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Abstract: 
The influence of the nitrogen supply on the growth and development of 
Euphorbia esula L. was investigated by growing seedlings in sand culture 
at nitrogen levels of 105 p.p.m. (later increased to 210 p.p.m.), 10.5 p.p.m. 
and 2.1 p.p.m. Shoot height and dry weight and the shoot/root ratio were 
much reduced by nitrogen deficiency and the outgrowth of lateral buds 
was completely suppressed at the lowest nitrogen level. Root development 
proved very responsive. The �heterorhizic� pattern of long and short roots 
of differing growth potential described from field observations was much 
less evident under the experimental conditions. Long roots were more nu-
merous and were produced at an earlier stage of development than is usual 
in the field. These differences increased markedly with the nitrogen sup-
ply. The number of lateral roots (of both types) per unit length of the par-
ent roots and the number of shoot buds on the root system were both 
considerably greater at the higher nitrogen levels. The increase in shoot 
bud production, however, could be largely attributed to associated effects 
on the size and mode of development of the root system. Re-growth from 
buds on the roots, induced by shoot removal, was extremely vigorous in 
the seedlings treated with high nitrogen but was almost completely sup-
pressed at the lowest nitrogen level. 

Introduction 
 

In a previous paper in this series (6), a detailed description was given of the develop-
ment and characteristic morphological features of the root system of leafy spurge (Eu-
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phorbia esula L.). Attention was directed in particular to the apparent differentiation of 
the root system into �long� roots, characterized by their indeterminate growth and cam-
bial activity, and �short� roots, of limited growth potential and in which no secondary 
tissues are produced. Under field conditions, this �heterorhizic� pattern was established at 
an early stage in the development of the seedling, the root system of which typically con-
sisted of a primary long root bearing a number of lateral branches of the short root type 
(Fig. 4). Long roots were eventually produced from mature parts of the primary root 
where secondary thickening had occurred. Their initiation was delayed, however, in seed-
lings growing in densely vegetated areas as compared with those subjected to a lesser de-
gree of competition. Shoot buds, which are produced abundantly on the root system, were 
found only on long roots, their initiation apparently being dependent on the prior incep-
tion of cambial activity. 

These observations raise a number of problems for experimental investigation. In ad-
dition to the morphogenetic questions suggested by the dimorphic character of the root 
system, the importance of leafy spurge as a highly persistent weed of agricultural land 
indicates the need for a better understanding of the factors affecting its vegetative spread 
and reproduction. In the present investigation an attempt has been made to assess the in-
fluence of nitrogen nutrition on the growth and development of the seedling, with particu-
lar reference to its effect on root development and the capacity for shoot bud production. 

 

 

Fig 4. A seedling collected in the field showing the typical �heterorhizic� pattern of root 
dcvelopment. X¼. 
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Materials and methods 
 

The plants were grown in the greenhouse from seeds collected from a well- estab-
lished infestation of leafy spurge in the vicinity of Saskatoon (52º 03� N., 106º 48� W.). 
The seeds were surface sterilized by treatment for 10 minutes with 20% Javex bleach (i.e. 
approximately 1% available chlorine). They were then washed in sterile distilled water, 
transferred to moist filter paper in petri dishes, and germinated in darkness at a 12-hour 
temperature alternation of 20-30ºC. Under these conditions approximately 50% germina-
tion was obtained after 8 days. Seedlings were selected for uniformity when their primary 
root was approximately 1 cm in length and were planted in 30-60 mesh silica sand (parti-
cle size 0.6-0.25 mm), previously washed with distilled water. To minimize restriction of 
root development the plants were grown in cylindrical plastic containers, 11 cm in diame-
ter and 22 cm in height, which were wrapped in aluminum foil to exclude light. The con-
tainers held approximately 3 kg of sand and 500 ml of nutrient solution at saturation. 
Efficient drainage and sand retention was obtained by covering the drainage holes with 
fine nylon netting. 

