

It is tacitly assumed that even though tuber number was still

increasing, the plants had shifted back to a condition of rapid increase in stolon number.

At 80 days after emergence a slight decline

in the ratio of tuber number to stolon number was noticed.

During

this period of poor tuber retention, plants were probably sloughing
tubers faster than stolons.
Plants growing in the Patricia soil exhibit a totally different
trend in tuber number per stolon than plants growing in the Pullman
and Amarillo soils.

The number of tubers per stolon increased

throughout the harvest period in the Patricia soil. This differed
from the established trend in total tuber number, in that tuber
number per stolon failed to diminish at the final harvest.

It was

noted that on some stolons there occurred more than one tuber.

Total

stolon number could then decline, but still a high ratio of total
tuber number to number of stolons would be exhibited.
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The dependence of tuber number on haulm weight increase is very
similar to that shown for stolon number.

Plants growing in the

Patricia soil exhibited the least dependence on haulm weight for increasing the number of tubers (Figure 16). The regression line
generated for plants growing in the Pullman soil was nearly parallel
to that of the Patricia soil. As was the case with stolon number,
plants in the Amarillo soil were the most dependent on increases in
haulm v/eight for increases in tuber number.

The data suggests that,

in general, tuber number is the less affected by increases in haulm
weight when compared to similar trends noted in stolon number.
Outside the greenhouse, tuber number for plants growing in the
Amarillo soil differed significantly from those plants in the Amarillo
soil in the greenhouse (Figure 17). Tuber number on plants grown in
the Amarillo soil outside the greenhouse exhibited a near linear increase from 60 days after emergence to the final harvest.

This suggests

that even though tuber bulking was occurring, plants growing in the
Amarillo soil continued to initiate tubers.

This differed considerably

from that inside the greenhouse, where most plants exhibited a decline
in tuber number at the final harvest.

Similarly, plants growing in

the Patricia soil exhibited increased tuber number throughout the
harvest period, but increases at the final harvest were not as significant as that shown by plants in the Amarillo soil.
Plants growing in the Pullman soil type exhibited much the same
response as that shown in the greenhouse.

Tuber number increase to
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70 days after emergence, and then decreased at the final harvest.
This may be attributed to Blackleg.
The number of tubers per stolon increased to 60 days after emergence on plants in the Pullman soil (Figure 18). From 60 days to the
final harvest, the ratio of tuber number to stolon number remained
rather constant.

This suggests that the sloughing of stolons and

tubers occurred at a relatively constant rate.
Number of tubers per stolon on plants growing in the Amarillo
soil generally followed total tuber number.

This suggests that the

stolons were not being retained on the plants and that tuber number
was increasing markedly.

Likewise on plants growing in the Patricia

soil, number of tubers per stolon increased through the harvest period
The pattern for the Patricia soil differed from plants growing in the
Amarillo soil, in that the rate of increase in tuber number per stolon
was rather constant at the final harvest.
The effect of increasing haulm weight on tuber number is shown
in Figure 19. There appeared to be no differences in the dependence
of tuber number on haulm weight increases between plants in the three
soils.

As was shown inside the greenhouse, plants in the Amarillo

soil had heavier initial haulm weights before any appreciable number
of tubers were set.
Plants growing outside the greenhouse in the Amarillo groundbed
exhibited a higher number of tubers set than the other three treatments (Figure 20). The effect of growing plants in the bags is most
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evident by noting that plants growing in bags of Amarillo soil outside
the greenhouse followed the same trend in tuber number as those in the
outside groundbed, and a substantial difference in the number of tubers
initiated was noted.
Inside the greenhouse, plants growing in the Amarillo groundbed
followed much the same pattern in tuber number that was exhibited by
plants growing outside the greenhouse.

From 45 to 60 days after emer-

gence, tuber number lagged and there was no appreciable difference
in the number of tubers formed.

From 70 days after emergence until

the final harvest, on plants in the inside groundbed, tuber number
increased at a rate nearly parallel to that exhibited by plants growing
outside the greenhouse.

Plants growing inside the greenhouse in bags

of Amarillo soil showed wery little tuber initiation through the
harvest period.
Plants growing in groundbeds, both inside and outside the greenhouse, exhibited the most significant increases in tuber number with
increases in stolon number (Figure 21). This suggests that by growing
plants in bags, tuber formation was impeded, although there may have
been an equivalent number of stolons present.

It should be noted that

even though plants growing in the inside groundbed exhibited greater
increases in tuber number with increases in stolon number, plants
growing in bags outside the greenhouse exhibited higher numbers of
tubers.

