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ARTICLE INFO ABSTRACT

Keywords: In sub-Saharan Africa, the parasitic Alectra vogelii is seriously threatening Bambara groundnuts,
Parasitic weed farmers to suffer yield losses of up to 100 %. The objective of this study was to determine the
Resistant

effects of phosphorus (P) application and Alectra vogelii inoculation on Bambara groundnut ge-
notypes for growth and reproductive phrase. The experiment was conducted in 2020 at the
Henderson Research Station in Mazowe, Zimbabwe in a 2 x 2 x 26 factorial design with 26
genotypes arranged in a completely randomized design (CRD) with four replications, two P rates
(0 and 20 kg ha—l) and two levels of inoculation (with and without Alectra vogelii). Half of the
perforated black plastic bags were inoculated with Alectra vogelii seeds. The results showed a
significant (p < 0.001) interaction between P application and Alectra vogelii inoculation, leading
to decreased Alectra vogelii counts after 109 days, days to maturity, days to flowering, and
chlorophyll content. There was a significant (p < 0.001) interaction between Bambara groundnut
genotypes and Alectra-inoculation on number of pods, pod weight, number of seeds, and grain
yield. Alectra vogelii parasitism significantly (p < 0.001) decreased number of pods, pod weight,
number of seeds, and grain yield across all groundnut genotypes. G2, G23, G24, and G25 geno-
types exhibited tolerance to Alectra vogelii, with grain yield per plant of 4.82, 6.12, 5.65, and 5.34
g, respectively, outperforming other genotypes. It was found that the combination of 20 kg P ha™!
with Alectra-resistant genotypes improved Bambara groundnut productivity.

Stimulation
Tolerant
Yellow witchweed

1. Introduction

According to HLPE [1], projected human population, threats of pandemics like COVID-19, climate change, and conflicts are
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increasing globally, as well as nutritional insecurity. In southern Africa, maize is this staple crop that predominantly provides starch
and relatively low protein which negatively affects human health and nutritional security [2,3]. As a result, there is a critical need to
improve nutrition and food security in Africa.

According to Dikr and Abayechaw [4], legumes increase cereal crop productivity, through improved soil fertility, thus boosting
nutritional security. Climate change-induced heat and drought have led to decreased yields in legumes such Faba beans, soybeans, and
common beans, as well as cereals like rice, maize, and wheat [5,6]. Bambara groundnut is a legume that is underutilised compared to
cash crops. This crop is typically associated with subsistence agriculture, with women having important roles in production and
processing [7].

In most parts of Zimbabwe, farmers rely on retained seed from local landraces or purchased from the markets [8]. This has resulted
in low germination rates and lower yields in some districts [9]. In Zimbabwe, two Bambara groundnut varieties called "Mana and
Kazuma" were registered as commercial in 2004 [10], but are not available on the markets. The varieties are conserved as germplasm
at Crop Breeding Institute (CBI) in Zimbabwe [10]. Bambara groundnut grain provides about 15%-25 % protein, 49%-63.5 % car-
bohydrate, 4.5-7.4 % fat, 5.2%-6.4 % fiber, and 2 % minerals [11].

In extensively practiced subsistence farming, biotic stressors caused by parasitic weeds (Alectra vogelii and Striga) hinder the
production of Bambara. Abiotic stresses, such as poor soil fertility, low organic matter content, and limited plant available P and
micronutrients, can also constrain Bambara production [12,13]. In Zimbabwe, farmers have continued to use local landraces, usually
those that are tolerant to Alectra vogelii through selection.

The life cycle of the autogamous parasite Alectra vogelii is similar to that of Striga species because their control and management are
the same. According to Fernandez-Aparicio et al. [14], several East, Central, and Southern African nations are facing serious threats
from Alectra vogelii. The adaptation or dormancy mechanisms that allow seeds to remain alive in the soil for several years make it
challenging to control Alectra vogelii [15,16]. Alectra vogelii has evolved to produce numerous tiny seeds with extended viability and
specific germination requirements as an adaptation to its parasitic lifestyle [17]. Alectra vogelii seeds can only germinate after being
influenced by external germination stimulants [17]. Typically, strigolactones are exuded by root host and non-host plant species used
as trap crops such as sunflower, cotton, sunhemp, and lablab [18,19]. Strigolactones are hormones produced by plants that regulate the
shoot and root architecture [20]. Additionally, strigolactones act as signals for host recognition by arbuscular mycorrhizal fungi [17,
20] and Rhizobia while also triggering the germination of parasitic weed seeds like those of Alectra spp.

