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ABSTRACT

In greenhouse and controlled environment experiments,
the influences of temperature, P nutrition, and foliar sprays
of 3 growth retarding chemicals on the growth, yield and

mineral composition of Pisum sativum L. cv. Dark Skin Perfection

were investigated. The utilization of P under 4 air and soil
temperature regimes within the physiological range was also
studied. The dwarfing effect of high temperature was related
to that due to relatively high concentrations of growth retarding
chemicals.
| Banded p fertilizer, applied at rates of up to 352 1b.
per acre. increased plant growth, pea yield and the uptake of
N, P, K, Ca and Mg. P increased the total contents of all
5 minefals in all 3 tissues'(vine, pod and pea seed), but had
multiple effects on mineral concentrations. Efficiency of P in
producing pea yield increase was maximum at the 44 1lb. per acre
rate.

The high air temperature of 30° decreased growth,
pea yield, and total mineral uptake, compared with a tempera-
ture of 21°. The high soil temperature of 18° increased these
3 groups of variables, as compared with a temperature of 10°.
‘Increases in mineral concentration at the high air temperature

were largely due to “concentration effects" resulting from



iv.

smaller plants. Increases due to the high soil temperature
were absolute because they occurred even in bigger plants.
Increase in mineral uptake at the high soil temperature was not
due to increased root growth, but was a result of increased meta-
bolic activity. The effect of soil temperature on total absorption
was greater than on translocation into the pea seed.

(2-chloroethyl) trimethylammonium chloride (Cycocel) at
1 ppm was the most effective in terms of growth and yield stimulation.
234—dichlorobenzyl tributylphosphonium chloride (Phosfon) at 100 ppm
was the most effective with respect to growth retardation, but
markedly decreased pea yield. HN-N-dimethylamino succinamic acid
(B-Nine) at concentrations of 1 and 100 ppm.was ineffective in
altering growth pattern. Effects of the growth retarding chémicals
on mineral uptake largely reflected plant size differences, and
were not absolute effects. Cycocel and Phosfon at low concentra-
-~ tions are promising for use in arresting excessive vegetative growth
aéd its attendant problems, and in increasing pea yield witﬁoux
deformative effects.

The effects of relatively high concentrations of Cycocel
and Phosfon were similar to those of high temperatures with respect
to plant dwarfing, changes in mineral composition aﬁd alteration in
the levels of Glucose, G-1-P, G-6-P, F-6-P, F1,6-P, ADP and ATP.

It appears that high concentrations of growth retarding chemicals
and high temperatures depress plant growth by reducing the utiliza-
tion of ATP in the phosphorylation of sugars, in the glycolytic

seguence.,



The nearest-optimal air and soil temperature regime
for plant growth and mineral uptake was the 21/13/18° day/night/soil.
For uniformity in the nomenclature of plant growth regulators, it

is suggested that growth retarding chemicals be called "RETARDINS".
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INTRODUCTION

The pea (Pisum sativum L.) is a cool weather species,

grown extensively in the Lower Mainland of British Columbia, in
northwestern Washington State, Great Britain and Auétralia.
Combined acreage in British Columbia and Washingtonrn is over
60,000. Two important factors limiting pea yield are warm
temperatures and deficiency of plant nutrients, notably phosphorus.

The climate of the pea-growing areas of British Columbia
and Washington is variable, not only from east to west but also
from year to year. It has been established with experiments at
the Agassiz Research étation and at the University of British
Colﬁmbia, over 3 seasons, that a small difference in the mean
temperature of the growing season can’affect yields significantly.
This means that the cooler weather near the sea coast allows for
a longer growing season than does the weather of areas farther
inland where higher temperatures may decrease yields. On the
other hand the létter may be more favourable for early spring
planting.

Phosphorus fertilization has led to.considerable
increases in yield because most soils in the pea-growing
areas are phosphorus—deficient. Higher pea yields due to
phosphorus fertilization are also accompanied by slightly
higher pea:vine ratio, so that less vine is handled per unit
of peas harvested.

Phosphorus is frequently deficient in the soils of

the Lower Mainland of British Columbia, and values lower than



10 pounds available P per acre have been reported. Experiments
are therefore necessary to clarify the separate effects of air
and soil temperatures on the response of peas to phosphorus
added to a deficient soil. For example, it is possible that
early planting in colder soils may require more phosphorus
fertilizer than for warmer soils, or that phosphorus fertiliza-
tion could offset some of the adverse effects of high temperatures
in warm pea-growing areas.

Many experiments have been carried out to establish
optimum air or optimum soil temperature for the growth of
peas. However, the combined effects of air and soil tempera--
tures, and the response to phosphorus fertilization as an inter-
acting factor have had little investigation. Much of the
information about the relative importance of the shoot and
root temperatures has been obtained, therefore, indirectly.
Also, most of the experiments reported hitherto were not
carried out at different stages of growth,'but usually at one
growth stage; and have'also scarcely been carried out to crop
maturity to elucidate mineral distribution patterns in the
different parts of the WHOLE, SOIL-GROWN plant.

It is possible that growth retarding chemicals may
be used to achieve a reduction of the plant vine and consequently
to reduce problems associated with excessive vegetative growth
without reducing pea yield, or perhaps promoting yield.

The garden pea was chosen because of its relative

homogeneity of populations., easily observable morphological



characters, elongate stem growth useful for nutrient absorption
and transloation studies, and its increasing economic importance
in the agricultural industry of the Lower Mainland of British
Columbia and elsewhere. The cultivar Dark Skin Perfection
was used because of its wide commercial acceptance based dn
a relatively high pea:vine ratio, medium height and tenderness
of peas.
The specific objectives of the present studies were:
to determine the effects of air and soil temperatures on:
1. Growth characteristics and yield factors.
2. Phosphorus uptake at 3 pre-fruiting stages, and distribution
in the different parts of the plant at crop maturity.
3. The influence of applied phosphorus on the uptake and
distribution of N, K, Ca and Mg; and also to determine:
4, Optimum air and soil temperature combination for efficient
production of peas and utilization of plant nutrients.
5. Comparative responses of the plant to low concentrations
of 3 growth retarding chemicals: Cycocel, Phoéfon and
B-Nine.
6. Possible differences in phosphorus utilization as peflected
by some specific metabolic phosphorylated compounds.
7. Possible relationships between temperature responses and
\growth retarding chemical responses, since the dwarfing
effects of high temperature on the pea plant are morphologi-
cally similar to those of growth retarding chemicals on

many plants.



1. REVIEW OF LITERATURE

A. TEMPERATURE AND PLANT GROWTH

1.1 General Aspects of Temperature and Plant Growth Processes

An increase of temperature almost invariabiy increases
the rate of a chemical reaction. For a homogeneous systém'it is
known that the rate is doubled or trebled for each 10° rise
of temperature, and even for many heterogeneous purely chemical
reactions. The application of information obtained with isolated
chemical reactions to the complex chemistry of a living plant is
difficult; it is in fact dangerous to think of plant growth in
terms of simple chemical reactions, or to apply directly
information obtained with isolated enzyme systems (Nielsen and
Humphries, 1965).

| Nevertheless, all reactions occurring in plant cells
fbllow the basic laws of thermodynamics and rate theory; that
.isg an increase in plant growth processes with increase in
temperature, from a minimum where there is relative inactivity
up to a maximum beyond which growth is hampered mainly due to
the denaturation of proteins. However, the plant being a living-
entity made up of complex constituents, survives in most cases,
variations and fluctuations in temperature. It is thought
that one of the main defence mechanisms plant cells may possess
to resist the deleterious effects of low or high temperatures,
is the development of protoplasm which can resist the chemical

and physical aspects of these temperatures.



To add to the complexity of plant response to
temperature, it is known that optimum temperature for
growth is affected as much by the medium used to grow
plants as it is by the supply of nutrients available and their
placement in soils (Knoll et al., 1964:; Brouwer, 1959).

An optimum has therefore been considered to be
the result of 2 opposing mechanisms at work in a plant, one
synthetic and the other degradative. At cool temperatures the
degradative mechanism, largely respiration, is slowed down
more than the synthetic, largely photosynthesis. As tempera-
tures are raised, the rates of both the synthetic and degrada-
tive processes increase, the latter more rapidly until a
compensation temperature is attained above which there is a
net loss of dry matter. Exceptions to this general rule will,
of course, occur in thé case of plants such as corn and sugar-
cane which have no respiration in the light (Downton and
Tregunna, 1968).

Inactivation of certain enzyme systems may occur
at temperatures well below that at which proteins are
denatured (about 60°). As a result certain metabolites may
not be produced and plant growth will be reduced (Bonner, N
1857). Hence the supﬁly of carbohydrates and essential
metabolites may well be the determining factors in establish-
ing optimum temperatures for plant growth.. Weissman (1964),
for example, suggested that leaves are dependent to a con-
siderable extent on amino acid constituents produced in the

roots, for building up protein. FHe further suggested that



amino acids are synthesized only in the root. From this it
is reasonable to suggest that soil temperature is as limiting
as, if not more limiting than, air temperature, for plant
growth.

1.2 Soil Temperature and Plant Growth

The soil is a dynamic natural body consisting of
the weathered and biologically molded upper part of the
regolith (Buckman and Brady, 1960). Soil temperature exerts
its influence on plant growth through its physical, chemical
and biological effects on root growth. Some of the chemical
reactions in the soil which are influenced by temperature are
hydration, hydrolysis, Qxidation, carbonation and solution.

One of the most important physical factors influenced
by soil temperature is the viscosity of water. As the
temperature is increased the number of hydrogen bonds in
water diminishes because of thermal movements of the molecules,
and therefore the energy of activation will decrease. In
other words the lower the temperature the more hydrogen
bonding there is; and the more the hydrogen bonding, the
greater is the viscosity (Nielsen and Humphries, 1965).

Entry of water into plant roots depends partly on
metabolic activity, and therefore on temperature. Some water
enters the root passively,-and cold may slow its entry by

increasing its viscosity (Nielsen and Humphries, 1966).



Kramef (1949) attributed reduced uptake of water by transpiring
plants in cold soils to increased resistance to water movement
across the living cells of the root, and he reported (1956)
that the additive effects of temperature on viscosity and
permeability of prctoplasm decreased the uptake of water at

5° to a quarter of that at 25°.

Much is known About the effect of temperature on
mineral absorption both by isolated roots and intact plants.
Uptake of ions depends on energy supplied by oxidation of
carbohydrates and absorption is therefore slowed by cold
temperature. Nutrient uptake by intact plants is optimal at
lower femperature than is that of excised roots, which shows
that the shoot influences uptake by the root at higher
temperatures. Nielsen et al. (1960) found ions to be more
concentrated in the roots of lucerne at 5° than "at 12°,
although total uptake was greater at 12°. This they attributed
to either the fact that transport from the roots is impeded at
5°, or because sugars are more concentrated in roo%s at 5°.
However,‘the gross size of the root syétem - measured as total
weight or length - is not an estimate of its absorbing
capacity because‘a large and changing proportion of the system
ceases to absorb (Nielsen and Humphries, 1966). They also
contended that when roots are at a low temperature they use
less carbohydrates, allowing carbohydrates to accumulate in
the leaf, thus slowing photosynthesis and shortening the life

span of the leaf.



Temperature affects ion uptake and transport
through the plant similarly because both are energy-dependent
processes, and are thus much slower in the cold. Shtrausberg
(1955) suggested that cold roots diminished movement of
nutrients to the shoot of cucumber plants and so inhibited
growth.

Gas exchangé in the soil étmosphere is also a
function of'temperature. Temperature affects not only the
rate at which oxygen is used in metabolic processes, but also
the rate at which it feaches the root system. A supply of
oxygen in the root zone is necessary to maintain respiration.
Since the rate of respiration varies with temperature, the
supply of oxygen necessary to maintain optimum plant metabolism
might be expected also to vary with temperature. Cannon
(1925) attributed the necessity for higher oxygen concentra-
tions in the soil atmosphere in order to maintain normal root
growth at higher temperatures, to the decreasing solubility
bf oxygen in the soil solution with temperature increase.
Letey et al. (1961) however were of the opinion that
increased diffusion‘rate of oxygen to the root surface is
more important because of a higher diffusion coefficient
through'both gas and liquid. Oxygen diffusion rates at
high soil temperatures were found to be higher than those at
low temperatures. They also showed that the accumulation of
Ca and P in cotton and sunflower was stimulated by increased

oxygen supply. In a subsequent report (Letey et al., 1962)



oxygen diffusion rates were shown to increase 1.8% per degree
rise in soil temperature for a given oxygen concentration.

One of the most important biological effects of
soil temperature is its influence on microbial activities.
This is particularly important with the pea plant, a legume,
most if not all of the nitrogen nutrition of which is dependent

on the activities of the symbiotic bacteria, Rhizobium

leguminosarum. Generally, it is to be expected that a rise

in temperature, within limits, would lead to increased
nodulation and greater nitrogen-fixing capacities of the
bacteria. Meyer and Anderson (1959) found that a moderately
high temperature of 30° inhibited symbiotic N fixation in
subterranean clover grown in nutrient agar. Later, using soil

cultures, Mes (1959) reported that plants of Vicia faba,

Lupinus luteus and Pisum sativum reacted in accordance with

the results of Meyer and Anderson. An increase in day
temperature from 18, 19 or 21° to either 25 of 27° generally
decreased N percentage and the total N content of the plants.
An increase in the night temperature from 10 to 21° generally
also decreased the total N content although actual N percentage
often increased. It was emphasized that response would
depend on whether the species is a warm- or cool-temperature
plant.

It is thus evident that thé effects of temperature
on plant growth are as complex as the plant itself. The

effects of temperature are therefore not only on the plant
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per se but also on the physical and chemical status of, and
biological activities in, the soil on one hand, and the

complex metabolic reactions in the plant on the other hand.

1.3 Temperature and the Growth of the Pea plant

Some of the early reports on the effects of tempera-
ture on the growth and development of peas were summarized by
Beattie et al. (1942). The pea is a cool weather species.

High temperature checks its growth and causes it to flower

and form pods before the plant has attained enough size to
bear a good crop, while cool weather permits a long continﬁed
growth and the formation of many pods that do not reach the
harvest stage prematurely. Brenchley (1920) showed that the
maximum rate of increase in the weight of the pea plant was
cbtained prior to flowering. The rate fell off aftef reaching
this maximum, but an abrupt rise was observed for a period
which may have been connected with the initiation of sexual
reproduction.

Later, Went (1957) found that germination at a
high temperature of 26° was faster but the plants were less
uniform than when germinated at 23 or 20°. However, the
optimal temperature for stem elongation decreased in the course
of development. At the highest temperature hardly any seede were
set, and pea weight was low. Only one or a few seeds developed
per pod with one or two pods per plant; while at the lower tempera-

tures all ovules grew into seeds. Fresh and dry weights of the
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whole plant were affected by the environment in a similar way to
stem elongation.

Highkin (19605 showed that a lack of day/night tempera-
ture fluctuation was inhibitory for growth of the pea plant.
The experiments indicated the need for certain environmental
fluctuations during the entire life cycle of the plant. One
explanation given by Highkin was that an environment with
fluctuations on a 24-hour basis is in better agreement with
endogenous diurnal rhythms which occur in plants as well as in
animals and a constant temperature environment was considered
"incompatible" with the "biological clock" operating in the
plant. This had led to the wide use., in experimental work,
of different temperatures in the day and night portions of
the daily cycle.

Wang and Bryson (1956) further pointed out that the
response of peas to temperature.varies with the plant's
stage of development. They divided the life cycle into
underground, seedling, vegetative and reproductive stages,
and showed that theboptimum temperature range changedAfrom
about 14-24° to 18-31° for the first two stages, and to
10-21° as the plant passed through the last two stages.

Relatively high yields of peas are obtained in the
Lower Mainland of British Columbia as a result of generally
favourable climatic conditions. Studies by Fletcher et al.
(1966) however indicated that yields vary widely between locations
and planting dates. They established optimum seasonal mean

temperature for peas, in field experiments at Agassiz and Vancouver.
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At Agassiz where temperatures exceeded optimum they obtained a
negative correlation of temperature with total dry mattef yield,
peas per pod and pea yield. At Vancouver where temperatures

were suboptimum, they obtained a positive correlation of tempera-
ture with total.dry matter yield, pea yield and some other growtﬁ
characteristics. The optimum temperature for peas was suggested
to be about 21-22°. 1In controlled environment studies, Stanfield
et al. (1966) found that the cbmbination of high day and high .
night temperatures caused an increase in the number of nodes to
the first flower. Tillering was most prolific at the lower
temperatures and was absent at 32° day temperature. Pea yield
decreased as temperature increased above 16/10° day/night tempera-
tures, due mainly to a reduction in the number of pods per plant.
On a dry matter accumulation per day basis, vine growth decreased
above and below a temperature optimum which shifted from 21/16

to 16/10° in the course of plant development.

1.4 Soil Temperature and the Growth of Some Plants

There has not been much research in the area of the
interaction of air and soil temperatures on the growth of ﬁeas.
One of the few reports on the effect of soil temperature on pea
growth is that of Mack et al. (1964). 1In a greenhouse experiment
with peas, during which air temperature fluctuated between 30°
maximum and 13° minimum, soil temperatures were maintained at 13,
17, 21 and 25°. They found that éry weights of pea plants at
early bloom were usually highest at soil temperatures of 21 and

25°.,
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The influence of soil temperature on the growth of
other plants has been widely studied. Tomato (Liﬁgle and Davis,
1959), snapbean (Mack et al., 1964; Singh and Mack, 1966),
and barley (Power_ et al., 1963) growth have been found generally
to increase with increase in soil temperature from about 10 to
30°. Dormaar and Ketcheson (1960) and Nielsen et al. (1961)
also obtained increases in the yield of corn as root tempera-
tures were increased from 5 to 27°.

1.5 Field Manipulation of Soil Temperature

Most of the work on influencing soil temperature in
the field has been with mulches. Unfortunately the natural
mulches of plant residues lower the soil temperature and delay
germination and early growth of crops planted in them (Nielsen
and Humphries, 1965). Anderson and Russell (1964) obtained a
decrease of 0-3° for each 1000 1b./A of bright wheat straw.
The effect of such\mulches is to delay maturity and to reduce
yields where appreciable quantities of crop residues are left
on the surface.

Translucent plastic films warm the soil by trans-
mitting much insolation to the soil beneath. Black films
absorb the insolation, heat up and conduct much of the heat into
the atmosphere leaving the soil beneath at nearly the same

temperature (Clarkson, 1960). ‘
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‘Larson and Willis (1957) showed that the direction of
rows can affect soil temperatures, north-south ones permitting
more radiation to reach the soil with resultant heating than
east-west ones.

1.6 Apparatus for Controlling Soil Temperature

While there have been many different physical arrange-
ments of apparatus for controlling root temperatures, the use of
water as a cooling or heating medium has been a common feature.
Thus Campbell and Presley (1945), Cooper et al. (1960) and
Willis et al. (1963) have described operations using water to
control soil temperature.

