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NITROGEN-FIXING BACTERIA OF THE GENUS 
BEIJERINCKIA IN SOUTH AFRICAN SOILS 

by J. H. BECKING 

Laboratory of Microbiology, Agricultural University, Wageningen, the Netherlands 

INTRODUCTION 

In 1939 S t a r k e y  and De 2a described a new Azotobacter species, 
Azotobacter indicum isolated from an acid rice soll in India, which 
is capable of Iixing atmospheric nitrogeI1 under acid conditions 21 22 

In 1950 D e r x  2 a found this microbe to occur abundantly in 
some Bogor (W. Java) soils and proposed the new generic name of 
Beijeriuckia for it in view of differences in morphology and cultural 
characteristics that  distinguish the latter from the other Azoto- 
bacter species. 

In recent reviews 9 14 26 27 on nitrogen-fixing bacteria the setting 
up of a new genus Beijeriuckia for Azotobacter indicum seems to be 
accepted. 

Unlike the almost ubiquitous occurrence of Azotobacter which has 
been encountered in all soils with suitable pH independent of their 
geographical localization, the distribution of Beijerinckia is re- 
stricted to tropical regions. There exists no definite explanation for 
this phenomenon. 

In addition to the localities mentioned above, Beijerinckia has 
been repor ted  from Malaya ( A l t s o n l ) ,  French West Africa 
( K a u f f m a n n  and T o u s s a i n t l l l 2 ) ,  Madagascar ( D o m m e r -  
g u e s  6), Australia north of the 20°S. latitude (Tchan  2s), and 
South America ( D ö b e r e i n e r  and De C a s t r o  5, K l u y v e r  and 
B e c k i n g l 3 ) .  M e i k l e j o h n  15 reported the isolation of a green 
fluorescent pigment-producing Beijerinckia strain from an acid 
Tanganyika soil, but  later she identified this micro-organism as 
belonging to Azotobacter vinelaudii L i p m a n  16 
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Unpublished results obtained by the author indicate the oc- 
currence of Beijerinckia in lateritic soils or latosols from the Hawaii 
Islands, New Guinea (Papua), China (Kwantung province, Hong- 
kong), Ethiopia, East Africa (Tanganyika, Uganda, Kenya) and 
in some regions of South America (Trinidad Island, Dutch Guiana, 
Brazil, and Bolivia). 

Again all these localities for Beijerinckia are tropical, although 
some of them are at rather high altitudes i.e. at 7,000 to 9,000 feet 
in the Ethiopian and East African highlands. 

There is only one record of the occurrence of Beijerinckia outside 
the tropics. In a very recent publication S u t o  24 9.» describes the 
isolation of this bacterium from an acid volcanic ash soll at Sendai 
(latitude 38 ° N.) in Japan. 

The present paper deals with the unsuspected occurrence of 
Beijerinckia in South African soils. South Africa lies outside the 
tropical bounderies between latitudes 23 ° and 34 ° S. This fact 
is of considerable importance since T c h a n  as has stated explicitly 
that Beijerinckia does not occur in the Australian continent at 
latitudes more south than 20 ° S. 

MATERIALS 

The  soils were sampled  in the  field in small,  s teri le con ta ine r s  a t  t he i r  
n a t u r a l  mo i s tu re  con ten t .  T he  samples  »vere all surface solls. T h e y  were no t  a 
r a n d o m  sample.  Most  of t h e m  were collected in lo t e s t  p l a n t a t i o n s  and  a l0ng 
roadsides.  Soil p H  was m e a s u r e d  b y  a glass e lectrode in t he  soll pas te  ob- 
t a i n e d  b y  s t i r r ing  some soll w i t h  a smal l  a m o u n t  of dis t i l led »vater. 

The  t ime  b e t w een  soil s ampl ing  a n d  microbiological  e x a m i n a t i o n  was 
a b o u t  3 -6  weeks. I t  is a s sumed  t h a t  th i s  de lay  has  been  of no  inf iuence on  
the  resul t s  as Beijerinckia appear s  to  be  v e r y  pe r s i s t en t  in soils in wh ich  i t  
n a t u r a l l y  occurs. Tropica l  latosols  s to red  for five years  in an  a i r -d ry  cond i t ion  
a t  r oom t e m p e r a t u r e  st i l l  r evea l  l iv ing Beijerinckia germs on examina t i on .  

