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Abstract

Decline in soil fertility is a major constraint to maize production. This study aimed to assess the agronomic performance of
improved maize varieties under different nitrogen rates to identify low nitrogen tolerant varieties. Five multiple stress-tolerant
maize hybrids, developed by maize improvement program of the International Institute of Tropical Agriculture (IITA), and an
open-pollinated variety used as check were evaluated under three levels nitrogen at two locations during 2019 growing season.
The experiment was laid out in a split-plot experiment with three replications at each location. Nitrogen rates and varieties were
the main and secondary factors, respectively. Data collected on grain yield and its related traits and were subjected to analysis of
variance at 5% level of significance. The average grain yield of the six varieties under different nitrogen levels ranged from 2.2
t/ha at 0 kgN/ha in Angaradébou to 5.3 t/ha at 76 kgN/ha in Komkoma. Hybrid TZEEQI 342 < TZEEQI 7 showed high grain
yield (4.0 t/ha) across the two agro-ecologies while varieties TZEE-W Pop STR QPM Co <TZEEQI 7 (3.7 t/ha) and TZdEEI 91
% TZEEI 21 (3.6 t/ha) had comparable grain yield. These hybrids were also less susceptible to nitrogen stress. They are the
promising genotypes for Angaradévou localities while farmers around Komkoma should continue to cultivate TZEE-W Pop DT
STR QPM.
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1. Introduction

Maize (Zea mays L.) is a major crop grown in several
agro-ecological zones in the world. In the Republic of Benin,
it is the most important cereal produced and consumed and
its production is constantly increasing. Maize occupies up to
84% of the total area devoted to cereals and accounts for
around 73% of cereal production in the country [1]. Dy-
namics of maize production over the past ten years reveal
that it has risen from 1,065,329 tons in 2009-2010 to almost
1,580,750 tons in 2019-2020, and the cultivated area from
924,764 to 1,470,250 ha, an increase of 48.38% and 58.98%,
respectively [1]. This clearly indicates that the increase in
production observed over the period was mainly from in-
crease in area cultivated to maize and not increase in average
yield. The average yield decreased from 1.152 t/ha in
2009-2010 to 1,075 t/ha in 2019-2020.

Maize is the most important cereal in the national food
system, far ahead of rice and sorghum [2, 3]. It is an essential
resource and a mainstay of animal feed [4, 5]. The average
level of maize consumption is estimated at more than 91
kg/inhabitant/year [6], which places Benin at the second po-
sition in the ranking of maize-consuming countries in West
Africa (WA) [7]. In addition, maize production is the most
cost-efficient and the only cereal for which Benin has ex-
portable surpluses to neighbouring countries like Nigeria,
Niger, Burkina Faso, and Togo [8-10]. Maize is therefore an
essential commodity chain for guaranteeing food security and
reducing poverty in Benin.

Generally, maize yield in Benin remains relatively static,
despite its increasing production in recent years. In fact, the
observed decrease in maize yield from 1,75 kg/ha in
2019-2020, representing a regression rate of around 8% after
10 years [11]. The decline in maize yield is due to several
reasons including biotic (diseases, pests, weeds, insects, etc.)
and abiotic stresses. The abiotic factors are more difficult to
control and can have severe consequences on maize produc-
tivity. Among the abiotic stresses, drought, high temperatures,
floods, and declining soil fertility, particularly soil nitrogen
(N) deficiency, are the main constraints that most frequently
limit maize production and productivity in most Sub-Saharan
African countries, including Benin [7, 12].

Nitrogen (N) is one of the most limiting nutrients in maize
production [13]. It is an essential plant nutrient and a key yield
determinant for maize production [14, 15]. The response of
maize plants to the application of N fertilizers depends on variety,
location, and the availability other nutrients [15]. Maize plants
have high nitrogen requirements from the bolting stage (\V10)
through to the silking stage (R1). During these developmental
stages, significant quantities of N are transferred from leaf tissue
to grain. During the grain-filling stage, a decline in N supply
decreases dry matter partitioning to grain [16]. N fertilizer is one