Acidic soils favor Alectra vogelii because they provide a favorable environment for the increased stability of strigolactones, which
promote the germination of parasitic weeds [Mandumbu et al. [21]. Alectra vogelii is a troublesome parasitic weed that reduces the
yield of various crops, including cowpeas and groundnuts, by 50-100 %, depending on the severity of infestation in most parts of Africa
[21-24]. Managing this critical threat to Bambara production is therefore imperative.

Interventions recommended to mitigate yield losses from Alectra vogelii, as proposed by Mutsvanga et al. [25], include applying
organic materials and nitrogen fertilizers. Theories suggest that fertilizers can suppress parasitic weed infestations by promoting plant
health and resistance [26]. Improved nutrients promote plant health, while high nutrient levels, particularly nitrogen, decrease
strigolactone release from host roots, reducing germination of Alectra vogelii and Striga spp. seeds and reducing infestation levels [25,
27,28]. Additionally, high soil organic matter encourages biological activity, potentially accelerating the decay or predation of weed
seeds [29]. However, the lack of known Bambara genotypes that are resistant or tolerant to Alectra vogelii exacerbates this situation.
Research on the responses of cowpea [30] and groundnut genotypes to Alectra vogelii in Zimbabwe [22] suggest that identifying and
cultivating Bambara genotypes with potential resistance or tolerance to Alectra vogelii could be a solution. However, more docu-
mentation is needed on the effects of Alectra infection on Bambara genotypes in Zimbabwe. Nutritional management [28] and varietal
control have been used to control parasitic weeds; however, knowledge regarding P management in Bambara cropping systems still
needs to be improved. Therefore, the objective of this study was to determine the effects of P application and Alectra vogelii inoculation
on Bambara groundnut genotypes for growth and reproductive phrase.

Table 1
Selected physical and chemical properties of the experimental soil
collected from Henderson Research Station Farm.

Soil properties Value
Soil pH (Ca-Cl,) 4.10
Sand (%) 69.80
Silt (%) 8.50
Clay (%) 16.60
Textural class Sandy loam
Total N (%) 0.10
Available P (mg kg') 3.00
Exchangeable Ca®" (cmolc kg-') 1.22
Exchangeable Mg?* (cmolc kg-1) 0.41
Exchangeable K + (cmolc kg-") 0.07
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2. Materials and methods
2.1. Study site

The trial was conducted during the 2020 cropping season at an open space at Henderson Research Station (17° 34’ South, 30° 58’
East and an altitude of 11205 m (above sea level). The site is in Mazowe, 25 km from Harare. The soil used in the experiment was sandy
loamy in texture, with medium plant availability (P), low nitrogen, and exchangeable potassium (K), but had a good calcium (Ca) to
magnesium (Mg) ratio for any crop production (Table 1).

2.2. Experimental design and seeds source

A 2 x 2 x 26 factorial arrangement trial was set up in a completely randomized design with four replications, two levels of inoc-
ulation (with and without Alectra vogelii), two P rates (0 and 20 kg ha™1), and 26 genotypes. The experiment involved screening of 25
Bambara groundnut local landraces and one Mana variety (standard check). Nine landraces and one Mana variety were obtained from
the Crop Breeding Institute (CBI) and nine from the Plant Genetic Resources and Biotechnology Institute (PGRBI) of both Agricultural
Research Innovation and Department of Directorate, Harare Research Station, in Zimbabwe. The other seven were collected from
farmers in Buhera communal area (BCA), Manicaland Province of Zimbabwe. The Alectra vogelii seeds were sourced from farmers’
fields in the Rushinga communal area (RCA), Mount Darwin, Zimbabwe, for parasitic weed inoculation (Table 2).

2.3. Experimental procedure

Bambara seeds were planted in perforated black plastic bags (320 mm x 140 mm x 180 mm). These bags were filled with sandy
loam soil sourced from the Henderson Research Station farm in Zimbabwe. For the fertilizer treatments, single superphosphate (SSP)
(8.5 % P) was applied before planting to the perforated black plastic bags at application rates of 0 kg P ha~! and 20 kg P ha™ ' For the
control group, no additional fertilizers were applied. The top 100 mm of soil was taken out of 416 perforated black plastic bags in order
to create an Alectra- inoculated treatment. The 100 mm sub-sample collected from each perforated black plastic bags were placed into
clean plastic bags, mixed with 0.02 g of Alectra vogelii seeds, and returned to the original perforated black plastic bags. The remaining
416 bags were without Alectra vogelii seeds and were used as the control. Pre-conditioning was performed to ensure that Alectra vogelii
seeds germinated optimally by breaking dormancy [31]. Pre-conditioning occurs when Alectra vogelii seeds need moisture for two
weeks before they respond to germination stimulants from Bambara genotype roots. Two Bambara seeds were planted in each bag,
watered soil moisture kept at field capacity until seedling emergence. Two weeks after emergence, Bambara groundnut seedlings were
thinned to one per bag. The plants were watered when necessary. All other weeds expect Alectra vogelii were manually pulled out.

