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Abstract

Soil acidity is a major factor limiting green beans (Phaseolus vulgaris L.) production in the Cameroon western Highland. A field experi-
ment (split-plot layout) was conducted with seven dolomite treatments (tons ha*): control or To (0), T1 (0.5), T2 (1), T3(1.5), T4(2), Ts
(2.5) and Ts (3). Soil physico-chemical properties were determined meanwhile growth and yield parameters were collected weekly for a
month and analyzed statistically. Results revealed that control soils were texturally silty sandy. The exchangeable bases (except Na),
cation exchange capacity (CEC), base saturation and available phosphorus were very high. They acidity was moderate to high (5.2 to 5.6)
while organic matter was very high (% dry mass) and of moderate to good quality (11<C/N ratio<13). Crop variety showed a highly
significant difference (P<0.001) for all growth and yield parameters, with Cogito producing the longest (13.88 cm), most numerous
(40.94 pods per plant) and highest (16.96 tons ha'') extrafine pods. Dolomite doses revealed no significant effects (P>0.05) on crop pa-
rameters, although highest yield (13.61 tons ha') of extrafine pods came from 2 tons ha*. The dolomite dose versus variety interaction
showed no significant difference (P>0.05). Farmers ought to improve soils with compost and cover crops to check nutrient leaching and
erosion.

Keywords: Phaseolus vulgaris L.; Dolomite amendment; Growth/yield parameters; Cameroon Western Highlands.

1. Introduction

Acid soils occupy about 3.95 billion hectares (30%) of the total world arable soils (Von Uexkuel and Mutert 1995; Velasquez et al.
2008). In Africa, acid soils cover 25% of total arable land and about 75% in Cameroon (Bindzi 1987; Ambassa-Kiki et al. 2002). Soil
acidification is characterized by the desaturation of the absorption complex principally in exchangeable cations (Calcium, magnesium
and potassium) (Sama 1989; Duchaufour 1997; Tsozué et al. 2015; Azinwi Tamfuh et al. 2018). These acid soils are instead character-
ized by excess AI** and H* which inhibit plant root development and the absorption of essential plant nutrients (Brady and weil 2014).
Several factors are at the origin of soil acidity amongst which the nature of the parent rock, climate, vegetation, farming methods (slash
and burn, excessive use of acidic fertilizers, etc) (Soltner 1988; Ibrahim et al. 2002; Tabi et al. 2012; Mufioz-Sanchez et al. 2015). The
consequences of soil acidity in developing countries are drop in yields estimated at 3 to 67% (Borrero et al. 1995; Thé et al. 2001; Kamga
et al. 2013; Opala et al. 2015; Bekele et al. 2018). In Cameroon, like most African Countries, demographic pressure on land has stirred
counter season farming and fallow time reduction (Getachew et al. 2014). This situation has exposed soils to erosion and nutrient deple-
tion. In effect, due to drastic soil acidification. The aluminium becomes toxic and can strongly compromise productivity (Ibrahim et al.
2012). Thus, continuous soil degradation is a constant preoccupation in Sub-Saharan Africa (Bindzi 1987; Ambassa-Kiki et al. 2002;
Bekele et al. 2018). To maintain continuous crop production, the control of soil acidity is indispensable. In order to alleviate this prob-
lem, several solutions have been proposed like the use of lime or calco-magnesian fertilizers to buffer excess H* ions in soils (Thé et al.
2001; Kaho et al. 2007; Xiao et al 2016). Dolomite addition could mitigate the effects of acid rain (Allen and Brent 2001) and/or allevia-
tion of soil acidification caused by agricultural fertilizer (Beernaert and Bitondo 1992; Teir et al. 2006). PROLEG S.A. is preoccupied to
resolve the problem of soil acidity and to create favourable pH conditions for the growth and development of green beans, which accord-
ing to Beernaert and Bitondo (1991) is 6-6.5 pH range. This is why this agricultural enterprise located in Foumbot (Cameroon Western
Highlands) has resorted to the use of dolomite dust. In effect, a preliminary trial involving the use of 600 kg/ha at soil pH 5.6 enabled to
obtain yield increments from 5 to 9 tons ha-1 of the extrafine pods. Nevertheless, the correct application dose to provide optimum yield is
unknown in this area. The aim of the present work was therefore to assess the effect of seven doses of dolomite dust on the grown and
yield of two varieties of green beans.
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2. Materials and methods

