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ABSTRACT

Objective: This paper reports on a study conducted to determine the effectiveness of pea rhizobia
(Rhizobium leguminosarum bv. viciae) resident in Central Kenyan soils.

Methodology and results: Garden pea (Pisum sativum cv. Plum) grown in pots containing soils collected
from 26 sites, with and without a history of pea cultivation, in central Kenya was inoculated with a
commercial rhizobial strain, supplied with 74 mg N pot', or did not receive any treatment (control).
Rhizobial inoculation enhanced pea nodule numbers in soils from some sites that had no history of pea
cultivation. Nitrogen fertilizer depressed pea nodulation in soil samples from all sites. Most abundant active
and total nodules (20 and 22 nodules plant -') were recorded in sites with adequate soil N, high organic
carbon and history of pea cultivation In many cases, plants in untreated soils had a high nodule number
and accumulated more shoot biomass than plants growing in inoculated or nitrogen supplied soil. This
confirmed the N2 fixation efficiency of indigenous pea rhizobia strains. Plants that had poor nodule
formation were those growing in soils from a site in Nyeri that was low in soil N and organic carbon. .
Conclusion and application: Most soils in Central Kenya have abundant and efficient native strains of pea
rhizobia irrespective of pea cultivation history. In some sites, indigenous rhizobia out-performed the
commercial inoculant strain. Thus, it is advisable to screen indigenous pea rhizobia strains in the target
sites for N2 fixation efficiency with the objective of making more effective inoculants. Improvement in soil
organic carbon in Central Kenya can enhance the benefits accruable from pea N2 fixation. A similar study
involving a broad range of pea genotypes and strains of Rhizobium leguminosarum bv. viciae is
recommended.

INTRODUCTION

Central Kenya offers a favourable environment for
garden pea (Pisum sativum) production. Garden
pea exporters contract smallholder farmers or
large-scale farms in this region (HCDA, 2008).
Most smallholder farms are characterized by low
soil nitrogen due to continuous cropping (Smaling,
1993; Voisin et al., 2007). Nitrogen deficiency can
be corrected by application of nitrogen fertilizer;
however, excessive use of nitrogen fertilizer is

potentially harmful to the environment. Global GAP
rules which limit use of agrochemicals in food
products exported to European Union could soon
affect farmers using nitrogen fertilizers. It is
reported that over 60% of Kenyan smallholder
farmers had been locked out of export trade due to
non-compliance to these rules (Graffham et al.,
2006). There is need therefore to look for
alternative nitrogen sources for vegetable export
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crops. Inoculation of pea with a commercial strain
of Rhizobium leguminosarum bv. viciae is a good
source of nitrogen, but the response of the crop to
inoculation is attained in soils with low populations
of indigenous garden pea rhizobia or with low soil
nitrogen (Abdelgani et al., 2002). Response of pea
to inoculation may not be attained in soils with a
history of pea cultivation as the population of
rhizobia could be high (McKenzie et al., 2001).
Environmental factors like soil pH, moisture stress
and salinity also affect populations of pea rhizobia
in soil (Hansen, 1994). The presence and
effectiveness of indigenous rhizobia nodulating
garden pea in Central Kenyan soils has not been
established. Much of the work on abundance of

MATERIALS AND METHODS

Experimental sites: Soil samples were taken from
three farmers’ fields each in four pea-growing areas of
Central Kenya. The areas were: Nyeri (Kieni West),
Kirinyaga (Inoi location), Limuru (Rironi location),
Nyandarua South (Njabini location). Soil samples were
taken from two different fields (with and without pea
cultivation history) in each farm. Soil samples were also
collected from two sites with and without pea growing
history respectively, at University of Nairobi's Upper
Kabete Campus Field Station. In each site, eight soil
samples were randomly taken at a depth of 15 cm,
bulked and mixed to obtain a composite sample
weighing 14 kg. There were 26 composite samples in
total and these were analyzed for soil macronutrients
and pH using standard procedures of the National
Agricultural Research Laboratories. A greenhouse
experiment was then conducted at the University of
Nairobi's Field Station between January and April 2008.
Experimental design, treatments and crop
husbandry : Garden pea cv. Plum was grown in 26
soils and subjected to either inoculation with rhizobia,
application of 74 mg N pot' and a control with neither
rhizobia nor nitrogen application. The experiment was
laid out in randomized complete block design with a
factorial arrangement and treatments were replicated
three times. The soils were placed in half kilogram pots.
Two seeds of garden pea were sown in each pot at a
depth of two inches. Rhizobium strain USDA 3474
obtained from the Soil Microbiology Laboratory of the
University of Nairobi was applied as a seed dress. In

