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1*Indicates results from contract year 1971-72

Significant accomplishments of Atomic Energy Commission Contract,  for-

merly identified as AT(30-1)-2598, are:

1.  Leaching is the loss of organic and inorganic substances from plants,

including stems, foliage, flowers, fruit, branches, and roots,  by the action

of rain, dew, mist, fog, sprinkler irrigation, and other applications of

water to plants.  Leaching has been discussed since 1804, but only after

the use of radioisotopes could it be conclusively demonstrated that labeled

materials which were introduced into plants could be leached from them and

collected, and the process could be studied efficiently.

Tukey, H. B. Jr., H. B. Tukey and S. H. Wittwer.  Loss of nutrients
by foliar leaching as determined by radioisotopes.  Proc.
Amer. Soc. Hort. Sci. 71:496-506. 1958.

Tukey, H. B., S. H. Wittwer and H. B. Tukey, Jr. Leaching of
nutrients from plant foliage as determined by radio-isotopes.
In: "Radioisotopes and Scientific Research" 4:304-322. (Proc.
1st UNESCO Intern. Conf. Paris, 1957).  Pergamon Press, London.
1958.

Tukey, H. B. Jr. and H. B. Tukey.  The loss of organic and inorganic
materials by leaching from leaves and other above-ground

 ·                          plant parts. In: Radioisotopes In Soil Plant Nutrition"

Studies". pp. 289-302. Intern. Atomic Energy Agency, Vienna,
1962.

2.  A great diversity of both organic and inorganic substances can be

leached from plants. Inorganic materials include all of the minerals com-

monly found in plants, including boron, calcium, chlorine, iron, magnesium,

manganese, nitrogen, phosphorus, potassium, sodium, strontium, sulphur, and

zinc, with losses ranging up to 50-90% of the mineral content of tissues in

24 hours of rain.  Large amounts of carbohydrates are also leached, including

free sugars, pectic substances, and other polysaccharides, totaling up to 800

pounds per acre per year from cultivated crops.  All of the common amino

acids and derivatives, many organic acids, alkaloids, phenolic substances,
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'
pigments, vitamins, and toxins  can be leached. In addition, growth regulating

substances, which in such minute quantities control the growth of plants, can

be leached, including the gibberellins, abscisic acid, auxins, and rooting

cofactors.

Morgan, J. V. The occurrence and mechanism of leaching from foliage
by aqueous solutions and the nature of the materials leached.
M. S. thesis, Cornell University, Ithaca, New York. 1963.

Morgan, J. V. and H. B. Tukey, Jr.  Characterization of leachates
from plant foliage.  Plant Physiol. 39:590-593. 1964.

Kozel, P. C. and H. B. Tukey, Jr.  Loss of gibberellins by leaching
from stems and foliage of Chrysanthemum morifolium 'Princess
Anne'. Amer. Jour. Bot. 55:1184-1189. 1968.

Lee, Choong Il and H. B. Tukey, Jr. Induction of root-promoting
substances in Euonymus alatus 'Compactus' by intermittent
mis t. J. Amer. Soc. Hort. Sci. 96:731-736. 1971.

Tukey, H. B. Jr. and J. V. Morgan.  The occurrence of leaching
from above-ground plant parts and the nature of the material
leached. Proc. XVI Intern. Hort. Cong. 4:153-160. 1964.

3.  Leaching is now recognized as a widespread natural phenomenon

involving a wide range of plant species in temperate and tropical regions,

and in geographical areas with  great differences in rainfall.  Metabolites

have been leached from over 175 different species, including coniferous

and deciduous forest and shade trees, tree fruits, small fruits, grapes,

tropical and sub-tropical plants, vegetable crops, grains, grasses, forage

crops, woody and herbaceous ornamentals, plantation crops, and foliage and

conservatory plants. Apparently all plants are susceptible to losses  by

leaching  to some degree  at  leas t,   even  in arid regions, where  dew  has   an

important role.
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Morgan, J. V.  The occurrence and mechanism of leaching from foliage
by aqueous solutions and the nature of the materials leached.

M. S. thesis, Cornell University, Ithaca, New York. 1963.

Tukey, H. B. Jr. and J. V. Morgan.  The occurrence of leaching
from above-ground plant parts and the nature of the material
leached.  Proc. XVI Intern. Hort. Cong. 4:153-160. 1964.

Tukey, H. B. Jr.  Leaching of metabolites from foliage and its
implication in the tropical rainforest.  In: "A Tropical
Rainforest",  Ed.  by  H.  T. Odum, Atomic Energy Commission,
Division of Technical Information, Washington, D. C. 1969.

4.  Many factors, both external and internal to the plant, have an

influence upon leaching.

Tukey, H. B. Jr., H. B. Tukey and S. H. Wittwer.  Loss of nutrients
by foliar leaching as determined by radioisotopes.  Proc.
Amer. Soc. Hort. Sci. 71:496-506. 1958.

Tukey, H. B., S. H. Wittwer and H. B. Tukey, Jr. Leaching of
nutrients from plant foliage as determined by radio-isotopes.
In:  "Radioisotopes and Scientific Research".4: 304-322.
(Proc. 1st UNESCO Intern. Conf. Paris, 1957).  Pergamon
Press, London. 1958.

. Tukey, H. B. Jr. and H. B. Tukey.  The loss of organic and inorganic

materials by leaching from leaves and other above-ground plant
parts. In: "Radioisotopes In Soil Plant Nutrition Studies".
pp. 289-302.  Intern. Atomic Energy Agency, Vienna.  1962.

a.  Physiological age.  Mature tissues approaching senescence

are  much more susceptible to leaching  than are young tissues. For example,

80-90 percent of the potassium in a mature leaf can be leached in 24 hours

IV..whereas only 5 percent of the potassium can be leached from ah,mature leaf.

Good, G. L. and H. B. Tukey, Jr. Leaching of metabolites from
cuttings propagated under intermittent mist. Proc. Amer.
Soc. Hort. Sci. 89:727-733. 1966.

b.  Type and nature of the plant including leaf characteristics.

There are differences in leachability among plants and parts of the same

plant, due in large measure to leaf characteristics such as wettability,

continuity of the cuticle, pubescence, and presence of hydathodes.  Leaching
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is a specific phenomenon and some plants are better able to withstand the

leaching action of rainfall  than are others.

c.  Metabolites being leached.  Mineral elements, such as calcium,

potassium, and sodium, are leached with ease, whereas other elements, such

as zinc and phosphorus are leached with difficulty. Carbohydrates are the

most easily leached of the organic substances.  Differences in leachability

of substances is directly related to their metabolism within the plant.

d. Plant nutrient status.  As the supply of nutrients to the

plant is increased, the amount of nutrients capable of being leached is also

increased.

