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ABSTRACT ARTICLE HISTORY
Depletion of soil nutrients due to continuous cultivation without adequate Received 31 January 2017
external fertilization is one of the challenges facing many smallholder Accepted 15 February 2018
farmers in western Kenya. This study was conducted to assess the effects of KEYWORDS

organic (water hyacinth compost), inorganic (urea) nitrogen (N) sources, and inorganic; organic; rhizobia;
commercial Rhizobia inoculant on the yield of common bean (Phaseolus smallholder; water hyacinth
vulgaris) for two consecutive seasons in the short rains (2013) and long rains

(2014). The experiments were laid out in a randomized complete block

design and replicated four times. Triple superphosphate was applied to all

treatments except those with compost to ensure that the soil had adequate

phosphorus (P). Yellow and Rose coco bean varieties grown with urea and

inoculated with commercial Rhizobia inoculant gave significantly higher yield

of 382 kg ha=" and 341 kg ha™', respectively in the short rains (SR) season. In

the long rains (LR) season bean yield was high in water hyacinth compost

(1526 kg ha™") and control with non-limiting P (1300 kg ha™') treatments.

Commercial Rhizobia inoculant did not significantly increase in yield in the SR

and LR seasons. There was no significant influence on soil properties after

two seasons of continuous cultivation of common bean and application of

organic and inorganic fertilizers. These results demonstrate that water

hyacinth compost improved bean yield in the LR season. However, longer

field testing and economic analysis are required for it to be recommended as

a substitute for inorganic N source among smallholder farmers.

1. Introduction

The decline in soil fertility due to continuous cultivation without adequate addition of external inputs is a
major challenge facing many smallholder farmers in sub-Saharan Africa (Seck et al. 2013; Mucheru-
Muna et al. 2007). In addition, continued conventional farming practices have resulted in economic and
environmental concerns such as low soil productivity, pollution, and high cost of inorganic fertilizers.
These challenges require the adoption of sustainable alternative food production practices that do not
compromise on environmental stability. Common bean (Phaseolus vulgaris L.) is recognized as a legume
crop that could ensure food security in sub-Saharan Africa if challenges associated with its production are
addressed (Namugwanya et al. 2014). The crop improves soil fertility through addition of biologically
fixed nitrogen (N), enhancement of soil organic matter, and prevention of nutrient leaching (Mothapo
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et al. 2013). In Kenya, dry bean production is predominantly done by small-scale farmers and has been on
the decline in recent years. The low bean yields have been attributed to many constraints such as soil
infertility, which is one of the most limiting factors (Namugwanya et al. 2014). N, the nutrient taken up
by beans in the largest amounts among the essential plant nutrients is a major constraint to bean produc-
tion in many smallholder farms (CIAT 1989; Vance 2001). However, small-holder farmers who are the
major dry bean producers in Kenya rarely apply N fertilizers and rely mainly on the ability of the bean to
fix N. However, beans are known to be poor N fixers (Hardarson 1993; Kabahuma 2013).

There are several options that are available to manage N deficiency in smallholder farms. Chemical fer-
tilizers are often considered to offer immediate solution to nutrient deficiencies in soil (Chaia, Wall, and
Huss-Danell 2010; Gentili, Wall, and Huss-Danell 2006), but these fertilizers are expensive and most
small-holder farmers cannot afford them. The other options that are used to replenish N include the use
of organic materials such as crop residues, animal manures, and agroforestry tree prunings (Mathu et al.
2012). Application of these organic materials to soils has multiple benefits such as increasing the soil
organic carbon (C) content, soil microbial activity, improves the soil structure and the nutrient status
(Sanni and Adesina 2012). However, most of the commonly available organic materials in smallholder
farms are usually inadequate in quantity with poor quality to meet the crop nutrient demand (Opala
2011). The use of non-traditional, largely unexploited, organic resources to augment common organic
inputs in crop production has therefore received considerable research attention in the recent past (Opala,
Okalebo, and Othieno 2012). One such organic material is the water hyacinth (Eichhornia crassipes), a
water weed that is abundant in Lake Victoria. The effect of the water hyacinth infestation has negatively
impacted the economic status of the local fishing community as the weed kills fish due to oxygen deple-
tion. Despite these problems, studies have shown that water hyacinth is rich in N and macronutrients
that are essential for plant nutrition (Gunnarsson and Petersen 2007). However, the potential of water
hyacinth compost as an alternative source of N compared to the inorganic N fertilizers on smallholder
farms in western Kenya has not been evaluated. The current study evaluated the effect of water hyacinth
compost and inorganic N fertilizer on the yield of common bean.

