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Abstract

Striga causes a serious threat to successful cultivation of sorghum in areas of
low and erratic rainfall and poor soil fertility. Therefore, to reduce yield losses
and severity of Striga, a field experiment was conducted during the cropping
season of 2015 on heavily Striga-infested field in Fedis District, Boko site to
determine the effect of trap crops (cowpea, soybean, desmodium, control) and
N fertilizer rates (0, 46, 92 and 138 kg N ha™') on management of Striga, yield
related traits and yield of sorghum. The experiment was laid out in a factorial
arrangement in a randomized complete block design (RCBD) with three rep-
lications. Moreover, LAI, plant height, head weight plot™ and aboveground
dry biomass yield of sorghum were significantly (P < 0.05) increased by 4%,
9%, 28% and 33%, respectively, by use of cowpea as a trap crop over the con-
trol. Likewise use of cowpea as a trap crop significantly (P < 0.01) increased
kernel weight head™ by 6% and grain yield by 23% over the control. Similarly,
the main effect of nitrogen showed that increased nitrogen rate up to 46 kg
ha™' significantly reduced Striga number at sorghum emergence by about
49.8% over control. Days to heading, flowering and maturity on sorghum
were significantly (P < 0.01) affected by nitrogen fertilizer rate and the appli-
cation of 46 kg N ha'resulted in earlier heading by 6% over138 kg N ha™.
Application of 138 kg N ha™' delayed days to flowering by 6 days over 46 kg N
ha™. Plots that received 46 kg N ha™" attained 90% physiological maturity ear-
lier (127.1 days) than other treatments. Application of 46 kg N ha™' signifi-
cantly increased kernel weight head™ by 12% and aboveground dry biomass
yield by 33% over the control. LAI and grain yield were significantly (p < 0.01)
affected by main effect of N where the highest (2.387) leaf area index and the
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highest (3116 kg ha™') grain yield were obtained with 46 kg N ha™'.
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1. Introduction

Sorghum is the most important staple crop in Ethiopia. It was grown on 1,
831,600.45 ha with a total production of 4,339,134.261 tons [1]. The crop has
been cultivated for thousands of years and hence indigenous knowledge based
sorghum classification and naming has a long tradition. The crop has coexisted
with the people for millennium and sorghum production is predominantly based
on farmers’ varieties as cited by [2].

In East Hararghe Zone, out of the total grain cropped area of 253,816.82 ha,
cereals accounted for about 84% (214,061.59 ha) of which sorghum accounted
for the lion’s share of about 56% (119,262.36 ha) of the totally annually cropped
land in 2014/15 cropping season [1]. In this Zone, sorghum is first important
food crop and element of the local diet. It is produced not only for its food
grains but also for its use as a source of animal feed and construction material,
which is grown mainly under rain-fed condition.

The livelihoods of millions of subsistence farmers depend on sorghum pro-
duction. However, its productivity in Ethiopia is low at about 2.3690 tons ha™'
[1].The sorghum yield in East Hararghe Zone is currently 2 tons ha™ [1], which
is far below the yield potential of the crop, 3 to 6 t ha™" as indicated by [3]. This
is attributed to a number of abiotic and biotic stresses. Yield reducing factors in-
clude low soil fertility (nutrient deficiency), drought, moisture stress, Striga,
stem borers and shoot fly and various diseases [4]. Although these constraints
cause a significant loss of grain, the level of losses varies from region to region.
In Ethiopia, Strigais a major production constraint in most sorghum producing
areas. The weed limits the productivity of the crop by allelopathy, competition
for nutrients and moisture and limiting the expression of the full genetic poten-
tial of sorghum plants.

During stress situation, the menace of Striga is heavy as compared to normal
season and such incidence was noticed in Fedis Districts of East Hararghe Zone
in drought years. Although several management methods have been tried and
developed against this parasitic weed in other parts of the world, there is still no
effective management method applied in Fedis district though there is little use
of tolerant varieties, chemical fertilizers and tied ridging which needs to be pro-

moted in the future. Therefore, the current study was carried out to investigate
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the role of legumes as trap crops and application of inorganic nitrogen fertilizer
in suppressing the menace of Striga in sorghum production.

