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Effect of Rhizobia Inoculation and Starter-N on Nodulation, Shoot Biomass and
Yield of Grain Legumes
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Abstract: A study was conducted in Kenya at the University of Nairobi’s Field Station in 2004 long and
short rains to determine the effect of thizobia inoculation and starter-N on nodulation, shoot biomass and
vield of selected grain legumes. Common bean (Phaseolus vulgaris 1..), lima bean (Phaseolus lunatus 1..),
cowpea (Figna unguiculata L.), green gram (Vigna radiata L.), pigeon pea (Cajanus cajan L.) and lablab
(L.ablab purpureus 1..) were uninoculated, inoculated with appropriate thizobia, or supplied with 26 kg N ha™
as starter-N. Rhizobia inoculation had no effect on nodule numbers in both seasons. Starter-N suppressed
nodule numbers only in the long rains at 4 weeks after emergence. In general, common bean had higher nodule
numbers and nodule biomass then other legumes while lima bean registered fewest nodules. Rluzobia
inoculation improved nodule biomass in short rains at 6 weeks after emergence, while starter-N had no effect
on nodule biomass in both seasons. Tnoculation and starter-N had no effect on shoot biomass and grain yield
in both seasons. Lablab, common bean and lima bean had higher shoot biomass than other legumes in both
seasons. In long rains, lima bean produced highest grain yield followed by common bean while the converse
was the case in short rains. Pigeon pea and green gram performed poorest in short rains. It was concluded that
it might not be necessary to inoculate or apply starter-N to legumes under soil conditions prevailing in the
current study.
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INTRODUCTION

Crop production in most smallholder farms in Kenya
is characterized by continuous cultivation coupled with
low input use, which results in reduced native soil fertility
and productivity (Wahome, 2007; Ojiem et al, 2000,
Lynam et al., 1998). Nitrogen is one of the most limiting
nutrients in these farms for crop production. Tnorganic N
fertilization is needed to alleviate N deficiency. Nitrogen
fertilization, however, 15 costly and therefore out of reach
of most resource-poor farmers. Manure obtamned from
livestock could be used as a cheap source of nutrients,
but nutrient contents are often lower, which requires
bulk application to satisfy plant nutrient demand
(Kihanda, 1996). Inclusion of legumes mto existing
cropping systems has the potential to reduce or eliminate
inorganic N fertilization due to their ability to fix N from
the atmosphere (Giller, 2001; Houngnandan ef af., 2000).
Reports indicate that legumes can fix as much as
200 kg N ha™ year™ under optimal field conditions
(Giller, 2001; Rowland, 1993). Such fixation of N can only

be achieved in the presence of efficient rhizobial strains,
which can be native to the soil or intreduced n-form of
commercial inoculants. Inoculation of legumes with
effective thizobia can improve grain yields (Nkwiine and
Rwakaikara-Silver, 2007, Zengenia et al, 2006
Giller, 2001). Tnoculation is, however, not universal and
inoculation does not always elicit positive responses.
Tnoculation of legumes is necessary in absence of
compatible thizobia and when rhizobial populations are
low or inefficient m fixing N (Abaidoo et al., 2007,
Fening and Danso, 2002; Catroux et al, 2001,
Brockwell et al., 1995). Awareness and use of rhizobia
inoculants in legume production in Kenya is limited
(Wahome, 2007, Woomer et al., 1997). Most of the
thizobia inoculation studies conducted in Kenya have
concentrated on common bean. Little attention has been
paid on other grain legumes such as green gram, lima
bean, cowpea and lablab which have the potential to
broaden the food base and thereby improve food security.
In such legumes, the effect of inoculation on crop yields
has not been adequately addressed. The objective of this
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study was to investigate the effect of rhizobia inoculation
and starter-N application on nodulation and yields of
gramn legumes.

MATERIALS AND METHODS
Experimental site: The study was conducted at
University of Nawobi’s Faculty of Agriculture Field
Station in Nairobi, Kenya. The site is located at latitude
017 15’38 and longitude 36° 44° E, 1,850 m above sea level.
The site experiences bimodal ramnfall pattern, with long
rains received between March and May and the short
rains received between October and December every year.
The average annual rainfall is about 1000 mm. Soils of the
area are deep, well-drained, dark reddish brown to dark red
friable clay with acidic humic topsoil (humic NITOSOLS)
of moderate fertility developed from Limwu Trachite
(Michieka, 1977). Daily temperature ranges from 12 to 28°C
with a mean of about 20°C.

