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Greenhouse and field evaluation of
Rhizobium strains nodulating groundnut
(Arachis hypogaea L)
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Nineteen Rhizobium isolates were screened for effectiveness in nitrogen fixation with groundnut cv. Virginia
Florigiant. Strains exhibited wide variation in effectiveness. Five strains were marked with either streptomycin
or kanamycin and used as inoculants in field studies. Assessment of strain competitive ability was complicated
by isolation of kanamycin-resistant strains from uninoculated plots. Inoculation appeared to increase
groundnut yields.
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Remarkable increases in groundnut yields have been Development of marked strains

?cc:hig;egz ‘bmroughlg;go%u?éﬁ)ndwig‘;s)}?q_iﬁoblium Streptomycin- and kanamycin-resistant mutants of
{Co itty, ; Stoddard, 1 . This has, - 3 X i

however, occurred mainly in areas which were 9018, 22B, AH6, AH10b and CB756 were isolated by
cultivated to groundnutz for the first time. Generally, ~ spreading 0.2 ml of yeast-mannitol broth (YMB)
groundnuts have been found to nodulate freelyand ~ grown culture over plates of yeast-mannitol agar
cffectively with a wide range of cowpea-type (YMA) containing 100ug ml-! of either streptomycin
"hizobium strains (Dart, 1974) and indications are  (S) or kanamycin (K). Colonies growing on the media
that up to 80% of the plant’s N needs can be obtained after 14 days incubation at 28°C were selected as

*hrough nitrogen fixation (Dart & Krantz, 1975). antibiotic-resistant strains. Colonies of 50185, 22BK,

Nodulation of groundnut by indigenous bacteria is CB756K, AH6K, and AH10bK were selected, cross-
normally assumed to be adequate and inoculation is lested for resistance. checked for retention of
seldom practised. However, high soil temperatures, symbiotic effectiveness, sub-cultured on YMA

moistuie stress, low pH, and poor fertility hamper slopes, and stored at 4°C.

survival and effective functioning of ~ rhizobia . . .

(Marshall.°19_64; Holding & King, 1963; Sprent, 1971:  Field experimentaticn

Vincent, 1965). Maximum potential of the symbictic The field experiment was established on Yellow

system therefore, may never be realized. e : :

is study was aimed at evaluating Rhizobium %r]oum Assocxgglqg Zolnlt—alsém?cttoxgsclay OfI%PJ 7'7)'
strains for effectiveness, competitive ability for ; areg Wlast'é' e‘thnj?(()) | P? stiocmx ] cmd
nodulation in the field, and for effect on yield of Sg seec }ganhe w ;m Inter-row spacing an
roundnut. cm within the row. Ea; plot was surrounded by
g two guard rows, respectively 125 cm x 150 cm and
175 cm x 200 cm, with similar plant spacing. Six
treatments were imposed consisting of five strains
and an uninoculated control, each replicated three
Strain trial times in a randomized block design. Plants were

fertilized with 80 kg ha-! muriate of potash.

Nineteen Rhizobium strains, five imported and 14 Inoculum was prepared by streaking marked
local isolates, were screened for effectiveness with strains onto YMA flats and ircubating at 28°C for 14
cv. Virginia Florigiant in sterilized vermiculite in days. Cells were removed by shaking with sterile
Leonard jars (Vincent, 1970}, Each jar was supplied glass beads and 50 ml YMB. This was added to
with N-free, half-strength Dart and Pate nutrient 200 ml sterile skim milk ( 1C0gi*!) and stored at 4°C
solution (Dart & Pate, 1959). Seed, sterilized by prior to use. For the purposes of inoculatioq this
4 min immersion in 0.2% acidified HgCl, and concentrate was diluted with water to three litres,
subsequent washing in sterile water, was planted and watered onto the seed in the planting furrow at
aseptically in the Leonard jars. Plants were thinned one litre per plot. The final inoculum concentration
to one per jar at germination and inoculated in was =1 x 107 cells ml*,
triplicate with 1 ml of bacterial suspension, After six After eight weeks, two plants were removed from
weeks growth, nlants were harvested, and nodules each plot. Five nodules were taken from around the
and shoots dried at 80°C for 48 h and weighed. crowns of the roots and stored over silica gel. Plant
Shoots were analysed for % N by the semi-micro samples were dried, weighed and analysed for

Materials and methods

Kjeldahl procedure ( Bremner, 1965). nitrogen. Dried nodules were rehydrated ard
0041-3216/82/030254-03 $3.00
254 Trop. Agric. (Trinidad) Vol. 59 NecpyRIGHT g2 ©1982 Trop. Agric. (Trinidad)

