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Organic manures often have considerable residual effect on the subsequent crops in the soil. Residual effects of 
lablab green manure on root rot pathogens and bean crop establishment was evaluated by conducting field 
experiments at two sites with varying soil fertility in Nandi South. Common bean varieties KK8 and GLP2 seeds were 
planted on plots previously treated with different soil amendments. Soil samples were collected before planting 
and six weeks after emergence to determine the populations of root rot pathogens. Throughout the experiment, 
data was collected on crop emergence, plant stand, root rot incidence and severity, as well as crop yield. There was 
increase in crop emergence by 40% for GLP2 and 19% for KK8 with corresponding 7% reduction in root rot incidence 
in plots previously treated with lablab green manure. There were variations in the population of root rot pathogens 
between the two studies, with Kapkerer exhibiting a higher pathogen population compared to Koibem. The primary 
root rot pathogens isolated and identified were F. solani, F. oxysporum and Pythium ultimum, F. solani and F. 
oxysporum were the most dominant species isolated in over 90% plant and soil samples. Residual plots treated with 
lablab green manure recorded a substantial in yield with an impressive increase of 22% when compared to other 
treatments. Correlation analysis established that disease incidence, and severity was negatively correlated with 
yield while plant stand was positively correlated with yield. Our research highlights the long-term benefits of lablab 
green manure as an organic soil amendment, showcasing its ability to improve crop emergence, reduce root rot 
incidence, and boost overall crop yield. This knowledge can guide farmers in optimizing their agricultural practices 
for increased productivity and sustainable soil health. 
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INTRODUCTION 

Beans (Phaseolus vulgaris L.) are only second to maize as the most 
important source of calories, dietary protein, micronutrients, and 
vitamins in Sub-Saharan Africa, with majority of the African population 
depending on it as a primary staple food [1,2]. Production is, however, 
constrained by many biotic and abiotic factors interacting during the 
growing cycle [3]. Significant losses, especially when plants are under 
stressful environmental conditions have been reported on susceptible 
bean cultivars [4]. Diseases and low soil fertility are the main factors 
limiting bean production in the tropics [5], root rot pathogens cause 
poor germination, reduces stand establishment, and results in poor 
plant vigor. While the fine roots may be completely destroyed by the 
pathogens and result in fewer nodules, the taproots may only become 
discolored but remain intact [6]. Uneven plant stands due to poor 
germination and seedling blight results in poor crop yields. Yield losses 
vary substantially among different bean varieties due to the 
interactions between the host and root rot pathogens activity under 
various environment and soil conditions [7]. The increase in root rots 
incidence, severity and prevalence in common beans is due to 
changes in farming systems and the resulting decline in soil fertility. 
Root rots are caused by many root rot pathogens such as Fusarium 
solani, F. oxysporum Rhizoctonia solani, Macrophomina phaseolina 
and Sclerotium rolfsii Sacc among others [3, 4]. The disease has been 
reported to cause total crop failures [8, 9] with yield loss estimates of 
up to 100% in susceptible bean varieties under favorable 
environmental [3]. 

In modern agricultural production, practices such as green manuring 
offer effective technologies for achieving sustainable and efficient 