This may be attributed to the fact that plants growing in

bags outside the greenhouse had nearly twice as many stolons, at the
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Comparison of Bags and Location on the Effect of
Stolon Number on Tuber Number for Plants Grown
in the Amarillo Soil
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final harvest, as those in the inside groundbed (Figure 12). The
data suggests that growing plants in bags reduced tuber number, but
the reduction resulting from bags was not as significant as the reduction resulting from growing the plants in the greenhouse.
Tuber Volume
Inside the greenhouse, plants growing in the Patricia soil exhibited the highest volume of tubers at the final harvest (Figure 22).
The increase in tuber volume in the Patricia soil corresponds with a
marked decrease in tuber number. This suggests that with the restricted water relations of the Patricia soil, plants sloughed tubers
to eliminate the number of sinks actively vying for photosynthetic
assimilate.

Plants growing in the Patricia soil apparently utilized

the available moisture to significantly increase tuber volume.
Plants growing in the Pullman and Patricia soils exhibited nearly
the same tuber volume increases up to 70 days after emergence. The
difference after 70 days may be attributed to plants in the Pullman
soil having fewer tubers at the final harvest than those in the
Patricia soil.

Plants growing in the Amarillo soil, exhibited only

an Increase in tuber volume at the final harvest date. This may be
attributed to the delayed growth pattern, of plants in the Amarillo
soil, during the harvest period with respect to haulm weight, stolon
number, and tuber volume.
Data for tuber volume outside the greenhouse are presented in
Figure 23.

Plants growing in the Patricia soil followed much the
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Effect of Soil Type on Tuber Volume Increases
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Effect of Soil Type on Tuber Volume Increases with
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same pattern exhibited by those plants grown inside the greenhouse in
the Patricia soil for tuber volume increases.

The difference was that

plants began bulking tubers at a faster rate earlier, outside the
greenhouse.

It should be noted that, in all three soils tuber bulking

was delayed inside the greenhouse when compared to those plants grown
outside the greenhouse.

Tuber volume on plants in the Pullman soil

followed the trend established by the plants in the Patricia soil up
to 70 days after emergence.

From 70 to 80 days after emergence, tuber

volume was marked by a decrease in the rate of bulking and tuber volume
change was minimal.

This may be the result of a radical decline in

tuber number at the final harvest and the possible occurrence of
Blackleg which would decrease the rate of tuber bulking.
Plants growing in the Amarillo soil exhibited a rapid rate of
tuber bulking, but it appeared to be delayed to some degree during the
early harvest periods.
this.

There is not yet a plausible explanation for

It should be noted that even with the delay, at the final

harvest plants in the Amarillo soil were increasing tuber volume.
Total tuber volume on plants in the Amarillo soil had nearly reached
that attained by plants grown in the Pullman soil type.
Differences in plants growing inside the greenhouse and in bags
are most evident with tuber volume (Figure 24). Plants growing in
the outside Amarillo groundbed exceeded all others in bulking tubers.
This may be attributed to a lack of constriction caused by the bags,
and a lack of any adverse effects resulting from growing plants in the
greenhouse.

Plants growing in the inside groundbed exhibited increases
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in tuber volume throughout the harvest period.

However, the rate of

Increase in tuber volume declined at the final harvest.

This suggests

that plant senescence lowered the amount of available assimilate
necessary to bulk tubers.

Plants growing in bags outside the green-

house followed the same pattern as those in the inside groundbed,
except the rate of tuber bulking failed to decline appreciably at the
final harvest.

This suggests that by growing the plants inside the

greenhouse, tuber volume increases were hindered.

When plants were

grown in bags and inside the greenhouse, the effect is most drastic
on tuber volume as noted in Figure 24.

SUMMARY AND CONCLUSIONS
The primary purpose of this study was to determine the effect of
three different soil types on stolon number, tuber initiation and
tuber volume of Irish potatoes (c.v. Viking).

The imposition of two

moisture regimes, 0.3 bar and 0.8 bar soil water tension, failed to
have any significant effect on plants growing in the three soils.

The

response of the parameters studied differed markedly between plants
growing inside and those growing outside the greenhouse.
Inside the greenhouse, plant emergence was effected by different
soil texture.

Decreases in the percent emergence were noted with

decreasing clay content.

This may be correlated directly to the

intrinsic water relations of the three soils.

Percent emergence was

highest on the Pullman clay loam, where a high amount of plant available moisture aided in germination of the seed piece.

Conversely,

plant emergence on the Patricia fine sand was the lowest.

On the

Patricia soil the amount of available moisture was low thus resulting
in a more rapid drying out effect around the seed piece.

Percent

plant emergence outside the greenhouse exceeded that within the greenhouse.

