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ABSTRACT

A two-year field study investigated integrated ngeraent ofStriga hermonthicaon sorghum through
host crop resistance, biocontroFusarium oxysporumisolate 34-FO), and fertilizer application. The
experiment was conducted in a field with natuBliga infestation at Kouaré Research Station in Fada
N'Gourma, Burkina Faso. Treatments combining sorghesistance witlFusariuminoculum and N-fertilizer
or manure significantly reduced emerdgiliga plant number, plant vigour and dry biomassStiiga and the
area under th&triga number progress curve (ASNPC) in 2002, as comparé¢ide control. IntegrateStriga
Management (ISM) plots fertilized with urea, urdaspgrowth medium or urea plus manure associatéa wi
Fusariuminoculum resulted in improved sorghum grain yiefdat least 15% in 2001 and of at least 97% in
2002. Economic analysis showed that the combinaifosorghum resistance with fungal inoculum or uaea
200 kg hd allowed for a significant financial profit in sdram production. The results suggest that to reduce
Striga infestation below economic threshold, ISM treattaeshould be consistently applied for several years
without expecting very high returns.
© 2011 International Formulae Group. All rights mrged.
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INTRODUCTION hermonthica parasitizes all rain fed
Striga  hermonthica the  most graminaceous crops in this region but is
economically important parasitic weed in the particularly problematic on sorghum, pearl
world, is endemic to the African savannah and millet and maize, the major staple cereals of
the Sahel where it can devastate the yields of over 300 million people in sub-Saharan Africa
cereal crops (Parker and Riches, 1998). (Scholes and Press, 2008). Crop yield losses
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due toStriga parasitism have been estimated
at 10.7 million tons per year in sub-Saharan
Africa (Gressel et al.,, 2004). The methods
most commonly used by farmers to control
Striga in Burkina Faso are hand-pulling, crop
rotation, and fallow, but these practices
seldom lead to long-term reductions in the
populations of S. hermonthicain infested
fields (Traoré and Yonli, 2001). Sorghum
varieties with some resistance td.
hermonthicahave been reported in Burkina
Faso (Olivier et al., 1992) but no sorghum
variety has so far shown complete resistance
to the parasite. Consequently, small-scale
farmers mostly rely on local sorghum varieties
tolerant of Striga infestation, although their
cultivation may lead to ever increasifgriga
seed-bank densities in the soil (Van Mourik et
al., 2008). Continuous cultivation and limited
application of mineral and organic fertilizers
have led to depletion of soil nutrients and soil
degradation. These conditions combine to
favour establishment and increase Sifiga
hermonthica populations, with devastating
effects on cereal production. Nowadays, an
integrated approach tBtriga management is
gaining popularity and generally favoured
over the use of any single control method
(Van Mourik, 2007). The use of soil-borne
micro-organisms as biocontrol agents of
Striga has been investigated in the region.
Fungi (Abbasher et al., 1998; Marley et al.,
2004; Yonli et al., 2004, 2006) and bacteria
(Ahonsi et al., 2002) have been suggested as
components of integrateSitriga management
strategies. Ciotola et al. (2000) concluded
from their work that the use ofusarium
oxysporum(isolate M12-4A) combined with
other control measures could contribute to an
effective strategy of contr@triga

The field study reported here
investigated the effects of fungal inoculum
based on F. oxysporum isolate 34-FO
combined with host plant resistance and
fertilizer use on crop yield and control of
Striga
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MATERIALS AND METHODS
Site, characteristics and genetic material

The study was conducted during the
2001 and 2002 cropping seasons at the
INERA (Institut de I'Environnement et de
Recherches Agricoles) Kouaré Research
Station (11°95'03" N and 0°30'58" E) at Fada
N'Gourma in the eastern Sudan-Savannah
region of Burkina Faso. Trials were
implemented on a sandy-loam, tropical,
ferruginous soil. Experimental plots were
chosen with a heavy natural infestationSf
hermonthica(at least 30 emerged plant& iim
the previous year) (Yonli et al., 2004).

