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ARTICLEDETAILS ABSTRACT

Article History: This work was carried out from December 2016 to June 2017 in two different regions on the north of Tunisia
belong to the Sub-humid bioclimatic stage on Beja and the Semi-arid bioclimatic stage on Oued Mliz. It aims
to identify the varieties of chickpea adaptable on each bioclimatic stage and to evaluate the efficiency of water
use for some varieties of chickpea. Indeed, analysis of yield parameters such as biological yields, weight of
hundred seeds, seeds yield, number of seeds. All varieties were grown in rainfed conditions. For the sub-
humid and semi-arid bioclimatic sites plant have received respectively an amount of water of 346 and
261mm. The results show that there is a significant correlation between these parameters. The cultivation of
the collection of eight varieties of chickpea in rainfed soil showed an important adaptation to drought. The
number of pods marked in Bejal and Nayer varieties are the highest, because of the ability to fill the pods
during the year. While other varieties have a lower number of pods indicating that spring drought could be
the cause of high flower abortion, pericarp development and empty pod formation. This research revealed
that in the sub-humid bioclimatic stage, all varieties adapt and produce better than on the semi-arid. The
semi-arid Tunisian is characterized by the final drought which causes the hydrous stress at chickpea. The
conduit of this last in these zones is dependent on the selection of the varieties early and resistant to the
water deficit.
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1. INTRODUCTION

Worldwide, 90% of chickpea (Cicer arietinumL.) crops are rainfed. Spring
drought represents the main abiotic constraint for increasing production
(Rani et al,, 2020; Arif et al, 2021). In Tunisia, most of the area cultivated
with chickpea is concentrated in the north of the country, particularly in
the regions of Beja, Jendouba, Nabeul, Mateur and Bizerte, which are
characterized by a humid to sub-humid climate. In Tunisia, the chickpea
occupies the second place after the bean. It is grown on an average annual
area of 19 650 ha which represents 1.1% of the area sown to field crops.
The production is about 13 520 t with an average yield of 670 kg ha!
(Bouhdida et al, 2013, Nefzi et al,, 2016, Ouji et al,, 2016). To meet the
needs of the concept, the Tunisian government resorts to imports of about
19,000 t year! (AAC, 2006) which represent 141% of national production.
The chickpea suffers from many difficulties, apart from the environmental
conditions and the bad management of the crop techniques which are not
negligible causes of the weakness of the production, it seems that the
major problem remains that of abiotic factor as the deficiency in
phosphorus, the salinity, and the drought (Hichri et al.,, 2014; Kaashyap et
al,, 2017). The latter is a major factor, which in case of low availability,
constrains the production of legume crops. Two types of droughts affect
the chickpea crop in Tunisia, a spring drought caused by a break in rainfall

and a terminal drought occurring at the end of the crop's growth cycle due
to a lack of rainfall and a drying up of the water reserves in the soil (Wery
et al, 1994). The amount of water available for agriculture in the
Mediterranean is decreasing due to increasing population pressure and
greater frequency of drought. Therefore, the efficiency of water use for
agricultural production must be maximized (Douh et al.,, 2021; Khila et al,,
2021).

This study has set as main objectives: agro-physiological characterization
of eight local varieties of chickpea to select the best genotypes that adapt
to the edapho-climatic conditions of different bioclimatic stages: the sub-
humid represented by the region of Beja, the upper semi-arid represented
by the region of Oued Mliz. Indeed, the evaluation of varieties from the
national program of improvement of chickpea is of particular interest to
ensure food security and help small farmers to cope with climate change.

2. MATERIAL ANDMETHODS

2.1 Study sites

Oued Beja Beja (S1): The trial was conducted in spring cultivation on a
plot of the experimental unit of Oued Beja of the CRRGC (Regional Field
Crop Research Center of Beja), located in the north-west of Tunisia
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governorate of Beja which is part of the bioclimatic semi-arid stage at 140 -
Latitude 36°44’05”N, Longitude 9°13’35”E. This area is characterized by
an average annual rainfall of 500 to 600 mm. Figure 1 shows that during
the trial, the rainfall recorded from December to June was 261 mm
recorded by a meteorological station installed within the center. The soil
has a clay-silt texture with a pH of 7.2.

