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INTRODUCTION 

Maize (Zea mays L.) is ranked third after 

wheat and rice in world production FAO
15

. It 

is a staple food for many people in tropical and 

subtropical Africa
34

. In Niger, its importance 

has increased as it has progresively replaced 

other staple foods such as sorghum and millet 

in urban centers
43

. Maize can be grown both in 

the rainy season and in the dry season under 

irrigation, and its cultivation would therefore 

make up for the inadequacies of the rainfed 

system. However, production is very low and 

can not meet the food demand of consumers in 

Niger. This situation results from the 

combination of the effect of pedo-climatic 

constraints and the limited use of improved 

seeds.  
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ABSTRACT 

Agro-morphological characterization of genotypes under extreme environmental conditions is 

important for understanding functional diversity and productive potential of crops. In this study, 

four maize genotypes (Zea mays L.) were evaluated in the Sahelian context under two water 

regimes: stressed and optimal using a split-plot design with four repetitions and two factors 

(genotype, water regime). Our results showed significant differences between the genotypes for 

several agro-morphological traits. The principal component analysis of the thirteen traits that 

were measured revealed that the first two components explain 95.25% and 95.95% of the total 

variation for optimal and water stress conditions respectively. In addition, our results showed 

that eight of the thirteen studied traits contribute the most to discriminating the four genotypes 

under both growth conditions. 
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Harnessing the genetic diversity of maize is 

particularly important for maintaining and 

improving the productivity of this species in 

developing countries
22

 such as Niger. 

Therefore, the inventory and agro-

morphological characterization of these 

genetic resources (exotic and localy adapted 

germplasm) would represent an important 

database for the maize improvement program 

in Niger. Morphological characterization is 

one of the important steps in the description 

and classification of germplasm of cultivated 

plants
27,48,36

. Indeed, any improvement 

program is necessarily based on morpho-

phenological variability
42

.  

 Several improved drought-tolerant 

maize genotypes that are already popular have 

good yields in farmers fields and are popular 

with consumers in Kenya, Malawi, Zambia 

and Zimbabwe (CIMMYT). In order to 

understand the local adaptation of these 

varieties, an agro-morphological variability 

assessment program was establised in South-

East Niger. 

 The objective of this study is to 

analyze the agro-morphological variability of 

the four maize genotypes in optimal and water 

stress conditions and to determine the water 

stress tolerance traits that can be used for 

varietal improvement by local breeding 

programs. 

 

MATERIAL AND METHODS 

2.1 Biological material and growth 

conditions 

The study was conducted using four maize 

hybrids of which three (CZH131001, 

CZH142013, SC303) were obtained from the 

International Maize and Wheat Center 

(CIMMYT-Zimbabwe) and the fourth 

(P3Kollo) was from the National Institute for 

Agronomic Research of Niger (INRAN) 

(Table 1). P3Kollo is widely grown in Niger. 

The trial was carried out during the hot dry 

season (March to June) in 2016 and 2017 at 

the Keguel site in Jiratawa (13 ° 41 'N, 7 ° 14' 

S). This site is located 10 km from the city of 

Maradi (Niger) characterized by average 

monthly minimum and maximum temperatures 

of 27 ° C and 45 ° C respectively. The soil 

used is sandy-loamy with a granulometry of 

85.17% (w / w) sand, 13.44% (w / w) silt and 

1, 39% (w / w) of clay. The water pH and 

pHCaCl 2 of the soil solution were 7.20 and 

6.97, respectively. 

