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Groundnut yields obtained by farmers in northern Ghana are generally low due to low soil fertility resulting from continuous
cropping coupled with low use of external inputs. There is therefore the need to use systems’ internal resources such as
biological nitrogen fixation efficiently to enhance crop production. This on-station experiment investigated nodulation and
pod yield responses of three groundnut varieties, namely Obolo, Oboshie and Samnut 22 to inoculation with rhizobium
inoculants of exotic strains, namely Bradyrhizobium yuanmingense (BR 3267) and USDA 3456 in combination with 0 kg P ha™’,
15kg P ha™' and 30kg P ha™'. Combined application of 30kg P ha™' and BR 3267 increased the nodule numbers in Obolo,
Oboshie and Samnut 22 by 144%, 188% and 56%, respectively compared to their uninoculated counterparts. Inoculation with
BR 3267 produced the highest pod yield in all the three varieties with yields increasing from 13 to 40% over that of the
uninoculated treatments, with BR 3267-inoculated Samnut 22 giving the highest yield of 2013kg ha™'. P fertilizer and
rhizobium inoculant also had a significant interactive influence on the pod yield of groundnut. Combined application of 30 kg P
ha™' and rhizobium inoculation increased the groundnut yield by 64 to 68%. The study observed a positive interaction between

the rhizobium strains and P fertilizer.

1. Introduction

Groundnut (Arachis hypogaea L.) is an important grain
legume produced in northern Ghana. The crop is grown
mainly for its seed and it comprises 40-50% oil, 20-30%
protein and contains vitamin B as well. All other parts of the
plant are used as animal feed [1]. Poor soil fertility, lack of
improved varieties, erratic rainfall and drought are some of
the production constraints faced by farmers in northern
Ghana. However, poor soil fertility and lack of improved
varieties are the predominant production constraints
groundnut farmers face in the region although plant
breeders have contributed immensely through variety im-
provement to curb the situation. However, soils found in
most groundnut-growing areas are inherently poor with

deficiencies in most of the essential plant nutrients especially
nitrogen (N) and phosphorus (P) [2]. Groundnut yields
obtained by farmers in northern Ghana are generally low
due to the poor soil fertility which has ensued as a result of
continuous cropping coupled with low use of external in-
puts. The high cost of inorganic fertilizers coupled with the
environmental threat posed by their application is also a
major concern. There is therefore, the need to use systems’
internal resources such as biological nitrogen fixation (BNF)
efficiently and judiciously use P fertilizers to enhance
groundnut production.

Inoculation of legumes with rhizobia generally triggers
plant growth, development and yield and it is normally used
as a substitute for mineral nitrogen fertilizer which is often
costly [3]. The rhizobia (bacteria) have the potential to infect
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the root, form nodules and symbiotically fix N, in legu-
minous plants [4]. However, the rhizobium is host-specific
as certain species can only infect specific legumes.

The rhizobium activity and N, fixation are reduced when
the system lacks phosphorus (P) since P serves as energy
source for the rhizobia and also stimulates early root growth
and enhances the formation of lateral and fibrous root
systems which are essential for nodule formation. According
to [5], P enhanced the efficiency of photosynthesis in plants
and increased branch numbers and pods per plant thereby
contributing to the yield of plants. This notwithstanding, [6]
reported that P is a limiting factor in plant nutrition as a
result of the deficit of available soluble phosphate in the soil.
Research work by [7] reveals that legumes inoculated with
rhizobium in addition to phosphorus fertilizer respond
differently in terms of growth, yield and nitrogen fixation.
Also, [8] observed that combined application of phosphorus
at 45kg P ha™' plus rhizobium inoculants increased nod-
ulation by 56% and recorded significant higher soybean
grain yields. Their work further revealed that combined
application of 45kg P ha™' and rhizobium inoculant was
more profitable than the application of only 45kg P ha™'. In
general, this current experiment sought to investigate the
response of groundnut to combined application of rhizo-
bium inoculants of different strains and P fertilizer. Spe-
cifically, the study was to determine the appropriate
rhizobium strain to enhance nodulation, growth and grain
yield of groundnut, to determine whether the response of
groundnut to the rhizobium strains is variety-dependent and
also to investigate the interactive effects of inoculation and
phosphorus application on the above responses of the
groundnut varieties.

