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Evaluation of Water hyacinth and Sugarcane Bagasse Composts as a Carrier for
Rhizobium Inoculants and their effects on Faba Bean.
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Abstract: Solid-base inoculants such as peat moss, water hyacinth compost (A), water hyacinth compost
(B) (treated with broth yeast culture after composting) and sugarcane bagasse compost as carriers for
Rhizobium leguminosarum strain were evaluated. Chemical and physical properties of the carrier materials
were performed and total bacteria, actinomycetes and fungi were counted. The effect of these carrier
materials on nodulation, growth and yield of faba bean plants was also investigated in field experiment.
Inculants made with sterile carriers are preferred, because they contain higher number of rhizobia than
those made with non-sterile carrier. In sterile carriers, the compositions of peat and water hyacinth
compost (B) were able to maintain the highest and almost the same concentration of rhizobia cells
throughout the storage period, while the water hyacinth compost (A) and bagasse compost formulation
presented a slightly higher decrease. Moreover, seeds inoculation with the all tested inoculants resulted
in significant (0.05 level of P) or highly significant (0.01 level of P) increases in number and dry weight
of nodules, shoot and root dry weights, total nitrogen content in shoot, and yields of faba bean, compared
with the uninoculated (control) plants. The highest increases were found in plants inoculated either with
peat moss or water hyacinth compost (B) inoculants, especially when these carriers were sterilized. The
obtained results indicated that water hyacinth compost (B) could be as effective as peat in maintaining
high populations of rhizobial and obtaining high plant growth.
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INTRODUCTION

The production and quality of rhizobial inoculants
in many developing countries is limited by the
availability of suitable carriers or technological
limitations[1]. Inoculating legumes with commercial
rhizobial inoculants is a common agriculture practice[2].
Rhizobial inoculants usually mixed with solid-based
carriers such as peat or other substrates rich in organic
matter. A carrier must display high water holding
capacity and retention characteristics, display chemical
and physical uniformity and be non-toxic to inoculant
strains and be non-toxic to inoculant strains and
environmentally safe. Fine ground peat is the most
commonly used material in preparation of rhizobial
inoculants in the world[3]. However, peat is not always
available or it is expensive in many countries[4,5]. Thus,
other alternate materials able to support good growth
and survival of Rhizobium have been developed,
including different kinds such as wheat straw, coal, a
coal-bentonite mixture, cellulose, filter mud, compost,
manures, mineral soils, sawdust, sugarcane, vermiculite
and perlite[6]; Crawford and Berryhill,[7]; Kremer and

Peterson,[8]; Chao and Alexander,[9]; Graham-weis et
al.,[10]; Muniruzzaman and Khan,[11]; Daza et al.,[12].
Most of the materials are local resources easily
available in a specific region. In certain countries,
water hyacinth (Eichhorina crassipes) has been of great
concern to environmentalists. It is available in
relatively large quantities. Therefore, recycling such
wastes should be taken into account. Moreover, in
country like Egypt, sugar industry is one of the greatest
industries, based on sugar cane and sugar beet crops.
The high production of sugar which comes mainly
from sugar cane crops generates high quantities of the
sugar industry wastes such as filter mud cake, vinasse,
molasses, bagasse etc. A few years ago, these by-
products were considered as a waste and were often
disposed of causing environmental problems. Recently,
it has been recognized that such by-products should be
considered as useful materials[13]; Usman and
Gameh,[14]. So, this study hypothesized that both water
hyacinth and sugarcane bagasse may be used as carrier
materials to promote growth of rhizobia, because of
their organic composition and their nutrient value, as
well as inexpensive materials. Therefore, the present
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work aims to evaluate the use of water hyacinth
compost and sugarcane bagasse compost as alternative
carriers for peat moss to produce legume inoculants.
The effect of these carriers on nodulation, growth and
yield of faba bean plants was also investigated. 

