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Abstract
The parasitic weed, Striga hermonthica (Del.) Benth is a major constraint to cereal productions such as sorghum. In Burkina 
Faso, sorghum is the first of the cereals, in terms of cultivated areas and human consumption per capita. This study aimed to 
identify resistant lines by screening 31 sorghum mutant lines. Experimental assays were carried out in vitro and under greenhouse. 
The results shown that mutant lines SbEMS0937-1, SbEMS3105-2 were low producers of Striga seeds germination stimulant in 
vitro. There was a positive and significant correlation (r = 0.72; p < 0.0001) between the germination maximum distance (GMD) 
and the germination rates (GR) of the different sorghum varieties and mutant lines. In the greenhouse conditions, the mutant 
SbEMS2311-1 was leading with two resistant controls to having significantly low numbers (5 plants/pot) of Striga 60 DAS (Days 
After Sowing) and featured the lowest number of Striga 90 DAS (10 plants/pot). The sorghum production variables that are the 
weights of the stems, panicles, and grains and the plant height at 21 days after sowing (DAS) and at the harvest were all positively 
related. However, the emergence date and the number of Striga plants which emerged at 90 DAS were negatively correlated (r 
= -0.21; p = 0.02). Otherwise, the GMD in vitro was positively correlated with the number of the Striga plants emerged at 60 
DAS and 90 DAS in greenhouse. These results revealed that the mutagenesis of the sorghum lead to resistance or tolerance to S. 
hermonthica. Therefore, the growing of each of the three resistant mutants should contribute to reducing highly the density of this 
pest plant in the sorghum field. Furthermore, the transfer of gene (s) inducing this Striga-resistance/tolerance from mutant lines 
could improve Sorghum varieties preferred by local farmers.
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Introduction
The genus Striga from the Scrophulariaceae family includes the 
most devastating weeds of crops in the world. It is found in America, 
Asia, and Australia and especially in Africa. With the exception 
of S. euphrasioides, species of the genus Striga are epirhizal 
parasitic plants, unable to complete their biological cycle without 
an herbaceous angiosperm[1]. Striga is considered as a ‘thief’ 
of nutrients from its hosts, impairs the development of infested 
plants and makes them stunted as a result of its attachment to their 
root systems. Striga grows on all types of soil in Burkina Faso[2] 
the botanical characteristics of 13 species inventoried throughout 
the country have been described [3]. S. hermonthica, is the most 
economically important and widespread species in West, East and 
Central Africa. In West Africa, it infests 64% of the land sown for 

cereal production [4]. Burkina Faso is one of the countries in sub-
Saharan Africa which has recorded significant losses in agricultural 
production due to Striga parasitism. In fact, an area of 1,319,000 
ha is affected by the S. hermonthica infestation, causing an average 
loss of 710,000 to 820,000 t grains / year corresponding to 35-40% 
of sorghum and millet production[4]. These losses were estimated 
at 41 - 75% in the Central region by [5] and, at 28% to 55% in the 
East of the country by [6]. According to [7, 8], Striga can reduce 
host crop yields by more than half, and sometimes cause 100% 
crop loss. S. hermonthica affects sorghum, millet and maize and 
can also infest other plants, such as finger millet, rice, sugarcane, 
Sudanese grass [7]. These seeds can remain viable in the soil for 
more than 10 years [8]. In Burkina Faso, research was carried out on 
control methods against S. hermonthica [6, 9, 10, 11, 12]. Several 
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methods such as manual uprooting and weeding, the application 
of organic manure in the fields, the use crop rotation and planting, 
fallow have been developed [3]. Early sowing, hilling, the use of 
Striga ash, Acacia gourmaensis Bark bark powder and black goat 
fat are endogenous techniques for Striga control in eastern Burkina 
Faso [6]. Despite these endogenous methods, Striga is growing. 
Variety selection of host crops for their resistance to Striga would 
be the most economical means to control this parasite [13, 14]. 
The present study relates to the screening of sorghum mutant lines 
obtained by the induced mutagenesis of the variety BTX623. It thus 
aims to assess the resistance of these mutants to S. hermonthica in 
vitro and under greenhouse conditions with a view to contributing 
to the reduction of the damage caused by this parasitic plant.

Material and methods
Material
The screening of mutant lines and sorghum varieties under 
greenhouse conditions was carried out at the Kamboinsé research 
station in Ouagadougou, Burkina Faso. Thirty-one (31) mutant 
lines created from the BTX623 sorghum variety by mutation-
induced under the effect of the mutagenic agent ethyl methane 
sulfonate (EMS) and seven (7) varieties namely Framida, ICSV 
1049, SRN 39, Sariaso 14, Grinkan, BTX 623, and Macia were 
assessed for resistance to S. hermonthica. Striga Seeds collected 
from sorghum fields in the Kouaré village during the 2008-2009 
agricultural campaign were used for screening trials in vitro and 
greenhouse conditions. Plastic pots with an upper diameter of 30 
cm, a lower diameter of 22 cm, and a height of 30 cm with a total 
volume of 15 liters were used for the sorghum and S. hermonthica 
growing in greenhouse. The growing medium used is a mixture of 
two volumes of soil for one volume of sand (2v / 1v).