2.2 Experimental design and trial 

management 

The experimental design was a Split-Plot with 

4 repetitions and 2 factors: water regime and 

genotype. Each repetition had 16 rows that 

were 4m long with an inter-row spacing of 

80cm and 1m between repetitions. Each plot 

had 4 rows. Irrigation was conducted every 5 

days for the control plots and every 10 days 

for plots under water stress. Water stress was 

imposed before flowering and until the end of 

the cycle. The spatial arrangement of the plots 

was the same in 2016 and 2017. The four 

genotypes were hand planted at the rate of two 

seeds per planting station on March 1
st
 in 2016 

and 2017. Prior to sowing, the seeds were 

treated with a fungicide to prevent germination 

being affected by soil born fungi. NPK was 

applied at planting at a rate of 100 kg / ha and 

urea (46%) two weeks later at the rate of  120 

Kg /ha. The plots were hand weeded 15 days 

and 30 days after emergence. 

2.3 Data collection and statistical analysis 

Thirteen agro-morphological characters were 

measured from the four central rows of each 

plot. The 2 border rows were discarded in 

order to avoid border effect. The list of  

characters included are listed in Table 2. A 

two-way analysis of variance was performed 

to test the effect of "genotype", "irrigation 

regime" and their interaction on agro-

morphological traits according to the Fisher 

test (p< 0.05) (GENSTAT 16th Edition). A 

principal component analysis was performed 

between the agro morphological traits 

measured using the XLSTAT 2018 software. 

Two axes were retained for the analysis of the 

results in both water regimes based on the 

Kaiser-Meyer-Olkin (KMO) criterion. 
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RESULTS 

3.1 Assessment of variation in agro-

morphological traits 

Table 3 shows the effect of genotype and 

irrigation regime, as well as their interaction 

on agro-morphological traits. All the traits 

studied presented significant variation except 

ASI, NE, SD, 100-gw, MF, FF, PH, EH and 

EL for the interaction genotype * irrigation 

regime. 

 The mean, minimum, maximum and 

standard deviation values for all studied traits 

are presented in table 4. Large differences are 

observed between the minima and maxima for 

important agronomic traits such as female 

flowering (FF), plant height (PH), ear height 

(EH), number of ears (NE) and yield (GY). 

The window between sowing and FF was 

delayed by 4 days due to drought stress (66 ± 

1.78 days for optimal and 70 ± 1.4 days for 

drought stress conditions). Plant height (PH) 

ranged from 97.77 to 143.33 cm with an 

average of 128.57 ± 20.78 and from 97.77 to 

122.66 cm with an average of 112.6 ± 10.53 

under optimal and drought stress conditions, 

respectively (Table 4). 

3.2 Principal component analysis 

The output of the principal component analysis 

showed that plant height, stem diameter, 

internode length, ear length, ear diameter, ear 

number, male flowering, female flowering and 

the 100 grain weight contribute most to the 

first axis under optimal conditions (Table 5). 

This axis can therefore be described as the axis 

of precocity and growth. Besides, anthesis 

silking interval, ear weight and grain yield 

contribute to the second axis which can be 

defined as that of yield performance. 

Under drought stress, male and female 

flowering, plant height, ear height, inter-nod 

lenght, the lengh and diameter of ears and 100-

grain weight contribute the most to the first 

axis (Table 5). This axis can therefore be 

described as the axis of growth and precocity. 

On the other hand, stem diameter, number of 

ears and their weight, anthesis and silking 

interval and grain yield are the most 

contributors to the second axis, which can be 

referred as the axis of yield performance. 

3.4 Traits and genotypes associations 

Different trends of trait associations and trait 

profiles were observed under different 

growing environment as depicted by the GGE 

biplot in this study (Fig 1). In the biplot, the 

cosine of the angle between two traits 

approximates the correlation between the 

traits; and hence associations among traits 

could easily be visualized from the biplot. 

There is a positive association between two 

traits if the angle is less than 90°, a negative 

association if the angle is greater than 90 ° and 

no association if the angle is exactly 90°
47

. 

Under optimal conditions, grain yield had 

positive association with ear related traits 

(EW, NE, ED and 100-gw), with relatively 

stronger relationship with ear weight (EW) and 

number of ears (NE) (Fig1a). In addition, there 

was a slighly negative association between 

yield and flowering (MF and FF) and quite 

strong negative association with ASI. 

