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I, TINTRODUCTION

Although the usual path of entry into plants of mineral nutrients
is throurh the young roots and root haifs, the above-ground nortions
are also capable of nutrient absorption. Interest in the application
of nutrients to above-ground parts has been stimulated by the observa-
tions that several physiolosical diseases, ihduced by deficiencies of
specific elements, can be corrected by sprays of the deficient elements,
and that nitrogen can be supplied to McIntosh apple trees through foliar
sprays of urea,

However, the foliar apnlication of urea nitrogen has raised the
question, whether twigs and branches may not also play a part in ab-
sorption and utilization. Further, dormant applications of minor ele-
ments have shown nutritional value. Accordingly, this investigation
deals specfically with the nature and extent of uptake and utilization
of nutrients labeled with radiocactive isotopes applied to the bark and
leaves of certain horticultural plants during various seasons of the

Year,




II. REVIEW OF LITERATURE

Bark Application of Nutrients

Forsyth (22) in the third edition of his book, "A Treatise on the
Culture and Management of Fruit Trees" published in 1803, gave a formula
for a dressing to be applied to pruning wounds and to cavities of trees
after removal of decayed wood, as follows: 1 bushel of fresh cow dung,
1/2 bushel of lime rubbish of o0ld buildings or hydrated lime, 1/2 bushel
of wood ashes, and 1/16 of a bushel of pit or river sand., An improve=-
ment of the original formula was the addition of urine and soap suds
to make a thick paint so that it could be brushed on to the cleaned
wounds of a tree, Before the compound dried, it was soprinkled with a
powder comnosed of 2/3 wood ashes and 1/3 ashes of burnt bone. Trees
made rapid and vi{gorous growth after the compound was applied accord-
ing to Forsyth, who was a gardener for King George III of England,

For disclosing this information t> the publi~-, he was presented a
medal by the King.

Gris (24), workine in France in 1843, found that chlorosis in
plants could be corrected by supplyinfs iron sulfate either through the
roots or directly to the leaves,

In America, Downing (1li) recommended a wash o} é pounds of potash
in 2 gallons of water to be used for insect control. This solution,
painted on the tree during the dormant period, also promoted the growth

of the tree and improved the color of the bark,




Ballard and Volck (2) in 191h reported increased growth following
both foliar and dormant smason sprays of sodium nitrate made to fruit
trees in California. When caustic potach was added to the sodium ni-
trate, the trees bloomed earlier than when spraysd with sodium nitrate
alone, A five=fold increase in yield of Yellow Belleflower apple was
found when the trees were sprayed when the soil was dry. Apples and
pears responded to the treatment but stone fruits did not,

Work in Oregon on tree applications of sodium nitrate was reported
by Lewis (35, 36, 37) in 191L. He used a spray of 135 pounds of sodium
nitrate, 19 pounds of sodium hydroxide, and 135 gallons 6f water, This
spray was applied March 17, 1913, when the plants were in the green-tip
stage. Dry sodium nitrate was applied to the soil around the trees
April 25, and a solution of sodium nitrate was sprinkled on the ground
around the trees May 7. The trees were greener, mad; increased growth,
and gave a higher yield when the fertilizer was applied to the tree as
compared with either type of ground application and no fertilizer ab-
rlication, However, no rain fell after the soil treatmeﬁts were applied,
The following year all treatments were made in March and no differences
were noted in response to method of fertilizer application.

Interest was renewed in dormant tree applications after several
workers (21, 3L, Sh) showed that some physiological diseases or dis-
orders which were caused by deficiencies of mineral nutrients could
be corrected by such treatments. Roach (49), by using dyes, followed

the movement of soclution injected into a plant. To correct chlorosis,




he sugpeested inserting tarlets containing the missing element into
holes drilled into the tree. Bennett (3) working in California also
found that injections of iron salts would correct lime induced chlor-
osis,

Many workers in Australia and New Zealand have reporied that dor-
mant applications are effective in curing zinc and manganese deficien-
cies, Kilpatrick (3L4) in 1941 recommended the use of 1 pound of man-
ganese sulfate in 2 gallons of water to cure manganese deficiency in
peaches, Ward (61) writins in Australia in 195LL reported the most
rapid and most enduring treatment for the little-leaf disease was found
to be a 2 1/2- or S-percent spray of zinc sulfate during the dormant
season. For complete recovery it is necrssary to spray 2 years in a
row and in alternate years thereafter. A statement was made by Skepper
(54) in an article in 1950 on fertilizers for fruit trees that "Appli-
cations of zinc compounds to the soil do not have any beneficial effects
but fortunately trees are able to absorb zinc through their leaves and
bark". He recommended 10 pounds of zinc sulfate and S pounds of hy-
drated lime in 100 gallons of watrr for citrus fruits. For deciduous
trees he suggested the same rates for foliar applications as for citrus
trees, during the dormant season LO or 50 pounds of zinc sulfate in
100 rallons of water may be used on deciduous trees. With apples in
New Zealand, Forester (21) has cured little leaf with 55 pounds of sinc
sulfate in 100 gallons of water,

Thompson (57) in a paper written in 194l discussed methods, ad-

vantages, and disadvantages of both solid injections and dormant sprays




made to fruit trees, He suggested that sprays are easier to apply and
also masjer to use to test for a deficiency by spraying a small limb,
Disadvantages are that results are often variable and that the effect
may last only one season. Also, ferrous sulfate, used for iron de-
ficiency, may cause injury when used as a spray. Solid injections
have the advantage that they are reliably effertive in the cure of
severe iron chlorosis, although considerable injury to the trunk may
follow, Also injections are not well adapted to use with young trees,
Thompson further suggests a dormant spray for iron deficiency of 10
pounds of ferrous sulfate in 100 gallons of water in a severe case and
% pounds in other cases, |

Manganese deficiency in cherries has been cured with dormant
sprays at concentrations of sither L4 or 16 percent manganese sulfate
aceording to Thompson and Roberts (58). The 16-percent manganese sul-
fate solution was more affective than the L-percent,

Movement of radiocactive phosphorus from a nutrient solution into
the base of dormant stems of excised red maple and McIntosh apple trees
was studied by Hgerert (16) in New Hampshire. He found the red maple
would take up P32 from the nutrient solution but that the McIntosh did
not take up p32 rapidly until the blossom buds began to swell. Apple
buds when pink ¢ ntained 10 times as much P32 as the nutrient solution
on a unit weight basis. ThQ primary leaves contained 7 times as much
while spurs contained only 1/5 as much as the nutrient solution. The

small branches contained even less P32.




Harley (30) was not able to find movement of radioactive phos—
rhorus through the bark during the dormant period. However, at the
time of bud swell there seemed to be some intake through uninjured
bark, and when the bark was injured thore was a decided increase in

the absorption of phosphorus,

Foliar Application of Nutrients

Hamilton, Palmiter and Anderson (29) tried foliar application of
various nitrogen carriers in the early 1940's, At that time, they
found that Uramon (urea) induced darker leaf color with less damage
to the plants than did the inorganic forms of nitrogen which they used,

A basis for the absorption of urea or any other substance through
the leaves was found by Roberts, Southwick, and Palmiter (50) who
studied McIntosh apple leaves to determine the relationship of cell
wall constituents to the penetration of spray solutions, Their observa-~
tions indicated that the cuticle is not a continuous layer but "exists
in lamellae parallel to the osuter epidermal cell walls. The pecti-
naceous substances form a continuous path from the outside of the leaf
and =xtending to the walls of the v-in extensions, which also contain
a large amount of pectinaceous substances...The amount and location of
the pectinaceous substances present in the leaves account for the en-
trance of wqter soluble materials such as minor elements, nitrogen,
hormones, and organic funricides sprayed upon apple leaves."

Fisher (20) gives three principles that underlie foliage appli-
cations of nitrogen fertilizer. The first is that yields obtained

following foliar sprays are as high as from comparable soil applications,




The second is that a greater nitrogen effect is obtained the later the
spray is applied, up to the time of the "second cover" spray. The
third is that a foliar spray produces a "nitrogen effect" of equal
magnitude more rapidly than does a comparable soil application but
that the effect of the spray application is less lasting.

Some factors affecting the absorption of urea by McIntosh apple
leaves have been reported by Cook and Boynton (13). Lower leaf sur-
faces absorbed urea more readily than the upper surfaces, and young
leaves more readily than old leaves, A leaf which was originally high
in nitrogen had a greater absorbing capacity than a leaf low in nitrogen.
Low temperature, low vapor pressure, and the addition of a wetting
agent increased urea utilization. A marked effect on absorption in
some cases was caused by changing the pH of the solution. No effect
on absorption was noted in trees kept in the dark to reduce synthesis
of carbohydrates. When sucrose was added to the spray solution, the
amount of injury was reduced but also the rate of uptake was depressed,
The uptake was most rapid the first few hours after spraying but con-
tinued at least 48 hours at a measureable rate,

Rodney (51) at Ohio State worked with calcium nitrate, ammonium
sulfate, and urea as foliar sprays on Richared apple trees. The urea
caused less leaf burning than did the other two compounds, He also
found that the amount of entry through the upper surface of the leaves
was nearly equal to the amount which enters through the lower leaf
surface. This indicates that nitrogen is capable of entering the leaf
directly through the cuticle as there are no stomates on the upper

surface of the apple leaf,




When hydrated lime and a suitable spreader were added to urea
sprays, Norton (LS) was able to obtain both a color and growth response
in peach trees. Starch, molasses, ammonium c=rbonate, ammonium citrate,
and sodium bisulfite did not increase the response from a urea spray,
He found that urea at 10 pounds per 100 rallons of water plus Kolofog
(2 bentonite-sulfur) at 6 pounds per 100 rallons, as sticking agent,
was the most effective material.

In Washington “tate, Bullock and others (9) concluded that Elberta
peach foliare was ahble to absorb ur=a but that the greatest nitrogen
response occurred when part of the nitrogcen application was mzde to the
soil and rart to the foliaze. They found that when the leaf nitrogen
was increased, the maturity of the fruit was retarded. |

The cure of manganese deficiency in peaches and apples by foliar
anplications has been reported by Woodbridge and Mclarty (63). Effec=-
tive soray solutions were 2 pounds of manganese sulfate in 100 gallons
of water or 1 pound ~ach of manganese sulfate, btoric acid, ferrous
sulfate, and zinc oxide in the same am>unt of water,

Epstein and Lilleland (19) found that manganese deficiency in
deciduous fruit trees could be cured by foliar sprays, by liquid injec-
tions into branches, and by placing dry manganese salts in holes drilled
into the trunk of the tree,

Mottle leaf on orange has been alleviated so that trees produce
larger leaves, longer internodes and more xylem tiasue when sprayed
with 10 pounds zinc sulfate and 5 pounds hydrated lime in 100 gallons

of water, according to Reed and Parker (47).




It has been estimated by Woodhams (64) that in the citrus region
of southern California there have been 402,000 trees sprayed with zinec

salts, 35,000 with copper salts and 17,000 with magnesium salts,

Tracer Techniques

In the present problem radioactive isotopes were utilized to
follow the movement of applied nutrients. Accordingly, a review of
some of the mathods utilized in isotopic research is included, Mesas-
urement depends on the emission of radiation which either affects a
photogravhic plate or actuates a Getger-ﬂgller tube,

Solution countins using the immersion ty-e of Geiger-ugller tube
nas been favored by several investicators (LO, L42) on the grounds that
the solutions are easier to handle and show lesc variation due to
position, The Geiger—laller tube is placred in a solution éup which
ras 8 funnel cide arm and a bottom drain. The cup holds 10 millil%}era
of solution plus the countinr tube, After a sample is counted, the
solution cup is drained. The cup need not be rinsed unless the dif-
fereance in activity of the following solution is greater than 50 per-
cent, since less than 1 percenﬁ of the solution remains in the cup.
Martin and Russell (L4O) report that if the pH of the counting solution
is below 3 the phosphorus is not absorbed by the glass walls,

The end window Gicg"r-maller tube, which is more efficient (re-
cording 25 percent of the emissions compared tc 10 percent by the im-
mersion Gieger-lﬁller tube) is used for counting dry samples. Hall
and MacKenzie (28) state that solid sammles should be uséd because

when phosphorus is in a low concentration (1-2 ppm) there is a high
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parcentare absorption by glassware. Their method involves the precip-
itation of the phosphorus first as ammonium phosphomolybdate and a re-
rrecipitation as mazgnesium ammonium vhosphate. The smanrond precipitate,
which is counted after drying, is collerted on filter paper supported
by 2 metal ring,

MacKenzie and Dean (38) have denscribed a method of makine bri-
auettes »f pround plant material so that th~ plant mat-rial has uniform
sample geometry, This procecure is adapted particularly to isotopes
of hirh energy radiation such as rhosphorus and where large amounts of
rlant material are availatle,

Another technique using dried sround rlant material has been de-
scribed by Mitchell and Linder (L3). A weirhed amount of ground plant
material is placed on a dise of Scotch Tape supported by a metal ring.
After the ring is tapped to obtain uniform distribution, the excess
nlant material i{s removed for weirhing.

The prereeding techniques using alactronic counting are all of a
cmuantitative natur~ but the other imnortant method, that of exposing
films by means of radiation, is primarily a aualitative method.
Wittwer and Lundahl (62) have described a techninue by which the gross
absorption and distribution of radioicotopes in young whole nlants can
be evaluated. The young rlants are dried ranidly under heat and pres-
sure before being placed in a special exposure box with 8 x 10-inch
Kodak No=Screen X-ray film, After an exposure of 3 to 10 days for a
phosohorus treatment, the film is developed and the distribution of

the nutrient can te seen,
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More detailed studies of the distribution of isotopes can be made
by using Fastman nuclear track plates such as types NTB and NTHZ,
Dugear and Moreland (15) used this type of emulsion in working with
the distribution of Clh from 01!‘02 in sections of hydrangea leaves 15
microns thick, Localization of the radicactive carbon nearly to the

axact cellular location is possible by this technique,

Tracer Exneriments

Some of the earliest tracer exneriments using an element which
cccurs naturally in plants were done by GCustafson (26) in 1937 using
cyclotron produced P32. Stem cuttings with the xylem removed were
found to translocate as much phosvhorus as intact Eﬁttings. In &
further exveriment Gustafson and Darkin (27) removed the xylem from
one cuttine, the phloem from another, and left one other intact, and
f~und that either vortion of the va-cular system could transrort the
nhosnhorus ecually well,

In a later experiment, Custafson (25) found that Bryophyllum cut=-
tirgs which were intact were able to transport more phosvhorus than a
cutting with either the xylem or phloem removed. However much less
phosrhorus reached the top of the plant when the xylem was removed than
when the nhloem was removed,

Stout and Hoagland (55) using isotopes of potassium, sodium, phos-
Phorus, and bromine concluded that as long as the bark and wood of the
willow cuttings were in contact, the c - ncentration of isotope was the
same in both tissues regardless of the species of plant or of the ion
used, Radiation was detected in the upper leaves of a rapidly trans-

piring plant one hour after P32 was applied to the soil,
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The movement of vhosvhorus in the bean nlant (Phaseclus vulearus)

has been extensively investicated by Eiddulph (4). In his first work
he found that phosmhorus moved ranidly throurhout the plant, following
the transpiration stream, with the greatest concentration of phosphorus
ocecurrinr in the young leaves, In an =xperiment in 1941 he (5) found
that there was a difference in rate of migration and in distribution
at different h>urs of the day. The grcatest downward movement took
prlace at or near 10 A.M. and the least near 10 P.M.. The most pro-
nounced upward mirsration occurred near noon, but was comparatively sﬁall.
Colwell (11) studied translocation from a pool of P32 solution
held on the leaf bty a plasticine ring, The movement of the phosphorus
was toward the nearest points of utilization., By g#irdling the stem he
found that leaf-arplied phosrhorus was carried by the phloem of cotton

rlants (Gos§ypium spr.)s This was verified when the phloem of the pet-

iole was destroyed by scaldinc, The movement of the phosphorus was
then much slower than when the leaf was undamaged,

The cotton olant was also used by Biddulph and Karkle (6) 4in
studies of mipration of P32 solution injected intc the leaf, A con-
rentration cradient was found both above and below the leaf with down-
ward movement in excess of 21 centimeters an hour. The upward move-
ment varied from O to LO percent of the mobile rhosnhate, while down-
ward movement accounted for 60 to 100 rercent of the mobile phosphate,

Very ranid upward movement of bromine, 15 feet in 5 minutes, was
found in a cucurbit plant from KBr82 introduced into the nutrient solu-

tion ty Stout and others (56). In other experiments they found zine
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Zn65 accumulated in seeds and co>nducting tissues of the tomato. It was
determined that less than 1 percent of a so0il application of phosphorus
was recovered in 43 days.

A study of the metabolism of elemental sulfur applied to lemons
was made by Turrell and Chervenak (59) using 835. Metabolic products
of the sulfur were HyS, S0, and S0), with a very high proportion of the
sulfur in the hydrogen sulfide and SOh being derived from the elemental
sulfur, The SOz formed was derived largely from a source within the
fruit,

Mitchell and Linder (LL4) studied the effects of co-solvents and
surface arents on the absorption and translocation of radioactive 2-Y4
diiodo,(IlBl) phenoxyacetic acid when the same amount of radiocactive
material was applied to an mqual arra. A very decided increace in ab-
sorpticn over the distilled water solution was noted with several ad-
ditives ranging up to 350 percent with Tween-20,

Simultaneous movement of P32 and cli in opposite directions in
rhloem tissues was detected by Chen (10). He also found that the xylem

carried P32 when applied to the roots, whereas the phloem was the
channel for foliar application,

Several interesting facts have come from a study of chlorosis us-
ing radioiron, by Wann and others (60). Chemical analysis of green
foliage varied only slightly from that of chlorotic foliage. Resistant
plants contained four times as much iron on lime~free soils as on high
lime soils while susceptible olanta'contain eight times as much iron,
Tron from injections remains in an active state indicating that the

‘nactivation of iron must occur in the soil or in the roots.