In a preliminary attempt to establish the seedlings in sand culture the use of 12-30 
mesh sand and standard Hoagland�s solution resulted in considerable injury to the young 
roots and consequent dessication and early death of the shoot. These injurious effects 
were avoided in the present experiment and all of the seedlings successfully established 
by using the finer grade of sand specified above and by reducing the concentration of the 
nutrient solution. The seedlings were watered only with distilled water until the cotyle-
dons had fully expanded. Each pot was then leached with 1 l of Hoagland�s solution (3) 
used at half-strength, and with iron present in chelated form (�Sequestrene�). The solu-
tion was modified by equimolar substitution of K2SO4 and CaCl2 for KNO2 and 
Ca(NO3)24H2O, respectively, to provide three nitrogen levels of 105 p.p.m., 10.5 p.p.m. 
and 2.1 p.p.m. Two seedlings were planted in each pot and thinned to 1 per pot, when the 
epicotyl had started to elongate. There were 20 plants per treatment, the 60 pots being 
arranged as a completely randomized block. Each pot received 500 ml of the appropriate 
nutrient solution per day and was leached at weekly intervals with 1 l of distilled water 
followed by 750 ml of solution. 

After 30 days growth some of the high nitrogen plants started to develop symptoms of 
potassium deficiency. This deficiency was corrected by increasing the nutrient solution 
for all treatments for the remainder of the experiment to full strength (i.e. standard 
Hoagland�s solution). At the same time the nitrogen concentration in the high nitrogen 
solution was increased to 210 p.p.m. i.e. its level in the standard solution. The other two 
nitrogen levels were left unchanged. 

The experiment was conducted in the greenhouse from May until August 1965. Since 
the plants were exposed to a long natural photoperiod and a high light intensity, no sup-
plementary lighting was used. The temperature was only partially controlled and ranged 
from 18-34ºC during the day and 7-18ºC at night. 

Fifteen plants were harvested at random from each treatment when they had approxi-
mately 60 fully expanded leaves. After data on shoot growth had been recorded the root 
systems of five randomly selected plants from each treatment were preserved in formalin-
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acetic acid-alcohol for later detailed observations on total root length, branching, and 
cambial activity. The roots of the other plants were examined under a dissecting micro-
scope and the number and distribution of shoot buds recorded. The roots and shoots were 
separated and dried at 80ºC for 24 hours and their weight determined. The dried roots 
were ground to 60 mesh in a Wiley mill, and duplicate samples from the five replicates of 
the high and low nitrogen treatments were analyzed for total nitrogen content by a micro-
Kjeldahl procedure modified to include nitrate (4). 

For comparative purposes the nitrogen content of roots from seedlings growing in the 
field was also determined. The seedlings were at a somewhat earlier stage of develop-
ment than those raised in the greenhouse, but already showed the heterorhizic type of root 
morphology typically developed under field conditions. Composite samples, each of ap-
proximately 100 seedlings, were collected from mature stands of leafy spurge near Bal-
goney (50º 25' N., 104º 18' W.) and at Saskatoon (52º 03' N., 106º 48' W.). Duplicate 
samples from each lot were analyzed by the same method as for the greenhouse material. 

To assess the effect of the nitrogen supply on the potential for regenerative growth, 
the shoots of the remaining five plants in each treatment were cut off at their junction 
with the root when the plants in each group had reached a similar stage of development. 
The pots containing the undisturbed root systems were transferred to a growth chamber 
equipped with a bank of cool white fluorescent lights plus incandescent lamps providing 
a light intensity of 1500 feet-c and a 16-hour photoperiod. The day and night tempera-
tures were 22 ± 1ºC and 10 ± 1ºC, respectively. After 30 days the number and dry weight 
of the emergent shoots in each pot were recorded. 

Experimental results 
1. Shoot growth and development 

Reducing the nitrogen level decreased the height of the shoot and at the lowest nitro-
gen level, caused an almost five-fold reduction in shoot dry weight (Table 1). Since there 
was much less effect on the dry weight of the roots (Table 2), the shoot/root ratio was 
considerably reduced by nitrogen deficiency. There was also a marked effect on apical 
 

Table 1. Effect of the nitrogen supply on shoot growth and development in seedlings of  
Euphorbia esula L. (Each value is the mean of 10 plants. The standard errors of the means 
are also shown). 

