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SUMMARY

Controlled laboratory experiments employing elm seedlings,
grown in Hoagland solution, were carried out to test the effects
of pH and three climatic factors (light intensity, temperature
and relative humidity) on absorption, translocation and accumulation
of benomyl (MBC-Cl4) by roots. Autoradiographic and scintillation
counting data demonstrated that all four factors influenced the
rate of uptake and distribution. Maximum absorption and transport
occurred under conditions of low PH, high light intensity (3000
f.c.), high temperature (88°F) and low relative humidity (25%).
Even though much of the activity was retained by the roots during
a 3 day absorption period, the translocation pattern was apoplastic
and hence factors that regulated transpiration probably controlled
the pattern of movement of benomyl as well. It is suggested that
stomatal behaviour (opening and closing and size of the stomatal
aperture) together with cuticles and lenticels regulate the
transpiration and translocation patterns of root/soil applied
fungicides.
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RESUME

On a réalisé des expériences en laboratoire sur des jeunes
pousses d'orme croissant dans une solution de Hoagland, afin de
déterminer les effets de pH et trois facteurs climatiques
(1'intensit& lumineuse, la température et 1'humidité relative)
sur l'absorption, le transport et l'accumulation du b&nomyle
(MBC marqué au Ci4) par les racines. Les donné&es provenant de
1'autoradiographie et de la scintigraphie ont révélé que les
quatre facteurs influengaient la vitesse d'absorption et de
distribution. Les niveaux maximums d'absorption et de transport
ont &té enregistr&s 3 base pH d forte intensit& lumineuse (3000
f.c.), 3 température élevée (880OF) et a& faible taux d'humidité
relative (25%). Méme si, sur une période d'absorption de trois
jours, une grosse part de l'activiteé s'est concentrée au niveau
des racines, le transport &tait apoplastique et, par conséquent,
les facteurs dont dépendait la transpiration avaient probablement
une influence directe sur le cheminement du bénomyle. Nous croyons
donc que l'action des stomates (1l'ouverture, la fermeture et la
grandeur des ostioles), ainsi que celle des lenticelles et de la
cuticule, gouvernent les mécanismes de la transpiration et du
transport des fongicides absorb&s au niveau des racines.



(3000 f.c.), elevada temperatura (310) Y humedad relativa baja
(25%) . Aunque las raices dcapararon gran parte de la actividad
durante un perfodo de absorcion de tres dias, et patrdn despla-
Zamiento fue apopléético, por lo que los elementos reguladores
de la transpiracidn probablemente controlaron tambi€n las ten-
dencias de distribucidn del benomilo. se sugiere que los patrones
de transpiracidn Y desplazamiento de fungicidas aplicados en las
raices Yy la tierra regulan, junto con las cuticualas Y lenticelas,

el proceso estomdtico (apertura, cierre Yy tamafio del orificio
- .
estomatico)
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family are timber species in India (Champion and Seth 1968) , others (Uimus
americana, U. pumila, U. parvifolia, U. hollandica, U. carpinifolia, U.
procera, U. laevis, U. Thomasii) are used as shade and ornamental trees in
urban and suburban environs of many parts of the world. White elm (U.

its protection against the Dutch elm disease (DED) caused by (Ceratoecystis
ulmi Buism/Mareau) is urgently needed. In 1969, Stipes discovered the
chemotherapeutic properties of benamyl (1-butyl carbamoyl-2-benzimidazole
carbamic acid, methyl ester) against the DED. Since then much research has
progressed in this area and apparently elm trees can now be protected fram
the ravages of this fatal disease (Biehn and Dimond 1972, Kondo 1973, Jones
et al 1973, Smalley et al 1973, Prasad 1974, Gibbs and Clifford 1974).
Several methods of application of benomyl and its solubilized formulations
(MBC-chloride, MBC-phosphate) to elm trees have been investigated and it
Seems root application is the most efficient method of treatment. However,

usually poor and erratic. Therefore, a detailed study was carried out to
examine the influence of light intensity, temperature, relative humidity
and pH on the rate and pattern of absorption and translocation of bencmy 1
by roots under controlled laboratory conditions.