Biddulph and Woodbridge (7) have worked on the relationship of
rhosphorus and iron in bean plants. They found that as the amount of
phognhorus in the nutrient solution was varied from low to high levels,
the concentration in the tissues incrcased but at different rates, As
the -hosrhorus level wzs raised above that necessary for growth, there
was a precipitation of iron and nhosphorus “n the roots interfering
with the movement of both ions,

Silberstein and Wittwer (53) tested various organic and inorganic
phosphorus comrounds for foliar application on vegetable crops. Best
growth response was obtsrined with ortho-phosphoric acid, In a field
trial, there was increased early but not total yield of tomatoes as
compared to a broadcast soil application. Autoradiograms showed that
P32 had moved from the foliaze of tomatoes, corn, and teans to the
fnots within 6 hours.

In Sweden, “hrenberg and “ranhall (18) have made injections of
radioactive substances into fruit trees in an effort to secure muta-
tions., The advantage of this method is thaf the radionhosrhorus and
radiorulfur tend to concentrate in the buds where mutétions are induced,
without damage to the rest of the tree,

The effect of exposure of the meristematic recions of barley sub-
Jected to a constant, relatively high level of radiation from p32 has
been studied by Mackie, Blume, and Hagen (39). They found cell divi-
sion ceased, cells enlarged, cytoplasm became less dense, and cell
walls thickened, Damage to shoot meristems was more pronounced than

to root meristems when solutions of comparatively low specific éctivity

were used,
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Two British workers, Russell and Martin (52) have reported damage
to plant tissue at levels much lower than reported by American workers,
They found reduced root growth at a level of 10 microcuries per liter
of culture solution. The solution crave 0O.Li "equivalent roentgen'"# per
day but due to selective accumulation in the meristematic rersions, the
root tip received 300 "equivalent roentgen"# per day.

Blume (8) studied the affect of different ratios of P32 to P31 on
the growth of plants in soil. The only reduction in growth of barley
seedlings occurred at the hirhest concentration of 12,500 microcuries
of P32 rer pram of P31.

The movement of calcium into tomato, alfalfa, red clover and wheat
from a soil application has been studied by Ririe and Toth (L8). They
found greater amounts of Cahs in the lower leaves than in the upper
leaves, Split root studies with tomatoes indicate 1little movement of
Cahs through the roots in a snlution containing call5 to other roots in
soluticns of varying levels of calcium,

The relative absorption of ~hsophorus by apple trees was studied
by Efrert et al (17) working in New Hampshire. They have shown con-
clusively that nhosphorus in water solutions sprayed on the foliage
and =small branches of anple tr~es can be absorbed and translocated to
other parts of the tree. Over half the phosrhnrus sprayed on the plants
Plants was found to have been translocated to the roots while 2 to 3

percent of the total phosphorus in the plant came from the foliar spray.

¥ A Vequivalent roentgen” (er) 1s essentially the same as a "Roent—
gen-equivalent-physical” (rep) which is defined as "That dose of any
ionizing radiation which produces energy absorption of 93 ergs per
gram of tissue®”,
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A device for the measurement of the rate of urea hydrnlysis has
been raported by Hinsvark, Tukey, and Wittwer (31). The relative rates
of clhoz production were studied for several vegetable and woody plants
and it was ascertained that the rate of urea hydrolysis as indicated by
Clh02 evolution was closely correlated with the amount of injury pro-
duced by the spray, The preatar the rate of hydrolysis the less toler-
ant a nlant was found to be to a given concentration of urea,

Fraser and Mawson (23) found a uniform distribution in a narrow
spiral band to a height of 15 fest following an injection during the

86 below thr surface of a trough holding potassium

growing sezson of Rb
chloride solution which was attached to the trunk of the tree. The

rate of movemsnt into the plant from the sslution decreased after the
initial rapid intake. Unward mo-ement of Rb86 ceased in October when
leaves became senescent but downward movement continued. In healthy

treess, the movement was confined to a narrow path, while in diseased

trees, the movement was over a fan-shaped area,




17

ITI. MATERTALS AND METHODS

All radioactive materials, which were qsed in these experiments,
were obtained from the Atomic fnergy Commission at Osk Ridge, Tennessee.
Radioactive calcium (Cahs), radioactive phosphorus (P32) and radioactive
Potassium (Khz) were used to study the rate and extent of absorption
and subsgequent translocation following foliar and bark application of
nutrient elements,

Radiocactive calcium (Cahs), which was received as a solution of
calcium chloride, was added to a 2 percent soclution of stable calcium
chloride,

Kadioactive phosrhorus (P32), which was received as a solution of
phosphoriec acid, was prerared in most experiments as a 0.3 percent
solution of stablea nhosrhoric acid to which radiocactive r~hosrhorus (P32)
was added to make concentrationg rancing from 1 to 10 mierocuries ner
milliliter, In certain exneriments, concentrations of stable phos-
nhoric acid ranging from 0,25 to 8.0 percent were used, while in these
same experiments the number of microcuries per milliliter was varied
from 0,01 to 53.3.

Radioactive potassium (sz), which was received as irradiated
units of potassium carbonate, was prepared as a 0,3 percent solution
of protassium carbonate,

Various procedures were used for applying the radiocactive mater-
lals depending upon the nature of the plant material under study. 'For

leaf application, the leaves were dipped into a 600-milliliter beaker
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containing the desired solution, the leaves beins forced into the sol-
ntion by means of a glass stirring rod,

When the solution was applied to limbs or branches, paint brushes
were used, a 3-inch btrush being used on the old limbs and a 1/8-inch
brush for water snrouts and small limbs. For some of the dormant ap-
nlications, a measured amount of solution was npipetted onto cotton
rauze wrapped aréund a limb, Sprayins with a Shur-Shot sprayer ét 60
to 100 pounds pressure was another method used for young dormant trees,
This work was done in the middle of an open fiesld, mask and protective
nlastic cover beings worn by the operator,

Samples that were collected from experimental treatments were
nlaced in a drying oven at T0°C, Because of the large volume of some
of these samples, principally those in the put;of-doors experiments
with ohosphorus and calcium sprays, the samples were dried at 120°F, in
a larre circulating air dryer such s used for food dehydration.

To reduce the shieldins effect of the tissue and to prepars the
samples for chemical analysis, the tissue was reduced to ash in 50
milliliter porcelain crucibles in the muffle furnace at 600°C., Phos-
nhorus samnles were handled as described by the A.0.A.C. (1), adding
first .5N magnesium nitrate, then concentrated hydrochloric acid.
Magnesiim nitrate will form magnesium pyronhosphate with the phosphorus
comnounds present in the pnlant tissue, a comnound which is thermally
stable at 600°C, The hydrochloric acid partially digests the plant
material which permits close contact of the magnesium nitrate and the

phosphorus compounds,
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Before ashing, leaves and current-season's shoots were ground te
20 mesh in a Wiley mill, Watersprouts and other older tissues were
reduced to small pieces, then excess hydrochloric acid added to insure
penetration of the magnesium nitrate,

Ash from foliape treatments was dissolved in 2N hydrochloric acid
then transferred to a 25-milliliter volumetric flask and made to vol-
ume., An aliquot of 5 milliliters was removed for counting. Ash from
woody sam;les was dissolved in acid at the rate of 5 milliliters of
acid to 1 gram of dry vlant material. Five milliliters of the acid
solution of the wnody material was evaporated to dryness on an electric
hot plate and used as a sample for counting. A Tracerlsh autoscaler
=quipped with a shislded chamber was used for counting the samnles,

Autoradiograms were used t~» evaluate the ~ross intake and distri-
bution of foliar and bark applied nutrients, Autoradiograms were pre-
pared by the method ‘:utlined ny Wittwer and Lundahl (62) with one mod-
ification. The treated leaves were removed from the shoot to prevent
blurring of the autoradiogram rather than washing the leaves to remove
the excess phosphorus or .otassium which causes the blurring.

The steps in the preparation of autoradiograms are as follows:

l. Place plant nart betwaen two sheets of botanical specimen
paper and dry under pressure with infra-red heat lamps,

2. Remove botanical specimen paper from both sides of plant
part and replace with a sheet of pliofilm on one side and a new
sheet of absorbent paper on the other,

3. Press plio-film side againat 8 x 10 inch, No-screen

Kodak X-ray film with steel plates and leave in the dark (photo-




-, 20

granhic) room 5 to 7 days for exnposure,
4. Process films, using X-rsy developer and fixative,
Information is given on weather c-nditions when they were unusual
and had a nrobable affect on the results of an experiment,
More detailed information on materials and methods will be de-

scribed in each experiment,
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IV. R«¢SULTS

The research undertaken in this project may be divided into pre-
liminary experiments not using radioactive materials and experiments
using radioactive materials which are grouped according to season (a)
applications to the bark during the dormant season, (b) applications
to both bark and leaves during the early spring cseason, and (c) appli-

cations to the leaves durirg the mid-summer and late summer season,

Preliminary Experiments

Experiment I

Object: To determine the total bark area of twigs, branches, and
trunk of a dormant apple tree, so as to rain some appreciation of
the surface exposed to nutrient apnlications.

Part 1

Materials and Methods: Two 3-year-old McIntosh apnle trees were used

in preliminary measuremants to determine a practicable means of de-
termining the surface area of a dormant tree, Two methods were com-
pared {a) computation from measured diameters, and (b} computation
from volume as determined by actual water displacement,

Both methods depended on finding the surface area and weights of
stem sections 80 millimeters in length. These stem sectiéna were cut
into eight diameter classes, namely 3, L, 5, 6, 8, 11, 13, and 15
millimeters which represented all the diameter sizes found on the 3=

yYear-old McIntosh apple trees,
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In the first method, it was assumed that the stem section was a
perfert cylinder, Since the diameter and the length of each section
was known, the surface area of the cylinder could be calculated by
using the formula for the surface area of a cylinder,TYDL, D was the
diameter of the section, and L was the length of the section,

In the second method, the 80-millimeter sactions were immersed in
graduated cylinders and me=surements made of the volume of water dis-
nlaced, It was then necessary to determine the radius of a stem 80
millimeters in length which would have this measured volume. This was
done by substituting the value obtained for the measured volume into
the formula for the volume of a cylinder, Volume =T R2L or Radius? w

Volume , This calculated value for the radius was used to determine
 Length
the surface area of the 80-millimeter stem sections,

A broportion was then used to find the total surface area of

stems of a ~iven diameter class, as follows:

AL a | A, = _MW2
Az w2 1
Ay = calculataed surface area for a 80 millimeter section of.

diameter D (calculated by either of the 2 methods)
A, = total surface area of wood of diameter D
Wy = weight of a 80 millimeter section of dismeter D
Wy = total weirht of wood of diameter D
Results: The b~ark areas of the two 3-year-old McIntosh apple trees
are given in Tables I and 1II., These data show that the surface area

obtained by the two methods are similar, with the value computed by

the measured diameter method being the more conservative estimate,.
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Part 2

Materials and Methods: During January 1952, the total surface area

was determined of a 25-year-old McIntosh apple tree with a 1limb spread
of 26 feet 8 inches and a height of 20 fest 10 inches by the measured
diam=~ter method.

The tree was cut down and the wood frouped into 19 diameter
classes, ranging from S millimeters to 305 millimeters, as shown in
Table III, Branches up to 8.5 centimeters in diameter were cut into
80-millimeter lengths and the average weicht of 10 sections was de-
termined., This average weirht and calculated surface area were sub-
stituted in the proportion used in part 1 of this experiment. For
limbs with a diameter gr=ater than 8.5 centimeters, the area was cal-
culated directly assumins the 1limb to be cylindrical.

It will be seen from the accompanying table (Table III) that the
surface area of the 25-ysar-old hkicIntosh anple tree was 85.99 square
meters., Interestinely enough, wood of 6 millimeters or less in dia-
meter constituted slichtly over one-third (35.7 percent) of the entire
surface area, and over one-half (53,7 percent) was 10 millimeters or
less in diam=ter. Thus a large portion of the surface area of the
tree occurred in wood most adanted for the intake of mineral nutrients

hecause of the relatively thin layer of periderm,




TARLE I
BARK ARZA IN SMUARS CENTTYETERS OF A 3-YEAR-OLD McINTOSH

APPLF. TREK (TREE A) AS PETRRMTMED BY TWO METHODS

Aver, Area of W, of Vol, of Total Total Area of Total of
Diam,  80-mm, 80-mm, 80~mm, Weight  Area 80~mm, Area by
Age of Section Section Section by Section Volume
Branches by Diameter Volume Method
Diameter : Method @ Method
Method
(Mm,) (5, Om.) (Cms.) (Ml.) (Gms, ) (sq, ems) (Sq, Cm.) (Sq. Cm.)
l-yrt 3 7055 1.81 08 9.97 hlo6 8.97 h?os
3 7.55 1.81 o7 8.42
Wood N 10,06 2.72 1,2 11,78 L7.6 11,00 L9.7
4 10,06 2.26 1.0 10.03
z'yro h 10006 2072 loh 50&’4 2105 11.57 2308
6 15,10 3.62 3.0 8.15 31.9 17.36 39.1
Wood 8 21.00 5.hb L5 15,77 6L.7 21.30 62,6
3-yr. 1 27.63 9.54 9.0 42,20 122.4 30.50 135.0
13 32,61 13.13 11.9 L4.80 111.L 3h.62 118.2
Wood 15 37.71 16.77 15.0 32,60 73.4 38.90 75.7

Total 51,3 551.9




TABLE II
BARK ARKA IN SQUAR- C+!TTMETERS UF A 3-YEAR-OLD McINTOSH

APPLY, TREE (TRES B) AS DETSRMTNED BY TNO METHODS

Aver, Area of W, of Vol. of Total Total Area of Total

Diam, §0-mm. 80-rnm, 80-mm, Weight Area 80-mm, Area by
Age of Section Ssction Section by Section Volume
Branches by . Diameter Volume Method
Diameter Method Method
Method ‘
(Mm,) (Sq. Cm.) (Gms,)  (M1.) (Gms.) (S0, Om.) (Sq. Cm.) (Sq. Cm.)
l-yr, 3 7.55 1.81 ol 9,54 39.6 8.42 ub.h
3 7.55 1.81 .85 9,26
Wood L 10,06 2.72 1.29 8.15 30,2 11.39 3%.4
b 10,06 2.72 1,50 12,23
5 12,57 3,18 2.2 16.32 6L.7 14.91 78.5
5 12,57 3,18 2.4 15.56
2-yr, S 12,57 3.18 1.8 L.08 16,2 13.47 17.3
-6 15,10 3.63 2.3 8.60 35.9 15,22 36.0
Yood 8 21,00 S.Lb L.6 12,68 49,0 21.30 49.5
J=yr. 1 27,63 9,08 8.7 23.55 72.5 29.55 76.9
13 33.61 12,68 13.5 39.40 10L.5 36.10 109,0
Wood 15 7.1 17.63 17.0 40.75 89.3 41,80 99,2

Total 501.9




TARLE IIX
BARK AR: A IN SRUAR: METKRS AND SNUARE FRET

OF A 25-Y%AR-OLD McINTOSH ATI’LE TREE

Aver, Area of Total Total Portion Av-r, ¥t. Total
Diam, of 80-mm, Area Area of of BO-mm, Weight
Brenches Section Tree Section '
(Mm. ) (sq. cm.) (Sq. M.) (Sq. F.) & (Cms.} (Gms. )
5 12,57 30.74 330.76 35.7 1.84 L4 ,990.68
7 17.59 8.78 oL.L7 10.2 3.39 16,925.71
9 22,62 6.73 72.41 7.8 5.60 16,669.89
11 27.60 5.0l 53.51 c.8 8.24 14,9L0.35
1k 35.19 7.70 82.85 9.0 13.73 30,050.7%
18 L5.2h 5.38 57.89 6.3 21.99 26,167.61
28 62.83 6.57 70.69 7.6 42.79 LL.735.31
35 87.96 3.87 Li.64L L.S 85.27 37,535.93
55 138.23 1.29 13.88 . 1.5 208.L9 19,L48.58
65 163.36 1.57 16,89 1.8 291,20 28,066.79
75 188.50 .80 8.61 .9 387.70 16,499.78
RS 213-63 058 60214 - o? h97097 13’)438.06
95 238.76 .38 hc 09 oh 622.0'4 —t—
115 — .8l 9.04L 1.0 — —
135 A - 13 1.’40 L] 1 -—am -
205 —— . h3 h- 63 . 5 - —
305 - 1.06 llohl 1.? - - =

Crand Total 85.99 925,25 99.8 — ———
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Experiment I1

Object: To test the effectiveness of various sticking a: ents when
used with nutrients arplied to the bark of fruit trees,
Part 1

Matarials and Methods: A S5 percent solution of phosphoric acid con-

taining 1/100 microcurie of p32 per milliliter was used as the basic
solution t- which wers~ added the follcwing sticking arents at a con-
centration of 2 ounces to 100 gallons of water: Triton B-1956, Ortho,
Dupront Sticker-Spreader, Atlas G-772, Atlas Tween-?O,vand Methocel
LOOO c.p.s. Cther sticking arents used were Plant Spray Spreader at
1 ounce to B gallons of water, Kolofog at 6 pounds to 100 gallons of
water, and Good-rite PE-PS at 6 rnounds to 100 rallons of water,

To test the effectiveness of the sticking arents, uniform sections
of mater sprouts from McIntosh.apnle trees 6 millimeters in diameter
and € centimeters in lencth were immersed in solutions containing the
stickine apents. Five stem s~rtions were used with‘each agent,

A hook=shaped piece of Qire was inserted into the pith of each
section, in order that the sections could be immersed in the solutions
and later hung up until dry.

Standard procedure for nhosihorus analysis according to the
A.0.A.C. (1) was followed, exrept that instead of being ground the
sections were cut into small pieces before being trrated with the re-
arents in preparation for ashing.

The ash woes dissolved in S milliliters of 2N hydrochloric and

then transferred to metal sample boxes for counting the radiation.




