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Confectionary groundnut production is limited by soil acidity in southern Nigeria. This study attempted an
improvement of soil quality by limiting pH adjustment to tolerable levels. The influence of lime rates and plant
spacing on the yield indicators of groundnut (4rachis hypogaea L.) in Calabar, South Eastern Nigeria was evaluated
to portend the best suitable rates for groundnut production. A 4 x 3 factorial in randomized complete block design, 4
lime rates (0, 0.5, 1.0, and 1.5 #/ha), 3 planting distances (30 x 30, 30 x 50, and 25 x 50 cm) with three replications

were analyzed by two-way analysis of variance and Fisher’s least significant difference at 5% probability level.
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Plant spacing and lime application significantly increased growth as well as yield contributing factors of groundnut.
The highest percentage of seedling emergence (95.22) and tallest plants were observed with a lime rate of 1.5 #/ha.
Yields at 30 x 30 and 25 x 50 cm were statistically similar (»p > 0.05) but greater (p < 0.05) than yield from 30 x 50

cm spaced groundnut. Lime applied at 0.5 to 1.5 t/ha had a statistically similar yield, higher than control. The results
recommend that liming at the rate of 1.0 #/ha is beneficial for groundnut cultivation in Calabar.

1. INTRODUCTION

Groundnut (Arachis hypogaea L.) sub family Fabaceae [1] has the
potential of fixing atmospheric nitrogen (21 to 206 kg/ha annually) in
soils through bacterial association hence improving soil fertility [2,3].
Ranking thirteenth, of most important food crops and third among main
oilseeds of the world [4—6], it is mostly grown for carbohydrates, oil,
and protein [7-9]. The nutritional potential and economic importance
of groundnut is top notch; being an important cash crop for small
holder farmers in low-income tropical countries, Nigeria inclusive.
Lubricants are principally manufactured from peanut kernel oil. Other
industrial products such as shaving cream, plastics, and soap are also
peanut derivatives. Groundnut seed cake has been highly utilized for
livestock feed and fertilizer, while the shells are used as filters for
wallboard and insulators [10].

Groundnut has assumed multidimensional uses due to its relevance as
a food and cash crop consumed both domestically and as an export.
Oil extraction utilizes 50% of total global groundnut output while
confectionery use utilizes 37% and seed takes up the remaining 12%
[4]. According to Campos ef al. [11] and Arya et al. [12], peanuts have
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been consumed the world over in different ways and notably served
to eliminate or reduce malnutrition in populations within Africa in
recent years. China is the leading peanuts producer (34% of overall
world production), India (19%), the United States of America (6%),
and Nigeria (9%) [13]. Peanut is an excellent nutrient-rich food, made
up of highly digestible protein (60%), carbohydrate (22%), minerals
(4%), and about 8% fat [14]. It is mainly farmed by small-holder
farmers with low inputs and very low technology [4].

Irrespective of the recent genetic improvement of the groundnut crop,
its productivity has been on the decline with low pod yields averaging
less than 500 kg ha™'. Poor fertility status of acid soil has been generally
known to be a major contributory factor to low yields. Soils in Calabar,
south east rainforest ecology are low in pH and are deficient in basic soil
nutrients. As a panacea, liming to adjust the soil pH to a level tolerable
to most crops can improve soil quality [15]. Liming of soil increases
the activity of microbial populations that are important for increased
decomposition and mineralization of organic matter and indirectly,
nutrient availability or absorption [16]. Liming plays a positive role
in nutrient uptake in crops [17,18], but may not be effective in some
tropical soils because of excessive leaching. Bossolani ez al. [19] have
earlier reported that combined P fertilization and liming gave a high
available soil P while several other researchers have indicated positive
effects of liming on crop growth and yield [20-23]. Onat et al. [24]
defined plant density as the number of plants within a given area of land.
A higher number of plants per unit area leads to competition for growth
resources such as nutrients, water and light. Sreelatha et a/. [25] and [24]
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Table 1. Pre-cropping physico—chemical properties of the soil at the

experimental site.
Soil properties
Physical properties
Sand

Silt

Clay

Chemical properties
Soil pH

Organic carbon
Organic matter
Total nitrogen
Available phosphorus
Calcium
Magnesium
Potassium

Sodium

Aluminum
Hydrogen

ECEC

Base saturation

Values 2020

76.3%
13.0%
10.7%

49
0.97%
1.67%
0.08%

90.5 mg/kg
5.6 cmol kg™

0.8 cmol kg™!
0.12 cmol kg™
0.10 cmol kg™
0.50 cmol kg™
0.98 cmol kg™!

