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Abstract: Aphids cause biotic stress and vector diseases. However, wheat’s morphological and biochemical
responses to aphid infestation are pootly studied. Our study evaluated the varietal behavior of durum wheat (Triticum
durum  Desf) against Rbopalosiphum maidis (Homoptera: Aphididae) in laboratory conditions. We studied
morphological trait variation (plant height [HP], flag leaf area [SFDF], leaf area [SF], spike length [LE], and beard
length [LB]) and biochemical characteristics (chlorophyll, soluble sugars, and proline contents) of three varieties in
Algeria: MBB, BOU, and GTA. MBB is the least affected, with a 13.34 % infestation rate. The heaviest infestation
occurs during the heading stage. All morphological factors decreased in length or surface between control and
infested samples. ANOVA showed significant variations for HP, LE, SFDF, and SF but not LB. Biochemical
parameters decrease in GTA. In MBB, chlorophyll and soluble sugars decrease while proline increases. For BOU,
soluble sugars decrease while chlorophyll and proline increase. Only soluble sugars showed a significant statistical
variation between control and infested plants. HP is affected by aphid infestation, which is of higher significance for
MBB. Proline content is affected in BOU and GTA. There is no significant variation between aphid infestation and
chlorophyll, soluble sugars, and proline levels for MBB. The effect of R. maidis infestation is less important on MBB.
HP, SFDF, SF, and LE are morphological selection criteria for R. maidis infestation resistance. Proline is a
biochemical selection criterion. Genetic and molecular analyses are required to identify genes for programs that
enhance durum wheat’s resistance to R. waidis infestations.

Keywords: Triticum durnm, Rhopalosiphum maidis, resistant variety, aphid infestation, Algeria.

Resumen: Los pulgones causan estrés bidtico y son vector de enfermedades, pero hay pocos estudios sobre las
respuestas morfoldgicas y bioquimicas del trigo a su infestacion. Este estudio evalud el comportamiento de Triticum
durum Desft frente a Rhopalosiphum maidis (Homoptera: Aphididae) en condiciones de laboratorio. Se estudi6 la
variacion de caracteres motfoldgicos (altura de planta [HP), area de hoja terminal [SFDF], area de hoja [SF], longitud
de espiga [LE], longitud de barba [LB]) y caracteristicas bioquimicas (clorofila, azucares solubles, prolina) de
variedades argelinas (MBB, BOU, GTA). MBB es la menos afectada (tasa de infestacion: 13.34 %). La mayor
infestacién ocurre durante el espigado. Los pardmetros morfolégicos disminuyen en longitud o superficie. ANOVA
mostré variaciones significativas para HP, LE, SFDF y SF, pero no para LB. Los parametros bioquimicos disminuyen
en GTA. En MBB, la clorofila y los azucares disminuyen; la prolina aumenta. Para BOU, los aztcares disminuyen;
la clorofila y la prolina aumentan. Los azicares mostraron una variacién estadistica considerable entre controles y
plantas infestadas. HP se ve afectado por la infestacion, con mayor relevancia para MBB. La prolina se ve afectada
en BOU y GTA, sin variacioén relevante entre infestacién y niveles de clorofila, azicares y prolina para MBB. El
efecto de infestacion es menor en MBB. HP, SFDF, SF y LE son criterios de seleccién morfolégica de la resistencia
a la infestacion; la prolina es el criterio bioquimico. Se requieren analisis genéticos y moleculares para identificar
genes en programas de mejoramiento de la resistencia del trigo duro a R. maidis.

Palabras clave: Triticum durun, Rhopalosiphum maidis, variedad resistente, infestacion de afidos, Argelia.
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Introduction

Durum wheat production is limited by abiotic and biotic stresses that represent real yield
constraints (Turki et al., 2015). Aphids are among the best-known sources of biotic stress in
wheat due to their high multiplication ability, dispersal capacity, and role as the main vectors of
phytoviruses (Harbaoui et al., 2008). "During aphid attacks, the need to extract a significant
amount of sap results in the secretion of honeydew that covers the wheat leaves on which black
fungi, commonly referred to as sooty molds (Hale et al., 2003), proliferate. The average
percentage of wheat yield decline due to aphids’ direct effect is estimated at 10 to 13 %
(Dedryver, 2010).

