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MICROBIOLOGY OF BROADBALK SOILS

to support the idea that fallowing stimulated] nitrogen fixation for the first
crop after fallow. Azotobacter were few in sections under the 4th successive
wheat crop and in the soil being fallowed, but increased greatly in the first
wheat crop after the fallow. The increase in Azotobacter was greatest in
the plots where the increased yield from fallow was greatest (Table 9-4).
Plots given ammonium sulphate every year had fewer Azotobacter than
the other plots (Meiklejohn, 1965).

However, Azotobacter in the Broadbalk soils seemed too few to fix
enough nitrogen to affect the crop growth. Although an improved technique
(Brown, Burlingham & Jackson, 1962) increased the count, the largest
population found was only 9400 cells/g dry soil, which again is too few for
Azotobacter to affect crop growth through nitrogen fixation. Nevertheless
the Azotobacter numbers indicate that conditions are suitable for nitrogen
fixation by other species, such as the anaerobe Clostridium pasteurianum,
which occurs all over Broadbalk in much larger numbers than Azoto-
bacter, ranging up to 100 000 cells per gram dry soil (Meiklejohn, 1956).
The possibility that an anaerobe is the active fixing agent in Broadbalk
soil is supported by laboratory observations of nitrogen fixation by soil
from Broadbalk plot 3 incubated anaerobically with straw (Barrow &
Jenkinson, 1962).

TABLE 94
Effect of fallow on Azotobacter numbers in 1962
Largest number Mean
(cells/g soil)
Plots without added nitrogen
3 Fallow 137 53 + 16
1st crop after fallow 1194 430 + 135
5 Fallow 282 166 -+ 30
1st crop after fallow 894 400 4+ 121
Plots with annual ammonium sulphate
7 Fallow 410 134 + 49
1st crop after fallow 1429 631 + 190
10 Fallow 535 129 + 76
1st crop after fallow 260 146 + 27
Other nitrogen treated plots
16 Fallow 4524 1003 + 594
1st crop after fallow 3782 1803 =+ 435
17 Fallow 2620 580 + 343
1st crop after fallow 9406 2442 + 1276

Symbiotic Nitrogen Fixation: Legume Nodule Bacteria
By P. S. NUTMAN

Four species of the genus Rhizobium, which form nodules on the roots of
leguminous plants occur in Broadbalk soils, but in populations that are
much smaller than in neighbouring fields.

Nodule bacteria were counted in samples of soil taken in March 1968
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from plots 3, 5, 8 and 16 in sections I, II, IIL, IV and VA, using dilutions of
soil to inoculate sterile-grown seedlings of the test legumes, viz. Vicia
hirsuta to test for the presence of Rhizobium leguminosarum, Trifolium
pratense for R. trifolii, Lotus corniculatus for R. lupini and Medicago
sativa for R. meliloti. The test seedlings form nodules and grow only if the
inoculum contains the appropriate species. Samples were also taken from
plots 2, 11 and 18 to count R. leguminosarum only.

Table 9°5 shows the logarithms of estimated numbers per gram dry soil.
(Nutman, 1962.)

TABLE 9-5
Rhizobium counts on Broadbalk, March 1968

Log estimated no./g dry soil

Herbi- R. leguminosarum R. trifolii
Section since Plot3 5 16 8 2 11 18 '3 5 16 g
I 1957 5-12 5-14 4-83 5-16 - — — 2-64 2-10 312 >4-08
11 1964 442 3-48 4-29 455 4-15 3-81 4:20 295 1-26 229 >3-97
111 1964 4-89 4-50 3-87 402 — — — 2:94 1-96 1-41 3-55
v 1964 3-68 4-59 2-97 4-89 —- — _ 332 2-53 1:85 >4-00
VA none 4-52 5-07 4-20 5-70 5-48 399 >5-52 3-32 1-38 178 >3-20
R. lupini R. meliloti

