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INOCULATION OF GROUNDNUT (PEANUT) IN SUDAN' 

M. A. HAI)AD,' T. E. LOYNACHAN, 2 

Field inoculation of groundnut (Arachis 
hypogaea L.) with effective strains of Rhi-
zobiun is complicated because many trop-
ical soils contain indigenous cowpea rhi-
zobia capable of forming nodules on this 
host. We evaluated inoculation in an at
tempt to improve nitrogen fixation in a 
sub-Sahara soil of' Sudan. Greenhouse 
screening of rhizobia on two Sudanese 
groundnut 2uhivars, Barberton (Spanish 
type) and Ashford (Virginia type), indi. 
cated significant differences among the 10 
strains tested, mainly in host-plant color 
ratings and nodule numbers. Two strains, 
8A 11 (from the Nitragin Co.) and TAL 309 
(from NifTAL), were selected for testing 
in the field. The strains were applied as 
single or mixed inoculants, formulated (a)
in peat and placed with the seed or 5 and 
10 cm below the seed, and (b) in oil and 
applied to the seed. The soil (Entic Pellus-
terts) at the test site contained 2.1 x 101 
cowpea rhizobia g'. When inoculants were 
added in a peat carrier at seedling depth, 
the only nitrogen-fixing trait significantly 
improved (P < 0.01), compared with the 
uninoculated contrels, was nodule mass. 
The TAL 309 strain was serologically dis-
tinct from the indigenous cowpea rhizobia, 
and agglutination reactions indicated that 
approx'mately 40% of the main- and lat-
eral-root nodules were occupied by this 
strain where applied. Unfortunately, this 
did not result in improved yields. With in-
oculation in an oil carrier, both nodule 
mass and pod yield of Barberton were sig-
nificantly reduced (P < 0.01). The Barber-
ton cultivar evidently was sensitive to the 
presence of oil. As peat inoculant was 
placed deeper into the soil, both the linear 
and quadratic terms were significant (P < 
0.05) for improved top dry weights, 
whereas other traits were unaffected. The 
nitrogen control (120 kg N ha' as am-
monium sulfate) significantly depressed 
nodule numbers and nodule mass and im-
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proved top dry weights and tissue nitro
gen. The Ashford and Barberton cultivars 
were significantly different in nodule 
numbers, top dry weights, pod yields, and 
nodule mass. 

Ifindiwonous rhizobia are less than completely
efficient in fixing nitrogen, they must be re
placed in nodules by better strains to maximize 
symbiotic N, fixation. Groundnut (Arachis hy
pogaca L.), which is readily nodulated by a di
versity of rhizohia in the cowpea miscellany, 
may be nodulated in many soils of the world by 
indigenous rhizobia in spite of the introtuction 
of' better rhizohial strains in inoculants. This 

ay be especially true in soils that present hos
tile environmens for rhizobial survival, which 
presumably gives an advantage to the adapted 
organisms. 

Sudan is the fourth largest groundnut-produc
ing country of:he world, yet little is know about 
the groundnuti-nodulating rhizobia. Inoculation 
is not a common cultural practice, and the need 
for inoculation has not been studied. lnitial 
studies indicated that the soils contain high 
numbers of cowpea-miscellanv rhizobia, yet 

yields were improved by adding nitrogen fertil
izer (Hadad et al. 1982). This suggested that the 
native rhizobia were not able to supply the con
plete nitrogen needs of the Sudanese groundnut 
cultivars. and that inoculation with efficient, 
competitive rhizobia may be a beneficial prac
rice. Sudan has a wet and dry season that is 
typical of' many tropical countries, and ground
nuts are commonly planted in June at the end 
of the dry season. The soils at time of planting 

may be particuiarly hostile for the introduced 
rhizobia, because the soils are both hot and dry; 
Musa (1972) hi.s reported surface soil tempera
tures of 60*C at time of planting. Under normal 
cultural practices in Sudan, however, desicca
tion would be only a temporary problem for the 
introduced rhizobia, because the soils are com
monly irrigated shortly after planting.