Outside the greenhouse, no apparent differences with respect

to soil texture could be found.

Drying conditions were better out-

side, this resulted in a more uniform wetting and drying of the soil
surrounding the seed piece.

Soil temperatures outside the greenhouse

62

63

averaged 6 C lower than inside.

This suggests that plant emergence

Inside the greenhouse may have been hindered by the high temperature.
Plants growing in the Pullman and Patricia soils inside the
greenhouse exhibited increases in stolon number up to 70 days after
emergence, but at the final harvest a marked decrease was noted.

This

decrease in both stolon number and length many be attributed to plant
senescence at the final harvest, and to the onset of tuber bulking.
The data indicates that although increased haulm weight had some effect
in increasing stolon number, it alone cannot account for the trend
established for stolon number with respect to soil type.
Outside the greenhouse, plants growing in the Amarillo soil exhibited the highest number of stolons.

Stolon number during the har-

vest period on plants growing in the Patricia soil was rather constant.
Plants growing in the Pullman soil type exhibited a decline in stolon
number at the final harvest.

This decline in stolon number resulted

from Blackleg at the final harvest.

Plants growing in the Amarillo

soil exhibited the most haulm growth, while plants in the Patricia
soil were characterized by the lowest haulm weights.

Plants outside

the greenhouse had higher numbers of stolons and higher haulm weights
than those inside the greenhouse.
Tuber number increased to 70 days after emergence then declined
at the final harvest on plants in the Patricia and Pullman soils inside the greenhouse.

Tuber number per stolon indicates that although

plants in the Patricia soil had fewer stolons than those in the
Pullman soil, at the final harvest plants in the Patricia soil had a
higher tuber number.
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Outside the greenhouse, tuber number differed markedly from that
Inside the greenhouse.

Plants in the Amarillo soil exhibited the

highest number of tubers at the final harvest.

The trend established

by plants in the Amarillo and Patricia soils was that of increasing
tuber number throughout the harvest period.
Inside the greenhouse, plants growing in the Patricia soil
exhibited the highest volume of tubers at the final harvest.

The same

trend with respect to tuber volume was followed by plants growing outside the greenhouse.

The only difference was that marked increases in

tuber volume occurred earlier outside the greenhouse.
When plants growing in the Amarillo groundbeds were compared to
those growing in the Amarillo soil contained in bags, plants growing
in the outside groundbed exhibited higher stolon number, more tubers
formed, and higher tuber volumes than the other treatments.

Plants

growing in bags outside the greenhouse exhibited a higher stolon number
and a higher tuber number than plants in the inside groundbed.

It was

shown that plants growing in groundbeds, either inside or outside the
greenhouse, exhibited the highest haulm weights.

Plants growing in

bags inside the greenhouse exhibited the poorest values of any of the
parameters studied.

It must be concluded that growing plants inside

the greenhouse was more detrimental to the plants than growing the
plants in bags.

It should be noted that trends established inside the

greenhouse did not necessarily approximate those trends found outside
the greenhouse.

When plants growing in the outside groundbed were
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compared to those in bags outside, the bags resulted in a decrease in
the parameters measured.
Although soil type differences were not statistically significant
with respect to the different parameters studied, the data indicates
that the sandier soils were better suited for potato production.

The

Patricia soil can hold less available moisture than the Pullman soil.
Plants growing in the Patricia soil required lower haulm weights to
set an appreciable number of tubers.

It should be noted that, both

Inside and outside the greenhouse, plants grown in the Patricia soil
exhibited the highest tuber volume.
The Pullman clay loam exhibited the best moisture relations of
the three soils studied.

This suggests that although water relations

had some effect on the parameters studied, something other than water
relations must be affecting stolon number, tuberization, and tuber
volume.

The occurrence of Blackleg on plants in the Pullman soil

suggests that the level of soil oxygen was low.

In general, sandy

soils will exhibit better soil oxygen relations than clay soils.
Further work in this area may help delineate the responses of the
parameters studied with respect to soil type.

LITERATURE CITED
Arkin, G. F., J. T. Ritchie, M. Thompson, and R. Chaison. 1975. A
large automated rainout shelter installation for crop water deficit studies. Texas Agric. Exp. Sta. Misc. Publ. 1199.
Baver, L. D., W. H. Gardner, and W. R. Gardner.
John Wiley & Sons, New York.