A geographica l  m a p  (Fig. 1) gives t he  d i s t r i bu t i on  of t he  soil samples  ove r  
t he  U n i o n  of S o u t h  Afriea. I n  t h e  l ist  of soil samples  (Table 1) some deta i ls  
concern ing  t h e  var ious  samples  are  g iven  such  as locali ty,  l a t i tude ,  a n n u a l  
rainfal l ,  a l t i tude ,  occurrence  of frost,  soil type,  soil pH,  and  cover.  Most  of 
these  d a t a  are der ived  f rom t h e  pub l i ca t i0ns  on  Sou th  Afr ican  solls a n d  lo tes t  
t rees  of V a n  d e r  M e r w e  lv and  P o y n t o n  19. Geological  i n fo rma t ion  was 
o b t a i n e d  f rom t he  geological m a p  (scale 1 : 1,000,000) of t he  D e p a r t m e n t  
of Mines, Geological  S u r v e y  1955, P re to r ia .  
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METHOD OF EXAMINATION 

The predominant characteristic of the bacteria of the genus 
Beijerinckia is their acid tolerance. Growth is obtained between 
pH = 3.0 and pH = 10.0. Their development is most vigorous at a 
pH = 4.0 to 5.0, which is usually about the reaction of their 
natural surroundings. However, growth of Beijerinckia in general 
is much slower than that of Azotobacter. 

For the reasons mentioned above and in order to eliminate 
Azotobacter, an acid enrichment medium was employed. This 
medium diIfers only from the usual enrichment medium of Azoto- 
bacter by  its acidity of pH = 5.0. 

The composition of the medium used is quite simple: 

Distilled water 1000 ml KH2PO4 1.0 g 
Glucose 20.0 g MgSO4.TH20 0.5 g 

The phosphate buffer gives a pH of about 5.0. The supply of trace 
elements in the medium was obviously provided by  the soil used 
as inoculum. Supplementary trace-element addition yielded no 
better  results especially as fungus growth was enhaneed. 

The enrichment medium was poured in very thin layers (2 to 3 
mm) in petri dishes (9 cm diameter) to ensure adequate aeration 
and to reduce butyric-acid fermentation. Petri dishes as well as 
enrichment media were sterilized beIore use in order to eliminate 
Beijerinckia infections Irom other sources than the soil used as 
inoeulum. 

For inoculation approximately 0.1 to 0.5 g of soil per petri dish 
was used. Every soil was tested with 10 to 15 replicates. 

The enrichment cultures were examined microscopically for the 
presence of Beijerinckia cells which owing to their peculiar morpho- 
logical characteristics can easily be recognized. Beijerinckia cells 
are motile or non-motile gram-negative rods (approx. 1.2 to 4.8-7.2 #) 
showing a large lipoid globule stainable with Sudan II I  at each 
end of the cells. (See Plate lA). Some strains produce large capsules 
with a distinct wall layer enveloping a large number of cells (see 
Plate 1B). 

II necessary, the microscopic examination of the enrichment 
cultures was extended over a longer period of 3 to 4 weeks. A 
positive result on the basis of microscopic examination was always 
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checked by streaking an appropriate dilution of the enrichment 
medium on plates containing 2% agar, 2% glucose, 0.1% KH2PO4, 
0.05% MgS04.7H~.O, 0.01% FeCl3.6H20, 0.002% Na2Mo04.2H20 
(pH = 5.0). Calcium was not added to the medium as Beijerinckia 
needs no calcium for development. On this medium Beijerinckia 
Iorms highly raised, offen plicated, glistening colonies of a very 
tenacious and elastic slime. The copious production of slime is a 
distinct Ieature of the genus (see Plate 2). 

As a rule the presence of Beijerinckia cells in the enrichment 
medium can already be established with certainty by judging the 
appearance of the medium. In a somewhat advanced stage of 
development the medium changes into a viscous slimy mass which 
can be drawn out by a loop in long threads. The yeast, Lipomyces 
species, offen present in these nitrogen-poor enrichment cultures, 
never produces such a tenacious slime. 

RESULTS 

Table 1 shows that  most of the South African soils tested are 
distinctly acid. Only five of the forty samples collected showed pH 
values above pH = 6.0, viz a calcareous littoral soil (pH = 7.7) 
from Port Durnford, an alluvial (Olifant's river C.P.) desert soil 
~rom the Little Karroo, a savannah soil (pH = 6.7) from Pre- 
toriuskop (Krüger National Park), a dressed (limed?) citrus soil 
,(pH = 6.6) from Nelspruit, and a garden soil (pH = 6.1) from the 
Tokai Arboretum near Muizenberg, Cape Peninsula. 

Twelve of the thirty-five more acid soils (pH ~< 6.0) and two 

P l a t e  1: Both  pictures are phase-cont ras t  photographs  of l iving cells 
g rown  on ni trogen-Iree glucose agar  (pH = 5.0) at  30 ° C. (Magnification 
2000 x). 
A. Cells of a Beijerinckia strain isolated ~rom a South  Afr ican "Mis tbe l t "  

soil. The  pho tograph  shows typica l  Beijerincka cells character ized by  a 
large, h ighly  refract ive  ~at globule a t  each end of the  cell. 

•. Beijerinckia strain isolated I rom South  African (Tweefontein p lanta t ion,  
Sabie) soil of p H  = 4.5. 
This s t rain shows the  p roper ty  of producing large capsules wi th  a dis t inct  
wall  layer  enclosing m a n y  cells. 
Similar  strains were isolated f rom some o ther  South  African soils (e.g. 
Amat iku lu  soil) and I rom other  regions (China, Java ,  Brazil). 
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of the five solls with pH values higher than pH = 6.0 showed 
Beijerinckia developlnent. As evident from Table 1 Beijerinckia: 
was abseht in the very acid soils (pH < 4.3) and the alkaline soils 
(pH > 7.0). 