We assumed that soil conditioils in the trop
ical climate of Sudan might stress added inocu
lants, so, in addition to inoculation, we also 
evaluated various methods of adding the rhizo
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bia. Several methods of improving survival and 
persistence of inoculant strains have been re-
ported. These include deep placement of inocu-
lants (Schiffinan and Alper 1968: Wilson 1975; 
Marcarian 198'2), mixing inoculant strains 
(Namhiar and Dart 1982), and selection of 
inoculant carriers (Kremer and Peterson 1982). 
The deep placement of inoculants may be hen-
eficial in Sudan to reduce exposure to high ten-
peratures that occur in the surface soil. Even 
though some advocate mixed inoculant strains, 
others cite tile dangers in mixed cultures from 
(a) differential multiplication rates of the 
strains, resulting in large differences in the final 
prepared inoculant; and (b) competition among 
the strains, resulting in- tile least effective strain 
occupying the nodules (Date and ,rockwell 
1976). Oil carriers have been reported to in-
crease rhizobial survival oil the surface of seeds 
while undergoing moisture and temperature 
stresses (Kremer and Peterson 1982) and merit 
evaluation in Sudan as a means of' increasing 
rhizobial survival. 

Studies involving competition between 
inoculaat strains and the existing native rhizo-
bia require identification of the comtpeting or-
ganisnls. Serological differences, identified by 
using cell agglutination, are comnlonly used to 
verifv strain recovery (Roughley et al. 1976). 

The work reported in this paper was per-
formed in two phases. The greenhouse phase 
evaluated infectivity and early-growth efficiency 
of' groundnut rhizobia when added to two Su-
danese groundnut cultivars. The second phase 
involved inoculation ,of field-,rown groundnuts 
at Wad Medani, Sudan. with two strains found 
to Ile infective and efficient in the greenhouse. 
Field inoculation was made as a single strain or 
a mixture of strains, formulated (a) in peat and 
placed with the seed or at 5 and 10 cm below 
the seed, and (b) .n oil and applied to the seed. 

METIODS AND MATERIALS 

Strain selection 

Strain selection for the field study was based 
on greenhouse testing of 10 isolates, 8 of which 
were regarded by their SUlpliers to be effective 
nitrogen fixers on groundnut. The Wad Medani 
and Sennar strains were field isolates collected 
from Sudan in the summer of 1980. Strani 
26Z6, 8Ail, ,5B7, and 176A22 were from the 
Nitragin Company, Milwaukee, Wisconsin; 
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strains USDA 8184, 3187, and 3179 were from 
the Nitrogen Fixation Laboratory, Beltsville, 
Maryland; and strain TAL 309 (CB 756) was 
from North American Plant Breeders, Prince
ton, Illinois. Two pregerminated seeds each of 
two popular Sudanese cultivars, 'Ashford' and 
'Barherton.' were plantc i in separate 4-L con
tainers in a sand-perlite mixture (1:1 by vol
ume), inoculated with 1 x 1(0' cells of a single 
JRhizolium strain, and grown in the greenhouse 
for 2 ,no. Plants were watered with a nutrient 
solution, and unilloculated and N controls were 
included (Speidel and Wollum 1980). All treat
ments were replicated five times. At harvest, top 
dry weights, nodule numbers, and color ratings 
were determined. Color was assessed as dark 
green (5), intermediate colors (4 and 3), and 
yellow (2). 

Sit(, prcparationand planting 

The field work was conducted in 1981 and 
1982 at the cnd of tie dry season and the begin
ning of the rainy season (mid-June through Oc
tober) on the heavy clay soils located at Wad 
Medani. Total rainfall at this location is approx
inmately 200 rmii, and supplemental irrigation is 
required. Wad Medani is located between the 
Blue and the White Nile Rivers, 120 km south-
Last of' Khartoum. The soils at this location are 
classfied as Entic Pellusterts, fine, smectic, iso
hyvperthermic, and the dominant clay is monat
tnorilionite. The research site (Table 1) was 
previously plated to cotton. A uniform appli
cation of macro- and micronutrients was hand
applied to each plot, and N fertilizer at 120 kg 

-ha ' N (as anmiiinium sulfate) was applied as 
an N control (Table 2). 