Table 2
Bambara groundnut genotypes and Alectra vogelii seeds used for the study.

Source Genotype Variety/Accession Region of collection Local name

CBI G1 Cultivar CBI-1 Harare Mana
G2 LR2018-2-1 Manicaland Province Landrace
G3 LR2018-3-2 Manicaland Province Landrace
G4 LR2018-4-3 Manicaland Province Landrace
G5 LR2018-5-4 Manicaland Province Landrace
G6 LR2018-6-5 Manicaland Province Landrace
G7 LR2018-7-7 Manicaland Province Landrace
G8 LR2018-8-11 Manicaland Province Landrace

PGRBI G9 KMMCO086 Harare Deep red
G10 KMMC107 Harare Cream
G11 KMMC219 Harare Cream
G12 KMMC378 Harare Red
G13 KMMC1191 Harare Red
Gl14 NPGRC6320 Harare Black
G15 NPGRC6314 Harare Red flash
G16 NPGRC6321 Harare Red flash
G17 NPGRC6317 Harare Cream chipofu
G18 NPGRC6315 Harare V-black
G19 NPGRC6325 Harare V-red

BCA G20 BHO1 Manicaland Province Landrace
G21 BHO2 Manicaland Province Landrace
G22 BHO3 Manicaland Province Landrace
G23 BHO04 Manicaland Province Landrace
G24 BHO5 Manicaland Province Landrace
G25 BHO6 Manicaland Province Landrace
G26 BHO7 Manicaland Province Landrace

RCA Yellow-witch weed Alectra vogelii Mashonaland East Province Parasite weed
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2.4. Data collection and measurement of crop phenology, growth parameters, yield components and yield

The chlorophyll content was recorded from Bambara genotypes and Alectra vogelii shoot counts were recorded at 7-13 weeks after
planting, Alectra vogelii counts were recorded 90 days after planting (AC90DAP) and at 109 days after planting (AC109DAP). Weekly
measurements of chlorophyll were taken using a portable SPAD-502 (Minolta Corporation) from week eight to week thirteen after
planting. Measuring chlorophyll content was important as it indicated the plant’s health and photosynthetic efficiency, which can be
affected by Alectra vogelii infestation. The number of days to flowering in Bambara groundnut were recorded from planting to the initial
appearance of the first flower. Days to 90 % physiological maturity were recorded when the vine began to turn yellow and leaves were
shed.

At the end of week 13, fresh Bambara plants were cut at the soil line and placed inside a khaki paper. Then roots were uprooted
when the soil was still moist to ensure all root structures were collected, including those affected by Alectra vogelii, were carefully
collected. The roots were cleaned under running water to obtain fresh root biomass. The fresh biomass was oven dried at 60 °C to
determine dry weight. Yield and yield components consisted of the following; number of pods, number of seeds per pod, seed weight,
and grain yield weight. Pod weight, seed weight and grain yields were measured using a sensitive balance (Compact Scale and Balance)
and Bance-Adams Equipment. The grain yield per plant (GYP (g)) was calculated as follows:

GYP (g) = number of pods x number of seeds per pod x weight of one seed [32].

2.5. Data analysis

The data was subjected to analysis of variance (ANOVA) using R-Statistical Package version 4.3.2 to determine the effects of the
treatments. Bartlett’s test was used to check for the homogeneity of variance. Significantly, different treatment means were compared
using the least significant difference (LSD) test at 5 % level of significance.

3. Results
3.1. Interaction effects on Alectra vogelii shoot count at 109 days after planting

P rate effects on Alectra vogelii counts at 109 days after planting were significant (p < 0.05) (Table 3). The interaction effects
between P rate and Alectra-inoculation significantly (p < 0.01) influenced the Alectra vogelii shoot count at 109 days after planting
(Table 3). Alectra vogelii shoots varied across all P rates, but Alectra vogelii shoot count was reduced at the application rate of 20 kg P
ha~! and this also reduced Alectra vogelii shoot count. Highest Alectra vogelii shoot counts (0.63) were observed from 0 kg P ha™!, while
the 20 kg P ha™! had the lowest count of 0.17. Alectra vogelii shoot counts were significantly reduced by addition of 20 kg P ha™*
(Table 3).