Mederski and Jones (1963) controlled soil tempera-
ture in the field, using heating cables imbedded under rows of
plants. They were thus only able to work with temperatures
above the normal soil temperature. Mack and Evans (1965)
however excavated their plot area and laid in pipes to carry
both heated and cooled water to condition the soil placed over
the pipes. This type of work gives a better understanding of
the practical implications of soil temperature effects,;but
more controlled environment work is required to reduce the number
of treatments needed for field trials (Nielsen and Humphries,

1965).
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B. MINERAL NUTRITION OF PLANTS

1.7 Soil-Plant Relationships in Plant Nutrition

If other factors such as light, temperature and water
are not limiting growth, .then the appropriate supply of
nutrients may be limiting. Plant growth requires a continuous
net shift of ions from the soil system into the plant; that is,
there is a steady input of ions from the solid phase into the
soil solution, and a continuous metabolic removal of ions from
the soil solution by the plant (Fried and Shapiro, 1961).

Ion uptake by plants from a soil system may be divided
into U4 steps:

(a) the release of the ion from the solid phase into the
soil solution

(b) the movement of the ion from any point in the soil solution
to the vicinity of fhe root

(c) the movement of the ion from the vicinity of the root into
the root : .

(d) the movement of the ion to the shoot of the plant

The overall process of ion absorption and transport
is thus considered a multi-step phenomenon in which variousvsteps
may be rate limiting, depending on external (soil) and internal
(plant) conditions,'the latter being especially related to a
series of physiological processes concerning growth and energy
supply (Brouwer, 1965).

The transfer of ions between the soil phase and the

solution phase is apparently not rate limiting for either
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phosphorus (P) or cations in the overall ion uptake process.
Thus for two acid soils and one calcareous soil, Fried et al.
(1957) demonstrated that 13 to 15 1lb. P/A can be released each
hour. The rate of formation of soil solution P was found to
be greater than the rate of absorption of P by the plant from
the soil solution by a factor of at least 250.

Ohlrogge (1962) considers nutrient uptake as a rate
process and is therefore best expressed as a rate, that is
grams/plant/day or hour. This establishes the delivery capacity
of a soil per unit of time to maintain an adequately nourished
crop. He also remarked that each phase of plant development
deserves greater attention. Only after the phases of plant
development have been completely described and understood can
they be assembled into an understandable cycle.

1.8 Mechanism(s) of Ion Uptake

"Passive" and "active' mechanisms of the entry of ions
into the root have been proposed. Passive entry is supported
by the work of Hylmo (1958), and Epstein (1960). This envisions
a continuation of the soil solution into the réot into the
so-called "outer" or '"free" space. But if diffusion were rate-
limiting, ion uptake should be directly proportional to concentra-
tion. Generally, it is not. The high temperature coefficients
of ion accumulation for monovalent anions including phosphate,
and cations also indicate that diffusion is not rate-limiting

(Fried and Shapiro, 1961).
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Active entry of ions, which implies the use of metabolic
energy, is supported by the work of Brouwer (1956), and van den
Honert et al. (1955). It is generally known that the partition
of ions between solution and plant tissue deviates considerably
from the partition which is to be expected on the basis of free
diffusion (Brouwer, 1965). Although much effort has been
devoted to the study of the mechanisms underlying transport of
ions, there is still no clear insight into the process. The
only statement that may be made with certainty is that fhis
transport depends on metabolically produced energy. Such a
conclusion is arrived at from the influence of oxygen supply,
temperature, and inhibitors of metabolism, notably dinitrophenol
(Butler, 1953). The way in which this energy is transferred to
the transport process, however, remains unclear.

According to the electrochemical theory of anion
respiration as developed by Lundegardh (1955), a direct relation-
ship exists between respiration and ion uptake, and particularly
between anion respiration and anion transport. The anions are
assumed to be transported along adsorption tracks, while at the
same time electrons produced in respiration move in the reverse
direction. The cations move inwards by exchange against the H
ion, also a product of respiration. Most of the criticisms
against the theory are that it is basea on the assumption of

only one transport mechanism for anions and cations.
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Although the electrochemical theories of anion
respiration (ﬁundegardh, 1955), and redox pump (Conway, 1953)
have had many supporters, much attention is now being paid to
the carrier theory, especially after the work of Epstein and
Hagen (1952). The essential features in the functioning of
carriers are the combination of ion and carrier molecules outside
. the membrane, the movement of the ion-carrier complex across the
membrane, and the subsequent discharge of this complex inside
the membrane. After the dissociation of the ions from the
carrier, the ions are prevented from back diffusion by the
impermeability of the membrane to free ions (Epstein, 1960).
This theory is believed to be the most satisfactory one based on
data of kinetic analysis (Thomas, 1956).
| A number of groups of compounds have been suggested
as carriers although the chemical nature of the carriers is
still unknown. Some postulated compounds include phosphorylated
energy-rich nitrogenous compounds (Steward and Street, 1847)
and ribonucleoproteins (Tanada, 1956). Tanada suggested that
the nucleic acid portion binds the cations while the protein
moiety binds the anions. There seems to be complete agree-
ment that ion-binding compounds might be capable of readily
undergoing oxidation and reduction, of of undergoing some other
change in energy level such as would be involved with phosphorylated
compounds (Gauch, 1956). In view of the increasing amount of
evidence that "energy-rich" organic phosphates such as adenosine
triphosphate (ATP) act as intermediates in energy transfer, it
seems not unreasonable to conclude that active transport, like

other endergonic processes, depends on energy derived more or less
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directly from such substances. The effects of phosphorylation
inhibitors such as DNPﬂ on salt absorption supports this conclusion,
but so far there is no direct experimental evidence (Sutcliffe,
1962).

The position of the rate-limiting step or steps in the
overall process of nutrient absorption and transport is not
known for all environmental conditions and plant species. It
can conceivably be during movement of the ion to the vicinity of
the plant root, at the turn-over of the ion-carrier complex, or
at the transport step to the plant top. (Fried and Shapiro,
1961).

1.9 Mineral Uptake and Transport in Plants

The mineral composition of a tissue is dynamic
since it is Subjeét to the physico-chemical changes manifest in
growth processes. Some elements are present in high concentra-
tions in young tissue and are diluted as the tissue enlarges.
Others are present in low concentrations in young tissue and
gradually increase. The accumulation of dry weight dilutes all
elements unless an influx of minerals offsets this effect.
There are instances in which additions of elements lowered
or had no effect on element concentration in the plant, but when
total element per leaf instead of concentration was considered,
there was a good correlation with yield (Smith, 1962).

Next to the supply of elements, the physiological age
of the tissue is probably the most important factor affecting

the mineral composition of a given species. Concentrations of
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N, P and K decrease with age in apple (Rogers et al., 1953) and
vegetables (Bradley aﬁd Fleming, 1960). N also decreases with
age in Japanese mint (Singh and Singh, 1968). Ca and Mg
increase with age in vegetables. With respect to pea'plants,
MacLean and Byers (1968) found that Ca and Mg remained relatively
constant. They established tentative levels of N, P and K for
the stem apex at the 5th to 8th-node stages as 3.5, 0.20 and
42.5-3;0%’respectively,

Redistribution of elements within the plant is a
continuous process and one tissue gains as another loses
(Rogers et al., 1953). Also, different parts of a plant will
reflect the P status of the plant to different degrees (Ulrich
and Berry, 1961). Studies with tracer P showed that P is
continuously circulating up and down the plant (Biddulph et al.,
1958), but not laterally (Rinne and Langston, 1960). Many
plants show a 'loss of leaf K concomitant with fruit development.
N and K are regarded as mobile (Lundegardh, 1947), but Bowling
and Weatherley (1964) reported that 99% of K absorbed by Ricinus
communis roots was accumulated in the root tissues. Ca and Mg
are usually relatively immobile, but Mg can move under stress
of deficiency.

The supply of one element may result in a simultaneous
increase in the tissue level of that element as well as in another.
This is referred to as a synergistic effect, some examples of
which are: the increase in leaf'Ca of a;ocado from applied N
(Embleton et al., 1958), the increase in leaf Mg of tung also
resulting from applied N (Neff et al., 1958), and the decrease

in total N content of Japanese mint due to P deficiency (Singh
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and Singh, 1968). Effects of such ions as nitrate, sulphate
and phosphate in stimulating the absorption of other ions is
probably due to enhancement of metabolism (Sﬁtcliffe, 1962).
Antagonistic effects, that is where an increase in
one element leads to a decrease in another, have also been
reported, notably the decrease in leaf P resulting from an
increase in N supply to Valencia orange (Reitz and Koo, 1960).
Multi-element effects, that is where the supply of
one element may affect the tissue contents of other elements
are also common. For example, in citrus, an'increase in B has
no effect on N, but increases P and Ca while it decreases K and

Mg (Smith and Reuther, 1951).

1.10 Mineral Uptake as Influenced by Temperature

Mineral uptake by plants may be influenced by environ-
mental factors, prominent among which are nutriént availability
as well as shoot and root temperatures.

Increased soil temperature may raise the concentration
of soluble soil and fertilizer P by increasing the rate of
mineralization of organic P or the chemical decompositibn of
insoluble inorganic forms of P. The equilibrium concentration
of P in solution is also raised by higher soil temperatures
(Arambarri and Talibudeen, 1959). However, higher soil temperatures
may reduce P solubility by increasing the rate of immobilization
and chemical fixation of P in the soil. Thus, the net result

of increased soil temperature on P solubility will depend on
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the relative rates at which these processes change with tempera-
ture. These rates may vary considerably from one soil to another
(Hinman et al., 1962).

In addition, variations in soil temperature may also
affect nutrient uptake through changes in the amount of
root extension. When temperature is reduced below optimum, root
growth and extension are also reduced. This may be due to
reduced translocation of carbohydrates from the tops, or to
reduced nutrient uptake from the soil, or both (Richards et al.,
1952).

A number of studies have been carried out to determine
the interactive influences of soil temperature and P fertiliza-
tion on P uptake. In a greenhouse experiment with peas and beans,
Mack et al. (18964) maintained soil temperatures of about 13, 17,
21 and 25° with fates of P application ranging from 0 to 280 1b.
per acre. P increased in the bean and pea plants with temperature
and applied P. During the early stages of the growth of corn,‘
an increase in soil temperature increased the uptake of N, P and
K, but did not significantly influence the composition of corn
plants sampled at 60 days or at maturity (Mederski and Jones,
1563). The P content of annual range forage legumes also |
increased with temperature and P fertility (McKell et al., 1962).
Singh and Mack (1966) found that while P and K contents of
snapbean shoots were increased at high soil temperatures of
up to 2u4°, there was no consistent effect of soil temperature on
N, Ca and Mg contents. Generally, P was highest in shoot and pod,

K in pod, Ca in shoot, and Mg in root and shoot. 1In the tomato



23

plant, Locascio and Warren (1960) reported increase in P content
with increase in soil temperature up to between 21 and 30°.

Lingle and Davis (1959) also found increase in P, but Ca and

Mg concentrations of the tomato plant tended to decrease at

high soil temperaturés. Nielsen and Cunningham (1964), however,
found that within the range of 11 to 28° increased soil temperature
greatly increased percent Ca and Mg but had little influence on

the concentrations of N, P and K in Italian ryegrass.

The effect of soil-applied P in increasing the per-
centage P in the plants was significantly greater at a lower
soil temperature than at a higher soil temperature, for pole
beans (Apple and Butts, 1953), corn (Ketcheson, 1857), and
red clover (Robinson et al., 1859).

1.11 Efficiency of Phosphorus Fertilizer Placement

Some of the methods of application of fertilizers are
banding, surface broadcasting and leaving on soil surface or
discing into the soil, foliar application, and adding to if—
rigation water. Some fertilizer materials may be satisfactorily
added by several of the above application methods. Other
fertilizer materials are rather specific in that they must be
applied by a certain method if good results are to be obtained.

Phosphorus is classified as an "immobile" nutrient
because it does not readily move in the soil. While "mobile"
nutrients, for example nitrogen, may becoﬁe positionally
available for plant absorption by two forces: by virtue of its

moving into the root zone, or by virtue of root growth to the
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nitrogen, P is positionally available to the plant primarily
because of root extension into the zone_of fertilizer P. Only
one action force therefore makes P positionally available to
plants (Welch et al, 1966).

Radicactive P has permitted the determinatioh of the
quantity of fertilizer P absorbed by plants with different
placement methods. Nelson et al. (1949) reported that
fertilizer P absorbed by plants was less for broadcast than
for placement with the seed or for mixing in the row. The
effects on plant uptake of banded compared with broadcast P are
dependent on such factors as soil moisture, temperature, and
the chemical form of P.

Olsen et al. (1961) found that P uptake by corn
seedlings was inversely related to soil moisture tension.

Simpson (1960) also observed that the lowering of soil moisture
tension to field capacity (achieved by the daily watering of
plants) greatly increased the uptake of fertilizer P from super-
phosphate by oats. This means that during dry periods broad-
cast and ploughed-under P might be more readily absorbed

than banded P. Robinson et al. (1959) established the
superiority of band placement over P mixed with the soil for

red clover, especially at low temperatures. They concluded that
the band placement was the more effective because of an increased
concentration of P in a portion of the root zone. They emphasized
that band application would be particularly important: (1) for
seedings made during periods of low temperature, (2) for crops

that make most of their growth during cold weather, and (3) for
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soils low in available phosphate, particulafly if they are high
in fixing capacity. |

Nelson et al. (19u48) stated that 200 1lbs. of fertilizer
P in the row was frequently as effective as 400 1lbs. broadcast
P per acre, in increasing corn yields. Welch et al. (1966)
working with three different soils at three locations concluded
that the relative efficiency of broadcast as compared with
banded P appears to be related to the initial P status of the
soil to which P is applied. As the fertility status of a soil
is raised to a higher level by fertilization, the advanfage
of band application as compared with broadcast application
would be expected to decrease.

1.12 Case for Plant Analysis and Intact-Plant Nutrition

The fact that the uptake of salts from the soil is
influenced by many factors makes soil chemical-  analysis
questionable as a universal method of determining soil fertility
(Lundegardh, 1947). Soil analysis includes the use of acids,
bases, and neutral salts for extracting particular nutrients
and predicting nutrient needs. This method may be misleading
because many cases have been cited pointing to prediction
errors made, including cases where soil analysis for P:have
shown a complete range of error and unreliability. There are
cases where high available P (60-145 1lbs. per acre foot at
soil pH 4.6) are known to give a strong response to phosphate
fertilizer, and low P (28-30 1lbs. per acre foot) where response

was not obtained (Clements, 1964).
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Thus soil analysis may give readings which show no
relationship either to plant absorption or response, and Clements
concluded that the occasional correlation of soii analysis with
crop yield can only be regarded as fortuitous. A comparison
between soil analysis and leaf analysis has resulted in a higher
degree of reliability for the latter (Lundegardh, 1847). Tissue
analysis is thus very widely used as a guide to nutrient
adequacy, since only those nutrient salts which have entered the
plant determine growth and fruiting. However a combination of
plant and soil analyses may be the ideal approach.

Even where tissue analysis is used as a guide to
nutrient reQuirement, reliability is strengthened by the use of
intact plants for nutrient studies. Thus it has been suggested
by Williams (1955) that much caution is necessary when using
results from abstract procedures such as tissue culture for
the_interpretation of growth processes within the intact plant.
Sutcliffe (1962) is also of the opinion that while much can be
iearned about the mechanism of ion movements at the cellular
level by the study of homogenous tissues, the relevance of such
knowledge to the processes going on in the intact plant must

ultimately be demonstrated rather than assumed.
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C. THE PHYSIOLOGY OF GROWTH RETARDING CHEMICALS

1.13 General Aspects of Growth Retarding Chemicals

The term "growth retardant” is used for all chemicals
that slow cell division and cell elongation in shoot tissues
and regulate plant height physiologically without formative
effects. The physiological action required for a chemical to
be a growth retardant excluded many kinds of growth regulators
such as auxins, herbicides of growth regulator type, growth
inhibitors.like maleic hydrazide, énd germination inhibitors
(Cathey. 1964),

Several groups of growth retarding chemicals have
been reported. They belong to quite distinct chemical classes
but have similar effects on plant growth. They include quaternary
ammonium carbamates (Halevy and Cathey, 1960), phosphonium
compounds (Preston and Link, 1958), and succinamic acid deriva-

tives. (Riddell et al., 1962).

CH3 (2-chloroethyl)trimethyl-
Cl - CH2 - CH2 - N - CHy - c1~ ammonium chloride (Cycocel)
CH3
Cqu 2 ,4-dichlorobenzyl-
l+ _ tributylphosphonium
01®- CH, - P* - C Hy - Cl1
! chloride (Phosfon)
C, H '
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0 CH3 N-dimethylamino succinamic
CH _ % _ NH - N// acid (B-Nine)
2 )
LHQ - COOH Hy

While some of the compounds are particularly active
on some groups of plant species, there is no obvious correlation
between taxonomic classification and plant response to a particu-~
lar compound. Cathey and Stuart (1961) found that 19 out of
55 species tested were responsive to soil applications of Cycocel.

1.14%. Structural Requirements for Activity

Substituted Cholines. (2-chloroethyl) trimethyl-

ammonium chloride (Cycocel, CCC) is the most active. It was
considered an analog of choline. The brYomide and chloride

salts are active compounds. The trimethyl quaternary ammonium
cation is necessary for activity; any substitution for even

one methyl group has been found to produce nearly inactive -
compounds. For optimal activity, the carbon chain which contains
the substituent at the end should be 2 carbons in length.

Phosphoniums. The most active structure is that of

2 ,4~dichlorobenzyl tributylphosphonium chloride (Phosfon).

The tributyl quaternary phosphonium cation is necessary for
activity; any substitution of shorter alkyl groups or phenyl
groups for even one butyl group leads to loss of activity. TFor
optimal activity the benzene ring should have a substituent in
the 4-position and be small in size, nucleophilic and non-

ionizable.
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Succinamic acids. N-dimethylamino succinamic acid

(B-Nine, Alar) is unique in its chemical structure as a growth
retardant. It does not contain a benzene ring, quaternary
ammonium or phosphonium cation, or substituents that are of small
size, nucleophilic and non ionizable like the substituted cholines
and phosphoniums. B-Nine is a free, ionizable acid.with the
C-C-N-N system found in B-hydroxyethyl hydrazine and maleic
hydrazine. The unsaturated form, N-dimethylamino maleamic

acid (Coll) was unstable in aqueous solutions. The analogous
compounds derived from phthalic acid were inactive. The amides

of B-Nine were active compounds but less so than the acids.

The metal and alkanolamine salts of B-Nine were readily formed

and functioned as growth retardants (Cathey, 196u).

