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Chapter I
INTRODUCTION

Since the introduction of the carnation in the
United States, its production has jumped from an incon-
sequential figure to the sizeable gross return of 20
million dollars realized in 1949 (12). 1In Colorado,
carnation production has grown steadily, and in 1949, the
gross return from carnations was conservatively placed at
three million dollars (12). Unfortunately, production
costs have aiso increased through the years, Relizble
figures concerning the cost of keeping one square foot of
carngtion bench space in production are not available,
However, a study conducted at the Colorado A & ¥ Research
Greenhouses showed that the annual cost of hand watering-—
a widely used method in Colorado-—-is approximately 10 to
14 cents per square foot of bench space,*

As a result of increasing carnation production,
competition among growers is not confined entirely to

COolorado., 4An indication of the keenness of the competition

¥ 5tudy conducted by the writer in 1953,
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with which growers are confronted may be gained by noting
that in 1949, only one-third of the totel production in
Colorado was marketed locally (12)., The remainder had to
be shipped to other parts of the country where it was
subject to a greater degree of competition, As in other
competitive enterprises, efforts have been directed at
reducing production costs and in improving the quality of
the product marketed, Of the factors which influence the
cost of production, a change in the method of irrigation
presents the greatest possible savings with the least
capital outlay., Accordingly, more and more growers have
done away with hand watering methods., At present growers
concede that a satisfactory watering system must satisfy
the following requirements: 1) its cost must be within
reasonable economic limits; 8) it must be simple and easy
to install and operate; 3) water application should be
uniform and should be accomplished with a minimum wetting
of foliage; 4) it should preserve soil structure; 5)
vater spreading should be accomplished without giving rise
to injurious concentrations of soluble salts on or near
the surface of the soil; and 8) it should require nothing
more than cursory inspection and maintenance during the
growing season,

In the last few years various watering devices

have been manufactured and marketed. Growers have
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employed a number of these systems with a fair degree of
success being reported by some. Others have found them
unsatisfactory. Up to the present time no study has been
undertaken to actually determine the relative merits of
these systems, To set up a comparative study of all the
systems on a scale large enough to lend itself to statis-
tical treatment, would involve considerable expense and
labor, Fortunately, the mode of water application and the
principle involved in spreading the water throughout the
entire soill mass permit these systems to be classified
under one of five basic methods of irrigation.

With these considerations in mind, the problem

has been set up in the manner outlined below,

Problen

Within practicable economic limits, which basic
method of irrigation provides the most favorable soil-
moisture~plant relations?

Problem analysis,—Before answering the major

question, it is necessary to answer the following:
1, Which method of irrigation has the greatest
beneficial effect on the growth of greenhouse carations?
2. TWhich method of irrigation requires the
least number of water applications, or the longest time

interval between irrigations?
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3, Which method of irrigation has the most
favorable effect on the keeping quality of cut flowers?

4, Which method of irrigation produces the
least movement and accumulation of salts on or near the
surface of the soil?

5. In which system is the least annual
watering cost incurred?

Delimitations.—--This study was limited to five

basic methods of irrigating greenhouse carnations, These
methods are considered basic in that, based on the mode
of water application and the disposition of excess irri-
gation water, all greenhouse watering systems may be
clagsified under one of them, These five basic methods
are as follows:

1. Surface watering of benches with free-
draining bottoms,

2, Subirrigation of benches with watertight
8ides and bottoms,

3, Surface watering of benches capable of
storing two inches of free water,

4, BSurface watering of benches capable of
storing three inches of free water,

5., Maintaining a two-inch free water level in
benches with watertight sides and bottoms by means of

sultable valve and float mechanisms,
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Surface watering could have been accomplished
by using any one of several methods commonly used in the
greenhouse but, in this study, hand watering with a garden
hose was employed.

Subirrigation was accomplished by injecting
water through short sections of one-half inch pipe in-
serted through the bottom of the bench, These pipes also
served as drains for excess water.

Four hundred and twenty carnation plants of
the White 8im variety, raised in 20 individual plots in
the Research Greenhouses of Colorado A & M Experiment
Station at Fort Oollins, were used in this study,

Data on growth were obtained from flowers pro-
duced during the period October 4, 1954 to March 13,

1955, Irrigation records were kept between June 186, 1954,
and March 17, 1955,

To determine the amount of soluble salts in
the soil, specific conductance readings were taken on
three 5:1 soil extracts prepared from samples obtained
from each test plot at approximately three-month intervals)

Time and labor studies were conducted during
the summer of 1853 at the Oolorado A & M Research Green-
houses, The number of man-hours required to install some
more common surface watering systems was observed during

the fall and winter of 1954 and 1955,
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Definition of terms--Growth in this study was

measured by recording both the total production and
quality of flowers produced,

Quality was determined on the basis of weight
and stem length of cut flowers, The guality index, used

in this study as an indirect measure of quality, is the
weighted mean of the various grades of cut flowers,
These grades were weighted as follows: five for fancy,
four for standard, three for short, and two for split,

Free water as used in this study is water which

would normally drain but which is kept from doing so by
an impervious membrane bench lining., The water so stored
is available for plant use,

Electrical conductivity is the reciprocal of

the resistance in ohms of =z conductor one centimeter long
with a cross sectional area of one square centimeter, This

is often referred to as specific conductance,
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Chapter II
REVIEW OF LITERATURE

One of the greatest needs in the commercial pro-
duction of greenhouse carnations has been a satisfactory
watering system of reasonable cost, Such a system would
have to add the proper amount of water to the soil with a
minimum wetting of follage, and without impairing the
capacity of the soil to support plant growth, Since the
success of any wateringsystem depends upon its ability to
establish favorable soil-moisture-plant relations, a re-
view of the various methods of watering would, of
necesslty, include some of the concepts of soil water, its
movement in soil, the basic energy relationships in soil
moisture problems, plant and moisture relations, and plant
relations to saline and alkali soils,

The importance of keeping the foliage dry
especially on cloudy days is recognized by carnation
growers, As early as 1895, Taft (39) observed that mois-
ture lodging in the axils of the lower leaves of plants
promoted the development of parasitic fungi, A similar
observation was made by Post (28), who emphasized the fact
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that prolonged periods of dampness on the lower leaves of
plants create a condition favorable to the growth of leaf-
borne diseases and to the activity of foliar nematodes,
The necessity of making moisture available to
the plant at all times is a well recognized fact. It is
essential to plant 1life in absorbing the plant food from
the soil, in assimilating it, and in moving it to various
parts of the plant, The moisture content in the soil at
which the plant can perform its physical and chemical pro-
cesses most efficiently is not well established, However,
it is believed that there is a range somewhere between the
wilting point and the moisture equivalent at which the
moisture content is optimum, According to Israelson (17),
this range lies between 55 to 100 per cent of the moisture
equivalent, with an average of approximately 70 per cent:
He clalmed further that in very open soils this optimum is
very nearly equal to the moisture equivalent, or, in terms
of a more common soil moisture constant, to the field
capacity, 8Since it is not always possible to hold the
moisture content of the soil at the optimum value, Roe
(35) has suggested that the ultimate theoretical aim in
801l molsture regulation should be the maintenance of an
adequate capillary supply. A better understanding of this
may be gained by analyzing the soil moisture changes fol-
lowing irrigation., Edlefsen and Anderson (11) made the

following observations on free-draining soils:
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1, Immediately following or during irrigation,
the soil molsture is railsed to a point just below satura-
t;on. At this point the so0il pores are largely filled and
the soil contains its maximum moisture., Water in this
condition is held very loosely and moves downward very
rapidly under the pull of gravity, except where there is an
impermeable layer which offers restraint to such movement,

2., As the loosely held moisture drains from the
soll, a polnt is reached beyond which drainage ceases,

The soill is then said to be at field capacity.

3, The plants will continue to reduce the water
in the soil until finally the wilting point is reached.
The moisture below the wiliing point is held with such
great force that it is unavailable to plants. The energy
with which it is held in the soil increases very rapidly
with but little additional loss of moisture.

Other investigators have described these soil
moisture changes using slightly different terminology and
have suggested a variety of classifications, Briggs (7)
classified soil water as follows:

1. Hygroscopic water, which is adsorbed from the
atmosphere as a result of attractive forces on the surface
of the particles.

2. Capillary water, which is held by surface
tension forces as a continuous film around the particles

and in the capillary spaces,
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3. Gravitational water, which drains under the
influence of gravity.

Subsequent investigations by Briggse and his
assoclates were concentrated on the analysis of capillary
water in terms of the availability to the plant, es-
pecially from the standpoint of the optimum and minimum
moisture contents for plant growth., Briggs and McLane
(8) developed the s0il molsture equivalent as a measure
of the ability of the soll to hold water under a centri-
fugal force of 1000 times that of gravity. Later,
Veihmeyer (42) showed this to be a fairly relisble measure
of field capacity for fine-textured soils, but for coarse-
textured soils, he found that the moisture equivalent is
slightly lower than field capacity, Briggs and Shantz
(9) then introduced the wilting coefficient as a measure
of the moisture content of the soil at which plants per-
manently wilst,

The capillary water described by Briggs was
later differentiated into three phases by Widtsoe and
Mclaughlin (43) who conducted experiments on the movement
of water in irrigated soils, These phases are:

l, The maximum capillary-water capacity or the
water content at capillary saturation against gravity.

3, The optimum capillary capacity in the mois-

ture range most favorable for plant growth,
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3. The lento-capillary point or the point where
moisture movement is very slow,

These two investigators believed that root hairs could
draw water from the soil at lower molsture contents only
by belng in direct contact with the moisture film.

