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1. Introduction

Cowpea (Vigna unguiculata) is a tropical, annual herbaceous legume that be-
longs to the family Papilionacea (Fabaceae), order Leguminosae and genus Vig-
na [1]. It is an important component of agricultural food crops consumed by
smallholder farming households. Cowpea plays an important role in achieving
food security [2]. It is highly nutritive, having dry matter content of 91% with
Iron, Zinc, and Calcium up to 363, 32.2 and 1112.9 mg-kg™ respectively, and
globulin proteins [3]. The crop is capable of bridging malnutrition and hunger
periods since it matures fast and its leaves and grains are edible.

It is estimated that about 14 million hectares of land are globally under cow-
pea annually [2]. In Africa, the average production area annually under cowpea
is over 12.5 million hectares [4]. In sub-Saharan Africa (SSA), the total area har-
vested for all food legume crops totaled 20 million hectares by 2006-2008 of
which 54% was under cowpea [2]. In Uganda, 11,000 MT from 23,800 ha was
harvested in the same period. From this production, 51.5% was consumed at
production household level, 20.7% sold while 18.5% was stored for seed [5].
Cowpea is consumed by about 200 million people in Africa making it a very
important legume [6].

On-farm yields of cowpea on smallholder farmlands have remained low [6]
[7]. For example, between 50 kg-ha™ and 500 kg-ha™ attained on-farm is in
marked contrast to over 2000 kg-ha™* obtainable at research stations [2] [7] [8].
The low yields of cowpea are due to low soil fertility with P being the most li-
miting nutrient [4] [8] [9], which is exacerbated by low adoption of improved
cowpea varieties and technologies [4] [10] [11]. Around 10 kg-ha™ of starter N
and 13 to 30 kg-ha™ P were reported as a requirement in low fertility soils for
some varieties to ably fix atmospheric N and better yields in other parts of Afri-
ca, Rhodesia [12]. Implying that there is a need for inorganic P fertilizers to be
incorporated for soils with low P quantities that lose more P than it is reple-
nished [8]. Thus, the cultivation of cowpeas will require P for efficient
nodulation and thus nitrogen fixation in the soil [13].

West Nile loamy farmland agro-ecological zone also known as Annual Crop-
ping and Cattle West Nile System located in northern Uganda is a key zone for
cowpea. This zone is dominated by Oxisols as mentioned in Arua State of Envi-
ronment Report of 2015 and characterized as old and highly weathered soils
which are generally low in fertility [14]. Low fertility soils have also been re-
ported to have insufficient rhizobia cells for improvement of N fixation [15].
Increase in N for plant uptake with rhizobia inoculation could be expected to

increase vegetative growth in cowpea [16]. But however, the increase does not
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directly translate in grain yield in cowpea [16]. Phosphorus fertilizer application
in P deficient soil increases yield in crops [16] [17] and however, the increase va-
ries with varieties as for cowpeas [18]. Information on the combined effect of
inoculation and P fertilizer on performance of cowpea varieties is limited. A full
understanding of the effects of inoculating rhizobia with inorganic P fertilizer
application on yield of cowpea is needed.

To address the low yields of cowpea, the National Semi-Arid Resource Re-
search Institute (NaSARRI) of the National Agricultural Research Organization
(NARO) has released several cowpea varieties with high yields ranging between
1500 and 2500 kg-ha™' [19]. Some of the released varieties include SECOW 2W,
SECOW 3B, SECOW 1T, SECOW 5T, and SECOW 4W. However, these varie-
ties do not realize their full potential on-farm due to poor agronomic practices
[7]. Even where commercial farmers have attempted to use P fertilizers, there is
a paucity of appropriate rates to be used. Besides, the performance of these im-
proved varieties when subjected to different rates of inorganic P and inoculation
across different major cowpea growing agro-ecological zones in Uganda is un-
known.

This study, therefore, evaluated the yield capacity of Agondire, a local variety,
and SECOW 2W, an improved variety after inoculation and P fertilizer applica-
tion at different rates in Oxisols of northern Uganda. This study aimed at pro-
viding information on enhancing cowpea productivity to both farmers and re-
search stakeholders including policy makers and cowpea breeding programs in
Uganda. Soil characterization considering chemical properties was done prior to
experimentation. The assessments were done to identify suitable sites for expe-
rimentation. In this study, Leaf Area Index (LAI), Above Ground Biomass
(AGB) and grain yield parameters were considered.

