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As pointed out previously 4 evidence is accumulating that the non- 
legume root nodule plants play a significant part in connection with 
the biogeochemistry of nitrogen *. Their habitat  requirements and 
thus their distribution tend to be  completely different from those of 
legumes. For example Myrica gaze inhabits peat bogs, Alnus gluti- 
nosa likewise favours swampy situations, Shepherdia canadensis is 
a scrub-plant extending to sub-arctic regions, while Casuarina equi- 
setifolia occurs as a strand plant in the Indian and Pacific Ocean 
regions. In view of the nitrogen-fixing properties which have been 
demonstrated for the nodules of most of the genera, it cannot be 
doubted that these plants play a part in the maintenance of soil 
nitrogen. Thus the study of factors liable to affect the development 
or the activity of the nodules is of interest. 

In the present instance a s tudy has been made of the effect of the 
presence of combined nitrogen in the rooting medium on the develop- 
ment of nodules in Myrica and Alnus. It  is well known that like 
free-living fixers such as Azotobacter, the nodulated legume uses 
combined nitrogen in preference to free nitrogen, and that this is 
accompanied by  a reduced development of nodules. Large amounts 
of combined nitrogen, in excess of those likely to be present naturally 
in soils, are required to produce complete suppression of nodules. 
Thus it is a matter  of common observation that broad beans and 
peas show abundant nodulation in the garden even though the soil 
has been well manured or fertilised. 

* Apart from the legumes the following Angiospermous genera also form root nodules 
inhabited by a symbiotic micro organism: Myrica, Alnus, Hippopha~, Elaeagnus, 
Shepherdia, Casuarina, Coriaria, and Ceanothus. 

- -  3 7 8  - -  
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Some previous  observa t ions  on the effect of this fac tor  in non-  
legumes are available.  Bj  o r k m a n  1 grew alders in a h u m u s - s a n d  
m i x t u r e  and  observed  t h a t  in the presence of 100 mg  a m m o n i u m -  
n i t ra te  n i t rogen per  litre of cul ture  solution the vo lume  of nodules 

fo rmed  was reduced  f rom 33 c u . m m  per  p lan t  (the value wi th  no 
added  nitrogen) to 15 cu .mm.  Nodula t ion  was a lmost  comple te ly  sup- 

pressed in the  presence of 200 or 400 mg  ni t rogen per  litre. B o n d, 
F l e t c h e r  and  F e r g u s o n  s repor ted  on the  effect of up  to 100 mg  
a m m o n i u m  ni t rogen per  litre on nodula t ion  chiefly in A lsus and  
Hippopha~. In  Alnus af ter  12 weeks '  g rowth  the absolute  weight  of 

nodules per  p lan t  was grea te r  at  all n i t rogen levels t han  with  zero 
ni t rogen,  though  re la t ive  to the  increased weight  of the p lants  the  
nodule deve lopmen t  was smaller.  

Nodula t ion  in Hippophaf was found to be m u c h  more  sensitive. 
Q u i s p e t  a repor ted  ra the r  different findings for Alnus. After  7 
weeks '  g rowth  a Ievel of a p p r o x i m a t e l y  5 mg  a m m o n i u m  ni t rogen 
per  li tre was found to have  reduced the  absolute  weight  of nodules 
per  p lan t  to half, while 50 mg  prac t ica l ly  suppressed  nodulat ion.  
These are m u c h  grea te r  effects t han  those observed b y  the  previous  
authors .  

In  the  present  work  the case of Alnus has been fur ther  invest iga-  

ted, pa r t i cu la r ly  in t h a t  the effect of feeding the p lan ts  wi th  com- 
b ined ni t rogen pr ior  to inoculat ion has been tested,  thus  approach ing  
more  near ly  condit ions in the  field. Myrica gale also has been s tud-  
ied, and  for purposes  of compar i son  a similar  exper iment  wi th  a 
legume (Ulex europaeus) has been included. 