2. Materials and Methods

2.1. Area Description. The study was carried out at the ex-
perimental field of the Council for Scientific and Industrial
Research-Savanna Agricultural Research Institute (CSIR-
SARI) in the Northern Region of Ghana. The site is located at
09°23'29.8”"N and 001°00'04.8”"W. Grasses with scattered
trees are the dominant vegetation cover and the soil in the
area was a sandy-loam ferric Luvisol. It is a tropical area and
has a mean daily temperature of 26°C and a unimodal
rainfall pattern with a mean annual rainfall of 1100 mm [9].

2.2. Experimental Design and Treatment Application. The
trial was a split-split plot design with three replications. A
total number of 81 plots with an individual plotsize of 9 m
were used. The main plot treatments were three groundnut
varieties, namely Samnut 22, Obolo and Oboshie. The
subplot treatments include three levels of P fertilizers (0 kg P
ha™', 15kg P ha™' and 30kg P ha™') and sub-subplot
treatments comprised two inoculant strains (BR 3267 from
Embrapa Agrobiologia, Brazil and USDA 3456 from Nai-
robi, Kenya) and no inoculant (control). Based on several
preliminary experiments on P optimum dose for groundnut
(data unpublished), we observed that 30 kg P ha™! was the
optimum for groundnut production in the study area. Going
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above 30kg P ha™' would probably not be economically
viable for the groundnut farmers in the study area.

2.3. Agronomic Practices. Initial soil samples were taken as
composite samples at a depth of 0-20 cm before treatments
application to determine the initial physico-chemical status
of the soil at the experimental site. The soil samples were
analysed for the following parameters: pH (H,O/soil 2:1),
organic carbon (Walkley-Black), total N (Kjeldahl distilla-
tion), CEC (NH4OAc), available phosphorus (Bray-I),
exchangeable K (NH,OAc), bulk density (3 x 100 cm” metal
cans per profile depth and replication) and particle size
distribution (hydrometric method) [10, 11] (Table 1).

The field was previously planted to maize for three years.
The land was ploughed and harrowed with a tractor and
manually ridged. Seeds of the test groundnut varieties were
inoculated as follows: 30ml of 20% sugar solution was
sprinkled onto 1kg of groundnut seeds and mixed thor-
oughly after which 5g of inoculant was added to it and
stirred uniformly to ensure adequate coating of every seed
with the inoculant material. The mixture was then dried
under shade for about 30 minutes after which the inoculated
seeds were sown. The groundnut seeds were sown on 26th
June, 2016 at a spacing of 50 x 20 cm under rain-fed con-
ditions and one plant was maintained per hill. Phosphorus
was applied in the form of triple superphosphate (46% P,Os)
by side placement two weeks after sowing. The field was
manually weeded at 2nd and 5th weeks after sowing. The
groundnut variety, Samnut 22 was obtained from the In-
ternational Institute of Tropical Agriculture (IITA), Ibadan,
Nigeria and the Oboshie and Obolo were obtained from the
Crop Research Institute of the Council for Scientific and
Industrial Research (CSIR-CRI), Fumesua, Ghana. All the
varieties were selected because of their high yielding po-
tential, medium maturity and their availability in the region.
Data were recorded on days to 50% flowering, nodule
number, nodule dry weight, pod load, pod yield, haulm
weight and seed size (as 100-seed weight).