2. Materials and Methods
2.1. Study Area

Arua district is located in the northern part of Uganda at latitude 3°50"N and
longitude 30°30"E. It lies in the West Nile Loamy agro-ecological zone of Ugan-
da. It is dominated by Oxisols which cover almost 70% of the land. The soils are
red to brownish owing to the domination of iron oxides, low weatherable miner-
als, with a uniform texture (USDA Soil taxonomy). An area of around 30% is
covered by Vertisols as expanding black clay minerals, crack when dry and sticky
when wet. They have got a high CEC with a high base saturation and are more
fertile (USDA Soil Taxonomy) [14]. The district is commonly covered by a
sandy soil texture according to Arua State of Environmental Report compiled in
2015.

The area has got two planting seasons determined by rainfall seasons, Season
A spreads from March to May with rainfall peaks received in April on average of
around 300 mm. Season B begins from September to October with 474 mm as

average monthly rainfall followed by a dry spell from November to February.
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Temperatures range from 25°C to 28°C with annual mean temperatures of
around 26°C - 27°C [20].

2.2. Determination of the Soil Chemical Properties of the Study
Sites

Five study sites were selected through a field reconnaissance conducted in
mid-January, 2015 in Rhigbo and Rhino camp sub-counties. These are the major
areas known for cowpea cultivation. At each site, three thoroughly mixed sam-
ples of three blocks at 0 - 15 cm and from an underlying 15 - 30 cm depth of soil
were collected in February 2015 before the start of the planting season. Samples
were taken from both previously cultivated cowpea fields and uncultivated soils.
The samples were transported to Soil Chemistry Laboratory at the School of
Agricultural Sciences Laboratory, Makerere University for further analysis.

A total of 90 composite samples were air-dried at room temperature, crushed
using a pestle and motor, and then sieved through a 2 mm sieve. Chemical ana-
lyses done included determination of soil pH, soil organic matter (SOM), total
N, available P, and exchangeable cations following procedures as described by
[11]. Soil pH was determined in a solution of soil to water ratio (1:2.5 w/v) using
a pH electrode meter after shaking for one hour and the solution allowed to set-
tle for 30 minutes before readings are taken. Soil Organic Carbon (SOC) was al-
so determined using procedures described in [11].

Total N was determined using the Kjeldahl method [11]. Available P was ex-
tracted using the Bray 1 method and measured calorimetrically. Ammonium
acetate was used to extract exchangeable bases K*, Mg?*, and Ca*". Concentra-
tions of Ca** and Mg** were measured using atomic absorption spectrophoto-
meter, whereas K* was measured using a flame photometer. Soil texture was de-

termined using the hydrometer method [11].

2.3. Experimental Treatment and Design

The treatments comprised two cowpea varieties (V) tested against P rates of 0,
10, 20, and 40 kg P ha™', with or without inoculation (I) arranged in a rando-
mized complete block design with three replicates and repeated in cropping
seasons of 2015B, 2016A, and 2016B. The study was conducted in 15 farmers’
fields - three fields per site in the five selected sites. The tested cowpea varieties
were Agondire (local check). Agondire was selected as one of the predominant
(90%) native variety grown in northern Uganda for the past three decades to
date. It is a spreading variety with larger seeds and preferred by farmers due to
its higher yield and being resistant to diseases compared to other locally grown
varieties. SECOW 2W is an improved cowpea variety bred for high yielding.
Inorganic P from Triple Super Phosphate (TSP) was banded by hand at
planting per the rates of each treatments in the experimental units. The rhizobia
inoculant, Bradyrhizobium Mak-biofixer, obtained from Makerere University
Soil Microbiology Laboratory was used throughout the experimentation. To

avoid seed mix up and contamination, the treatments for inoculation were
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planted last. A recommended starter dose of 10 kg N [21] in form of ammonium
sulphate for legumes was applied by hand broadcasting in all experimental units
at planting. The experiments were planted in plot sizes of 36 m? (6 m x 6 m)
with guard rows of 2 m wide around each experimental set up. Blocks were se-
parated by a 2 m distance to enable data collection and execution of field man-
agement activities. The varieties were spaced at 1m by 1m and 60 cm by 30 cm
for Agondire and SECOW 2W respectively.

The experimental fields were prepared manually using hand hoes. Thinning
was done two weeks after planting to one plant per hole and off-types were ro-
gued out by hand. Weeding was done twice at 21 and 45 days after planting.
Dimethoate and cypermethrin were sprayed uniformly to all plots to control in-

sect pests.

