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auxin transport in correlative inhibition of 
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Abstract: 
Localization of the source of the signal(s) controlling correlative inhibition of 
leafy spurge root buds (underground adventitious shoot buds located on the lat-
eral roots) was studied by sequential removal of various plant organs. It was de-
termined that full correlative inhibition of root buds was lost only after excision 
of all aerial tissue from the plant, or after excision of all aerial tissue except the 
stem. If mature leaves or growing axillary buds (or both) were left intact, no 
growth of root buds was observed. The synthetic auxin, (α-NAA, prevented re-
lease of apical dominance and subsequent outgrowth of stem and crown buds 
when applied to the cut end of the stem or crown. Exogenous application of NAA 
to either the stem or the crown had little effect on root bud growth. Application 
of the auxin transport inhibitor NPA around the base of the crown had no effect 
on root bud quiescence. These data are not consistent with the previous studies 
(Weed Sci. 35: 155-159 (1987)) that indicate a role for auxin in maintenance of 
correlative inhibition of root bud growth in leafy spurge. The results of auxin 
transport inhibitor studies presented here suggest that correlative inhibition of 
root bud growth does not rely on the classic polar auxin transport system. 

Nomenclature: 
Leafy spurge, Euphorbia esula L. #3 EPHES; NAA, naphthalene acetic 
acid; NPA, N-1-naphthylphthalamic acid; TIBA, 2,3,5-triiodobenzoic 
acid. 

                                                 
1 Received April 25, 1997. Mention of trademark or proprietary product does not constitute a guarantee or warranty of 
the product by the U. S. Department of Agriculture and does not imply its approval to the exclusion of other products 
that may also be suitable. The U.S. Department of Agriculture, Agricultural Research Service, Northern Plains Area, is 
an equal opportunity - affirmative action employer and all agency services are available without discrimination. 
2 Author to whom all correspondence should be sent. e-mail: horvathd@fargo.ars.usda.gov 
3 Letters following this symbol are a Weed Science Society of America approved computer code from Composite List 
of Weeds, Revised 1989. Available from the Weed Science Society of America. 
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Introduction 
 

Leafy spurge, Euphorbia esula, is a noxious perennial weed that primarily infests 
range and recreational lands throughout the northwestern United States and southern 
Canada (12). Clonal propagation of the plant through the growth of numerous under-
ground adventitious shoot buds (on both the roots and crown) is the primary means of 
reproduction and maintenance of the perennial growth habit of this species (4). Under 
normal growing conditions, these buds develop but are maintained in a quiescent state 
until the aboveground portion of the plant is killed or the root system is disturbed and 
root sections containing buds are separated from the rest of the plant (4). When this oc-
curs, these adventitious buds resume growth and form the active apical meristems of new 
shoots. The process by which the axillary and adventitious buds are maintained in a qui-
escent state is known as correlative inhibition (2). 

Currently, the nature of the signal that induces or permits growth in the root bud is 
unknown. Evidence indicates that auxin may play a critical role in the control of axillary 
bud growth (2). However, studies on the effects of auxin on the growth of adventitious 
buds are limited. Two studies on isolated root buds and root sections of leafy spurge sug-
gest that auxin is likely to play a role in this system as well (1, 11). Growth of root buds 
on isolated root sections is inhibited by high levels (10-5 M) of indole-3-acetic acid (IAA) 
and naphthalene acetic acid (NAA) (11). However, experiments on isolated buds in cul-
ture show that auxin (10-7 M) is required for bud growth (K.A. Biewer, unpublished ob-
servations). Other factors, such as nitrogen availability (6), competition for water (7), and 
photosynthates (8), also may play a role in controlling root bud growth. 

To gain a better understanding of the mechanisms of the correlative inhibition of 
leafy spurge root buds, the source of the signal(s) involved in the control of root bud 
growth was examined. Additionally, the effect of a synthetic auxin and an auxin transport 
inhibitor on the quiescent state of the adventitious and axillary buds was studied. 

