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Abstract: The economic return for peanut (Arachis hypogaea L.) in Ghana is often low due to limitations
in the availability of inputs or their adoption, which are needed to optimize yield. Six experiments
were conducted in Ghana in 2020 and 2021 to determine the impact of planting date, cultivar,
fertilization, pest management practices, and harvest date on peanut yield, financial return, and
pest reaction. A wide range of interactions among these treatment factors were often observed for
infestations of aphids (Aphis gossypii Glover); groundnut rosette disease (Umbravirus: Tombusviridaee);
millipedes (Peridontopyge spp.); white grubs (Schyzonicha spp.); wireworms (Conoderus spp.); termites
(Microtermes and Odontotermes spp.); canopy defoliation as a result of early leaf spot disease caused
by Passalora arachidicola (Hori) and late leaf spot caused by Nothopassalora personata (Berk. and M.
A. Curtis); and the scarification and boring of pods caused by arthropod feeding. Pod yield and
economic return increased for the cultivar Chitaochi and Sarinut 2 when fertilizer was applied and
when fertilizer was applied at early, mid-, and late planting dates. Pod yield and economic return
increased when a combination of locally derived potassium soaps was used for aphid suppression
and one additional hand weeding was used in the improved pest management practice compared
with the traditional practice without these inputs. Pearson correlations for yield and economic
return were negatively correlated for all pests and damage caused by pests. The results from these
experiments can be used by farmers and their advisors to develop production packages for peanut
production in Ghana.
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1. Introduction

Peanut (Arachis hypogaea L.) is an important crop worldwide that contributes to local
economies and food security [1,2]. The protection of peanut crops against pest damage is
important in optimizing peanut yield [3,4]. The deployment of improved cultivars and
adoption of cultural practices, including fertilizers, can also increase yield [5]. However,
these inputs can be expensive or unavailable in some areas of peanut production [3]. Where
these inputs are available, it is important to determine not only yield response to pests but
also the economic return from inputs.

In Ghana, a wide range of pests are present in peanut production, and in many cases
these pests are present in fields at levels that reduce yield significantly. Canopy defoliation
caused by early leaf spot [caused by Passalora arachidicola (Hori) and late leaf spot [caused
by Nothopassalora personata (Berk. and M. A. Curtis) can cause significant yield loss in
peanut [4,6]. Groundnut rosette virus (Umbravirus: Tombusviridaee) transmitted by aphids
(Aphis gossypii Glover), causing groundnut rosette disease (GRD) [7], also affects yield [7].
Millipedes (Peridontopyge spp.), white grubs (Schyzonicha spp.), wireworms (Conoderus
spp.), and termites (Microtermes and Odontotermes spp.) can injure and consume vegetative
and reproductive structures at levels that can reduce peanut yield [8]. Weed interference
also impacts yield [9], and the presence of aflatoxin (caused by Aspergillus flavus and
A. parasiticus) can reduce peanut quality and negatively affect food safety and access to
markets [3]. The majority of farmers in Ghana are considered smallholder farmers, with
limited access to capital to purchase inputs that could be used to improve plant nutrition
and suppress pests in order to minimize their damage [10-12]. Additionally, inputs that
can be used for pest management are often not available in local markets.

Research in Ghana has demonstrated the value of applying various fertilizer blends
and sources of calcium on peanut yield and quality [3]. Improved plant nutrition can
enhance plant health and the ability of plants to withstand damage from pests [4]. For
example, Abudulai et al. [3] demonstrated in northern Ghana that the application of
homogenized oyster shells or a commercial blend of fertilizer containing calcium minimized
arthropod pod damage and increased peanut yield. Naab et al. [4] reported improved plant
growth and high yields when fertilizers containing nitrogen, phosphorus, potassium, and
calcium were applied to peanut. In addition to increasing yield and kernel quality, fertilizer
containing calcium, when applied to peanut crops, can minimize aflatoxin contamination
through strengthening the pod walls to increase resistance to soil arthropods” damage and
penetration by aflatoxin causing fungi, Aspergillus flavus and A. parasiticus [3,12].

Aphid populations, GRD severity, and the incidence and severity of leaf spot disease
can be lower when locally derived botanicals and soaps are applied to peanut foliage [3].
Abudulai et al. [3] reported lower aphid populations and GRD when locally derived
potassium soap was applied to peanut in northern Ghana. Also, leaf spot severity was
lower when the soap was applied to peanut [6].

Preventing weed interference early in the cropping cycle can lead to greater peanut
yields and economic return [9]. Dzomeku et al. [13] reported that the removal of weeds
early in the season increased peanut haulm and pod in yield in northern Ghana. Peanut
is susceptible to early-season weed interference due to its relatively slow initial growth
and morphological characteristics, which do not allow it to grow above weeds [14,15].
In northern Ghana, Abudulai et al. [3] reported that a production package that included
one extra weeding and the application of calcium fertilizer, and the use of locally derived
potassium soap to manage pests and diseases, resulted in greater peanut yield and financial
returns. Cultivars with greater yield potential through pest resistance, particularly leaf spot
disease and GRD, are available but are not widely adopted because of limitations in seed
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systems [16-19]. For example, the peanut cultivar Sarinut 2 has a higher yield and is more
resistant to disease than the local variety, Chitaochi [20]. While a considerable amount of
research has been conducted to compare the yield of Sarinut 2 with other cultivars [20],
research is limited when it comes to defining the interactions of this cultivar with fertility
and pest management inputs. The response of this cultivar compared with the traditional
cultivar Chitaochi when using a range of fertilizer and pest management practices has
not been determined at different planting and harvest dates in Ghana. Abudulai et al. [3]
compared cultural practices designed to minimize pest damage and aflatoxin contamination
for the cultivar Chitaochi when planted at the start of the rainy season in northern Ghana.
The results from this study [3] demonstrated the value of practices that were subsequently
used to develop recommendations for northern Ghana relative to increasing peanut yield
and reducing aflatoxin contamination. The primary sources of information from empirical
studies did not include the interactions of cultivars planted at different planting and
harvest dates when fertilizer was applied. The defining interactions of cultivars with
cultural and pest management practices are important when making recommendations
to farmers regarding their adoption. Therefore, this research was conducted in Ghana in
2020 and 2021 to define the interactions between planting date, cultivar, fertilizer, pest
management practices, and harvest date and their effects on pest reaction, peanut yield,
and economic return.

