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Nutritional control of bud growth in perennial weeds
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Introduction
The resistance of perennial weeds to eradi-
cation or effective control can be largely
attributed to their ability to recover from
chemical or cultural treatments by produc-
ing new shoots from root or rhizome buds.
Under normal field conditions, the growth
of these buds is suppressed by the inhibiting
influence of other parts of the plant. This
phenomenon of correlative inhibition limits
the number of buds that produce new
shoots, thus conserving food reserves and
retaining a supply of inhibited buds for
further regenerative growth. It also in-
creases the distance over which foliar-
applied herbicides must be translocated to
reach the buds and may limit uptake of the
herbicides by the buds themselves.

In view of these effects, it has been
suggested that treatments which stimulate
growth of inhibited buds could make peren-
nial weeds more amenable to control (25).
Effective use of this approach, however,
depends on an adequate knowledge of
factors affecting correlative bud inhibition
and a better understanding of the physi-
ological mechanism involved. As indicated
in reviews of experimental work on both
cultivated species (4) and perennial weeds
(5), some control of correlative bud inhibi-
tion can be achieved by the exogenous
application of various growth- regulating
substances. However, more information is
needed on the endogenous levels of these
substances in relation to changes in bud
growth before their role in the natural
mechanism of correlative bud inhibition can
be critically assessed (3).

There is also considerable evidence that
apical dominance and other forms of
correlative bud inhibition are highly respon-
sive to factors affecting the nutritional

status of the plant (2,10). This paper sum-
marizes the results of a series of investiga-
tions into the influence of nutrition on the
growth and development of rhizome buds in
quackgrass (Elytrigia repens L. Nevski) and
of the correlative inhibition of root bud
growth in milkweed (Asclepias syriaca L.)
and other perennial weeds, with particular
reference to the role of water as a limiting
factor.

Rhizome buds
Bud growth on the intact plant
When quackgrass plants were grown in sand
culture in the greenhouse with an abundant
water supply, increasing the nitrogen (N),
concentration in the nutrient solution pre-
vented the correlative inhibition of the lateral
rhizome buds. At a lower N level, bud growth
was strongly inhibited, but the buds, were
released from inhibition by excision of the
rhizome apex. In contrast, plants growing in
fertile soil in the field and well supplied with
N showed complete inhibition of the rhizome
buds. This inhibition was prevented by enclos-
ing the rhizomes in moist vermiculite, a
treatment which induced the proliferation of
roots at the rhizome nodes and the production
of highly branched rhizomes similar to those
produced by increasing the N supply under
greenhouse conditions (11). Laboratory
experiments provided further evidence of the
effect of N and water in the control of rhizome
bud growth by showing that the .N- induced
growth of inhibited rhizome buds was closely
correlated with their uptake of water (19), and
also that there was a significant interaction of
N and humidity in the contról of bud growth
on the intact plant (15).

Bud inhibition by the rhizome apex and the
parent shoot
Rhizome bud growth is inhibited both by the
rhizome apex and the parent shoot (28). In
experiments with excised rhizome apices, a
lateral bud left attached to apices of rhizomes
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from plants grown at a high N level was
released from apical inhibition either by
increasing the length of the excised rhizome or
by supplying sucrose to the cut end of the
rhizome apex (7). When the parent plants were
grown at a lower N level, growth of the
inhibited bud attached to the excised rhizome
apex was initiated by supplying water to the
cut end of the rhizome, but the provision of a
solution containing both N and sucrose was
required for complete release of the buds from
inhibition (8).

In a recent investigation, (McIntyre;
unpublished data), excision of the parent shoot
caused a rapid increase in the water content of
the apical and lateral rhizome buds and an
almost immediate increase (< 30 s) in rhizome
water potential NO and in the rate of rhizome
elongation. The growth response of the lateral
buds was variable, probably due to competi-
tion for N and/or carbohydrate by the rhizome
apex (8). The effect of shoot excision on bud
N content is currently being investigated.

Regenerative growth of multi -node rhizome
segments
Following cultivation of quackgrass in the
field, shoot regeneration frequently occurs
from buds on multi -node rhizome segments
that have been separated from both the rhi-
zome apex and the parent shoot. In experi-
ments under controlled conditions, a well
defined basipetal gradient of decreasing bud
growth on excised, decapitated 5 -node rhi-
zome segments was closely correlated with a
decrease in the aminoN content of the buds
and rhizome nodes. The absence of any
gradient in either bud growth or N content in
rhizomes from high -N plants provided evi-
dence that the effects on N and bud growth
were causally related (24). In another experi-
ment, reducing the relative humidity (RH),
from approximately 100% to 98% maintained
bud inhibition on 5 -node rhizome segments,
but supplying water to the cut end of the
rhizome eliminated bud inhibition and induced
greater bud growth at the apical nodes than at
100% RH in the absence of an exogenous
water supply. A basipetal gradient of bud
growth in the rhizomes supplied with water
was attributed to the interaction of N and
water in the regulation of bud activity. Supply-
ing water to the cut end of the rhizome also
eliminated the inhibition of bud growth

produced by exposing the rhizomes to light
(14). This observation, together with the
increased rate of water uptake by the illumi-
nated rhizome, suggests that light inhibited
bud growth by causing an increase in rhizome
transpiration and a consequent reduction in
bud NJ and cell turgor.