Methods and Materials 
Plant material 

Plants used for these experiments were all started from shoot cuttings as a small 
group of plants that were originally isolated from a wild E. esula L. population in North 
Dakota and have been maintained by clonal propogation for more than 8 years. To reduce 
any possible seasonal effects, shoot cuttings from the green house culture were placed in 
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potting mix4 and maintained in a greenhouse under an 18 h photoperiod at approximately 
28 ± 4ºC for 2-3 months (throughout the duration of all experiments). Induction of root 
bud growth was rated 7 or 10 days after various treatments. 

Plant treatments 

In experiments designed to determine the source of the signal(s) that control correlative 
inhibition of the root buds, crown buds were removed from plants to prevent them from 
intercepting or generating signals that would interfere with root bud development. Plants 
were otherwise left intact (Control) or subjected to the following treatments (see Fig. 1): 
the upper 7-13 cm of the aerial portion of the plant was excised (Meristemless); the aerial 
portion of the plant was excised and the remaining leaves were removed (Meristem-
less/Leafless); the aerial portion of the plant was excised and the remaining stem buds 
were removed (Meristemless/Budless); the aerial portion of the plant was excised and 
both the remaining stem buds and leaves were removed (Meristemless/Leafless/Budless); 
the entire plant above the base of the crown was excised (Induced). One set of five plants 
each was used for each treatment in two separate experiments. Buds were rated as grow-
ing if they were both green and had elongated to at least 3 mm in length 7 days after 
treatment. 

 

Fig. 1. Graphic representation of plant treatments and labeling of plant organs. Organs 
drawn with broken lines were excised. 

 

Auxin and auxin transport inhibitor treatment 

Lanolin mixtures containing 1% (w/w) β-NAA, α-NAA, or NPA were prepared as 
described previously (10). Briefly, 25 mg of β-NAA, α-NAA, or NPA were dissolved in 
14 drops of Tween20 and mixed with 2.5 g of lanolin at 50ºC. The mixture solidified as it 
cooled to room temperature. Two- to 3-month-old plants were then prepared by abrading 
                                                 
4 Sunshine I potting mix (Sun Gro Horticulture Inc., Bellevue, Wash.) 
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a 6 mm wide ring around the crown approximately 15 mm above the roots to enhance 
penetration of the compounds into the plant. Approximately 100 mg of lanolin paste con-
taining either β-NAA, or α-NAA were applied evenly to an abraded region at the base of 
the stem. One set of 10 plants was tested for each treatment in two independent experi-
ments. The top portion of a set of two additional sets of five plants were excised at a 
point approximately 7.5 cm above soil level, and approximately 100 mg of these lanolin 
pastes were then applied to the cut surfaces of the stems. Also, two sets of five plants 
were excised approximately 2.5 cm above the base of the crown, and 100 mg of the lano-
lin mixtures were applied directly to the cut end. Buds were scored as growing if they 
were both green and had elongated at least 3 mm 7 days after treatment. 

To determine if α-NAA was toxic to stem and crown buds, two sets of five plants 
were treated as described above following excision 2.5 cm above the base of the crown or 
7.5 cm above soil level. One week following treatment, the top 0.5 cm of the treated 
stump was excised. Bud growth was scored as described above 7 days after removal of 
the α-NAA treated section. 

The effectiveness of the auxin transport inhibitor NPA was determined by preparing 
two sets of 12 plants (3 plants per treatment) by excising the aerial portion of the plant 4 
cm above the base of the crown, and abrading each plant 1 cm below the cut end. Plants 
were left untreated, or had approximately 100 mg of a 1% lanolin paste of α-NAA ap-
plied to the cut end of the crown, and (or) a 1% mixture of NPA applied around an 
abraded section of the crown as described above. Sections above and below the abraded 
area were scored as growing if one or more crown buds had turned green and elongated 
10+ mm after 7 days. 

