
Advances in Environmental Biology, 9(24) November 2015, Pages: 196-203 

 

AENSI Journals 

 

Advances in Environmental Biology 
 

ISSN-1995-0756      EISSN-1998-1066 
 

Journal home page: http://www.aensiweb.com/AEB/ 

 

  

 

 

Corresponding Author: Khaled. Abbas, INRA,National AgriculturalResearch Institute Algeria, Sétif Unit. 

            E-mail: nesma_seggane@yahoo.fr   

Replies to Low Temperatures of Some Perennial Grassland Cultivars to Study 
Their Adaptation to Semi-Arid Climate of Sétif (Algeria). 
 
1Nassima Tedjari and 2Khaled. Abbas  
 

1Valorisation of Natural Biological Resources Laboratory (VNBRL), Depart Of Ecology and Plant Biology, Faculty of Nature and Life 

Sciences. Ferhat ABBAS University, Setif-1, 19000, Algeria 
2INRA,National AgriculturalResearch Institute Algeria, Sétif Unit. 

 
A R T I C L E  I N F O   A B S T R A C T  

Article history: 
Received 28 September 2015 

Accepted 15 November 2015 

Available online 24 November 2015  
 

Keywords: 

renovation of grasslands, cold stress, 
feed, semi-arid region, growth, 

chlorophyll 

 

 From a frequency study of the climate of the Sétif region, stress is carried out at 
temperatures of -3.2 ° C, -1.2 ° C, 0.5 ° C, for a period of 3 hours to quantify the degree 

of adaptation of exogenous cultivars grassland plants (Poaceae and Fabaceae) by 

morpho- physiological responses (plant growth and the chlorophyll levels). The 
variations of the measured parameters are followed in the vegetative stage of plant 

(start-up period of vegetation). Results showed a decrease in growth with a varying 

degree depending on the botanical family (Fabaceae or Poaceae) and depending on the 
treatment applied. Within the species of each family, the development of young 

seedlings under a low temperature differs from one cultivar to another. The cultivar 

"Victoran" of Lolium perenne species (Poaceae) and cultivar "Frontier" of Trifolium 
multiflorumspecies (Fabaceae) show greater tolerance to cold compared to the others 

cultivars studied.  The content of chlorophyll pigments is less important in tolerant 

ecotypes that sensitive ecotypes. 
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INTRODUCTION 

 

 Grassland and fodder crops are at the heart of Mediterranean farming systems. The contribution to the 

preservation of these resources is vital to the sustainability of these systems. In addition to their role in livestock 

feed, grasslands provide different services such as the preservation of water quality and soil, the possibility 

depending on the type of grassland to limiting gas emissions, the beneficial impact on biodiversity and the 

positive effect on the quality of landscapes. By the nature of its climate, its relief and vegetation, Algerian 

agriculture remains pastoral vocation. However, harsh and uncertain climatic conditions are often aggravating 

the situation of agriculture, which is knows animportant forage deficit. This causes low Animal performance due 

to inadequate food resources [1]. In semi-arid areas, the lack of rain is conjugated to winter cold very 

pronounced and to the advent of frozen that can occur even in spring [10]. Abiotic constraints limiting the 

fodder production potential are thermal and water [12]. Temperature is an importantenvironmental parameter for 

the metabolism and growth of the plant; it is therefore like the light and the lack of water, one of the most 

limiting environmental stresses for the production of the plant [9]. Thermal stress, particularly low temperature, 

occurs early in the plant cycle development. This pressure of constraint is resulting in a limit of the genetic 

potential expression of cultivars [2], resulting a stagnating yields. The results of several studies indicate that in 

the plant the heat stress is expressed by a series of changes that affect the morphological, physiological and 

biochemical traits [16]. In the region of Sétif (East of Algeria), has been shown as the main crops are cereals, 

freezing in winter and spring can cause severe damage [3]. As part of the renovation of natural grassland or 

artificial pastures based from feed mixtures, the success of some selected cultivars in Europe through their 

adaptability to cold. The objective of this paper is to study the variability of responses to low temperatures and 

to analyze the relationship with the morphological characteristics (growth) and physiological (chlorophyll 

levels) of this material for this parameter for possible use in the renovation of grasslands. 
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MATERIALS AND METHODS 

 

2.1. Plant Material: 

 The plant material used consists of a range of forage and pastoral cultivars of grasses and legume species, 

perennial Mediterranean origin selected in Europe. This vegetal equipment has been evaluated by INRAA of 

Sétif in EU-INRAA project collaboration (PERMED 2005-2009) (Table 1). 
 