2. Materials and Methods

The experiments were conducted in 2020 and 2021 at Fumesua (6°42'53.1” N 1°31/52.4"
W 259 m altitude) in southern Ghana and at Nyankpala (9°42’ N, 0°92" W, 184 m altitude)
and Tanina (10°3' N, 2°50’ W, 323 m altitude) in northern Ghana. Weekly rainfall amounts
after planting at Nyankpala and Tanina are presented in Supplementary Table S1. Rainfall
data were not available at Fumesua. Fields were tilled with a disc harrow and peanut
cultivars were planted in rows spaced 0.5 m apart and were 0.20 m apart within rows. Plot
size was 6 rows by 5 m long with 1 m of unplanted alleys between plots and 2 m between
blocks and replications. Final plant population was approximately 100,000 plants/ha.

Treatment factors included three levels of planting date (referred to as early, mid,
and late; Supplementary Table S2), two levels of cultivar (Chitaochi vs. Sarinut 2), two
levels of fertilizer (no fertilizer vs. fertilizer), two levels of pest management (referred to as
traditional vs. improved), and two levels of harvest date (optimum maturity vs. one week
after optimum maturity). Fertilizer (0% N, 18% P,0Os, 13% KO, 29% CaO, Yara Legume
Fertilizer, Accra, Ghana) at 375 kg/ha was applied 4 weeks after planting (WAP). Improved
pest management consisted of applying locally derived potassium soap at 3 WAP at flower
initiation and one additional hand weeding at 6 WAP. The traditional pest management
practice included one weeding at 3 WAP and no other inputs for pest control.

Visual estimates of canopy defoliation caused by leaf spot disease were determined
at harvest using a scale of 0 to 100% where 0 = no canopy defoliation and 100 = all
leaves had fallen from the plant [21,22]. Termite (Microtermes and Odontotermes spp.,
Isoptera:Termitidae), millipede (Peridontopyge spp., Myriapoda: Odontopygidae), white
grub (Schyzonycha spp. and Lachnosterna spp., Coleoptera: Scarabaeidae), and wireworm
(Conoderus spp., Coleoptera: Elateridae) populations were determined at harvest from
10 randomly selected plants including foliage and roots. Plants were gently lifted from soil
using a hoe. Arthropod density was recorded in situ. Scarring and penetration of pods
caused by soil arthropods were determined at harvest by collecting 100 pods at random
from each plot. In this study, we focused on the pests (e.g., arthropods and disease) that
most likely contributed to peanut yield. We did not determine if populations of preda-
tor arthropods would have been affected by treatment factors or the possible impacts of
plant-parasitic nematodes. The infestation of aphids on peanut plants was determined
using an ordinal scale of 0 to 9 where 0 = no aphids present; 1 = early instar nymphs
present/few individual aphids (1-100); 3 = early and late instar nymphs and adults spread
on most stems/few isolated colonies (101-300); 5 = aphids spread on all stems and new
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trifoliate leaves/several small colonies (301-600); 7 = high density of aphids on all stems

and 50-80% trifoliate leaves covered with aphids/large isolated colonies (601-1000); and

9 = plants overwhelmed by aphids with >80% covered /large contentious colonies (>1000) [7].
Groundnut rosette disease was determined using an ordinal scale of 1 to 9 where 1 = re-
sistant, with no symptoms; 2 = very slight leaf symptoms; 3 = slight leaf symptoms but

still negligible; 4 = 50% symptoms on leaves; 5 = all leaves show symptoms of chlorosis;

6 = 25% stunting; 7 = 50% stunting, 8 => 50% stunting with few pods; and 9 => 50% stunting

and no pods [23-25].

The base cost of production was set at USD 145/ha and included land preparation,
seed, planting, and the cost of one hand weeding (Supplementary Table S3). Fertilizer
cost was USD 148/ha. The cost of the improved practice during the growing cycle prior
to harvest included the local soap for aphid and rosette suppression (USD 15/ha), and
one additional hand weeding (USD 50/ha). These costs were fixed across the treatment
structure. The cost of removing pods from vines and shelling was based on the yield of
peanut for each treatment and replication. The cost of removing pods was set at USD
0.075/kg farmer stock. The cost of shelling was set at USD 0.075/kg shelled peanut.

Peanut price was set at USD 1.2/kg assuming an estimated shelling rate of 65% of
unshelled pods. Estimated economic returns were determined for each combination of the
fertilizer and pest management practices during the growing cycle by subtracting the costs
of each combination of practices from the gross return (product of unshelled yield in the
field with a 65% shelled rate) (Supplementary Table S3).

The experimental design was a split plot, with planting date serving as the whole
plot unit and combinations of cultivar, fertilizer, and pest management serving as sub-
plots. The experimental unit consisted of combinations of planting date, cultivar, fertilizer,
pest management, and harvest date, replicated 4 times. Data for pod yield; economic
return; populations of aphids, millipedes, white grubs, wireworms, and termites at harvest;
canopy defoliation caused by early and late leaf spot disease; GRD severity; and the
scarring and boring of pods caused by arthropod pests in soil were subjected to ANOVA
using the GLIMMIX Procedure in SAS (SAS Version 9.4, Cary, NC, USA). Year, location,
and replication within site-year combinations were considered random effects. Means of
significant main effects and interactions were separated using Fisher’s Protected LSD test
at o = 0.05. Pearson correlation coefficients were determined for pod yield and economic
return versus populations of arthropods, pod damage caused by arthropods, GRD, and
canopy defoliation caused by leaf spot disease at p < 0.05.