of the most important factors affecting the growth and grain yield
of hybrid maize [17-19]. Grain yield, days to flowering, plant
height, ear height, kernel rows per ear, number of kernels per row,
ear length, and thousand-grain weight are significantly affected
due to growing seasons and split applications of nitrogen [20].
Studies carried out in WA have shown that annual losses in
maize grain yields due to soil N deficiency vary between 10 and
50% [21, 22]. Soil N deficiency is a common problem on almost
all farms in South-southern Africa (SSA). In African countries
where the supply of nitrogen fertilizers is limited, very expensive,
and often unavailable when small-scale producers need it, the use
of tolerant cultivars to low-N levels is therefore highly desirable
[23]. In the Republic of Benin, it is projected that, by 2050, maize
yield will be reduced by 30% due to drought [24] about 90% of
the soils are deficient in nutrient, especially in nitrogen [25]. This
makes the use of fertilizers compulsory for an efficient maize
production. In fact, the cost of mineral fertilizers accounts for
about 45% of the total production cost [26]. To overcome these
challenge, the use of maize hybrids tolerant to water stress and
low-N levels would be a major asset for increasing maize pro-
duction in Benin.

The International Institute of Tropical Agriculture (1ITA)
has developed multiple stress-tolerant varieties under Stress
Tolerant Maize for Africa (STMA) project, and adapted to
different agro-ecological zones in Africa. However, little is
known on the adaptability of these maize varieties to growing
conditions in Benin. The present study aimed at identifying
Low-N tolerant extra-early maturing maize hybrids by ex-
ploring agronomic and morpho-physiological traits along
with grain yield.

2. Materials and Methods

2.1. Study Sites

The study was carried out at two locations in the Republic
of Benin, the experimental farm of the Faculty of Agronomy
of the University of Parakou at Komkoma, Parakou district
(longitude 2°36’E, latitude 09°21°N and altitude 350 m) and
the North-East Agricultural Research Centre (CRA Nord-Est)
site at Angaradébou, Kandi district (longitude 2°43’E, latitude
11°20°N and altitude 256 m) during 2019 growing season.
Komkoma and Angaradébou sites are located in Su-
dan-Guinean and Sudan climatic zones of Benin, respectively.
The cumulative mean rainfall at Komkoma during the crop-
ping periods (June to October) of 2019 was 660.8 mm while at
Angaradébou, the cumulative mean rainfall was 971.5 mm
(Table 1).
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Table 1. Rainfall at two locations during the study period in Benin Republic in 2019.

Precipitation (mm)

Month
Komkoma Angaradébou

June 69.5 65.5

July 264.8 231.0

August 120.5 462.5
September 206.0 196.0

October - 16.5

Total 660.8 9715

2.2. Plant Materials

Number of rain days

Komkoma Angaradéoou
3 2

20 9

14 18

19 13

- 4

56 46

Five extra-early maturing hybrid maize selected for their high yielding and drought tolerance from 2017 and 2018 regionals
trials across Benin and Nigeria countries, and a check which is an opened pollinated variety (OPV) from certified seed grower are

used in this study (Table 2).

Table 2. Extra-early maturing maize hybrids and the check evaluated in this study during 2019 growing season in Benin Republic.

Genotypes Codes Source Type Response to nitrogen stress
TZEEQI 342 xTZEEQI 7 V1 MIP/IITA Hybrid Unknown