TABLF IV
RETENTTION OF P32 PHOSPHORTC ACTD BY McINTOSH APPLE STHM
SECTIONS AS AFFRCTED BY SEVERAL STICKTNG AND WETTING AGENTS

AS TNDICATED RY COUNTS PER MTNUTE FROW P32

Sticking Retention Crams
and/or Count/min. deposited for
Wetting per sq, cm, entire mature
ar~nt of =urface apple tree:
Atlas G=772 6.93 179.5
Carbowax 1500 6.34 16L.2
¥olofog Celi3 140.7
Dupont S.S. 7.8 196.3
Methocel LOOO 8.03 208.1

Ortho 6.3% 164L.5

PE-PS 5.5 2.5

Flant Spray 6.29 162.9
Triton 1956 6.33 16L4.0
Tween=20 7.16 185.5

s#Com-uted on the basis of the S percent solutions used for these
teste and the surface area of a 25-year-old McIntosh anple tree

as determined in exnerimant I.
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Results: The results of this expariment riven in Table IV are the
avercreas of the amount of radioactivity found on the five sa~tions
used for earh solution.

Both Kolofog and Toodrite PE-PS are known to be sood sticking
arents but in this te~st they showed the lowest fifrures for retention,
A possible exnlanation is that dur’ing the ashing process a compound
may be formed with vhosvhorus which is volatile below 600°C. Phos-
rhorus di-, tri-, penta~, and henta-sulfides, having boiling points
raneing from 337°C. for the disulfide to 523°C. for the heptasulfide,
could have been the compounds formed,

Part 2

"Materials and Methods: A second series of tests was conducted using

Tupont Sticker-Spreader and Methocel LOOO c.p.s; at the same rates »s
were ured in the first teasts, :lus solutions of Methocel LOOO c.p.=.
and Methocel 1500 c.D.S. at the rate of 4 pounds of sticker to 100
fallons of solution.

The ends cf the stem sections were dioped in paraffin so as to
rrevent absorption of solution through the ~ut ends. After the -tem
sections were dry, the ends were cut and discarded, lea ing a plece of
shoot 6 centimeters in length. The stem sections were prepared for
analysis in the same manner as descrited in Part 1.

Results: The results of the second series of tests are siiown in Table
Ve
The values obtained confirmed the results obtained in the first

test, Methocel 4OOO c.p.s. was 2gain found to be the most effective




TABLE V
RETRNTTON OF P32 PHOSFHORIC ACTI' BY McTNTOSH APPLE STEM
SECTTICNS AS AFFREOCTED KY SEVERAL STICKING ATENTS AS

TNDICATED RY G.UNTS FER MINUTE FROM P32

Sticking Retention Grams
and/or Count/min, deposited for
Wetting per Sq. Om, entire mature
arents of surface apple treei
Dup”nt S.S. 1‘68 90.26

2 02./100 gal.

Methocel LOOO L.33 232,65
2 02./100 gal. .

Methocel L0OO 3.99 214.38
L4 1bs./100 gal.

Methocel 1500 3.18 170.86
L 1bs./100 ral.

#Computed on the basis of the 5 percent solutions used for these
tests and the surface area of a 25-year old McIntosh anple tree

as determined in exnsriment 1.
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sticking acent, but increasing the amount of sticking agent did not
result in a corresponding increase in the amount of phosphoric acid

retained on the stem section,

Experiment III

Object: To datermine the tolerance of MecIntosh apple and Montmorency
cherry trees when dormant and when in the green tip stage to sprays of
mineral nutrients at different concentrations,

Materials and Methods: One year-old Montmorency cherry trees.(Knipht-

Dowd strain) and 2-year-old McIntosh anvle treess were obtained from
the Sreening Nurseries of Monroe, Michiran, in February, 1952, for
this experiment, The trees were nlanted in lard cans which held a2p-
nroximatealy one cubie foot of coarse quartz sand. Tap water alone,
without any added nutrient material, was supplied to the plants.
Solutions or slurries of calcium chloride, phosphoric acid, po -
tassium nitrate, NuGreen (urea), and a 20—20—20 fertilizer were pre-
pared at concentrations of 2, L4, 8, 16, and 32 percent by weight and
anrayed onto the plants with a small hand sprayer until the plants
were thoroughly wet with the solutions. Potassium nitrate was not
used in Fart 1 of his e:periment but it was used in Parts 2, 3, and L
because a peculiar margsinal chlorosis developed on the trees sprayed
with NuGreen and the 20-20-20 fertilizer which both contain ures ni-
troren, Two trees were sprayed at =ach concentration of the five
materials and two trees, which were not sprayed, served as check trees

for each part of the experiment,
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This exp-riment was divided inteo four parts: Part 1= Dormant
crrays on cherries, Part 2- Greentir sprays on cherries, Part 3-
Tormant s»rays 'n arples, and Part L- Creentip snrays on apples,
Cherry trees, whi~h were =sprayed in he dcrmant state, were planted,
and were sorayesd February 28 in the greenhcuse. Cherry trees, which
were sprayed in the greentin stare, wers planted March 28, These
tree= remained outside the greenhcuce until April 1llth, when they were

sprayed and then were taken insids the rre nhouse, Apple trees,
which were sprzyed in the dormant state, were planted and were sprayed
¥erch 26th, On March 27th these trees were moved to azn unheated
tuilding for 1C days. Acrple trees, which were s rayed in the green-
tir stage, were planted March 25th and then were left 10 days out-of-
dcors, The greentin state of bud crowth was nct reached till after
the trees hzd teen in the rreenhosurce sevén days,
Results: The effects of the different materiagle on the develoment
of the tree= in each of the fHur parts of this experiment will te
rresanted ceparately,

Part 1 Dormant Spray on Cherry

Inhibition of the rate of development of the buds was shown ty
trees snrayed with 2-, L~, and 8-percent s-iutions of calcium chloride.
The inhitition had been over-ome by the time final obser-ations were
made four weeks after planting and these plants were averare in de-
velopment. The two highest concentrations of calcium chloride killed
some buds and caused inhibition of others, Approximately 20 vercent

of the buds sprayed with the 32-percent solution were dead and another




28

35 percent were not growing but were still rreen inside when cut open,
lpproximately S percent of the buds, most of which were terminal, were
killed by the l6-percent solution while another 10 percent of the buds
arpeared to te inhibited,

No killing of the buds was noted with any of the concentrations
¢f NuGreen used. The 16- and 32-percent solutions did cause a white
or yellow marginal chlorosis of the leaves of the developing shoots.

No ~ffect on the development of the buds was noted when concen-
trations of vhosrhoric acid 8-percent or less were sprrayed on the trees,
Cnly a few lateral buds were destroyed by the 1l6-percent solution. The
32-percent solution of prhosrhoric acid proved to be the most toxic
s :lution used 3in part 1 of this =x-eriment as 75 percent of the buds
srrayed with it were killed, The lateral btuds were destroyed by this
s-lution in contrast to the teminal buds which were destroyed by the
czlcium chloride solutions,

Sprays of 20=20-20 fertilizer produced the same results as those
described for the NulCreen,

Part 2 OCreen Tip Spray on Cherry

Calcium chloride caused no inhibition of the rate of development
of the buds when used at a concentration of 8 percent or less. At
first all the buds appeared to have been destroyed by the 32-percent
solution and only >ne bud on each tree sprayed with the l6-percent
gsolution was y'rowing. Later three buds developed on each tree sprayed
with the 32-percent solution while only one bud developed on one of the

treas sprayed with 16 percent calcium chloride.
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NuGreen had no effect on the trees which were spraysd with a sol-
ution of 8 percent or less, About 50 percent of the buds were destroy-
ed by the 32-percent solution. Marpinal chlorosis started to appear
18 days after svoraying with the 16- and 32-percent solutions,

Phosphoric acid at concentrstions up to 8 percent did appear to
be toxic. At 16 percent about S50 vercent of the tuds were killed and
2t 32 percent all bude were killed althourh one shoot was produced
from an adventitious or latent bud of one of the trees before the final
measur=ments were taken,

Potassium nitrate did not cause injury at any of the concentra-
ticns used in this experiment,

Nc ‘njury in the form of bud killing was found but marginal chloro-
sis of the leaves occurred following the apnlication of the 16- and 32~
nearcent concentrations of the 20-20-20 fertilizer,

leaves of shoots, affected by chlorosis, were painted with 0,3~
rercent solutions of manganese chloride, magnesium sulfate, magnesium
nitrate, ootassium sulfate, and rotassium chloéoride 21 days after they
had been sprayed to find whether a deficienc& of magnesium, mangsnese,
or notassium was r-sponsible for the chloros=is. Each solution was
rainted on all leaves of a single shoot but no recovery was noted on
suts=2quent observatio-ns,

Part 3 Dormant Spray on Apple

While the apples, which had been sprayed in the dormant condi-
tion, were being held in the unheated storage building, it was ob-
served that certain of the spray materials were sufficiently hygre-

scopic to accumulate water which ran down the stems, Calcium chloride, i
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phosvhoric acid, NuGreen, and to a rertain axtent 20-20-20 showed this
nroperty while notassium nitrate aparantly was not hygroscopic.

The effacts of the materials during the growing se=-son are described
as follows:

Calcium chloride had ns inhibitinge =ffect at coqnﬂntrations up to
8 percent., However the tearminal buds of the trees spraysd with the 16-
and 32-percent solutions did not develop, e e

NuGreen had no effert when annlied at a concentration sf 8 percent
or lecs, Some buds were killed by the 1l6-percent concentration and
rost buds by the 32-percent concentration., No chlorosis was noted
following anplication of any concentration of NuGreen to the apple
trees,

Some lataral buds were d=stroysd vy the 8-percent sclution of
vhosnhoriz acid but none were injured by the 2- or L-percent solutions,
At first only one bud develoned on oné tree and two 5n the other spray-
ed with 15-per-ent nhosnhorir acid, Later two and four shoots respec-
tively were produced by the tress, Thesa shoots and those nroduced by
the treas sprayed with 32-percent solution, whish had appeared to be
dead, were of adventitious origin.

No effect on the developrment of the shoots was noted following
the use of notassium nitrate at any concentration,

Sprays of 20-20-20 fertiligser of a concentration of 8 percent orv
less had no ~ffect on the growth of the aprle trees, At 16 percent
some of the lateral buds failed to develop and most of the growth was

confined to term’nal regions of the shoots. Most of the lateral branch-
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es of one rlant were killed by the 32-percent solution while most of
the buds were killed on the other plant but in a more scsttered manner.
Part 4 Green Tip Spray on Apple

The effects of the materials during the growing se-~son are de-
scribed as follows:

Calrcium chleride at 8 percent killed some of the buds but ne
affect was noted at the lower concentrations. Only a comparatively
few tuds developed on treas srrayed with the 16-percent solution,

The trees sprayad with the 32-percent ralcium chloride at first ap-
rpearad to be dead but later several btuds on ezch tree developed,

NuGre=n and 20-20-20 sprays were without affect,

Phos~horic acid solutions of 8 percent or less concentration had
no effect on the growth of the plants. About 50 percent of the buds
were killed bty the ls-per:ent solution; all were late~ral buds. Both
tremes snrayed with 32-percent nhosphoriec acid at first appeared to be
dead but later three adventitious buds produced shoots,

I'otassium nitrate snrays had no effect on the develorment of the

plants at any concentration.
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Entry of Mineral Nutrients Applied to Bark of Limbs

and Branches durinyg the Dormant Season

Experiment IV

Object: To determine whether potassium from Kh2 potassium carbonate
enters the plant when applied to the bark of limbs and branches of an
spple tree during the late winter,

Matarials and Methods: A 0.3 percent solution of Kh2 potassium carbon=-

ate to» which had been added Triton B-1956 at a concentration of 0.1
pesrcent was used. The activity of the Kh2 was approximately 2 micro-
~uries ner milliliter at the time of treatment on February 6, 1951.

Potted 2-year-old McIntosh apple trees srowing in the greenhouse
and mature dormant Rhode Island Greening anple trees in the orchard
were treated with this esolution, The application was made at selected
nositions on the tress by wrapping cotton gauze around the limb and
then saturating the gauze. A L-inch band of ¢auz= was wrapped ;round
a lateral limb of one of the ysung McIntosh trees and around the trunk
of the other 6 inches above the so0il line. After 28 hours, samples :
were taken from the trees,

On the dormant Rhode Island Greening trees in the orchard, the
solution was painted directly on l1l- and 2-year bark as well as onte a
6-inch cotton gauze tand which had been wrapped sround a 10-year-old
limb, As a precaution, a dam of cheese cloth was placed at the base

of the 2-yaar;old shoot growth to prevent any contamination by the

solution beyond this point.
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Sampling»of the dormant wood in the field was done after 24 and
48 hours, at erch harvest one limb was sawed off and sections removed
toth at 6 and 18 inches above and below the rauze, Sections were re-
moved 6 and 18 inches basipetal to the treated 2-year-old shoots at
2l hours and again LB hours after treatment.

The samples at the various distances were divided into bark (phloem
and periderm) and wood (xylem) as nearly as was possible., These were
nlaced in erucibles and ashed in the muffle furnace at 600°C,

The samnle was counted directly in the crucible with a Tracerlab
Autoscaler,

Results: The amount of radioactivity found in the untreated portions
of the young trees in the greenhouse was small but in general it was
greater than twice the radior~tive count of background. However,
samrles taken & inches telow the treated arca on the lateral 1limb and
also root samples from this same tree did not contain this amount of
radfnactive material., All samples from the tree, where the solution
was aprlied 6 inches above the soil line, were above twice background
in radioartive count. Greater radiozctivity was found in the bark
samnles than in the wood smnles, except in the roots where the wood
contained more radioactivity than the bark,

The am-unt of radicactivity found in the tree in the orchard was
small as it was not large enoucrh in most samnles to produce a radio-
active count twice that of background, in peneral greater radioactivity
was found *n the bark tissue than in the wood portions. The only

counts recorded in the 10-year-old limbs, which were twice that of
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tackground after 24 hours, were samrles ~f the bark and wood in the
treated area. The samnle of bark 6 inches abtove the treated area as
well as thes bark and wood in the treated area of the h8-hour treatment
of the l0-year-old limb showed radiosactive counts over twice that of
rackeround. The am-unt of radiocactivity found in the 3-year-old por-
tion of the limbs 6 and 18 inches bel>w the treated 2-year-old limbs
was not large enourh to produce a radiocactive count of twire back-
sround, While the radioactive count levels were too low to be con-
sidered positive, a definite trend towards a higher cocunt value was
naticed for the bark sample than for the corresnonding wood samvle,

Experiment V

Object: To determine the value of a lime =slirry as a means of in-
rreas‘rg entry of Khz notassium carbonate thraugh the bark of apple

and neach trees,

Nzaterials and Methods: A stock solution of sz notassium carbonate was

made up by ad’*ng 1l frams of Khz potassium carbonate to 3 liters of
water. The stock solution was divided into two portions: agricultural
lime was =dded to nne »ortion to make a slurry and Dreft was added to
the other nortion to.improve the wetting properties of the solution,
These solutions were apprlied to the limbs with a paint brush,

Six uniform 8- to 10=year-old limbs of South Haven peach and four
sim*lar limbs of Rhode Island Creening apple tree were used, half the
number beinc used with each material applied,

The trcatments were made to the limbs at 4 P.M. on April 3, 1951,

The limbs were cut from the trees after 23 hours and thin longitudinal
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sections were sawed through area which had both treated and untreated
vark., After these sections were dried, autoradiograms were macde from
them. Trimmings from the nieces of thr 1limbs from which the thin
longitudinal sertions were cut were ashed and the radioactive count
was measured,

Results: No Khz potassium was found either in the portions of the w-ood
which were ached and counted or which were used for autoradiograms,

A clear line of radioactive material was shown by the autoradiograms
to be present on the epidermis but none was evidrnt in the area of the
nhloer. However, these results may be questionable hecause the
radioactivity of the samole may have dropped telow a detectable level
due to the short half life of KU2,

t.xperiment VI

Object: To determine the relation between concentration of phosphoriec
acid solution and the rate of entry into l-year-old peach shoots in
early winter,

Materials and Methods: Three concentrations of rhosrhoric acid, 3, 20

and 80 millirrams ver milliliter with the same relative svecific ac-
tivity of 0.21 microcuries ner milligram of phosphorus were applied to
l-year-old Halehaven neach limbs on December 16, 1952, The amounts of
p32 per milliliter of s-lution were 2.0, 13.3, and 53.5 microcuries
rer milliliter, respectively.

Vertical limbs about 2 feet long were.selected for this treatment,

In order that transloc:tion within the 1limb could be studied without




TABLE VI
THY TNFT TENC™ 7% CONCENTRATTON UPON FNTRY OF P32 PHOSPHORTC ACID
TNTO 1=-YEAR=OLD PSACH LTUHKS NURTNG DKCFMBER AS SHOWN BY RADIO-

ACTIVITY FOUND TN THE TRFATED AND UNTRNMATED PORTIONS OF TH# LIMBS

Samnle 8 Hours 1y Days
Dry W%, Radiocactivity Dry Wt, Eﬁdioactivity
per 1l gram per 1 gram
Dry Wt. Dry Wt.
(Gms.) (Count/min.) (Cms. ) (Count/min.)

0.3% A Autoradiogram

Shavings 1.L425 20.h4 J..1025 - 3.8

Treated Portion L.h623 14,094.0 9.9589 2,172.9
0.3% B Autoradiogram .

Shavings 100362 20.8 l. 1686 16.3

Treated Portion 3.7726 20,652,0 L.6201 7,01%.7
2,086 A Autoradiogram

Shavings 1.0006 5.9 1.0472 4.7

Treated Portion 3.1939 925.8 3.7779 82.9
2.0% B Autoradiogram

ShaVingS 101691 7.0 1.01!41 8.1‘

Treated Portion 3.9278 649.2 3.3627 268.9
8.0% A Autoradiogram

Shavings 1,602 9.2 0.8532 130.9

Treated Portion 5 . ,4730 35, ;7,4 0 SothB 1’4,26003
8.0¢2 B Autoradiogram

Shavings 1.0661 58 .h* 1.0167 3302

Treated Portion L.3784 39,282.0 5.1456 13,293.0
Check A Untreated Limbs 1.4123 3.5
Check B Untreated Limbs 1.186% 9.6
1/100 ml. of the 3 mg/ml treating solution 723.0
1/100 ml. of the 20 mg/ml treating solution L,900.0
1/100 ml, of the 80 mg/ml treating solution 17,652.0

#Contaminated
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jnterfering contamination, only the basal 10 inches of the limbs were
painted with the P32 solutions.