2.4. Days to 50% Flowering. It is the number of days from
planting to the time when 50% of the plants had flowered. In
order to obtain this, a 4 m> area was marked in the middle of
the plot and the progress of flowering was monitored till the
date on which half of the number of plants within this area
flowered and this date was recorded.

2.5. Nodulation. Five plants were selected from each of the
rows next to the two border rows giving a total of 10 plants.
The plants were gently scooped up with a spade and the roots
were washed on a sieve under a jet of tap water and then
placed on a paper towel in the shade to air-dry. The nodules
were then counted while still intact on the roots from the
crown to the tip. The total number of nodules from the ten
plants was divided by 10 to obtain the number of nodules per
plant. The nodules were then carefully detached from the
roots of the 10 plants with hand and dried in a forced-air
oven at 60°C until a constant weight was obtained and this
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TaBLE 1: Physical and chemical properties of the soil of the trial site
at Nyankpala, northern Ghana.

Parameter Value
pH (H,0) 5.8

% organic carbon 0.12
% total N 0.02
Available P (mgkg™) 13.28
K (mgkg™) 89.00
Ca (Cmolkg™) 7.16
Mg (Cmolkg™) 1.46
% sand 70.72
% clay 5.80
% cilt 23.48

weight value was divided by 10 to get the nodule dry weight
per plant.

2.6. Pod Yield. Plants in the middle four rows of each plot
were harvested and the pods pricked from the roots and
dried in the sun on a concrete floor for a sufficient number of
days and then weighed using a digital balance.

2.7. Pod Load. Five plants were randomly selected from the
harvested lot and their pods were detached, counted and the
number recorded. This value was averaged over the five
plants to obtain the pod load which is defined as the average
number of pods produced by one plant.

2.8.100-Seed Weight. In order to determine the average seed
size/weight, about 100 pods were randomly selected per
treatment, shelled and the seeds were mixed and from this
number 100 seeds were picked and weighed to estimate the
average seed size/weight.

2.9. Haulm Yield. After removing the pods from the plants
harvested from the four inner rows, the leaves and the roots
were removed from the plants and the remaining stuff was
weighed and recorded as field weight. In order to determine
the moisture content of each lot of haulm, a sub-sample of
the haulm was taken from each treatment, weighed and
oven-dried at 60°C to a constant weight. The percent
moisture content of the sub-sample and the field weight of
the bulk haulm were used to calculate the dry weight of the
bulk haulm.

2.10. Data Analysis. The data obtained were subjected to
analysis of variance (ANOVA) using GENSTAT (12
Edition) [12] and the means were separated with the least
significant difference (LSD) approach at P <0.05.

3. Results and Discussion

The application of rhizobium inoculants and P fertilizer had
great influence on all the three groundnut varieties as most
of the variables measured were influenced by these
treatments.

3.1. Days to 50% Flowering. There was no interaction effect
on variety, phosphorus and inoculant together on days to
50% flowering but the interaction of variety and inoculant as
well as the interaction of P fertilizer and inoculant were
significant (P <0.05). Inoculation of the three groundnut
varieties with both rhizobium strains USDA 3456 and BR
3267 reduced the period of flowering compared to the
uninoculated groundnut varieties (Table 2). Inoculation of
Oboshie and Obolo with BR 3267 reduced the days to 50%
flowering by 16% in these varieties compared to the unin-
oculated plants (Table 2). This could be as a result of the fact
that the rhizobium strain applied was effective and may have
made more N available through N, fixation thereby en-
hancing the overall nutrition of the plants which might have
triggered the early reproductive processes of flowering. The
results agree with the findings of [13] who reported that
inoculating soybean with rhizobium reduced the days to
50% flowering compared to the uninoculated plots.

All inoculated P-fertilized plants flowered earlier than
the plants without both P fertilizer and inoculation, with
combined applications of BR 3267 and 30 kg P ha™' reducing
the days to 50% flowering by six days compared with the no
P uninoculated plot (Table 2). P enhances photosynthetic
activities of plants and also acts as an energy source for the
rhizobium bacteria. Therefore, combining P and effective
rhizobium strains would enhance N, fixation and rapid
growth of the groundnut plant which in turn would stim-
ulate early flower production.