3. Results and Discussion
3.1. Peanut Yield and Estimated Economic Return

The interactions of cultivar x fertilizer treatment and planting date x fertilizer treat-
ment were significant for peanut yield and economic return (Supplementary Table S4). The
main effect of pest management practice was also significant for peanut yield and economic
return. The main effect of harvest date and all other interactions between variables were not
significant. Peanut yield and economic return for both the traditional cultivar, Chitaochi,
and the improved cultivar, Sarinut 2, were greater when fertilizer was applied (Table 1).
The yield of Sarinut 2 was greater than the yield of Chitaochi regardless of the fertilizer
treatment. The combination of the cultivar Chitaochi and fertilizer yielded less and had
a lower economic return than Sarinut 2 in the absence of fertilizer. These data indicate
that the combination of Sarinut 2 and fertilizer deliver the greatest economic return. In
circumstances where fertilizer is not available or financial constraints prevent the purchase
of fertilizer, growing Sarinut 2 in the absence of fertilizer will result in the greatest economic
return. Alternatively, if the improved cultivar Sarinut 2 is unavailable, applying fertilizer
to the traditional cultivar Chitaochi will increase yield adequately to compensate for the
higher cost of production due to fertilizer costs. Regardless of fertilizer treatment, peanut
yield and economic return were greatest when peanut was planted in early June compared
with later plantings (Table 1). Planting in July resulted in the lowest yield and economic
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return. Regardless of planting date, peanut yield and economic return were greater when
peanut was fertilized. Increasing pest management (e.g., applying local soaps for aphid
suppression, including one additional weeding, and drying peanut on a tarpaulin) resulted
in greater yield and economic return than the traditional farmer practices (Table 2). These
findings are relevant to production systems outside of Ghana where the availability of
inputs such as fertilizer or improved cultivars is limited or their cost exceeds what farmers
can afford.

Table 1. Peanut pod yield and estimated economic return as influenced by the interactions of cultivar
x fertilizer and planting date X fertilizer.

Peanut Pod Yield Estimated Economic Return
Treatment Factor No Fertilizer Fertilizer € No Fertilizer Fertilizer
kg/ha USD/ha
Cultivar @
Chitaochi 1330 d 1950 ¢ 651 d 1031 ¢
Sarinut 2 2440 b 3770 a 1370 b 2213 a
Planting date ®

Date 1 2370 x 3390 z 1327 x 1973 z
Date 2 1950 w 3090 y 1056 w 1777 y
Date 3 1330 v 2080 w 648 v 1115w

2 Means for pod yield and estimated economic return followed by the same letter are not significantly different at
o = 0.05 when comparing response the interactions between cultivar and fertilizer treatment. Data are pooled over
site-year combinations, planting dates, pest management practices, and harvest dates. ® Means for pod yield and
estimated economic return followed by the same letter are not significantly different at & = 0.05 when comparing
the interaction between planting date and fertilizer treatment. Data are pooled over site-year combinations,
cultivars, pest management practices, and harvest dates. © Fertilizer (0% N, 18% P,05, 13% K,0O, 29% CaO) was
applied at 375 kg/ha at 4 weeks after planting.

Table 2. Influence of pest management practice on peanut pod yield and estimated economic return.

Pest Management Practice Peanut Pod Yield Estimated Economic Return
kg/ha USD/ha
Traditional 2100 1149
Improved @ 2650 1475
P>F * *

* Indicates significance when comparing means within yield and estimated economic return at p < 0.05. Data are
pooled over site-year combinations, planting dates, cultivars, fertilizer treatment, and harvest dates. * Improved
pest management practice included the application of local soaps for aphid suppression and one additional hand
weeding compared with the traditional approach.

The results indicate that applying fertilizer to both traditional and improved cultivars
(e.g., Chitaochi and Sarinut 2, respectively) and planting early will increase yield and
economic return. Increasing pest management increased yield and economic return, irre-
spective of planting date, cultivar, fertilizer treatment, and harvest date. The main effects
and interactions of treatment factors will be more prevalent for pest populations and the
damage pests caused than those noted for yield and economic return. These measurements
were affected primarily by the main effects, with the exception of harvest date, and the
interaction between planting date and cultivar with fertilizer treatment.

The results for yield and economic return were not unexpected. Planting peanut when
rainfall begins during the rainy season in Ghana increases the likelihood that rain will occur
during a longer period of the cropping cycle [3,4]. The cultivar Sarinut 2 has been shown to
have a higher yield than the traditional cultivar Chitaochi [20]. Applying fertilizer and pest
management has also been shown to increase yield and economic return [3]. A lack of yield
and economic return due to a delay in harvest was not expected in this research. Previous
research has shown that delays in harvest can result in decreased yield [26]. However,
harvest was delayed by only one week relative to optimum maturity in our study.
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3.2. Arthropod Populations on Plants

Millipede and termite populations on plants at harvest were affected by the interaction
between cultivar, fertilizer, and pest management practice (Supplementary Table S4). When
pooled over planting date and harvest date, the highest number of millipedes and termites
were observed when using the farmers” approach to pest management (e.g., cultivar Chi-
taochi, no fertilizer, and no additional weeding or local soaps for aphid control) (Table 3).
Regardless of fertilizer treatment, a decrease in the number of millipedes was noted when
improved pest management was employed. When comparing cultivars undergoing differ-
ent pest management practices for millipedes, the farmers’ practice had the greatest number
of millipedes when Chitaochi was grown in the absence of fertilizer, with a decrease in the
population when Sarinut 2 was grown without or with fertilizer or when Chitaochi was
grown with fertilizer. Millipede population was similar when Sarinut 2 was grown without
fertilizer or when Chitaochi was grown with fertilizer. Termite population decreased when
improved pest management was used for the cultivar Chitaochi regardless of fertilizer treat-
ment or when Sarinut 2 was grown without fertilizer. No difference in termite population
was observed due to pest management practices when Sarinut 2 was grown with fertilizer.
When comparing within a pest management practice, termite population was lower when
Sarinut 2 was grown with or without fertilizer or when Chitaochi was grown with fertilizer.
Unlike the response of millipedes, when improved pest management was employed, no
difference in termite population was observed, regardless of cultivar or fertilizer treatment.

Table 3. Number of millipedes and termites on peanut plants at harvest, as influenced by the
interaction between cultivar, fertilizer, and pest management practice.

Millipedes 2 Termites P

Pest Management Practice 4 Pest Management Practice

Cultivar Fertilizer € Traditional Improved Traditional Improved
No./plant

Chitaochi No 71a 28¢ 290 z 26 x
Chitaochi Yes 3.6b 1.6d 29 x 1x
Sarinut 2 No 34b 1.2d 106 y 6 x
Sarinut 2 Yes 1.7d 04e 13 x 0x

2 Means for millipede population on peanut for the interaction between cultivar, fertilizer treatment, and pest
management practice followed by the same letter are not significantly different at « = 0.05. Data are pooled over
site—year combinations, planting dates, and harvest dates. ® Means for termite population on peanut for the
interaction between cultivar, fertilizer treatment, and pest management practice followed by the same letter are
not significantly different at & = 0.05. Data are pooled over site-year combinations, planting dates, and harvest
dates. € Fertilizer (0% N, 18% P,0s, 13% KO, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting.
4 Improved pest management consisted of applying local soaps for aphid control and one additional hand
weeding compared with the traditional approach.