2.4. Data Collected

For all the agronomic parameters measured, data were collected from 10 ran-
domly selected plants per plot located in the inner most rows. Leaf area index
(LAI) determination followed procedures described by [22]. Thus, the leaf width
(at the widest part of the leaf) and leaf length (from the bottom end of the leaf to
leaf apex) were measured using a tape measure and thereafter leaf area (LA) and
Leaf Area Index (LAI) determined as shown.

Leaf Area (LA) = crop factor (Leaf width x Leaf length) and Leaf Area Index
(LAI) = LA x Number of leaves/Land Area.

Above ground biomass (AGB) at flowering was measured by randomly sam-
pling and cutting three plants per plot and their weights recorded. The samples
were oven-dried at 70°C for three days. At harvest, the whole plot (6 m x 6 m) at
maturity excluding the guard rows was cut and weighed to record AGB. The
recorded weights per plot were converted to kg-ha™'. The mature pods from the
plants in the plot were plucked at harvest, threshed and the seeds were dried to
an appropriate moisture content (14%). The dried seeds per plot were then

weighed and used to obtain grain yield (kg-ha™).

2.5. Data Handling and Statistical Analysis

All the data collected were entered in excel spreadsheet and analyzed using
Gen.Stat Statistical software 14th edition. Analysis of Variance (ANOVA) was
conducted and means obtained were separated at a 95% confidence interval. All
graphs were generated using excel statistical package. The treatment structure,
Variety * Inoculation * Phosphorus * Season was tested using ANOVA and (Site
* Rep) was used as the block structure. A comparison of means at 5% was done

using Fisher’s Protected Least Significant Difference (L.S.D).

3. Results
3.1. The Soil Chemical Properties at Each Site

The soil chemical properties of the study sites are presented in Table 1. The soils
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were slightly acidic with low SOM. Nevertheless, cultivated fields had less SOM
(1.0%) than that of uncultivated sites (1.2%). The available P (Bray 1) was much
lower at all sites averaging between 6.02 and 10.83 mg-kg™'. However, the soil at
top depth 0 - 15 cm had higher available P than that at 15 - 30 cm depth. Simi-
larly, all sites reported lower total N content for both cultivated and uncultivated
sites. Exchangeable bases K*, Ca?*, and Mg*" were also lower than minimum

amounts required for crop growth.

3.2. Variation in the Leaf Area Index (LAI)

The LAI significantly (P < 0.001) varied with variety. Agondire had significantly
(P < 0.001) larger LAI of 0.097 than SECOW 2W (0.030). Inoculation signifi-
cantly (P < 0.001) increased LAI with an average 0.206 obtained in inoculated
treatments compared to 0.155 from non-inoculated treatments. Similarly, the
main effect of P fertilization significantly (P < 0.001) increased LAI with the
highest LAI of 0.233 obtained at 40 kg P ha™' and least 0.149 at 0 kg P ha™' (LSD
(0.05) = 0.03). The combined application of P fertilizer and inoculation with
rhizobia significantly (P < 0.001) increased LAI irrespective of the variety. The
LAI increased with an increase in the rate of P with exceptions of a drop at 10 kg
P ha™ and 20 kg P ha! for inoculated and no rhizobia inoculations respectively
(Figure 1).

There was also a significant (P < 0.05) effect of combined interaction of varie-
ty (V), inoculation (I), and phosphorus (P) fertilization on LAI. However, irres-
pective of inoculation, SECOW 2W recorded larger LAI than Agondire includ-
ing the highest P rates (Table 2).

Table 1. Chemical properties of soil from cultivated and uncultivated soil at 0 - 15 cm
and 15 - 30 cm for five trial areas in Arua district.

Soil property *S:liltli:sal Cultivated  Fields  Uncultivated  Fields  LSDqo.05) f%‘);
Depth 0-15cm  15-30cm 0-15cm 15-30cm
pH 5.50 6.50 6.30 6.90 6.40
SOM (%) 3.00 1.07 0.93 1.29 1.06 0.203 9.9
Total N (%) 0.25 0.12 0.10 0.11 0.13 0.021 11.8
Available
P (mgkg") 15.00 10.83 6.02 7.77 7.97 3.900 31.1
Exchangeable cations cmol kg™!
K* 0.78 0.39 0.33 0.39 0.36 0.07 11.7
Ca®* 8.60 4.17 3.69 3.97 3.87 0.67 4.0
Mg* 2.15 1.95 1.59 2.04 1.78 0.34 10.5
Textural class: Sandy loam
*[11] [23].
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Table 2. Leaf area index (LAI) (m’m™) of cowpea varieties following inoculation and
phosphorus fertilizer application.