Mecklenburg, R. A. and H. B. Tukey, Jr.  The influence of foliar
leaching on root uptake and translocation of calcium-45 to
the  stems and foliage of Phaseolus vulgaris. Plant Physiol.
39:533-536. 1964.

e.  Nature of the leaching solution.  Salts in the leaching solu-

tion will increase losses of mineral nutrients.  As rain drips down through

leaves of a plant, the substances leached from the upper leaves will have

an effect on leaching from the lower leaves.

f.  Environmental effects.  Losses of carbohydrates are much

greater in the light, and in fact, parallel the light intensity.  In most

cases, light has little direct influence on leaching of mineral elements.

Similarly, temperature has little effect upon leaching of mineral elements,

but an increase in temperature will often increase loss of organic substances,

due   perhaps to changes   in met abolism rather than leaching.

Mitchell, C. A.  Detection of carbohydrates leached from above-
ground plant parts.  M. S. thesis, Cornell University, Ithaca,

, New York. 1968.

Tukey, H. B. Jr., S. H. Wittwer and H. B. Tukey.  Leaching of

carbohydrates from plant foliage as related to light intensity.
Science 126:120-121. 1957.
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g.  Duration of leaching period and intensity of rain.  Losses

of substances are increased with the duration of the leaching period. Stems

and    foliage    need   only be wetted    to be leached,     and,     in    fact, a small    amo unt

of moisture over a long period of time such as fog and dew will leach con-

siderably more metabolites than will a heavy, but brief rain shower.

Tukey, H. B. Jr., R. A. Mecklenburg and J. V. Morgan.  A mechanism
for the leaching of metabolites from foliage. In: "Isotopes
and Radiation in Soil-Plant Nutrition Studies", pp. 371-385.
Intern. Atomic Energy Agency, Vienna, 1965.

h. Injury. Injury of any kind to plant tissue will greatly

increase the loss by leaching, whether the injury be by pathological, en-

tomological, physiological, environmental, or physical means.

Tukey, H. B. Jr. and J. V. Morgan. Injury to foliage and its

effect upon the leaching of nutrients from above-ground plant
parts. Physiologia Plantarum. 16:557-565. 1963.

5.  A mechanism for the leaching of cations and presumably other me-

tabolites has been developed. Cations such as calcium, potassium, strontium,

and rubidium are leached by (a) exchange of hydrogen in the leaching solutions

for cations on the cell wall and cuticle exchange sites, (b) diffusion of

cations within the leaves to the leaf surface, and (c) a combination of both

exchange and diffusion.  This mechanism is compatible with current theories

of ion translocation and explains the results of numerous leaching experiments.

Cations are leached from the exchangeable cation pool in plants and not from

within the cells or within cell walls.  This explains why young tissues are

more difficult to leach than are older tissues, in that leaching competes

with cellular metabolism for exchangeable ions.  All factors which influence

exchange reactions, root uptake of nutrients, and translocation also have

an influence upon the leaching of substances from above-ground plant parts.

A
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Mecklenburg, R. A.  The influence of foliar leaching upon plant
nutrition with special reference  to  root .111.take'„ translocation,
and loss of calcium. Ph.D. thesis, Cornell University, Ithaca,
New York. 1964.

Mecklenburg, R. A. and H. B. Tukey, Jr. The influence of foliar
leaching on root uptake and translocation of calcium-45  to
the stems and foliage of Phaseolus vulgaris.  Plant Physiol.
39:533-536. 1964.

Mecklenburg, R. A., H. B. Tukey and J. V. Morgan.  A mechanism for the

leaching of calcium from foliage.  Plant Physiol. 41:610-613.
1966.

Morgan, J. V.  The occurrence and mechanism of leaching from foliage
by aqueous solutions and the nature of the materials leached.
M. S. thesis, Cornell University, Ithaca, New York. 1963.

Tukey, H. B. Jr., R. A. Mecklenburg and J. V. Morgan.  A mechanism
for the leaching of metabolites from foliage. In: "Isotopes
and Radiation in Soil-Plant Nutrition Studies", pp. 371-385.
Intern. Atomic Energy Agency, Vienna, 1965.

6.  Cycling of leached substances.

Substances which are leached from one plant can be absorbed by the

roots and foliage of the same and other nearby plants and reutilized in

growth. Such cycling of substances from one plant to another is now well

documented and has important implications in plant nutrition, stimulation

and suppression of plants beneath the spread of other plants in both natural

and landscape planting, plant competition, development of plant associations

and ecosystems, and susceptibility of plants to diseases and insects. Certain

basipetally immobile nutrients such as calcium and strontium can be redis-

tributed from older leaves to new leaves of the same plant, in part outside

the plant, by leaching and root absorption of the leachates.  Use of radio-

isotopes has contributed considerably to the evaluation of nutrient cycling

from plant to plant.

1
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Mecklenburg, R. A.  The influence of foliar leaching upon plant
nutrition with special reference  to root uptakes, translocation,
and loss of calcium.  Ph.D. thesis, Cornell University, Ithaca,
New York. 1964.

Tukey, H. B. Jr.  Leaching of metabolites from above-ground plant
parts and its implications. Bull. Torrey Bot. Club. 93:385-401.
1966.

Tukey, H. B. Jr. and R. A. Mecklenburg.  Leaching of metabolites
from foliage and subsequent reab5orption and redistribution
of the leachate in the plant.  Amer. Jour. Bot. 51:737-742.
1964.

Tukey, H. B. Jr., R. A. Mecklenburg and J. V. Morgan. A mechanism
for the leaching of metabolites from foliage. In:  "Isotopes
and Radiation in Soil-Plant Nutrition Studies", pp. 371-385.
Intern. Atomic Energy Agency, Vienna, 1965.

Tukey, H. B. Jr., H. B. Tukey and S. H. Wittwer. Loss of nutrients
by foliar leaching as determined by radioisotopes.  Proc. Amer.
Soc. Hort. Sci. 71:496-506. 1958.

Tukey, H. B. Jr. and H. B. Tukey.  The loss of organic and inorganic

materials by leaching from leaves and other above-ground plant
parts. In: "Radioisotopes  In Soil Plant Nutrition Studies".
pp. 289-302.  Intern. Atomic Energy Agency, Vienna, 1962.

7.  Leaching in the tropics.

a.  Leaching of substances from plants is of particular importance

in the warm humid tropics, as shown by our experiments in the rainforest of

Puerto Rico.  Apparently, species adapted to the heavy rainfall of the rain-

forest have developed mechanisms to withstand leaching, in that only small

quantities of mineral nutrients were leached from plants of these species.

In contrast, larger amounts of mineral nutrients were leached from important

agricultural crops of the tropics, banana (Musa sp.), sugar cane (Saccharum

officinalis), and coffee (Coffea arabica) which were not adapted to the high

rainfall occurring in the rainforest.
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· Thus, leaching is one of the important overlooked factors in

crop production in tropical areas with heavy rainfall. Some preliminary

 
experiments have shown that protection of plants from rain, as by roofs or

sprays of waxes onto the foliage, may significantly improve crop yields.