Inmitial soil N, P and soil organic carbon levels at the
experimental site were about 2 gkg™, 20 mg kg™ and
35 g kg™, respectively. The population size of indigenous
cowpea rhizobia (nodulating cowpea, pigeon pea, green
gram, lima bean and lablab) and common bean rhizobia
in the experimental site averaged 3.1x10% and >9.0x1(?
bacterial cells g~' soil, respectively (Chemining’wa and
Vessey, 2006). The weather conditions at the study site
are shown in Fig. 1 and 2.

Experimental design, treatments and crop husbandry:
The field experuments were conducted for two consecutive
seasons: long rains from March to August 2004 and
short rains from October to January 2005 (Fig. 1, 2). The
first season and second season crops were grown in
different plots on the same field. The test legume crops
were lima bean (local variety), pigeon pea (variety
Mbaazi 1), green gram (variety N26), cowpea (variety
Me6), lablab variety (DH1002) and common bean (variety
GLP-2). The treatments consisted of rlnzobia inoculation,
starter-N fertilizer application at 26 kg N ha™" and a control
(0kg N ha™ and no rhizobia inoculation). A Randomized
Complete Block Design (RCBD) with a split plot
arrangement of treatments was used in both seasons and
each treatment was replicated three times. Legume species
were assigned to the main plots and the rhizobia
inoculation, starter-N fertilization and control treatments
were assigned to the subplots. Phosphorous was applied
to all plots at planting at 20 kg P ha™'. Starter N was
applied in form of calcium ammonium nitrate. Fertilizers
were banded along crop rows to a depth of 15 cm to
avold direct contact with seeds. Rhizobia mocula were
obtamed from the MIRCEN Project, University of Nairobi.
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Fig. 1: Rainfall distribution at University of Nairobi’s Field
Station study site
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Fig. 2: Temperature and relative humidity at University of
Nairobi’s Field Station study site

Rhizobium leguminosarum bv. vicige strain 2674 was
used to moculate common bean while cowpea cross-
nodulating Bradyrhizobium sp. strain 3456 was wsed to
inoculate pigeon pea, cowpea, lima bean, green gram and
lablab. Seeds were inoculated with peat-based inoculants
containing gum Arabic adhesives to ensure good contact
with the moculant. Care was taken to avoid cross
contamination of inoculated and uninoculated seeds by
planting the uninoculated seeds prior to inoculated seeds.
The size of each experimental plot was 3.0%2.0 m with an
mter-plot spacing of 1 m. Legume seeds for the followmng
species were planted at the recommended spacing:
common bean 30%15 cm, pigeon pea 50x20 ¢m, lima bean
40%25 em, green gram 30x10 cm, lablab 80%50 c¢m and
cowpea 75%20 cm. The experimental fields were kept
relatively weed-free by hand weeding.

Data collection and analysis: Sampling for number of
nodules, nodule dry matter and shoot biomass for all the
treatments was conducted at 4 and 6 WAE in both
seasons. Three plants were carefully uprooted from each
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experimental plot by digging 15 c¢cm around the plant
using a spade and washed with clean tap water to remove
all attached soil from the roots and the nodules. The
nodules were counted and carefully picked using a pair of
tweezers, oven dried at 60°C for 48 h and weighed. The
shoots of the plants were oven-dried at 60°C for 72 h and
dry matter weights determined. At physiological maturity,
pods were harvested from each experimental plot,
excluding the outer rows and the outer guard plants n
each row and shelled. The gramns were sun-dried and
weighed. Analysis of variance (ANOVA) was performed
on the data using Genstat 5 Release 3.2 package
(Genstat, 1995) and means separated by the Least
Significant Difference (1.SD) test at 5% probability level
(Steel and Torrie, 1987).

RESULTS AND DISCUSSION

Rhizobia inoculation did not sigmficantly (p<0.05)
improve nodule mumber plant™ at 4 and 6 weeks after
emergence (WAE) in both seasons (Table 1, 2). Starter N
suppressed nodulation by 41% during the long rains at 4
WAE. In both seasons, common bean  produced
significantly more nodules per plant than most of the
other legumes while lima bean generally registered fewer
nodules than the rest of the legumes.

Rhizobia inoculation improved nodule biomass by
33% in the short rains but had no significant (p<0.05)
effect on this parameter in the long rains (Table 3). In the
long ramns, lablab and common bean accumulated
signficantly the highest amount of nodule dry matter
compared to the rest of the legumes. In the short rains,
lablab out-performed common bean in nodule biomass
while lima bean and pigeon pea had the lowest nodule
biomass.