Therefore, the specific objective of this study was to assess the effect of trap
crops and nitrogen fertilizer rates on Striga incidence, yield related traits and

yield of sorghum at Fedis district, eastern Ethiopia.

2. Materials and Methods
2.1. Description of the Experimental Site

The experiment was conducted at Fedis Agricultural Research Center (FARC)
experimental station (Boko site) in 2015 cropping season on previously Striga
infested area. The area is 24 km away from Harar town in the southern direc-
tion. The experimental site is located at a latitude of 9°07'51.6"N and longitude
of 42°04'24.3"E at average altitude of 1702 meters above sea level (m.a.s.1.).

2.2. Description of Experimental Materials

Improved lowland sorghum variety “Teshale” was used as a test crop. The varie-
ty has been released by Melkassa Agricultural Research Center in 2002 and
adaptation trial was done in the year 2011 at the study area by Fedis Agricultural
Research Center. It is an early maturing sorghum variety but is sensitive to Striga
infestation. It requires 600 - 900 mm rainfall and grows at an altitude of 1450 -
1850 meters above sea level (m.a.s.].). The variety needs 75 days to heading and
123 days to reach maturity [5].

The trap crops used were cowpea (Vigna unguiculata) varietyIT93 KD 596
(Sewinet) released in 2009 by Pawe Agricultural Research Center and soybean
(Glycine max) varietyAwassa-95 (G2261) released in 2005 by Awassa Agricul-
tural Research Center, Desmodium (Desmodium intortum) obtained from Fedis
Agricultural Research Center.Urea (46% N) was used as a source of nitrogen,
while triple super phosphate (TSP) (46% P,0O;) which was obtained from

Haramaya University was used as source of phosphorus.

2.3. Treatments and Experimental Design

The treatment consisted of four nitrogen levels (0, 46, 92 and 138 kg N ha™') and
three trap crops (cowpea, soybean and Desmodium) with control. Sorghum va-
riety Teshalewas used as test crop. The experiment was laid out in a factorial ar-
rangement in a randomized complete block design (RCBD) with three replica-
tions and 16 treatment combinations consisting of two factors. Each plot had 5
rows of sorghum with a gross plot size of 5 x 0.75 m (3.75 m) width and length
of the plot was 3 m and with total plot area of 11.25 m®. The net plot size was
2.25 x 2.4 m. The necessary data were collected from middle 3 rows. Plants were
spaced at 75 cm and 15 cm between rows and plants, respectively. Plots and
blocks were separated by 1 m distance.

Phosphate fertilizer in the form of triple supper phosphate (TSP) was applied
uniformly at planting at the rate of 46 kg ha™ P,0; and different levels of the ni-
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trogen, in the form of urea, was applied in two splits 7e. half at the time of sow-
ing and the remaining half N was top-dressed just before heading. All weeds ex-
cept Striga were weeded manually and other agronomic practices were done as
per the recommendation for sorghum. Harvesting was done at harvest maturity
for sorghum. The harvested produce was sun-dried for 10 days and hand

threshed and simultaneously winnowing was done.

2.4. Data Collection

Sorghum Component

Data collected for phenology and growth and yield components and yield were:
Days to 50% emergence, Days to 50% flowering, days to maturity, Plant height,
leaf area index, Panicle length, Crop stand count, Thousand kernel weights (g),

Grain yield (kg ha™'), Aboveground dry biomass yield (kg ha™), Harvest Index.

2.5. Statistical Data Analysis

Analysis of variance was carried out using GenStat discovery 15" edition soft-
ware [6] for the parameters studied following the standard procedures outlined
by [7]. When the treatment effects were found to be significant, the means were
separated using the Fisher’s Protected Least Significant Difference (LSD) test at
5% level of probability.

3. Result and Discussion
3.1. Climatic Condition of the Study Area

During 2015, a total rainfall of 724.5 mm was received which was 158.2 mm less
than the average of four years and in months of experimentation from sowing of
trap crops to sorghum harvest the area received 565.8 mm of rainfall, which was
90.45 less than the normal (previous four years) (Figure 1). However the crop
experienced more rainfall in the months of May (161.7 mm) and June (132.3
mm) than the normal years.

