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Abstract: Cowpea (Vigna unguiculata (L)) cultivation serves many purposes, which include fixation of atmospheric
nitrogen to meet its nitrogen requirement for tissue building, for the needs of companion and subsequent cereal
crop and production of proteinous grains for human consumption and fodder for animals. Reduced availability of
phosphorus nutrient is known to limit cowpea potentials for optimum production on acidic tropical farmland.
Application of mycorrhizal fungus has been postulated to complement roots in sourcing for phosphrus nutrient
(both inherent or applied) which is important for effeect nodulation. This study was conducted in Babcock
University Teaching and Research Farm to assess the effects of P application and mycorrhizal fungus inoculation
on the ability of cowpea to fix atmospheric nitrogen (N,) on a marginal fertility soil (Utisols). Two factors namely:
P with two levels 0 and 40 kg/ha and mycorrhizal fungus (Glomus deserticola) applied at four levels 0, 2.5, 5.0, and
7.5 g/hill were assessed on performance of cowpea variety, Ife Brown. The eight treatment combination obtained
were replicated four times in a randomized complete block design (RCBD). Variables such as plant height ,
growths,nodulation (nodule count,dry weight and size), percent tissue N and P, and percent of nodules with
leghaemoglobin and seed yield were asssesed. Results show that there were no interaction effects of the factors
studied in this work on cowpea variety Ife brown’s variables like plant growth and nodulation assessed. The effects
of separate application of phosphorus and mycorrhizal fungus inoculation on the variables became marked mostly
at the reproductive growth phase of the crop. For instance, phosphorus application promoted plant height and
nodulation notably; crown nodule number relative to no-Papplication significantly impacted percent tissue P and
seed yield respectively. Erratic increases due to increased inoculation rates on nodule size relative to the control
resulting from mycorrhizal fungus inoculation were recorded duuring the trial. Somewhat higher shoot tissue N
and P respectively were obtained through mycorrhizal fungus inoculation. For most of the variables, assessed
mycorrhizal inoculant application at 2.5 g/hill was observed to be a threshold rate.
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1. INTRODUCTION

Cowpea is important as a source of protein of high quality used for humans and farm animal nutrition. According to
Bressani (1985), Cowpea consumption can significantly help alleviate malnutrition because it contains about 25% protein
that is easily digestible and 64% carbohydrate. It is known generally that the consumption of cowpea seeds go a longway
in balancing the amino acids composition of rural diets by supplying needed amino acids like lysine to complement the
amino acids from cereal and tuber crops. The addition of cowpea to local food preparation also prevent infection and
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promotes health of rural people. In Tanzania, cowpea is consumed as an important vegetable (Hallensleben et al., 2009).
Cowpea being an important proteinous grain legume nodulates freely with native strains of Bradyrhizobium or Rhizobium
for biological nitrogen fixation in tropical soil. However cowpea yields have been very low on farmers fields compared to
the average yield in the farms as reported by Ndiakindemi et al 2011. The authors observed that on the average the
average the yield of cowpea on various tropical African countries ranges between 50 — 300kg/ha. This low cowpea
productivity has been attributed to poor cultural practices which lead to poor soil nutrients management and to its poor
nitrogen fixation ability and hence poor grain yield (Cooper et al.,1996).

Many cultural practices had been reported to have improved the yield and quality of soybean and cowpea in different
countries including application of starter N dose, P and K. Phosphorus plays an important role in the energy metabolism
of all organisms and since nitrogen fixation is a high energy consuming in particular, N, fixation requires sufficient
amount of phosporus nutrrition (Dilworth, 1994). It is a general knowledge that phosphorus is vital for root formation.
Therefore, the way in which Phosphorus deficiency or excess affect nodule ammonium metabolism and energy status is
relevant to its function. Nitrogen fixation in most legumes has been found to be influenced by availability of phosphorus
and it is one of several elements which affects N, fixation and along with N, it is a major yield-limiting nutrient in many
regions of the world (Pereira and Bliss, 1989). Phosphorus deficiency is widely spread in many Tropical Agricultural
regions and this causes substantial economic losses (Singh and Sale, 2000; Sinclair, 2002). Specifically, in a study in
Isreal it was found that legume growth and effective nodulation demands for high phosphorus nutrition(lsrael, 1987).
According to Rotaru (2003), dry weight of soybean nodules was reduced by two times under adequate moisture regime
when phosphorus is deficient. Leguminous plants such as cowpea that biologically fixes nitrogen needs more Phosphorus
when compared to any other crops for development of extensive rooting and nodulation (Cassman, 1990). Unfortunately
phosphate around root zones can easily be depleted due to crop uptake and the immobile nature of Phosphorus in soil
(Hinsinger et al., 2005) while there may be a large deposite of Phosphorus nutrient just a few distance away; thereby
negatively affecting the growth and development. The use of Mycorrhizal Inoculants on cowpea may apparently enhance
Phosphorus nutrition of cowpea.