Bouyoucos (3) made extensive studies on the
freezing points of various phases of soil water and, on
the basis of his findings, suggested a new classification
which dntroduced the concept of unfree water, or water
held so tightly to the colloidal particles that it is not
readily frozen., He interpreted this as a sign that
moisture held in this form would not be readily available
to plants,

A modification of the Briggs classification
which emphasized the importance of water vapor and film
water in soils was suggested by Lebedeff (18). His
classification may be summarized as follows:

1, Water vapor, which is controlled by vapor
pressure equlilibria. Movement takes place from higher
to lower vapor pressures,

3. Hygroscopic water, in which the water mole-
cules are held on the surface of particles by forces of
adhesion, Movement occurs in the vapor phase from moist

to dry areas,
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3. Film water, which is under the influence of
molecular forces of cohesion, Movement takes place in the
liquid phase from thicker to thinner films,

4, Gravitational water, which moves under the

influence of gravity,

Soil-moisture energy relationships

The concepts of soil water described thus far
have all been based upon the capillary tube hypothesis,
which considered the soil to be made up of numerous
capillaries of varying dimensions, In this theory the
ability of the soil to retain water was viewed to be a
funoction of the tension of water films around particles,
In 1907, a new theory for characterizing the soil moisture
phenomena observed in soils, based on energy relationships,
was evolved., This concept has gained wide acceptance and
has gradually displaced the capillary tube hypothesis.

This new concept was initiated by Buckingham
(10) who introduced the idea that flow of water through
soll is comparable to the flow of heat through a metal
bar, or to the flow of electricity through an electrical
conductor., He thought of the driving force as the dif-
ference in attraction for water between two portions of
the soil that are not equally moist. He suggested the
term capillary potential as a measure of the attraction

of the soil for water at any given point, and defined it
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as the work required to move a unit mass of water against
capillary forces in a column of soil from a free water
surface to a given point above this surface. He showed
that the capillary potential depends upon the moisture
content, 4 , of the soil., He also developed a theoret-
ical analysis for the relationship between the capillary
potential and the distance from the water table., In his
analysis, he assumed a soll of uniform packing in a

state of equilibrium as far as moisture movement was con-
cerned, He assumed further that evaporation did not take
place at the surface of the soil mass, He then proceeded
to show that

¥ =g (1)
where }ﬁ = capillary potential, ( %1-‘.) ;
X = distance of any given point above the free

water surface, (L);
g = 8acceleration of gravity, (Eg—).
T

Buckingham thus established a relationship whereby, if the
variation in moisture content with helght is known, the
relation of capillary potential to moisture content can

be obtained.» By plotting a series of curves of X

against the moisture content 4 , he showed that the

force of attraction of the soil for water is a continuous

function of soil moisture.
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By expanding the original ideas of Buckingham,
Gardner (13) was able to show that the capillary potential
could be used to give a new interpretation to the various
80il moisture constants employed by Briggs and others,
His findings indicated that the caplllary potential is a
linear function of the reciprocal of the moisture content
over a considerable range, and may be expressed by the

relationship,

p=-S—1tF (2)

where e and b are constants,
Richards (33) expanded the concepts of Gardner

and developed a technique for hastening the attainment
of equilibrium during capillary potential determinations,
He used a 1/2-inch layer of soil on a porous plate sealed
onto the top of a rectangular reservoir, He obtained
various tensions by changing the amount of suction on the
water in the reservoir, When the moisture content of
the soil has attained equilibrium, the so0il has a po-
tential at that moisture content equal to the suction
applied. The findings of Richards indicated that coarse-
textured soils exhibit high potentials at low moisture
contents, and that finer-textured soils contain more
water at the same potential, He attributed this to the
larger number of contacts in the finer-textured soils,

thereby reducing the amount of moisture at each of the
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contact points, Later, Russell (36) supplied experimental
evidence to corroborate the findings of Richards, In
studying the tenacity with which moisture was held in
four Iowa soils, he found that the higher the soil content
of c¢lay and silt in comparison with sand, the greater is
the amount of water stored in the soil at equivalent
tensions,

Subsequent investigations in the field of
energy relationships associasted with soil-moisture
problems were concentrated on the technique of determining
the caplillary potential over a wide range of moisture
contents, According to Baver (2), the more important
methods developed were: 1) the vapor pressure method for
extremely low moisture contents; 2) freezing-point de-
pression and dilatometer methods for the moisture range
most favorable for plant growth; 3) moisture absorption
by seeds placed in contact with soils containing known
amounts of water; 4) water distribution in long soil
columns; and 5) water distribution under centrifugal force
or under tension in porous clay cells or sorption blocks,

The most widely known method of measuring the
capillary potential operates on a principle based upon the
suction force of the soil for water, The first device
designed to function under this principle consisted of a
porous clay cup sealed onto a mercury manometer, The ocup

and part of the manometer is filled with water. The cup
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is placed in the soil and the system is allowed to attain
equilibrium, A decrease in the moisture content of the
s8oil allows water to leave the cup thereby causing the
merocury in the manometer to rise, As the soil becomes wet,
the tension of the water in the soil becomes less than
that in the cup and water enters the cup, causing the
meroury level in the manometer to drop. Affer some time

a condition of equilibrium will be reached, and the po-
tential of the soil at that molsture content is represented
by the reading of the manometer, Gardner referred to this
instrument as a capillary potentiometer, Later, Gardner
and Richards (34) suggested the term tensiometer for the
sake of brevity and to describe better the function of the
apparatus, The fact that a tensliometer can operate over a
limited range only, normally between field capacity and a
tension of slightly less than one atmosphere, has not
diminished its usefulness, Within this range, which is
the most favorable for plant growth, it gives a quick
measurement of the approximate amount of energy required
to extract moisture from the soil, More recently, com-
mercial tensiometers with small rubber balloons used in
place of the mercury manometer have been developed., The
suction exerted against the water in the oup is trans-—
mitted to the balloon, which in turn actuates a needle
indicator calibrated to read the tension directly in some

convenient unit,
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The first attempt to simplify the concept of
energy relations in soil-water problems was made by
Schofield (37) in 1935, He hinted at the inadequacy of
the term capillary potentizl to denote the energy with
which water is held in the soil, since capillary or sur-
face tension forces are only a part of the total forces
involved in the attraction of water by soils. In its
place he suggested the term pF which he defined as the
logarithm of the height in centimeters of a column of
water that is necessary to produce the required suoction,
The pF value theoretically includes all the energy re-
strictions on moisture in the soil at any given instant,
and not the energy of cohesion and adhesion only, Using
his experimental results and those of other investigators,
and by using a logarithmic scale, Schofield was able to
show the relationship between tension and moisture content
on one graph, The curves he obtained showed that the soil
moisture constants commonly used to characterize soil
moisture relationships lie on the same curve, From these
curves he deduced that the moisture content at field
capacity corresponds to a pF value of about 2.7, and that

permenent wilting takes place at a pF of about 4.2,

Osmotic effects of salts

It was stated earlier that surface tension

forces are only a part of the total forces involved in the
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attraction of water by soils. It is believed that the
ease of water absorption by plants is a function of the
difference between the osmotic pressure of the plant root
cells and the sum of the osmotic pressure of the soil
solution and the tension exerted by the soil colloids,
Magistad and Reitemeier (22) found that drastic fluetua-
tions in the osmotic pressure of the soil solution greatly
influence water availability, Working with plants in
solution cultures, they found an almost inverse linear
relationship between the osmotic pressure of the solution
culture and the rate of plant growth, Magistad and his
associates (21) obtained inverse linear relationships
between salt concentration and the rate of growth of
alfalfa, Similar relationships were reported to have been
found for most crops tested, Several reasons have been
given to account for this marked behavior, one of them
being that, as the quantity of water is decreased by the
growing plant, stresses on soil molsture resulting from
increased concentration of salt in the soil solution in-
crease much more rapidly over the available moisture range
than the stresses owing to physical forces, I+t will be
shown later that aside from reducing water uptake, salts

have some direct effects on plant growth.
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Movement of water

Since most of the devices employed in irrigating
greenhouse benches rely upon the ability of the soil to
move water vertically and laterally, a discussion of the
basic principles of water movement in soils may prove
valuable, This discussion will, however, be limited to
the moisture range favorable for plant growth,

The movement of water through the soil pore
space is brought about by the action of gravity or
capillarity, or by a combination of both, In saturated
soils the pore space is largely filled with water and the
flow of water takes place in accordance with Darcy's law,
vhich states that the velocity of flow of water through a
column of so0il is directly proportional to the difference
in hydraulic head and inversely proportional to the length
of the column, Expressed mathemgtically,

V=X % (3)

where V = velocity, om/sec;

h = difference in hydraulic head, cm;

L:= length of soil column, cm;

k = permeability coefficient, cm/sec,

The following expression which tzkes into con-
sideration the viscosity of the fluid and a variable soil
characteristic was developed by Slichter (38):
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_ 10,23 pd®s "
A4 hC

where

L

quantity transmitted, ocm/sec;

n

difference in pressure head, cm;

u

mean dismeter of soil grains, cm;

cross-sectional area of soil column, sq om;

]

height of soil column, cm;

xh'mﬁ’dn
]

L

coefficient of viscosity of the fluid,
poises;

C = a constant,

According to Baver (2), Zunker developed an ex~
pression for calculating the flow through & soil columm
which took into account a number of soil properties not
considered in earlier formulae, This relationship is

expressed as follows:

LUN 1-P

= quantlity of transmitted water;

= difference in pressure head;

]

coefficient of viscosity;

length of soil column;

it

effective specific surface;

"

N\ 9 b = o
i

type and arrangement of the particles;
P = total pore space;

P,= tension-free pore space;

Fr

= cross-sectional area of the soil columm,
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po—

The value of & varies from 2,3 for round particles to
0.5 for disc-shaped particles, but is usually taken as
1.0 since most soils contain particles of various shapes,
The tension-free pore space is calculated according to

the formula,

w

=P—"'"- 1-—PS 6

P, o5 (1P (6)

where w = inactive pore space occuring in 100 grams

of dry soilj;

8 = specific gravity of the soil,

In unsaturated soils the larger pores are
filled with air, Oonseguently, water movement is de-
pendent upon a large number of air-water interfaces, The
movement of water in unsaturated soils has been discussed
from two viewpoints, namely: 1) the old concept of
capillarity; and 3) the more recent analogies to the flow
of heat or electricity, 1In the first concept, the so0il
is considered to be constituted of numerous capillaries of
varying dimensions, If one of these capillary tubes is
isolated, an expression for the theoretical height of
capillary rise may be developed, Israelson (17) showed
that the height of capillary rise may be calculated from
the following expression:

n= 2T (7
I'w
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where h = height to which water willrise in the tube,
T = surface tension of water,
r = radius of capillary tube, and
W = specific welight of water,

In the centimeter-gram-second system, Eg. 7 reduces to

h = 0.15 (8)

The following values of the theoretical height to which
capillary water will rise in different soils have been
computed from Eq. 8, (2): fine gravel, 1/3 ft; coarse
sand, 1,5 ft; fine sand, 7.5 ft; silt, 31,5 ft; fine s8ilt,
150 ft; and clay, over 150 ft, Although some investige-
tors have claimed that water has risen long distances
from deep water tables, it 1is difficult to conceive that
the distances shown above could be attained, Thorne and
Peterson (40) claimed that in unsaturated soils the

forces of cohesion between soll and water are so great
that water movement is restricted., Alway and McDole (1)
reported that upward movement of water from soll layers
below 12 inches proceeds at a very slow rate after the
moisture content drops below field capacity. They further
claimed that water which penetrates beyond 18 to 20 inches
does not return to the surface except by way of the plant
roots once the moisture content has dropped below field
capacity.
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In connection with his studies on different
subsurface watering devices, Post (28) observed that the
capillarity of many greenhouse soils breaks at moisture
tensions of two to three inches of mercury, and that
watering devices which rely solely on capillarity for
water spreading tend to leave some dry spots in the bench
unless capillarity is reestablished. It is generally ac-
cepted now that in unsaturated soils, water will not move
laterally more than a few centimeters toward plant roots
in sufficient quantity to be of practical benefit to the
plant,

In the case where movement of water takes place
from a moist soil to a drier soil, Harris and Turpin (15)
reported that the greatest rise or descent takes place
where the initial moisture content of the source is
greatest, They also observed that downward movement
takes place at a faster rate than upward or lateral move-
ment,

In the case of movement from a shallow water
table to a dry soil, Moore (24) observed the following
about the wetting front:

1. Water advances in a front from wet to drier
soils under the influence of capillarity.

2. Beyond the front, the soil remains apparent-

1y dry, while immediately at and behind the front, the
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soil is apparently completely wetted. There is a sharp
line of demarcation between the obviously wet and dry
soil,

3. The moisture content of the wetting front
determined by sampling is constant, indicating a constant
potential and constant radius of curvature.

The facts observed were interpreted as indicating that the
difference in potential between the wetting front and the
dry soil has little or no influence on the rate of move-

ment of the front.

Movement of salts

Almost all the devices used in irrigating
greenhouse benches rely to a certain extent on the cap-
illary movement of water to achieve a uniformly moistened
mass of soil, This is especially true of devices which
inject water at relatively few points, A mode of appli-
cation such as this favors the upward flow of soil
solution to the surface, The salts carried by the water
moving to the surface cannot be evaporated, hence, they
are deposited on or near the surface, The concentration
on the surface of salts which are normally distributed
throughout the entire soil layer may cause serious
salinity problems, The processes which lead to the forma-
tion of salted soils have been summarized by Magistad
(20) as follows:
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1, Salinization occurs when neither the surface
nor ground waters drain away satisfactorily, Salt is
concentrated by water evaporation. Sodium salts usually
predominate in the early stages,

2, Alkalinization follows after equilibrium is
established between the positively charged ions in
solution and those adsorbed in the soil colloids, As
sodium salts become more concentrated in the soil solu-
tion, greater quantities are adsorbed by the soil colloids
and corresponding amounts of cations previously adsorbed
are released, As the percentage of exchangeable sodium

is increased, the soil becomes more alkaline in reaction,

Effects of salts on plants

The detrimental effects of salt concentration in
soil are well recognized. It is also commonly accepted
that some salts are more toxic than others, and that
certain plants are able to tolerate high concentrations
of salts while others are sensitive even to very low con-
centrations., The theory behind the observed toxicity of
saglts was bullt on the premise that salts in solution
around plant roots reduced or prevented absorption of
water by plants, This concept was widely accepted for
some time, but the general applications of the concept,
along with other effects of salt on plants and soils,

were not extensively developed until the recent
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investigations at the U. S, Regional Salinity Laboratory
were undertaken, Researchers at the U, 8. Salinity
Laboratory (41) found that saline soils, characterized
only by the presence of excess salts in the soil solution,
differ fundamentally from the alkali soils with high ex-
changeable sodium, poor physical condition, and frequent
high alaklinity, in addition to varying amounts of soluble
salts,

Plant relations to saline soils,--The principal

salt ingredients of saline soils are formed by combina-
tions of the following ions: Na, Oa, Mg, 01, 80,, HOO4,
and N03. The pH in most saline soils is not sufficiently
high to injure most crop plants, and the level of ex-
changesble sodium is low, Thorne and Peterson (40) re-
ported that the toxic effects of the salts in depressing
plant growth may be attributed to one or more of three
sources, namely: direct physical effects of the salts in
preventing water upteke; direct chemical effects of the
salts in disturbing the nutrition and metabolism of
plants; and the indirect effects of salts in altering
soll structure, permeability, and aeration,

The effect of salts on water uptake may be
eppreciated better by reviewing briefly the energy re-
lations which exist in soil-molsture problems, It was

pointed out earlier that the ease of water absorption by
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plants 1s & function of the difference between the
osmotic pressure of the plant root cells and total soil
mqisture stress-+the sum of the osmotic pressure of the
soil solution and the tension exerted by the soil
colloids, Meyer and Anderson (23) defined osmotic pres-
sure as the pressure which must be exerted on & solution
to prevent the passage of pure water into it through a
semipermeable membrane, Thorne and Peterson (40) re-
ported that as the quantity of water is decreased by the
plants, stresses on soil moisture resulting from increased
concentration of salts in the soil solution incresse more
rapidly over the available moisture range than the
stresses due to physical forces. Magistad and Reitemeier
(22) reported an almost inverse relationship between the
rate of plant growth and the osmotic pressure of the
solution cultures on which they were grown,

A disturbed plant metabolism caused by saline
conditions has been viewed primarily in terms of ni-
trogen and carbohydrate relations, Nightingale and
Farnham (25) observed that plant roots seem to lose their
ability to assimilate nitrate nitrogen in solutions of
high osmotic pressure. Long (19) also reported that
absorption of nitrate nitrogen is reduced when appreciable
quantities of sodium chloride are present in the soil
solution, Other investigators have, however, found that

at higher salt levels the accumulation of not only nitrate
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nitrogen but alsoc of proteins and non-reducing sugars in-
creased very markedly (40), These results have led them
to believe that factors other than salinity have entered
into some of the resulits, Conclusive proof is lacking

| that plant growth is affected adversely because of in-
adequate nitrogen absorption when growing on saline soils
well supplied with available nitrogen, According to
Thorne and Peterson (40), reduced photosynthesis from
low moisture availability, as a result of osmotic effects,
may be & more likely cause of reduced growth rather than
nitrogen deficiency in saline soils well supplied with
plant nutrients,

The indirect effects of salts in soils become
apparent after the excess salts are leached., Thorne and
Peterson (40) contended that a large quantity of salts
tend to keep the soil colloids in a good state of aggrega-
tion and desirable granular condition, As the excess
salts are leached, however, the soil approaches an al-
kaline condition, 8Soils which have been high in sodium
and are later leached, show an accumulation of adsorbed
sodium ions on the clay particles, With the removal of
excess salts some of the exchangeable sodium hydrolyzes,
the soll pH is raised, the clay swells and becomes de-
flocculated, and drainage and aeration are impaired,

Many sallne soils are, therefore, probably as limited by
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poor aeration as by salt concentration in terms of normal
crop production (40).
Plant relations to alkali soils,--Thorne and

Peterson (40) reported that the adverse effects of alkali
soils are brought about by a high caustic alkslinity,
toxicity of the carbonate ion, and the effects of ex-
changeable sodium, They reported that a high caustic
alkalinity has a direct effect on the plant roots and an
indirect effect on the assimilation of certain plant
nutrients, They observed that some plant roots and
organic matter are dissolved when the soil pH exceeds 9,0,
The results of theilr studies of field conditions in Utah
led them to believe that a pH of about 8,8 should be
adopted to distinguish conditions where alkalinity becomes
toxic, Thelr results also indicated that soluble phos=—
phate is assimilated less readily under alkaline con-
ditions than under neutral or slightly acid conditions,
Breazeale and McGeorge (8) have indicated that a root
contact solution higher than pH 7.6 may impede nitrate
absorption by plants although the pH is not sufficiently
high to be directly toxic to plants, They found, however,
that if the soil is well aerated, absorption of nitrates
is not markedly retarded by pE values up to 8,0, In the
field excellent growth of many crops had been obtained
with pH values between 8,0 and 8.5 indicating that there
had been no difficulty due to nitrogen nutrition,
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An excess of exchasngeable sodium exerts a two-
fold effect, It promotes a poor physical condition in
the soil and brings about an unbalanced nutrition in
plants, Magistad and his associates (21) reported a pro-
gressive breskdown in soil structure and decrease in
soil permeability and aeration with increasing exchange-
able sodium percentage especially at values beyond 12 per
cent, They observed that soils with high exchangeable
sodium are deflocculated and puddled very readily even at
comparatively low moisture contents,

Ratner (32) and Bower and Turk (5), working with
artificlally prepared soils, found that high exchangeable
sodium limits plant growth by decreasing caloium uptake
to the point that exchangeable sodium injury results more

from calcium starvation than from direct sodium toxicity.