Seeds were hand-planted two per hill on ridges 
60 cia apart and with an in-row spacing of 20 
cm. The plot size was 2.4 x 12 in, with four 
ridges per plot. The two cultivars used were 
Ashford, a late-naturing, spreading variety (Vir

ginia type) and Barberton, an early-maturing, 
semibunch variety (Spanish type). Planting 
dates were the 18th and 19th of, June in 1981, 
and the 16th and 17th of June in 1982 for 
Ashlord and Barberton, respectively. Plots were 
irrigated approximately every 2 wk, depending 
upon rainfall. All plots were hand-weeded during 
the growing season to eliminate competition 
from weeds. Treatments were replicated four 
times in 1981 and five times in 1982. 

"97
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TABLE 1
 
Soil chrarcteuistics(( to 20 cm) of the expeizental site at Wad Medani,Sudan" 

p11 OC, g kg-' - 1T1a (SQ.lyIng kgNE cmol(N ll)kg E( EMI' Sand Clay-
(is In' 

8.A (8.7) .. 7 (3.2) .17:3 (585) 50 0.52 3.6 21 55 
As reported by Glenn et al. (1969). Values in parentheses were determined for samples (0 to 15 cm) collected 

in 1981. 

TABLE 2 
Treatmients applicd to the 'udanese groundnut 

cultivars..Ishford and flarbertonduring the 1981 and 
the 1982 growing wasons at Wad Medani, Sudan" 

T1'reatnent (Gruwingse~Growing o _l --

... i...........[............ 

I Uninoctdated control nitoeilated controlI 

2 Nitrogen cot rol' Nitrogen control'
3 8AIlI (peat) SAI I (peat)4 'A1l309 (peat) TAIl :19 (peat) 

5 Peat mixture (s)' Peat mixture (8Alt 
& TAL 309) 

6 Peat mixture (5)' Oil mixture (SAl I & 
"'ALI0) 


7 Peat mixture ( 10)' SA I (il) 

8 

"All treatments received 
macro- an( micronutrients 

Pho.,phortus: .10 kg IPh - ' 

TAI 309 (oil) 

a unif'orm application of 
as showvn below 
(triple sllperplhosphate) 

Potassium: It0 kg K ha' (Inuriate of' potash) 
Sulfur: 45 kg S ha' (elemental sulfuir) 

Boron: 0.5 kg B ha' (BIorax) 

Iron: 0.5 kg Fe Ila' (6'i Fe in chelate) 

Copper: 2 kg Cu ha1 ' (CtuSO 4.5.,O) 

Manganese: 15 kg Mn ia' (MnSO-. 2 0) 

Zinc: 0.6 kg Zn ha' (14.2 , Zn in chelate) 

Nitrogen: 120 kg N ha' (ammnonium sulfate). 
Mixture of strains 8AIl, TAL 309, 25B7, and 

26Z6 applied at the sowing depth and at 5 and 10 
cm below the seeding depth for treatments 5, 6, and 
7, respectively, in 1981. 

Methods of inoculation 

The peat inoculants (1981 and 1982 seasons) 
were prepared in granular form at The Nitragin 
Co., Milwaukee, Wisconsin. The oil-base ino-
culants (1982 season) consisted of freeze-dried 
Rhizobium cells prepared by Drs. H. Peterson 
and R. Kremer at Mississippi State University, 
Starkville, Mississippi. Both inoculants were 
added at rates to give ;0' viable Rhizobium cells 
per 2 groundnut seeds. Viable populations were 
determined in growth pouches (Weaver and 
Frederick 1972) by the most-probable-number 

(MIPN) technique (Vincent 1970) with siratro 
(Macroptilium atropurpureum) as the test plant. 
Inoculants for the MPN tests were carried to 
the field during planting, handled similar to the 

alplied inoculants, and then returned to thelaboratory for determination of viable counts. 
The population of the native cowpea rhizobia, 
as determined on siratro, was 2.! X 10" g-' soil. 