The monthly total rainfall, maximum and minimum temperature and rel-

ative humidity of Fedis district, Boko site in 2015 is shown here under

(Figure 1).
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Figure 1. Monthly total rainfall (mm), maximum and minimum air temperature (*C)
and relative humidity (%) of Fedis district, Boko site in 2015.
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3.2. Physico-Chemical Properties of Soil before Sowing

Selected Physico-chemical properties of the experimental soil were estimated
and presented (Table 1). The textural class of the soil was clay loam, with the
proportion of 29% sand, 36% clay and 35% silt, which was ideal for sorghum
production according to [8]. The pH value was 8.05 and according to the rating
of [9], it was moderately alkaline, but it was within the optimum range for sor-
ghum production, Ze. 5.5 to 8.5 [8]. Organic carbon of the soil was 1.4%, which
was low according to the rating of [9]. Hence, amending the soil with organic
fertilizers is important for enhancing soil fertility to reduce the Striga infestation
and increase sorghum yield.

The available P content (5.45 mg kg™") of the experimental site was low ac-
cording to classification by [10] where available P content below 5 mg kg™ is
very low; between 5 and 9 mg kg™' is low; between 10 and 17 mg kg™ is medium;
between 18 and 25 mg kg™ is high and greater than 25 mg kg™ is very high. Ac-
cording to the rating of [9], the total N content of the soil (0.11%) is low, which
would limit sorghum production. Therefore, the soils need amendment with ni-
trogen and/or organic fertilizers. With regards to the exchangeable potassium
[11] described soils, <0.26, 0.26 - 0.51, 0.51 - 0.77 and >0.77 [(cmol (+) kg™")] as
very low, low, medium, and high, respectively. Thus, the exchangeable K [0.92
cmol (+) kg™")] of the experimental soil was high. Cation exchange capacity
(CEC) of experimental site was 35.2 cmol (+) kg™ high, according to [12] very
low < 5,low 5 - 15, medium 15 - 25, high 25 - 40 and very high > 40.

Although sorghum can produce best on deep, fertile, well-drained loamy soils,
it is much more tolerant of shallow soil and drought conditions than maize [13].

Sorghum can be grown successfully on clay, clay loam, or sandy loam soils.

Table 1. Selected physico-chemical properties of the experimental soils at fedis (boko
site) in 2015 cropping season before planting.

Properties Values Rating References

Physical properties

Particle size distribution

Sand (%) 29

Silt (%) 35

Clay (%) 36
Soil texture Clay loam

Chemical properties

Organic carbon (%) 1.4 Low Tekalign Tadesse (1991)
Total nitrogen (%) 0.11 Low Tekalign Tadesse (1991)

Available phosphorus (mgkg™) 5.45 Low Cottenie (1980)
Exchangeable potassium (c mol (+) kg™") 0.92 High Berhanu Debele (1980)
Soil pH (1:2.5 soil:water) 8.05 Strongly alkaline Tekalign Tadesse (1991)
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Therefore, it can be concluded the soil of the experimental site is ideal for sorg-
hum production except its limitation in the availability of phosphorus, total ni-

trogen, and organic carbon.

3.3. Phenological and Growth Parameters

3.3.1. Days to 50% Emergence

The analysis of variance revealed that the main effects of trap crops significantly
(P < 0.05) influenced days to 50% emergence of sorghum, unlike the nitrogen
and interaction effects which had non-significant effect. Though no remarkable
variation was observed among the trap crops for emergence of sorghum, it took
six days under Desmodium and six and half days under cowpea as compared to
fallow which took seven days (Table 2). This relatively earlier emergence of
sorghum treated than the control in plots might be due to under cultivation of

trap crops for germination to occur that lead to better emergence of the crop.

3.3.2. Days to Heading

The analysis of variance (ANOVA) revealed that the main effect of nitrogen
highly and significantly (P < 0.01) influenced days to 50% heading of sorghum,
while the main effect of the trap crops and the interaction effect were not sig-
nificant. Increasing the rate of nitrogen from 46 to 138 kg ha™ prolonged the
days required for 50% headings. Thus, the longest days to heading (82 days) was
observed with the use of rate of 138 kg N ha™' (Table 2). Sorghum plants grown
under treatment that received the higher nitrogen rates (138 kg ha™') showed
delayed heading by about 6% in days than plants grown under 46 kg N ha™* ferti-

lizers.