Tukey, H. B. Jr.  Leaching of metabolites from foliage and its
implication  in the tropical rain forest.    In: "A Tropical
Rainforest",  Ed.  by  H.   T. Odum, Atomic Energy Commission,
Washington, D. C.  pp. H155-160.  1970.

b.  Cycling of leached metabolites in the tropical rainforest.

Cesium 137, manganese-56, and strontium-85 were sprayed on to

the forest floor of plots in the rainforest of Puerto Rico. The plants

growing  in the plots were carefully protected  from the sprays.    Due  to  the

high exchange capacity of the organic fraction on the forest floor, almost

all of the radioisotopes were tightly fixed and rendered unavailable or

only slowly available to the plants growing in the plots.  Thus, the rain-

forest very efficiently traps leached metabolites, recycling them slowly

to plants growing in the area.  Such tenacious retention is of ecological

importance to maintenance of the rainforest, and is also of great signifi-

cance  in the retention of fallout products,  such as might be distributed

by use of atomic devices in tropical regions, such as in the proposed Panama

Canal project.  This is in contrast to mineral recycling in some temperate

zone areas which is much more rapid.

c.  Nutrition of epiphytes in the rainforest.  Bromeliads growing

on the trunks of many trees in the rainforest trap leachates from the over-

head canopy in a natural catch-basin formed by the diverging leaf bases,

from which nutrients are absorbed efficiently by the foliage.  Other epiphytes

growing on leaf surfaces in the rainforest also trap nutrients leached from

the overhead canopy and use them in their own growth and also that of the

host plant.  These results have importance in both ecology and in distribution

of fallout products.
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Tukey, H.  B. Jr. Leaching of. metabolites from foliage and its
implication in the tropical rainforest.  In: "A Tropical
Rainforest",  Ed.  by  H.  T. Odum, Atomic Energy Commission,
Washington, D. C.  pp. H155-160. 1970.

Tukey, H. B. Jr. Implications of allelopathy in agricultural
plant science. Bot. Rev. 35:1-16. 1969.

8.  Chemical Ecology - chemical interactions among plants.

Chemical substances liberated by one plant can have a significant

reaction upon another plant.  Allelopathy, the inhibitory chemical effects

of one plant on another, has significance both in natural and agricultural

communities. Crop  rotations and seeding mixtures have been developed,  in

part, to avoid the toxic influence of crop residues on following crops.

Certain species cannot grow in association with other species in landscape

and agricultural plantings; some weeds compete successfully with crop plants

and plant successions develop, in part, because of allelopathic reactions.

Leaching is important in plant chemical interactions since it is

one of the four mechanisms by which substances from plants are released into

the surrounding area and since it occurs throughout the growing season.

Root exudation, litter accumulation, and release of plant volatiles are

the others.  Although the inhibiting effects of plant leachates has received

the most attention, we have long suggested that the promotive effects of

substances from one plant on growth of another may prove ultimately to be of

greater significance.  Since such a wide range of plant substances are leached,

including minerals, carbohydrates, organic acids, amino acids, and most

important growth regulating substances, it is not difficult to speculate

on the importance of this process in plant interactions, both in natural

conditions   and in controlled agriculture. Recently, other inves tigators

have demonstrated the importance of leachates in the chaparral community

of southern California and the forest of the Pacific Narthwest. We have

a continuing interest in this area, but funds have not been sufficient to

support effective research.
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Tukey,  H.  B. Jr. Leaching of metabolites from above-ground plant
parts  and its implications. Bull. Torrey  Bot. Club. 93:385-401.
1966.

Tukey, H. B. Jr. Implications of allelopathy in agricultural
plant science.  Bot. Rev. 35:1-16. 1969.

Tukey, H. B. Jr. Leaching of substances from plants.  In: "Bio-
chemical Interactions Among Plants" National Academy of
Sciences, Washington, D. C. 1971. pp. 25-32.

9.  Leaching and nutrition of cuttings propagated under intermittent mist.

In commercial plant propagation, cuttings are placed under an inter-

mittent water mist which cools the leaves, thus reducing transpiration (water

loss) and respiration in the cuttings, enabling root formation to occur more

rapidly. The intermittent mist which continually bathes the stems and foliage

of the cuttings also leaches substances from the cuttings.  Hardwood cuttings

taken from mature wood are particularly susceptible to leaching, whereas

softwood and herbaceous cuttings taken from new succulent growth are less

susceptible to leaching, (see section 4a).

Good, G. L.  Leaching and redistribution of metabolites in cuttings
propagated under intermittent mist. M. S. thesis, Cornell
University, Ithaca, New York. 1966.

Good, G. L. and H. B. Tukey, Jr.  Leaching of nutrients from cuttings
under mist.  Proc. Intern. Plant Propagators' Soc.  14:138-142.
1964.

Good, G. L. and H. B. Tukey, Jr.  The influence of intermittent
mist on the mineral nutrient content of cuttings during prop-

agation.  Proc. Intern. Plant Propagators' Soc.  15:78-86.
1965.

Good, G. L. and H. B. Tukey, Jr.  Leaching of metabolites from
cuttings propagated under intermittent mist. Proc. Amer.
Soc. Hort. Sci. 89:727-733. 1966.

Tukey, H. B. Jr.  Leaching of metabolites from above-ground plant
parts with special reference to cuttings used for propagation.
Proc. Intern. Plant Propagators' Soc. 12:63-70. 1962.

.
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To replace the leached nutrients and to provide nutrients for new

growth of the cuttings during propagation, mineral nutrients can be added

directly to the cuttings through the water mist.  Cuttings propagated under

nutrient mist are improved in that: (a) the nutrient content of the cuttings

is greatly increased, stimulating more growth during propagation, both in

length and dry weight, (b) rooting is speeded up and the numbers and length

of roots are greatly increased, (c) development of side branches is greatly

increased, producing a heavier, bushier cuttings, (d) cuttings propagated

under nutrient mist continue to grow at a faster rate following transplanting,

(e) cuttings propagated under nutrient mist are less susceptible to injury

from pests.

Good, G. L. and H. B. Tukey, Jr.  Redistribution of mineral nutrients
in Chrysanthemum morifolium during propagation.  Proc. Amer.
Soc. Hort. Sci. 90:384-388. 1967.

Wott, J. A.  Propagation of cuttings under nutrient mist.  M. S.
thesis, Cornell University, Ithaca, New York. 1966.

Wott, J. A.  Influence of nutrient mist on the propagation of

cuttings.  Ph.D. thesis, Cornell University, Ithaca, New
York. 1968.

Wott, J. A. and H. B. Tukey, Jr.  Propagation of cuttings under
nutrient mist.  Proc. Intern. Plant Propagators' Soc.  15:86-94.
1965.

Wott, J. A. and H. B. Tukey, Jr. Influence of nutrient mist and
the propagation of cuttings.  Proc. Amer. Soc. Hort. Sci.
90:454-461. 1967.