Methods
The screening in vitro
The screening in vitro is carried out using the gel-agar method 
[8]. Striga seeds were disinfected with 70° ethanol and 1% sodium 
hypochlorite (NaOCl) respectively for 3 min and 5 min. Two drops 
of Tween 80 were added to the NaOCl solution to lower the seeds 
surface tension. After sterilization, Striga seeds were rinsed at least 
three times with sterile distilled water before being packaged with 
sterile distilled water and incubated at 28 ° C for 8 days. Sorghum 
seeds were also disinfected with 1% sodium hypochlorite for 15 
min. They were then rinsed at least 3 times with sterile distilled 
water. The disinfected seeds were transferred to Petri dishes (9 cm 
ø) containing moistened filter paper. The dishes were sealed and 
the whole was incubated at laboratory room temperature (20 °C 
- 30 °C) for 24 h, after which sorghum seedlings were obtained.

One milliliter of the solution including sterile distilled water and 
conditioned Striga seeds was pipetted and placed in a Petri dish (9 
cm ø). The agar culture medium (Agar 0.7%) sterilized and cooled 
to approximately 50 °C was poured into the Petri dish containing 
the preparation of the Striga seeds so as to obtain a homogeneous 
distribution of the seeds at the dish bottom. The radicles of 2 

vigorous sorghum seedlings were buried in the solidified agar 
medium in the opposite position. Petri dishes containing the whole 
Striga seeds - sorghum seedlings were sealed and incubated at 
28 °C for 72 h. After that, each Petri dish was observed under a 
binocular magnifying glass to visualize Striga germinated seeds. 
Three Petri dishes were used per mutant line or sorghum variety 
and per test and the test was repeated three times under the same 
conditions. The Germination Maximum Distance (GMD) that is 
the greatest distance (in cm) between the sorghum seedling root 
and the Striga germinating seed is measured in each Petri dish of 
the gel Agar essay (Figure 1). Sorghum seedlings are classified as 
low germination stimulant producers if the GMD is less than 1 cm 
and high stimulant producers if the GMD is greater than or equal 
to 1 cm.

Screening under Greenhouse Conditions
Before sorghum varieties and mutant lines sowing in greenhouse, 
the pots were artificially infested with S. hermonthica seeds 
according to the method of [15]. Which gives an infestation rate 
of 5 x 103 seeds of S. hermonthica / pot. The sowing was carried 
out at the rate of four seeds / pot and then seeded to 2 sorghum 
plants / pot, 21 days after sowing (DAS). Each pot constituted one 
replicate and the whole was arranged in a completely randomized 
Fisher block with 4 replicates. The pots were watered each 48h at 
the rate of 2 l / pot. The parameters measured during the greenhouse 
screening are: date of the Striga seedling emergence, the number 
of Striga plants emerged 60 and 90 DAS, the Striga dry biomass at 
the sorghum harvest, the weight of sorghum panicles and grains.

Data analysis
Data statistical analysis was performed using Gen Stat 10.3 
software. The ANOVA (analysis of variance) followed by the 
comparison of the means for each variable was carried out using 
Fisher test at the 5% threshold. Graphs were made from the results 
of the ANOVA, using the Excel spreadsheet. PCA (Principal 
Component Analysis) of the variables measured on sorghum as 
well as on Striga was carried out and the correlations between the 
variables were determined with the JMP 16 software.

Results
Ability of the Sorghum Mutant Seedlings to Produce Striga 
Germination Stimulant in Vitro
The averages of the germination maximum distance (GMD) of 
the Striga germinated seeds are presented in Figure 1. GMDs less 
than 1 cm were obtained with eight mutant line seedlings and three 
varieties which are therefore classified as low producers of Striga 
seed germination stimulant. The others are considered strong 
stimulant producers. The ANOVA showed the existence of a 
significant difference (P<0.001) between the sorghum mutant lines 
or varieties compared to the germination rates of the seeds of Striga 
recorded under the Agar gel conditions. The highest germination 
rate (13.15%) was recorded with the mutant line SbEMS3609-1. 
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Figure 1: Means of Striga germination distances in vitro according to sorghum mutant lines/varieties

This rate is statistically equivalent to those obtained with 23 other 
mutant lines and four sorghum varieties. The Framida and SRN39 

varieties did not induce any Striga seed germination (Figure 2).
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Figure 2: Comparison of the averages of Striga germination rates according to the sorghum mutant lines/varieties

Means followed by the same alphabet letters are not significantly 
different. 
Figure 3 shows a linear relationship between GMD and (GR) 
germination rates recorded with the different sorghum varieties 

and mutant lines. A positive (r = 0.72) and significant (p < 0.0001) 
correlation was revealed between these two parameters. The same 
is true for the correlation between GMD and time to the first 
germination were observed (r = 0.70 and p < 0.0001).
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Figure 3: Correlation between Striga germination rates and germination maximum distances (GMD) obtained with the sorghum mutant 
lines/ varieties in vitro.
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NB: The full name of each mutant line is made up of the numbers in the figure, preceded by SbEMS; BTx=BTx623; Grink = Grinkan; 
ICSV= ICSV 1049; Sar = Sariaso 14