2. Materials and methods
2.1. Study site

Field studies were conducted in Kisumu (0° 05'35” S, 0° 34° 41.32” E) and Kakamega (0° 17'25.57" N,
34°45'50.02") counties, Kenya. The two sites were selected based on agro-climatic conditions and prev-
alence of common bean cultivation. Kakamega county is located at an altitude of 1585 meters above sea
level, within a high potential agro-ecological zone with an annual rainfall of 1200-2100 mm. Kisumu
county is located at an altitude of 1300 meters above sea level with an annual relief rainfall of 1200-
1300 mm. Soils at Kakamega and Kisumu are classified as Nitisols and Arenosols, respectively (Jaetzold
et al. 2009). Initial soil characteristics of the two sites are shown in (Table 1).

2.2. Compost preparation

Fresh water hyacinth plants were harvested manually from Lake Victoria and chopped into small
pieces of about 5-10 cm. The chopped pieces were then spread and sun dried before being filled into
boxes. The boxes were placed at a distance of 1-2 m between columns and rows, respectively and a
well-fitting sack in the shape of the composting box was first fitted in the box before filling each of the
boxes with water hyacinth. Above ground closed aerobic heap design was used to prepare the compost
to maturity (Tumuhairwe et al. 2009).

2.3. Experimental layout

The experiment was set up during the short rains (SR) of 2013 and long rains (LR) of 2014 in a ran-
domized complete block design (RCBD) with four replications. Commercial (Rose coco) and farmer
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Table 1. Initial surface (1-20 cm) soil properties Kakamega and Kisumu.

Value
Soil property Kakamega Kisumu
pH 498 6.10
% Nitrogen (N) 0.24 0.11
% Organic Carbon (0C) 2.66 1.32
Potassium (cmol/kg) 0.93 1.39
Magnesium (cmol/kg) 1.39 1.17
Calcium (cmol/kg) 3.08 3.02
Aluminum (cmol/kg) 2.56 0.62
Manganese (ppm) 75.2 383
Phosphorus (ppm) 28 35
% Sand 15.68 71.84
% Clay 66.88 18.16
Texture Clay Sandy loam

preferred (Yellow bean) bean varieties were planted at inter-plot spacing of 40 cm x 15 cm on a 2.4 m
x 3 m plots and managed using recommended agronomic practices (Adama, Tahir, and Mamadou
2008). External soil fertility amendment inputs either inoculated or non inoculated (1) Triple super-
phosphate (TSP), (2) urea, and (3) water hyacinth compost were applied every season for two seasons.
An absolute control with no external input was also included. Urea and water hyacinth compost were
applied to provide 100 kg N ha™'. Uniform TSP was applied at a rate of 60 kg ha™' to all treatments
with no compost input to ensure non-limiting soil P. The commercial Rhizobium inoculant was
applied at the rate of 100 g for 15 kg of seeds in the appropriate treatments. All the nutrient inputs
were applied at the time of planting. The average chemical analysis of water hyacinth compost is shown
in (Table 2). Soil was sampled and analyzed in the SR and LR using established procedures (Okalebo,
Gathua, and Woomer 2002). Four plants were randomly selected from each plot and dug out at 7 weeks
after emergence and separated into shoots and roots. The plant shoots were oven-dried at 70°C for
48 hr for dry weight determination. At maturity, pods were harvested from each experimental plot,
excluding the outer rows and the outer guard plants in each row, shelled, and tagged for yield assess-
ment. The grains were sun-dried until a constant weight was established. Yield parameters determined
included the number of pods per plant and total grain yield. Seed yield per hectare was extrapolated
from the seed yield per plot.

2.4. Data analysis

All data on shoot dry weight (SDW), nodules, pods, and yield were subjected to analysis of variance
(ANOVA) using General Linear Models Procedure of SAS software version 9.1 (SAS 2003) and means
separated using the least significance differences of means (LSD) at p < 0.05.

Table 2. Mean chemical composition of water hyacinth compost used in this study.

