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Abstract: Soil samples were collected from Striga endemic areas, bulked and half subjected to steam sterilization
while the other half non-stenilized. After sterilization, soils were separately infested with 3000 germinable Striga
hermonthica seeds per pot and planted to sorghum n a randomized complete block design of two treatments
(steam sterilized and non-sterilized soils) replicated four times. Soil samples were taken from the soils, bulked
and divided mto four subsamples and subjected to chemical analysis. Data on Striga count were transformed
using the square-root transformation. Data were subjected to statistical analysis using GLM procedures and
means separated with LSD. Across sampling periods Sterile soil had sigmficantly higher maximum Striga
emergence than non-sterile soils. sorghum root weight, Striga weight per pot and striga plant height were
significntly higher in sterile than non-sterlie soils. Non-sterile soil, delayed First date of Striga emergence. Only
Copper and exchangeable K were significantly different between treatments. Results suggests that the direct
effect of the soil nutrients on the host, parasite or interaction between the two may not have been responsible
for the differences observed between sterile and non-sterile soils and implicates microbial activity in inhibiting
Striga seed germination in non-sterile soil as against sterile soils. This study suggests microbial inundation
of soils n Striga endemic areas which could enhance microbial activities to reduce Striga seed bank. Microbial

mundation could destroy Striga seed prior to germination or kill germinated and developing seedlings.
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INTRODUCTION

Striga parasitism is one of the serious constraints
to cereal production in Africa. Qikeh et al. [1] estimated
vield loss due to Striga ranging from zero to 46% and
averaging 10% for 66 fields. Sauerborn [2] estimated that
yield loss from all Striga spp. 15 24% 1n six West African
studies from which data were available. Yield losses
averaged 24% (10-31%) but in areas of heavy mnfestation,
losses reached 90-100% in some years [3]. The Food and
Agricultural Organisation (FAQ) estimated an annual
loss due to Striga spp. parasitism to be approximately
US$7 billion which is detrimental to the lives of over
100 million African people [4]. Population pressure has
resulted in the increase of land use and more intensive
agriculture. Striga has become not only a biological
constraint to food production in sub-saharan Africa but
also a socio-economic problem to resource poor farmers.

These farmers are forced to abandon their farms under
high infestation conditions [5]. Controlling Striga spp.
becomes an enormous task considering the seed
production rate of 10,000-100,000 seeds/plant which
remams viable m the soil for 20 years [6, 7]. There is
therefore a need to solve the Striga problem in order to
achieve the sustamable food production goal. Most
effective control technologies mvolve high
agriculture and there 1s the need to look for simple
techniques  as components of an integrated Striga
control package which is adaptable to the African
situation [8]. Crops that are non-hosts to Strige but
produce germination Striga
(which die in the absence of a host) have been termed
Trap crops [9].

The use of legume as a trap crop for Striga

mput

stimulants  for seeds

hermonthica control has been suggested by several
authors [9-11]. Planting soybean before maize crop has
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been shown to reduce Striga seedbank in the soil
depending on the variety and duration of rotation
[8, 10, 12-14]. Legume rotation operates through two
major mechanisms (1) suicidal germination of Striga
seeds 1in the (2)
suppressiveness. Suppressive soils are those soils in
which disease development is suppressed even though
the pathogen i3 introduced in the presence of a
susceptible host [15]. Rotation cropping with a selected
legume a year, has been shown to be effective in Striga
hermonthica control [8]. Eplee and Norris [16] also
reported 90% reduction in S. asiatica using cotton in a
single season. However reports from many researchers

hermonthica soil  and soil

show that at least three years of rotation are likely to be
needed for benefits 1 Striga control to be seen Doggett,
1965 and Robinson & Dowler, 1966 cited by Parker and
Riches [7].

A system that would mmprove soil condition to
mcrease yield as well as reduce Striga infestation will be
of double advantage. Since soil suppressiveness is
biotic, the simple means of maximizing suppressiveness
is to improve soil conditions to encourage the growth of
biotic agents. Good soil management practices involving
the use of crop residues and organic manure have been
reported effective control measure against Striga [18, 19].
Vogtet al. [20] observed that Striga infestation decreased
with increasing organic matter of the soil and that organic
matter content seemed to be the most important factor
which preserved the soil fertility. Since soil microbial
biomass flourishes better in a medium rich in orgamic
matter, organic or mnorganic soil amendments may increase
soil suppressiveness to Striga hermonthica and also
mmprove soil conditions to increase yield of subsequent
cereal.