Infestation State of the Sorghum Mutant Lines and Varieties 
by Striga hermonthica in the Greenhouse Conditions
The results of analysis of variance (ANOVA) of the emergence 
date of the S. hermonthica plants (Em D) in the pots, the number of 
these plants at 60 days after sowing (N Strg 60DAS) and 90 days 
after Sowing (N Strg 90DAS) are presented by Figure 4. On the 
one hand, the emergence period varied between 29 and 51 DAS 
and has not shown significant differences between the means (p = 
0.052). On the other hand, the numbers of S. hermonthica at 60 and 
90 DAS presented significant differences with probabilities (P) that 
were respectively 0.039 and 0.015. The mutants SBEMS3362-1, 
SBEMS4607-1, and the variety ICSV1049 induced emergence 
periods greater than or equal to 50 DAS (Figure 4). In addition, 
the number of Striga plants emerged 60 DAS in the pots of the 
SBEMS3609-1 mutant line (94 plants/pot) was higher than those 
recorded with the other sorghum mutants and varieties. Among 
the mutant lines, SBEMS2311-1 was the least infested 60 DAS 
(5 plants/pot) and 90 DAS (10 plants/pot). The highest infestation 
was observed at 90 DAS with SBEMS2250-1 (161 plants/pot) and 
five other mutants. On the Framida variety, the number of Striga 
plants emerged 60 DAS (92 plants/pot) has dropped (49 plants/ 

pot) at 90 DAS following the plant’s mortality.

The ANOVA has also revealed significant differences between the 
sorghum varieties and mutant lines, compared to the weights of 
the panicles (Sorg Pan W), the weight of grains (Sorg grns W), and 
the weights of the stems (W Sorg Stems) whose probabilities were 
all p <0.001 (Figure 5). The production of 17 sorghum mutant 
lines and seven varieties was the least affected by the infestation 
of S. hermonthica. The grain yields of three SRN39, Framida, and 
ICSV1049 varieties were significantly the highest (Figure 5). As 
for the dry weights of S. hermonthica (Strg W), there have been 
no significant differences and the probability obtained was 0.30 
(Figure 5).

The results on the number of sorghum plants at 21 days after 
sowing (N_Sorg_21D) presented significant differences including 
p <0.001 while at the harvest the averages (N_Sorg_Harv) were 
not statistically different including p = 0.67 (figure 6). Regarding 
the height of sorghum plants, ANOVA has still shown significant 
differences with p <0.001 (Figure 7). At 21 days after sowing, the 
height of the Framida variety was significantly higher than those 
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Figure 4: Comparison of the means of the emergence date of S. hermonthica plants Em D (DAS), number of these plants at 60 days after 
sowing (N Strg 60DAS) and at 90 days after sowing (N Strg 90DAS).

NB: Sticks of the same color followed by the same letter are not significantly different at the 5% level according to the Student-Newman-
Keuls test.

Eart & Envi Scie Res & Rev, 2022

of the mutant lines SBEMS 2311-1, SBEMS 3362-1, SBEMS 
3105-2, and SBEMS 3914-2. At the harvest, the varieties Framida 
and ICSV 1049 were significantly higher than Sorghum’s other 
varieties and mutants.

State of Sorghum Mutant Lines and Varieties Infestation by 
Striga hermonthica under Greenhouse Conditions
The analysis of variance (ANOVA) of the emergence date (Em D) 
of S. hermonthica plants in the pots, the number of these plants at 
60 days after sowing (N Strg 60DAS) and 90 days after sowing (N 
Strg 90DAS) are shown in Figure 4. The time to emergence varied 
between 29 and 51 DAS without significant differences between 
the means (p = 0.052).  However, the numbers of S. hermonthica 
at 60 and 90 DAS showed significant differences with respective 
probabilities (P) of 0.039 and 0.015. The mutants SbEMS3362-1 
and SbEMS4607-1 and ICSV1049 variety induced emergence 
times greater than or equal to 50 DAS (Figure 4). Furthermore, 
the number of Striga plants that emerged 60 DAS in the pots of the 
mutant line SbEMS3609-1 (94 plants/pot) was higher than those 
recorded with the other mutant lines and the 4 varieties. Among 
the mutant lines, SbEMS2311-1 was the least infested 60 DAS (5 
plants/pot) and 90 DAS (10 plants/pot). The strongest infestation 
was observed at 90 DAS with the SbEMS2250-1 line (161 plants/
pot) and five other mutants. On the Framida variety, the number 
of emerged Striga plants 60 DAS (92 plants/pot) decreased (49 

plants/pot 90 DAS) following plant mortality.

The ANOVA also revealed significant differences between the 
mutant/ varieties of sorghum, with respect to the weight of the 
panicles (Sorg Pan W), the weight of the grains (Sorg grns W), 
and the weight of the stems (W sorg stems) whose probabilities 
were all P<0.001 (Figure 5). The production of 17 sorghum mutant 
lines and seven varieties was least affected by S. hermonthica 
infestation. Grain yields of three varieties SRN39, Framida, and 
ICSV1049 were significantly the highest (Figure 5). As for the 
dry weights of S. hermonthica (Strg W), there were no significant 
differences and the probability obtained was 0.30 (Figure 5).

The results on the number of sorghum plants at 21 days after 
sowing (N_sorg_21D) showed significant differences including 
P<0.001 while at harvest the means (N_sorg_Harv) were not 
statistically different including P= 0.67 (Figure 6). Regarding 
the height of sorghum plants, ANOVA again showed significant 
differences with P <0.001 (Figure 7). At 21 days after sowing, the 
height of the Framida variety stem was significantly higher than 
those of the mutant lines SbEMS 2311-1, SbEMS 3362-1, SbEMS 
3105-2, and SbEMS 3914-2. At harvest, the Framida and ICSV 
1049 varieties were significantly taller than the other sorghum 
mutants and varieties.  
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Figure 5: comparison of the means of sorghum production parameters and S. hermonthica biomass.