crop production. Continuous and conventional cultivation practices 
have been observed to cause a decline in soil organic matter (OM) 
content, significantly impacting the soil's nutrient retention capacity 
and ultimately leading to a loss of soil sustainability [10]. Organic 
manures improve soil fertility thereby increasing nutrient supply in the 
soil through biological nitrogen fixation and improved soil structure. 
Organic manure also reduces populations of soilborne pathogens and 
at the same time induces soil suppressive by stimulating activities of 
antagonists in soil thus reducing the quantity of viable root rot 
pathogen inoculum [10]. The addition of organic manures to the soil 
improves soil health and soil fertility by inducing biological changes in 
the soil microbial environment, promote nutrient cycling, bring crop 
nutrients up from lower soil profiles, and reduce the external nutrient 
inputs [11, 12]. Soil microbial changes following manure application 
improve soil biological properties while application of inorganic 
fertilizers in poor soils only improve crop production [13].  Therefore, 
applications of manures have superior effect on soil organic matter 
and related soil properties because they supply additional nutrients 
[14]. Fertilizers influences microbial organisms; thus, the amount of 
nitrogen may negatively correlate to soil microbial components [15]. 
The impacts of green manure on crop diseases are not clear due to the 
different impacts these materials have in the soil biological 
community [16]. Soil borne pathogens can be suppressed by some 
organic amendments or enhanced by others depending on the 
chemical components of the organic manure and soil health 
conditions [17]. Organic manure often supplies nutrients to the 
current crops, increasing organic matter thereby improving crop 
productivity, these materials often have residual effect on the 
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subsequent crops in the soil [18]. According to Thorup-Kristensen et 
al. [18] the residual impact of green manures can offer the most 
efficient means of enhancing nitrogen supply for subsequent crops. 
This effect refers to the carry-over benefit of the manure 
incorporation on the subsequent crop [19]. The nutrients applied in 
organic form are not fully available to the crops in the first season of 
application and therefore remains to be utilized by the succeeding 
crop in the following season. In the recent assessment of the direct 
effect of lablab green manure and other soil amendments on common 
bean yields, it was found that there was improvement in soil nutrient 
status [9]. The objective of this study was to investigate the residual 
effects of lablab green manure on the suppression of root rot 
pathogens and its impact on the performance and health of common 
bean (Phaseolus vulgaris L.) plants. 

MATERIALS AND METHODS 

Study site description 

The study was conducted in Nandi County, Kenya located in the North 
of Rift valley at latitude 0o34’N to Longitude 34o45’E, at an altitude of 
1850-2040m above sea level [20]. The area experiences the long rain 
season between March and August and the short rain season 
between September and December. The average annual precipitation 
ranges from 1200mm to 2000 mm with a mean yearly temperature 
ranging from 18-25oC and well drained clay loamy soils [21]. 

Experimental design and layout 

A randomized complete block design, with three replicates in split-
split-plot arrangement was used. All treatment applications were 
done in the short rainy season of 2016. In each plot measuring 4m by 
6m 10 kg of chopped lablab was applied over the whole plots and in 
rows. Diamonium phosphate (DAP) fertilizer was applied at the rate of 
75Kg per ha in band method by creating furrows and placing fertilizer 
in continuous band on the furrows while lime was broadcasted at the 
rate of 4t/ha by uniformly distributing it all over the plot [22]. No 
amendment was applied in the control plots. Bean varieties KK8 and 
GLP2 were planted in the plots at a spacing of 50cm×10cm by placing 
two seeds per hill immediately after treatment applications at a seed 
rate of 50kg/ha. Soil amendments treatments comprised the subplots 
while the bean varieties GLP2 and KK8 formed the main plots. Data 
was collected on crop emergence, incidence, and severity of root rot, 
plant stand, and yield. Soil samples were collected from 0- 20cm depth 
in each plot for isolation of soil microorganisms and for determining 
soil nutrient status. Weeding was done twice, at seedling stage and at 
early pod formation. Harvesting was done at physiological maturity. 

Analysis of soil chemical characteristics 

Soil samples were collected immediately before planting and at sixth 
week after emergence to evaluate the changes in soil’s chemical 
characteristics [23]. Soil samples collected was air dried and then 
broken by pounding with pestle and mortar [22]. The samples were 
then subjected to chemical analyses to measure pH, available 
nitrogen, organic carbon, and available phosphorus and potassium. 
Soil pH, organic carbon was determined by volumetric method 
according to Walkley and Black method as described Okalebo et al. 
[24]. Available nitrogen was determined by Kjeldahl method, 
phosphorus was determined by Brays method and potassium was 
determined by Flame photometer [25].  