As indicated in the geographical map (Fig. 1) eleven of the  
twenty solls collected around or north of latitude 29 ° S. yielded 
Beijerinckia, but  only three of an equal nulnber of soils collected 
south of this latitude. This confirms to a certain extent the tropical 
distribution of the genus Beijerinckia. 

Beijerinckia was found to be present abundantly in the northerI~ 
part of Transvaal in the soils (pH = 5.8 to 6.1) of the De Hoek 
plantations, north of Tzaneen in the Drakensberg Mountains, in 
the solls (pH ---- 5.3) of Wilgenbooln plantation, north of Acornhoek, 
and in the soils around Sabie at Tweefontein plantation, Witklip 
plantation and the S.A.F.I. estate (Hendriksdal) with pH values 
of 4.5, 5.4 and 5.8, respectively. 

It  occurred with Azotobacter in the savannah soll (pH = 6.7) 
froln Pretoriuskop in the Krüger National Park. Moreover, Beije- 
rinckia was present in considerable nulnbers in the acid soil (pH = 
= 4.5) of the Usutu pine plantations near Mbabane in Swaziland. 

In Natal the acid sands (pH = 4.8) of Kwalnbonalnbi, St. Lucia 
Bay and the acid coastal solls near Eshowe, viz those near Port  
Durnford (pH = 4.5) and Alnatikulu (pH = 5.9), contained solne 
Beijerimkia germs. 

Beijerinckia was found to be distributed rar Inore sporadically 
in soll salnples collected in the Cape Province. Only in three cases 
a positive result was obtained, i.e. in a forest soil (pH = 4.4) of 
the Forest Sanctuary near Stutterheiln, in a well-developed Pinus 
taeda forest soil (pH = 5.4) with root penetration to 2 meters (very 
good site) at Blueliliesbush, and in a garden soil (pH = 6.1) of 
the Tokai Arboretuln near Muizenberg on the Cape Peninsula. In 
the latter soil Beijerinckia occurred together with Azotobacter. 

Soil cover seelns of little influence on the distribution of Beije- 

Pla t e  2: Typical colony types of Beijerinckia strains. 
Most strains produce these highly raised, ofteI1 plicated, glistening colonies 

of a very tenacious and elastic slime. 
Colony development upon nitrogen-free glucose agar plates (pH = 5.0) 

incubated 3 weeks at 30 ° C. (Magnification 2 × ). 
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rinckia as the latter occurs in soils under indigenous grass cover 
(North Transvaal), savannah vegetation (Low Veld), sugar-cane 
cultivations (Amatikulu), exotie forest plantations (Transvaal, 
Swaziland, Natal), natural forest (Stutterheim Forest Sanctuary) or 
garden soil (Tokai Arboretum). 
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Climate - apart of its influence on soll type - also shows little 
influence. In northern Transvaal Beijerinckia occurs predominantly 
in the high-rainfall (40-66") area in the Drakensberg Mountains, 
sometimes at rather high altitudes (3,000-6,000') where occasional 
frosts occur. But this micro-organism is also present in the semi- 
arid savannah climate of the Low Veld with extremely hot day 
temperatures and in soils of the Tokai Arboretum with a moderate 
climate. 

In contrast to the faetors mentioned, soil type appears to have 
very great influence on the geographical and ecological distribution 
of Beijerinckia. This will be discussed more in detail in the next 
section. 

DISCUSSION 

The ecological and geographical conditions governing the re- 
markable tropical distribution of the genus Beijerinckia are not 
clearly understood. 

In view of the fact that  these miero-organisms have been usually 
reported from more or less acid solls, one may surmise that  a low 
pH, by suppressing the competition of many other soil bacteria, 
might be a Iactor determining the presence of Beijerinckia. The 
negative outcome of tests with so many and diverse acid soils of 
temperate regions shows the untenability of this idea. 

There is also no reason for the belief that  the low temperature 
in the temperate zones may be responsible for the absence of 
Beijerinckia in these soils. Growth experiments with Beijerinckia 
strains at several temperatures showed no marked differences 
between temperature optima and minima of these bacteria and 
those of Azotobacter strains. In fact, the reverse was Iound to be 
true of what would have been expected from a tropical micro- 
organism as no Beijerinckia strain was found to produce growth at 
37 ° C while most Azotobacter strains grew profusely at this temper- 
ature. Some Azotobacter strains still produced growth at 40 ° C. 
These experiments will be described in a subsequent paper. 

Moreover, Beijerinckia is fairly cold and frost resistant. Cells of 
these micro-organisms suspended in tap watet or nitrogen-free 
mineral medium and stored for twenty months at + 4 ° C or -- 4 ° C 
in a refrigerator retained some viability as shown by growth when 
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Sample 
No. 