Within the category of aphids that develop on wheat, the corn leaf aphid (CLA) Rhopalosiphun:
maidis (Homoptera: Aphididae) is distributed on a global scale (Ortega, 1988). The CLA feeds
on the young leaves of its host plant (Blackman & Eastop, 2007), a common graminivorous
species on various Poaceae (Remaudiere et al., 1985; So et al., 2010). It has been reported as an
important vector of multiple diseases (Carena & Glogoza, 2004). In the USA, Hesler et al. (2005)
and Shufran and Puterka (2011) have identified R. maidis in wheat. Macharia et al. (2016) found
R. maidis in East Africa but in low density. Mahfoudhi and Najar (2013) mentioned that it stands
out as the primary cereal pest in Tunisia; they reported that R. maidis is one of the vectors of the
barley yellow dwarf (BYD) virus disease of wheat. In Algeria, R. maidis has been collected from
numerous locations and on all cultivated cereal crops within the country, particulatly Triticum
aestivum and T. durum in the northern-east region (Kellil, 2019; Kellil et al., 2020; Laamari et al.,
2009). According to Saharaoui et al. (2015), the occurrence of this aphid on wheat is towards the
end of March. Belkahla and Lapierre (2002) observed that R. maidis is one of Algeria's aphid
vectors of the BYD.

The extent of aphid damage depends on the duration and quantity of aphid in the plant for each
stage of its growth and its sensitivity to aphid infestation (Dedryver, 2010). The resistance
mechanism of winter wheat against the grain aphid involves antibiosis (Ciepiela, 1989). The free
amino acid content is related to the high cultivar resistance. For example, the infestation impact
of the Russian wheat aphid (RWA), Diuraphis noxia, on biochemical parameters of wheat-induced
changes in proline content, which contribute to the development of resistance (Van der
Westhuizen & Pretorius, 1995). Furthermore, aphids cause leaf discoloration and deformation
(Dedryver, 2010). Mirik et al. (2007) mentioned that the responses of plants under RWA stress
combine developmental, morpho-physiological, and biochemical reactions. Riedell and
Blackmer (1999) noted that the feeding of RWA and Schizaphis graminum reduces wheat’s
chlorophyll, dry weight, and leaf area.

Otherwise, the impact of R. maidis on wheat has been poortly studied in Algeria, as in North
Africa. Despite the significant yield losses in durum wheat caused by aphid damage and the
proven ability of some varieties to cope with pests, particularly aphids, little investigations have
been carried out on this aspect, especially for local varieties (Bousba et al. 2013; Harbaoui et al.
2008; Laamari et al. 2009).

This study aims to evaluate the varietal behavior of durum wheat towards R. waidis infestation.
The study was conducted in laboratory conditions and focused on the impact of R. maidis

Cienc. Tecnol. Agropecnaria, 25(1): e3430
DOTL: https://doi.org/10.21930/tcta.vol25_numl_art:3430


https://doi.org/10.21930/rcta.vol25_num1_art:3430

Radhia Mekaoussi., et al. Morphological and Biochemical Responses of Three Durum

infestation on the three most widely grown durum wheat vatieties in Algeria: GTA/dur,
Boussalem, and Mohamed Ben Bachir. Knowing that the last variety is of local selection, our
objective is to compare the effect of the aphid infestation on a diverse range of morphological
and biochemical characteristics of a local variety with the improved ones. The results of this
study could offer improved guidance for selecting the most suitable varieties that demonstrate
higher resistance against R. maidis.