Assessment of emergence and stand of common beans in the field 

Emergence was determined one week after emergence by counting 
the number of plants that have emerged while plant stand was 

determined by counting the plants that survived in each plot six weeks 
after emergence [9].  

Assessment of incidence and severity of root rot of beans in the field 

Incidence of root rot on bean seedlings was determined by counting 
the number of bean seedlings showing root rot symptoms such as 
yellowing of leaves, wilting, stunted growth, brown discoloration on 
the roots and death per plot [26]. Root rot severity was determined 
four weeks after emergence by taking bean samples from either side 
of the split plot and was based on a scale of 0-5 where; 0-no root 
discoloration, 1- 1~25% root discoloration, 2- 26~50% root 
discoloration, 3- 51~75% root discoloration, 4-up to 76% root 
discoloration, 5- completely dead plants [4]. 

Isolation of root rot pathogens from bean stems 

Roots showing root rot symptoms were washed in running tap water, 
surface sterilized in 2% sodium hypochlorite for 2 minutes, then rinsed 
in three changes of sterile distilled water. Cut portions from infected 
bean roots were plated on potato dextrose agar (PDA) amended with 
antibiotics. The cultures were incubated at room temperature for 7 to 
10 days and the root rot fungi isolated were identified and the 
frequency of isolation was recorded. The incidence of root rot 
pathogens was expressed as the total number of isolations from root 
sections [4]. Morphological and cultural characteristics were used to 
identify the fungi following general identification keys [27, 28]. 

Isolation of root rot pathogens from the soil 

Soil samples were collected at planting and later six weeks after 
emergence. A gram of soil sample was dissolved in 10 ml sterile 
distilled water and shaken for 30 minutes. One milliliter of the soil 
suspension was transferred into 9 ml of sterile distilled water, 
thoroughly shaken and the ten-fold dilution repeated up to dilution of 
10-3 [29, 30]. One milliliter of the third dilutions was plated on molten 
PDA medium that was cooled to 450C [30]. The plates were incubated 
for one week at room temperature after which the numbers of fungal 
colonies were counted. The different fungal colonies were identified 
based on colony color, growth type, colony reverse color and color of 
mycelia [31]. Population of each type of root rot fungi was determined 
by multiplying the number of colonies by the dilution factor. The 
different fungi isolated were sub cultured on PDA medium for 
identification. Fusarium isolates were sub-cultured on SNA (Spezieller 
Nahrstoffarmer Agar) [32, 33] and on PDA media. Cultures on SNA 
were incubated under UV light to facilitate conidial sporulation while 
those on PDA were incubated at the room temperature for 14 days. 

Assessment of yield and yield attributes 

Yield of beans was determined by sampling 10 bean plants randomly 
from two central rows in each plot at physiological maturity to 
measure grain yield (t/ha) [34]. Plant biomass was determined by 
sampling ten plants from each plot and dried at 50oC for seven days 
to determine dry weight and data was transformed to biomass per 
land area [35]. The total yield from each plot was weighed and 
converted into tons per hectare using the equation by Mwangi et al. 
[36].  

Yield =Field weight per plot (g) ×10000m2/ha  
Harvest area (m2) × 1000 000 g / tone 

Statistical analysis 

Data was statistically analyzed by Analysis of variance (ANOVA) using 
Genstat Inc. 15th edition. Means were separated by Tukey’s test and 
significant differences were determined at P≤0.05. Correlation 
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analysis was performed between root rot severity, disease incidence, 
and common bean yield attributes. 

RESULTS 

Soil chemical properties 

The analysis of soil samples obtained from the study site indicates 
notable findings related to soil characteristics (Table 1). Specifically, 
the analysis indicates strong acidity in the soil. When comparing, the 
total organic carbon (TOC) across the various treatments, plots 
treated with green manure had higher TOC than in other treatments 
and control. There were no significant differences in the levels of 
available nitrogen. However, there was significant difference in the 
levels of available phosphorus and potassium (P≤0.05). The available 
phosphorus was high in untreated plots (25ppm) followed by plots 
treated with lime and DAP while the levels of potassium was highest 
(0.47) in plots treated with lablab in rows but least in plots treated 
with lablab green manure. 