METHODS 

Seedlings were raised in peat (~/Iyrica gale), sand (Al~us gluti~osa) or on 
mineral salt agar (Ulex europaeus), the seed of the last species being surface- 
sterilised prior to sowing. The seedlings were transferred into water culture 
in Crone's nitrogen-free solution adjusted to a favourable pH, the containers 
being 2-1itre glazed earthenware jars each with 5 or 6 plants supported in teak 
tops. Combined nitrogen was added as desired in the form of ammonium sul- 
phate. To inoculate the non-legume the appropriate nodules were ground up 
in water (3.5 g for Myfica and 20 g for Alnus per 100 ml water), the suspen- 
sion so obtained being applied to the roots of the young plants. With Ulex a 
similar suspension was prepared from a pure culture of an effective strain of 
rhizobium. In certain instances the plants were allowed to grow for a period 
in the presence of combined nitrogen prior to inoculation. 
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In e x p e r i m e n t s  of t h i s  t y p e  involving t h e  u t i l i s a t i o n  of a m m o n i u m  n i t r o g e n  

i t  is of  c r i t i ca l  i m p o r t a n c e  t h a t  t h e  p H  of  t h e  c u l t u r e  s o l u t i o n ,  w h i c h  of  c o u r s e  
t e n d s  to  fail, s h o u l d  be  f r e q u e n t l y  r e s t o r e d  to  i t s  p r o p e r  level .  T h e  p H  w a s  

t e s t e d  e v e r y  s e c o n d  d a y ,  a n d . w h e n  n e c e s s a r y  w a s  r e s t o r e d  t o  t h e  c o r r e c t  v a l u e  

b y  t h e  a d d i t i o n  of a n  a p p r o p r i a t e  a m o u n t  of  s o d i u m  h y d r o x y d e ,  d e t e r m i n e d  

b y  t i t r a t i o n  of  a s m a l l  s a m p l e  of  t h e  c u l t u r e  s o l u t i o n .  T h e  a m m o n i u m - n i t r o g e n  

c o n t e n t  of  t h e  c u l t u r e  s o l u t i o n  w a s  a l s o  d e t e r m i n e d  p e r i o d i c a l l y  a n d  f u r t h e r  

a m o u n t s  a d d e d  as  n e c e s s a r y  to  m a i n t a i n  t h e  d e s i r e d  level .  T h e  c u l t u r e  so lu -  

t i o n  w a s  c o m p l e t e l y  r e n e w e d  e v e r y  3 to  4 weeks .  

DATA 

Myrica gale 
Young plants with 3 or 4 leaves were set up in water  culture on 

22nd May at pH 4.5. Four levels of combined nitrogen were estab- 
lished in different jars on the same day, viz, 0, 10, 50, and 100 mg 
nitrogen per litre, and inoculation was effected 2 days later The 
first nodules appeared 2 weeks later. Considerable losses of plants 
occurred, which in subsequent unpublished work Miss I. C. Gard-  
n e r has shown can be entirely obviated by using a more dilute form 
of Crone's solution. Thus the numbers of plants available for harvest 
on 28th August were rather small. Typical plants are shown in Plate 
IA and the harvest data are provided in Table I. Plant growth was 
much stronger in the presence of combined nitrogen and it will be 
observed that nodule weight was also greatly increased, though 
relative to the dry weight of the plant as a whole (see right-hand 
column) nodule weight was depressed. An analysis of variance shows 
that the fall from 12.2 to 5.4 is highly significant, but that the sub- 
sequent further falls are not significant at P = 0.05. 

TABLE I 

Effect of added combined nitrogen on nodulation and growth of Myricc~ plants * 

g i g  NH4-N added 
per litre of 

culture soln. 

0 
10 
50 

100 

Mean height 
of shoot 

in cm 

3 
8 

12 
10 

Mean dry weight 
per plant  in mg 

Nodules Whole plant  

4 33 
17 304 
24 561 
19 488 

Mean value for 
nodule weight 

as percentage of 
whole plant  weight 

12.2 
5.4 
4.2 
3.6 

* The numbers  of plants harvested at the different nitrogen levels, s tar t ing with 
zero nitrogen, were: 9, 12, 6, and 5 respectively. 
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Alr~us gluti~¢osa 
The experiment comprised two parts. With one series of plants 