Chemical property Value
pH 837
% Nitrogen (N) 1.33
% Organic Carbon (0C) 12.23
Potassium (cmol/kg) 25

Sodium (cmol/kg) 2.1

Phosphorus (ppm) 280

Calcium (cmol/kg) 20.65
Magnesium (cmol/kg) 9.33
Zinc (ppm) 2.96

Iron (ppm) 1.29
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3. Results
3.1. Soil properties

After two seasons of continuous cultivation and application of organic and inorganic N, no significant
difference in soil properties was observed in most treatments in the SR and LR (Tables 3, 4, 5, and 6).
The average soil pH increased during the LR in response to organic and inorganic inputs compared to
the SR. Soil N and organic C were lower while calcium (Ca), potassium (K), and phosphorus (P) were
higher compared to the critical values. Initial soil pH ranged from 4.98 (Kakamega) and 6.10 (Kisumu)
with clay and sandy loamy texture, respectively. The soil texture was sandy loam in Kisumu with high
sand content (71.84%) compared to the high clay content (66.88%) in Kakamega. The water hyacinth
compost contained high P, organic C, Ca, and K with a basic pH.

3.2. Bean growth and yield

The growth and yield of beans varied between treatments in the SR and LR across the two sites (Tables 7 and
8). The Dry weight (DW) was significantly higher (p < 0.05) in inoculated Rose coco control with P at
Kisumu and inoculated Yellow bean with urea at Kakamega in SR.The average DW of bean plants in Kaka-
mega was high compared to Kisumu in all treatments in the LR. Bean plants grown with urea treatments pro-
duced lower number of nodules in all the seasons. Water hyacinth compost and control with P treatments
had high number of nodules compared to other treatments. The number of pods was high in inoculated
Rose coco beans grown with water hyacinth and yellow bean in absolute control in Kisumu in SR. Kakamega
had fewer pods in the non-inoculated Yellow beans treated with water hyacinth and urea. More pods were
found in inoculated Yellow beans treated with water hyacinth compost, non-inoculated urea, and absolute
control in LR. Yields were high in inoculated yellow and Rose coco beans treated with urea (382 kg ha™' and
341 kg ha™") in Kisumu and Kakamega, respectively in the SR. Non-inoculated Rose coco grown with water
hyacinth compost had higher yield (1583.4 kg ha™") than the other treatments in Kakamega. At the end of
the LR, yield increment of 1525.8 kg ha™' and 1299.9 kg ha™" was recorded in inoculated Rose coco
grown with water hyacinth compost and control, respectively (Figure 1). However, inoculated Yellow
bean grown with urea and Rose coco in absolute control produced lower yield increment of 446.4 kg
ha™' in the LR. Rhizobium inoculation had no significant influence on yield in all the treatments dur-
ing the SR and LR seasons.

Table 3. Mean soil characteristics in the SR season at Kisumu.

Treatment pH N oC Ca Mg K Al Mn P
1 Rose coco-l 5.63b 0.09abc  0.92ab 887bc 1.26bc 1.23ab 2.05bcde 39.73bcd  14.17abcd
2 Rose coco NI 5.58ab 0.10a 1.22ab 631bc 1.20bc 0.81ab  1.58cde 46.59bcd  14.60abcd
3 Rose coco TSP-I 5.59b 0.12¢ 137ab 5.38a 130bc 1.00ab 1.13a 53.65cd 19.47cd
4 Rose coco TSP-NI 5.75b 0.14bc 1.32b 458ab 1.24bc 1.07ab  1.00ab 47.78bcd  22.85bcd
5 Rose coco TSP UREA-I 6.03a 0.15ab 1.45a 2.66bc  1.23bc  1.40a 0.64e 42.57bcd  36.36a
6  Rose coco TSP UREA-NI 5.58a 0.11c 1.29ab  6.24ab  1.45a 0.96ab  0.74a 60.33a 15.37d
7  Rose coco WH-I 6.10ab  0.13a 137ab  5.14c 1.25bc  1.60ab  0.74e 47.90bcd  44.67abc
8 Rose coco WH-NI 6.13b 0.09bc 1.03ab 7.30ab 1.56ab 0.93ab 1.97e 86.80bc 7.78bcd
9 Yellow bean-I 561ab 0.13ab 142ab  6.58bc 1.12bc  0.54ab  1.20bcde  37.56bc 30.60abcd
10 Yellow bean-NI 5.55ab  0.11ab 1.34ab 5.18ab  1.21c 0.71ab  1.31cde 50.62b 15.98abc
11 Yellow bean TSP-I 568b 0.12ab  1.33a 539b 1.21c 0.86b 1.12bcd 60.60d 32.98abcd
12 Yellow bean TSP-NI 5.72b 0.12bc 131ab  6.51bc  1.14bc  0.80ab  1.04bc 64.25bcd  39.59bcd