Materials and Methods

Experimental Design

The laboratory experiment started on July 14, 2013, and involved sowing in 5 kg pots with a rate
of 20 seeds/pot. Sown seeds were from the cooperative of cereals and pulses of Batna (CCLS).
They received regular irrigation every alternate day in an ambient temperature between 21 °C
and 35 °C. The pots were placed according to a block randomization experimental design
(Trouche et al., 2001); it involved three levels corresponding to three distinct varieties: Mohamed
Ben Bachir (MBB; pedigree: local selection; crossing: INRA Algeria), GTA/dur (GTA; Gaviota
durum: Crane/4/PolonicumPI185309/ /T .glutin en/2* Tc60/3/Gll; CIMMYT-ICARDA), and
Boussalem (BOU; Heider/Martes/Huevos de Oro. ICD-414; CIMMYT-ICARDA) (Kirouani
etal., 2019). In Algeria, GTA had the highest yield with an average of 19.58 q/ha; MBB was less
productive with an average of 9.9 q/ha, and BOU intermediately with 14.7q/ha (Kirouani et al.,
2019). Five blocks were dedicated to each of the three studied varieties, corresponding to four
replications “1 to 4” and a control sample “t” (Table 1).

Table 1. Representation of the experimental design applied during the study of the varietal
behavior of durum wheat toward Rbopalosiphum maidis (Aphididae) in the laboratory

Blocks Varieties

Block 1 BOUt GTA3 MBB1
Block 2 MBBt GTA1 BOU1
Block 3 BOU4 MBB4 GTA2
Block 4 MBB3 GTA4 BOU3
Block 5 GTAt MBB2 BOU2

BOU: Boussalem; GTA: GTA/dur; MBB: Mohamed Ben Bachir; t: control
Source: Prepared by the authors.

Artificial Rhopalosiphum maidis Infestation

Artificial infestation of plants by aphids was carried out on August 4, 2013, at the 3-to-4-leaves
stage. Knowing that the corn aphid reproduces asexually (parthenogenesis) and produces several
generations per year, two adult aphids were delicately placed in the armpit of the leaves of each
plant. The pots housing the cultivated plants were covered with muslin cloth to prevent other
species’ influence and separate blocks. The first inoculated aphids were collected from live
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individuals collected in the field in the Batna region (4° to 7° E and 35° to 36° N). Afterward, a
rearing of R. maidis was performed in the laboratory on a pot reserved for this purpose.

Aphid counts on the infested plants were conducted at intervals of ten days to monitor the
evolution of R. maidis populations on infested plants (Basky et al., 2001). The number of adult
aphids on ten plants per pot, collected randomly, was recorded for every plant separately.

Measurement of Morphological and Biochemical Parameters

The morphological parameters measured were:

(i) Plant height (HP in cm) from the tillering plate until the emergence of spike outlines (Sassi
& Boubaker, 20006);

(i) Spike length (LE in cm) at the mature stage, excluding the spike beard (Sassi et al., 2012);

(i) Beard length (LB in cm) from the top of the terminal spikelet to the mature beard top (Sassi
et al., 2012);

(iv) Leaf area (SF in cm?);

(v) Flag leaf area (SFDF in cm?) calculated according to the formula described by Spagnoletti
Zeuli and Qualset (1990): Leaf surface = L * 1 * 0.7149, where (L) is the leaf length in cm
and (1) is the leaf width in cm. We considered five replicates for each variety across all the
measured parameters.

The biochemical parameters measured were chlorophyll, soluble sugars, and proline.
Chlorophyll is determined by Mackinney’s (1941) method, which consists of putting 100 mg of
cut leaves in black boxes with a mixture of acetone and ethanol (75 % and 25 %, respectively)
for 48 hours. We read the optical solution densities using a spectrophotometer at two
wavelengths, 645 nm and 663 nm, after calibrating the instrument with a control solution (75 %
acetone + 25 % ethanol). The total chlorophyll (Chl.total) was calculated using Arnon’s (1949)
formula: Chl.total = (0.00802 * OD663) + (0.0202 * OD645) mg/ml, where OD is optical
density.

Soluble sugars were determined by the method described by Dubois et al. (1956). This method
consists of taking 100 mg of the plant material into test tubes and adding 2 ml of 80 % ethanol
for sugar extraction. This mixture was left at room temperature for 48 hours in the dark. During
the determination process, the total alcohol was evaporated by placing test tubes in a water bath
at 70 °C. After cooling, 20 ml of distilled water was added to the extract. In test tubes, 1 ml of
the extract and 1 ml of 5 % phenol solution were added, ensuring thorough mixing. Finally, 2
ml of concentrated sulfuric acid H,SO,4 was added, obtaining a yellow-orange solution. The test
tubes were placed in an ice bath, left for 25 min, and then read with a spectrophotometer at
wavelengths of 490 nm. Concentrations were calculated using the equation derived from the
calibration curve.