Regarding trait-genotype association, 

CZH131001 and CZH142013 presented a 

strong association with grain yield components 

traits (Figure 1a). Under drought stress 

conditions, the traits associated to grain yield 

are, in general, similar to those observed under 

optimal conditions; except for ear diameter 

(Figure 1b). In addition, male flowering and 

ear height seem to be associated with grain 

yield but the association was quite weak. On 

the other hand, similar to optimum conditions, 

ASI had negative association with grain yield 

but stronger under drought stress conditions 

(Figure 1a). 

 

DISCUSSION 

The response to the irrigation regime was 

significant for all the traits that were evaluated. 

In drought stress conditions, our results 

showed an increase in the anthesis silking 

interval. These results are similar to those of 

Sanou
39

, who reported a larger interval 

between male and female flowering in S2 lines 

of FBC6 under water deficit conditions. A 

larger gap between male and female flowering 

causes asynchronous flowering; leading to 

incomplete pollination and seed set. This 

represents a major contributor to yield losses 
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in the maize crop. An increase of one day of 

ASI can cause a yield reduction of 10% 

compared to the optimal conditions
44

. In most 

cases, it was observed that the larger the ASI, 

the lower the yield
4
. Regarding the other agro-

morphological traits, there was a significant 

inter-genotypic variability. These results are in 

agreement with those of the study conducted 

by N'da et al.
29

 on the morphological diversity 

of local maize varieties collected in central and 

west-central Ivory Coast. The phenotypic 

variations observed for the two irrigation 

regimes are largely the result of genotype by 

environment interaction. Indeed, several 

studies have shown for example that weather 

variables (day length, temperature, relative 

humidity etc…) have substantial effects on 

plant vegetative and physiological 

development
19,25,6,26,7,9

. There was a significant 

variability in grain yield and ear weight, 

similar to previous reports by N'da et al.
30

 and 

Deffan et al.
10

 and A.A. Razak et al. in Niger. 

Traits associations are an indispensable tool 

for breeders in selecting the traits to be 

included in the breeding process. Indeed, 

associations between traits can facilitate 

genetic improvement since when traits are 

positively associated, the improvement of one 

will lead to that of others
2
. This study has 

shown that several ear related traits that are 

easier to mesure compared to grain yield as 

strongly associated to the later. The anthesis 

silking interval was negatively correlated with 

yield performance of the genotypes, especially 

under drought conditions as reported by 

Bolanos J. et al.
5
 who found that grain yield is 

strongly dependent on the difference between 

male and female flowering dates. The positive 

correlation observed between yield and its 

components (NEP, PER and P100G) in both 

environments is a good indicator for the 

indirect selection of high yielding genotypes 

using the yield components that are easier to 

mesure. The two identified drought tolerant 

hybrids have the potential to enable maize 

production improvment in Niger if they prove 

to be adpated to the local agro-ecological 

conditions through multi-location trials. 

 

Table 1: Characteristics of the different maize genotypes used during study 

 Genotype Origin Grain color 

 CZH131001 CIMMYT/ZIMBABWE White 

 CZH142013 CIMMYT/ZIMBABWE White 

 SC303 CIMMYT/ZIMBABWE White 

 P3KOLLO INRAN/NIGER Yellow 

 

Table 2: List of agro-morphological traits measured on maize plants during the study 

Traits Abreviation unit 

Ear number EN _ 

Ear height EH cm 

100 –grain weight 100-gw g 

Grain yield GY kg/ha 

Stem diameter  SD cm 

Plant height PH cm 

Ear weight EW g 

Male flowering MF days 

Female flowering FF days 

Anthesis silking interval   ASI days 

Internode lengh INL cm 

Ear lengh EL cm 

Ear diameter ED cm 
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Table 3: Variation of agro-morphological traits in relation to genotype, irrigation regime and their 

interaction effect in Jirataoua (Maradi, Niger) 

Effet EN 100-gw GY SD EW EL ED MF FF ASI INL EH PH 

GEN 0.001 <.001 <.001 <.001 <.001 <.001 0.014 <.001 <.001 0.018 <.001 <.001 <.001 

IR <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 

GEN*IR 0.11 0.21 0.014 0.74 <.001 0.98 0.002 0.24 0.11 0.24 0.011 0.08 0.87 

IR : irrigation regime ; GEN : genotype ; IR*GEN : interaction irrigation regime-genotype ; ns : non significant at  p = 0,05. 