13 Yellow bean TSP UREA-I 570ab 0.13ab  134ab 6.61ab 1.23c 0.94ab  1.12bcd 63.39b 40.53abc
14 Yellow bean TSP UREA-NI  5.64ab  0.12ab 132ab 6.12ab  1.23bc 0.84ab  1.20bcde 58.99bcd  30.95abcd

15  Yellow bean WH-I 6.12ab  0.13ab 1.32ab 6.13ab  1.18c 0.90ab  1.17bcde  62.25b 38.35ab
16 Yellow bean WH-NI 6.17ab  0.12ab 132ab 6.00ab 1.23bc  0.90ab  1.14bcd 57.86bcd  31.43abcd
LSD (5%) 0.50 0.03 0.42 3.09 0.24 0.91 0.50 21.85 26.08

Means within a column followed by the same letter(s) are not significantly different at p < 0.05.
LSD-Least Significant Difference of means; |-Rhizobia Inoculation; NI-Non-Rhizobia Inoculation; TSP-Triple Superphosphate; WH-Water
Hyacinth Compost.
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Table 4. Mean soil characteristics in the LR at Kisumu.

Treatments pH N oC Ca Mg K Al Mn P

1 Rose coco-l 5.70a 0.24d 1.77b  447a 1.26abc 1.24abc  2.00c 78.90abcde  44.00abcd

2 Rose coco NI 5.63ab 0.16d 144b  5.65a 1.08a 0.70ab 1.76¢ 54.15abcde  31.00abcd

3 Rose coco TSP-I 6.26ab 0.12ab 1.30ab 7.31a 1.29abcd 1.10a 0.99a 64.10abc 65.00bcd

4 Rose coco TSP-NI 593ab 0.13cd 1.34b  7.60a 1.41bcd 1.19cd 0.96ab  60.30bcde  64.50d

5 Rose coco TSP UREA-I 6.04ab  0.14a 1.49a 5.88a 1.07abcd 1.02abc  0.99ab 53.65a 98.50bcd

6 Rose coco TSP UREA-NI 565ab  0.19cd 131b  6.8la 1.2%cd 099%bcd  0.93bc 87.00cde 42.50cd

7  Rose coco WH-I 6.18ab  0.25cd 2.15b  5.55a 1.24bcd  0.98abc 1.76¢ 86.05e 52.00a

8 Rose coco WH-NI 6.12ab  0.16bc  1.48b  4.60a 1.06abc  0.79abc 1.29¢ 55.55a 34.31bcd

9  Yellow bean-I 568ab 0.13cd 1.44b  444a 1.03d 0.55cd 1.09bc  66.55abc 38.60bcd
10 Yellow bean-NI 563ab 0.13cd 137b  430a 1.11d 0.89abcd  1.20c 69.00abc 41.85ab
11 Yellow bean TSP-| 5.98ab 0.16d 144b  6.58a 1.02cd 0.77d 1.25¢ 78.08abcde  61.22bcd
12 Yellow bean TSP-NI 588b  0.13d 1.33b  7.56a 1.02bcd  0.86abcd 1.06bc 78.44abcde 72.34bcd
13 Yellow bean TSP UREA-I 6.00ab 0.13cd  1.36b 7.75a 1.29bcd 1.05bcd 0.98bc  69.20abcd 67.17bcd
14 Yellow bean TSP UREA-NI  5.84ab  0.13d 1.34b  6.12a 1.03bcd  0.69bcd  0.99c 77.19ab 55.60ab
15  Yellow bean WH-I 6.14ab 0.16cd 1.43b  5.61a 1.08ab 0.81abc 1.22¢ 77.65abcde  58.20abc
16  Yellow bean WH-NI 6.12ab  0.13d 127b  7.05a 1.07cd 0.78cd 0.95¢ 83.42abcde  72.07bcd
LSD (5%) 0.63 0.06 0.56 412 0.26 0.41 0.58 23.72 35.22

Means within a column followed by the same letter(s) are not significantly different at p < 0.05.
LSD-Least Significant Difference of means; |-Rhizobia Inoculation; NI-Non-Rhizobia Inoculation, TSP-Triple Superphosphate; WH-Water

Hyacinth Compost.