rhizobia in Central Kenya has been done in
common bean (Phaseolus vulgaris L), lima bean
(Phaseolus lunatus L), cowpea (Vigna unguiculata
L), green gram (Vigna radiata L), pigeon pea
(Cajanus cajan L) and Lablab (Lablab purpureus L)
(Anyango et al., 1995; Karanja et al., 2002;
Chemining’'wa et al., 2011). One indirect method of
determining the presence and abundance of
indigenous rhizobia in a soil is by growing a host
legume and then taking nodule counts
(Somasegaran and Hoben, 1994). The objective of
this study was to determine the effectiveness of
indigenous garden pea nodulating rhizobia in
Central Kenya soils.

order to avoid spread of rhizobia between the pots,
inoculated pots received the treatments after the
uninoculated pots. Each pot was placed onto a plastic
plate.  Nitrogen was applied in form of calcium
ammonium nitrate in three splits, one at planting
(starter nitrogen) and the others at two and four weeks
after crop emergence respectively. Plants were watered
every two days over a period of 60 days after sowing.
Pots were kept weed-free by hand pulling beginning
from two weeks after seed sowing. Pests and diseases
were controlled by application of Bulldock® (Beta-
cyfluthin) and Nimrod® (Bupirimate) at the rates of 50
ml and 60 ml per 100 litres of water, respectively, from
two weeks after crop emergence to the end of cropping
season.

Data collection: Nodule number, nodule dry matter,
root dry matter and shoot dry matter were determined
at 8 weeks after pea emergence. Two plants were
carefully uprooted from each pot and roots washed in a
bucket of clean water. Roots were separated from the
shoots and nodules removed from roots of each plant
and counted. Nodules with pink colour after dissection
were considered to be actively fixing nitrogen. The
roots, shoots and nodules were oven-dried at 50°C
until constant weighs were attained. Collected data
were subjected to analysis of variance (ANOVA) using
GenStat Release 9.1. When treatment effects were
significant, means were compared by Fisher's least
significant difference test. Correlation analysis was
done using SPSS 12.0.1 for windows.
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RESULTS

Soil pH, organic carbon, nitrogen and phosphorous
contents of the sampled sites are indicated in Table 1.
Soil pH ranged from 4.52 (Nyeri #3) to 6.36 (Nyeri #2)
while organic carbon varied between 1.8% (Nyeri #2)
and 7.9% (Nyandarua #1). Nitrogen content varied from
0.2% (Nyeri #2) to 1.1% (Nyandarua #1) while

Table 1: Soil characteristics at sampling sites

phosphorous content ranged from 29 ppm (Kabete) to
223 ppm (Nyeri # 1). There were significant (P< 0.05)
site and nitrogen treatment interactions for pea active
nodule numbers, total nodule numbers, nodule
biomass, root biomass and shoot biomass (Tables 2-5).

Site Soil pH Organic carbon (%) Nitrogen (%)  Phosphorous (ppm)
Nyandarua #1 5.33 7.90 1.10 32
Nyandarua #2 512 3.10 0.45 62
Nyandarua #3 4.52 2.90 0.24 "
Nyeri #1 5.68 2.00 0.22 223
Nyeri #2 6.36 1.80 0.20 62
Nyeri #3 6.15 2.30 0.24 56
Kabete 5.22 240 0.28 29
Limuru #1 6.26 3.90 0.66 62
Limuru #2 5.69 3.10 0.60 32
Limuru #3 5.9 3.20 0.58 42
Kirinyaga #1 4.96 2.90 0.51 68
Kirinyaga #2 5.6 240 0.31 100
Kirinyaga #3 5.04 2.40 0.30 63

Table 2: Mean number of active and total nodules plant' of garden pea grown in soils from different sites and
supplied with nitrogen fertilizer or rhizobia inoculation, 8 weeks after emergence in a greenhouse experiment carried

outin 2008

Active nodules plant Total nodule number plant!

