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ABSTRACT
A Study of Foliar Absorption of Urea in Peach and
Apple Trees as Influenced by Plant and

Environmental Factors

of Philosophy

Ataollah Yazdaniha,

Utah State University, 1969

Major Profes David R. W
a nt: Plant Science

Studies were conducted under greenhouse conditions to investigate
the relative efficiency of urea absorption by 1-month-old peach and apple
leaves. A 4 percent solution of urea containing .1 percent Colloidal X-77

in the form of a fine spray. To aid in this pro-

was applied to

microsprayer with a 1 milliliter capacity was de-

cedure, an impr

+
of the sprayer was - 1 percent.

veloped.

onditions, the upper and lower surface of peach

Under greenhouse

absorbed urea. More urea was absorbed through the

and apple leav
lower than the upper surface. Peach lower surface absorbed nearly as
much as apples after 48 hours. In another experiment using a controlled

of temperature, humidity and

environmental growtt

14 i
orption of 1 percent C urea solution

ves were studied. Uptake was again much greater




from the lower surface of the leaves as compared to the upper surface.
Low relative humidity (25 percent) reduced absorption substantially. High
temperature (24 centigrade) under low humidity (25 percent) decreased ab-
sorption. Uptake was increased substantially with the high temperature
(24 centigrade) and relative humidity (85 percent). Peach leaves were
more sensitive to temperature than apple, in regard to the amount of ab-
sorption that occurred. In peach, a 5to 10 fold decrease in absorption
was observed when the temperature was lowered from 24 to 10 centigrade.
Surfactant increased absorption through the lower surface within a short
period after application but decreased it afterwards. Urea absorption
through 45-day-old leaves at 85 percent relative humidity and 24 centi-
grade indicated that within 48 hours over 90 percent of the urea applied

to lower surfaces was absorbed by both species of leaves.

A cuticular permeability experiment indicated that upper cuticles
from both species of leaves were permeable to urea. It seemed that
permeability of peach cuticle increased with time at the higher temper-
ature. After 48 hours, the amount of urea, which penetrated through the
peach cuticle at 24 centigrade, was 2.7 fold as much as at 10 centigrade.

Urea absorption within 1 hour and translocation after 4 hours were
observed under favorable conditions (24 centigrade and 85 percent relative
humidity) . Radioautograms of 14C urea treated apple and peach leaves
indicated that the 14(3 urea and/or its metabolites had been translocated

within a large portion of the leaf within 8 hours after application.




Stud ie

s were also performed or

)autography and histochemistr

leaf sectio

absorption of radioactive urea occurred on the epidermal hairs of apple

leaves. Urea entry occurred in both apple and peach leaves as evi-

the leaf tissue. Maicro-

scopic observations of freshly ¢ s of both apple and peach

demonstrated a relatively high amount of pectinaceous substances be-

the cell walls and especially the bundle sheath and bundle-sheath

twee

sion cells.

ectinaceous substances were presen

cuticle than in peach cuticle.

(137 pages)




NTRODUCTION

Nutrients have been applied to the foliage of plants for many
years. Iron, zinc, copper, boron, manganese, molybdenum, phosphorus,
potassium, sulfur, nitrogen, calcium and magnesium have been applied
as foliar sprays. Some forms of these nutrients, however, are of limited
value commercially because of their burning effects, low absorption
rates or physiological effects associated with translocation and assimila-
tion into the plant other than at the site applied. It has been reported
that environmental conditions, e.g. temperature, light, relative humidity
and water tension affect absorption rates., The absorption rate of some
nutrients may vary when applied in conjunction with other nutrients or at
different pH's.

Foliar application of urea has been successful with many species of
plants. Prior to the last decade, extensive investigations were performed
pertaining to foliar sprays of urea on apple trees, especially with the
Mclntosh variety. Commercial applications have been fairly common with
apple trees. Some studies, however, have indicated that urea absorption
by peach foliage is rather limited and does not provide a significant
nitrogen response. It has been suggested that there may be inefficient
utilization of urea by peach leaves as a result of a possible lack of the
enzyme urease. This possibility, however, has been studied and the

urease activity in some cases was even greater in peach than in apple




ion with this, (l’ 1 urea was reported as
being incorporated into the various amino acids in peach, as well as
apple leaves, when applied through the petioles of excised leaves.
Studies on the foliar absorption of urea, in peach leaves, particularly in
comparison with apple leaves have not been done. Material and struc-
tural differences of the cuticle and epidermal cell walls of peach and
apple leaves may be contributing factors accounting for the difference

in foliar absorption.

Many reports have indicated that stomatal differences in plants
may not be an important factor in foliar absorption, since intemal suberi-
zation would prevent water soluble substances from entering freely.
Recent studies by German workers, however, have demonstrated that
spray materials penetrate into the foliage through ectodesmata in the
guard cells and not through the stomatal openings. Conical hairs as well
as anticlinal walls of epidermal cells contain a number of ectodesmata,
functioning as pathways of entry. Apple leaves contain a large number
of epidermal hairs which are relatively wettable; however, peach leaves
lack hairs.

Several techniques including microscopic, radioautography and
cuticular permeability tests may help in studying some of the problems of
foliar absorption. More information on the low absorption rate of urea in
peaches as compared with apples may lead one to find blocked pathways

which prevent penetration. This investigation, therefore, seemed




rtant, ce foliar sprays of nutrients are bec and more

pular.

Objectiv

1. Compare the absorption rates of urea in apple and peach leaves
under similar greenhouse conditions.

relative humidity and

2. Determin
surfactant have on the uptake of 1"(,'7 urea by apple and peach leaves.

3. Determine urea translocation rates using radioautography of the
14,

C urea-treated leaves.

4. Make cuticular permeability comparisons under different tem-
perature conditions.

5. Determine the movement patterns of MC labeled urea in the leaf
tissue using a microradioautographic technique.

6. Determine the location and extent of cutin and pectinaceous
substances in leaves and search for possible differences in the two
species.

The above studies were performed in an attempt to understand more
about some of the plant and environmental conditions which may influence

differential response to foliar sprays of urea applied to apple and peach

leaves.




This review is concerned primarily with literature pertaining to

foliar applications of urea on plants in general but with special emphasis

on apple and peach trees. Some of the plant and environmental factors

affecting foliar absorption and the methods of investigating these prob-

lems will be reviewed and discusse Numerous papers are available

for both specific and general information on the subject, though only the
main areas concerned with this study are reviewed in this report. For a
general review of foliar absorption, the reader is referred to Boynton

(1954), Franke (1967), Wittwer (1957) and Wittwer and Teubner (1959).

Foliar Applications of Urea and the Plant Response

Nitrogen fertilization through foliar application was first reported
by Hamilton, Palmiter and Anderson (1943). A variety of nitrogen carriers
such as urea and sodium and potassium nitrate were used on apple foliage.
Urea foliar sprays of 5 pounds per 100 gallons of water induced higher
chlorophyll and nitrogen contents in the treated leaves than in the un-
treated foliage. No apparent leaf injury was observed with urea sprays.
Sprays in the early part of the season had a rather short-term effect,
resulting in leaf nitrogen becoming low in late summer which was de-
sirous for good fruit color.

Fisher, Boynton and Skodvin (1948) studied the effects of several




foliar and soil-applied urea treatments on the chlorophyll content
leaves and some of the fruit characteristics of McIntosh apples. Either
soil or foliar urea treatments increased the chlorophyll content of the
leaves but reduced the fruit color. The authors suggested that the yield
and fruit quality depends on the number, dosage and timing of the urea
spray. Fisher and Cook (1950) reported that three sprays of urea (calyx,
first and second cover; a total of 2.4 pounds of urea per tree) increased
the yield as much as did 6 pounds of urea applied per tree through the
soil. With three spray treatments, the size of the fruits were similar to
those which resulted from a soil application of the same poundage. In
the following year, those trees which received the three-spray treatment
had a reduced bloom but a higher percent of fruit set as compared with the
trees treated with the same amounts of urea by soil.

Fisher (1952) suggested the following three principles: (a) apple
trees receiving urea sprays yield at least as good as those obtaining their
nitrogen from the soil. (b) Within the time period of pre-blossom to the
second cover spray, the later sprays had more effect in increasing the
nitrogen content. (c) Although the effects of sprays are better or at least
as good as the soil applications, they are more temporary.

Rodney (1952) experimented with 1-year-old Richared apple trees
to determine the amount of urea absorbed by the foliage. He covered the
plant growing medium in order to prevent spray from dripping on the roots;
then he determined the nitrogen content of leaves after a period of time.

The leaves of sprayed trees showed an increase in nitrogen content as




compared with untreated trees. He observed t upper (stomata
free) and lower surfaces absorbed the solute. From this, he concluded
that the spray materials penetrated the upper cuticle.

Cook and Boynton (1952) studied a number of factors which affected
the absorption of urea by MclIntosh apple foliage under greenhouse con-
ditions. Using a spray and washing technique, they found that the upper
surfaces of the leaves absorbed much less than the lower ones. The
lower/upper absorption ratio was 10.5 after 2 hours but decreased to
1.7 in 72 hours. Within a pH range of 5.6 to 8.0, it was noticed that the
addition of a phosphate buffer to the solution caused a change in absorp-
tion. The direct or indirect effect of the buffer is not known. The sur-
factants Tween 80 and Tween 20 at a .1 percent to .01 percent level
generally increased absorption. An increase of temperature from 70 to
90 F decreased urea uptake. The authors interpreted this reduction as
being due to the increased vapor pressure gradient between the spray
droplets and the atmosphere.

Weinberger, Prince and Havis (1949) were the first to report the
application of urea solutions on peach foliage. The experiments were
performed at Fort Valley, Georgia, and Beltsville, Maryland. Spray
solutions ranging up to 10 pounds of urea per 100 gallons of water were
used. Leaf analyses indicated that no significant amounts of nitrogen
were absorbed by the leaves. The sprays were made in early to mid
spring, and they were repeated three times. Limited tests with 25 and

50 pounds per 100 gallons caused no leaf color changes (greening), but




did cause some leaf injury. Contrary to these findings, Walker (1952,
working under Utah conditions, found that two sprays of urea (1 pound
and 1 1/2 pounds urea applied at each application per tree) at a con-
centration of 20 pounds per 100 gallons increased the nitrogen content of
Elberta peach fruit flesh and leaves significantly. These trees were
fertilized each year, and a nitrogen deficiency was not apparent at the
time of spraying.