the differential dosage with combined nitrogen was commenced 
directly after transplanting into water culture, the plants being at 
the 1 to 2 leaf stage with an over-all height of 3 to 4 cm. Inoculation 
was effected the following day. With the other series the plants were 
grown on in water culture in the presence of 50 mg ammonium nitro- 
gen per litre for a period of 5 weeks prior to the commencement of 
the differential t reatment with nitrogen and to inoculation. By this 
time the plants had 4 to 5 leaves and an over-all height of 7 to 9 cm. 
The procedure was so timed that the plants of both series were all 
inoculated on the same day (30th July) with the same inoculum. 
Analysis of similar plants showed that the percentage nitrogen 
content (dry matter  basis) at the time of inoculation was 1.3 for the 
plants of the first part of the experiment and 3.4 for those of the 
second. The first nodules appeared only 10 days after inoculation. 
Growth was allowed to continue for approximately 10 weeks, the 
pH of the culture solution being maintained near to 6.3. 

Typical plants of the first series are shown in Plate Ie,, while the 
harvest data are given in the upper part of Table II. It will be 
observed that as in Myrica the growth of the plants was again much 
benefited by  the presence of combined nitrogen. The dry weight of 
nodules is higher in the presence of 10 mg nitrogen per litre than in 
zero nitrogen, but  is smaller when 100 mg is present. Relative to the 
whole plant weight, nodule weight falls sharply between the 0 and 
10 mg nitrogen levels (see right-hand column), and thereafter tends 
to fall more slowly. 

Data for the second series of plants, given pre-treatment with 
nitrogen prior to inoculation, are shown in the lower part of Table 
II. These plants were naturally much larger than those of the first 
series. It willbe noted that the dry weight of nodules is approxi- 
mately doubled by  the presence of 10 mg nitrogen per litre, but  at 
higher nitrogen levels is much reduced, so that  with I00 mg nitrogen 
present the dry weight is only one quarter of that  in nitrogen-free 
solution. Thus in this respect the effect of combined nitrogen is 
considerably more marked than in the first series. The right-hand 
column shows that pre-treatment with nitrogen reduced the sub- 
sequent nodulation in nitrogen-free solution, since the value of 3.4 
per cent is to be compared with 5.3 per cent in the upper part of 



382 j. T. M A C C O N N E L L  A N D  G.  B O N D  

the Table. The presence of combined 
depressed this value further. 

T A B L E  I[  

nitrogen after inoculation 

E x p e r i m e n t  w i th  A h ~ u s  * 

P r o c e d u r e  

Mg N H 4 - N  a d d e d  

per  l i t re  of 

cu l t u r e  
so lu t ion  ** 

Mean d r y  w e i g h t  
per  p l a n t  in m g  

Nodules  t W h o l e  p l a n t  

Mean  va lue  for  

n o d u l e  w e i g h t  

as p e r c e n t a g e  
of whole  

p l a n t  w e i g h t  t 

F i r s t  S e r i e s  

Di f fe ren t i a l  
t r e a t m e n t  w i t h  

n i t r o g e n  a n d  
i n o c u l a t i o n  

app l i ed  
d i r ec t l y  a f t e r  

t r a n s p l a n t i n g  

i n to  w a t e r  

cu l t u r e  

0 

lO 

50 

100 

3.3 

5.5 

3.6 

2.6 

65 

394 

436 

403 

5.3 

1.7 

1.0 

0.7 

S e c o n d  S e r i e s  

P l a n t s  all 

supp l i ed  wi th  
u n i f o r m  c o m b i n e d  

n i t r o g e n  for  5 

Weeks p r io r  to  
s t a r t  of 

d i f fe ren t ia l  
t r e a t m e n t  a n d  
i n o c u l a t i o n  

10 

50 

100 

0 28 

54 

20 

7 

878 

2275 

2363 

2116 

3.4 

2.4 

0.8 

0.4 

* 15 p l a n t s  were  h a r v e s t e d  a t  e ach  n i t r o g e n  level  in the  f i rs t  series a n d  12 in the  

s econd  series. 
** The  m a x i m u m  d e v i a t i o n s  f r o m  the  des i red  levels of N H 4 - N  d u r i n g  the  g r o w t h  

pe r iod  were  as fol lows:  I0 m g  fell to  6 mg ,  50 to  47 mg,  100 to  95 rag.  
+ Dif ferences  r e q u i r e d  for  s ign i f i cance  (P  --  0.05) are as fol lows;  - -  Nodu le  D r y  

W e i g h t ,  0.9 m g  (first  series) a n d  10 nag ( second  series);  Nodu le  W e i g h t  as p e r c e n t a g e  

of W h o l e  P l a n t  We igh t ,  0.8 (first  series) a n d  0.3 (second series). 