In all but the deep-placement studies, the peat
inoculants were thirrow-applied hy hand at the 

sowing depth (5 cm lelow the soil surface). A 
scooping device was prepared that allowed the 
field workers to add a constant volume of the 
granular inoculant to each pair of groundnut
seeds. The oil-base inoculant was seed-applied 
after the ,hizobium cells were suspended in 
groundnut oil (Kremer and Peterson 1982). 
Mixtures of' the strains to give a total of 10' 
viable Rhizobium per two groundnut seeds in 
peat or oil-base carriers were applied at the 
seeding depth in the 1982 season. Seeds and 
applied inoculant were immediately hand-cov
ered with soil after sowing and were irrigated 
within 24 h. For the deep-placement treatments 
(1981), a stick was used to open a furrow at 10
(1981), a dst hs on to o e a r r t he 
and 15-cm depths on to) of each ridge where the 
peat inoculant was placed. The furrows were 
immediately filled with soil to within 5 cm of 
the soil surface, and the groundnut seeds were 
planted. The ridges were then completely re
formed by hand to their original contour. In 
three locations in the plot area, Tempilabels 
were placed in plastic bags and buried (a) with
the seed at a 5-cm depth and (b) 10 cm below 
the seed at a 15-cm depth. The uninoculated 
and N controls received neither peat nor oil. 

Sampling and harvest 
For assessment of the nitrogen-fixing traits, a 

section of row containing 12 plants, beginning
0.5 m from the end of the outer two rows, was 
sampled during the early flowering stage. Nod
ule counts, shoot dry weights, and Kjeldahl ni
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trogen ot the shoots were determined. Fifty rep-
resentative nodules, 25 main root and 25 lateral 
root, were randomly selected fromn each treat-
ment. The nodules were transferred to test tubes 
containinig sili(a gel for desiccation and trans-
ported to the laboratory at lo%%a State I niver-
sity for lhizobiutn isolation and the dettrmina-
tion of nodule occul)ancy. 

Plot harvest was preceded by light irrigation 
to minimize pod losses. The plants in I0 in of 
the center two rovs in each l)lot were dug for 
pod yield determinations. The harvests were 
ap)roximately 90 and 120 d after sowing for 
Barberton and Ashlord, respectively. 

Determinati,)nof nodule occupancy 

Agglutination reactior,. were used in identi-
fying strains recovered from nodules. Antisera 
were prepared for strains SA11, TAL 309, and a 
native s:rain from the research site. For antigen 
preparatior'., antiserum )roduction, and agglu-
tination reactiins, the methods described by 
Vincent (1970) were followed, and titers of af 
least 1:128) were obtained for each after rabbit 
injection. Results were reported as positive or 
negative agglutination. 

Mecthods of statisticalanalysis 
In the greenhouse screening, each strain was 

expected to act independently of other strains, 
and a multiple range test (Duncan) was used to 
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evaluate data. In field evaluations, the cultivars 
were established in a split-plot design, with 
treatments assigned rand.mily to complete 
blocks within each cultivar (Fable 2). The ef
fects of year, cultivar, and treatment were eval
naled by using single degree-of-freedom con-
Irasts ((hew 1976; Nelson and Rawlings 1983). 
T'reaitment means were presented in separate 
tables, and standard errors were given as a meas
ure of data precision. Thus, based on the con
trast being evaluated, treatment means may ap
pear in more than one comparison. Regression 
techniques were us(-d in evaluating the depth of 
inoculant placement. 