Four limbs were used for each concentration, two beins cut after
8 hours and the other two after 1k days. The weather during the 8-
hour period was clear with a low temperzture of 42°9F, Rain did not
fall during the 1l day period until the evening of the fourth day
after which some precinitation fell for the followin- 6 days. This
was followed by clear weather until the limbs were cut.

After removing the shoots from the tree, a 1/16-inch section was
removed from the terminal 9 inches to make autoradiocrrams. The pleces
that were trimmed off the shoots were dried, ashed, and counted, arnd
were desifnated "autoradiogram shavings',

Results: Radioactiva eount in treated and untreated portions of peach
shoots shown in Table VI indicated thot very little entry occurs in
the late fall or early winter regardless of concentration of acides A
and B in Table VI refer to replicate limbs for each concentration,

The autorraphs made of the 8-hour treatment showed no evidence of
exposure to redioactive material excert for the base of the 8-h )ur B
treatment, However, a faint image wac made on all the films exposed
to the 1lL-day treatment with the strongest image reing found with the
3 percent treatments,

Experiment VII

Object: To determine the accumulation of P32 at 6~, 24~, and L8~hour
intervals followin~ a bark arnlicétion of P32 phosphoric acid to Hale-

haven peach trees.
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Materials and Methods: Nine horizontal limbs, from which vertical

branches arose, were selected on nine L-year-old Halehaven peach trees,
A 0.3 percent solution of p32 rhosvhorirc acid, with Dreft as a wetting
agent, was applied to the hori-ontal branches only. The solution

froze to the limbs as it was applied with a paint brush at 10 A.M. on
March 21, 1951.

The vertical limbs were cut at 6, 24, and 4B hours after treatment
and examined to determine whether any radioactive phoschorus had been
translocated into them from the arnlication to the horizontal limbs,
The vertic2l branches were senarated into untreated buds, xylem, and
wood, and the horizontal limbs into treated buds, xylem, and wood.
Intact stem sections were designated "wood"” while alternate sections
which were rcraped to remove the nhloem tissucs were designated
"xylem",

Results: The results are given in Table VII, To galculate the figure
for the total solution applied, the radigactive count from each hori-
zontal 1limb and attached vertical branch were totaled and were con-
verted to milliliters of solution. To find the radiocactivity of the
discarded phloem, it was assumed that this tissue had the same activity
as the corresponding wood sertions minus the activity of the xylem
sertions., The percent of material translocated was determined by
dividing the total activity found in the plant into the activity found
in the untreated 1imb,

Table VII shows that six hours after apnlication of P32 phosphoric

acid to horizontal limbs, radioactivity of 169.5 to 222 counts per




TABIE VII
MIGRATION OF RADIC HIOSPHOKUS AFPLIED T DCHAANT HORIZONT:L BRANCHES INTO

ATTACHED VERTICAL LIMER F THE °EACH AT 6, 2k, AND L8 HOURS AFTER APPLICATION

Time of Harvest
6 Hours 2l Hours . L8 Hours
Tree 1 Tree 2 Tree 3 Tree 1 Tree 2 Tree 3 Tree 1 Tree 2 Tree 3

M. of

Radio~

phosphorus 1.50 1,78 1.01 3.63 1.10 0.60 1.76 2,05 1,63
Solution '

Applied

Kadio=

activity

of Solution 13,987.3 16,53L.2 9,385.7 29,613,3 8,996.8 L,867.1 1h4,791.5 17,311.3 13,698.8
Applied '

Count/min,

Radio-

activity

Trans- 187.1 222,0 169.5 138.9 25h,5 77.7 117.1 146,9 156.4
located

Count/min,

Percent of

Radio-

activity L34 1.3k 1.81 0,47 2.83 1.59 0.79 0.85 1.1k
Trans-

located
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minute was detected in the 12- to 24-inch vertical branches which arose
from the treated horizontal limbs. OCnly one limb of the three cut 244
hours after treatment and no limbs cut L8 hours after treratment showed
a radioactive count hirher than the minimum count found 6 hours after
treatment. Possibly inj;ry in the treated area, which perritted
graater entry, had occurred in the one limb cut 24 hiurs zfter treat-
ment whirh showed a radiocactive count of 25L4.5 counts per minute.

A possitle explanation for the lower radiocactive counts found in
the untreated vertical Iimbs at 2L and L8 hours after treatment than
were Tound & hours sfter treatment, may be that equilibrium had not
teen reached 6 hours after treatment between the count of phosphorus
which was enterineg the vertical 1limb from the treated horizontal limb
and the amount whi~h was being translocs2ted to other rarts of the
nlants,

Exveriment VIII

Object: To determine the accumulation of rhosnho rus within 8- to 10-
year-old peach limbs after 6, 16, 2L, LL, and 72 hours following ap-
riication of P32 phosnhoric acid t» cotton rauze wranped around the

1imbs in early spring.

Materials and ¥ethods: A solution of phoschoric acid contained 0,04

microcuries rer milligram of cthosnhorus was applied April 19 to limbs
of South Haven peach trees 1 1/2 to 2 inches in diameter. A continu-
ous surply of phosphorus was provided on the surface of the limbs by
using several thicknesses of cotton fauze, which were wrapped around
the limbs in a band 4 to 5 inches wide. The gauze was held in place -
by waterproof tape which also prevented movement cf the solution beyond;"

the gauze,
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Longitudinal sections 1/16- to 1/8-inch thick were cut from two
limbs at each of the following time intervals of 6, 16, 24, LL, and
72 hours, using an electric tatle saw. These sections were placed on
botanical drying paper and dried between hot steel plates. The outer
tark was removed on all but one of the sections at each harvest so
that an indication of the amount of P32 which had been annlied to the
btark and also the amount of P32 which had entered the limbs could be
seen in the autorad’oframs made from the limbs,

The solution with the exception of the 6~hour =samples, which were
treated at 9 A.M. of April 20th, was applied at L4:30 P.M. on April 19th.
The weather at the time of treatment showed broken clouds and a tem-
nerature of 55°F, Limbs for the 16~hour samovles were cut at 8:30 A.M.
on Anril 20th. The 2L~hour samples were cut at L:30 P.M. on April 20th,
During the day, thé weather was clear and the temrerature was 60°F. Two
- 1imbs were cut at L4 hours or at 12:30 P.M. on April 2lst, Final
samples were sectioned at S:00 F.M. on April 22nd after a night of
heavy rain,

Besults: Activity in the phloem area was seen in the autoradiograms,
with the heaviest line at 6 and 16 hours. The density of the line de-
creased with time so that at 72,5 hours no activity was visible in the
nhloem tissue. From this information, it would seem that after the
initial entry, the nhosphorus is moved to other parts of the plant,

Experiment IX

Object: To determine whether p32 phosphoric acid from a bark applica-

tion would enter dormant 3-year-old apple limbs in February.
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Materials and Methods: Fifteen vertical limbs of a Winesap apple tree,

which were 3 years ol1d and 8 feet tall, were used in this experiment,
which was started February 24, 1953, They were cut from the tree,

all the side limbs removed, and 5 layers of pauze 3 inches wide wrapped
ar~und the 1limb 18 inches from the base, The limbs were laid hori-
zontally over saw horses and S5 milliliters of a solution, which con-
tained 0.10 microcurie per millisram of nhosphorus, were pipetted onto
the raure, A plece of plastic was fastened over the gauze with masking
tape to prevent drying. After all the limbs had been treated, the base
of each wac slashed an& placed ‘n a bucket of water. The treatments
were held inside an unheated storasre building on the college farm

where no fre-zing occurred until the time thzt the 96-hour samples

were taken,

At time intervals of 12, 2L, L8, 96, and 192 hours, three limbs
were removed from the bucket and samvles 1/L-inch long were removed at
3, 6, and 12 inches below and 3 and 12 inches above the treated area.
Becaure of the smaller diameter of the wood, a l-inch section was used
at 48 inches above the treated area,

Fesults: Rather high values of radioictive count were found in the
samples immediately above and below the trezted arra, however the
variability between samples was great within the 1limb replications.
For the 12-hour samples, this statement is not true as no treatment
gave a radiocactive count exceeding twice background,

The most interesting fact is that the average minimum count

values, althoush low, showed an incrrasing value at each successive
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harvest., However the only time at which the minimum amount of radio-
activity, usually the sample L8 inches above the treated area, exceeded
twice the radinactive count of btackeround was at 192 h urs after treat-
ment.

Intake and movement of a large amhunt of phosphorus over 14 inches
‘n a basal direction can be discounted in this rxneriment. Only a
small amount of radioactivity was found in the watér in which the
shoots were rlaced during the experiment,

Experiment X

Cbject: To determine whether pruning wounds in the treated area affect
‘he rate of entry of vhos:horus from P32 phosphoric aclid as well a= to
observe the effect of sucrose on the rate of entry of phosphorus from
P32 nhosrhorin acid.

Matertals and Methods: This experiment, whirh was started April 23,

1953, usinc a vrhosphoric acid solution containing 0.06 microcurie per
millieram of nhosnhorus, fcllowed the same experimental procedure as
Experiment IX with some modifications. Black Twig apple limbs 3 to 5
years :1ld were used. Since the distribution of rhosphorus within the
limb was the main consideration, only one veriod of samprling, 48 hours,
was used. This made it vossible to use an incrrased number of repli-
cations. A side shoot or spur was removed from the area which was to
be treated of half the limbs. Sucrose was added to part »f the orig-
inal s ‘lution to make a 5 percent solution. Fach solution was pipetted
onto cotton gauze irapped around the limbs on four of the eight limbs,
Each 1limb was placed upright in a bucket of water immediately after
treatment, so as to prevent contamination by horirontal spread of the

solution,
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Results: The leavels of radioactivity in this experiment were much
lower than those encountered in the previous expreriment, but the dis-
tribution appesred to follow the same trend. The greatest amount of
radiosctivity was found 3 inches above the treated area where 6 of the
8 limbs had an amount of radiocactivity rsreater than twice the back-
sround count level. On the other hand, at 3 inchees below, 6n1y 2 of
the 8 limbs had an amount of radiocactivity preater than twice that of
background and in one of the limbs this radioactivity was due to sur-
face contamination., The other larrer amount of radiocactivity was on
one nf the injured limbs which in ¢eneral vave evidence of ereater
entry.

Sucrose did not seem either to incrrase or decrease entry of
~hosphoric acid., However, the values recorded are much too close to

tackercund to te regarded 58 conclusive,
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Spring Growinc Seasosn Treatments

Expveriment XI

Object: To determine whether movement of phosphorus from bark appli-
cations of nhosphoric acid will take place at the time of bud swell,

Materials and Methods: The basal foot, of eight intact 2-year-old

Halehaven peach shoots approximately 2 foot long, was painted with
phosphoric acid solutions which contained 0.04 microcurie per milli=-
gram of vhosrhorus on Anril 3, 1953, TFour limbs were painted with a
solution containing vhosrhoric aecid only and four with a solution con-
tatining nhosvhoric acid plus 5 percent sucrose, |

The temperature was about 50°F, during the 2L4~hour period allowed
for absorption, Rain fell after the solution had been in place for
7 hours.

When the limbs were cut, the basal or treated portion of the limb
was serarated from the apical or untrrated portion. The two portions
of each 1limb were ached then counted separately,

Results: An amount of radioactivity ereater than twice the background
level was found in the untreated portion of only two of the eight
limbs, DBoth the=e limbs had been treated with the solution containing
no sucrose. All the radioactive count values were lower on the treated
nortions of the limbs when sucrose was included in the solution.

Experiment XII

Object: To determine whether increased intake of phosphorus from P32

rhosphoric arid cccurs when the bark of an apple shoot is scraped.

.




Materials and Methods: The bark of l-year-old water sprouts of HRed

Astrachan avple was scraved lightly with a knife, £o as to roughen
the bark but not remove much of it. The bzsal 8 inches of four of the
<hcots were so scrared, but four others were left untouched. On April
23, 1953, all were painted with a solution of rhos-horic acid containing
.10 miecrocurie rer millieram of ~hosrhorus. The solution dried rapid-
1y and twenty-four hours after application, rain fell for 4 hours.
Forty-eicht hours after application samples were collected, the
shoots teins ~ut 2 inches atove the treated area in.order to avoid
rossible contamination., The swellins buds wer~ removed from the un-
treated rortion and were considered as a senarate sample for counting
TUrroses.
Results: Only two of the eirht samples from the untreated portion gave
counts twice that of backer - uné and they were tuds from scraped limbs,
Approximately five times as much “hosrhorus remained on the scraped
choote 2as on the unscraned, suggesting th-t the -reater entry into
scraned cshoots may have heen due in part to the . reater amount of
solution retained by the =crared tarke.

Exveriment X111

Oblect: To determine whether P32 phosrthoric 2cid will enter the tomato
nlant from apprlications made to the sides of the stem.
Part 1

Materials and Methods: Seede of Michigan State Forcing variety of

tonato were nlantecd Sentember 23, 1952, and the seedlings transplanted

to 3=-inch rots on Ortober 30, 2nd to 12-inch pots on November 28,
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In a preliminary experiment, intake from a continuously moist
source of nhosnhorir acid was compared to a singsle apnlication by
brush. This treatment, which ran from December L to 8, utilized a
nrhosphoric acid solution which on November 12, 1952, had an activity
of 2 microcuries wer milliliter of P32, A 1 1/2-inch band of solution
wac painted onto one plant, while a l-inch gauze which was soaked in
solution was wrapped ar und the stem of another. A piece of plastic
film prevented the cauze from drying during the cxmeriment,

The two nlants were cut into sections consisting of a piece of
the stem and an attached leaf. These sections were dried and the dry
weirht determined for ecch. Each section was ground to a fine powder
with a mortar and pestle trefore the radioactivity in each section was
determined on Decemter 17,

Results: The enlry of radiophosphorus as indicated by counts per
minute from P32 in different parts »f the plants is [~iven in Table
VIII, The greatest concentration of nhosnhorus arpeared to e in the
youn~est leaf tissue, 3s mirht be experted from previous experiments
with tree fruits, The amount that entered the plant was much greater
from the gauze treatment than from the single brush application, How-
ever, the percent of the total phosphorus thazt was translocated was
less from the gauze trcatment than fron the single brush application.
nly 24.1 percent was translocated during the 4 day period when applied
in ~auze as comovared to 31,4 percent transloczsted from a single brush

anplication,




TABLE VIII
DISTRIBUTION OF RANTOPIIDSIFHORUS TN TOMATO PLANTS FOLLOWING
THE APPLICATION OF FHOSPHORIC ACII SOLUTION T THE STEM BY

KRUSH AND IN fOTTON GAUZY AS INDICATED BY COUNTS PER MINUTE

s —— e = S— s——— ————— . — — -— —

Brush Application Gauze Anplication

Location of Dry Wt. Radioactivity Dry Wt. Hadioactivity
Plant Part (Gms.) 1 Gm,. Dry Wt, (Gms,) 1l Cm. Dry Wt,

(Counts/min.) (Counts/min. )
Tip «15L9 739.2 <1665 9,u493.7
Leaf 5 above #2257 361.1 «2552 L,367.9
Leaf I above .2870 304.7 «3900 2,637.7
Leaf 3 above .3071 135.5 .5030 1,031.2
Leaf 2 above «3321 150.9 «5333 993.2
Leaf 1 above .3859 132.9 .14185 933.6
Treated Stem .1019 11,185.5 .2228 83,337.9
Treated Gauze « 3609 L45,269.3
Leaf 1 below 3658 117.6 - .2755 689.7
Leaf 2 below «3353 110.6 2467 971.2
Roots .3L50 100.9 4303 1,L479.7

The number of radioactive counts per minute measured in 1/200

of a milliliter of the treating solution was 246.8.
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Part 2

Materials and Methods: Aft-r December 20, only distilled water was

suprlied to the tomato plants so that flowering would be induced., On
VJanuary 14, 1953, flowers of six plants were sufficiently develored to
set fruit artificially when the flowers were dipped into a solution of
50 ppm of alpha (p-chlorophenoxy)-propionic acid. On January 18, two
plants were moved into each of three greenhouse rooms, which were held
at 50°, 65°, and 80°F. constant temperatures.