Seeds of the Strigasusceptible
sorghum variety S 29 andtrigaresistant
sorghum variety F2-20 were obtained from
the national breeding progranf-usarium
oxysporum isolate 34-FO demonstrated its
efficacy in killing Striga in previous studies
(Yonli et al., 2006, 2010). Fungal inoculum
was prepared using the technique described by
Yonli et al. (2006). The growth medium
(compost) was produced from crop residues,
cow dung, Burkina rock phosphate and water
according to the method of Sedogo et al.
(1999) and autoclaved at 120 °C for 1 hour
before inoculating withF. oxysporumisolate
34-FO.

The chemical composition of the
compost used in 2001 was: 16.72% carbon,
1.50% nitrogen (N), 0.52% phosphorus@g)
and 0.06% potassium {R). The pH was 8.22
and the percentage of organic matter was
28.83%. The compost used in 2002 had:
13.48% carbon, 1.28% nitrogen (N), 2.23%
phosphorus (#s) and 0.05% potassium
(K,0). The percentage of organic matter was
23.24% with a pH of 7.12.

Cow manure from a cattle barn in the
vilage of Kouaré was used as an organic
fertilizer; urea ((CONH,, with 46% N) and
NPK in 12-24-12 were the mineral fertilizers
employed.
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Experimental design

To investigate host plant resistance,
biocontrol Fusarium inoculum), fertilization
(organic and mineral) and possible
interactions orstrigaemergence and sorghum
growth and productivity, the following
treatments were evaluated: (1) susceptible
sorghum variety S29 (SUS), (2) resistant
sorghum variety F2-20 (RES), (3) sorghum
variety F2-20 with 30 g of sterilized growth
medium planting hilf (RES+MED), (4)
sorghum variety F2-20 with 30 g Blsarium
inoculum hill* (RES+INO), (5) sorghum
variety F2-20 with 5 tons of cow manure“ha
(RES+MAN), (6) sorghum variety F2-20 with
200 kg of urea A (RES+URE), (7) sorghum
variety F2-20 with 30 g of sterilized growth
medium hill* and 5 tons of cow manure ha
(RES+MED+MAN), (8) sorghum variety F2-
20 with 30 g of sterilized growth medium hill
! and 200 kg of urea HERES+MED+URE),
(9) sorghum variety F2-20 with 30 g of
Fusarium inoculum hill* and 5 tons of cow
manure ha (RES+INO+MAN) and (10)
sorghum variety F2-20 with 30 g Blsarium
inoculum hill* and 200 kg of urea HaThe
experimental design was a randomized
complete block with four repetitions. In
treatments not receiving urea or manure (SUS,
RES, RES+MED and RES+INO), 100 kg'ha
of NPK was applied to the plots at sowing and
50 kg h& of urea was applied at booting stage
of sorghum. The main plot consisted of four
rows of 2.4 m length with 0.8 m between rows
and 0.4 m between plants within rows. To
avoid the influence of treatments on the
results from one year to another, the second
experiment (in 2002) was not set up on the
same experimental plots from the previous
year.

Crop management and rainfall

The trials were sown on 17 July 2001
and on 23 July 200Fusariuminoculum and
the growth medium were incorporated into
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planting hills at sowing. Mineral fertilizers
and manure were applied by spreading evenly
over the experimental plot and incorporating
into the soil. The individual treatment plots
were separated by a ridge created immediately
after planting to avoid plot-to-plot
contamination through runoff water, etc. Plots
were weeded twice [at 14 and 30 days after
sowing (DAS)] with hoes before the
emergence of S. hermonthica Rainfall
recorded in 2001 was 832.7 mm in 28 rain
events and with 62.3% of rain falling during
the crop growth period. In 2002, 693.7 mm of
rainfall fell in 29 rain events with 57.9%
falling during the crop growth period.

Data collection and analysis

Treatments combining two or more
Striga control methods were called integrated
Striga management (ISM) treatments. The
following observations were made in the two
central rows of each plot (10 hills, or a total
area of 1.92 m?): (1) symptoms of fungal
disease on sorghum, (2) weekly counts of
emergedStriga plants from four to twelve
weeks after the first emergence $friga in
the experiment, (3) visual estimation of vigour
of emergedStriga plants (Haussmann et.al
2000) at 85 DAS, (4) weight oftriga dry
biomass at sorghum harvest and (5) sorghum
yield. Striga count data were used to calculate
area under thé&triga number progress curve
(ASNPC, Haussmann et g2000).