Proline was measured using the technique described by Monneveux and Nemmar (1986), which
consists of placing 100 mg of fresh foliar material from each replicate into test tubes and then
adding 2 ml of 40 % methanol. Tubes were covered to prevent alcohol from evaporating and
brought to boiling in a water bath at 85 °C for 60 minutes. After cooling, 1 ml of the extract was
taken from each tube and placed in new tubes into which 1 ml of acetic acid (CH;COOH) was
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added. In each tube, we added 1 ml of a mixture containing 120 ml of distilled water, 300 ml of
acetic acid, 80 ml of orthophosphoric acid (H;PO, density 1.7), and 25 mg of ninhydrin. The
mixture was boiled for 30 minutes, resulting in a red solution. Once the solution cooled, the
chromatophore was extracted using 5 ml of toluene. After vortex agitation, the mixture was
separated into two phases. The upper phase containing the chromatophore was removed, and 5
mg of oxidized sodium sulfate (Na,SO,) was added using a spatula to eliminate the water. The
sample optical density was recorded using a spectrophotometer at 528 nm wavelength,
corresponding to its maximum absorption. Concentrations were calculated using the equation
deduced from the calibration curve.

Statistical Analysis

The infestation rate (IR %) of R. maidis was calculated by the percentage of individuals who had
aphids in a given stage relative to the total number of individuals collected throughout the study
petiod: IR% = n, * 100/N. Where n is the individual number in a given stage x, and N is the
total number of collected individuals. Means and standard deviations of the considered
morphological and biochemical parameters of the three varieties of durum wheat were
represented by boxplots.

To evaluate the variation of the IR of R. maidis for the three varieties according to their
phenological stages, a one-way non-parametric ANOVA followed by Kruskal Wallis posthoc
tests was performed (P < 0.05). We applied the same ANOVA to test the studied varieties'
morphological and biochemical parameter variation between control and infested plants. We
infested plants with an interaction analysis of the individual numbers of R. maidis and the durum
wheat varieties. Statistical tests were performed using the computing environment R version (R
Development Core Team, 2018).

Results and Discussion
Evolution of R. maidis Infestation on Durum Wheat

The IR % of R. maidis in the three studied durum wheat varieties under laboratory conditions
increases overall between the 3-leaf to the heading stages, then decreases considerably until the
end of the test. The three studied varieties are the most infested during ripening, particulatly at
the heading and flowering stages. The maximum IR % of R. maidis shows that MBB is the less
affected variety, with 13.34 % (Figure 1). The variance analysis reveals a highly significant
variation of IR % for the BOU and GTA varieties (P = 0.005; P = 0.007) and a substantial
variation for GTA (P = 0.02).

The infestation rate of the three studied varieties by R. zaidis is less important in the MBB variety
compared to BOU and GTA. The R. maidis IR% depends on the variety of durum wheat. The
varietal effect plays a vital role in the outlook and dynamics of R. waidis. The ingestion rate of
insects changes with plant variety (Hale et al., 2003). Genetic resistance to D. noxia is identified
in wheat, and several resistance genes are available to enhance cultivars (Linscott et al., 2001).
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The highest infestation levels among the three studied varieties occurred during the heading and
flowering stages. The development stage of the host plant constitutes another parameter
impacting the aphid infestation rate. Dedryver and Di Pietro (1986) studied the impact of
different winter wheat varieties on the population dynamics of Sitobion avenae, Metopolophinm
rhodium, and R. padi in field conditions. They found a notable significant difference after the
heading stage. The experiment conducted by Girma et al. (1993) showed that the growth stage
preceding heading is susceptible to D. noxia infestation in wheat. The early part of the dough
stage of a cereal grain is unfavorable for aphid multiplication and persistence (Harbaoui et al,,
2008). According to Turpeau-Ait et al. (2011), the extent of aphid damage is determined by the
presence and quality of the aphid on the plant, the growth stage of the plants, and their sensitivity
degree.
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Figure 1. Evolution of R. maidis infestation rates for three varieties of durum wheat according
to the phenological stages of the host plant. (Varieties: BOU = Boussalem, GTA = GTA/dur,
and MBB = Mohamed Ben Bachir; t: control; IR%: infestation rate)

