


Productivity of Groundnuts under Select Management Practices 


ABSTRACT
In Ghana, groundnut (Arachis hypogaea L.) production plays an important role in livelihoods; particularly for women farmers in rural communities. Per capita consumption is estimated at 12 kg per year. About 80% of Ghanaians consume groundnut-products at least once a week, and about 32% at least thrice a week. About 39% of the consumers in Northern Ghana grow it themselves. Three salient challenges limiting groundnut production are low access to improved seed, poor soils and aflatoxin contamination. The study adopted integrated strategies to enhance the knowledge of actors on best production technologies to increase yield, and reduce the risk of aflatoxin contamination. First, a series of training were organized for actors on improved production and postharvest management practices. Secondly, on-farm demonstrations were conducted to provide a platform to showcase the effects of best practices (i.e. improved variety, soil amendments, Rhizobium inoculants and integrated pest management) on yield and aflatoxin contamination.  The average yield of the farmers’ practices was 0.56 to 0.95 t/ha compared to 0.85 to 1.26 t/ha from best management practices. Pod yield of the integrated pest management plots (1.03 t/ha) out-performed the farmer practice (0.64 t/ha) across the locations. The application of organic manure, mineral fertilizer and manure + mineral fertilizer increased yield by 23.5%, 30% and 39%, respectively, over the control. The application of YARA-Legume + Rhizobium inoculant (1.22 t/ha) or TSP + Rhizobium inoculant (1.01 t/ha) resulted in consistently higher pod yield compared to the control (0.57 t/ha), or single application of any amendment. At 12 ppm permissible level, all samples contained safe aflatoxin levels (4.43 to 5.45 ppm) at 8 months after harvest. In conclusion, significant reduction in aflatoxins contamination can be achieved by integrating these practices into the current groundnut production systems. Albeit, access (cost and availability) to these technologies remains a barrier to disseminating these technologies to largely smallholder farmers.
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1. Introduction
Groundnut (Arachis hypogaea L.) is an important oil, food and feed crop cultivated worldwide. In Ghana, groundnut remains the most important grain legume in terms of area under cultivation and annual production. The bulk production occurs in the Guinea and Sudan Savannah agro-ecologies where more than 90% of farming households are estimated to own at least an acre of the crop (Tsigbey et al., 2003; Carlberg et al., 2013). For these households, groundnut contributes massively to their livelihoods as a cash crop and available highly nutritious food. The kernel is a key ingredient in several dishes across social classes in Ghana (Kleih et al., 2020). With an average of 35 – 51% oil, 25 – 38% protein and a host of other health enhancing nutrients (Asibuo et al., 2008), a 100 g of groundnut is estimated to supply 564 kcal of energy to consumers (Janila et al., 2013). In addition, p-coumaric acid, resveratrol, Vitamin E, B-complex groups of thiamin, pantothenic acid, vitamin B-6, folates, and niacin as well as biologically active polyphenols, flavonoids, and isoflavones are found in the groundnut kernel (Janila et al., 2013). 