2.1. Study site

The field experiment was conducted from 20™ April to 24 June 2017 in the West Region of Cameroon, precisely in PROLEG SA
Foumbot. This town is situated at about 27 km north of Bafoussam Town (West Regional Headquarter) between latitude 05°30°-05°42"
N and longitude 10°34°-10°43" E (Fig. 1). The climate is the Cameroon type equatorial domain characterized by a dry season of four
months (mid-November to mid-March) and a rainy season of eight months (mid-March to mid-November). Total average annual rainfall
is 1600 mm and the mean annual temperature is 22°C. Foumbot belongs to the Shrub savannah domain, characterized by Graminae with
few trees and shrubs; the natural semi-deciduous forest only persists as remnants of swampy forest in the flooded plains and valleys
(Letouzey 1985). The Precambrian basement composed of metamorphic rocks (gneiss and migmatite intruded by various granitoids) is
covered by a thick layer of pyroclastic materials (Wandji 1985). On this pyroclastic material is formed a Leptic Andosol according to the
world Referential Base (FAO-ISRIC 2006), as documented by Ngandeu Mboyo (2008). The Foumbot PROLEG Farm is located at the
entrance of the Foumbot Town. It is specialized in the production of green beans and Maize. The farm stretches from latitude 5°29” to
5°31” Nord and from longitudes 10°36’ to 10° 37° East (Fig. 1). This zone is located in the Noun valley that separates the Bamileke
plateau and the Bamoum Plateau which form the Cameroon Western Plateaus.
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Fig. 1: Location of the Studied Site. (A) West Region in Cameroon; (B) Foumbot in the West Region.

2.2. Methodology
2.2.1. Experimental design and land preparation

Land preparation was done from the 10™ to 20™ of April 2017. It was comprised of weeding, deep tilling (20-30 cm) pegging, separation
into blocks and experimental units and levelling of the beds. The experimental layout was a randomized complete block (split-plot) de-
sign with three replications (Fig. 2). Each block was composed of two rows each having seven experimental units (EUs). Each green
beans variety was planted on one experimental row of a block (Fig. 2). All plant residues were removed during cultivation and irrigation
was done to improve soil moisture before planting. The design was composed of 42 EUs each having a surface area of 6 m? (3 x 2 m).
The EUs were 1 m apart within the same block meanwhile blocks were separated by 1.5 m gap. Each EU was composed of four planting
lines arranged perpendicularly to the length of the unit. Interline spacing was 80 cm and the plants were 7 cm apart on the same line. This
corresponds to a planting density of 104 plants per EU, that is, 4368 plants for the 42 EUs on a total surface area of 252 m? on planting
beds. The total surface area of the experimental plot was 594 m?,
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Fig. 2: Experimental Design (Var 1: Variety 1 or Morgan); Var 2: Variety 2 or Cogito).
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2.2.2. Soil sample collection

Before planting, one composite soil sample was collected at 0-20 cm depth (rooting zone) in each experimental block, stored in a clean
plastic bag and taken to the laboratory for analysis.

2.2.3. Dolomite application

The dolomite doses per EU were calculated by simple proportion considering that the surface area of a block is 6 m? (3m x 2m). The
following seven dolomite doses were used: 0 kg for 0 tons ha?, 0.3 kg for 0.5 tons ha?, 0.6 kg for 1 tons ha'l, 0.9 kg for 1 .5 tons ha'?, 1.2
kg for 2 tons ha'l, 1.5 kg for 2.5 tons ha! and 1.8 kg for 3 tons ha'l. The total quantity of dolomite used in the experiment was 37.8 kg.
Doses were weighed using an electronic balance and stored in plastic sachets (42 sachets). The dolomite dust was then uniformly applied
on each experimental unit and incorporated to a depth of 30 cm.

2.2.4. Planting and management

Planting was done on 30" April 2017. Pegging and tracing of planting lines where done for each EU. Planting holes of 30 x 30 x 30 cm
were made by maintaining an inter row spacing of 80 cm and an intra row spacing of 30 cm. Basal dressing (applied two days prior to
seeds sowing) and all the crop management practices were on based recommendations of Anon (2003). Plant management involved the
following soil softening, fertilizer application, and weeding, mulching and phyto-sanitary treatment. Surface soil softening beside the
plant roots enabled to improve aeration for plant respiration and to facilitate downward movement of nutrients. This operation started two
weeks after planting and was repeated each two weeks immediately before each fertilizer application. Three soil softening operations
were performed corresponding to the number of fertilizer applications. The fertilizer application involved the addition of urea (46 % N)
after every two weeks immediately after the hoeing (week 2, week 4 and week 6). The urea was first fractionated into three equal doses
(1.512 kg), and the quantities corresponding to each experimental unit (36 g) were weighed and stored in plastic sachets. Weeding was
done manually. Mulching was done on the 16" and 34™ days after planting. Phytosanitary treatment involved leaf spray using fungicides
and insecticides after every seven days throughout the experiment in order to eliminate angular spots, rust and pests.