Table 1: Composition of germplasm studied. 

Family cultivar name 

Poacées 

Loliumperenne "victoca" 

Loliumperenne "victorian" 

Phalarismultiflorum "Polanum" 
Phalarisaquatica "atlas" 

Phalarisaquatica "Land Master" 

Dactylisglomerata "curie" 
Festucaarundinacea "Demeter" 

Fabaceae 

Trifoliummichelianum "Paradana" 

Trifoliummichelianum "frontier" 
Trifoliumfragiferum "palestine" 

Trifoliumpratens "atlas wade" 

Medicago sativa "genesis" 
Onobrychisvicifolia "sanfeno" 

 

 

2.2. Overview of the experiment:  

 This experiment is take place in the EMIVAR (Entreprise de Mise en Valeur d’Aménagement Rural), in 

Sétif region. It is located at 36.18° northof latitude and 5.19° east of longitude with an altitude of 1000m and a 

semi-arid bioclimatic. Sowing was made in January 21, 2014 in polyethylene pots (9 pots by cultivar), with a 

density of five seeds by pot in a plastic greenhouse with a watering twice per week. Each pot contains a mixture 

of 1/3 of sand and 2/3 of soil, with a composition of: 11,5mg / g organic matter, 0,94mg / g of total nitrogen, 

122.2 mg / g of assimilable nitrogen, 52,4mg / kg of assimilable phosphorus and 224.4 mg / kg of assimilable 

Potassium. The choice of temperatures used in this experiment was followed a frequency study (2004 - 2013) 

the climate of the Sétif region (analysis of minimum temperatures and tri schedules the same period.). 

 

3. Heat treatments applied: 

 At emergence, seedling stage 3 leaves, are subjected to heat treatments determined from the frequency 

climatic study of the region. 

-Treatment Indicator (C): the plants are kept at room temperature (20 ° C ± 2 ° C) and have not suffered 

hardening. 

- Stressed treatments (S1, S2, S3): the plants are subjected to a hardening for 12 days at 4 ° C according 

Bélanger (2012) with a light 12h photoperiod estimated at 6000 lux, and then exposed to 3 low temperatures (- 

3.2 ° C, -1.2 ° C and 0.5 ° C) for 3 hours for each treatment. The imposition of the thermal shock resistance was 

carried out using an incubator. 

 

2.4 Measured parameters: 

2.5.1 Measurement of seedling growth:  

 The height in cm (h) of young seedlings rated H1 to H12 are measured three times per week for a growth 

cycle with three replicates for each measurement using a ruler. The treatments (stress) were applied to the 

second week of the development cycle corresponding to the height (H6). We performed the measurement of 

heights of stressed seedlings three days after treatment. 

 

2.5.2 Measurement of total chlorophyll levels (TCT "unit SPAD"): 

 The chlorophyll rate was measured using chlorophyll meter Minolta SPAD 502 (Nouri, 2002). Three 

strikes chlorophyll rate measurement are made at flag leaf for all seedlings (control and various treatments). The 

results obtained are treated with SPSS 21 with a repeated measures analysis for the growth and univariate factor 

analysis for the chlorophyll ratio. 

 

3. Results: 

3.1. Frequency Study and identification of low temperatures chosen for thermal shock: 

 Climate data taken into account are obtained from the meteorological station Sétif (ONM) for a period from 

2004 to 2013. 
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 The minimum daily temperatures from January to March (period corresponding to the start of the 

vegetation) for a period of ten years (2004-2013) were used. Fig 1 shows that there are 5 Low temperatures 

frequency classes expressed in numbers of days. 

 

 
 

Fig. 1: Frequency of minimum temperatures expressed in days. 

 

 After analysis, it appears that the most common classes are [4 ° C, -2 ° C] [-2 ° C, 0 ° C] and [0 °C, 2 ° C]. 

Therefore, successful treatments applied were: (-3.2 ° C) (-1.2 ° C (0.5 ° C). 