1.15 Possible Mode(s) of Action

Certain growth retardants have been shown to reduce

gibberellic acid (GA) production in Fusarium moniliforme

(Hinneman et al., 1965) and pea seeds (Badlev et al., 1965).
Other reports show an interaction with auxin rather than GA.
Cleland (1965) and Kuraishi and Muir (1963) showed an inter-
action with auxin. Kuraishi and Muir observed a decrease in
diffusible endogenous auxin content in plants treated with
growth retardants. The effect on auxin has been suggested to
operate through a decrease in biosynthesis as shown for tall
and dwarf peas by Reed et al. (1965) or by an increase in auxin

degradation as shown for cucumber by Halevy (1963), or by both.
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Because the effects of growth retardants are in many
aspects opposite to those of gibberellins, they were generally
designated antigibberellins. Lockhart (1962), however, suggested
that they be considered antimetabolites, since the route to
ultimate expression by the plants may vary with species in
regard to the sequence of metaﬁolic steps leading to such
expressions. It thus seems that the primary effects of the
growth retardants are not necessarily restricted to the hormonal
level. More basic aspects of metabolism may be involved.

Further work on the possible mechanism of action will be reviewed
under "Biochemical Aspects" (1.20). |

1.16 Effects of Growth Retarding Chemicals on Plants

The plant growth-regulating properties of (2-chloro-
ethyl) trimethylammonium chloride (Cycocel) were reported for
wheat by'Tolbert (1960) who found that concentrations ranging
from 0.13 to 1300 ppm led to a reduction in size, which was
accompanied by a darker green colour than in untreated plants.
Adedipe et al. (1968) found 1.3 ppm to stimulate the growth of
pea plants, to reduce the chlorophyll concentration of pea
leaves, and to increase pea yield. Knavel (1968) reported that
Cycocel-treated tomato plants contained mofe N, P, Ca and Mg
than other plants. Untreated plants contained more K than the
treated plants.

2 ,4-dichlorobenzyl tributylphosphonium chloride

(Phosfon) was reported by Preston and Link (1958) to retard the
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growth of a large number of species including soybean, snapbean,
mungbean and sweet pea. |

The growth-retarding capabilities of N-dimethylamino
succinamic acid (B-Nine) have been reported by Jaffe and Isenberg
(1965) for petunias and cucumbers, and by Batjer et al. (196u)
for apples, pears and sweet cherries. Generally, concentrations
between 500 and 2000 ppm retarded the growth and caused a
marked increase in the amount of bloom on the fruit trees the
following spring. Applications over two consecutive years
were found to have no appreciable influence on the foliar levels
of N, P, X, Ca, Mg, Mn, Zn, B; fruit set and total yield of
apples (Southwick et al., 1968}, but Knavel (1968) reported
increases in N, P and Ca in tomato plants. When applied to peas,
B-Nine at a concentration of 2000 ppm reduced shoot length
about 40% and acted as a general inhibitor of growth rather
than by suppressing growth of particular organs (Sprent,

1267).

In comparative studigs by Cathey and Stuart (1961)
with buckwheat and sweet pea, and by Moore (1967) with cucumber
hypocotyls, Phosfon was found to be more effective in growth
retardation than quaternary ammonium compounds (including
Cycocel). Growth retardation due to B-Nine did not persist as
long as that due to Phosfon (Méjﬁmder, 1968); and Cycocel was
more effective than B-Nine for reducing tomato plant growth.
Both Cycocel and B-Nine increased N, P and Ca and decreased K
(Knavel, 1968). These growth retardants have hitherto most

frequently been used at high concentration.
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D. BIOCHEMICAL ASPECTS OF TEMPERATURE, PHOSPHORUS AND GROWTH
RETARDING CHEMICAL RESPONSES

1.17 Biochemistry of Temperature Response

Went (1944) gave one of the early reports concerning
~the effects of temperature on physiological processes. In the
tomato plant, translocation of sugars was found to be greater

at 18° than at 26.5°C, while the uptake of radiophosphorus

from the soil was greater at 26.5 than at 18°. Bonner (1943)
reported a set of experiments in which thiamine was applied to
Cosmos plants grown at different temperature regimes. The
responses obtained were taken to indicate a case of a chemically
reparable low temperature lesion (Bonner, 1957).

Galston and Hand (1949) presented data to provide
evidence for a high-temperature induced reduction of the ability
of the pea plant to synthesize adenine. These results were
obtained from experiments on the addition of adenine alone,
and in the presence of IAA to sub-apical sections of etiolated
pea epicotyls at 25 and 35°. Galston (1957) later reported
the response to aéenine of intact green plants of pea. All
plants were kept at 23° during the day but different groups were
subjected to different night temperatures ranging from 2 to 30°.
The responses‘liéted for stem height and stem fresh weight are
less pronounced than for leaf fresh weight, where adenine
appears to exert its greatest effect. However, even in this
case, the stimualtion by adenine is much the same over the
entire temperature range, indicating that temperature is not

inducing an adenine deficiency. Langridge and Griffing (1959),
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in a statistical analysis of the pea data concluded that there
were no significént temperature-adenine interactions as far as
growth in epicotyl length was concerned. Ketellaper and Bonner
(1961) also observed temperature-induced inhibition of plant
growth. Plants were grown at different temperatures, including
the optimal temperature, and sprayed regularly with a mixture of
B vitamins, vitamin C, casein hydrolysate, sucrose or ribosides.
Application of 10% sucrose solution to pea plants gfown in
artificial light at 23° day and 17° night temperatures.(23/17°)
caused a 56% increase in dry weight, which made the dry weight
equal to that of plants grown in optimal conditions (17/170).
Treatment of pea plants kept at 30/23° with a vitamin B mixture
or ribosides gave up to 40% increase in dry weight.

Many of these growth stimulations reported for

flowering plants were however of poor reproducibility. More

clear-cut results have been obtained with Arabidopsis thaliana,

using aseptic culture techniques, closely controlled environ-
mental conditions and statistical tests for temperature-supplement-
growth interactions. Langridge and Griffing (1959) detected

high temperature lesions in the plant. They grew 43 races at
constant temperature of 25, 30 and 31.5°. Five of these races

were depressed in growth, and morphologically abnormal when
cultured at 31.5°. Further experiments established that in two
races the temperature lesion was completely prevented if biotin

was supplied at the rate of 3 ug per plant. The temperature
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L1gsion in the third race was partially alleviated in the presence
<"b9f cytidine at 250 mg/plant, while the other two races did not
respond to supplements. It was concluded that there are genetic
implicationé in the response of plants to temperature; in this
case, there are two gene functions.

Generally, the organic compounds most often used to
counteract high temperature effects are glutamic acid, thiamin,
biotin (Langridge, 1963) and adenine. With respect to the
differences in, and muliplicity of, compounds required,
Langridge offered some explanations. At temperature extremes
the rate of growth may be limited by the velocity of a single
reaction. In many microorganisms growth ceases at temperatures
usually only slightly above the optimum, but may be restored
by the addition of a single substance. If the growing tempera-
ture is raised a little higher, a further substance becomes
necessary and these requirements become progressively more
numerous with increasing temperature. Thus, temperature lesions
do not form a homogeneous class as far as mechanisms responsible
for the requirements are concerned. The possible causes for
high temperature growth requirements include (a) accelerated
breakdown of metabolites (b) occurrence of rate imbalance
(¢) non-formation of adaptive enzymes due to heat destruction
of ribonucleic acid (RNA) and (d) reversible and irreversible
heat inactivation of enzymes.

Another approach to the temperature lesion problem is
to analyze plants subjected to different temperatures. This

would show which compounds or groups of compounds become
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limiting. In such a study, Potts and Ormrod (1969) in their
phosphorus-compounds fractionation work with the pea plant
showed that there was no change in the levels of organic, lipid
and total phosphorus for up to 6 days when plants were trans-
ferred abruptly from 25/15° to 35/25° (day/night temperatures).
Only‘after 6 days was there a definite increase in inorganic
phosphorus, the contributor to which could not be accounted for,
but contributions possibly from nucleic acid or protein fractions
were suggested. They concluded that their results do not pre-
clude the possibility that the concentrations of compounds
within the organic phosphorus fraction did vary. Such specific
compounds include adeﬂylic acid, hexose phosphates and adenosine
phosphates in Euglena (Albaum, 1952) and other plants.

Impaired respiration and photosynthesis could -
obviously constitute a significant factor in declining growth
at high temperatures. Ormrod and Bunter (1961) reported
increases in seedling respiration rates followed by rapid
declines in 4 cultivars of rice, with increase in temperature
up to 37 or u43°, Beevers and Hanson (1964) pointed out that
rapid oxidation of substrate does not necessarily imply an
efficient production of ATP. Working with mitochondria
obtained from the roots and shoots of etiolated corn seedlings,
they found that high temperatures did uncouple oxidative phos-
phorylation. This was evident between 40 and 45° where substrate
oxidation increased but P/0 ratios declined. At 50° both res-

piration and phosphorylation were impaired, phosphorylation to
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a higher degree. Root mitochondria appeared to be somewhat
more sensitive to high temperatures than were shoot mitochondria.
Between 30 and 50° root mitochondria suffered 80% inhibition
of phosphorylative efficiency, compared with 58% for shoot
mitochondria.

El-Sharkawy and Hesketh (1964) reported gas-exchange

experiments for a species each of Sorghum, Helianthus, Gossypium

and Thespesia. Net photosynthetic rates were depressed within
20 minutes by high temperatures of up to 60°. The effects of
temperature on plant metabolism are thus effects on the many

component processes and reactions in the plant.

1.18 Carbohydrates and Mineral Uptake

There are a number of substances which either stimulate
or inhibit salt uptake by an influence on metabolism. Among
those which promote absorption at suitable concentrations are
soluble sugars and other respiratory substrateé (Sutcliffe,
1962). Humphries (1956) demonstrated a positive correlation
between the reducing sugar content of excised barley roots and
salt uptake. 1In the same experiments, sucrose content seemed
either to be unrelated or to show a negative correlation with
absorption. I intact angiosperms, absorption of salts is
sometimes depressed with the onset of flowering, and this is
correlated with a fall in the level of carbohydrates in the roots.

1.19. Role and Metabolism of Phosphorus in Plants

General Aspects. In addition to the chemical energy

bound in the components of the cell during growth, some components
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of all organisms are broken down continuously and must be
replaced, a process described as maintenance. Synthesis of
material for growth and maintenance, an endergonic process,
is possible only if coupled with exergonic reactions. Many
plant cells maintain cthentrations of ions and metabolites
in the vacuoles against a chemical or electrochemical gradient,
also a procesé coupled wifh exergonic reactions. Another
process requiring such coupling, but about which relatively
little is known, is protoplasmic streaming or cyclosis (Rowan,
1966).

In the economy of life processes, phosphorylation
(which is defined as the biochemical process by which phosphate
or phosphoryl radicals are transported to an acceptor by a
transfer reaction) occupies a place comparable to that of
nucleic acids in protein syn£hesis and hereditary transmission,
of proteiné as specific catalysts, and of oxidation-reduction
systems in energy transfer. As a consequence of phosphorylation
the reactivity of a compound increases. This is dﬁe, in mény
cases, to the capacity for substituting the phosphoryl group
with other groups or radicals, to a higher capacity for binding
active constituents, e.g. enzymatic proteins,‘or for forming
complexes with metal ions (Marre, 1961).

Phosphorylation(s). The important mechanisms by

which orthophosphate is incorporated into organic phosphate
are (1) Photophosphorylation and (2)'Phosphory1ation coupled

with respiration.
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PHOTOSYNTHETIC PHOSPHORYLATION is defined as the light
induced formation of ATP by chloroplasts. The synthesis of
ATP by isolated chloroplasts in light without the aid of mito-
chondria was first described by Arnon et al. (1954). When
conditions were arranged so that assimilation of exogenous co,
was prevented, isolated chloroplasts used light energy to
esterify inorganic phosphate. At least two fundamental dif-
ferences were apparent which demonstrated that this light-
induced ATP formation was not identical with oxidative phosphory-
lation by mitochondria. ATP formation in the illuminated
chloroplasts occurred: (1) without the net consumption of 02,
and (2) without the addition of a chemical substrate to supply
the free energy for the synthesis of pyro-phosphate bonds. The
only "substrate" thus consumed in photosynthetic phosphory-
lation is light (Whatley and Losada, 1964).

A large part of the free energy which would be lost
from the cell as heat if hexose were oxidized directly to
002 and water, is retained as chemical energy through synthesis
of ATP.

PHOSPHORYLATION COUPLED WITH RESPIRATION are of two
types: (1) ‘'Substrate level phosphorylation™ in which the
phosphorylation is of an intermediate directly in the pathway
of oxidation of the respiratory substrate. Two of such phosphory-
lations occur,‘one coupled to the oxidétion of glyceraldehyde-
3-phosphate in the glycolytic pathway (Beevers, 1961), and the

other coupled to the oxidation of succinyl coenzyme A.



(succinyl-CoA) in the citric acid cycle (Kaufmann and Alivisatos,
1955). Substrate level phosphorylations are not uncoupled by
DNP (Beevers, 1961).

(2) '"Oxidative phoéphorylation", is used for the
phosphorylation coupled with the steps of the electron transport
chain. The phosphbrylations afe coupled at 3 steps of the chain.
Thus, with the acids, pyruvate, citrate and o-ketogluterate
reacting with NAD, 3 atoms of P are esterified for each atom
of oxygen absorbed. In a simble system all ADP would be converted
to ATP and the latter would block the acceptance of P by ADP.
However, ATP is removed in kinase réactions in which more ADP
is formed (Rowan, 1966).

The rate of the glycolytic pathway will be a function
of the concentrations of the substrates of the four controlling
irreversible reactions (hexokinase, phosphofructokinase, phospho-
glycerokinase and pyruvate kinase). ATP at the first two, and
ADP at the last two reactions could act as regulators in a
feedback mechanism. Concentrations of substrates, not enzymes,
have been found to be the rate-limitors in these reaction
rates (Rowan, 1966).

The site of activation of the glycolytic pathway by
these mechanisms can be detected by using the cross-over
theorem of Chance et al. (1958) which states that a control
site in a chain of reaction is identified under conditions of
increasing flux by the point at which there is a cross-over
between relative depletion and relative accumulation of inter-
mediates. But in applying this theorem to the analysis of glycolytic

intermediates in yeast (Ghosh and Chance, 1964), the activation
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of the pentose phosphate pathway which would lower the concentra-
tion of G-6-P must be considered. Despite this, however, the
detection of cross-over points appears to be the most fruitful
method of examining the regulation of metabolic rate (Rowan,
1966).

Growth and Development. Phosphorus metabolism

involves many aspects of plant growth processes. As nucleic
acids direct protein synthesis; and precursors of proteins,
polysaccharideé and fats are formed by the transfer of phosphate
or pyrophosphate groups from nucleoside triphosphates, the
metabolism of phosphorus is directly concerned in growth and
development.

While the dependence of interconversion of carbo-
hydrates and related compounds, amino acid metabolism (Marre,
1961) and fat metabolism (Stumpf, 1955) on phosphate transfer
potential energy has been demonstrated at the molecular level,
the involvement of phosphorylation in a number of physiological
processes is strongly suggested by observations in vivo. Active
uptake of solutes, growth by cell wall extension, translocation,
and the control of respiration rates are some of the more
prominent processes.

Active uptake of solutes. Accumulation of electrolytes

by plant cells against an electrochemical gradient or of non-
electrolytes against a chemical gradient must be coupled with
an exergonic process. Evidence strongly suggests that some
common basic phosphate transfer potential energy-requiring
mechanisms is required for the active uptake of any solute

(Laties, 1959).
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Growth by cell wall extension. Growth by cell division

and the synthesis of protoplasm are obviously phosphate transfer
potential energy-dependent processes in several essential
aspects, such as protein and nucleic acid syntheses. If one
accepts the idea of a central role of pectin anabolism in cell
extension, the necessary dependence of this type of growth
appears as a biological corollary because ATP is required in two,
or possibly three steps of pectin biosynthesis:hexose (or

uronic acid) phosphorylation, UTP synthesis for UDP-sugar forma-
tion, and activation of methionine (Marre, 1961).

Translocation. Phosphate transfer has been

implicated in the mechanism of translocation. Photosynthate
moves in three stages: from chloroplast to bundle-sheath, from (
bundle-sheath into the sieve tube, and within the sieve tube.
Phosphate transfer could be concerned in the mechanism of

movement in each stage. The likely mechanisms are phosphorylation
of sugars, and movement by protoplasmic streaming (Canny, 1962).
The sucrose isolated as the predominant sugar in the phloem

from many plants could be in equilibrium with a sugar-phosphate
which could be the transit molecule. With respect to the partici-
pation of protoplasmic streaming in translocation, evidence
suggests that protoplasmic streaming is coupled with dephos-
phorylation of ATP (Kaﬁiya, 1960).

Phosphorylation and Metabolic control. As essential

phosphorylative steps are involved in practically all metabolic

o

pathways, it appears obvious that the efficiency of enzymes

and the levels of substrates involved in phosphorylation
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reactions closely control any important process in.the cell.

A -number of data indicate that in higher plants, ATP, ADP and

Pi levels may control glycolytic and oxidative metabolism.

Hatch and Turner (1959) demonétrated that the operation of
typical glycolysis in an acetone powder extract from pea seeds,
required Pi and adenine nucleotides. Hess (1963) however
maintained that Pi does not find a place in the scheme of
glycolytic fiux control in ascite tumour cells. He demonstrated
that under steady-state conditions glycolytic rate is controlled
by ATP. The inhibition of glycolysis earlier reported was
attributed to a direct inhibition of glyceraldehyde dehydrogenase
and of alcohol dehydrogenase (Mossberry et al., 1864).

Levels of Phosphorylated Intermediates in Higher Plants

While the presence of most of the phosphorylated
intermediates that occur in animal tissues and in lower organ-
isms have been documented, relatively few data are available
concerning the average concentration of the main phosphorylated
constituents and their changes in relation to various physio-
logical situations. A survey of recent reports (Marre, 1961)
indicates that hexose phosphate and adenosine phosphate,
together with Pi are probably the quantitatively more important
and widespread components. It appears that hexosemonophosphates
predominate among sugar esters, their concentrations ranging
between 1. and 6 mM/gram fresh weight. G-1-P and F1,6-P
concentrations are significantly lower, ranging between 0.3
and 2 aM/gram fresh weight. According to a few data available

ATP and ADP concentrations vary between 0.2 and 1 uM/gram fresh
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weight. A qualitative evaluation of other nuqleoside poly-
phosphates in pea tissues shows that guanosine triphosphate
and uridine triphosphate (GTP and UTP) are present in much
lower concentrations. Total nucleotide content per unit dry
weight in corn seedlings was maximum between 5 and 6 days and
then levelled off (Cherry and Hageman, 1960).

1.20 Growth Retarding Chemicals and Plant Metabolism

The effects of growth retardants on gibberelliins or
auxins or their interactions have received wide attention, but
it is still controversial as to which is the more basically
influenced. Cleland (1955), however found instances in which
there was little or no mutual antagonism between the retardants
and gibberellins or auxins. He felt, as some other investigators
do, tﬁat the inhibitory effects should not be restricted to the
hormonal level.