In Wenatchee, Washington, Bullock, Benson and Tsai (1952) re-
ported that three sprays of 5 pounds per 100 gallons of Nu Green (urea),
without a wetting agent, did not increase the percentage of nitrogen in
leaves. In another experiment under greenhouse conditions, urea sprays
increased the nitrogen levels of the foliage significantly. The authors
concluded that peaches were able to absorb urea at 15 pounds per
100 gallons but that they did not receive a nitrogen effect when lower
concentrations were applied.

Experiments involving foliar absorption of urea by 1-year-old
Elberta peach trees during both the dormant and active seasons were
performed by Eckert and Childers (1954). They observed that even with
100 pounds of urea per 100 gallons of water no significant differences in
the nitrogen level occurred when the trees were sprayed during their
dormant season. Trees sprayed with 10 to 20 pounds of urea per
100 gallons in combination with 6 pounds of sulfur bentonate and
6 pounds of lime had a significantly higher nitrogen level than unsprayed
trees. Leaf samples were collected July 12, at which time the trees had

received four urea foliar sprays.




It has been the general opinion of research workers that peach
trees are unable to utilize urea efficiently; therefore, commercial appli-
cations have not been recommended. Studies by Harley et al. as quoted
by Dilley (1960) indicated that absorption of urea by peach leaves as
measured by a standard washing technique (quantity sprayed minus the
quantity recovered equals the amount absorbed) was in some instances
higher than in apples. Other experiments by Harley et al. showed that
growth responses to foliar sprays of urea were apparent with apple but
not with peach seedlings. This paradox was explained by the possibility
that peach foliage did not absorb urea, but that it remained on the cuticle
as an insoluble compound. Dilley suggested that benzaldehyde which
has been reported as present in the cuticle of Prunus armeniaca may also
be present in peach cuticle, causing precipitation of urea after it is
applied.

Walker (1955) and Walker and Fisher (1955) studied the effects of
urea sprays on three sour cherry orchards in Western New York. Data ob-
tained from three year's work suggested that the nitrogen treatment did not
increase the foliar content of nitrogen enough to be statistically signifi-
cant, but the sprays tended to increase terminal growth and fruit size
and decrease the soluble solids content of the fruit. They reported that
a biuret impurity in urea was associated with injury on the foliage.

Another plant which efficiently absorbs and translocates urea and

15

its metabolites is tobacco. Volk and McAuliffe (1954), using "“N labeled

urea sprays, observed that within 24 hours all nitrogen that was applied




c
had been absorbed. Within a 6-hour period, ! ’N nitrogen was detected

t of the plant. It was also noted that absorption was 3 to 10

han during daytime and three times greater in the

5
o
0
3
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_)

gested that the internal change

within the plant during the night may play an important role in absorption.

Coffee, cacao and banana leaves have been reported to absorb urea

s, all urea applied virtually

C1E

In regards to absorption r
entered the leaf tissues in less than 24 hours for coffee and cacao and
less than 30 hours for banana. The amino acids in the leaf tissues in-
creased following urea applications, but it has not been verified whether

the increase came from the urea or from hydrolysis of protein in the

plant (Cain, 1956).

Factors Affecting Absorption and Translocation

Environmental factors

Temperature, light and humidity are reviewed together since they
are interrelated, and many researchers have not separated one from the
other. Light and temperature have profound effects on the life processes
of the plant, while atmospheric humidity may become influencial if the
plant is under water stress conditions.

Variations in absorption rates of urea during day and night periods
as reported by Volk and McAuliffe (1954) most likely resulted from inter-
action effects of light, humidity and temperature rather than as a single

factor. The authors explained these findings as follows: (a) the relative




may have

sol neability of the cutic
ght also have been changed, as the temperature varied from 70 F during
night to a m of ) day. Similarly, the relative

humidity changed from 72 percent during the night to a minimum of

and darkness on some of the plant constituents. Organic acids may have

enhanced urea metabolism.

accumulated during the night and, as a

curred

Foliar der such conditions might have
rapidly.
o 14 4t ; 14 . ;
Observations on streptomycin C and DL-leucine-" "C absorption

by the lower surface of Jonathan apple leaves indicated that the entry of

leaf is dependent on temperature and light

(Kamimura and Goodman, 1964). In these studies, the relative humidity

kept at a high level and the chemicals, which were applied, were

ept in solution throughout the course of the study. Applications of
5 ml were applied using a glass tube sealed to the leaf between the
veinlets. Results were based on the radioactivity count from the leaf

discs removed from the leaf where the treatment was made.

[1lum 528 ft-c for 24 hours during the uptake period

increased absorption of leucine five times and streptomycin 2 fold
as compared to controls. Both light intensity and quality affected the

ost effective light colors increasing absorption were blue

uptake.




ind red [t was concluded that

nic compounds is

in part mediated by photosynthetic and respiratio

ounds

high energy co

1, 1964).

of foliar ab

on of phosphate and rubidium in bean

1 £

leaves were studied by Jyung and Wittwer (1964) using leaf-emersion and

ng techniques. Using the temperatures of 5 to 25 C, a temper-

nt of 1.82 and 1.55 for absorption of phosphate and Rb,
re

respectively, was observed. Increased light intensity promoted mineral

uptake. The light saturation occurred at 320 ft-c for rubidium, while

tensities up to 1400 ft-c did not cause saturation (no response to light
beyond this light intensity) for phosphate uptake. Decreased uptake by
metabolic inhibitors such as 2, 4-dinitrophenol (DNP) and chloramphenicol
as compared to controls, accumulation against a concentration gradient,
and light and temperature dependency suggest that absorption is an ac-

tive process, the authors concluded.

According to Cook and Boynton (1952), a pretreatment of darkness

f

half hour to 6 days did not affect absorption of urea by

or a period of or
apple leaves. Contrary to these findings, the uptake of ”UC‘O by bean and
cucumber plants was enhanced by light and higher temperatures (Gustofson,
1956). The uptake was measured at two different temperature ranges, 70
to 76 F and 87 to 100 F.

Spray timing affected uptake of magnesium by apple leaves. Foliar

applications 1 hour before dark had a greater magnesium effect than

when applied at other times of the day (Oland and Opland, 1956). An




> leaf for a longer

d of time, thus increasing absorption. However, another possibility

that internal changes (due to the lack of light and reduced temperature)
may have favored increased absorption.
Thorne (1958) studied phosphorus uptake by bean leaves under a

riety of external conditions. He reported that phosphorus uptake was

inversely relat to the drying rate of the solution. The addition of

glycerine to the spray solution decreased the drying rate, and increased

orption in his studies.

It is interesting to encounter new theories about the properties of
water at various temperatures, and the possible influence water has on
biological activities and permeability of the membranes. In an article
"The Puzzle of Water, " Drost-Hansen (1966) explained that the properties

of water changed according to the temperature, but not linearly as the

temperature was increased. As an example, instead of having a more or
less straight line relationship with temperature, the viscosity change of
water consistently showed "kinks" or inflection points. Within the range
of 0 to 100 C, anomalies appeared approximately at 15, 30, 45 and 60 C.
This is believed due to a transition in the structure of water at these

nts, there causing abrupt changes in the properties of water.

Although several theories are available for the structure of complex water
(H20)n, no theory gives enough information about the fundamental struc-

ture and explains the many varied and peculiar properties of this fluid.




Other articles by Drost-Hansen (1965a, 1965b and 1967) provided
more information about the subject. In this review, some selected parts
are as follows:

We believe it is safe to insist that the observed anomalies
temperature and concentration dependencies of the surface and
interfacial tension of water and aqueous solutions are real;
likewise that the surface tension of pure water is a very com-
plicated function of temperature. . . . The addition of salts
lead to marked anomalies in the surface potentials at more or
less discrete concentrations. . . . The essential elements of
the surface structure of water are probably clusters or "cages"
which may serve as sites for solutes and possess individual
stability and discreteness. The size of the units involved are
probably similar to those postulated by many authors as occur-
ring in bulk water--the order of 20 to 200 molecules per cluster.
(Drost-Hansen, 1965b, p. 18-37)

¢

Experiments concerning the effect of temperature on diffusion rates
of salts through simple membranes as well as variations of potential
energy across biological membranes are discussed and interpreted by
Drost-Hansen and Thorhaug (1967).

Diffusion of sodium and potassium chloride across a thin layer of a
1-butanol membrane separated by two aqueous phases showed an abrupt
change between 30 to 39 C. Within this range of temperature, the rate of
diffusion did not increase while it did from 17 to 30 C and 30 to 45 C.

In other studies, multilayer membranes of barium stearate demonstrated
the same trend in respect to electrical conductance of the membrane.

Studies on the natural membranes of alga Valonia macrophysa and

Valonia utricularis revealed that the potential difference across the mem-

brane was almost constant between 15 to 30 C regardless of temperature

changes. An abrupt increase occurred at 30 C in both species, while at




Lowe

>ccurred in V. utricularis.

otive force

sharp peak in electrc

around 10 C in the other species.

It is suggested that these changes observed in artificial and living
cell membranes are most probably associated with water phase transi-

tions. According to the studies mentioned above, one may speculate that

arrangement of water phase molecules as well as the amount of water

within a membrane of a living organism may manifest a great influence on
solution penetration at critical phase transition temperatures.

Regarding temperature effects on cuticular permeability, still a
great gap is present in our knowledge about the water status, degree of
hydration or hydration sites of this polylayer structure. It could be as-
sumed that the water movement paths in various cuticles are different in
size; therefore, the temperatures at critical points do not influence pene-
tration of solutions equally. In this respect, it may be expected that the
temperature would not influence diffusion through the cuticle with large
size water paths, while great anomalies may occur in those with small

entry avenues.

Spray solution characteristics

Addition of surfactants to the spray solution may greatly influence
penetration. These compounds may affect ionization of nutrients, alter
cuticular permeability and help the spreading or sticking of the spray

solution on the foliage. In general, it would be expected that with the




and spray so-

outlined five

lingman

on uncertain.
nportant effects of wetting agents, as follows:
(a) They cause a uniform spreading of the solution over the foliage.