A comparative economic analysis of
treatments was performed. The costs used in
this analysis were those of crop seed, the
workforce, the mineral fertilizers and the cow
manure. The price of a 50 kg bag of fertilizer
(urea or NPK) including transportation was
15,000 F CFA (1 F CFA = 0.0017 US $). The
manure and growth medium amounted to 15 F
CFA kg'. The manpower at Kouaré station in
2001 - 2002 was 152.46 F CFA hduiThe
application time for manure and urea was one
hour ha and 10 h ha to incorporate
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Fusarium inoculum or growth medium into
planting hills. The cost of sorghum grain in
Kouaré area was 100 F CFA kgn 2001-
2002.

Data were checked for normality to
determine if transformation was needed
(Gomez and Gomez, 1984Fptriga counts
were log-transformed (lqg (x+1)) andStriga
biomass was transformed by taking the square
root of the individual values before
performing ANOVA using the SAS program
(SAS Institute, Cary, NC). Testing for
significant differences between individual
means of treatments was determined with the
LSD’s test at P < 0.05.

RESULTS
Effect of host plant resistance, biocontrol,
and fertilizer on Strigainfestation

Treatments did not significantly influence
the date of Striga emergence in either
cropping season. However, in 2002,
experimental treatments reduced vigour of
Strigaplants at 85 DAS (P<0.0360) compared
to the susceptible sorghum variety.
Treatments combining sorghum resistance and
urea; sorghum resistandeysariuminoculum
and manure or urea (RES+URE,
RES+INO+MAN or RES+INO+URE)
significantly reduced the number of emerged
Striga at 85 DAS as compared to the
susceptible control (SUS) by 81%, 97.7% and
96.6%, respectively (Table 2). ISM treatments
including the resistant sorghum (RES),
biocontrol (INO), and fertilizer (MAN, either
manure or urea) had fewer emergsttiga
than the resistant check (RES).

Striga plant vigour at 85 DAS was
greatest (P<0.0001) on the susceptible
sorghum variety (SUS) and the four ISM
treatments (RES+MAN, RES+MED+URE,
RES+INO+MAN and RES+INO+URE)
significantly reduced Striga vigour in
comparison with resistant control treatment
(RES) in 2001 (Table 1). In 200%triga
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vigour at 85 DAS in susceptible and resistant
plots (SUS, RES) were similar and
significantly higher (P<0.0001) than that
recorded in the seven ISM treatments (Table
2). With the exception of the treatment based
on sorghum resistance withFusarium
inoculum (RES+INO), Striga vigour was
reduced in ISM treatments in 2002 as
compared to resistant sorghum treatment
(RES).

The area under theStriga number
progress curve (ASNPC) andtriga dry
biomass were highest in the susceptible
control (SUS) treatment in 2001 and in 2002
but only in 2002 did treatments significantly
affect thesestriga parameters (Table 2). With
the exception of the treatment
RES+MED+MAN, ASNPC was reduced by
all ISM treatments when compared to the
resistant sorghum treatment, but not always
when compared to the susceptible sorghum
treatment in 2002 (P<0.029). Treatments
combining sorghum resistancef-usarium
inoculum and urea or manure
(RES+INO+URE, RES+INO+MAN) reduced
ASNPC by 94.5% and 96.4% whereas five
other ISM treatments reduced ASNPC by 54-
78%, as compared to the susceptible control
(SUS).Strigadry biomass at sorghum harvest
was significantly reduced (P<0.001) by ISM
treatments combining sorghum resistance with
one or two components including manure,
urea andrFusariuminoculum in 2002 Striga
biomass was reduced by 100% by ISM
treatments combining sorghum resistance with

urea or Fusarium inoculum or both
(RES+URE, RES+INO, RES+INO+URE)
(Table 2).