3 
4 
5 
6 
7 
8 
9 

10 
11 

14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

TABLE 1 

Loeality 

TRANSVAAL 
De Hoek plantations, 7.5 mfles N. of Mokeetsi, N. of Tzaneen 

, , , 7.5 , , , , , ,» , Bruynzeel's 
Sawmill. 

Westfalia estate, between Duivelsldoof and Tzaneen 
Wilgenboom plantation, 12 tolles NW. of Aeornhoek 
Tweefontein plantation, road between Graskop and 8abie . 
Witklip plantation, SE. of Sabie 
South Afriean Forest Investment estate, HendriksdaJ, 7 tolles S. of Sabie . 
Krüger National Park, Pretoriuskop 
Citrus and Subtropieat Horticulture Researeh Station, Nelspruit 
Berlin plantation, 20 tolles SW. of Nelspruit. 
Jessievale plantation, 25 miles N. of Ermelo. 

SWAZILAND 
Piggspeak plantations, 10 miles N. of Piggspeak 
Usutu plantation, 30 miles NE. of Mbabane 

NATAL 
Dududuku plantation, 10 miles NW. of St. Lueia. 
Vergoeding plantation, 8 mfles NW. of St. Lucia 
Kwambonambi, 14 miIes NE. of Empangeni. 
5 miles N. of Empangeni 
Port Durnford, 20 miles B. of Eshowe 

20 . . . . . . . .  
Amatikulu, 20 tolles SiE. of Eshowe. 
Weza plantations, 30 mfles iE. of Kokstad. 

CAPE PROVINCiE 
Houtbosfontein plantation, 20 tolles N. of Kokstad. 

, , , 15 tolles N. of Kokstad. 
Arboretum Nqadu, 15 tolles NW, of Umtata. 
Forest Sanetuary, 20 tolles W. of Stutterheim 
Loerie plantations, 30 miles SW. of Uitenhage 
Witelsbos, 60 mfles W. of Humansdorp 
Blueliliesbush, 80 miles W. of Humansdorp 

Kransbos, 10 miles NE. of Knysna.  
Coneordia plantations, 10 tolles N. of Knysna 
Saasfetd, 15 miles E. of George. 
Kleinplaat, 20 tolles W. of George 
Little Karroo, OliIant's river, 10 tolles N. of Oudtshoorn 
Swartberg Pass, 10 miles S. of Prinee Albert. 
Kluitjeskraal, 1 mile W. of Wolseley 
Fransehhoek, Helshoogte, 5 tolles NiE. of Stellenbosch 
Jonkershoek, 10 miles SE. of Stellenboseh. 

10 , ,  , . . . . .  , »  

Tokai Arboretum, Muizenberg 
Hout Bay, 10 tolles S. of Cape Town 

Annual 
Lat .°S.  rainIaH, 

inehes 

23.5 66 

23.5 66 
24.0 40 
24.5 50 
25.0 48 
25,0 45 
25.0 45 
25.0 22 
25.5 30 
25.5 42 
26.0 36 

26.0 47 
26.0 45 

28.0 38 
28.0 38 
28.5 50 
28.5 45 
29.0 60 
29.0 60 
29.0 36 
30.5 45 

30.5 45 
30.5 45 
31.5 39 
32.5 42 
34.0 31 
34.0 45 
34.0 40 

34.0 3I 
34.0 38 
34.0 34 
34.0 22 
33.5 10 
33.5 I8 
33.5 26 
34.0 29 
34.0 42 
34.0 42 
34.0 38 
34.0 25 

I 
Altitude 

Fr. 

4000 

4000 
2800 
3000 
4100 
3800 
4400 
1060 
2350 
4400 
5800 

4500 
4500 

200 
200 
100 
200 
300 

50 
100 

4500 

5000 
3000 
2900 
2500 
2400 

700 
700 

1200 
800 
600 

2000 
II00 
3000 

900 
1000 
900 
900 
200 
100 

Sample 
No. 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

I2 
13 

14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

pla ted  on ni t rogen-free nut r ien t  agar. Such ex t reme  condit ions are 
not  l ikely to oecur in t e m p e r a t e  zones. Ecological  evidence also 
points  to a considerable cold tolerance of Beijerinckia as it was 
found to occur at  r a the r  high al t i tudes  in the  Red Ea r th s  of the 
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T A B L E  1 (eontinued) 

• ~ ~ I  Frost Soll type Soil Soll . . . . .  
i pH 

2 
3 
4 

5 
6 
7 
8 

9 
10 
11 

1 2  

13 

14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Light 

Moderate 
Light 

None 
» 

Moderate 
Severe 

Mild 

None 

Moderate 

Ligt~t 

None 
Light 

Severe 

Light 

None 

Red la ter i t ic  loam 

Reddish-brown sandy soil 

Yellow-brown sandy soll. 
Red later i t ie  loam 

Red lateri t ic earth 

Light brown l i t toral  sand 
»» , , 

Brown fine sand 
Humns-rieh forest soil. 
Reddish-brown fine sand 
Dark IittoraI sand 
Yel]ow-brown ferruginous earth 
Yellow-brow~', la ter i t ic  loam 