3.2. Interaction effects on leaf chlorophyll content

Highly significant (p < 0.001) differences between P rates were recorded in chlorophyll content of plants. Alectra-inoculated had
significant (p < 0.05) effects in chlorophyll content on Bambara groundnut genotypes. Variation attributable to the interaction be-
tween P rate and Alectra-inoculation was significant (p < 0.01) for chlorophyll content (Table 3). Bambara genotypes that received 20
kg P ha! fertilizer had significantly lower chlorophyll content compared to those that received 0 kg P ha~** The chlorophyll content in
the Alectra-inoculated Bambara genotypes increased when 20 kg P ha~! was added compared to the control in genotypes that were not

Table 3
P rate and Alectra vogelii interaction and their effects on Bambara groundnut genotypes.
P rates (kg ha™!) Treatments Alectra vogelii count Chlorophyll content Days to flowering Days to maturity
0 Non-inoculated 0.0° 47.56" 53.77° 109.85%
20 Non-inoculated 0.0° 24.52°¢ 22.76° 59.77¢
0 Inoculated 0.63° 46.91° 59.22° 102.78°
20 Inoculated 0.17° 34.52° 51.62° 79.42°
LSD (0.05) 0.21 5.29 5.36 10.96
p-value 0.01 0.01 0.001 0.001
P rate
0 0.322 47.24* 56.50% 106.31*
20 0.09° 29.52° 34.69° 69.60°
LSD (0.05) 0.15 3.74 3.79 7.75
p-value 0.05 0.001 0.001 0.001
Alectra vogelii
Inoculated 0.40% 40.72% 55.487 91.10%
Non-inoculated 0.0° 36.04° 35.76" 84.81°
LSD (0.05) 0.15 3.74 3.37 7.75
p-value 0.001 0.05 0.001 ns

Means followed by different superscripts are significantly different at p < 0.05.
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inoculated (Table 3). Furthermore, the chlorophyll content under control on non-Alectra inoculated plants was significantly higher
with 47.56 mmol compared to that at 20 kg P ha™!, which recorded the least at 24.52 mmol in non-Alectra inoculated plants (Table 3).
The application of P fertilizer significantly reduced the chlorophyll content of Bambara genotypes.

3.3. Days to flowering of Bambara

Alectra-inoculation and P rate significantly (p < 0.001) influenced days to flowering (Table 3). In addition, there were significant (p
< 0.001) interaction effects (p < 0.001) of Alectra-inoculation and P application on days to flowering (Table 3). Bambara grown in
Alectra-inoculated treatment flowered late at day 59 compared to those grown in non-Alectra-inoculated treatment, which started
flowering at day 54 (i.e., 5 day difference). However, Bambara grown in Alectra-inoculated treatments and 20 kg P ha™! started to
flower at day 52, whereas in non-inoculated treatments, flowering commenced at day 25 (i.e., a significant difference of 17 days). In
contrast, flowering of Bambara grown under the control in non-inoculated treatments (without P fertilizers) commenced on day 54,
whereas at 20 kg P ha™! in non-inoculated treatment, it significantly decreased the number of days to flowering (Table 3).

3.4. Days to maturity of bambara

P rate significantly (p < 0.001) influenced days to maturity. However, there were significant (p < 0.001) interaction effects of
Alectra-inoculation and P application on the days to maturity of the Bambara genotypes (Table 3). Conversely, the application of 20 kg
P ha! significantly reduced the maturity time regardless of Alectra-inoculation in the treatments. Under inoculated treatments,
Bambara matured at approximately 79 days, whereas non-inoculated Bambara matured at approximately 60 days, with a difference of
19 days. (Table 3).

3.5. Number of pods of Bambara

Alectra-inoculation and P application had significant effects (p < 0.001) on the number of pods, while the Alectra-inoculation and
Bambara genotypes interaction had significant effects (p < 0.01) on the number of pods (Table 4). The number of pods under Alectra-
inoculation increased after the application of 20 kg P ha~!. There was a significant (p < 0.01) interaction effect between Bambara
genotype and Alectra-inoculation on the number of pods per plant (Table 4). The genotypes that performed well and attained the
highest number of pods in the inoculated treatments were G23 (13 pods), G24 (15 pods), and G26 (9 pods) (Table 4).