Sorg Pan W (g) = Weight of sorghum panicles in grams; Sorg grns W (g) = Weight of sorghum grains in grams;
W sorg stems (g) = Dry weight of sorghum stems in grams; Strg W (g) = Dry weight of S. hermonthica plants in grams
NB: Sticks of the same color followed by the same letter are not significantly different at the 5% level according to the Student-Newman-
Keuls test.
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Figure 6: Comparison of the means of the number of sorghum plants at 21 days (N_sorg_21D) and at harvest (N_sorg_Harv)
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Keuls test.
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Figure 7: Comparison of the means of sorghum plants height at 21 days (H_sorg_21D) and at harvest (H_sorg_Harv). 

NB: Sticks of the same color followed by the same letter are not significantly different at the 5% level according to the Student-Newman-Keuls 

test. 
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Figure 7: Comparison of the means of sorghum plants height at 21 days (H_sorg_21D) and at harvest (H_sorg_Harv).

Relationship between Striga Infestation and Sorghum 
Production under Greenhouse Conditions
The two axes (PC#1 and PC#2) of the principal component analysis 
explained respectively 36.1% and 18.1% of the total variance of 
the variables measured in the greenhouse (Figure 8). The sorghum 
production variables of plant height (21 DAS and at harvest), 
stem, panicle, and grain weight were all positively related. For 
example, the correlation between sorghum plant height at harvest 

and sorghum grain weight is strongly positive with a correlation 
coefficient, r = 0.82, and very significant (p < 0.0001). Sorghum 
stem dry weight was positively related to both panicle and grain 
weight with r=0.72 and P<0.0001 for both correlations. The highest 
correlation coefficient (r=0.99) with high significance (p<0.0001) 
was observed between panicle weight and grain weight of sorghum
However, the emergence date and number of emerged Striga plants 
at 90 DAS were negatively correlated (r = -0.21; p = 0.02).
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Figure 8: Correlation between the different variables measured in the greenhouse on sorghum and S. hermonthica
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NB: D.Em = Striga emergence date; H sorg 21D = Height of 
sorghum plants 21 DAS (Days After Sowing); H sorg harv = 
Height of sorghum plants at the harvest; N sorg 21J = Number of 
sorghum plants 21 DAS; N.sorg.rec = Number of sorghum plants 
at harvest;  
N.strg.60DAS = Number of plants of Striga 60 DAS; N.strg.90DAS 
= Number of Striga plants 90 DAS; W.strg = Dry weight of Striga 
plants; W.sorg.st = Weight of sorghum stems; W.sorg.pan = Weight 
of sorghum panicles; W.sorg.gr = weight of sorghum grains

Relationship between Striga seed germination in vitro and 
infestation on sorghum under greenhouse conditions
The two axes PC#1 and PC#2 of the Principal Component 
Analysis together explained respectively 33.3% and 24.7% of 
the total variance of the data measured on Striga in vitro and in 
the greenhouse (Figure 9). These main axes therefore together 
explain about 58% of the overall inertia. The results showed 
that the variables GMD, N.strg.60D and N.strg.90D, and GR 
were interrelated and positively correlated. However, Em date 
(emergence date) was negatively related to all the other variables. 
W strg was also negatively correlated with the number of Striga 
plants at 60 and 90 DAS.
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Discussion
Stimulation of Striga germination in vitro
The results showed a low production of S. hermonthica seed 
germination stimulant with 5 sorghum varieties and 8 mutant 
lines in vitro. This should confer resistance to these genotypes 
against the parasitic plant. Indeed, the gel-Agar test is sorghum 
varieties method selection for their low stimulation of Striga 
seed germination, an important component of resistance [16]. 
The SbEMS3609-1 mutant was identified in vitro to be a major 
producer of germination stimulant with the highest germination 
rate. This mutant could thus be considered as a reference control 
for the sensitivity of sorghum to S. hermonthica. In addition, the 
Striga seeds non-germination in vitro with the seedlings of the 
varieties ICSV 1049, Framida and SRN39 confirms the results of 
the work from [17] that Framida and SRN39 were low stimulant-
producing genotypes. These authors have shown that it is the 
formation of a mechanical barrier against the penetration of the 

Striga’s haustorium which justifies the resistance of these varieties. 
[18] was also able to observe a late accumulation of polyphenolic 
compounds in the tissues surrounding the Striga’s haustorium 
on the Framida variety. Furthermore, through an EAGA method 
(Extended Agar Gel Assay) which is a modification of that of [10], 
[19] showed that the root of SRN39 prevents the differentiation 
of Striga radicles close to sorghum into haustoria.  [20] before 
also reported that SRN39 root exudates contain two types of 
sorgolactones: 5-deoxystrigol in low amounts and orobanchol 
in large amounts The amount of orobanchol and the number of 
emerged Striga plants were negatively correlated.

Interaction between the variables in vitro 
The linear relationship between the germination maximum 
distance (GMD) and the germination rate (GR) of Striga seeds 
and their positive correlation means that the greater the GMD, the 
higher the number of germinated seeds and vice versa. This would 
mean that the lines shown to be strong producers of stimulants 
would be able to make the seeds germinate over a long distance 
and in high numbers. The linear relationship between GMD and 
GR (y = 4.8427x - 0.6391) indicates that for each unit increase
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in GMD, the value of GR increases by 4.84% According to [21] 
the low production of stimulants is linked to a single nuclear 
recessive gene, the expression of which depends on several other 
genes. A strong positive correlation (r = 0.93) was also observed 
between the GMD and the percentage of Striga seeds germinated 
in an agar medium in a screening of sorghum genotypes for their 
resistance [10]. Similarly, [22] before reported a positive (r = 0.88) 
and significant (P < 0.001) correlation between the S. asiatica 
seeds germination percentage and GMD on sorghum cultivars 
after an incubation of 72 hours [16]. According to GMD is much 
easier to measure than the percentage of germination. Indeed, 
this measurement takes much less time than counting germinated 
and ungerminated Striga seeds to deduce the GR [8]. According 
to [10], GMD is much easier to measure than the percentage of 
germination. Indeed, this measurement takes much less time than 
counting germinated and ungerminated Striga seeds to deduce the 
GR.