Plant stand 

The analysis of variance revealed a significant residual impact of 
various soil amendments on emergence of both bean varieties. 
Notably, there was significant (P≤0.05) difference between the two 
experiments, with residual experiment recording higher emergence 
than the actual experiment. The highest percentage emergence was 
recorded in plots that were previously treated with lablab green 
manure (Table 2) while plots that were treated with DAP and those 

that were not treated recorded the lowest percentage emergence. 
Variety KK8 had the highest germination percentage in both 
experiments compared to GLP2. The highest stand count six weeks 
after emergence was recorded in the plots that were wholly 
incorporated with green manure and in rows for variety KK8 while for 
variety GLP2 highest stand count was recorded in plots that were 
previously treated with DAP. 

Root rot incidence, severity and area under disease progress curve 

There were significant (P≤0.05) variations across the experimental 
treatments with regards to root rot severity between the two 
experiments and the two bean varieties (Table 3). Highest root rot 
severity was observed in GLP2 variety when compared with KK8 
variety. However, in both sites, plots previously treated with lablab 
green manure had the highest root rot severity while those treated 
with DAP had the least incidence. For common bean variety KK8, there 
was no significant difference between the treatments, however, in 
Koibem plot treated with lablab green manure had the highest root 
rot severity while in Kapkerer, all the plots had root rot severity above 
50% except for plots treated with DAP fertilizer. The calculation of 
area under disease progress curve (AUDPC) revealed that plots 
planted with GLP2 bean variety had the largest AUDPC with a mean of 
817 while plots planted with KK8 had lower AUDPC (701). 
Furthermore, plots treated with lablab green manure in the actual 
experiment involving GLP2 and those treated with green manure in 
rows consistently exhibited the largest AUDPC.

 

 

Table 1. Effect of treatment applications on soil chemical characteristics. 

Treatments pH Organic Carbon Nitrogen Phosphorus Potassium 

 %  ppm me% 

Control 4.53±0.19 2.20±0.22 0.20±2 25±5.7 0.43±0.03 
Incorporated 4.54±0.19 1.83±0.22 0.20±2 10±5.7 0.38±0.03 
Between rows 4.80±0.19 2.36±0.22 0.22±2 15±5.7 0.47±0.03 
DAP 4.25±0.19 2.38±0.22 0.21±2 20±5.7 0.42±0.03 
Lime 4.51±0.19 2.22±0.22 0.20±2 20±5.7 0.45±0.03 

LSD 0.24 0.27 0.02 7.1 0.04 
LSD - Least significant difference 

 

 

Table 2. Percentage plant stand count of bean varieties under different soil amendments. 

Treatment Residual Experiment (2017) Actual Experiment (2016)  

GLP2 Emergence 6 weeks after 
emergence 

 Emergence 6 weeks after 
emergence 

% increase in 
emergence 

Incorporated 91.0a 62.0a  60.1a 47.7b 47.6±3.6 
Between rows 93.0a 53.3b  54.8c 49.8b 46.4±3.6 
No amendment 79.0b 59.0a  62.2a 56.5a 28.5±3.6 
DAP 81.0b 62.5a  58.4b 52.8ab 34.8±3.6 
Lime 85.0b 60.0a  56.6b 51.5ab 39.4±3.6 

Mean 85.8 59.4  58.4 51.6 39.3 
LSD (P≤0.05) 7.5 4.7  3.6 4.1 9.9 

KK8       
Incorporated 98.7a 64.2b  73.9a 62.0a 37.1±4.1 
Between rows 95.8a 78.8a  73.2a 53.3b 44.3±4.1 
No amendment 83.8b 71.2a  75.4a 59.0a 29.6±4.1 
DAP 78.1b 58.0b  71.3b 62.5a 20.0±4.1 
Lime 90.9a 60.5b  70.8b 60.0a 34.0±4.1 

Mean 89.5 66.5  72.9 59.4 33.0 
LSD (P≤0.05) 10.5 10.5  2.3 4.6 11.3 

Values followed by the same letter within the same row are not significantly different between the treatments using Fishers Protected LSD test (P < 0.05). 