TZEE-W Pop STR QPM Co <TZEEQI 7 V2 MIP/IITA Hybrid Unknown

TZdEEI 51 xTZEEI 13 V3 MIP/IITA Hybrid Unknown

TZdEEI 91 xTZEEI 21 V4 MIP/IITA Hybrid Unknown

TZEEQI 294 <xTZEEQI 7 V5 MIP/IITA Hybrid Unknown

TZEE-W Pop DT STR QPM V6 INRAB (Released in 2016, [27]) OPV Susceptible

2.3. Agronomic Management

At both sites, the experiment was laid out in a split plot de-
sign with three replications. The main factor was nitrogen stress
with three levels (76 kgN/ha, 30 kgN/ha, and 0 kgN/ha) and the
maize varieties were assigned to the sub-plots. The spacings
between two replicates and adjacent plots were 1.5m and 1 m,
respectively. Each sub-plot was made up of two rows of 3 m
each spaced 0.80 m apart while plant spacing within row was
0.40 m giving a density of 62,500 plants per hectare (two seeds
per hill). Non-selective herbicide (Glyphosate 480 g/L SL) was
applied at a rate of 1 L/ha one week before soil tillage and the
mixture of the non-selective herbicide and pre-emergence
herbicide (atrazine) was applied at the rate of 1 and 2 L/ha,
respectively one day after sowing. Compound fertilizer
N-P-K-S-B-Zn 13-17-17-6-0.5-1.5 was applied at the rate of 30
kgN/ha at 2 Weeks After Sowing (WAS) to all the plots for
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high and low N treatments. An additional 46 kgN/ha was ap-
plied to high N plots only at 5 WAS using urea while no ferti-
lizer was added to the plots for control (0 kgN/ha). Weeding
was done manually to keep the fields relatively weed-free
throughout the season. Emacot (Emamectin Benzoate 5% SG)
and carbodan 3% insecticides were used to manage armyworm
at 4 WAS and termite at 9 WAS, respectively.

2.4. Traits Measurement

During the trial’s evaluation, data were collected as de-
scribed in the Table 3. Rainfall data were recorded per day
during the experimentation. Soil samples were collected at 0
to 30 cm depth from the two sites and analysed for physical
and chemical properties in the laboratory of Soil Sciences at
the University of Abomey-Calavi (Table 4).
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Table 3. Description of the measured traits of extra-early maize hybrids evaluated in Benin Republic in 2019.

Traits Description Unit
Days to 50% anthesis (DYTS) It was recorded when 50% of the plants in a plot had shed pollen. day
Days 50% silking (DY SK) It was recorded when 50% of the plants in a plot had extruded silks. day
Anthesis silking interval (ASI) It was computed as DYSK minus DYTS. day
. At physiological maturity, plant heights were measured on ten representative plants per plot
Plant height (PLHT) as the length from the base of the plant to the point of the first tassel branch. cm
. At physiological maturity, ear heights were measured on ten representative plants per plot as
Bar height (EHT) the length from the base of the plant to the node bearing the upper ear. cm
It was visually scored based on the general appeal of plants in a plot (stand-ability, vigour, plant,
and ear height, uniformity of plants, ear placement and size, as well as disease damage and lodg-
ing) using a scale of 1 to 9, where 1 = excellent overall phenotypic appeal; 2 = very good overall
Plant aspect (PASP) phenotypic appeal; 3 = good overall phenotypic appeal; 4 = satisfactory overall phenotypic appeal; Scale
5 = acceptable phenotypic appeal; 6 = undesirable phenotypic appeal, 7 = poor overall phenotypic
appeal, 8 = very poor phenotypic appeal and 9 = completely undesirable phenotypic appeal.
At harvest, Ear aspect was rated based on the general appeal of the ears without the husks (ear
size and number; uniformity of size, colour, and texture; extent of grain filling, insect and
Bar aspect (EASP) disease damage) using a scale of 1 to 9, where 1 = excellent (clean, uniform, large, and Scale
well-filled and disease-free ears); and 9 = only one or no ears produced.
Disease severity was evaluated on a scale of 1 (clean, no infection) to 9 (severely diseased).
Disease severity These diseases are Rust polysora or sorghi (RUST), Blight maydis or turcicum (BLT or Scale
BLIGHT), Curvularia (CURV), Maize Streak Virus (STREAK).
= 0, = 0,
Stay green (STGR) Stay green was scored as percentage of leaf senescence (1= 10% leaf senescence and 5= 50% Scale
leaf senescence) at 70 days after planting.
L At harvest, all the cobs in each plot were shelled and the grain weight was measured and used
Grain yield (YIELD) to estimate grain yield adjusted to 12% moisture content. Uha
1000 seeds weight (1000 SWT) It was also measured using a sensitive scale. g
Table 4. Chemical and physical properties of the soils at two locations in Benin Republic in 2019.
Komkoma Angaradébou
Elements Critical values
Value Interpretation Value Interpretation
pH (H,0) 5.2-85 5.43 Moderately acidic 4.53 Strongly acidic
pH (KCI) 52-85 4.81 Strongly acidic 4.08 Strongly acidic
Organic matter (%) <0.5 0.52 Low 1.08 Moderate
Total nitrogen (%) <0.03 0.03 Low 0.01 Very low
Available phosphorus (mg/kg) <5 6.82 Low 4.62 Very low
Clay (%) 16.40 2.80
Silt (%) 38.40 Loam 11.20 Loamy sand
Sand (%) 43.91 83.12

