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Abstract 
In Niger, a landlocked country, sorghum is the second staple food cultivated 
over the country by smallholder farmer. The crop is important for human and 
animal consumption. Despite its importance, the crop is affected by biotic and 
abiotic constraints. Among those constraints, striga has a high impact on yield. 
In fact, to survive, farmers are growing their local preferred sorghum varieties 
wish is highly sensible to the weed. Striga management is a challenge that re-
quires a permanent solution. In addition, the development of high-yielding 
Striga resistant genotypes will be appreciated by farmers. The development of 
striga resistance will be based on the breeding population performances under 
farmer’s diverse environmental conditions adaptation. The main objective of 
this study is to evaluate two breeding populations for striga resistance in two 
different environments at Boulke and Dibissou in Tahoua region, to identify 
the early and high-yielding striga tolerant genotypes under natural infestation. 
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1. Introduction 

Striga hermonthica (Del.) Benth is one of the most ubiquitous parasitic witchweed 
of cereal crops [1]-[3]. This parasitic flowering weed is an outcrossing species 
widely distributed in the savannah ecologies of West and Central Africa [4], where 
its causes serious damage to crop production. To germinate from the soil the 
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Striga seed should be in good agronomic condition. These conditions require hu-
midity (20%), specific temperature (between 25˚C and 42.5˚C) and specific hor-
mones, strigolactones, essential for the germination [5]. When all the required 
conditions are present, the seed will not germinate without that hormone. Strigo-
lactone is produced by the sorghum crop by symbiotic arbuscular mycorrhizal 
fungi for nutrient supplied [6]. It is also well noted that infested areas by striga are 
generally characterized by poor soil fertility and the insufficient use of fertilizer 
[7].  

In Niger, striga largely affects sorghum production areas, including Maradi, Ta-
houa, Zinder and a small part of Dosso region [8]. Striga control is a big challenge 
and requires an efficient and effective strategy that is cost-effective, accessible and 
profitable to smallholder, medium and large-scale farmers. Several control meth-
ods have been proposed to reduce striga incidence. These includes the utilization 
of ethylene, nitrogen fertilizer application, trap crops, utilization of chemical stim-
ulant, hand pulling, Gamma Irradiation [9], herbicides and sesame seed [10]. 
Some of these methods are effective but not accessible by poor farmers [11] [12]. 
Meanwhile, to survive, farmers deal with their preferred local landraces that are 
highly susceptible to striga. However, in their field’s, striga management still a 
challenge and durable solution is required. In addition, selection of high-yielding 
striga resistant genotypes will be appreciated by them [13] [14]. So, selection of high 
yielding striga resistant sorghum genotypes is based on the breeding population per-
formances under farmer’s diverse environmental conditions adaptation [15].  

The objective of this study is to evaluate two breeding populations for striga 
resistance in two different environments at Boulke and Dibissou in Tahoua re-
gion, to identify the early and high-yielding striga tolerant genotypes under natu-
ral infestation.  

2. Materials and Methods 
2.1. Experimental Site Location and Materials 

The field trials were conducted in Tahoua region (L: 5˚15'00''; L: 13˚48'00'') at 
Boulke (L: 005˚18', 135; l: 13˚48', 424) and Dibissou (L: 005˚14', 234; l: 13˚50', 522) 
historically highly infested by the weed. The trials villages are located in Tahoua 
region, especially in Konni. The first village Dibissou is located in the south part 
of Konni, whereas the second village Boulke is located in the Northwest part of 
Konni. Konni is located 417 km in the eastern part of Niger, where it trains 500 to 
600 mm per year [16].  

2.2. Development of Breeding Generations  

To generate the F1 hybrids four parental lines, including F2-20 (P1), Mota Maradi 
(P2), P9401 (P3), and El tsedaoua (P4), were crossed in a North Carolina design 
II were P1 and P3 are striga resistant lines and P2, P4 are farmers preferred vari-
eties. To generate the F1 hybrid, two sowing date were made. The fourth lines flow-
ered at different dates. Mota Maradi and El tsedaoua flowers at 70 days after the 
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sowing, and P9401, F2-20 75 to 80 days after the sowing. The resistant’s lines were 
used as male and the susceptible as female. For P9401 and El tsedaoua crossing, 
El tsedaoua was emasculated using plastic bags technics in the light to remove the 
others to prevent self-pollination. After the maturity, the panicles of each cross 
were cute and threshed separately. The obtained seeds were then conserved in la-
belled envelopes.  