Source: Prepared by the authors.
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Variation of Plant Morphological Parameters

The morphological parameters show variations within the three durum wheat varieties and
between the control and aphid-infested plants. The following findings are noted:

1. Plant height (HP): The MBBt variety registers the highest average value (58.90 £1.16 cm),
while the BOUI variety had the lowest height (42.45 * 2.26 cm). Compared to the infested
ones, control plants achieved the greatest heights in all three varieties (Figure 2).

ii. Flag leaf area (SFDF): MBBt variety shows the highest sutrface (6.94 * 0.45 cm?). The lowest
value is noted for the GTAI variety, with (2.07 £ 0.47 cm®). High values represent control
plants compared to infested plants (Figure 2) among the three studied varieties.

iii. Leafarea (SF): MBBt variety shows the highest value (10.38 + 0.48cm?). The GTAI variety is
scored by the smallest area (3.64 * 0.31 cm?). Control plants in all three studied vatieties show
higher values than infested ones (Figure 2).

iv. Spike length (LE): The GTAt variety has the highest average value (5.62 * 0.45 cm), while
the lowest length is noted for the BOUi variety (3.10 £ 0.22 cm). Control plants have higher
values than infested plants in all varieties (Figure 3).

v. Beard length (LB): The MBBI variety has the highest average value (10.20 £ 0.54 c¢m), while
BOUi is the variety with the smallest beard length (5.80 * 1.52cm). The measured values for
control plants are also higher than those of infested plants, except in the MBB variety, where
there is a slight increase in LB of infested plants (Figure 3).

The ANOVA analysis shows significant variations among the four measured variables (HP,
SFDF, SF, and LE) and no significance for LB. The variance analysis of plant height reveals a
highly significant difference between control and infested plants for the BOU and MBB varieties
(P =0.007; P = 0.005). Meanwhile, no significant differences are detected for the GTA variety.
The same findings are noted for SFDF variation, which is very highly significant for the MBB
variety (pi and t) (P = 0.0004), significant in the case of the BOU variety (P = 0.036), and not
significant for the GTA wvariety. For LE, only the BOU variety shows a considerable variation
(P =0.0116). The LB variation for the three studied varieties is insignificant (Table 2).
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Figure 2. Boxplots showing the variation of plant height (HP in cm), leat area of last leat (SFDF
in cm?), and leaf area (SF in cm®) of three durum wheat varieties. (Varieties: BOU = Boussalem,
GTA = GTA/dut, and MBB = Mohamed Ben Bachir; t: control; pi: infested plants).

Source: Prepared by the authors.
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Figure 3. Boxplots showing the variation of spike length (LE in cm) and beard length (LB in
cm) of three durum wheat varieties. (Varieties: BOU = Boussalem, GTA = GTA/dur, and MBB
= Mohamed Ben Bachir; t: control; pi: infested plants).

Source: Prepared by the authors.

The MBB variety is noted by the highest “plant height” values compared to the other two
varieties. This would be due to its varietal characteristics. Many authors stressed that high plant
height and spike length values are recorded in the MBB variety (Aggoun et al., 2000).
Furthermore, Kirouani et al. (2019) classify MBB among the group of varieties with high straw,
while BOU and GTA are in a group of semi-dwarf varieties. Plant height is a relevant trait for
aphid infestation, with a preference for semi-dwarf varieties.