Rain (mm)

Oued Mliz- Jendouba (S2): The trial was conducted in spring cultivation
on a plot of the research station of Oued Mliz, located in the north-west of
Tunisia, governorate of Jendouba, which is part of the upper sub-humid : : s
bioclimatic stage at a latitude of 36°26’54”N, Longitude 8°32’55”N. During -Déwm mi, Févi, — Al -' ,uin
the trial, the rainfall recorded was about 346 mm (Figure 1). The soil has
a clay-silt texture with a pH of 7.4.

Figure 1: Rainfall for the period experimental growing season in the two
sites

Table 1: Characteristics of chickpea varieties studied (Sivapalan et al., 2003)
Varieties Inscription Date Breeder Main Characteristic Photo
Béjal 2003 INRAT/ICARDA | Productive medium seeded
Recommended for winter sowing

Bouchra 2003 INRAT/ICARDA | Productive medium seeded
Recommended for winter sowing

Nayer 2003 INRAT/ICARDA | Productive medium seeded
Recommended for winter sowing

Nour 2011 INRAT/ICARDA | Productive, large seed (40-
44g/100seeds) Recommended for
winter sowing

Chetoui Productive, small seed (30-
1987 INRAT/ICARDA | 32g/100 seeds) Recommended
for winter seeding
Kasseb 1987 INRAT/ICARDA | Small seed,

recommended for winter sowing

Amdoun 1987 INRAT/ICARDA | Bigseed (45-48g/100 seeds).
Recommended for spring sowing.

Rabha 2017 INRAT/ICARDA | High yielding, large seed size (46-
47g/100 seeds). Recommended
for winter and spring planting

INRAT: National Institute of Agronomic Research of Tunisia

ICARDA:International Center for Agricultural Research in the Dry Areas
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2.2 Plant material

The plant material used consists of a population of chickpea (Cicer
arietinum L.) composed of eight varieties registered in Tunisia from the
national program of improvement of chickpea at the CRRGC of Beja. Table
1 presents the morphological, physiological, and technological
characteristics of the chickpeas cultivated in Tunisia.

2.3 Experimental design and management

The trial was conducted in randomized block replicate three times for each
treatment. A total of 24 blocks was used. Each block was divided into six

lines of 4 m of length spaced 0.5 m apart. Seeding was carried out on
December 20, 2017, for a 60seed/row seeding rate. Planting density was
30 plant/m? (2 lines/m * 15 plant/linear meter) The previous crop was a
worked fallow. Sowing was done manually and took place on December 20
and harvest took place on June 18.

g e b0 5 A 2 i REOR AL
Figure 2: Experimental design respectively at Oued Mliz and Beja

2.4 Soil parameters

Soil analysis was made in the laboratory of rural engineering belongs to
the Higher Institute of Agronomy of Chott Meriem, Sousse. the soil texture
was determined by the Robinson pipette method, water content at the
permanent wilting point and at the field capacity with a pressure cooker,
soil permeability by Muntz method, salinity, and pH respectively by a
conductivity meter and a pH meter.

2.5 Agronomic parameters

The impact of the climatic stage had been tested on eight chickpea
varieties. For that, six plants were selected at random for each variety and
each region to show the relationship between parameters. Just before
harvesting the height of the plant has been determined. At maturity, all the
plants were cut at ground level. The pods were manually removed from all
the harvested plants and counted then number of pods per plant was
determined. All the pods were threshed by hand, and number of seeds per
pod determined. The seeds were air-dried, cleaned and weighed to
determine grain yield, from each plot after the color of the plant and pod
turned yellow, is extrapolated to the hectare (kg ha'!). Sub-samples of the
seeds were used to determine 100 seed weight (100-SW) recorded from
each plot and expressed in gram (g). Harvest index (HI) was determined

as the ratio of grain yield to biological yield. It is calculated according to
the formula of Yoshida (1981) as follows:

E“JL

e
GY: Seed Yield (kg ha);
BY: Biological Yield (kg ha1).
2.6 Water use efficiency (WUE)

It defines the quantity of production obtained by a unit of water used. It is
calculated considering organic and seed yields. From this, we can
distinguish the efficiency of use of dry matter and seed water. This notion
considers the need to maximize production per unit of available water in
the context of increasing food demand and limited water resources
(Molden et al., 2010). A study clarified that the WUE could be determined
according to the dry matter yield according to the formula (Siddique et al.,
2001):
TTR - rwrd