8.1 cmol kg™

82.0%

2021

80.1%
9.65%
10.25%

4.9
1.20%
1.87%
0.10%

89.87 mg/kg

1.4 cmol kg™

1.0 cmol kg™!
0.09 cmol kg™
0.07 cmol kg™!
0. 52 cmol kg™
0.04 cmol kg™!
3.12 cmol kg™

50.0%

reported that crop yield is determined by the efficiency of mobilizing
available environmental resources for growth by plants. Knowing
the suitable liming rate as well as the effects of planting distance will
serve as essential reference material for improved yield of groundnut
in the study. It is important to add to the pool of existing information
on the effect of plant density and liming on crop performance to help
in developing an adoptable production package for groundnut farmers
in Calabar and the rainforest agricultural ecology as a whole. The main
objective of this study therefore is to evaluate the influence of lime
application rates and plant density on the performance of groundnut
(Arachis hypogaea L.) in the humid rainforest of South eastern Nigeria.

2. MATERIALS AND METHODS

The field experiment was conducted during the early cropping season
(June-August) 2020 and repeated in 2021 at the Crop Science Research
Farm, in the precincts of the Forestry plantation of University of Calabar,
Calabar (04° 58'N, longitude 08° 21'E) an altitude of 39 m above sea
level at the equator, with a bi-modal annual rainfall that ranges from
3,000 to 3,500 mm/annum [26]. The plot was cleared of herbage, tilled,
and partitioned into three blocks marking out the experimental units,
and soil was raised into beds measuring 2.5 m wide x 2.1 m long (5.25
m?). Each bed was separated by 1.0 m spacing along the furrows. Lime
was ploughed into the soil 1 week prior to sowing. Before field plowing,
plot soil samples were collected from four different points at a depth of
0-15 cm using a soil auger, bulked, and made ready for routine physico—

Table 2. Plant height, number of leaves, and number of branches and leaf area of groundnuts at 5 WAP.

Treatment

Planting distance (cm)
30 x 30 (D))
30 x 50 (D,)
25 x50 (D,)
LSD (0.05)
Lime rate
0(L)
0.5(L,)

1.0 (L,
1.5(L,)
LSD (0.05)
Interactions
D, xL,

D xL,

D xL,

D xL,

D, xL,
D,xL,
D,xL,
D,xL,

D, xL,

D, xL,

D, xL,

D, xL,
LSD (0.05)

Plant height ~ Number of
cm leaves
2020
18.81 21.25
17.29 19.12
18.53 21.25
0.35 NS
18.17 20.67
19.20 22.06
17.72 19.97
17.75 19.47
NS NS
18.98 20.17
19.70 23.08
17.33 19.50
19.24 2225
16.75 19.58
19.08 22.50
16.99 18.92
16.34 15.50
18.77 2225
18.82 20.58
18.83 21.50
17.67 20.67
NS NS

Number of

branches

4.29
3.63
4.21
NS

4.06
4.28
4.00
3.83
NS

4.08
4.50
3.92
4.67
3.75
4.17
3.67
2.92
433
4.50
4.17
3.92
NS

Leaf area  Plant height Number of Number of Leaf area
cm leaves branches
2021
6.20 18.63 22.96 4.33 6.10
5.70 17.31 19.25 3.92 5.55
6.16 18.38 21.76 4.86 6.24
NS 0.26 0.58 0.19 0.15
5.90 17.95 21.41 4.41 5.74
6.56 18.99 21.39 4.30 6.53
5.91 17.56 21.33 4.34 5.95
5.71 17.92 21.17 443 5.64
NS 0.35 NS NS 0.20
7.78 18.42 21.56 422 5.72
8.30 19.59 21.28 4.28 6.70
7.73 17.4 25.78 4.17 5.99
7.29 19.02 26.22 4.67 6.00
7.48 16.36 20.22 4.39 5.23
7.48 18.76 21.83 4.11 6.19
7.10 17.24 18.89 3.72 5.43
7.00 16.87 16.28 3.45 5.36
8.02 19.07 22.67 4.61 6.28
8.55 18.61 21.06 4.50 6.71
8.27 17.96 22.33 5.14 6.42
7.26 17.88 21.00 5.17 5.56
NS NS 2.32 NS NS