4. Discussion

After two seasons of applying water hyacinth compost and planting common bean at the two sites,
there was no significant influence on soil properties. Lack of change in the soil properties could be
attributed to the long term effect of compost application in soil. These results are consistent with simi-
lar previous studies that demonstrated slow N mineralization from organic compost in the short term
(Wadhwa and Bakshi 2013; Diacono and Montemurro 2010). Diacono and Montemurro (2010) fur-
ther reported that significant cumulative and residual effect of organic compost application is usually
visible after 4-5 years of continuous application. This study was conducted for two consecutive seasons
that may be considered too short to realize significant effect of compost on soil properties. In addition,
only a fraction of the N and P in compost is readily made available in soil as a larger part remains to be
mineralized (Eghball, Ginting, and Gilley 2004; Turuko and Mohammed 2014). Beans grown with

Table 5. Mean soil characteristics in the SR at Kakamega.

Treatment pH N ocC Ca Mg K Al Mn P
1 Rose coco-l 539bcde 0.26abcd 221a 2.87de 1.27ef 1.12a 1.68d 86.90abc  20.00ab
2 Rose coco NI 5.15bcde 0.21abcd  1.94b  3.16abc 1.19f 1.21a 2.13abcd 55.10bcd  15.96b
3 Rose coco TSP-I 5.22abcd 0.27a 243ab 2.63cde 1.14def 1.26a 1.34bcd  75.30a 23.54ab
4 Rose coco TSP-NI 529bcde 0.20abcd  1.64ab 4.10bcde  1.09ef 1.19a 2.30abcd 56.70bcd  14.67b
5 Rose coco TSP UREA-I 5.88bcde 0.23abcde 1.97ab  4.36cde 1.36def 1.33a 2.07cd 80.90abc  18.67ab
6 Rose coco TSP UREAN-I 5.54bcde 0.17abcde 1.91ab  2.86bcde  1.28ef 1.25a 2.16abcd 49.10cd 29.92ab
7 Rose coco WH-I 5.19a 0.18ab 1.91ab 2.89ab 1.23bcdef 1.24a 1.62abcd 69.30ab 22.58ab
8 Rose coco WH-NI 5.21ab 0.17abcde 2.27ab  3.16cde 1.18cdef  1.28a 2.29abcd  50.70cd 26.67ab
9 Yellow bean-I 4.88abc  0.21e 2.11ab 4.63bcde  1.80ab 1.20a 2.15abcd 62.11abcd 19.73ab
10 Yellow bean-NI 4.81bcde 0.15cde 1.70ab 3.8% 1.71abcd  1.25a 1.84bcd  60.02d 19.11ab
11 Yellow bean TSP-I 5.42de 0.08abcd  1.89ab 3.07a 1.67a 1.25a 2.05abcd 66.40abcd 22.11ab
12 Yellow bean TSP-NI 5.18e 0.12bcde  2.14ab 2.53abcde 1.61ab 1.34a 1.75abcd 39.33abcd  32.00ab
13 Yellow bean TSP UREA-I  5.25bcde 0.11abc 1.74ab 4.0labcd  1.70ef 1.39a 248a 66.30bcd  27.96ab
14 Yellow bean TSP UREA-NI  4.98de 0.27abcde 2.09b  3.73abcde 1.65abcde 1.32a 2.68abcd 51.77bdc  35.54ab
15 Yellow bean WH-I 5.16bcde 0.22de 237ab 4.01abcd 1.15ab 1.34a 2.78ab 54.54abcd  26.67ab
16 Yellow bean WH-NI 498cde  0.18abcd  1.57ab 3.92abcde 1.47abc 1.30a 2.10abc  58.15cd 28.63a
LSD (5%) 0.52 0.10 0.76 1.42 0.38 0.52 1.01 28.52 19.11

Means within a column followed by the same letter(s) are not significantly different at p < 0.05.
LSD-Least Significant Difference of means; I-Rhizobia Inoculation; NI-Non-Rhizobia Inoculation; TSP-Triple Superphosphate; WH-Water

Hyacinth Compost.