(b) They cause better sticking and decrease bounce-off and run-off

Spray s

(c) They increase intimate contact with the leaf surface, epidermal
hairs, etc.

(d) They may solubilize non-polar plant materials available in the
cuticle and lipoidal cell walls, therefore enchance absorption.

(e) Finally, they may have harmful effects, such as protein precip-
itation, inactivation of enzymes and suppression of some biological ac-
tivities.

Klingman described surfactants as chemicals having a hydrophilic

group on one side and a lipophilic group on the other side of the molecule.

cules would orient themselves at the interfaces.

Because of this, the mo
Orientation properties of these molecules between water and lipoidic sub-
stances cause better spreading and sticking and facilitate emulsification.

Surfactants are commonly classified into four groups: anionic,

cationic, non-ionic and ampholytic. Ampholytic surfactants are com-

pounds having the properties of becoming cationic in acidic medium and

anionic in alkaline solutions. The non-ionic surfactants have a rather

These compounds are expected

de application in biological systems.
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>ss less biological side effects

to be rather chemically inert, hence p«
(Parr and Norman, 1965).

ure of non-ionic and ionic surfactants are often used. De-

velopment of full surface active properties of ionic surfactants depends on
the extent of ionization. The degree of ionization controls overall be-

ior of the che

cal mixture and often becomes an important factor in
spray effectiveness. In non-ionic surfactants, however, the lipophilic
and hydrophilic balance in a single molecule controls the character of a
surfactant. The ratio of the strength of hydrophilic to lipophilic is com-
monly called HLB or hydrophilic/lipophilic balance. Low HLB surfactants
promote water in oil emulsions, while those with a high HLB facilitate oil
in water emulsions (Behrens, 1964).

Phosphorus penetration into apple foliage was enhanced by addition
of Triton X100 but opposite effects were observed using magnesium with
this surfactant (Fisher and Walker, 1955). The authors reported that only
a small quantity of surfactant was needed for a satisfactory spread over
the leaf surface. High concentrations of surfactant were found undesir-
able because of increasing run-off of the spray solution. Observations by

32}3 solutions showed that

Swanson and Whitney (1953) using Tween 80 in

this surfactant decreased foliar absorption of phosphorus by bean plants.

Measurements were based on the translocated amounts. Similarly,

Teubner et al. (1957) used a number of surfactants to evaluate their in-
32

fluence on foliar absorption of H3 PO4 by bean plants. They reported

that all of the tested compounds with the exception of B-1956 and Sterox AJ]




> additives tested were at concentrations of .01,

.1 and 1 percent. Only .01 percent Sterox A] enhanced absorption. Ad-

s reduced significantly by addition

herance of phosphates to the leaves
of surfactants. In another report, Koontz and Biddulph (1957) studied the
effects of some anionic, cationic and non-ionic surfactants on phosphorus
foliar absorption. They indicated that none of the compounds tested were

on, but that Vatsol OTB and Tergitol 7 suppressed

Studies by Cook and Boynton (1952) revealed that both Tween 80 at
.1 percent and Tween 20 at .01 percent increased absorption of urea
through the lower surface of apple leaves three and two times, respectively,
compared with absorption of urea solutions not containing surfactants.
The main effect of these surfactants is assumed to be due to the reduction

of surface tension. The addition of a wetting agent decreased surface

n about 45 percent.

Many surfactants show their maximum effects pertaining to reduction
of interfacial tensions at concentrations of .01 and .1 percent. With the
addition of more surfactant, there is very little, if any, change in effec-
tiveness. The point of maximum efficiency is termed the critical micellar
concentration. At higher strengths, colloidal micells form which are not
active. Most organic substances modify the energy relationship of the
solvent; surfactants, however, do this in extreme fashion. In addition to
changes in free energy, surfactants also modify the electrical potential of

the two phases (Jansen, Gentneer and Shaw, 1961).




Studies by Cook and Boyntc

Ising a buffer

”n

apple leaves was affected by the of the spray solutior

system, by mixing NaZHPO4 and KHZP().l in varying proportions, they ob-
served increased uptake at pH 5.6, as compared with pH 8. In five ex-
periments, comparisons were made between different pH values of 5.6 vs
8, 5.6 vs 7.2, 7.2 vs 8 and 5.4 vs 6.6 vs 7.3 vs 8. Absorption was at

ximum when the spray solutions were acidic, intermediate at basic

pH 8 and minimum at basic pH values of 7.2 and 7.3.

Different buffer systems were used by Volk and McAuliffe (1954) to
study the effect of the hydrogen ion concentration on the absorption of
urea by tobacco leaves. Potassium dihydrogen phosphate-sodium
hydroxide buffer was used for pH values of 6, 7 and 8. Minimum ab-

sorption occurred at 6 and a maximum at 8. In the same experiment,

sodium hydr« le-potassium acid phosphate and sodium hydroxide-boric
acid buffers were used with pH values of 5 and 9, respectively.

Swanson and Whitney (1953) demonstrated that phosphate uptake was

increased as the pH decreased. A negligible amount was absorbed at

pH 7. Teubner et al. (1957) also observed that absorption of phosphate
was highest at pH 2 to 3. At a pH below 3, necrotic spots occurred with
the treatment. This was not evident at higher pH values. Further work
by Teubner et al. showed that the effect of the hydrogen ion concentration
varied considerably, depending upon the accompanying cations. Double
peaks for absorption of some phosphates were observed when the pH of

the spray solutions varied from 2 to 7. Ammonium phosphate and sodium
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nized (as when in an acidic solution).

i experiments to determine the

Orgell a

effects of hydrogen ion concentrations as well as those of other cations

and anions in buffer systems used for 2,4-D foliar applications. A re-

sponse to 2,4-D was observed with alkaline solutions containing ammonium

thanolammo
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e. These cations were surprisingly more

An interaction I Tween 20 and the ammonium phosphate buffer

was observed at pH 8.5 and when surfactant concentrations were higher

than .01 percent. This was not evident with other buffer systems. It

ude that although some properties of many chemi-

ion concentration, the

lubility) are affected by the |

a particular buffer system may also influence cuticular

erties and subsequent biological activities which eventually will




5 associated with

Cuticle, The cuticle is a relatively impermeable layer over the leaf
surface, composed of fatty substances and waxes, pectins, cellulose and
! b

The ¢

and pectins are hy phylic components of the

a role in age of water-soluble substances

through the cuticular layer.
Scott, Schroeder and Franklin (1948) studied the internal suberiza-

tion of the leaf by using the IIr(I—HZS(‘\4 test. Tissues stained with IKI,

which contained small amounts of suberin, swelled and gradually tumed

blue when irrigated with HySOy4. In highly suberized tissues, they re-

mained brown and swelling did not occur. In young leaves, suberin

ared as a film in the intercellular spaces, but completely im-

pregnated the middle lamella in the mature leaves of some plants.
Increasing hardiness of the leaves, as they mature, is related in
part to their thickness and in part to the internal suberization. The age,
the habit and the habitat of the plant also determines the extent of the
internal suberization of leaves. Therefore, it is expected that in all
young leaves and mature leaves of hydrophytes and some shade
mesophytes, the degree of suberization will be limited. On the other
hand, the leaves of zerophytes and certain mesophytes may be highly

suberized (Scott, 1950).
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by an increased production of lipoidal materials which made up the

f wa 11 hesized at higher tem

stre nar ff tin devel t Tree

alme d its leaf cuticle water stress.
Th r f cutin of a L. have

and identified by Crisp (1965). Half of the cutin

9, 10, 18-trihydroxyoctanoic acid, while the

rest were composed of 17 identified hydroxy acids ranging in a chain

length from tridecs ¢ to octadecanoic. The linkages representing the

d ether, with a

types of bonding

ratio of violet light irradiation enhanced formation of

cutin.

e structure involving cytochemistry, polarizing

microscopy and ctron microscopy techniques were performed by Sitte

and Pennier (1963). The thickening of the cuticular layer was due to the

tin and wax between layers that had been deposited

interposition ol

the cuticular layers

arlier. It was
were very small except in the inner layer which had a considerable amount

llulose was

which did not c«

1 no case did they find any microscopically




table pore rer the cuticle, although cuticular transpiration anc

d by Mueller,

Carr and Loomis (1954). The waxes were observed in various patterns of

shape. Differences

in phys-

are evidenced by the patterns of wax deposits on the leaf surface. The

causi P irregularities are not co nt, and pattern vari-
may e ccu 1 single leaf > waxes are g rally
din a than a uniform covering. Accord-

ing to Mueller, Carr and Loomis, surface waxes may not play an important

of surfactant causes the ay solu-

stigated the sites of wax ex-

s of plant. They observed that the

are not protruded from channels through the cuticle, but they are

deposited from the margins of outer epidermal cell walls. The surface

cell growth and leaf ex-

filtration in leaves may occur during

later stages of growth and generally becomes a factor of more importance

possibly a

to the




icle (between ad-

o

owed that

nzymatically isolated cuticles of old heavily-cutinized leaves usually
gave a positive reaction to the cellulose test. They interpreted these
ybservations as being that subcuticular wax deposits gradually impregnated

f the epidermal cell wall remains with the

S

ana m

Wax accumulation on the older leaves when ex-

pansion stops is mainly subcuticular. Penetration properties of cuticle

Permeability of the cuticle of

chan

helix to water was increased with leaf age, but permeability to

2, 4-D was decreased 50 times.
Epidermal hairs. Epidermal hairs may partially prevent nutrient
entry into the leaf if a spray does not have enough surfactant to wet the

leaf surface; on the other hand, it may be beneficial and enhance spray

surface is thoroughly wet. Epidermal hairs could

tration when t

cause more spray retention and also function as one of the absorptive
sites. Franke (1961) demonstrated that at the basal part of epidermal
hairs a large number of structures described as ectodesmata are present.
Crystal-like bodies of water-soluble spray material were localized below

ant in large numbers in guard

the structure. Ectodesmata also were pres

of the anticlinal walls of epidermal cells.

cells and in some are

nata has been formerly reported by other

German workers, but was studied in more detail by Schenpf (1959).