. -~ "
AUTTERWORTH SCI LT
BUILDFCRD, SUPRE EN

Best Avallable Document


http:0041-3216/82/030254.03

References

Eaglesham, A.R.J., Minchin, F.R., Summerfield, R.J.,
Dart, P.J., Huxley, P.A. and Day, JM. (1977
Nitro%eun nutrition of cowpea (Vigna unguiculata). I,
Distribution of nitrogen within effectively nodulated
plants, Expl. Agric. 13 369-280

Hanway, J.J. and Weber, C.R. (1971) Dry matter
accumulation in soybean (Glycine max (L.) Merr.)
plants as influenced by N, P, and K fertilization,
Agron. J. 63 263-266

Herridge, D.F. (1977) Carbon and nitrogen nutrition
of two annual legumes, Ph.D. thesis, University of
Western Australia

Herridge, D.F. and Pate, J.S. (1977) Utilization of net
photosynthate for nitrogen fixation and protein
production in an annual lequme, Plant Physiol. 60
759-764

Kalembasa, S.J. and denkinson, D.S. (1973) A
comparative study of titrimetric and gravimetric
methods for the determination of organic carbon in
soil, J. Sci. Fd. Agric. 24 1085-1090

Lawn, RJ. and Brun, W.A. (1974) Symbiotic nitrogen
fixation in soybeans. 1. Effect of photosynthate
source-sink manipulations, Crop Sci. 14 11-16

Minchin, F.R., Summerfield, R.J. and Neves, M.C.P.
{1980) Carbon metabolism. nitrogen assimilation and
seed yield of cowpea (Vigna unguiculata (L.) Walp.)
grown in an adverse temperature regime, J. Exp. Bot.
31 1327-1345

Effects of leaf shading on cowpea: M.C.P. Neves et al.

Neves, M.C.P. (1978) Carbon and nitrogen nutrition of
cowpec (Vigna unguiculata), Ph.D. thesis,
University of Reading, TJK

Neves, M.C.P. Minchin, F.R. and Summerfield, R.J.
(1981) Carbon metabolism, nitrogen assimilation
and seed vield of cowpea (Vigna unguiculata) plants
depent’znt on nitrate-nitrogen or on one of twa strains
of Rhizobium, Trop. Agric. (Trinidad) 58 115-132

Pate, J.S. and Minchin, F.R. (1980) Comparative studies
of carbon and nitrogen nutrition of selected vain
legumes, in: Advances in Legume Science (gEds.
R.J. Summerfield and AH. Bunting), London:
HMSO, p. 105-114

Penning de Vries, F.W.T. (1975) The cost of maintenance
processes in plant cells, Ann. Rot. 39 77-92

Roberts, H., Summerfield, R.J., Minchin, F.R,,

Stewart, K.A. and Ndunguruy, B.J. (1978) Effects of air

temperature on seed growth and maturation in

cowpea (Vigna unguiculata), Ann. Appl. Biol. 90

437-4

Shibles, R., Anderson, 1.C. and Gibson, A.H. (1975)
Soyabeans, in: Crop Physiology—Some Case
Histories, (Ed. L.T. Evans), London: Cambridge
University Press, p. 151-190

Summerfield, R.J., Dart, P.J., Huxley, P.A.,
Eaglesham, A.R.J., Mnchin. F.R. and Day, JM.
(1977) Nitrogen nutrnon of cowpea (Vigna
unguicufata). 1. Effects of applied nitrogen and
symbiotic nitrogen fixation o growth and seed yield,
Expl. Agric. 13'129-142

Trop. Agric. (Trinidad) Vol. 59 No. 3 July 1982 253
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Table 1 Arachis—Rhizobium strain trial
Rhizobium Shoot Shoot dry Nodule dry
strain %N weight, g weight, mg

5018 3.23 2" 2.35 cdeig 376
NGR 55 320 a 352a 78.1
cpea 7D 3.14 ab 2N b 86.3
28 3.05 abe 2.82 be 30.5
AH 6 2.96 abed 2.64 bed 33.0
Shaw CB 755 2.93 abed 2.56 bede 45.1
AHS 2.93 abed 2.46 cdefg 33.0
Nitrogen control 2.81 bede 2.48 bedef —
AH9 2.80 cde 1.46 k 20.6
cpea 7B 2.79 cde 1.83 hik 64.7
AH 2a 2.72 cde 2.12 efghi 41.6
AH 3a 2.66 de 1.87 hijk 43.1
CB 756 2.65 de 2.19 defgh 25.2
655/MAR 252e 286 b 36.2
cpea 7 251e 351a 140.2
AH 10a 249 e 2.51 bedef 435
AH 10b 213 ¢ 2.49 bedef 53.8
AP 108 207¢ 149 k 29.7
TOB 7¢ 1.84 fg 1.94 ghijk 234
16 a 1.65 gh 295 b 17.8
Uninoculated control 1.55 gh 1.66 ijk -
SE 0.12 0.17