MATERIALS AND METHODS

2.1. Carrier Materials: Carrier materials used were
peat moss, water hyacinth and sugarcane bagasse.
Water hyacinth was obtained from the Nile and
sugarcane bagasse was obtained from Abo-Kourkas
Sugar Cane Factory in Minia Governorate, Egypt.
Water hyacinth and bagasse were composted according
to the method described by Subba-Rao[15]. Two types
of water hyacinth compost were used: (1) water
hyacinth compost (A) and (2) water hyacinth compost
(B). Water hyacinth compost (A) resulted only from
composting water hyacinth according to the method
described by Subba-Rao (1984). To produce water
hyacinth compost (B), after composting, resulted water
hyacinth compost was treated by broth culture of yeast
strain Pichia membranifaciens (obtained from solis &
water Dep. Assiut University) at a rate of 100 % (v/w)
(compost contain 70 % water holding capacity). Yeast
strain was grown on molasses medium (50 ml/litter) for
5 days at 25 ºC before used. Each carrier was dried at
70 ºC for 24 hr and milled to pass through 250 µm
sieve. Peat was treated with CaCO3 and Ca (OH)2 to
adjust its pH to 7.

The carriers were analyzed for total N, organic
carbon and organic matter[16]. Maximum water holding
capacity, pH, total soluble salts, total P and total K
were determined according to Jackson[17]. Trace
elements were determined after acid-digesting with
HNO3

[18]. The digests were analyzed for Fe and Zn by
atomic absorption spectrometer (AAS).

Total bacteria, actinomycetes and fungi were
estimated by the serial dilution plate count. Three
selective media were used for plate count, these were;
Taylor’s soil extract agar medium[19], starch casein
medium[20] and Martin’s medium[21], for bacteria,
actinomecets and fungi respectively. Some physical and
chemical properties of the different carriers are shown
in Table (1).

2.2. Preparation of Inoculants: Batches of 50 g each
of the treated carrier materials were distributed in
autoclave plastic bags and sterilized by streaming in
the autoclave at 121 ºC for one hour for three
successive days. The carrier material in each bag was
aseptically inoculated with 25 ml of 5-day old culture
of Rhizobium leguminosarum locally isolated strain
from root nodules of faba bean grown at Assiut
Experimental Farm. Batches of the inoculated carriers

were moistened with sterilized distilled water to give
50% of maximal water holding capacity of the carriers.
The bags cured by incubation at 28 ºC.

2.3. Enumeration of Rhizobial Cells: Rhizobial cells
in the carriers were enumerated by duplicate plating of
1 ml aliquots of serially diluted samples of each
inoculant on Congo Red YEM[22] using the spread plate
method[23]. Colonies were counted after incubation the
plates at 28 ºC for 5 days.

2.4. Field Experiment: A field experiment faba bean
was carried out at the Experimental Agricultural Farm
of Assiut University on (Vicia faba) cv. Assiut-115.
Some physical and chemical characteristics of a
representative composite soil sample from the
experimental site were shown in Table 2. The area of
each plot was 1/400 feddan (10.5 m2) containing 6
ridges. The inoculated seeds were drilled in holes 3-4
cm deep and 15 cm apart on one side of the ridge.
Three seeds were placed in each hole (at a rat of 160
g/plot), then thinned to two plants after germination.
Seeds were inoculated with sterile and non-sterile
inoculant carriers (stored at 28 ºC for 30 days) at a
rate of 10 g/100 g seeds and 10 % (v/w) of a 20 %
Arabic gum solution was used as adhesive. The number
of viable rhizobial cells (x106)/ inoculated seed were:
74.3, 23.6, 64.0, and 2.6 respectively for peat moss,
water hyacinth compost (A), water hyacinth compost
(B) and bagasse compost inoculants. The experimental
field was laid out in a randomized complete block
design with 5 replicates. Plant samples were taken from
each plot after 60 days from planting. Each sample
consisted of five plants taken at random from each
plot. The number of nodules on the roots of the plant
samples of each plot was recorded and dry weights of
nodules, shoots and roots were estimated after drying
at 70 ºC for 72 hours. At harvest, the total yield, straw
yield and seed yield were determined for each plot.
Dry shoots were ground and then analyzed for nitrogen
content by the semi-microkjeldahl procedure[24].