Effects of host plant resistance, biocontrol,
and fertilizer on sorghum yield

No fungal disease was observed on
sorghum plants during either cropping season.
ANOVA revealed significant differences
(P<0.001) between treatments for the total
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biomass and grain yield of sorghum (Table 3).
In 2001, the total biomass obtained with the
susceptible control (SUS) was significantly
lower than all other treatments which were not
significantly different among each other. In
2002, the total biomass obtained with
susceptible and resistant control treatments
were lowest and not statistically different
from each other. Four ISM treatments
combining either sorghum resistance with
Fusarium inoculum and manure or urea
(RES+INO+MAN, RES+INO+URE) or

sorghum resistance with growth medium and

manure or urea (RES+MED+MAN,
RES+MED+URE) significantly improved
sorghum total biomass by 37-60%, as

compared to the resistant control (RES).
Sorghum grain yield of the susceptible control
(SUS) was lowest in both years (Table 3).
Only the grain vyield from the treatment
combining sorghum resistance with growth
medium and urea (RES+MED+URE)
obtained in 2001 was significantly different
from that of the resistant control (RES). On
the other hand in 2002, sorghum grain yield
was higher with ISM treatments as compared
to the susceptible control with the exception
of the treatment combining sorghum
resistance with manure (RES+MAN). ISM
treatments lead to an increase of grain yield of
88.8% to 134.4% compared to the susceptible
control treatment (SUS).

Profitability of Striga control employing
host plant resistance, biocontrol, and
fertilizer

The cost of treatments to conti®friga
may be ranked into three distinct groups
(Table 4). The first group is the crop variety,
susceptible S 29 (SUS) and resistant F2-20
(RES) whose costs were 45,305 F CFA"ha
The second group consisted of four treatments
combining sorghum resistance with either

1864

growth medium, manure, urea @usarium
inoculum (RES+MED, RES+MAN,
RES+URE, RES+INO) whose costs varied
between 60,000 and 75,000 F CFA'hahe
third cluster was composed of treatments
combining sorghum resistance with two
components (RES+MED+MAN, RES+MED+
URE, RES+INO+MAN, RES+INO+URE)
leading to costs variation between 121,000
and 136,000 F CFA Ha The gross income
gained was lowest in the susceptible sorghum
treatment (SUS) in both 2001 and 2002. The
highest gross incomes in 2001 (ranging from
70,310 to 82,680 F CFA Haand 2002 (from
91,150 to 109,380 F CFA Hawere obtained
with five ISM treatments (RES+MED+MAN,
RES+URE, RES+MED+URE, RES+INO+
MAN and RES+INO+URE). Regarding the
profitability of Striga control, a positive profit
margin was obtained in 2001 only with three
treatments, namely the resistant sorghum
variety (RES), sorghum resistance with urea
(RES+URE) and sorghum resistance with
Fusariuminoculum (RES+INO) (Table 4). In
addition to these three treatments, the
treatment combining sorghum resistance and
growth medium (RES+MED) also allowed a
positive profit in 2002. However, a net gain of
more than 10,000 F CFA favas generated
in 2001 only by a resistant sorghum variety
and a resistant sorghum variety with urea
whereas in 2002, a net gain of more than
10,000 F CFA ha was generated only by a
resistant sorghum variety with urea and a
resistant sorghum variety witHFusarium
inoculum. ISM treatments including three
components including sorghum resistance,
manure, urea, growth medium aRdsarium
inoculum and the treatment based on sorghum
resistance associated with manure all led to
negative net profit for both cropping seasons,
due to their relatively high costs (Table 4).
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Table 1: Parameters db. hermonthic@mergence, development and biomass in 2001 ilmmesio
different control treatments.

Treatments Striga Number of Vigour of ASNPC Dry biomass of
emergence, Striga/ m? Striga Striga
DAS 85 DAS 85 DAS (kg/ha)
Sus 56.50 088 (6.75¢ 475 & 1508 10.74 (123.70)
RES 56.00 0.80 (5.50) 3:500b 977 7.17 (52.08)
RES+MED 61.80 0.65 (5.00) 3:00 bc 810 7.50 (55.99)
RES+MAN 63.80 0.72 (7.25) 250cd 946 6.00 (45.57)
RES+URE 61.20 0.54 (2.75)  2:75 bed 588 5.07 (32.55)
RES+MED+MAN 69.80 0.54 (3.25)  2:75 bed 899 5.60 (39.06)
RES+INO 58.90 0.66 (3.50) 30 b 787 8.01 (117.19)
RES+INO+MAN 66.00 0.33 (2.00) 250 cd 546 3.10 (13.02)
RES+INO+URE 68.80 037 (150) 200d 592 7.36 (52.08)
Mean 62.40 0.617 2.98 886. 6.79
LSD 14.27 0.5139 0.8019 834.4 5.175
Sign. Level ns ns * ns ns