For P1 and P2 F1 hybrids, only one sowing row was obtained. For P3 and P4 
two lines were obtained. The above parental lines were sowed and the F1 hybrids 
were used to develop the backcrosses population. Firstly, the F2-20 X Mota 
Maradi and P9401XElsedaoua F1 hybrids were emasculated using plastic bag 
technics, and pollens grains were collected from their respective recurrent covered 
parental lines Mota Maradi and Eltsedaoua to develop the BC1F1 populations re-
spectively. The obtained BC1F1s were then selfed to produce the BC1F2 popula-
tions.  

Thus, the main objectives of the experiment were to assess those two breeding 
populations in the light to identify early and high-yielding striga tolerant sorghum 
genotype under natural infestation in Niger (Table 1). 

 
Table 1. Origin of the genotypes used in the crosses. 

Crosses Parent Name Characteristics Origin Breeding Population 

Cross1 
F2-20 Striga resistant Senegal 

-BC1F2 (F2-20XMota Maradi) 
Mota maradi Land race Niger 

Cross 2 
P9401 Striga resistant USA 

-BC1F2 (P9401XElsedaoua) 
El tsedaoua Land race Niger 

3. Data Collection and Statistical Analysis 

The data’s collections in the trials were focused on the assessed parameters, in-
cluding the following items: 
• Sorghum plant germination percentage (Plant vigor): The number of germi-

nated plants after two weeks of sowing. 
• The 50% flowering (Flo): The days from the sowing to when the plants start 

flowering. 
• Number of striga plant at 45 days (NS45). 
• Number of striga plant at 60 days (NS60). 
• Number of striga plant at 90 days (NS90). 
• The plant height (HTR): It is measured using graduate ruler (0 - 3 m). 
• Number of panicles harvested (NPANI). 
• Number of hole obtain (N). 
• 1000 grains weight. 
• Grain yield estimation. 

After the harvest, the recorded data’s were analyzed using SAS, XLSAT 2019, 
and GenStat 15th program to perform a normality test, ANOVA test, correlation 
studies and a principal component analysis (PCA).  
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4. Results  
4.1. Variability among Striga and Sorghum Traits  

Most of the traits were significantly (p < 0.05) different (Table 2). The genotype 
by environment interaction of the two sites, Dibissou and Boulke were not signif-
icant, and hence differences in performance of genotypes were consistent across 
the two environments.  

 
Table 2. Mean squares for grain productivity, yield attributes and striga resistance traits under natural field infestation at Boulke 
and Dibissou, Niger. 

Source of variation Mean Square (MS)          
 DF Vig EMR NS45 NS60 NS90 NPSORG Flo HTR NPANI POIGR Yield 

Genotypes 5 0.41ns 452.37ns 45.18ns 72.53* 85.92* 38.52 * 33.26ns 4482.73* 146.89* 19.12* 14067.90* 
GXE interaction 5 0.16 * 26.42ns Ns ns Ns 1.02ns 11.12* 53.86ns 42.65ns 3.69ns 4028.31ns 

Error 14 0.23 341.85 27.04 30.92 35.60 8.29 13.50 572.47 56.93 6.88 5454.01 

EMR = striga emergency; Flo = 50% flowering date; HTR = Plant height; NPANI = Panicles number; NPSorg = Hole number; NS45 
= Number of striga plants at 45 days after planting date; NS60 = Number of striga plants at 60 days after planting date; NS90 = 
Number of striga plants at 90 days after planting date; PoiGR = 1000 grain weight; Vig = Plant vigor; Yield = grain yield Kg/ha; ns 
= non-significant; GXE = Genotype by environment. 