Most Tropical soils are heavily weathered therefore fragile and nutrient poor hence nutrient use efficiency of plant is
generally low. This is because of high concentration of AI** and Fe?" ions which fixes the phosphorus that are needed in
most plants for root development (Irene and Thomas, 2006). This is further stressed by Sanchex (1987) that humid soils
are nutritionally poor (Utisols) with attendant severe acidity and Phosphorus deficiency problems. Stressing the
importance of Phosphorus, Irene and Thomas (2006) noted that low or non-availability of P nutrient due to fixation,
constitutes a constraint to biological fixation. Fixed P is usually immobile and as a result unless the problems are
alleviated through soil amerioration with external nutrient sources and cultural method namely inoculation of
Mycorrhizae, the growth and yield of conventional grain legumes will be appearantly hampered (Jackson and Masson
1984). Mycorrhizal funginhas been credited with ability to solubilize fixed P and transfer it to crop roots thus alleviating
the problem of poor P ion use efficiency (Lin et al., 1991). Phosphorus is very vital for legumes and especially during its
physiological function of fixing atmospheric N, (Lambert and Weidensaul, 1991). In many tropical agroecosystem soils, P
nutrients are not readily available for absorption and uptake by crops even when the nutrient and materials that can supply
it as part of soil constituents. Its deficiency is considered by some Agronomists as the main biophysical constraint that
limits food production in most farm land in sub humid and semi arid Africa (Bationo et al., 1986).

Mycorrhizal fungi association with most tropical plants is a symbiotic association. However Mycorrhizal fungi are
capable of solubilizing immobile phosphorus beyond rhizospere as they proliferate into the non-rhizophere soil. The
sourced P is made available to plant roots. Thus, mycelia hyphae act as root extention. In another development however
Swift et al. (1994) pointed out that fungi are very important because of their efficiencyto scavenge for Pin a low soil. Also
according to Dodd (2000) Mycorrhizae also performs other roles beside the transferring of immobile nutrients to the crop
roots, such roles include soil aggregation (ie formation of soil structure), protection of roots against infection and reducing
drought on the stress crops. Biofertilization through soil of cultured organisms like Rhizobium and Arbuscular
Mycorrrhizae fungus are microsymbiont in different sysmbiotic system involving arable crops and soil microbes. The role
of rhizobia in symbiotic system involving symbiotic nitrogen fixation of legumes and ability of mycorrhizae fungus to
scavenge for phosphorus in low P soil are well documented. It is generally known that Nitrogen and Phosphorus are
limiting minerals in crop production. In another study conducted by Stancheval et al. (2006), the activity of Mycorrhizae
species in Phosphorus scavenging and transfer to plant root in low — phosphorus level was demonstrated. Bargali and
Bargali (2009) asserted that the use of Arbscular Mycorrhizal fungus as a fertilizer was crucial in cropping nitrogen and
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non — nitrogen fixing plant on degraded soil. In previous works done in this regard, Nwoko and Sanginga (1999) reported
that shoot weight, nodule weight and number, phosphorus uptake were improved in soybean and some herbaceous
legumes — Mucuna pruriens following colonization of the crop roots by Arbscular Mycorrhizal Fungus. Plants inoculated
with Arbscular Mycorrhizal fungi usually have higher nutrient content and growth rate than non- Mycorrhizal crops
(Janos et al,2001). Ahiabor and Hirata 1994, stressed that there was increased shooth growth and uptake of nutrients like
P,K and Ca in cowpea, groundnut and pigeon pea with Arbuscular Mycorrhizal inoculation. This study was conducted in
Babcock University Teaching and Research Farm with the aim of assessing the effects of P application and mycorrhizal
fungus inoculation on the ability of cowpea to fix atmospheric nitrogen (N) on a marginal fertility soil (Utisols) .

