
PA/-- 7 70
 

.8319 NW72
GRAH .
 C5p

TPOP AG9
 

Greenhouse and field evaluation ofRhizobium strains nodulating groundnut
(Arachis hypogaea L.) 
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Nineteen Rhizobium isolates were screened for effectiveness in nitrogen fixation with groundnut cv. VirginiaFlorigiant, Strains exhibited wide variation in effectiveness. Five strains were marked with either streptomycinor kanamycin and used as inoculants in field studies. Assessment of strain competitive ability was complicatedby isolation of kanamycin-resistant strains from uninoculated 
groundnut yields. 
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Remarkable increases in groundnut yields have been 
achieved
(Cobb & 

through inoculation with RhizobiumWhitty, 1973; Stoddard, 1978). This has,however, occurred mainly in areas which werecultivated to groundnuts for the first time. Generally,groundnuts have been found to nodulate freely and,ffecfively with widea range of cowpea.type.izobium strains (Dart, 1974) and indications arethat up to 80% of the plant's N needs can be obtainedhrough litrogen fixation (Dart & Krantz, 1976).Nodulation of groundnut by indigenous bacteria isnormally assumed to be adequate and inoculation isseldom practised. However, high soil temperatures,
moistui'e stress, low pH, and poor fertility hampersurvival and effective hinctioning of rhizobia(Marshall, 1964; Holding & King, 1963; Sprent, 1971:
Vincent, 1965). Maximum potential of the symbioticsystem therefore, mayThis study was aimednever be realized.at evaluating Rhizobiumn 
strains for effectiveness, competitive ability fornodulation in the field, and for effect on yield ofgroundnut. 

Materials and methods 

Strain trial 
Nineteen Rhizobium strains, five imported and 14local isolates, were screened for effectiveness withcu. Virginia Florigiant in sterilized vermiculite inLeonard jars (Vincent, 1970). Each jar was supplied
with N-free, half-strength Dart and 
Pate nutrientsolution (Dart & Pate. 

4 
1959). Seed, sterilized bymin immersion in 0.2% acidified HgCI2 andsubsequent washing in sterile water, was plantedaseptically in the Leonard jars. Plants were thinned

to one per jar at germination and inoculated intriplicate with 1 ml of bacterial suspension. After sixweeks growth, plants were harvested, and nodulesand shoots dried at 80°C for 48 h and weighed.Shoots were analysed for % N by the semi-microKjeldahl procedure (Bremner, 1965). 
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plots. Inoculation appeared to increase 

Development of marked strains 
Streptomycin. and kanamycin-resistant mutants of5018, 22B, AH6, AHI0b and CB756 were isolated byspreading 0.2 ml of yeast-mannitol broth (YMB)grown culture over plates of yeast-mannitol agar(YMA) containing 00,ug ml-' of either streptomycin(S) or hanamycin (K). Colonies growing on the mediaafter 14 days incubation at 28°C were selected asantibiotic-resistant strains. Colonies of 5018S 22BK,CB756K, AH6K, and AH1ObK were selected, cross­tested for resistance, checked for retention ofsymbiotic effectiveness, sub-cultured on YMA 

slopes, and stored at 4°C. 

Field experimentation 

Brown Association soil-a smectoid clay of pH 7.7. 
The field experiment was established on Yellow 

The area was divided into 18 plots (75 cm x 100 cm)and seed planted with 20 cm inter-row spacing and25 cm within the row. Each plot was surrounded by 
two guard rows, respectively 125 cm x 150 cm and175 cm x 200 cm, with similar plant spacing. Sixtreatments wereand an uninoculated control, each replicated three 

imposed consisting of five strains 

times in a randomized block design. Plants werefertilized with 80 kg ha-' muriate of potash.Inoculum was prepared by streaking marked
strains onto YMA flats and incubating at 28°C for 14
days. Cells were removed by shaking with sterile
glass beads and 
50 ml YMB. This was added to
200 ml sterile skim milk (ICOgi-) and stored at 4°C
prior to use. For the purposes of inoculation thisconcentrate was diluted with water to three litres,and watered onto the seed in the planting furrow atone litre per plot. The final inoculum concentration 
was ,I x 107 cells ml".

After eight weeks, two plants were removed fromeach plot. Five nodules were taken from around thecrowns of the roots and stored over silica gel. Plantsamples were driid, weighed and analysed fornitrogen. Dried nodules were rehydrated ard 
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Effects of leaf shading on cowpea: M.C.P. Neues et al. 
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Table I Arachis-Rhizobium strain trial 
Rhizobium 

strain 
Shoot 
%N 

Shoot dry 
weight, 9 

Nodule dry 
weight, mg 

5018 
NGR 55 
cpea 7D 
22 B 
AH 6 
Shaw CB 756 
AH 5 
Nitrogen control 
AH9 
cpea 7B 
AR 2a 
AR 3a 
CB 756 
655/MAR 
cpea 7 
AH I0a 
AH 10b 
AP 108 
TOB 7c 
16 a 
Uninoculated control 
SE 