WUEDwi: Biological Water Use Efficiency (g mm-1)
DW: Dry Weight (g)

ETc: Crop evapotranspiration (mm)

WUE can be determined according to the biological yield or according to
the seed yield according to the formula:

I
TR

WUE:s: Seed Water Use Efficiency (kg ha! mm1)
SY: Seed Yield (kg ha'1)

ETc: Crop evapotranspiration (mm)

2.7 Data analysis

The data was subject to obtained underwent analysis of variance (ANOVA)
with the procedure (GLM), for General Linear Model was conducted using
SPSS software (version 23). The means fitted to the model (LSMEANS)
were calculated for each treatment through the Student-Newman-Keuls
test (SNK) at the 5% threshold for the comparison of the means between
varieties. The model used is of the form:

i u+J_- =

Yi: Variable to be explained

W: Average factor for each variable to be explained
Xi: Fixed effects of explanatory variables

ei: Residual error

To test whether the differences between semi-arid and sub-humid
bioclimatic stage were significant, independent samples t-test were used.
If the observed value of t for testing whether the two sites are different
was greater than the 5% significant point it was concluded that the
observed differences between the two sites was significant at 5%.

For relationship between parameters Pearson Correlation was used to
evaluate whether there is statistical evidence for a linear relationship
among the same pairs of chickpea parameters, represented by a
population correlation coefficient 5% and 1%

3. RESULTS ANIDISCUSSION
3.1 Edaphic and climatic characterization

Table 2 show that the soil texture of the two sites Oued Mliz and Beja are
clay silt with approximately a hydraulic conductivity of water through the
soil of 1.4 cm/h. Soil moisture is a main property of the soil which acts as
a water reservoir, making it available for crops as it is required. Soil water
is very important to the complete soil system because both it’s necessary
for plant growth, and it contain nutrients essential for plant growth. Table
1 indicated that water availability on the two site is about 15,5%.

To determine the bioclimatic stage, we used the Emberger climatic index:
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Q= 2000P/ (M2 -m?)

P : Average annual precipitation (mm).

m : Average of the maxima of the warmest month (K°).

M : Average of the minima of the coldest month (K°).

following the calculation of the Emberger index we have classified the

experimental site "Oued Mliz" belonging to the Governorate of Jendouba
to the Sub-humid and that of "Beja" to the Semi-arid superior.

Table 2: Physical and hydrodynamic soil characteristics of Chott

Meriem
Site Bioclimatic | Soil Ofc &pup | Ks pH | EC
stage texture | (gp) (%) | (em | [ (ms
h-1) cm-
D)

Beja | Semi-arid
(S1)

clay-silt | 25.15 | 9.74 | 1.42 | 7.2 | 0.55

Oued | Sub-humid
Mliz
(S2)

clay-silt | 25.25 | 9.84 | 1.36 | 7.4 | 0.63

3.2 Agronomic parameters
3.2.1 Plant height

Figure 3 shows the variation in the height of chickpea varieties depending
on the bioclimatic stage. We notice that there is no significant difference
between the average heights of the different varieties nor between the
results of the two sites for each variety. The values fluctuate between
46.5+2.8 and 50.8+2.6 cm at the sub-humid bioclimatic stage and between
40+3.55 and 48.6+1.23 cm.

wn
=
L

40 -

sub-humide

30 +

B semi-aride

Height of the plant (cm)

Figure 3: Mean values of the plant height as a function of the
interaction’s varieties x bioclimatic stage

3.2.2 Number of pods and seeds per plant

Site did not affect the number of pods per plant (figure 4). In contrast, the
effects of cultivar (P<0.05) on the number of pods per plant were
significant in sub-humid and semi-arid bioclimatic stage. Number of pods
per plant was greater in S2 with an average of 34.5+8.9, the higher value
47.2+13.7 was recorded for Nayer and the lowest value 24.1+3.9 for
Amdoun and Rebha. In the semi-arid site, the pods number per plant was
about 32.4+8.8 the higher value 44.3+12.4 was recorded for Nayer and the
lowest value 20.1+4.6 for Amdoun. On average, the number of pods per
plant on S2 is higher than in S2 of about 6,2%.