2. MATERIALS AND METHODS

Soil Property Analysis: The field trial was conducted on 0.018ha size plot at the Teaching and Research farm of the
School of Agriculture and Industrial Technology, Babcock University llishan-Remo Ogun state Nigeria. The site lies
within the rainforest ecological zone with annual rainfall of 2000 mm and minimum and maximum temperature of 24°C
and 30°C respectively. Maize seeds were broadcasted on the experimental site to mop up native nitrogen in order to obtain
a low-N soil status; a situation which will stimulate effective legume nodulation. A pre-cropping soil analysis was carried
out at the analytical laboratory of the International Institute of Tropical Agriculture (IITA) Ibadan Nigeria for the
determination of soil particle size (Bouyoucos, 1962), soil pH, % carbon, available phosphorus and bases like Na+, Ca2+,
Mg2+ and K+ using mellich 3 soil test technique.

Test Crop: A line of early-maturing cowpea namely Ife brown was obtained from the seed store of the Institute of
Agricultural Research and Training (IAR&T) Moor Plantation, Ibadan. A soil culture of mycorrhizal (Glomus deserticoli
fungus) inoculants which was obtained from the department of Microbiology Ibadan was produced as follows: Two
kilogrammes of soil sample was sterilized at a range of 180°C to 210°C for 3 — 4 hours. The sterilized soil was then taken
to the green house. Sterilized seeds of maize was planted in the soil; then a pure isolate of the vesicular arbuscular
mycorrhizal fungus was seeded into the soil for multiplication. The maize was allowed to grow for two months. Watering
was done as required using sterile water. After two months, the soil together with maize root was processed by grinding to
small particles which was then stored in sterilized bags ready for use.

Treatment Combinations: Two factors namely P fertilization with two levels of phosphorus denoted with P, and P, and
mycorrhizal inoculation with four levels denoted

a. No mycorrhizal inoculation (control) — I,

b. Inoculation with Glomus deserticoli at a rate of 2.5g/planting hill — I,
c. Inoculation with Glomus deserticoli at a rate of 5.0g/planting hill — 1,
d. Inoculation with Glomus deserticoli at a rate of 7.5g/planting hill — I3
Eight treatment combinations were obtained as follows:

Polo— A

Polos— B

Polso—C

Pol7s—D

Pilo—E

Pilos—F

Pilso—G

Pilzs-H

Basal Fertilizer Application: Potassium at 30 kg/ha as potassium chloride (52.3% K), molybdenum at 20 kg/ha as
ammonium molybdate (49% Mo) and starter N at 25 kg/ha as urea (46%N) and Zn as zinc chloride (47.8%Zn) were
applied.
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Data Collection: Plant height, dry matter weights of root, shoot and nodules, nodulation (crown and total) and nodule
size were assessed at 2, 4, 6, 8 and 10 weeks after planting (WAP). The percent nodules with leghaemoglobin, percent
tissue N and P and seed weight were determined at 8 and 10 WAP. The data collected were subjected to Analysis of
Variance; and Duncan’s Multiple Range Tests (D.M.R.T.) was used to separate the significant means (SAS, 1999).

3. RESULTS AND DISCUSSION

The results of the pre-crop soil properties analysis are presented in Table 1. The present organic carbon (O.C %) was 0.71
which is an equivalent of 1.3% organic matter an indication that the soil is very low in organic matter . The soil used was
slightly acidic (Table 1) with very high proportion of sand loam (Textural triangle). Both the low soil organic matter of
1.3% a known store-house of both major and minor nutrient elements and a soil physical properties improver (Plaster,
1992). The acidic nature of soil could have contributed to the low N and P status of the soil through possible impairment
of nitrification and chemical immobilization of P. Juxtaposed with the recommended optimum soil inherent P status of
15ppm for legume nodulation (Ajeigbe et al., 2010) it became very evident that the P status of the soil used was very low.
The exchanged bases were low (Table 1) apparently in consonance with the slighly acid soil with low organic matter
while the Mn®* and Fe?* concentration were high in tandem with the slightly acid reaction of the soil. Based on the soil
analysis results (with particular reference to nutrient and organic carbon matter) detailed in Table 1, the soil could be
classified as a low nutrient, degraded soil belonging to the order; utisols (Brady and Weil, 2004).