Schenpf studied a number of fixing and staining methods and found that

1 solution and staining

¢ing with Gil:

in was one of the

better me

trat
strati

in environmental

or

and plant conditions, such as wilting, exposure to pois s as ether and

KCN, high concentration of CO,, and the application of IAA and histidine,

>tc., may break, de ntegrate ectodesmata. The

ersible.

More recent studies concerning the function of ectodesmata in re-
lation to the entry of tobacco mosaic virus into the leaf tissues were

rmed by E

‘ulated the leaves of Nicotina

4 s
tobacum L. and Daturus stramonium L. with 14¢ 1abeled TMV and made

microradioautograms of the plant sections. Heavy silver grains were
accumulated along the basal portion of epidermal hairs corresponding to

the higher density of ectodesmata. From these observations, he con-

cluded that the portal of entry of viruses very likely would be the

ectodesmata.
Stomata. There has been considerable attention given to the role of

cording to Scott (1950), stomata and most

stomata in foliar absorption.
of the cell walls of the leaves gradually become covered with materials
called suberin. Highly suberized stomata will reduce penetration of
water-soluble materials. It has been generally agreed that water will not
penetrate through the stomatal pores unless surfactants are added to the

solution. Oil-like compour

pores.
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substances into the stomata and intercellular spaces. After this step,

on or trang ation ta place.

by Sargent and Blackman (1962) has shown that

absorption of 2, 4-D through the lower surfaces of leaves with a high
number of stomata was greater than through the upper surfaces. They
concluded that absorption does not take place through the stomatal pores

but through the other walls of guard cells and the adjacent accessory

cells. This statement was based on the observations that the relative
rates of penetration of 2,4-D into the upper and lower surfaces of a leaf
both in light and dark were proportional to the stomatal numbers. Franke

(1964) applied droplets of 14C labeled sucrose to the leaves of Spinacea

ea and Viola tricolor and prepared microradioautograms from the

oler
treated spots by which he showed guard cells to be favored sites of ab-
sorption.

Epidermal cell walls and cell membrane. Epidermal cell walls are

composed of materials such as pectins (highly hydrophilic), cellulose
(relatively hydrophilic), cutin (semi-hydrophylic because some of its polar
groups remain free during polymerization), various compounds such as
hemicellulose, suberin, and waxes, and a variety of other organic and
inorganic materials may be present. Water is the major constituent of

the cell wall, and pectins and cellulose are the main compounds that keep
the cell wall hydrated (Esau, 1962). Spray materials translocated through
the phloem have to enter into a living cell around which a semi-

impermeable membrane is a barrier. The presence of ectodesmata and




with their protoplasmic nature facilitate transport of

)verbeek and Blondeau (1954) described the cell membrane as
having a bimolecular layer of lipidic compounds such as fatty acids,
steroles and the glycerides. Lipophilic groups are connected together,
while the hydrophilic groups were stabilized by two protein layers on both
sides. The cell membrane at the stable state is almost impermeable to
water-soluble compounds, unless mediated by metabolic energy of the
>ell to become permeable to certain ions or ruptured by fat solvents.

Franke (1959) diagramatically showed the possible pathways of
foliar penetration as follows:

(a) Through the stomata, absorbed by the inner surface of the
subsidiary cells or palisade parenchyma.

(b) Through the cuticle, moving into the intercellular spaces to
reach the xylem.

(c) By the epidermal hairs, following the same pathway as in
(a) and (b), above.

(d) By the epidermal hairs, entering into the intercellular spaces
(inside the cell) by means of ectodesmata and moving from cell to cell
through plasmodesmata.

(e) Through the same pathway as (d), with the initial entry via
ectodesmata through the epidermal cells.

All of the above pathways are operative more or less, depending on

the plant and the nature of the spray materials.




SECTION 1

ABSORPTION OF UREA BY APPLE AND PEACH LE

JNDER GREENHOUSE CONDITIONS

Introduction

Various reports have indicz
absorbing and utilizing urea efficiently. Nitrogen has been increased in
peach foliage by urea sprays, but since the usual nitrogen effects were
often limited, evidence is lacking as to whether it was absorbed through
the leaf tissue or absorbed on the cuticle.

Dilley and Walker (1961a) reported that the urease enzyme had
nearly the same activity in peach as in apple foliage. Labeled urea
(HLE, 15;\') absorbed through the petiole was readily incorporated into dif-
ferent amino acids, amides and protein materials within 20 hours (Dilley
and Walker, 1961b).

The purpose of this investigation was to evaluate the relative ef-
ficiency of urea absorption by apple and peach leaves under similar
environmental conditions. During the course of the research work, a

microsprayer was developed which is also described in this section.

Materials and Methods

One-year-old apple trees, Pyrus malus var. McIntosh and Prunus

After they had

persics var. Redskin, were obtained from a local nursery.




l1-gallon

planted

tin cans. Hoagland nutrient solution was supplied to the plants twice a
week , and water was flushed through the containers in a day or two
after the nutrients were added. Pests were controlled with Dibrome

fumigation. Only one or two shoots of the trees were allowed to grow in

ot leaves were tagged and

rder to obtain large leaves. The mid s
dated, as soon as they appeared, in order to measure their age. The trees

were kept in a greenhouse with a temperature of 60 to 65 F at night and
75 F in the daytime. The temperature was occasionally above 75 F on
some sunny days. A photoperiod of 14 hours was supplied by natural and
artificial light.

Small sprayers of different types have been used for applying foliar

sprays in research work. Cook and Boynton (1952) used a perfume hand

atomizer for their study of urea absorption. A Paasche air brush atomizer

was used later (Boynton, Margolis and Gross, 1953; Fisher and Walker,

1955). Fisher and Walker reported an accuracy of measuring the solution
sprayed of + .01 g. The measurement was made by weighing the sprayer
before and after the spraying was done. A 1 ml microsprayer was de-

oped during this study, which the author feels is superior to the

vel

previous types used.
Figure 1 shows a diagram of the sprayer. It is basically the same

as a chromatography atomizer except the unit is smaller and has two ad-

ditional features, a 1 ml graduated cylinder (J) and a pressure adjusting
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Spray nozzle (orifice)
Solution delivery microtube
Pressure adjusting valve
Secondary pressure chamber
Joint

Air inlet to secondary pressure
chamber

Spray valve

Primary pressure chamber
Solution filling mouth

One ml graduated cylinder

Air inlet

Figure 1. Diagram of an improved

microsprayer with 1 ml
capacity.

SCALE lmm = 1 mm

29



standard adjustment was

> precautions

maintained
were made for passing clear air through the sprayer. These precautions
were taken in order to keep out the atmospheric dust and the oil droplets
coming from the air pump. These impurities could cause errors in the

iment or plug the sprayer microtube. In this experiment, air was

into three successive bottles of

supplied by a pressure pump and bubble

ng .1 percent Colloidal X-77 surfactant solution before it

water contain

entered the spray
After the shoots had grown and there were three to four leaves 28 to
32 days old in the mid shoot region, the leaves were randomly selected
for the experiment. Treatments consisted of measuring the absorption of
urea through upper and lower surfaces of peach and apple leaves 1, 6
and 48 hours after application. One ml of 4 percent urea in deionized
distilled water containing .1 percent Colloidal X-77 was used on the
large apple leaves, but only one-half ml of this solution could be applied
on the peach leaves because of the size and waxy surface. Five leaves,
one leaf from each of five trees, were used as a replicate. Four repli-
cations were used for each treatment in this experiment. The data were
analyzed using a completely randomized block design. At first, a small
portion of sprayed solution ran down the petiole, but it was prevented by
placing silicon grease around the petiole where it was attached to the
blade. The early data obtained before this error was eliminated were not

used. The treatment of each replication was done within a 10-minute




period. The leaves were held horiz ally u ion had partially
dried and there was no danger of dripping. Spraying was performed be-

n 8 to 10 A.M. After spraying, care was necessary to prevent run-

off los

spray treatments were applied during a 6-day period.

The amount of urea absorbed after a specific period of time was
determined using basically the leaf washing method reported by Fisher
and Walker (1955). Each leaf was washed thoroughly with approximately
30 ml of distilled water containing .1 percent Colloidal X-77. The wash
water from five leaves (a replicate) was combined.

The wash water was diluted to 200 ml; a 25 ml aliquot was then
analyzed for nitrogen using a micro-kjeldahl procedure. The modified
kjeldahl method recommended by researchers at the Utah State University
Soils Laboratory (1961) was followed. The amount absorbed was de-
termined by substracting the recovered from the applied nitrogen. The

data are expressed as percentage absorption.

The largest difference was observed between the absorption of upper
and lower leaf surfaces. Considerably higher amounts of urea were ab-

sorbed by the lower surfaces of the apple and peach compared with their

respective upper surfaces. There was little or no uptake from the upper
surface after 1 hour in either species. The lower surface continued to
absorb urea throughout the remainder of the 48-hour period at which time

the experiment was terminated. Absorption was much faster during the




(Figure 2).
ours was 2.1 for apple

of variance of the data indicated that

the differences in absorption between the species, the upper and lower
surfaces and the period of absorption, were statistically significant at
the 1 percent probability level. The interaction effects of species X
absorption period, treatment surface X absorption period and species X
absorption period X treatment surface were also significant at the

1 percent level. The species X surface effects were significant at the
5 percent probability level.

The uptake of 84.9 percent of the urea by lower surfaces of peach
leaves during the 48-hour period was rather surprising. Absorption of
such a large quantity of urea under field conditions should result in a
positive nitrogen response. Brown spots on lower surfaces appeared on
both apple and peach leaves 24 hours after they had been sprayed. With-
n 48 hours, an average of four to five nectrotic spots of 2 to 4 mm in
diameter was evident on each leaf. Upper surface-treated leaves did not
show such symptoms. The urea used was of reagent grade and was low in
biuret content; therefore, the appearance of necrosis on the leaves most
probably was the result of large quantities of urea entering the leaf. Dif-
ferent opinions have been presented in the literature as to whether such
injury is due to the accumulation of urea in the leaf or one of its
metabolites such as ammonia. Marginal injury of leaves observed on

sour cherry leaves under field conditions (Fisher and Walker, 1955) was
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Figure 2. Urea absorption by the upper and lower surfaces of 1-month-old apple and e
peach leaves.




ied for an hour, absorption con-

from the lower surfaces though at a much lower rate during the
next 5-hour period. An additional 30 percent of the amount absorbed dur-
ing the first hour was absorbed during the next 5 hours in both species.