NS: Not significant at 5% level of probability D1: Planting distance of 30 x 30 cm, D2: planting distance of 30 x 50 cm, D3: 25 x 50 cm, L1: Lime rate at 0 #/ha, L2, Lime rate at 0.5 #/

ha, L3; Lime rate at 1.0 t/ha, L4: Lime rate at 1.5 t/ha.
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chemical analysis using appropriate methods. The experiment was 4 x
3 factorial laid out in a randomized complete block design (RCBD).
Treatments comprised four levels of lime at 0, 0.5, 1.0, and 1.5 t ha™
and 3 planting densities 30 x 30, 30 X 50 cm, and 25 x 50 cm (111,111,
66,667, and 80,000 plants ha™'). The 12 treatment combinations were
replicated 3 times, giving a total number of 36 experimental units. The
gross plot area was 320 m* (10 x 32 m). SAMNUT 23 groundnut variety
was sourced from the Institute of Agriculture and Research, Ahmadu
Bello University, Zaria, Nigeria. The seeds were treated with seed guard
chemicals to control soil-borne insect pests and fungal diseases. Two
seeds were planted at 2-3 cm depth and later thinned to one plant/
stand during the first weeding at 2 weeks after planting (2 WAP). The
general fertilizer recommendation of NPK kg/ha is 25 kg of N, 50 kg of
P,0,, and 100 kg of K, O as recommended by Okello et al. [27]. Weeds
were hand hoed at 2 and 7 weeks after sowing, with earthing up of the
plant bases to protect developing pegs and provide a loose medium
for easy penetration and enlargement of pods. Data were collected on
nine tagged plants from the net plot in each experimental unit on the
following growth and yield attributes; Percentage emergence, plant
height, number of leaves per plant, number of branches per plant,
leaf area, number of roots, root length, total number of pods, number
of unfilled pods, number of nodules, width of nodules, harvest index

(%), and grain yield (z ha™). The analysis of variance procedures for
RCBD were done using the GenStat 10.3 DE edition, and the post-hoc
test was done using Fisher’s least significant difference at a 5% level of
probability as described by Gomez and Gomez [28].

3. RESULTS

The physico—chemical properties of the soil at the experimental site
are shown in Table 1. The soil at the site was classified as sandy
loam with low pH (4.9) indicating acidic nature and requiring lime
amendment. Low percentages of organic carbon (0.97% and 1.20%),
organic matter (1.67% and 1.87%), total nitrogen (0.08% and 0.10%),
low levels of magnesium (0.8 and 1.0 cmol kg™), sodium (0.10 and
0.07 cmol kg™), potassium (0.12 and 0.09 cmol kg™) indicative of
low nutrient status below acceptable or recommended baseline for
groundnuts, but moderate in calcium (5.6 cmol kg™'), and available
phosphorus (90.5 mg kg™). The soil also contained low amounts of
aluminum (0.50 and 0.52 cmol kg™") and hydrogen ion (0.98 and 0.04
cmol kg™") which are potential sources of soil acidity. Effective cation
exchange capacity and base saturation values were (8.1 and 3.12 cmol
kg™") and (82.0% and 50.0%), respectively.

Table 3. Effects of planting distance and lime application on number of roots, length of roots, nodules per plant, and girth of nodules of groundnut.

Treatment Number of Length of Nodules per
roots (cm) roots plant
Planting distance 2020
(cm)
30 x30(D)) 17.04 15.34 29.03
30 x50 (D,) 14.93 16.7 32.03
25 x50 (D,) 17.75 17.12 35.92
LSD (0.05) 0.60 0.37 1.33
Lime rate
0(L) 14.30 14.97 28.04
0.5(L,) 16.94 16.39 31.89
1.0 (L)) 17.50 16.14 33.15
1.5 (L) 17.55 17.20 36.22
LSD (0.05) 0.80 0.49 1.78
Interactions
D, <L, 16.72 14.59 27.22
D, xL, 18.44 15.12 33.44
D, xL, 18.72 15.39 31.89
D, xL, 14.28 16.27 23.56
D,xL, 18.17 14.91 36.00
D,xL, 13.00 16.51 26.78
D, xL, 13.72 15.01 38.00
D,xL, 14.83 17.83 27.33
D, xL, 17.78 15.41 32.44
D, xL, 21.06 17.53 39.22
D, xL, 18.39 18.01 38.78
D, xL, 13.78 17.51 33.22
LSD (0.05) 2.39 NS NS