RESUI.TS AND I)tSCUSSION 

The Rhizobium strains used as inoculants in 
the field were selected on the basis of greenhouse 
testing with the Sudanese cultivars Ashford and 
Barberton (Table 3). Significant differences 
were found among strains, mainly in color rat
ings and nodule numbers (both cultivars). Top 
dry weights, however, were less variable due to 
strains, and Ashford top weights were statisti
cally the same among all the strains tested. We 
found greater differences with Barberton. Ash
ford is a Virginia-type seed, which is larger than 
the Spanish-type .Barberton, and perhaps the 
greater seed reserves of Ashford minimized 
strain differences. Strains 8A11, TAL 309, 25B7, 
and 26Z6 seemed to be four of the better strains 

''ABLE 3 
Greenhouse screening for nitrogen-fixing traits with the cultivarsAshford and Barberton 

Treatment 

Uninoculated con-
trol 

Nitrogen control 
Wad Medani 
Sennar 
26Z6 
8A1 1 
USDA 318. 
USDA 3187 
25B7 
USDA 3179 
176A22 
TAL 309 

Ashford Barberton 

Color 
Top dry 
weight, 

Nodule number, 

-
Color 

Top dry 
weight, 

Nodule number, 
no. plantr 

____olngg t -,g plant-' no.plnt 

2.0d" I.60b 0.Oe 2.4e 0.42cd O.Oc 

5.0a l. 15a 0.Oe 5.0a 1.24a 0.Oc 
3.8abc 0.65ah 23.0cde 2.8e 0.45bed 10.8c 
4.0abc 0.79ah 66.8abc 3.6cd 0.49bcd 31.2bc 
5.0a 0.67ab 43.2bcde 4.4abc 0.6!bc 72.6a 
5.Oa 0.98ab 83.Oab 4.4ahc 0.67bc 63.8a 
3.5)bc 0.,3b 26.5cde 3.0de 0.37d 17.8c 
:3.ocd 0.55h .I.Sde 2.6e 0.43cd 1.2c 
5.[)a 
3.3bc 

0.8lab 
0.68ab 

56.01bcd 
112.3a 

4.4abc 
3.8cd 

0.771) 
0.44cd 

64.6a 
75.Oa 

4.Sabc 0.69ah 54.3bcd 4.0be 0.50bed 29.2bc 
5.0a 0.94ab 64.8abc ,f.Sab 0.73bc 47.6ab 

"Values are averages of five replications; means within the same column followed by a common letter are 
not significantly different at the 0.05 level of probability by Duncan's multiple rnge tests. 

LA
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TABLE 4 

Effect of the common treatments in 1981 and 1982 on the nitrogen-fixing traits of the culticars .4shford and
 
Barberton, Wd Medani, Sudan
 

Nodulation Yield 

Treatment Nunber nitrogen oMass Top dry wyeight Pien 

)
1981 198 1981 1982 .981 1982 1981 1982 1981 1982 
no. plant -' mg plant g plant kg ha"i 

Ashford
 
Uninoculated 72.6" 95.1 19.0 69.2 3.11 6.28 3.47 2.72 17.13 1629
 

control 
N control' 38.4 81.3 26.3 66.4 2.65 10.82 3.49 3.07 1899 1712 
8Al 1 63.0 128.5 40.5 84.0 4.58 6.25 3.26 2.84 1698 1597 
TAL 309 67.8 96.8 29.3 81.0 3.55 5.21 3.36 2.59 1632 1878 
SE 10.9 7.8 3.8 3.6 0.31 0.69 0.07 0.08 69 87 

Barberton
 
Uninoculated 52.0 69.8 17.3 50.0 2.90 4.58 3.82 2.67 1351 580
 

control
 
N control' :35.7 63.8 17.0 :33.6 3.58 9.48 3.93 2.72 1438 910
 
8All 46.7 61.9 18.5 55.6 3.18 5.12 :3.63 2.68 133:3 681 
TAL 309 41.1 60.1 25.8 67.6 2.95 5.07 3.40 2.61 1455 674 
SE :3.8 5.1 1.7 4.4 0.17 0.56 0.07 0.07 35 38 
" Values are averages of four observations in 1981 and five observations in 1982. 