Plant height as affected by P application and mycorrhizal inoculant rates:

The results of plant height response to P fertilization are shown in Table 2. Irrespctive of P application, plant growth in
height increased with age . There were however only marginal increases in height resulting from P application. These are
expected because phosphorus nutrition is known above-ground vegetative growth. These findings corroborate the findings
of Singh and Sale (2000) who obtained stimulatory effects of P only on roots. The mean plant height as influenced by
Mycorrhizal inoculant rates are presented in Table 3. Taller plants were observed as the plants aged irrespective of wether
or not Mycorrhizal fungus was applied. Mycorrhizal appeared to have stressed the plant growth in height at the early
vegetative growth phase of between 2-6WAP (Table 3) but increases in plant height thereafter (8-10WAP) became
evident with increased rate of Mycorrhizal inoculant relative to the control. The result demonstrate the transient nature of
the postulated stress due to the inoculation but also showed that mycorrhizal inoculation had an apparent positive
influence on plant. The inoculated plant height ranges from 132cm to 140cm compared to the control that has 101.75cm at
8WAP and 140cm to 172cm compared to the control with 135,49cm at 10WAP. At the 8WAP plant with the highest
inoculant rate has the highest height.

Root and shoot dry matter weight response to P application:

Table 4 and Fig 1 show the result of root and shoot dry matter weight responses to P application respectively. At the early
vegetative growth phase (about one month after planting) there was no significatly positive root dry weight response to P
application (Table 4), apparently because the seedlinds were able to subsist on the low soil nutrient content (Table 1). The
late vegetative growth phase (6WAP) to the reproductive phase (8-10WAP) increases in root dry weight compared to the
control treatment of between 15% - 18% became evident though not significant. The results showed that as the plants
grew bigger the soil native nutrients were apparently no longer adequate to meet their P nutrition requirement. Therefore,
a positive root growth response of cowpea (Vigna unguiculata) to P application was recorded; similar to the result
obtained by Olivera et al. ( 2004) with common bean (Phaseolus vulgaris) as test crop. Also, Ufot et al. (2003) indicated
that the major function of P is stimulation of root development and proliferation for enhanced nutrient use efficiency.
Results of shoot dry matter weight as influenced by P application are presented in figure 1. There was increase in shoot
dry matter weight as the plant aged (with or without P application).However there was 1.1% increase in shoot dry weight
at 6BWAP rising to 31% increase in shoot dry matter each at 8WAP and 10WAP (reproductive growth phase with P
application), the plant with P application is significantly higher in dry weight compared to control. The result understood
the apparent positive response of the cowpea to P application as it grow older(fig 1).

Root and shoot dry matter weight response to mycorrhizal inoculant rates:

Results of roots and dry matter weight response to mycorrhizal inoculant rates are presented in Table 5 and Figure 2
respectively . The inoculation of the fungus on the plant were apparently stressful and showed on the root development at
the seedling growth phase. However, higher root dry weight became consistent for plant with Mycorrhizal inoculant rates
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relative to the control treatment at the reproduction phase of 8 and 10 WAP depicting that the stress was trasient (Table
5). At the reproductive stage of the cowpea it was observed that the mantle of fungal mycelia might have enveloped roots
which is expressed as the increase in the dry weight of root recorded at the reproductive growth phase of the cowpea. Also
at 8WAP inoculant rate of 2.5g/hill gave highest root dry weight suggesting that it was the threshold rate, because beyond
the rate, reduced root dry weight were recorded (Table 5). The shoot dry matter weight per plant increased with increase
in this age of the plant and generally with mycorrhizal inoculant application were recorded with each inoculant rate
recording substantial increase in shoot weight compared to the control (Fig 2). Highest rates of inoculation beyond
2.5g/hill resulted in substantially depressed dry shoot weight suggesting further that the 2.5g/hill was a threshold rate of
application in this study.