Table 4

Effect of Alectra vogelii-inoculation on the number of pods per plant and the pod weight (g) of Bambara genotypes.
Bambara genotypes Number of pods per plant Pod weight

Inoculated Non-inoculated (Control) Inoculated Non-inoculated (Control)

G1 3.38™ 4,25Km 0.85" 2,2gshiikimn
G2 8. 88cdefghijklm 11 .75bcdefghij 3.78cdefghijklmn 4.98abcdefghijkl
G3 8.1 3defehijkim 7 3defehikim 2.73fghijkimn 2.1 ghijkimn
G4 4.50KIm g.13defghijkim 1.09™" 3. 04¢fehijkimn
G5 5.88ijklm 10.63bcdefghijkl 1 .14lmn 5.45abcdefghi
G6 5.50Ukim 5.630kim 1.g5hilkimn o.17hijkimn
G7 8.1 3defehijkim 10.25bedefghijkim 2.04hijkimn 6.1gabedef
Gs 5.95ikim 7 50fghikim 1.08™" 2,61 fghijkimn
G9 6. sohijklm 13. 88bcdef 2.22ghijklmn 5.65abcdefgh
G10 7.75d¢fghijkim 23.00° 2.06"Kimn 8.00°°
Gl11 5.00kim 4.50KIm o, 4gfghijkimn 1 g7iikimn
G12 4'00klm 10,50b6d8fghijkl 1.33klmn 5.29abcdefghij
G13 6.130kim 10.3gbedefghijkl 1.7giikimn 2.6gfghijkimn
G14 4,00Km 14.50°¢de 1.20'mn 8.07%°
G15 3.88'™ 9. 75bedefghijkim 0.99" 8.41%
G16 6.007™ 13.50<°f8 2.298hikimn 8.52°
G17 10,1 3bedefghijkim 12.00bcdefghi 3. 49defghijklmn 4.90bedefghijkim
G18 4,3gkm 15.63> 1.16'™ 7.88%
G19 6'50hijk1m 9'25cdefghijklm 1.78ijklmn 7.11abcd
G20 6.00UKIm 10.8gbedefghijk 1.5gikimn 4.3oPcdefghijklmn
G21 4,63Km 16.63% 1.47/kmn 7.623>¢
G22 6.888hikim 15.23b o, 43fghijkimn 6.8620cde
G23 13,1 3bedefgh 7.00fghijkim 6.05bcdefs 3,97¢fghijkimn
G24 14635 11.63bcdefghij 6.713bcde 5.1 gabedefghijk
G25 10.00Pedefghijkim 9.63cdefghijkim 4.47bedefghijkimn 4. 5obcdefghijkimn
G26 9.95cdefghijkim 5.93iikim 5. 95abedefghij 1.gghijkimn
LSD 0.05) 6.990 3.840
p-value 0.01 0.001

Means followed by different superscripts are significantly different at p < 0.05.
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3.6. The pod weight of bambara

Alectra-inoculation had a significant (p < 0.001) effect on pod weight per plant (Table 4). Also, P rate significantly (p < 0.01)
influenced pod weight of Bambara genotypes (Table 4). Furthermore, Bambara genotypes had significant (p < 0.05) differences on pod
weight (Table 4). There was a significant (p < 0.001) interaction effect between Bambara genotypes and Alectra vogelii for pod weight
per plant (Table 4). In the non-inoculated treatments, most genotypes had pod weights with >4 g per plant, except for G1, G3, G4, G6,
G8, G11, G13, G23 and G26 which had low pod weights (<4 g per plant) (Table 4). The genotypes that performed well in the inoc-
ulated treatments were G23 (6.05 g), G24 (6.71 g), and G26 (5.25 g), that had also high pod weight (Table 4).

3.7. Number of seeds of Bambara

P application and Alectra-inoculation had a significant (p < 0.001) effect on the number of seeds produced per plant. Bambara
genotypes significantly (p < 0.01) differed in the number of seeds per plant (Table 5). The number of seeds per plant was significantly
(p < 0.01) affected by the interaction between Alectra vogelii and Bambara genotypes (Table 5). Genotypes G11, G23, G24, and G25
had higher numbers of seeds per plant under Alectra-inoculation (Table 5). The other genotypes had fewer seeds (less than five seeds
per plant), whereas most genotypes in the non-inoculated treatments had more seeds (>20 seeds per plant). The highest number of
seeds was from the Bambara genotype G10 (21.88), whereas genotypes G10, G14, G16, G18 and G21 had more than >14 seeds per
plant (Table 5).