Plot3 5 16 k- 3 5 16 g

) § 1957 1-02 2-38 1-33 <051 <0-32 2:32 <0-59 <0-87

11 1964 <0-33 0-61 <0-96 1-06 <1-18 096 <045 <0-27

11I 1964 <0-47 1-58 0-75 2-53 0-89 1-71 1-30 <0-42

v 1964 075 <049 1-20 <0-15 097 <0-56 0-68 <0-15

VA none 2:13 1-16 1-19 1-98 <067 0-47 <1-04 <0-15

Rhizobium leguminosarum is the most abundant species in Broadbalk.
The average of all counts was 28000/g dry soil, and ranged from 1800/g
dry soil in one sample of plot 11 to >87000 in plot 18. In most plots
numbers varied by less than a hundred-fold, and no significant differences
were noted between sections or plots. All R. leguminosarum cells nodulating
the test plant were effective in fixing nitrogen.

The next most abundant species of nodule bacteria is Rhizobium trifolii
of which most were found in plot 3 (unmanured) and plot 8 (N;PKNaMg).
Maximum, minimum and average counts were <<14500, 7 and 320/g soil
and populations varied more than R. leguminosarum. No consistent differ-
ences were found between sections or plots. About 10 9 of the bacteria that
nodulated Trifolium pratense when inoculated with the most dilute sus-
pensions did not fix nitrogen or fixed very little on this host.

Rhizobium lupini occurs sparsely and sporadically; it was not found in
seven plots (total of 104 g sampled) and in the others the average number
was 310/g and the maximum 1620/g. Bacteria from all except one sample
(plot 3, section II) were effective in fixing nitrogen in nodules of Lotus
corniculatus.

Rhizobium meliloti occurs infrequently in low numbers. It was absent
from nearly half the samples (total weight 19 g) and was few in the samples
where it occurred; an average of 13/g and a maximum of 229/g. More
than half of the strains were fully effective with Medicago sativa.

In fields such as Broadbalk where legume crops are not grown the
nodule bacteria may be brought in from neighbouring fields or may
persist on leguminous weeds. Whichever way they are introduced their
distribution does not correspond with that of leguminous weeds.
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Medicago lupulina (black medick) is the commonest leguminous weed on
the plots sampled, but its nodule bacteria is the rarest of the four species.
Black medick is most frequent in plots 3 and 5, much less frequent on plot
16 and rarely occurs on plot 8, which also contains fewer R. meliloti than
other plots. Herbicides have decreased numbers of M. lupulina in most
years (see p. 197) but this has had no effect on the numbers of its nodule
bacteria in the different sections.

The natural hosts of R. leguminosarum found in Broadbalk are common
vetch (Vicia sativa) and meadow vetchling (Lathyrus pratensis), Vicia sativa
being most frequent, particularly in certain years on plots 3, 5 and 18.
Lathyrus pratensis occurs rarely and sporadically and very few of either
legume occur on plot 16 and none on plot 8. There is no significant differ-
ence in numbers of R. leguminosarum between plots or between sections
treated with herbicides and those not treated, in spite of the effect of herbi-
cides in diminishing populations of V. sativa on all plots where it occurs.

Although Rhizobium trifolii is more widely distributed on Broadbalk and
more abundant than R. /upini or R. meliloti, its natural host plants, the
clovers, occur very rarely and not at all in most years.

No known host plant of R. lupini has been recorded on Broadbalk so
that the occurrence of this species of Rhizobium cannot be related to weed
history.

Numbers of Rhizobium in Rothamsted soil under leguminous crops are
larger by several orders of magnitude than those found in Broadbalk. For
example in Sawyers field (limed plots) under Medicago lupulina, tick beans
and red clover, the average number of the specific rhizobia for these legumes
were respectively 500 000, =2 000 000 and 700 000 per g/dry soil (Nutman,
1963). In the long term fallow experiment in Highfield the total Rhizo-
bium population is small, but, as on Broadbalk, the clover and bean nodule
bacteria are nevertheless more abundant than the lotus and medick bacteria.
This suggests that the nodule bacteria found in Broadbalk are unlikely to
have multiplied in the rhizospheres of the relatively few leguminous weeds
but more likely to have been brought in from neighbouring fields.