*Means followed by a common letter are not significantly different at the 5% level of probability as determined by

Duncan’s Muitiple Range Test

sterilized as before and antibiotic-resistant
Rhizobium  strains were identified by aseptic
maceration and streaking on 'YMA plates containing
the appropriate antibotic. Plates were incubated at
28°C for 7-10 days and examined for growth. At
harvest, the number of plants in each plot was
determined, pods were air-dried for 10 days and the
weight determined. Yield was expressed as kg ha"! of
air-dried pods. Weight of 100 kernels, 100 pods, and
shelling percentage was determined for each
treatment.

Results

Strain trial

Wide variations in symbiotic effectiveness between
strains are indicated (Table 1). Seven strains
performed better (shoot %N) than did the mineral
nitrogen control. However, CB756, recommended
as an inoculant strain for groundnuts and other
crops of the same cross-inoculation group
(Staphorst et al, 1975; Elmes, 1976), was only
moderately eifective.
- Nitrogen concentration in the shoot is perhaps the
best direct measure of plant benefit from the
sKmbiosis. Table 2 indicates that dry weight of
shoots is significantly correlated with shcot %N. It is,
however, a less reliable measure of symbiotic
effectiveness, as it is more sensitive to variations in

Table 2 Correlations of data from strain trial

Parameters Correlation Significance
coefficient (r) level (P)

Shoot %N on

shoot dry weight 0.54 0.01
Shoot %N on

nodule dry weight 047 0.05
Shoot dry weight on

nodule dry weight 0.65 0.01

Table 3 Recovery of marked strains

Rhizobium Nodules %Strepto- %Kana-

strain typed mycin mycin
22 BK 15 NT* 47
AH 6K 15 NT 60
5018 S 15 0 NT
CB 756K 15 NT 53
AH 10bK 15 NT 33
Uninoculated 15 0 33

*NT not tested

initial seed size or weight. %N was also significantly
correlated with nodule dry weight (Table 2).

Response to inoculation

Kanamycin-resistant strains wer2 recovered from all
plots into which they were inoculated (Table 4).
However, the uninoculated plots vieded 33%
kanamycin resistan~e from typed nodules. This
hampered an accurate assessment of competitive
ability for nodulation, except with 22BK which has a
distinctive morphological appearance on YMA.
Twenty per cent. of the nodules typed from plots
inoculated with 22BK were formed by the inoculant
strain. No streptomycin-resistant strains were
recovered from pFots inoculated with 5018S or from
uninoculated plots.

The data indicate no significant differences
between treatments for any of the parameters
measured (Table 4). Despite this, inoculation with
22BK and AH6K increased vields by 82 and 64%,
respectively. In addition, inoculated treatments gave
higher values for shoot dry weight, 100 kernel weight
and 100 pod weight than did the uninoculated
treatment.

Discussion

Several methodsj have been usad for assessing
Rhizcoium effectiveness, including measurement of
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Table 4 Response to inoculation

Rhizo_bium Shoot dry Yield, 100 kernel 100 pod Shelling

strain weight, g kg ha-! weight, g weight, g percentage
22 BK 6.51 a* 929.1 a 95.72 a 280.93 a 7591 a
AH 6K 7.46 a 837.6 a 97.14 a 279.63 a 76.28 a
5018 S 6.68 a 7559 a 96.09 a 260.27 a 75.35 a
CB 756K 537a 641.4 a 89.09 a 250.86 a 75.19 a
AH 10bK 764 a 5270 a 89.58 a 246.07 a 75.69 a
Uninoculated 4.63 a 5113 a 88.31 a 239.45 a 76.05 a
SE 1.72 133.8 6.06 14.89 2.82

“Means followed by a common letter are not significantly different at the 5% level of probability as determined by

Duncan’s Multiple Range Test

leaf %N, leghaemoglobin content in nodules and
nitrogenase activity (Schiffman & Lobel, 1970; Koch
& Evans, 1966). Accurate measurement of nitrogen
fixation 'is essential for correct selection of
Rhizobium strains. For groundnuts, %N or dry
weight of the shoot seems to offer the best assess.
ment for plant benefit from the symbiosis.