Rhizobia inoculation and starter-N treatments did not
significantly (p<0.05) improve shoot biomass plant™ and
grain yield in both seasons (Table 4, 5). In general, lablab,
common bean and lima bean had significantly (p<0.05)
higher shoot biomass than the other legumes (Table 4). In
the long rams, lima bean out-yielded common bean by

70% which in turn out-yielded cowpea, lablab, green gram
and pigeon pea by 164, 120, 341 and 484%, respectively
(Table 5). In the short rains, common bean out-yielded
lima bean by 25%, which in turn out-yielded cowpea by
23%. Cowpea out-yielded lablab by 37% which also out-
yielded green gram and pigeon pea by 585 and 879%%,
respectively (Table 5).

Rhizobia moculation did not improve the nodule
numbers in both seasons, suggesting that the rhizobial
population densities nodulating the test legumes were
adequate in the trial fields. Thies et al. (1991) showed that
inoculation of eight leguminous crops growing in soils
containing 10 to 100 indigenous rhizeobial cells g~ soil
increased the number of nodules per plant. Tn the present
study, the population size of indigenous rhizobia
nodulating cowpea was 3.1 x10° rhizobia cells g~ dry soil
while that of common bean was above 9.0%10% rhizobia
cells g~ dry soil (Chemining’wa and Vessey, 2006). These
high rluzobia population levels most likely prevented
nodulation response to noculation among the legumes.
Establishment of moculant strams in soils with substantial
populations of indigenous rhizobia 1s considered difficult
and response to inoculation unlikely (Abaidoo et al,
2007; Bloem and Law, 2001; Houngnandan et al., 2000).
Starter-N caused a decline in nodule mumbers in the short
rains. High levels of inorganic N, especially nitrate-N,
have been shown to suppress nodulation of legumes
(Chemining’wa and Vessey, 2006). However, under soils
low 1n mineral N, a moderate dose of starter-N has been
seedling growth and
subsequently N,-fixation (Goi ef af., 1993). Inorgamc N
15 required by legume plants during the ‘mitrogen hunger
period’ for their nodule development, shoot and root
growth before the onset of N,-fixation process
(Hansen, 1994). Nodulation was not improved by
application of 26 kg N ha™ possibly because the initial
soil N level (20% N) was adequate during the nitrogen
hunger period. Nodule biomass responded positively to
rhizobial inoculation during the short rains at 6 WAE,
suggesting that the inoculant strain was possibly more
efficient than indigenous strains. Nodulation varied with

demeoenstrated to  stimulate

Table 1: Nodule number plant! of grain legumes at 4 weeks after emergence during the long and short rains at Kabete in 2004

T.ong rains Short rains

Cultivars Rhiz. N Fert. C. Means Rhiz. N Fert. C. Means
Cowpea 7.6 4.9 53 5.9 6.6 33 6.9 5.6
Lablab 4.5 3.0 1.9 4.1 5.7 2.6 2.8 3.7®
Green gram 54 4.0 8.0 5.8 1.1 2.3 0.8 1.4¢
Lima bean 1.5 0.4 1.1 1.0¢ 0.0 0.0 0.0 0.0
Pigeon pea 5.6 2.7 6.2 4.8 5.0 6.0 5.6 5.5
Common bean 13.3 7.9 12.6 11.3 7.9 6.4 4.4 6.3
Means 6.3 38 6.4 4.4 34 34

Rhiz. = Rhizobia; N Fert. = N Fertilizer; C = Control, Means followed by the same letter(s) within a row or a column are not significantly different at the

p =0.05 level using 1.8D test
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Table 2: Nodule number plant™! of grain legumes at 6 weeks after emergence during the long and short rains at Kabete in 2004

T.ong rains Short rains

Cultivars Rhiz. N Fert. C. Means Rhiz. N Fert. C. Means
Cowpea 32.4 321 29.1 31.2¢ 72 4.0 3.7 5.0
Tablab 17.6 11.7 18.9 16.1* 4.0 4.1 3.6 3.9=
Green gram 22.6 15.9 19.4 19.3° 2.9 2.9 53 3.7
Lima bean 1.6 2.6 1.4 1.9¢ 0.4 0.3 0.3 0.3¢
Pigeon pea 22.6 20.6 20.4 21.2° 7.6 3.1 7.0 5.9
Cormmon bean 40.7 21.6 40.0 34.10 13.9 8.7 8.7 10.4*
Means 0.9 17.4 21.5 6.0° 3.9 4.8

Rhiz. = Rhizobia; N Fert. =N Fertilizer; C = Control, Means followed by the same letter(s) within a row or a column are not significantly different at the

p =0.05 level using LSD test

Table 3: Nodule dry matter (mg plant™") of grain legumnes at 6 weeks after emergence during the long and short rains at Kabete in 2004