Striga Infestation and Its Effect on Sorghum under Greenhouse 
Conditions
The emergence of S. hermonthica that was more or less early in 
greenhouse conditions could be due to the regular watering of 
the pots which favored a rapid lifting of the dormancy of seeds 
Striga. Absolute resistance was not observed as Striga emerged 
on all sorghum lines and varieties. In addition, a greenhouse 
evaluation of several performance parameters of two sorghum 
genotypes, Tiémarifing and E36-1, showed similar responses with 
increased Striga seed densities in the soil [23]. These authors 
reported that the two genotypes showed differences in tolerance 
but not resistance. Also, according to [24] none of the 6 sorghum 
cultivars they evaluated in the greenhouse in Sudan, showed a 
true resistance”. mechanism. However, a weak emergence of 
Striga without significant reduction in the sorghum biomass was 
observed with the cultivar S3 in Sudan, showed a true resistance 
mechanism. However, a weak emergence of Striga without 
significant reduction in the sorghum biomass was observed with 
the cultivar S3 [23]. The effect of Striga was severe on BTx623 
variety, the susceptible control, to the point that the aerial parts of 
the plants were completely desiccated at 50 DAS. SbEMS2311-1 
which recorded the lowest number of Striga 90 DAS plants would 
be the mutant line most likely to resist in greenhouse conditions. 
The high weight of the panicles, as well as that of the grains of 
the varieties ICSV 1049, Framida, SRN39, and Sariaso 14, could 
be explained by the fact that they are already adapted to the 
environment’s climatic conditions. In addition, previous studies had 
shown that these varieties are resistant to S. hermonthica [25, 26, 
19]. Mortality of Striga seedlings in the Framida variety between 
60 DAS and 90 DAS could be due to necrosis of Striga attached 
to sorghum plants. The necrosis of 71.4% of Striga seedlings that 
emerged on Framida in vitro was also reported by [27]. Moreover, 
this variety could be considered tolerant to Striga in this trial 
because of its high grain yield despite the heavy infestation at 60 
DAS. A similar tolerance  ....as a resistance control” and replace it 
by “A similar tolerance had been observed by [20] with the Mogud 
and Wadbaco sorghumgenotypes which, despite a high density of 

S hermonthica, gave higher grain yields than those of the SRN39 
variety used as a resistance had been observed by with the Mogud 
and Wadbaco sorghum genotypes which, despite a high density 
of S [14]. hermonthica, gave higher grain yields than those of the 
SRN39 variety used as a resistance control. The low weights of the 
panicles and grains of the mutant lines would be due to the effect 
of Striga which led to the drying up of the main stem of many 
lines followed by the development of the tillers whose fruiting 
gave small panicles provided with mature grains. As regards [28], 
tillering in sorghum is a yield adjustment variable that contributes 
to production stability.

The mutants SbEMS0937-1, SbEMS3105-2, and SbEMS2311-1 
would have a higher level of resistance compared to the others. 
The male sterility of a mutant (ms8) from the BTx623 variety has 
already been characterized by [29]. This property would allow 
hybridizations with other varieties to increase the resistance of 
sorghum genotypes to S. hermonthica. The most resistant NERICA 
rice cultivars reported by [30] were the ones least damaged by 
Striga, even though low numbers of Striga caused a reduction in 
host biomass. The identification of interesting mutants requires the 
examination of a large number of plants [31, 32]. The greenhouse 
experiment was conducted during a dry and hot period in Burkina 
Faso. The low panicle and grain weights of the mutants could 
therefore be due to adaptation issues and the effect of probable 
photoperiodism because these mutants were created in a temperate 
climate.

The Influence of Some Parameters on Others
Principal component analysis (PCA) showed that there was no 
reduction in the number of emerged Striga plants between 60 
DAS and 90 DAS. The negative correlation between sorghum 
grain weight and the number of Striga at 90 DAS would mean the 
high Striga count caused a decrease in sorghum grain weight. [33] 
Furthermore, noted reduced sorghum growth and stunted growth 
as the dominant symptoms due to Striga infestation.

The PCA also emphasizes that the weight of sorghum grains is 
proportional to that of the panicles and stems and to the plant’s 
height. Thus, the lines whose stems were taller were also the 
most productive in terms of grain yield and stem biomass that 
could be used as fodder. A strong correlation between the height 
of sorghum plants, the weight of their panicles, and their grains 
under Striga infestation, has already been reported by [34]. The 
dry weight of Striga plants and their number were not related to 
the parasite emergence date. Although the number of Striga plants 
is high, their biomass is low. The weak correlation between the 
level of germination stimulants production in vitro and the number 
of Striga plants that emerged in greenhouse conditions shows that 
the measured GMD has little influence on the emergence of the 
parasite in semi-controlled conditions. This is confirmed with the 
Framida variety which induced on average the emergence of 92 
Striga /pot at 60 DAS under greenhouse conditions, whereas, in 
vitro, no Striga germination was recorded. On the other hand, 
[20] showed a significant positive correlation of root exudate 
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5-deoxystrigol concentration with Striga germination rate in vitro 
and also with Striga infestation under field conditions. Striga 
emergence time is negatively correlated with Striga density. This 
result corroborates that of except that this correlation was strong 
[35]. It follows that the earlier Striga plants emerge, the higher the 
density of Striga plants.