MATERIAL AND METHODS

Elm seedlings (6 months old) were cultivated hydroponically in a
greenhouse under constant conditions of light intensity (3000 + 500 foot
candles; 16 hr photoperiod), temperature (76 + 2°F) and relative humidity
(50 *+ 10%) using Hoagland solution (adjusted to pH 6.5) as a nutrient source.
Radiocactive benamyl (MBC-C14 conc. 375 or 1500 pem) was fed to roots by
mixing with the culture solution and after 3 days, plants were harvested and
processed for autoradiography and scintillation counting as previously
described (Prasad, 1972) . The latter experiments were carried out in
controlled growth-cabinets at: light intensity of 0 and 3000 foot candles,
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RESULTS AND DISCUSSICN

(1) Effects of Light

The data obtained from the light and dark experiments are
presented in Table I and indicate that light has a positive effect
on uptake and transport of benamyl. Thus low light or cloudy days
are likely to impede the rate of absorption from the roots and this
in tum may affect systemic action at the site of pathogenesis.

TARLE I

Effects of light and dark on root absorption and translocation
of MBC-Cl14 by elm seedlings

Contents - ug MBC/g fresh weight

Plant part Light Percent Dark Percent
of Total of Total
Root 117.0 73.63 67.49 90,64
Stem 18.20 11.45 6.24 8.38
Leaf 23.7L 14,92 0:73 0.98
Total 158.91 100.00 74,46 100.00

(ii) Effects of Tenperature

Under natural conditions there is a wide fluctuation in
temperature during the growing periods of elms. Temperature affects
both the growth and the effectiveness of the chemical treatment.
Table TT shows the distribution into various parts of the plant at
these temperatures and Figs. 1 & 2 show the translocation pattemn
into root, shoot and leaves.

TABLE II

Effects of temperature on distribution of activity in elm
seedlings following absorpticn of vMBC-C14 by roots

Contents - ug/g fresh weight

Plant part 68°F Percent 88°F Percent
; of Total of Total
Root 63.75 90.42 174.36 86.53
Stem 5.6l 7.96 23.30 11.56
Leaf 1.14 1.62 3.85 1.91

Total 70+50 100.00 201.51 100.00



(iii) Effects of Relative Humidity

The movement of water and solutes in plants is generally
affected by changes in relative humidity of the ambient environments
(Crafts and Crisp 1971). The translocation of benamyl also seems to
be influenced by relative humidity as can be gauged from Table ITI.
Since roots were immersed in nutrient solution, the effects of
relative humidity are manifested cn the shoot. Iow humidity seem
to favour greater uptake and distribution and this may be related
to stomatal behaviour and number on the leaves (Prasad et al 1967) .

TABIE IIT

Influence of relative humidity on root absorption and translocation
of MBC-C14 by elm seedlings

Contents - ug/g fresh weight

Plant part Low Humidity Percent High Humidity Percent
of Total of Total

Root 113.30 57.19 103.06 63.57
Stem 58.90 29,73 47.32 29.18
Leaf 25.90 13.08 Ll<75 7.25
Total 188.10 100.00 162.13 109.00

These results indicate that all three environmental factors
(light, temperature and relative humidity) influence the rate of uptake
and movement of benomyl into the tree. These factors could operate by
modifying the morphological features (stomatal movements) or by
influencing the physiological processes such as photosynthesis etc.
Therefore, the degree of stomatal opening and closing on the abaxial
surface of elm leaves were examined microscopically (x200) under each
set of environmental conditions and the data are presented in Table TV.
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TAELE IV

Relationship between the degree of opening of elm stomata
and varying levels of environmental factors

Environmental Percentage of stamata cbserved at various
conditions degrees of opening

fully open partially open fully closed

High Light - 3000 fc 84 4 12
(76°F, 60% R.H.)

No Light - 0 fc 2 3 95
(760F, 60% R.H.)

High Temp. - 88°F
(3000 fc, 60% R.H.) 65 15 20

ILow Temp. — 68°F
(3000 fc, 60% R.H.) 5 10 85

High R.H. - 95%
(3000 fc 76°F) 75 7 18

Low R.H. - 25%
(3000 fc - 760F) 4 24 72

Thus, these findings demonstrate that climatic and edaphic
factors (light, temperature, relative humidity and pH) are of
significance during bencmyl application to elm roots (Figs. 3 & 4).
Accordingly warmer days with sunny pericds are likely to favour
greater systemic action because the rate of absorption and translocation
of benomyl would be accelerated at that time. This seems to be
largely accomplished by the stomatal movements and i{ranspiration rates
of the leaves. Likewise, summexr application of benomyl to soil and
roots are likely to be more effective than autum applications.
Fluctuations in weather conditions might also account for differential
effectiveness of benomyl treatments fram one geographical area to
another. Similarly variations in gsoil conditicns (pH) and benomyl
formulation (acidic-alkaline) are likely to affect the uptake from
roots. Generally, acidic formulations and somewhat acidic soils would
promote greater penetration and translocation of benomyl than alkaline
formulations or basic soils (Prasad 1972).
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