In support of Cleland's view, a few other biochemical
aspects of growth retardant effects have been observed. Tanaka
and Tolbert (1966) reported that Cycocel (which is also called
chlorocholine chloride because it is an analog of choline)
stimulated the activity of partially purified choline kinase
from spinach and pea leaves, but it inhibited the activity of
yeast choline kinase. The activity of different Cycocel analogs
on plant growth corresponded to their stimulatory effect on
isolated choline kinase. Stimulation of choline kinase of
spinach leaves increased with increase in Cycocel concentration

from 13 to 1300 ppm. Cycocel thus stimulated choline kinase
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activity and the utilization of choline—Clu

(that is, the
incorporation into lipids and insoluble constituents of the
plant), which effects were reversed by gibberellin A3.
Reed et al. (1965) found that the inhibition of
shoot elongation in dwarf and tall peas by B-Nine was correlated
with the inhibition of the oxidation of tryptamine—Z—Clu to
indoleace“taldehyde-2—ClL+ by way of diamine oxidase, in homogenates
prepared from epicotyls of young plants. The growth retarding
action of B-Nine was attributed to the formation of 1,1-
dimethylhydrazine in vivo. Their studies confirmed earlier work

by Dahlgren and Simmerman (1963) which suggested that CO may

11
retard plant growth because of the formation of 1,1-dimethyl-
hydrazine and 1,l1-dimethylhydrazinium hydrogen maleate. Both
compounds were reported to be produced by the intramolecularly
catalyzed decomposition of the growth retardants in aqueous
solutions.

Brook et al. (1967) found that Phosfon treatment of the
pea plant resulted in a decrease in soluble RNA and an increase
in ribosomal RNA. The nucleic acids from treated tissues were
more resistant to RNAse degradation and endogenous RNAse
activity was lower in treated tissues. It was suggested that
these alterations in nucleic acid metabolism could in turn
alter a wide variety of metabolic processes resulting in
retarded growth.

Ormrod and Williams (1960) found that 50 mug of 2,u4-
dichlorophenoxyacetic acid (2,4-D) or gibberellic acid per

Trifolium plant applied as a spray caused a striking increase
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in acid-soluble organic phosphorus and a concurrent decrease in
inorganic P as quickly as one minute after treatment. Tuli

et al. (1964) suggested that respiration inhibition by 16—
benzyladenine was a consequence of inhibition of respiratory
(glycolytic) kinases. The effects of growth retardants may be
to induce changes in auxins or gibberéllins or both, but these

also affect and are affected by other aspects of plant metabolism.
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2. MATERIALS AND METHODS

2.1 Experiments Conducted

During the period between June 1966 and February 1969
the following experiments were carried out:

(a) A greenhouse experiment in which the response
of peas to 5 levels (0, uu4, 88, 176, 352 1b./A) of P, was
investigated. At the end of this experiment 3 levels (0, ub4,
176) were chosen for controlled environment studies.

(b) Effects of air and soil temperatures and the
3 levels of P on mineral uptake and growth at 6th node, 10th
node and full bloom stages.

(¢) Effects of air and soil temperatures and the
3 levels of P on mineral uptake and distribution in the root,
vine, pod and pea seed. Growth characteristics and yield
were also observed.

(d) Effects of Cycocel., Phosfon and B-Nine at 1 and
100 ppm on chlorophyll concentration, mineral composition,
growth characteristics and pea yield. This experiment was
carried out in the greenhouse.

(e) Effects of temperature, Cycocel and Phosfon on
the levels of Glucose, Hexose phosphates, ADP and ATP in S5-day
old ﬁea radicles. Seeds were germinated in petri ‘dishes.

(f) Effects of air and soil temperatures and P on
the levels of compounds in (e) in the leaf and root of 30-day

0ld plants.
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2.2 Control of Air and Soil Temperatures and Soil Moisture

For temperature studies, a controlled environment
multiple growth chamber with U4 cabinets, as developed and
described by Ormrod (1962) was used. Air and soil temperatures
were controlled in each cabinet (Fig. 1). Essentially the
cabinets were of wood construction. Movement of aif through
the cabinet was by means of fans which circulated refrigerated
in-coming air, and the internal air passed through light panels
fo the top of the cabinets and thence to the exterior.

Light was provided by a combination of 10 cool-white
fluorescent lamps and 2 40-watt tungsten filament lamps. The
light panels were 70 cm above plant-container level, and provided
a light intensity of about 1600 foot-candles (measured with
a Weston Model 756 Illumination Meter without cosine filter)
at 50 cm below the lights. The photoperiod, controlled by an
"Intermatic® time switch, was 16 hours in a 24-hour cycle.

Soil temperature in each cabinet was controlled
by the use of water baths in which the pots were immersed
(Fig. 2). This systém is similar to that employed by Willis
et al. (1963). The water baths measured 90 X 45 X 30 cm. A
180 X 0.5 cm copper tube was coiled in each bath (Fig. 3). To
one end of the tube coil was attached a cold-water-inlet rubber
tube, while the other end was connected to the warm-water-outlet.
Cold water (3-5°) was circulated from a refrigerated fank

(Fig. 4, 5). The ascent of cold water to the cold-water-inlet



Fig. 1. Exterior of growth cabinet showing time switch,
thermostats and pilot light bulbs.

Fig. 2. Interior of growth cabinet showing pot placement.
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Figs 3.

Interior of growth cabinet showing water bath, cold
water coiled copper tube, thermostat and thermistors.
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Fig. 5.
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was forced by a pump. The coiled tube ensured continuous
cooling of water in the bath, as needed, through a thermostat-
operated solenoid valve. Water returned to the refrigerated
tank mainly by gravity.

Because soil moisture is known to influence P uptake
by plants (Simpson, 1960), it was necessary to keep the soil
moisture content close to optimum for P uptake, which is close
to field capacity. Also, soil moisture control was desirable
to minimize variations due to differences in soil moisture
content between temperature regimes and P levels. In addition,
the pots submerged in the waterbaths did not have free drainage.

A trial was carried out, using the Industrial
Instruments Model BN-2A Bouyoucos Meter and gypsum resistance
blocks, to determine the moisture content of the soil at field
capacity (F.C.) and permanent wilting pcint (P.W.P.). Pea and
sunflowér seedlings were used (Fig. 6). An earlier trial with
"Irrometer” tensiometers was unsatisfactory with respect to
sensitivity. There were minor differences in the sunflower
and pea data. The latter was used.

The moisture content at estimated F.C. (72-hour
drainage after saturation) was about 28% of oven dry weight
of soil. This gave 102% on the Bouyocucos meter and was regarded
-as 100%. P.W.P. was about 10% of oven dry weight of soil,
which corresponded to 15% on the meter.

To determine the amount of water required to bring
6 kg of soil to 100% on the meter, varying known quantities of

water were added and the percentage changes on the meter



recorded. Calculations showed that about 55 ml of water was
required to raise the meter reading 1% within the range 20

to 100%. Meter readings were subsequently taken every 3 days
up to the 6th node stage, and daily thereafter. The soil was
watered according to indicated requirement, which was oftener
at the higher temperatures.

Two air and two scil temperatures were combined into
four air and soil temperature regimes. These were day/night/
soil temperatures of 21/13/10, 21/13/18, 306/21/10, 30/21/18°.
The cabinets contiguous to the refrigerated tank carried the
10° soil temperature (Fig. Uu).

2.3 Soil, Fertilizer Applications, Planting and Harvesting

A low-P Monroe Silt Loam from the Lower Fraser Valley
-of British Columbia was used. Chemical analyses indicated the
following composition: pH (water), 6.1; N, 0.24%; avail. P,
4 ?pm; exch. K, 0.3 m.e./100 g; exch. Ca, 10.8 m.e./100 g;
exch. Mg, 1.6 m.e./100 g; total exchangeable bases, 18.4 m.e./
100 g. The weight of air-dry soil in the 4 L pot used was 6 kg.
A commercial superphosphate fertilizer (20% P205)
was used as the P source. Each pot, including controls,
received a basal dressing of muriate of potash (60% K2O) required
to supply 165 1b. K/A. The weight of fertilizer required to
supply 44 and 176 1b. P/A were 1.4 and 5.6 g respectively,
thle 0.8 g/pot was required for 165 1b. K/A.
A greenhouse study was carried out to estéblish a

response curve of pea plants grown in the experimental soil

at 5 levels of P: 0, 44, 88, 176 and 352 1b./A. 3 levels
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(0, 44, 176) were subsequently chosen for the air and soil
temperature studies. The 44 1b. level was chosen on the basis
of maximum efficiency (pea yield per unit of P applied), and
the 176 1b. level was chosen to provide a supra-optimal rate.

The basal dressing of K was broadcast over and mixed
uniformly with the soil. The pot was filled with 2 kg of soil
and a gypsum resistance block put in place. 3.5 kg of soil
was poured onto the block. The P fertilizer was then applied
in a band, using a 10 cm. dia. funnel as a convenient and
reproducible marker for the fertilizer band. The rest (0.5 kg)
of the soil was used to cover the fertilizer. After each
experiment the soil was discarded and the pot filled with
fresh soil.

Seeds of pea, Pisum sativum L. cv. Dark Skin

Perfection were treated with a slurry of peat base inoculum
"Nitragin" about 30 minutes before planting. 6 seeds were sown
3 cm. outside thé periphery of the fertilizer band using a
marked peg to obtain a reproducible depth of 2 em. A 3 cm
layer of peat moss was spread on top of the soil to minimize
evaporation. 500 ml of water was added to each pot and the pots
were transferred into the treatment cabinets. At 2-node stage
(between 7 and 10 days after seeding), the seedlings were
thinned to 4 per pot, for uniformity. From this stage onward,
watering was done according to the requirements of the 4 plants
in each pot. Water from a bottle kept in the water bath was
used for the 6 pots (2 replicates each of the 3 levels of P)

in that bath, to minimize variations in soil temperature. The
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departure of soil temperature from water bath temperature was
only about 1°. Temperatures were read using a system of
thermistors connected to an externally situated Yellow Springs
Instruments resistance bridge.

| At the pre-defined growth stages (6th node, 10th
node, full bloom and estimated marketable maturity of peas) the
plants were cut at soil level. Full bloom was regarded as the
stage at which each of the 4 plants in a pot was at 0.5
blossom stage according to the classification scheme developed
by Maurer et al. (1966). Marketable matufity of peas was
estimated by pod-fill. The plant was separated into roct,
vine, pod and pea seea components. The root was carefully
separated from soil by the flotation method of McKell et al.
(1961). Fresh weights were determined immediately after
harvesting. The tissues were dried in a forced air oven at
60° for 48 hours, weighed, ground in a Wiley mill and dry-
ashed in a muffle furnace at 500°. Dry ashing at 500° is
within the temperature range given by Clarkson (1966) as
being in agreement with results obtained with wet ashing.

2.4 Application of Growth Retarding Chemicals

At the 5th to 6th node stage (15 days after seeding)
each plant was sprayed with 10 ml of retarding chemical con-
taining 0.1% "Triton B-1956" surfactant, using a domestic
plunger sprayer with 4 jets. Céntrol plants were sprayed with
surfactant only. The pots were then placed on the greenhouse
bench in a randomized complete block design. There were 6
replicates (blocks) for each treatment, and 2 runs (that is,

one repetition of the entire set up) of the experiment.
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For radicle studies, 10 seeds were placed in steam-
sterilized petri dishes. 10 ml of retarding chemical was
added. The petri dishes were transferred into growth cabinets
at 25° in the‘dark.

2.5 _Analytical Techniques

PLASTID PIGMENTS. Two days before har&esting,
chlorophyll and carotenoid analyses were carried out on
representative samples taken from fully expanded leaves at the
2 youngest nodes. Usually, 0.5 g sample, made up of 9 to 15
leaves depending on size, was used. Leaves were cut into
pieces and ground with acid-washed sand and CaCO3 in cold
acetone using a chilled mortar. Repeated extraction was done,
the extracts centrifuged at 2000 rpm, pooled and made to volume.
Absorbance was read with a Beckman DU Spectrophotometer using
1 cm quartz cells. Concentrations of chlorophylls a and b were
calculated according to MacKinney's (1940) specific absorption
coefficients. von Wettstein's (1957) equation was used to
calculate carotenoid concentration.

MINERAL COMPOSITION. Chemical anélysis was done as
follows: semi-micro Kjeldahl for N; P by phospho-mclybdate
colorimetry using a Beckman C colorimeter; Ca and Mg by atomic
absorption; and K by flame emission photometry (A.0.A.C., 1965)
using an Evans Electroselenium Atomic Absorption flame photometer,
and a Texas Instruments Servo Riter II recorder. Total amounts
of minerals in plant tissues were computed from composition

and dry weight data.
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PHOSPHORYLATED COMPOUNDS. Hexose phosphates, ADP
and ATP, as well as glucose, were spearated by ion.exchange
chromatography, with the use of borate complexing as developed
by Khym and Cohn (1953) and later used for the separation of

phosphates from Scenedesmus by Goodman et al. (1955).

A combination of cold extraction similar to that
suggested by Bieleski (1964) and chemical inhibition (Shaw,
1968:; Burston, 1962) was used to inhibit phosphatases because
it was found more effective than cold acids (Rowan, 1966).

Liquid N was added to 1.0-2.0 g of fresh plant tissue.
This resulted in an immediate freezing of the tissue. The
tissue was then homogenized for 5 minutes in cold 80% ethanol
containing 0.001M NaF at -20°. The homogenate was centrifuged
at 9000 X g for 15 minutes at 0-2°. The extract was concentrated
in vacuo té 10 ml. Chlorophyll and phospholipids were removed
with hexane, as this was found to be more satisfactory than
ethanol-petroleum ether method used by Goodman et al. (1955).
The extract was képt at -20° until it was required for analysis.

Separation of the compounds was done by anion
exchange using Dowex 1 - X8 (200-400 mesh) iﬁ Cl~ form. The
exchanger was washed free of fines by repeated decantation and
slurried into a 30 X 1.5 cm "Pharmacia" column. The exchanger
was converted to the Cl  form by running 20 bed volumes of 1M
HC1 through the column. Excess Cl~ was removed by running

20 bed volumes of water through the column.
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An LKB Ultrorac 7000 fraction collector was used to
separate the effluent. An LKB Peristaltic pump was used to
regulate the elution rate at 2.5 ml/minute. The column,
fraction collector, pump and eluent reservoir were -2all in a
refrigerator, and temperature was kept at 3°. The column was
regenerated after each sample run, and a given resin bed was
used for a maximum of 6 sample runs.

Ba and K salts of authentic phosphorylated compounds
were obtained from Mann Research Laboratories, New York. The
authentic compounds were: glucose-l-phosphate dipotassium;
glucose-6-phosphate dibarium; fructose-6-phosphate barium;
fructose 1,6-diphosphate barium; adenosine monophosphate dihydrate;
adenosine diphosphate barium; and adenosine triphosphate dibarium.

A strong cation exchanger, Dowex 50W - X8 in H'
form (200-400 mesh) was used batchwise to convert the Ba and K
salts of the authentic compounds to their acids. The solutions
were neutralized with 1N NHMOH and stored at -20°. The
solutions of the authentic compounds were run through the
column to determine the recovery of each compound. A succession
of eluting agents were used for selectively desorbing the
phosphorylated compounds. The eluting agents and the order of
use were as follows:

Compound » Eluting agent Effluent vol., ml.

Glucose .001M NHuOH 150
G-1-P .025 NHHC1 +..01M K2B407 300
G-6-~-P .025 NHuCl + ,0025 NH”OH + 300

.001M K2B407
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Compound Eluting agent Effluent vol., ml.

F-6-P .025 NHMC1 + .0025 NHqOH + . 300
.00001M KQBHO7

ADP .01M HCl 300

Fl1,6-P .02M HC1L + .02M KC1 300

ATP .02M HC1 + .20M KC1 300

Recovery percentages of the authentic compounds
varied between 94 for G-1-P and 102 for Glucose, and were
thus similar to those obtained by Goodman et al. (1955).
Recovery was determined by comparing a mixture of the compounds
separated on the column with individual compounds not run
through the column.

After separation, the very dilute solution of each
compound was concentrated in vacuo to 6-8 ml. for the hexose
phosphates and 15 ml for the adenosine phosphates. Glucose
needed no concentration. The finél extract of each compound
was neutralized with NHuOH and analyzed.

For the quantitative determination of glucose and
the phosphorylated sugars, Drevwood's anthrone reageﬁt method
(Morris, 1948) used by Khym and Cohn (1953) was found to be
unsatisfactory with the pea extracts due to the formation of
brown colloidal particles. This may have resulted from inter-
ference by nitrate or nitrite (Juo and Stotzky, 1967). The
method of Scott et al. (1967) employing concentrated sulphuric
acid was used instead. This method is based on the formation
of ultraviolet-absorbing furan aldehydes in strong sﬁlphuric

acid.
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To 0.5 ml of sugar solution in a 20 X 2 cm. test
tube was rapidly added 40 ml of 95% reagent grade sulphuric
acid from an automatic pipette, and the solution mixed. The
tube was corked and placed in a 70° water bath for 30 minutes.
The tube was then cooled to room temperature. Absorbance was
read with a Unicam SP 800 Ultraviolet spectrophotometer, using
1 cm quartz cells. Maximum absorbance of the carbohydrates
was found to be at 322 mu. This method was found to be very
satisfactory, particularly with respect to reproducibility.
Absorbance of ADP and ATP was read directly after concentration
in vacuo. Maximum absorbance at pH 7.0 was at 260 mu.
Contents were expressed per unit‘fresh weight because there
were no significant differences in the percent dry matter of
the tissues.

2.6 Statistical Analyses of Data

All data were examined by the analysis of variance
using an IBM Model 7044 electronic computer.

For the greenhouse experiment in which the response
of peas to 5 levels of P was investigated, the randomized
complete block design was used. The pots were placed in a
manner in which the 5 levels of P were along the bench,
while the 4 replicates constituted 4 blocks across the bench.
The block effect was not significant, so data were reanalyzed
according to the completely randomized design.

In the controlled environment work, the completely

randomized design was used within each temperature regime.
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Each experiment was conducted twice. There were thus 2 RUNS

each of 2 replicates for a total of 4 replicates (pots). In

the combined analysis of variance there was a testing term

for each ofbthe following: Run, Temperature, Phosphorus and

all possible interactions. Significant interactions occurred
between temprature and phosphorus in the combined analysis of

data for main effects at each growth stage. Therefore, individual
analyses were also made for the simple effect of phosphorus

at each growth stage and each temperature regime.

For the growth retardant experiment, the 2 concentra-
tions of each of the 3 compounds and the control were regarded
as different treatments. There were thus 7 treatments. The
randomized complete block design was used with treatments
along the bench, and the 6 replicates (blocks, pots) across
the bench. There were 2 runs of the experiment so that there
was a testing term for Run, Block, Treatment and their
interactions.

Treatment means were subjected to Duncan's multiple
range test (Duncan, 1955) for determination of significant

differences among individual means.
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3. RESULTS

3.1 Plant Response to Phosphorus Fertilizer in the Greenhouse

When pea plants were grown in the greenhouse, P
fertilizer applied at rates of between 0 and 352 1b./A, increased
pod weight, pea weight and total dry matter, but had no effect on
plant height and mean internode length (Table 1).