Conclusion
The evaluation of the sorghum mutant lines, in controlled conditions, 
made it possible to identify mutants such as SbEMS2250-1, 
SbEMS0937-1, SbEMS3963-1, and SbEMS1557-1 with potential 
resistance to S. hermonthica through low production of germination 
stimulant. The SbEMS0937-1 and SbEMS3105-2 mutants would 
be elite lines for their low production of Striga seed germination 
stimulant in vitro and low induced germination rates. The sorghum 
production variables of which plant height and the weights of 
the stem, panicle, and grain were positively correlated. Also, the 
mutant lines with a high germination rate of Striga seeds in vitro 
showed a strong emergence of Striga plants in the greenhouse. But 
other tests are needed to better confirm these results in order to 
lead to the popularization of resistant mutants among farmers for 
efficient and sustainable production of sorghum. Thus, tests under 
natural conditions will make it possible to verify the resistance and 
adaptability of sorghum mutants [29-35].

Acknowledgements
We extend our sincere thanks to professors Mitchell Tuinstra 
and Clifford Weil of Purdue University Purdue University for 
supplying the seeds of the sorghum mutant lines. Our deepest 
gratitude also goes to the West Africa Agricultural Productivity 
Program (WAAPP) for its contribution to this study funding.

References
1. Raynal-Roques, A. (1993).“Contribution à la connaissance de 

la biologie des Striga (Scrophulariaceae): types biologiques et 
phénologie,” in Bulletin Museum National Histoire Naturelle, 
4è série, 15, section B, Adansonia, vol. 1, no. 4, pp. 3–31.

2. Boussim I. J., (2002). “Les phanérogames parasites du Burkina 
Faso : inventaire, taxonomie, écologie et quelques aspects 
de leur biologie. Cas particulier des Loranthaceae, parasites 
du karité,” Thése de doctorat, Université de Ouagadougou, 
Burkina Faso, 301p.

3. Boussim I. J., Yonli D., Guinko S. and Salle G., (2011).“Etat d ’ 
infestation , connaissance endogène et approche systématique 
des espèces du genre Striga au Burkina Faso,” Int. J. Biol. 
Chem. Sci., vol. 5, no. 4, pp. 1374–1386.

4. Gressel J., Hanafi A., Head G., Marasas W., Obilana A.B., 
Ochanda J., Souissi T. and Tzotzos G., (2004). “Major 
heretofore intractable biotic constraints to African food 
security that may be amenable to novel biotechnological 
solutions,” Crop Prot., vol. 23, pp. 661–689.

5. Zombré P. N. and Nikiéma S., (1992). “Importance et effet 
de Striga hermonthica (Del.) Benth. sur la production du 
sorgho en zone Nord soudanienne du Burkina Faso : Cas de 
Linonghin,” Rev. du Réseau pour l’Amélioration la Product. 

Agric. en Milieu Arid., vol. 4, pp. 103–112.
6. Traoré H. and Yonli D., (2001). “Striga et autres adventices : 

perception paysanne et inventaire des méthodes endogènes de 
lutte dans l’Est du Burkina Faso,” Sci. Tech. Sci. Nat. Agron., 
vol. 25, no. 1, pp. 46–59.

7. CTA (Centre Technique de coopération Agricole et rurale), 
(2008). “Comment lutter contre Striga et les foreurs de tige du 
maïs,” Collection Guides pratiques du CTA N° 2, 6p.

8. Lawane G., Sougnabe S. P., Lendzemo V., Gnokreo F., 
Djimasbeye N. and Ndoutamia G., (2010). “Efficacité de 
l’association des céréales et du niébé pour la production 
de grains et la lutte contre Striga hermonthica ( Del .),” in 
Savanes africaines en développement : innover pour durer, , 
no. 20-23 avril 2009, pp. 1–8.

9. Kambou G., Ouedraogo O., Somé N. and Ouedraogo S., 
(2003). “Effets d’extraits de gousses de néré, Parkia biglobosa 
(Jacq.) R. Br. ex G. Don, sur la germination du Striga 
hermonthica (Del.) Benth du mais,” in Maize revolution in 
West and Central Africa. Proceedings of a Regional Maize 
Workshop, IITA-, , pp. 293–302.

10. Hess D. E., Ejeta G. and Butler L. G., (1992). “Selecting 
sorghum genotypes expressing a quantitative biosynthetic 
trait that confers resistance to Striga,” Phytochemistry, vol. 
31, pp. 493–497.

11. Yonli D., Traoré H., Hess D. E., Abbasher A. A., Sérémé P. and 
Sankara P., (2005). “Biological control of witch weed in fields 
of Burkina Faso using isolates of Fusarium oxysporum.,” 
African Crop Sci. J., vol. 13, no. 1, pp. 41–47.

12. Traoré H., Yonli D., Diallo D. and Seremé P., (2011). “Suicidal 
Germination of Striga hermonthica (Del.) Benth. by Cotton, 
Cowpea and Groundnut Genotypes in Burkina Faso,” Int. J. 
Agric. Res., vol. 6, no. 1, pp. 49–57.