'Added at sowing as ammonium s;ulfate (NH 4 )2SO, at 120 kg ha - ' N. 

TABLE 5 
Mean squares from analysisof tarianceand letes of significancebased on F-tests for common treatmentsin 

1981 and 1982 

Nodulation Yield
 
Source d[fo Tsu
Number Mass Top Tissue Poddry weight nitrogen 

Year (Y) 1 15 460*" 26 285** 215.4"* 10.29"* 5 916* 
Cultivar (C) 1 13 76-** 5 25:3** 10.6" 0.08 25 883** 
Treatment (1') 3 1436 1 131"* 29.2** 0.29* 333 

Uninoculated vs. inoc- 1 :31 1544** 0.6 0.18 62
 
ulated
 

Nitrogen vs. inoculated 1 3 013" 2 479** 54.5" 0.77* 506
 
8Al l vs. TAT1 :3109 1 655 14 3.1 0.12 163
 

Y x C 1 1 736 912' 2.2 0.83* 5 341"* 
Y x 7' 3 400 269 28.4" 0.05 72 
C x T 3 90 296 1.1 0.01 35 
Y x C x 7' 3 473 66 1.9 0.11 272 

'**indicate significance at the 0.05 and 0.01 levels, respectively. 

on both cultivars, with good color ratings and significantly between cultivars and between 
high nodule numbers, and were selected for field years (Table 5). The Ashford cultivar was better 
application in 1981. Only two strains, 8A11 and nodulated, and pod yields were consistently 
TAL 309, were used in 1982, beca,,se the addi- higher than those of the Barberton cultivar both 
tion of the oil-base carrier dictated a ,edu-,tin years. The conditions for growth by early flow
in the total number of strains tested. ering in 1982 evidently were much better than 

Strainsond cultivars in 1981, as indicated by top dry weights; how
ever, N contents were lower in 1982. The lower 

The number '- nodules and nodule mass, top N contents may be because of dilution of N by 
dry weight , and pod yields (Table 4) differed vegetative growth resulting in a lower p-rcent
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age of N. When one considers the average total and pod yields were significantly greater (W7<
N in the shoots over both cultivars, the 1981 0.01) with the peat inoculum than with the oil 
average (dry%weight times percentage) was 122 inoculi (Table 7). With Ashford, both these 
mg N per plant, and the 1982 average was 181 traits, as well, were significant lv greater with 
mg N per plant. Because no visual growth ah  the peat in wului, but significance was only at
normalities were present either year of tihe the 0.10 level (not shown in table 7). Top dry
study, we cannot exllain the better early growth weights am' tissue N were little affected hv
in 1982. inoculant carrier. In an earlier study, Kremer 
Another apparent abI)normality inthe data is and P1eterson (1982) reported higher rhizobial 

the low Barlerton yields in 1982. We believe populations troll seeds inoculated with an oil
that tihe main factaor was difficulty inextracting carrier than fronli a peatseeds inoculated with 
tlhe nuts tron tile heavy clay soil. The moisture carrier after exposure to 16 (d of temperature
at time of harvest is critical, because the indi- moisture stress. In this stuldy, however, plots
vidual clods must be )roken open by hand to were irrigated within 24 h after sowing, which is 
expose the nuts. We believe that more nuts of the common irrigation practice of tie region.
the smaller seeded Barberton were left inthe Shelled groundnuts are very fragile for direct 
field, flor they are more difficult to extract than inoculation. The decreased nodule mass and pod
the larger seeded Ashford. These are very ima- yield, of Ashford and Barberton with the oil
I)ortant management probllems facing growers of base inoculant may reflect an interference of thegroundiuts incentral Sudan. We were able to oil with germination )orearly growth of the l)lnt.
extract nodules more eftectively from the soil Barlberton evidentlv was more sensitive than 
than nuts, because we carried inidividual sect ions Ashford to oil application. Consistent differ
of soil with plants to a caial and carefully ences were not found between single and mixed 
washed away tile soil. This was not practical inoculants inany of the measured traits (Table 
when harvesting nuts. 7 