Girth of Number of Length of Nodules per Girth of
nodules (cm) roots (cm) roots plant nodules (cm)
2021
1.42 17.06 15.56 28.03 1.42
1.44 15.33 15.64 30.11 1.44
1.39 17.73 14.82 29.11 1.39
NS NS NS 1.56 NS
1.39 18.00 14.92 27.00 1.39
1.46 17.56 15.66 27.96 1.46
1.41 17.08 15.46 30.04 1.41
1.40 14.19 15.32 32.67 1.40
NS NS NS 2.08 NS
1.33 18.58 14.45 27.22 1.33
1.47 17.33 15.93 33.44 1.47
1.56 19.25 15.75 31.89 1.56
1.34 13.08 16.11 23.56 1.34
1.52 18.75 15.21 23.00 1.52
1.46 14.17 16.51 26.78 1.46
1.31 13.83 15.38 33.33 1.31
1.47 14.58 15.42 27.33 1.47
1.32 16.67 15.10 23.67 1.32
1.46 21.17 14.49 29.89 1.46
1.37 18.17 15.25 32.78 1.37
1.40 14.92 14.44 30.11 1.40
NS NS NS 6.2 N.S

NS: Not significant at 5% level of probability D,: Planting distance of 30 x 30 cm, D,: planting distance of 30 x 50 cm, D, 25 x 50 cm, L1: Lime rate at 0 t/ha, L, Lime rate at 0.5 t/ha,

L3; Lime rate at 1.0 t/ha, L4: Lime rate at 1.5 #/ha.
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Table 4. Effect of planting distance and lime application on total number of unfilled pods, harvest index, and yield (#/ha) of groundnut.

Treatment Total number Number of  Harvest index
of pods unfilled pods
Planting distance (cm) 2020
30 x30(D,)) 19.87 2.24 0.29
30 x50 (D,) 19.26 2.51 0.32
25 x50 (D,) 20.65 1.90 0.28
LSD (0.05) NS 0.13 0.01
Lime rate
0(L) 17.87 2.24 0.32
0.5() 20.98 222 0.32
1.0 (L)) 21.61 2.28 0.28
L5 (L) 19.26 2.13 0.28
LSD (0.05) 0.82 NS 0.01
Interactions
D, xL, 17.56 2.11 0.30
D xL, 21.33 2.33 0.29
D xL, 24.39 2.39 0.28
D xL, 16.22 2.11 0.28
D, xL, 19.28 322 0.35
D, xL, 20.28 2.33 0.35
D,xL, 19.11 222 0.29
D,xL, 18.39 2.28 0.31
D, xL, 16.78 1.39 0.31
D, xL, 21.33 2.00 0.31
D, xL, 21.33 222 0.27
D, xL, 23.16 2.00 0.24
LSD (0.05) 24.47 NS NS

Yield #/ha Total Number of  Harvestindex Yield (#/ha)
number of unfilled pods
pods
2021
1.58 2.11 1.71 0.28 1.61
1.52 19.78 1.73 0.29 1.41
1.79 19.28 1.63 0.27 1.67
0.22 NS NS NS 0.19
1.40 17.87 1.94 0.29 1.22
1.71 20.87 1.50 0.30 1.71
1.74 22.95 1.78 0.26 1.73
1.67 17.19 1.53 0.27 1.61
0.23 1.22 NS NS 0.21
1.57 16.35 1.58 0.29 1.50
1.60 19.92 1.33 0.30 1.73
1.90 26.50 2.25 0.27 2.03
1.27 17.67 1.67 0.26 1.20
1.50 20.50 2.83 0.29 1.46
1.67 20.77 1.33 0.31 1.60
1.33 20.42 1.25 0.26 1.33
1.57 17.42 1.50 0.30 1.26
1.80 16.75 1.42 0.29 1.86
1.87 21.92 1.83 0.30 1.86
2.17 21.93 1.83 0.25 1.76
1.33 16.50 1.42 0.25 1.20
0.23 NS NS NS NS

NS: Not significant at 5% level of probability D1: Planting distance of 30 x 30 cm, D2: planting distance of 30 x 50 cm, D3: 25 x 50 cm, L1: Lime rate at 0 #/ha, L2, Lime rate at 0.5 #/

ha, L3; Lime rate at 1.0 ¢/ha, L4: Lime rate at 1.5 #/ha.