Nitrogen Shoot Total lateral* No. buds Shoot Shoot/root 
level height (cm) growth/plant (cm) on hypocotyl dry weight (g) ratio 
High 40.3 ± 2.09 5.27 ± 1.54 2.26 ± 0.49 1.81 ± 0.15 2.26 ± 0.17 
Medium 36.2 ± 1.07 0.91 ± 0.57 1.79 ± 0 35 1.03 ± 0.13 1.28 ± 0.11 
Low 23.1 ± 1.15 0.0 3.00 ± 0.49 0.39 ± 0.03 0.77 ± 0.03 
*Includes lateral buds > 1 mm. 
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dominance as indicated by the vigorous outgrowth of many of the lateral buds in the high 
nitrogen treatment and their complete inhibition at the lowest nitrogen level (Fig. 1). The 
formation of adventitious buds on the hypocotyl, a characteristic feature in this species, 
showed considerable variation within each treatment and no significant treatment effect. 

 

Table 2. Effect of the nitrogen supply on root morphology in seedlings of Euphorbia esula L. 
(Each value is the mean of five plants, except for root dry weight which is the mean of 10 
plants. The standard errors of the means are also shown). 

Nitrogen level   
High Medium Low L.S.D. (5%) 

Length of primary root (cm) 16.2 ± 0.68 18.3 ± 1.29 21.9 ± 0.93 3.81 

Distance (cm) from base of     
   primary root to first lateral     
   with a) cambium 0.82 ± 0.27 0.82 ± 0.16 3.02 ± 0.75 1.26 
           b) shoot buds 1.18 ± 0.59 1.02 ± 0.16 6.46 ± 0.63 1.80 
No. primary laterals/unit length     
   (cm) primary root     
           a) � short� roots 1.88 ± 0.31 1.22 ± 0.20 1.62 ± 0.10 NS 
           b) �long� roots 1.83 ± 0.15 1.69 ± 0.13 1.05 ± 0.12 0.28 
No. secondary laterals/unit     
   length (cm) primary lateral     
           a) �short� roots 1.54 ± 0.08 1.09 ± 0.16 0.78 ± 0.08 0.25 
           b) �long� roots 0.24 ± 0.06 0.18 ± 0.02 0.06 ± 0.02 0.05 
No. tertiary laterals/root     
   system 504.0 ± 90 325.0 ± 59 50.6 ± 12.6  
   Dry weight of roots (g) 0.81 ± 0.05 0.80 ± 0.06 0.51 ± 0.03 0.08 

 
 

2. Root morphology 

The primary root was increased to a small extent by nitrogen deficiency. (Table 2). 
More obvious, however, was the effect on lateral root development (Figs. 2 and 3). In the 
high nitrogen plants the lateral roots arising close to the base of the primary root were 
clearly of the long root type, as indicated by their considerable length and thickness and 
the presence of numerous shoot buds. In seedlings at the low nitrogen level, the first few 
branches of the primary root were invariably of the short root type, although typical long 
but somewhat less strongly developed roots were also produced. Thus, the distance from 
the base of the primary root to the first lateral with cambium (i.e. a potential long root) 
was significantly greater at the low nitrogen level. This difference was still more pro-
nounced when long roots were distinguished on the basis of shoot bud production. If, 
therefore, the positions of the lateral branches relative to the base of the primary root re-
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flect the stage of development of the root system at which they are initiated, it is evident 
that the initiation of long roots was considerably delayed by nitrogen deficiency. 

 

 

 

 

 

Fig. 1. Effects of the nitrogen supply on the growth and development of seedlings of leafy 
spurge. Left to right. Seedlings growing in sand culture at high, medium and low nitrogen 
levels. X 5

1
. 

 

 

In comparing the frequency of branching at each nitrogen level, the numbers of long 
and short roots were separately recorded. The presence of cambium, as revealed by trans-
verse, free hand sections of the preserved material, again served to identify laterals of the 
long root type. Increasing the nitrogen supply greatly promoted lateral root production 
(Table 2). This effect increased very markedly with the order of branching. There was 
only a relatively small increase in the number of lateral long roots produced by the pri-
mary root (i.e. in the first order of branching) and the number of primary laterals of the 
short root type was not significantly affected. Branching of the primary laterals, however, 
showed a much greater response, the number of secondary laterals of both the long and 
short root type being considerably increased at the high nitrogen level. A still greater re-
sponse was shown by the tertiary laterals, which were approximately 10 times more nu-
merous with high nitrogen than in the low nitrogen treatment. 
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Table 3. Effect of the nitrogen supply on shoot-bud production on the seedling root system 
of Euphorbia esula L. (Each value is the mean of 15 plants, except for the ratio: No. 
buds/root dry weight, which is the mean of 10 plants. The standard errors of the mean are 
also shown). 