Table 2. Main effect of trap crops and nitrogen application on phenological parameters of
sorghum at fedis in 2015 cropping season.

Treatment Days To Emergence Days To Heading Days To Flowering

Nitrogen (kg ha™)

0 6.75 78.08° 83.25%

46 6.67 77.33¢ 82.50°

92 6.33 80.83° 85.08°

138 6.58 82.08* 87.67°

LSD (0.05) NS 0.961 2.125

Trap Crop

Fallow 6.92° 89.25 84.50

Cowpea 6.58% 79.25 84.33

Soybean 6.75 79.67 85.08

Desmodium 6.08° 80.17 84.58
LSD (0.05) 0.56 NS NS
CV (%) 10.3 1.4 3.0

Means followed by the same letter(s) within a column are not significantly different at P = 0.05.
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This might have been attributed to the synergic effects of the N fertilizers in
promoting cell growth and prolonged vegetative growth. The present result was
in line with that of [14] who reported that application of N fertilizer promoted
vegetative growth, leading to prolonged days to heading of sorghum.

3.3.3. Days to Flowering

Days to flowering were highly and significantly (P < 0.01) influenced by the
main effect of nitrogen but the main effects of trap crops and interactions were
not significant. So with application of nitrogen at 46 kg N ha™' sorghum flowered
earlier (82.5 days). But as level of N increased across the treatments from 46 to
138 kg N ha™, it resulted in delayed flowering (Table 3). The result indicated six
days of earlier flowering of sorghum by application of 46 kg N ha™" over applica-
tion of 138 kg N ha™'. This result was consistent with the finding of [15] [16]
who reported that higher N levels resulted in delayed leaf senescence, sustained
leaf photosynthesis and extended days to flowering of sorghum. Days to flower-
ing for the variety Teshale to be 71 days at Fedis with the use of 46 kg N ha™" also
reported by [17]. But, this result gave 82 days, which might be due to difference
in climatic condition of the cropping season since such phenological parameters

are temperature dependent.

3.3.4. Days to Maturity
Days to maturity was highly and significantly (P < 0.01) influenced by the main
effect of nitrogen but the main effect of trap crops and interaction did not sig-
nificantly affect days to 90% physiological maturity of sorghum. Application of
46 kg N ha™' resulted in the earliest (127.1 days) days to 90% physiological ma-
turity of sorghum (Table 2). Though there was no significant differences be-
tween plots receiving 138 kg N ha™ (128.5 days) and 92 kg N ha™' (128.8 days),
plots that received 46 kg N ha™' attained its 90% physiological maturity earlier
(127.1 days). The prolonged time to reach maturity at higher rates of nitrogen
might be attributed to the increase in leaf area duration, increased vegetative
growth and increased light use efficiency.

Similarly, [18] found that higher N rates delayed maturity in sorghum than
the control plots. This was in line with the findings of [19] who reported that ni-
trogen promotes vegetative and lush growth thereby delaying plant maturity.

3.3.5. Plant Height
Use of trap crops for Striga management showed significant (P < 0.05) effect on
sorghum plant height where use of cowpea as trap crop recorded the maximum
plant height (142.2 cm) followed by soybean (136.8 cm). Significantly minimum
(128.7 cm) plant height of sorghum was recorded in fallow (128.7 cm) (Table 3).
However, the main effect of nitrogen and the interaction effect did not signifi-
cantly influence sorghum plant height.

The use of cowpea as trap crop enhanced plant height by about 9% over the
control, which might be due to higher root exudates production or stimulant

concentration in case of cowpea that might have less number of Striga which,
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Table 3. Main effects of trap crops and nitrogen fertilizer application on growth parame-
ters of sorghum at Fedis in 2015 cropping season.