2.5. Statistical Analysis

Disease score (Rust, Blight, Curvularia and Maize Streak Virus) data were standardized (1 = 1 to 2.5 and 2 = 3 to 5) and
summed up to assess disease resistance (from 4 = highly resistant to 8 = highly susceptible). Inverse logit (ﬁpi_m) transfor-
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mation was also used for stay green, plant aspect, ears aspect and ASI data. The data were checked for normality and homoge-
neity of variance using Shapiro-wilk and Bartlett’s tests, respectively, before running the analysis of variance (ANOVA) with
GenStat 17" edition (VSN International Ltd, UK). Duncan’s Multiple Range Test at 5% level of probability were used for sep-
aration of significantly different means. Stress indices were calculated based on formulas shown in Table 5.

Table 5. Stress indices.

Index

Stress susceptibility index

Yield stability index
Stress tolerance index
Low nitrogen tolerance index

Gemeotric mean productivity

Harmonic mean

Mean productivity

Formula Authors
1_£
_Ymp
_¥
Ysl =4 [29]
_ Ypx¥s
STI = s [30]
__ YP-Ys
LNTI === [31]
GMP =+YP X Vs [30]
__ 2XYpXYs
HM = Yp+Ys [31]
MP = YP+Ys [32]

2

Where Ys is the yield of the cultivar under LN conditions; Yp is the yield of cultivar under optimal condition; Yms and Ymp are the mean yields

of all cultivar under stress and non-stress conditions, respectively.

3. Results

3.1. Analysis of Variance (ANOVA)

Detailed values for variance components are presented in
Table 6. Except for ear aspect and number of ears per plant,
there were significant differences (p < 0.001) between the two
locations for grain yield and all other traits. There were sig-
nificant differences among the varieties due to nitrogen level
at each location and across the both locations for grain yield.
Plant height, plant aspect, ear aspect, number of ears per plant,
1 000 seeds weight, and disease resistance significantly varied
among the maize varieties at Komkoma while only number of
ears per plant was significant at Angaradéou. In contrast,
varieties were not significantly different at Komkoma for
grain yield but they were significantly different (p < 0.05)
different at Angaradésou and across the both locations for
grain yield. There were no significant interactions between
the factors (nitrogen rates, varieties, and locations) for most
traits in this study except for grain yield and number of ears
per, and resistance to diseases (Table 6).

3.2. Performance of Hybrids Under Different
Rates of Nitrogen and Stress Indices

There were no significant differences among the varieties for
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ASI, plant height, ear height, number of leaves per plant, plant
aspect and ear aspect (Table 7). TZEEQI 342 <TZEEQI 7 (4.0
t/ha30).27) had the highest grain yield with comparable per-
formance to TZEE-W Pop STR QPM Co x TZEEQI 7 (3.7
t/ha#0.28) and TZdEEI 91 < TZEEI 21 (3.6 t/ha#0.32). Variety
TZEEQI 294 < TZEEQI 7 (2.840.23) had the maximum value
of stay-green and comparable to TZdEEI 51 < TZEEI 13
(2.940.25), TZdEEI 91 x TZEEI 21 (2.940.17) and TZEE-W
Pop DT STR QPM (3.140.20). Variety TZEEQI 294 x
TZEEQI 7 (1.140.03) had the maximum number of ears per
plant with comparable performance to TZdEEI 51 < TZEEI 13
(1.140.03). TZEEQI 342 < TZEEQI 7 (4.140.06) and TZdEEI
51 < TZEEI 13 (4.140.08) were most suitable for disease re-
sistance while TZEEQI 342 xTZEEQI 7 (0.940.49), TZEE-W
Pop STR QPM Co xTZEEQI 7 (1.840.79) and TZEE-W Pop
DT STR QPM (1.640.58) had minimum value of root lodging
and had comparable value with TZdEEI 91 > TZEEI 21
(1.820.80) and TZEEQI 294 xTZEEQI 7 (2.040.77) (Table 7).
The maize varieties had higher yield under both normal and
Low N conditions at Komkoma than at Angaradébou (Table 8).