Results 
Sequential removal of foliage and breaking of root bud quiescence 

To determine which portions of the plant are responsible for maintaining the correla-
tive inhibition of the root buds, various plant organs were removed from the plants, and 
the effects on root bud growth were observed (Table 1). The results from this experiment 
indicate that root buds were released from correlative inhibition if the entire aerial portion 
of the plant above the base of the crown was removed, or if only a naked stem was left 
intact (Table 1, Induced, Meristemless/Budless/Leafless). All of the root buds remained 
quiescent both in intact plants (Table 1, Control), and in plants where only the apical 
meristem was removed (Table 1, Meristemless). Additionally, correlative inhibition of 
the root buds was maintained in plants with only mature leaves (Table 1, Meristem-
less/Budless) or only growing axillary buds (Table 1, Meristemless/Leafless). 

Effect of α-NAA on root bud quiescence 

Reports in the literature suggest a role for auxin in the maintenance of correlative in-
hibition in the root buds of leafy spurge (1, 11). To gain a better understanding of the  
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Table 1. The effects of removal of various plant organs on correlative inhibition of root 
buds. 

Control* Induced Meristemless Meristemless/ 
Budless 

Meristemless/ 
Leafless 

Meristemless/ 
Leafless/Budless  

0 24.3±2.3 0 0 0 34.1±6.1 
Note: Combined data from two replicates of five plants for each treatment expressed as a percentage of green and 
growing root buds 7 days after treatment. See Fig. 1 for treatment details.*±95% confidence interval. 
*±95% confidence interval. 

 

transport and effect of auxin on root bud growth, experiments were undertaken in which 
2-month-old plants were tested for their response to the synthetic auxin α-NAA. The in-
active analogue, α-NAA, was used as a control for these experiments. 

The results, summarized in Table 2, indicated that α-NAA had only a minor effect on 
the control of root bud quiescence in leafy spurge (13 ± 7.2%5 growing buds compared 
with 17.2 ± 7.1%4 in β-NAA treated plants, Table 2) when applied to the excised crown. 
However, it should be noted that plants treated with both α-NAA and β-NAA consistently 
(but not significant statistically) showed reduced root bud growth when compared with 
the excised controls (13 ± 7.1%4 and 17.2 ± 7.2%4 compared with 24.3 ± 2.3%4, respec-
tively; Table 2). There was no growth of any buds in the untreated controls (Table 2). 
However, α-NAA prevented growth of both crown and stem buds on all of the plants 
where it was applied distally to these organs (Table 2). Subsequently, growth was ob-
served on both stem and crown buds following removal of the α-NAA by excising the top 
0.5 cm of the treated stump. This indicated α-NAA was not simply killing the quiescent 
buds (Table 2). It should be noted that most of the growing buds were located within 1 
cm of the excised stump following removal of the NAA-treated section. When α-NAA 
was applied to an abraded section of the crown (with the aerial portion of the plant left 
intact) it had no obvious effect on the buds above or below the treated region (Table 2). It 
did, however, tend to increase root growth (data not shown). 

Table 2. Ability of NAA to substitute for plant-generated signal(s) in maintaining correla-
tive inhibition of leafy spurge adventitious and axillary buds. 

 Root buds Crown buds Stem buds 
Application of NAA to abraded crown    

Control 0 0 0 
Abraded 0 0 0 
Abraded + β-NAA 0 0 0 
Abraded + α-NAA 0 0 0 

Application of NAA to proximal end of excised stem    
Control 0 0 0 
Excised 0 0 27.5±7.9* 
Excised + β-NAA 0 0 29.4±9.7 
Excised + α-NAA 0 0 0 
Excised + α-NAA > removal of α-NAA 0 0 7.2±0.4 

                                                 
5 *±95% confidence interval. 
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 Root buds Crown buds Stem buds 
Application of NAA to proximal end of crown    

Control 0 0 0 
Excised 24.3±2.3 41.3±12.4 na� 
Excised + β-NAA 17.2±7.1 35.6±2.0 na 
Excised + α-NAA 13±7.2 1.7±2.3 na 
Excised + α-NAA after removal of α-NAA 12.8±1.5 45.8±4.6 na 

Note: Combined data from replicates of five plants for each treatment expressed as a percentage of the plants with 
growing buds of the indicated type 7 days after treatment. 
*±95% confidence interval. 
�na, not applicable because buds were excised by the treatment. 