2.2.5. Plant data collection

Plant data collection started two weeks after planting and was repeated every one week for one month. The data was collected from 12
plants per EU, located at the centre of the middle lines of the EU (6 plants per line). Thus, plant height was measured using a graduated
tape. The leaf area index was obtained as the product of leaf length (cm), leaf width (cm) and a constant (0.75) (Jos et al. 2007). The
collection of yield parameters started on the 13" of June 2017 and was conducted on the same plants that served for the collection of
growth parameters. Thus, gauging-rods bearing two holes of 5 mm and 6.5 mm (minimum and maximum diameters of extrafine pods,
respectively) were used to calibrate the pods before harvesting. During this field operation, all the pods with diameters higher than the
holes were harvested. The growth parameters collected include: Length of extrafine pods, number of extrafine pods, weight of extrafine
pods, number of pods exceeding calibre, weight of pods exceeding calibre.

2.2.6. Laboratory analyses

The soil physico-chemical analyses were done at the “Laboratoire d’Analyse des Sols et de Chimie d’Environnement”(LABASCE)
of the Faculty of Agronomy and Agricultural Sciences (FASA) of the University of Dschang (Cameroon). The soil relative
humidity was determined by noting the weight-loss of an air-dried sample, after subjecting it to an oven temperature of 105° C
for 24 hours (FAO 2006). The bulk density was determined in reference to Archimedes’ principle and particle density was measured by
pycnometer method (FAO 2006). Soil porosity was deduced from bulk density and particle density (FAO 2006). The particle size distri-
bution was measured by Robinson’s pipette method (FAO 2006). The pH-H20 was determined in a soil/water ratio of 1:2.5 and the pH
KCI was determined in a soil/KCI composition of 1:2.5 (FAO 2006). The organic carbon (OC) was measured by Walkley-Black method
(Walkley and Black 1934). Organic matter (OM) was obtained from organic carbon (OC) using the Sprengel factor as in equation (1934):

OM=0C x 1.724.

Total nitrogen (TN) was measured by the Kjeldahl method (Bremner and Mulvaney 1982). Available phosphorus was determined by
concentrated nitric acid reduction method (Olsen and Sommers 1982). Exchangeable cations were analyzed by ammonium acetate ex-
traction at pH7 (Thomas 1982). The cation exchange capacity was measured by sodium saturation method (Rhoades 1982). The base
saturation was calculated as the percentage of the sum of exchangeable cations (S) divided by the cation exchange capacity (CEC).

2.2.7. Statistical Analysis

Statistical analysis was performed using the SPSS software program (SPSS Inc., Version 12.0). The data were analyzed by one-
way analysis of variance (ANOVA). The Tukey’s test was used to detect the statistical significance of differences (P<0.05) between
means.

3. Results

3.1. Soil characteristics before treatment

The soils (0-30 cm depth) of the studied plot, before planting, showed a silty sandy texture at the surface (Table 1). The pH-H20 ranged
between 5.2 and 5.6. The pH-KCI ranged between 5 and 5.2. The potential acidity (ApH) varied between 0.1 and 0.3. The organic carbon
content also fluctuated between 4.76 and 6.01% dry mass. The total nitrogen ranged from 0.42 to 0.52%. The C/N ratio varied between
11 and 12. The exchangeable calcium and exchangeable Mg were between 11.11-15.3 cmolc kg and 2.56-3.79 cmolc kg, respectively.
The exchangeable K and exchangeable Na were lower (1.34-1.70 cmolc kg for K, and 0.01 cmolc kg for Na). The sum of exchangea-
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ble bases ranged between 15.02 and 20.79 cmolc kg and the CEC fluctuated between 24.17 and 28.8 cmolc kgX.The base saturation
was greater than 60% for all the soils (62.14 and 72.5%). The available phosphorus ranged from 66.6 and 74.1%. The Ca/Mg ratio varied
from 3.56 to 3.34. The Mg/K ratio fluctuated between 1.91 and 2.39. The Ca/Mg/K ratio revealed an excess of K and Mg and a deficien-
cy of Ca in all the soils compared to the ideal equilibrium condition of 76/18/6. The exchangeable sodium percentage was below 1%.

3.2. Study of growth parameters

3.2.1. Effect of variety on growth parameters

The mean separations of plant height, leaf surface area and the number of leaves linked to the variation of the factor variety are shown in
table 2. Thus, apart from leaf surface area, variety showed a highly significant (P<0.001) effect on all the growth parameters. As for plant
height and the leaf surface area, Cogito was the most distinct with respective means of 39.26 cm? and 21.54 ¢cm?, respectively. Morgan
recorded the highest means of plant height (26.59 cm) and number of leaves (33.26) as well as the lowest mean leaf surface area (18.21
cmd).