Use of P has shown that more than 95% of the phosphorus absorbed32

by cuttings from the nutrient mist was absorbed by the above-ground leaves

and stems and only 5% was absorbed through the below-ground portion of the

cut stems and the new developing roots.  Nutrient mist and uptake of nutrients

through the foliage is a much more efficient method of applying nutrients

to cuttings than are applications applied to the root medium.
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Wott, J. A. and H. B. Tukey, Jr.  Absorption of phosphorus by
Chrysanthemum morifolium cuttings propagated under nutrient
mis t. Jour. Amer. Soc. Hort. Sci. 94:382-384. 1969.

Recommendations have been developed for the use of nutrient mist

by commercial nurserymen, including optimum concentrations for particular

plants, equipment and methods of application, timing of applications for

greatest benefit, and sanitation methods necess·ary in the program. These

results  have  made an important contribution   to the plant propagation indus try,

and use of nutrient mist is now a common commercial practice throughout the

country, particularly by the large concerns which annually propagate millions

of plants.

Wott, J. A. and H. B. Tukey, Jr. Cutting size and nutrient mist
affect rooting of chrysanthemums.  N. Y. State Flower Growers
Bull. 284. July, 1969.

Wott, J. A. and H. B. Tukey, Jr.  Propagation of chrysanthemums
under nutrient mist.  Proc. Intern. Plant Propagators' Soc.
18. 1968.

10. Root growth and nutrient uptake by dormant plants.

Using root temperature chambers placed in controlled environment

rooms, roots of dormant woody plants in winter continue  to grow throughout

the dormant period, as long as root temperatures are above freezing.  Root

growth at 35'F is small, but measurable, and is greatly increased as the

temperature increases   to  55'F.     This  may  be one reason why roots   are  inj ured

so easily by winter cold in that they do not become completely dormant.

32
We reported that·growing roots of dormant plants absorb P in

direct proportion to thp root temperature above freezing.  Translocation

32
of P from the roots to the above-ground stems is influenced primarily by

air temperature.  At air temperatures of 45 and 55'F, translocation from the

roots is appreciable, even though the plants remain completely dormant.
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' In the case of Taxus media and Forsythia intermedia, 50 to 80%

of the ·mineral nutrient requirement for spring growth came from nutrient

reserves present in the plant during the dormant season.  Nutrients absorbed

from the soil during the spring growth were much less important.  Radio-

active isotopes were used to great advantage in this experiment.

It is now recommended to commercial nurserymen that nutrient ap-

plications to woody plants  can  be  made  in  the fall season  of  the  year,  com-

monly September to December in New York State when plants are dormant, but

when soil temperatures are warm and roots continue to grow.  This allows

four months in which nutrients can be absorbed and translocated into the

above-ground parts of the plant, increasing the winter hardiness of plants

and producing greater amounts of nutrient reserves for increased spring

growth the following year.  Combined with fall herbicide application, at a

time when labor is abundant, fall nutrient applications offer many advantages

to the commercial nurserymen.  It is now a common practice throughout the

nursery growing areas of the United States to apply nutrients during the

dormant season as well as during the growing season.  Not only does this

improve growth, but the utilization of nutrient applications is more ef-

ficient, application rates can be reduced thus helping to reduce environ-

mental pollution by fertilizers.

Good, G. L. The influence of shoot and root zone temperature
on the root uptake and translocation of nutrients in dormant

woody plants.  Ph.D. thesis, Cornell University, Ithaca,
New York. 1969.

Good, G. L. and H. B. Tukey, Jr.  Root growth and nutrient uptake
by dormant Ligustrum ibolium and Euonymus alatus 'Compactus'.
J. Amer. Soc. Hort. Sci. 94:324-326. 1969.

Meyer, M. M. Jr. The influence of nutrition in root temperature
of the dormant season nutrient content and spring growth

of Taxus media and Forsythia intermedia.  Ph.D. thesis, Cornell
University, Ithaca, New York. 1965.
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Meyer, M. M. Jr. and H. B. Tukey, Jr.  Nitrogen, phosphorus, and
potassium reserves in the spring growth of Taxus and Forsythia.
Proc. Amer. Soc. Hort. Sci. 87:537-544. 1965.

Meyer, M. M. Jr. and H. B. Tukey, Jr.  Influence of root tempera-
ture and nutrient applications on root growth and mineral
nutrient content of Taxus and Forsythia plants during the
dormant season. Proc. Amer. Soc. Hort. Sci. 90:440-446.
1967.

Tukey, H. B. Jr. and M. M. Meyer, Jr.  Nutrient applications during
the dormant season.  Proc. Intern. Plant Propagators' Soc.
16:306-310. 1966.

11. Role of stomata in loss of nutrients by leaching.

Stomata of several species, particularly Chrysanthemum morifolium,

were closed by applications of phenylmercuric acetate, and reductions of

transpiration rates were observed.  However, the use of phenylmercuric acetate

to control transpiration in commercial chrysanthemum crops is not recommended

because of the toxicity of the chemical to both man and plants.  Thus, the

technique did not prove to be practicable in studies of leaching.

Cocking, W. D.  The regulation of water loss of Chrysanthemum
morifolium by inducing stomatal closure with phenylmercuric
acetate.  M. S. thesis, Cornell University, Ithaca, New York.
1967.

Cocking, W. D. and H. B. Tukey, Jr.  Reduction of water loss from
Chrysanthemum morifolium following foliar applications of
phenylmercuric acetate. J. Amer. Soc. Hort. Sci. 95:382-384.
19 70.

12.  Leaching and decontamination of food plants.

With the mechanism of leaching now established, it is possible to

apply this knowledge to the decontamination of food plants of radioactive

fallout.  Those plants which had been tes ed extensively include bean (Phaseolus

vulgaris), corn (Zea mays), lettuce (Lactuca sativa), pea (Pisum sativum),

parsley (Petroselinum crispum), and tomato (Lycopersicon esculentum).  Other

food plants had been used to a lesser degree.  Root absorption and transloca-

89
tion of Sr into the fruit of bean, pea, and tomato was noted only if con-

tamination occurred after the onset of flowering. If contamination occurred
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previous to the development of inflorescence, or late in fruit development,

the fruit was not contaminated.

However, when radioactive contaminants have been incorporated into

tissues, they cannot ordinarily be removed, since cellular contents are not

easily leached.  Only those contaminants which are being translocated or are

in the exchangeable ion pool can be leached. Since leaching is a process

involving exchange at the surface of tissues, leaves are much easier to

decontaminate than are thick fleshy storage organs and fruit, and any factor

which favors ion exchange will favor decontamination. Substances including

radioactive materials, which are deposited on leaf surfaces are easier to

leach than are materials which are root absorbed and incorporated within

plant parts.

Mechling, W. H.  Decontamination of selected vegetable crops by
leaching with reference to strontium.  M. S. thesis, Cornell
University, Ithaca, New York. 1966.