Figuring on the

riods was 18.9 and 13.2 for apple and

peach, respectively. Hence, apple leaves absorbed urea at a faster rate

hortly after

n than peach lea Conversely, peach leaves

absorbed urea more rapidly than apple leaves later on, though the peach
leaves did not absorb as much as the apple leaves during the 48 hours
this experiment was conducted.

After 1 hour (or less) when the spray material on the leaf surface

has dried out, additional absorption may occur by either of the two pos-

sibilities below:

ill be a semi-fluid phase present between the
cuticle and the dried crystals on the leaf surface. This semi-fluid

mixture contains a very high concentration of the applied material, and

although it may not actually have been absorbed by the plant tissue, it
is most likely to be connected to the fluid phase in the plant. A portion

t which has dried on the

surface

may be washed off before absorption has taken place.

early period of absorption, rehydration likely occurs

vhich increases absorption. Observations by Bald (1952) may explain

<
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deionized distilled water and blended with reagent grade unlabeled urea
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A surfactant solution of .3 percent Colloidal X-77
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1 All iriar S We st 35 in experiment one, except the
factant and rel humidity factor nstant and were not
art of this exp nent he surfactant level .1 percent and the
humid 85 perc t Measure after 1, 4, 16
i 48 h k [ n
treated ar fa 1t (inside the was washed with
ieionized distilled [ ifter termination of the ab ption period. This
was done by
small ¢ €
i was reg fi es in order t« unabsorbed urea.
he filter paper then washed with dis r which was diluted
to 10 ml and to ss A




by a Tri-Carb

liquid scintillation spectrometer. A 1 ml aliquot of the unabsorbed urea

lution was mixed with 19 ml of scintillation solution, similar to the

thod reported by Bruno and Chri an (1961) The scintillation solution
t 1 rcent PPO (2, 5- xazole), .05 percent Dimethyl
4 bis- 2-(4 nd 5 percent

it grade) and

noethyl ett The activity
count was multiplied by the dilution factor to obtain the total amount of
1

unabsorbed urea This figure was substracted from the total applied,

nd the dat
ind the data

percentages absorbed. oxane, cellosolve

k Company,

and POPOP from the Packard Instrument

Results and Dis

sion

The results of the two experiments are presented in graph form. The

jetailed *al values and analysis es are shown in
the I [= mparis the ¢
arious factors ure illustrates the effect of three factors on urea

1 effects




foliage for the f investigated were 26 and 14 percent, re-

spectively. The absorption difference between the two species is highly

significant (1 percent level), with apple leaves absorbing nearly double

ber of inter-

he t of urea than g ( ther hand,

1CtiC v S uc 1S d species

X temperatu T raction of X surfactant X leaf surface ap-
proached significance. Hence, with e experimental conditions, peach

absorb more than apple. The information provided from the

leaves 1

sombined effects of various factors need to be considered carefully, since

factor may modify others.

the influence of

was highly significant. The overall means

The p
el 8 sorption were 13.4 and 26.8 percent, respectively.
This that uptake generally continued for more than 1 hour.

iIn some

es ceased after 1 hour (e.g. Figure 4 vs 5). The

sation in uptake is discussed later.

sible cause of tt

ice between the absorption rates from the

There was a large differ
upper and lower surfaces of the leaves. Combining the results from peach

on (1 and 8 hours) was 8.0 and

rerage percent abs

and apple,
32.2 percent for the upper and lower surfaces, respectively. Surface ef-

A

fects with humidity and the period absorption showed two highly signifi-

cant interactions. These two interactions were of a magnitude type

r period of

ctional. Thus, with an increase of eitl

rather than dire
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Figure 4. Absorption of MC urea by the lower surface of apple
leaves at 25 percent relative humidity. The surfactant
used was .1 percent Colloidal X-77.
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Figure 5. Absorption of 14(_: urea by the lower surface of apple
leaves at 85 percent relative humidity. The surfactant
used was .1 percent Colloidal X-77.
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surface X period of absorption were statistically significant
teracti

3

t marked

suppress

iDsorption werse
surface as ¢

ared with

low humidity c

upper.
condit

Surfactant unc
tions seemed to enhance absorption in apple but had no
ffect on peach (Figures 4 and 6).

Depending ntal conditions, the surfactant either
1anced or s\ ) ng the l1-hour uptake, surfactant
rea 1 absorptic on

or the
raction effect

The two

surfactant X surface X temperature and surfactant X

be

These in-
rpreted as follows

>tant inc

ased absorption more at a low temperature than

ower surface than

Surfactant incre

ased absorption more during the first hour and
sed it afterwards (Figures 4,

5, 6 and 7).

For the upper surface, the surfactant increased absorption at
idity and high temperature only (Figures 10 and 11).

10t infl

The sur-

e urea absorption with peach leaves (Figure 10)
lly increased absorption in app

le leaves (Figure 11)

1¢
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Figure 6. Absorption of M(I urea by the lower surface of peach
leaves at 25 percent relative humidity. The surfactant
used was .1 percent Colloidal X-77.
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Figure 7. Absorption of HC urea by the lower surface of peach
leaves at 85 percent relative humidity. The surfactant
used was .1 percent Colloidal X-77.
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Figure 8. Absorption of HC urea by the upper surface of peach
leaves at 25 percent relative humidity. The surfactant

used was .1 percent Colloidal X-77.
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Figure 9. Absorption of HC urea by the upper surface of apple leaves
at 25 percent relative humidity. The surfactant used was
.1 percent Colloidal X-77.
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Figure 11. Absorption of 14¢ urea by the upper surface of apple
leaves at 85 percent relative humidity. The sur-
factant used was .1 percent Colloidal X-77.




Wetted cuticle leaf may

ha permitted a rapid initial entry into the leaf tissue (overall averages

percent and 30.7 vs 21.53 percent for peach and apple

rely) .

after 1 hour, which occurred with the
act es compared witkh irfactant, may be associ-
ited h the c itration of surfactant on the leaf surface as the

water evaporated. Dehydrated or almost dehydrated surfactant left a thin

t on the cuticle and may have prevented urea entry.

film of
Surfactant also may have affected absorption by its penetration into the

and somehow causing metabolic inhibition.

he general influence of humidity on foliar absorption of

3.8 at 25 percent and 85 percent

ctively. This difference was statistically sig-

nificant at the 5 percent level. Highly significant interactions were
observed between temperature and humidity and between surfactant and
humidity. High temperature (24 C) and high humidity (85 percent relative)

orable for increased absorption (Figures 4 vs 5,

conditions

L1).

temperature of the leaf surface and surrounding at-

vapor pressure gradient between a




0 or H € apor
i lative i alculated
1low

vpa
vpa = water in air in mm of Hg
= of aqueous vapor over water in mm of Hg. This
i1lue 1 3] i from the constant tak for a particular temperature
) 2
= = = 2.3

vpd = vps-vpa=9.2-2.3=6.9

The vapor pressure differences at 85 percent relative humidity are 2.3 for

shown, at a condition of high humidity, there is

10 and 3.3 for 24 C.

aporation rates of water at the two tem-

little difference between the

24 C, the

humidity c

than at

early 2.5

10 C. A fast drying rate, therefore, seems to be a limiting factor in ab-

sorption at high temperature and low humidity conditions.

At either high or low humidity and 10 C conditions, peach leaves

ibsorbed a small percentage of urea (20 percent maximum). This indi-

has markedly reduced absorption of urea by

cates that low tempera

plets of urea had

howed that the d

Visual observatior

peach lea

end of 1 hour under high humidity conditions. Under

not dried out at e

yditions, limited uptake occurred during the first hour but




This patte

sequently

concentrated on the leaf surface.

yeriment were verified by the re-

dings of the first

s of all factors and their inter-

this experiment.

cally significant at the 1 percent level except

species X period of absorption, which was significant

t level and the species X surface X period of absorption

at the 5 perc

interaction, which was not significant. These observations indicate that
although 45-day-old leaves were used, the rates of absorption were similar
to those in the previous experiment under comparable conditions.
Contrary to the first experiment, the higher temperature increased
the urea uptake of apple and peach in all cases (Figures 12 and 13).
Manifestation of the increase in absorption at the high temperature is
presumably related to the high level of humidity. The humidity was
maintained at 85 percent throughout the course of this experiment.
Urea absorption through the lower surface of peach leaves for
48 hours resulted in 25.4 and 98.9 percent absorption at 10 and 24 C,
respectively. Apple leaves absorbed 75.8 and 91.8 percent at 10 and
24 C, respectively, for the same period of absorption. Thus, a higher

temperature greatly increased urea foliar absorption by peach leaves;

apple leaves absorbed more at the lower temperature, hence with apple




100
90 |
80 L
Apple, lower surface (10 C)
© 70 l —0
0] S -
o
3
© 60
g
S
B
8 S0
k;'r
Q
©
E 40
Q
3]
o
) ; x
o 30 Peach, lower surface (10 C)
l >
20 et b
10
0 N ’
1 4 16 48

Period of absorption (hours)

Figure 12. Absorption of * 1C urea by the lower surface of 45-day-old apple and peach leaves. o
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Figure 13. Absorption of l“‘(‘, urea by the upper surface of 45-day-old apple and peach leaves.




nes) during the 4 to 16-hour period after application at

24 C, though at 10 C apparent absorption occurred only within the first

) e absor d9 AN
I hr I ices within 16 hour
S nearly all of the urea was absorbed by the leaf within 16 hours,

the e 48 hours. At the low temperature, ap-
arently 2.7 and urea was absorbed between 16 and

additional absorption is likely not statistically

iments described above, it is evi-

s is able to absorb a

ler 2
relatively percer f urea within a short period of time. It is
also apparent that onmental conditions do not reduce ab-

rption by apple as they do with peach. Under the conditions of these

experiments, the interaction effects of temperature and humidity greatly

influenced the rate of uptake.

nt on the lower surface of apple leaves in-

ke

ana are least a portion
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of the urea absorbed. Peach leaves do not have epidermal hairs and are
more waxy in nature on their lower surfaces. This would, therefore,
allow them to initially hold more liquid for possible absorption.