Nitrogen treatments (N) Nitrogen treatments (N)

Pea Omg 74mg Omg 74mg

Site (S) history pot-! pot Rhizobia Means pot pot Rhizobia Means
Kabete #1 Yes 8.50 0.00 5.60 4.70 11.00  0.00 9.93 6.98
Kabete #1a No 0.47 0.00 1.02 0.50 249 0.00 13.00 5.16
Kirinyaga #1 Yes 6.43 0.00 4.67 3.70 1223 0.20 26.00 12.81
Kirinyaga #2 Yes 0.17 0.00 1.68 0.62 1.00 0.00 4.77 1.92
Kirinyaga #3 Yes 240 0.00 0.89 1.10 5.20 0.00 3.87 3.02
Kirinyaga#1a  No 0.00 0.00 0.67 0.22 0.00 0.00 1.67 0.56
Kirinyaga#2a  No 0.83 0.00 8.00 2.94 1.50 0.00 13.00 4.83
Kirinyaga#3a  No 13.00  0.00 5.43 6.14 19.00  0.00 10.33 9.78
Limuru #1 Yes 3.00 0.00 2.67 1.89 5.70 0.00 10.63 5.44
Limuru #2 Yes 20.00 0.00 6.10 8.70 20.00 0.00 9.90 9.97
Limuru #3 Yes 12.00  0.00 243 4.81 15.57  0.00 12.10 9.22
Limuru #1a No 7.80 0.00 2.50 3.43 8.80 0.00 6.93 5.24
Limuru #2a No 5.23 0.00 0.98 2.07 8.57 0.00 3.77 411
Limuru #3a No 5.00 0.00 17.79 7.60 9.80 0.00 18.00 9.27
Nyandarua#1  Yes 8.00 0.00 0.20 2.73 21.80 0.00 2.37 8.06
Nyandarua#2  Yes 5.00 0.00 413 3.04 14.67  0.00 15.93 10.20
Nyandarua#3  Yes 3.33 0.00 10.00 4.44 6.03 0.00 18.23 8.09
Nyandarua#ia  No 10.00  0.00 6.30 543 16.00  0.00 7.43 7.81
Nyandarua#2a  No 9.87 0.00 9.00 6.29 18.00  0.00 20.23 12.74
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Nyandarua#3a  No 8.33 0.00 1.33 3.22 14.37  0.00 2.80 5.72
Nyeri #1 Yes 2.00 0.00 1.32 1.11 4.00 0.00 4.80 2.93
Nyeri #2 Yes 7.00 0.00 11.00 6.00 8.83 0.00 18.00 8.94
Nyeri #3 Yes 2.00 0.00 5.33 2.44 2.00 0.00 49.90 17.30
Nyeri #1a No 0.08 0.00 0.00 0.03 0.83 0.00 0.32 0.38
Nyeri #2a No 0.93 0.00 2.10 1.01 12.00  0.00 5.53 5.84
Nyeri #3a No 1.20 0.08 2.10 1.13 3.67 0.08 8.87 4.21
Mean 5.48 0.00 4.36 3.28 9.35 0.01 11.47 6.94
LSDoos S 1.15 1.74

LSDgos N 0.38 0.58

LSDg.05 SxN 2.00 3.01

Sites with “Yes’ pea history — garden pea grown within the last 3 years; sites with ‘No’ pea history — garden pea had
not been grown before

Table 3: Mean nodule dry matter (mg plant’) of garden pea grown in soils from different sites and supplied with
nitrogen fertilizer or rhizobia inoculation, 8 weeks after emergence in a greenhouse experiment carried out in 2008

Nitrogen treatments (N)

Site (S) Pea cultivation history 0 mg pot! 74 mg pot! Rhizobia Mean
Kabete #1 Yes 17.40 0.00 7.52 8.31

Kabete #1a No 9.30 0.00 13.60 7.63
Kirinyaga #1 Yes 12.23 0.67 43.27 18.72
Kirinyaga #2 Yes 0.33 0.00 11.80 4.04
Kirinyaga #3 Yes 5.07 0.00 9.53 4.87
Kirinyaga #1a No 0.00 0.00 8.43 2.81