Natural biotic  suppressiveness widespread
in Nigeria, including soils from Striga hermonthica
infested areas [8]. Soils collected from farmers fields in
11 locations m Nigeria, showed a highly sigmificant
overall reduction in numbers of attached parasite
(43%) mn non sterilized compared to sterilized soils,
attributable to soil suppressiveness of microbial origin
[8]. Inspite of this natural suppressiveness, cereals
planted m these soils still suffer very low yields following
Striga infestation.

Since steam sterilization eliminated soil microbes,
any significant increase in emerged Striga hermonthica
on the host plant could also be attributed to the direct
effect of the soil nutrients on the host, parasite or
interaction between the two. This study therefore sets to
mvestigate the effect of soil sterility on soil nutrient,
Striga emergence and sorghum performance.

is
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METHODS

The experiment was conducted in a Randomized
Complete Block Design with two treatments (steam
sterilized and non sterilized soil), replicated four times
in screen house at IITA Ibadan.

Soil samples were collected from Siriga endemic
areas, bulked and filled into 3 I. pots with half the number
of pots subjected to steam sterilization for 4 h at 15 psi
and 121°C using a steam sterilizer and the other half was
not subjected to sterilization. After the sterilization, the
pots containing sterilized soils were left to cool and the
sterile and non sterile soils were separately infested
with 3000 germinable Striga hermonthica seeds per pot.
Infestation was effected by removing half of the soil
content in each pot and mixing thoroughly with the 3000
germinable S. hermonthica seeds. Pots were watered to
field capacity every other day and left for 4 weeks prior
to sowing with sorghum.

Data on first Striga emergence, emerged Striga seeds
per pot on weekly basis, sorghum plant height, sorghum
stover weight, sorghum root weight, Striga weight per
pot, Striga plant height and Striga rating were taken.

Four soil samples were taken from each of the
sterized soils and non sterile soils and subjected to
chemical analysis in the IITA Ibadan soil analytical

laboratory.
Nitrogen was determined by Kjeldahl digestion
and colormetrimeric  determination on  Technicon

Autoanalyser. Phosphorus was determined by Bray -1- P
m soil Exchangeable Ca, Mg, K, Na and Mn were
determined in 1 N, pH 7 Ammonium Acetate extract. Soil
micronutrients (Fe, Cu, Zn) were determined by Dilute
HC1 (0.1 N) extraction method. Exchangeable acidity
was determined by titration method after extraction
with 1 N KCI. Organic Carbon was by acid digestion
method and Soil pH was determined in water on 1:1 soil /
water ratio.

Data on Striga count were transformed using the
square-root transformation { X+ 0.05)"”

Where, “X” 15 Striga count. Transformation was
done to improve the homogeneity of variance before
analysis of variance. Data were subjected to statistical
analysis using GLM procedure of SAS [21].

RESULTS AND DISCUSSION

Sterile soil had significantly higher Striga emergence
than non-sterile soils across sampling periods (Table 1).
Sterile soil was significantly higher than non-sterile soil in
respect to Maximum Siriga emergence (Fig. 1). However
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Table 1: Emerged Striga hermonthica per pot as affected by sterile and non-sterile soil treatment

WAP
Treatments 3 4 5 6 7 8 9 10 11 12
ST 0.80 1.32 2.29 2.93 3.43 3.77 3.88 3.82 3.82 3.31
NS 0.83 1.21 1.75 2.14 2.44 2.78 2.90 2.75 27 242
LSD 0.04 0.10 0.15 0.18 0.18 0.18 0.18 0.17 0.19 0.15
8T = Steam sterilized soil; NS =Non-sterilized soil;, WAP = Weeks after planting
Table 2: Effect soil sterility on Striga height, weight and sorghum stover and root weight
Striga Sorghum
Treatments Height (cmm) Weight (g/pot) Stover weight (g) Root weight (g)
ST 19.20 1.88 5.96 7.88
NS 17.54 0.99 5.96 4.96
LSD 1.41 0.24 0.60 0.85
ST = Steam sterilized soil; N8 =Non- sterilized soil
Table 3: Effect of Soil sterility on soil chemical properties
N P K pH Cu Zn Fe C Ca Mg Na Exch Mn
Treatments % mgkg™'  ppm 11 ppm ppm ppm % cmol kg™
ST 0.02 34.77 0.11 3.92 0.55 1.83 911 0.23 2.92 0.57 0.31 0.40
NS 0.03 39.56 0.07 4.52 1.57 2.29 11.66 0.21 2.40 0.48 0.40 0.35
LSD 0.006 33.09 0.03 0.71 0.66 1.28 548 0.47 0.96 0.17 0.11 0.09
ST = Steam sterilized soil; N8 =Non- sterilized soil
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Fig. 1. Effect of Sterile and non-sterile soils on maximum
emerged Striga

non-sterile soil delayed first date of Striga emergence
(Fig. 2). Sterile soil had significantly higher sorghum root
weight, Striga weight per pot and Siriga plant height than
non-sterile soil. There was no sigmificant difference
between the treatments (sterile and non-sterile soil) on
plant height at harvest and stover weight (Table 2).