Variety Agondire SECOW 2W LSD0.05)

P rate (kgha') Noinoculation Inoculated No inoculation Inoculated (V*I)=0.036

0 0.062 0.086 0.164 0.287 (V*P) =0.043
10 0.095 0.090 0.255 0.248
20 0.057 0.101 0.254 0.261
40 0.106 0.183 0.250 0.391
LSD (V*P*I) 0.031
CV (%) 9.900

® Inoculated

e

02

vy
)

® Non-inoculated

=3
W
1

I LSD, 45_0.043

Leaf area index (m? m2)
(=] (=)
S = )
— W [\) W

o

S

vy
.

T

0 10 20 40
Phosphorus rate kg ha-!

Figure 1. Leaf Area Index under a combination of inoculation and
phosphorus application in a cowpea study in Uganda.

3.3. Variations in Above-Ground Biomass (AGB)

Regardless of the cowpea variety, inoculation significantly (P < 0.001) increased
AGB for the crop at flowering. An average of 4229 kg-ha™! was obtained in in-
oculated treatments compared to 3236 kgha™ (LSD (0.05) = 238) from
non-inoculated treatments. Similarly, phosphorus fertilizer application signifi-
cantly (p < 0.001) increased AGB at flowering and harvest irrespective of variety.
The AGB increased with an increase in P fertilizer unit addition, AGB at PO <
P10 < P20 < P40 (Figure 2).

There was a significant (P < 0.001) effect of the interaction of variety, inocula-
tion, and phosphorus fertilization on AGB at flowering. Agondire had the high-
est biomass at 40 kg P ha™' while SECOW 2W had the highest at 20 kg P ha™
without inoculation. SECOW 2W recorded smaller biomass at flowering than
Agondire at P rate of 0 and 40 kg P ha™'. Inoculation increased the AGB at flo-
wering alongside with P fertilizer rates for Agondire (Table 3).

The above-ground biomass at harvest significantly (P < 0.001) increased with
inoculation. Cowpeas under inoculated treatments realized average AGB of 4404
kg-ha™ compared to 3829 kg-ha™' (LSD (0.05) = 232) for those without inocula-
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tion. A significant effect (P < 0.05) of combined inoculation and P fertilization
on AGB at harvesting was observed. An increase in P applied led to a propor-
tional increment in AGB at harvesting irrespective of inoculation. Both varieties
significantly realized more biomass when inoculation was applied in combina-
tion with 40 kg P ha™' (Figure 3).

The interactive effect of variety, inoculation, and P fertilizer rate on AGB at
harvesting was significant (P < 0.001). Without inoculation, the biomass of both
varieties at harvest increased with an increase in the P rate. On the other hand, it
was only Agondire that had a significant increase in biomass following the inte-
raction of P application and inoculation. Agondire recorded the highest biomass
at 40 kg P ha™' (6880 kg-ha™') whereas SECOW 2W recorded the highest biomass
at 20 kg P ha™' (4790 kg-ha™) under inoculation (Table 4).

3.4. Variation in Grain Yield

Grain yields significantly (P < 0.001) varied between variety. SECOW 2W had
significantly more grain yield (1148 kg-ha™) than Agondire (856 kg-ha™). Also, a
significant (P < 0.001) effect of inoculation on grain yield was noted. Overall,
inoculated fields recorded more yield (1123 kg-ha™) than the fields which did
not receive inoculum (881 kg-ha™). The main effect of P significantly (P < 0.001)
increased grain yield (P4 > Py > P1o > Po) (Figure 4).

Table 3. Above-ground biomass at flowering (kg per ha) of the cowpea varieties follow-
ing inoculation and phosphorus fertilizer application in a cowpea study in Uganda.

Variety Agondire SECOW 2W LSDq.05)

P rate (kgha™) Noinoculation Inoculated Noinoculation Inoculated — (V*I) =337

0 3015 3164 2381 3510 (V*P) = 476
10 2849 3756 3418 3455
20 3756 3959 4491 4750
40 4644 6660 4454 4583
LSD (V*P*1) 674
CV (%) 26.0

Table 4. Above-ground biomass at harvesting (kg per ha) of different cowpea varieties
following inoculation and phosphorous fertilizer application in a cowpea study in Ugan-
da.