Wireworm populations were affected by the interaction between cultivar and fertilizer
treatment and cultivar and pest management practice (Supplementary Table S4). Fewer
wireworms were observed when fertilizer was applied to the cultivar Chitaochi but not
Sarinut 2 (Table 4). Sarinut 2 had fewer wireworms compared with Chitaochi in the
absence of fertilizer but not when fertilizer was applied. Similar to the response without
fertilizer treatment, a higher number of wireworms was present when Chitaochi was grown
using traditional farmer practices for pest management. Sarinut 2 had fewer wireworms
than Chitaochi.

White grubs were affected by the interaction between fertilizer and pest manage-
ment practice (Supplementary Table S4). A greater number of white grubs was present
when peanut was not fertilized and the traditional pest management practice was used
compared with the improved pest management for both fertilizer treatments (Table 5).
Applying fertilizer resulted in fewer white grubs when the traditional pest management
approach was used. The white grub population was similar when peanut was fertilized
and traditional pest management used compared to improved pest management in the
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absence of fertilizer. The lowest number of white grubs was observed when peanut was
fertilized and the improved approach to pest management was used. The mechanism
behind the reduced numbers of white grubs due to the interaction between these practices
is not known. Cultivar affected response to planting date, fertilizer, and pest management
practice (Supplementary Table S4). The highest number of white grubs was noted when
Chitaochi was planted late compared with early or mid-plantings (Table 6). However,
white grub populations were not affected by planting date when the Sarinut 2 cultivar
was selected. When fertilizer was not applied or when traditional pest management was
used, white grub populations were the highest. Fertilizing Chitaochi reduced white grubs
compared with the no-fertilizer control for Chitaochi. White grub populations were lower
when Sarinut 2 was planted compared with Chitaochi, regardless of fertilizer treatment.
The lowest number of white grubs was noted when Sarinut 2 was fertilized. Calcium-based
fertilizer most likely improved plant growth in a manner that allowed plants to withstand
injury from pests or outgrow injury in a rapid manner [3,5]. Calcium strengthens cell walls
in peanut and potentially prevents cell damage caused by arthropod pests [27]. White grub
populations were lower when Sarinut 2 was planted compared with Chitaochi for both
pest management practices. For both cultivars, the improved pest management approach
had fewer white grubs.

Table 4. Number of wireworms on peanut plants at harvest, as influenced by the interaction between
cultivar x fertilizer and cultivar X pest management practice.

Wireworm Population on Peanut

Fertilizer Treatment ? Pest Management Practice ?
Cultivar No Fertilizer Fertilizer ¢ Traditional Improved 4
No./plant
Chitaochi 0.6a 03b 0.6z 0.2x
Sarinut 2 0.3b 02b 04y 0.2 x

2 Means followed by the same letter for the interaction between cultivar and fertilizer treatment are not significantly
different at « = 0.05. Data are pooled over the levels of planting date, pest management practice, and harvest
date. ® Means followed by the same letter for the interaction between cultivar and pest management practice
are not significantly different at o« = 0.05. Data are pooled over levels of planting date, fertilizer treatment, and
harvest date. © Fertilizer (0% N, 18% P,0s, 13% K,0, 29% CaO) was applied at 375 kg /ha at 4 weeks after planting.
4 Improved pest management consisted of applying local soaps for aphid control and one additional hand
weeding compared with the traditional approach.

Table 5. Number of white grubs as influenced by the interaction between cultivar and fertilizer and
the interaction between cultivar and pest management practice 2.

White Grub Number on Peanut

Fertilizer Pest Management Practice
Traditional Improved ¢
No./plant
No 28a 1.0b
Yes 12b 03¢

2 Means for the interaction between fertilizer treatment and pest management followed by the same letter are
not significant at « = 0.05. Data are pooled over site-year combinations, planting dates, cultivars, and harvest
dates. P Fertilizer (0% N, 18% P,0s, 13% K0, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting.
¢ Improved pest management practices consisted of applying local soaps to suppress aphids and one additional
hand weeding compared with the traditional approach.
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Table 6. Number of white grubs as influenced by the interaction between cultivar x planting date,
cultivar x fertilizer, and cultivar X pest management practices.

White Grub Number on Peanut

Cultivar
Treatment Factor Chitaochi Sarinut 2
No./plant
Planting date @
Early

Mid 1.8b 0.6 ¢
Late 2.0b 0.6 c
25a 0.6 c

Fertilizer be
No 3.0z 0.8 x
Yes 11y 03w

Pest management practice d

Traditional 29A 1.0B
Improved 12B 0.1C

@ Means for the interaction between planting date and cultivar followed by the same lowercase letter are not
significant at o« = 0.05. Data are pooled over site-year combinations, fertilizer treatment, pest management
practices, and harvest dates. ® Means for the interaction between fertilizer treatment and cultivar followed by the
same lowercase letter are not significant at & = 0.05. Data are pooled over site-year combinations, planting dates,
pest management practices, and harvest dates. © Fertilizer (0% N, 18% P,0s5, 13% K;0, 29% CaO) was applied at
375 kg/ha at 4 weeks after planting. ¢ Means for the interaction between pest management practice and cultivar
followed by the same uppercase letter are not significant at « = 0.05. Data are pooled over site-year combinations,
planting dates, fertilizer treatment, pest management practices, and harvest dates.

White grub and wireworm populations were affected by the interaction between pest
management practice and harvest date (Supplementary Table S4). When pooled over
site—years, cultivars, and fertilizer treatments, the highest number of both insect pests was
observed when the farmers’ pest management approach was used and harvest was delayed
compared with all other combinations of pest management practices and harvest dates
(Table 7). When comparing harvest dates within pest management practices, an increase in
white grubs was noted when harvest was delayed for both approaches to pest management.
This observation indicates that an appropriate time of harvest is critical for optimizing both
the yield and quality of peanut [28].

Table 7. Number of white grubs and wireworms on peanut plants at harvest as influenced by the
interaction between pest management practice x harvest date.