 

Table 4: Descriptive statistics of the thirteen agromorphological traits studied under optimum and 

drought stress conditions 

Optimum conditions 

 

Drought stress conditions 

Variables Mean Min Max SD  Variables Mean Min Max SD 

MF 61 60 62 1,37 

 

MF 63 61 64 1,51 

FF 64 62 66 1,78 

 

FF 68 65 70 1,4 

ASI 3 2 4 0,66 

 

ASI 5 4 6 0,14 

PH 128,57 97,77 143,33 20,78 

 

PH 112,6 97,77 122,66 10,53 

EH 53,03 35,29 67,27 13,28 

 

EH 45,62 35,29 53,16 8,02 

SD 1,59 1,23 1,82 0,26 

 

SD 1,27 1,2 1,42 0,1 

INL 8,68 6,09 10,03 1,76 

 

INL 6,33 4,55 7,69 1,3 

EL 11,62 11,07 11,99 0,44 

 

EL 10,06 9,49 11,07 0,7 

ED 3,7 2,51 4,89 0,98 

 

ED 2,71 2,51 2,97 0,2 

NE 27 24 34 4,48 

 

NE 14 11 17 2,77 

EW 1079,65 669,39 1870,74 540,25 

 

EW 477,82 193,48 785,75 287,96 

100-gw 21,16 18,22 23,61 2,23 

 

100-gw 18,2 16,39 19,33 1,3 

GY 791,48 510,3 1099,89 281 

 

GY 397,55 139,31 671,17 241,97 

 

Table 5: Contributions of individual traits to the first two multivariate axes of the principal components 

analysis 

 

Optimum conditions 

  

Drought stress conditions 

 

Axes 

  

Axes 

 

1 2 

  

1 2 

MF 0,71 0,26 

  

0,84 0,13 

FF 0,89 0,09 

 

MF 0,93 0,04 

ASI 0,16 0,79 

 

FF 0,18 0,8 

PH 0,86 0,05 

 

ASI 0,99 0,01 

EH 0,67 0,27 

 

PH 0,8 0,01 

SD 0,92 0,08 

 

EH 0,24 0,72 

INL 0,92 0,02 

 

SD 0,97 0,03 

EL 0,92 0,02 

 

INL 0,87 0,1 

ED 0,81 0,19 

 

EL 0,75 0,23 

NE 0,47 0,45 

 

ED 0,3 0,67 

EW 0,26 0,65 

 

NE 0,05 0,92 

100-gw 0,86 0,13 

 

EW 0,63 0,34 

GY 0,22 0,73 

 

100-gw 0,01 0,92 
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Fig. 1: Genotype by trait biplot under (a) optimal and (b) drought stress conditions 

 

CONCLUSION 

The selection of maize for drought resistance 

is a complex task, particularly because drought 

can affect the crop at any stage of 

development. Our study has shown that 

genotypes of maize grown under optimal and 

drought conditions differ for important agro-

morphological traits. Due to their association 

with grain yield, a number of traits, including 

100-gw, EN, EW and ASI represent useful 

secondary traits for the selection of high-

yielding genotypes in drought prone areas. The 

two tolerant genotypes (CZH131001 and 

CZH142013) identified for the two irrigation 

regimes (optimal and managed drought) can be 

tested for adaptation to local conditions 

through multi-location on-farm trials and 

promoted to farmers in an attempt to improve 

maize production in the country. 
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