 

3.1. Growth: 

 The Figure 2 shows the evolution of the growth of all studied cultivars over time for different treatments 

compared to the control. Note that the height of the plants for the control and the different treatments follow the 

same trend of H1A H6, stress before period. From the height H6 (application processing period), we find that 

the different curves are separated with a clear distinction of the height of untreated plants (control) which is 

greater with an average growth rate of 14, 43 cm± 8.59  to 21.5 cm ± 9.29 relative to the growth of the stressed 

plants. Against by the height of stressed plants was similar for all three treatments. The percentage decrease is of 

the order of 9.28% for the stress (S3), 11.28% for the stress (S2) and 11.71% for the stress (S1). 

 

 
 

Fig. 2: Evolution of growth of the cultivars studied to different situations (C, S1, S2 and S3) with means± 

      standard error.   

 

 We can say that the temperature negatively affects plant growth. 

  The Figure 3 illustrates the difference between the heights families during the growing season, we find that 

the two families behave the same way before applying the treatment (H1-H6) with an average ranging from 2.77 

cm ± 3 43 cm up to 16.5 ± 10.31 cm for perennial grasses and 2.02 ± 1.33 to 9.12 ± 5.59 cm for perennial 

legumes. Whereas after treatment the height (H6-H12) the two families react differently to treatment. From 

Figure 3; to the grass family, we find that the growth of the control plants was slightly favored over treatment, 

with a mean of 19.05 ± 10,74cm, while grass growth between treatments is favored by stress 3 (0.5 ° C) with an 

average of 18.58 ± 9.99 cm and 16,92 cm and 17,96 respectively for S1 stress (-1.2 ° C) and S2 (-3.2 ° C). 

 For legumes, we noticed that the growth of the control plants with an average of 5.97 ± 11,95cm is similar 

to the growth of plants submitted to both stress (S1 and S2) with averages respectively 10,36cm ± 6, 20 and 9.95 

cm ± 6.06 whereas at S3 stress (0.5 ° c), it records a slower growth of plants.  

 Statistical analysis of repeated measures (Table 2) showed a highly significant effect between the studied 

factors such as plant height, family and treatment. 
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Fig. 3: Evolution of growth of different families (Grasses and Legumes perennial) during the vegetative cycle 

  with means ± standard error. 

 
Table 2: Results of the analysis of repeated measures. 

 Factors P<0,05 

Grasses 

Stage 0,000 

Stage  * Treatments 0,000 

Stage * perennial grasses 0,000 

legumes 

Stage 0,000 

Stage * Treatments 0,000 

Stage *perennial legumes 0,000 

Total 

Stage 0,000 

Stage * Treatments 0,000 

Stage * Family 0,000 

Stage * Family* Treatments 0,000 

 

 
 

Fig. 4: Evolution of growth in cultivars of perennial grasses in the different treatments. 

 

 The inter-specific comparison, from the examination of this character, shows a variation in the different 

types of treatment (control, Stress1, 2 and 3) in the two families. But the most important difference is observed 

stress 1 (T = -3.2 °) and 2 (T = -1.2 ° C) per witness report and to stress 3 (T = 0.5 ° c) essentially for perennial 

grasses.  The Fig 4 shows the growth of different species of perennial grasses, with significant development 

lolium perenne, compared canary and dactylis that have the lowest development. For cons, the species Festuca 

arundinacea marks a very important reduction rate stress level 3 compared to other treatments and the control. 

In cultivars, the effect of cold on the growth of the plant is variable. The rate of reduction versus control for that 

character is important in perennial Lolium. We also note that the cultivar "victorian" has the highest crop 

development in the three treatments compared to the cultivar "victoca". For Phalaris aquatica, cultivars 

"Polanum" and "Atlas" show a better development than the cultivar "Land Master". For perennial legumes (Fig 

5) compared with the control group, we note that the development gap different treated plants are much greater 

between species than between cultivars. For all cultivars, the effect of low temperature cold has caused a 

decrease compared to the control. This reduction increases with the type of treatment. We note with Trifolium 

michelianum that the cultivar "frontier" recorded the highest growth compared to the cultivar "Paradana". 
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Fig. 5: Evolution of growth in cultivars of perennial legumes in the different treatments. 

 
Table 3: Results of the analysis of repeated measures. 