1972. Soil Physics.

Bodlaender, K. B. A., and J. Marinus. 1969. The influence of the
mother tuber on growth and tuberization of potatoes. Neth. J.
Agric. Sci. 17: 300-308.
Bradley, G. A., and A. J. Pratt. 1955. The effect of different combinations of soil moisture and nitrogen levels on early plant development and tuber set of the potato. Amer. Pot. J. 32: 254258.
Burt, R. L. 1964. Influence of short periods of low temperature on
tuber initiation in the potato. Eur. Pot. J. 7: 197-208.
Bushnell, J. 1925. The relation of temperature to growth and respiration in the potato plant. Minn. Agric. Exp. Sta. Tech. Bull,
34.
Bushnell, J. 1953. Sensitivity of potatoes to soil porosity.
Agric. Exp. Sta. Res. Bull. 726.

Ohio

Cavagnaro, J. B., B. R. deLis, and R. M. Tizio. 1971. Drought hardening of the potato plant as an after-effect of soil drought conditions at planting. Pot. Res. 14: 181-192.
Chapman, L. W. 1958. Tuberization in the potato plant. Physiol.
Plant. 11: 215-224.
Clark, C. F.
958.

1921. Development of tubers in the potato. USDA Bull.

Day, P. R. 1965. Particle fractionation and particle-size analysis.
IN C. A. Black (ed.) Methods of soil analysis. Agronomy 9: 545BF6. Am. Soc. of Agron., Madison, Wis.
Dubey, P. 0., and G. S. Bhardwaj. 1971. Effect of nitrogen, spacing
between plants and seed material on growth, tuberization, yield,
and quality of potato. Madras Agric. J. 58: 448-452.
66

67

Edmunson, Vi. C. 1938. Time of irrigating potatoes as affecting stolon
growth and tuber set. USDA Circ. 496.
Garcia, Torres, L., and C. Gomez-Campo. 1972. Increased tuberization
in potatoes by ethrel (2-chloro-ethyl-phosphonic acid). Pot. Res.
15: 76-80.
Garner, W. W., and H. A. Allard. 1923. Further studies in photoperlodism, the response of plant to relative length of day and night.
J. Agric. Res. 23: 871-920.
Gifford, R. M., and J. Moorby. 1967. The effect of CCC on the initiation of potato tubers. Eur. Pot. J. 10: 235-238.
Goodwin, P.
In the
thorpe
Agric.

B. 1963. Mechanism and significance of apical dominance
potato tuber, p. 63-71. IH^O. D. Ivins and F. L. Mil(ed.) The growth of the potato. Proc. 10th Easter Sch.
Sci. Univ. Nottingham. Butterworths, London.

Gregory, L. E. 1956. Some factors for the tuberization in the potato
plant. Amer. J. Bot. 43: 281-288.
Gregory, L. E. 1965. Physiology of tuberization in plants (tubers
and tuberous roots). Handbuch d. Pflanzenphysiologie 15(1):
1328-1354.
Hillel, D. 1971. Soil and water; physical principles and processes.
Academic Press, New York.
Ito, H., and T. Kato. 1951. The physiological foundation of the tuber
formation of potato. Tohoku J. Agric. Res. 2: 1-14.
Ivins, J. D., and V. J. Montague. 1958. Note on the influence of depth
of soil covering the parent tuber on the development and yield of
the potato plant. Empire J. Exp. Agric. 26: 34-36.
Jensen, H. J., and 0. M. Morris. 1931. Potato growing in the irrigated districts of Washington. Wash. Agric. Exp. Sta. Bull. 246.
Kouwenhoven, J. K. 1970. Yield, grading and distribution of potatoes
in ridges in relation to planting depth and ridge size. Pot.
Res. 13: 59-77.
Kumar, D., and P. F. Wareing. 1972. Factors controlling stolon development in the potato plant. New Phytol. 71: 639-648.
Kumar, D., and P. F. Wareing. 1973. Studies on tuberization in
Solanum andigina. I. Evidence for the existence and movement of
a specific tuberization stimulus. New. Phytol. 72: 283-287.