2.5. Statistical Analysis: The analysis of variance was
performed using the statistica computer program[25].

3. Results:
3.1. Count of Bacteria, Actinomycetes and Fungi in
Different Non- Sterile Carriers Materials: Data in
Table (3) summarized the count of bacteria,
actinomycetes and fungi of the different non–sterile
carriers. The highest numbers of bacteria,
actinomycetes and fungi were found in sugarcane
bagasse compost. While, the lowest numbers of these
microorganisms were found in water hyacinth compost
(A). 
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Table 1: Some physical and chemical characteristics of a representative composite soil sample from the experimental site. 
Properties Values
Clay 47.8
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Silt 29.5
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Sand 22.7
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Texture grade Clayey
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total CaCO3 % 2.65
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
EC dS/cm-1 (1:1) 1.22
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH (1:1 suspension) 7.47
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total nitrogen % 0.06
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Organic matter % 1.30
Available cations(meq/100 g soil):
Ca++ 3.63
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mg++ 2.49
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K+ 1.80
Soluble anions (meq/100 g soil):
CO3

-- + HCO3
- 0.32

Cl- 0.76

Table 2: Physical and chemical properties of the different carriers materials.
properties Peat moss W.H compost A W.H compost B Baggas compost
W.H.C % 335 147 178 136
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pH (1:1) 4.56 6.85 6.69 7.15
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
T.S.S % 1.57 6.14 4.00 1.68
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
O.M % 42.67 38.12 37.92 27.65
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
O.C. % 24.35 4.70 4.59 16.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Total N % 1.73 2.65 2.42 1.02
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
C/N Ratio 14.30 1.077 1.03 15.71
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
P % 0.17 0.22 0.20 0.15
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Ca % 2.4 3.4 2.97 2.11
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mg % 0.21 0.80 0.66 0.20
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
K % 0.19 5.12 4.93 0.21
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Fe ppm 77.25 2932 2709 292.50
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Zn ppm 22.50 68.3 65.13 33.25
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cr ppm 9.12 25.03 20.60 10.15
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Cd ppm 0.76 733 646 BDL
W.H.C= Water holding capacity. T.S.S= Total soluble salts. O.M= Organic matter. O.C= Organic carbon. 
BDL: Below detection limit of AAS

3.2. Survival of Rhizobium leguminisarium Strain in
Different Sterile and Non-sterile Inoculants Carriers: 
The survival of Rhizobium leguminosarum strain in
sterile and non-sterile different inoculant carriers is

presented in Figure 1. The results showed generally
that survival of rhizobial cells was much higher in
sterile than in non-sterile carriers. In all the non-sterile
carrier materials, the viable cell number of Rhizobium 
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Table 3: Count of bacteria, actinomycetes and fungi in different non- sterile carriers materials (x 106 /g).
Carrier materials Bacteria Actinomycetes Fungi
Peat moss 8.3 ± 0.28 2.8± 0.07 0.8 ± 0.14
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
W.H compost (A) 3.6 ± 0.28 0.11 ± 0.03 0.38 ± 0.03
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
W.H compost (B) 5.6 ± 0.30 0.15 ± 0.02 0.63 ± 0.01
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Bagasse compost 67 ± 1.41 46 ± 2.82 6.3 ± 0.28

Fig. 1: Survival of Rhizobium leguminisarium strain in different sterile and non-sterile inoculant carriers stored
at 28 C for 120 days (log no. of viable cells/g). Average ± SD; where absent, bars fall within symbols.

leguminosarum strain decreased gradually up to 20
days. Among all the carrier materials, a sharp decrease
was pronounced for non-sterile bagasse compost. In
sterile carrier materials, the rate of decrease in viable
cell number was lower than that in non-sterile carrier
materials. Overall, the highest survival values and the
lower decrease with time were pronounced for sterile
peat moss or sterile water hyacinth compost (B).
However, both sugarcane bagasse and water hyacinth
compost (A) were less effective in promoting rhizobial
survival, especially with increasing the storage period.
At the end of the storage period (120 days), the
numbers of rhizobial in sterile peat moss, sugarcane
bagasse compost, water hyacinth compost (B) and

water hyacinth compost (A) were log 8.52, 7.63, 8.37,
and 6.51, respectively. 