Some investigators believe there is metabolic acceleration of ab-
sorption following foliar application of chemicals such as 2,4-D. In
these experiments, however, evidence indicates the limiting factor of
absorption of urea is a physical rather metabolic phenomena. The absorp-
tion rate through the lower apple surface at 10 and 24 C was about the
same as at the high humidity (Figure 5). At a low humidity, absorption
was lower at 24 C than 10 C. This may be a result of a faster drying
rate with the lower humidity, thus the urea solution was not in a fluid
state and available for rapid absorption.

The findings are in agreement with those of Middleton and
Sanderson (1965). They found that absorption of 137Cs and 89Sr was di-
rectly related to the external concentration of the solution. According to
these investigators, absorption continued at a high rate at a relative
humidity of about S0 percent. Uptake was sharply reduced as the supply
diminished. Results of the experiments reported here indicate that the
rate of uptake was low for the first hour, especially when a surfactant
was not used (Figure 4 vs 5). Concentrated urea developing a large
gradient between the outside and inside of the leaf may have been re-
sponsible for the increased rate of absorption after 1 hour.

Reduced absorption under low humidity conditions was unlikely

due to the closure of stomata. Treated leaves were kept under light and




nt from the upper leaf surface (Figures

er absorption

om the lower. They used bean leaves

which contained seven times more stomata on the lower surface than the

Low humi rature d a «
11 r cuti 1 and higher suberization. These conditions,
I r may re foliar g trati e to modification of the plant.

(1960), high atmospheric humidity

> cuticular components, such as pectin and cellulose.

hydrated some

b4

Hydration caused swelling of these compounds and, as a result, provided

larger avenues for

ral penetration. It is likely that cuticular hydra-

tion for peach may not occur as readily at 10 C compared with 24 C,

of fruit tree

surfaces. This was in agreement with results ob-

urea than did upp

tained by Cain (1956), who worked with urea on coffee and cocoa leaves.
This, however, was not in agreement with Goodman and Goldberg (1960),

y experimented with streptomycin, and the work of Teubner et al.

(1957) with |
Slight suppressicn in absorption, which occurred with the sur-

y have been due to the formation of a thin film of dehydrated

factant, mae

of this compound over the cuticle (Figures 5 and 7).

or concent
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d apple, surfactant 7 increased absorption at
low humidity conditions (Figure The ow that with re ed
) 3 of urea w t It ed that a

relatively large amount of urea remaining in the solution mixture at the

final stages of absorption may have modified the adverse effect of the

surfactant. se conditic

the suppressing effect of a sur-

n (1965) indicated the possibility of formation of

with a surfacte

It appeared that the surfactant

used (Colloidal X-77) did not form a complex with urea. Great inhibition

erved otherwise.

in absorption would have been obs
In order to observe any nitrogen response in peach, it seems a

rapid initial entry of sufficient quantity is required. Since a higher dry-

yture in the field are often limiting factors, ab-

ed by the use of a higher

conditions may be impro

oncentration Urea co

5 of 10 to 20 pounds per

100 gallons eased nitrogen in leaves and induced more growth
than in controls (Bullock, Benson and Tsai, 1952; Eckert and Childers,

1954; Norton and Childers, 1954). Similar to these results, 20 pounds

water gave nitrogen response under field con-

to the findings reported in this paper and others, it

ated that peach can al

urea efficiently, but an

optimum dition must be present. Field conditions are variable;







RADIOGRAPHY

Materials and Methe

cec enetration
-grown leaves of peach and apple about 1 month
d chose or Cl 1lar eriments. In order to
S f the cuticle, it w, >cided to remove it from
he l¢ and wor it independently. cuticle was separated from

the rest of the

f by enzyme action. The method used at first was

similar to that of Orgell (1955), but it was observed that this procedure

211 for removing apple cuticle. The method consisted of

punched fr a leaf in 25 ml of a 2 to

(]
ko)
e of
Q
h
S

and being main-

state buffer and

)late tor prevention ot

1 anc erial growth. The flasks

were twirled gently s

everal times a day to accelerate separation of the

cuticle from the adjoining leaf epidermal cells and parenchyma.

ne solution with inclusion c

o

ther enzymes

lulase) was also te

»d and was preferable to

pectinase alone for a clean separatio

n of the upper cuticle of apple. The

containing .2 percent

percent partially purified hemicellulase and
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uticle separation;

cuticles satis-

the several combinations of the three enzymes used by

Amc

these two researchers, a new mixture of .5 percent pectinase, .5 percent
cellulase and .2 percent hemicellulase was developed. This was the most

satisfactory mixture for the work reported here.

The ution described above was used in this study and
repared i ate buffer of the same strength and pH as used by

Orgell (1955), but the temperature was held at 32 C. Peach cuticles,
upper and lower, were separated very easily within a few days. The apple
cuticles were more difficult to separate, and it was hard to get one that
was clean and entirely free of attached leaf-cell particles.

of

The sepa d cuticles were washed with intermittent change

until the wash was completely clear of plant

ashed by placing them on a filter paper in a

N

ction funnel and running distilled water over them and draining the
water by slight suction and gravity. The filter papers with the washed
cuticles were then dried at room temperature and stored in a covered con-
tainer until used. The lower cuticles of both peach and apple leaves
were discarded because of their having perforations where the stomata

iticle and where the epidermal hairs on the apple had

had been

resulted in non-continuous membrane. The upper surface cuticle discs

were examined under a microscope for possible rupture or other imper-

fections, and only undamaged specimens were used in these experiments.




clear plastic 12 mm thick having a small

hollow cylinder 8 mm in diameter in its center top with an opening 3 mm

in diameter on its re side was used for the cuticular permeability

tes (Figure 14). A piece of double coated transparent adhesive tape with

liner (Scotch No. 665) was placed tightly over the bottom hole. This
double coated adhesive tape was used for sticking the cuticle on the

permeability

'mic needle with a 90 degree point was used to

A sharp hypo
puncture the scotch tape over the hole in the plastic block. The outer

ctive layer of thin plastic was removed from the scotch tape, and

the plastic block was then centered face down over a cuticle so that the
cuticle was directly beneath the hole. With gentle pressure, the cuticle

bilized cuticle was next examined

was adhered to the block. This imn

croscope to verify that it was still unruptured.

< with a cuticle disc on the lower surface was

placed on two small pieces of thin glass 10 mm by 20 mm in a petri dish

7ing a diameter of 5.5 cm.

not touch the bottom of the petri dish. Six ml of distilled water were then
poured into the dish. One hundred ul of .05M urea solution having an
activity of .05 yc/ul was placed inside the hole in the plastic block.

A microscope cover slip was placed over the hole in the plastic
block, and the petri dish lid was replaced. The dish was then placed in
a water bath of 10 or 24 C, depending on the experiment. After 4, 16,

24 and 48 hours, 100 pl of water were removed from the dish and analyzed
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Figure 14, Apparatus used for measuring the permeability of a cuticular
membrane to urea.




tion II, method of radioactivity mreasure

1 with labeled urea similarly to the

were treate

r controlled conditions.

with a small piece

s, and the treated area

of thick

f masking tape. The leaves were t}

ribed by Crafts and

blotter paper under moderate pressure ¢
Yamaguchi (1964).

The dried leav were pasted on sheets of thick paper with their

A sheet of medical X-ray film was then

treated sides facing

5, and the two sheets were kept in contact in

placea on t

an X-ray exposure folder for 35 days. The exposure folders were place

cardboard and sheets of foam rubber. On top of

1lternately with thi

stack was placed a piece of plywood with a heavy weight. The de-

veloping of the film was carried out according to the manufacturer's

directions.




Results

cular p

There were highly significant differences in urea penetration be-
tween the two species, among the four periods of penetration and between
the two levels of temperature. All of the interactions of these three

factors were also significant. The average cuticular penetration for all

fact 958 and 1023 millimicromoles of urea for peach
ind Urea penetration was higher in apple than it was

in peach at the lower temperature level (10 C) for all the absorption periods
studied (4, 16, 24 and 48 hours). Urea penetrated peach and apple cuticle
at an almost equal rate, at the higher temperature (24 C) during the first

4 hours. Urea penetrated the peach cuticle more rapidly than it did apple
after the 4-hour period. The ability of urea to pass through peach cuticle
increased with time, possibly as a result of temperature and humidity
and/or the effect that urea may have had on the cuticular membrane.

At the end of the 24-hour absorption period, nearly equal amounts of
urea had penetrated apple leaves at 10 as at 24 C (Figure 15). The ratio
of peach cuticular penetration for the two temperatures (24 over 10 C) was
2.1 after the 4-hour period and 2.7 after 48 hours. The ratio for apple
cuticle was 1.4 after a 4-hour period. There was a deviation in the pen-
etration trend after 16 and 24 hours (1.5 and 1.1, respectively) for apple.
After 48 hours of penetration, the ratio increased to 1.4.

Penetration of organic and inorganic chemicals, including urea,
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Figure 15. Penetration of 1”(‘ urea through isolated cuticular mem-
branes of apple and peach leaves.
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stigated with a num-

through isolated cuticular membra

ber of plants (Darlington and Cirulis, 1963; Yamada, Wittwer and

vac, 1964). Although several factors affecting penetration of chem-

icals through cuticular membranes have been studied, they have seldom

included the effects of temperature. Yamada, Wittwer and Bukovac (1965)

indicated that urea penetrated the cuticle more readily than cations or

ns. The rate of penetration of .1 mM of urea through stomaceous

nion leaf cuticle increased at the end of a 25-hour test period. The
authors suggested that urea was a self permeating agent in the case of

cuticle. Urea penetration through tomato fruit cuticle occurred in

a linear relationship with time., With peach cuticle held at 24 C, the rate

of penetration increased after a rather short period (4 hours). This may
have been due to the permeating ability of urea.

From the results of this experiment, it was concluded that:
Both apple and peach cuticular membranes were permeable to
irea.