Table 1: Soil Characteristics

Soil sample

. . Block 1 Block 2 Block 3
Soil properties
Bulk density 0.83 0.86 0.86
Sand 71 64 67
Silt 22 26 24
Texture Clay 7 10 9
Textural class Silty sand Silty sand Silty sand
pH-H-0 5.6 55 5.2
Soil pH pH-KClI 5.1 5.2 5.0
ApH 0.4 0.3 0.2
Organic carbon (% dry mass) 6.01 5.45 4.76
Organic matter (% dry mass) 10.04 95 8.2
Total nitrogen (%) 0.52 0.47 0.42
C/N ratio 11.56 11.57 12.87
Calcium 153 13.97 11.11
. Magnesium 3.79 3.92 2.56
Exchangeable bases (me/100g of soil) Potassium 17 171 134
sodium 0.01 0.01 0.01
Sum of exchangeable bases (me/100g of soil) 20.79 19.61 15.02
Cation exchange capacity (me/100g of soil) at pH7 28.8 27.81 24.17
Base saturation (%) 72.5 70.26 62.14
Auvailable phosphorus (mg/kg) 66.6 70.51 67.08
Ca/Mg 4.04 3.56 434
Mg/K 2.23 2.39 191
Ca/Mg/K 74/18/8 71/20/9 74/17/9
Exchangeable sodium percentage (%) 0.05 0.05 0.04
N/pH-H,0 0.93 0.85 0.81
Clay+ silt 29 36 33
Table 2: Mean Separation of Plant Height, Leaf Surface Area and Number of Leaves with Respect to Variety
Growth Plant height (cm) Number of leaves Leaf surface area (cm?)
parameters Morgan Cogito Morgan Cogito Morgan Cogito
Means 26.50% 39.26° 33.26° 22.112 18.21% 21.542
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Fig. 3: Graphical plot of Plant Height, Leaf Surface Area and Number of Leaves with Respect to Variety.
3.2.2. Effect of dolomite dose on growth parameters

The mean separations of the plant height, leaf surface area and number of leaves linked to the variation of dolomite dose are shown in
Table 3 and Fig. 3. Thus, dolomite dose did not have any significant effect (P>0.05) on all the growth parameters. Concerning the means
of leaf surface area, the doses 1tons ha! (19.97 cm?), 1.5 tons ha? (19.93 cm?) and 2 tons ha* (20.49 cm?) recorded the highest values.
The least scores were recorded by 0 tons ha* (19.68 cm?) and 3 tons ha* (19.52 cm?).
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Table 3: Mean Separation of Plant Height, Leaf Surface Area and Number of Leaves with Respect Dose of Dolomite.

Dolomite dose (tons ha™) plant height (cm) Leaf surface area (cm?) Number of leaves
0 32.722 19.68? 27.67°
0.5 33.50° 19.72° 27.17°
1 32.25% 19.97° 25.58°
15 31.79° 19.93? 26.92°
2 34.76° 20.49° 30.18?
25 33.442 19.79° 29.96°
3 32.00° 19.52° 26.33°

3.2.3. Effect of interaction of dolomite dose and crop variety on the growth parameters

The mean separations of the plant height, leaf surface area and number of leaves related to the interaction of dolomite dose and variety
are shown in Table 4. Thus, this interaction showed no significant difference (P>0.05) on all the growth parameters. Nevertheless, the
highest means of plant heights were recorded in Morgan with the doses 0.5 tons ha! (28.71 cm) and 2 tons ha (28.40 cm), meanwhile
the lowest means of were scored by the dose 1.5 tons ha™* (23.89 cm). On the other hand, the highest means of plant heights recorded in
Cogito corresponded to dolomite doses 2 tons ha-1 (42.12 cm) and 2.5 tons ha-1 (40.26 cm), while the lowest mean values were recorded
by the dolomite dose 3 tons ha-1 (37.58 cm).

Table 4: Mean Separation of Plant Height, Leaf Surface Area and Number of Leaves Linked to Dolomite Dose- Variety Interaction

. 3 Plant height (cm) Number of leaves Leaf surface area (cm?)
Dl s 2 ) Morgan Cogito Morgan Cogito Morgan Cogito
0 26.12° 39.32% 33.312 22.03? 17.717 21.65%
0.5 28.71° 38.29% 33.172 21.17° 18.46° 20.98%
1 25.97% 38.53% 30.442 20.728 18.23% 21.712
15 23.89° 39.67% 31.692 22.14° 18.34° 21,532
2 28.40° 41.12° 38.972 21.39° 19.15° 21.82%
25 26.62% 40.26° 36.112 23.812 17.942 21.65%
3 26.42° 37.58% 29.14° 23.53 17.62° 21.412

As for the means of leaf surface areas, the dose 2 tons ha* recorded the highest value (19.15 cm?) meanwhile the dose 0 tons ha* and 3
tons ha'! revealed the lowest values (17.71 cm? and 17.62 cm?, respectively) for variety 1. For Morgan, the dose 2 tons ha'! recorded the
highest score (21.82 cm?) while the dose 0.5 tons ha™ recorded the lowest value (20.98 cm?).