3.3. Effect of Carrier Type on Nodulation, Growth
and Yield of Field Grown Faba Bean Plants: The
main effect of inoculation of faba bean seeds with
Rhizobium carried on peat moss, water hyacinth
compost (A), water hyacinth compost (B) and
sugarcane bagasse compost on root nodulation, shoot
and root dry weight, shoot nitrogen content, and yields
is shown in Table (4). Data indicated that seeds
inoculation with the all tested inoculants resulted in
significant (0.05 level of P) or highly significant (0.01
level  of  P)  increases  in number and dry weight of 
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Table 4: The interaction effect of carrier type on nodulation, growth and yield of faba bean plants.
Treatments Nodule Dry wt Root dry Shoot dry % N in Total N in seed Yield Total

Number (g/plant) g/plant Wt .g/plant shoot shoot (mg/ kg/plot
plant) straw

Control (Uninoculated 18.00 0.13 2.67 23.11 2.40 554.6 4.60 4.62 9.22
Carriers:
Peat moss 34.37 0.27 3.19 28.95 3.05 882.9 5.98 6.82 12.8
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Waterhycianth (A) 27.5 0.21 3.04 27.29 2.45 668.6 5.26 6.79 12.05
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Waterhycianth (B) 33 0.26 3.07 28.15 2.96 833.2 5.69 6.66 12.35
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Baggass 27.37 0.21 2.97 26.07 2.41 628.7 4.86 4.76 9.62
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D.   0.05 3.05 0.054 0.24 1.46 0.32 115.9 0.53 0.6 0.98
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.01 4.15 0.073 0.32 1.99 0.51 176.5 0.72 0.81 1.34
Sterilization:
Sterile 33.75 0.27 3.2 28.81 3.02 870 6.4 6.56 12.96
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Non-sterile 28 0.21 3.93 26.92 2.64 710.6 5.85 6.1 11.95
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
L.S.D.   0.05 2.15 0.038 0.17 1.03 0.21 105.3 0.37 0.42 0.69
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.01 2.93 0.052 0.23 1.4 0.4 157.1 0.51 0.57 0.94
Carriers x steril.:                   
Peat moss Sterile 37.75 0.3 3.38 30.02 3 900.6 6.5 7 13.5
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Non-sterile 31 0.23 3.01 27.89 2.57 716.7 5.85 6.65 12.5
WH. (A) Sterile 29.5 0.25 3.06 28.21 2.6 733.4 5.46 7.03 12.49
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Non-sterile 25.52 0.17 3.02 26.38 2.43 641 5.06 6.68 11.74
WH.(B) Sterile 30.24 0.31 3.3 29.67 2.96 878.2 6.35 6.89 13.24
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Non-sterile 30 0.27 2.85 28.63 2.39 684.2 5.02 6.47 11.49
Baggass Sterile 29.5 0.25 3.08 27.35 2.56 700.1 5.08 4.92 10
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Non-sterile 25.27 0.17 2.86 24.79 2.31 572.6 4.64 4.6 9.24
L.S.D. 0.05 4.31 0.07 0.34 2.07 0.43 186.5 0.75 0.84 1.39
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

0.01 5.87 0.1 0.46 2.81 0.61 200.2 1.03 1.14 1.89

nodules, shoot and root dry weights, total nitrogen
content in shoot, and yields of faba bean, compared
with the uninoculated (control) plants. The highest
increases were found in plants inoculated either with
peat moss or water hyacinth compost (B) inoculants,
especially when these carriers were sterilized.
Generally, no significant differences were found
between the effect of peat moss and water hyacinth
compost (B) inoculants on nodulation and growth
parameters.

The data showed also that sterilized carriers
significantly increased number and dry nodules, shoot
and root dry weight, total N content in shoot, and
yields of faba bean, as compared with non-sterilized
carriers. 

4. Discussion: A carrier must display high water
holding capacity and retention characteristics, display
chemical and physical uniformity and be non-toxic to
inoculant strains and be non-toxic to inoculant strains
and environmentally safe. All studied carriers had a
high water retention capacity for the optimal moisture
potential for growth and survival of rhizobia in
inoculants. Both water hyacinth and sugarcane bagasse
indeed contained high levels of organic matter and
essential elements. Therefore, such materials may be
used to promote growth of rhizobia because of its
organic composition and its nutrients value. 