Methods of irrigating carnation benches

Based on the mode of water application, Post (28)
has classified greenhouse watering methods as surface-
watering methods, subsurface injection or subirrigation,
and constant water level methods,

In Colorado, and possibly in the whole United
States, surface watering by hand with a garden hose is
still the most widely used method of applying water to
greenhouse carnation benches, In the hands of an ex-

perienced waterer, uniform and thorough wetting of the soil
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can be attained with a minimum wetting of foliage. The
drawbacks to its use, however, are the high cost of laborx
and the deterioration of the physical condition of the
goil as a result of packing and washing away of surface
soil, These have been minimized to a certain extent
through the use of breakers attached to the discharge end
of the hose, These attachments allow the injection of
alr into the water stream, thereby allowing relatively
large volumes of water to discharge at much reduced impact.

The Skinner system of overhead irrigation has
worked satisfactorily on field crops, but attempts to use
it on greenhouse carnations have failed because of the
undesgirability of excessive foliage wetting., To adapt
the Skinner system to carnation bench watering, Hasek
(18) suggested that flat-spray nozzles which throw water
in a semi-circle, placed not more than three to four
inches above the soil, be used in place of the conventional}
nozzles., With but slight modifications, the 180-degree
nozzles employed successfully today are essentially of
the type proposed by Hasek.

A surface-watering device which utilizes the
capillarity of the soil to accomplish thorough wetting of
the entire soll mass was proposed by Post and Scripture
(28) in 1947, To demonstrate the principle involved,
they used copper tubes 1/2 inch in diameter, perforated
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with orifices 0,039 inch in diameter spaced 12 to 24
inches on centers, They covered the soil with a one-inch
layer of fine sand, placed two tubes on the sand, and
injected water into the tubes through a header located

at the middle of the bench, The injection pressure was
adjusted by means of a check valve, the desired pressure
being that which just allowed water to rise four to eight
inches vertically above the tube, Lateral movement of
moisture was effected by capillarity, and in the presence
of the layer of sand, it proceeded at a relatively rapid
| rate.

The latest efforts in connection with the
adaptation of surface watering devices to carnation
benches have been concentrated on the development of lowe
cost hose sprinklers designed to discharge as uniformly
as possible through slits between the rows of plants,

For this purpose plastic and rubber hoses of various
shapes and designs have been manufactured, On account of
the high friction loss in hoses of small dlameter, a
greater part of the head available at the source is lost
in the first 20 or 30 feet of hose, with the result that
when they are used on carnation benches, a very uneven
water distribution results, Other problems commonly
encountered in the use of hose sprinklers are the twisting
of the hose and clogging of the slits, The first gives
rise to difficulties in controlling the direction of the
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water streams discharging from the sides of the hose,
Hose sprinklers of this type can be used to great ad-
vantage only if their hydraulic properties are such that
100~foot lengths or greater can be employed, and still
overcome the inherent difficulties mentioned above,
Subirrigation consists of injecting water from
the bottom of the bench and allowing it to rise through
the soil, This method was used successfully in the field
and in gardens before it was adopted for greenhouse use.
One of the early attempts at greenhouse subirrigation was
made by Green and Green (14) at the Ohio Experiment
Station with the hope of preventing lettuce rot, The re-
sult on the growth of plants was so marked that it was
repeated on & larger scale on various plants, with favor-
able results being reported. Later, applications of sub-
irrigation to greenhouse production were made by Rane
(31), Post (28) claimed the following desirable features
about subirrigation: 1) it requires little time for the
application; 2) thorough wetting of the soil is obtained;
and 3) the whole process is accomplished with little or
no wetting of foliage, He found, however, that for this
system to work successfully, enough water should be in-
jected to completely saturate the soil, the surplus being
drained away., Later, he also found that the unidirection-
al flow of water to the surface and the subsequent evapor-

ation of the portion not transpired by the plants results
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in the deposition of salts formerly carried in solution,
To remedy this, he recommended that the bench be flooded
and drained occasionally to legch out the excess salts
ahd to redistribute the nutrients that have accumulated
at or near the top.

A modification of the conventional method of
subirrigation was recommended by Post and Seeley (30).
They suggested the use of wicks spaced 18 inches apart,
with their lower ends immersed in water contained in a
trough suspended under the bench, and with their upper
ends embedded in the soil. They reported that tests of
this system on crysanthemums and stock plants yielded
results comparable to those obtained from surface-~
watered benches, but that occasional surface watering was
necessary. To date there is no published report that
this method has been used successfully in carnation
benches,

The constant level method evolved from the sub-
surface injection method of subirrigating bench crops,

In connection with this work, Post (26) found that roses
grew as well or better when watered at a tension of one
inch of mercury as compared to watering at three inches of
tension, Encouraged by this result, he proceeded to make
the system completely automatic by using watertight
benches with *V" bottoms, Instead of injecting water in-

termittently, he maintained a constant level with a float
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valve set to discharge water when the level dropped below
that desired, Subsequent tests of this method yielded
results comparable to those previously obtained for water
injection at tensions ranging from one to three inches

of mexcury, This method of watering keeps the soil
moisture tension below one inch of mercury. The soil
appears extremely moist but plant growth is apparently
normal, As in the injection method, the upward flow of
water and salts in solution results in the accumulation
of salts on the surface, Here, however, the effects of
excessive salt concentrations are less felt by the plants,
gince at low tensions, the water uptake is not appreciably
reduced by the osmotic effects of salts. Post and Seeley
(30) claimed that if the plants suffer from any adverse
effects at all, they may be attributed more to lack of
aeration or direct effects of salt on plant metabolism

than to reduced water uptake.

Automatlc watering devices

On account of the inoreasing cost of labor,
efforts to develop automatic watering devices, or to make
existing devices automatic, have been undertaken, All
the automatic watering methods developed rely on
capillarity to achieve the moistening of the entire soil
mass, Post and his assoclates have been responsible for

the development of a number of these devices, In an early
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work published by Post and Seeley (30), they reported
that automatic watering may be accomplished by means of
wicks, injection methods, constant level, and surface
tube methods, Some of the desirable features they
claimed for automatic watering are: 1) no wetting of
foliage; 3) soil is not saturated but is kept uniformly
moist; 3) there is no loss of fertilizer because there
is no drainage water; 4) soil structure is not altered
appreciably; 5) less water is required; and 6) the
grower has better control of the amount of water applied
and the moisture content of the soll, They observed
that their automatic watering devices work well in soils
that have good capillarity, and less satisfactorily in
very loose soils with high organic matter content, They
also reported that portions of the bench farthest from
the source of moisture dried first, but that watering
the entire bench when only the driest spots required
water did not seem to produce any adverse effects on
plant growth,

Attempts have been made to operate surface-
watering devices automatically, This has been accomplished
by connecting a tenslometer to a vacumn gage and ii:ing
this through a relay o a solenoid valve, The flow of
current is regulated by means of a time switch, which

also regulates the length of time the wvalve is held opsn

and the frequency of its opening, Openings at eight,




43

twelve, and four o'clock are usually sufficient, The
principle of operation is as follows: as the soil dries,
the hand on the vacumn gage moves up until it touches the
contact set at the maximum tension desired, The time
switch allows the current to flow, thereby opening the
valve, The valve is held open for a predetermined length
of time, which is the length of time required to apply
the desired amount of water at the given valve opening.
The valve then closes, and when the time switch allows
electric current to flow to the valve again, the gage
hand has dropped from the contact, thereby breaking the
circuit,

More recently, Bouyoucos (4) developed a new
electric automatic irrigation system for greenhouse
benches, The components of his device are a moisture
measuring cell, a solenoid valve, and an electric con-
troller, The moisture measuring unit is composed of nylon
fabric with stainless steel electrodes, The nylon unit,
when buried in the soil, becomes an integral part of the
soil, It can absoxrb moisture from the soil and Just as
eesily give it back to the soil, so that its moisture
content tends to be in constant equilibrium with the soil
moisture content, An indirect measurement of the
moisture content of the soil is obtained by measuring the
electrical resistance of the mylon unit, which varies

with its moisture content, The nylon unit is highly
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sensitive and responds readily to changes in soil
moisture in the moisture range most favorable for plant
growth, The solenoid valve turns the water in the water
line on and off electrically. The automatic controller
ls an electrical device which, by means of the solenoid
valve, turns the water on and off as the need is indicated
by the nylon unit, The scale of the meter is calibrated
to read from zero to 100 per cent of the total available
moisture content in any given soil,