 No. buds on:   
   Total Ratio: 
 Primary root Primary laterals No. buds No. buds/root dry weight*
Nitrogen level     

High 33.1 ± 3.10 26.8 ± 6.45 59.9 ± 8.38 71.8 ± 11.19 
Medium 22.9 ± 1.85 17.5 ± 5.54 40.4 ± 7.11 48.1 ± 5.47 
Low 24.7 ± 2.59   5.2 ± 1.72 29.9 ± 3.72 59.2 ± 6.97 

L.S.D. (5%) 7.3 12.6 17.5 NS 
*Root dry weights given in Table 2. 

 

3. The production of shoot buds on the root system 

There was considerable variation in the number of shoot buds produced on the roots 
of individual plants within each treatment (Table 3). The numbers ranged from 18 to 114, 
14 to 126 and from 10 to 51 for plants in the high, medium, and low nitrogen treatments, 
respectively. A similar variability of shoot bud production has been noted in the field by 
previous investigators (2), (7). In spite of this variation, however, there were statistically 
significant effects in relation to the nitrogen supply. In the high nitrogen treatment the 
total number of buds was twice as great as at the low nitrogen level. This effect was due 
mainly to the increased number of buds on the primary laterals; there was relatively little  
 

        

Figs. 2-3. Effects of the nitrogen supply on the growth and development of seedlings of leafy 
spurge. Fig. 2. The root system of a seedling from the high nitrogen treatment showing the 
production of numerous lateral �long� roots. X 3

1 . Fig. 3. The root system of a seedling from 
the low nitrogen treatment. Note the apparent delay in �long� root production. X 3

1 . 
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effect on the number of buds on the primary root. Since the total length of the primary 
laterals was recorded for only five plants in each treatment, and also because of the ex-
treme variation in shoot bud numbers, no reliable estimate could be obtained of the num-
ber of buds per unit length of the primary laterals. It was evident, however, that the 
considerable increase in number and size of the primary laterals at the high nitrogen level 
could account for their greater production of shoot buds. This is further apparent from the 
absence of any statistically significant effect on total bud number when the number was 
expressed per unit dry weight of the root system. 

4. Total nitrogen content of the roots 

The roots of plants from the high and low nitrogen levels had total nitrogen contents 
(% dry weight) of 3.36 ± 0.10 and 0.75 ± 0.05 respectively. A similar analysis of roots of 
the seedlings collected in the field gave values (for duplicate determinations) of 1.03 and 
1.06% for the plants from the Regina location and somewhat higher values of 1.39 and 
1.40% for the samples collected at Saskatoon. The nitrogen content of the field material 
was thus considerably higher than that of the plants grown at the low nitrogen level in the 
greenhouse. 

5. Regenerative growth 

The effect of shoot removal in stimulating the production of new shoots from buds on 
the root system was markedly dependent on the nitrogen supply. Extremely vigorous re-
growth was induced at the high nitrogen level, with the production of five to nine new 
shoots per pot. This response was greatly reduced by nitrogen deficiency and at the low 
nitrogen level only a single new shoot was produced in three of the pots and none in the 
other two. The mean numbers of emergent shoots per pot (and their dry weights in grams) 
in the high, medium and low nitrogen treatments respectively were as follows: 7.0 ± 0.71 
(2.54 ± 0.68) 3.2 ± 1.02 (0.96 ± 0.39), and 0.6 ± 0.25 (0.18 ± 0.08). 

Discussion 
 

It is evident from these results that root development in the seedling of leafy spurge is 
very responsive to the nitrogen supply. The marked effect on the morphology of the root 
system is of particular interest, for it shows the extent to which the �heterorhizic� pattern 
described from previous observations in the field (6) is subject to environmental control. 
This effect of environment is apparent both from the differences in root development 
shown by the experimental plants themselves (Figs. 2 and 3) and from their comparison 
with the type of root system typically developed under field conditions (Fig. 4). 