Plant nodulation (crown and total) response to P fertilization and mycorrhizal inoculant rates:

Nodulation (Crown and total) variables as influenced by P application are presented in Table 6. Expectedly, nodulation
generally increased as cowpea aged; up to late vegetative growth phase (6WAP) but thereafter; total nodule count dropped
markedly by almost 60% (8WAP) and 52% (10WAP) on the average irrespective of weather Pwas applied or not (Table
6) .The decline in total nodulationwas most probably due to nodule senescence and decay over the root infectible sites at
the reproductive phase (8 and 10 WAP) of cowpea (grain legume) without new nodule flushes as replacements for the
decay nodule on the same infectible sites. This is in constrast to what may be obtained in forage legumes. However
application of P promoted higher nodulation notably crown nodulation and the promotion became significantly higher
(5% level) with P application compared to control treatment at the reproductive phase (8 and 10WAP) in tandem with
higher root mass observed during the phase (Table 4) prompted by P application and with attendant incresae in
availability of infectible sites for nodule intiation. This is in agreement with Carsky et al. (2002), who reported that P
plays prominent role in nodule formation and effectiveness.

Nodulation (crown and total) response to mycorrhizal inoculation rates:

Nodulation (crown and total) response to mycorrhizal inoculation rates is presented in Table 7. Crown nodulation is an
index of how soon after planting a legume commenses nodulation for fixation of atmostphere N, in order to meet its N
nutritional demand. There was no significant differences in both crown and total nodulation (Table 7) irrespective of
mycorrhizal rates applied compared with the control throughout the four sampling periods. Crown and total nodule counts
were highest with the highest mycorrhizal inoculant rate of 7.5g/hill probably because the massive fungal hyphae
provided by the rate would have explored largest soil volume for a posssible corresponding concentration of phosphorus
for enhance plant rooting and subsequent highest nodulation recorded (Table 7). The fact that total nodulation with
2.5g/hill inoculate dropped when the rate doubled (5.0g/hill) apparently marked out 2.5g inoculant/hill as a threshold rate
of application. Generally, for every mycorrhizal inoculant rate, there were progressive increases in crown and total
nodulation respectively up to late vegetative growth phase 6WAP when the nodulation peak reduced sharply at (8 WAP);
only for the two categories of nodulation to appreciate in number at (LOWAP). The reduced crown and total nodule count
obtained at the onset of reproductive phase (8WAP) could be attributed to nodule senescence and decay while the increase
in nodulation at 10WAP may be due apparently to development of a new set of roots.

Nodule dry weight and size responses to P application and mycorrhizal inoculant rates:

Nodule dry weight and size responses to P application are presented in Fig 3 and Table 8 respectively. Irrespective of P
application, there were increases in nodule weight of the plant expected as plants aged, during which period photosynthate
production would have be enhanced correspondingly. It appeared that the carbohydrate must have been translocated into
the nodules as one of the natural sinks for it. Therefore nodule weight increases could be accounted for possibly by the
photosynthate translocated to it in addition to its bacteriod (modified rhizobia) population which are both essential for
fixation of atmosphere N, in a low-N soil like the one used for the trial (Table 1) nodule weight is usually taken as an
index of nodule effectiveness or ability to ability to fix N, This findings corroborates earlier findings oliveral et al. (2004)
who working with common bean as test crop obtained increased nodule dry weight with P application. The general lower
nodule dry weight of cowpea with no-P application probably underscored the low P status of the status of the soil used for
the study (Table 1). The findings in this study demonstrate the importance of P application for nodule weight and
therefore nodules effectiveness in nitrogen fixation. The findings was similar to that of Rotaru (2004) which showed
reduced soybean nodule dry weight when P was deficient. An earlier worker, Israel (1997) noted that legume nodule
effectiveness required high P nutrition and Carsky et al. ( 2002) stressed the importance of P in biological N, fixation in
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legumes. Also P nutrient is used in energy reaction required for nitrogen synthesis (Brady and Weil, 2004). Increase in
nodule size were recorded at both 4 and 6 WAP with P application compared (No-P application) with the P application
promoting significantly (5% level) bigger nodules at 6 WAP. In constrast,however nodule size were similar at the
reproductive growth phase of the plant (cowpea) even with P application (Table 8). A sag in nodules size was recorded at
8 WAP compared to 6WAP even with P application (Table 8). A slightly increase of 13% in nodule size at 10 WAP ie
two weeks later was obtained probably because of increased photosythate translocation into the nodules to boost the size.