Thangwana and Ogola (2012) showed that the highest number of pods per
plant was recorded in the desi types (ICCV201 & ICCV37) and the lowest
in kabuli type (ICCV92337). On average, desi cultivars produced greater
(27.6) number of pods per plant compared with kabuli cultivars (17.7) in
the winter sowing.

The effect of cultivar on the number of seeds per plant was significant in
both sites (P<0.05); it ranged from a minimum of 23.4+2.3 (Amdoun and
Rabha) to a maximum of 42.1+19.1 (Bejal) in Sub-humid site, and a
minimum of 16.4+3.7 (Amdoun) to a maximum of 38.1+18.4 (Bejal) in
semi-arid site (figure 5). Site did not affect number of seeds per plant for
the eight varieties.

The effect of cultivar on 100-SW was significant (P<0.05) in both sites;
100-SW ranged from 27.6+2.3 g (Nayer) to 40.9+1.9 g (Amdoun) in S1, and
27.4%2.317.6 g (Nayer) to 42.2+1.6 g (Amdoun) in S2 (figure 6). Despite
that the number of seeds is higher on the sub-humid site, statistically,
there’s no significant difference on the weight of one hundred seeds (100-
SW) which are similar on the two sites. Amdoun cultivar recorded the
highest 100-SD in the two sites with 42.2+1.6 and 40.9+1.9g respectively
S2 and S1 recording an improvement of 3%. The site did not affect the
quality as it’s related to cultivar while it influences the quantity which
related to biotic and abiotic stress and agricultural practices.
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Figure 4: Mean values of the pods number as a function of the
interaction’s varieties x bioclimatic stage
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Figure 5: Mean values of number of seeds per plant as a function of the
interaction’s cultivar x bioclimatic stage
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Figure 6: Mean values of 100 seeds weight as a function of the
interaction’s cultivar x bioclimatic stage
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3.2.3 Grain and biological yield

Table 3 presents the average grain and biological yield of the eight
varieties studied of chickpeas, conducted in two different sites Beja and
Oued Miliz. The experimental site had a significant difference at (P<0.05)
on grain yield only for rabha cultivar, in which an improvement of 21.7%
was recorded on the subhumid compared to semi aid bioclimatic stage.
The lowest grain yield was produced in Rabha cultivar on both sites with
6.64+1.1 g/plant on S1 (1991 Kg/ha) and 9.04+0.4 g/plant on S2 (2711
kg/ha); and the highest values 10.58+3.4 g/plant for Nour on S1 (3174
kg/ha) and 15.53+5.2g/plant for Bejal on S2 (4059 Kg/ha). On average,
Bejal cultivar produces 1.5 times greater than Rabha on S2 and Nour
produces 1.6 times more than Rabha on S1.

Several factors can affect the grain yield such as climate, variety, cultural
practices, and planting density. Thangwana and Ogola (2012), conducted
research on a chickpea crop to study the impact of planting density,
variety, and sowing date on crop yield. For a planting density of 33
plants/m? the lowest grain yield was produced in the Desi cultivar
ICCV201(950 kg ha'!); and the highest was obtained in the Kabuli cultivar
ICCV92337 (2435 kg ha'1).

In agreement with the results of grain yield, biological yield of all varieties
was higher at the Beja site than those of Oued Miliz. Statistically, there is
no significant difference at the 5% threshold neither between varieties nor
between sites. However, Nayer cultivar recorded the highest biological
yield with 30.23+6.8 and 29.17+6.3 kg/m?respectively on S2 and S1.

Genetic improvement is one approach to remove these limitations. Since
the green revolution, improvement in wheat grain yield in many
environments has been due to an increase in the number of grains per unit
area and harvest index (Siddique et al., 1989; Shearman et al., 2005; Flohr
etal, 2018). With the exceptions of environments that were characterized
by severe stem frost, the management factors presented here have shown
limited scope to improve HI and yield in early sown crops. Nonetheless,
the responses of the cultivars in these series of experiments do suggest
future yield gain may be able to be achieved through further increases in
partitioning of assimilates to the growing spike thatlead to increased grain
number (Slafer et al., 2015). Yield responses were still small and variable
(including yield reductions) and interacted with environment and cultivar
(Porker etal., 2020).