In the above experiments no counts were made of the numbers of 
nodule clusters formed in the different treatments, but it was ob- 
vious from inspection of the plants that  the beneficial effect of the 
lower levels of combined nitrogen on nodule weight was due more to 
increase in size of the nodule clusters than to increase in their total 
number. 



A 

B 

Plate  I. 

A. Nodula ted  p lants  of Myrica gale after  I4 weeks ~ growth in water  cul- 
ture, supplied with (left to right) 0, I0, 50 and  100 mg NI-I4-N per  
litre. The upward-growing roots spr ing from the nodule  lobes.* ( x I/3). 

Note that  while the photograph suggests that  plants supplied with 100 mg  N per litre 
were superior to those supplied with 50 rag, the harvest  data  subsequently obtained (Table I) 
revealed no significant difference in the mean  growth of these plants. 

B. Nodulated plants of d lnus glutinosa, first series, after l Oweeks' growth 
in water  culture,  supplied wi th  (left to right) 0, I0, 50 and  100 mg 
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C 

Plate II, 

A. Young plants of Ulex europaeus at 
the time of inoculation, plant  from 
first series on right, from second on 
left. (× I ) .  

B.  Nodulated plants of Ulex (first series) 
after 10 weeks' growth in water 
culture, supplied with (left to right) 
0, 10, 50, 100 and 150 mg NH~-N 
per litre. ( × 1/7). 

C. Nodulated plants of Ulex (second 
series) after 10 weeks' growth in water 
culture, supplied with (left to right) 
0, 10, 50 and 100 mg NH4-N per 
litre. ( × 1/6). 
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Ulex europaeus 
The general plan of the experiment was as in Alsus. The two 

series of plants, the first newly transplanted into water culture, 
the second grown for 3 weeks in the presence of 50 mg combined 
nitrogen per litre, were provided with different levels of combined 
nitrogen on 22nd May and inoculated the following day. Typical 
plants at this stage are shown in Plate IIA. Analysis of similar 
plants showed percentage nitrogen contents on the dry matter basis 
of 7.4 for plants of the first series and 4.1 for those of the second. 
All plants were nodulated within a fortnight. Growth was allowed 
to continue for about 9 weeks at pH 6.3. 

T A B L E  I I [  

E x p e r i m e n t  w i th  UZe,  * 

P r o c e d u r e  

Mg N H e - N  

a d d e d  per  
l i t re  of 

c u l t u r e  
so lu t ion  ** 

Mean  
n u m b e r  

of nodu l e s  

per  

p l a n t  t "i 

Mean  d r y  w e i g h t  
per  p l a n t  in m g  

XArhole 
Nodu les  t p l a n t  

Mean  va lue  for  
n o d u l e  w e i g h t  

as p e r c e n t a g e  
of whole  

p l a n t  w e i g h t  

F i r s t  S e r i e s  

Di f fe ren t i a l  

t r e a t m e n t  w i th  

n i t r o g e n  a n d  
i n o c u l a t i o n  

app l i ed  

d i r e c t l y  a f t e r  
t r a n s p l a n t i n g  

i n to  w a t e r  

c u l t u r e  

0 

10 

50 

100 

150 

38 

82 

69 

95 

79 

11 

10 

9 

8 

8 

t66 

304 

342  

409 

355 

6.6 

3.4 

2.8 

2.1 

2.3 

S e c o n d  S e r i e s  

P l a n t s  all  

s u p p l i e d  wi th  
u n i f o r m  c o m b i n e d  

n i t r o g e n  for  3 
weeks  p r io r  to  
s t a r t  of 

d i f fe ren t i a l  
t r e a t m e n t  a n d  

inocula t ion .  