Most farmers cultivate groundnut on small scales, both in pure stands and in crop mixtures with cereals under rain fed conditions using cultivars which have been recycled for over decades (Naab et al., 2005; Tsigbey et al., 2003, Carlberg et al., 2013).  But quite recently, some groundnut varieties such as; Nkatie-sari, Kpanielli, F-Mix, SARINUT 1, SARINUT 2, Oboshie, Obolo and Yenyawaso have been developed to improve on-farm productivity. However, several abiotic stresses (drought, high temperatures, poor fertility, low pH, Ca deficiency, and chlorosis) and biotic stresses such as diseases (rust, leaf spot, and aflatoxin contamination) and insect pests (pod borers, aphids, thrips, millipedes and mites) are limiting factors in production (Seidu et al., 2024; Nboniye et al., 2023 and Abudulai et al., 2020). Other production constraints include access to land, farmer recycled seed, poor access to seed, and non-supportive small scale agricultural policies (Konlan et al., 2013). Yields are often low in Ghana; due partly to negative impacts of arthropods, diseases, nematodes and weeds (Seidu et al., 2024; Nboniye et al., 2023 and Abudulai et al., 2020). Yield losses can approach 70% in West Africa without effective integrated pest management (IPM) (Waliyar et al., 2008; Subrahmaniyan et al., 2002).
In addition, the groundnut seed system is not well developed compared to maize, rice, soybean and cowpea.  In the report of Masters et al. (2013), much of groundnut seed production is done under contract with small-scale seed growers, often by new seed companies who produce the seeds in response to demand from various public-sector projects. Commercial demand for these seeds is very limited, as farmers would buy seed only once and then recycle the seed in subsequent years. This project adopts integrated strategies to enhance knowledge of actors on improved production technologies as well as disseminate information to reduce aflatoxin contamination. The overall objective was to validate and disseminate best groundnut production techniques to increase yield and minimize the risk of aflatoxin contamination. The specific objectives were 1) to enhance farmers knowledge on improved production technologies to increase yield, 2) to enhance knowledge and diffuse improved aflatoxin management techniques to value chain actors and, 3) to validate and promote the use of improved varieties, soil amendments, rhizobium inoculants and integrated pest management in groundnut production.
2. Materials and methods
2.1 Experimental site
Field trials were established at Bongo, Bulsa North, Kassena Nankana East, Kassena Nankana West, Bawku West, Binduri and  Nabdam districts of the Upper East Region of Ghana. These areas fall within the semi-arid tropics under Sudan savannah agroecological zone of Ghana with uni-modal rainfall regime. It has a mean annual rainfall of 800-1000 mm with growing season duration of 150-160 days. A total of 25 “mother” and 60 “baby” trials were set up from 2016 to 2019. Planting was done 1st to 3rd week of July and harvesting was done in 2nd to 3rd week of October. Some farmers were provided with 3 kg of starter seed each of 5 improved varieties for baby trials. The baby trials occupied 0.4 ha of land in which the project absorbed the cost of seed and land preparation. 

2.2 Effect of soil amendments and variety on groundnut production
This demonstration was conducted in four communities in the Nabdam and Bawku West districts in 2016 and 2017. The experimental set-up was a simple 8 x 4 factorial in a randomized complete block design with 3 replications. Factor 1 involved 8 improved groundnut varieties/genotypes, namely, Kpanielli, Obolo, Oboshie, SARINUT 1, SARINUT 2, Yenyawaso, Nkatiie-SARI and 2 farmer varieties, and factor 2 involved 4 soil amendments (i.e. control, organic manure, mineral fertilizer and mineral fertilizer + organic manure). Certified seed of the improved varieties was obtained from an agro-input vendor in Bolgatanga for planting. Plot sizes of 4 x 4 m2 were used, and planting distance was 10 x 75 cm intra and inter row spacing respectively.  At two weeks after planting, Yara Legume fertilizer (0% N, 18% P2O5, 13% K2O, 29% CaO) was applied at a rate of 375 kg/ha.   

2.3 Effect of soil amendments and inoculants on groundnut production
Field trials were established at Bongo, Bulsa North, Kassena Nankana East and  Kassena Nankana West districts of the Upper East Region of Ghana. The experiments were organized using randomized complete block design with 4 replications.  Planting was done in plot sizes of 4 x 4 m2 from the 1st to 2nd week of July 2018 and 2019. The treatments were control, Rhizobium inoculant only (10g/kg seed), Triple Superphosphate (TSP)  fertilizer (60 kg P2O5/ha), YARA Legume (0% N, 18% P2O5, 13% K2O, 29% CaO), TSP + Rhizobium inoculant, and Yara Legume + Rhizobium inoculant.   The TSP which contained 46% of P2O5 and 17% of CaO was applied at 250 kg/ha.
2.4 Effect of integrated pest management practices on groundnut production
Participatory on-farm demonstrations were established in five districts and monitored from July to October in the year 2017 and 2018.  These involved the use of improved varieties and best crop management practices to increase yield and minimize aflatoxin contamination. At each location, 6 plots of 10 x 10 m2 were planted to 2 improved groundnut varieties (SARINUT 2 and Nkatie-SARI) and a farmer variety (Figure 1).  Three plots were assigned to integrated pest management practice (IPM) (improved seed, fertilizer application, weeding twice, and insecticide spray at 6 and 8 weeks).  In the postharvest phase, we validated the effect of prompt harvesting, quick drying, drying on cemented floor/ plastic sheet/ tarpaulin and storage in PICS bags to the communities.
2.5 Data collection
All recommended agronomic management in groundnut (i.e. land preparation, plant population, weed management and postharvest drying and storage) were observed. Data was collected on plant count, plant height, number of branches, canopy spread, incidence of early and late leaf spot, rosette incidence, nodule count and weight, biomass yield, number of pods/plant, yield components and total aflatoxins.