3.2. Nodule Number. Interaction of variety, inoculant and
phosphorus was significant at P <0.05. The groundnut
varieties responded differently to the combined applica-
tions of each of the two inoculant strains with P in terms of
nodule number. Combined application of 30kg P ha™" and
BR 3267 increased the nodule numbers in Obolo, Oboshie
and Samnut 22 by 144%, 188% and 56%, respectively over
their respective uninoculated plots. The combined appli-
cation of 30kg P ha™' and BR 3267 produced the highest
nodule number of 69 in Oboshie which was statistically
similar to the nodule number produced by Samnut 22
fertilized with 30 kg P ha™" (Table 3). Uninoculated Samnut
22 with 30kg P ha™" application produced statistically the
same number of nodules as inoculated Samnut 22 fertilized
with 30kg P ha™ (Table 3). The addition of rhizobium
inoculants helps boost the number of nodules per plant
which in turn increases the potential of N, fixation with the
help of P fertilizer [14]. P fertilizer is required for plant
growth and development as it helps in root development
and also serves as energy source for the rhizobium which in
turn may lead to increased nodule formation thereby en-
hancing N, fixation. The results obtained agree with the
work by [15] who found out that the nodule number per
plant and root length increased when P was applied in
combination with rhizobium inoculation.

3.3. Nodule Dry Weight. The interactive effects of variety and
inoculant and that of P fertilizer and inoculant were sig-
nificant (P < 0.05) but the interaction of all the three factors
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TasLE 2: Influence of rhizobium inoculants and phosphorus fertilizer on days to 50% flowering and nodule dry weight of three groundnut

varieties.

Days to 50% flowering

Nodule dry weight (g/plant)

Groundnut variety USDA 3456 BR 3267 No inoculant USDA 3456 BR 3267 No inoculant
Obolo 26 25 29 0.271 0.587 0.240
Oboshie 26 25 29 0.197 0.401 0.176
Samnut-22 27 27 29 0.342 0.406 0.317
LSD 0.952 0.111
CV (%) 14 8.9
Okg Pha! 27 27 30 0.176 0.216 0.202
15 kg P ha! 26 26 29 0.259 0.487 0.207
30 kg P ha™! 25 24 28 0.376 0.692 0.324
LSD 0.785 0.135
CV (%) 1.9 28.9

TaBLE 3: Interaction effect of rhizobium and P fertilizer on nod-
ulation of three groundnut varieties.

Nodule number/plant

Groundnut USDA No
: -1

vanety P (kgha™) 3456 BR 3267 inoculant
0 21 49 27

Obolo 15 41 60 24
30 49 66 37
0 17 38 24

Oboshie 15 29 50 27
30 44 69 38
0 33 45 39

Samnut-22 15 36 53 49
30 44 61 69

LSD 10.49

CV (%) 16.2

was not significant (P> 0.05). Inoculation with BR 3267
produced the highest nodule dry weight in all the three
varieties compared to those inoculated with USDA 3456 and
the uninoculated varieties. Inoculating Obolo with BR 3267
gave the highest nodule dry weight of 0.59¢g per plant
whereas the lowest nodule dry weight of 0.18 g per plant was
obtained when Oboshie was planted without rhizobium
inoculation (Table 2). The results agree with the findings of
[16] who reported that inoculating soybean with rhizobium
produced a higher nodule dry weight than the uninoculated
soybean variety.