Results in Table 2 showed how planting distance and lime application
impact the plant height, number of leaves, number of branches, and
leaf area of groundnuts at 5 WAP in the two planting seasons. In 2020,
plant height alone was significant, with 30 x 30 cm and 25 x 50 cm
giving similar plant height which was significantly higher than height
at 25 x 30 cm spacing. In 2021, spacing at 30 x 30 cm and 25 x 50
cm gave statistically similar results for plant height, number of leaves,
number of branches, and leaf area, which were significantly higher
than that observed at 30 x 50 cm in both years.

The lime levels were not significant in 2020 but only significant
for plant height and leaf area in 2021. Applying lime at 0.5 #/ha
significantly increased the plant height and leaf area than at all other
liming rates (p < 0.05). Effects of lime and spacing interactions were
however not significant (p > 0.05).

The effect of planting distance and lime application on the number of
roots, length of roots, nodule numbers per plant, and girth of nodules;
and their interactions is presented in Table 3. In 2020, the effect of
planting distance on the number of roots, length of roots, and nodules
per plant was significant (p < 0.05). The 25 x 50 cm planting distance
resulted in the highest number of roots (17.75), longest roots (17.12
cm), and highest number of nodules (35.92) per plant while 30 x 50 cm

gave the least values of these parameters except for nodule per plant
where it was 30 x 30 cm. In 2021, the planting distance significantly (p
<0.05) affected nodule numbers per plant (27.00-32.67). The 30 x 50
cm planting distance gave the highest nodules per plant (30.11) while
the least was produced by 30 x 30 cm (28.03).

The lime application rate showed a significant difference (p < 0.05) in
the number of roots, length of roots, and nodules per plant in 2020 and
the number of nodules per plant only in 2021. An increase in lime rates
from 0—1.5 #/ha resulted in an increase in the relative number of roots,
length of roots, and number of nodules per plant.

The interaction between planting distance and the lime rate was
significant for the number of roots in 2021, which ranged from
13.00 to 21.06. The 25 x 50 cm in combination with 0.5 #/ha gave
the highest number of roots while the least was obtained from 30
x 50 ¢cm with 0.5 t/ha lime rate. In 2021, the result revealed that
planting distance significantly (p < 0.05) affected nodules per plant
of groundnuts only. The highest number of nodules per plant were
obtained from 30 x 50 cm planting distance while the least was
produced by 30 % 30 cm.

In 2020, planting distance significantly (p < 0.05) affected the number
of unfilled pods, harvest index, and yield of groundnut. The spacing of
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Table 5. Effect of planting distance and lime application on dry matter percentage, shelling percentage, and total biomass of groundnut.

Treatment Dry matter Shelling percentage
percentage (%) (%)
2020
Planting distance (cm)
30 x30(D,) 52.25 89.58
30 x50 (D,) 59.36 79.17
25 x50 (D,) 57.64 86.81
LSD (0.05) 1.62 1.96
Lime rate
0(L) 58.37 84.26
0.5(L,) 54.93 86.11
1.0 (L) 53.33 81.48
1.5(L,) 59.04 88.89
LSD (0.05) 2.16 NS
Interactions
D, xL, 61.33 86.11
D xL, 45.00 97.22
D, xL, 53.56 83.33
D xL, 49.11 91.67
D, xL, 60.00 83.33
D,xL, 61.00 77.78
D, x L, 49.22 75.00
D,xL, 67.22 80.56
D, xL, 53.78 83.33
D, xL, 58.78 83.33
D, <L, 57.22 86.11
D,xL, 60.78 94.45
LSD (0.05) 6.49 NS