Concerning the means of number of leaves per plant, the highest scores were recorded by 2 tons ha and 2.5 tons ha! (38.97 and 36.11,
respectively). The lowest values were scored by the doses 1 ton hat and 3 ton ha* (30.44 and 29.14, respectively) as concerns Morgan.
For Cogito, the lowest values are revealed by the doses 2.5 tons ha! and 3 tons ha* (23.81 and 23.53, respectively). The dose 1 ton ha*
produced the lowest number of leaves per plant (20.72).

3.3. Effects of variety, dolomite dose and dolomite dose versus variety interaction on yield parameters

3.3.1. Effect of variety on yield parameters

The mean separation of the length of extrafine pods (LPEX), number of extrafine pods (NPex), weight of extrafine pods (WPEXx), number
of pods exceeding caliber (NPHc) linked to variety are shown in Table 5. The factor variety had a very significant effect (P<0.001) on all
the yield parameters. Cogito recorded the highest mean values of LGEx (13.88 cm), NGEx (40.94 pods per plant), WGEX (16.96 tons ha-
1y and NPHCc (3.37 pods per plant) and WPHCc (pods per plant). Morgan scored the lowest mean values for all the yield parameters: LGEx
(9.46 cm), NGEx (24.09 pods per plant), WGEXx (7.87 tons ha*) and NPHc (1.2 pods per plant) and WPHc (0.65 pods per plant).

Table 5: Mean Separation of Length of Extrafine Pods, Number of Extrafine Pods, Weight of Extrafine Pods, Number of Pods Exceeding Caliber and of
Pods Exceeding Caliber with Respect to Variety

Growth LPEx NPEX WPEX NPHc WPHc
Parameters Morgan Cogito Morgan Cogito Morgan Cogito Morgan Cogito Morgan Cogito
Means 9.46% 13.88° 24.09° 40.94° 7.87° 16.96° 1.21° 3.37° 0.65 2.46°

LPEx: Length of extrafine pods; NPEx: number of extrafine pods; WPEx: weight of extrafine pods; NPHc: number of pods exceeding
caliber; WPHC: weight of pods exceeding caliber; Var: variety
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Fig. 4: Mean Values of Length of Extrafine Pods, Number of Extrafine Pods, Weight of Extrafine Pods, Number of Pods Exceeding Caliber and of Pods
Exceeding Caliber with Respect to Variety.
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3.3.2. Effect of dolomite dose on yield parameters

The mean separations of yield parameters (LPEX, NPEx, WPEX, NPHc and WPHc) with respect to dolomite dose are presented in Table
6 and Fig. 4. Thus, apart from WPEX, the factor dolomite dose did not show any significant effect (P>0.05) on the rest of the yield pa-
rameters. However, the highest mean of LPEX (14.24 cm) was recorded by the dose 0.5 tons ha* and the lowest mean (11.26 cm) was
obtained from the dose 3 tons ha. The lowest values of NPEXx were recorded with dose of 2 tons ha (44.16 pods per plant) and 2.5 tons
ha! (34.83 pods per plant) while the lowest mean was scored by the dose 1 ton ha™ (22.79 pods per plant). For NPHc and WPHc, the
dose of 2 tons ha-1 gave the highest values, that is, 2.84 pods per plant for a yield of 1.85 tons ha. The dose 1.5 tons ha, on the other
hand, scored the lowest mean values of NPHc (1.94 pods per plant) and WPHc (1.32 pods per plant).

Table 6: Mean Separation of Yield Parameters (Lpex, Npex, Wpex, NPHcand WPH() with Respect to Dolomite Dose

LPEX (cm) NPEXx WPEX(tons ha-1) NPHc WPHc (tons ha-1)
0 11.81° 32.94% 12.91° 2.51° 1.76*
0.5 14.24* 30.95% 11.96% 2.05 1.44°
1 11.63* 27.79° 10.63? 2.07° 1.47°
15 11.78° 33.32% 12.25%¢ 1.94* 1.322
2 12.24* 34.16% 12.84 2.84° 1.85°
25 11.70% 34.83° 13.61° 2.52° 1.69%
3 12.26° 33.62% 12.89™ 2.08 1.38°

The WGEX showed a significant effect (P<0.05) on the dolomite dose. The highest mean value was scored with 2 tons ha* dose (13.61
tons ha* of extrafine pods) while the lowest mean value was obtained with 1 tons ha™* (10.63 tons ha of extrafine pods). Nevertheless,
there was no significant effect between the values of the doses 2.5 tons ha™ and 0 tons hal.