Inoculation resulted inincreased nodule mass Nodule occu)ancy data (Table 8) indicated 
(Table 5), but did not improve top (Iry weights, that TAL :309 occupied :30 of'the testedto .14' 
tissue nitrogen, or pod yields. Most of tIle treat - andnodules that differences between oil and
 
ment differences were 
because of* the nitrogen peat carriers were insignificant. The Wad Me
control, and the effects of nitrogen fertilization dan isolates, obtained from the control plots,
are well established in the literature (Mukhtar were serllogically ident ical to 8A 11,and agglu
and Yousif 1979). tilation reactions ('ould not be used to deter

mine 8A1I strain recovery. The peat carrier
Inlwllant ('rrier~s" resulted in equal percentages of' main- and lat-

In 1982, we evaluated peat versus oil-base eral-root nodules occupied by 'rAL :309, but the
carriers (Table 6). With Barberton, nodule mass oil carrier gave a higher )ercentage with lateral-

TABLE 6 
Nodulation and yield parlmet'rs ofpeat and ojl-bans inoculants lith the groundnut cultiuars Ashford and
 

Barbcrton, Vlad Aedani, Sudanl, 1982
 
Nodulation Yield 

''reat ntlll Ntltler Mass Top Idryweight Tissue nitrogen Pod 

Ashford Bartberton Ashford Bartlerton Ashlord Barberton Ashford tarbertion Ashfordl Barbertonla t -
n . pla n t - I g p l a t- , g p -, kg h a ' 

8All 
Peat 128.5" ;1.,9 8.l.o 55.6 6,.25 5.12 2.8-1 2.68 1597 68tOil l10I 66.7 72.1 15.2 5.18 ,4.83 2.65 2.54 1615 385 

TAL 309 
Peat 96.8 co.1 81.0 (37.6 5.21 5.07 2.59 2.61 1878 674Oil 99.2 67.7 72.8 52.0 5.05 4.70 2.62 2.57 1299 500 

8AII /TA1, 309mixture 

Peat 96.A 78.3 81.1 67.2 5.03 5.07 2.51 2.58 174:1 684Oil 104.2 9011.5 75.16 56.0 6.21 5.:,7 2.27 2.50 1639 500SE 4.5 :1.8 1.9 2.5 0.10 0.34 0.05 0.04 52 31 
Vllhles are avtrlges Of Vt' observatl ions. 
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TABILE 7 
Mean squares from analvsi.s of varianceand h'cels of significance based on F-tests for peat and oil-inocultant 

treatments 
Nodulation Yield 

Variabhle df Num|ber Mass 'Iop dry weight Tissue nitrogen Pod 

Ashiford Barberton Ahfford Iarbcrtto Ashford Ilarlberton Ashford Barberton Ashfl rd Barberton 
Treatment 7 ° " 876 51. 175 626"'" 181-3 13.)'* 0.15** mi0 395 36)11

Peat %s. oil 1 265 502 .1 ] 1153- I.I 1 1.1 0.02 o.),5 III 1001 * 
Check vs. I 30) 5 281 221; 2.5 1.S 0.02 (0.04 1 

strains
 
Nitrogen vs. 1 2260 
 .1:38 519- 2.101"- 120.6- 8.1,84' 0.79'' 0.08 99 II 10*
 

strains
 
Single vs. I 23f 2739' 
 .1 282 0.6 0.6 0.02 o.02 149 18 

. i.idicate significait'e at the o.115 and 0.01I levels, respectively. 