Kirinyaga #2a No 2.33 0.00 20.30 7.54
Kirinyaga #3a No 13.33 0.00 10.93 8.09
Limuru #1 Yes 33.90 0.00 32.47 2212
Limuru #2 Yes 46.70 0.00 9.37 18.69
Limuru #3 Yes 29.50 0.00 9.05 12.85
Limuru #1a No 4.88 0.00 10.40 5.09
Limuru #2a No 10.00 0.00 2.83 4.28
Limuru #3a No 8.00 0.00 33.00 13.67
Nyandarua #1 Yes 40.00 0.00 747 15.82
Nyandarua #2 Yes 18.20 0.00 22.00 13.40
Nyandarua #3 Yes 14.80 0.00 32.80 15.87
Nyandarua #1a No 20.80 0.00 11.03 10.61
Nyandarua #2a No 15.20 0.00 25.00 13.40
Nyandarua #3a No 15.73 0.00 6.37 7.37
Nyeri #1 Yes 1.20 0.00 10.00 3.73
Nyeri #2 Yes 23.87 0.00 20.40 14.76
Nyeri #3 Yes 3.80 0.00 50.67 18.16
Nyeri #1a No 2.00 0.00 0.67 0.89
Nyeri #2a No 15.00 0.00 25.60 13.53
Nyeri #3a No 7.09 0.33 11.68 6.37
Mean 14.26 0.04 17.16 10.49
LSDoos S 3.00

LSDoos N 1.00

LSDO_05 SxN 5.19
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Table 4: Mean active nodules plant' and nodule dry matter (mg plant') of garden pea grown in soils from
different regions and supplied with nitrogen fertilizer or rhizobia inoculation, 8 weeks after emergence in a
greenhouse experiment carried out in 2008

Active nodules Nodule dry matter

Nitrogen treatments (N) Nitrogen treatments (N)

0mg 74 mg 0mg 74 mg
Region (R) pot pot- Rhizobia Mean pot! pot! Rhizobia Mean
Kabete 4.49 0.00 3.31 2.60 13.35 0.00 10.56 7.97
Kirinyaga 3.81 0.00 3.18 2.33 5.55 0.11 17.38 7.68
Limuru 8.84 0.00 5.41 4.75 22.16 0.00 16.19 12.78
Nyandarua  7.42 0.00 5.16 419 20.79 0.00 17.45 12.75
Nyeri 2.20 0.01 3.64 1.95 8.83 0.06 19.84 9.58
Mean 5.35 0.00 414 3.16 14.14 0.03 16.28 10.15
LSDR 1.15 3.00
LSD N 0.38 1.00
LSD RxN 2.00 5.19

Table 5: Mean root dry matter (mg plant') and shoot dry matter (g plant) of garden pea grown in soils from
different sites and supplied with nitrogen fertilizer or rhizobia inoculation, 8 weeks after emergence in a greenhouse
experiment carried out in 2008