The weight and size as influenced by mycorrhizal inoculant rate are presented in Figure 4 and Table 9 respectively. As
expected the plant aged nodule dry matter inceased with or without mycorrhizal inoculation (Fig 4). During both the
vegetative growth phase (4-6 WAP) and the reproductive growth phase (8-10 WAP), irregular increases in nodule dry
weight due to increased mycorrhizal rates were recorded (Fig 4). However, at the early vegetative growth phase (4WAP)
there were obvious reductions in nodule weight with the two highest 5.0 and 7.5g/hill inoculant rates relative to control
and with the 2.5g inoculant rate/hill which gave the highest weight at that sampling period of 4WAP. Incontrast, however,
the significantly higher nodule weight were obtained with the highest rate at the reproductive growth (8 and 10 WAP).
The fact that the mycorrhizal fungus-root symbiosis must have been fully established to source for higher P most of which
might have ended up in the nodules and that more photosynthate might have been translocated into the nodules could
account for the result. Hart (1989) classified nodules as a strong sinks for photosynthate assimilate. However, the
inoculant rate of 2.5g/hill appeared to be an economic threshold rate in this trial because throughtout the sampling period
of 8 and 10 WAP, application of even a double rate (5.0g/hill) resulted in a reduced nodule weight and similar nodule was
obtained weight with the highest inoculants rate of 7.5g/hill (Fig. 4). Except for the no-inoculant application, nodule size
increases with inoculant rates were erratic (Table 9). For example, the progressive increases in nodule size observed due
to each inoculant rate between 4 and 6 WAP reduced at 8WAP to appreciate at L0WAP. This result appeared natural or
common and can be attributed to possible increased translocation of both phosphorus and photosynthate into the nodules
by the 10 WAP sampling period. Except at the 8 WAP sampling period each higher rate of mycorrhizal inoculant applied
led to somewhat increase in nodule size compared to control during the other sampling periods (Table 9). In respect of
the other sampling periods, bigger-sized nodules were recorded with 2.5g inoculant/hill compared to any of the other
rates. This result further emphasized 2.5g inoculant/hill as the economic threshold application rate for obtaining plumber
nodule size.

Percentages of cowpea tissue N and P nodule with leghaemoglobin and seed yield per hectare:

The results of response of cowpea percent tissue Nand P, nodule with leghaemoglobin and grain yield to P application are
presented in Table 10. Application of 40kg/ha resulted in significantly higher tissue N concentration over no P ( control)
at 5% levels at 8WAP. Carsky et al. (2002) found that adequate P nutrition determined soybean tissue N concentration.
However P application was found to promote percent P by only 100% over the control (Table 10) suggesting some
response of plant to P application in terms of % P. The percent nodule with leghaemoglobin cowpea was very high, an
average of 98% with or without P application an indication that the nodules are functional. Leghaemoglobin is the pink
pigment observable in an incised nodule; the function of which is to mop up excess oxygen nodule oxygen capable of
destroying nitrogenase enzyme that facilitates reduction of N, to NH; (Postgate, 1998) during symbiotic N fixation.
Though slight (7%) cowpea grain yield was higher with P application compared to the control. Earlier researchers namely
Pereira and Bliss (1989) suggested that P is a principal crop yield limiting nutrient in many regions of the world. The
percent Nand P, nodule with leghaemoglobin and seed yield as influenced by mycorrhizal fungi inoculant rates are
presented in Table 11. Generally mycorrhizal fungi inoculation markedly (5% level) increased both N and P, tissue
concentration of the cowpea relative to the control treatment. Increases in percent tissue P over the control were
progressive and in consonance with increased inoculant application rate expectedly (Table 11). It is apparent that the
higher the inoculant rate,the more massive the hyphae available as prospect for immobile nutrients notably P which is
subsequently translocated to the plant system through the roots.