Red (eluvial) dolorite soll, slopes . . . .  
Dark  (illuvial) soil, valleys. 
Reddish ferruginous earth 

5.8 

6.0 
5.0 
5.3 
4.5 
5.4 
5.8 
6.7 
6.6 
4.2 
4.6 

5.2 
4.5 

4.4 
4.5 
4.8 
5.6 
4.5 
7.7 
5.9 
4.5 

5.7 
5.4 
4.3 

Eucalyptus microcorys cultivation. 

Indigenous grassland 
Eucalyptus saligna cul t ivat ion.  
E. cloeziana cult ivation 
E. saligna eultivation, 9 years old 
Pinus patula cult ivation 
P. patula eultivation, 30 years old 
Savannah vegetation 
Citrus eult ivation 
Pinus patula eultivation, old plantat ion . . . .  
P. patulct eultivation, young plantat ion 

Pinus patula cutt ivation 
P. patula eultivation, 6 years old. 

Pinus caribaea cultivation, 8 years old 
Eucalyptus paniculata cult., 3 4 years old . . . 
Pinus elliottii cu]tivation 
Casuarina equiseti[oIia cult ivation 
Eucalyptus maculaia cult., 30 years old 
Casuarina equiseti/olia reaftorestation. 
Sugar-cane cul t ivat ion 
Pinus pa tuß  eultivation, 31 years oid 

Natural  pasture 
Uncult ivated 
Arboretum 

R e d  la ter i t ic  loam 
Gray fine Ioam. 

Da'rk sä'nd (öld d . . . .  ). 
Grey ferruginous sand. 
Dark  sandy soll 
Heavy  loam (riverside) 
Brown sand 
Iron-eoated eoarse sand . 
Yellow-gray sandy soll 
Dark  l i t ter-rich sandy soll 
Reddish-gray fine sand 
Garden soiI 
Reddish eoarse granit ie  sand.  

4.4 
5.I 
5.1 
5.4 

4.4 
3.6 
5.9 
3.6 
7.5 
4.7 
4.9 
ö.1 
5.5 
5.1 
6.1 
5.1 

Bare slope 
Pinus pin«ster cult ivat ion.  
B. pinaster and P. r«diata cult., poor site . . . 
P. taeda eult., 41 years old, very good site, 

root development to 2 m 
P. taeda cultivation. 

Natura l  forest {groenbos) 
Forest felling area 
Cultivated soil. 
Reafforestation of eroded land.  
Pinus taeda cult ivation 

, »» ,~ 
Pinus mdiata cult ivat ion 
Natura l  forest (fijnbos) 
Arboretum 
Indigenous vegetation 

B* IA**]~C 
g 

+ --  1 

+ -- 2 
3 

+ - 4 
+ - 5 
+ - 6 
+ -- 7 
+ + 8 

+ 9 
10 
11 

12 
+ -- 13 

14 
1 5  

+ -- 16 
17 

+ -- 18 
+ 19 

+ -- 20 
+ -- 21 

I -  - 22 
J 

23 
24 

+ - 25 
- 26 

27 

+ - 28 
- 29 

3O 
31 
32 

+ 33 
- 34 
- 35 

36 
37 

- 38 
+ + 39 

- -  40 

*B = presenee of Beije«inckia. **A = presenee of Azotobacter. 

Ethiopian Mountain Plateau (Addis Ababa and Entoto hills at 
8,300 and 9,300', respectively), in the latosols of the East African 
Highlands (Kenya, 6,800') and of the Drakensberg Mountains 
(4,000') in South Africa, and in some mountain forest solls (6,700' 
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to 10,000') in Javal Several of these localities suffer occasional 
frosts. 

We must therefore conclude that the occurrence of Beijerinckia 
is determined by  some complex of ecologieal factors which is only 
realized in the tropics. 

Several hypotheses have been developed to explain the tropical 
distribution of Beijerinckia. 

D e r x  4 a t t r ibu tes  the  t ropical  d is t r ibut ion to a possible association wi th  
some non nodule- forming t ropical  legumes of the  genus Caesalpiniaceae 
(e.g. C«ssia tore) and suggests t h a t  Beijerinckia is a facul ta t ive  symbion t  
which in cont ras t  to Rhizobium has not  lost the  power  to fix a tmospher ic  
n i t rogen outside the  plant.  

R u i n e n  20 reports  the  abundan t  occurrence of Beijerinckia on leaves 
("phyl losphere")  of t ropical  plants.  She is inclined to th ink  t h a t  there  exists 
in t ropical  regions a Inutual  benificial  relat ionship be tween  t ropical  plalltS 
and BeÜerinckia. The p lan t  would provide  the  bac te r ium th rough  cut icular  
excret ion wi th  sugar and nu t r i en t  salts, whilst  the  bac te r ium would fix 
a tmospher ic  n i t rogen which migh t  become avai lable  to the  plant .  