13. Vasudeva Rao M. J., (1985). “Techniques for screening 
sorghums for resistance to Striga,” Int. Crop. Res. Inst. Semi-
Arid Trop. Bulletin n 20, 18 p.

14. Arnaud M.-C., Véronési C. and Thalouarn P., (1999). 
“Physiology and cistology resistance to Striga hermonthica 
in sorghum var Framida,” Aust. J. Plant Physiol, vol. 26, pp. 
63–70.

15. Marley P. S., Ahmed S. M., Shebayan J. A. Y. and Lagoke S. 
T., (1999). “Isolation of Fusarium oxysporum with potential 
for biocontrol of the witchweed in the Nigerian savanna,” 
Biocontrol Sci. Technol., vol. 9, pp. 159–163.

16. Omanya G. O., Haussmann B. I. G., Hess D. E., Welz H. G., and 
Geiger H. H., (2001). “Screening methodologies for resistance 
of sorghum to the parasitic weed Striga hermonthica,” 7th Int. 
Parasit. Weed Symp., pp. 170–173,.

17. Bozkurt M. L., Muth P., Parzies H. K. and Haussmann B. I. 
G., (2014). “Genetic diversity of East and West African Striga 
hermonthica populations and virulence effects on a contrasting 
set of sorghum cultivars,” Weed Research. 1–11.

18. Qasem J. R., (2006). “Parasitic weeds and allelopathy: from 
the Hypothesis to the proof,” in Allelopathy: A Physiological 
Process with Ecological Implications”, the Netherlands: 
Springer , pp. 565–637.

Eart & Envi Scie Res & Rev, 2022

https://doi.org/10.4314/ijbcs.v5i4.4
https://doi.org/10.4314/ijbcs.v5i4.4
https://doi.org/10.4314/ijbcs.v5i4.4
https://doi.org/10.4314/ijbcs.v5i4.4
https://doi.org/10.4314/ijbcs.v5i4.4
https://doi.org/10.1016/j.cropro.2003.11.014
https://doi.org/10.1016/j.cropro.2003.11.014
https://doi.org/10.1016/j.cropro.2003.11.014
https://doi.org/10.1016/j.cropro.2003.11.014
https://doi.org/10.1016/0031-9422(92)90023-J
https://doi.org/10.1016/0031-9422(92)90023-J
https://doi.org/10.1016/0031-9422(92)90023-J
https://doi.org/10.1016/0031-9422(92)90023-J
https://doi.org/10.1016/0031-9422(92)90023-J
https://doi.org/10.1016/0031-9422(92)90023-J
http://oar.icrisat.org/id/eprint/822
http://oar.icrisat.org/id/eprint/822
http://oar.icrisat.org/id/eprint/822
http://oar.icrisat.org/id/eprint/822
https://doi.org/10.1071/PP98070
https://doi.org/10.1071/PP98070
https://doi.org/10.1071/PP98070
https://doi.org/10.1071/PP98070
https://doi.org/10.1080/09583159929749
https://doi.org/10.1080/09583159929749
https://doi.org/10.1080/09583159929749
https://doi.org/10.1080/09583159929749
https://doi.org/10.1111/wre.12117
https://doi.org/10.1111/wre.12117
https://doi.org/10.1111/wre.12117
https://doi.org/10.1002/ps.4426
https://doi.org/10.1002/ps.4426
https://doi.org/10.1002/ps.4426
https://doi.org/10.1002/ps.4426
https://doi.org/10.2135/cropsci1996.0011183X003600050020x
https://doi.org/10.2135/cropsci1996.0011183X003600050020x
https://doi.org/10.2135/cropsci1996.0011183X003600050020x
https://doi.org/10.2135/cropsci1996.0011183X003600050020x
https://tspace.library.utoronto.ca/html/1807/20292/cs99021.html
https://tspace.library.utoronto.ca/html/1807/20292/cs99021.html
https://tspace.library.utoronto.ca/html/1807/20292/cs99021.html
https://tspace.library.utoronto.ca/html/1807/20292/cs99021.html
https://doi.org/10.1111/aab.12403
https://doi.org/10.1111/aab.12403
https://doi.org/10.1111/aab.12403
https://doi.org/10.1111/aab.12403


Volume 5 | Issue 4 |184

Copyright: ©2022 Tinkoudougou Cathérine SAWADOGO/ILBOUDO. 
This is an open-access article distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, 
and reproduction in any medium, provided the original author and source 
are credited.

19. Mohamed A. H., Housley T. L. and Ejeta G., (2010). “An 
in vitro technique for studying specific Striga resistance 
mechanisms in sorghum,” African J. Agric. Res., vol. 5, no. 
14, pp. 1868–1875.

20. Mohemed N., Charnikhova T., Bakker E. J., Van Ast A., 
Babiker A. G. and Bouwmeester H. J., (2016). “Evaluation of 
field resistance to Striga hermonthica (Del.) Benth in Sorghum 
bicolor ( L .) Moench . The relationship with strigolactones,” 
Pest Manag Sci, vol. 72, pp. 2082–2090.

21. Vogler R. K., Ejeta G. and Butler L. G., (1996). “Inheritance 
of Low Production of Striga Germination Stimulant in 
Sorghum,” Crop Sci ., vol. 36, pp. 1185–1191.

22. Mutengwa C. S., Tongoona P., Mabasa S. and Chivinge O. A., 
(1999). “Resistance to Striga asiatica (L.) Kuntze in sorghum: 
parent characterisation and combining ability analysis,” 
African Crop Sci. J., vol. 7, no. 4, pp. 321–326.