Apart from the control (No-inoculant), percent tissue N concentration were statistically similar for the three mycorrhizal
inoculant rates namely 2.5, 5 and 7.5g/hill (Table 11). The for control has 3.10%, 2.5g/hill has 3.86% which is the
highest, 5.0g/hill has 3.52% and 7.5g/hill has 3.84%. However, 2.5g/hill rate with 3.86% appearing to be the economic
threshold application rate beyond which there were decreases in % tissue N. As with nodule dry weight percent tissue N
of cowpea is a reliable index of percent N derived from the atmospher (%Ndfa) in any low —N sail like that was used for
the trial (Table 1). Except with 7.5g/hill rate, mycorrhizal inoculation showed no influenced on % percent nodule with
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leghaemoglobin compared to the control . Also the influence of mycorrhizal was only slightly higher compared to the
control in respect of seed yield. Undastandably because it is apparent that the amount of photosynthate sunk unto the grain
would largely be an obvious determinant factor of such an economic yield.

4. CONCLUSION

There were only slight effects of phosphorus fertilization and mycorrhizal inoculation rates on plant shoot height in the
early stage of crop growth, but the effects became significant on plant height at later growth phase. Application of
mycorrhizal inoculation and P fertilization respectively affected root weight rather than the shoot dry weight positively
though not significantly at the early growth phase; however root weightwas significantly affected during the reproductive
growth phase. Apparently at the reproductive growth phase 2.5g/hill inoculant rate was the original for maximum root
tissue weight of the cowpea variety, Ife brown. Phosphorus application promoted higher nodulation relative to control,
this became significantly higher for crown nodulation at the reproductive growth phase. Throughout the sampling periods
noticeable effects of mycorrhizal inoculation was recorded on nodulation (Crown and total) and the 2.5g inoculation/hill
was found to be a threshold rate for the variables. Likewise, there were increases in size of nodule as a result of
mycorrhizal inoculation although, the increase over the sampling period were eratic in relation to the inoculant size
compared to the control was however recorded with 2.5¢/hill inoculant rate at the late vegetative growth phase. Neither P
application nor mycorrhizal inoculation has marked effects on nodule pigment content (leghaemoglobin). Phosphorus
fertilization has a significantly positive effect on perfect tissue N, but not on tissue P and seed yield respectively.
Generally the mycorrhizal inoculation resulted in a moderately higher percent tissue Nand P respectively, compared to
control; and only a minimal effects on seed yield compared to the control. Separate applications of phosphorus fertilizer at
a rate of 40kg/ha and mycorrhizal fungus (Glomus deserticoli) inoculation at 2.5g per hill to cowpea improved growth
variable notably: nodule weight are recommended. It is pertinent to carry out further studies on the effects of mycorrhizal
inoculation and Pfertilization on other legumes, grain and forage.
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APPENDIX - A
Table 1. Pre- crop Soil Property Analysis

SOIL PROPERTIES VALUES

Soil pH ( 1:1 soil /H,0) 6.0

C 0.71 %

N 0.07 %

Available P 3.54 ppm
Zn* 18.3ppm
cu* 0.91ppm
Mn 73.25ppm

Fe** 52.21ppm

Soil physical properties
Sand

Percent soil composition
82%

Silt 3%

Clay 16%

Textural class Sandy loam
Exchangeable bases Centimol/kg
ca’* 1.83

Mg** 0.61

K* 0.17

Na* 0.09
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Table 2. Plant Growth Response in Height(cm) as Affected by P Fertilization

Kg P/ha 2WAP 4WAP 6WAP SWAP  10WAP
0 10.64a 11.17a 101.44a 129.10a  148. 02a
40 11.77a 16.97a  101.69a 127.03a  148.69a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)

Table 3. The Mean Plant Height ( cm) as Influenced by Mycorrhizal Inoculant Rates

Inoculant Rates

(a/hill) ~ 2WAP 4AWAP 6WAP 8WAP 10WAP

0.0 11.71a 17.66a 109.31a 101.75a 135.49a

2.5 11.33a 17.19a 106.75a 132.38a 144.94a

5.0 10.88a 17.75a 99.00a 141.88a 140.88a

7.5 10.91a 15.63a 91.19a 140.63a 172.11a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)