Table 3: Mean values of grain yield and biological yield as a function of the interaction’s cultivar x bioclimatic stage
Grain yield per plant (@) Grain yield (kg/ha) Biological yield (kg/m?)

Varieties sub-humid semi-arid sub-humid semi-arid sub-humid semi-arid
Rabha 9.03+0.4 6.64+1.1 2711 1991 23.37+0.2 22.73+1.2
Nour 10.63+2.9 10.58+3.4 3189 3174 27.64+6.3 27.07+6.9
Béja 1 13.53+5.2 9.82+2.3 4059 2947 29.33+10.2 28.33+10.3
Bochra 10.24+2.4 9.94+2.6 3072 2982 24.87+7.2 22.50+8.2
Nayer 10.51+1.3 8.61+1.3 3153 2583 30.23+6.8 29.17+6.3
Chetwi 10.42+2.5 10.33£2.3 3126 3099 23.23+5.5 22.7+¥4.6
Kasseb 9.09+3.3 8.68+3.4 2726 2604 22.43+0.9 21.63+1.3
Amdoun 9.25+0.7 8.09+1.5 2774 2427 19.7+0.4 18.90+1.3

3.2.4 Harvest Index

Cultivar did not affect harvest index in both bioclimatic stage (figure 7). In
contrast, the highest average value of harvest index was recorded for
Amdoun on S2 and for Chitwi on S1 respectively with 0.47+0.04 and
0.45+0.01. Harvest index average on sub-humid and semi-arid were
respectively of 41.6+4 and 38.6+6%. harvest index was greater in Oued
Mliz compared with Beja site with 7%. This result may be due to the root
water uptake which is higher in Oued Mliz (346 mm) compared to Beja
(261 mm). Environmental factors are important for HI and include
seasonal pattern of precipitation and temperatures during crop
reproductive development.

The HI results have shown of early sown slow developing cultivars
approaching 0.5, which is nearing the values always reported in well
managed fast developing spring cultivars sown later in autumn such as
0.45 and the maximum of 0.56. (Porker et al., 2020; Flohr et al., 2018;
Unkovich et al., 2010).
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Figure 7: Mean values of harvest index as a function of the interaction’s
cultivar x bioclimatic stage

3.2.5 Biological and seeds Water use efficiency

Variability of biological WUE within the same variety and site is less in the
sub-humid bioclimatic stage than the semi-arid. WUEp, of the eight
chickpea cultivars shows a significant difference between the two studied
sites Beja and Oued Miliz especially for Amdoun, Kasseb and rabha (Figure
8). It seems that the biological WUE in semi-arid region, is higher
compared to Sub-humid. It ranged between 0.072+0.01 Kg/m3 for
Amdoun and 0.11+0.02 Kg/m3 for Nayer in Beja site while it was between
0.05+0.01 and 0.09+0.02 Kg/m3.

Figure 9 presents the water use efficiency of chickpea seeds for eight
varieties in the region of Beja and Oued Miliz. Despite that at p<0.05 no
significant difference had been recorded between Seeds WUE on S1 and
S2, the highest values are revealed in the semi-arid region. Seeds WUE
ranged between 0.025 and 0, 041 Kg/m3 in S2 and between 0.026 and
0.039 Kg/m3 in S1. Seeds WUE average of the two sites S1 and S2 are
respectively of 0.035+0.005 and 0.030+0.004 Kg/m3.

Even though in the same site, all varieties received the same amount of
water, the WUE recorded for Bejal is 32.8% compared to Kasseb in the
sub-humid stage. Thus, in the semi-arid stage a highly significant
difference between the WUEs of the different varieties was recorded.
indeed, an improvement of 37.3% of Nour compared to Rabha. Thus, the
most efficient varieties in semi-arid environment are Nour, Bejal, Bochra,
Kasseb and Chetwi, while in the sub-humid environment are Nour, Bejal,
Bochra and Chetwi.
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Figure 8: Mean values of biological water use efficiency as a function of Figure 9: Mean values of seeds water use efficiency as a function of the
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Table 4: Relationship between agronomic parameters, yield, and water use efficiency
Bioyield | Podsnumber | Seed number | 100 SW Grain yield | HI WUEbio WUEs

Bio yield Pearson ,928™ ,860™ -,635" ,659™ -,022 ,845™ ,587

Correlation

Sig. (bilatérale) ,000 ,000 ,000 ,000 ,883 ,000 ,000
Pods number | Pearson 947 -,665" 71 ,037 , 781" ,708™