Total Biomass Dry matter Shelling percentage  Total Biomass
(kg) percentage (%) (kg)
2021
0.12 49.39 86.46 2.60
0.11 48.64 78.13 2.40
0.12 49.89 81.25 2.40
NS NS NS NS
0.12 48.55 81.94 2.40
0.12 44.48 84.75 2.60
0.13 51.48 75.00 2.80
0.10 52.70 86.11 2.20
0.01 4.04 NS NS
0.11 52.33 87.50 2.40
0.12 42.55 95.83 2.60
0.14 53.56 75.00 3.20
0.10 49.11 87.50 2.20
0.12 47.22 83.33 2.60
0.11 44.44 79.17 2.60
0.12 46.22 70.83 2.40
0.10 55.67 79.17 2.00
0.12 46.11 75.00 2.40
0.12 46.44 79.17 2.60
0.13 53.67 79.17 2.60
0.10 53.33 91.67 2.20
NS NS NS NS

NS: Not significant at 5% level of probability D,: Planting distance of 30 x 30 cm, D,;: planting distance of 30 x 50 cm, D, 25 x 50 cm, L1: Lime rate at 0 #/ha, L, Lime rate at 0.5 /ha,

L3; Lime rate at 1.0 t/ha, L4: Lime rate at 1.5 #/ha.

30 x 30 cm and 30 x 50 cm produced statistically similar yield which
was significantly different (p < 0.05) from 25 x 50 cm at 1.79 t/ha.
In 2021, 30 x 30 cm and 25 x 50 cm spacing resulted in statistically
similar yields, significantly different from yield derived from 30 x 50
cm (Table 4).

Similarly, lime application rates significantly affected the total number
of pods, harvest index, and groundnut yield in 2020, as well as the total
number of pods and yield alone in 2021. At 1.0 t/ha, lime produced the
highest number of pods while the least was gotten from 0 and 1.5 #/
ha. Lime application at 0.5-1.5 #/ha lime rate produced the highest
yield (1.61-1.73 t/ha) which was statistically at par, while the least
was obtained from 0 #/ha.

Planting distance and lime application rate interaction were significant
for the total number of pods in 2020 and yield in 2020 only. The 30 x
30 cm in combination with 1.0 #/ha lime rate gave the highest number
of pods while the least were from 30 x 30 cm planting distance with
1.5 t/ha lime rate. Groundnut had the lowest yield when lime was not
applied (0 t/ha) and the highest yield at the lime application rate of
1.5 t/ha.

Planting distance and lime application rate interaction were significant
for yield (#/ha) 30 x 30 cm interacted with 1.0 #/ha to give the highest

yield while the least yield was obtained from 30 x 30 cm with 1.0 #/
ha (Table 4).

The effects of planting distance and lime application on dry matter
percentage, shelling percentage (%), and total biomass and their
interactions (Table 5) in 2020 showed that planting distance
significantly (p < 0.05) affected dry matter and shelling percentage
but not total biomass. In 2021, however, the effect of planting distance
was non-significant for dry matter, shelling percentage, and total
biomass (p > 0.05). The application of lime only influenced dry matter
percentage in both years and total biomass alone in 2020. The highest
dry matter percentage was obtained from 30 x 50 cm planting distance
while the least was from 30 x 30 cm. For the shelling percentage, 30
x 30 cm planting distance gave the highest while the least was from
30 x 50 cm.

The results further indicated that the effects of liming rate only
significantly influenced dry matter percentage in 2020 (53.33-59.04)
and 44.48-52.70 in 2021 only. The 0.5 #/ha and 1.0 t/ha lime rates
were statistically similar in their dry matter percentage but statistically
different from 0 to 1.5 t/ha lime rates (Table 5). The interactions
between planting distance and lime rates were significant and ranged
from 45.00% to 67.22%. The 30 x 30 cm in combination with zero
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application of lime gave the highest dry matter percentage while the
least was from 30 x 30 cm with 0.5 #ha lime rate. Other interaction
effects were not significant (p > 0.05).