23. Westerman P. R., Hemerik L., Van Der Werf W. and Stomph T. 
J., (2018).“Density-independent reproductive success of the 
hemiparasitic plant Striga hermonthica , despite positive and 
negative density-dependent phases,” Ann. Appl. Biol., vol. 
172, pp. 74–87.

24. Yagoub S. O., Hassan M. M., Gani M. E. A. and Babiker E. 
A. G. E., (2014). “Screening Sorghum for Resistance to Striga 
Hermonthica ( Del .) Benth,” Nov. J. Med. Biol. Sci., vol. 3, 
no. 3, pp. 1–5.

25. Marley P. S., Shebayan J., Aba D. and Idem N., (2004). 
“Possibilities for control of Striga hermonthica in Sorghum 
(Sorghum bicolor) using neem (Azadiractha indica) and parkia 
(Parkia biglobosa)-based products,” Int. J. Pest Manag., vol. 
50, no. 4, pp. 291–296.

26. Dembélé B. and Sidibé A., (2009). “Promotion des variétés de 
sorgho résistantes au Striga pour réduire les crises alimentaires 
dans la zone sahélienne Burkina Faso, Mali, Sénégal. Guide 
de formation en lutte participative contre le Striga dans le 
système de culture à base de sorgho,” IER, USAID, CORAF. 
Bamako, Mali, 27p.

27. Mohamed A., Ellicott A., Housley T. L. and Ejeta G., (2003). 
“Hypersensitive Response to Striga Infection in Sorghum,” 
Crop Sci., vol. 43, pp. 1320–1324.

28. Chantereau J., Cruz J.-F., Ratnadass A. and Trouche G., 
(2013). Le sorgho. Agricultures tropicales en poche, Claire 
Par. ed. Versailles Cedex, France, 245p..

29. Xin Z. Huang J., Smith A. R., Chen J., Burke J., Sattler S. 
E., & Zhao D. (2017)., “Morphological Characterization of a 
New and Easily Recognizable Nuclear Male Sterile Mutant of 
Sorghum (Sorghum bicolor ),” PLoS One, 12, 1, p. e0165195.

30. Cissoko M., Boisnard A., Rodenburg J., Press M. C. and 
Scholes J. D., (2011). “New Rice for Africa ( NERICA ) 
cultivars exhibit different levels of post-attachment resistance 
against the parasitic weeds Striga hermonthica and Striga 
asiatica,” New Phytol., vol. 192, pp. 952–963.

31. House L. R., (1987). Manuel pour la selection du sorgho, 
Deuxième é. Patancheru: Internitional Crops Research 
Institute for the Semi-Arid Tropics, Patancheru, A.P. 502 324, 
Inde, 229p.

32. Chantereau J., Trouche G., Luce C., Deu M. and Hamon P., 
(1997). “Le sorgho,” in L ’ amélioration des plantes tropicales, 
Repères., Montpellier, France: CIRAD, ORSTOM, , pp. 565–
590.

33. Ayangowa G. C., Stomph T. J., Hoevers R., Ngoumou T. N. 
and Kuyper T. W., (2010). “Striga infestation in northern 
Cameroon: magnitude, dynamics and implications for 
management,” Njas-Wageningen J. Life Sci., vol. 57, pp. 
159–165.

34. Ngugi K., Ngugi A. J., Osama S. and Mugoya C., (2015). 
“Combating Striga weed in sorghum by transferring resistance 
Quantitative Trait Loci through molecular marker assisted 
introogression,” J. Plant Breed. Genet., vol. 03, no. 03, pp. 
67–76.

35. Yohannes T., Abraha T., Kiambi D., Folkertsma R., Hash C. T., 
Ngugi K., Villiers, S., (2015)., “Marker-assisted introgression 
improves Striga resistance in an Eritrean Farmer-Preferred 
Sorghum Variety,” F. Crop. Res., vol. 173, no. April 2016, pp. 
22–29, 2015.

 

Eart & Envi Scie Res & Rev, 2022 https://opastpublishers.com

https://doi.org/10.1080/03235400410001662157
https://doi.org/10.1080/03235400410001662157
https://doi.org/10.1080/03235400410001662157
https://doi.org/10.1080/03235400410001662157
https://doi.org/10.2135/cropsci2003.1320
https://doi.org/10.2135/cropsci2003.1320
https://doi.org/10.2135/cropsci2003.1320
https://doi.org/10.1371/journal.pone.0165195
https://doi.org/10.1371/journal.pone.0165195
https://doi.org/10.1371/journal.pone.0165195
https://doi.org/10.1371/journal.pone.0165195
https://doi.org/10.1111/j.1469-8137.2011.03846.x
https://doi.org/10.1111/j.1469-8137.2011.03846.x
https://doi.org/10.1111/j.1469-8137.2011.03846.x
https://doi.org/10.1111/j.1469-8137.2011.03846.x
https://doi.org/10.1111/j.1469-8137.2011.03846.x
https://doi.org/10.1016/j.njas.2010.04.003
https://doi.org/10.1016/j.njas.2010.04.003
https://doi.org/10.1016/j.njas.2010.04.003
https://doi.org/10.1016/j.njas.2010.04.003
https://doi.org/10.1016/j.njas.2010.04.003
https://doi.org/10.1016/j.njas.2010.04.003
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008
https://doi.org/10.1016/j.fcr.2014.12.008