2.6 Farmer Field Schools
The beneficiaries were schooled on good agricultural practices (GAP) in groundnut production and aflatoxin management. At harvesting, extension messages focused on prompt harvesting, quick drying, sorting, storage and processing methods. Also, participatory variety selection was done to identify farmers preferred varieties as well as traits critical to end-users.


   
Plate 1: Excerpts of pictures showing best practices in groundnut production 

2.7 Aflatoxin analysis of on-farm samples
Grain Samples obtained from the study plots were sent to the Food Technology Unit of the Spanish Laboratory of the University for Development Studies, Nyanpkala campus, for aflatoxin analysis. The samples were milled using Waring Stainless Steel Laboratory blender (PBB25). After milling, about 200 g was taken into a whirl bag and stored in a deep freezer (-4oC) for analysis. Samples were analyzed using the Afla-mobile assay. This system makes use of Reveal Q+ test strips for Aflatoxin, originally designed for the AccuScan reader, however the Mobile assay makes use of a Tablet (instead of the AccuScan reader).
2.8 Data analysis
 The agronomic data sets were analyzed as a randomized complete block design with varieties over soil amendment and locations. Differences between treatment means were separated by Fischer Least Significant Difference at 5% level of probability.  Data sets on aflatoxin levels were subjected to Analysis of Variance (ANOVA) to determine significant differences among samples by using GenStat (9th Edition) statistical package. 
3. Results 
3.1 Effect of variety and soil amendments 
Table 1 provides a summary of plant establishment, plant height, canopy spread, incidence of leaf-spot and yield of 8 groundnut varieties as influenced by 4 soil amendments across 2 locations. Overall, good seedling establishment (63.8 to 94.4%) was noticed across the varieties except Kpanielli and Oboshie which showed poor establishment of 57.1 and 38.8%, respectively. Pod yield ranged from 0.75 to 1.23 t/ha in Ghana compared to yield potential of over 3 t/ha in the United States and Brazil (FAOSTAT, 2014; MoFA-SRID, 2014. The application of organic manure, mineral fertilizer and organic manure + mineral fertilizer increased yield by 23.5%, 30% and 39% respectively, over the control. Significant genotype and environment interaction (p<0.05) was recorded for the yield component traits which will be essential to consider in selecting these varieties for different locations. 

Table 1: Plant establishment, height, canopy spread, leaf-spot and yield of 8 groundnut varieties as influenced by 4 soil amendments

	
Treatments
	Plant establishment (%)
	Plant population 
(000/ha)
	Plant height  at maturityharvest
(cm)
	Canopy spread  at maturity 
(cm2)
	Late leaf spot score  (1 to 9 scale)
	Haulm yield 
(t/ha)
	Pod yield
 (t/ha)

	Location (A)

	Bawku west
Nabdam
LSD (p<0.05)
	75.3
67.6
ns
	50.2
45.0
33.7
	30.1
22.4
1.8
	34.7
33.4
ns
	4.8
5.1
ns
	3.2
1.1
2.6
	1.15
0.87
1.0

	Soil Amendment (B)

	Control
Organic manure
TSP Fertilizer
Organic+Fertilizer 
LSD (p<0.05)
	70.7
71.5
74.3
69.1
ns
	47.2
47.7
49.6
46.1
ns
	25.3
26.3
26.5
26.8
ns
	33.8
34.8
32.3
35.3
ns
	5.7
4.9
4.8
4.5
0.5
	2.1
2.1
2.2
2.2
ns
	0.75
0.98(0.232)
1.07(0.328)
1.23(0.486)
1.4

	Variety (C)