A further advancement in the development of
automatic watering devices was the incorporation of a
timing system into the electric irrigation system pro-
posed by Bouyoucos., This timing system allows the
watering of a number of benches individually through a
single controller, It consists of a stepping relay, a
clock, solenoid valves, a controller, and nylon units,
A nylon unit is buried in a representative spot in each
bench, All the nylon units are then connected to the
stepping relay, which is in turn connected to the con-
troller, The hands of the clock make one revolution per
minute, and as they revolve the proper electrical con-
tacts are made, and the soll in each bench is tested as
to 1ts need for water, When a bench needs water, the
clock disconnects itself and actuates the controller to

turn on the water through the solenoid valve, The clock
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actuates the controller to turn off the water after the
desired amount has been delivered, The hands of the clock

then resume their revolving and testing.
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Chapter III
METHODS AND MATERIALS

Hand watering with a garden hose is still the
generally accepted method of applying irrigation water to
carnation benches in Colorado, Its undesirable effects
on soll structure and the high cost of watering incurred
through its use have made this method unsatisfactory. To
reduce the cost of watering, several labor-saving systems
have been developed, On the basis of the mode of water
application and the dispostion of excess irrigation water,
these systems may be classified under one of the follow-
ing basic methods of irrigation: 1) surface application
of water on a free-draining bench; 2) subirrigation of a
bench with watertight sides and bottoms; 3) surface appli-
cation of water on a bench capable of storing two inches
of free water; 4) surface application of water on a bench
capdble of storing three inches of free water; and 5)
mgintaining a depth of two inches of free water in a
watertight bench by means of a sultable valve and float
mechanism, These five basic methods of irrigation com-~

prised the treatments in this investigation,




48

Preliminary studles

The reaction of bean plants to the five basic
methods of irrigation was tested in unreplicated plots
during the fall of 1953, One glass side in each plot was
provided to facilitate the occasional examination of the
plant root systems, Bean plants were used in the prelim-
inary studies because they develop rapidly and send out
extensive root systems in a relatively short period of
time, On the assumption that the treatments which pro-
duce adverse effects on bean plants would most probably
produce harmful effects on carnations, 1t was possible
to determine in advance which treatments merited consid-

eration in the final study.

Irrigation studies on carnations

General procedures.--The basic methods of irri-

gation, numbered in the order they appear above, comprised
the five different treatments in this investigation. A
schematic diagram of the treatments showing the mode of
water application and the disposition of excess irrigation
water is presented in Fig, 3, Each treatment was repli-
cated four times, making a total of 20 plots,

The test plots were constructed in two benches
six inches deep, 40 inches wide, and 35 feet long. To
minimize the variation in plant responses as a result of

differences in location within a bench, the test plots




Fig. l.-- Position of the 5 basic methods of irrigation
in randomized block arrangement.
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Fig: 3. -~ Schematic Diagram of Irrigation Treatments.
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were confined to that portion of the bench remaining after
buffer plots 40 inches wide and 50 inches long have been
constructed at both ends of the bench, Two replications
of each treatment were assigned to each bench after
dividing the space between the end plots into ten equal
plots, This is shown in Fig., 1, Individual plots
measured 32 by 40 inches,

With the exception of the plots of treatment 1,
all the sides and bottoms of the test plots were lined
with vinyl plastic to make them watertight.

A section of 1/2 inch pipe, 10 inches long,
was inserted through the bottom of each of the plots of
treatment 2 in such a manner that half of it was embedded
in the soil and half of it was protruding beneath the
bench, Water was injected into the bench through this
pipe and, following irrigation, it also served as a drain
for excess water,

Plots of treatment 3 were designed to store
temporarily two inches of free water, This was accomplish-
ed by permitting excess water to drain only from side
holes drilled two inches above the bottoms of the plots,

Plots of treatment 4 were designed to store
temporarily three inches of free water, To accomplish
this, excess water following irrigation was allowed to
drain only from side holes drilled three inches above the
bottoms of the plots.
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On each of the four plots of treatment 5, a
valve and float mechanism was installed for maintaining
the water level in the plot at a depth of two inches,
Draln holes were provided at the bottom of each plot in
case a need for them arose,

After the installation of all the equipment
necessary to insure the proper functioning of the plots
in accordance with the desired treatments, the benches
were steam sterilized.

Twenty-eight carnation cuttings consisting of 21
test plants of the White 8im variety and seven buffer
plants of the Gayety variety were planted per test plot
on June 15, 1954, The position of test and buffer plants
within each plot is shown in Fig, 2, The row of buffer
plants was included to eliminate the possibility of
mixing flowers cut from any two adjacent plots, Following
the firm establishment of each plant, the tops were
pinched to promote latersl branching, With the exception
of the method of water application and the subsequent dis-
position of excess irrigation water, the growing practices
used in commercial greenhouse ranges were followed.

Growth records.--The records on growth consisted

of notes on the general appearance of the plants as they
responded to treatments, and of production records kept

on test plants, The flowers were cut three times a week
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and were graded on the basis of weight and stem length.
The variability resulting from height of cutting was
minimized by cutting the flowers at the same level on any
one cutting day. The weighted mean of the four grades

of flowers cut was used as the criterion of quality., On
the assumption that lower grades of flowers are less
marketable in a competitive market, the weight scale
adopted was as followa: <five for fancy, four for standard,
three for short, and two for split. The higher the value
of the weighted mean, therefore, the better the quality
that is indicated.

Irrigation records,-——Records were kept on the

number of irrigations required from June 15, 1954 to
March 17, 1955, A mercury tensiometer was installed in
each plot. With the exception of the plots of treatment
5, where the soil moisture tension was held at approxi-
mately one inch of merocury, all plots were irrigated when
the tensiometers registered readings of nine to ten inches
of mercury. Records were also kept of day to day soil
moisture tensions within the interval created by two
sucoessive irrigations during both summer and winter.

The tensiometers were read at nine o'clock every morning
while this phase of the investigation was in progress

to minimize the hourly variations resulting from vapor
pressure changes in the soil, The data obtained showed
the relative availability of molsture in the test plots,
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Keeping studies,-—-Seven keeping trials were con-

ducted during the winter of 1855, Five to seven flowers
from each treatment were used per test, The keeping sol-
ution used was teap water with 100 ppm of chlorine added
to inhibit the growth of decay-producing baocteria, The
cut carnations were placed in a constant temperature room
at 66°F+ 2° and the mean number of days of useful life
determined for each sample,

Bpecific conductance readings,--To ascertain

the extent to which the five basic methods of irrigation
promote the movement and accumulation of soluble salis on
or near the surface of the soil, the top layer of soil
in the test plots was carefully observed for salt in-
crustations, The salt toxicity in the soll was evaluated
by measuring the conductance of three 5:1 extracts pre-
pared from soill samples obtained from each plot at approx-
imately three-month intervals, The specific conductance
was measured by a Universal Solubridge, model RD-~15,
graduated to read in mhos X 10~5 per centimeter, and
equipped with a micro dip-type cell, model Oel K-2,
The 5:1 extract was prepared by adding 15 cc of distilled
water to three grams of soil, shaking the sample for one
minute, five times during a 1/2 hour period, and filter-
ing through a Whatman No, 1 filter paper,

Extreme care was exercised to obtain representa-

tive samples of the solls contained in individuals plots.
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This was accomplished by sampling the entire depth from at
least two locations within each plot, intimately mixing
the samples, and preparing the extract from a portion of
the composite sample,

Annual cost of watering,-~The cost estimates for

the basic methods of irrigation tested are based on ex-
isting prices of materials and equipment, Oapital needed
to cover the initial cost of equipment and installation
labor was assumed to be available at six per cent interest
compounded annually. The annual fixed charge on investment
and the operating expense comprised the annual cost of
watering, The former was computed after establishing the
initigl cost and the expected life of the equipment.
Equal annual payments were charged for installation,
Labor spent in watering by the various methods comprised
the major portion of the operating expense. The cost

of routine inspection and maintenance was also charged

to operation, All labor cost computat ions were based

on a conservative figure of one dollar pexr man-hour,

An estimate of the annual cost of hand watering
was made after studying the two-year irrigation records
of nine carnation benches and establishing the time re~
quired to water a bench by hand. At the Research Green-
house, the watering time varied with the available pres-

sure head, The high and low values were used to obtain a

range of possible watering costs,
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Supplementary cost studies.--In addition to the

cost figures computed for the methods tested in the
randomized block experiment, the irrigation costs in-
curred through the use of some more common surface water-
ing systems were estimated. These and figures supplied
by the Dan Braun and the Cherry Creek Greenhouses of
Denver were used to supplement the cost figures computed
above,

Supplementary cost studies were made on the sur-
face watering systems represented by the symbols SW-B,
8W-C, SW-D, and SW-E in Table 5, These systems may be
briefly described as follows:

l, 8SW-B, SW-0, and SW-D consist of staggered,
180-degree, flat-spray nozzles spaced 32 inches apart in
3/4 inch pipelines. The pipeline forms a closed loop
along the sides and ends of the bench and may be supplied
with water either at the middle or at one end of the
bench, These systems differ only in the material used for
the pipeline,