4.2. Association between Striga and Sorghum Parameters  

To perform, the correlation study between the sorghum and striga parameters, a 
log10 transformation was made using Excel. As a result, the transformed data’s 
were used to determine the different correlation. Thus, among the variables used, 
several significant correlations were found. Concerning the plant vigor (Vg), a 
negative correlation followed by two positive correlations were respectively ob-
served with the 50% flowering date (Flo), the number of panicles (NPANI) and 
the grain yield, at −67.2%, 67.3%, and 67.1% (Table 3). For the striga emergency 
(EMR), a correlation of 75.7%, 75.8 %, 78.4%, −68%, −89.7% were respectively 
observed to be significantly linked to the number of striga plant at 45 days after 
planting (NS45), the number of striga plants at 60 days (NS60), the number of 
striga plant at 90 days after planting (NS90), the flowering date (FLO) and the 
plant weight (HTR). The number of striga plant at 45 days (NS45), was identified 
to be highly correlated positively and negatively at 99.2%, 99.3% and –73.7% to 
the number of striga plant at 60 days, the number of striga plants at 90 days and 
the number of panicles (NPANI) respectively. In addition, for the number of 
striga at 60 days (NS60), a high positive correlation was observed at 99.7% with 
the number of striga at 90 days after the sowing. The number of hole of sorghum 
plant (NPSorg) was highly correlated to the number of panicles (NPANI) and the 
grain yield (Yield), respectively at 71.50%, 72.8% in the experiment. For the flow-
ering date (Flo), three negative highly significant correlations were observed with 
the plant height (HTR) (−82.7%), the number of panicles (NPANI) (−89.5%). 
Concerning the plant height (HTR) a positive correlation of 76.2% was observed 
with the grain yield. Thus, for the number of panicles (NPANI) and the grain 
weight (PoiGR) a highly positive correlation of 99.99% and 87.5% respectively 
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with the grain yield.  
 
Table 3. Phenotypic correlations among the variables. 

 Vig EMR NS45 NS60 NS90 NPSorg Flo HTR NPANI PoiGR Yield 

Vig            

EMR 0.24ns 1.00          

NS45 0.33ns 0.75* 1.00         

NS60 0.30ns 0.75* 0.99** 1.00        

NS90 0.32ns 0.78* 0.99** 0.99** 1.00       

NPSorg 0.53ns 0.47ns −0.85** 0.20ns 0.40ns 1.00      

Flo −0.67* −0.68* −0.501ns −0.45ns −0.50ns −0.49ns 1.00     

HTR 0.40ns −0.89* 0.28ns 0.47ns 0.30ns 0.55ns −0.82** 1.00    

NPANI 0.67* 0.45ns 0.73* 0.37ns 0.41ns 0.71* −0.89** 0.77* 1.00   

PoiGR 0.35ns 0.49ns 0.29ns 0.29ns 0.33ns 0.05ns −0.65* 0.58ns 0.49ns 1.00  

Yield 0.67* 0.45ns 0.35ns 0.19ns 0.23ns 0.72* −0.87** 0.76* 0.99** 0.87**  

EMR = striga emergency; Flo = 50% flowering date; HTR = Plant height; NPANI = Panicles number; NPSorg = Hole number; NS45 
= Number of striga plants at 45 days after planting date; NS60 = Number of striga plants at 60 days after planting date; NS90 = 
Number of striga plants at 90 days after planting date; PoiGR = 1000 grain weight; Vig = Plant vigor; Yield = grain yield Kg/ha;* 
Significant, ** Highly significant, ns = non-significant. 

4.3. Relative Contribution of the Different Traits to the Genotypic  
Variation  

Among the principal component used to assess the fourth sorghum population at 
Boulke and Dibissou, only three components had an Eigenvalue greater than one 
under striga natural infestation. These Component explained respectively 68.4%, 
14.3 % and 9.5% of the genotypic variation between the four breeding populations 
(Table 4). The traits that contributed positively to the observed variability were 
flowering date, plant height, panicle number and grain yield. Plant vigor and grain 
weight negatively influenced the variability. The Striga traits contributed to the 
variability in the second principal component. 

Several correlations were identified between the three components and the sor-
ghum and striga variables involved in the study. 

5. Contribution of Different Components to Variation among  
Genotypes 

The component one and the component two plotting scores are divided into four 
different environments (Env1, Env2, Env3 and Env4) where the genotypes and 
the fourth breeding population where distributed according to their correlation. 
Thus, the population seven (BC1F2/P9401XElsedaoua) and the population eight 
(BC1F2/F2-20XMM) are positively correlated to Environment one (Env2) of Com-
ponent one. Genotype three (Eltsedaoua) and Genotype four (Mota Maradi) are 
positively correlated to Environment one of Component one. Concerning Geno-
type one (P9401), it is negatively correlated to Component two and Component 
one. In addition, Genotype two (F2-20) are positively correlated to Component 
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two and negatively to Component one.  
 

Table 4. Variables, eigen values and eigen vectors for the different sorghum and striga re-
lated traits. 

