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SUMMARY 

The effect of nitrate nitrogen and phosphate on nodulation, 

nitrogen fixation and growth of white clover (Trifolium repens L.) 

plants was evaluated in a series of 'grovith cabinet' and glasshouse 

experiments. Plants of a different age and nodulation status were 

used. 

Nodule dry weight, nodule number and the average nodule weight 

declined on plants grown in solution cultures containing low 

concentrations of nitrate nitrogen (0 . 25 - 0.5mM). The nitrogen 

fixing activity of plants ~as also depressed by low concentrations 

of nitrate nitrogen, in experiments conducted during the wint e1· and 

spring, but a stimulation in activity was observed in plants grown 

during the summer. The nature of the response was dependent on 

the growth response of the host plant to nitrate nitrogen. High 

concentrat ions of nitrate nitrogen (4mM) markedly reduced nodulation 

and ni trogen fixation in all experiments. 

Phosphate increased the total nodule weight, nodule nwriber and 

the nitrogen fixing activity of whit e clover plants, and several 

interactions between nitrate nitrogen and phosphate for nodulation 

and nitrogen fixation were obtained: 

(a) Nodule weight, nodule number and the nitrogen fixing activity 

were more severely reduced by low concentrations of nitrate nitrogen 

at low phosphate levels than at higher levels. 

(b) In one experiment a stimulation in nitrogen fixing activity 

occurred at the low nitrate nitrogen concentration and the highest 

phosphate level. 

(c) At high levels of nitrate nitrogen no increase in nitrogen 

fixing activity was observed when higher rates of phosphate were applied. 

The effect of nitrate nitrogen and phosphate on the soluble and 

reserve carbohydrate content, and percent total nitrogen and phosphate 

in the host plant and nodule material was evaluated and the relation­

ship of the carbohydrate to nitrogen ratio with nitrogen fixing 

activity determined. The ability of this ratio to explain changes 

in nitrogen fixing activity is discussed. 



I would like to thank Mr A.G. hobertson (Agr onomy Departn.c: '; , 

Massey University) for his assistanc~ and interest in this wor k . 

I would also like to acknowledge the assistance given t o m. 

by the f oll owing: -

Pr ofessor R. J . Townsley for statistical analysis end 

Mr S. Clarkson for writing the computer programmes for the statist i -;..:;.·. 

analysis and for placing the data through the comput er . 

Dr P . G. Roughan , Dr R. Haselmore and Mr I.J . Warr ington 

of the Plant Physiology Division D. S. I . R. Palmerston North for 

permission to use the equipment in thei r laboratories and for the 

use of analytical pr ocedures for determination of soluble sugars 

and starch . 

Mr R. '.Scott ( Invermay Research Station) for help with the 

gas chromatogram technique . 

Dr R. H. Jackman (Gr asslands Division D. S.I. R. ) f or 

permission to use an autoanalys er for t otal nitrogen and phosphate 

det er minations . 

Professor J . K. Syers (Soil Science Department) and 

Mr M. Ma.nnering (Botany Department ) for supplying many i tems of 

equipment . 

I thank all those who assisted in the pr oduction of thi s 

t hesis , and in particular Mrs E. Lynch for the typing. I would l ike 

t o thank those who assisted me f r om time to time during the course 

of the Experiments. 

Finally, I thank my wife , Louise f or the invaluable 

assistance given throughout this study. 



T.IBLE OF CONTfil.l"TS 

List of Figures , Tables and Plates 

Introduction 

Chapter I 

1 

2 

3 

heview of Li t er ature 

Nodulation 

Nitr ogen Fixation 

Effect of Combined Nitrogen and Phosphate 

on Nodulation and Nitrogen Fixation 

4 Assimil ation and Transport of Nitrogen 

in ~adulated Legumes 

Chapter II Experimental 

1 . 1 Intr oduct ion 

1 . 2 Mater ials : Growth Cabinet Exper iments 

1 .3 Exper imental 

1 . 4 Conduct of Experiments 1 and 2 

1 . 5 Pr eparation of Mater ial and 

Method of Analysis 

2 . 1 

2 . 2 

2.3 
2.4 

Materials: Glasshouse Experiments 

Exper iment al 

Conduct of Glasshouse Experiments 

Preparation of Material and analysis 

Chapter III Results 

1 Growth Roam Exper iments 

1 . 1 Experiment 1 

1. 2 Experiment 2 

2 Glasshouse Experiments 

2. 2 Experiment 3 
2. :3 Experiment 4 
2 . 4 Experiment 5 

Chapter DT Discussion 

1 

2 

3 
4 

Nodulation 

Nitr ogen Fixation 

Plant Growth 

The carbohydr ate - nitrogen ratio 

1 

2 

16 

33 

37 

40 

40 

42 

46 

46 

47 

52 

54 

57 

61 

61 

63 
66 

66 

84 

101 

112 

117 

120 

127 



Conclusion 

Bi bli ogr aphy 

Appendices 

1 Possible pi:.!.thw8.y:; fo r Bi ol ogical Nitr ogen F . 

2 Scher::e fo r nj_t r ogenasc; c:nd its reaction 

bas ed on t he electr on- uctivation t wo - si t e 

hypot hesis 

3 Scheme i~lustrating t he main feactures of 

the £J. s simil atory and transport sys tems f or 

nitr o&:en in the field pea . 