3, SW-E consists of two thin-walled pipes 1 1/2
inches in diameter, The pipes are laid longitudinally on
the bench approxiiately six to ten inches from the sides,
Water is supplied through a header at one end of the bench
and discharged through small orifices spaced four inches
apart along the sides of the pipes.
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Statistical methods.--The irrigation study on

carnations was arranged in four randomized blocks., The
data on production and quality, frequency of irrigation,
and cut flower 1life were analyzed by the analysis of

variance,
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Chapter IV
ANALYSIS OF DATA

The reaction of beans and carnations to five
basic methods of irrigation, which comprised the treat-
ments in this investigation, was tested, A schematic
diagram of the treatments showing the mode of water ap-
plication and the disposition of excess irrigation water

is presénted in Fig. 3,

Preliminary studies

The response of bean plants to the five irriga-~
tion treatments was tested in unreplicated plots during
the fall of 1953,

Effect on root growth,-—-Observation of the plant

root systems as they responded to irrigation treatments
revealed that the most extensive root systems developed
in treatment 1, where excess water drained freely, and in
treatment 2, where the plot was subirrigated. Root growth
extended to the bottom of the soil in these two treat-
ments,

In treatments 3 and 4 where two and three inches

of free water was temporarily stored, plant roots ceased
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to grow bevond the maximum level of free water. (Closer
examination of the root systems in these plots at the
conclusion of the experiment revealed that the plants
had sent out roots deeper into the soil as the free water
level receded, but the roots were apparently killed by
succeeding irrigations which restored free water to the
original level, Extensive lateral root growths were ob~
served in these plots,

In treatment 5 where free water was maintained
at a constant depth of two inches, the roots stopped
growing approximately 1/2 inch above the free water sur-
face. However, very extensive lateral rootis systems above
the free water wurface were in evidence. The soil looked
extremely moist and a white crust which developed grad-
ually became very evident at the conclusion of the experi-
ment,

Effect on plant growth,--Day-to-day observation

of the general appearance of the plants showed that

plants grown in treatment 5 produced longer but weaker
growth accompanied by chlorosis of the plants. On three
occasions the irrigation treatment was temporarily dis-
continued and free water in the plot was allowed to drain
for three to five days. Each time the chlorotic condition
of the plants disappeared, but chlorosis always reappeared

three to four weeks after resuming the treatment,
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The results of this investigation failed to
show that any one treatment, with proper corrective
measures, would be permanently injurious to plant growth,
It was decided, therefore, that all the treatments merited
consideration in the final study,

Irrigation studies on carnations

The response of carnations to five basic
methods of irrigation was tested in four randomized
blocks during the 1954-55 season, The quality and number
of flowers produced, the frequency of irrigation, the use-
ful life of cut flowers, the salt toxicity in the soil,
and the estimated cost of watering were adopted as the
criteria for the evaluation of the relative merits of the
methods tested.

Effect on production and guality,--The results

of the measurements made on the production and quality of
flowers cut from individual plots are summarized in
Table 1, The sample means shown are for four replications
in each treatment, The results falled to show any real
differences in the ability of the five basic methods of
irrigation to promote production and enhance quality,
The differences which occurred were due mainly to dif-
ferences in location rather than to differences in treat-
ment (Table 4),

Effect on the frequency of irrigation.--The

| number of irrigations required by individual plots is




Teble 1.--EFFECT OF FIVE BASIC METHODS OF IRRIGATION ON FRODUGTION AND QUALITY OF WHITE SIM CARNATIONS.

Treatment Location Flot Number of flowers Quality Production Mean Mean
number index per plot quality production
Split Short Stendard Fancy index per plot -
1 0 A 18 67 %.53 119
A 10 0 7 47 7% 452 128 437 135.00
1
14 0 20 76 56 425 152
B 18 L 18 70 51 4.19 141
A 3 0 4 43 50 LT 97
7 0 7 45 70 La52 122 4.38 130.00
2
B 11 3 11 75 69 4433 158
16 2 14 80 47 4.20 143
2 o 9 57 52 436 118
A 8 0 3 53 61 4.50 117 4.38 138.25
3
a 12 0 13 69 73 4.39 155
20 2 17 82 62 Le25 163
A 5 0 6 52 50 Lol 108
9 0 6 56 59 bty 121 435 130.25
4
B 13 0 12 98 52 4e25 162
19 0 16 61 53 4.28 130
A A 1 4 46 52 IAYA 103
6 2 13 50 49 428 114 433 115.25
5
B 15 1 13 68 49 426 131
17 1 8 58 46 432 113
L.8.D. at 5 per cent level NS NS

L.S.D. at 1 per cent level NS NS
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presented in Table 2, Also shown are the number of water
applications in each treatment expressed as a percentage
of the number of applications required in treatment 1,

The sample means shown are for four replications in each
treatment, The differences resulting from differences

in treatment were real enough to be significant at the

one per cent level, Differences in location aleo produced
significant differences in the frequency of irrigation
(Table B). Treatments 2, 3, and 4 definitely required
fewer water applications as compared to treatment.l,.
Treatment 2 required fewer applications than treatment 3,
but there was essentially no difference between treatments
2 and 4,

The results of the soil moisture tension
measurements from day to day following irrigation are
plotted in Figs., 4 and 5, Fig. 4 shows the relative
availability of moisture during summer within the interval
created by two successive irrigations, whereas, Fig. & was
drawn for one such interval during winter,

Effect on keeping guality of cut flowers,—The

results of the flower keeping tests are summarized in
Table 3. The sample means shown are for seven keeping
trials in each treatment, The differences in the life of
cut flowers resulting from treatment differences were

great enough to be significant at the one per cent level,
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QUENCY OF IRRIGATION.

Treat- Location Plot Number of
ment number water
applications applications

e e e ———

Table 2.-- EFFECT OF FIVE BASIC METHODS OF IRRIGATION ON THE FRE-

Mean number
of water

Number of appli-
cations expressed
as a percentage
of that of
treatment 1

1 49
A
10 47 52.0 100
1
14 56
B
18 56
3 26
A
7 24 27.25 52.4
2
11 32
B
16 27
2 31
A
8 26 32.75 62.98
3
12 39
B
20 35
5 29
A
9 27 30.0 57.69
yA
13 32
B
19 32
4 Kept
A constantly
6 moist — -
by means
15 of valve
B and float
17 mechanism
L. S. D. at 5 per cent level 3.61
L. S. D, at 1 ver cent Jevel 5 058
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Table 3.-~EFFECT OF FIVE BASIC METHODS OF IRRIGATION ON THE KEEPING QUALITY OF WHITE SIM

CARNATIONS.
Trial Mean life in d&ys L.S.D. a‘b L.5.D. at
number Treatment 5 per cent 1 per cent

1 2 3 A 5 level level

1 7.83 8.33 8.17 8.83 6.83

2 9.60 10.60 10.28 10.40 9.00

3 9.17 11.00 9.83 12,14 9.17

4 10.83 11.50 11.50 11,67 11.33

5 9.50 10.75 10,00 9.50 9.50

6 8.00 8.00 8.83 9.50 7.50

7 7.86 9.29 8.29 8.86 8.43
Mean
life 8.97 9.92 9.56 10.13 8.82 0.58 0.79
per
treatment
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Treatments 3, 3, and 4 ylelded flowers of better keeping
quality than treatments 1 and 5, There were no signifi-
cant differences between treatments 1 and 5 and between
3, 3, and 4,

Effect on the accumulation of szlts.--The re-~

sults of the specific conductance measurements on 5:1
extracts prepared from three samples obtained from each
plot at approximately three-month intervals are presented
in Table 4. The specific conductances shown in column 4,
treatment 5, were obtained after each plot had been
leached twice. The results showed that salt accumulation
wes greatest in treatment 5 and least in treatment 1,
Intermediate concentrations were observed in treatments
2, 3, and 4, Occasional inspection of the soil surfaces
showed the gradual formation of a salt crust on each of
the plots of treatment 5, A few white spots, much thinner
and less pronounced than those observed in treatment 5,
were also in evidence in treatment 3,

Annual cost of watering.-—An estimate of the

annual cost of watering incurred through the use of the
basic methods tested in the randomized block experiment
was made. In addition supplementary irrigation cost
studies were made on some more common surface watering
systems tested individually during the past year, Oost
figures supplied by the Dan Braun and the Cherry Oreek
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Table 4.-~EFFECT OF FIVE BASIC METHODS OF IRRIGATION ON THE ACCUMULA~-
TION OF SOLUBLE SALTS.

Treatment Plot Specific condu%tance Mean con-
number (mho x 1077) ductance
Sampling date per
Aug. 7, '54 Nov. 5, 154, Feb. 11, '55 +trezstment

1 36 26 30
10 2 30 28

1 30.33
14 38 26 24
18 32 24 28
3 58 64 70
7 40 55 54

2 55.17
11 56 64 58
16 48 40 55
2 55 68 76
8 62 70 82

3 60.50
12 58 55 64
20 32 46 58
5 36 45 58
9 30 48 62

4 47.50
13 42 L 68
19 38 44 55
A 100 ag# 110
96 8% 20

5 86.50
15 70 66% 85
17 82 T4% 95

#Specific conductance determined after leaching twice.
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Greenhouses of Denver were used to supplement the results
of the studies at Fort Collins, The combined results

are summarized ln Table 5, The results showed that com-
pared to hand watering, all systems which employ some
mechanical means of applying water are less expensive to
install, maintzin, and operate. A bresk-down of the
annual repayment costs or fixed charges on investment and

installation labor is presented in Table 8.
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Table 5.--ANNUAL REPAYMENT COSTS, OPERATING EXPENSES, AND TOTAL WATER-
ING COSTS FOR SOME CARNATION WATERING SYSTENMS.