3.7.1. Grain yield of bambara

The grain yield of Bambara groundnut was significantly (p < 0.01) affected by genotypes and P rates (Table 5). Moreover, the
interaction effect of Bambara groundnut genotypes and Alectra-inoculation had significant (p < 0.001) influence on grain yield. Three
Bambara groundnut genotypes G23, (6.21 g), G24 (5.65 g) and G25 (5.34 g) had the highest yield under inoculated treatment
(Table 5). It was observed that the harmful effects of Alectra vogelii on grain yield of Bambara can be reduced by adding at least 20 kg P
ha~! (Table 5). Higher grain yields were obtained from G10, G16, and G22 (>8 g) in non-inoculation treatments.

Table 5

Effect of Alectra vogelii-inoculation on the number of seeds per plant and grain yield (g) Bambara genotypes.
Bambara genotypes Number of seeds per plant Grain yield per plant (g)

Inoculated Non-inoculated (Control) Inoculated Non-inoculated (Control)

G1 3.13km 5. 3gefghijkim 0.71™ 1, 798hijkim
G2 7.00defghijklm 9.38hcdefghijkl 4‘82bcdefghijk 4.63bcdefghijklm
G3 6.00¢fghijkim 5.63¢fghijkim 3.1 cfghijkim 2.29fghijkim
G4 9.75im 7 oodefghijkim 1.39ikim 3.1 gefghijkim
G5 5.62efghijklm 9.63hcdefghijk 0‘841m 4.27cdefghijklm
G6 4, 5ghiikim 5.1 3fghijkim 1.5ghijklm 1.9Qghijkim
G7 6.ggdefehijkim 9.50Pbedefghijk 2.16/ghijkim 4.56¢defghijkim
Gs 3.95kim 5.50¢fghijkim 1.03Km 2.94fghijkim
G9 6.25defghijkim 11.00Pcdefs 1.9gshijkim 6.432bcde
G10 6.38defghiikim 21.88% 1.708hiKIm 9.68°
Gl11 6.75defghijkim 3.95kim 1.97ikim 1.54hijkim
G12 3.25jklm 9. 88bcdefghij 1 'Osklm 5.1 6bcdefghij
G13 5,1 3fghijkim 10.13bedefghi 1.698hijkim 2.96ghijkim
G14 5,00 f8hiikim 14.75% 0.77'™ 6.373bede
Gl15 2.00™ 9,3gbedefghijkl 1.07Km 6.3020cde
G16 4,63gnKIm 15.38% 2.177%hkm 8.58%
G17 7 75defghijkim 11.88bcde 3.36¢fghijkim 4.03efghijkim
G18 3.501kIm 14.63" 1.02Km 7.73%d
G19 4.00iKIm 8. 63¢defghijkim 1.5ghijkim 4. 773bedefghijkl
G20 5.00fEhijkim 10.00bedefehi 1.2g/kim 3.1 ¢fehifkim
G21 4.13hikIm 15.88%° 1.23km 8.00°"
G22 6.25defghijkim 11.50bcdef o 47fghijkim 0.93
G23 11.63bcdef 6.00¢f8hiKim 6.1 22bcdef 2.goefghijkim
G24 12.88>d 10.75bedefgh 5. g5bedefs 5.1 gbedefghii
G25 g.95cdefghijkim 9.ggbedefghij 5, 34bcdefgh 5. 9gbedefghi
G26 7 5defzhikim 5.00fghijkim 3.4gefghijkim 0.77m
LSD (0.05) 6.710 3.970
p-value 0.01 0.001

Means followed by different superscripts are significantly different at p < 0.05.