Treatment PH DPHM LAI

Nitrogen (kg ha™)

0 131.0 131.9° 2.1¢

46 135.3 127.1° 2.4°

92 139.7 128.8° 2.6

138 137.8 128.5° 2.6°
LSD (0.05) NS 1.963 0.114

Trap Crop

Fallow 128.7° 129.5 2.4
Cowpea 142.2* 128.6 2.6
Soybean 136.8* 128.8 2.4°
Desmodium 136.0% 129.4 2.2¢
LSD (0.05) 9.22 NS 0.11
CV (%) 8.1 1.8 5.7

Means followed by the same letter(s) within a column are not significantly different at P = 0.05, PH = plant
height, DPHM = days to physiological maturity, LAI = leaf area index.

reduces plant height. This may be attributed to more Striga population in fallow
treatment. Further, Striga after being established on the host root obtains water
and nutrients from the host as the xylem of the parasite and host are connected.
This might have resulted in strong competition of Striga with the crop for nu-
trients, moisture and space. Similar findings by [20] noticed that during Striga
infestation there was reduced sorghum plant height and weight by 22% and 25%
at 38 days after sowing and by 34% and 36% at 64 days after sowing, respective-

ly.

3.3.6. Leaf Area Index

The main effect of nitrogen and trap crops significantly (P < 0.05) influenced
leaf area index of sorghum at 60 days after sowing unlike the interaction effect,
which was not significant. The leaf area index was significantly higher (2.631)
with the application of 138 kg N ha™' and (2.55) at 92 kg N ha™’, while the lowest
(2.089) leaf area index was recorded for the control (Table 3). Similarly, signifi-
cant difference in leaf area index was also recorded between 46 kg N ha™' (2.387)
and the control (no N).

However, these rates significantly enhanced leaf area index over nil, the results
depicted that at 60 days after sowing the optimal leaf area index was already at-
tained at 46 kg N ha™'. This result is in agreement with that of [21] who reported
that at 55 days Striga infested plants of sorghum had significantly less shoot and
root biomass and had significantly smaller leaf area than the sorghum plants in
the uninfected control treatment.

The increase in LAI with increased N levels might be due to efficient use of
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nitrogen for vegetative growth by sorghum crop. In line with this result, [22]
reported that the leaf area index of sorghum increased by 5.0%, 9.5% and 20.8%
over the control at 50, 100 and 150 kg ha™' nitrogen fertilizations, respectively.
Supporting evidences of the positive effects of nitrogen application on the leaf
area index were also reported by [23] [24] where they observed significant in-
crease in leaf area index of sorghum with increase of nitrogen fertilizer from 43 -
129 kg ha™.

Similarly, the use of cowpea as trap crop increased leaf area index by about 4%
over the control. But the use of soybean as trap crop had no significant differ-
ence from non-use of trap crop and use of Desmodium also did not have advan-
tage over non-use of trap crop (Table 3). So the use of cowpeaas trap crop might
be related with least number of Striga, which could result in increase in leaf area
of sorghum. This result was in agreement with the study of [25] who reported
that at 55 days infested plants of sorghum plant had significantly less shoot and
root biomass and significantly smaller leaf area than the sorghum plants in the

Striga uninfected control treatment.

3.4.Yield Related Traits and Yield of Sorghum
3.4.1. Stand Count and Number of Panicle per Plot

Neither the main effects nor the interaction effects of nitrogen and trap crops
had significant influence on stand count of both after thinning, at harvest and
number of panicles plot™'. This might be due to the fact that stand count is not
affected due to the soil fertility. Similarly, [25] reported non-significant effect of
nitrogen fertilizer rates on stand count of sorghum. Non-significant effect of ni-

trogen fertilizer on stand count of sorghum also reported by [26].

3.4.2. Head Weight per Plant

The main effects of trap crops significantly (P < 0.05) influenced the head weight
plant™ but the main effect of nitrogen and interaction effect were not significant.
The use of cowpea as trap crop increased head weight plant™ (4999 g) than the
other trap crops including soybean (3861 g) and Desmodium (4009 g) (Table 4).
Head weight plant™ increased by 28% over control. The result might indicated
cowpea had significant effect on reduction of Striga which increased head weight
of sorghum through competing nutrients by releasing exudates as false host
(trap crop).In line with this result, [27] reported higher root exudates produc-
tion or stimulant concentration observed in case of cowpea as trap crop. The
trap crop (cowpea) may cause suicidal germination of some of Striga seeds was
also suggested by [28].