Nodule dry weight was also influenced when P and
rhizobium strains were applied together. Combined appli-
cation of each of BR 3267 and USDA 3456 with 30kg P ha™"
gave the highest nodule dry weight in relation to the un-
inoculated varieties. The dual application of BR 3267 and
30kg P ha™' produced the greatest nodule dry weight of
0.69 g per plant with the lowest nodule dry weight of 0.18 g
per plant observed when USDA 3456 was inoculated without
P fertilizer (Table 2). The current findings agree with the
observation of [17] that inoculating soybean with B. japo-
nicum combined with 46 kg P,0; ha™! increased the mean
nodule dry weight per plant compared to the uninoculated
treatment. The combined application of the rhizobium
strains and the P fertilizer increased the nodule dry weight
by about 145% over the uninoculated (control) plot.

3.4. Pod Load. The interaction between variety and inoc-
ulant was significant and P main effect was also significant
(P <0.05) with respect to pod load (i.e. number of pods per
plant). However, there was no significant (P> 0.05) in-
teraction of variety, phosphorus and rhizobium inoculants
with respect to pod load. The three groundnut varieties
responded differently to the application of the inoculant
strains. BR 3267 produced the highest number of pods in all
the three varieties (Table 4) and increased the pod numbers
by 75%, 38% and 12% in Obolo, Samnut 22 and Oboshie,
respectively over the uninoculated plants (Table 4).
Phosphorus application also had a great influence on the
number of pods produced by the groundnut varieties .
Application of 30kg P ha™" increased the pod number by
38% compared to the Okg P ha™' treatment (Figure 1). It
has been established that application of P fertilizer stim-
ulates node and pod formation in legumes [18] so the 30 kg
P ha™' may have caused this increase via increased pod
node formation. The observation by [19] that significant
increase in pod load in various legume plants were due to
increased P application confirm the results obtained in this
current study.

3.5. Pod Yield. There was no interaction between the three
factors, namely groundnut variety, phosphorus and inocu-
lant on pod yield. However, the interactions between variety
and inoculant and also between P and inoculant showed
significance (P < 0.05) with respect to pod yield. Inoculation
with BR 3267 produced the highest pod yield in all the three
varieties with yields increasing from 13 to 40% compared to
the uninoculated treatments with Samnut 22 giving the
highest yield of 2013 kg ha™' when the inoculation was with
BR 3267 (Figure 2).

P fertilizer cum rhizobium inoculant also had a great
influence on the pod yield of groundnut. Inoculating with
rhizobium strains in combination with 30kg P ha™'
produced yields that are much higher than inoculation
with rhizobium without P fertilizer. Both USDA 3456 and
BR 3267 with 30kg P ha™' gave statistically similar high
yields of 1805kg ha™' and 1757 kg ha™" respectively. The
uninoculated unfertilized (0 kg P ha™") plots produced the
lowest yield of 1074 kg ha™" (Figure 3). Increases in yield
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TaBLE 4: Influence of rhizobium strains on pod loads of three
groundnut varieties.

. Pod load
Groundnut variety .
USDA 3456  BR 3267  No inoculant

Obolo 17 21 12
Oboshie 18 19 17
Samnut-22 23 25 18

LSD 3.025
CV (%) 5.8

25 -

20 A

15

Pod load

0Pkgha! 15Pkgha™

Phosphorus rate

30Pkgha!

Figure 1: Effect of phosphorus on pod loads of three groundnut
varieties (the bars represent LSD at P <0.05).

due to inoculation is evident in most research studies
carried out around the world and even in areas where the
yield increment is not obvious, inoculation may still have
major benefits by enhancing seed N levels and N uptake by
the plant [4]. According to [20], the combined use of P
tertilizers and rhizobium inoculants increased grain yield
and enhanced N, fixation to improve the fertility status of
most soils. The present study is in agreement with this
finding as the combined use of P and inoculants increased
yields of the test groundnut varieties.