K l u y v e r  and B e c k i n g  la have  drawn a t t en t ion  to the  fact  t h a t  in 
near ly  all cases in which Beijerinckia has been isolated from soll, a t ropical  
soil of the  eluvial  type,  i.e: a la ter i t ic  soil (e.g. lateri te,  t ropical  Red E a r t h  or 
latosol) is concerned. Beijerinckia is observed to be abseht  in t ropical  i l luvial  
solls (e.g. calcareous 2V[argalitic solls, Black Cot ton soils, Regur  or Mbuga 
soils) and in t ropical  alkal ine a l luvial  (river or mar ine  deposits) c lay soils. 

They  suggest  t h a t  the  leached later i t ie  soils a r e a  favourable  hab i t a t  for 
Beijerinckia. If  we aecept  the  v iew tha t  the  var ious BeÜerinckia species are 
especially adap ted  to la ter i t ic  soils, we have  to a cer ta in  ex ten t  an expla-  
na t ion  of thei r  restr ict ion to the  tropics as this t ype  o5 rock weather ing and 
clay minera l  synthesis  is only  clearly displayed in the  tropics. 

From the geographical map (Fig. 1) it is evident that most 
Beijerinckia positive localities are situated between longitude 
29 ° and 32 ° E. and latitude 23 ° and 29 ° S. This region comprises the 
Drakensberg Mountains forming a wall-like barrier from south to 
north extending form the SE. point of the Basuto Highlands, along 
the western boundery of Natal and the eastern side of Swaziland 
(Mbabane) into Transvaal past Pilgrims Rest, Tzaneen to SE. of 
Louis Trichardt in Northern Transvaal. 

The escarpment  of the  Drakenberg  Mounta in  rises ab rup t ly  from the  
Low Veld forming a t rans i t ional  bel t  be tween the  Low Veld and the  High 
Veld nor th  of Basu to land  and the  Low Veld and the  Middle Veld in the 
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north. These mountain barriers, towering from 2,000 to 5,000 feet above 
the Low Veld, intercept the moisture-laden winds from the Indian Ocean, 
causing an increased precipitation on its eastern slope. This area - generally 
known as the "'Mistbett" - experiences the highest rainfall and the most 
humid atmosphere oI the whole of South AIrica. 

Van der  Merwe 17 (p. 182), in the publication "Soil groups and sub- 
groups of South Africa", remarks: "Coincident with the "Mistbelt" there 
occur soil zones nnique in South Afriea. Although these zones differ from 
each other morphologically and chemically, they are classified as (a) Laterites, 
(b) Lateritic Red Earths and (c) Lateritic Yellow Earths". He classifies the 
soils near Sabië and Graskop (soll samples No's 5, 6, 7) as belonging to 
laterites, those near Tzaneen (soll samples No's 1, 2) and Mbabane (soll 
sample No. 13) as lateritic Red Earths, and those of Jessievale (soll sample 
No. 11) as lateritic Yellow Earth. 

According to the geological map of the Geologieal Survey 1955, these 
lateritic solls o5 the "Mistbelt" are mainly derived Irom acid igneous rock, 
Old Granite of archaeozoic origin. 

The  r e m a r k a b l e  coincidence given above  be tween the  d is t r ibut ion 
of Beijerinckia and the  presence of la ter i tes  and  later i t ic  E a r t h s  

in South  Africa s t rengthens  our suggestion t ha t  Beijerinckia is 

ma in ly  associa ted wi th  later i t ic  soil types .  Moreover  it provides  
the  first  evidence of an earlier predict ion of ours 13 t h a t  this micro- 

organism m a y  occur  also in la ter i t ic  soils outside the  tropics. 
The  other  soils observed to be  posi t ive for Beijerinckia are more  

or less ferruginous acid forest  soils, near  S tu t t e rhe im and  Blue- 

liliesbush. The  presence of Beijerinckia in a garden  soil of the  Toka i  

A r b o r e t u m  on the  Cape Peninsula  indieates its occurrence in 
South  Africa as far  south  as Cape Town lat.  34 ° S. 

The  a b u n d a n t  d is t r ibut ion of Beijerinckia in the latosols of the  
"Mis tbe l t "  m a y  be of some value in the  n i t rogen economy of these 

soll types .  The  p H  values of these soils are mos t ly  fair ly low so t h a t  
Azotobacter is absent .  

As is well known,  la ter iza t ion leads to an accumula t ion  of iron 
and  a lumin ium in the  uppe r  soil layers  and  to a leaching a w a y  of 

silica, potass ium,  sodium and magnes ium and more  par t i cu la r ly  
calcium. The  soils are moreove r  m os t l y  phosphorus  deficient owing 

to phospha t e  f ixat ion b y  i ron-a lumin ium complexes.  J u d g e d  b y  the  
high electrical resistance,  these soils contain  v e r y  li t t le soluble salts. 
The  soils have  a character is t ic  low base-exchange  capac i ty  due to 
the  dominan t  presence of the  c lay minera l  kaolinite.  