 



Innovations Agric    •    2023    •    Vol 6 

4 of 8 
Oliver Otieno Okumu et al. 

 

Table 3. Percent root rot incidence, severity and AUDPC under different green manure incorporation methods. 

Treatments Residual Experiment (2016) Actual Experiment (2015) 

GLP2 Severity Incidence AUDPC Severity Incidence AUDPC 

Incorporated 52.2a 24.3a 467.5a 78.3a 50.9a 1001.3a 
Between rows 45.8b 23.3a 410.3a 68.7b 38.4b 751.0b 
No amendment 47.3ab 24.8a 449.6a 71.0b 42.4b 809.6b 
DAP 43.1b 21.9a 398.7a 64.7b 38.0b 706.7b 
Lime 47.1ab 25.4a 471.7a 70.7b 43.6ab 818.0b 

Mean 47.1 23.9 439.5 70.7 42.7 817.3 

KK8       
Incorporated 33.6c 13.3b 245.4b 50.3c 34.0b 596.2c 
Between rows 36.2c 12.5b 242.7b 54.3c 39.3b 820.4b 
No amendment 34.0c 13.1b 243.1b 51.0c 36.6b 750.9b 
DAP 31.1c 15.8b 303.6b 46.7d 36.8b 766.7b 
Lime 33.6c 11.7b 210.1b 50.3c 27.8c 574.1c 

Mean 50.5 13.3 248.9 33.7 34.9 701.6 
LSD (P ≤ 0.05) 6.8 6.9 150.6 6.8 6.9 150.6 
CV (%) 23.5 42.5 47.6 23.5 42.5 47.6 

Values followed by the same letter within the same row are not significantly different between the treatments using Fishers Protected LSD test (P < 0.05). DAP- Diamonium phosphate. 

 

Root rots pathogens infecting bean stems 

Root rot symptoms were evident in all the plots treated with different 
soil amendments. The main root rot pathogens isolated from the bean 
stem bases were Fusarium oxysporum, Fusarium solani and Pythium 
ultimum (Table 4). Stem bases collected from Koibem had lower 
incidences of root rot infection compared to those collected from the 
Kapkerer site. However, Fusarium solani and Fusarium oxysporum 
were the most predominant root rot causing fungal species in both 
the sites isolated in over 90% of the samples. Macrophomina 
phaseolina and Rhizoctonia root rot pathogens were isolated in 
insignificant incidences from common bean stem bases in both sites 
compared to other root rot causing fungal pathogens. There were 
significant differences between the different treatments however, 
plots previously treated with lablab green manure recorded highest 
population of root rot pathogens. 

Root rot fungal populations isolated from the soil 

Fungi isolated included Fusarium solani, Fusarium oxysporum and 
Pythium ultimum (Table 5). Fusarium spp were the predominant fungi 
in samples from all the prefectures. They were isolated from nearly all 
the samples followed by Pythium ultimum which had 43% of the 
samples contaminated. Although all the fungi were isolated from the 
two sites, their distribution within communes and sectors was 
uneven. Root rot fungal populations were isolated in small quantities 
in plots treated with lablab green manure compared to those treated 
with DAP, Lime and control. However, there was no significant 
difference between the treatments in fungal populations according to 
Tukey’s test (ANOVA) at (P ≤ 0.05). There was significant difference (P 
≤ 0.05) in the incidence of F. solani and Pythium across the study sites. 
Six weeks after emergence, fungi isolated were Fusarium solani, F. 
oxysporum and Pythium (Table 6). There were significant differences 
(P ≤ 0.05) in the incidence of F. oxysporum between the treatments 
and across the sites. However, there were no significant differences 
among F. solani and Pythium. Fusarium solani population was highest 
(56%) compared to other pathogens followed by F. oxysporum (28%) 
and Pythium (15%). Soil samples from Kapkerer site had high 
incidence of root rot pathogens compared to soil samples collected 
from Koibem. 