Table 6. Mean soil characteristics in the LR at Kakamega.
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Treatment pH N 0oC Ca Mg K Al Mn P
1 Rose coco-l 4.94fg 0.18abc  2.49h 6.88e  1.52b 133abc  1.78abcd 75.98def 21.98a
2 Rose coco NI 5.31h 0.29abc  2.15fg 7059 1.85gh 1.42ab 1.80ab 89.00cd  30.00d
3 Rose coco TSP-I 4.93fg 0.25bc  1.59abc 7979 1.62bcd 1.47a 1.49bcde  75.97def 58.97k
4 Rose coco TSP-NI 4.56ab 0.20abc  2.11ef 7059 1.16a 0.93cd 1.45bcde  81.00b 44.00h
5 Rose coco TSP UREA-I 4.75abc  0.23abc 2.27abc 783b  1.29cde 1.21abc  1.04efg  78.00a 41.67b
6 Rose coco TSP UREAN-I 5.20fg 0.27c 2.53g 8.80g 1.58gh  1.02bcd 1.42bcde 79.66cde 38.00h
7 Rose coco WH-I 5.29gh 0.22abc  2.47def 9.84ef 1.44efg 1.25abc  0.63gh 98.24cde  48.04e
8 Rose coco WH-NI 4.90bcde 0.15abc  1.95ab 6.72cd 1.12bc  1.22abc  0.3%h 76.87cde  29.97f
9 Yellow bean-I 5.08bcd  0.35abc 2.26h 5.61bc 1.26bcd 1.00cd 1.87ab 79.71g 31.11g
10 Yellow bean-NI 5.25cdef 0.21abc 2.40bcde 10.70de 1.20def 1.09abcd 2.15a 79.00fg  46.00i
11 Yellow bean TSP-I 523def  0.23a 1.72def 9.15h  1.52fg  0.76d 1.08efg  69.07cde  33.07h
12 Yellow bean TSP-NI 5.10bcd  0.24abc 2.34abcd 830a  1.36fgh 1.12abcd 1.26cdef  70.80cde 27.00c
13 Yellow bean TSP UREA-l  5.01a 0.31abc 2.51cdef  721g 1.21h 1.04bcd  1.55bcde 82.02efg 39.91g
14 Yellow bean TSP UREA-NI  4.56def ~ 0.23ab  2.55ef 795h  1.13gh  0.96cd 1.80abc  77.95g 23.95bc
15 Yellow bean WH-I 5.47ef 0.23ab  2.30ab 7.01fg 1.06fgh 1.29abc  1.24def = 74.36¢ 34.01e
16  Yellow bean WH-NI 5.06h 0.30abc 2.18a 5.60e 1.06gh 0.92cd 0.73fgh ~ 70.00cde  47.00j
LSD (5%) 0.21 0.15 0.19 0.73 0.18 0.41 0.54 5.93 1.83

Means within a column followed by the same letter(s) are not significantly different at p < 0.05.
LSD-Least Significant Difference of means; |-Rhizobia Inoculation; NI-Non-Rhizobia Inoculation; TSP-Triple Superphosphate; WH-Water

Hyacinth Compost.

urea in the SR had high DW due to enhanced vegetative growth that could have been supported by the
immediate release of N from inorganic fertilizer. Total shoot and plant biomass always increase in
response to added soil N (Zatylny and St-Pierre 2006; Balemi and Negisho 2012). Similarly, Balemi
and Negisho (2012) and Turuko and Mohammed (2014) reported an increase in DW of common
beans in soils with adequate amount of P. Soil P plays a vital role in enhancing cell division during the
growth of plants. Beans in the water hyacinth compost and control treatments produced more nodules
confirming that the compost could have reduced aluminum (Al) toxicity and promoted nodulation as
previously reported (Lawson, Muramatsu, and Nioh 1995). Slow mineralization of the water hyacinth
compost could have further led to reduced release of N that favored the proliferation of nodules. Since

Table 7. Yield of common bean in the short rains (SR).