3.4.3. Kernel Weight per Head

The main effects of both nitrogen and trap crops highly and significantly (P <
0.01) influenced the kernel weight head™ while the interaction effect was not
significant. The highest kernel weight (71.58 g) per head was obtained at nitro-
gen fertilization level of 46 kg ha™' and the lowest (62.92 g) at nil rate of nitrogen
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Table 4. Main effects of trap crops and nitrogen fertilizer application on yield compo-
nents of sorghum at Fedis in 2015 cropping season.

Treatment SCH (ha™) TKW (g) KWH (g) NPP! HWP™ (g)

Nitrogen (kg ha™)

0 75,037 23.00 62.92° 84.42 4050

46 75,333 25.00 71.58 84.75 4367

92 67,926 24.67 70.58 76.42 3838

138 70,593 23.33 71.42° 79.42 4210
LSD (0.05) NS NS 1.542 NS NS

Trap crop

Fallows 72.444 23.33 67.17 81.50 3597°

Cowpea 75.778 25.00 71.50° 85.25 4999

Soybean 71.111 23.33 69.92° 80.00 3861°

Desmodium 69.556 24.33 68.92° 78.25 4009°

LSD (0.05) NS NS 1.542 NS 701.6
CV (%) 13.1 11.1 2.7 13.1 20.5

Means followed by the same letter(s) within a column are not significantly different at P = 0.05, SCH =
stand count, TKW = thousand kernel weight, KWH = kernel weight per head, NPP™' = number of panicle
per plot, HWP™' = Head Weight per plant.

application. Increasing the rate of nitrogen from 0 to 46 kg N ha™' increased
kernel weight per head by 12% over the control (Table 4).

However, increasing the rate of nitrogen beyond 46 kg N ha™' did not increase
the kernel weight per head. Low rainfall of the area may also have negative effect
on nitrogen use by sorghum crop as the fate of N in the soil-plant system de-
pends on climatic factors [29] [30]. The increased in grain weight due to appli-
cation of nitrogen fertilizer from 0 to 46 kg N ha™' rates might be primarily due
to increase in photosynthetic rate, which ultimately produce sufficient photo-
synthates available during grain development. The results are in conformity with
the findings of [31] [32] who described that the higher partitioning of N into the
reproductive parts for growth and development increased kernel weight per
head.

The use of trap crops increased kernel weight per head especially with the use
of cowpea. The kernel weight was significantly higher (71.50 g) with cowpea
than soybean (69.92 g) and Desmodium (68.92 g) (Table 4). Significantly the
lowest (67.17 g) kernel weight was recorded in fallow (no trap crops).Cowpea as
trap crop gave 6% increase in kernel weight over the control. This result might
be due to more release of exudates that stimulate Striga seed bank germination
but that do not support its growth by cowpea that in return leads to reduction of
the number of Striga which competes for the available nutrients thereby reduc-
ing the weight of kernel.

In agreement with this current result, [33] reported an increase in kernel
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weight per head in response to the use of trap crops due to the availability of low
number of Striga that might have led to high kernel weight per head through fa-
cilitating leaf growth and photosynthetic activities, thereby increasing partition-

ing of assimilate to the storage organ.

3.4.4. Thousand Kernel Weight (TKW)

The main effect of nitrogen, trap crops and their interaction effects did not sig-
nificantly affect thousand kernel weight of sorghum. Among treatments studied,
there was variation in thousand kernel weight range from 23 g with use of 0 N kg

ha™' to 25 g 46 N kg ha™' and cowpea as a trap crop.