The variation between the control and the infested plants is significant for HP, SFDF, SF, and
LE. Control plants are represented by higher morphological values than infested plants due to
the growth disruption of the latter by aphids. D. noxia feeding on wheat plants causes a significant
reduction in plant height (Girma et al., 1993). Aphid infestation caused a significant decrease in
plant height and fresh and dry weight compared with non-infested wheat plants (Macedo et al.,
2003). Backoulou et al. (2011) note that RWA causes leaf chlorosis and leaf rolling, damaging
plant foliage and affecting productivity. The high degree of aphid infestation results in stunted
growth and reduced productivity of the plants and can completely stop growth (Harbaoui et al.,
2008). Aphids can directly impair photosynthesis by causing physical damage, blocking light, and
inducing plant stress responses (Al-Khatib & Paulsen, 1990). Sooty mold on leaves induces a
reduction of photosynthesis, inhibiting plant growth and productivity (Leroy et al., 2009).
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Table 2. Analysis results of testing the variation in morphological parameters of three durum
wheat varieties concerning aphid infestation by Rbopalosiphum maidis. (Varieties: BOU =
Boussalem, GTA = GTA/dut, and MBB = Mohamed Ben Bachir; t: control; pi: plant infested

by aphid)
Source of variation BOUt x BOUpi GTAtx GTApi MBBt x MBBpi
Df 1 1 1
_ F 15.207 4.2334 17.3760
Plant height HP (cm)
P 0.0079 0.0853 0.0058
Leaf atea of last leaf F 32.417 1.0832 44.731
2
SEDF (em’) P 0.0047 0.3567 0.0025
F 9.6095 6.4102 111.85
Leaf area SF (cm?)
p 0.0362 0.0645 0.0004
. F 12.845 5.9326 1.08
Spike length LE (cm)
p 0.0116 0.0507 0.3388
F 1.8861 1.1796 0.0928
Beard length LB (cm)
p 0.2188 0.3191 0.771

Source: Prepared by the authors.

Variation of Plant Biochemical Parameters

The results related to the studied biochemical parameters are reported below:

L

.

1ii.

Total chlorophyll: The MBBt variety contains the highest average chlorophyll content (0.015
1 0.0020 mg/ml), while the lowest content is noted in the GTAI vatiety (0.0083 £ 0.0016
mg/ml). Control plants have higher chlorophyll levels than infested plants, except in the BOU
variety, where chlorophyll is higher in infested plants (Figure 4).

Soluble sugats: The BOUt variety has the highest sugar content (34.35 * 2.62 mg/100 mg),
while the MBBI variety has the lowest (20.42 £ 1.88 mg/100 mg). The control plants have

the highest sugar levels compared to the infested plants in the three studied varieties (Figure
4).

Proline: The highest proline value is recorded in the MBBi vatiety (13.82 £ 2.48 pg/100 mg),
while the lowest is found in the GTAI vatiety (7.17 £ 3.51 pg/100 mg). Proline content is
higher in infested plants of the MBB and BOU varieties. Conversely, control plants show a
higher value in the GTA variety (Figure 4).
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Figure 4. Boxplots showing the variation of chlorophyll (CHLO in mg/ml), soluble sugats
(SUGAR in mg/100mg), and proline (PROLINE in pg/100 mg) content of three varieties of
durum wheat infested with Rhopalosiphum maidis. (Varieties: BOU = Boussalem, GTA =
GTA/dur, and MBB = Mohamed Ben Bachir; t: control; pi: infested plants)

Source: Prepared by the authors.

The variance analysis for the variation in the three biochemical parameters studied shows that
only the variation in sugar levels in GTA is statistically significant (Table 3).

Our results show that aphids affect the biochemical parameters of wheat, particularly the
chlorophyll, soluble sugars, and proline contents. Compared to other varieties, MBB displayed a
higher level of chlorophyll. Its content is more critical in controlling plants. The quantity of
chlorophyll in leaves can be influenced by several environmental factors, such as saline stress,
water stress, and aphid infestation (Bousba et al., 2013; El-Iklil et al., 2002; Hikosaka et al., 2006;
Nana et al., 2009). Linscott et al. (2001) highlighted that the damages inflicted by Diuraphis noxia
on wheat plants cause a decrease in chlorophyll content. Aphid feeding causes a significant
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reduction of chlorophyll, leaf rolling, and chlorosis compared to non-infested plants (Macedo et
al., 2003).