At Angaradéou and across both locations there were sig-
nificant differences among the varieties for grain yield with
TZEEQI 342 < TZEEQI 7 (3.2 t/ha10.29; 4.0 t/ha0.27)
having the the highest grain yield with comparable perfor-
mance to TZEE-W Pop STR QPM Co <XTZEEQI 7 (3.020.31;
3.7 t/ha30.28) and TZdEEI 91 x TZEEI 21 (2.740.33; 3.6
t/ha30.32) (Table 9).

Mean values for grain yield and other stress indices under
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low and without nitrogen conditions are presented in Table 9.  susceptibility index superior to one under low nitrogen and
Variety TZEEQI 342 xTZEEQI 7 had the highest value for the ~ without nitrogen conditions. In addition, all the varieties had a
means (geometric mean productivity, harmonic mean and mean low nitrogen tolerance index less than to 35% except TZEE-W
productivity), yield stability index and stress tolerance index in Pop DT STR QPM with no nitrogen (Table 10).

both conditions. Only TZEE-W Pop DT STR QPM had a stress

Table 6. Mean squares derived of ANOVA of grain yield and other agronomic traits of extra- early maturing maize varieties at two locations in
Benin during 2019 growing season.

e an WA OO SO Py g 00N Pl
Komkoma

Rep 2 4.7 56.5 907.9 605.5 16.9 11.3 0.0 23511 0.7
Nitrogen (N) 2 14.6*** 4216 1112.7 697.2 295.7* 116.1* 0.0 3422.6* 0.4
Residual 4 0.0 169.6 286.1 206.8 72.8 7.0 0.0 188.6 0.2
Variety (V) 5 0.2 250.0 186.8** 1141 107.7***  B3.7*** 0.1%**  2132.4*** 3 3***
N*V 10 01 155.5 59.1 30.7 97.1* 13.0 0.0 283.6 0.2
Residual 30 02 138.0 443 50.0 100.2 6.9 0.0 196.8 0.3
CV (%) 9.6 17.2 4.2 9.2 2.0 2.8 4.3 5.5 10.9
Angaradebou

Rep 2 3.6 168.8 580.7 115 162.8 264.8 0.0 942.7 0.0
Nitrogen (N) 2 4.5* 145 199.9 125.9* 256.9 179.1 0.1 2585.6** 0.0
Residual 4 0.5 39.6 400.0 10.7 124.7 1114 0.0 116.6 0.0
Variety (V) 5 13 51.1 205.7 8.3 775 48.6 0.1**  864.3 0.0
N*V 10 04 61.0 158.1 19.0* 74.1 41.9 0.0 944.8 0.0
Residual 30 04 43.8 124.6 7.8 52.9 50.3 0.0 520.1 0.0
CV (%) 24.0 7.2 7.5 4.0 8.7 8.8 10.6 9.8 3.2

Across the two locations

Rep 2 66 181.8 1253.1 225.4 105.9 945 0.1 27473 0.4
Location (L) 1  9L1.4%%  18983.5%** 3909.6%**  1488.9%** 2860.8%** 37964 0.1 10631.8%** 19 6%
Nitrogen (N) 2 16.1%** 2625 1127.6%%%  707.7%**  397.3%**  287.4 0.1%*%  5550,0%** 0.2
Variety (V) 5 1.1* 168.9 2236 424 83.3 83.0 0.1%*%*  2218.2%** 1 grrx
L*N 2 2.0% 1736 185.1 115.4 75 7.9 0.1%* 4582 0.2
L*V 5 05 132.2 168.9 80.0 15.8 19.3 0.1 778.6% 1.5%xx
N*V 10 03 955 52.4 11.2 42.0 36.7 0.1 453.6 0.2
L*N*V 10 0.3 121.0 164.7 385 418 182 0.1 774.9% 0.1
Residual 70 0.3 91.1 118.3 48.4 34.1 365 0.1 340.3 0.2
CV (%) 16.2 12.1 7.1 9.5 6.6 7.0 8.9 76 8.8

*, ** *x% = Significant F test at 0.05, 0.01 and 0.001 levels of probability, respectively; ASI= Anthesis—silking interval; EPP= ears per plant;
and STGR= stay-green characteristic.
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Table 7. Means of grain yield and fifteen other agronomic traits of six extra-early maturing maize varieties across two locations in Benin

during 2019 growing season.