2. The permeability rate was greater with the increased tempera-
ture (10 vs 24 C).

3. The permeability of the peach cuticular membrane increased

but not at 10 C.

with time at

Radioautography

The relative humidity was maintained at 85 percent for the radio-

periments. Colloidal X-77 (.1 percent) was used in all

autography
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experiments unless otherwise noted. The variable treatments were tem-

perature (10 and 24 C) and absorption periods (1, 4, 8, 12, 16 and

hours) .

After 4 hours of absorption at 10 C, urea had translocated a very
limited distance in apple leaves (Figure 16, a and b). After 16 hours,
however, translocation had increased 2 to 3 fold (Figure 16, c and d).

Only a limited am

of urea was absorbed in peach leaves after 16 hours
when held at 10 C (Figure 16, e). Translocation occurred between the
eins rather than through the veins in both apple and peach when the so-
ion was applied to the upper surface (Figure 16, a, b, c and d;
Figure 17, a, d and e for apple; Figure 18, ¢ and d for peach). Urea was
absorbed and translocated through the veins of peach lower and, to a
limited extent, through apple leaves when applied to the lower surface
(Figure 17, c for apple; Figure 18, a and b; Figure 21, b and c for peach).
The surfactant applied on the lower surface of the peach leaves did not
materially influence translocation (Figure 18, a and b; Figure 21, b).
More translocation occurred in apple than with peach through the upper
surfaces (Figure 17, d and e for apple; Figure 18, ¢ and d for peach).

No translocation was evident, and a limited amount of absorption
occurred with peach leaves within 1 hour after treatment at 10 C
(Figure 19, a, b, c and e). After 8 hours, there was limited uptake but
still no indication of translocation (Figure 19, d). Translocation was
limited in peach leaves also at 24 C (Figure 20, a, b, ¢, and d). Leaves

"e" and "f" (Figure 20) exhibited some absorption and translocation after







Figure 16.

ct of *%C

urea applied to the upper surface of apple
and peach leaves at 10 C. The reverse side of the treated
leaves are illustrated in the upper portion of the photo-
graph; l4C radioactivity within the leaves is demonstrated
in the lower portion. Urea was washed after 4 hours from
the apple leaves "a" and "b" and after 16 hours from leaves
"c" and "d." It was washed from peach leaf "e" after
6 35 days; treatr

t urea with a y of .5 ync.

Exposure










14,

urea applied to the surface of apple leave
erse side of the treated leaves are illustrated in the
upper portion of the photograph; 14C radioactivity within the
leaves is demonstrated in the lower portion. Urea was ap-
plied to the upper surface of leaf "a" at 10 C and washed
after 8 hours. Urea was applied to the lower surface of
leaves "b" and "c" at 24 C and washed after 8 hours. Leaves
"d" and "e" received same treatment as leaves "b" and "c"
applied to the upper surface. Exposure
tment was 10 ul of 1 percent urea with ac-










Figure 1

B8

The effect of 14¢ urea applied to the surface of peach
leaves at 24 C and washed after 8 hours. The reverse side
of the treated leaves are illustrated in the upper portion of
the photograph; 14 radioactivity within the leaves is dem-
onstrated in the lower portion. Urea without surfactant was
applied to the lower surface of leaves "a" and "b," and with

surfactant to the upper surface of leaves "c" and "d." Urea
Exposure time,

10 pl of 1 perce urea with activity
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ct of l"‘(" urea applied to the surface of peach leaves.

verse side of the treated leaves are illustrated in the
upper portion of the photograph; 14C radioactivity within
leaves is demonstrated in the lower portion. Urea was ap-
plied to the upper surface of leaves "a" and "b" at 10 C.
They were washed after 1 hour. Similar treatments were ap-
plied to leaf "c," except to the lower surface. Leaf "d"
received a similar treatment as leaf "c," except the treated
ot was washed after 8 hours. . The upper surface of leaves
and "f" were treated at 24 C and washed after 1 and
hours, respectively. ( days; trea
10 ul of 1 percent with y of .5 uc.










Figure 20. The effect of 1

4(‘ urea applied to the upper and lower surface
The reverse side of the treated
leaves are illustrated in the upper portion of the photograph;
146 radioactivity within the leaves is demonstrated in the
lower portion. Urea was applied to leaves "e" and "b" on
the upper surfaces and washed after 1 hour. Leaves '"c¢'" and

of peach leaves at 24 C.

' received a similar treatment except on the lower surface.
aves and "f'" were treated on the upper surface and
washed after 8 hours. Exposure time, 35 days; treatment was

10 ul of 1 percent urea with activity of .5 uc.
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SECTION 1V

MICRORADIOAUTOGRAPHY AND HISTOCHEMICAL STUDIES

Materials and Methods

Plant materials were chosen from the greenhouse-grown trees as
described earlier. One-month-old leaves were used. An area having a

>ter of 10 mm the lower surface of the leaves was treated with

g . i T
rea having an activity of .2 microcurie C

(%]

W
7
o

e
o
-
o
]
c

and containing .1 percent Colloidal X-77. Absorption was allowed to
sontinue for 4 hours at 24 C and 85 percent relative humidity. After the
termination of that period, the leaf was thoroughly washed with distilled
water, and strips of leaf about 3 mm wide were cut and frozen.

Freezing was accomplished immediately after cutting. A small cone

1 cm wide and 2 1/2 cm long made of aluminum foil was constructed,

and several drops of water pre-cooled nearly to the freezing point were
placed in it. The cone was then held with forcepts, and the lower half
was immersed in a container of liquid nitrogen. After the drops of water
had frozen, a second pair of forcepts was used to hold a strip of treated
leaf inside the cone. More drops of water were added at intervals until
the strip was entirely encased with ice. The tissue was quickly frozen
using liquid nitrogen. One problem encountered with this type of quick
freezing was that of shattering of the ice. In order to reduce this problem,

shortly after the water was frozen, the cone was removed from the liquid




roqe e f i stored at -20 C for a
t the frozen ti ( 3 Cr tat speci holder, a few
dr of chilled water were placed on t holder, and the cone of frozen

ti 1€ 1§ over it; the two were then qu frozen together
lore drop fw led until t pec ly ad-
I t lder b y t maintained
t =10 (
St i Y ectioned at a thickness of er 12 or 16 microns
Most shattered, so the majority were
it at with a microsc slide covered
vith double coated sc« tape. These slides had been previously
hilled in t} I ind re using d on their
posterior surfaces w freon gas T'his ¢ ( was
necessary to make a section adhere to the cover glass.
These 1 tored in a plastic lide ving a capacity of
25 er 50 sli had been prepared, the boxes were ferred to a

cold chamber containing dry ice to chill them lower than the cryostat tem-

perature., Later, the boxes were transferred to a freeze dryer and

positioned in such a manner that the slides were ned horizontally
vith the specime ng up. he sections were dried under high vacuum
for 8 hours, after the boxes placed in @

en (1962) consisting of frozen sectioning




Another method, as developed by Pickering (1966), was adapted with two

modifications One in the freezir

as described above, and

t ir he liquid emulsion the fixed tissue
f for d d Jole) T'h liffers fron
he pplied a f dried emulsion unfis sec

The pr¢

for fixing the plant section in formaldehyde vapor was

imilar to the method described by Benditt, Martin and Platter (1965). The

reduced from

0 to 50 ( f rable dr and > and

cotch tar i s e fixed for 10 hours. Later, they were re-

d fr r and cooled tor ture. A piece of
teflon pressed \ort 1e against ns flattened

them firmly to the scotch tape. For emulsion application, the dipping
technique described by Caro and Van Tubergen (1962) was used. Other
directions were also followed accordingly. Exposure time varried from

in D-19 de-

pectinace
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Micror a prepared fror ple leaf sectic indicated
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not uniform ng the hairs
25 percent of the patterns similar
to those shown by Franke (1961) w

yme hairs (Figure 23). Further

bserved patterns.

nal hairs in the

leaves may occur through the cuticle, stomata or epic

case of apple. Peach leaves do not have epidermal hairs, hence penetra-

of apple

urea was applied

midrib, hence

27 and 28).

occurred tt the cuticle in this particular




Figure 22. Microradioautogram of epidermal hair of apple leaf
showing adsorption and absorption of C urea.
Magnification X1500.




luencing the absorption of urea by apple and peach

leaves were studied. During the course of this investigation, the follow-

ing areas were studied: absorption under greenhouse conditions, ab-

sorption u

whole-leaf radi

absorption of urea from

peach leaves grown under greenhouse conditions (24 C, day; 18 C, night)

was relatively high. Bullock, Benson and Tsai (1952) working with peach

leaves cultured in the greenhouse reported that limited absorption occurred

in some experiments. Weinberger, Prince and Havis (1949) also did not

onse with this species; however, their experiments were

ybtain good re

As a result of urea sprays, the nitrogen level

done under field conditi

pounds/

were used (Eckert and Childers, 1954; Norton and

Childers, 1954). In this study, the temperature (24 C) and the high

relative humidity in the greenhouse and the high concentration of urea

(4 percent) used likely resulted in a higher rate of absorption than would

have occurred under field conditions.
Apple leaves absorbed most of the urea spray within the first hour

The possibility of involvement of epidermal hairs

following applic

e apple leaf may have accounted for

present on the lower surface of t
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this higher uptake (Franke, 1961). Considerably more urea was absorbed
from the lower leaf surface compared with the upper surface for both
species (Figure 2). This may have been due to a thinner cuticle. Guard
cells have been reported to contain a large number of ectodesmata and
have been reported by some researchers to be paths of entry (Middleton
and Sanderson, 1965; Sargent and Blackman, 1965; Franke, 1967).

Continued absorption from the lower surface after the first hour may
be aided by the presence of stomata since the solution appeared to have
dried on the surface after that time. While it is not known definitely,
vapor from the stomata may have kept the urea in a semi-fluid condition
because of high transpiration. Absorption did not occur from the upper
surface of peach leaves after 1 hour (Figure 2). No information concern-
ing stomatal entry was obtained in this work, hence only speculation can
be provided. There are workers who feel that stomata provide the major
portal of entry of chemical into the leaf (Skoss, 1955), and there are
others who believe there is a limited amount absorbed through stomata
(Franke 1964, 1967; Sargent and Blackman, 1962).