Kisumu Kakamega
DW (g Nodules per Podsper Yield (kg DW (g Nodules per Pods per Yield (kg

Treatments plant™) plant plant ha™") plant™) plant plant ha™")

1 Rose coco-l 12.4bc 60ed 13efgh 129.1fg 5.5¢ 87a 14abc  323.5abc

2 Rose coco NI 7.9efg 14f 15cdefg 266.2b 4.7¢ 73ab 12bcde 182.5fg

3 Rose coco TSP-I 17.0a 78ab 13fgh 120.7g 6.0bc 61b 16ab 250.4def

4 Rose coco TSP-NI 11.4bcd 77abc 11h 181.1defg 4.9¢ 59 13abcd  269.3bcd

5 Rose coco UREA-I 6.9fg of 18bc 256.7bc 5.8bc 3c 14abc 341.0a

6 Rose coco UREA-NI 14.0ab 19f 14defgh  265.0b 4.5¢ 7c 11cde 326.8ab

7 Rose coco WH-I 5.79 63cde 23a 193.0de 5.5¢ 60b 17a 244.0def

8 Rose coco WH-NI 10.1cdef 72bcd 16cdef 202.3cd 5.6C 92a 9def 238.9def

9 Yellow bean-I 8.3defg 91a 21ab 133.8efg 5.0c 74ab 11bcde  221.4defg
10 Yellow bean-NI 7.5efg 16f 14defgh  195.9cd 7.0bc 11c 9def 235.4def
1 Yellow bean TSP-I 7.1efg 59% 18bc 143.3defg 8.7b 86a 13abcd 152.8g9
12 Yellow bean TSP-NI 12.0bc 84ab 15cdefg  198.3cd 4.9¢ 81a 10cdef  254.2cde
13 Yellow bean UREA-I 5.69 6f 16cde 382.0a 14.0a 7c 11cde  290.0abcd
14 Yellow bean UREA-NI  10.3cde 10f 15cdefg 312.1b 4.9¢ 4c 8ef 287.1abcd
15 Yellow bean WH-| 6.8fg 90a 17cd 184.2def 5.7bc 74ab 14abc 245.8def
16 Yellow bean WH-NI 8.0efg 55e 12gh 202.3cd 4.8¢ 60b 6f 191.3efg
LSD (5%) 34 14.4 3.6 61.7 3.1 194 4.7 714
CV (%) 22 17 14 18 30 22 25 17

Means within a column followed by the same letter (s) are not significantly different at p < 0.05.
LSD-Least Significant Difference of means; CV-Coefficient of Variation; I-Rhizobia Inoculation; NI-Non-Rhizobia Inoculation; TSP-Triple
Superphosphate; WH-Water Hyacinth Compost.
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Table 8. Yield of common bean in the long rains (LR).

Kisumu Kakamega

DW (g Nodules per  Pods per  Yield (kg DW (g Nodules per Pods per  Yield (kg

Treatment plant™") plant plant ha™") plant™) plant plant ha™")

1 Rose coco- 6.3defg 13cd 79 95.7h 13.3bcd 19¢ 11a 1069.69

2 Rose coco NI 6.0fg 4e 9efg 223.4fg 14.8bc 18cd 13a 691.79

3 Rose coco TSP-I 7.8cdef 13cd 13cdefg  251.9efg 16.5ab 37a 13a 1419.1cd

4 Rose coco TSP-NI 6.2efg 10d 13cdefg  423.4bc 13.9bcd 12de 16a 1006.0b

5 Rose coco UREA-I 9.3bcdef 3e 16cdef ~ 258.4ef 12.0cd 4f 14a 1196.9bc

6 Rose coco UREA-NI 9.5bcdef 13cd 11defg  486.1ab 13.3bcd 4f 12a 1063.9bc

7 Rose coco WH-I 9.8bcd 17ab 69 530.9a 15.0abc 16cde 12a 957.6cde

8 Rose coco WH-NI 10.9abc 14bc 8fg 383.6cd 15.9ab 28b 13a 1583.4a

9 Yellow bean-I 3.89 3e 18cd 177.79 18.4a 16cde 15a 656.89
10 Yellow bean-NI 14.2a 13cd 29a 92.2h 10.9d 10ef 14a 807.2efg
11 Yellow bean TSP-I 12.0ab 12cd 19bcd 188.6fg 14.2bcd 10ef 15a 698.2fg
12 Yellow bean TSP-NI 9.1bcdef 12cd 16cdef  319.1de 14.0bcd 18cd 13a 893.4cde
13 Yellow bean UREA-I 12.4ab 3e 17cde 423.4bc 13.2bcd 5f 15a 695.0g
14 Yellow bean UREA-NI 9.9bc 3e 27ab 426.2bc 14.9abc 5f 13a 796.2efg
15 Yellow bean WH-I 8.9bcdef 18a 21abc 470.2ab 16.6ab 30b 14a 879.4def
16 Yellow bean WH-NI 9.6bcde 4e 19bcd 453.2abc 13.3bcd 21c 15a 1191.0b
LSD (5%) 3.6 38 9 80.4 3.7 6.4 4.2 1821
CV (%) 24 24 35 15 15 24 18 1