Factors P<0,05 

Stage 0,000 

Stage *Treatments 0,000 

Stage* species 0,000 

Stage * Treatments *  species 0,890 

 

3.2. Chlorophyll: 

 Comparing the effect of various temperature levels on the chlorophyll rate for the entire plant material 

studied (Figure 6) indicates that the amount of higher chlorophyll is obtained at 20 ° C (control) with an average 

1,51± 0.14 TCT compared with the quantities recorded by the three treatments, while it also differs from one to 

another stress. We observe a small amount of chlorophyll of the order of 0.94 ± 0.14 for the TCT stress S1 

represented by the temperature (- 3.2 ° C) compared to the other two treatments which the largest amount of 

chlorophyll is stress at 3 (0.5 ° C).  So we can say in general that the higher the temperature decrease over the 

amount of chlorophyll decreases. 

 

 
 

Fig. 6: Quantity of chlorophyll all grassland plants for various types of treatments (C, S1, S2 and S3) with a 

  mean ± standard error. 

 

 Statistical analysis of repeated measures (Table 4) revealed a highly significant effect between families, 

between different levels of treatment and interaction between the two characters. The comparison of means 

revealed two distinct groups; the first includes (S3 and S2). The second corresponds tostress 1 with a low 

average of 0.94. While the witness is intermediate between the two groups. 

 
Table 4: Results from the univariate analysis 

Parameters n Means 
Standard 

Error 
P 

 

Family 
grasses 96 1,53 a 0,10 

0,000*** 
legumes 168 1,08 b 0,08 

Treatments 

Control 66 1,17 ab 0,14 

0,021* 
Stress1 66 0,94  a 0,1 

Stress2 66 1,36  b 0,11 

Stress3 66 1,51 b 0,14 

Interaction Treatments*Family -- -- -- 0,000 *** 

Different letters in the same column indicates significant difference at 5%. 

 

 Under optimum conditions of 20 ° C (control) the amount of chlorophyll differs from one family to another 

(Fig 7). Perennial grasses contain more chlorophyll with a rate of 2. 38 TCT ± 0.86 that perennial pulses with an 

average of 0.56± TCT 0.17. This reduction is probably due to the delay of departure of vegetation in spring 

legumes. While at the level of the different treatments, we found that the amount of chlorophyll is different in 
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the two families. Grasses for the highest value is observed at the level of stress 3 with an average of 1.57TCT ± 

0.20 TCT while the smaller amount of chlorophyll is registered by the stress 2with 0.81 TCT ± 0.13. By against 

the opposite occurs in legumes the amount of higher chlorophyll is observed stress level 2with an average 1.61 

TCT± 0.34 then it is less important to the other two treatments with S1 and S3 of the respective mean de1,17 

TCT ± 0.23 and 1.06 ± 0.24 TCT 

 

 
 

Fig. 7: Quantity of chlorophyll in two families (grasses and legumes) for different treatments. 

 

 The results of Figures 8 and 9 shows that the rate of chlorophylls is assigned in all stressed cultivars studied 

at both families. They are greatly reduced under stress compared to those of control plants. For perennial 

grasses, chlorophyll concentrations indicate that the perennial Loluim cultivar "victorian" records the highest 

levels compared to other varieties stressed, it is followed by Phalaris aquatica "polanum and atlases." The 

lowest rates are noted in Dactylis "curia" and canary "Land Master". The latter are more sensitive to thermal 

stress. For perennial legumes, chlorophyll level of stress 2 is higher than 1 and 3.The stress cultivar Trifolium 

michelianum "frontier" has the highest value against the cultivar Trifolium pratens "atlas wade" 

 

:  

 

Fig. 8: The chlorophyll content of different cultivars of perennial grasses in different treatments. 

 

 
 

Fig. 9: The chlorophyll content of different cultivars of perennial legumes in different treatments. 

 

Tab 5: results of the univariate analysis 
 Parameters n Means Standard error P Value 

G
ra

ss
es

 

Species   
 

 
0,002 ** 

Treatments 

Control 21 2,38 a 0,20 

 
0,000*** 

Stress1 21 1,19 bc 0,16 

Stress2 21 0,81 c 0,13 

Stress3 21 1,57 b 0,20 

Interaction Treatments * species / / / 0,013 * 

L
eg

u
m

es
 

Species -- -- -- 0,078 ns 

Treatments 

Control 18 0,56 b 0,17 

0,004 ** 
Stress1 18 1,06 ab 0,24 

Stress2 18 1,61 a 0,34 

Stress3 18 1,17 ab 0,23 

Interaction Treatments * species -- -- -- 0,000 *** 

Different letters in the same column indicates significant difference at 5% 
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Discussion: 