T.ong rains Short rains

Cultivars Rhiz. N Fert. C. Means Rhiz. N Fert. C. Means
Cowpea 32.0 223 20.0 24.8° 1303 76.7 72.3 93.1°
Lablab 176.7 111.0 159.0 148.%¢ 2577 166.7 183.3 202.6°
Green gram 35.7 30.3 49.0 38.3° 100.3 88.0 103.0 97.1°
Lima bean 6.3 2.0 33 39 8.7 12.3 7.7 9.6°
Pigeon pea 323 36.7 31.3 33.4° 34.7 26.7 323 31.2
Common bean 104.3 121.0 103.3 109.6 8.7 69.0 63.3 72.3°
Means 64.6 53.% 6l.0¢ 102.7 3.2 77.00

Rhiz. = Rhizobia; N Fert. =N Fertilizer; C = Control, Means followed by the same letter(s) within a row or a column are not significantly different at the

p =0.05 level using 1.8D test

Table 4: Shoot dry matter (g plant™) of grain legumes at 6 weeks after emergence during the long and short rains at Kabete in 2004

Long rains Short rains

Cultivars Rhiz. N Fert. C. Means Rhiz. N Fert. C. Means
Cowpea 1.7 1.5 1.3 1.5° 4.6 33 4.4 4.1%
Lablab 31 38 3.0 3.3 9.0 10.1 71 87
Green gram 0.8 0.9 1.0 0.9° 23 2.6 57 3.5
Lima bean 2.5 2.9 2.6 2.7 54 5.6 5.6 5.5%
Pigeon pea 0.5 0.6 0.4 0.5 0.9 0.8 0.6 0.8
Common bean 39 3.7 3.5 3 73 6.1 57 6.4
Means 2.1° 2.2 2.0 4.9 4.8 4.9°

Rhiz. = Rhizobia; N Fert. = N Fertilizer; C = Control, Means followed by the same letter(s) within a row or a column are not significantly different at the

p =0.05 level using 1.8D test

Table 5: Grain vield (kg ha~!) of legume species during the long and short rains at Kabete in 2004

T.ong rains Short rains

Cultivars Rhiz. N Fert. C. Means Rhiz. N Fert. C. Means
Cowpea 306 383 294 328 3050 2744 2804 2866°
Lablab 394 500 283 393 1979 1760 2547 2095¢
Green gram 206 211 172 19¢° 304 300 314 306°
Lima bean 1350 1689 1378 1472* 3462 3706 3429 3532°
Pigeon pea 100 150 194 148 228 149 265 214
Comimon bean 967 778 850 8a5° 4524 4518 4151 4398
Means 5542 619 529 2258 2169 2252

Rhiz. = Rhizobia; N Fert. = N Fertilizer; C = Control, Means followed by the same letter(s) within a row or a column are not significantly different at the

p =0.05 level using LSD test

legume species. Among the legumes, common bean plants
were the most nodulated while lima bean plants were the
least nodulated. This could be attributed to genetic
differences among the species as interactions between
legume species and microsymbionts have been
demonstrated to be highly specific (Qiang et «l., 2003).
This suggests that bradyrhizobia strains in the study site
did not effectively nodulate lima bean that belongs to the

same cross-moculation group with cowpea, green gram,
pigeon pea and lablab. In trials set up in 10 geographically
diverse sites 1 Kenya, Mureithi ef al. (1998) found higher
nodule numbers per plant for cowpea (27.3), pigeon pea
(16) and lablab (6) than for lima bean (1.7).

Rhizobia failed to improve shoot
biomass and yield in all the gramn legumes. Lack of
response to Rhizobium inoculation has also been

noculation
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reported in common bean studies conducted in low-N
sites in western Kenya (Musandu and Ogendo, 2002).
This was attributed to the abundance of ineffective
indigenous rhizobia. The grain yield achieved in the
present study was dependent on the legume species. Lima
bean and common bean had the highest grain vield over
the two seasons. Lima bean performed particularly well
during the long rain season that received poorly
distributed rams. This could be attributed to 1its
adaptation to water stress (Rowland, 1993). Green gram
and pigeon pea produced the lowest grain yield compared
to the other legumes over the two seasons, suggesting
that varieties used in the study may not be suitable for
the low temperature conditions prevailing at the
experimental site.

The lack of nodulation response to inoculation in
grain legumes could be attributed to poor inoculant
viability, adequate soil mineral N, mcompatibility of the
moculant stram with specific grain legumes or the
presence of highly competitive native rlizobia that
restricted occupancy of the nodules by the moculant
strains. Inoculation and starter-IN did not improve yields,
suggesting that it may not be necessary for farmers with
similar soil conditions to inoculate or apply starter-N with
the aim of improving vield. Tt would, however, be
worthwhile to conduct a similar study in N-depleted fields
prevalent in smallholder production systems.
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