10 

50 

100 

97 

148 

76 

60 

12 200 

16 468 

8 600 

6 544 

6.1 

3.6 

1.3 

1.1 

* The  n u m b e r  of p l a n t s  h a r v e s t e d  v a r i e d  f r o m  17 to  21 a t  e ach  t r e a t m e n t .  

** T h e  m a x i m u m  d e v i a t i o n s  f r o m  the  d e s i r e d  levels of N H 4 - N  d u r i n g  the  g r o w t h  
pe r iod  were  as fo l lows;  - -  !0  m g  fell to  5 rag,  50 to  40 mg ,  100 to  87 nag, 150 to  140 mg.  

"~ Dif ferences  r e q u i r e d  for  s ign i f icance  (P  = 0.05) are  as ' fo l lows:  - -  Nodu le  N u m b e r ,  
34 (first  series) a n d  22 ( second  series) ; N o d u l e  D r y  W e i g h t ,  2 m g  in  b o t h  series ; Nodu le  
W e i g h t  as p e r c e n t a g e  of W h o l e  P l a n t  W e i g h t ,  0.7 (first  series) a n d  0.6 (second series). 
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Typical plants at harvest of the first series are shown in Plate 
IIP, and the corresponding data in the upper part of Table III.  I t  
will be noted that  plant dry weight was about doubled in the pres- 
ence of combined nitrogen, but this was not accompanied by an 
increase in nodule weight. The latter declined in the presence of 50 
mg or more of nitrogen. Nodule number was doubled by the change 
from zero nitrogen to 10 mg per litre, and remained at this high 
level with further increase in nitrogen. Obviously the nodules were 
smaller in weight and size in the presence of nitrogen. Calculation 
from the data presented shows that  the mean dry weight per nodule 
diminished from 0.29 mg in zero nitrogen to 0.10 mg in the 150 mg 
level of nitrogen. Nodule weight as a percentage of whole plant 
weight (right-hand column) shows a marked fall in the presence of 
10 mg nitrogen, and thereafter falls more slowly. 

Plants of the second series are illustrated in Plate IIc, and their 
data presented in the lower part of Table III.  In most respects 
combined nitrogen now had a more adverse effect on nodulation 
than in the first series. Thus nodule weight and number, and nodule 
weight as a percentage of whole plant weight, were all more drastical- 
ly reduced in the presence of 50 or 100 mg nitrogen per litre than in 
the first series. However with 10 mg nitrogen present nodule weight 
per plant was significantly increased, and mean dry weight per 
nodule fell only from 0.12 mg in zero nitrogen to 0.10 mg in 100 mg 
nitrogen per litre. These findings will be further discussed below. 

DISCUSSION 

The results of the Alnus  experiment (first series) may be compared 
with those of the similar experiment of Bond ,  F l e t c h e r  and Fer-  
g u s o n  a. Both agree in showing that  as the amount of combined 
nitrogen supplied is increased, nodule weight falls continuously 
relative to the weight of the plant as a whole, but that  at low levels 
of nitrogen the absolute weight of nodules is substantially increased. 
In the experiment of B o n d  et al., with 100 mg nitrogen supplied 
nodule weight was still greater than in zero nitrogen, while in the 
present experiment this was only true up to some nitrogen level 
between 10 and 50 mg per litre. Other experience shows that  the 
reason for this difference is that  the present experiment was started 
a month later in the growing season, when conditions are less favour- 
able to nodule development. 
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The increases in absolute weight of nodules noted in the above 
and other experiments are obviously related to the increased growth 
of the plant as a whole in the presence of combined nitrogen. The 
nodules share in this greater growth, but  not to a proportionate 
extent, i.e. the combined nitrogen is already exercising a differential 
effect on nodule growth on one hand and on root and shoot growth 
on the other. The enhanced growth of the plant in the presence of 
combined nitrogen arises because of the time required for the nod- 
ules to develop and become functional, the growth of plants in nitro- 
gen-free solution being greatly handicapped during this period. In 
longer-term experiments the growth of the latter plants would proba- 
bly gradually overtake that of those supplied with combined nitro- 
gen and as this happened the superiority in absolute nodule weight 
would diminish. Thus the effect is probably a temporary one. 