	Farmer Variety 1
Farmer Variety 2
Kpanielli
Obolo
Oboshie
SARINUT 1
SARINUT 2
Yenyawaso
LSD (p<0.05)
	94.4
84.4
57.1
81.4
38.8
68.8
63.8
82.4
10.1
	62.9
56.9
38.1
54.2
25.8
45.9
42.2
54.9
67.5
	36.5
21.5
28.4
21.6
29.1
30.5
20.5
21.7
3.5
	33.4
35.5
36.3
31.1
30.1
35.1
32.7
38.3
4.5
	7.0
4.8
4.2
4.7
3.7
5.1
4.5
5.6
0.6
	2.9
2.4
2.9
2.0
1.1
2.5
0.9
2.5
5.2
	0.93
0.90(-0.32)
1.06(0.133)
0.99(0.62)
1.12(0.186)
1.25(0.313)
0.93(-0.62)
0.88(-0.57)
2.0

	Grand mean
	71.2
	47.6
	26.2
	34.1
	5.0
	2.2
	1.0

	A
B
C
AxBxC
CV(%)
	*
NS
**
ns
24.9
	*
ns
**
ns
24.8
	**
NS
**
ns
23.4
	ns
sn
*
ns
23.2
	ns
**
**
ns
22.7
	**
ns
**
ns
42.1
	*
ns
ns
ns
35.1


*: significant at 0.05, **: significant at 0.0001, ns: not significant, Yield values in parenthesis represent increases over the control.
3.2 Effect of soil amendments and rhizobium inoculants on groundnut  
Some yield components of groundnut as influenced by Rhizobium inoculant and fertilizer treatments have been summarized (Table 2). The trend of yield performance was similar across the districts covered. All the treatments showed significant increase of yield when compared to the control. Pod yield in Yara Legume treatment plots (0.97 t/ha) was superior compared with TSP (0.85 t/ha).  The application of Yara-Legume + Rhizobium inoculant (1.22 t/ha) or TSP + Rhizobium inoculant (1.01 t/ha) resulted in consistently higher pod yield compared to the control (0.57 t/ha), or single application of any amendment. 
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Plate 2: Excerpts of pictures showing the productivity of groundnut under different management practices

Table 2: Yield and yield components of groundnut as influenced by inoculant and fertilizer treatments
	Treatments 
	Plant count at harvest
	Nodule count 
at 45 days
	Nodule weight 
at 45 days 
(g)
	Pod  load of 10 plants
	Haulm yield 
(t/ha)
	Yield 
(t/ha)

	Control 
Rhizobia inoculant
TSP fertilizer
YaraLegume fertilizer
R. inoculant +TSP
R. inoculant + YaraLegume
	36
37
34.8
43.8
36
36
	32.5
44.8
50.3
47.5
48.0
56.0
	0.16
0.16
0.26
0.24
0.23
0.28
	215.0
251.5
277.8
254.8
265.0
259.3
	2.94
2.50
2.38
2.39
2.31
2.22
	0.57
0.85
0.97
0.82
1.01
1.22

	P<0.05
CV
Grand mean
	ns
22.9
36.4
	0.05
20.6
46.5
	0.05
28.2
0.21
	Ns
33.1
253.9
	ns
53.7
2.60
	0.05
23.2
0.91





3.3 Effect of integrated pest management (IPM) practices on yield 
Tables 3 and 4 present the yield characteristics as well as white flies, leaf spot and rosette incidence in SARINUT 2 under two management practices (Control and IPM practices). Growth characteristics such as stand count, days to 50% flowering (DFF) and plant height did not significantly (p<0.05) vary between farmer and IPM practices. Pod yield in IPM plots (1.03 t/ha) out-performed the farmer practice (0.64 t/ha) across the locations. Similar trend was noticed for white flies, leaf spot and rosette incidence where the IPM plots showed better performance than the farmer practice. White flies incidence was lower in the IPM field during the early to mid-season but  increased steadily at late season probably due to resource availability in those plots.
Table 5 shows the main effects of location, variety and IPM on yield components of groundnut. Plant establishment was generally good with a population range of 44,500 to 75,500 plants. The effects of location, variety and IPM were significant (P<0.0001) on all yield traits (peg count, pod load, vine yield and pod yield). Significantly higher yields were recorded in the Kassena Nankana East (1.6 t/ha) and Bulsa North (1.3 t/ha), compared to Bongo (0.87 t/ha) and Kassena Nankana West (0.62 t/ha) districts. SARINUT 2 (1.26 t/ha) and Nkatie SARI (1.18 t/ha) recorded similar yields, which were significantly higher than the farmer variety (0.91 t/ha). Also, higher yields were recorded in the IPM plots (1.31 t/ha) compared to farmer practices (0.93 t/ha) plots. 
Table 3: Agronomic yield characteristic of groundnut (SARINUT 2) under 2 management practices
	Treatments 
	DFF
(days)
	Stand count at harvest /ha (000)
	Plant height
(cm)
	Maximum canopy spread
(cm)
	Dry pod weight 
(kg)
	Haulm yield
(t/ha)
	Yield 
(t/ha)