Expressed as percent of dry matter, N and P were
generally highest in the pea seed (Table 2). While N was least
in the pod, P was least in both the pocd and the vine. K, Ca and
. Mg concentrations were highest in the vine. While Ca and Mg were
least in the pea, K was least in the pod.

Expressed as total milligrams of uptake, N¥ in the pea
seed was slightly less than in the vine, while P was slightly
more in the seed than in the vine. K, Ca and Mg were greatest
in the vine.

Applied P increased the concentrations and total
contents of N in the vine, pod and pea seed. P in the vine and
pod increased with applied P in all tissues except the pea seed.
P had no effect on the concentrations of K, Ca and Mg in all
tissues with the exception of slight changes in Ca in the pea
seed. P however increésed the total contents of all minerals in

all tissues.



Table 1. Effects of Phosphorus Fertilization on growth and yield factors of pea
plants grown in the greenhouse, Values are for one plant.
Mean
Lbs. inter- Vine Pod Peas B
P Plant node dry Dry Fresh Dry Total
per height length  weight weight weight weight dry
acre (cm) (cm) (g) No. (g) No. (g) (g) magtfr
g

0 87.0a%* 4.%a 2.97¢ .be 1.03c 12.5d 4.78d 1.01c 5.01c

by 90.5a 5.0a 3.63b .5b 1l.46b 19.5¢ 10.38c 2.19b 7.28b
88 90.8a 5.0a 3.78ab .8ab 1.56ab 22.0b 11.71b 2.55b 7.8%ab
176 91.0a 5.0a 3.98ab .0ab 1.67a 22.8b 12.38ab 2.63ab 8.28a
352 93.5a 5.0a 4.33a .3a 1.83a 24.5a 13.20a 2.85a 8.01la

* Each figure is the mean of 4 replicates.

within a particular measurement are not significantly different at P
according to Duncan's multiple range test.

Figures followed by the same letter

= 0.05
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Table 2. Effects of Phosphorus Fertilization on the concentrations and total
contents of N, P, K, Ca and Mg in the vine, pod and pea of greenhouse-
grown plants.

Lbs.
P Per cent of dry matter Milligrams per plant
Plant per
tissue acre N P K Ca Mg N P K Ca Mg
Vine 0 2.65c* 0.,13d 1.96a 3.25a 0.43a 79¢c 3d 658b S4c 13b
4Ly 2.98b 0.15d 2.27a 3.84a 0.48a 109%b 5c 82a 139b 17a
88 3.0u4b 0.16c 2.07a 3.80a 0.43a 116b 5¢ 7%a 143ab 17a
176 3.28ab 0.19b 2.18a 3.75a 0.41la 131lab 7b  87a 149ab 17a
352 3.3hka 0.23a 2.11a 3.76a 0.4la 1lhuha 10a 9la 163a 18a
Pod 0 1.18b 0.12b 1.26a 1.57a 0.31la 13c 1d 13b 16b 3b
4y 1.47b 0.17b 1.17a 1.74a 0.34a 21b 2¢ 17b 25a S5a
88 1.60a 0.17b 1.24a 1.85a 0.32a 25ab 2c¢  19ab 29a 5a
176 1.70a 0.23a 1.37a 1.6la 0.31la 28ab 4b 23a 27a 5a
352 1.83a 0.27a 1.23a 1.6%9a 0.30a 33a 6a 23a 3la S5a
Pea 0 3.64d 0.34a 1.58a 0.10d 0.19a 37¢c 3c 16c 1d 2¢
44  4,.33a 0.3%4a 1.59a 0.llc 0.20a 95b 7b 35b 2¢c 5b
88 u4.37a- 0.35a 11l.51a 0.11lc 0.19a 1l12ab Sb 38b 2c 5b
176 4.39a 0.35a2 1.60a 0.12b 0.19a 1llba 9b 42a 3b 5b
352 4.42a 0.39a 1.47a 0.13a 0.21la 126a 12a U42a Ya ba

Each figure is the mean of 4 replicates. Figures followed by the same letter
within a particular element and tissue are not significantly different at
P = 0.05 according to Duncan's multiple range test.
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3.2 Effects of Phosphorus Nutrition on Growth and Mineral

Uptake at 3 Pre-fruiting Growth Stages as Influenced

by Air and Soil Temperatures

The utilization of P in promoting growth and influencing
mineral uptake varied with the air and soil temperature combinations.
This was evident from the significant interactions between tempera-
ture and phosphorus for most of the variables in the combined
analysis of variance (Tables 3, 4 and 5). The simple effects of
phosphorus at each temperature regime were therefore determined.

GROWTH

Plant Height. Applied P had no effect on plant height and mean

internode length at the 6th and 10th node stages (Table 6). At
full bloom, P at the 44 1b./A rate increased plant height at all
temperature regimes except at the cool air and low soil tempera-
ture combination (21/13/10° day/night/soil) where P had no
significant effect. The influence of P at the 176 1b./A rate
was not significantly different from that at the 44 1b./A rate.

Dry Matter Production. At the 6th node stage, P had no effect

on the dry weight of plants at all temperature regimes except
at.21/l3/l8° where P at the 176 1b./A rate increased vine weight
38% (Table 6).

At the 10th node and full bloom stages, P increased
the dry weighf of plants at all temperature regimes. Increases
due to P were greater at the high soil temperature of 18° than
at 10°. 'Also, the increase due to P at the high soil temperature

was greater at the cool day/night air temperature of 21/13° than



Table 3. An example of a Combined Analysis of Variance Computer Output
for Main Effects

Source  DF Sum Sq Mean Sq Error Prob.
Run 1 .000u7 .ooou7 00.01 .8779
Temp 3 .76092 .25384 RXT (A) - 61.09 .0069
RXT (A) 3 .01246 00415 0.11 .9502
Phosph ’ 2 .40887 L2044y ERR (B) 71.11 .0001
TXP 6 .18363 .03061 ERR (B) 10.65 .0023
ERR (B) 8 02299 .00287 0.07 .9994
Error 24 .92u75% .03853
Total 47 .31410

Variable: Dry weight of plants at the 10th node stage

Temp: 21/13/10, 21/13/18, 30/21/10, 30/21/18: Day/night/soil®C

Phosph: 0, 4k

9

176 1bs.

P per acre.
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Table 4. T values aﬁd the significances of Main Effects at each. growth stage, and of each plant tissue at crop maturity.
' Part I. Dry matter and mineral concentrations. :
Pre-fruiting stages Crop maturity
Treat. 6th - 10th Full
Variable effects node node bloom Root Vine Pod Pea
Dry weight Temp. 52.9%% 61, 1% 24.9% 3.5n.s. 63.9%% 70.8%% 15.0%
g Phos. 18.7%% 7L, 1% 175.3%% 106.8%% 65.0%% 57.2%% 61.5%*
. TXP 7.5%% 10.7%% S 18, 7% 4.9% 5.2% y, 9% 2.0n.s.
$N Temp. 127,.3%% 8.8n.s. 6.9n.s. 10.u4n.s. . 8.2n.s. 2.9n.s. 12.7n.s.
Phos. 34, 2% 28.7%% g.gEk% y1.0%% 11.0%% 9,3%% 7.9%
TXP 1.5n.s. 6.2% 4, 9% 0.7n.s. 1.7n.s. "0.9n.s. 0.7n.s.
$P Temp. 178 . %% 2.6n.s. 10.6%* 4.0n.s. 30.3%% 0.1n.s. 2.5n.s.
Phos. ToB2, %% 7 145, 1%% 262.5%% 55.1%% 33, b 4.0n.s. 106.0%=
TXP l1.2n.s. - 2.7n.s. 1.6n.s. y, 7% 2.1n.s. 0.6n.s.. 12.4y%%
%K Temp.- 170.0%= 65.1%% 19y, 3*% 149,7%% 179.2%% 23.5% 2.6n.s.
Phos. 5.7% 79.5%% 10.0%% O.4n.s. 2.6n.s. 2.7n.s. 0.5n.s.
N TXP - 1y ,2%% 8,3%% L 23.1#* 3.3n.s. 1.7n.s. l.1ln.s.
%Ca Temp. 5.5n.s. 7.0n.s. 3.7n.s. 26.5% 8.2n.s. 8.1n.s. 226.1%*
Phos. 1.0n.s. o2y, 1% 2”5.9** 15.5%% 330.3%% l.4n.s. - 6.8%
) ' TXP “2.7n.s. 3.un.s. 2.9n.s. 1l.5n.s. 7.9%% O.4n.s. 7.1%%
$Mg Temp. 15.7% 8.2n.s. 1.9n.s. 643.6%% 100.4%% 5.0n.s. 15.0%
Phos. 5.1% 1.0n.s. 13.9%% 2.2n.s. 27.3%% 0.1n.s. 0.4n.s.
TXP O.4n.s. 0.8n.s. 0.8n.s. 7.6% ° 1.8n.s. 0.2n.s.

LS
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Table 5. F values and the significances of Main Effects at each growth stage, and of each plant tissue at crop. maturlty
Part II. Total mineral contents.
, Pre-fruiting stages Crop maturity
Treat. 6th ~10th Full
Variable effects | node node bloom Root Vine Pod Pea
mg. N Temp: 81.3%% 13.2%* 148, 9%% 1.4n.s. 30,3%%* 17.2% 85.8%%
Phos. 43, 5%% 89,3%% .265.u%% 66.5%% 65.7%% 3.9n.s. 133, 1%
. TXP 13,2%% 26.5%% 20.9%% 5.6% 7.5%% I.1ln.s. 6.7%%
mg. P Temp. 9.6%% 50,9%% yy y*x l1.6n.s. 23.6% 7.3n.s. 179,0%%
. Phos. 75.2%% 125,1%% 86.9%% 101.2%#* 893 ,2%% 17 .y#%% 152.3%%
_ TXP 10,1%%* 4,6% 7. 4 9,7%% 4.6% l.6n.s. y,2%
mg. K Temp. 154, 5%% 26.2% 27.7% 25,9% Y7 ,2%% 306,5%% 57.0%%
Phos. 33.8%% - ug,8%% 24y  ykd 79.5%% 112, 2%% 116.7%% 105.8%%*
TXP 20.8%%* 7.1%% 25.y%% 6. ux% 6.1%% 9.8%% 5.4%
mg. Ca Temp. 399, 2%% 35,7%% 16.8% 1.3n.s. 57.8%% 5.0n.s. 65.3%%
Phos. 6.7% 54, 1%% 93.1%% 32.y%% 66,9%% 17.0%% §5.7%%
TXP 5.6% 18.5%% 13.0%% 2.3n.s. 6.,2%% 0.9n.s. 3.5n.s.
mg. Mg Temp. 168.1%% 55.1%% 26.7% 35,3%% 43,8%% 26.0% 43,6%%
Phos. C31.1%% 29, 7%% 186.8%% 38.,0%% g, 7Hk 55,2%% 85.2%%
TXP 7.7%% 7.6%% l.6n.s. 5,2% 2.8n.s. 4, 2%
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Table 6. Effects of Air and Soil Temperatures on Growth Response of pea plants at 3 pre frultlng stages to
phosphorus fertilization.

6th node " 10th node Full bloom
Mean ' Mean Mean

Temp. Lbs. inter- Vine inter- Vine inter- Vine
Regime P : Plant node dry Plant node dry Plant node dry
Day/Night/Soil © per height length weight height length weight height length weight

°C acre cm cm g cm - cm g cm cm g
21/13/10 0 11.5a% 1.8%a . 0.19a 18.8a 1.86b 0.30b 43.8a 3.,u40a: 0.65b
Yy 12.5a 2.08a 0.22a 21.0a 2.11a 0.38a 50.0a 3.40a 1.35a

176 12.0a 2.00a 0.23a 20.0a 2.00a 0.39a 50.5a 3.29a 1.82a

21/13/18 0 14.3a 2.38a 0.31b 28.5a 2.85a 0.42b 49.3b 3.45b 0.95b
Ly 14.0a 2.34a 0.33b 29.3a 2.93a 0.75a 69.0a 4.0l1la 3.45a

176 15.5a 2.58a 0.43a 29.3a 2.93a 0.88a 66.0a 3.84a 3.23a

30/21/10 0 - 9.3a 1.58a 0.18a 18.8a 1.90a 0.32a 30.3b 2.15b 0.50b
Ly 8.8a 1.37a 0.18a 19.8a 1.91a 0.44a 44 .8a 2.7%a 1.24a

176 8.5a l.42a 0.16a 17.3a 1.93a 0.43a 42.0a 2.56a 1.21a

30/21/18 ' 0 9.5a l.61la '0.22a . 19.0a 1.9Ca 0.3ub 31.5b 2.13a 0.53b
4y 9.5a l.66a 0.25a 20.3a 2.03a 0.53a 44 .8a . 2.43a 1.43a

176 10.5a 1.78a 0.28a 18.3a 1.83a’ 0.52a 45.3a 2.46a l.46a

* FEach figure is the mean of 4 replicates. Figures followed by the same letter within a particular temperature
regime, growth stage and variable are not significantly different at P = 0.05 according to Duncan's multiple
range test. ‘
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at 30/21°. P effects on dry weight at the 44 1b./A were not

significantly different from those at the 176 1b./A rate at all

temperature regimes. The magpitude of weight increases due to

P were greater at full bloom than at the 10th node stage.
MINERAL UPTAKE

Mineral Concentrations. When expressed as percent of dry matter,

N generally decreased.with plant age from the 6th node, through
the 10th node to the full bloom stages (Table 7). P and K
remained relatively constant at all three stages. Ca and Mg
increased at the 10th node stage, but decreased at full bloom
to about the same levels as at the €th node stage. There were
however minor variations in trends due to P level and temperature
regime.
At the 6th node stage, P at the 176 1b./A increased
N concentration only at the cool air and high soil temperature
regime (21/13/18°). P at both rates of application had no
significant effects on K, Ca and Mg concenfrations. Tissue
leveis of P generally increased with applied P, but the magnitude
of increased P uptake depended on the temperature regime.
At the 10th node stage, applied ﬁ at the 176 1b./A

rate, but generally not at the uu 1E°/A rate, increased N
concentration except at 30/21/105. P had some influence on K
and Ca concentrations, but had no significant effect on Mg
concentration. Both rates of applied P increased the P concen-
tration of plants at all temperature regimes.

" At full bloom P decreased N concentration at 21/13/18°
but had no significant effect at the 6ther 3 temperature regimes.
P generally had no influence on K aﬁd Mg concentrations while it

decreased Ca at all temperature regimes except 21/13/18°.
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Table 7. Effects of Air and Soil Temperatures and Phosphorus

nutrition on the concentrations of 5 minerals in the
pea vine at 3 pre-fruiting growth stages.

Lbs.
P Per cent of dry matter
Growth Day/Night/Soil per
Stage °C acre N p K Ca Mg
6th 21/13/10 0 4k.13a* 0.17b 2.03a 1.80a 0.52a
node Ly 4.20a 0.24a 2.05a 2.03a 0.54a
176 4.52a 0.26a 1.93a 1.92a 0.58a
21/13/18 0 4.68b 0.18c 2.74a 2.19a 0.5%a
4y 4.30b 0.28b 2.75a 2.42a 0.59%a
176 5.33a D.37a 3.03a 2.28a 0.65a
30/21/10 0 5.12a 0.21b 2.51a 2.1%a 0.63a
Ly 5.04a 0.33a 2.16a 2.25a 0.62a
176 5.33a 0.39a 2.16a 2.24a 0.65a
30/21/18 0 5.18a 0.24b 2.43a 2.59 0.66a
by 5.32a 0.31lab 2.67a 2.25a 0.68a
176 5.67a 0.39a 3.01a 2.12a 0.75a
10th 21/13/10 0 3.97b 0.12¢ 1.96a 2.97a 0.67a
node’ Yy 3.88b 0.23b 2.30a 3.02a 0.70a
176 4.63a 0.3%a 2.73a 2.69%a 0.71a
21/13/18 0 4.02b 0.10c 2.72b 3.24a 0.75a
yy 5.12a 0.29b 2.92ab 2.75ab 0.76a
176 5.12a 0.50a 3.27a 2.52b 0.78a
30/21/10 0 4.5%a 0.10c 2.19%a 3.15a 0.73a
Ly 4.48a 0.2ub 2.32a 3.13a 0.73a
' 176 4.93a 0.39%a 2.48a 3.08a 0.8la
30/21/18 0 u4.4ld 0.10c 2.11b 3.18a 0.81la
by 5.01la 0.31b 2.73ab 2.72ab 0.82a
.o 176 4,994 0.45a 3.00a 2.42b 0.78a
Full 21/13/10 0 3.22a 0.08b 1.97a 3.74a 0.71a
bloom 4y 3.09a 0.22a 1.87a 2.86b 0.65a
176 3.11a 0.28a 1.88a 2.18b 0.64a
21/13/18 0 2.99a 0.l6a 1.39%a 1.05a 0.35a
Ly 2.56b 0.17a 1.75a 1.03a 0.66a
176 2.53b 0.21la 1.77a 1.22a 0.66a
30/21/10 0 3.77a 0.10c 2.20a 3.74a 0.69%a
uy 3.11a 0.22b 2.03a 2.62b 0.57a
176 3.44a 0.30a 2.21a 2.05¢ 0.57a
30/21/18 ' 0 3.54a 0.12c¢ 2.07b 3.24a 0.74a
Ly 3.72a 0.27b 2.27ab 2.20b 0.62a
176 3.78a 0.33a 2.47a 2.11b 0.70a

* Each figure is the mean of 4 replicates. Figures followed by the
same letter within a particular growth stage, temperature regime
and nutrient are not significantly different at P = 0.05 according
to Duncan's multiple range test.
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Total Mineral Contents. At the 6th node stage, applied P at the

176 1b./A rate increased the total uptake of N and K at the high
soil temperature of 18°, but nct at the low soil temperature of
10° (Table 8). The 44 1b./A rafe had no significant effect on
the total uptake of N, k, Ca and Mg. Increase in P uptake due
to the 176 1b./A applied P was greatest at 21/13/18°.

At the 10th node stage, applied P tended to increase
the total uptake of N and K. At 21/13/18° the 176 1b./A rate
resulted in decreases in N and K, compared to the L4 1b./A rate.
P had no significant effect on Ca and Mg except at 21/13/18°
where Ca and Mg increased with applied P, but only at the 44 1b./A
rate. At the low soil temperature of 10° P uptake increased at
both rates of applied P.

At full bloom the application of P increased the total
content of each of the 5 minerals at all temperature regimes.
The magnitude of increases in the uptake of the minerals, due to
applied P, depended on the temperature regime. The magnitude
was generally greater at the high soil temperature than at
the low soil temperature. The magnitude of such an increase
in mineral uptake due to P at the high soil temperature was
reduced by the warm air temperature of 30/21° compared with

that of 21/13°.
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Table 8. Effects of Air and Soil Temperatures and Phosphorus
nutrition on the total contents of 5 minerals in the
pea vine at 3 pre-fruiting growth stages.