Cne day ias allowed for the rlants to become acclimated to the
new environment before the plants were treated by the gauze method
with a phoschoric acid solution which contained 0.21 microcurie per
millieram of phosphorus., A 6-inch piece of fauze, l-inch wide, was
wrapped around the stem of each plant 17 inches below the developing
fruit. Fifteen drons, which was approximately 3/L of a milliliter,

‘ff the soclution were applied to each gauze. Plastic film coveréd the
‘gauze to prevent drying of the solution, An additional riece of
cotton was placed at the basal end of the plastic to absorb any excess
solution,

Entry of nhosvhorus into the plant was determined by the activity
from p32 which was found in the developing fruvit. To obtain a record
of the rate of entry of phosphorus into the fruit, a Gieger—uﬁller
tube was placed next to the fruit. The radiation pylees received by
the Gieger-uﬁller tube were recorded by an Esterline Angus chart
recorder which was attached to a Tracerlab count rate meter according

to the method described by Hinevark, Tukey, and Wittwer (31). A
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record of the temperatures in each room was obtained by means of
thernogranhs,

At e2ch temperature, the largect fruit was placed next to the
Gieger-Maller tube to obtain a continuous record of the amount of
radioactivity in the fruit, After four days, all fruit were picked
and than dried. The dried fruits were pulverized with a mortar and
pestle, then a record of the actual counts per minute per gram of
dried fruit tissue was ocbtained with a Tracerlab Autoscaler,

Results: Intake of P32 into the develonring tomato fruit following a
stem application of p32 phosphoric acid in rauze was found to be de-
pendant on temperature., The results exnressed on the basis of 1l gram
of dried plant mat~-rial in Table IX show that 176 and 300 counts per
minute were found in truit crown at 509, 572 and 663 ~ounts per minute
when rrown at 652, finally 657 and 738 counts per minute in fruit
grown at 80°, Similer results were found by Hinsverk and Nittwer (32)
who were study’ing ahsorption o ~hosphorus from foliage applications
2t these =ame temper:tures,

The size of friit was influenced by the temperature. Large
fruits 5.9 and 4.1l grams were produced at the high temperature, one
large L.1 rrams and one sm2ll frult 0.5 grams were produced at the
intermediate temperatures, and small fruit 1.2 and 0.3 grams were
produced 2t the low temperature,

Exveriment XIV

Obdect: To determ*ne_whether a spray application of mineral nutrients
aplied to the bark can supply a portion of the mineral requirements

of develoning shoots,




TABLFE IX
THE KFFENT OF TEMPERATURE ON TH< MCOVEMENT OF RADIOPHOSPHORUS
INTO THE DWVELOPTNG TOMATO FROTT FROM PHOSPHORIC ACID APPLIED
IN COTTON GAUZE TO THE ST¥M OF THY. IPLANTS AS INDICATED BY

COUNTS PER MTNUTE

Temperature Sreen Wt, Dry Wt. Total Radioactivity
Radiocactivity 1l Cm. Dry Wt,
(Cms, ) (Cms. ) (Counts/min, ) (Counts/min.)
500 1.222 0.1028 30,8 300.0
_ 0.276 0.0290 5.1 175.8
65° L.137 0.3250 158.9 572.0
0,502 0.0L98 32.3 663.0
80° 5.369 0.L127 304.5 738.0

L.105 0.3029 197.8 657.0
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Materials and Methods: Dormant l-y=ar-old Montmorency cherry trees

and 2-year-old McIntosh ap:le trees from cold storare were planted in
12-inch pots filled with ~uartz sand on June 11, 1952. These trees
were sorayed June 1ll4th with a 2 percent solution of phosphoric acid
which contained 0,22 microcurie per gram of phosphorus and which util-
ized Methocel LOOO c.p.s. as a sticking arent at the rate of 1/4 pound
ner 100 gallons of water., The srray was applied at a nressure of 100
rounds per squ2re inch with a Sure-~-Shot sprayer. Twenty trees of each
variety were sprayed with the solution and four non-spray~d trees
served as controls,

Dormant l-y~ar-old Montmorency cherry trees and 2-year-old
McIntosh apple trees from cold stord;e were nlanted in 12-inch pots
filled with quartz sand on June 18th. These trees were sprayed June
19th with a 2 percent solution of calcium chloride which contained 0.2
7420 microcurie rer gram of caleium and which utilsized Methocel LOOO
CePeS. ac a sticking 27ent at the rate of 1/4 pound per 100 gallons
of water. The spray was applied at a pressure of 60 pounds per square
inch with a “ure-Shot =orayer, Sixteen trees of each variety were
sprayed with the solution and four non-s—rayed trees served as controls,

As the trees were grown out-of-doors it was neces=ary to fasten
~la~tic she~t 18 by L2 inches around the tree and around the pot to
nprevent the entry of rain water, which mirht carry some of the soray
mat>rial into the root medium. A piece of cotton, which was placed
under the plastic, atsorbed any water which seeped between the plastic

and the stem, A budding rubber held the plastic and cotton tightly to
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the stem. The plastic was fastened to the not with twine, leaving a
covered onening to permit walering of the nplant.,

The b-sic nutrient =olution was 1/2 Hoagland's (33). Half of the
treec of the phosphorus bark spray treatment received complete Hoag-
land's solution while the other half received a minus phosphorus
Hoarland's solution. The same pattern was followed with the calcium
treatments, half receiving complete s>lution and the other half minus
calcium,

On Aurust 7, 1952, all the n=w shoot growth was removed from each
tree, After drying, these shoots were ground to 20 mesh in a Wiley
mill, One gram of the dried material from each tree was ashed fol-
lowinr the procedure described in the A.0.4.C. ( 1) for calcium or
phosvhorus 2nalysis dependiny- unon which spray the tree had received,
Results: Numerical data from thisrpx“eriment are shown in Tables X,
XI, and XII.

More new growth was produced by the trees receiving the complete
nutrient snlution than by those receiving the deficient solutions.

No valid count data were obtained from the phosvhorus spyray be-
cause the nhosrhorus passed througch too many half-lives before
analysis was made,

Root initiation did not occur in many of the cherry trees, pos-
eibly be~ause of the high temneratures at the time of planting. Very
little new growth was made by the tops of these plants. The count

data obtained were very variable,




TABLE X
SHOOT GROWTH PRODUTED BY ArPLE AND CHERRY TREES UNDER
DIFFEHWNT NUTRIENT CONDITIONS FOLLOWING A DORMANT SFPRAY

OF RADTOFHCSPHORUS OR RADTOCALCIUM

Treatment (Dry weight in grams)s#
Apples Cherries

Phosrhorus Spray

-P Nutrient Solution ' 10.63 2.38

4P Nutrient Solution 1L4.66 3.03
0o Spray

-P Nutrient Solution 8.09 1.52

4P Nutrient Solution 7.57 1.82

Caleium Spray

-Ca Nutrient Solution 6.84 1.51

4$Ca Nutrient Solution 9.01 2.35
No Spray

-Ca Nutrient Solution 6.56 1.87

$Ca Nutrient Solution 8.L8 2.17

#* Mean values for the treatments




TABLFE XI
RADTOCALCTUM CONTENT OF APPLE SHOOTS GRONING ON TWO LEVELS
OF CALCIUM NUTRITION PRODUCED FOLLOWIMG A DORMANT SPRAY OF

CALCI'™ CHIORIDE AS INDICATED BY COUNTS PER MTNUTE

Nutrient Level

~Ca +Ca

Hadioactivity Radiocactivity
1 Gram Dry Wt, 1 Gram Dry Wt,
(Counts/min., ) (Counts/min, )

1 672 3L8

2 838 284

3 472 267

L 602 2L1

5 561 230

6 LLS 318

7 275% 390

8 L73 753%

Total 4063 2078

Mean 580.4 296.9

Differences necessary for significance:
S percent level 181.7 1 percent level 275.1

#These values were not used in the statistical analysis




TABLK XII
ANALYSTS OF VARTANCE OF RAD'DACTIVFE COUNTS FROM RADIOCALCIUM
TM AFPLFR SHOOTS PRODUCED RY TREES GRONTNG ON COMPLETF AND
MTMUS CALATIM NUTRTENT SOLUTTONS FOLLOWING A DORMANT SPRAY

OF CALTT™ CHLORIDE

Source of Degrees of Sum of Mean

Variation Freedom Squares Square F
Total 1L 419,039

Treatment 1 281,434 281,434 25 6t
Replication . 6 60,631 10,105 0.9i9

Error 7 76,974 10,996
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A highly sizn’Ticant difference was found in the radioactive
-al-ium ~:ntent 5f the current soz:son shoots of anrle tre~s which
received ~omnlete nutrient soclution and those wh'ch received minus
~altitm nutrient solution, more radioretive calcium beins found in
tha 'lanﬁs which had received the minus cal-ium =olution.

Exneriment XV

riect: To deterr‘ne whether mineral nutrisnts aonlied to senmi-
dormant sour =~"-~rr; tre~ wo:ld ‘nduce a resnonse in growth,

Vaterials and iat-5ds: Two smrays, luSreen and 15-37-15 fertili-zer,

w#ere suppliec by spraying the solution at the tree and by spraying the
cslution at the rround. An enual am-unt of nitrogen, .07 pounds, was
zpnlied to ezsh trees., This amount, which {s equivalent to 1/2 pound
>f sodium nitrate, was contained in 1/2 rallon of spray, which the
s~rayver delivered in 2 seconds,

The NuSreen scrasy contained 17 ncunds of NuGreen in 50 gallons of
water. The complete fertilizer soray was composed of 20 prounds of
tonrs 10-62-17 and 25 nocunds of Rarid-Gro 23-21-17 in 50 gallons of
water, Methorel LONO c.n.=s. wes used 2s 2 r tinking 2-ent for both
s~rays at a rate of 1/4 pound rer 100 rallons of water,

Tichty Montmorercy cherry trees, S years old, were used for this
exgeriment which was started Aptil 18, 1952, At that time, the cir-um-
ferences of the trunks 1 foot above the fround were measured and re-
corded. The sprzys aere applied to the trees, which were in the green

tinp stare, on April 20th,




TABLE XIII
TCTAL INCREASE IN CTRC'MFFRENCE IN CENTIMETERS OF FOUR TREE
REPLICATIONS UF S-YEAR=OLD MONTMORRNCY CiHERRY TREFS FOLLOWING

GROUND AND TRFE APPLICATION OF NUTRIENTS

Renlication Check N-G N=-S NPK-G NPK-S
1 15.5 16.4 21.0 18.1 15.9
2 18.0 18.7 17.1 19.5 20.9
3 18.6 18.3 19.2 19.7 20.3

Total 2.1 53.4 €73 57.3 7.1

Averare per

tree L.k25 L.117 4.775 L.775 L.758

Differences necessary for significance 5 percent level = ,275

Footnote
N-G = Nulreen sprayed on ground
N-S - NuGreen sprayed on tree

NPK-G - 15-30-15 sprayed on ground
NPK-S - 15-30-1% snrayed on tree
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Four spray treatments containing four trees each were replicated
four times., The check treatment of four replications of four trees
received no fertilizer,

Results: The increase in circumference during a l-year period was
used for evaluation of this exreriment.

As one replication each in the NuGreen application to the ground
and comnlete spray to the tree were very low as compared to the other
rerlications, it was decided to run the analysis of variance on the
three highest replications.

As would be experted on trees that had not been fertilized pre-
viously, a sirnificatn response to fertilizer application, which is
shown in Table XIIJ, was noted. However, the NuGreen ground treatment
was significatnly lower than the check, partly tecause two repli-
cations made less than averare growth. The important point is that
no differenres in response were noted from the two methods of ap-
rlication. Response w2s about the same whether the s»lution was
rrrayed at the tree or on the ground around the tree,

Experiment XVI

Object: To determine whether greater nutrient intake from an appli-
cation of phosvhorie acid to the bark of twirs amd branches occurs
dur‘ng the reriod of rapid growth than during the dormant period,

Naterials and Methods: Water sprouts and 10=year-old limbs of a

single Jefferis apple tree were used in this exreriment. With the
water sprouts, four treatments were used, with two water svrouts per

treatment. In the first treatment, the solution was painted directly
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on the basal 8 inches of an undamaged water sprout. In the second
treatment, the solution was painted on the basal & inches of a water
after the bark had been serared lichtly with a knife, In the third
treatment, the solution was anplied to a 6-inch rauze wrapped around
the tasal 8 inches >f an undamaced water sprout. In the fourth treate
ment, the solution was applied to a 6-inch rauze which had been wrapped
around a shyot after the water sprout had been scraped. Plastic film
was used to cover the rauze to orevent rapid drying.

To study the movement of ohosphorus into water sprouts following
appliration to the bark of l-year-old limbs from which the w#ter
sprouts arose, three treatments were used. In the first treatment,
the solution was nainted on the undamarced bark of a limb from which
two water sprouts arose. ITn the second treatment, the solution was
nainted onto scraved bark from which three water sprouts arose. In
the third treatment, the solution was anplied to a piece of rauze 6 x
36 4nrhas which had been wrarped around =2n area of the 1limb which had
been scraned. The treated area acorried two water snrouts. A sheet
of nlastic film was used t> cover the gauze to nrevent rapid drying.

A 0.3 percent solution of phosphoric acid containing 0.53 micré—
curie per milligrram of phosnhorus was applied to the 1imbs at noon on
May 23rd. The water sprouts were removed for sampling L8 hours later.
No rain fell during the period.

Current seasons shoots (leavqs and stem) and the untreated
portion of the previous seasons shoot (stem) were collected from each

water sprout for sampling. Water sprouts that had been treated directly
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were cut two inches above the treated arra while shoots that had been
growing in a treated area of older burk were cut one inch above the
trrated area,

After drying, the samples were ashed according to the procedure
outlined for phosphorus analysis in the A.0.,A.C. (1). Radiocactive
rounts were measured on the total ash of each samnle 6n June 11lth,
The count recorded on June 1llth for several of the samples was higher
than the mechanical ability of the sceler to record efficiently.
Thegse samnles were counted arzin on July 6, 1973, after heinz diluted
1 to 20.

Total phos-horus in cach samnle was determined nccordine to the
micro method given in A.C.A.C. (1) on June 30th,

Results: The numerical cdota obta‘ned in this cxreriment is presented
irn Tables XIV, XV, XVI, and XVII.

A sreater amount of radionhosnhorurs entered limbs when the bark
was scraped lichtly, when cotton rauze saturated with p32 phaosvrhoric
acid s~1lution wars wrarped around the limbs, and when cotton gauze
saturated with P32 rhosphoric acid soiution was wrapped around lightly
scraved limbs than when the solution was spplied to a limb with intact
Lark,.

When the radiocactive counts found in current seasons growth of
the.various treatments were comrored to those found in the water
scrouts with intact tark (195-339 counts/min.), 2 10-fold increase
was noted with scrared berk (2,086-5,L37 counts/min.), a 30-fold in-

crease followine a2tsorption from gauze over intact bark (7,80L-10,961




TARLE XIV
PHOSFHCRUS #ND RADIOPHOSPHORUS CONTENT OF CURRENT
SEASONS GRWTH (LEAVES AND STEMS) OF WATKR SI'RGUTS
OF APPLE FOLLONING APPLIC/TION OF PHOSFHORIC ACT

TO THEY RASAL 8 TNCHRES OF RARK O THRE WATER SPROUTS

Total Radioactivity Total
Dry Wwt, Per 1 gram Dry Phosphorus per
Renlication of Leaves Wt. of Leaves 1l rram dry wt. of

and Stems and Stems Lraves and Stems

B (Gms.) (Counts/min., ) (Mgs,)
Solution Applied to Intact Bark

1 1,6005 339.0 L.327
2 1.6875 194.6 L.222

Solution Applied to Cotton Gauze over Intact Bark

1 1.1787 7,804.2 L.666
2 1.01132 1C,961.2 6.180

Solution Applied to Lirhtly Scraped BRark

1 1.3868 5,L37.8 L.507
2 1.4811 2,086.2 L.692

Solution Applied to Totton Gauze over Lightly Scraped Bark

1 0.9322 L423,815,.0 1h,.321
2 0.9142 368,177.0 15.314

The phosphorus content of 1/100 milliliter of the treating
solution was 0.508 millirrams and the racdioactive count of this
amount was 37,880.0 counts rer minute,




TABLF. XV
PHOSPHORUS AND RADTOPHOSPHORUS CCNTENT OF CURRENT
SFEASCHNS CGRONTH (L-AVES AND STHMS) OF WATER SFROUTS
CF APPLF FOCLLOWTNCG APTLITATION OF FIHOSHIORIC ACID

TG BARK OF ADJOINING 10-YEAR-OLD LIMBS

Total Radioactivity Total
Dry Wt. per 1 gram Dry Phosphorus per
Replication of leaves Wt. of Leaves 1l gram dry Wt. of
and Stems and Stems leaves -and Stems
(Cms, ) (Counts/min.) (Mgs.)
Solution Applied to Intaect Bark
1 1.3300 21.h 3.308
2 0,.9030 17.2 3.267

Solution Applied to Heavily Scraped Eark

1 0.8955 145.5 3.238

2 1.L4789 75h.4 3.0L3

3 1.1L00 917.9 3.9
Solution Apllied to Cotton Gauze Over Heavily Scraped Bark

1 1.683L 80,511.0 8.094

2 1.3532 62,716.0 6.836

The phosnhorus content of 1/100 milliliter of the treating
solution was 0,508 millirrams and the radioactive count of this
amount was 37,880.0 counts per minute.
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TABLE XVI
PHOSPHCORUS AND R/ DTO/HISEIORUS CONTENT OF PPREVIOUS SEASONS
GROWTH (WCODY STEM) OF WATEK SIRCUTS OF APPLE FOLLOWING
APPLICATION CF PHOSHIORIC ACID TO THK RASAL 8 INCHWS OF

BARK OF THE WATER SPROUTS

Total Radiocactivity Total
. Dry Wt. Per 1 gram Dry Phosphorus per
Replication of Woody Nt. of Woody 1l gram dry wt. of
Stem Stem Woody Stem
(Cms, ) (Counts/min.) (Mps,)

Solution Applied to Tntact Bark

1l 2.6717 83.7 1.192
2 3.5557 50.2 1,159

Solution Anplied to Cotton Gauze over Intact Bark

1 1.77L7 2,196.1 1.155

2 L.20L5 1,326.9 1.146
Solution Applied to Lichtly Scraped Park

1 2.97L5 881.7 1.150

2 L.1C16 328.2 0.959

Solution Applied to Cotton Cauze over Lightly Scraped Bark

1 1.1096 15L,Lh82.0 8,562
2 2.1403 80,718.0 14.601

The phosthorus content of the 1/100 milliliter of the treating
solution was 0.508 milliprams and the radiocactive count of the amount
was 37,880,0 counts per minute,




TABLF XVII
PHOSFHRUS AND RANTOPHOSPHORUS CONTEZNT OF PREVTOUS SKASONS
GROWTH (WOODY STEM) OF WATER SPHCIITS OF ArPLE FOLLOWING
APPLICATTION OF :HOSPHADRIC ACID TO RARK CF ADJOINTING 10-

YXAR=-QLD LIMBS

Total Radiocactivity Total
Dry Wt. per 1 gram Dry Phosphorus per
Rernlication of Woody Wt. of Woody 1l gram Dry Wt. of
Stem Stem Woody Stem
(Gms,) (Counts/min,) (Mgs.)