Eigenvectors 
Variables PC1 PC2 PC3 

Plant vigor –0.593 –0.340 0.214 
Striga emergency 0.311 0.406 0.019 

Number of striga plant at 45 days 0.325 0.343 0.031 
Number of striga plant at 60 days 0.315 0.365 0.086 

Number of striga plant at 90 days 0.324 0.328 0.093 

Number of sorghum plant hole 0.288 0.295 –0.406 

50% flowering date 0.407 –0.301 0.034 

Plant height 0.318 –0.125 0.280 

Panicle number 0.341 –0.160 –0.153 

1000 grains weight −0.459 0.192 0.410 

Grain yield 0.342 –0.135 –0.163 

Eigen value 7.525 1.569 1.046 

% Variance 68.41 14.2 9.51 

Cumulative % variance 68.41 82.68 92.20 

EMR = striga emergency; Flo = 50% flowering date; HTR = Plant height; NPANI = Panicles 
number; NPSorg = Hole number; NS45 = Number of striga plants at 45 days after planting 
date; NS60 = Number of striga plants at 60 days after planting date; NS90 = Number of 
striga plants at 90 days after planting date; PoiGR = 1000 grain weight; Vig = Plant vigor; 
Yield = grain yield Kg/ha. 

 
In the two components, the genotypes and the breeding population newly de-

velop are distributed across the cited component. Thus, the genotypes Eltsedaoua 
and the breeding population BC1F2 obtained by crossing P9401 and Eltsedaoua 
are distributed and correlated positively in environment one (Env1) of the Com-
ponent one. Concerning the second BC1F2 breeding population, a cross from the 
F2-20 and Eltsedaoua are distributed and correlated positively to environment 
two (Env2) of the Component one. Component three contain the environment 
three (Env3) and the environment four (Env4). Environment three contains the 
genotype F2-20 positively correlated to the Component one and negatively corre-
lated to the Component three. Environment four (Env4) comprise the genotype 
P9401 and Eltsedaoua are negatively correlated to both Component one and Com-
ponent three.  

Component two and Component three, as the previous components, have pos-
itive and negative correlations with the genotypes and the breeding populations. So, 
Component three, which contain Environment one and Environment two, are pos-
itively correlated. Thus, environment one possesses the BC1F2 (P9401XElsedaoua) 
breeding population. Environment two is positively correlated in Component 
three and contains the genotype F2-20 and the BC1F2 (F2-20XMota Maradi) 
population. In addition, Component three contains Environment three and 
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Environment four. Environment three is positively correlated to Component 
three and negatively to Component two and contains the genotype, Mota 
Maradi. Environment four is negatively correlated to Component three and 
Component two and contain the genotypes P9401 and Eltsedaoua (Figures 1-
4). 

 

 

Figure 1. Biplot of Component 1 and Component 2 representing relationship among the 
striga and sorghum-related traits. 

 

 

Figure 2. Biplot of Component 1 and Component 3 representing relationship among the 
striga and sorghum related traits. 
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Figure 3. Biplot of Component 2 and Component 3 representing relationship among the 
striga and sorghum related traits. 

 

 

Figure 4. Scree plot and cumulative variance progression in the different components. 