Table 3. ANOVA results of testing the variation of biochemical parameters of three durum
wheat varieties experimentally infested with the Rhopalosiphum maidis aphid. (Varieties: BOU =
Boussalem, GTA = GTA/dur, and MBB = Mohamed Ben Bachir; t: control; pi: infested plants)

Source of Variation BOUt x BOUpi GTAt x GTApi MBBt x MBBpi
Df 1 1 1
F 2.1316 2.5714 1.0909
Chlorophyll (mg/ml)
P 0.2181 0.1841 0.3552
F 0.5413 10.459 2.4634
Soluble sugars (mg/100mg)
P 0.5027 0.0319 0.1916
. F 0.3262 1.5334 0.9873
Proline (ug/100 mg)
p 0.5985 0.2833 0.3766

Source: Prepared by the authors.

The level of soluble sugars is higher in BOU and lower in the MBB variety. Kirouani et al. (2019)
also found that MBB has a deficient level of soluble sugars. This finding suggests that aphids
prefer varieties with high sugar levels. Poessel et al. (2005), studying the impact of infestation on
the metabolic profile of peach varieties apexes susceptible and resistant to green aphids (Myzus
persicae), have shown a decrease in the content of most sugars, organic acids, and some amino
acids (glutamine, threonine). Indeed, sugars are the only essential carbon source for aphid
respiration and growth (Douglas & Van Emden, 2007). The variation of soluble sugar rate
between infested and control plants was only significant in the GTA variety. This variation may
be due to the dietary preferences of the aphids. The sugar in honeydew excretion originates from

vegetal sugars (sucrose, fructose, glucose, and maltose) and complex sugar synthetics by aphids
(Leroy et al., 2009).

Moreover, MBB shows the highest proline level among the three studied varieties. This
converges with the results reported by Sassi et al. (2012), who found that the proline content in
durum wheat vatieties ranged between 18 and 30 mg/100 g fresh matter within the same species.
The increase in proline could play a role in the plant’s defense mechanism against aphids. Proline
is an osmoticum that accumulates as soon as the plant is under stress, helping to maintain
osmotic balance and mitigate the impacts of stress on the plant’s physiological processes (Sassi
et al,, 2012). Keyvan (2010) studied the effect of drought stress on proline, chlorophyll, and
soluble sugar in bread wheat cultivars, showing a significant decrease in chlorophyll and an
increase in proline level. Furthermore, he observed a positive correlation between soluble sugar
levels and proline rates. The phloem sap that aphid feeds contains carbohydrates and amino
acids (Hale et al., 2003). Aphid performance is linked to the flow of amino acids through their
bodies (Hale et al., 2003).
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Otherwise, a significant variation is only noted in plant height (R. waidis vs all varieties). The
remaining morphological traits show insignificant variation. Girma et al. (1993) observed that D.
noxia infestation significantly decreased plant height, shoot weight, and spikes, particularly during
the heading stage. Significant variation was shown in proline content within the interaction of
R. maidis * BOU and R. maidis * GTA varieties. This result suggested the potential role of this
component in enhancing plant defense mechanisms against stress.

The Overall Incidence of R. maidis in the Durum Wheat Varieties

The variance analysis of R. maidis * variety interaction reveals significant differences in plant
height among the three studied varieties: very highly significant (P = 0.0006447) in the case of
R. maidis * MBB, highly significant (P = 0.0016306) for R. maidis * BOU, and significant (P =
0.01042) for R. maidis * GTA. However, the variation in the other morphological parameters is
statistically insignificant (Table 4).

Table 4. ANOVA results of testing the variation in morphological parameters of three durum
wheat varieties studied according to Rhopalosiphum maidis infestation. (Varieties: BOU =
Boussalem; GTA = GTA/dur and MBB = Mohamed Ben Bachir)

Source of Variation R. maidis x BOU R. maidis x GTA R. maidis x MBB
Df 1 1 1
. F 8.7372 15.125 19.069

Plant height HP (cm)
P 0.0104 0.0016 0.0006
Leaf area of last leaf SFDF F 0.0682 1.5939 0.814
(cm?) p 0.8374 0.2354 0.5327
F 2.2179 1.4107 0.5982

Leaf area SF (cm?)
P 0.1673 0.4455 0.4572
Spike length LE (cm) F 0.1586 0.3062 0.2876
ike len cm

P g P 0.7289 0.6356 0.6454
F 0.1751 0.0641 0.1451

Beard length LB (cm)
P 0.7163 0.8238 0.7399

Source: Prepared by the authors.