Results also showed that the better growth of
rhizobia was found in sterile than non-sterile carriers,
as indicated by many investigators[26,27]. Both sterile and
non-sterile peats are most commonly used as carriers
for the rhizobia. Inoculants made with sterile peats are
preferred, because they contain up to 100-fold more
rhizobia than those made with non-sterile peat[28]. The
carrier must support growth of the target organism and
maintain desired populations of inoculant strains over
an acceptable time period[29], Stephens and Rask,[28].
The carriers showed a different capacity to maintain an
adequate survival of the rhizobia strain studied. In the
experiment for evaluating the survival of rhizobia cells,
with increasing the storage period, generally, the
decline in survival of rhizobia cells in non-sterile
substrates was higher than those in sterile substrates.
Overall, the highest decline was found in non-sterile
sugarcane bagasse compost. This can be explained by
the fungal contamination that was a problem with
unsterilized carrier of sugarcane bagasse compost at the
end of the storage period (120 days), and antagonism
by the fungi may have been a factor in reducing
rhizobial survival occurred over the storage period.

In sterile carriers, the composition of peat and
water hyacinth compost (B) were able to maintain
almost the same concentration of rhizobia cells
throughout the storage period, while the water hyacinth
compost (A) and sugarcane bagasse compost
formulation presented a slightly higher decrease.
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Acceptable standards for the number of rhizobia / g of
carrier material varies. However, in many countries, 107

viable cell per g or more is taken as a standard[11]. In
this study, in sterile carrier materials, the viable cell
count remained higher than 108/g for up to 100 days,
preferentially in peat and water hyacinth compost (B)
followed by water hyacinth compost (A) and sugarcane
bagasse compost. At the end of the storage period (120
days), however, only the viable cell count of peat moss
and water hyacinth compost (B) remained higher than
108, while the viable cell count of water hyacinth
compost (A) and sugarcane bagasse compost was
decreased and it was less than 108 and 107,
respectively. These obtained results indicated that water
hyacinth compost (B) could be as effective as peat in
maintaining high populations of rhizobial. It is possible
that higher concentrations of nutrients in water hyacinth
compost (B) may have led to better rhizobial survival.
Additionally, treating water hyacinth compost (B) with
broth yeast culture may help to produce certain growth
promoting substances. In this connection, many
investigators have reported that yeasts can produce
certain growth promoting substances in their cultures
such as vitamins, auxins, hormones, amino acids and
enzymes[30,31]. 

Inoculating leguminous seeds is a convenient and
practical way of introducing rhizobia into the zone of
soil in which young seedling will develop[9]. The
results of the field experiment clearly indicated that
Faba bean inoculated with Rhizobium carried on all
evaluated substrates showed significant increases in
root nodulation, shoot and root dry weight, shoot
nitrogen content and yield (especially in sterile carrier
materials), as compared with the uninoculated
treatment. This result confirms the earlier works
showed that rhizobum inoculation can improve plant
growth, nodulation, N2 fixation and yield[32,33]. These
beneficial effects of rhizobium inoculation on plants are
attributed mainly to an improvement in root
development, an increase in the rate of water and
mineral uptake by roots, production of phytohormones,
displacement of fungi and plant pathogenic, and
biological N2 fixation[32,34,35] which can improve the
extent or quality of plant growth directly or indirectly.
Generally, the highest values of the measured growth
parameters of Faba bean, viz. root nodulation, shoot
and root dry weight, shoot nitrogen content and yield
were pronounced for peat moss and water hyacinth
compost (B) inoculants. This result indicates that both
water hyacinth compost (B)- and peat-based inoculants
had a high stimulatory effect on plant growth.
Therefore, water hyacinth compost (B) could be
employed as alternative to peat for Faba bean
inoculants under field conditions.

5. Conclusions: This study showed that the inoculation
of faba bean with rhizobium carried on water hyacinth
compost (B) ) (treated with broth yeast culture after
composting) was beneficial for increasing rhizobial
number, nodulation, shoot dry weight, nitrogen content
and yield of faba bean at the same level as the
inoculation with rhizubium carried on peat. Therefore,
water hyacinth compost (B) could be employed as
alternative to peat for Faba bean inoculants under field
conditions. Hence, the use of water hyacinth as a
substrate and carrier for rhizobia is a new alternative
for waste recycling. However, future work is required
to research the effect of more rhizobial strains
inoculation carried on such wastes on bacterial growth
and yield of various crops. 
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