Of the many factors which may influence root development, the effect of the nitrogen 
supply, as revealed by the present observations, is particularly striking. Increasing the 
nitrogen level not only increased the number of long roots per unit length of the parent 
root, but also induced the production of laterals of the long root type at an earlier stage in 
the ontogeny of the root system, as compared with the plants at the low nitrogen level. 



Page 9 of 10 

These observations suggest that the capacity for long root production may depend on the 
attainment by the plant of a certain nutritional status and that this is delayed by nitrogen 
deficiency. 

Certain aspects of long root production under field conditions, as described by Raju et 
al. (6), are of interest in relation to the present observations. It was noted that, in densely 
vegetated areas, the initiation of long roots was frequently delayed until the second or 
even the third growing season, but that such roots were produced at an earlier stage in the 
absence of competition. This again suggests a nutritional effect and from the results of 
the present investigation it would seem that competition for nitrogen may be a factor of 
major importance. There is evidence, however, that other factors are involved, for the 
roots of seedlings collected in the field had a considerably higher nitrogen content than 
those of plants grown at the low nitrogen level in the greenhouse. In spite of this fact long 
roots were produced by the greenhouse seedlings after only a brief initial phase of short 
root production. Thus, even at the low nitrogen level, the environmental conditions under 
which the experimental plants were grown were evidently more conducive to long root 
production than those normally encountered in the field. 

As shown previously (6), the development of lateral long roots in the field is inhibited 
to some extent by the parent root apex. This is evident from the observation that the death 
or arrested growth of the apex of the primary root normally results in the production of a 
lateral long root from close behind the parent root apex. Although the effect of root de-
capitation was not investigated in the present experiment, long roots were produced 
abundantly at the high nitrogen level, in spite of the continued growth of the primary 
root. This suggests that the inhibiting effect of the root apex was much reduced under 
these conditions. The lateral long roots arising close to the base of the primary root in the 
high nitrogen plants, so far as could be judged from their relative size and position, were 
initiated successively at the apex of the primary root during its early development. Al-
though their mode of origin was not investigated, it seems probable that they were initi-
ated from primary tissue. In the field, on the other hand, the long roots eventually 
produced normally arise at a considerable distance from the primary root apex and at a 
level where secondary thickening has already occurred (6). The constancy of this feature 
seemed to indicate a causal relationship between cambial inception and long root produc-
tion. Although such a relationship may well exist under field conditions, the present ob-
servations suggest that the position on the parent branch at which long roots are first 
initiated may be determined to some extent by the strength of the inhibiting influence of 
the parent root apex, and that this, in turn, is dependent on the nutritional status of the 
plant. Experiments specifically designed to assess the influence of nutrition on the degree 
of apical inhibition of long root development would certainly seem to be justified by the 
present observations and might help to elucidate the nature of the mechanism involved. 

In addition to these effects on root development there was also a significant effect on 
lateral root production. Since the number of lateral roots was expressed per unit length of 
the parent branch, their increased frequency at the high nitrogen level may be regarded as 
a morphogenetic effect on root initiation. There was, however, no evidence of a similar 
effect on the production of shootbuds on the root system. Although the total number of 
buds was considerably greater at the high nitrogen level, this increase could be largely 
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attributed to the increase in size of the root system and, in particular, to the marked stimu-
lation of long root development. 

The growth of the buds in response to shoot removal, however, was greatly affected 
by the nitrogen supply. The vigorous re-growth induced at the high nitrogen level was in 
marked contrast to the almost complete absence of regeneration when nitrogen was defi-
cient. Although little is known of the factors controlling the growth of the buds under 
natural conditions, observations on the regenerative capacity of isolated roots of leafy 
spurge collected from the field (7) revealed a well-marked seasonal trend in bud activity. 
Also, the period of minimal regenerative growth (in June) coincided with the period when 
growth of the shoot was most vigorous. Similar observations have been reported from 
experiments with isolated buds from rhizomes of Agropyron repens (1) and Polygonum 
coccineum (5) and in both investigations the seasonal trend in bud activity showed a close 
positive correlation with the nitrogen content of the rhizomes. Although no comparable 
observations appear to have been reported for species, which regenerate from buds on the 
roots, the results of the present investigation suggest that, in leafy spurge, seasonal 
changes in the nitrogen content of the roots may well be of some importance in determin-
ing the capacity for regenerative growth. 
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