Lbs.
P Milligrams per plant
Growth Day/Night/Soil  per
Stage oC acre N P K Ca Mg
6th 21/13/10 -0 8as* 0.3b bg La la
node Ly 9a 0.5a ha 5a la
176 10a 0.6a La ba la
21/13/18 - 0 15b 0.6b 8b 7a 2a
Yy 16b 0.9b 9b 8a 2a
176 23a l.7a 12a 10a 3a
30/21/10 0 9a 0.u4b 5a ba la
Yy %a 0.6ab bab ba la
176 8a 0.7a 3b ha la
30/21/18 0 11b 0.5b 5b 6a 2a
by 13ab 0.8ab 6b 6a 2a
176 l6a 1.1a 8a ba 2a
10th 21/13/10 0 12b 0.4%¢ 6b 9a 2a
nede by 15ab 0.9b Sa 1lla 3a
' 176 18a l.4a lla lla 3a
21/13/18 0 17b 0.3b 7c 13b 3b
uy 39a 2.0a 21a 21la ba
176 19b 2.0a i4b 9b 3b
30/21/10 0 14b 0.2c b 10a 2a
4y 20a 1.0b 10a lha 3a
176 2la 2.0a 10a 13a 3a
30/21/18 0 15b 0.3b 7b 1la 3a
Ly 26a l.6a lia l4a ba
176 26a 2.3a ida 13a ba
Full 21/13/10 0 21c 0.5¢c 13b 25b 5¢
bloom ' Ly 37b 2.9b 26ab 38a 8b
: 176 53a 4. 8a 33a 40a 1la
21/13/18 0 28b 1.0b 19b 35b 7b
yy 86a 8.0a 69%a 80a 18a
176 100a 11.0a 70a 67a 19a
30/21/10 0 18b 0.5b 11ib 19b 3b
by 38a 2.7a 25a 32a 7a
176 4ila 3.6a 26a 25a 7a
30/21/18 0 18b 0.6b 11b 17b 4b
yy 53a 3.8a 32a 3la 9a
176 55a 4.7a 36a 30a 10a

a,
“*

Each figure is the mean of 4 replicates. Figures followed by
the same letter within a particular growth stage, temperature
regime and nutrient are not significantly different at P = 0.05
according to Duncan's multiple range test.
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3.3 Effects of Phosphorus Nutrition on Yield Factors at

Estimated Marketable Maturity of Peas as Influenced

by Air and Soil Temperatures

GROWTH AND YIELD FACTORS

Applied P increased plant height at all temperature
regimes except 30/21/18° (Fig. 7 and Table 9). P also increased
the dry weightsvof all 4 tissues (root, vine, pod and pea seed)
at all temperature regimes, but the magnitude of such increases
depended on the tissue and temperature regime (Table 9).

The greater increases in root weight due to applied
P particularly at the 44 1b./A rate were at the high soil
temperature. There were large increases in vine weight due to
P application but the effect of 176 1b./A were generally not
different from those of u4 1b./A (Fig. 8 and Table 9). The
smallest increase in vine weight due to applied P was accompanied
by the largest increase in pea weight at the 30/21/10° regime.
Increases in pea yield due to applied P resulted largely from
increases in pea number and to a lesser extent on pea size and
pod number (Fig. 9 and Table 9).

MINERAL UPTAKE

Mineral Distribution in Plant Tissues. Generally, N and P

concentrations were highest in the pea seed, Ca in the vine, and
Mg in the root (Table 10). The total contents of K, Ca and Mg
were however greatest in the vine while P was greatest in the
pea seed (Table 11). N was higher in vine and pea seed than in

root or pod.
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Table 9. Growth

characteristics and yield factors in peas as influenced by Air and Soil temperatures and phosphorus.

Pods Peas
Temp. Root Vine .
Regime ) Lbs. P Plant dry dry Fresh Dry Total
Day/Night/Soil per height weight weight “Mean welight Mean weight weight dry
°C acre cm g g No. g No. g g matter
21/13/10 0 49b* 0.2u4b 0.71b 1.3b 0.24b 2.8b 0.96b 0.18b 1.37¢c
4y 66a 0.35ab 1.91a 2.5a 0.%91a 10.0a 4.38a 0.93a 3.87b
176 65a 0.42a 2.21a 2.8a l1.12a 10.8a 5.5ka 1.31a 5.12a
21/13/18 0 55b 0.14Db 0.75b 1.3b 0.31b 4.0b 1.73b 0.34Db 1.54b
Ly 7ua 0.32a 2.78a 3.8a 1.28a 16.5a 8.84a 1.74a 6.12a
176 7la 0.28a 2.94a 4.8a l.46a 16.0a 7.60a 1.55a 6.23a
30/21/10 0 35b 0.22b 0.40b 1.0b 0.12b 1.8b 0.43b 0.08b 0.82b
Ly 45a 0.33a 0.90a 2.0a 0.45a 7.0a 3.14a 0.78a 2.46a
176 50a 0.38a 1.07a l.8a 0.47a 7.8a 3.48a 0.76a 2.68a
30/21/18 ] 38a 0.1luc 0.43b 1.0b 0.12b 2.3b 0.80b 0.19b 0.88b
4y k7a 0.33a 1.17a 2.0a 0.41a 7.8a 3.68a 0.9%a 2.90a
176 48a 0.25b 1.26a 2.0a 0.47a 7.0a 3.49a

1l.03a

3.01a

* FEach figure is the mean of 4 replicates.
regime and measurement are not significantly different at P =

Figures followed by the same letter within a particular temperature

0.05 according to Duncan's multiple range test.
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Fig. 8. Effect of phosphorus fertilization on the growth
of the plant at the nearest-optimum air and soil

temperature combination.

TEMP. 'C  DAY/NIGHT/SOIL
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176

Fig. 9. Effect of air and soil temperatures and phosphorus
on number and size of peas per pot (4 plants).



Tabie 10. Mineral uptake and distribution in.the root, vine, pod and pea seed as influenced by Air and Soil temperatures
and phosphorus. Mineral concentrations, percent of dry matter.

Temp. Lbs. : _ -
Regime P - : Root Vine
Day/Night/Soil per ' . .
°c : acre N P K Ca Mg N P K Ca Mg
21/13/10 0  2.72a* 0.07c 2.74%a 0.69b 1.77a 2.40a  0.06b 1.95a 4.19a  0.80a
Ly - 2.28ab 0.13b 2.25b 0.90ab .1l.56a 1.71b 0.08b 1.88a 3.73a- 0.63b
. 176 2.10b 0.21a 1.84b 1.26a 1.29a 1.54b 0.13a 1.73a 2.29b ‘0.52¢
21/13/18 0 2.9%9a - 0.l6a 1.38%a 1.05a 0.35b 2.67a 0.10c 2.00a 3.57a 0.88a
Ly 2.56Db 0.16a 1.75a l1.03a 0.66a 2.47a 0.13b l1.83a 3.14a 0.66a
176 2.53b 0.21a 1.77a 1.22a 0.66a 1.92b 0.18a 1.93a 2.44b  0.67a
30/21/10 0 2.82a 0.10b 2.98a 0.86a 1.73a "2.96a 0.06b 2.21a 4,.13a 1.00a
' L4y 2.3u4b 0.12b 2.75%a 1.1lba l1.61a 2.40b 0.17a 2.31la 3.44a 0.83a
: 1786 2.33b 0.2%a 2.53a 1.19a l1.61la 2.21b .0.19a 2.23a 2.33b 0.75a
30/21/18. 0 2.87a 0.14b 1.05b 1.07a 0.36c. 2.66a 0.08b 2.44%a 3.58a 0.9%a
by 2.54b 0.16b l.65a 1.29%a 0.68a 2.57a  0.11b 2.20a - 3.35a 0.98a-
176 2.56Db 0.23a 2.00a 1.37a 0.56b 2.54a ° 0.23a 2.48a 2.49b 0.89%a
: Pod ' ~ Pea
21/13/10 0 ° 1.9%9a  0.06b 1.25a 1.65a 0.48a 4.46a 0.30b l.43a .lbe 0.28a
hy 1.3ub 0.15a 1.3%a 1.57a 0.4u4a 4.12a 0.u46a l1.66a .12a 0.28a
.. 176 1.28b 0.18a 1.31a l.40a 0.47a 4.01la 0.51a l.6u4a .lla 0.30a
21/13/18 0 1.90a 0.08c 1.22a 1.51a 0.49%a 4.3%a 0.34b 1.55a .13a 0.30a
' - by 1.56a 0.12b l.4la 1l.48a 0.47a 4.14a 0.39p 1.59a .15a 0.31a
176 1.90a 0.21la 1.57a 1.34%a 0.47a 4.37a 0.49a 1.5%a .15a " 0.31a
30/21/10 i 0 2.54a 0.12b 1.73a 1.76a 0.57a 4.68a 0.26¢ 1.67a .19a 0.33a
L4y 1.33b 0.10b 1.5%a 1.9%a 0.60a 4.33a 0.36b 1.66a .1l5a 0,33a
. 176 1.43b 0.1%a l.68a l.68a 0.58%a 4.21a 0.44a 1.68a .1lka 0,33a
30/21/18 0 2.26a 0.09b l.6la 1.73a 0.70a 4.82a 0.28b 1.73a .17a 0.35a
L4y 1.36Db 0.1lhka 1.57a 1.99a 0.67a 4.42a 0.37b 1.62a .16a 0.32a7
176 1.54b 0.l6a 1.78a 1.87a 0.66a 4.4%a 0.65a 1.65a .18a 0.34a

* Each figure is the mean of 4 replicates. Figures followed by the same letter within each temperature regime,
plant tissue and element are not significantly different at P = 0.05 according to Duncan's multiple range test.
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Table 11. Mineral uptake and .distribution in the root, vine, pod and pea seed as$ influenced by Air and Soil temperatures
and phosphorus. Mineral contents, milligrams per plant.

Temp. "~ Lbs.
Regime P - Root Vine
Day/Night/Soil per _
°C ' acre N P K Ca Mg N P K Ca Mg
21/13/10 0 6.5a%* 0.2c 6.6a 1.7b 4.la 16.7a 0.4c 13.1b  29.6c 5.6b
Ly 7.9a 0.u4b 7.8a 3.1lab 5.4a 32.8a 1.6b 35.5a 68.7a 11.7a
176 8.5a 0.9a 7.7a 5.6a 5.8a 34.5a 2.9a 38.0a 50.0b 11.5a
21/13/18 0 4.0b 0.3b 1.9b 1.5b 0.5b 19.8b 0.6¢c 14.9b 26.5c 6.4b
yy 8.3a N.5a 5.8a 3.3a 2.1la 53.3a 3.u4b 50.7a 87.3a 18.3a
176 7.1a 0.6a 5.0a 3.4a 1.9a 72.9a 5.3a 56.0a 69.9b 19.4a
30/21/10 0 6.2b 0.2b 6.6b 2.0a 3.9b 11.3b 0.2b 9.0b 16.4b 3.9b
Ly 7.8ab 0.4b 8.u4ab 3.8a 5.%5a 20.0a 1l.5a 20.9%a 30.7a 7.3a
176 8.6a 1l.1a 10.1a 4, 8a 6.1la 25.4a 2.0a 23.9a 24.5a 7.9a
30/21/18 0 3.9b 0.2b 1.u4b 1.5b 0.5b 11.4b 0.3c 10.6¢ 15.3c 4.1b
uy 8.3a 0.6a 5.8a b4, 2a 2.1a 29.8a 1.3b 25.8b 39.3a 11.3a
176 6.4a 0.6a 5.0a 3.h4a 1.1b 31.9%a 2.9a  3l.2a 31:0b 11l.1a
Pod Pea~

21/13/10 0 4.6b 0.2b 3.0b 3.8b 1.2b 7.9b 0.5¢c 2.6b 0.3b 0.5b
uh 12.8a l.4a 12.1a 13.7a 4.0a 37.3a + 4,.3b 15.4a l.1la 2.6¢
176" 13.1a 1.%a 14.3a 16.9a 5.3a 52.5a 6.7a 21.5a "l.4a 3.9a
21/13/18 0 5.8b 0.4b 3.8b 4.6b 1.6b 14.9b 1.3b 5.3b 0.4b 1.0b
Ly 19.7a 1.1b 17.8a "19.4a 5.%a 72.0a 5.9a 27.7a 2.6a 5.4a
176 28.0a - 3.1a 22.9%a 19.3a 6.8a 67.7a 7.6a 24.6a 2.3a 4.8a
30/21/10 : 0 3.0b 0.2c 2.1b 2.0b 0.7b 3.7b . 0.2b 1.3b 0.2b 0.3b
’ 4y 5.9a 0.5b “7.1a 8.8a 2.7a 33.8a 2.8a 12.9a = 1l.2a 2.6a
176 6.9a 0.9a 7.8a 7.5a 2.7a 32.0a 3.3a 12.8a l.la 2.5a
30/21/18 0 2.8b 0.2¢c 2.0c 2.1b 0.9b 9.1b 0.5¢c 3.3b 0.3b . 0.7b
uy 5.5a 0.u4b 6.u4b 8.3a 7.8a 43.6a 3.7b 16.0a l.6a 3.2a
176 7 8.2a 8.8a 3.1la 45.6a 6.7a 17.0a 1.9a 3.5a

.6a 0.8a

Each figure is the mean of 4 replicates. Figures followed by the same letter within each temperature regime,
plant tissue and element are not significantly different at P = 0.05 according to Duncan's multiple range test.

6L
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Mineral Concentrations. The influence of applied P on tissue

levels of N, P, K, Ca and Mg depended on the tissue and the
temperature regime. In the root, applied P at both rates
generally decreased N concentration at all temperature regimes
(Table 10). Root levels of P increased with the 176 1b./A rate
of applied P except at 21/13/18°. Root K tended to increase with
applied P at the high soil temperature, particularly when the
air temperature was warm, and tended to decrease at the low soil
temperature, particularly at the cool air temperature. Root Ca
was affected by applied P at all temperature regimes but tﬁis
was significant only at 21/13/10°. Root Mg was not influenced
by P at the low soil temperature but was increased at the high
soil temperature.

In the vine, applied P decreased N concentration at
all temperature regimes except 30/21/18°. P at the higher rate
increased the P concentration of the vine at all temperature
regimes. Vine K and Mg were not significantly influenced by P
at all temperature regimes except that both rates of P decreased
Mg concentration at 21/13/10°. Ca was decreased by the higher
rate of P at all temperature regimes.

In the pod and the pea seed, K, Ca and Mg dbncentrations
were not influenced by P at all temperature regimes. N concentration
of the pod decreased with applied P except at 21/13/18°. N
concentration of the pea seed was not influenced by P at all
temperature regimes. P concentration of the pod and the pea

seed increased with applied P.
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Total Mineral Contents. Applied P generally increased the total

upake of N in all 4 tissues at all 4 temperature regimes (Table 11).
P content of all tissues increased with appliedbP at all temperature
regimes. K, Ca and Mg also generally increased with P application
in all tissues.

3.4 Mineral Translocation Patterns

In addition to its effect on the total absorption of
minerals, P alsé influenced the distfibution patterns in the -
plant tissues. Mineral contents of the pea seed in relation
to the contents of the entire plant varied with applied P.

Pea seed content as percent of total plant content was employed
as the indicator of translocation (Table 12). For example,
while the amount of N translocated into the pea seed was 22% of
the amount contained in the entire plant without applied P at
21/13/10°, applied P at the 44 1b./A rate increased the value
to 41%. The distribution patterns of K and Mg were similar

to those of N. Ca content of the pea seed was too low to permit
definite interpretation of phosphorus and temperature effects.
Increases in the translocation of minerals into the pea seed,
due to applied P, were usually greatef at the low soil tempera-
ture of 10° than at the high soil temperature of 18°.

’

3.5 Comparative Growth, Plastid Pigment and Mineral

Responses of the Plant to Foliar Applications of

Cycocel, Phosfon and B-Nine at Low Concentrations

The effects of the 3 growth retarding chemicals on

growth characteristics, pigment contents, and mineral uptake



Table 12. Absorption and Translocation of N, P, K, Ca and Mg as Influenced by
Phosphorus nutrition at 4 Air and Soil Temperature Regimes.

: Total uptake, Pea seed content
Tempergture Lbs. mg/plant as % plant content
Regime P
Day/Night/Soil per

°C acre N P K Ca Mg N P K Ca Mg
21/13/10 0 36 1.3 25 35 11 22 33 10 0.9 L
‘ Ly 91 7.7 71 87 24 41 55 22 1.3 11
176 109 12.4 82 T4 27 48 S4 26 1.9 15
21/13/18 0 45 2.6 26 33 10 33 59 10 1.2 11
by 153 10.9 102 113 32 b7 54 27 2.3 16
176 176 16.6 109 94 33 38 48 22 2.4 1y
30/21/10 0 24 0.8 19 21 9 15 25 7 1.0 Y
Ly 68 5.2 49 45 18 39 54 27 2.7 15
176 73 7.3 55 38 19 by 45 24 2.9 13
30/21/18 - 4] 27 1.2 17 19 6 34 42 19 1.6 11
Ly 87 6.0 54 53 19 50 62 29 3.0 17
176 92 11.0 61 45 19 50 61 28 4.2 19

(8
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depended on the retarding chemical and its concentration (Tables
13, 14, and 15).

CYCOCEL at 1 ppm increased plant height (Fig. 10),
internodé length, total dry matter and pea yield but did not
affect numbef of peas (Table 13). Chlorophyll a and the
chlorophyll a:b ratio were significantly reduced while chlorophyll
b was not influenced (Table 14). N, P and Mg concentrations were
higher than in control plants (Table 15). Cycocel at 100 ppm
caused a reduction in plant height, internode length and total
dry matter production but did not affect pea yield. The
reduction in total dry weight was largely a result of a decrease
in vine weight. P, Mg and chlorophyll b concentrations were
increased and K decreased by this treatment.

PHOSTON at 1 ppm increased internode length and the
concentration of P but decreased K concentration. 100 ppm
Phosfon caused a marked reduction in plant height, internode
length, vine weight, pea weight and total dry matter, but increased
the concentrations of chlorophylls a and b, and P and Ca.

B-NINE at 1 ppm did not significantly affect growth
and yield or plastid pigment‘contentf N, P and K concentrations
were reduced and Mg increased. B-Nine at 100 ppm increased mean
internode length as well as N and P contents. K was again less
than in control plants.

The total number of peas, carotenoid concentration and
ch;orophyllzcarotenoid ratio were not significantly influenced by
any of the treatments (Tables 13, 14 and 15). The relative

magnitude of treatment effects on mineral composition depended on



Table 13. Effects of Cycocel, Phosfon and B-Nine on growth and yield factors in peas.