Sign. level: significance level (one-way ANOVA), @) <0.01; n.s.: not significant; ! : Log (x+1) transformations, x is
the number of emerge8itriga hermonthicg §: Means in brackets are back-transformationsushber or dry biomass of
emergedStriga hermonthica$ : Square root (x+1) transformations, »Sisiga dry biomass; &: Means followed by the same
letter are not significantly different accordingli8D’s test at 5%.

Table 2: Parameters db. hermonthice@mergence, development and biomass in 2002 immssgo
the different control treatments.

Treatments Striga Number? of Vigour of Dry biomass of
emergence, Striga/ m?2 Striga ASNPC Striga (kg/ha)
DAS 85 DAS 85 DAS
SUS 55.60 1.08 %(14.50§ 475a 833 ab g9 § (85.94f
RES 67.30 1.02 ab (18.00) 400 ab 12238 365 pe (1953)
RES+MED 85.10 0.33abc (1.67)  3.00 cd 283 PC 755 ap (52.08)
RES+MAN 64.30 0.98 ab (14.33) 250d  382PC 314 pe (13.89)
RES+URE 73.80 0.27 be (2.75) 225d 180 PC 900 ¢ (0.00)
RES+MED+MAN 6350  058abc (425)  275cd o1t C 319 ¢ (13.02)
RES+MED+URE 6500  O4dabc (250)  2.75cd 221 PC 257 ¢ (13.02)
RES+INO 7430  053abc (325)  350bc 20 PC 100 ¢ (0.00)
RES+INO+MAN 66.60 0.08 ¢ (0.33) 2.50d 30 ¢ 3.35 bc (26.04)
RES+INO+URE 135.50 0.15 ¢ (0.50) 225d 46 ¢ 1.00 ¢ (0.00)
Mean 75.10 0.545 3.03 391 3.49
LSD 79.03 0.6726 0.7799 702.4 3.458
Sign. Level ns * * * bl

Sign. level: significance level (one-way ANOVA), @) <0.05; (**) <0.01; n.s.: not significant; IMeans followed by the
same letter are not significantly different accogdto LSD's test at 5%. ?: Lag (x+1) transformations, x is the number of
emergedStriga hermonthica 8: Means in brackets are back-transformationsuvhber or dry biomass of emerg8ttiga
hermonthica$ : Square root (x+1) transformations, Sisigadry biomass.
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Table 3: Sorghum biomass and grain yield in response tdlifferentStriga control treatments.

Treatments Total biomass of sorghum (kg/ha) Sorghum grain yielgkg/ha)

2001 2002 2001 2002
SuUs 25.86 d (763Y 38.25a (1527) 13.95 a (221.4) 13.91 a (195.3)
RES 47.87 b (2298) 43.19 ab (1875) 24.67 bc (610.7) 21.49 b (462.2)
RES+MED 44.78 b (2018) 50.35 bc (2643) 23.22 b (541.7) 26.26 c (696.7)
RES+MAN 46.73 b (2201) 50.25 bc (2552) 25.97 bed (677.1) 26.21 bc (696.6)
RES+ URE 51.36 b (2734) 53.91 bcd (2917) 27.79 cd (774.7) 30.15 cd (911.5)
RES+MED+MAN 43.39 b (1888) 59.96 cde (3607) 26.25 bcd (703.1) 30.35 cd (924.5)
RES+MED+URE 4343 b (1888) 62.28 de (3893) 28.64 d (826.8) 29.87 cd (911.5)
RES+INO 48.13 b (2357) 53.66 bcd (2995) 2470 bc (612.0) 26.49 c (709.6)
RES+INO+MAN 48.85 b (2409) 62.23 de (3893) 28.29 cd (807.3) 32.49 d (1067.7)
RES+INO+URE 51.54 b (2663) 68.18 e  (4701) 27.27 cd (755.2) 32.60 d (1093.8)
Mean 45.19 54.2 25.07 26.98
LSD 8.712 11.23 3.889 4.752
Sign. Level * * * *

Sign. level: significance level (one-way ANOVA), P)<0.01. !: Means followed by the same letter agt significantly
different according to LSD's test at 5%. $ : Squaat (x+1) transformations, x is total biomasgmin yield of sorghum
?: Means in brackets are back-transformationstaf kiomass or grain yield of sorghum.