As noted already, when the commencement of differential treat- 
ment with nitrogen and inoculation were delayed until the Alnus 
plants had grown to a considerable size with the help of combined 
nitrogen, as in the second series, then the unfavourable effect of the 
higher levels of nitrogen on nodule development were more pronoun- 
ced. The procedure in this part of the experiment was generally 
similar to that  employed by  Q u i s p e l  5 but  there are marked 
differences in result since, as noted earlier, in his experience ammo- 
nium nitrogen at only 5 mg per litre had an entirely depressing 
effect on nodule formation. Although it is clear that in most respects 
Q u i s p e l ' s  experiments were carefully carried out, it is not quite 
certain that  his technique excluded the possibility of the pH falling 
to levels harmful to nodulation. Thus he used a solution of inferior 
buffering power to Crone's, a high ratio of number of plants per unit 
volume of solution, and corrected the pH only once weekly. 

Myrica gale obviously resembles Alnus glutinosa closely as regards 
the effect of combined nitrogen on nodule development. Thus as the 
nitrogen level is increased the weight of nodules per plant at first 
rises and subsequently falls, while retative to whole plant weight 
the value for nodules is continuously depressed. 

Besides their immediate value in providing a basis of comparison 
for the non-legumes, the Ulex data are of wider interest in that, un- 
like many previous data for legumes, they were obtained by  a tech- 
nique permitting close control of the level of combined nitrogen and 
of pH. At the levels used, combined nitrogen did not exert a partic- 

Plant and Soii VI I I  
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ularly drastic effect on nodulation. Thus in the first series, levels of 
nitrogen clearly in excess of the requirements of the plants (under 
favourable growth conditions) resulted in increased nodule numbers, 
a rather slight reduction in nodule weight per plant, and reductions 
to about one third in the weight of nodules relative to that  of the 
whole plant and in the mean weight per nodule. Adverse effects were 
somewhat stronger after pre-treatment with combined nitrogen. It 
is important to restate that in this experiment the first series of 
plants showed a higher percentage of nitrogen (7.4) at the time of 
inoculation than those of the second series (4.1). It has been shown 
by  previous workers that in legumes the carbohydrate-nitrogen 
ratio within the tissues is an important factor in the control of 
nodulation. A high ratio usually tends to favour nodulation. This 
is undoubtedly the reason why in zero nitrogen the percentage 
nodule weight was not considerably lower in the second series than 
in the first, as was the case in A lnus. 

For the comparison of Alnus and Ulex it will be best to confine 
attention chiefly to the second series of plants of each experiment 
in view of the large disparity in the nitrogen balance of the plants 
at the time of inoculation in the first series, for as noted already the 
percentage nitrogen in Alnus was 1.3, but  ill Ulex was 7.4. This is 
due chiefly to differences in seed composition. By the time of in- 
oculation in the second series of plants the difference had largely 
disappeared, the percentage nitrogen having increased to 3.4 in 
Alnus and decreased in Ulex to 4.1. Reference to the second series 
of Tables n and II I  reveals many similarities in response to com- 
bined nitrogen. With 10 mg nitrogen present nodule weight per plant 
is increased in both species, though the increase is smaller in Ulex 
than in Alnus. At higher levels of nitrogen nodule weight fails. In 
both species nodule weight relative to plant weight falls continuous- 
ly. Thus Alnus resembles Ulex closely in its responses to combined 
nitrogen, and it is clear that the same is true of Myrica, although 
the data for it are less extensive. 

This article is intended to be essentially factual in type and the 
possible explanation of the observed effects of combined nitrogen on 
nodule development will not be considered in detail. A full discus- 
sion of suggested explanations for legumes is provided by  Wil-  
son  6. It is reasonable to suppose that the mechanism of the com- 
bined nitrogen effect in non-legumes is similar to that in legumes. 
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T h e  d a t a  r e p o r t e d  for  Altars i n d i c a t e  t h a t  t he  c o m b i n e d  n i t r o g e n  

e x e r t s  i t s  ef fec t  i n t e r n a l l y  in  t he  p l a n t  t i ssues .  T h u s  t h e  ef fec t  was  

g r e a t e r  w h e n  t h e  t i s sues  were  a l r e a d y  r e l a t i v e l y  r i ch  in n i t r o g e n  as 

a r e s u l t  of p r e - t r e a t m e n t  ( second series) .  