Correlation

Sig. (bilatérale) ,000 ,000 ,000 ,801 ,000 ,000
Seed number | Pearson -,623" ,832" ,128 ,695™ ,738™

Correlation

Sig. (bilatérale) ,000 ,000 ,386 ,000 ,000
100 SW Pearson -,378" ,011 -,509" -,330"

Correlation

Sig. (bilatérale) ,008 ,939 ,000 ,022
Grain yield Pearson ,286" 443" ,845*

Correlation

Sig. (bilatérale) ,049 ,002 ,000
HI Pearson -,431" -126

Correlation

Sig. (bilatérale) ,002 ,393
WUEvbio Pearson ,668™

Correlation

Sig. (bilatérale) ,000
WUEs Pearson

Correlation

Sig. (bilatérale)

3.2.6 Relationship between agronomic parameters

There was a strong positive relationship between all parameters indicated
in table 4. Harvest Index and grain yield explaining up to 28.6% of the
variation in yield. At other sites, HI was not correlated with other
parameters. Majority of the parameters were positively associated at all
sites except HI. There was significant variation in biological yield, and
number of pods, grain number, 100-SW, WUEs and WUEyi, with Pearson
correlation coefficient respectively, 92.8, 86, -63.5, 65.9, 84.5 and 58.7%
across experiments. The largest amount of variation and effect size was
due to cultivar. While the interaction environment with management
practices like density of plantation, amendments, sowing date were not
studied to explain the variance combined and to justify the relationship as
one management factor for subsequent analysis.

A recent research shows the strong relationship between parameters
suggest that total biomass can be improved along with maintenance of a
high HI using Genotypex density of plantation strategies to improve crop

yield. The lack of relationship at Temora Site suggests other factors may
be driving yield responses (Porker et al., 2020).

4. CONCLUSIONS

To increase chickpea production of and fill the national deficit in this
essential food, it would be necessary to resort to a second alternative
which consists in the extension of the culture of this species to the semi-
arid Tunisian area. However, it is essential to determine the factors that
could generate a high grain yield and a higher water use efficiency. This
work aimed to evaluate the impact of the interaction Cultivar-bioclimatic
stage on the morphological parameters, yield, harvest index and water use
efficiency. Eight cultivars were conducted at the same condition in each
site (S1: Beja site belongs to semi-arid stage and S2: Oued Mliz belongs to
sub-humid stage).

Experimental site had a significant difference at (P<0.05) on grain yield
only for rabha cultivar, in which an improvement of 21.7% was recorded
on the subhumid compared to semi aid bioclimatic stage. While there’s no
significant difference for the seven other cultivars. The lowest grain yield
was produced in Rabha cultivar on both sites with 1991 Kg ha? on S1 and
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2711 Kg ha! on S2: and the highest values 3174 Kg ha! for Nour on S1 and
4059 Kg ha'! for Bejal on S2. On average, Bejal cultivar produces 150%
compared to Rabha on S2 and Nour produces 160% compared to Rabha
on S1. Grain yield recorded in the current study was greater than the
average yield of the other chickpea grain yield in the same regions which
can be suggested to plantation density (30 plant/m?) of the present study
which may be suitable for chickpea production. Improvement grain
production allows at the same time to increase farmer’s income and to
guarantees food security. Moreover, the increase in grain yield with
planting density suggests that the planting density used in the current
study may be below the optimum for this site and the cultivars. All
varieties received the same amount of water at the same site, the grain
WUE recorded for Bejal is 32.8% compared to Kasseb in the sub-humid
stage. Thus, in the semi-arid stage a highly significant difference between
the WUE; of the different varieties was recorded. indeed, an improvement
of 37.3% of Nour compared to Rabha. Thus, the most efficient varieties in
semi-arid environment are Nour, Bejal, Bochra, Kasseb and Chetwi, while
in the sub-humid environment are Nour, Bejal, Bochra and Chetwi.
Clearly, these preliminary findings show the huge potential of chickpea in
this arid to semi-arid environment of Tunisia. However, further research,
including a wide range of cultivars, planting densities, seasons, and test
sites, is recommended before definite conclusions can be drawn.
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