Variety

V1
V2
V3
V4
V5
V6
Mean

CV (%)

Variety

Vi
V2
V3
V4
V5
V6
Mean

CV (%)

Yield (t/ha)

4.0#0.27a
3.740.28ab
3.440.32b
3.640.32ab
3.440.35b
3.440.30b
3.640.47
36.2

Height (cm)

151.843.08
155.243.08
153.343.47
160.443.30
153.143.03
150.243.39
154.046.28
9.2

Emergence
(%)
82.4+2.25a
82.6%2.63a
76.244.75a
80.6+3.48a
69.624.49b
79.0+2.99c
78.445.70
19.6

Height ear
insertion (cm)
71.0+1.53
72.941.67
75.842.25
73.542.62
73.3H.77
73.042.36
73.344.02
11.9

Days to
anthesis
54.240.34ab
54.140.40ab
54.340.31ab
53.540.37a
55.140.33b
54.540.42b
54.340.76
2.9

Number of
leaves

18.340.13
18.140.15
18.140.15
18.240.16
18.540.22
18.340.16
18.340.27
3.8

Days to
silking
55.940.50bc
55.940.62bc
55.140.49ab
54.630.53 a
56.440.64c
56.340.61c
55.740.85
4.4

Stem girth
(cm)
5.140.15ab
5.3#0.18a
4.840.15b
5.140.16ab
4.840.17b
5.040.13b
5.040.23
134

ASI

1.740.28
1.840.32
0.840.45
1.140.37
1.440.43
1.840.35
1.740.50
72.7

Plant as-
pect

2.040.21
2.240.21
2.440.18
2.440.23
2.640.17
2.440.22
2.340.33
375

Disease
resistance
4.110.06a
4.640.18 b
4.140.08a
4.910.21c
4.440.15b
4.630.16¢
4.440.22
155

Ear aspect

2.240.22
2.340.21
1.840.18
1.840.16
2.340.17
2.240.17
2.140.30
38.1

STGR

3.3#0.17b
3.240.17b
2.930.25ab
2.940.17ab
2.840.23a
3.140.20ab
3.040.39
28.3

Root lodg-
ing
0.940.49a
1.840.79a
5.841.81b
1.840.80ab
2.010.77ab
1.640.58a
2.3#.31
188.1

Ears per
plant
1.040.02b
1.040.02bc
1.140.03ab
1.040.03b
1.140.03a
0.940.02c
1.040.05
10.8

1000 kernels
weight (g)

263.035.31a
244.637.04bc
232.043.20c
236.947.34bc
236.533.41bc
246.648.33b
243.3410.65
11.2

Means with the same letter are not significantly different at 0.05 probability level. ASI= Anthesis-silking interval, STGR= stay-green char-
acteristic, V1= TZEEQI 342 < TZEEQI 7, V2= TZEE-W Pop STR QPM Co < TZEEQI 7, V3= TZdEEI 51 x TZEEI 13, V4= TZdEEI 91 %

TZEEI 21, V5= TZEEQI 294 xTZEEQI 7, V6= TZEE-W Pop DT STR QPM

Table 8. Average grain yield of six extra-early maturing maize varieties under three levels of nitrogen at two locations (Komkoma and An-
garadébou) in Benin Republic in 2019.

Environment

Komkoma

Angaradéou

normal
low
control
Mean
CV (%)
normal
low
control

Mean

Nitrogen level applied (kgN/ha)

76
30
0

76
30

49

Grain yield (t/ha)

5.3a
4.7b
3.5¢c
4.5

20.9
3.2c
2.5d
2.2d
2.7
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Environment Nitrogen level applied (kgN/ha) Grain yield (t/ha)

CV (%) 33.1

Means with the same letter are not significantly different at 0.05 probability level.

Table 9. Grain yield (t/ha) of six maize varieties at two locations under different rates of Nitrogen in Benin Republic.