I t  is t e m p t i n g  to relate  the  ex t r eme  p o v e r t y  in calc ium of the  
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natural surroundings of Beijerinckia with J e ns e n's 7 s observation 
that these bacteria, in contrast to Azotobacter, require no caleium 
for their development. This observation has been confirmed by the 
present author. According to a recent publication by N o r r f s  and 
J e n s e n  is, however, calcium is n o t  essential for the growth of 
Azotobacter agile either, although they found it to have a more or 
less stimulatory effect. 

In these lateritic solls the accumulation of sesquioxides of fron 
and aluminium combined with a high acidity leads to a rather high 
content of mobile fron and aluminium and a low concentration of 
phosphate in the soll environment. The occurrence of Beijerincki« 
under these particular chemical soil conditions corresponds with out 
observations that Beijerinckia requires far more fron and less 
phosphate for optimal development than Azotobacter. Moreover, 
K a t z n e l s o n  10 has shown that Beijerinckia (=Azotobacter indicum) 
is eonsiderably less susceptible to the toxic effect of free aluminium 
than Azotobacter strains. A more detailed account on the mineral 
nutrition of B@'erirwkia will be published in a separate paper. 

SUMMARY 

In contrast to the ubiquitous distribution of the nitrogen-Iixing bacteria 

of the genus Azolobactev which can be encountered in all solls with suitable 

pH, the nitrogen-fixing bacteria of the genus Beijeri•ckia seem to be re- 

stricted to the tropics. 

All attempts to isolate Beijerinckia from north-european soils have so far 

failed. The conditions underlying this peculiar phenomenon are not clearly 

understood. The selective action of low soil pH, low temperature, frost 

resistance, etc. cannot be responsible for the absence of Beijerinckia froln 
temperate zones. 

In an earlier paper 18 it was emphasized that the presence of Beijevinckic~ 
is almost illvariably connected with the occurrence of laterites, tropical 

Red Earths or latosols. As these soil types are ahnost restricted to the tropics, 
this may be the reason why the genus Beijerinckia is inainly confined to 
tropical regions. 

It was also suggested in that paper that Beijerinckia inight also occur in 

lateritic soils- fossil or developed under particular climatic conditions - 
outside the tropics. 

The presen t  paper  gives the  first  evidence of the  occurrence of Beijeri~ckia 
in later i t ic  soils outs ide  the  t ropics  in South  Africa. There  Beijeri~zckia 
occurs a b u n d a n t l y  in t he  later i t ic  soils of the  "Mis tbe l t " ,  b u t  it  occurs also 

- a l though  more  sporadical ly  - in soils as rar sou th  as Cape Town (lat. 34 ° S.). 
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H e n c e ,  n o n - s y m b i o t i c  n i t r o g e n  f i x a t i o n  m a y  o c c u r  in  s o m e  of  t h e s e  soi ls  

w h i c h  a r e  t oo  ac i d  to  c o n t a i n  Azotobacter. 

A C K N O W L E D G E M E N T S  

T h e  soi l  s a m p l e s  w e r e  co l l e c t ed  b y  P ro f .  Dr .  J .  H .  B e c k i n g  of  t h e  D e -  

p a r t m e n t  of  F o r e s t r y ,  A g r i c u l t u r a l  U n i v e r s i t y  of  W a g e n i n g e n ,  T h e  N e t h e r -  

l a n d s ,  d u r i n g  a s t u d y  t o u r  in  t h e  U n i o n  of  S o u t h  A f r i c a  f r o m  t h e  5 t h N o v e m b e r  

1957 t i l l  5 t h  J a n u a r y  1958. 

T h e  a u t h o r  a l so  w i s h e s  to  e x p r e s s  h i s  i n d e b t e d n e s s  to  t h e  D e p a r t m e n t  of  

F o r e s t r y  a t  P r e t o r i a  fo r  c h e c k i n g  t h e  g e o p h y s i c a l  d a t a  m e n t i o n e d  in  T a b l e  1. 

Received October 15, 1958 

REFERENCES 

1 A l t s o n ,  R. A., Studies on Azotobacter in Malayan solls. J. Agr. Sei. 26, 268-280 
(1936). 

2 D e r x ,  H. G., Beijerinc£ia, a new genus of nitrogen-fixing baeteria occurring in 
tropicaI solls. Koninkl. Ned. Akad. Wetensehap.  Proc. C 33, 140-147 (1950). 

3 Der  x, H. G., Fnr ther  researches on Beijerinckia. Ann. Bogoriensis 1, 1-11 {1950). 
4 D e r x ,  H. G., Sur la eause de la distribution géographique limitée des Beijerinckia. 