Table 4. Root Dry Matter Weight Response to P Application at Four Sampling Periods

Kg P/ha AWAP 6WAP S8WAP 10WAP
0 0.26a 0.66a 1.63a 1.86a
40 0.24a 0.76a 1.93a 2.24a
The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)
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Fig. 1. Plant shoot dry matter weight response to P application at four sampling periods

Table 5. The Influence of Mycorrhizal Inoculant Rates on Root Dry Matter Weight

Inoculant rates

(g/hill) AWAP 6WAP 8WAP 10WAP
0 0.25bha 0.78a 1.58a 1.80a
25 0.29a 0.70a 1.98a 2.25a
5.0 0.23bha 0.63a 1.76a 2.09a
75 0.22b 0.72a 1.79a 2.06a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)
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Fig 2. Response of the shoot dry weight to mycorrhizal inoculant rates at four sampling periods.

Table 6. Crown and Total nodulation Variables as Influenced by P fertilization

P
Kg/ha 4WAP 6WAP SWAP 10WAP
Crown nod Totalnod  Crownnod Totalnod Crownnod Totalnod  Crown nod Total nod
0 1.50a 5.20a 1.60a 11.20a 0.30b 4.60a 0.69b 5.60a
40 2.20a  7.10a 3.44a 13.10a 144a 5.10a 2.60a 6.00a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)

Table 7. Plant crown and total Nodulation response to Mycorrhizal Inoculant Rates at Four Sampling periods

Inoculantrates 4WAP 6WAP SWAP 10WATP

g/hill Crownnod Totalnod  Crown nod Total nod  Crownnod Total nod Crown nod Total nod

0.0 1.60a 5.62a 1.63a 12.40a D.81a 4.73a 1.62a 5.50a
25 1.40a 35.6%a 2.60a 11.50a D.60a  4.6%a 1.20a 6.00a
5.0 2002 6.56a 2632 11.44a 0402 4.44a 1.31a 454a
7.5 240a 6.63a 3.50a 13.30a 1.70a  5.50a 2443 6.31a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)
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Fig. 3. Influence of P Fertilization Rates on Nodule Dry Matter Weight at Four Sampling Periods

Table 8. The Influence of P Application on Nodule Size at Four Sampling Periods

Kg P/hill 4WAP 6WAP 8WAP 10WAP
0 1.90a 3.00b 3.20a 3.60a
40 2.30a 4.10a 3.20a 3.61a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)
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Fig. 4. Nodule Dry Matter Weight as Influenced by Mycorrhizal Inoculant rates at Four sampling periods

Table 9. Nodule Size in (mm) Response to Mycorrhizal Inoculants rates at Four Sampling periods
Inoculant rates
g/hill 4WAP 6WAP SWAP 10WAP
0.0 1.90a 3.11b 3.22a 3.33a
25 2.16a 3.99a 3.30a 3.86a
5.0 2.03a 3.84a 3.15a 3.54a
7.5 2.30a 3.30ab 3.03a 3.64a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)
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Tablel0. Percentage of Tissue Nitrogen and Phosphorus, Nodules with leghaemoglobin at 8 WAP and Seed Yield (10 WAP)
as affected by P Application

koPha % Tissue N % Tissue P % Nodule with Seed vield( kg/ ha)
per plant per plant leghaemogolobin

0 325 1.56a 93.90a 590a

40 3.92b 1.6%9a 97.81a 630a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)

Table 11. Percentages of Tissue Nitrogen , Phosphorus, Nodules with leghaemoglobin at 8WAP and Seed Yield at 10 WAP
as Affected by mycorrhizal inoculant rates Application

Inoculants rates % Tissue/ plt % Tissue/ plt % Nodule with  Seed vield ko'ha
(g/hill) _legh.

0.0 3.10b 1.15b 98.313a 600a
2.5 3. 86a 1.68a 97.625a 6l12a
5.0 3.52ab 1.79a 98.125a 618a

7.5 3.84a 1.8%a 599 375a 610a

The means (column-wise) with the same alphabet are not significantly different (D.M.R.T. 5% level)
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