Mecklenburg, R. A.  The influence of foliar leaching upon plant
nutrition with special reference to root uptake, transloca-
tion, and loss of calcium. Ph.D. thesis, Cornell University,
Ithaca, New York. 1964.

- Tukey, H. B. Jr., R. A. Mecklenburg and J. V. Morgan.  A mechanism
for the leaching of metabolites from foliage. ' In: "Isotopes
and Radiation in Soil-Plant Nutrition Studies", pp. 371-385.
Intern. Atomic Energy Agency, Vienna, 1965.

Since strontium is not normally transported basipetally in plants,

it was once thought that underground storage organs such as fleshy roots

and underground stems, would be immune from radioactive contamination by

90 D
Sre However, this is not the case.  Radioactive strontium is deposited

onto leaf surfaces from where it can be leached to the soil, absorbed by the

roots and translocated acropetally into the storage organs and above-ground

plant parts.  We have demonstrated this phenomenon with potato (Solanum

tuberosum) and the results are applicable to many other crops and other
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. contaminants. Such a redistribution is important in the translocation of

fallout materials and in the contamination of plants and plant parts not

contaminated originally.

Mecklenburg, R. A. and H. B. Tukey, Jr.  Uptake by the root and sub-
sequent distribution within the potato plant of strontium-89
leached from the foliage. Nature. 198:552-553. 1963.

Tukey, H. B. Jr. and H. B. Tukey.  The loss of organic and in-

organic materials by leaching from leaves and other above-
ground plant parts. In: "Radioisotopes  and Soil Plant  Nu-
trition Studies". pp. 289-302. Intern. Atomic Energy Agency,
Vienna, 1962.

It was once thought that dormant plants would not absorb appreciable

amounts of radioactive contamination presumably because foliage might be

absent and translocation inhibited. However, we have shown that the roots

of woody plants do not become dormant during the winter season as do the

above-ground portions, but continue  to  grow at a reduced rate throughout

the winter season in direct proportion to the soil temperature.  Growing

roots absorb nutrients from the soil which are translocated to the above-

ground parts, even though these parts are completely dormant.  Thus, a

dormant plant in the winter season can become contaminated as during the

growing season, and the same principles of decontamination hold true for

these plants as well.

Good, G. L.  The influence of shoot and root zone temperature
on the root uptake and translocation of nutrients in dormant

woody plants.  Ph.D. thesis, Cornell University, Ithaca,
New York. 1969.

Good, G. L. and H. B. Tukey, Jr. Root growth and nutrient uptake
by dormant Ligustrum ibolipm and Euonymus alatus 'Compactus' .
J. Amer. Soc. Hort. Sci. 94:324-326. 1969.

Meyer, M. M. Jr. The influence of nutrition in root temperature
on the dormant season nutrient content and spring growth of

Taxus media and Forsythia intermedia.  Ph.D. thesis, Cornell
University, Ithaca, New York. 1965.
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Meyer, M. M. Jr. and H. B. Tukey, Jr.  Influence of root temperature

and nutrient applications on root growth and mineral nutrient
content of Taxus and Forsythia plants during the dormant
season. Proc. Amer. Soc. Hort. Sci. 90:440-446. 1967.

Surface contamination of the aerial parts of plants can easily be

removed by leaching within a short time after contamination.  However, as

the. time period between contamination and leaching increases, the amount

of contaminants leached is greatly decreased.  Once contaminants have been

incorporated within cells, they are difficult to leach.

Mechling, W. H. Decontamination of selected vegetable crops by
leaching with reference to strontium.  M.S. thesis, Cornell
University, Ithaca, New York. 1966.

NYO-2598-1, 2, 7, 12, 19, 29, 36 Progress Reports

13.  Leaching of growth regulating substances (plant hormones) and its

effect upon flowering.

  When Easter lilies (Lilium longiflorum) were grown under inter-

mittent water mist (varying from 20 to 60 seconds of mist per 20 minutes),

stem length was reduced in direct proportion to increasing amounts of water

mist, although leaf number, flower number, date of flowering and dry weight

remained the same. Similarly, stem length of lilies can be controlled by

changing the length of day (photoperiod) under which the plants were growing,

suggesting that growth regulators involved in the photoperiod reaction can

also be leached.

1 We have shown that gibberellins are leached from the foliage of

Chrysanthemum morifolium and Pharbitis nil, gibberellins A and GA leached-  1-3 5

from vegetative, non-flowering plants, and GAl-3 and GA6 from flowering

plants.  When Chrysanthemum and Pharbitis, both of which require short day

(long night) conditions to flower, were leached prior to and following a

photoinductive period, subsequent flowering was delayed and even completely
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inhibited, especially in Pharbitis.  Similarly, when Pharbitis plants were

grown in continuous darkness with periodic light breaks to keep the plants

vegetative, the flowering response   to  mis t  was   the same. These results

suggest that the carbohydrate level in the plants is not directly responsible

for the flowering responses, but rather the substances or balance of substances

necessary for flowering in these plants were removed or changed by leaching.

Further work on this aspect of leaching awaits additional funds for graduate

student support.

Kozel, P. C.  Leaching of gibberellin-like substances from the
foliage of Chrysanthemum morifolium cv. Princess Anne.  Ph.D.
thesis, Cornell University, Ithaca, New York. 1968.

Kozel, P. C. and H. B. Tukey, Jr.  Loss of gibberellins by leaching
from stems and foliage of Chrysanthemum morifolium 'Princess
Anne'. Amer. Jour. Bot. 55:1184-1189. 1968.

Kimura, K. and H. B. Tukey, Jr. Influence of mist on floral ini-
tiation of Pharbitis nil. Ber. Ohara Inst. Landwirts. Biol.
15:61-67. 1971.

NYO-2598-52 Progress Report, 1970-71

In addition to the gibberellins, other growth regulating substances

can be leached from plants including auxins, abscisic acid, chlorogenic

acid, rooting cofactors, and many other phenolic and flavanoid substances.

Leaching of these materials has effects upon senescence, dormancy, leaf

abscission, root initiation and development, and fall coloration in leaves.

Lee, Choong Il. Influence of intermittent mist on the development
of  anthocyanins and root-inducing subs tances in Euonymus
alatus 'Compactus'. Ph.D. thesis, Cornell University, Ithaca,
New York. 1971.

Lee, Choong Il and H. B. Tukey, Jr. Induction of root-promoting
substances in Euonymus alatus 'Compactus' by intermittent
mis t. J. Amer. Soc. Hort. Sci. 96:731-736. 1971.

Lee, Choong Il and H. B..Tukey, Jr.  Effect of intermittent mist
on development of fall color in foliage of Euonymus alatus
'Compactus'.  J. Amer. Soc. Hort. Sci.  97:97-101.  1972.
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14.    Effect of intermittent  mist upon anthocyanin synthesis.