Table 4: Economic analysis of the cost/benefit of treatradot controllingStriga hermonthica.

Treatments Cost of Gross inco_rlne Net gain/loss fromStriga
treatments F CFA ha control
F CFA ha' F CFA ha'
2001 2002 2001 2002
SUS 45,305 22,140 19,530 -23,165 -25,775
RES 45,305 61,070 46,220 15,765 915
RES+MED 60,892 54,170 69,660 -6,722 8,768
RES+MAN 75,152 67,710 69,660 -7,442 -5,492
RES+URE 60,152 77,470 91,150 17,318 30,998
RES+MED+MAN 136,044 70,310 92,450 -65,734 -43,594
RES+MED+URE 121,044 82,680 91,150 -38,364 -29,894
RES+INO 60,892 61,200 70,960 308 10,068
RES+INO+MAN 136,044 80,730 106,770 -55,314 -29,274
RES+INO+URE 121,044 75,520 109,380 -45,524 -11,664
DISCUSSION resistant sorghum variety had significantly
The absence of fungal disease higher grain yield than the susceptible variety

symptoms on sorghum plants confirmed that
sorghum is immune té&. oxysporumisolate

34-FO. With respect to emergence of the
parasite and its development, no consistent
differences were seen between the two
sorghum varieties in the two years. The
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in both years but still relatively high numbers
of emergedStriga plants, which suggests that
this variety is more tolerant to (than resistant
to) Striga at this location. Despite the absence
of significant differences between treatments
for the date ofStriga emergence, two ISM



D. YONLI et al. / Int. J. Biol. Chem. Sci. 5(5): 186870, 2011

treatments delaye8triga emergence about 2

weeks in 2001 (RES+MED+MAN,
RES+INO+URE) and more than 3 weeks in
2002 (RES+MED, RES+INO) when

compared to the susceptible control (SUS).
Some components of ISM such as the growth
medium andFusarium inoculum may affect
Striga seed germination, attachment
underground growth stages $triga seedlings
(Yonli et al., 2006). The results from counts of
Striga plants showed that application of urea
(96 kg N h&) led to a reduction of emerged
Strigaat 85 DAS whereas cow manure did not
reduce Striga emergence or biomass. Our
results confirm the observation of
Showemimo (2007) who showed in a pot
experiment a negative and significant
correlation between level of N fertilizer and
Striga counts. Working in the Niger, Hess
(1989) found that application of nitrogen
fertilizer (50 kg ha-1 at sowing and again at
the tillering growth stage) restrictefitriga
number and dry biomass whereas growth was
profuse on the unfertilized crop. In the Sudan,
Bebawi and Farah (1981) reported that
application  of  nitrogenous fertilizer
significantly reduced botl$triga number and
dry weights. In vitro studies by Pesch and
Pieterse (1982) showed reduction in seed
germination percentage and radicle length of
S. hermonthicain the presence of urea
concentrations of 200 mg [* under both
acid and alkaline conditions. The amount of
nitrogen in our cow manure was presumably
insufficient to affect the number of emerged
Striga plants in this experiment. Dembélé and
Kayentao (2002) observed that the number of
emergedStriga plants in plots fertilized with
manure was higher than that recorded in plots
fertilised with mineral fertilizer. This study
shows that ISM treatments including sorghum
resistance and urea or manure combined with
Fusarium inoculum have the potential to
reduce Striga emergence considerably. A
similar study in Nigeria, showed that a
combination of a resistant sorghum variety
and mycoherbicide based dn oxysporum
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or