We noted a significant difference in proline content for biochemical parameters within the
interaction R. maudis * BOU (P = 0.0378) and R. maidis * GTA (P = 0.01272). Still, R. maidis *
variety interactions in the three varieties were statistically insignificant for chlorophyll and
soluble sugars (Table 5).
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Table 5. ANOVA results of testing the variation in biochemical parameters of three cultivated
durum wheat varieties and the impact of R. maidis on these varieties. (Varieties: BOU =
Boussalem; GTA = GTA/dur and MBB = Mohamed Ben Bachir)

. . R. maidis x . g: R. maidis x
Source of Variation BOU R. maidis x GTA MBB
Df 1 1 1
F 3.2932 1.5217 2.4159
Chlorophyll (mg/ml)
p 0.0996 0.2456 0.1512
F 1.1845 5.1647 0.0811
Soluble sugars (mg/100mg)
p 0.3020 0.2639 0.8234
. F 5.7236 2502.3 2.6552
Proline (ug/100 mg)
p 0.0378 0.01272 0.3504

Source: Prepared by the authors.

Our results highlight a varietal effect of the aphid impact on infested durum wheat plants’
morphological and biochemical parameters under laboratory conditions. Thus, the
morphological traits showing the durum wheat resistance to R. maidis were the leaf area, plant
height, and spike length. Biochemical traits were the rate of soluble sugars and proline. The MBB
variety was slightly less infested compared to the two other varieties. Among morphological and
biochemical characteristics of the MBB variety, those that showed more resistance potential
against R. maidis were the high height of the plant, low rate of soluble sugars, and high level of
proline. Hale et al. (2003) showed that among several studied species of grass, Arrhenatherum
elatins was the least favored host plant for R. padi. Van der Westhuizen and Pretorius (1995)
described metabolically resistant wheat varieties able to survive the stress caused by RWA
infestation, as well as sensitive varieties that are susceptible to such stress. Also, Havlickova
(1987) shows that varieties infestation of winter wheat by Metopolophium dirbodum significantly
decreased leaf area and increased amino acid content. Direct plant defense against herbivores is
done by physical barriers (spines, waxes) or biochemical barriers (secondary metabolites and
defense-specific proteins; Arimura et al., 2005).

The results of our research argue in favor of further studies of the morphological and
biochemical responses of durum wheat to Rhbopalosiphum maidis infestation, in particular by
conducting field experiments, taking into account other morphological parameters linked to the
growth and metabolism of the host plant. Genetic and molecular studies on the studied varieties
are needed to detect resistance genes, which can be used to improve durum wheat resistance to
CLA infestations.

Conclusion
The impact of aphids on the three studied varieties of durum wheat depends on the phenological

stages of the host plant, and its highest infestation is recorded during the heading stage. Statistical
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analysis has shown highly significant differences between control samples and infested ones.
These differences appear in various morphological parameters (HP, SFDF, SF, and LE) and
soluble sugars as biochemical parameters. The presence of R. maidis in the three studied varieties
is statistically significant, particularly in HP and proline traits.

Consequently, we can consider HP, SFDF, SF, and LE as morphological characteristics suitable
for selection as indicators of plant resistance against R. wazdis infestation. Proline is a biochemical
selection criterion enhancing a better defense against this aphid.

High height, considerable spike length, high rates of chlorophyll and proline, and low rate of
soluble sugars indicate that the MBB variety is more resistant to aphids, especially R. maidis,
despite its effect on BOU and GTA varieties. The impact of R. waidis infestation on the MBB
variety is less significant compared to the other two varieties, whether considering morphological
or biochemical parameters. Our overall global findings consolidate that the MBB variety, the
only locally selected but not very productive, shows greater resistance to R. maidis infestation.
Consequently, it becomes imperative to conduct genetic and molecular studies on the MBB
variety and the other studied varieties to detect, identify, and characterize the resistance genes,
which can be used in breeding programs to enhance resistance.
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