4. DISCUSSION

The result of the soil analysis in the experimental site before planting
showed that the soil is sandy loam. The soil pH was low (4.9)
indicating a strongly acidic condition which is in consonance with the
report of Hazelton and Murphy [29]. There is adequate organic carbon
above 0.75%, nitrogen, calcium, potassium, magnesium, and sodium
whereas Available P and base saturation is high. The soil of this
description has a low profile of essential nutrients [30] and, therefore,
needs effective fertility management through the use of lime. The
aluminum and hydrogen ion content in the soil is 0.50 and 0.98 cmol
kg, respectively, while the effective cation exchange capacity is 8.1
cmol kg'. To enhance crop production, farmers combat inherent low
soil fertility through different strategies to enhance nutrient status
[31]. However, liming has been found to be an effective remedy for
soil acidity [29]. Kisinyo et al. [32] stated that when lime is applied
to the soil, it reacts with water, leading to the production of OH™ and
Ca* ions which displace H" and AI** ions from the soil absorption sites
resulting in an increase in soil pH values.

From the results of this study, plant spacing on plant height were
significantly different at different sampling periods. Plants grown
at plant spacing of 30 x 30 cm were taller except at 7 WAP when
the spacing of 25 x 50 cm became taller than those planted at 30 x
30 cm. This is consonant with Huber et al. [33] report that plants at
close spacing, or high planting density per stand use rapid growth
mechanism to avoid shade. Plant distance also significantly influenced
the number of leaves and leaf area at 5 WAP but declined significantly
at 7 WAP, possibly arising from the fact that leaf expansion ceased as
the plant population increased.

Lime application rates significantly (p < 0.05) affected percentage
emergence, groundnut height, number of leaves, and leaf area.
Liming is said to unlock fixed nutrients under acidic soil conditions,
making them available in the soil for better growth of plants. Lee et
al. [34] in their findings stated that soil acidity causes the fixation of
phosphorus by oxides of aluminum and iron while high concentrations
of aluminum, hydrogen, and manganese in acidic soils cause root
injury which affects the uptake of some important mineral nutrients
in the soil which in turn impedes crops growth. Lime application rate
also significantly (p < 0.05) influenced all the yield parameters except
the number of unfilled pods and shelling percentage. This observation
could be attributed to the increased phosphorus availability and
improved nutrient uptake by groundnut plants [35]. Liming rate was
not that effective on the number of nodules per plant as the lime rate at
1.0 t/ha resulted in the highest (36.22 cm) nodule and the lime rate at
1.5 t/ha resulted in the lowest (28.04 cm) nodules per plant. The lime
rate at 0.05 t/ha gave the highest (20.98 cm) total number of roots and
lower (17.87 cm) at a lime rate of 0 #/ha.

The interaction of plant density and liming increased the number
of roots per plant and its effect on the percentage emergence was
significantly (p < 0.05) high at 100% in the interaction D3 x L4 #/
ha. This could be attributed to increased phosphorus levels according
to Sushil et al. [36] and El-Habbasha et al. [37]. The length of root
and nodule per plant was significantly (p < 0.05) influenced by plant
density and liming though their interaction had no significant (p >
0.05) effect on the length of root and nodule per plant. The plant yield
was significantly (p < 0.05) improved by the interaction effect of plant
density and liming rate. Maximum yield (2.16 #/ha) was obtained at

the interaction (D3 x L1) and minimum (1.26 t#/ha) at the interaction
(D1 x L4). These results indicate that the groundnut yield increased
with increasing plant density and liming rate interaction applied and it
agrees with that of several researchers [38] that crop yield is determined
by the efficiency with which plants mobilize resources for growth and
that equidistant spacing between plants will provide maximum yield,
through minimized inter plant competition with phosphorus mediating
in the increased seed yield.

The interaction between plant density and liming favored significantly
(p £0.05) the production of dry matter with 67.22% being the highest
percentage of dry matter of all other treatments. This result agrees with
[39,40] observations that dry matter and seed development of peanuts
increased with phosphorus level which is the role of liming in the soil.

5. CONCLUSION

A field trial was carried out at Crop Science Research Farm, University
of Calabar, Nigeria, to determine the influence of lime application rates
and planting distances on the performance of groundnut. There was a
significant effect of planting distance on plant height in both years,
number of leaves, number of branches, and leaf area in 2021 only.
The number of pods in both years was not significant but yield in both
years was significant. Also, the results revealed a significant difference
in lime application increased the yield of groundnuts in both years. A
significant interaction between planting distance and lime application
on a total number of pods and yield in 2020 only was observed. In
conclusion, planting distance of 25 x 50 cm and lime applied at the
rate of 1.0 t/ha is recommended for effective groundnut production in
the study area.
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