High humidity (85 percent and temperature 24 C) increased urea
absorption through peach leaves. Drier conditions (25 percent relative
humidity) decreased absorption in peach even though the temperature was
high. The interaction of temperature and humidity perhaps influenced ab-
sorption in two ways. The higher temperature increased permeability of
the cuticle more in peach than in apple (Figure 15). The higher temper-

ature, however, would increase the rate of evaporation of moisture from
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ndition thus reduced

the treated area, resulting in more

te at high hu-

absorption once the surface had dried. The
midity during the first hour was relatively low in peach followed by an
increase in absorption during the next few hours. This may have been
sociated with the higher concentration of urea solution on the leaf sur-

face during the drying process. Surfactant, which increased the absorp-

tion from the lower surface especially in the first hour of foliar uptake,

effect on the entry of urea through the stomata. The

7 have ha

ed to have a suppressing effect on urea uptake after

While the nature of this suppression is not under-

stood, it may have been due to the formation of a thin concentrated film
>f this compound over the cuticle. This may have prevented or reduced
further uptake.

The studies performed on cuticular penetration with urea showed

a greater extent with peach than

e increased with time when tem-

with apple. Perm
perature was high.

Radioautograms of treated leaves indicated that 4 to 24 hours after
treatment MCZ urea and/or its metabolites were translocated through only
part of the leaf. Urea applied on the lower surface of the leaf generally

veins, while application on the upper surface showed

ved through

terveinal spaces.

Microradioautograms of treated sections of apple leaves showed

that the epidermal hairs of apple absorbed a relatively large quantity of
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urea. Under favorable conditions of absorption for both apple and peach

ent relative humidi 24 C), absorption occurred as

leaves (85 per
evidenced by the microradioautograms. Definite entry through the lower
cuticle of the peach leaf was apparent.

Urea after entering the plant was presumably in a soluble form dur-
ing the short period of uptake (4 hours). Most of the soluble urea and/or
its metabolites could be washed out with application of the standard
microtechnique method for microradioautography; therefore, the standard
technique was not used. A modified method of microradioautography used
in this study may provide a useful tool for further studies. The technique,
however, requires some refinements in order to obtain better resolution
for observing more detail.

Ectodesmata-like structures were observed in about 25 percent of
the hairs of apple leaves, from the 16 track. They were similar to those
described by Schenpf (1958) and Franke (1961). The nature of these pat-
terns were not studied in these experiments. Further work is needed to
study the function of these structures. From the histochemical studies,
it was evident that the degree of cutination in both apple and peach were
apparently the same. Although pectinaceous substances were distributed
similarly throughout the tissue of both species, they varied in regard to

the outermost portion of the cuticle.




relative effici

s. A 4 percent solution of urea containing

st leaves

red to the leaf.

The greenhouse experiments indicated that the lower surface of peach

wves absorbed urea and approached the quantity absorbed by apple leaves

he er f 48 Further exper vere ted to evaluate
ff h
f = J T ~] +i H
1 1 Lo - i ¢ { irea tl 1§
e was ch fro lower surface of the leaves as compared to

upper surface. Low relative humidity (25 percent) reduced absorption sub-

stantially. High temperature (24 C) under low humidity (25 percent)

reased at

Uptake was greatly increased under high temper-

Peach leaves were




curred through ;s receiving surfactant than those not receiving

urtactant

ent relative

| to 10 i | roed
I'he lower e of leave ld at 10 C and, otherwise, compar-
1ble nditi as bed only one-third as much as did apple.
Cuticular permeability te indicated that upper cuticles from both

pe >ermeable to urea. Generally, permeability was
higher er, it seemed that permeability of
peach ¢ it higher temperature. After

h penetrat

much as at 10 C

f urea and/or its metabolites had not taken place
from the treatment spot after 1 hour. A definite absorption within 1 hour

ind translocation after 4 hours were observed under favorable conditions
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treate d that the HC compounds had
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Temperature

10 C 24 C
rption period Absorption period
(hours) (hours)
Treatment Replication 1 8 1 8
Relative humidity 85%
No surfactant

Peach

Upper 0:7 1.8 241 24.8

2 T8 1.9 Yo 5 20.0

1.1 1.8 1.8 22.4

Lower 1 15 8.4 2.7 98.9

2 2.4 8.1 4.3 98.9

1.9 8.2 3.0 98.9
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2 1.0 4.5 1.8 10.8

1.1 4.1 2.8 8.9

Lower 1 1.9 96.5 4,2 96.2

2 3.4 g16 A7 95.3

2.6 97.5 4.4 95.7
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Peach
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2.8 4.0 4.5 245

Lower 1 9.3 21.4 15.8 90.5

2 12,4 14.1 12.7 92.9

10.8 177 1452 917
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Upper i 9.0 8.9 6.3 31.8

2 9.9 8.4 5 1l 36.3

9.4 9.1 5.7 34.5

Lower 1 48.9 66.7 30.0 83.0

2 41.6 Z1.7 34 2 83.0
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l s iriar ita in
r MS x
i [ 4640 .45 18.07" "
Surface 1 18810.67 78.20™"
Humidity 1 1766.42 6.88"
rfactant 627.91 2.44 NS
: f abs ’ 5744 .57 3 By
m 1 641.27 2.49 NS
; 2894 .68 11277
SXH 1 21.87 NS
SXSt ] 722 .47 NS
KT 1 7 +97 NS
1 1316.49 8,12"
SuXH 1 2060.04 8.02**
St 1 131.84 NS
> 1 5053 . 91 19.68™"
St 1 107 .93 NS
HXSr 1 454,92 NS
HXP 1 3647 .65 14.20™"
HXT ] 1968.00 7.66™"
rXP 1 296.18 NS
XT | 263.67 NS
s -




XH 1 445 .87 NS

SXSuXSr 1 B97,31 NS

X 1 501.27 NS
o1 110.47 IS
T 6 NS
HXF 0.52 NS

116. 1( NS
SrX 13.73 NS

SuXPXT 1 581.00 NS
HXSrXP ] 899.38 3.50 NS

HXSrXT ] 545.70 NS




Table 4. Continued
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Source® DF MS F
SXSuXHXT 1 22.44 NS
SXSuXSrXP 1 239.94 NS
SXSuXSrXT 1 1+30 NS
SXSuXPXT 1 74.80 NS
SXHXSrXP 1 252,75 NS
SXHXSrXT il 138.74 NS
SXHXPXT 1 136.21 NS
SXSuXPXT 1 41.64 NS
SuXHXSrXP 1 203.18 NS
SUXHXSrXT 1 7657 NS
SuXHXPXT 1 981.67 .82 NS
SuXSrXPXT 1 179.21 NS
HXSuXPXT 1 0,21 NS
SXSuXHXSrXT 1 3.13 NS
SXSuXHXSrXT 1 1.06 NS
SXSuXHXPXT 1 136.89 NS
SXSuXSrXPXT 1 317.44 NS
SXHXSrXPXT 1 370.36 NS
SuXHXSrXPXT 1 231.46 NS
Error 64 256.73

83 = Species; Su = Surface; H = Humidity; Sr = Surfactant; P = Period of
absorption; T = Temperature.
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lable 5. Effect of time and temperature on absorption of urea by upper
F F
and lower surfaces of 45-day-old peach and apple leaves.
Data are expressed as percent urea absorbed.

Absorption period

(hours)
Replication 1 4 16 48
Temperature 10 C

Peach
Upper 1 6.1 8.9 Tad B.3
2 4.9 TiZ 5.8 g3
&5 8.5 6.7 8.3
Lower 1 728 18.0 2040 24.3
2 S 14.8 25.4 26.6
6.6 16.4 227 25.4

Apple
Upper 1 10.1 11,8 9.5 8.2
2 Els8 12.6 10.4 118
10.7 122 9.9 10.2
Lower 1 28.4 740 § 70105 69.4
2 30.8 65.0 66.7 76.3
29.6 68.3 68.6 72-8

Temperature 24 C

Peach
Upper 1 4.2 5.8 31.6 28.0
2 5.1 8.6 27.0 25.5
4.6 Tl 29.3 26,7
Lower 1 1385 91.2 97:7 99.1
2 16.8 84.8 98.8 98.8
15:1 88.0 98.2 98.9

Apple
Upper 1 1.3 9.5 28.8 34.5
2 Ll 1245 30,3 33+8
i 4 11 .0 29.5 34,1
Lower 1 23.0 8313 95.2 90.0
Z 20.6 85,7 97.0 93.6
21.8 84.5 96.1 91,8




Table 6. Analysis of variance of the data in Table 5

Source® DF MS E
Species 1 2141.36 447,98
Surface 1 29678.55 6208.90%"
Temperature 1 7947 .66 1662.69**
Period of absorption 3 4050.10 847.30%"
SXSu 1 1207.63 252.64"F
SXT 1 2031.78 42.5./05**
SXP 3 26.76 5.59%*
SuXT 1 2790.54 583.79™*
SuXP 3 1649.47 345.07**
TXP 3 1240.89 259.60""
SXSUXT 1 1772 .36 370.78""
SXSuXP 3 11.14 2.33 NS
SXTXP 3 49.44 10.34%%
SuXTXP 3 269.22 56.32""
SXSuXTXP 3 137.30 2872
Error 32 4,78

Total 63 1111.52

a3 = Species; Su = Surface; T = Temperature; P = Period of absorption.




1ble ea through
Data are
enetrated the
Period of penetration
P (hours -
Temperature Replication 4 16 48

ach 1 1083

10 C 2 1141

3 975

1066

1 181 3054

24 C 2 206 2847

< 179 2792

188 2897
Apple 1 131 22
10 C 2 147 6
< 129 58
135 8

1 197 848 1152 2217

24 C 2 174 732 1063 2462

3 212 765 971 2476

194 781 1062 2385




lable 5185 ariar f ) te 1ble
Y ] I g f
* *
pecies 1 0432 .00 9.96

Period of penetration 3 7308453.00 1444,35**

* ok
l'emperature ] 4421392.00 873.79

9. 50

\ 1171216.00 231.46""

149,47™*

PXT 3 75

kk
SXPXT 3 196773.30 38.88

Error 32 5060.00

T'otal 47 653914.2
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