TABILE 8 

Groundnut nodule ou'upancy in the treattments 
recit ing strain TA.L 309, Wad Mdani, Sudan, 1982 

Ihchilt occupancy,carr-r -+I--- ,_ -- -- -r-. ar...a..-.. .............. ament 

Peat :18.0 ± 4.7 36.0 ± 7.1 

Oil 10.)) _ 2(0 4.)). ±_ .1. 

Means _ SE of 50 nodules idenitilied per treat-
Itieat. 

root nodules. The increase in strain TAL 309 
recovery from the oil carrier in the lateral-root 
nodules may indicate late infection, not reflected 
in the measured nitrogen-fixing traits (Table 6). 
The oil carrier might have protected the rhizobia 
longer than the peat carrier, 

l)epth of inoculantplacement 
Deep placement of inoculants may reduce 

stress on the Rhizobium because of desiccation 
or high temperature. The 43'C spot on the tem-
perature-sensitive labels changed color during 

burial. The labels were dugjust before irrigation, 
and the 49'C spot had not changed color, indi
cating that neither the 5- nor the 15-cm depths 

were above 49'C before water was added. Results 
showed that, as the depth of inoculant placeincreased, only top dry weights signifi 
cantly improved (Table 9). (Both the linear and 

quadratic components for top dry weights were 

significant at P < 0.05 on the basis of F-tests, 
but inasmuch as no other regressions were sig
nificant, data are not shown in table format.) 
The increase in pod yields with depth was not 
significant, and the number of nodules per plant 
and the weight of nodules per plant were unaf
fected by placement depth. This disagreed with 
the weight-compensation phenomenon sug
gested by Schiffman and Alper (1968), where 
deep placement of inoculum resulted in higher 
nodule weights but decreased nodule numbers. 
Also, unlike the results in soil with no (Wilson 
1975) or few (Marcarian 1982) rhizobia, the 
distribution of nodules along the root in this soil 
with a high indigenous population was not re
lated to the depth of inoculant placement. Visual 

TABLE 9 
Placententdepth of a mixed inoculant and nitrogen-fixing traits of groundnuts, Wad Medani, Sudan, 1981 

Nodulat ion Yield 
Applicationdepth. cttt Number, Mass. 

no. platnt -Numtg plant -' 
no._plant-'_____plantg 

Top dry,
weight,
plant-' 

TIissue 
nitrogen, Pod,

kg hai 

I 43.0 27.13 3.13 3.43 1639 
5 58.0 22.00 3.31 3:.39 1667 

10 46.0 26.13 3.98 3.48 1754 
SE 4.3 1.84 0.13 0.05 56 

Mixture of strains applied at planting with the seed (application depth equals 0, 5, and 10 cm below the 
seed). 

Values represent an average of eight observations; because there was no cultivar by depth interaction (P< 
0.05), the observations for both cultivars Ashford and Harberton were pooled. 
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ol)servations of the nodules indicated a rather 
uniform distribution throughout the rooting sys-
tern. 

CONCIUSIONS 

Results of' these studies failed to (lelmionstrate 
decided advantages with inoculation, despite tihe 
use of methods reported to improve rhizobial 

survival. Although the soil contained 2.1 x 10 
g--'cowpea rhizobia, strain :309 succesnll.
nA 

competed for nodule sites with the indigenous 

rhizohia. In as intcIIas phIant growth character-
istics were not consistent v improved, this sug-
gests that the ildigenotis rhizohia were fixing 
nitrogen equal to the introduced strains or t hat 
other, unknown, factors were limiting ground-
nut piroduction. Adding 120 kg N ha - resulted 
in itp~roveil growlth parameters, indicating thatt 

trrigated
iimptved g h paraeteir n t eing groun(iilts (Arachis hyl,,L'a I.) to 
not all the nitrogen requirements were being 
met by nitrogen fixation. The N-fertiliz,d plots 
could he spotted with ease both years of the 
study by their greener andimnore robust growth 
-itI itie of*flhowering.F 
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