Solution Applied to Intact Bark

1 3.27hL 3.2 0.803
2 2.2455 8.5 ——

Solution Applied to Heavily Scrared Bark

1 2.4200 28,1 0.791

2 L. Llkl 183.1 0.768

3 L.6828 202.1 0.722
Solution Applied to Cotton Gauze Over Heavily Scraped Bark

1 5.0736 8,336.0 1,375

2 L.1297 5,881.0 1.170

The phosphorus content of the 1/100 milliliter of the treating
solution was 0,508 miliiprams and the radioactive count of this
amcunt was 37,880.0 counts per minute.
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counts/min.), and a 1000-fold increase “ollowing ahsorption from gauze
sver scraped bark (368,177-423,81% counts/min.)., Tt thus appears that
one of the limiting factors in hork apnlicetion is the small amount of
naterial that is retained ty the b=rk if 2n aqueous =olution of mater-
ial is arvlied, Also, exnosure of livins cells within and beneath

the Yark aids entry. It is interesting in this connection to obse:rve
that renorts in old horticultural literzture of beneficial results
from rutrient arplications to the woody portions of trees, usually
stress both secrs~ins of the arca where the anplication is to be made,
and application of the material in a thick slurry or paste,

Drying of the lcaves at the edres, shriveling of the bark, and
nink discoloration of the phloem were otsrrved in the shoots which
were scraned and then covered with gauze, This was possibly due
Lo rhosrhorus tovicity as shriveling and vink disec loration of the
nhloem were observed in exrrriment I1I when Z-year-old McIntosh arple
irees were = rayed with rhos—horic acid solutions at- c-ncentrztions
ranging from § to 32 percent,

Hore radioactive rhosrhorus w: s found in the expanding shoots of
the current senson than in the woody cshoots of the rrevious senson,
For example in Tables XIV and XVI , the amount of P32 absorbed through
the intact bark of water srrouts gave 195 and 339 counts per minute in
the current seasons growth (leaves and stem) and 50 and 84 courrts per
minute in the previous se cons growth (stem) whereas the amount of p32
absorbed through lightly scraned bark of water sprouts gave 2,086 and

©,L438 counts per minute in the current seasons growth and 328 and 882
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counts per minute in the previous seasons growth, As the current
season shoots were still in active growth, more rhosnhorus metabolism
could te exnected there than in the previous seacon shoots where only
the cambial area was in active growth,

Greater entry of radioactive phosnhorus ocrurred following appli-
nztion of the soluticon to the bark of water sprouts than occurred fol-
lowing armnlicetion of the solution to the bark of 10«yecar-old limbs,
Thus in Tatles XV and XVI rounls ner minute found in current sezsons
srowth were 195and 339 when the solution was brushed on the intact
bark of watersprouts and 16 and 28 when the solution was brushed on
the intact bark of a 10-year-old limb in an area on whirh Lwo water
rurouts arose,

Exneriment XVII

Cbiect: To comnare the entry and subsecuent movement of radiophos-
~horus anplied to lenves alone, bark alone, and leaves and btark to-
rether of younr neach trees,

Materials and Methods: Three l-yerr-old Llterta peach trees growing

in rots in the greenhouse, 2nd two L-year-old Halehaven peach trees
growing in the orchard were used, At the time the experiment was
beFun, February 17, 1951, the leaves were starting to unfold on the
tress in the greenhouse. An enmuzl amount of a vhosphoric acid solu-
tion, whirh conta‘ned 0.07 microcurie cer milligram.of chosphorus,
was used ~n each tree, In the rreenhouse, the solution was applied
to the expanding leaves of one tree, to the bark of another, and to
both the leaves and bark of a third., The nicht temperature of the

greenhouse was LO°F,
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In the orchard, most of the solution was arplied to the Luds on
the brsal noriion of l-yercr-old twi-s, The temper-tur~ remained above
freezing during the night #nd was in the LO's F. cduring the day.
Results: No intake of radioactive vhosphorus was observed from the
application to the dormant tuds of peach twigs out-of-doors, However,
ertry and movement occurred in some cases from arnlications to the
trees prowing in the greenhouse, Following an application to either
the lmaves and bark or to the bark alone, movement to other parts was
detected, !owever, when the a-plication was made solely to the ex-
nzndine leaves, no movement occurred away from this area, probably
L.werause nhosnhorus was being metabolized in the region of application.

Experiment XVIII

Object: To compare the retention of radiophosphorus solution bty
lenrves of aonle, pezach, near, s»ur cherry, and swert cherry,

Wrterials and lethods: One tree each of McIntosh apple, Flberta

neach, Rartlett rear, Montmorency sour cherry, and Windsor sweet
cherry were used. The trees were sctively srowing in pots in the
“reenhouse where they had been in active growth for approximately 3
woeks hefore the treatments were made,

A solution of 0.3 percent phos-horic acid contz’ning 0,11 micro-
curie »er millipram of rhos~horus and containing Dreft es a wetting
agent was anplied to one of the lower growing shoots of esch plant on
March 3, 1951, The entire sh~ot was submerged in a beaker of the
radioactive solution after each notted tree had been 1aid horizontal

on the greenhouse bench. The trecs were left horizontal until the
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apnlied solution had dried on the shoots so that contamination of the
surroundings limbs by lateral movement of the radioactive =solution
would be eliminated; because any excess solution on the horizontal
treses dri.ped ﬁn£3 paper sonrezd on the rreenhouse bench, After the
solution éried, the trees were nlaced unright,

Samples of treated and non-treated shoots, and new roots were
czllectad 6 days after treztment and the radiophosnhorus in each part
was ~rounted utilizines a Tracerlab lutoscaler. Thus, the total amount
of rhosphorur solution &rnlied and the anount translocated to the shoots
and t. the roots were determined.,

Tlesults: Data obta‘ned are shown in Tables XVIII and XIX. A relation

wis observed hetween adherence and retention of material and the
thynsisol Tharacters of the leaves, Thus, apple leaves, which have the
noet nubeﬁcencn, showed the ~re~test retention of the soslution, whereas
reach lezves, which are  rlabrous, retained the lecst,

Translocation of rhos-horus was not correlated with the amount
which had adhered to the leaves »f the different fruits. The d:ta
show that the pear and sour cherry weres more efficient in absorption
as indicated bLiy the percent of the solution translocated of that which
was annlied, The data also indicate that there may be a difference in
direction of movement of the absorbed rhosphorus in the different
rlants, On a unit weirht basis, the radioactive count found in the
tons of pear and sour cherry was rreater than the amount found in the
root tissue, In the apple, neach, and sweet cherry on a unit weirht

bagsis, the rreatest amount of radioretive count from P32 was found in




TABLE XVIII
RETHITTON OF I'HOSPHORT D ACID BY SHOOTS OF APPLE, DRACH, PEAR,
SNOUR THERRY, AND SARET CHWERY ! SLLOJING DIPPING TN A SOLUTION

COMTATNING RADTOPHOSTFHORUS AS TNDICATED BY COU'NTS PER MINUTE

Fresh Wt, . Total Amount of
of Shoot Activity Solution
Srowth (Counts/min.) {(M1.)
(Gms.)
Apole 3,655 131,532.9 2,91
Peach 30593 28,591502 0.633
E":'ar' 10389 39’33200 0087
Sour Cherry 3.761 LL,076.8 0.976

Sweet Cherry 7.573 63,661,8 1.1




TABLE XTX
TRANSLOCATTON OF RATTORIOSHORUS '"NTZ UNTREATED SHOOTS AND
RJOTS OF ApPPLE, PBACH, PRAR, “OUR CHEKKRY, AND SWEET CHERRY

FOLLO®NTMC DIFr1ING JOF ONE LOWER SHOOT TN PHOSPHORIC ACID

Radioartivity in CHhunts per Total Percent P32
Minute per 1 gram Fresh Tissue Translocated to
Shoot Root Shoots and ltoots
Ap"le 88 . 7 162 ol Ce 52
Feach 12,7 . Lé.9 0.39
Fear 156.3 10L.0 2.65
“sur Cherry 206,8 31.0 3.27

Sweat Cherry 12,4 17.3 C.36
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the roots. Thus the movement, after entry of p32 into the more ef-
fictently absorbing plants, was apparently diffarent than in the less

efficiently absorting :lants,
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Summer Growing Se2son Treatments

Exneriment XIX

Objectz To dstermine whether greater entry of rotassium occurred when
the amount of Kh2 potassium carbonate on the leaf was increased by the

use of a lime slurry.

Materials and Methods: The potassium solution was jprepared by adding

11 grams of =otassium carbonate cont-ining K’"2 to 3 liters of water,
Ta half the solution, Dreft was added as a wetting agent and to the
rest of the solution hydrated lime was added to form a slurry.

Median leaves of McIntosh arple, “lberta peach, and Montmorency
ccur cherry shoots on trees growing in pots in the greenhouse were
dinped into the solution using one tree of each variety. The pro-
cedure was reneated with the lime slurry using one tree of each
variety,

The dipping of the median leaves was done at $ A.M. on April L,
1951, and the shoots were cut after 7 hours. The shoots were dried
under heat lamps for 16 hours after harvest., Autoradiograms were made
by exposing X-ray film with these dried shoots,

Results: Intake of K"‘2 bty the actively growing apple shoots occurred
with both carriers. The intake avpeared to te slightly greater in the
shoot diped into the solution. Perhaps this occurred btecause the
wetting agent in the solution wet the pubescent apple leaf more easily,
whereas the slurry was prevented by the epidermal hairs from coming in
contact with the epidermis of the leaf, Some injury to the leaves was

noted where the slurry and leaf epidermis were in contact, Fotassium
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was found to be concentrated in the stem of the‘apple with a diffusion
gradient extending in btoth directions from the treated leaves,

Great~r intake of Kh2 by the actively growing reach and sour
cherry shoots occurred when the leaves were dinped into the slurry.
The neach and sour cherry leaves were not wetted by the solution but
the slurry was in contact with most of the epidermis of the leaf.

Some burning of the leaves was caused by the slurry. Peach leaves,
cther than the trecated leaves, as well as the stem were visible in
the auntoradiogrom made from the slurry treatment while only the stem
wae visible in the 2utoradiogram made from the soclution trestment,
Petioles and midribs »f sour cherry leaves, other than the treated
leaves, as well a- the stem were visible in the autoradioerams where
' oth treatments were used. The autor:rdiogram made from the slurry
treatment was darker indicating a rreater a;cumulation of Khz.

Contact of the material with the epidermis of the leaf was ap-
rarently nec«ssary for entry. The nature of the leaf surface was the
factor which controlled contact. Thus different resronses, were ob-
tained with the putescent aprle leaves and the glatrous peach and sour
cherry leaves to the solution and the slurry methods of application of
kL2 potassium cartonate.

Experiment XX

Object: To determine whether the distribution of rotassium and phos-
rhorus within limbs differed follow'ng foliage applications of l(l12

notassium carbonate and P32 »hosrhoric acid,




61

Methods and Materials: Four rotted 2-year-old McIntosh trees, which

were in active rrowth, were used in a greenhouse exmeriment. The tips
of shoots of two trees were dipped, and the median leaves of shoots of
the other two trees were dipned in the soslutions at 9:30 A.M. on May
S, 1951. The shoots were cut after 8 hours,

The votassium solution was prepared by adding 11 grams of ﬁotas-
sium cartonate conta’sning Kh2 to 3 liters of water. The phosnhorus
solution was a 0,3 percent solution of phosnhoric acid which contained
0.03 microcurie —~er millirram of rhosphorus., Autor~diograms were made
from the shoots af#nr they were dried.

Results: Very little movement of either phosphorus or potassium was
seenn in the autorsdiograms of shoots in which the tip leaves were
dirped. A faint indiration of movement of potassium was seen in the
stem immediately below the treated leaves, and the movément of phos-
rhorus was indicated by a faint outl ne of the leaves immediately
helow the trerted leavers,

More movement occurred when the median leaves of the shoots were
dipred. Both elements moved acronetally and basipetzlly in the stem
from the treated leaves. Concentrations of phosrhorus apprared ‘n the
stem immediately above and below the treated leaves while distribution
of potarsium appeared to have been more uniform along the stem.
Mayberry (L41) workinc with beans and squash found potassium to be
uniformly distributed in the vlant whiie phosphorus accunulated in the

actively growirg regions,
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Experiment XXI

Obirct: To determfne the movement of rhosvhorus within shoots for a
2li-hour period following application of P32 phosphoric acid to two
leaves of each shoot,.

Materials and Methods: Two median leaves of one shoot on each of five

2=-year-old McIntosh a;nle tre~s were dipped into 0.3 percent solution
of phos-horie acid, whi~h contained 0,11 microcurie per milligram of
nrhosrhorus on May 18, 1951, at 10:15 A.M. in the greenhouse;' All
shoots were not in the same stage of csrowth, as some had matured
while others were still in active rrowth. One shoot was cut after
the elanse »f each of the following time intervals after treatment:
2, &, 12, 18, and 2L hours.

Results: Reenlts of this experiment are rxplained on the basis of
the amount of exnosure which was seer in the autoradiogram made from
rach choot. Increased exnosure results from a higher concentration
of radioactive rhosrhorus in the plant material,

At 2 hours after trratment, the teminal leaves of this shoot,
which was still growing, were visible in the autoradiogram. More of
the phosrhorus had apparently moved acropetally in the shoot than had
moved basinetally.

At 6 hours after treatment, the terminal leaves were faintly
visible althourh the shoot was more mature than the shoot used for
the 2<hour treatment. The stom of this shoot was also visible in the
autoradiogram although it was not as dark as the stem of the 2-hour

treatment,
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At 12 hours after treatment, the termminal leaves of this shoot,
which wrs =til) growin~, were more cle2rly cutlined in the autoradio-
Fram than were those from the previous two treztments., Also visible
were the leaf petioles and a faint outline of some of the leaves above
the treated leaves,

At 18 hours after treatment, the terminal leaves of this shoot
were clearly vicitle in the autoradiogram -althousrh the shoot was more
ratur~ than those used ‘n both the ?2-h»ur and 12-hsur treatments, The
stem was eclearly visiktle a5 were some »f the lenves ahovn those treated.

‘t 24 hHours after treatment, the terminal leaves of this shoot
were clearly visitle in the autoradingam although this was the most
mature sne in the exmeriment, The stem and some of the leaf pctioles
vere cle=srly visible in th's exrneriment even thourh they were not as
dark as the 18-h»ur treotment,

Continued accumulation of ~hosrhorus in the shoots after entry
throurh the leaves ocrurred during the 2L hours covered ty this ex-
rorinent, The = 'nt o0 aceuwrulnilon of radiophosphorus in the term-
inal lsavrs was arparently denendant unon the maturity of these leaves
and uron the am>unt of time allowed for entry., The radiovnhos-horus
content of the shools apeared to te rreater at each successive
harvest, iHowever the less mature shoots at 2 hours and 13 hours
showed increased accumulation of rhosvhorus over the 6é-hour and 24~

nour-treated shoots, respectively,
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Experiment XXII

Cbject: To determine the accumulalion ‘n the r~hoots of radiophosphorus
at 2, hy 6, 5, 10, 2nd 12 hour inte:-—als, following a leaf application
of P32 nhor~hsric neid to Nelntnsh apnle trees.

Wwaterials and Methods: The sixth and sevonth exninded leaves below

the ~rwinr ~nint of 30 sh&&ﬁs were dioped June 1h, 1951, at 11:00
L0l nto a 0,3 percent solution of vhosvhnrice acid which con*ained
~,16 mierocurie “er milli-ram of -hosmhorus. At 2, L, 6, 8, 10, and
12 hnurs aft. r ¢invine, five of the shoots were cut. Two chools at
rach sraniling were vertical choots and throe were horizontal shoots,
After the shoots were ~ut, two were used to make autoradiograms
and thras were 2shed then counted to record the Lotal octivity in the‘
shinnte, In the cshoots that were counted, 2n eff-r% was made to avoid
~antamination of the antreated -ortion by remavine the section of the

stem c-ntaining leaves numters 5 tn @

refore ashinec. The portion of
the shoot arove leaf numter S was desirnated the tip, while that
aortion of the shoot below leaf number 8 was designated the base,
Temnerature a2t the time of trrotment was 70°F. and a maximum
temrerature of 75°F. was reached during the day.
Results: The autoradiograms showed a progressive accunulztion of
phosphorus during the period from 2 to 12 hours after treatment, as
‘ndicated by increasingly darker imares of the untreated areas of
the shoots on the X-ray film negatives, However, the negatives were

not suitable for reproduction because surface contamination was not

removed from the treated leavrs and considerable blurring resulted.




TABLF XX
ACCUMULATTON OF RADTOPUOSTHORUS IN McTNTOSH AiFLE SHOOTS
2, 4, 6, 8, 10, and 12 HOURS AFTYR TH“ APPLIC*TICON OF
PHOSPHORIR AGTD TO TND MTDIAN LEAVES

(Average Values for Three Shoots)

Time of Harvest Radioactivity per 1 Gram Dry Wt.
(Hours) (Counts/min.)
Tip Base
Two 325.9 68.2
Four I@zo.z. 123.7
Six . 792.1 188.0
Eirht 1,181.9 225.5
Ten 2,862.8 371.4
Twelve 2,625,2 1,517.0

Radiocactive counts in one milliliter of treating solution
were 64,978.1 counts per minute, -




65

Data obtained from the shoots that were ashed and then counted
are shown in Table XX, Considerable variability is shown between
the revnlircations, tut a trend of increasing accumulation at each
sur- areive 2=hour “nterval of sampling 1ls evident, Also it a vears
in most cases that the tip area of the shoot contains more radioactive
~haarharus than does the base area »f the shoot,

Experiment XXIII

Jbject: To determine the effect of girdling on the distribution of
phosvhorus within é shoot followinge leaf anrlication of nhosrthorie
acid, |

¥Yaterials and Methods: Five sets o~f three limbs éach, on the south

side of mature Delirious a:'nle trees, were used in this exmeriment,
Median leaves of the shoots were dipped on June 5, 1951, at L4 P.M.

into a D.3 nercent sslution of phosrhoric acid containing approximately
D411l microsurie ver millisram of rhosnhorus.

Each set of limbs was divided into three sections: A, used for
zutoradiographs; B, arhed and counted; and G, firdled, then either
sshed or use for an =utoradioeram,

The limbs were located on the trees as follows: set 1, terminal
shoots of primary limbs; sets 2, 3, ané“k, terminal shonots of second-
ary limbs; and set 5, water sprouts from the interior of the tree,

Girdlins was done by drawing a knife completely around the shoot
at the base, so as to cut through to the secondary xylem, thus severing

the phloem tissue,
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Eirhteen hours after the leaves of the shoots were dipped, all
shoots were harvested. The shoots upon which the radioactive count
was to he determined were ashed immediately after the fresh weight
of the untreated portions of the shoots had been determined. Auto~
radiorrams were made from the shoots to be‘used for that purpose after
the shoots were dried.