White Grubs ? Wireworms ?
Harvest Date Harvest Date
Pest Management Optimum Pod Optimum Pod Optimum Pod Optimum Pod
Practice ¢ Maturity Maturity Plus 7 Days Maturity Maturity Plus 7 Days
No./plant
Traditional 1.5b 25a 03y 0.7z
Improved 05d 08¢ 0.1x 03y

2 Means for white grub population on plants for the interaction between pest management practice and harvest
date followed by the same letter are not significantly different at o = 0.05. Data are pooled over site-year
combinations, planting dates, cultivars, and fertilizer treatment. ® Means for millipede population on plants
for the interaction between pest management practice and harvest date followed by the same letter are not
significantly different at o« = 0.05. Data are pooled over site—year combinations, planting dates, cultivars, and
fertilizer treatment. ¢ Improved pest management practice consisted of the application of local soaps for aphid
suppression and one additional hand weeding relative to the traditional practice.

Wireworm population was affected by the interaction between fertilizer treatment and
pest management practice (Supplementary Table S4). The greatest number of wireworms
was observed when pest management practices were similar to those used by farmers
(Table 8). Within this pest management approach, the use of fertilizer resulted in fewer
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wireworms at harvest compared with no fertilizer. In contrast, when improved pest
management was used, no difference in wireworm populations was noted.

Table 8. Number of wireworms on peanut plants at harvest as influenced by the interaction between
fertilizer and pest management practice .

Wireworm Number on Peanut

Pest Management Practice ¢

Fertilizer Treatments P Traditional Improved
No./plant
No 0.7a 0.2 bc
Yes 0.4b 0.1lc

@ Means for the interaction between fertilizer treatment and pest management practice followed by the same letter
are not significant at « = 0.05. Data are pooled over site-year combinations, planting dates, cultivars, and harvest
date. P Fertilizer (0% N, 18% P»0s, 13% K70, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting.
¢ Improved pest management practices consisted of the application of local soaps for aphid suppression and one
additional hand weeding compared with the traditional approach.

Termite population was affected by the interaction between cultivar, fertilizer, and
harvest date (Supplementary Table 54). Delaying harvest for the cultivar Chitaochi in the
absence of fertilizer resulted in the highest number of termites (Table 9). The delay in harvest
resulted in an increase in termites for the cultivar Chitaochi regardless of fertilizer treatment.
In contrast, no difference in termite numbers was observed for Sarinut 2 regardless of
harvest date. When comparing within harvest dates, no difference in termite population
was noted among combinations of cultivars and fertilizer treatments. However, when
harvest was delayed, Chitaochi without fertilizer had the highest number of termites
while Chitaochi with fertilizer had a lower population. Significant increases in arthropod
populations and a lower yield and quality have been observed when harvest is delayed past
the optimum timing [29]. Fekede at al. [30] reported that delays in harvesting peanut until
peanut was past its optimum maturity resulted in poor quality of seed (e.g., germination
and seedling vigor) due to damage caused by arthropods and infection by pathogens.
Sarinut 2 had lower numbers of arthropods than Chitaochi at this harvest date regardless
of fertilizer treatment.

Table 9. Number of termites on peanut plants at harvest as influenced by the interaction between
cultivar, fertilizer, and harvest date 2.

Termite Number on Peanut

Harvest Date

Cultivar Fertilizer P Optimum Maturity =~ Optimum Maturity Plus 7 Days
No./plant

Chitaochi No 54 ¢ 264 a

Sarinut 2 Yes 9c¢ 21 ¢

Chitaochi No 16 ¢ 96 b

Sarinut 2 Yes 3¢ 10c¢

@ Means for the interaction between cultivar, fertilizer treatment, and harvest date followed by the same letter are
not significant at « = 0.05. Data are pooled over site-year combinations, planting dates, and pest management
practices. b Fertilizer (0% N, 18% P05, 13% K,0, 29% CaO) was applied at 375 kg /ha at 4 weeks after planting.

Millipedes and white grubs were affected by the main effect of planting date
(Supplementary Table S4). Millipede number was lower for the first planting date com-
pared with the second and third planting dates (Table 10). No difference in the infestation
of this pest was observed when comparing the second and third planting dates. The white
grub population was lower for the first planting date compared with the last planting date:
population at the second planting date was intermediate. Millipede population was greater
when harvest was delayed regardless of planting date, cultivar, fertilizer treatment, or pest
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management practice (Table 10). Umeh et al. [8] also observed increased populations of
white grub and millipede and greater crop injury during years of higher precipitation.

Table 10. Influence of planting date and harvest date on the number of millipedes and white grubs at
peanut harvest.

Treatment Factor Millipedes White Grubs
No./plant

Planting date ?

Early 24b 11y

Mid 29a 1.3yz

Last 29a 15z

Harvest date

Optimum maturity 2.3 1.0

Optimum maturity plus 7 days 3.1 1.6

P>F * *

ab Means for planting dates for millipedes and white grubs followed by the same letter are not significant at
o = 0.05. Data are pooled over site-year combinations, cultivars, fertilizer treatment, pest management practices,
and harvest dates. * indicates significance for harvest dates for millipedes and white grubs at p < 0.05. Data are
pooled over site-year combinations, cultivars, fertilizer treatment, pest management practices, and planting dates.

Of particular interest is the response of arthropods to fertilizer treatment and cultivar.
While we did not set up the experiment and make appropriate observations to establish a
causal relationship between these factors, several possibilities are found in the literature.
Nitrogen status in plants can affect the relationships between herbivore and predatory
insects [31-34] and plant defense mechanisms [35-37]. Potassium deficiency has been
shown to increase plant injury from insects [38]. Wetzel et al. [39] reported that nutrient
balance in plants can affect insect herbivore activity. Additional research in Ghana is needed
to determine why arthropod populations were often lower when peanut nutrition was
improved. The cultivar Sarinut 2 has not been established in the literature as resistant
to arthropods. Our results suggest that additional research is needed to determine if
this improved cultivar can be defined as resistant to certain insects that are of economic
importance to peanut.

3.3. Aphids and Groundnut Rosette Disease

The number of aphids on plants at harvest was affected by the interaction between
planting date, fertilizer treatment, and pest management practice (Supplementary Table S4).
Regardless of planting date or fertilizer treatment, fewer aphids were observed when the
additional weeding was included and local soaps were used (Table 11). When comparing
combinations of planting dates and fertilizer treatments, fewer aphids were observed
when fertilizer was applied compared with no fertilizer, regardless of planting date, when
the farmer approach to pest management was used. As discussed earlier, relative to the
response of other arthropods to plant nutrition, aphid populations may have been affected
by the differential status of nutrients in foliage and the presence of predators on aphid
populations. In the current work, we did not monitor predator populations.

