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Herbicides enter plants by foliar absorption (stems and leaves)
or by root absorption. Those entering via foliage cross the
cuticle by movement through pores (aqueous route) or by solution
in the cuticle (lipoid route). By formulation, herbicide mole-
cules may be adapted to absorption by either or both of these
routes. Absorption from the soil by roots requires that the
compound have ,a certain water solubility. Herbicides that enter
plants from the soil are subject to physical forces of attraction
to soil particles and to chemical decomposition by the soil
microflora. -

Herbicides that enter foliage may kill locally (contact action)
or they may migrate to the vascular tissues, translocate to
roots, and destroy the whole plant (systemic herbicidal action).
Herbicides that move from foliage to roots do so via the phloem,
with translocated foods such as sugars and amino acids. For such
herbicides to perform satisfactorily they must be applied while
the plant is moving foods from leaves to meristems and storage
tissues in the roots.
Different herbicides have different mobilities in plants. MH

(maleic hydrazide) and 2,2 -DPA (2,2- dichloropropionic acid) are
freely mobile in the phloem, amitrole (3- amino- 1,2,4 - triazole)
is somewhat less mobile, and 2,4 -D (2,4- dichlorophenoxyacetic
acid) moves much less freely. The substituted urea and s- triaz-
ine herbicides are not phloem - mobile; they enter and move freely_
only in the xylem. The dinitro herbicides and others that have
only contact action are apparently unable to enter either phloem
or xylem and hence are not translocated.

Those translocated herbicides that enter the leaf via the
lipoid route are favoured by lipoid solubility (for example, the
esters versus the salts of 2,4 -D). Those that enter via the
aqueous route are favoured by high humidity, as shown by the work
of Clor; this also occurs in the field where high relative humid-
ity of the atmosphere always seems tobring about enhanced uptake
of water - soluble herbicides.

Phloem - mobile herbicides that enter roots are conducted to the
root tips, where they concentrate and bring about destruction of
the growing regions. IPC (isopropyl N- phenylcarbamate), for
example, is accumulated and concentrated in root tips, where it
interferes with mitosis and causes death. Xylem- mobile compounds
on the other hand may have little direct effect upon the roots
that absorb them; they move rapidly to the foliage in the trans-
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piration stream, concentrate in the mesophyll tissues, and, in
the case of the ureas and triazines, stop oxygen evolution and
cause a violent, photochemical destruction of the cells.
Selectivity is an important property of many modern, organic

chemical herbicides. The old mechanism of selective wetting is
familiar and has been widely utilized. The newer materials are
more subtle in their selective action. The non-enzymic hydroxy-
lation of the simazine (2- chloro -4,6- bis(ethylamino) -s- triazine)-

.type compounds has been well described. However, the character-
istic oxime which brings about this action is not present in
appreciable quantity in all simazine - tolerant plants; hence other
mechanisms may be involved. The beta - oxidation of the phenoxy-
butyric acid compounds is another well- recognized mechanism of
selectivity depending upon the quantitative aspects of the enzyme
composition of weeds and crops.
Many new herbicides are being discovered that have, as yet, un-

known mechanisms of selectivity. While a number of these inhibit
oxygen evolution, it is not certain that this is their major mode
of lethal action. Much research is needed to clarify the physi-
ology of the many types of herbicide action. Two methods that
are proving very effective in this area are autoradiography and
measurement of inhibition of oxygen evolution during" photosyn-
thesis. Autoradiography measures absorption, distribution, and
site of lethal action of the chemical. The second method measures
the sensitivity of weeds and crops to a new material and, where
these differ widely, is used to discover new selectivities.
Many new, interesting compounds are appearing on the horizon

and we can expect to have new selectivities available as they are
tested. It was apparent several years ago that, when we found a
chemical as toxic as 2,4 -D and as mobile as maleic hydrazide, we
would have an ideal herbicide for use on perennial weeds, includ-
ing woody ones. Picloram (4-amino-3,5,6-trichloropicolinic acid)
may well be that compound. This example shows how knowledge of
the physiology of herbicidal action may be put to use in the
search for new and better herbicides.
Selectivities for use in cole crops, carrots, sugar beets,

onions, alfalfa, cotton, sugar cane, pineapples, as well as in
cereals and forage crops, are either already being used or are
indicated in current screening tests. There is no reason to
doubt that this list will eventually be lengthened to cover all
important agricultural crops.



C. PHYSIOLOGY OF WEEDS

C.G.Greenhám,
CSIRO Division of Plant Industry,

Canberra, A.C.T.

INVITED PAPER