Variety Agondire SECOW 2W LSD0.05)
P rate (kg-ha™) No inoculation ~ Inoculated No inoculation Inoculated (V*I)=328
0 3046 3491 2713 3704 (V*P)=464
10 3093 3833 3574 3585
20 4056 4250 4537 4790
40 4880 6880 4731 4749
LSD (V*P*I) 657
CV (%) 24.3
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Figure 2. Above-ground biomass at flowering (a) and harvesting (b) under different
phosphorous application rates in a cowpea study in Uganda.
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Figure 3. Above-ground biomass (kg per ha) at harvesting as affected by the inte-
raction of inoculation and phosphorous application in a cowpea study in Uganda.
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Figure 4. Cowpea grain yield under the different rates of phosphorus appli-
cation in a cowpea study in Uganda.

A significant (P < 0.001) increase in grain yield was observed for interaction
between variety and inoculation interaction. However, the increase is larger in
SECOW 2W than Agondire (Figure 5). Similarly, grain yield significantly (P <
0.001) increased with the combined effect of variety and P fertilizer application
(Figure 6). Grain yield also increased with P fertilizer rate except for SECOW
2W at 40 kg P ha™.

The interactive effect of inorganic P fertilizer rate and inoculation on grain
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yield was significant. Irrespective of inoculation, the increment in rates of P fer-
tilizer led to an increase in grain yield, except at 40 kg P ha™' under inoculation
where there was a slight drop (Figure 7).

Interactive effect of the variety grown, inoculation, and P fertilizer rate on
grain yield was significant and resulted in an increase in grain yield (Table 5).
However, for SECOW 2W the grain yield increased with an increase in P rate up
to 20 kg P ha™' and declined thereafter. Irrespective of inoculation, SECOW 2W
recorded higher grain yield than Agondire at 0, 10, and 20 kg P ha™' whereas
Agondirerecorded higher yield at 40 kg P ha™ (Table 5).

Table 5. Grain yield (kg per ha) of local and improved cowpea varieties following inocu-
lation and phosphorus fertilizer application in a cowpea study in Uganda.

Variety Agondire SECOW 2W LSDq0.05)
P rate (kg-ha™) Noinoculation Inoculated No inoculation Inoculated (V*I)=111.4
0 448 508 571 631 (V*P) = 157.6
10 552 872 903 1617
20 600 1029 1350 1705
40 1423 1415 1198 1211
LSD (V*P*I) 222.0
CV (%) 12.8
1400 7 m Inoculated
= -~ LSD,  =111.4 ® Non- lated
= 1200 05 on-inoculate
o
=< 1000
=
2 800
>
£ 600
e
=)
g 400
£ 200
@]
0

AGONDIRE SECOW 2 W
Cowpea varieties

Figure 5. Cowpea varietal grain yield under the influence of inoculation
as obtained in a cowpea study in Uganda.
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Figure 6. Cowpea varietal grain yield under different rates of phosphor-
ous application in a cowpea study in Uganda.
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Figure 7. Cowpea grain yield under the combined effect of inoculation and
phosphorus fertilizer application in a cowpea study in Uganda.

4. Discussion

Preliminary soil characterization in this study crucially led to proper experi-
mental site selection in northern Uganda. The sites had slightly acidic soils
which favor most nutrient availability [12] and crop growth [24]. However, the
soils had low soil organic matter and low fertility confirming to the existence of
Oxisols. For all major nutrients, N (Kjhedhal) and P (Bray 1) were limiting be-
low the critical minimum (15 mg kg™ available P) required for cropping in East
Africa [11]. However, cowpea has been reported to grow well in low fertility soils
with limiting nutrients when compared to other crops [21].

Leaf area index (LAI) was averagely small across all sites. Likely, hot weather
in the sites during 2015/2016 planting seasons could have been the reason for
small LAT observed in both varieties. According to [25], LAI is greatly affected
by hot weather environments. Due to differences originating from varietal phe-
notypic traits, we mainly considered LAI differences within each variety than
between them. The observations were however enhanced by P fertilizer applica-
tion and inoculation effects being fundamental in this study. Agondire is cha-
racteristically a spreading variety with wide branches and hence anchor many
leaves on them which positively contributed to larger LAI. On the other hand,
SECOW 2W is an erect variety with non-spreading branches that anchor fewer
leaves. Higher LAI for Agondire contributed to a larger AGB at flowering and
harvest stages. LAI significantly contributes to increased biomass of cowpea [9].
Interestingly, SECOW 2W highly responds to rhizobia inoculation than Agon-
dire and hence recorded higher LAI under rhizobia inoculation. It is expected
for N fixation increment with varietal positive responses to rhizobia inoculation
which also increases vegetative expansion [16] [26].