The highest number of aphids was observed when peanut was planted on the third
date, followed by the first planting date and then the middle planting date, for the farmer
pest management practice. No difference in aphid population was observed across planting
dates when fertilizer was applied when using this approach to pest management. In con-
trast, no difference in aphid numbers was observed when the improved pest management
approach was used. A component of the improved pest management regime was the
application of potassium-based soap. Abudulai et al. [3] reported fewer aphids and less
GRD on peanut treated with locally derived potassium soaps.

The aphid population was lower on Sarinut 2 compared with Chitaochi when farmer
practices were used (Table 12). Although not substantiated, this difference may be associ-
ated with the differential concentrations of tannins in leaves for these cultivars. Kimmins
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et al. [40] reported that aphid populations were affected by tannin concentration in peanut
leaves. Improved pest management resulted in fewer aphids for both cultivars compared
to farmer practices. No difference in aphid numbers was observed for cultivars when
comparing within the improved pest management practice.

Table 11. Influence of planting date, fertilizer treatment, and pest management practice on aphid
population on peanut plants at harvest 2.

Number of Aphids
Pest Management Practices
Planting Date Fertilizer Traditional Improved ¢
No./plant

Early No 439b Oe
Early Yes 115d 11e
Mid No 340 ¢ 32e
Mid Yes 162 d Oe
Late No 508 a 39e
Late Yes 129d le

4 Means for the interaction between planting date, fertilizer treatment, and pest management practice followed by
the same letter are not significant at « = 0.05. Data are pooled over site-year combinations, cultivars, and harvest
dates. P Fertilizer (0% N, 18% P,0s, 13% K0, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting.
¢ Improved pest management consisted of applying local soaps for aphid suppression and one additional hand
weeding compared with the traditional practice.

Table 12. Number of aphids as influenced by the interaction between cultivar and pest management
practices .

Number of Aphids
Pest Management Practices
Cultivar Traditional Improved b
No./plant
Chitaochi 423 a 26 ¢
Sarinut 2 141Db 2¢

2 Means for the interaction between cultivar and pest management practice followed by the same letter are not
significant at o = 0.05. Data are pooled over site-year combinations, planting dates, and harvest dates.  Improved
pest management practices consisted of applying local soaps for aphid suppression and one additional hand
weeding compared with the traditional practice.

Groundnut rosette disease was affected by the interaction between planting date,
cultivar, fertilizer treatment, and pest management practice (Supplementary Table S4). The
highest level of GRD was observed when the cultivar Chitaochi was planted either at the
mid- or late planting date in the absence of fertilizer (Table 13). Less rosette was noted
for Sarinut 2 when peanut was planted at the mid- and late timings when fertilizer was
not applied for both approaches to pest management. The resistance or field tolerance
of Sarinut 2 compared with Chitaochi has not been demonstrated in the peer-reviewed
literature. Our results suggest that Sarinut 2 may express resistance to GRD, at least when
compared with the traditional cultivar, Chitaochi. Although Sarinut 2 was not included in
research by Appiah et al. [41], several cultivars express resistance to GRD when compared
with Chitaochi in Ghana.
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Table 13. Groundnut rosette disease at harvest due to arthropods as influenced by the interaction
between planting date, cultivar, fertilizer treatment, and pest management practices ?.

Groundnut Rosette Disease

b

No Fertilizer Fertilizer

Pest Management Practices € Pest Management Practices

Planting date Cultivar Traditional Improved Traditional Improved
%
Early Chitaochi 40D 0.3kl 12 fg 0.11
Early Sarinut 2 13f 021 0.6 jkl 01
Mid Chitaochi 46a 0.8 hij 18e 0.3kl
Mid Sarinut 2 22d 021 0.9 fgh 01
Late Chitaochi 44a 1.1 fgh 2.1de 01
Late Sarinut 2 27c 0.4 jk1 1.3 fg 01

@ Means for the interaction between planting date, cultivar, fertilizer treatment, and pest management practice
followed by the same letter are not significant at o = 0.05. Data are pooled over site-year combinations and harvest

dates. P Fertilizer applied at 375 kg/ha. ¢ Improved pest management practices consisted of the application of
local soaps for aphid suppression and one additional hand weeding.

3.4. Canopy Defoliation Caused by Leaf Spot Disease

The interaction between cultivar, fertilizer treatment, pest management practice, and
harvest date was significant for peanut canopy defoliation caused by leaf spot disease
(Supplementary Table S4). Delaying harvest by 7 days resulted in greater defoliation
regardless of cultivar, fertilizer treatment, and production package (Table 14). In all but two
combinations of cultivar, pest management practice, and harvest date, less defoliation was
noted when fertilizer was applied compared with the no-fertilizer treatment. The cultivar
Sarinut 2 was less defoliated by leaf spot disease than the cultivar Chitaochi, regardless of
fertilizer treatment, pest management practice, and harvest date. This suggests that the
improved cultivar Sarinut 2 is tolerant or moderately resistant to leaf spot disease. Gaikpa
et al. [42] reported that most of the moderately resistant cultivars were found among
genotypes with low levels of defoliation. They stated that leaf-spot-resistant genotypes had
more leaves on the plant than their susceptible counterparts. Improved plant nutrition may
also contribute to prolonged vegetative growth, which could contribute to yield.

Table 14. Influence of planting date, cultivar, fertilizer treatment, pest management practice, and
harvest date on peanut canopy defoliation caused by early and late leaf spot disease °.