 The results of the effect of cold on grassland plants by the application of three low-temperature deduced, 

occur frequently in the region of Sétif, to the adaptation of these cultivars (perennial grasses and legumes) for 

possible renovation meadows, show a slowdown in growth in height for the three treatments applied to all the 

stressed plants, relative to control where growth is more important. The statistical results show a highly 

significant effect between families and between the different types of treatments we can deduce the negative 

effect of cold on growth. We can deduce the negative effect of cold on growth, although the statistical analysis 

showed no significant effect. Our results agree with those of Yahia and Fyad-Lameche, [17] in their variability 

assessment study of seedlings of Medicago subjected to a regime of low temperatures and the work of Laala  on 

the seedlings Aleppo pine under thermal stresses show that low temperatures diminish growth. Thus the cold is 

an unfavorable factor for the growth and development of plants.  According to Zhu. 2001 in Lemziri [11], the 

growth of adaptive capacity reduction is necessary for the survival of a plant exposed to abiotic stress. Indeed 

this development delay allows the plant to accumulate energy and resources to combat stress between the inside 

and the outside increases to a threshold or damage will be irreversible. Growth is inversely correlated with the 

resistance to the type of stress. Following this study, we can see that the answer to this hazard varies from one 

family to another and even from one cultivar to another within the species. After heat stress, both families’ 

perennial grasses and legumes studied behave in the same way generally compared to control, however the 

tendencies of the last two are different compared to the three types of treatments. Grasses are more tolerant of 

temperature (0.5 ° C) with respect to the temperatures (-3.2 ° C and -1.2 ° C). Similar findings were made by 

studying Makhlouf, on the response of some cereal varieties to the influence of cold. These results indicate that 

low temperatures adversely affect the development of cereals, legumes while better withstand temperatures 

below 0 ° C (-3.2 ° C and -1.2 ° C). This can be explained by the previously applied hardening on the winter 

behavior of white clover Guinchard, It emphasizes that in alfalfa a acclimatization of two weeks can switch 

from a lethal temperature of -5 ° C to -9.5 ° C. He says the cold acclimation increases the resistance of the 

vacuole, an accentuation of the fall of water potential and osmotic potential and to synthesize abscisic acid, 

which leads to increased cold tolerance. Indeed, it is noted significant differences in intra specific, the results 

show that among the species perennial grasses Lolium perennial cultivar "victorian" and for legumes, Trifolium 

multiflorum cultivar "frontier" have a good adaptation the different temperatures of the semi-arid climate and 

good growth from all cultivars studied. This difference in character probably results from a different genetic 

potential between the cultivars studied. Is also established that the chlorophyll Cold restricted rate, affecting the 

color of the plant and slows its growth activities. In our study the fall of the chlorophyll content was observed in 

all plants treated with a variation between the two families. Under normal conditions (20 ° c) synthesis is 

important for all plants while the difference is clear between families where the grasses have a larger amount 

than legumes. 

 Under cold stress, the contents of chlorophylls decrease with as stress increases. The analysis of variance 

showed a significant effect of treatment and botanical family. We can conclude that the chlorophyll system is 

affected by the thermal stress. Thus the reduction can be explained by a disturbance of the photosynthetic 

mechanism of the upper parts of the plant. According Havaux and Lannoye, the cold can cause damage to the 

thylakoid membranes in causing inhibition of chlorophyll and degradation of photoreceptors. In the same 

context, Fourques et al., and Alvaro et al., in Kara and Brinis indicate that the reduction of the chlorophyll 

disrupts the redistribution of assimilates stored by the rod to different parts plant disrupting growth. 

 

5. Conclusion: 

 The objective of this work is to analyze the effects of low temperatures on certain cultivars of perennial 

grassland species (Poaceae and Fabaceae) introduced to measure their ability to contribute to the renovation of 

natural grasslands. Heat stress is a limiting factor for introduced plants. It particularly affects the essential 

morphological and physiological parameters. The studied plants belonging to Poaceae and Fabaceae express 

different profiles, but all characterized by reduced growth coupled with a drop in chlorophyll. These results also 

show that the plant material has generally been introduced, to different degrees, withstand the cold of the semi-

arid region. Allows considering the possibility of use as a multi-species mixture for the restoration of grasslands 

with the objective of improving the sustainability of forage systems and resilience of those resources address 

climate change. Subsequent work, biochemical order, could help to better understand the mechanisms involved 

in these resistance capacity and cold adaptation. It would also be interesting to develop morphological aspects of 

prior way related to this property. 
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