3.3.3. Mean separation of yield parameters with respect to dolomite dose versus crop variety interaction

The mean separations of the yield parameters (LPEX, NPEx, WPEXx, NPHc and WPHc) with respect to dolomite dose versus variety in-
teraction are shown in Table 7. Thus, the dolomite dose-variety interaction did not have any significant effect (P>0.05) on all the yield
parameters. Nevertheless, the highest mean values of LPEx in Morgan were recorded with 2 tons ha* (9.96 cm) and O tons ha (9.84
cm), while the lowest ones were scored by 3 tons ha-1 (8.59 cm). On the other hand, the highest mean values of LPEXx in Cogito were
observed for dose 3 tons ha-1 while the lowest ones appeared for 0.5 tons ha-1 (13.7 cm).For NPEx of Morgan, the highest means were
recorded for 2 tons ha (27.27 pods per plant) while the lowest ones were scored by 1 tons ha™* (19.38 pods per plant). For Cogito, the
doses 2.5 tons ha! and 3 tons ha! recorded the highest values (43.69 and 44.72 pods, respectively) meanwhile dose 1 tons ha™! registered
the lowest mean of NPEx (36.19 pods).

The highest mean values of WPEXx for Morgan were scored by doses 0 ton ha! (8.7 tons ha'?) and 2.5 tons ha* (8.72 tons hat). The low-
est mean values were recorded by the 1 ton ha* (6.72 tons ha*) and 2 tons ha* (6.67 tons ha*). For Cogito, the highest mean values were
recorded for the doses 2.5 tons ha* (18.5 tons ha*) and 3 tons ha? (18.38 tons ha'). The lowest WPEXx value was scored by the dose 1
ton ha! (14.56 tons ha'l).

Table 7: Mean Separation of Yield Parameters (Lpex, Npex, Wpex, NPHcand WPH.) with Respect to Dolomite Dose versus Crop Variety Interaction

Dolomite LPEX (cm) NPEX WPEX(tons ha) NPHc WPHC (tons hal)
dose Morgan Cogito Morgan Cogito Morgan Cogito Morgan Cogito Morgan Cogito
0 9.842 13.782 24.78% 41118 8.70° 17.12a 1.14a 3.8% 0.62a 2.90a
0.5 8.922 13.572 22.88% 39.02° 7.20° 16.32a 1.00a 3.11a 0.52a 2.36a
1 9.59° 13.66° 19.382 36.19° 6.71° 14.56a 1.05a 3.08a 0.60a 2.35a
15 9.778 13.80% 25.83¢ 40.80° 7.67¢ 16.83a 1.14a 2.75a 0.62a 2.02

2 9.96° 14.52° 27.27° 41.05 6.67° 17.02a 1.49 4.19 0.81a 2.8%
25 9.532 13.87% 25.97* 43.69° 8.71* 18.50a 1.39% 3.66a 0.71a 2.68a
3 8.59° 8.59° 22.53¢ 44,722 7.41a 18.38a 1.27a 2.89% 0.70a 2.06a

The highest mean values of NPHc for Morgan were shown by 2 tons ha* (1.49 pods per plant) while 0.5 tons ha* and 1 tons ha* scored
the least values (3.89 and 4.19 pods per plant, respectively). For Cogito, the doses 0 tons ha™* and 2 tons ha showed the highest NPHc
mean values (2.90 tons ha! and 2.93 tons ha, respectively) while the doses 0.5 tons ha* and 1 ton ha? scored the lowest NPHc mean
values (3.11 and 3.08 pods, respectively).

The highest WPHc mean values for Morgan were produced by 2 tons ha (0.81 tons ha') while the lowest values was observed for dose
0.5 tons ha! (0.52 tons hat). For variety 2, the highest WPHc mean values were observed for the doses 0 ton ha* (2.9 tons ha') and 2
tons ha! (2.89 tons ha?). The lowest WPHc means were recorded for 1.5 tons ha! (2.02 tons ha*) and 2.06 tons ha* (2.06 tons ha'?).