Variety Nitrogen Angaradébou Eiqoe;nnbined Komkoma zzgnnbined Average ﬁ:;ﬁined
control 24 4.1 32

TZEEQI 342 xTZEEQI 7 Low 3.2 4.7 3.9
normal 4.1 32a 5.6 4.8 4.8 40a
control 2.4 34 2.9

TZEEWPODSTROPMCOx 5, g 4 36
normal 3.7 3.0ab 53 4.4 4.5 3.7ab
control 2.2 34 2.8

TZdEEI 51 xTZEEI 13 Low 2.3 4.6 35
normal 2.6 2.4 bc 5.3 4.5 3.9 3.4b
control 2.0 33 2.7

TZdEEI 91 xTZEEI 21 low 24 4.7 3.6
normal 3.7 2.7 abc 55 4.5 4.6 3.6ab
control 2.3 35 2.9

TZEEQI 294 xTZEEQI 7 low 2.0 4.8 34
normal 24 23¢c 53 4.5 3.8 34b
control 2.1 3.4 2.8

TZEE-W Pop DT STRQPM  low 25 4.7 36
normal 2.8 2.5bc 4.8 4.3 3.8 34b

Means with the same letter are not significantly different at 0.05 probability level.

Table 10. Means, yield stability index, stress susceptibility index, stress tolerance index and low nitrogen tolerance index of six maize varieties
at two locations in Benin Republic during 2019 growing season.

ariy PV OMPZ ML HM2 MPLLMP2 o g sgn seiz st s KN LT
V1 418 3.78 4.16 3.72 4.20 3.84 0.91 0.74 0.74 0.80 0.98 0.78 09 26
V2 392 349 3.89 3.42 3.96 3.55 088 0.69 062 097 08 074 12 31
V3 3.89 344 3.86 3.37 3.91 3.52 0.89 0.68 0.82 1.00 0.84 0.69 11 32
V4 3.75 320 3.74 3.13 3.76 3.27 09 073 028 084 077 058 04 27
V5 3.85 352 3.79 3.40 3.91 3.65 0.85 0.75 1.14 0.77 0.84 0.71 15 25
V6 3.67 346 3.54 3.36 3.84 3.56 0.79 0.63 1.12 1.17 0.75 0.70 21 37
Mean 387 348 3.83 3.40 3.93 3.57 088 070 079 092 084 069 12 30

50


http://www.sciencepg.com/journal/jps

Journal of Plant Sciences http://lwww.sciencepg.com/journal/jps

. GPM1 GMP2 HM1 HM2 MP1 MP2 LNTI1 LNTI2
variety (tha) (tha) (tha) (tha) (tha) (tha) YSI1 YSI2 SSI1  SSI2  STI1 STI2 (%) (%)

CV (%) 32.05 30.03 33.33 3046 3073 29.70 28.07 27.16 1665 66.83 3164 40.04 203 64

GMP = geometric mean productivity, HM = harmonic mean, PM = mean productivity, YSI = yield stability index, SSI = stress susceptibility
index, STI = stress tolerance index, LNTI = low nitrogen tolerance index, 1 = at low nitrogen condition, 2 = at no nitrogen condition, V1 =
TZEEQI 342 xTZEEQI 7, V2 = TZEE-W Pop STR QPM Co xTZEEQI7, V3 =TZdEEI 51 <xTZEEI 13, V4 = TZdEEI 91 xTZEEI 21, V5 =
TZEEQI 294 xTZEEQI 7, V6 = TZEE-W Pop DT STR QPM.

otype under nitrogen stress condition. Jamshidi and Ja-
. ; vanmard [41] also reported that the stress tolerance index (STI)
4. Discussion could be used to evaluate genotypes that have high produc-
tivity under both normal and stressed conditions. The value of
the harmonic mean (HM) is used to identify high-yielding
yield and stable genotypes [31]. The yield stability index (YSI)
is used to identify stable genotypes under both stressed and
non-stressed conditions [42]. These indices (GMP, MP, STI,
HM and YSI) and grain yield under both high nitrogen and
low nitrogen conditions have been reported to have high pos-
itive correlation among them and they reflect together the
character of high yield and stable yield for maize plants [31,
43, 41]. Genotypes with a high value of these indices are more
desirable [30, 44, 45]. This is confirmed by the result from this
study where TZEEQI 342 x TZEEQI 7 was identified as the
best genotype across all these indices. The stress susceptibil-
ity index (SSI) and low nitrogen tolerance index (LNTI) could
be used as supplementary indices [28]. The SSI exhibited a
degree of reduction in the grain yield under low nitrogen
condition when compared to the grain yield under the high
nitrogen condition [28]. These indices show the sensitivity
and the tolerance of maize genotypes under low nitrogen
conditions. Genotypes with SSI values less than 1 are more
tolerant to low nitrogen [28]. Hence, TZdEEI 51 xTZEEI 13,
TZEEQI 294 xTZEEQI 7 and TZEE-W Pop DT STR QPM
are more susceptible to low nitrogen stress. The LNTI was
proposed for evaluating the low nitrogen tolerant genotypes
under stressed condition [30]. According to Bé&nziger and
Lafitte [46] genotype is considered tolerant to low nitrogen
stress when its yield loss is less than 35% of the potential yield
under optimum conditions. The variety TZEE-W Pop DT
STR QPM cannot be categorised among varieties tolerant to
low nitrogen. Thus, the two indices (LNTI and SSI) were
helpful to identify TZEEQI 342 x TZEEQI 7, TZEE-W Pop
STR QPM Co xTZEEQI 7 and TZdEEI 91 xTZEEI 21 as the
most tolerant to low nitrogen stress among the hybrid varieties
in the northern Benin.