6. Discussions 

This study was undertaken with the aim of grouping the developed breeding sor-
ghum population and their parents based on grain yield productivity, grain yield 
attributes, and striga tolerance variables. Thus, an analysis of variance through a 
general linear model was made among the different variables for variability con-
firmation among the BC1F2 breeding populations. The obtained means square of 
the different genotypes and the breeding populations were highly significant for 
the majority of the 11 traits, which confirm the presence variability among those 
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populations. So, the significant negative correlation observed between the plant 
vigor and the flowering date is explained by the fact that, when the sorghum crop 
get a good vigor percentage combined with a late flowering date it will highly im-
pact the yield. This is contrary to what was found by Trachsel [17], on which a 
good early plant vigor and an earlier flowering date combination can highly im-
prove the grain yield. Thus, always concerning the plant vigor (Vig), the positive 
correlations found with the number of panicles and the grain yield is explained by 
the fact that when better is the plant vigor, mush better will be the panicle number 
(NPANI) and obviously the grain yield will increase, confirmed by the work made 
by different research on diverse speculation [18] [19]. The striga-related traits, 
including the emergency date (EMR), the number of striga plant at 45 days, 60days 
and 90 days, are positively correlated to each other. Which mean, where the striga 
plants emergency start earlier, the number of plants will exponentially increase 
from the 45 days to the 90 days after the planting date. This statement is confirmed 
by the studies made by Abdalroof et al. [20] in which they have mentioned that if 
at the earlier stage of the plant development the number of striga is less important, 
so at the late stage the number will not increase, and inversely. Concerning the 
flowering date (Flo), it was highly positively correlated to grain yield, and explain 
the fact that if earlier is the flowering higher will be the grain yield is confirmed 
by the studies made by Liang et al. [21] and Sowmy et al. [22]. In addition, the 
positive significant correlation observed among the number of hole (NPSorg), the 
panicles number (NPANI) and the grain yield is explained by the fact that when 
higher is the number of hole, higher will be the panicles number and the grain 
yield confirm by the study made by Naim [23]. As observed previously in Table 
5, the sorghum plant vigor (Vg), the plant height (HTR), the number of panicles 
(NPANI), the grain weight (PoiGR) and the grain yield are those which are highly 
contributing at 68 % of the variation in Component one. After this process, a prin-
cipal component analysis was performed to highlight the contribution of each ag-
ronomics and striga trait performance in the variability. Thus, based on the Eigen 
value and the correlation variances distribution, three components were identified 
to contribute at 92.20% on the phenotypic variation observed, it concerned Com-
ponent one, Component two and Component three. Those cited component have 
an Eigen value greater than one, and was confirmed by the study made by Hair et 
al. [24], on which the Eigen values less than one should be removed, only compo-
nent which have an Eigen value greater than 1 should be conserved. In addition, 
the graphics of the selected components with the best Eigen value, show the vari-
ables, the sorghum populations and the parent’s distribution along the different 
environments. So according to the variables correlation with the components, 
they are positively or negatively distributing. Thus, Component one and the Com-
ponent three are the grain yield and yield attributes component. Component two 
contain the striga variables. Moreover, a Ward’s minimum cluster variance anal-
ysis where used to grouped the sorghum genotype and the news developed popu-
lation, into fourth different cluster based on their correlation. This cluster analysis 
highlights the diversity among those populations according to the 11 variables 
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involved in the study based on their means. 
 
Table 5. Mean square values of the 11 traits distributed along the Sorghum genotypes. 

Genotypes Vig EMR NS45 NS60 NS90 NPSorg Flo 
HTR 
(cm) 

NPANI 
PoiGR 

(g) 
Yield 

(kg/ha) 

P9401 

F2-20 

1.5 ab 

1.00 b 

19.17b 

36.83ab 

0.5b 

3.16ab 

1.00c 

3.50c 

1.00c 

3.50c 

12.50c 

11.33c 

61.50ab 

65.00a 

168.33d 

201.67dc 

19.00bc 

1416c 

16.66bc 

15.16bc 

186.97bc 

139.53bc 

Eltsedaoua 

BC1F2 (P9401XEL) 

1.66 ab 

1.83 ab 

53.67a 

51.33ab 

6.33ab 

11.66a 

7.33abc 

13.66ab 

8.33abc 

15.00ab 

14.83bc 

21.83a 

57.00bc 

57.16bc 

248.33ab 

261.67ab 

32.00ab 

35.16a 

16.33bc 

17.83abc 

314.83ab 

345.33aa 

Mota Maradi 

BC1F2 (F220xMM) 

1.83ab 

2.00a 

52.33a 

55.50a 

5.16ab 

11.83a 

6.00abc 

15.66a 

6.83abc 

16.66a 

13.66bc 

18.66ab 

54.33c 

57.83bc 

288.33a 

270.00ab 

29.50ab 

29.16ab 

22.00a 

18.16abc 

288.20ab 

286.3ab 

Means with the same letter are not significantly different; EMR = striga emergency; Flo = 50% flowering date; HTR = Plant height; 
NPANI = Panicles number; NPSorg = Hole number; NS45 = Number of striga plants at 45 days after planting date; NS60 = Number 
of striga plants at 60 days after planting date; NS90 = Number of striga plants at 90 days after planting date; PoiGR = 1000 grain 
weight; Vig = Plant vigor; Yield = grain yield Kg/ha. 

7. Conclusion 

The two breeding populations (BC1F2: P9401xelsedaoua and BC1F2: F2-20x Mota 
Maradi) showed superior performances for plant height, panicles numbers, 
shorter flowering date, high tolerance to striga coupled with a good average grain 
yield.  
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