Means within a column followed by the same letter(s) are not significantly different at p < 0.05.
LSD-Least Significant Difference of means; CV-Coefficient of Variation; I-Rhizobia Inoculation; NI-Non-Rhizobia Inoculation; TSP-Triple
Superphosphate; WH-Water Hyacinth Compost.

adequate soil P improves total and active nodules (Ganeshamurthy and Sammi Reddy 2000), water
hyacinth compost could have supplied sufficient P that supported the formation of nodules in the con-
trol treatments. Legume nodulation is an energy driven process and requires P to provide nutrition
required for N fixation. The lower number of nodules in the plants grown with urea resulted from the
inhibitory effects of N. Soil N inhibits nodulation and biological N fixation in many legume crops
including common bean (Salvagiotti et al. 2008; Gentili, Wall, and Huss-Danell 2006). High soil N lev-
els inhibit early cell divisions in the cortex thus inhibiting nodulation. The high number of pods in the
water hyacinth compost treated plants has been reported by many authors. These authors reported
that addition of organic compost increases the number of pods in different crop legumes (Azimzadeh,
Shirvani, and Shariatmadari 2014; Azimzadeh, Shirvani, and Shariatmadari 2016).

High bean yield in the urea treatments in the SR across the sites could have resulted from the readily
available N in it. The yield was significantly higher in water hyacinth compost plants at Kakamega in
the LR. The high yield could further be attributed to the provision of additional soil benefits besides N
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Figure 1. Yield increment at the end LR. Key: YB-Yellow bean, RC-Rose coco.
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by the organic compost that promotes plant growth and yield (Naluyange et al. 2016; Mutegi et al.
2012). A similar study demonstrated that organic compost supplies essential plant nutrients by alleviat-
ing Al toxicity and producing organic acids which form a complex with Al, thus increasing nutrient
availability and crop yield (Mucheru-Muna et al. 2007).The readily decomposed form of the water hya-
cinth compost used in this study could have further improved bean yield. Application of readily
decomposed organic material has been reported to improve crop tolerance to root rots and increasing
crop yield (Otieno, Muthomi, and Nderitu 2007). The yield increment in compost treatments at the
end of the LR season resulted from gradual release of nutrients by the compost over prolonged periods
of time (Okalebo et al. 2007). The high amount of organic C and a basic pH of the water hyacinth com-
post further supported the high yield. Organic matter increases soil moisture retention and nutrient
dissolution, particularly P and N over time (Otieno, Muthomi, and Nderitu 2007; Bationo 2004). Addi-
tion of organic residues with alkaline pH such as water hyacinth compost used in this study could be a
low input strategy of reducing lime requirements in acidic soils (Naluyange et al. 2014; Mokolobate
and Haynes 2002). Low yields of plants in the absolute control could be due to lack of external nutrient
replenishment. The heavy rains in the LR season could have resulted in rapid solubility of urea that led
to N loss through leaching and run off. Bationo (2004) pointed out that regular use of inorganic fertil-
izer does not increase crop yield but just sustains them. Inoculation of beans with commercial Rhizo-
bium inoculant did not improve yield across the two seasons. Similarly, Kawaka et al. (2014) reported
the occurrence of resident Rhizobia in soils of western Kenya with superior N fixation than commercial
inoculants. High population of ineffective Rhizobia in soil limits the effectiveness of the introduced
inoculum strains (Shamseldin 2007; Kawaka et al. 2014; Amos and Joshua 2001). Since no significant
differences on soil properties were observed across the two seasons, long term experiments are there-
fore needed to ascertain the effect of water hyacinth compost on soil. The improved yield in water hya-
cinth compost treatments during the LR demonstrates benefits that can be derived from utilization of
water hyacinth compost. However, more field testing and economic analysis are required before it can
be recommended for adoption as a substitute for inorganic N source among smallholder farmers.
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