—_—

3.6.100-Seed Weight. The variety main effect was significant
(P <0.05) in terms of seed weight. However, there were no
significant effects (P> 0.05) with regard to P main effect,
inoculant main effect and their interactions. Obolo had the
highest seed weight of 85.8 g with the lowest weight of 44.2 g
obtained from Samnut 22 (Figure 4). Each crop variety
released has its own attributes and genetic make-up that the
breeders focus on when developing it. Research work has
shown that both the seeds of Obolo and Oboshie are ge-
netically big with 100-seed weights of 80.8g and 85.6g,
respectively [21]. In this study, only the 100-seed weight of
Obolo was able to match with its passport weight data. The
seed weights of both Obolo and Oboshie were respectively
approximately twice that of Samnut 22 (Figure 4). The
higher pod yield by Samnut 22 compared with Obolo and
Oboshie might not be due to a bigger seed size but probably
due to a higher number of seeds per pod.

2500 -
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1000 +

Pod yield (kgha™!)

500 ~

Oboshie
Groundnut varieties

Samnut-22

B8 USDA 3456
B BR 3267
@ No inoculant

FIGURE 2: Pod yield responses of three groundnut genotypes to
rhizobium inoculation (the bars represent LSD at P < 0.05).
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FiGgure 3: Influence of combined application of rhizobium inoc-
ulant and P fertilizer on pod yield of groundnut (bars represent
LSD at P <0.05).

3.7.Haulm Yield. The interaction of variety, P and inoculant
with respect to haulm yield was significant (P < 0.05) but all
the three groundnut varieties responded differently to the
application of P fertilizer and rhizobium inoculation. A
combined application of 30kg P ha™" and USDA 3456 to
Samnut 22 produced the highest haulm yield of 6103 kg
ha™'while the lowest yield of 1756 kg ha™'was obtained from
the application of 30kg P ha™' and BR 3267 to Oboshie
(Table 5). The result obtained is in agreement with the work
done by [22] who reported that combined applications of P
and rhizobium inoculant enhanced straw weight of soybean
and other legumes. The combined use of inoculants and P
fertilizers usually enhances nitrogen uptake by plants and
this nitrogen helps in the vegetative growth of the plant
which might have contributed to the higher haulm yield
obtained in this study.
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FIGURE 4: Varietal effect of groundnut on seed weight (the bars
represent LSD at P <0.05).

TaBLE 5: Effect of combined application of P and rhizobium in-
oculant on haulm yields of three groundnut varieties.

Haulm yield (kg ha™")

Groundnut USDA No
; -1

vaniety P (kg ha™) 3456 BR 3267 inoculant
0 3418 2836 1887

Obolo 15 2076 2844 2301
30 2854 2362 2429
0 1771 3820 3889

Oboshie 15 2912 2118 3351
30 3353 1756 1823
0 4524 3649 5568

Samnut-22 15 4638 3274 3527
30 6103 3719 2757

LSD 1408.9

CV (%) 259

4. Conclusion

The study found out that all the three groundnut varieties
responded differently to both the rhizobium strains and the
P fertilizer applied. BR 3267 was the appropriate strain that
was able to enhance nodulation, growth and pod yield of
groundnut.

The results obtained in this experiment further confirm
the fact that rhizobium strains are host-specific as the
groundnut varieties responded differently when they were
inoculated with different rhizobium strains. The pod yield of
Samnut 22 was higher than that of Obolo and Oboshie
though BR 3267 produced the highest yield in all the three
varieties. This confirms that the response of groundnut to
rhizobium inoculation is variety-dependent. Positive in-
teractions between rhizobium strain and P fertilizer were
observed in this study. Combined application of 30 kg P ha™"
and rhizobium inoculation increased groundnut yield by 64
to 68%. Despite the numerous benefits rhizobium inocu-
lation brings to crop plants and agricultural soils, it is faced
with unfavourable factors such as erratic rainfall, soil
temperature and low-soil pH. There is therefore, the need to
research into the appropriate niches and specific host that a
particular rhizobium strain can nodulate and fix nitrogen as
expected before making recommendations to farmers.
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