Mean

inter- . Vine Total Pea Pea Total

Plant node dry number fresh dry dry
height length weight peas weight weight matter

(cm) (cm) (g) (no) (g) (g) (g)
Control 69.3b* 3.63b b.57ab 28.7a 15.38Db 3.27b 10.30b
Cycocel, 1 ppm 75.5a 4.15a 4.86a 27.8a 20.46a 4.u4b5a 11.34a
Cycocel, 100 ppm 62.8c 3.33c 3.96b 24.8a 13.77b 2.97b 9.17¢
Phosfon, 1 ppm 73.6ab 3.90a 4.49a 27.7a 16.86b 3.38b 10.17b
Phosfon, 100 ppm 38.3d 2.26d 2.9%4¢c 21.0a 9.75¢ 1.95c 6.66d
B-Nine, 1 ppm 69.96b 3.70b 4.1¢ab 26.5a 14.25b 3.15b 9.50b
B-Nine, 100 ppm 71.3ab 3.93a 3.97b 28.3a 14.71b 3.43b - 9.53b

* Each figure is the mean of 12 plants. Figures followed by the same letter within
a particular measurement are not significantly different at P = 0.05 according to
Duncan'’s multiple range test.
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Table 14. Effects of Cycocel, Phosfon and B-Nine on plastid pigment contents of

.pea plants.
mg/g fresh leaf Ratio Ratio
Chloro. Chloro. Total Carote- Chloro. Chloro./

a b Chloro. noids a:b carot.
Control 1.90b* 0.78b 2.68b 0.28a 2.44a 9.6a
Cycocel, 1 ppm 1.67¢ 0.73b 2.40c¢ 0.24a 2.29b 10.0a
Cycocel, 100 ppm 2.00b 0.%0a ~ 2.90ab 0.27a 2.22b 10.7a
Phosfon, 1 ppm 1.79b 0.74Db 2.53b 0.27a 2.42a 9.4a
Phosfon, 100 ppm 2.14a 0.91a 3.05a 0.29a 2.35a 10.5a
B-Nine, 1 ppm 1.89b 0.7éb 2.67b 0.28a 2.42a 9.5a
B-Nine, 100 ppm | 1.88b 0.78b 2.686Db 0.23a 2.42a 11.6a

* FEach figure is the mean of 12 plants. - Figures followed by the same letter within
a particular measurement are not significantly different at P = 0.05 according to
Duncan's multiple range test.
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Table 15. Mineral composition and total contents in pea plants as influenced by two

concentrations of Cycocel, Phosfon and B-Nine.

Mineral composition : Total mineral uptake
(percent of dry matter) _ (mg/plant vine portion)
. N - P K Ca Mg I p K Ca Mg
Control 3.80b* 0.08c L.u4ba 2.94b 0.76Db 174a 3.7b 204a 134a 35ab

Cycocel, 1 ppm L4.05a 0.10c 4.22ab 2.85b 0.7%a 197a 4.Sab 205a 143a 38a

Cycocel, 100 ppm 4.05a 0.13b 2.6kLc 3.07ab 0.80a 160b 5.1a 105¢ 122b 32b

Phosfon, 1l ppm 3.86Db 0.13b 3.59b 2.99b 0.75b 173a 5.8a 16la 134a 3u4b

Phosfon, 100 ppm 3.89b 0.16a 4.35a 3.23a 0.74b 1l4c 4.7ab 128b 95¢ 22c

B-Nine, 1 ppm 3.56c 0.06d 4.07b 2.88Db 0.80a 148b 2.5c 159a 120b 33b

B-Nine, 100 ppm 3.95a 0.11¢ 3.99b 2.90b 0.78ab 157b L4.hab 158a 115b 31b

ofs
-«

Each figure is the mean of 12 plants. TFigures followed by the same letter within a
particular element are not significantly different at P = 0.05 according to Duncan's
multiple range test.
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‘whether they were expressed on a percent of dry matter basis
or expressed on a total uptake per plant (vine portion) basis
(Table 15).

3.6 Effects of Temperature and Applied Phosphorus on Glucose,

Hexose phosphates and Adenosine phosphates  in Pea

Tissues

Glucose and hexose phosphates had absorbance maxima
at about 325 mu, and adenosine phosphates at‘about 260 mu
(Fig. 11). ADP and.ATP did not give peaks as sharp»as those of
glucose and hexose phosphates.

In 5-day old pea radicles, an increase in temperature
from 20 to 25° led to a marked increase in the level of glucose,
had no effect on G-1-P and G-6-P, but decreased F-6-P, F-D-P,
ADP and ATP levels (Table 16). With an increase to 30°, |
glucose remained high while the levels of hexose phosphates
increased, and those of ADP and ATP were virtually unchanged.
Radicle weight increased at 25° but there was no significant
difference between radicles at 20 and 30°.

In leaves and roots of 30-day old plants, there were
significant interactions between temperature and P for the
phosphorylated compounds except G-6-P in the Leaf and ATP in
the root. The simple effects of P at each temperature regime
were therefore determined. |

Applied P -at 44 1b./A increased leaf weight at all

temperature regimes, and increased root weight only at the cool
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absorbance

Fig. 11.

275 306 K 325

Typical absorption spectra of glucose  (glu),
hexose phosphates (HP) and adenosine phosphates
(AP) of 5-day old pea radicles grown at 25°.

1 g of fresh tissue was used.
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Table 16. Effect of temperature on Glucose, Hexose phosphates,
ADP and ATP levels of 65-day old pea radicles. Fresh
weight (F.W.) in g; compounds in uM/g. F.W.

Temp.

°cC F.W. Glu. G-1-P G-6-P F-6-P F-D-P ADP ATP
20 1.86b* - 76b .54b .18b .15b .23b .21la 17a
25 2.21a 150a .U6b .20b .10c .12c .17b .13b
30 1.79b 149a l.6b4a .39%a .18a .40a .15c .13b

Each figure is the mean of 3 replicates. Figures followed

by the same letter within each compound are not significantly
different at P = 0.05 according to Duncan's multiple range
test.
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day/night air temperature of 21/13° (Table 17). P significantly
decreased leaf glucose only at 30/21/18°. Leaf G-1-P decreased
with applied P ét the cool air temperature but not at the warm
air temperature. P decreased G-6-P in the leaf at all
temperature regimes. F-6-P was increased by P at all temperature
regimes except 21/13/18°. F-D-P in the leaf decreased with
applied P at 21/13/18°. At 21/13/10° there was a decrease in!
leaf ADP and an increase in ATP, due to applied P. At 21/13/18°,
however, P had no significant effect on ADP but decreased ATP.

In the root,.applied P significantly decreased the
levels of G-1-P, G-6-P, F-6-P and ATP at 21/13/18°. At
30/21/18°, P increased glucose, G-1-P, G-6-P, F-D-P and ADP but
decreased F-6-P.

3.7 Effects of Cycocel and Phosfon on Glucose, Hexose

phosphates and Adenosine phosphates in 5-day old Pea

Radicles

Cycocel at 1 ppm.incﬁeased the levels of G-1-P and
G-6-P (Tablev18). F-6-P tended to increase with increasing
concentration of Cycocel. F-D-P decreased at 1 ppm, was ﬁot
influenced at 10 and iOO ppm, and increased at 1000 ppm. Cycocel
at all concentratiohs decreased ADP. ATP decreased at 1 and
10 ppm, was not significantly affected at 100 ppm, but increased
at 1000 ppm. Only 1000 ppm Cycocel decreased radicle weight.

Phosfon at up to 100 ppm increased glucose. At 1 and
.10 ppm, Phosfon decreased G-6-P, F-D-P, ADP and ATP, but

increased F-6-P. At 1000 ppm, Phosfon markedly decreased glucose



Table 17. Tissue levels of Glucose, Hexose phosphates, ADP and ATP as influenced
by air and soil temperatures and applled phosphorus. Levels of
compounds in uM/g fresh weight.

Temperature Lbs.

Regime P Fresh
Day/Night/Soil per wt. : ‘
oC acre g Giu. G-1-P G-6-P F-6-P TF-D-P ADF ATP
LEAF
21/13/10 0 5.1b% 47a 1.70a .51a .26b .82a .31la .1llb
_ Ly 11.5a 52a .53b .33b .uBa .70a  .24b .lua
21/13/18 0 5.5b 58a .7la .u43a .26a .66a .27a .lua
yy 17.5a 53a .56b .32b .28a .47b .30a .10b
30/21/10 : 0 4.9b 51a .76a .55a ,38b .40b .33a .1l3a
nu 9.4a S5i4a .65a .33b .48a .53a .32a .lua
30/21/18 0 4y.4b 120a .7la .52a .32b L44b .3la .lhka
by 9.3a ush .60a .33b .51a .55a .26a .lua
ROOT A
21/13/10 0 11.9b 36a .53a .33a .32a .38b .25a .10a
by 16.8a 21b .4Ba .26b .32a .u43a .22a .1l0a
21/13/18 8] 13.5b 17a .47a .u43a .42a .50a .20a .08a
Yy 17.6a lka .30b .25b . 30b .48a .17a .06Db
30/21/10 0 1l.4a 13a .19b .28a  .u8a  .40a .l6a .08a
Ly 12.5a 1l1la .32a .31la .32b .37a .17a .08%a
30/21/18 0 10.5a 11b 47b  .37b .50a .43b .15b .0%a
Ly 10.6a l16a .60a .50a .40b .57a .22a .10a

* Each figure is the mean of 3 replicates. Means followed by the same
letter within a tissue, temperature reglme and compound are not significantly
different at P = 0.05.
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Table 18. Effects of Cycocel and Phosfon on the levels of Glucose, Hexgse
phosphates, ADP and ATP in 5-day old pea radicles. TFresh waight
(F.W.) in g.; compounds in uM/g F.W.

Retardant  ppm  F.¥.  Glu. G-1-P G-6-P F-6-P F-D-P  AD?  ATP
Cycocel 0 1.93a® 60d .53b .21b .0%¢c .09b .19a .12b
1 2.08a 704 .93a  .4%a  .0%c  .07c  .15b  .10c

10 1.98a 97¢  .65b  .24b  .12b  .09b  .125  .1l0c

100 1.86a  123a  .55b  .23b  .31a  .10b  .13b>  .13b

1000 1.19b  110b  .u5¢  .23b  .29a  .15a .13b  .18a

Phosfon 0 1.7ua 71b  .51b  .22b  .lle  .12a .2la .13c
1 1.6la  122a  .50b  .16c  .19a  .09b  .15b  .11b

10 1.62a  118a  .43b  .lke  .14b . .05c  .12c  .10b

100 1.22b  119a  .35¢  .15¢  .15b  .05c  .13c  .11b

1060 0.48c ¥7¢c  1.3la  .35a  .15b  .05¢c  .16b  .20a

ofe
o«

Each figure is the mean of 3 replicates. Figures followed by the same letter
within a growth retardant and variable are not significantly different at P = 0.05
according to Duncan'’s multiple range test.
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but increased the hexose monophosphates and ATP. Radicle weight

decreased at 100 and 1000 ppm Phosfon.



4. DISCUSSION

4.1 Growth Responses to Phosphorus Nutrition

Increased pea yields due to applied P were accompanied
by relative decreases in vine weights, with no relative changes
in pod Weights. Increases in yield thus appeared to have
occurred through the use of photosynthate that would otherwise
have remained in leaves apd/or stem when P was not added to a P-
deficient soil. This may be interprefed as an enhanced trans-
location of photosynthate from the leaves, through the pod to the
pea seed, since the phosphorylation of sugars has been implicated
in translocation (Canny, 1962).

Tﬁere was a deleterious effect of warm air temperature
on growth, which increased with age of plants. Beyond the 10th
node stagé the optimum air temperature for pea plant growth was
indicated to be lower than for preceding stage(s) of growth.

This is consistent with the results of Wang and Bryson (1956),
Went (1957) and Stanfield et al. (1966).

An increase in soil temperature from 10 to 18°
generally increased plant weight at the 3 pre—fruifing growth
stages. These observations are in general agreement with those
of Apple and Butts (1953) for pole beans, Ketcheson (1957) and
Mederski and Jones (1963) for corn, Lingle and Davis (19538) for
tomato, Singh and Mack (1966) for beans, and Mack et al. (196Uu4)
for peas. However, the response to soil temperature was found in
the present studies to also depend on air temperature. FTor

example, although the high soil temperature of 18° increased
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growth compared with the low soil temperature of 10°, the inéreases
were greater at the cool day/night air temperature of 21/13° than
at the warm air temperature of 30/21°.

Applied P did not offset the growth-limiting effects
of warm air temperature or low soil temperature up till about 0
days after planting (full bloom stage). Growth promotion by
applied P was always greater at the high soil temperature,
particularly when the air temperature was warm. This differs
from the results of Mack et al. (1964) for peas, and Apple
and Butts (1953) for pole beans. Mack et al. (1964) found that
the dry weight response of pea:plants to P fertilizer at 70 1b./A
was similar at the soil temperatures tested (13 to 25°). Failure
to detect differences in the magnitude of growth ihcreases by
P at different soil temperatures as reported by Mack et al. (1964)
may have resulted from the native P content of the experimental
soil. They used a soil containing 15 to 25 ppm P while the soil
used in the present experiments contained only 4 ppm P. The
high soil P might have led to decreased response to P fertilizer.
Apple and Butts (1953), however, stated that other factors not
~under their control such as 1light intensity might have affected
their results. The basis of differences in these results and
those of the present studies might therefore be due to several
factors. The bean plant may be more sensitive to low soil
temperature so that P would offset some of the deleterious
effects of cold soil. Increased dry matter due to P is consistent
with the role of P in protein synthesis and growth by cell wall

extension (Marre, 1961).
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At crop maturity the effects of air and soil temperatures
and applied P on plant growth varied with the four tissues (root,
vine, pod and pea seed). Applied P contributed mainly to the
promotion of pea seed yield at all temperature regimes. The
magnitude of such increases in pea yield however depended on both
air and soil temperatures. The greatest increase due to P at the
44 1b./A rate was at the warm air and low soil temperature regime
. of 30/?1/105. Increases in yield due to P at the other three
temperature regimes were practically of the same magnitude. The
air température of 30/21° was supra-optimal and the soil
temperature of 10° was sub-optimal for pea plant growth. At
30/21/10° the great increase might thus have been due to a lack
of adequate utilization of growth factors at other than optimal
air and soil temperature combination. Such deleterious effects
might thus be expected to be minimized by P because of its role
in growth processes.

The greatest vine and pod weight increases due to P
were at the cool air and high soil temperature regime of 21/13/18°
which appeared to have been the nearest optimal regime of those
tested. This suggests that under optimal or close to optimal
conditions applied P contributed more to fhe vine and the pod
than to pea seed because translocation of photosynthate to the
seed was not limiting.

The greatest increase in any tissue weight due to
applied P was in#pea seed at 30/21/10°. This was accompanied by
the smallest increase in root weight. This indicates that there
probably was a reduced translocation of photosynthate to the root

due to a diversion to the pea seed at this temperature regime.
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4.2 Mineral Uptake Responses to Phosphorus Nutrition

In greenhouse-grown plants, applied P led to absolute
increases in N and P in the vine and the pod. There was thus
a synergistic effect of P on N, similar to that reported for
Japanese mint (Singh and Singh, 1968). The vine, and to a
lessér degree the pod, reflected the P status of the plant
better than did the pea seed, in accordance with observations
made by Ulrich and Berry (1961) that different parts of a
plant will reflect the P status of the plant to different
degrees. P had no effect on K, Ca and Mg concentrations but
increased their total contents. The application of P thus led
to a multiple effect on the other plant minerals, such as
was described by Smith and Reuther (1951). Relatively constant
concentrations of K, Ca and Mg apparently were due to a
dilution effect resulting from larger plants since the accumulation
- of dry weight dilutes the minerals (Smith, 1962).

Consideration of age effects are best confined to
between seedling and bloom stages because subsequent pod and
pea development would cause major redistribution of nutrients.
Vine contents at crop maturity are thus not meaningfully
comparable to vine contents at the purely vegetative growth
stages or at the inception of reproductive development.

N, P and K concentrations in the pea plant generally
decreased with physiological age, particularly after the 10th
node stage. Ca and Mg tended to increase with plant age. These

=

results generally agree with those of Bradley and Fleming (1960)
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for vegetables (cucumbers, tomatoes and watermelons). The
results are in partial agreement with those of MacLean and
Byers (1968) who studied the mineral composition of 3 cultivars
of peas, including Dark Skin Perfection, in field experimeﬁts.
They found that P, Ca and lMg remained relatively constant with
aging. This might have been due to the fact that sampling was
done at 2-node intervals and stoppéd at the 12th node stage.
Their results for this cultivar at the 6th and 10th node
stages agree with the results of the present studies.

There were marked increases in the total contents
of all five minerals as a result of P fertilization at all
'temperature regimes. Increased mineral uptake due to applied
P is consistent with suggestions that phosphorylated compounds
may be involved in the processes of ion uptake and transport
(Marre, 1961; Sutcliffe, 1962).

The effect of applied P in increasing the percent
of P in the plant was greater at the high soil temperature,
in contrast to the reports for pole beans (Apple and Butts,
1953), tomato (Locascio and Warren, 1960), and corn (Ketcheson,
1957), that percent P was increased more at the lower soil
tTemperatures.

‘At crop maturity N and P goncentrations were highest
in the pea seed, Ca in the vine, and K and Mg in the root.
This indicates that N and P are mobile, although P has been
found to circulate up and down in the pea plant (Biddulph, 1958).
That K and Mg are immobile was indicated by the finding that

they were more concentrated in the root than in any other tissue.
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High root concentrations were also found by Bowling and

Weatherley (1964) for K in Ricinus communis, and for Mg in

apple (Rogers et al., 1953). Ca appears to be marginal but
could be regarded as being mobile in the pea plant.

The high soil temperature increased N and P concentra-
tions in all tissues except the pea seed. K was decreased in
the root but was not influenced in other tissues. The high
solil temperature also decreased the total contents of other
minerals except P in the root. This shows that at the high
solil temperature more of each mineral was transported out of
the root into shoot tissues. Shtrausberg (1955) similarly
found that cold roots diminished the movement of minerals to
cucumber shoots. The warm air temperature, compared with the
cool air temperature, reduced the magnitude of enhanced mineral
transport by the high soil temperature.

Applied P increased the total contents of each of
the five minerals, particularly in the vine. Increases in the
mineral content of the shoot tissues were accompanied by their
decreases in the root. FTor example N translocated into the
pea seed was 22% of that in the entire plant at 21/13/10°.

This value was increased to 41% with the application bf P at
44 1b./A, which represents almost a 100% increase.

Analyses of plants at crop maturity indicated that
the effects of temperature on the absorption of P were greater
than those on its translocation. In control plants increases in
P absorption due to the high soil temperature were 50 and 150%

at the cool and warm air temperatures respectively while
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increases in translocation were small and not significant. At
the nearest optimal P rate of 44 1b./A high soil temperature
increased P absorption more at the cool than at the warm air
temperature. There was no soil temperature effect on translocation
at the nearest optimal P level becaﬁse P is normally mobile,
and translocation is mainly increased under stress of deficiency.