Root dry matter Shoot dry matter
Nitrogen treatments (N) Nitrogen treatments (N)
Pea Omg 74mg Omg T74mg
Site (S) history pot! pot-! Rhizobia Mean pot-! pot! Rhizobia Mean
Kabete #1 Yes 13430 142.00 113.30 129.87 0.53 0.73 0.43 0.56
Kabete #1a No 24400 14170 219.30 201.67 0.80 1.45 0.71 0.99
Kirinyaga #1 Yes 163.30 137.30 374.30 22497 0.70 0.70 0.87 0.76
Kirinyaga #2 Yes 27430 12530 165.20 188.27 0.38 0.81 0.45 0.55
Kirinyaga #3 Yes 148.00 170.30  150.30 156.20 0.46 0.92 0.38 0.59
Kirinyaga #1a No 410.00 133.20 273.30 27217 0.77 0.53 0.68 0.66
Kirinyaga #2a No 150.20 218.70  205.70 191.53 0.36 0.86 0.42 0.55
Kirinyaga #3a No 206.70 206.30 127.00 180.00 0.69 0.81 0.52 0.67
Limuru #1 Yes 352.30 102.00 130.30 194.87 0.48 1.09 0.61 0.73
Limuru #2 Yes 21530 246.00 132.30 197.87 0.95 1.13 0.58 0.89
Limuru #3 Yes 22430 131.00 205.70 187.00 0.74 1.16 0.68 0.86
Limuru #1a No 237.00 110.30 189.00 178.77 113 0.90 0.60 0.88
Limuru #2a No 23570 132.30 53.30 140.43 0.91 0.99 0.54 0.81
Limuru #3a No 169.30 82.80 114.30 122.13 0.84 0.98 0.46 0.76
Nyandarua #1 Yes 193.30 86.70 180.30 153.43 0.68 0.96 0.53 0.72
Nyandarua #2 Yes 232.70  90.80 180.70 168.07 0.89 0.67 0.61 0.72
Nyandarua #3 Yes 23470  101.60  237.00 191.10 0.88 0.91 0.82 0.87
Nyandarua#1a  No 354.30 203.30 262.00 273.20 1.18 1.28 0.75 1.07
Nyandarua#2a  No 133.20 117.70  195.00 148.63 0.67 1.05 0.93 0.88
Nyandarua#3a  No 182.70 133.00 86.70 134.13 0.57 1.1 0.68 0.79
Nyeri #1 Yes 96.70  71.70 113.50 93.97 0.60 0.46 0.59 0.55
Nyeri #2 Yes 102.30 63.30 94.30 86.63 043 0.62 0.90 0.65
Nyeri #3 Yes 73.70  107.70  126.70 102.70 0.37 0.88 0.45 0.57
Nyeri #1a No 107.70 10290 62.30 90.97 0.65 1.05 0.69 0.80
Nyeri #2a No 156.70  86.70 152.30 131.90 0.55 0.70 0.48 0.58
Nyeri #3a No 101.00 71.70 77.70 83.47 0.61 0.55 0.51 0.56
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Mean 19745 12755 162.38
LSDoos S 67.74

LSDoos N 22.58

LSDg.0sSxN 117.34

162.46 069 090 0.61 0.73
0.21
0.07
0.36

Pea plants grown in soil from Limuru #2 in which pea
had been grown before had the highest active and total
nodule numbers (Table 2). When inoculated peas were
compared, soil from a site with no pea cultivation
history (Limuru #3a) had plants with the highest number
of active nodule numbers, while plants in soil from Nyeri
#1a did not form active nodules and had a significantly
lower pea total nodule numbers than most soils in both
inoculated and untreated pots (Table 2). Kirinyaga #1a
soil that had not been grown with pea did not form any
nodules in uninoculated control pots.  Rhizobia
inoculation increased pea active nodule number and
total nodule number in 5 and 10 soils, respectively, but
decreased active nodule numbers in 8 soils. Application
of nitrogen fertilizer reduced both active nodules and
total nodule numbers (Table 2). Nyandarua #1 and
Limuru #2, which had a history of pea cultivation, had
higher total number of nodules than most sites with
average nodule numbers of 21.8 and 20 nodules plant:
!, respectively (Table 2). Inoculated peas growing in
soils from Nyeri #3 had the highest nodule biomass of
50 mg plant (Table 3). Rhizobia inoculation enhanced
pea nodule biomass in 10 of 26 soils and depressed
nodule biomass in 7 soil samples. Nitrogen fertilizer
suppressed nodule biomass in most soil samples.
Limuru and Nyandarua sites had significantly (P< 0.05)
more pea active nodules in control pots than inoculated
or nitrogen supplied pots (Table 4). In soils from all the
regions, nitrogen fertilizer significantly (P< 0.05)
suppressed active nodule formation. Under inoculated
conditions, pea plants in Limuru soils had the highest
number of active nodules, while those in Kabete and
Kirinyaga soils had the least. Inoculation increased
nodule biomass in pea plants in soils from Kirinyaga
and Nyeri. Control pots with soils from Limuru had
higher pea nodule biomass than the rest of the
treatments. Pea plants in soils from regions with the

DISCUSSION

In control pots, three of the sites whose soils had the
highest total and active nodule numbers of pea had a
previous history of pea cultivation. In addition,
untreated soils from Nyandarua, known for its
commercial pea farming, had the highest number of
active nodules and nodule biomass. In sites where pea
is widely grown abundant nodulation has been reported

highest active nodules had the highest nodule biomass.
Rhizobia inoculation significantly increased root dry
mass of pea plants in pots with soil samples from one
site (Kirinyaga #1), but depressed root biomass in soil
samples from 3 sites irrespective of their pea cultivation
history (Table 5). Inoculated pea had higher root
biomass than nitrogen fertilized pea in pots with soils
from Kirinyaga #1, Kirinyaga #1a and Nyandarua #3.
Compared to the control, nitrogen fertilizer decreased
root biomass of pea in soils from 7 sites. Generally,
untreated soils from Kirinyaga #1a had a higher pea
root dry mass (410 mg plant ') than most plants
regardless of their treatment.