 

Effects of the auxin transport inhibitor NPA on root bud growth 

The role of polar auxin transport on the growth of root buds was assessed by compar-
ing root bud growth ± application of NPA with an abraded area of crown (Table 3). Also, 
to determine if NPA treatment inhibited root bud growth, bud growth was first induced 
by excision of the aerial portion of the plants, and plants were then treated with NPA 
(Table 3). None of the root buds from intact plants grew with or without the NPA treat-
ment. In excised plants, 27.4 ± 6.1%4 and 24.3 ± 2.3%4 of the root buds grew with and 
without NPA treatment, respectively. These results indicated that NPA had neither a posi-
tive nor a negative effect on root bud quiescence. 

Table 3. Effectiveness of NPA in blocking transport of signal(s) controlling correlative inhi-
bition of root buds. 

Control Abraded Abraded + NPA Excised Excised + NPA 

0 0 0 24.3±2.3* 27.4±6.1 
Note: Combined data from replicates of five plants for each treatment expressed as percentage of green and growing 
root buds 7 days after treatment.*±95% confidence interval. 
*±95% confidence interval. 

 

Since the NPA treatment appeared to be ineffective in blocking the signal(s) that 
maintained root bud quiescence, it was necessary to ascertain the effectiveness of NPA in 
blocking polar auxin transport. Previous studies indicated that NAA could substitute for 
the aerial portion of the plant in maintaining correlative inhibition of the crown buds (Ta-
ble 2). This effect was utilized to determine if NPA could inhibit NAA from reaching 
crown buds distal to the NPA treated area. In these experiments, all of the sections below 
the NPA-treated area had at least two growing buds regardless of whether NAA was or 
was not added distally (Table 4). However, as was previously observed, NAA did effec-
tively inhibit crown bud growth above the NPA treated section. This study demonstrated 
that NPA could block the effects of NAA on crown buds below the NPA-treated area, but 
had little effect on crown buds above it. Crown buds from control plants (excised and 
abraded, but with no NAA or no NPA) broke quiescence above and below the abraded 
area. Crown buds above and below the abraded area both remained quiescent when NAA 
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was applied to the cut end of the crown. When NPA alone was applied to the abraded 
area, it had no effect on crown bud quiescence. However, when both NAA and NPA were 
applied to the crown sections, all of the crown buds above the NPA treated area remained 
quiescent and bud crown bud growth was observed on all of the sections below the NPA-
treated area. 

Table 4. Effect of NPA on polar transport of α-NAA. 
 Excised and Control +α-NAA +NPA +α-NAA and +NPA 

Above abraded area 100 0 100 0 
Below abraded area 100 0 100 100 

Note: Combined data from replicates of plants for each treatment expressed as a percentage of crown sections with 
growing buds. 

Discussion 
 

These experiments were designed to determine in which organs the signal(s) for cor-
relative inhibition of root buds originate. Also, because auxin appeared to be involved in 
this process, it was of interest to determine if exogenous application of auxin or a polar 
auxin transport inhibitor could interfere with the signals controlling correlative inhibition 
of the root buds. Previous experiments on the growth and development of root buds in 
leafy spurge have also shown that root buds remain in a quiescent state until the root is 
separated from the aerial portion of the plant (4). Little is known about the signals that 
maintain correlative inhibition of root buds in leafy spurge, although auxin (1, 11), com-
petition for nitrogen (6), water (7), carbohydrates (8), and phytochrome (5) have been 
suggested to play a role. 