Yield of common bean 

The effect of various treatments on yield attributes of common beans 
exhibited variations as indicated in Table 7. Specifically, the grain yield 
ranged from 1.9 to 3.4tha-1. In Koibem, the highest grain yield (3.4tha-

1) was achieved in plots previously treated with lablab green manure 
and lowest in untreated plots (1.9tha-1). Conversely, in Kapkerer site, 
the highest grain yield recorded was 2.4 t/ha-1 in plots treated with 
green manure. Notably, highest biomass weight was observed in 2016 
than in 2015. In particular, highest biomass weight of 345kg was 
observed in untreated plots, whereas the least biomass weight was 
realized in plots previously treated with lablab green manure (243kg) 
in Koibem. In the year 2015, there were no significant differences 
between the treatments (P ≤ 0.05). 

Correlations among incidence, severity and common bean yield 
attributes 

There was significant negative correlation between plant stand 
(P≤0.05, -0.5169), Pods per plant (p ≤ 0.05, -0.3665), biomass and total 
yield (p≤0.05, 0.4618). Total yield displayed significant positive 
correlation to plant stand (p≤0.05, 0.9233), plant biomass (p ≤ 0.05, 
1.00) (Table 8.0), however, there was negative relationship between 
total yield and root rot incidence (p ≤ 0.05, - 0.4618 and severity (p ≤ 
0.05, 0.1516). 

DISCUSSION 

We evaluated the effect of previously applied lablab green manure 
and other soil amendments on soil nutrient status, germination and 
crop establishment. The results herein obtained indicate a slim 
increase in soil nutrient status following previous application of lablab 
green manure compared to the other amendments. This may be 
because of the ability of organic manure to induce changes in chemical 
properties of soil [36], improvement in soil physical characteristic 
through improved aggregate stability and decrease in bulk density 
[37]. Furthermore, the results also showed that plots treated with 
lablab green manure had improved emergence and stand 
establishment compared to the previous season. Green manures have 
substantial carry over residual effect on the succeeding crops in the 
soil [19]. However, the results are less conclusive, regarding the 
residual effects of fresh lablab green manure on bean performance 
and yield since this was a short-term application. Long term 
application of organic residue improves aggregate stability and 
decreases bulk density thereby improving soil physical characteristic 
[37, 38], thus demonstrating the positive impact on the quality and 
productivity of soil. The residual effects of organic manure include 
binding heavy metals enhancing their absorption by plants [9] 
releasing of chelating agents involved in the transformations of 
insoluble micronutrients.  
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Table 4. Incidence of root rot pathogens isolated from common bean stem bases treated with different soil amendments. 

Treatments/ Koibem Fusarium 
oxysporum 

Fusarium. 
solani 

Macrophomina 
phaseolina 

Pythium 
ultimum 

Rhizoctonia 
solani 

Incorporated 54.4a 47.5b 8.3a 26.5ab 8.6c 
Between rows 48.3ab 48.9b 8.1a 33.5a 6.4c 
No amendment 48.6ab 45.8b 10.8a 29.4ab 18.9b 
DAP 43.9b 42.8b 13.3a 25.8ab 6.9c 
Lime 42.2b 50.0b 11.1a 28.1ab 10.6c 

Kapkerer      
Incorporated 59.4a 60.0a 14.7a 21.5b 12.5bc 
Between rows 50.0a 57.5a 13.9a 25.7b 31.9a 
Removed 58.3a 57.5a 11.4a 28.6ab 18.9b 
No amendment 54.4a 61.9a 13.9a 37.6a 7.8c 
Lime 54.2a 58.9a 14.7a 28.7ab 5.6c 

Mean 55.3 53.1 12.0 28.5 12.8 
LSD (P ≤ 0.05) 10.8 9.9 8.1 10.7 7.4 
CV (%) 45.2 40.2 145.2 80.8 124.1 

Values followed by the same letter within the same row are not significantly different between the treatments using Fishers Protected LSD test (P < 0.05). 