(isolate PSM 197) significantly reduced the
number of emergedsStriga by about 95%
compared to a susceptible control sorghum
variety (Marley et al., 2004). Our observations
show the potential of successfubtriga
management based dn oxysporum34-Fo
and the application of urea. As data for the
two years were variable, we could not show a
synergistic effect between cow manure and
Fusariuminoculum in terms oStriga control
and sorghum yield. However, the application
of manure and compost to fields to increase
soil organic matter is to be encouraged as this
improves soil structure, nutrient supply, water
holding capacity, and reduces erosion. The
comparison of treatment means for emerged
Striga at 85 DAS, vigour and ASNPC of
Striga in 2002 showed that the treatment
combining sorghum resistance and growth
medium (RES+MED) was as effective as
treatments includingusariuminoculum. This
effectiveness was probably due to the amount
(937.5 kg hd) of sterilized compost applied
to each planting hole. Indeed, this amount
may have constituted micro dose of well-
composted organic fertilizer for enhanced
sorghum growth as well as a growth medium
for microbial agents present in the soil.
Berner et al. (1996) investigated soil samples
from Nigeria and demonstrated that natural
soil suppressiveness ®. hermonthicas of
microbial origin. So, the incorporation of
uninoculated growth medium in the soil may
boost the growth of edaphic pathogens that
then attaclkStriga

The basal doses of 100 kg NPK'haf
and 50 kg urea Hain the treatments without
fertilizers are those promoted by extension for
cropping in poor soils. ISM plots fertilised
with only urea, urea plus growth medium and
urea or manure associated witusarium
inoculum allowed an improvement of
sorghum grain yield of at least 15% in 2001
and at least 97% in 2002. The application of
just  Fusarium inoculum  significantly
improved sorghum grain yield by 54% in
2002. Among these treatments, the application
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of urea ofFusariuminoculum led to a positive
financial return in 2001 and in 2002.
However, the cost of production of the
inoculum has not been taken into account in
this analysis. We did not estimate the cost of
production of the inoculum, but it is clear that

this requires skilled Ilabour, laboratory
materials, an autoclave and incubation
chambers. Therefore, the net gain with

Fusariuminoculum treatment in reality should
be lower, because of the cost of inoculum
production that was not taken into account in
the economic analysis.

Although the resistant sorghum variety
did not significantly reducestriga, its grain
yield was always significantly higher and the
net gain was always positive as compared to
the susceptible variety. This result stresses the
importance of the use of varietal resistance as
a first and low cost option to contr8triga
and or mitigate its negative effect.
combination of Fusarium inoculum with
mineral or organic fertilizers was effective in
reducing number and growth of emerged
Striga and increasing sorghum yield. Thus,
the application of mineral/organic fertilizers
and the incorporation dfusarium inoculum
can be beneficial for controllingtriga and
improving sorghum yields. The most
interesting treatment from this study in
economic terms is the combination of
sorghum resistance with application of urea.
Despite the high cost of treatments with high
doses of urea and cow manure, their use
should be encouraged because organic
fertilizer improves the physical properties and
long term soil health and fertility of degraded
soils which are heavily infested hys.
hermonthicawhile mineral fertilizer provides
available soil nutrients and immediate positive
effects on growth of the host crop. The
combination of the application of organic and
mineral fertilizers in the same treatment,
although not studied here, could be included
in future studies. ISM treatments that include
Fusarium inoculum can reduce Striga
infestation and alleviat&triga damage which

A
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in turn can lead to sorghum vyield increase.
Although the effect ofFusarium inoculum
with a resistant sorghum variety in terms of
Striga  control and  sorghum vyield
improvement is promising, the marginal rate
of return is lower than a resistant sorghum
variety only and a resistant variety with urea.
This suggests that in its current form,
Fusariuminoculum is not a viable option for
farmers and thd-usarium inoculum method
probably needs improvement in efficacy of
control as well as ways in which it can be
produced. The analysis of production costs
and profit margins from treatments with urea
showed that, to controlStriga infestation
under field conditions, one needs to invest a
considerable sum that may not immediately be
recovered through increased yield. The very
low profit margin is an important constraint
for the adoption of the technology (high doses
of urea) by farmers and broader participatory
testing and evaluation in farmers’ fields
should be performed in order to determine
feasibility of the technology.
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