Increased mineral uptake at the high soil temperature
in the present experiments was not due to a larger root system.
Apple ahd Butts (1953) and Power et al. (1964) attributed the
increase of P in pole beans and barley respectively as a result
of high soil temperature, to greater root weights. In the
present experiments, the high soil temperature tended, in fact,
to decrease root weight. Increased minerél uptake would
therefore be due to increased mineral-absorbing capacity of the
root, which may be a function of metabolism or anatomical
features or both. It was shown to be related to increased
utilization of ATP. This increased capacity of the root for
mineral absorption was also accompanied by an efficient utiliza-
tion of P for growth and yield.

Efficiency of fertilizer P in promoting actual pea
yield was greatest at the cool air temperature but at high
soil temperature (21/13/18°) where pea yield per unit (1b.)
of applied P was 40 mg/plant at the uu4 1b./A rate. At the low
soil temperature (21/13/10°) it was only 21 mg/plant. Also if
efficiency is expressed as 1lb. P required to give 50% of maximum
yield, the conclusion is the same since 18 1b./A would be
required at the high soil temperature while 29 1b./A would be

required at the low soil temperature.
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Increased uptake'of minerals resulting from P applica-
tion is consistent with the role of P in the active uptake of
solutes (Laties, 1959), For prediction of ultimate pea yield,
the following critical levels of minerals in the leaves of
plants ét the 10th node stage were established: N, 4.0;

P, 0.25; X, 2.8; Ca, 2.8: Mg, 0.8 percent_of dry matter. These
are in general agreement with those tentatively established

by MacLean and Byers (1368) for N, P and K in pea leaves of
plants at the 5th to 8th node stages.

4.3 Comparative Growth, Plastid Pigment and Mineral

Responses of the Plant to Foliar Applications of

Cycocel, Phcsfon and B-Nine at Low Concentrations

Cycocel at 1 ppm was found to stimulate growth and
to increase yield, while it decreased chlorophyll concentration
as earlier reported by Adedipe et al. (1968). Furthermore,
Cycocel increased the levels of N, P and Mg but decreased K,
which agrees with Knavel's (1968) results, except that Ca was
not affected in the pea plant as it was in the tomato.

While relatively high concentrations of B-Nine have
been reported to retard the growth of fruit trees (Batjer
et al., 1964: Jaffe and Isenberg, 1965), to increase the amount
of bloom the following spring (Batjer et al., 1964), and to
reducg shoot length of pea plants by about 40% (Sprent, 1967),
data obtained in the present studies show that the low concen-
trations of 1 and 100 ppm were ineffective in altering the

growth pattern of pea plants. Concentrations of N and P were
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found to be increased and K decreased by 100 ppm of B-Nine in
agreement with Knavel'’s (1968) results for tomatoes but in
contrast to the results of Southwick et al. (1968) for apples.
The influence of the retardants on mineral content
depended on the unit of expression of nutrient amounts. For
example, at 100 ppm Cycocel increased the concentration of N by
about 6% when the level was expressed as percent of dry matter.
However, when the level was expressed as total mineral in the
vine there-was a decrease of about 8%. The 6% increase was
thus due to a '"concentration effect' resulting from smaller
plants. Similarly, Phosfon at 100 ppm increased P by 100% when
it was expressed as percent of dry matter, but had much less
effect on total P content of the vinéc The use of both units
of expression thus gives a better indication of net uptake
while it also explains, if only partially, differences in
mineral content of treated plants as compared to untreated plants.
On the bases of pronounced reduction in plant height
and marked increase in chlorophyll concentration, Phosfon
appears to be the most effective growth retardant, thus égreeing
with the reports of Cathey and Stuart (1961), Majumder (1968)
and Moore (1967). At 1 ppm however, Cycocel stimulated growth,
increased yield and the levels of N, P and Mg while Phosfon
at the same concentration did not have a éignificant effect on
yield and increased the level of P only. Since 100 ppm Phosfon
was perhaps too drastic, and 1 ppm had little effect, it may
well be that growth stimulation may occur at less than 1 ppm

or between 1 and 100 ppm.
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It is concluded that B-Nine at a concentration of up
to 100 ppm is ineffective in stimulating pea plant growth.
Cycocel at 1 ppm is the most effective in terms of growth and
yield stimulaiion. Phosfon at 100 ppm is the most effective
in terms of growth retardation but decreases yield. Phosfon
at concentrations lower than 100 ppm, perhaps less than 1 ppm,
may stimulate pea growth and may be, like Cycocel, promising
for use in increasing pea yield without deformative effe_cts°
This possibility should be investigated.

4.4 Phosphorus Metabolism as Influenced by Temperature,

Phosphorus and Growth Retarding Chemicals

The levels of glucose, hexose phosphates, ADP and
ATP in pea tissues varied with temperature, applied P and the
2 growth retarding chemicals (Cycocel and Phosfon). Glucose
and glucose phosphates as well as ADP and ATP were usually
higher in the leaf than in the root of 30-day old plants.
Fructose phosphates were of the same magnitude in both the
leaf and the root. For example, at the air and soil tempera-
ture regime that is nearest-optimum (21/13/18°)} the leaf/root
contents, in aM/g fresh weight were: glucose, 53/14; G-1-P,
.56/.30: G-6-P, .32/.35; F-6~P, .28/.30; F-D~P, .u47/.48;
ADP, .27/.17: and ATP, .10/.06. These levels are within the
ranges given by Marre (1961) for higher plants in general.

Hexose phosphates in 5-day old radicles were usually
lower than in the leaf or root of 30-day old plants, depending

on temperature and applied P level. Glucose content was higher
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in the radicle than in the leaf or root, while ADP and ATP
were about the same. Low concentrations of hexose phosphates
in the radicles may be due to a slower rate of incorporation of
phytin products into these compounds. This interpretation is
supported by the work of Loughman and Russell (1957)
which showed that the incorporation of absorbed P in barley
seedlings into hexose phosphates waé slower than into nucleotides.
The higher levels of phosphorylated compounds in the leaf is
understandably attributable to the additional contribution
resulting from photosynthetic phosphorylation (Whatley and
Losada, 1964).

At 25 and 30°, pea radicles contained twice as much
glucose as at 20°. This could be due to increased activity.
of phosphorylase in the breakdown of seed starch. At 25°,
however, the levels of hexose phosphates decreased sharply
compared with those at 20 and 30°. The accumulation of these
compounds at 30° implies either increased respiratory activity
or an accumulation of glycolytic substrates due to reduced
utilization. On the other hand, decreases in these compounds
at 25° implies either a general decrease in respiratory activity
or a rapid utilization of these glycolytic substrates and
pfoducts along the cycle. ATP decreased by 22% at 25 and 30°
. compared to 20°, probably showing an increased utilization of ATP
for other aspects of cell metabolism and growth. Decreased
levels of hexose phosphates and ATP were accompanied by a 19%
increase in radicle fresh weight at 25°. This shows that

glycolytic activity might have been high, thus leading to a
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rapid turnover of substrates and products in the glycolytic
sequence. This is consistent with the observations of Hatch
and Turner (1959) and Mossberry et al. (1964) that in higher
plants, ATP controls glycolytic and oxidative metabolism.

In the radicles, the greatest change was in F-D-P,
with the temperature of 30° leading to a 74% increase, while
25° led to a 48% decrease. It would therefore seem that the
control of glycolysis is dependent on the level of this
substrate as well as that of ATP, as suggested by Marre (1861).

| In 30-day old plants, the changes in phosphorylated
compounds brought about by air and soil temperatures were
intérdependent. There was a decreased utilization of ATP in
the phosphorylation of glucose, due to the warm air temperature
of 30/21° compared with 21/13°. The availability of glucose
was not the limiting factor because it was twice as high. On
the other hand there was an increased utilization of ATP at the
high soil temperature of 18° than at the low soil temperature o
of 10°, particularly at the cool air temperature. This pattern
of changes was also the case in the root. This therefore
suggests that increased mineral uptake (as earlier reported)
may not be direétly related to carbohydrate contents per se
(Humphries, 1956) but to other compounds involving their
utilization or interconversions, such as the phosphorylated
sugars. The high soil temperatﬁre increased growth probably
because sugars were rapidly and continuously phosphorylated

in kinase reactions, and ATP was also utilized in other plant
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growth processes (Marre, 1§61). The reverse was probably the
case with the warm air temperature which was earlier shown to
decrease total contents of minerals in the pea plant tissues.
Increased mineral uptake at the high soil temperature may
therefore have resulted from energy derived from ATP as suggested
by Sutcliffe (1962).

Applied P generally led to decreases in hexose phosphates
except F-6~P. The greatest of such decreases were at the cool
air and high soil temperature (21/13/18°) which has been shown
" to be the nearest optimal regime for plant growth, leaf growth
and pea yield. At this temperature regime, applied P led to a
decrease in ATP. ATP was thus being utilized more at this
temperature regime than at any othér° This may explain the
large increase in plant growth at this temperature regime,’and
may be related to the suggestion by Power et al. (1964) that
it is péssible for low soil temperature to limit the utilization
of certain metabolites. This limitation is greater at the warm
air temperature of 30/21° than at 21/13°.

The stimulation of pea stem growth by adenine at high
temperature (Galston and Hand, 1949) may therefore represent
a lack of utilization of adenine for phosphoroclastic reactions
involving ATP rather than an absolute .deficiency of adenine at
high temperature. The positive growth response of peas to
sucrose at 23° (Ketellaper and Bonner, 1961) might have
resulted from increased translocation of sugars to the root,
which in ‘the present experiments was shown to be low in glucose

at high temperature.
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Potts and Ormrod (1969) found nb changes in the levels
of oréanic, lipid énd total phosphates when pea plants were
abruptly transferred from 25/15 to 35/25° day/nigh temperatures
and held for-up to 6 days at the higher temperature. They
suggested that their results did not preclude the possibility
that the concentration of compounds within the organic pﬁosphorus
fraction did vary. This was in fact the case in the present
experiments. Changes in phosphorylated compounds' were not
large enough in thé Potts and Ormrod study to be detected by
gross fractionation techniques. Also, the pretreatment of the
plants at 25/15° in their work may have resulted in an equilibra-
tion of the fractions, or that more than 6 days were required
to cause changes after such a relatively favourable pretreatment.
The effect of temperature in influencing phosphorus metabolism
appears to be controlled by glycolytic kinases or phospho—
glucoisomerase or aldolase or all, depending on the type and
age of tissue.

In interpreting the results of studies of the effects
of Cycocel and Phesfon on glucose and phosphorylated compounds
the cross-over theorem af Chance et al. (1958) may be used for
locating the control site(s). In this technique it is necessary
to compare the compounds that show reciprocal trends, that is,
the compound(s) which decreased as the other(s) increased. At
1 ppm Cycocel, G;6~P increased while F-D-P and ATP decreased
(Fig. 12). This indicates that at this concentration of Cycocel,
there was an increased utilization of ATP for the phosphorylation

of sugars (hexoses). Hexokinase activity might thus have been
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Fig. 12. Comparative Rate Effects of Cycocel and Phosfon on P utilization patterns

of 5-day old pea radicles grown at 25°.
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stimulated. A lack of accumulation of F-D-P might have been
due to a possible rapid utilization of F-D-P by aldolase to
forw1trﬂxephosphates,Abut this possibility was not investigated.

Phosfon at concentrations of up to 100 ppm, on the
other hand, decreased G-6-P and F-D-P, while at 1060 ppm it
increased ATP. The general decreases in hexose phosphates was
probably due to a lack of phosphorylation of sﬁgarsrby ATP, |
The supply of glucose was however not the limiting factor. While
Cycocel at 1 ppm may have stimulated hexokinase, Phosfon at the
same concentration may have inhibited it. as reflected by the
level of G-6~P. There is thus a differential concentration
effect of these two growth retarding chemicals. This response
is similar to growth response earlier reported in the present
studies in which Cycocel at 1 ppm was found to stimulate growth
while Phosfon at the séme concentration had no significant
effect on growth.

These responses support Cieland's (1965) view that
the inhibitory effects of growth retarding chemicals are not
necessarily limited to the hormonal level. Tanaka and Tolbert
(1966) found that Cycocel stimualted choline kinase activity
in spinach and pea leaves, but it is not known if other growth
retarding chemicals, for example Phosfon and B-Nine, will also
influence this kinase.

Tuli et al. (1964) showed Ns-benzyladenine to be
an inhibitor of respiratory kinases. Ormrod and Williams (1960)
found that 2,4-D and gibberellic acid caused a striking increase

in acid-soluble organic phosphorus as guickly as 1 minute
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after the treatment of Trifolium hirtum. It is clear that

growth retarding chemicals may influence the endogenous levels
of auxins (Kuraishi and Muir, 1963; Halevy, 1963; Reed et al.,
13965), or gibberellins (Hinneman et al., 1964; Badlev et al.,
1965; Tanaka and Tolbert, 1966); but they may also influence
neither (Cleland, 1965). Auxins and gibberellins on the other
hand depend on products of primary metabolites for thier bio-
synthesis., Brook‘gi_gi, (1967) suggested that alterations in
nucleic acid metabolism by Phosfon could in turn alter a wide
variety of metabolic processes resulting in retarded growth.
Alteration in glycolytic metabolism reported in the present
experiments may be one of such processes. The more primary
effect of growth retarding chemicals may in fact 1lie in
changes in the levels of basic metabolites, such as glycolytic
intermediates brought about by effects on glycolytic kinases,
or indeed of other enzymes. This means that growth retarding
chemicals should be considered more as antimetabolites
(Lockhart, 1962) rather than as antigibberellins.

Alteration in the.levels of basic metabolites may in
turn influence the biosynthesis of growth regulatory substances,
which could in turn modify growth. Ultimate morphological
expression may in fact be controlled by different aspects of
plant metabolism in different species, and with varying concen-
trations of different growth retaridng chemicals.

The dwarfing effects of high air temperature on pea
plant growth were similar to those of relatively high concentrations

of growth retarding chemicals, particularly Phosfon. Also,
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the high temperature of 30° led to similar effects on phosphory-
lated compounds, as those brought about by 1000 ppm Cycocel

and Phosfon. It thus appears that one of the ways by which
high air temperature as well as high concentrétions of growth
retarding chemicals limit plant growth, is the decreased
utilization of ATP in kinase reactions and in growth processes
such as protein synthesis and cell wall extension.

The effects of growth retarding chemicals on respira¥
tory and other kinases, auxins and gibberellins need to be
studied in the same set of experiments to throw light on
which aspect of metabolism is the most primarily influénced.

For uniformity in the nomenclature of plant growth
regulators it 1is suggested that growth retarding chemicals be
called "RETARDINS" in line with other groupsvsuch as auxins,

gibberellins, kinins and morphactins.
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5. SUMMARY AND CONCLUSIONS

In greenhouse and controlled environment experiments,
the influences of temperature, phosphorus nutrition and growth
retarding chemicals on growth and mineral composition of the
pea plant were investigated. The utilization of P under iy
air and soil temperature regimes within the physiolégical range
was also studied. The dwarfing effect of high temperature was
related to that due to relatively high concentrations of growth
retarding chemicals. From the results of the experiments the
following conclusions can be drawn.

(i) P fertilizer applied at rates of up to 352 1lb./A
increased plant growth and yield of peas. Yield increases
resulted from decreases in vine relative to total dry matter,
with no relative effects on pod weight.. Efficiency of P in
promoting pea yield wés highest at the 44 1b./A rate.

(ii) N and P concentrations were highest in the pea
seed, while K, Ca and Mg concentrations were highest in the
vine. The total content of P, in milligrams per plant, was
highest in the pea seed, while those of N, K, Ca and Mg were
highest in the vine. P tended to increase the total contents
of all 5 minerals in all 3 tissues (vine, pod and pea seed).

(iii) Between 6th node and full bloom stages (about
20 and 40 days of growth)7 the warm air temperature of 30/21°
(day/night) depressed vine growth and mineral uptake, compared
with the cool air temperature of 21/13°. Depressions of
growth and mineral uptake by the warm air temperature were

greater at the high soil temperature of 18° than at 10°.
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(iv) The high soil temperature increased vine weight
and mineral uptake as compared to the low soil temperature.
Increases in growth and mineral uptake'were greater at the cool‘
than at the warm air temperature.

(v) Increases in mineral concentrations at the warm
air temperature were largely due to "concentration effects”
resulting from smaller plants. Increases due to the high
soll temperature were absolute because they occurred regardléss
of plant size. -

(vi) The greatest increase in growth resulting from
added P was at the cool air and high soil temperature regime
of 21/13/18°., Increase in P rate beyond the u4 1b./A tended to
decrease growth compared with that at the u4u 1b./A rate.

(vii) Applied P did not offset the growth-limiting
effects of either warm air or low soil temperature at the 6th
and 10th node stages. At full bloom and at estimated marketable
crop maturity, however, P became more limiting, and its appli-
cation offset the deleterious effects of warm air and cold soil.

(viii) Increase in mineral uptake at the high soil
temperature was not due to increased root growth, but was a
result of increased metabolic activity of the root leading to
increased capacity for mineral absorption. The effect of soil
temperature on total absorption of P was greater than on trans-

location into the pea seed.
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(ix) Of the 3 growth retarding chemicals investigated,
Cycocel at 1 ppm was the most effective in terms of growth and
yield stimulation. Phosfon at 100 ppm was the most effective
in terms of growth retardation, but markedly decreased yield.
B-Nine at concentrations of up to 100 ppm was ineffective in
altering plant growth pattern. Cycocel and Phosfon applied at
low concentrations appear to be promising for use in increasing
pea yield without deformative effects. Effects of the growth
retardants on mineral uptake largely feflected plant size
differences, and were not absolute increases or decreases.

(x) The effects of relatively high concentrations
of Cyéocel and Phosfon were similar to those of high air tempera-
ture with respect to dwarfing of plants and changes in the levels
of glucose, hexose phosphates, ADP and ATP. It appears that
one of the ways by which high concentrations of growth retarding
chemicals as well as high temperature depress plant growth is
the decreased utilization of ATP in kinase reactions and growth
processes.

(xi) The greater mineral uptake and translocation
at the high soil temperature Qas due not to increase in glucose
per se, but to decrease in its phosphofylation by ATP, and its
interconversions to other hexose pheosphates.

(xii) The most satisfactory or nearest-optimum air
and soil temperature'regime for plant growth and mineral uptake

was the 21/13/18° day/night/soil temperatures.
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(xiii) 1In soils that are cold in early spring, P
may be used to give the seedlings a vigorous "start" and to
compensate for loss in yield that might have resulted if the
summer became warm.

(xiv) For prediction of ultimate pea yield, the
following critical levels of minerals in the leaves of plants
at the 10th node stage were established: N, 4.0; P, 0.25;

K, 2.8; Ca, 2.8; Mg, 0.8 percent of dry matter.

(xv) For uniformity in the nomenéiature of plant
growth regulators it is suggested that growth retarding
chemicals be called "RETARDINS" in line with other groups such

as auxins, gibberellins, kinins and morphactins.
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