4. Discussions

4.1. Nature of the studied Andosols

Naturally, the Andosols in the studied plot showed a silty sandy texture at the surface (0-30 cm depth). The pH-H20 was highly to mod-
erately acidic (5.2-5.6), below the favourable range (pH 6-6.5) for the optimum growth and development of green beans (Beernaert and
Bitondo 1991). The organic matter content was very high and was of good quality (C/N=11-13). The potential acidity was low
(ApH<0.5) portraying a low exchangeable acidity content. The exchangeable calcium and exchangeable Mg were high, exchangeable K
was very high and the exchangeable Na was very low (Beernaert and Bitondo 1991). Also, the sum of exchangeable bases and available
phosphorus were very high, while the cation exchange capacity and the base saturation were high. The fertility level of the studied soils
was globally high according to Beernaert and Bitondo 1991). The works of Martin (1979) permit to understand that despite the intrinsic
chemical fertility of PROLEG SA soils, other factors like topography, soil depth and the percentage of fine grains in the soil strongly
influenced their global fertility. The Ca/Mg ratios (3.56 and 3.34) fell within the zone of moderately high equilibrium in those soils
(Beernaert and Bitondo, 1991), thus very favourable for plant uptake. Mg/K ratios (1.91 and 2.39) fell between a low to optimum cation-
ic equilibrium, which defines marginally suitability level for plant uptake. The Ca/Mg/K ratio shows that Mg and K were favourable
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meanwhile Ca was deficient in all the blocks with respect to the ideal equilibrium condition of 76% Ca, 18% Mg and 6% K (Martin
1979). The evaluation of exchangeable K revealed that it is above the 0.12 me/100g absolute minimal level and is 8% of Sum of ex-
changeable bases (>2% critical limit).

4.2. Implication of dolomite amendment on the yield and growth of green beans

Green beans (Phaseolus vulgaris) are warm season crops which dislike hot conditions (Champa et al. 2008). The optimum temperature
growth range is 15 to 27 °C. At lower temperatures, beans run a risk of poor quality, with short, puffy, malformed pods. Temperatures
above 35°C, especially when accompanied by hot, dry winds, may cause excessive shedding of flowers and young pods, resulting in poor
yields. Ideal temperatures for germination are 20°C to 30°C, when the plants should emerge within 5 to 10 days; the minimum tempera-
ture for germination is 10°C. Beans are planted 4 to 7 cm apart in rows drawn 45 to 60 cm apart, but closer spacing is generally pre-
ferred. Seeds are planted directly in the field, to a depth of 3 to 5 cm in sandy soils, and 2 to 3 cm in heavy clay soils.

The present work aimed to assess the effect of seven dolomite doses on the growth and yield of two varieties of green beans. It appears
that the variety Morgan recorded the highest mean plant height, lowest mean leaf surface area and highest mean number of leaves. These
results agree with those of Tekeu (2013) showing a significant difference between maize varieties for germination rate, prolificacy and
the aspect of the comb. Also, Thé et al. (2006) earlier reported a highly significant difference (P<0.001) between two maize cultivars
under acid soils with the tolerant variety offering the best performance. The highly significant difference (P<0.001) observed in all the
growth parameters could be related to the genotype of the two green beans varieties. In effect, Cogito with the best expression of growth
parameters is a Dutch hybrid meanwhile Morgan is a home-based variety.

On the other hand, dolomite dose did not have any significant effect (P>0.05) on all the growth parameters. Concerning the means of leaf
surface area, the doses 1 ton hat, 1.5 tons ha* and 2 tons ha™ recorded the highest values while lowest scores were recorded by 0 ton ha?
and 3 tons ha’. These results are similar to those already documented by Richirumuhirwa (1989) and Wafo (2006) whereby dolomite
showed no significant difference neither on plant height nor number of leaves nor the length of corn comb. According to Boucherie et al.
(2006), the choice of soil amendments depends on its rapid action measured in terms of carbonate solubility and the fineness of the parti-
cle size. This might be due to the fact that dolomite is a raw product which has a slow action. It has more coarse grains and dissolves
very slowly. Thus, it might not have had the sufficient time to dissolve and produce the desired effects combined too with the fact that
the growth cycle of beans is short.

The plant height, leaf surface area and number of leaves associated to the interaction of dolomite dose-variety showed no significant
difference (P>0.05) on all the growth parameters. These results agree with those of Richirumuhirwa (1989) and Wafo (2006) on maize
whereby dolomite showed no significant influence on plant height, number of leaves and the length of the comb. The effects of genotype
and environmental factors have been highlighted by Foucteau et al. (2001) to represent 11 to 39% of the general effect on yield. A close
look at the different growth parameters revealed that variety contributed higher effect compared to dolomite doses for each of the consid-
ered parameters but the interaction of the two factors did not have any significant effect. This could mean that dolomite did not have
enough time to react in view of its low solubility and slow action (Soltner 1988). Also, green beans have a short growth cycle compared
to the solubility rate of dolomite.