3.23 a* 
3.20 a 
3.14 ab 
3.05 abc 
2.96 abcd 
2.93 abcd 
2.93 abcd 
2.81 bcde 
2.80 cde 
2.79 cde 
2.72 cde 
2.66 de 
2.65 de 
2.52 e 
2.51 e 
2.49 e 
2.13 f 
2.07 f 
1.84 fg
1.65 gh
1.55 gh
0.12 

2.35 cdefg
3.52 a 
2.%O b 
2.82 bc 
2.64 bcd 
2.56 bcde 
2.46 cdefg
2.48 bcdef 
1.46 k 
1.83 hijk
2.12 efghi
1.87 hijh
2.19 defgh
2.86 b 
3.51 a 
2.51 bcdef 
2.49 bcdef 
1.49 k 
1.94 ghijk
2.95 b 
1.66 ijk
0.17 

37.6 
78.1 
86.3 
30.5 
33.0 
45.1 
33.0 
-
20.6 
64.7 
41.6 
43.1 
25.2 
36.2 

140.2 
43.5 
53.8 
29.7 
23.4 
17.8 
-

*Means followed by acommon letter are not significantly different at the 5%level of probability ds determined by
Duncan's Multiple 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 oi plants in each plot was 
determined, pods were air-dried for 10 days and the 
weight determined. Yield was expressed as kg ha-t 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 effectivene:s between 
strains are indicated (Table 1). Seven -trains 
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 af, 1975; Elmes, 1976), was only
moderately effective, 

Nitrogen concentration in the shoot isperhaps the 
best direct measure of plant benefit from the 
symbiosis. Table 2 indicates that dry weight of 
shoots issignificantly correlated with shoot %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 %Non 
nodu!e dry weight 0.47 0.05 

Shoot dry weight on
nodule dry weight 0.65 0.01 

Table 3 Recovery of marked strains 

Rhizobium 
strain 

22 BK 

Nodules 
typed 

%Strepto-
mycin 

%Kana. 
mycin 

mH 6K 15 NT 60 
5018S 15 0 NT 
CB 756K 
AH lObK 

15 
15 

NT 
NT 

53 
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 weta recovered from all 
plots into which they were inoculated (Table 4).
However, the uninoculated plots yieided 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 plots 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 yields 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 methods have been used for assessing
Rhtzcbium effectiveness, including measurement of 
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Effects of Rhizobium on groundnut: R.A. Graham and A '.. Donawa 

Rhizobium 
 Shoot drystrain weight,g 
22 BK 6.51 a*AH 6K 7.46 a
5018 S 6.68 aCB 756K 5.37 aAH 10bK 7.64 a
Uninoculated 4.63 a 

SE 1.72 

Table 4 Response to inoculation 
Yield, 100 kernelkg ha- weight, g 

929.1 a 95.72 a
837.6 a 97.14 a755.9 a 
 96.09 a

641.4 a 
 89.09 a
527.0 a 89.58 a511.3 a 88.31 a 
133.8 6.06 


100 pod Shelling
wcght, g percintage 

280.93 a 75.91 a
279.63 a 76.28 a260.27 a 75.35 a
 
250.86 a 
 75.19 a246.07 a 75.69 a
239.45 a 76.05 a
 

14.89 2.82
'Means followed by a common letter are not significantly different at the 5%level of probability as determined byDuncan's Multiple Range Test 
leaf %N, leghaemoglobin content in nodules andnitrogenase activity (Schiffman & Lobel, 1970; Koch& Evans, 1966). Accurate measurement of nitrogenfixation is essential for correct selectionRhizobium ofstrains. For groundnuts, %N or dryweight of the shoot seems to offer the best assess-ment for plant benefit from the s.mbiosis.Lack of response to inoculation may be dueadequate nodulation toby indigenous rhizobia,unfavourable conditions for survival oi introducedRhizobium strains or failure of inoculant strains tocompete for nodule sites with nativ2 strains. Naturalnodulation was good as determined by the number ofnodules on rootsnodplcatonroosof of plants in uninoculated plots.ants f inoculiovericaoe tfihe ed to.aeffsofth indigenouis rhqirobiumovercome the effects of the indigenous Rhizobium
population (Kapusta & Rouwenhorst, 1973; Weaver& Frederick, 1974). This is provided that inoculantstrains are competitive. In this instance, it would seem that the inocula wereconcentrated, not sufficien:!vnor were inoculant strains highlycompetitive. 
Recovery of kanamycin-resistantuninoculated strains fromplots indicates either the presence of

unincultedplotinicaes ethe th preenc of
naturally resistant strains in the soil or contaminationof uninoculated plots from nearby inoculated plots.The case of the former is rare (Obaton, 1971) but inthe event of its occutrence, results obtained usingantibiotic resistance as an ecological marker, mustbe interpreted with caution,

Groundnut yields obtained hereare relatively low;the world average yield is884 kg ha'i (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 towaterlogging. Nevertheless, the increases in yield of
inoculated plots over uninoculated plots suggest that
given correct 
conditions a significant responseinoculation is possible. to 
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