Treatment Watering Type Repayment Cents per foot per year
system of costs for Total
system materials and watering
instgllation Labor expense
(1) (2) (3) (4) (5) (6)
SW-A — — 33-49.4 33-49.4
SW-B H-P 11.18 5.75 16.93
1 SW-C H-P 10.00 5.75 15.75
SW“B H"'P 7 071 5 -75 13 L] 46
S-1 I-P 12.24 3.10 15.34
2
S-2 I~-P 11.19 3.10 14.29
SW-A —— 10.20 21-31 31l.2~41.2
SW-B H-P 21.38 3.67 25.05
3 SW-C H~P 20.20 3.67 23.87
SW-A — 10.20 19-28.5 29.2-38,7
SW-B H"‘P 21- 38 3-33 216171
4 SW-C H-P 20.20 3.33 23.53
SW-D H-P 17.91 3.33 21.24
Constant
5 level I-P 10.68 5.71 16.39
SH-A Handwatering with garden hose
SW-B 180° nozzles and 3/4" Gates flexible hose sprinkler system
SH-C 180° nozzles and 3/4" California flexible hose sprinkler systen
SW-D  180° nozzles and 3/4" galvanized pipe sprinkler system
SWH-E Greco hose sprinkler system
S=1 Subsurface injection with flexible hose pipeline end injection
pipes
Sm2 Subsurface injection with galvanized pipeline and injection
ipes
g-p  High mressure system




Table 6.--BREAKDOWN OF REPAYMENT COSTS FOR MATERIALS AND INSTALLATION SHOWN IN TABLE 5.

Treatment Watering system Item Initial Expected Annual
cost life charge
(cents/ft) (vears) (cents/ft)
(1) (2) (3) (4) (5) (6)
SW-B Gates flexible hose plus 52 5 11.18
installstion cosgt
SW-C California flexible hose plus 44,8 5 10.00
instellation cost
1 SW-D 3/4" galvanized pipe and fittings 32.0 20 2.64
180° nozzles 13.9 10
Installation cost 25.6 5.07
Total 7.71
SW-E Hose and header 18.5 3
Installation cost 1.5 7.05
S-1 3/41 flexible hose and 1/2 x 10"
injection pipes 11.00 5
Ingtallation coat 3.33 3.22
2 1/2" tees, nipples, etc. 9.00 20
Instgllation cost 3.33 1.02
Vinyl plastic lining 11..20 2
Installation cost 440 8.00
Total 12.24

Ok




Table 6.--BREAKDOWN OF REPAYMENT COSTS FOR MATERTALS AND INSTALLATION SHOWN IN TABLE 5.--(continued)

——n

——

Tregtment Watering system Item Initisl Expected Annual
cost life charge
(cents/ft) (years) (cents/ft)
(1) (2) (3) (4) (5) (6)
s-2 1/2 x 10" injéction pipes 2.00 5
Installation cost 3.33 1.19
1/2" galvanized pipe, tees, and
2 nipples 21.00 20
Installation cost 3.33 2.00
Vinyl plastic lining 11.20 2
Installation 440 8.00
Total 11,19
SW-A Vinyl plastic lining 11.20 2
Installation cost 8,60 10.2
SW-B Gates flexible hose plus 52.0 5 11,18
ingtallation cost
Vinyl plastic lining 11.20 2
3 Installation cost 8,60 10.20
Total 21,38
SK-C California flexible hose plus 44,.80 5 10.00
installation cost
Vinyl plastic lining plus 19.80 2 10.20
installation cost
Total 20.20

€4



Teble 6.--BREAKDOAN OF REPAYMENT GOSTS FOR MATERIALS AND INSTALIATION SHOWN IN TABLE 5.--(continued)

Treatment Watering system Item Initial Expected Annual
cost life charge
(cents/ft) (years)  (cents/ft)
(1) (2) (3) (4) (5) (6)
SW-D 3/4" galvanized pipe and fittings 32 20 2.64
1809 nozzles and installation cost 39.5 10 5.07
Vinyl plastic lining and
installation cost 19.8 2 10.20
3 Total 17091
SW-E Hose, header and installation cost 20.00 3 7.05
Vinyl plastic lining and
installation cost 19.80 2 10.20
Total 17.25
4 Seme as treate Same as treatment 3 Same as Seme as
ment 3 3 3
Constant water Float valve, copper tubing,
level fittings, installation cost 20,90 10 2.68
5 Plagstic lining and installation
cost 15.60 2 8.00
10.68

Total

k72




Chapter V
DISOUSSICN

A number of labor-saving watering systems have
been manufactured and marketed within the last ten years,
Carnation growers have employed a number of these systems
with a fair degree of success being reported by some,
Others have found them unsatisfactory., This investigation
wae undertaken to show the relative merits of these
systems and to establish their suitability in watering
carnations., Oonsideration of all watering systems in an
investigation extensive enough to be analyzed statistiocal-
ly would entall considerable expense and effort, Fortun-
ately the mode of water application and the subsequent
digposition of excess irrigation water permit the class-
ification of nearly 8ll greenhouse watering systems under
one of five basic methods of irrigation, These five
basic methods, which comprised the irrigation treatments 1in
this investigation, are shown in Fig. 3.

Preliminary Studies
Root growth

The results of preliminary studies on the
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reaction of bean plants to the basic methods of irrigation
indicated that free water temporarily stored in the so0il
inhibits root growth beyond the maximum free water level,
There was some evidence to show that the plants sent out
roots deeper into the soil as the free water surface re-
ceded, but the roots were apparently killed by succeeding
irrigations which restored free water to the original
level, TFree water maintained at a constant level in the
soil produced similar results on root growth, This study
further showed that conditions which check root growth in
the downward direction encourage extensive lateral root
growth, The reduction in the depth of root growth owing
to the presence of free water did not seem to have any
adverse effects on plant growth, Apparently the addi-
tional lateral growth was sufficient to offset the pos-
sible 111 effects of reduced growth in the downward

direotion,

Plant growth
Observation of the plants in treatment 5 showed

that ke eping the growing medium at & soil moisture tension
of approximately one inch of mercury results in longer but
weaker growth accompanied by ochlorosis of the plants, The
improvement of the general appearance of the plants fol-
lowing drainage and their tendency to revert to the

chlorotic condition three to four weeks after the
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resumption of the irrigation treatment showed that some-
thing connected with lack of soil air was responsible for
the chlorosis, Except for the chlorosis of the plants in
treatment 5, the irrigation treatments seemed to produce

no visible effects on plant growth,

Irrigation Studies on Carnations

Plant growth

Chlorosis,—--Similar results were observed with
carnations as were observed with beans in the preliminarxy
test, Plants in treatment 5 eventually became chlorotic,
Plants in treatment 4 exhibited this condition to a lesser
extent, There was no indication that production and
quality were impaired in either case,

Location,-—~The differences in quality and pro-
duction were due mainly to differences in location, Plots
in location B consistently produced more flowers than
those in location A, but thelr quality indices were lower,
Bench B was located south of bench A and was adjacent to
a bench which was vacant periodically, The lincreased
light received by bench B was held responsible for the

increase in production,

Frequency of irrigation

The results of studies on the effect of the ir-
rigation treatments on irrigation frequency indicated that

free water stored temporarily in the soil prolongs the
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time interval between irrigations, Water that would
normally drain is prevented from doing so and is rendered
available for plant use, The results of this study furthex
indicated that when water injected in excess of the water-
holding capacity of the soll is allowed to completely
saturate the soil before being permitted to drain, a
slmlilar effect on the time interval between irrigations

is produced, This arises from the fact that free-draining
soils seldom attain complete saturation, Israelson (17)
reported that free-draining soils retain as much as 185

per cent of the air in the voids following irrigation,

By ponding excess water in the plot for as long as six
hours, as wae done in treatment 2, nearly all the air in
the voids is expelled, The additional water so provided
Prolongs the time interval between irrigations, The
temporary lack of soil air did not produce adverse effects
on quality, produection, and the useful life of cut

flowers,

Keeping quality

The five basic methods of irrigation definitely
affeoted the keeping quality of cut flowers, Treatments
1 and 5 which yielded flowers with the shortest useful
life represent the two extreme conditions of moisture
avellability, The growing medium is kept at a low

moisture tension in treatment 5, whereas, treatment 1 holds
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the soil moisture content at field capacity for only
relatively short periods of time. Apparently extremely
moist conditions in the growing medium impair the keeping
quality of cut flowers although there is no apparent ef-
fect on production., The same is probably true of rela-
tively dry growing media where soill moisture stresses
increase very rapidly from day to day, Intermediate con-
ditions of moisture availability produced a variable ef-
feot on the life of cut flowers., The treatment which had
the longest interval between water applications did not
necessarily produce flowers of the best keeping quality.
Apparently factors other than moisture availability af-
fect cut flower life.

Salt movement and accumulation

The specific conductance :measurements on 5:1
extracts prepared from three soil samples taken from each
plot at approximately three-month intervals showed that
plots of treatment 5 consistently ylelded much higher
conductivity readings, indicating that salts were aoc-
cumulating faster in these plots than in others, Thse
gradual formation of a salt crust on each of these plots
further revealed that redistribution of salts which have
found their way to the surface was not taking place.