Fesults: The stem as well as the terminal leaves were visible in the

autoradiogram made from the water sprout. Only a faint outline of the

2

tem was =een in the autoradiorrams made from the fsur non-girdled
shoots. The auwotradiograms made from the girdled shoots, one of which
wias the terminal shoot of a primary limb and the other, the terminal
shoot of a secondary limbh, showed leaf petioles as well as the stem
“ut the terminal leaves were not visible.

The amount of radioohnsphorus in the untreated vortion of the
shyots as ‘ndicated by c-runi. per minute is shown in Table XXIT,

Two non-sirdled shoots had a level of radioartivity considerably above
the rest of the limbs. One was the teminal shoot of a primary limb
#h'le the other was the terminal shoot 5f a secondary limb,

In the autoradiograms, it appeared that girdling misht have in-
duced accumulation of rhosphorus in the shoots but this was not shown
in the count d-ta. Because the effect of ¢irdling on accumulation
was questionable it was not used in further experiments,

No distinction between terminal shoots of primary limbs and of
secondary limbs woe made in further experiments because there is a

comparatively small number of primary limbs on the tree and because




TARLE XXI
THE INFLUENCE OF GIKDLING AND LOCATIGN OF SHOOTS ©N THE
ACCUMULATION JF nADIOrHOSPHORUS FROM AN APPLICATION OF

PHOSPHOKRI® ACID TO TWO MEDIAN LEAVFS

Limb Fresh Weight Radiocactivity
(Gms.,) S grams
Fresh Wt,
{Counts/min,)
1 B Primary terminal L.341 471.2
shoot
2 B Secondary terminal L.oL1 56,2
Shoot
2  Secondary terminal 3.L75 80.3
shoot, rirdled
3 B Secondary t-~rminal 5.880 228.3
shoot ‘
3 B Secondary terminal 6.036 Lo.L
shoot
L G Secondary terminal S.715 Lho.2

shoot, girdled

S5 B Water sprout 2.786 121.1

Radioactive counts »er minute in one milliliter of treating
solution were 64,978.1 counts per minute,
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‘no conr:lusive evidence was found to show that there was a difference
vetween the two Lypes,

No consistent difference was noted in the amount of absorption
of radiovhosohorus or in the subsequent distribution between the
terminal shoots of primary limbs and of secondary limbs. Therefore
no distin~tion was made between the two types in further experiments,

FExperiment XXIV

Object: To determine the distribution of »hosrh)rus in the apple
fruit followinr leaf application of p32 phosphoric acid.

Materials and Metho@g: Two median leaves of two secondary shoots on

a spur containineg two anples were dinped June 27, 1951, into a beaker
sonta’snine a solution of nhosphoric acid whose radioactive strength
was 0,08 microcurie per millirrsm of phosphoruﬁ. These fruits and
shoots were harvested July 1, 1951. ©One fruit was cut into longitudinal
sectinns and the other into transverse sections, Auteradiograms of
the fruit were made, See figure 1,

Results: Phosphorus was found to move into adjacent fruit from spur
leaves to which it was applied. The greatest concentrations occurred
in the seed and vascular system with a second hirh concentration at
the perirhery of the fruit, Fruit on spurs both above and below the
treated spur showed no radiocactivity. These facts agree with other
findinFa that phoysphorus moves to the nearest point of mobilisation,

Exneriment YXV

Object: To determine whether different varieties of apples absorbed
p32 from P32 phos—-horic acid at different rates following foliar

application,




Figure 1. Autoradiogram of an aprle fruit showing
the distribution of radiophosvhorus in the

fruit subsequent to foliage application,




- .
. . N SR R Tl e S I S
e ¢ : we ok
LR TN - “ R T -
i
[N . FET T —— e . - - B
» B )
-
»
.




68

Materials and Methods: The sixth and seventh axpanded leaves helow

the srowing point of five shoots each of Delicious, Jonathan, McIntosh,
and Northern Spy apple trees were dipped June 27, 1951, at 12:00 P.M,
into a 0.3 percent solution of phosphoric acid which contained 0.08
microcurie per millifram of phosphorus. Terminal buds of the DNelicious
and Jonathan shoots were still prowinz at the time of treatment while
the terminal buds of MeIntosh and Northern Spy shoots had ceased
growth,

The temperature was about 80CF, when the median leaves were
dinped. A maximum of 8%59F, was reached at L4:00 P.M. before the onset
of a rain storm which lasted 3 hours,

Because the ra‘n occurred soon after treatment, only two of five
shoots of each variety were harvested and were used to make auto-
radiorrams to see whether the rain had caused contamination of the
untrented leaves with radioactive material,

Results: The autoradiograms made from the shoots rave no evidence
that radioactive phosthorus had been washed from treated to untreated
leaves,

Differences tetween the amount of absorption of phosphorus between
the different varieties were noted but they appeared to be relatéd to
maturity of the shoots rather than variety. Both of the Delicious
shoots and one of the Jonathan shoots showed a concentration of phos-
phorus in the exvanding terminal leaves, Neither of the matured
Northern Spy shoots showed evidence of phosphorus accumulation in
the autoradiorrams. One of the autoradiograms of the matured McIntosh

shoots showed phosrhorus concentrattons in the stem and leaf petioles,
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These r-sults indicated the nee~d for using comparable plant
material for an exneriment because the age of the vlant material
arparently affects the amount and manner of accumulation.

Experiment XXVI

Object: To determine whether leaves of different varieties of apples
and peaches absorbed radiovhos horus at different rates,

Materials and Methods: The seventh and eirhth expanded leaves of

five shoots cach of Delicious, Jonathan, and McIntosh anple trees

and Elberta, Halehaven, and Couth Haven peach trees were dipped July
7, 1951, at 10:00 A.M. in a 0.3 percent solution of vhosrthoric acid
containing 0.21 microcurie ver milligram of phosphorus and no wetting
arent. The fourth and fifth leaves of five shoots of Northern Spy
anrle trees were dipped in the same solution. The shoots were cut
after 26 hours.

The temnerature was BOCF, at the time the leaves were dipped.

A maximum temperature of 85°F, was rrached before rain started falling
at 3:30 P.M. The rain econtinued till 5:30 P.M. and intermittent
showers fell durine the nicht,

Two shoots of each variety were used to make autoradiograms and
three shoots were ashed then counted to obtain the true amount of
radioactive phosphorus which had been absorbed. Befors the shoots
were ashed, leaves six through nine and the corresponding section of
the stem were removed. The section of the shoot above the sixth leaf

was designated the tip and the section below the ninth leaf was
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designated the base. After the shoots were dried, they were rround
in a Wiley mill, A 0.85 gpram samrle was ashed accordins to the pro-
cedure riven for phosnhorus analysis in the A.Q.A.C. (1).

Resilts: Results shown by the autoradiogrrams made from the shoots
are described for each variety of fruit.

Maturaﬁion of the terminal buds of the Delicious shoots had occur-
red but the teminal leaves were not expanded. The stem, leaves, and
anhids on the young leaves were visible in the autoradiorrams made
from both shoots., FPhosphorus was more concentrated in the bodies of
the aphids than in the shoots,

The terminal buds of the Jonathan shoots had matured and the
terminal leaves were fully exvanded, Autoradiograms of both shoots
showed the stem, and the leaf retioless, A faint nutline of all the
leaves above the treated leaves was viaible in one »f the autoradio-
crams but only a faint outline of the younrest leaf was visible in
the other autoradiorram.

The terrinal buds of the McIntosh shoots had matured and the
terminal leaves were expanded. Only a portion of the stem near the
treated leaves anpeared in the autoradiosram of one shoot while the
outline of the stem and some of the leaves near the tréated ones ap-
peared to have been contaminated,

Northern Spy shoots were comprletely mature at the time of treat-
ment., The stem and the leaf petiocles were visible in autoradiograms
made from both shoots but leaves above the treated leaves were visible

in only one autoradiogram,




Figure 2.

Autoradiogram of a Halehaven peach shoot
showing distribution of radtophos:horus
in the sh-»nt subsequent. to application

of phosrhoric acid solution to the seventh

and ajipghth leaves of the shoot,
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A large accumulation of radiocactive phosphorus occurred in the
young expanding leaves of the srowing Flberta shoots and a lesser
concentratior occurred in the older leaves and stems according to the
autoradiograms,

¥ore phosphorus had accumulated in the expanding shoot tips of
Halehaven and in the stem than had accwnulated in the same areas of
the Wlberta stems. An outline of the older leaves was also visible
in the autoradiorrsm, See figure 2,

South {aven shoots were still rrowines at the time of treatment
but the rate of rrowth was not as viporous as the preceding two vari-
eties of reaches, The aﬁtoradiograms showed the terminal leaves and
stem but not as clearly as did the autoradiograms of Klberta and Hale-
haven,

From the autoradiorrams it can be concluded that a rrowing peach
shnot absorbs more phosrhorus than does a mature apple shoot. How-
ever, it is possible that the direction of translocation after absorp-
tion may be different in a mature shoot than in a esrowing shoot.

Count data from the shoots that were ashed are presented in Table
XXII. These results also showed that the rrowing peach shoots in gen-
eral absor*ed more vhoshorus than did the mature apple shoots, The
nhosnhorus content from the follare application was found to be higher
in the younger tin area than in the older base area,

gzggrrment XXVII

Object: To determine whether the accumulation of P32 from Paa-phoa-
vhoric acid by different fruit variaties varied with the stage of

maturity of the shoots,




TABLE XXII
COMPARISON OF ABSORPTION OF RADIOPHOSPHORUS APPLIED TO THE
SEVENTH AND ETIGHTH LEAVES OF APPLE AND PEACH SHOOTS DURING
JULY

(Average Value of Three Shoots)

Variety Radioactivity in Chrunts wer linute per 1 gram Dry Nt,
Tip Base
Delicious L50.9 | 107.7
Jonathan 123.9 6L.1
McTntosh 332.L 32L.7
Northern Spy 516.7 217.3
Flrerta 840.5 280.5
Halehaven 5L9.9 L65.2
South Haven 85L.2 2L0.3

Radioartive counts per minute in one milliliter of treating
solution were 15,48/,,6 counts »er minute,
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Materials and Methods: The seventh and eighth expanded leaves of five

shoots each of delicinus, Jonathan, and McIntosh a;ple trees and El-
herta, Halehaven, and South Haven reach trees were dipped August 3,
1951, at 12:00 P.M, in a 0.3 percent solution of phosphoric acid con-
taining 0.10 microcuries per millicram of phosphorus and no wetting
arent. The fifth and sixth leaves of Northern Spy were dipned in the
came solution., A high tempersture of 80°F. was reached during the
day. A strong wind was tlowing while the limbs were being dipved.
The shoots were cut after 12 hours,

Two shoots of each variety were dried under heat lamps, and then
used to make autnradiorrams, Three shoots of each variety were ashed
and then counted to obtain the true amount of radiocactive nhésphorua
which had veen absnrted. Before the shonots were ashed, they were cut
above the sixth leaf and below the ninth leaf to remove the treated
leaves and other nossible contamination. The nortion of the shoot
above the sixth lezf was designated the tip while the portion of the
shoot telow the ninth leaf was considered the base. The tip and base
pieces were dried in a dryinz oven, and then ground in a Wiley mill.
4 0,50«-gram sample was ashed according to the procedure given for
rhosphorus analysis in the A.0.A.C. (1).

Results: Maturation of the terminal buds of the apple shoots of all
varieties had occurred when this experiment was started. All leaves
of the shoots were fully expanded at this time,

Similar results were visible in all the autoradiograms produced

from the apnle shoots. A faint outline of the stems was visible in
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211 the autoradiorrams while an outline of the leaves was visitle in
aome 2utoradiosrrams, Black spots on the leaves, indicatine contamina-
tion may have been caused by the wind whipping the choots after they
wers dipped.

Maturation of the terminal buds of the peach shoots varied with
variety at this timea, No maturation had occurred in the Elberta peach :
and the shoots were still erowinc. The young leaves and stems were
~learly outlined in the autoradiorrams,

Terminal btuds of the lialehaven peach trees had matured but elong-
aton of the stem was occurring in most shoots., All of the younger
leaves, midribs of older leaves, and all of the stem were visible in
the autoradioprram made from one shoot. The other shoot had matured
end the youncrer leaves were only “a‘ntly visible in the autoradiopram,
Veither the stem nor the older leaves were visitle except near spots
indicating contamfhation.

Shoots of South Haven peach were comrletely matured. One shoot
was visible in the autoradiopram near a dark spot indicating contam-
ination., The younrest leaves of the other shoot were visible in the
zutoradiopram.

These results surpest that the entry of radionhosphorus into
peach shoots was influenced by the maturity of the”shoot, as was found
with shoote of different aprle varieties in rrevious experiments.

Thus the rrestest accumulation of radiophosrhorus occurred in the

Tlberta shnots which were still in active growth at the time of treat-

ment .,
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Radiocactive count data for the shoots that were ashed are pre-
sented in Table XXIII. Considerable variability existed amonz the rep-
licates. Translocated phosrhorus from a foliar applicastion in Aupust
into apple and neach shoots apve~ared to te similar in amount in the
terminal rerion., The amount of phosvhorus, which had been translocated

‘nto the base of the apple shoots, appeared to he greater,




TABLE XXIII
COMFARISON OF ABSORPTION OF BRADIOFHOSH HOrUS APPLIED TO THE
SEVHNTH AND EIGHTH LEAVES OF APPLE AND rECH SHOOTS DURING

AUGUST
(Averare Value of Three Shoots)

Variety Radioactivity in Counts per Minute per 1 gram Dry Wt,

Tip Base

Delicious 9L6.6 1,346.4

Jonathan 1,275.0 1,409.8

McIntosh 1,213.8 771.6

No;thern Spy 699.0 *

Tlherta 1,263 L19.2

Yalehaven 610.1 350.1

South Haven 920.6 430.0

#tNot enough lant material of base to weigh and count

Radiosactive ~ounts rer minute in one milliliter of treating
solution were 231,180. counts per minute,
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V. DISCUSSION

Duriny the course of this research, it was found that calcium,
phosphorus and potaasium w»-uld enter the above-ground portions of
fruit trees. Come of the factors which may influence the gntry of
mineral nutrients into the leaves, twirs, and branches of fruit trees
werr studied, These factors were: season of the year, length of ab-
sorption period, conceniration of nutrients, differences hetween vari-
eties, and method of application,

‘Some entry of mineral nutrients occurred following an application
of P32 phosphoric acid or Kh2 potassium carbonate to bark of twigs or
branches of fruit trees durinr the dormant period, The omount of
entry, dur‘nr this dormant period as indicated by radioactive counts
‘r the untreated portioné of the plants, was small as these counts
were very seldom twice backrsround, Entry of radiophoschorus during
May after new rrowth occurred, was very large ranging up to several
therusand t’'mes backpround count in the untrested portions of plants
when the solution was arrlied to injured bark, when the solution was
applied to cotton pauze wrapped around the limb or when the solution
was applied to cotton pauze over injured bark. Negligible entry oc-
curred at this time following application of P32 phos-horic acid solu-
ticn to uninjured lo-yaar-olé bark but sufficient entry to produce
counts 10 to 15 times background occurred when the solution was painted

on uninjured l-year-old bark.
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Others who have worked with entry of mineral nutrients into dore
mant ancd rrowing trees have obtained similar results. Harley and Jef-
fercon (30) found that almost no entry occurred during the dormant
reriod but entry did occur after active erowth resumed in the spring,
Errert (16) renorted that entry of a solution containing radioactive
phosphorus ‘nto the exciard stem of a McIntosh apple tree occurred
only after the buds of the stem swelled. Movement of rubtidium Rb86
injected into the trunk of a yellow birch tree was toward the leaves
during the erowing season and toward the roots during the dormant
ceason arcordinr- to Fraser and Mawson (23). This directional movement
with the seasons may be the reason activity was not found in some
dormant season exreriments as in most instances sampling was done
atiove the treated area rather than toward the roots,

The distribution of phosphorus following foliar application and
possibly the amount of entry were influenced by the season of the
vear, Differential mobilization of phosphorus during active growth
occurred; thus a concentration of vhosrhorus was found in the shoot
tips. Mobilization of nhosphorus after maturation of the shoots was
apparently not selective within the shoots; thus concentrations of
rhosphorus in a particular rerion of the shoot did not occur, How=
ever, at the time of shoot maturation the developing fruit is rapidly
metabolizing phosrhorus and movement of phosphorus which enters the
Plant is towards the fruit, But it is possible that less entry of
nhosphorus rather than direction of movement after entry explains why

there was less phosrhorus in a mature shoot tip than in ybunﬁ shoot
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tip. This idea is supported by the fact that several workers (13, 51)
have found that young leaves atsorb urea more readily than do mature
leaves,

A difference in distribution of prhosphorus occurred when applied
to different tissues of plants. JFYhosphorus anplied to expanding peach
leaves did not move out of the leaves while phosphorus applied to the
tark at this time did move to the leaves and to the roots,

~ Continued absorption of foliar apnlied phosphorus was found up to
a2 period of 24 hours, the lonrest interval used in the experiments in
this projecrt. However rhosnhorus absorption centinues over a longer
period. Mayberry (41) found that absorption was still occurring after
160 hours following a rapid initial intake. Absorption continuing
over a 30-=cday périod followinF a folia:re application of radiocactive
-hosohorus was reported by Regert (16),

Results obta’ned concerning entry followinc bark application of
p32 rhosnhoric acid were of a conflictines nature. Decreacsed entry,
no effect, and increased entry with increasins time intervals occurred
in different exveriments. Phosphorus apvlied to l0=year-old limbs of
South Haven peach trees showed in autoradiorrams the hirhest radio-
activity in the phloem tissue after 6 and 16 hours following treatment,
The amount of radiozctivity decreased as indicated ty the amount of
exrosure of the film between each successive sampling ot 2L, L4, and 72
hours, The level of radiocactivity found in l=yvear-old portions of
Hzlehaven peach limbs was nearly the same when samples were taken at