R. Musango et al. Heliyon 10 (2024) e40973

4. Discussion
4.1. P application, Alectra vogelii and Bambara genotypes

In this study, Alectra vogelii significantly decreased by 0.40 counts due to a 20 kg P ha™! difference between inoculated and non-
inoculated Bambara genotypes. This could be because the P application enhanced the health of the Bambara genotypes and
strengthened the host’s defensive system, resulting in a decrease in the release of strigolactone. These findings imply that, in certain P-
deficient soils, P addition could be necessary to promote growth and reproduction, which has not been the case in most Bambara
groundnut grown in Zimbabwe. The supply of P to non-inoculated Bambara genotypes is key to supporting the vegetative stage and
initiation of flowering. This study confirmed that P is critical beyond root development as it plays a significant role in Bambara growth
and promotion of reproductive stage. Farmers apply nitrogen as a top dressing in crop production, which differs from the application of
P as a basal dressing, but this study revealed the need to co-top dress with nitrogen and P fertilizer. Several studies have shown the
importance of adding P to increase nutrient release, which affects final crop yields [29,33-35]. P and nitrogen work well in facilitating
the provision of additional nutrients to Bambara genotypes in order to promote growth and development. Legumes require P as a key
nutrient for root development, crop establishment, and nitrogen fixation [36,37].

Inoculated Bambara genotypes had higher chlorophyll content than the non-inoculated. Such high chlorophyll content is an
adaptation or compensatory behaviour to sustain high rates of CO,-assimilation, which serve as a defense mechanism for the Bambara
genotypes against parasite infestation [38]. Gasura et al. [38] and Mandumbu et al. [18] stated that resistant/tolerant genotypes
proved to adjust chlorophyll content to be independent to keep photosynthesis at an optimal rate while simultaneously supplying the
parasite in the rhizosphere. This explains why high amounts of carbohydrates are transported and found in the roots of Alectra
vogelii-infected plants, thus promoting the growth and development of the parasite. This promotes the growth and development of both
the parasite and host plant [38,39]. The high chlorophyll content could have also contributed to the delayed flowers under Alec-
tra-inoculation treatment causing them to increase in the number of pods and number of seeds, resulting in a positive effect on grain
yield. The results were similar to Gurney et al. [40], who reported that maize varieties that had high chlorophyll under Striga infection
also had increased the rate of photosynthesis. P fertilizer improved the nutrient status of Bambara plants, promoting good plant health,
vitality, and immunity in order to supply yield under Alectra vogelii attack [41]. Dikr and Abayechaw [4] stated that the availability of P
by the host plant increased ripeness uniformity and early maturity in legumes. It also increased the capacity of nitrogen fixation and
harvest quality and increased resistance to plant diseases [4].

4.2. Interaction between P and Alectra vogelii

The higher chlorophyll content in the Bambara genotypes increased days to flowering when 20 kg P ha~! was added to infected
crops. According to this study, Bambara’s increased chlorophyll content after Alectra vogelii infestation may be a compensatory tactic to
help both crops and parasitic weeds to survive. This is a means of survival that ensures the development of flowers, pods, and seeds.
Early flowering due to compensation following the Alectra vogelii infestation is similar to the behavior of plants stressed by water and
nutrient deprivation [36]. Finch-Savage and Bassel [42] noted this behavior as the main aim for all living nature in the ecosystem to
reproduce for the next generation’s plants. When a plant reaches the peak vegetative stage and has enough stored nutrition to support
grain through translocation, reproduction/survival becomes its main purpose. Consequently, this compensation approach is a sig-
nificant pathway that drives survival and also from being attacked by Alectra vogelii. The application of P and improved host plant
immune system contributed to the onset of flowering, which led to maturity governing the reproductive stage initiation. On the other
hand, Lee et al. [43] stated that to maintain the survival of the species, the crop initiates its reproductive cycle early due to changes in
atmospheric variables such as low soil moisture and low nutritional in the soil status. The reduction in days to flowering after P
addition, suggesting the need for its nutritional supply to Alectra-infested plots in smallholder farming systems. The number of days to
flowering was reduced after P suggests the need for its nutritional supply, which resulted in early maturity, giving farmers yield on the
Alectra-infected crop.

There was significantly lower chlorophyll content on 20 kg P ha~! compared to the control or the non-inoculated treatment. In
genotypes on non-inoculated Alectra vogelii, the amount of chlorophyll was sufficient to promote normal growth. This is because the
soil used in the study had adequate available nutrients such as P, Ca, and Mg that could support the natural growth of Bambara
groundnut genotypes. In a related research, Vocciante et al. [44] and Kumari et al. [36] found that when plants experience a biotic
stressor or deficiency over an extended length of time, their defenses are compromised, making them more vulnerable to pest and
disease attacks, such as those by Alectra vogelii. The reduction of chlorophyll content in Bambara on soil infected by Alectra vogelii
suggests that some nutrients apart from P were not taken up by the host plant. The reason for this reduction could have been influenced
by the Sprengel-Liebig law of the minimum, which states that if one essential component is lacking or absent while the others are
present, the soil becomes unproductive for growing crops because of that one component [45]. Key nutrients such as zinc, iron, and
copper are usually limited components caused by excess P fertilizer application. The excess P fertilizer causes the nutrients to be
lacking, hence leading to a decrease in chlorophyll production. Despite the suggested limitation of some key nutrients (besides P) to
support chlorophyll production, Bambara groundnut immune system was improved following the addition of P fertilizer. This is
because P fertilizer promoted good health, which enabled the host plant to not release strigolactones, thereby reducing Alectra vogelii
infestation.
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4.3. Interaction between P application and bambara genotypes