Nitrogen (N) deficiency is one of the main characteristics
of soils in Benin, limiting maize production and productivity.
This study was conducted to examine the agronomic perfor-
mance of five hybrids under nitrogen stress. The main cause
of the observed difference in grain yield between the two
locations is mainly due to soil properties as reported by Iguéet
al. [33]. The total precipitation of 661 mm at Komkoma and
972 mm at Angaradébou is sufficient for maize production but
the distribution of rainfall was irregular with some prolonged
dry spells at Angaradévou.

Secondary traits are much more important than grain yields
under stressed environments as they are precise for identifi-
cation of drought and low nitrogen tolerant genotypes and
determine the degree to which the crop was stressed [34, 35].
Low nitrogen is regarded as an abiotic stress for the growth of
maize plants, which hinders or limits the expression of their
genetic potential in growth and development stages, thereby
affecting the performance of grain yield [36, 37]. The highly
significant mean square obtained for nitrogen level in this
study and grain yield were considerably influenced by nitro-
gen rate. The significant difference observed in grain yield at
Angaradébou but not at Komkoma implies that the soil ni-
trogen level in Angaradédou is low enough to discriminate the
varieties. Based on the result obtained in this study, farmers
are advised to use TZEE-W Pop DT STR QPM on soils with
moderate fertility. In fact, seeds of an OPV are cheaper than
that of hybrid, so it is more benefit to use an OPV instead of
hybrid if they have similar yield. On a very poor soil like that
of Kandi district, varieties TZEEQI 342 x TZEEQI 7,
TZEE-W Pop STR QPM Co xTZEEQI 7, and TZdEEI 91 =
TZEEI 21 are the promising genotypes.

It is reported that the modern high yielding crop cultivars
are more adaptable to high nitrogen conditions [38, 39]. In this
study, seven screening indices were used to evaluate the
performance of the maize varieties under low nitrogen toler-
ance. Geometric mean productivity (GMP) indicated the 5. Conclusions
mean performance of a genotype across the two environments
with high nitrogen and without or low nitrogen fertilizer [30, This study uncovered striking levels of multiple environ-
40]. The mean productivity index (MP) is the mean of grain ments stress tolerance assessing among the extra-early hy-
yield in high and low nitrogen environments. Based on these  brid’s maize and selected hybrid potentially tolerant to Low-N
indices, TZEEQI 342 < TZEEQI 7 is the most suitable gen-  stress. Highly significant mean square due to nitrogen level
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was obtained in this study indicating that maize grain yield is
considerably influenced by nitrogen rate. In contrast, varieties
were not significantly different at Komkoma for grain yield
whereas the opposite happened at Angaradébou and across the
two locations. This means that these varieties have similar
response to nitrogen under favourable condition but differ in
their responses under unfavourable condition for grain yield.
Varieties TZEEQI 342 xTZEEQI 7, TZEE-W Pop STR QPM
Co xXTZEEQI 7 and TZdEEI 91 < TZEEI were identified as
most tolerant to low nitrogen in this study. These varieties are
recommended for further evaluation at Kandi district while
farmers around Parakou district should continue to cultivate
TZEE-W Pop DT STR QPM.
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