When Euonymus alatus ' Compactus', an ornamental shrub noted  for

its brilliant red foliage color, was grown under intermittent mist, plants

failed to develop anthocyanins,t:leaves  did not abscise, and senescence  and

dormancy were delayed for up to 1 year, as long as plants remained Under the

mist.  When the plants were removed from the mist, immediately anthocyanins

developed, leaves abscised, and the plants became dormant.  This is in con-

trast to control plants (non-misted) which developed leaf pigmentation and

became dormant in the fall, requiring 6 weeks of cold before growth resumed

in spring.

Leaf analyses showed that levels of protein nitrogen, total phenolic

compounds, flavonols, flavans, leucoanthocyanins, and starch were increased

in misted plants as compared with non-misted controls. In  contras t, levels

of anthocyanins, total sugar, reducing sugars, and soluble nitrogen were

greatly reduced in the misted plants; these substances plus other flavanoid

compounds and abscisic acid were found·in the leachates.

When materials which were leached from the misted plants (carbo-

hydrates, potassium, flavanoid compounds, abscisic acid) were added back

to leaf discs from misted plants, anthocyanin synthesis was increased.

Mist affects anthocyanin synthesis in three ways.  First, substances

involved directly in the syntheses of anthocyanins can be leached, thus

reducing red coloration.  When these leached substances are added back to

plants, anthocyanin synthesi6 proceeds.  Second, mist apparently delays

dormancy and maintains plants in the vegetative state.  Proteins continue to

develop, sugars are changed to starch, and tricarboxylic acid activity in-

creases, all of which compete for the substrates used in anthocyanin synthesis,

again reducing red coloration. Third, the metabolic pathways of anthocyanin

 -ij
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precursors are changed.  Phenolic substances other than those directly involved

in anthocyanin synthesis are formed, such as leucoanthocyanins and certain

flavans.

In effect, mist reduces the amount of precursors of anthocyanin by

leaching and also conditions the plant to produce substances other than antho-

cyanins.  These results explain why in seasons of prolonged rainfall in late

summer and early fall, development of red foliage color due to anthocyanin

formation is -inhibited.

Lee, Choong Il. Influence bf intermittent  mist on the development

of anthocyanins and root-inducing substances in Euonymus
alatus 'Compactus'.  Ph.D. thesis, Cornell University, Ithaca,
New York. 1971.

Lee, Choong Il and H. B. Tukey, Jr. Induction of root-promoting
substances in Euonymus alatus 'Compactus' by intermittent
mist. J. Amer. Soc. Hort. Sci. 96:731-736. 1971.

Lee, Choong Il and H. B. Tukey, Jr.  Effect of intermittent mist
on development of fall color in foliage of Euonymus alatus
'Compactus'.  J. Amer. Soc. Hort. Sci.  97:97-101.  1972.

15.  Effect of intermittent mist upon synthesis of root-inducing substances.

Intermittent mist has been used with great success by commercial

nurserymen in propagation of cuttings by reducing transpiration

and respiration in the cuttings.  In Euonymus plants grown under intermittent

mist, vegetative growth was promoted, dormancy inhibited, and phenolic and

flavanoid substances accumulated in the leaves. These included specific

phenolic compounds important in root initiation such as chlorogenic acid,

flavans, flavonols, auxin-like substances, and rooting cofactors,   as  well

as carbohydrates and phenylalanine ammonia lyase, an enzyme important in

synthesis of phenolic compounds and total phenolic compounds.  Thus, it was

no surprise that cuttings taken from misted plants rooted more rapidly and

more pr6fusely than did cuttings from non-misted plants.
-



21

These results offer an additional explanation for the success of

mist propagation.  Not only does intermittent mist cool the cuttings, but

also it induces the production of root-promoting substances which cause

1.-
cuttings to root more easily Shan mist.

When root-promoting substances which accumulate in misted plants

are added to non-misted plants, rooting is improved.  Auxins have long been

used to improve rooting, and we have shown that rutin and other flavanoid

substances can act similarly.  This is now being evaluated by several com-

mercial plant propagators on a great number of plant species.

Lee, Choong Il. Influence of intermittent mist on the development

of anthocyanins and root-inducing substances in Euonymus
alatus 'Compactus'.  Ph.D. thesis, Cornell University, Ithaca,
New York. 1971.

Lee, Choong Il and H. B. Tukey, Jr. Induction of root-promoting
substances in Euonymus alatus 'Compactus' by intermittent
mis t. J. Amer. Soc. Hort. Sci. 96:731-736. 1971.

Tukey, H. B. and Choong Il Lee. Stimulation of rooting substances
by mist.  New York Food and Life Sciences Quart.  4(2,3):31-33.
1971.

.Lee, Choong Il and H. B. Tukey, Jr.  Development of root-promoting
substances in Euonymus alatus 'Compactus' under intermittent
mist.  Proc. Int. Plant Prop. Soc. 21.  1971.  (in press).

16. Influence of mist on rooting cofactors.                                -

Rooting cofactors are 4 partially characterized compounds or groups

of compounds which act synergistically with auxins to improve root initiation.

Their exact function is not clear. We determined the level of cofactors 1-4

in two cultivars of Chrysanthemum morifolium, and were unable to note any

definite correlation with root initiation in these plants when propagated

under mist. It adds further evidence to our suggestion that many other com-

pounds, other than auxins and rooting cofactors are involved in root initiation

and should be considered more fully.
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Zondag, R. J. The levels of rooting cofactor 4 in Chrysanthemum
morifolium during propagation.  M.S. thesis, Cornell Uni-
versity, Ithaca, New York. 1972.

*17.  Effect of mist on dormancy and leaf abscission (prepared by D. D.

Hemphill, Jr.)

Young plants of Euonymus alatus were grown under intermittent mist

in order to determine the effects of misting/leaching on dormancy in this

ornamental shrub. Since abscisic acid is associated with dormancy in many

plants, abscisic levels in plants were determined and correlated with the

misting effects on dormancy.

Two-year-old rooted cuttings were placed in either a growth chamber

or the greenhouse from August to September either with or without intermittent

mist.

Abscisic acid (ABA) was extracted from the leaf samples every 2 weeks

by the standard organic solvent fractionation technique for acidic plant

hormones. Care was taken to keep extracts cool and to avoid unnecessary

exposure to light. Eighty percent methanol was used as the extraction solvent

and the acid fraction was partitioned into redistilled methylene chloride and

recovered following drying and vacuum evaporation.

The acidic extract residue from each leaf sample was methylated with

diazomethane and 1% of each sample was injected into a DC-200 column in a

Barber-Colman GLC equipped with an electron capture detector.  Quantitation

was achieved by comparison with ABA standards.