The significantly higher sorghum root weight on
sterile so1l compared to non-sterile soil may be a result of
the attached un-emerged Striga which were more on the
root of sorghum on sterile soil following higher infection.
The significantly higher Striga weight per pot and
Striga plant height m sterile soil compared to non-sterile
soil may be due tothe inhibition on Striga germination
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ST=Stearn sterilized soil; NS=Non sterilized; Bars represent LSD at p=0.05

Fig. 2. Effect of sterile and non-sterile soil treatments on
days to first Striga emergence

and development conferred by micro-organisms in the
non-sterile soil.

The sigmificantly higher Siriga emergence m
sterile so1l compared to non-sterile soil may be connected
with microbial activity which inhibited Striga seed
germination in the non-sterile soil. Bemer et al. [8] found
a similar reaction and implicated microbial activity
mbibiting Striga seed germination.

Chemical analysis of the soils showed that Copper
was significantly lower and exchangeable K significantly
higher (p<0.05) in sterile than in non-sterile soils whereas
organic C, N, P, Ca, Mg, Na, Zn, Fe, were not significantly
different in these soils (Table 3 ).
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That K is significantly higher in sterile than non-
sterile soil may not be swprising since alternate
wetting/drying and freezing has been shown to enhance
both the fixation of K in non exchangeable forms and
release the previously fixed K to the soil solution.
Although the practical importance of this is recognized,
its mechanism is not well understood [22]. Since there was
no signficant difference between N levels i both
treatments, K could not have enhanced stimulant activity
and increased number of emerged S.hermonthica or
maximum emerged S. hermonthica between treatments.
K promotes stimulant activity only in the absence of
N, the presence or absence of P in the growth medium
did not affect Striga seed germination, probably due
to the inability of this element to interfere with the
production or activity of the stimulating substance
from the host plants [23].

The sigmficant difference in Cu between Sterile and
nonsterile soil appear inexplicable. Copper ions are held
tightly by cation exchange sites [24]. Copper 1s umportant
as a coenzyme that is needed to activate several plant
enzymes and 1t 13 mvolved in chlorophyll formation [24].
The coenzyme and chlorophyll formation properties of
Copper may not have been same in this regard as it did
not enhance the stimulation of germination nor improve
the performance of sorghum in the non-sterile soil
where it was higher and therefore could not have
been responsible for the increase i emerged Striga
hermonthica plants on the host plant in the sterile soil.

Since steam sterilization elimmated soil microbes any
significant increase in emerged Striga hermonthica on the
host plant would have been attributed to the direct effect
of the soil nutrients on the host, parasite or interaction
between the two but this study has shown that the soil
nutrient could not have been responsible for the increase
m emerged Striga hermonthica in the sterile soil nor
inhibited the performance of the host plant (sorghum) in
the nonsterile soil.

This study suggests that the direct effect of the soil
nutrients on the host, parasite or interaction between the
two may not have been responsible for the differences
observed between sterile and non-sterile soils and agrees
with the findings of Berner et al. [8] implicating microbial
activity m mhubiting Striga seed germination in nonsterile
soil as against sterile soils where the micro-organisms had
been elimmated.

REFERENCES

1. Oikeh 8.0.,G. Weber, 5.T.0. Lagoke and A E. Awad,
1996, Assesment of yield losses from Striga
hermonthica in farmers fields in the northern Guinea
Savanna. Nigerian J. Weed Sci., 9: 1-6.

370

2.

10.

11.

12.

Sauerborn, I., 1991. The economic importance of the
phytoparasite Orobanche and Striga. In: Ramsom,
TK., L.J. Musselman, A.D. Worsham and C. Parker,
eds., pp: 137-143..

Hess, D.E., A.B. Obilana and P. Grard, 1996. Striga
research at ICRISAT. Ini Advances in Parasitic
Plant Research. Sixth International Parasitic Weed
Symposium (Moreno, M.T., I.I. Cubero, D K. Berner,
D. Joel, I.J. Musselman and C. Parker, eds.). Seville,
Spain, pp: 827-834.