	Farmer Practice
Integrated pest management 
	38.0
37.8
	976
106
	45.5
45.6
	37.8
45.8
	1.6
2.6
	2.75
3.50
	0.639
1.025

	Grand mean
P<0.05
CV
	38.8
0.390
0.93
	102
0.565
10.97
	45.5
0.181
0.9
	41.9
0.025
6.49
	2.1
0.062
2.1
	3.13
0.004
4.33
	0.832
0.062
22.6



Table 4: Vigour, white flies, leaf spot and rosette incidence of groundnut (SARINUT 2) under 2 management practices
	Treatments 
	Vigour score 
(1 to 5)
	White flies incidence
(mid-season)
	White flies incidence
(late-season)
	Early leaf spot
(scale 1-9)
	Late leaf spot (scale 1-9)
	Rosette count

	Farmer Practice
Integrated pest management 
	3
4
	3.5
2
	2.75
4.75
	2.3
0.8
	4.5
1.0
	1.5
0.00

	Grand mean
p<0.05
CV
	3.5
0.422
43.6
	2.8
0.103
33.2
	3.75
0.063
15.4
	1.5
0.057
47.1
	2.8
0.0012
14.9
	0.75
0.013
54










Table 5: Main effects of location, variety, and integrated pest management practices on yield components of groundnut 
	
Treatments
	
Plant 
population 
(000/ha)
	
                                Yield Components

	
	
	Peg count/ plant
	Pod 
load/ plant
	Haulm  
yield (t/ha)
	Pod 
yield (t/ha)

	Location (A)
	
	
	
	
	

	Bulsa North
Bongo
Kassena Nankana West
Kassena Nankana East
LSD (P<0.05)
	44.5
49.7
49.1
75.5
13.6
	28.5
46.8
21.1
45.5
3.1
	13.7
23.3
13.5
11.8
15.1
	1.38
1.27
2.22
1.47
0.89
	1.3
0.87
0.62
1.6
0.34

	Variety (B)
	
	
	
	
	

	Chinese
Nkatie-SARI
SARINUT 2
LSD (P<0.05)
	63.5
41.2
59.1
10.4
	23.7
42.0
40.8
2.4
	11.5
14.8
20.5
11.6
	1.13
1.65
1.9
0.70
	0.91
1.18
1.26
0.26

	Management practice (C)
	
	
	
	
	

	Farmer Practice
Integrated pest management
LSD (P<0.05)
	53.2
56.0
67.9
	29.8
41.2
1.6
	12.8
18.4
7.5
	1.51
1.65
ns
	0.93
1.31
0.17

	A
B
C
AxBxC
CV (%)
	*
*
ns
ns
12.6
	*
*
*
ns
21.3
	**
**
**
ns
9.9
	*
*
ns
ns
34.4
	*
*
*
ns
15.2


* Significant at the 0.05 probability level, ** Significant at the 0.01 probability level.
3.4 Total aflatoxin levels
The effect of cultivar and soil amendment on aflatoxin levels (8 months after harvest) is summarizes in Table 6. All samples from the demonstrations recorded safe (4.2 - 5.5 ppb) levels for human use at 8 months after harvest. Aflatoxin levels did not vary between the cultivars or soil amendments. The package in this demonstration included sowing at optimum time, control of soil arthropods, nutrient amendments, appropriate plant density, use of improved varieties and weeding twice. Good postharvest operations such as prompt harvesting at maturity, reducing the harvesting to thrashing interval, prompt drying, storage at safe moisture content and good storage were adopted. Significant reduction in aflatoxins contamination can be achieved by integrating these best management practices. 
Table 6: Cultivar and soil amendment effects on groundnut aflatoxin levels at 8 months after harvest
	Treatments 
	Aflatoxins level (ppb)