Cogito recorded the highest mean values of LGEx, NGEx, WGEx and NPHc and WPHc while Morgan scored the lowest mean values
for all the yield parameters. These findings agree with Tekeu (2013) who observed significant differences between the genotypes of corn
derived from comb aspect and grain yield. This might imply that under acid soil conditions, crop genotypes develop different mecha-
nisms of tolerance within specific environments. The highly significant difference shown by variety for the different yield parameters
might be because Cogito, that expressed the best potentials, is an improved Dutch variety meanwhile Morgan is a local Cameroonian
variety. These findings, nevertheless, gainsay the results of Miranda and Rowell (1987), Kasongo et al. (2013) and Osondwa et al. (2013)
who observed a significant effect on the performance of biomass and the yield of maize, soybeans and wheat. They worked on strongly
leached acid (pH<5) soils and noted that dolomite significantly increased soil pH, available P, CEC, exchangeable Ca?* and Mg?* and
reduced exchangeable AI** and H*. However, Richirumuhirwa (1989) and Wafo (2006) reported no significant difference on the perfor-
mance of beans, maize and cassava with respected to the control acid soil. The insignificant effect of dolomite used in the present study
in Foumbot could be related to its intrinsic nature: raw, coarse, low solubility and slow reaction rate (Boucherie 2006) and the short cycle
of green beans. Andosols are renowned for a high pH (>5.5), high saturation rate (>50 %) and low buffer capacity (Siéwé et al. 2008;
Tsozué et al. 2015, 2016). Thus, Bekele et al. (2018) proposed the integrated use of lime with organic and chemical fertilizers as a good
approach for sustainable crop production under acidic soils by building ecologically sound and economically viable farming systems.
Tilahun et al. (2013) confirmed that neither inorganic nor organic fertilizers can singly sustain crop productivity.

The dolomite dose showed a significant effect (P<0.05) on the WGEX, and the highest mean value was scored with 2 tons ha-1 dose
while the lowest mean value was obtained with 1 tons ha-1, in agreement with Miranda and Rowell (1987), Kasongo et al. (2013) and
Osondwa et al. (2013). Nevertheless, insignificant effect observed between the means of WGEX for doses 2.5 tons ha* and 0 ton ha*
could be related to the residual effect of dolomite. In effect, the experimental plot has been previously amended with dolomite at 600 kg
ha! two years ago. According to Osunndwa et al. (2013), amended soils are enriched with nutrients (Ca, Mg, N and P) susceptible of
producing long term beneficial effects. Thus, the dolomite dose versus variety interaction did not show any significant effect (P>0.05) on
all the yield parameters. The highest mean values of LPEX in Morgan were recorded with the dose 2 tons ha* and 0 ton ha?, while the
lowest ones were scored by 3 tons ha*. On the other hand, the highest mean values of LPEXx in Cogito were observed for 3 tons ha*
while the lowest ones appeared for 0.5 tons ha’. Thé et al. (2006) reported that the application of lime significantly influences the per-
formance of two maize cultivars and pH, increase in Ca and Mg and a reduction of exchangeable AI®* and H*. In effect, the application
of 2 tons ha! of dolomite increased the grain yield of acid soils tolerant variety (ATP-SR-Y) by 82% and the vulnerable variety (Tux-
petiasequia ) by 208%, followed in the soil by a 43% reduction exchangeable AI**and 51% of exchangeable H*, an increment in pH
(0.27 units), CEC (5%), exchangeable Ca (154%) and Mg (481%). Foucteau et al.(2001) already observed a better performance of crop
variety on growth and yield compared to dolomite doses but attributed significant effects of interaction of the two factors to the fact that
the dolomite did not have enough time to react considering it low solubility and its slow action.

5. Conclusions

The aim of the present work was to assess the effect of different doses of dolomite powder on the growth and yield of two green beans
varieties (Morgan and Cogito). The experiment was conducted on the experimental farm of PROLEG, SA in Foumbot on an Andosol.
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The main results revealed that the growth and yield parameters showed highly significant differences (P<0.001) in the two varieties. The
Cogito variety produced the longest (13.88 cm), most numerous (40.94 pods per plant) and highest (16.96 tons ha-1) extrafine pods. The
different doses as a whole did not produce significant effects (P>0.05) except for the weight of extrafine pods. The highest yield was
13.61 tons ha-1 for extrafine pods obtained from 2 tons ha-1 dolomite dose. The interaction between the two factors did not produce any
significant difference (P>0.05) on all the studied parameters. There is need for farmers to improve soil quality with compost and cover
crops to check nutrient leaching and erosion.
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