Peanut Canopy Defoliation

Pest Management Practice ¢

Traditional Improved
Harvest Date Harvest Date
. Optimum . Optimum
Planting Date Cultivar Fertilizer Oﬁ:::ﬁ?gm Timli:r)lg;’slus 7 01131211111:1;1 Timli:r)lg;;lus 7
D/O
Early Chitaochi No 53 f 72 bc 42k 57e
Early Chitaochi Yes 41k 56 e 30n 40k
Early Sarinut 2 No 351 44 240 30n
Early Sarinut 2 Yes 30n 40k 21p 31n
Mid Chitaochi No 62d 82a 47 hij 62d
Mid Chitaochi Yes 46ij 61d 351 45ij
Mid Sarinut 2 No 40 k 50 fg 250 32 mn
Mid Sarinut 2 Yes 34 Im 445 20p 31ln
Late Chitaochi No 74b 82a 57e 72 bc
Late Chitaochi Yes 56 e 71c 40k 50 fg
Late Sarinut 2 No 47 hi 57e 30n 361
Late Sarinut 2 Yes 40k 49 gh 209 31n

2 Means for the interaction between planting date, cultivar, fertilizer treatment, pest management practice, and
harvest date followed by the same letter are not significant at « = 0.05. Data are pooled over site-year combinations.
b Fertilizer (0% N, 18% P,0s, 13% K0, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting. ¢ Improved
pest management consisted of applying local soap for the suppression of aphids and one additional hand weeding
compared with the traditional practice.
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3.5. Scarring and Penetration of Peanut Pods Caused by Arthropods

Pod scarring was affected by the interactions between planting date, fertilizer treat-
ment, and cultivar, the interaction between planting date, fertilizer treatment, and pest
management practice, and the interaction between cultivar, fertilizer treatment, pest man-
agement practice, and harvest date (Supplementary Table S4). Pod scarring was lower
when fertilizer was applied for both Chitaochi and Sarinut 2 for all combinations of planting
date and fertilizer treatment (Table 15). In the absence of fertilizer, pods for Sarinut 2 had
less scarring than Chitaochi. However, when fertilizer was applied, no difference in pod
scarring was noted when comparing cultivars. Oni and Lawal [43] reported a variable
response of cultivars to planting date.

Table 15. Scarring of pods at harvest due to arthropods as influenced by the interaction between
planting date, fertilizer treatment, and cultivar and the interaction between planting date, fertilizer
treatment, and pest management practices.

Pod Scarring

Cultivar Pest Management Practices b
Planting Date Fertilizer ¢ Chitaochi Sarinut 2 Traditional Improved d
%

Early No 29b 09d 3.7y 0.2uv

Early Yes 0.6 def 0.1f 0.7 wx 0t

Mid No 33b 0.8 de 39y 0.3 uvw

Mid Yes 0.3f 02f 0.5 vwx 0.1uv

Late No 54a 1.6c¢ 6.1z 0.9 x

Late Yes 0.5 def 03f 0.7 wx 0.1 uv

2 Means for the interaction between planting date, fertilizer treatment, and cultivar followed by the same letter are
not significant at & = 0.05. Data are pooled over site—year combinations, production practices, and harvest dates.
b Means for the interaction between planting date, fertilizer treatment, and pest management practice followed by
the same letter are not significant at « = 0.05. Data are pooled over site-year combinations, cultivars, and harvest
dates. € Fertilizer (0% N, 18% P,0s5, 13% K;0, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting.
4 Improved pest management consisted of the application of local soaps for aphid suppression and one additional
hand weeding.

Pod scarring for Chitaochi and Sarinut 2 was greater when harvest was delayed in
the absence of fertilizer treatment when farmer pest management was used (Table 16). No
difference in scarring due to harvest date was noted for both cultivars for this approach to
pest management when fertilizer was applied. Less scarring was observed when improved
pest management was used for the cultivar Chitaochi in the absence of fertilizer but not
when fertilizer was applied when peanut was harvested at optimum maturity compared
with delayed harvest. When fertilizer was applied to Chitaochi and Sarinut 2 with farmer
pest management, or when fertilizer was applied with farmer pest management, there
was no difference in pod scarring due to harvest date. Additionally, no difference in pod
scarring was noted when peanut was harvested later when improved pest management was
used, regardless of fertilizer treatment. When comparing within harvest dates, the greatest
pod scarring was noted for Chitaochi in the absence of fertilizer and when farmer pest
management practices were used. When harvested at the optimum timing, pod scarring
was similar for Chitaochi when fertilizer was applied and for Sarinut 2 without fertilizer
when farmer pest management was used. No differences in pod scarring were observed
for other combinations of cultivar, fertilizer treatment, and pest management practice.
When comparing within cultivars when harvest was delayed, applying fertilizer when the
farmer practice was used resulted in more pod scarring than when fertilizer was applied
in this approach to pest management or when fertilizer was applied when improved pest
management was used.
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Table 16. Influence of cultivar, fertilizer treatment, pest management practice, and harvest date on
scarring of pods caused by arthropods 2.

Pod Scarring

Harvest Date

. . Pest Management Optimum Optimum Timin,

Cultivar Fertilizer " Practicge ¢ "ll")iming pPlus 7 Days s
%

Chitaochi No Traditional 50b 9.1a
Chitaochi Yes Traditional 0.7 def 0.0 de
Chitaochi No Improved 04 fg 1.0de
Chitaochi Yes Improved Og 01g
Sarinut 2 No Traditional 1.2d 3.0c
Sarinut 2 Yes Traditional 0.3 fg 0.5 efg
Sarinut 2 No Improved 01lg 0.2fg
Sarinut 2 Yes Improved Og Og

2 Means for the interaction between cultivar, fertilizer treatment, pest management practice, and harvest date
followed by the same letter are not significant at o = 0.05. Data are pooled over site-year combinations. P Fertilizer
(0% N, 18% P05, 13% K,0, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting. ¢ Improved pest
management practice consisted of the application of local soaps for aphid suppression and one additional hand
weeding compared with the traditional practice.

The penetration of pods by arthropods was affected by the interaction between cultivar,
fertilizer treatment, and harvest date, and the interaction between fertilizer treatment, pest
management practice, and harvest date (Supplementary Table 54). The greatest level
of penetration of pods was observed when the cultivar Chitaochi was planted without
fertilizer when comparing cultivar and fertilizer treatments within harvest dates (Table 17).
Fertilizing Chitaochi or planting Sarinut 2 with or without fertilizer led to the similar
penetration of pods. For both harvest dates, the lowest amount of pod penetration was
observed for Sarinut 2 with fertilizer. When comparing pod penetration regarding the
interaction between fertilizer treatment, pest management practices, and harvest date,
growing the cultivar Chitaochi with the farmer pest management approach led to the
greatest penetration when comparing within harvest dates (Table 18). For both harvest
dates, fertilizer and the farmer pest management and the improved approach to pest
management without fertilizer resulted in a similar penetration of pods. The lowest amount
of pod penetration was noted when fertilizer and improved pest management were used.
With the exception of using both fertilizer and improved pest management, pod boring
increased when harvest was delayed. Poor seed quality is associated with damage caused
by insect boring [28]. The penetration of peanut pods caused by insects provides an entry
point for soil, which contains Aspergillus flavus, the organism that contains aflatoxin [44,45].