Generally, higher yields were recorded in this study than the range often got
on-farm (50 - 500 kg-ha™'). This could ably be attributed to inoculation and P
application [26]. Importantly, though, the yields from all sites were below the
attainable on research stations. Both varieties were affected by environmental
stresses of unreliable rainfall and high temperatures to over 29°C recorded in

some days in the planting seasons of 2015/2016. These caused severe water
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stresses in Arua [5] for the crop. Elsewhere, a significant reduction in yield was
reported in cowpea grown in stressing environments like hot weather and in-
adequate rainfall [27].

The higher grain yield for SECOW 2W is due to its intrinsic high yield ability
than Agondire. Higher grain yield with inoculation for both varieties were attri-
buted to the interplay of parameters like LAT and AGB which increased with in-
oculation. Yield components such as LAI and dry matter greatly affect grain
yield in cowpea [28]. The positive effect of P on biomass and yield in this study
confirms that P remains a limiting nutrient in most soils in sub-Saharan Africa
(SSA) [8] [28]. Phosphorus is an essential nutrient highly needed by legumes like
cowpea. It influences flowering, improvement of ADP and ATP energy functions
[16] [21] and cowpea yield [8]. The availability of P for uptake also increases
photosynthesis [16] [28] and thus boosting yields of cowpea growth and its
production in the West Nile Farming system. Earlier studies have reported a sig-
nificant and positive increase in grain yield of cowpea with an increase in P ferti-
lizer application rate [29]. We also remarkably consider that this study was rele-
vant as contradicting results of P fertilizer effect on yield have been reported
[30].

Application of P fertilizers together with inoculation increased AGB and grain
yield of cowpea, which is consistent with results reported by [8] [17]. They em-
phasized that the combination of P application with right strains of rhizobia in-
oculation increases yield in cowpea. Unlike SECOW 2W, Agondire variety AGB
and grain yield increased even at the highest P rate (40 kg P ha™). It was deter-
mined that the local variety requires more P units than SECOW 2W. For this
result, the differences in morphological structures of the two varieties could also
be at play. Grain yield drop observed at higher P rates (40 kg P ha™') for SECOW
2W explain other factors that limit cowpea productivity. However, higher
amounts of applied P surpassing a variety’s requirements could also lead to re-
duced seed development and subsequently its grain yield [31].

Outstandingly, internal nitrogen utilization efficiency determined for both va-
rieties were (26.9 kg-kg™) and (18.2 kg-kg™) for SECOW 2W and Agondire re-
spectively. This explains that SECOW 2W is more efficient in converting nu-
trients into yield than Agondire and hence required lesser P units for yield re-
covery. This is similar to [8], where improved varieties tested had better nutrient
utilization efficiency than the local spreading varieties. This could further be ex-
plained by the early maturing variety (80 - 95 days) nature of SECOW 2W,
which is consistent with [21], who reported that quick maturing cowpea varieties

are efficient in utilizing available nutrients even at low nutrient levels.

5. Conclusions

We conclude that there are marked varietal differences in yield of cowpea. Ap-
plication of rhizobia inoculation with P fertilizer application increases cowpea
yield in northern Uganda. This study also concludes that there are other fac-

tors affecting yielding of cowpea in this region. These could include the
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environmental stresses like unreliable rainfall and hot weather.

SECOW 2W attains its maximum yield at 20 kg P ha™ with inoculation and
therefore inoculation of the variety influenced yield. On the other hand, Agon-
direyield was less affected by inoculation but more by P fertilizer application at-
taining its maximum yield at 40 kg P ha™! with or without inoculation. It is con-
cluded that the improved variety requires low rates of P than the local variety
when inoculation with rhizobia is applied.

We recommended that farmers adopt the improved variety such as SECOW
2W because it realizes the highest yield at low P rate than the local variety
(Agondire) with and without inoculation. In further studies, there is need of
harnessing the native rhizobia strains to match the current commercial rhizobia

strain used in this study.
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