6, 24, and 53 hours following an application of solution to the 2-year-
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old portions of the limbs, Increased entry from 12 to 192 hours after
treatment occurred in apnle limbs,

Ravnid intiial intake followed by movement of the phosphorus to
areas of mobilization may be the ~xplanation of these results. Rapid
intake was shown bv the high levels of radiophosphorus which occurred
é hours after treatment of 2-year-old Halehaven limbs and of lO-year-
old South Haven limbs, Translocation followine this entry would explain
why the radioactivity level in samples which were adjoining the treated
area dropped in the 1l0-yezr-old peach limbs, However, the radio-
activity in the l-year-cld limts of Halehaven peach came from trans-
location of p32 phoéphorus followinr entry ané not from entry of P32
rhosphorus alone thus this radioactivity micht be less subject to
further translocation than would be radio-ctivity from radiophosphorus
#nich had entered the plant but which had not teen translocated from
the sight of entry. The radioactivity level in the parts of the apple
limbe most distant from the noint of aprrlication increased because of
translocation to these rerions,

In order to determine whether the concentration of the phosphoric
acid w-uld influence the rate of entry, 0.3, 2,0, and 8.0 percent sol-
utions of phosphoric acid, which had the same relative specific activ-
ity of radioactive phosnhorus, were applied to l-year-=old limbs of
Halehaven peach trees, Very little entry occurred with any concen-
tration, This response probably ocgurred because this experiment was
done durine early December. However, no increased entry occurred with

the hicher concentrations so they were not used in further experiments.
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Several exreriments were conducted to determine whether there was
a difference in resp-nse to foliar aponlication of rhosphoric acid by
different fruit varieties, %Varieties used were Delirious, Jonathan,
McIntosh, and Northern <py arples and Flberta, Halehave, and South
Eaven peaches., In experiment XVIII, it was found that the retention
of ohosrhoric acid by the leaves of apple,‘peach, pear, sour cherry,
and sweet cherry, differed. TLifferences observed in absorption of
phosrhorus by the different varieties app=ared to be more closely
correlzted with maturity of the shoot than with variety. This result
mas more clearly 1llustrated in the autoradioesrams than it was in
count data., Autoradiorrams made from shoots which were still growing
nroduced a much&darker image on the X-rayv nerative than did mature
shoots.,

Effective means for increasins the amount of nutrients which en-
tered the nlant were (a) injurins the plant, (b) usine a cotton pauge
tn hold the solution, and (c¢) using hydrated lime to obtain an increas-
ed deposit, Harley and Jefferson (30) reported entry into stems and
tranches which were mechanically injured. Results ottained in some of
the experiments of this nroject confirm those obtained by Harley and
Jefferson but the influence of the season of the year and the activity
of the plant were found to be greater. Turing the dormant season, in-
creased entry was not noted following mechanical injury although more
material adhered to the rranchea. Increased entry following mechanical
injury was noted in the snring after active prowth of the tree had oc-

curred. Variations in results obtained between replications in =ome
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bark absorption studies may have occurred tecause of growth cracks or
insert and disease damare.

A very effective method for increasing the amount of phosphorus
that entered a plant was to saturate a strip of cotton gauze which had
been wrarned around the stem, This procedure proved to be more ef-
fective than scraping or injurine the shoots of apple trees to stimulate
entry. Increased entry of ohosphoric acid to the extent that toxicity
was produced, occurred when a gauze was wrarped arouncd an area of a
shoot which had been previouslyrscraoed. A pink discoloration of the
rhloem tissues of the shoots occurred, whi~h was a symptom of toxic
concentrations of phosvnhoric acid. |

While the nrocedure of scraping and providing a reservoir for
continued absorption was only of an experimental nature, it may ex=
rlain why-Forsyth's compound was effective. One of the first points
. stressed by Forsyth for the use of his compound was the need to scrape
down to livine tissue before makine an application. Another reason
why the comround may have been successful was that in the moist climate
of EnfFlancd the manure and wood ash mixture might stay almost con-
tinuously wet. Thus the two conditions which promoted the frreatest
entry in Experiment XVI were fulfilled by Forsyth's method,

Entry of radiopotassimm into leaves aneared to be controlled by
the amount of contart between the applied Khz potassium carbonate and
the leaf epidermis. Thus increased absorption of potassium by peach
and sour cherry leaves occurred when hydrated lime was added to a sol=-

ution alone. Creater absorption of potassium by apple leaves occurred -
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when the solution rather than the lime slurry was used. The pubescence
of the apple ieaves prevented contact of the lime slurry with the epi-
dermis., Conversely, the pubescence of apple leaf was easily wetted by
the solution which contained Dreft as a wetting acent while the peach
and sour cherry leaves were not easily wetted,

Concentrations of chemicals higher than the 0,3 percent solutiona
used for foliar application would be necessary if the mineral nutrient
requirements of a fruit tree were to be supplied by a dormant spray.
Therefors a series of experiments were conducted to determine the
tolerance of McIntosh apple and Montmorency sour cherry to different
levels of nutrient srrays while the trees were dormant and while the
buds were in the green tip stage,

The chemicals used ranfed widely in their phytotoxicity with
concentration, plant material, and rrowth stare, No injury was found
with the 2 or L percent c ncentrations and only rérely with the 8 per-
~ent c~ncentration of any of the materials. However, the 16 and 32
nercent concentrations of the chemicals other than potassium nitrate
caused varying degrees of injury.

It was determined that the injury produced by 32 percent NuGreen
was related to the time »f appliration to the apple, Buds and some
small limbs of 2-year-old McIntosh trees were killed when the trees
were snrayed while dormant, This same solution when applied to the
trees when the buds were in the green tip stage was not injurious., The
same effect was produced by a spray of a 20-20-20 fertilizer at the 32

percent concentration but to a lesser degree. This injury was probably
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caused by urea toxicity since NuSreen is a commerzial preparation of
urea, Hinsvark, ¥ittwer, and Tukey (31) have determined that apple

twigs are capable of racid hydrolysis of urea. Racid hydrolysis of

zrza durine the dormant period when utilization of nutrients was low
rmay have resulted ‘n toxisc levels of nitrogen compounds accumulating
within the rlant. During the rrowing season, these nmat-rials would

e utilized and so rot ar~umulate to toxi~ levels.

Urea injury of the scur cherry showed as a form of chlorosis of
‘he leaves in whi~h the marrins turned yellow. This injury occurred
wnere 16 and 32 percent s»olutions of Nulreen or 20-20-20 fertilizer
were used,

The 15 and 32 percent solutions of calcium chloride and phosphoric
acid were the most thytotoxic. The injury produced by the two nigher
concentrations >f calcium ~hloride a peared to be 3 form of desiccation.
#en the buds of the sour cherrv were examined, multiple layers of what
anneared to be bud scales were found to te dehydrated immature leaves,
Terminal buds were destiroyed or inhibited ty the "igsh concentrations
25 calecium ~-loride, Phosthoric acid -estroyed the tuds and the tissues
near the tudes when applied as a 16 or 32 rercent sclution. Shrunken
areas ar-und the buds and leaf scars were the typical injury produced
in the M~Intosh trees. Fuds on the sour cherry trees were also de-~
etroyed, In both arple and sour cherry, lateral buds were destroyed
while huds in the terminal position were not as readily destroyed,

After =ntry, distribution of phosphorus and potassium was found

ts> differ. FPhosphorus tended to accumulsate in the raridly growing
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recions while notas<ium tended to have even distribution throurhout
the shoots. Similar results were found by Mayberry (41) workin- with
beans and squash,

From the results obtained in this proje~t, it would se-m that
sprays of urea or other mineral nutrients would be most successful
f they were amplied as a delayed dormant snray. At this time, the
danger from urea hyvrArolysis with-ut utilization, has passed. Also,
hefore this time it was found that very little absorption of mineral
nutrients oscrurred,

If the nutrient =prav is ~ombined with the recular pest control
sprays, the -ost of annlication is ne-lirible., Tt would save time and
money btv eliminating a special trir throush the orchard to distribute
fertilizer. FEven thou~h the perrent of nutrients absorbed dirently by
the ton of the tree may be small, the matrrial not absorted would be
washed to the fround Ly rein and thus berome available to the rlants
throurh the roote,

One of the nmajor reasons for dormant s»rays mi-ht be to promote
recovery of winter injured trees, Partridee (46) observed that peach
trees which had been damased by cold often axhibited symptons of po-
tassium deficiency. This injury results from an impaired cocnductive
system rather than lack of potassium in the soil. tere an application
of potassium to the above-ground parts of the tree, by relieveing the
potassiwn definiency, may vromote fastprrrecovery of the tree. The
rreatest effect on the recovery probably would occur following a

delayed dormant spray.
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VI, SUMMARY

1. In a series of experiments, the leaves and the bark of shoots
and branches of several tyres of fruit trees were treated with sol-
utions containing radiocactive calclum (Cahs), radioactive phosvhorus
(P32), and rrdiocactive potassium (Khz) and with solutions of other
matevials, Most of the exreriments were undertaken to study the rate
and extent of absorption and subseauent translocation.

2. Methods of anplying the solutions varied with the material under
study. Foliar treatments were made by dioping the leaves into a beaker
containing the solution. bBark treatments were made by (a) painting
the solution on the limb with a brush, (b) soaking a piece of cotton
gauze wrapoed around the limb with the solution, or (c) spraying the
sovlution onto the rlant,

3. Leaf and rrowing shoot samples were dried, ground, and prepared
for analysis by the methods outlined in the A,0.A.C. (1). Woody
samprles were cut into small pieces and then dried. To insure the
renetration of the magnesiwm nitrate used in nhosohorus analysis,
extra hydrochloric acid was added to the woody samprle.

L. Radioactivity in the samples was measured directly by the use
of a Tracerlab Autoscaler, or it wos measured indirectly by the use
of Autoradiograms,

5. The bark surface area of a 2S5-year-old McIntosh avple tree was

found to be 86 square meters, Of this total area, 35.7 percent
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occurred on limbs of 6 millimeters or less in diameter and 53,7 per-
cent occurred on limbs of 10 millimeters or less in diameter,

6. Methocel UOOO c.p.=. was the most effective of ten sticking or
wettine arents which were tested by the amount of 2 § percent solution
of P32 phosphoric acid which adhered to sections of McIntosh water
sprouts,

7. Calcium chloride, nhosthoriec acid, potassium nitrate, NuGreen,
and a 20-20-20 fertilizer as 2, L, 8, 16, and 32 vercent solutions
were s»rayed on l-year-old Montmorency cherry trees and 2-year-old
McIntosh arole trees. Sprayine was done either when the trees were
dormant or when the buds were in the rreen tip stage. Injury to the
trees was found to depend upon conrcentration of solution, stage of
growth, and type of tr-e but injiury rarely resulted from any material
used at a concentration of & rercent or less,

8. Some evidence of entry of radiorotassium throurh - to 10-year-
old bark of apnle and peach limts durins the dormant veriod. On the
other hand, much greater entry of radiopotassium occurred through bark
of actively rrowing 2-year-old aprle trees in the greenhouse,

9 Radionhosphorus entered 2-yrar~old peach limbs following a dormant
application of phosphoric acid. Approximately the same amount of
radiophosnhorus was found in untreated portions ﬁf the limbs whether
cut 6, 24, or LB hours after treatment. No appreciable difference was
found ‘n the amount of entry from 0.3, 2.0, or 8.0 percent phosphoric
acid ar~lied to the bark,

10. Radioohosphorus entered 8- to 10-year-old South Haven peach limbs

when a solution of phosphoric acid was applied in cotton gause to the




bark during the dormant season. Autoradiorrams= showed that the great-
est am->unt of phosphorus was in the phloem tissues near the n-int of
anoplication 6 and 16 hours after the solution was applied.

1l. Radiorhosthorus was found to have entered 3-year-old a ple limbs
followmings avprlication of phosphoric acid to pgauze wrapped around the
1°mte during the dormant season. Injury in the treated area did not
seem to stimulate entry during the dormant period,

12. Radiophosnhorus entered throurh the sides of a tomato stem in a
larrer amount when the solution was anplied to gauze wra~ned around
the stem rather than when the solution was brushed on the stem. At
the three temreratures used in this ex eriment, 50°, 65°, and 85°F.,
rreater entry occurred with ecach inecreace in tem erature.

12, PRadiocalcium entered 2-yezr-sld NecIntosh arple trees when calcium
chioride was srrayed onto the bark while the trees were dormant, GCreat-
er entry occurred nto trees grown or minus calcium nutrient solution
than into trees rrown on comnlete nutrient solution.

1h. NuGreen and a 15-30-15 fertilizer were srrayed onto Montmorency
trees which were in the green tip stare. A greater increase in circum-
ference was made by the trees receiving fertilizer than was made by
the non-fertilized check trees,

15. Radiophosphorus entered l-year-old water sprouts and 1lO0-year-old
limbs of Jefferis apple trees when a solution of phosphoric acid was
applied to the bark during the growing season, in May 1953. The amount
of entry as indicated by radiocactive counts per minute in untreated new

growth was 195-339 when the solution was arplied to undamaged shoots;
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9,199~11,085 when the solution was applied to cotton gauze over intact
bark; 3,090-7,5L1l when the s=olution was applied to scraped tark; and
368,177-L23,815 when the solution was applied to cotton gauze over
~eraped tark,.

1€¢. Radiorhosphorus did not move from the exranding Elterta peach
leaves that had been treated with phosphoric acid. Movement was found
when the snolution was arrlied to both the expanding leaves and the bark
or to the bark al-ne.

7. The amount of r~diovhosphoric 2cid, which was retained by the
leaves of aprle, pezach, pear, =sour cherry, and sweet cherries, was
found to differ with the greatest amount being retained by aprle
leraves and the smallest amount by veach leaves, Efficiency of trans-
location also varied with the greatest percentage of translocation
o~curring in the sour cherry and the smallest percentage in the sweet
cherry.

1f8. Radiopotzssium entered peach and sour cherry shoots from a foliage
apnliration in a ereater amount when the rotassium carbonate was ap-
plied to the leaves in a lime slurry rather than as a 0.3 percent sol-
ution. The reverse was true of anple shoots as the greater entry oc-
curred when the leaves were dipped in solution rather than in the
slurry.

19, Distribution followins entry of foliar aprlied radiophosphorus
and radiovota2ssium was found to differ. Phosphorus accumulated in the
ranidly growing areas of the shoot while the distribution of notassium

was characteristically more uniform in the shoots.
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2C. Radiorhosphorus entered McIntosh arple shoots for at least 24
hours after a solution of phosnhoric acid was anpy;lied to the leaves.
This was the longest period of time for foliar entry in these experi-
ments.

1. Raaiophosphorus entry and subsequent distribution was found to be
influenced very little by whether the shoot was girdled or not girdled,
whether the shoot wes terminal on & primary or a secondary branch, or
whether the shoot was in a horirzontal or vertical rosition,

27. Rodiophosphorus entered MecIntosh arple fruit after the applicstion
of tvhosrhorie acid to the leaves of the snur on which the fruit was
growine. Concentrations of rsdionhos—horus were visitle in the aute-
radiorrom in the seeds. in the vascular system, and at the perphery

of the fruit,

23. To find whether different plants absorbted radiophoschorus at dif-
ferent rates, solutions of rhosphoric 2cid were applied to the leaves
of shoots of Delicious, Jonathan, McIntosh, and Nerthern Spy apples

and Elbterta, Halehaven, and South Haven peaches. Maturity of the
shoots rather than variety of the shoots appeared to te the crinciple

cause of variation.
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Several factore which may influence the entry of mineral nutrients
into the above-gro.nd portions of fruit trees were studied by apvlying
solutions containing rsdioealcium, radiophos:norus, radiopotoseiug, and
1lso some non=radioartive materisls to the trees. These faciors were:
season of the year, length of ahsorption period, concentrstion of nu-
trients, differences tLetwsen vsrieties, and sffect of method of apnli-
cation,

¥ineral nutrients were ound t:; have entered through the tark of
fruit trees following the application of mineral nutrients during the
dormant season in limited quanity, OUreater entry occurred following
the application of the mineral nutrients to the bark after folisre
growth had been produced in the spring., :ntry of minerasl nutrients
avplied to the foliage occurred more readily while the newrshoots were
still expanding than after the shoots had matured,

FEvidence was found that entry was still occurring 192 hours after
aprlication of radiophosphorus to tark of 3-year-old avple limts, In
the cnse of folia e anplication, entry wias still occmrring 2L hours
after the appnlication of radiophosihorus,

S-lutions of 2, L4, 8, 16, and 32 percent concentration of calcium
chloride, Nureen, phosrhoric acid, potassium nitrate, and a 20—20530
fertilizer were srrayed on l-year-old ubntmoroncy gour cherry trees
and 2-yesr-old ¥cIntosh apple trees wh le the buds were dormant and
while the btuds were in the freen tip stage, Very iittle injury was
found when the trees were snrayed with any solution of 8 percent or

less in concentration. Primarily, terminal buds were destroyed by




calciwm chloride and lateral buds by phosshoric acid when used at
concentrations of 16 and 32 percent on either aprle or cherry trees,
The effects nroduced by 16~ and 32-percent NuGreen and the 20=20=20
fertilizer which contained ures were different on apple and cherry
trees., Many of the buds of the apple tree=s were killed when sprayed
while dormant with these materials but few were killed when sprsyed
while in the green tip stage. A marginal chlorosis or variegation
of the cherry leaves was found following the use of either NuGreen
or the 20=20=20 fertilizer at both growth staces, I‘otassium nitrate
had no effect at any qoncentration or at either growth staie,

Variations in maturity appear to e the osrinciple cause for the
differences in the intake of radiophosphorus noted when the leaves of
several varieties of apple and prach shoots were dipped into radio-
nhoarhorus solution at any calendar date,

Entry following the applications of the radiophosphorus solution
to a mechanically injured area or following the use of a continuously
moist source of the rediovhosvhorus solution (a saturated cotton gausze)

was rreater than when the solution was applied by trush to the intact

bark.