Table 17. Influence of cultivar, fertilizer treatment, and harvest date on the boring of pods caused by
arthropods 2.

Pod Boring
Harvest Date
Cultivar Fertilizer P Optimum Timing Optimum Timing Plus 7 Days
%

Chitaochi No 1.6b 2.8a

Chitaochi Yes 04d 0.6 ¢

Sarinut 2 No 04d 0.8¢

Sarinut 2 Yes Ole 0.2 de

2 Means for the interaction between cultivar, fertilizer treatment, and harvest date followed by the same letter
are not significant at « = 0.05. Data are pooled over site-year combinations and pest management practices.
b Fertilizer (0% N, 18% P,0s, 13% K,0, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting.
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Table 18. Influence of fertilizer treatment, pest management practice, and harvest date on the boring
of pods caused by arthropods 2.

Pod Boring

Harvest Date

Fertilizer P Pestpﬁiziiz?ent Optimum Timing Op;lll:: ;?g:;smg
%
No Traditional 1.6b 2.8a
Yes Traditional 04d 0.7¢
No Improved 04d 0.8c¢
Yes Improved Oe 01e

2 Means for the interaction between fertilizer treatment, pest management practice, and harvest date followed
by the same letter are not significant at o = 0.05. Data are pooled over site-year combinations and cultivars.
b Fertilizer (0% N, 18% P,0s, 13% K,0, 29% CaO) was applied at 375 kg/ha at 4 weeks after planting. ¢ Improved
pest management practice consisted of the application of local soaps for aphid suppression and one additional
hand weeding.

A wide range of factors can affect peanut yield, including pest reaction. Peanut is a
resilient crop with the ability to compensate for a wide range of biotic and abiotic stresses.
Defining the most important factor that impacts peanut yield can be challenging, especially
when trying to determine the precise mechanism associated with reactions among factors.
A primary goal of this research was to determine if interactions between treatment factors
(e.g., planting date, cultivar, fertility, pest management practice, and harvest date) exist,
and if so, to define the magnitude of those interactions. While numerous interactions were
noted for pests and the damage they cause to peanut [46], yield was affected primarily by
the main effects and the interaction between cultivar x fertility and planting date x fertility.
Pearson correlation coefficients indicated that all measures of pest population and damage
from pests negatively impacted yield (p < 0.0003, Table 19). Although the causative nature
of the effects of pests and pest management was identified to a degree in mean separation
tests for various main effects and interactions, negative correlation coefficients was highest
for leaf spot disease (R = —0.63), followed by GRD (R = —0.63), for peanut yield. Aphid,
millipede, and white grub populations, and the scarring and penetration of pods caused
by arthropods, had R values between —0.28 and —0.38 with respect to yield. Although
significant, the R values for wireworms and termites were relatively low, at —0.12 and
—0.11, respectively.

Table 19. Pearson correlation coefficients for pod yield and economic return versus population of
aphids on plants; groundnut rosette disease; population of millipedes, white grubs, wireworms, and
termites on plants; canopy defoliation caused by leaf spot disease; and percentages of pods with
scarring and penetration from arthropod feeding 2.

Pest or Pest Damage Pod Yield (kg/ha)  Economic Return ($/ha)

Aphid population (No./plant)
Groundnut rosette disease (Scale 1-9)
Millipede density (No./plant)
White grub density (No./plant)
Wireworm density (No./plant)
Termite density (No./plant)

Canopy defoliation due to leaf spot disease (%)

Scarred pods (%)
Penetrated pods (%)

<0.0001, R = —0.32
<0.0001, R = —0.44
<0.0001, R = —0.28
<0.0001, R = —0.34
<0.0001, R = —0.12
0.0001, R = -0.11
<0.0001, R = —0.63
<0.0001, R = —0.38
<0.0001, R = —-0.37

<0.0001, R = —0.31
<0.0001, R = —-0.43
<0.0001, R = —-0.27
<0.0001, R = —-0.33
<0.0001, R = —0.12
0.0003, R = -0.11
<0.0001, R = —0.62
<0.0001, R = —0.37
<0.0001, R = —-0.36

@ Data are pooled over site-years.

4. Conclusions

These experiments were designed to provide information to practitioners to assist
in developing effective production and pest management packages for peanut produc-
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tion systems. While a considerable number of interactions among treatment factors (e.g.,
planting dates, cultivars, fertilizer treatments, pest management practices, harvest dates)
were documented for pest reaction, yield and financial returns were most often affected
independently by these factors. These results suggest that farmers in Ghana can select
from the available inputs and increase yield and financial return with minimal concern
regarding the interactions between the technologies they may invest in. One question is
how translatable the findings of the current work are to other regions of Africa or other
continents where peanut is grown. The improvements in pest management through cul-
tural practices (e.g., cultivar selection, planting date, and fertilizer) are important and
translatable to peanut production systems regardless of geography or the complexity of the
resources available for these systems. While the specifics of cultivars will vary based on
pest complexes, genetic resources, and the seed systems that deliver varieties to farmers,
themes including the use of an improved variety and enhanced fertility are basic principles
that can be translated to other regions. While response to planting date may be translatable
to other areas of production in West Africa, this response may be not be as applicable to
other countries or regions because of the specificities associated with local weather and
climate. The value of timely weeding and removing weeds at multiple times during the
cropping cycle are directly applicable to peanut production systems around the world.
The importance of ensuring peanut is free of weed interference early in the season, during
the critical period of interference, is almost universal. Additional research is needed to
determine the most essential element of the improved pest management practice on yield
and economic considerations (e.g., locally derived potassium soaps vs. one additional hand
weeding vs. drying pods on tarpaulins). The results showing fewer arthropods on plants
with more optimum nutrient status should be investigated in more detail to define the
causative factor.

The results from this experiment can inform peanut farmers and their advisors in
Ghana on the economic value of cultural practices for peanut. The information derived
from these experiments will be used to assist farmers and practitioners in modifying their
practices to avoid or minimize risk.
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Ghana during 2020 and 2021. Table S3: Planting dates at three locations in northern Ghana during
2020 and 2021. Table S4: Planting dates at three locations in northern Ghana during 2020 and 2021.
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