There was a significant decrease in days to flowering, days to maturity, and chlorophyll content after the addition of 20 kg P ha~! to
Alectra-inoculated genotypes compared with the control. The application of 20 kg ha~?! of P fertilizer prevented Alectra vogelii stim-
ulation and attachment to Bambara genotypes. This could be due to the low response of these Bambara genotypes to P application,
which could have been attributed to the fact that these landrace accessions had adapted to low-P conditions. Although legumes are
typically known to have a high P demand [46], these Bambara landraces, which may have naturalized in low-P environments, showed
benefits from the additional of 20 kg P ha~ L According to Wafulae et al. [47] and Khojely et al. [34], landraces require little extra
mineral P fertilizer to generate a relatively high yield. According to Irfan et al. [48] Bambara genotypes AEM-40 and 30 had similar
genes for high grain yields but were highly efficient in terms of P utilization.

Musango et al. [39] found that applying an additional P fertilizer at 20 kg ha™! increased the weight and yield of Bambara
groundnut pods. In contrast, non-P treatments decreased the cowpea yield by 7.9 % under Alectra vogelii infestation [49]. David et al.
[50] found that Striga infestation results from the insufficient application of P and nitrogen by farmers, which is consistent with the
findings of the present study. According to Irsyadi et al. [51], genetic diversity among landraces resulted in varying responses to Alectra
vogelii in terms of yield components.

4.4. Interaction between bambara genotypes and Alectra inoculation

The results showed that Alectra vogelii reduced the yield of genotypes G23, G24, and G25, which had low yields and yield com-
ponents. The attachment of parasitic weeds to the host plant, which reduces carbon transfer to shoot biomass, causes this decrease. The
results of Phiri et al. [30] and Dieni et al. [31] documented comparable declines in pod weight, number of pods per plant, number of
seeds per pod, seed weight, and chlorophyll content following Alectra vogelii infestation that were validated by these data. However, in
this study, Bambara genotype G10 demonstrated tolerance to Alectra vogelii infection, resulting in a much higher grain yield.

Dieni et al. [31] stated that several genes that regulate different aspects of resistance are likely to be responsible for the persistence
and sustainable tolerance of host crops to Alectra vogelii. The genotypes G23, G24, and G25 exhibit greater tolerance, or at least some
degree of tolerance, towards Alectra vogelii in comparison to other genotypes. According to Mwangangi et al. [52], grain production is
believed to be one of the crop growth traits that makes it extremely vulnerable to parasite weed invasion. Bambara genotypes G9, G18,
and G21 did not produce Alectra vogelii shoots and had high yields, indicating that they may be the most promising genotypes resistant
to Alectra vogelii. These genotypes have shown their ability to withstand Alectra vogelii’s infection by continuing to produce yield,
despite the parastic attack [39]. Bambara’s genetic traits are crucial for enhancing food security. However, the Mana variety, examined
in this study, proved susceptible to Alectra vogelii and is therefore, unsuitable for production in Alectra-infested soils.

5. Conclusion

This study demonstrates that the application of P fertilizer effectively suppresses Alectra vogelii stimulation and attachment to
Bambara plants. Specifically, application of 20 kg P ha™! resulted in the suppression of Alectra vogelii, leading to a reduction in the
number of days of flowering, days to maturity, and chlorophyll content in both inoculated and non-inoculated Bambara genotypes. P
contributed to enhanced yield in Alectra-inoculated Bambara genotypes. Genotypes G23, G24, and G25 displayed tolerance to Alectra
vogelii and showed the ability to utilize P for growth and development. These genotypes are promising germplasm sources for breeding
purposes. The results showed that applying P at a rate of 20 kg P ha™!, along with identifying resilient genotypes such as G23, G24, and
G25 effectively reduced Alectra vogelii infestation and resulted in higher yields. Further field evaluation of this experiment is rec-
ommended to check on impact natural infestation and P interactions.
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