Rhizobia inoculation improved pea shoot dry matter
only in pots with soils from site Nyeri #2. Inoculated pea
plants in soils from 5 sites had reduced shoot biomass
compared to the control, where 4 of the soils had no
history of pea cultivation. All the plants in soils from
Limuru sites without pea history had depressed shoot
dry matter when inoculated. Pea plants supplied with
nitrogen fertilizer had significantly enhanced shoot
biomass in pots with soils from 10 of 26 sites, half of
which had pea growing history. In control pots, pea
plants in some soils, for example Nyandarua #1a and
Limuru #1a, which had no pea cultivation history, had
higher shoot biomass than plants grown in soils with
pea cultivation history, irrespective of treatments
applied. Linear regression analyses indicated that there
were significant positive relationships between active
nodule numbers and soil nitrogen (y = 7.473x + 2.470,
Rz = 0.346, P< 0.05); total nodule numbers and soil
nitrogen (y = 12.486x + 4.282, Rz = 0.402, P< 0.05;),
nodule dry matter and soil nitrogen (y = 25.928x +
3.464, R? = 0.543, P< 0.05), total nodule numbers and
organic carbon (y = 2.028x + 3.460, R? = 0.390, P<
0.05), nodule dry matter and organic carbon (y =
3.804x + 3.020, R2 = 0.430, P< 0.05).

and this is translated into increased shoot weights
((Ballard et al., 2004). Legumes have been reported to
produce substrates that stimulate growth of rhizobia,
and most rhizobial cells found in soil following
homologous legume host plants possibly originate from
nodules (Hirsch, 1996). Some sites that had no history
of pea cultivation had higher nodule numbers. This may
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be attributed to the previous cropping patterns that may
have had specific host legumes such as lentil, vetch,
faba bean and larthyrus, or rhizobia may have been
transferred from pea cultivation sites through rain water
(Ciafardini et al., 1991; Hirsch, 1996).

Generally, untreated soils that had high levels of
organic carbon had a high pea total nodule number.
Regression analyses showed that there were significant
positive relationships between nodule numbers and
biomass with organic carbon. Olayinga et al. (1998)
reported that organic amendments enhance nitrogen
fixation in soil with low organic matter. Untreated soils
from sites Limuru #2 and Nyandarua #1 that had peas
with a high number of active and total nodules,
respectively, had high soil nitrogen. In addition, the two
sites had high nodule biomass. Regression analyses
confirmed that there were significant positive
relationships between nodule numbers and biomass
with  soil nitrogen. This appears to contradict
observations by Ani et al. (2007) that high soil nitrogen
inhibits nodule formation. However, nitrogen levels in
the soils sampled were low. It has been observed that
starter nitrogen is required in soil for use by legumes
before nodules start fixing nitrogen (Hansen, 1994;
Chemining'wa and Vessey, 2006). Rhizobia inoculation
enhanced pea active nodule number in soils from 3
sites that had pea cultivation history, and also
increased nodule weights in soils from 11 sites. Similar
observations have been reported (Kiros et al., 2007;
Huang and Erickson, 2007).This shows that
commercial strains of rhizobia were more efficient in

CONCLUSIONS AND RECOMMENDATIONS

The study has demonstrated that most soils in Central
Kenya contain abundant and effective Rhizobium
leguminosarum bv. viciae strains irrespective of pea
cultivation history. Soils from Nyandarua and Limuru
had the most number of nodules hence rhizobial
strains. In some cases, indigenous rhizobia appeared
more efficient than the inoculant strain. Hence, the
need to isolate indigenous Rhizobium strains in the
target sites and screen them for N, fixation efficiency
with a view to making more effective inoculants
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