I n d i r e c t l y  t h e  p r e s e n t  d a t a  c o n f i r m  t h a t  Hippopha~ is n m c h  m o r e  

s e n s i t i v e  to  c o m b i n e d  n i t r o g e n  t h a n  Agnus or Myrica. B o n d, F i e  t -  

c h e r a n d  F e r g u s o n a r e p o r t e d  t h a t  in t h e  f i rs t  g e n u s  t h e  p r e s e n c e  

of o n l y  5 m g  n i t r o g e n  p e r  l i t r e  g r e a t l y  d e c r e a s e d  n o d u l a t i o n ,  b u t  

t h e y  p o i n t e d  o u t  t h a t  t h i s  r e f e r r e d  to  p l a n t s  w h i c h  h a d  been  g r o w n  

for  a p e r i o d  in  t h e  p r e s e n c e  of c o m b i n e d  n i t r o g e n  to  i n o c u l a -  

t ion .  T h e  p r e s e n t  e x p e r i m e n t s  show t h a t  Altars s i m i l a r l y  t r e a t e d  is 

s t i l l  m u c h  less s e n s i t i v e  to  c o m b i n e d  n i t r o g e n  t h a n  is H@popI~,a~. 
This  a r t i c l e  is n o t  c o n c e r n e d  w i t h  t h e  q u e s t i o n  of h o w  a c t i v e  in 

f i x a t i o n  a re  t h e  n o d u l u s  f o r m e d  in t h e  p r e s e n c e  of c o m b i n e d  n i t r o -  

gen.  On  t h e  bas i s  of i s o t o p i c  t e s t s  w i t h  Altars a n d  Myrica, B o n d  

c o n c l u d e d  t h a t  such  n o d u l e s  f ix  a p p r e c i a b l e  q u a n t i t i e s  of free n i t r o -  

gen.  

T h e  d a t a  p r e s e n t e d  i n d i c a t e  t h a t  t he  n o d u l a t i o n  of Almts a n d  

My14ca in  t he  f ie ld  wi l l  n o t  be  s e r i ous ly  r e d u c e d  b y  the  leve ls  of 

c o m b i n e d  n i t r o g e n  l i k e l y  to  be  p r e s e n t  in t h e  n o r m a l  h a b i t a t s  of 

t he  p l a n t s .  

SUMMARY 

1. The effect of the presence of combined (ammonium) nitrogen in the 
rooting medium on nodule development has been investigated in AlT~us gluti- 
~osa and ~/Iyrica gale, the plants being grown by a water culture technique 
with provision for the control of the level of combined nitrogen and of pH. 
For  purposes of comparison a similar experiment with a legume (Ulez e~ro- 
paeus) has been included. 

2. In some instances the differential t rea tment  with combined nitrogen 
was commenced and inoculation effected at  an early stage in plant  develop- 
ment, while in others the plants were grown on to a larger size before these 
t reatments  were applied. 

3. In. the two non-legumes the presence of combined nitrogen led to an 
increase in the weight of nodulus formed per plant, at  least a t  the lower levels 
of nitrogen. Relative to the enhanced growth of the plant  as a whole, nodule 
development was continuously depressed as the level of combined nitrogen 
was increased. 

4. In Ulex when the nitrogen status of the plants at  the time of inoculation 
was similar to that  in the corresponding non-legume experiment, the above 
responses were also shown by the legume. I t  is concluded tha t  Almts and 
Myrica resemble legumes closely in their responses to combined nitrogen. 
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5. The  d a t a  show t h a t  in Ah¢us t he  effect  of a g iven  level of c o m b i n e d  
n i t rogen  on n o d u l a t i o n  depends  on the  n i t rogen  s t a t u s  of t he  p l a n t  a t  t he  t i m e  

of inocula t ion ,  t he  adve r se  effect  t e n d i n g  to be s t ronge r  if t he  p l a n t  is in i t ia l ly  

re la t ive ly  h ig h  in n i t rogen .  This  sugges t s  t h a t  as in l egumes  the  effect of t he  

co m b in ed  n i t rogen  is exe r t ed  i n t e rna l l y  in the  p l a n t  t issues .  
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