3.4.5. Aboveground Dry Biomass Yield

There was significant difference due to the main effects of trap crops and nitro-
gen (P < 0.05), but there was no difference due to interaction effect of treat-
ments. Use of cowpea as trap crop gave the higher (13,420 kg ha™") biomass yield
than the other trap crops (Table 5). Soybean and Desmodium had no significant
variation with non-use of trap crops on biomass yield of sorghum. The biomass
yield increased by about 33% over the control because of use of cowpea as trap
crop. This result might be due to presence of lowest number of Striga under the
cowpea trap crop plots that could reduce the biomass yield of sorghum through
competition for nutrients and affected vegetative growth and leaf area index. In
conformity with this result, [34] indicated that the effects of Striga resulted in a
large reduction in host plant height, biomass, and eventual grain yield. Similarly,

[35] reported that Striga establishes directly over the vascular system of the host

Table 5. Main effects of trap crops and nitrogen fertilizer application on the aboveground
dry biomass yield (AGDBMY), grain yield and harvest index of sorghum at fedis in 2015
cropping season.

Treatment AGDBMY (kg ha™) Grain yield (kg ha™) Harvest index (%)

N-rate (kg ha™)

0 8536° 2069° 24.23

46 12,746 3116° 24.44

92 11,201° 2719° 24.27

138 11,755 2925% 24.88
LSD (0.05) 2481.4 335.1 NS

Trap crop

Fallow 8883° 2426° 26.34

Cowpea 13,420 3157 23.52

Soybean 10,582° 2660° 25.13

Desmodium 11,353%® 2586° 22.77
LSD (0.05) 2481.4 335.1 NS
CV (%) 26.9 14.8 33.7

Means followed by the same letter(s) within a column are not significantly different at P = 0.05.
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plant, it drains out water and nutrients from the host resulting in 15% to 75%
yield losses depending on the extent of infestation.

Analysis of variance (ANOVA) also indicated the highest (12,746 kg ha™") ab-
oveground biomass yield with application of 46 kg N ha™' (Table 5). Though no
significant difference was recorded across all N treatments, application of 46 kg
ha™' gave 33% biomass yield increase over the control. Therefore, the current
results clearly depicted that due to nitrogen mobilization or mineralization and
low uptake by crop under moisture stressed area, use of high level of nitrogen
had no advantage on biomass yield. Nitrogen is a major yield-limiting nutrient
in crop production under climatic condition of the study area in particular. The
current result is in agreement with study that the fate of N in the soil-plant sys-
tem depends on climatic factors [30] [31].

Leaf area and leaf photosynthetic rates are directly associated with plant dry
matter production since light absorption by the leaves and changing it to assi-
milate are the other factors affecting the plant growth and production; the in-
crease of leaf area in the farm increases the absorption of light, which ultimately
increases the biomass yield. The highest LAI observed at high (138 kg N ha™")
level of nitrogen indicated that more nitrogen assimilation into grain yield than
biomass yield at high level of nitrogen but there was no significant difference in
grain yield beyond the application of 46 kg N ha™' (Table 5). On the other hand,
[36] reported that the application of N (as urea) at sowing and at tillering (total

of 100 kg ha™) increased the sorghum aboveground biomass weight.

3.4.6. Grain Yield (kg ha-1)

Result of data analysis (ANOVA) indicated highly significant (P < 0.01) main
effect of nitrogen rates and use of trap crops, while the interaction effect was not
significant on grain yield. The grain yield increased with different level of nitro-
gen fertilizer application over the control. The highest(3116 kg ha™) grain yield
was obtained with 46 kg N ha™' application, which was statistically at par with
138 kg N ha™' (2925 kg ha™' grain yield) application (Table 5). The yield increase
with application 0f46 kg N ha™' was by 33.6% over control. But there was no
yield advantage beyond application of 46 kg N ha™' (Table 5). Likewise, the re-
sult clearly indicated that due to nitrogen mobilization or mineralization and
low uptake by crop under moisture stressed area use of high level of nitrogen
had no advantage on grain yield of sorghum. This yield increase might be due to
the efficient use of N fertilizer by sorghum crop as well as from reduction of
number of Striga due to N in sorghum crop. Similarly, higher leaf area index and
kernel weight per head at the application of 46 kg N ha™' might have contributed
to enhanced grain yield in this treatment. Therefore, the better grain yield was
due to the positive effect of nitrogen, better absorption of light and increase of
photosynthesis, plant growth rate, leaf area index and leaf area continuity and
Striga reduction in the plots. This is concurrent with result stated as nitrogen
suppresses some development stages of Striga such as stimulant production or

activity [37] through increase in the osmotic pressure of host tissue and reduc-
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tion of osmotic pressure gradient towards the parasite and this reduction in os-
motic pressure gradient decrease the ability of the parasite to survive.