Mboob, 8.8., 1986. A regional programme for West
and Central Africa. In Proceedings of the FAC/OAU
All African consultation on Striga control. 20-24
October 1986, Maroua, Camerourn, pp: 190-194.
Salle’, G., 1991. Striga research for West Africa
sponsored by  European Economic Community.
In: Combating Striga in Africa. K. Kim (Ed).
Proceedings of Intermational Workshop, IITA,
Tbadan, Nigeria, pp: 117-121.

Pieterse, A H. and C.J. Pesch, 1983. The Witchweeds
(Striga spp.) - a review. Abstracts on Tropical
Agriculture, 9: 9-34.

Parker, C. and C.R. Riches, 1993. Parasitic weeds of
the World: Biology and control. CAB International.
Wallingford, UK., pp: 332.

Berner, D.K., M.O. Alabi, U. di Umnba and F.O. Ikie,
1996, Proposed integrated control programme for
Striga hermonthica i Africa. In: Moreno, M.T.,
I11. Cubero, D. Bemer, D. Joel, L..J. Musselman and C.
Parker, Eds. Advances m parasitic plant research.
Proc. 6" Parasitic weeds symposium.April 16-18, 1996
Junta de Andalucia. Direccion General de
Tnvestigacion Agraria, Cordoba, Spain.

Parkinson, V., S K. Kim, Y. Efron, L. Bello and K.
Dashiel, 1988. Potential of trap crops as a cultural
measure of Striga control in Africa. FAO Bulletin
No. 96.

Parkimson, V., SK. Kim, Y. Efron, L. Bello and K.
Dashiell, 1987. Trapcrops as cultural measures in
Striga control m Africa. FAO Plant Protection
Bulletin No. 35: 51- 54 FAO, Rome.

Doggett, H., 1988 Sorghum. Second edition,
Longman, Essex, UK.

Tallyrand, H., T. Ngoumou Ngai, J. Edseb, A. Ebete
and W. Kashala, 1994. Differential response of maize
and sorghum to Striga incidence after several trap
crops in Striga infested alfisol of the lowland
savarmma of North Cameroun. In: Lagoke, 3.T.0. R.
Hoevers, S.8. Mboob and R. Traboulsi (Eds.).
Improving Striga management in Africa. Proceedings
of the second general workshop of the Pan Africa
Striga Network. FAO PASCON, Accra Ghana,
pp: 64-73.



13.

14.

15.

16.

17.

World J. Agric. Sci., 2 (4): 367-371, 2006

Ariga, E., 1996. Bioassay of germination stimulants
of Striga hermonthica.
PhD. Thesis, pp: 129.
Bemmer, DK., R. Carsky, K. Dashiell, J. Kling and
V. Manyong, 1996. A land management based
approach to integrated Striga hermonthica control
m Subsaharan Africa. Outlook on Agriculture,
25:157-164.

Baker, K.F. and R.J. Cock, 1994. Biological control
of plant pathogens. W.H. Freeman, San Francisco,
pp: 433.

Eplee, R.E. and R.8. Norris, 1990. Secil sampling
collection equipment and equipment to separate
seeds from the soil In: Sand, P.F., RE. Eplee and
R.G. Westbrooks (Eds.). Witchweed Research and
Control in the Umnited States. Weed Science Soceity
of America, Champaign, pp: 136-140.

Ramaiah, K.V, 1981. Siriga resistance breeding.
In: Annual report 1981. Ouagadougou, Burkina
Faso. ICRISAT/Upper Volta Cooperative Programme,
ICRISAT, pp: D1-19.

University of Nairobi

371

18.

20.

21.

22.

23.

24

Hosmami, M.M., 1978. Striga (A Noxious Root
Parasitic Weed), Urniversity of Agricultural Science,
Dharwar, India, pp: 165.

Vogt, W, I Sauverborn and M. Homsch 1991.
Striga hermonthica, Distribution and Infestation
i Ghana and Togo on Grain crops. Proceedings of
fifth International Symposium of Parasitic Weeds,
Tune 24-30. Nairobi, Kenya, pp: 372-377.

SAS (Statistical Analysis System) Institute Tnc.
1989. SAS/STAT User’s Guide Version 6 4* Edition,
Volume 1. SAS Tnstitute, Inc., Cary, NC., pp: 943.
Brady, N.C. and RR. Well, 1999. The nature
and properties of soil. Prentice-Hall Inter limited
London

Raju, P.S., MLA. Osman, P. Soman and J.M. Peacock,
1990. Effects of N, P and K on Striga asiatica (L.)
Kuntze seed germination and infestation of sorghum.
Weed Res., 30: 139-144.

Thompson, L.M. and F.R. Troeh, 1979. Soil and soil
fertility. Tata McGraw-hill Publishing Company Ltd.
New Delhi.