68

Lis, B. D. de, I. Ponce, and R. Tizio. 1964. Studies on water requirement of horticultural crops. I. Influences of drought at different
growth stages of potato on the tubers yield. Agron. J. 56: 377381.
Lo, F. M., B. R. Irvine, and W. G. Barker. 1972. In virto tuberization
of the common potato (Solanum tuberosum) is not a response to the
osmotic concentrations of the medium. Can. J. Bot. 50: 603-605.
Madec, P. 1963. Tuber-forming substances in the potato, p. 121-131.
IN J. D. Irvins and F. L. Milthorpe (ed.) The growth of the potato.
PFoc. 10th Easter School Agric. Sci. Univ. Nott. Butterworths,
London.
Miller, T. D. 1976. The effect of nitrogen source on the uptake of
nutrients and growth in Irish potatoes. M.S. Thesis. Texas Tech
University.
Milthorpe, F. L. 1963. Some aspects of plant growth, p. 3-16. I^[
J. D. Irvins and F. L. Milthorpe (ed.) The growth of the potato.
Proc. 10th Easter Sch. Agric. Sci. Univ. Nottingham. Butterworths,
London.
Mingo-Castel, A. M., F. B. Negm, and 0. E. Smith. 1974. Effect of
carbon dioxide and ethylene on tuberization of isolated potato
stolons cultured in vitro. Plant Physiol. 53: 798-801.
Montaldi, E. R., and F. K. Claver. 1963. Tuberization of the potato
plant under non-inducing conditions. Eur. Pot. J. 6: 223-226.
Moorby, J. and F. L. Milthorpe. 1975. Potato, p. 225-257. ^N^
L. T. Evans (ed.) Crop physiology, some case histories. Cambridge
University Press.
Narang, R. S., and S. S. Kanwal. 1971. Effects of various soil moisture regimes and different levels of nitrogen and different
spacings on the quality of potato tubers (Solanum tuberosum L . ) .
Punjab Agric. J. Res. 8: 432-436.
Neenan, M., J. Mulqueen, and A. A. Franklin. 1967. Influence of soil
type on certain quality characteristics of potatoes. Eur. Pot. J.
10: 167-179.
Okazawa, Y., and H. Chapman. 1962. Regulation of tuber formation in
the potato plant. Physiol. Plant. 15: 413-419.

69

Palmer, C. E. and W. G. Barker. 1972. Changes in enzyme activity
during elongation and tuberization of stolons of Solanum tuberosum
L. cultured in vitro. Plant and Cell Physiol. iTi 6gT-688.
Palmer, C. E.. and 0. E. Smith. 1969. Cytokinins and tuber initiation
In the potato Solanum tuberosum L. Nature 221: 279-280.
Patterson, D. R. 1970. Influence of carbon dioxide on the development
of tubers in the potato, Solanum tuberosum L. (Abst.). Hortscience
5: 333.
Richards, L. A. 1965. Physical condition of water in soil. IN C. A.
Black (ed.) Methods of soil analysis. Agronomy 9: 128-15T. Am.
Soc. of Agron., Madison, Wis.
Robins, J. S., and C. E. Domingo. 1956. Potato yield and tuber shape
as affected by severe soil moisture deficits and plant spacing.
Agron. J. 48: 488-492.
Singh, G. 1969. A review of the soil moisture relationship in potatoes
Amer. Pot. J. 46: 398-403.
Slater, J. W. 1963. Mechanisms of tuber initiation, p. 114-120. l^
J. D. Ivins and F. L. Milthorpe (ed.) The growth of the potato.
Proc. 10th Easter School Agric. Sci. Univ. Nott. Butterv/orths,
London.
Slater, J. W. 1968. The effect of night temperature on tuber initiation of the potato. Eur. Pot. J. 11: 14-22.
Smith, 0. 1932. Relations of soil reaction to tuberization, rate of
growth, development, and partial composition of the potato. Proc.
Amer. Soc. Hort, Sci. 29: 398-400.
Smith, 0. E. and L. Rappaport. 1969. Gibberellins, inhibitors, and
tuber formation in the potato, Solanum tuberosum. Amer. Pot. J.
46: 185-191.
Sommerfeldt, T. G., and L. W. Knutson. 1968. Greenhouse study of
early potato growth response to soil temperatures, bulk density,
and nitrogen fertilizer. Amer. Pot. J. 45: 231-237.
Steel, R. G. D., and J. H. Torrie. 1960. Principles and procedures
of statistics. McGraw-Hill Book Co., Inc., New York.
Stevenson, F. J., R. V. Akeley, and C. E. Cunningham. 1964. The
potato, its genetic and environmental variability. Amer. Pot. J.
41: 46-53.

70

Svensson, B. 1962. Some factors affecting stolon and tuber formation
In the potato plant. Eur. Pot. J. 5: 28-39.
Timm, H., J. C. Bishop, and V. H. Schweers. 1963. Growth, yield, and
quality of White Rose potatoes as affected by plant population and
levels of nitrogen. Amer. Pot. J. 40: 182-192.
Tinker, M. A. 1925. The effect of length of day upon the growth and
reproduction of some economic plants. Ann. Bot. 39: 721-754.
Walker, J. C.

1969. Plant pathology.

McGraw-Hill Co., New York.

Werner, H. 0. 1934. The effect of controlled nitrogen supply with
different temperatures and photoperiods upon the development of
the potato plant. Nebraska Agric. Exp. Sta. Res. Bull. 75.