Rhizosphere and Rhizoplane Fungi

By JuDITH ETHERIDGE

Take-all, caused by Ophiobolus graminis, is usually less severe on wheat
on Broadbalk than on wheat grown successively in other fields at Rotham-
sted. In 1960 the fungi of the rhizosphere and rhizoplane of wheat from
Broadbalk were compared with those from other fields in an attempt to
identify any organism that might inhibit the development of take-all on
Broadbalk. The rhizosphere fungi were studied by the dilution plate method
using a glucose peptone medium (Johnson ef al., 1959) with 30 mg aureo-
mycin per litre. After the rhizosphere soil had been washed away, the roots
were washed in only two changes of sterile water, then cut into 05 cm

M2 181

https://doi.org/10.23637/ERADOC-1-2 pp 4


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

ROTHAMSTED REPORT FOR 1968, PART 2

and was especially rich in reticulate spores. Yellow vacuolate spores were
most abundant in the FYM plot. Of the four types, laminate spores were
fewest, whereas in the nearby field, Little Knott, they were the only ones
found and were numerous in some plots, especially those not given nitro-
gen.

Acknowledgement
We thank G. J. S. Ross for the statistical analyses.

REFERENCES

AsHBY, S. F. (1907) Some observations on the assimilation of atmospheric nitrogen
by a free living organism—Azotobacter chroococcum of Beijerinck. J. agric. Sci.,
Camb. 2, 35-51.

Barrow, N. J. & JENKINSON, D. S. (1962) The effect of water-logging on fixation of
nitrogen by soil incubated with straw. PI. Soil 16, 258-262.

BristoL ROACH, B. M. (1927) On the algae of some normal English soils. J. agric.
Sci, Camb. 17, 563-588.

BrOWN, M. E., BURLINGHAM, S. K. & JAcksoN, R. M. (1962) Studies on Azorobacter
species on soil. 1. Comparison of media and techniques for counting Azotobacter
in soil. Pl Soil 17, 308-319.

BURLINGHAM, S. H. (1960) Unpublished results.

Crump, L. M. (1920) Numbers of Protozoa in certain Rothamsted soils. J. agric.
Sci, Camb. 10, 182-198.

CuTLER, D. W. & CrUMP, L. M. (1920) Daily periodicity in the numbers of active soil
flagellates; with a brief note on the relation of trophic amoebae and bacterial
numbers. Ann. appl. Biol. 7, 11-24.

ETHERIDGE, J. (1960) Unpublished results.

ETHERIDGE, J. (1964) Unpublished results.

FLenTJE, N. J. (1956) Studies on Pellicularia filamentosa (Pat) Rogers. I Formation of
the perfect stage. Trans. Br. mycol. Soc. 39, 343-356.

HARLEY, J. L. & Wam, J. S. (1955) A method of studying active mycelia on living
roots and other surfaces in the soil. Trans. Br. mycol. Soc. 38, 104-118.

HavYMAN, D. (1968) Unpublished results.

HuTtcainsoN, H. B. & CLAYTON, J. (1919) On the decomposition of cellulose by an
aerobic organism (Spirochatea cytophaga n.sp.). J. agric. Sci., Camb. 9, 143-173.

JounsoN, L. F. et al. (1959) Methods for studying soil microflora—plant disease rela-
tionships. Minneapolis; Burgess Publishing Co.

LINGAPPA, Y. & Lockwoob, J. L. (1962) Chitin media for selective isolation and
culture of actinomycetes. Phytopathology 52, 317-323.

MARTIN, C. H. & LEwIN, K. R. (1915) Notes on some methods for the estimation of
soil protozoa. J. agric. Sci. 7, 106-119.