Lack of response 10 inoculation may be due 10
adequate nodulation by indigenous rhizobia,
unfavourable conditions for survival of introduced
Rhizobium strains or failure of inoculant strains to
compete for nodule sites with nativa strains. Natural
nodulation was good as determined by the number of
nodules on roots of plants in uninoculated plots.
Application of high rates of inoculum is required to
overcome the effects of the indigenous Rhizobium
population (Kapusta & Rouwenhorst, 1973; Weaver
& Frederick, 1974). This is provided that inoculant
strains are competitive. In this instance, it would
seem inocula were not sufficiently
concentrated, nor were inoculant strains highly
competitive.

Recovery of kanamycin-resistant strains from
uninoculated plots indicates either the presence of
naturally resistant strains in the soil or contamination
of uninoculated plots from nearby inoculated plots.

e case of the former is rare (Obaton, 1971) burin
the event of its occurrence, results obtained using
antibiotic resistance as an ecological marker, must
be interpreted with caution.

Groundnut vields obtained here are relatively low;
the world average vield is 884 kg hat (Dart &Krantz,
1976). This was mainly due to an excessively wet
period just prior to harvesting which caused mature
pods to sprout, and retarded pod set owing to
waterlogging. Nevertheless, the increases in yield of
inoculated plots over uninoculated plots suggest that
given correct conditions a significant response to
inoculation is possible.

References

Bremner, J. M. (1965) Total Nitrogen, in Methods of Soil
Analysis Part 2 (Ed. Black, C.’A.) Madison. Am. Soc,
Agron., 1149-1178.

Cobb, L. C. and Whitty, E. B. (1973) Response of peanuts
to inoculation with nitroge~-fixing bacteria, APREA
5211

Dart, 15 J.. (1974) The infection krocess, in The Biology

256 Trop. Agric. (Trinidad) Vol. 59 No. 3 dJuly 1982

of Nitrogen Fixation, (Ed. Quispel, A.), Amsterdam:
North Holland Pub, Co.,, 381-429.

Dart, P. J. and Krantz, B. A. (1976) Legumes in semi-arid
tropics, in: Exploiting the Legqume-Rhizobium
Symbiosis in [Tropical Agriculture (Eds. Vincen', J. M.

hitney, A. S. and J. Bose.) College of Agric, Mis.
Publ., 145 119-154.

Dart, P. J. and Pate, J. S. (1959) Nodulation in legumes. 3.
The effects of delaying the inoculation on the seedling
symbiosis of barre| media. Medicago tribuloides
Desr., Aus. J. Biol. Sci. 12 427-344

Elmes, R. P. T. (1976) Cross-inoculation relationships of
Psophocarpus tetragonolobus and its Rhizobium
with other legumes and rhizobia, Papua, New Guineu
Agr. J. 27 53-57

Holding, A. J. and King, J. (1963) The effectiveness of
indigenous populations of R. trifolii in relation to soil
factors. Plant and Soil 18 191.198

Kapusta, G. and Rouwenhorst, D.L. (1973) Influence of
inoculum size on Rhizobium japonicum serogroup
distribution frequency in soybean nodules, 4gron. J.
65 916-919.

Koch, B. and Evans, H. J. (1966) Reduction of acetylene to
ethylene by soybean root nodules, Plant Physiol 41
1748-1750 .

Marshall, K. C. (1964) Survivai of root-nodule bacteria in
dry soils exposed 1o high temperatures, Aust. J. Agr.
Res. 15 273-281

Obaton, M. (1971) Use of antibiotic-resistant spontaneous
mutants for studying the ecology of Rhizobium, C. R.
Acad. Sci. Ser. D. 272 2630-2633

Schiffmann, J. and Lobel, R. (1970) Haenoglobin
determination and its value as an early indication of
peanut-Rhizobium efficiency, Plant and Soil 33
501-512

Staphorst, J. L., Strijidom, B. W. and Otto, J. F. (1975)
Nilrogen-ﬁxing ability of rhizobia which nodulate
groundnuts in South African soils, Phytophyiactica 7

135

133-

Steddard, C. D. (1978) Soil inoculation. [s it the yield
booster peanut and soybean growers are looking for?,
World Farming (Jan, 1978) 11-14

Vincent, J. M. (1965) Environmental factors in the fixation
of nitrogen by the legume, in: ‘Soif Nitrogen' (Eds)
W, v, Bartholomew, and F. C Clark,), Madison:

. S. A. Mono. raph 10 .

Vincent, J.M. (1970) A manual for the practical study of
root-nodule bacterig IBP Handbook No. 15, Oxford
and Edinburgh: Blackwell Scientific Publications

Weaver, R. W. and Frederick, L. R, (1974) Effect of
inoculum rate on competitive nodulation of Glycina
max, L. Merrill, 2. Field Studies, Agron. J. 66 233-236