Proc. 6th Intern.  Congr. Mierobiol. Roma 6, 354-355 (1953). 
5 D ö 5 e r e i n e r ,  J. and De C a s t r o ,  A. F., Ocorrêneia e capaeidade de fixagäo de 

nitrogênio de bactérias do gênero Beijerinckia nas séries de solos da ärea territorial 
do Centro Naeional de EnsJno e Pesquisas Agronômieas. Inst .  Ecol. Exp. Agr. Bull. 
16, 18 pp. (1955). 

6 D o m m e r g u e s ,  Y., Ecologie et reparti t ion de trois microorganismes fixateurs d 'azote 
atmosphérique des sols de Madagascar. Rapports  et Commun. Congr. Intern. 
Botan. 8e Congr. Paris, Seetion 21, 18-19 (1954). 

7 J e n s e n ,  H. L., The influence of molybdenum,  calcium and agar on nitrogen fixation 
by Azotobaeter indicum. Proe. Linnean Soc. N. S. Wales 72, 299-310 (1948) 

8 J e n s e n ,  H. L., The magnes ium requirements  of Azotobacter and Beijerinekia, with 
some additional notes on the latter genus. Acta Agr. Seand. 4, 224-236 (1954). 

9 J e n s e n ,  H. L., The Azotobacteriaceae. Baeteriol. Rev. 18, 195-214 (1954). 
10 K a t z n e l s o n ,  H., Survival of Azotobacter in soll. Soll Sei. 49, 21-35 (1940). 
11 K a u f f m a n n ,  J. and T o u s s a i n t ,  P., Un nouveau germe fixatenr de l 'azote atmos- 

phérique:  Azotobacter laetieogenes. Rev. Gén. Botan. 58, 553 561 (1951). 
12 K a u f f m a n n ,  J. and T o u s s a i n t ,  P., Un nouveau germe fixateur de l 'azote atmos- 

phérique: Azotobaeter laeticogenes. Compt. Rend. 233, 710-711 (1951). 
13 K l u y v e r ,  A. J. and B e c k i n g ,  J. H., Some observations on the nitrogen fixing 

baeteria of the genus Beijerinekia Derx, Ann. Acad. Sei. Fennieae. Ser. A I I ,  60, 
367-380 L (1955). 

14 L o e h h e a d ,  A. G., Soll rnierobiology. Arm. Rev. Mierobiol. 6, 185-206 (1952). 
15 1Ke ik l e john ,  J., Notes on nitrogen-fixing baeteria from East  African solls. Proe. 

5th Intern.  Congr. Soll Sei. Léopoldville, g, 123-125 (1955). 
16 M e i k l e j  ohn ,  J., Personal eommunieat ion (1957). 
17 Merwe ,  C. R. r a n  der ,  Soll groups and sub-groups of South Africa. Dep. Agr. and 

Forestry Union S. Africa. Sei. Bul!. "~31,316 pp. (1941). 



206 B E I J E R 1 N C K I A  IN SOUTH AFRICAN SOILS 

i5 Nor r i s ,  J. R. and J e n s e n ,  H. L., Calcium requirements of Azotobacter. Natui« 
180, 1493-1494 (1957). 

19 P o y n t o n, R. T., Notes on exotic lotest trees in South Afriea. Commonwealth Forestry 
Conf. Australia and New Zealand, 135 pp (1957). 

20 R u i n e n ,  J., Occurrence of Beijerinckia speeies in the "phyllosphere". Nature 177, 
220-221 (1956). 

21 S t a r k e y ,  R. L., A speeies of Azotobacter tolerant to high acidity. Scienee B9, 267 
(1939). 

22 S t a rke  y, R. L., The influenee of reaction upon the development of an aeid-tolerant 
Azotobaeter. Proc. 3rd Intern. Soil. Sei. Congr. New Brunswiek, 142-150 (1939). 

23 S t a r k e y ,  R. L. and De, P. K., A new species of Azotobaeter. Soil Sei. 47, 329-343 
(1939). 

24 Suto ,  T., An acid fast Azotobacter in a voleanie ash soil. Sei. Repts. Research Insts. 
Tohoku Univ. Ser. D 6, 25-31 (1954). 

25 Suto ,  T., Some properties of an aeid tolerant Azotobacter, Azotobacter indieum. 
Tohoku J. Agr. Research 7, 669-382 (1957). 

26 T h o r n t o n ,  H. G. and M e i k l e j o h n ,  J., Soil mierobiology. Arm. Rer. Mierobiol. 11, 
123-148 (1957). 

27 Tchan ,  Y. T., Studies on N-fixing baeteria. IV. Taxonomy of genus Azotobacter 
(Beijerinek, 1901). Proc. Lillnean Soc. N. S. Wales 78, 85-89 (1953). 

28 T e h a n ,  Y. T., Studies on N-tixing baeteria. V. Presenee of Beijeriuekia in Northern 
Australia and geographie distribution of non-symbiotic N-fixing micro-organisms. 
Proe. Linnean Soc. N. S. Wales 78, 171-178 (1953). 