This behavior was attributed to the mode of water appllica-

tion employed in these plots. When water is continually
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supplied from the bottom unidirectional flow of water
from the bottom to the surface takes place., In rising to
the surface, the water carries some dissolved salts which
are deposited on or near the surface as the water is
evaporated. Since the plots are not surface-watered,
redistribution of the salts does not take place, and since
the plots are not permitted to drain, the poséibility of
carrying away some of the excess salts in the drainage
water does not exist, In this investigation, two
leachings over a three-month period proved effective in
reducing the salt content of the s0il, These findings
corroborated the observations made by Post (28) on green-
house benches watered by the constant level method,

The high salt levels observed in these plots produced

no adverse effects on production and quality., However,
it is probable that without leaching, injurious salt
concentrations could develop within the space of one
growing season,

The results of this investigation also indi-
cated that surface application of water in quantities
great enough to be slightly in excess of the water-
holding capacity of the soil keeps salt content at a
relatively low value, It was further indicated that the
greater the number of water applications required, the
lower is the specific conductance, The soil is usually

subjected to some leaching with each water application,
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In treatment 2, where water is injected from
the bottom, rises, and spreads laterally as in treatment
5, the failure of salts to accumulate at a rate comparable
to that observed in treatment 5 requires some explanation,
Instead of adding just enough water to moisten the soil,
as is customarily done, water was supplied in quantities
8lightly in excess of the water-holding capacity. The
excess water proved effective in removing some of the

excess salts.

Annual cost of watering

The combined results of the estimates of the
watering costs incurred through the use of the basic
methods of irrigation tested in the randomized block ex-
periment and some more common surface watering systems
showed that, compared to hand watering, all systems which
employ some mechanical means of applying water are less
expensive to install, maintain, and operate., The re-
duction in the cost of labor more than offsets the high
initial investment in surface watering and subsurface
injection equipment, The slight reduction in the number
of water spplications in treatments 3 and 4 does not
justify the added expense of installing the vinyl plastic
lining.

The last column of Table 5 shows a number of

watering systems which differ in total watering cost by
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no more than a few cents per linear foot of bench space,
The practical significance of such findings lies in the
posslibility of selecting from a number of high and low
pressure systems one which will function best under con-

ditions existing within a commercial range,

Selection of Watering System

The results of this investigation failed to
reveal a method of irrigation which provides the most
favorable soil-moisture-plant relations as measured by the
criteria mentioned earlier. 1In spite of the many ad-
vantages which may be claimed for each of the watering
systems, there is not a single system which does not have
some shortcomings, either from the operational standpoint
or from its effects on plant growth and other related
factors, The investigation did show, however, that with
proper corrective measures, a number of watering sysfems
can be satisfactorily employed at reasonable cost,

The choice of a satisfactory watering system will
be influenced by the length of benches and the pump
capacity or pressure head at the water main. For a given
pump capacity, a number of low pressure systems can be
turned on simultaneously without affecting the evenness
of water distribution, whereas, the same number of high
pressure systems turned on simultaneously would probably

produce such great drops in pressure head that uneven
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water distribution would result,

Convenience and ease of operation also merit
consideration in the choilce of a watering system. On this
bagls the constant level method of treatment 5 would be
desirable because very little labor is required. However
the problems associated with this method may give rise to
operational difficulties,

The subsurface injectlon system of treatment 2
presented no major problems either from the operational
standpoint or growth of carnations., Extensive lateral
branching was observed in plants watered by this system -
and although the first-year production was not signifi-
cantly different from other treatments, some real dif-
ferences in its favor might show up in the second-year
crop,

The surface watering systems SW-B, 8W-C, SW-D,
and SW-E can be installed at reasonable cost and have
been found to function efficiently. SW-E has on occasion
presented some difficulties, It was observed that the
system becomes ineffective when the soil becomes ex-
tremely dry because water will not move more than a few
centimeters in sufficient quantity to satisfy the water-
holding capacity of the soil, Dry spots form and the
drier they are allowed to get, the more ineffective the

system becomes, In cases such as this it was found




necessary to surface-water the bench and succeeding
irrigations were made at soil moisture contents wetter
than normal to attain more rapid lateral water movement,
The effects of frequent, light waterings are not well
established, and unless they can be shown o produce a
slgnificant increase in production, the added watering

cost may not be justified.

Suggestions for Further Study

In the course of this investigation, it becane
evident that some aspects which seem to warrant further
investigation have been overlooked, These are:

1. The effects of frequent light waterings on
the production, quality, and keeping quality of carnsa-
tions, and on the cost of watering,

2, The salt content of the soil at which the
resulting toxicity begins to produce adverse effects on
the growth and productivity of carnations in soils
watered at soil moisture tensions of nine to ten inches
of mercury.

3. An extended comparative study of surface-
watering and sub-surface injection systems to determine
if some significant differences in production and quality

will show up in the second-year crop.
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Chapter VI
SUMMARY

The response of greenhouse carnations to five
basic methods of irrigation was tested during the 1954-55
season, Desirability of the methods tested has been
viewed primarily in terms of the promotion of favorable
soil-moistﬁre~p1ant relationships within practicable
economic limits, The quality and number of flowers pro-
duced, the frequency of irrigation, the useful life of
cut flowers, the salt toxicity in the soil, and the esti-
mated cost of watering were adopted as the criteria for
the evaluation of the relative merits of the methods
tested,

The productivity of carnations and the quality
of flowers produced were not affected by the basic
methods of irrigation,

The basic methods of irrigation produced very
significant differences on the frequency of irrigation.
Surface-watered, free-draining benches required the
greatest number of water applications, Free water stored

temporarily in the soll lengthened the time interval
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between irrigations by as much as 3 to 5 days, Soil-
moigture tension measurements revealed that, compared to
free~draining plots, those provided with temporary free
water storage remained at field capacity for relatively
longer periods of time. The time interval between irriga-
tions in plots watered by the injection method was es-
sentially the same as those observed in plots supplied
with three inches of free water.

The basic methods of irrigation definitely af-
feoted the keeping quality of the flowers produced, The
results indicated that flowers cut from plants grown in
soils kept in a nearly constant state of saturation, and
those cut from plants grown in relatively dry soils, where
801l moisture stresses increase rather rapidly from day to
day, did not keep as well as the flowers cut from plants
raised under intermediate conditions of moisture avail-
ability, The differences in the mean useful life of cut
flowers resulting from differences in the method of ir-
rigation ranged from 1/3 %o 1 1/4 days.

The mode of application of irrigation water pro-
duced a variable effect on the movement and accumulation
of salts in the soil, In plots where water was injected
from the bottom at relatively few points, the salt content
of the so0il increased graduslly, except where water suppli-

ed in excess of the normal water-holding capacity of the
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soll was permitted to drain., The results of specific
conductance measurements indicated that the salt content
of the soll in plots which were surface-watered remained
at a relatively low value. Frequent water applications
proved effective in preventing the development of ex-
cessive concentrations of salts,

Estimates of the annual costs of watering
showed that considerable savings can be effected by elim-
inating hand-watering methods, All the watering systems
which employ some mechanical means of injecting water
into the soll or of spreading it on the surface proved
less expensive to install, maintain, and operate. A
number of these low-cost systems differ in total watering
cost by only a few cents,

The results of this investigation falled to re-
veal a basic method of irrigation which provides the most
favorable soil-moisture-plant relations as measured by
the five criteria mentioned earlier, 1In spite of the
many advantages that may be claimed for each of the
watering systems, there is not a single system which does
not have some shortcomings, either from the operational
standpoint or from its effects on plant growth and other
releted factors, This investigation did show, however,
that with proper corrective measures, a number of watering
systems can be employed satisfactorlly at a reasonable

cost,
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Table A.~~TABLE OF VARIANCE FOR TOTAL PRODUCTION.

Source of variation D.F. Sum of Mean F-value
squares squares _ Observed 5% level

Treatment 4 1,241.50 310.38 2.25 3.48
Location 1 4,530.05 4,530.05 32.80%% 496
Treatment x location A 576.70 144.18 1.05 3.48
Error 10 1,377.50 137.75

Total 19 7,725.75

Table B.-~TABLE OF VARIANCE FOR QUALITY OF GUT FIOWERS.

———
-

Source of veriation D.F. Sum of Mean F-value

sguares squares  Obgerved 5% level
Treatment A 0.0080 0.0020 0.42 3.48
ILocation 1 0.1567 0.1567 32.,65%#% 4,96
Treatment x location 4 0.0357 0.0089 1.85 3.48
Error 10 0.0477 0.0048

Total 19 0.2481
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Table C.--TABLE OF VARTANCE FOR NUMBER OF IRRIGATIONS REQUIRED.

Source of varigtion D.F. Sum of Mean F-value
squares squares Observed 5% levell

Treatment 3% 1,512.51  504.17  103.31%* 4,.07

Location 1 156.25 156.25 32.023% 5.32

Treatment x location 3 16.24 5.41 1.11 4.07

Error 8 39.00 4.88

Total 15 1,724.00.

& Treatment 5 was not considered in this analysis.

Teble D.~-TABLE OF VARTANCE FOR MEAN LIFE OF CUT FLOWERS.

Source of variation D.F. Sum of Mean F-value
squares squares Observed 5% level

Treatment A 9.20 2.30 8.21%% 2.65

Replications® Le22 7.37

Exror 24 6.72 0.28

Total 34 60.14

8 The effect of location was

not considered in this analysis.
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