	Variety 

	Farmer Variety
Oboshie
Kpanielli
SARINUT 2
Farmer Var.
Samnut 23
Yenyawaso
Obolo
	5.08±0.15
5.05±0.44
4.43±0.29
5.10±0.28
5.05±0.23
4.93±0.32
5.45±0.81
5.15±0.31

	Soil Amendments

	Control
Fertilizer
Organic manure
Organic Manure + Fertilizer
	5.05±0.38
5.18±0.62
5.05±0.44
4.84±32

	Grand mean
	5.03

	Variety: NS; Soil amendment: NS; CV: 8%



4. Discussion
A wide range of factors can affect groundnut yield, including pest reaction. Groundnut is a resilient crop with the ability to compensate for a wide range of biotic and abiotic stresses. Identifying the cocktail of factors that impact groundnut yield can be challenging, especially when working with smallholder producers (Seidu et al., 2024). Over the years, several improved technologies on groundnut production have been tested in Ghana for increased yield, which can be adapted for agricultural production in West Africa (Agbetiameh et al., 2020, Abudulai et al., 2020; Ortega-Beltran and Bandyopadhyay, 2021 and Seidu et al., 2024). These technologies when applied alone or integrated with other best practices can boost commercial and profitable production of groundnuts in most parts of West Africa (Seidu et al., 2024). The technologies include i) release of elite high yielding, early maturity and aflatoxin resistant groundnut varieties such as Nkatiesari, Yenyawoso, Kpaniele, Obolo, Oboshie, SARINUT 1, SARINUT 2; ii) development of Rhizobium inoculant specific for groundnut; iii) development of Aflasafe for aflatoxin control; iv) development of  good agronomic practices such as planting time, planting distance, crop rotation, and  fertilizer dose to achieve optimum yield; v) development of integrated pests,  diseases and weed management practices to achieve optimum yield; vi) development of special fertilizer formulations suitable for groundnut production; and vii) validation of technologies on good harvesting, drying, storage, shelling and  processing practices to reduce postharvest losses and risk of aflatoxins contamination (Sugri et al., 2017, Abudulai et al., 2020, Nboyine et al., 2023). Naab et al. (2009) and Abudulai et al. (2020) also reported groundnut yield and economic returns were higher when a commercial blend of fertilizer was applied with good pest protection compared to farmer practice without these inputs. According to Naab et al. (2009), protecting peanut from pest damage and providing adequate nutrition through applied fertilizer can increase yield and financial return.
This study involved on-farm demonstrations and farmer field schools (FFS) in which the farmers were sensitized on best production and postharvest operations as well as nutritional and health benefits of consuming groundnut products.  Several FFS were organized at the maximum vegetative stage for 10,000 farmers from the project communities during the period.  Participatory variety selection (PVS) sessions were organized for farmers to identify essential traits for future groundnut improvement programmes. Selection criteria for groundnut include maturity period, seed vigor, plant architecture, yield, disease resistance, kernel number per pod, taste, color, frying quality, oil yield and market potential.   Farmers that adapt these select best-bet production practices could increase their  yield or reduce the risk of aflatoxin contamination. 
Participatory dissemination of the technologies enhanced farmers’ knowledge of improved production technologies to increase yield. We extensively diffused information to enhance knowledge of improved aflatoxin management techniques. Seed harvested from the demonstrations were retained by farmers as starter seed for the next seasons. Information dissemination and public awareness including training, fact sheet and radio broadcast in local languages on best agronomic and postharvest practices should be promoted. Integrated management of the biotic/abiotic stresses alongside crop improvement for higher yield, diseases resistance, dissemination of improved crop management practices and improved postharvest management practices should be conducted in integrated fashion. Low-cost strategies such as improved seed, clean farm operations, quick drying, drying on cemented floor or tarpaulins, sorting and used of improved storage methods, which are within the capacities of the smallholder growers should be prioritized in extension services and public awareness programmes. Albeit, access (cost and availability) to these technologies (fertilizers, rhizobium inoculants, aflasafe, and improved seed) remains a barrier to disseminating these technologies to largely smallholder farmers.
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