 

Table 5. Population (CFUs/g) of fungal pathogens isolated from soils sampled in Koibem and Kapkerer before planting. 

Treatments Root rot Pathogens (104)  

Koibem Fusarium oxysporum Fusarium solani Pythium ultimum 

Incorporated 1.2a 3.0ab 0.3c 
Between rows 1.4a 1.9b 1.1bc 
No amendments 1.8a 2.6ab 1.0bc 
DAP 1.6a 2.8ab 1.3bc 
Lime 2.5a 2.9ab 0.8c 
Mean 1.7 2.7 0.8 

Kapkerer    

Incorporated 1.5a 2.7ab 1.6ab 
Between rows 2.4a 4.0a 2.5a 
No amendments 1.4a 3.0ab 2.4a 
DAP 1.8a 3.2ab 1.4bc 
Lime 1.9a 3.6ab 1.8ab 
Mean 1.8 3.3 1.9 

LSD (P ≤ 0.05) 0.9 1.2 0.9 
Values followed by the same letter within the same row are not significantly different between the treatments using Fishers Protected LSD test (P < 0.05). DAP- Diamonium phosphate 

 

Table 6. Population (CFUs/g) of fungal pathogens isolated from soils sampled in Koibem and Kapkerer six weeks after emergence 

Treatments Root rot Pathogens (104)  

Koibem Fusarium oxysporum Fusarium solani Pythium ultimum 

Incorporated 1.3ab 2.3a 0.5a 

Between rows 1.8ab 2.7a 0.7a 

No amendments 0.8b 2.8a 0.8a 

DAP 1.4ab 2.3a 1.0a 

Lime 0.8b 2.7a 0.8a 

Mean 1.2 2.6 0.78 

Kapkerer    

Incorporated 1.3ab 3.2a 0.7a 

Between rows 1.2ab 3.4a 0.2a 

No amendments 1.7ab 3.1a 1.2a 

DAP 2.6a 3.1a 1.4a 

Lime 1.3ab 3.2a 1.2a 

Mean 1.6 3.2 0. 9 

LSD (P ≤ 0.05) 0.8 1.2 1.07 
Values followed by the same letter within the same row are not significantly different between the treatments using Fishers Protected LSD test (P < 0.05). DAP- Diamonium phosphate 
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Fig. 1. A – Culture of Fusarium solani and B – macroconidia of Fusarium solani 

Table 7. Bean seed yield and biomass (Kg ha-1) under different soil amendments methods in Nandi south 

Treatment 
Residual Experiment (2016) Actual experiment (2015) 

Biomass (Kg) Yield (t/ha) Biomass (Kg) Yield (t/ha) 

Incorporated 243.5c 3.4a 276.5a 2.4a 

Between rows 257.2bc 3.2a 267.9a 2.0a 

No amendment 345.4a 2.7a 265.7a 2.2a 

DAP 343.6ab 3.4a 260.5a 1.9a 

Lime 320.3ab 2.7a 298.0a 2.6a 

Mean 302.0 2.9 273.7 2.2 

LSD (P ≤ 0.05) 117.4 1.4 170.8 1.7 

CV (%) 25.7 27.9 34.9 33.8 
 

Values followed by the same letter within the same row are not significantly different between the treatments using Fishers Protected LSD test (P < 0.05). DAP- Diamonium phosphate 

 

Table 8. Correlation coefficients among root rot disease incidence, severity, and yield parameters 