4 

5 
6 

7 

8 

9 

10 

11 

~ 2 

13 

14 

~ 5 

16 

17 

18 

19 

Nodul e nwnber per seedling root 

nr y weight of seedli ng t op 

Nodul e nw:riber per i :lo.nt 

Nodul e dr y Weight :bJE:r plc:.nt 

11.ver age nodule Wf:igh t 

Rate of e t hyl ene pr oducE-d per pl<int 

psr hour 

.rtat e of et hylene pr oduced per mg nodule 

(dry weight per hour ) 

Tot a l pl ant dry ••eight 

•r op dry weight 

Root dry weight 

Per cent phosrhat e i n Top ( A) Root (B ) 

Nodul e (c) m::i.t er i&l 

Ifodule dry weigh t pt:r plant 

Total plant weight 

Rat e of ethyl'-"ne pr oduced per plant 

per hour 

Rat e of ethylen E: pr oduced per mg nodule 

( dry weight per hour) 

Dry wei ght of r oot ma t erial 

134 

23 

2'1 

38 

64 

67 

67 

67 

70 

70 

73 

73 

74 

78 

8h 

86 

87 

87 

90 



page 

20 Dry weight of top material 90 

21A Percent total nitrogen in top material 93 

21B Percent total nitrogen in root material 93 

22 Percent total phosphate in top !Ilb.terial (A) 

and root material (B) 96 

23 Percent total phosphate in nodule material 97 

24 Percent soluble sugars in nodule material 97 

26 Rate ethylene produced per plant per hour 103 

27 Rate of ethylene produced per mg nodule (dry 

28 

29 

30 

31 

weight) per hour 

Total nodule dry weight 

Total plant dry ·weight 

Top dry weight 

Root dry weight 

32 Rate of ethylene produced per plant 

per hour 

33 

34 

35 

Tables 

1 

2 

3 

4 

5 
6 

7 

8 

9 
12 

13 

14 

15 

16 

17 

18 

1 !) 

20 

Total plant dry weight 

Dry weight top material 

Dry weight of root and nodule material 

Nodule number per seedling 

Seedling top weight (mg) 

Percent total nitrogen in top material 

Percent total nitrogen in root material 

Percent total nitrogen in nodule material 

Percent soluble sugars in plant top 

Percent soluble sugars in plant root 

Percent starch in top material 

Percent starch in root material 

Percent total nitrogen in nodule material 

Percent soluble sugars in top material 

Percent soluble sugars in root material 

Percent total starch in top material 

Percent total starch in root material 

Percent total starch in nodule material 

Percent total nitrogen in top, root and nodule 

Top to root ratio Experiment 3 

Top to root ratio Experiment 6 

103 

104 

104 

105 

105 

107 

108 

109 

110 

62 

62 

76 

76 

76 
82 

82 

83 

83 

92A 

94 

94 

100 

100 

100 

106A 

111A 

111A 



Plates 

'Growth Cabinet' 

2 Close up view of a pot 

3 Plant material from Experiment 3 which was 

discarded a:fter wilting was observed 

4 Plant material from Experiment 3 showing 

page 

43 

44 

56 

toxic effect of high levels of phosphate (A) 60 

5 Comparison of plant material from 

Experiment 3. 60 



1 

I~~RODUCTION 

It is a well established fact that the presence of nitrate 

ions can depress nodule development on legume roots, but recent 

studies in Queensland (Gates, 1970) have shown that this sensitivity 

can be ameliorated if phosphate levels are maintained a t a high 

rate. Gates studies involved tropical legumes and their appropriate 

rhizobial symbionts, and this study was conducted to ascertain whether 

a similar situation obtains with a temperate species like 

Trifolium repens (White Clover). 

Quantitiative information on the effect of nitra te nitrogen 

and phosphate on nitrogen fixing activity in white clover was also 

lacking, and an attempt was made to rectify this deficiency by 

exarnini,ng .the changes in rate of ethylene production per plant or 

mg nodule (dry weight) with the application of nitrate nitrogen and 

higher rates of phosphate. 