Leaves of both misted and control plants increased slightly in both

fresh and dry weight for one month after plants were put in chamber or green-

house.  After one month, non-misted leaves decreased slightly in fresh weight

but fresh weight of misted leaves continued to increase for another month, then

declined slightly. Dry weight was found to vary directly with fresh weight for

all leaves.
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In the growth chamber, non-misted plants developed red coloration

(anthocyanin) commencing in late September, similar to plants growing out-

of-doors.  Misted plants developed no red color until late October and con-

tinued to remain partially green until February, with some yellowing.  Non-

misted plants began   to drop their leaves in December;  mis ted plants showed

little tendency   to drop leaves until February.

In the greenhouse, neither misted nor non-misted plants developed

any fall color.     Mis ted· plants retained a brighter, more succulent  leaf,  but

the color difference was minimal. Non-mis ted plants dropped all leaves,   even

though still green, by late January.  Leaves of misted plants showed much

less tendency to abscise. In February, half of the misted plants were removed

from the mist treatment.  No red color developed subsequently and the leaves

rapidly abscised.

In the growth chamber, ABA content started at a low level (less than

10 ng/g fresh  wt) in Augus t. ABA levels in non-mis ted plants underwent   a

marked increase to about 50-60 ng/g in late September and remained at this

level until January  when  ano ther large increase occurred. In contrast,   ABA

levels in misted plants showed a much smaller increase and remained at 30 ng/g

or less until the experiments were terminated in early March. Increased red

color paralleled increasing ABA concentration.  Leaf abscission in non-misted

plants occurred as the peak ABA levels were reached.

In the greenhouse, initial ABA content was about 10 ng/g.  In non-

misted plants, ABA content increased following a lag period to a maximum of

150 ng/g in late November and then decreased to about 80 ng/g in January.

ABA in misted plants remained at 10-30 ng/g until early December when a peak

level of 100 ng/g was reached.  The ABA content then rapidly decreased to about

50 ng/g at termination of the experiment.  ABA content in non-misted green-

house plants reached higher levels than in non-misted growth chamber plants,

L -
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peaked, and declined before comparable levels were attained in the growth

chamber plants.

Hemphill, D. D. Jr. and H. B. Tukey, Jr.  Influence of mist on
abscisic acid levels in Euonymus alatus. Abstr. Amer. Soc.
Hort. Sci. St. Paul, Minnesota, 1972.

*18. Influence of mist and leaching on incidence of disease

Incidence of disease is much reduced in cuttings under mist as

compared with cuttings grown without mist.  This has been explained on the

basis that fungus spores are washed  from the cuttings  by   the  mis t. However,

the changes in metabolism observed in plants under mist may be associated

with improved resistance to some diseases.  We have suggested that leachates

from plants could have an effect upon pathogens, both by conditioning the

host or by providing a nutrient medium for spore germination and growth.

These suggestions were made at an international symposium in England in 1970,

and are now being investigated by plant pathologists in several laboratories

and may offer some additional insights into disease/rainfall interactions.

Tukey, H. B. Jr.  Leaching of substances from plants. In: Preece,
T. F. and C. H. Dickinson (ed) "Ecology of Leaf Surface Micro-
organisms". Academic Press, New York.  pp. 57-80.  1971.

*19. A new concept of rainfall in plant growth.

Traditionally, rainfall has been associated with moisture require-

ments of plants and with the development of plant pathogens in moist conditions.

However, our research has indicated some add;tional effects of rainfall which

may be of even greater significance.  Our results on leaching of substances

by rain and mist haveshown that large quantities of materials can be lost,

with effects on growth, yield, quality, nutritive value, and ecology.  The

metabolism of plants is changed when grown under mist, having an effect upon

growth regulating substances which in turn influence dormancy, leaf abscission,

flowering, development  of fall color, and root initiation,   all of which  we  have

reported.  In speculation, perhaps the large amount of growth associated with

A
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. areas  o f high rainfall  such  as the humid tropics, British Isles, and Pacific

Northwest should be thought of in terms of metabolic change induced by the

rain, mist, and fog, as well as moisture. Vegetable crops, grapes, tree fruits,

ornamental plants, and agronomic crops are now being produced commercially

under overhead mist systems with large increases in yield and quality.  These

increases are attributed to cooler leaf temperatures with less transpiration

and respiration. This is exactly what we have observed in our experiments,

and we suggest that leaching and induction of growth regulating substances in

plants under mist should be considered to explain the benefits of mist in

plant production.  Further, we have suggested that the whole influence of rain

and crop development needs reevaluation.

Tukey, H. B. Jr.   Rain, Dew, and Mist-Significance to ·Fall Color.
Longwood Gardens Lectures, Kennett Square, Pennsylvania.
Feb ruary   16,   1972.

*20. Scientific Interest in Leaching and Publications.

There is still considerable interest in the work of this project,

as evidenced by more than 250 reprints which we sent out.  Technical reports

of the work of this project were given at the annual meeting of the International

Plant Propagators' Society in Norfolk in December 1971 and will be given at the

annual meeting of the American Society for Horticultural Science in St. Paul,

Minnesota, August 1972.  The project director was invited to present a Longwood

Gardens Lecture at Kennett Square, Pennsylvania in February 1972, and the Ward

Memorial Lecture at the Norfolk Botanical Garden in March 1972, both lectures

being based on research results from this,project.  In addition, the project

director presented five technical talks before commercial industry organizations

and six seminars before university groups on results of this project.  Two

press releases were prepared, one of which received wide distribution, especially  '

in the commercial trade press.

A
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During the year, scientific articles appeared in print, one PhD

and one M. S. thesis were written, and additional scientific articles are cur-

rently in press.

LECTURES

Tukey, H. B. Jr. Rain, Dew, and Mist-Significance to Fall Color.

Longwood Garden Lectures, Kennett Square, Pennsylvania.
Feb ruary   16,    1972.

Tukey, H. B. Jr.  A New Concept of Rain in Plant Growth.  Ward

Memorial Lecture, Norfolk Botanical Gardens, Norfolk, Virginia.
March 9, 1972.

A complete list of project publications is attached.

A
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LIST OF PUBLICATIONS (*indicates new publication contract year 1971-72)

' Journal Articles

Tukey, H. B., Jr., S. H. Wittwer, and H. B. Tukey.  Leaching of carbohy-

drates from plant foliage as related to light intensity.  Science
126:120-121. 1957.

Tukey, H. B., S. H. Wittwer, and H. B. Tukey, Jr.  Leaching of nutrients

from plant foliage as determined by radioisotopes.  Radioisotopes in
Scientific Research 4:.304-319. Pergamon Press. London, 1958.

Tukey, H. B., Jr., H. B. Tukey, and S. H. Witt:wer.  Loss of nutrients by
foliar leaching as determined by radioisotopes.  Proc. Amer. Soc.
Hort. Sci. 71:496-506. 1958.

Tukey, H. B., Jr., and H. J. Amling.  Leaching of foliage by rain and dew
as an explanation of differences in the nutrient composition of green-
house and field-grown plants.  Mich. Agr. Exp. Sta. Quarterly Bull.
40:876-881. 1958.