Consistent with a role for auxin in correlative inhibition of leafy spurge root buds is 
the finding that application of NAA to the cut end of root sections maintains the quies-
cence of the root buds (11), although complete inhibition of root bud growth following 
exogenous NAA treatment was not observed. This might be due to poor transport through 
the roots of leafy spurge. Indeed, in experiments where auxin was applied to the cut end 
of root sections, over 80% remained at the site of application (13). 

In earlier studies, the auxin transport inhibitor, TIBA (2,3,5-triiodobenzoic acid), in-
creased root bud growth (11). Interestingly, the auxin transport inhibitor NPA has little 
effect on the growth of the root buds even though it appeared to effectively block trans-
port of NAA when applied to the crown. This apparent discrepancy could be explained 
by the differences in specificity of the two inhibitors, or by differences in the interpreta-
tion of root bud growth. In the present study, buds were only scored as growing if they 
had both elongated and turned green. In the earlier study, only bud elongation was re-
quired for a positive result. Also, it is possible that the additional plant manipulations in 
the earlier study, together with the TIBA treatment, induced root bud growth (plants were 
removed from the soil and the root buds were scored prior to the TIBA treatment). This 
possibility is suggested by the fact that there was an increase in the percentage of grow-
ing root buds in the control plants (13), a phenomenon not observed in the present study. 
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The findings with NPA-treated plants suggest that if auxin is the primary signal 
responsible for maintaining the correlative inhibition of the root buds, the primary mode 
of its translocation is not likely to be through the classic polar auxin transport system. 
Thus, the primary mode of its translocation is either by diffusion through the phloem, or 
by being directed down the plant in a conjugated form via a system that is not inhibited 
by NPA. Indeed, there is evidence for auxin being conjugated with other components or 
moving in the form of an auxin precursor (3, 9, 14). The application of α-NAA to the cut 
end of the crown did not inhibit root bud growth, but did inhibit growth of crown buds 
(Table 3). This suggests that the role of polar auxin transport in correlative inhibition may 
be limited to the main stem section in leafy spurge. 

Auxin, however, is not likely to be the only signal that controls root bud quiescence. 
Leafless spurge plants with intact and growing stem buds are probably producing auxin 
in the growing buds and young leaves, although perhaps not at levels equivalent to those 
in intact plants. Also, in earlier experiments, it was noted that some root buds from leaf-
less plants will still break quiescence if they are not covered by soil (D.P. Horvath, un-
published observations). Therefore, other factors appear to modify or compete with the 
primary signal that is responsible for maintaining the correlative inhibition of root buds. 

Perhaps the most interesting result from these studies is that both leaves and stem 
buds are required to fully maintain correlative inhibition of the leafy spurge root buds. In 
most plant systems that have been studied, control of axillary bud growth is the result of 
apical dominance that is often presumed to occur via the effects of auxin produced in an 
active meristem (2). However, the observation that loss of all meristematic tissue did not 
result in root bud growth suggests that quiescence in root buds of leafy spurge is the re-
sult of at least one additional signal produced by mature leaves of the plant. One possibil-
ity is that this leaf-derived signal is a carbohydrate. Earlier work on this topic has 
indicated that sucrose may play a role in maintenance of root bud quiescence (8). Also, 
expression of cyclin D3 from Arabidopsis, a key cell division regulatory protein, is al-
tered by both auxin and sucrose in cultured cells (15). Nonetheless, it is still possible that 
auxin from the leaves is sufficient for maintaining correlative inhibition of root buds, and 
that either leaves or stem buds produce enough auxin to prevent root bud growth. We are 
currently in the process of cloning genes that are induced in the root buds by the same 
conditions that induce root bud growth. Studying the expression of such genes may pro-
vide some answers to this question. Understanding the nature, source, and transport of the 
signal(s) that control correlative inhibition of the root buds of leafy spurge could lead to 
new measures to help control this weed. Such measures might include inducing root bud 
growth at times when such growth would be disadvantageous to the plant or to prevent 
root bud growth when it is needed. 
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