 Incidence Severity stand Pods 100 swt biomass Yield ha 

Incidence -       

Severity 0.2350 -      

Plant stand -0.5169* -0.1702 -     

pods plant -0.3665* -0.0622 0.0425 -    

100 SWT 0.0532 0.0239 -0.0725 -0.0539 -   

Final biomass -0.4618 -0.1516 0.9233** 0.0003 0.2962 -  

Yield ha -0.4618 -0.1516 0.9233** 0.0003 0.2962 1.00** - 
*significant ** highly significantly, swt – seed weight 

 

Residues may also possess high amounts of macro and micronutrients 
which supplements the nutrients in the soil [39]. According to Tedla, 
[38] the considerable residual effect observed when organic manure 
is applied demonstrates the stability of manure derived from various 
organic matter with potential to improve soil quality and stability. 

The major root rot pathogens isolated were F. solani, F. oxysporum 
and Pythium ultimum. High incidences were reported in 2016 when 
compared to 2017. Application of lablab green manure could have had 
an effect and enhanced the population of root rot pathogens [9]. Root 
rot pathogens cause high yield losses to bean plants under stressful 
environmental conditions such as low nutrient status. The differences 
in isolation frequency of root rot fungi reflect the influence of soil 

factors on colonization of bean roots by the pathogens identified in 
this study [40]. Variety, GLP2 had the highest infection rate compared 
to KK8 and this is due to the ability of KK8 variety to resist infection by 
root rot pathogens [41]. The severity of root rot disease is greater due 
to synergistic effect of various root rot pathogens [42]. In this study, F. 
solani was the predominant fungus isolated from majority of root 
samples, followed by F. oxysporum. The ability of Fusarium spp. to 
grow fast, sporulate abundantly and degrade cellulose explains why 
the pathogen was more dominant in comparison to other pathogens 
identified in the present study [43]. This agreed with previous findings 
by Mwang’ombe et al. [44] on major root rot pathogens of bean 
common across Kenya. 
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There was no significant difference between the treatments in terms of 
root rot populations isolated from the soil. Root rot pathogens survive 
for long time in colonized plant residues [45]. The effect of various 
amendments applied on soil microbial population lasted for relatively 
short period, however, microbes enhanced by application of organic 
manure contribute to biological changes of the soil [46]. Some soil 
organic amendments induce soil suppressive through enhancement of 
antagonists in soil leading to a decrease in viable root rot pathogen 
inoculum. It’s been suggested that the soil type determines the type and 
activity of microbes in the soil [47]. Thus, these sites originally contained 
high population of root rot pathogens. Organic manure improves soil 
physical and chemical properties thus enhance microbial activity and 
subsequent release of organic chelating agents which increase stability 
of micronutrients [47]. Plots previously amended with lablab green 
manure recorded the highest yield compared with other treatments. 
Significant residual effect of lablab green manure on bean yield could be 
attributed to improvement in soil biological and fertility status thereby 
enhancing yields. This result is supported by Murwira and Kirchmann, 
[48] where there was increased yield even after discontinuation of 
manure use. Manure addition can have significant carry over effect for 
several seasons. All assessed yield attributes were influenced by the 
treatments, except for the number of pods per 100 seed weight which 
has high genetic control and may therefore not respond to changes in 
environmental variations [49]. Application of both organic and inorganic 
fertilizers showed effect on the increase of biomass and in general 
common bean yield but the treatment interaction effect was not 
evident though generally residual effect was found to improve 
production. Eghball et al. [50] reported positive residual effects of 
manure on yields of several crops in his studies with a minimum of 3 
years of manure application; the results indicated a significant increase 
in soil nutrient status that was responsible for improved crop 
production. 

CONCLUSION 

In conclusion, overall responses of amendments previously applied 
were positive on soil nutrients and germination thus enhanced crop 
yield however, the responses to root rot pathogens was not positive, 
suggesting that judicious use of organic and inorganic fertilizers may 
maintain soil productive capacity and quality but should also 
incorporate management practice aimed at reducing the quantity of 
root rot inoculum in the soil. 
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