The current finding is in agreement with the findings of [38] [39] who re-
ported higher grain yield with increased levels of N from 0 to 150 kg ha™ in
sorghum. Low soil fertility, particularly low nitrogen status, is conducive to Stri-
ga parasitism as reported by [40]. In split application of compound fertilizer
where 20 kg N ha™ was applied during planting, a delayed in a seedling emer-
gence of Striga was observed with higher crop vigour although supported higher
Striga shoot count at later stage of the crop development than the control [41].
Other yield traits, like leaf area index, might also have effect on grain yield in-
crements, which was described as sorghum grain yield is closely related to green
leaf area, [42] and leaf photosynthetic rates, [43] [44].

Analysis of variance depicted that the highest (3157 kg ha™) grain yield was
obtained by the use of cowpea as trap crop but the two trap crops had no signif-
icant variation from the control (Table 5). The enhanced grain yield with use of
cowpea might be due to the increase in the yield attributing characters and nu-
trient uptake of the crop as well as reduction in Striga seed bank. With use of
cowpea, the grain yield increased by 23% over control. This result clearly indi-
cated that cowpea had more profound effect on striga reduction or suppresses
through more suicidal release than the control. These results are in agreement
with observations of [27] who reported higher root exudates production or sti-
mulant concentration resulted in case of cowpea as trap crop. Cowpea cultivars
reduced Striga emergence by 40% as reported by [45]. that the trap crops, such
as cowpea, induced Striga seed germination but did not support its subsequent
growth and in the absence of a suitable host, the Striga seedling died within four
days from germination observed by [46]. Similarly, the use of legume crops also
helps to add nitrogen to soil and hasten nutrient transformation. These results
were in line with earlier studies of [47], which showed that the addition of a le-
gume in the sequence resulted in higher yield and profitability. Inclusion of le-
gumes in the rotation hastened the N and P transformation [48] [49] and also
increased root growth and N use efficiency of cereal crops, resulting in greater
productivity of cereal-based production system [50] [51].

In line with results of this current study, [52] indicated that one season cow-
pea had a positive effect on subsequent millet grain yields, soil organic car-
bon and nitrogen, and reduced Striga infestation. The increase in yields due

to millet-cowpea rotation was 37% compared to 3 - 5 years continuous millet

cropping.

3.4.7. Harvest Index (HI)

For grain crops, harvest index (%) is the ratio of harvested grain to total above-
ground dry biomass and this can be used as a measure of reproductive efficiency.
However, in this study neither the main effects of nitrogen and the trap crops
nor their interaction effects had significant effect on harvest index of sorghum.

Among the treatments studied, there was variation in harvest index range from
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22.77% with use of Desmodium to 26.34% with fallow (no trap crop).

4. Summary and Conclusion

Striga hermonthica is difficult to manage effectively because most of its damage
to the host plant occurs underground before the parasitic plant emerges and
causes serious threat to cultivation of sorghum in areas of insufficient and ill
distributed rainfall, and poor soil fertility.

Therefore, to reduce yield losses and severity of Striga, a field experiment was
conducted on heavily Striga infested field in Fedis district, Boko site in 2015
cropping season to determine the effect of trap crops (cowpea, soybean, Desmo-
dium and control) and N fertilizer rates (0, 46, 92 and 138 kg N ha™') on man-
agement of Striga, yield related traits and yield of sorghum. The experiment was
laid out in a factorial arrangement in a randomized complete block design
(RCBD) with three replications. In this study the use of integrated Striga man-
agement showed significant effect.

Therefore, it can be tentatively concluded that use of cowpea as trap crop in
combination with 46 kg N ha™ is a promising treatment to reduce Striga seed
bank and to increase sorghum yield and had economic benefit. However, to
draw a conclusive recommendation, the experiment needs to be repeated over

years and locations.
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