Bud development
In addition to affecting the growth of the
rhizome buds, N also has a morphogenetic
effect on bud development (10). When plants
were grown under controlled conditions at low
N, increasing the N supply two days prior to
rhizome decapitation caused a basipetal
displacement in the pattern of bud develop-
ment, inducing buds to develop as shoots at a
greater distance from the apex and promoting
rhizome production by inhibited buds at the
basal nodes. A similar increase in the ratio of
shoot to rhizome development by buds at the
apical nodes of low -N rhizomes was obtained
either by supplying a solution of NH4NO3 to
the cut end of the decapitated rhizome or by
reducing illumination of the parent shoot. It
was also shown that buds developing as shoots
had a higher water and total N content and a
lower carbohydrate level (measured as changes
in dry weight) than buds developing as rhi-
zomes. These results suggest that the C/N ratio
may play a more important role than the N
level itself as a morphogenetic factor in the
regulation of bud development.

Root buds
Several review papers have summarized
available information on the initiation and
anatomy of root buds and factors affecting
their growth and development (5,26). Root
buds differ from rhizome buds in that they are
initiated adventitiously on the roots. They
occur in a wide range of species (27) and their
production at considerable depths in the soil
by deep- rooted perennial weeds make such
weeds very difficult to control. Their relative
inaccessibility also makes them less suitable
than shoot or rhizome axillary buds for
experimental investigations and this may
account for the lack of information on the
influence of nutrition on their growth and
development.

Effect of the nitrogen supply
In a series of experiments with seedlings of
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leafy spürge.(Euphorbia esula L.) grown in
sand culture under controlled conditions,
plants receiving a high -N solution produced
twice as many root buds as those grown at a
low N level. The regenerative growth of shoots
from root buds in response to excision of the
parent shoot was also much greater at the
higher N level (22). At low N, axillary buds on
the shoot were arrested by apical dominance,
but the root buds maintained a slow, continu-
ous growth. At the higher N level, outgrowth
of the axillary shoots inhibited root bud
growth, but when plants were grown initially
at low N to inhibit the axillary buds, a subse-
quent increase in the N supply released the
root buds from inhibition and promoted their
emergence as leafy shoots (9). Increasing the
N supply also caused a significant increase in
the initiation and growth of soil -grown plants
of hawkweed (Hieracium florentinum All.) and
induced a much greater response when the
plants were grown with their roots in nutrient
solution (26). Additional N also induced the
production of shoots from root buds in Canada
thistle (Cirsium arvense L. Scop.) but the
number of bud primordia initiated was signifi-
cantly reduced at the higher N level (21).

The role of water as a limiting factor
It was postulated that water plays a major role
as a limiting factor in the regulation of plant
development (16). This concept is consistent
with results obtained in basic studies on the
correlative inhibition of axillary buds (1,18),
and also with experiments on the inhibiting
effect of the shoot on root bud growth in
several species of perennial weeds. In experi-
ments with leafy spurge (13) and milkweed
(20), the inhibition of root bud growth by
expanded leaves and mature stem tissue of the
decapitated and disbudded parent shoot was
significantly reduced when transpiration was
suppressed by high RH. At low RH, the mature
leaves of milkweed promoted the early growth
of the root buds but strongly inhibited their
subsequent elongation and emergence as
shoots. Precise measurements of bud growth
(± 1 pm), using a specially constructed strain
gauge transducer, showed that the growth
response of axillary buds to leaf excision was
initiated almost instantaneously and was
associated with an immediate increase in the
xylem yt of the parent shoot. In recent investi-
gations using the same technique, (McIntyre,
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unpublished data), root buds were alsö ië'
leased from inhibition immediately in response
to shoot excision.

Discussion
There is considerable evidence from the results
of these investigations that water plays a major
role as a limiting factor in the regulation of the
growth and correlative inhibition of the buds
on the roots and rhizomes of perennial weeds.
In the quackgrass investigations, this conclu-
sion is consistent with, (a) the observed effect
of high humidity in promoting bud growth,
both on excised rhizomes and on the intact
plant, (b) the rapid increases in bud water
content, rhizome growth and rhizome w when
buds were released from inhibition by excision
of the parent shoot, and (c) the ability of an
exogenous water supply to release buds on
excised rhizomes from the inhibition induced
by a reduction in humidity or by exposure of
the rhizome to light. The most'conclusive
evidence of the primary role of water in the
mechanism of correlative bud inhibition was
provided by transducer measurements of the
initiation of the growth response of root buds
to excision of the parent shoot. The rapidity of
this response, and also of the response of
axillary buds to shoot decapitation and leaf
excision (18,20), is consistent with the hypoth-
esis that the negative yt produced in the xylem
of the parent shoot by the combined effects of
growth and transpiration is transmitted in the
apoplast to the lateral buds and directly
inhibits their growth by limiting their uptake
of water.

This hypothesis is also consistent with the
ability of N to release both root and rhizome
buds from inhibition. It was postulated that the
influence of N on correlative bud inhibition
may reflect its unique ability to combine an
osmotic effect on water uptake with a nutri-
tional effect on protein synthesis (17). Support
for this hypothesis was obtained in a recent
study of apical dominance in the bean
(Phaseolus vulgaris L.) (17). There is, how-
ever, a need for similar studies to be conducted
on the mechanism of N- induced bud growth in
perennial weeds.

In conclusion, it must be emphasized that
the effects of N on bud growth described in
this report were produced under controlled
conditions which provided the plants with an
abundant water supply and which probably
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reduced their rate of transpiration to a level
considerably lower than is usual in the field. It
seems probable that, under average field
conditions, water will frequently be more
important than N as a limiting factor. This
view may explain why N fertilization was
much less effective in promoting root bud
growth in Canada thistle in the field (23) than
was reported from experiments under control-
led conditions (21). Thus, while an under-
standing of the physiological mechanisms
controlling the growth and development of
perennial weeds can only be obtained from
experiments conducted under controlled
conditions, it is clearly important that such
experiments should be supplemented by
related investigations in the field, in order that
their contribution to the development of more
effective methods of weed control can be
critically assessed.
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