MEIKLEJOHN, J. (1949) Isolation of Nitrosomonas from Rothamsted soil. Nature,
Lond. 164, 667.

MEIKLEJOHN, J. (1956) Preliminary notes on numbers of nitrogen fixers on Broadbalk
field. Proc. 6th int. Cong. Soil Sci., Paris, C, 243-248.

MEIKLEJOHN, J. (1962) Unpublished results.

MEIKLEJOHN, J. (1965) Azotobacter numbers on Broadbalk field, Rothamsted. PIL
Soil 23, 227-235.

Mossk, B. & BoweN, G. D. (1968a) A key to the recognition of some Endogone spore

. Trans. Br. mycol. Soc. 51, 469.

Mosse, B. & Bowen, G. D. (1968b) The distribution of Endogone spores in some
Australian and New Zealand soils, and in an experimental field soil at Rothamsted.
Trans. Br. mycol. Soc. 51, 485.

NUTMAN, P. S. (1963) Rep. Rothamsted exp. Stn for 1962, 80, 81.

NuTMAN, P. S. (1968) Unpublished results.

RusseLL, E. J. & APPLEYARD, A. (1917) The influence of soil conditions on the de-
composition of organic matter in the soil. J. agric. Sci. 8, 385-417.

RusseLL, E. J. & HurcHmNson, H. B. (1913) The effect of partial sterilisation of soil
on the production of plant food. IIL The limitation of bacterial numbers in normal
soils and its consequences. J. Agric. Sci., Camb., S5, 152-221.

184

https://doi.org/10.23637/ERADOC-1-2 pp5


https://creativecommons.org/licenses/by/4.0/

This work is licensed under a Creative Commons Attribution 4.0 International License.

MICROBIOLOGY OF BROADBALK SOILS

SINGH, J. (1937) Soil fungi and actinomycetes in relation to manurial treatment, season
and crop. Ann. appl. Biol. 24, 154-168. ,
SINGH, B. N. (1946) A method of estimating the numbers of soil protozoa, especially
amoebae, based on their differential feeding on bacteria. Ann. appl. Biol. 33,

112-119.

SINGH, B. N. (1947a) Myxobacteria in soils and composts, their distribution,
number and lytic action on bacteria. J. gen. Microbiol. 1, 1-10.

SinGgH, B. N. (1947b) Studies on soil Acrasiae. 1. Distribution of species of
Dictyostelium in soils of Great Britain, and the effect of bacteria on their develop-
ment. J. gen. Microbiol. 1, 11-21,

SiNGH, B. N. (1948) Studies on giant amoeboid organisms. 1. The distribution of
Leptomyxa reticulata Goodey in soils of Great Britain, and the effect of bacterial
food on growth and cyst formation. J. gen. Microbiol. 2, 8-14.

SINGH, B. N. (1949) The effect of artificial fertilizers and dung on the numbers of
amoebae in Rothamsted soils. J. gen. Microbiol. 3, 204-210.

SKINNER, F. A. (1951) A method for distinguishing between viable spores and mycelial
fragments of actinomycetes in soils. J. gen. Microbiol. 5, 159-166.

SKINNER, F. A., JonEgs, P. C. T. & MoLLIsoN, J. E. (1952) A comparison of a direct-
and a plate-counting technique for the quantitative estimation of soil micro-
organisms. J. gen. Microbiol. 6, 261-271.

TaorNTON, H. G. & CruUMP, L. M. (1953) Micro-predators in soil. Rep. Rothamsted
exp. Stn for 1952, 164-172.

ZIEMIECKA, J. (1932) The Azotobacter test of soil fertility applied to the classical fields
at Rothamsted. J. agric. Sci., Camb., 22, 797-810.

185

https://doi.org/10.23637/ERADOC-1-2 pp 6


https://creativecommons.org/licenses/by/4.0/