Tukey, H. B., and H. B. Tukey, Jr.  Some practical implications of nutrient
loss from foliage by leaching.  Proc. Amer. Soc. Hort. Sci. 74:671-676.
1959.

Tukey, H. B., Jr. and H. B. Tukey.  Nutrient loss from above-ground plant
parts by leaching.  Atompraxis  5:213-218.  1959.

Tukey, H. B., Jr. and J. A. Romberger.  The nature of substances leached
from foliage.  Plant Physiology 34:  supplement, 1959.

Tukey, H. B., Jr. and H. J. Ketellapper.  The effect of temperature and

length of the light-dark cycle on plant growth.  Plant Physiology
34:  supplement, 1959.

Tukey, H. B., Jr.  Winter injury.  The Cornell Plantations  17:28.  1961.

Tukey, H. B., Jr. Foliar nutrition. The Cornell Plantations 17:29. 1961.

Tukey, H. B., Jr. and H. B. Tukey.  The loss of organic and inorganic ma-

terials by leaching from leaves and other above-ground plant parts.
Radioisotopes in soil-plant nutrition studies. Intern. Atomic Energy
Agency, Vienna. pp. 289-302. 1962.

Tukey, H. B., Jr.  Leaching of metabolites from above-ground plant parts,
with special reference to cuttings used for propagation.  Proc. Plant
Propagators' Soc.  12:63-70.  1962.

Tukey, H. B., Jr. and H. J. Ketellapper.  Length of the light-dark cycle
and plant growth.  Amer. J. Bot. 50:110-115. 1963.

Tukey, H. B., Jr. and R. A. Mecklenburg.  Uptake by the root and subsequent
distribution within the potato plant of strontium-89 leached from the
foliage. Nature 198:562-563. 1963.

11
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Journal Articles (continued)

Tukey, H. B., Jr. and J. V. Morgan. Injury to foliage and its effect upon
the leaching of nutrients from above-ground plant parts.  Physiologia
Plantarum 16:557-565. 1963.

Mecklenburg, R. A. and H. B. Tukey, Jr.  Root uptake and subsequent dis-
tribution of metabolites leached from foliage.  Plant Physiol.  38
(supplement) XXVI.  1963.

Tukey, H. B., Jr. and J. V. Morgan.  The occurrence of leaching from above-
ground plant parts and the nature of the material leached.  Proc. XVI
Intern. Hort. Cong. (Brussels, 1962)  4:153-160.  1964.

Morgan, J. V. and H. B. Tukey, Jr. Characterization of leachate from plant
foliage. Plant Physiol. 39:590-593. 1964.

Tukey,  H.   B., Jr. Leaching of nutrients from plant foliage  by  rain  and
mist.  Amer. Rose Annual, 1964.  pp. 102-111.

Tukey, H. B., Jr., and R. A. Mecklenburg.  Leaching of metabolites from

foliage and subsequent reabsorption and redistribution of the leachate
in plants.  Amer. Jour. Bot. 51:737-742. 1964.

Mecklenburg, R. A. and H. B. Tukey, Jr. Influence of foliar leaching on
root uptake and translocation of calcium-45 to the stems and foliage
of Phaseolus vulgaris. Plant Physiol. 39:533-536. 1964.

Good, G. L. and H. B. Tukey, Jr.  Leaching of nutrients from cuttings under
mist. Proc. Intern. Plant Propagators' Soc. 14:138-142.  196,4.

Meyer, M. M., Jr. and H. B. Tukey, Jr.  Nitrogen, phosphorus, and potassium
reserves the spring growth of Taxus and Forsythia.  Proc. Amer. Soc.
Hort. Sci. 87:537-544. 1965.

Tukey, H. B., Jr., R. A. Mecklenburg, and J. V. Morgan.  A mechanism for
the leaching of metabolites from foliage. Isotopes and radiation in
soil-plant nutrition studies. Intern. Atomic Energy Agency, 1965.
pp. 371-385. 1965.

Wott, J. A. and H. B. Tukey, Jr.  Propagation of cuttings under nutrient
mist.  Proc. Intern. Plant Propagators' Soc.  15:86-94.  1965.

Good, G. L. and H. B. Tukey, Jr.  Influence of intermittent mist on the

mineral nutrient content of cuttings during propagation. Proc. Intern.
Plant Prop. Soc. 15:78-86. 1965.

Tukey, H. B., Jr., J. A. Wott, and G. L. Good. Leaching of metabolites
from plants. The Cornell Plantations 21:53-55. 1966.
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' Journal Articles (continued)

Mecklenburg, R. A., H. B. Tukey, Jr., and J. V. Morgan.  A mechanism for
the leaching of calcium from foliage.  Plant Physiol.  41:610-613.
1966.

Good, G. L. and H. B. Tukey, Jr.  Leaching of metabolites from cuttings
propagated under intermittent mist. Proc. Am. Soc. Hort. Sci.  88:
727-733. 1966.

Tukey, H. B., Jr.  Leaching of metabolites from above-ground plant parts

and its implications.  Bull. Torrey Botanical Club 93:385-401. 1966.

Tukey, H. B., Jr. and M. M. Meyer, Jr.  Nutrient applications during the
dormant season. Proc. Intern. Plant Prop. Soc. 16:306-310. 1966.

Good, G. L. and H. B. Tukey, Jr.  Redistribution of mineral nutrients in
Chrysanthemum morifolium during propagation.  Proc. Am. Soc. Hort.
Sci. 90:384-388. 1967.

Meyer, M. M., Jr. and H. B. Tukey, Jr. Influence of root temperature and.
nutrition on the root growth and nutrient uptake of dormant Taxus and
Forsythia. Proc. Amer. Soc. Hort. Sci. 90:440-446. 1967.

Wott, J. A. and H. B. Tukey, Jr.  Influence of nutrient mist on the prop-
agation of cuttings. Proc. Amer. Soc. Hort. Sci. 90:454-461. 1967.

Kozel, P. C. and H. B. Tukey, Jr.  Loss of gibberellins by leaching from
stems and foliage of Chrysanthemum morifolium cv. Princess Anne.
Plant Physiol. (supplement) 42:  1967.

Tukey, H. B., Jr. Root growth and nutrition of dormant trees.  Proc. N. J.
Federation Shade Tree Commissions. pp. 23-27. 1968.
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PERSONNEL AND FINANCES

Personnel working 'on the project for the past year included the Project

Director (2/5 time), a full-time research experimentalist, a full-time post-

doctoral fellow (Dr. Delbert D. Hemphill, Jr.) and one half-time graduate

research assistant    (6   mon ths). Some work proposed for this contract year

was not completed due to the unavailability of suitable graduate research

assistance.  One graduate research assistant has begun a research project

on leaching and environmental quality.  In September, a second graduate

assistant will be available to study leaching of carbohydrates.

The project benefited from the help of greenhouse staff and research

technicians and for the use of special departmental facilities and equip-

ment.
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