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Abstract - In order to study the response for
drought induced at critical stages of grain filling
of 8 durum wheat genotypes, five Tunisian
landraces (Biskri, Mahmoudi, Agili, Chili and
Jeneh khotifa) and three improved genotypes
(Karim, Nasr and Rezzak), that differ in adoption
to drought stress, were studied under three water
regime: rainfed conditions (control), 50% Field
Capacity (Treatment 1) and 100% Field Capacity
(Treatment 2). Chlorophyll index, leaf area, plant
height, own length, peduncle length, tiller
number/plant, spike  number/plant, grain
number/spike and the relationship between some
of these morphological and physiological traits
and yield components were studied for the eight
durum wheat genotypes. Analysis of variance has
indicated that there were significant (P<0.01)
differences among genotypes in which indicate
that there are great variations among genotypes.
The water regime stress affects significantly
(P<0.01) various morpho-physiological and
agronomical traits. Our results showed significant
reduction in all morpho-physiological and
agronomical traits in all varieties under rainfed
conditions in comparison with 50% FC and 100%
FC regime water. The best results were obtained
under 100% Field Capacity. Chlorophyll index,
leaf area, peduncle length and Own length were
significantly correlated to the number of
spike /plant (r = 0.58**, r = 0.52**, r = 0.74**, r

= 0.52**) and the number of grains/spike (r =
0.62**, r = 0.60**, r = 0.78*, r = 0.55*).
Therefore, the use of morpho-physiological traits
as an indirect selection would be important in
increase yield-based selection procedures. The
variety Biskri showed the important spike
number/plant and grain number/spike in
comparison to all varieties studied. This genotype
can be used in selection breeding program.

Keywords: Correlation, yield
drought tolerance, landraces

components,
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1. Introduction several breeding programs aim to develop w

Drought is one of the most important factorgultivars as well as release old durum landraces -
which limit the production of crops, including(Ahmadizadeh et al., 2011). Landraces of durum
durum wheat, in the world and causes importamtheat generally tolerant to biotic and abiotic
agricultural losses (Khayatnezhad et al., 2018fress have been grown under low-input or
Kilic and Yagbasanlar, 2010). This stress affedustainable farming conditions where they
yield and yield component of wheat particularlyproduce reasonable yield.

in arid and semi-arid regions. V.'S'ble syndromeﬂ]e effect of deficit water on the yield and yield
of plant exposure 1o drought in the VegetaFlvgomponents of durum wheat at different growth
phase are leaf wilting, a decrease in plant he'g@tages have been noted by several authors

number and area of leaves and delay in accura@/imane et al., 1993: Solomon et al., 2003)

of buds and flowers. In fact, according tq_|
) ) . owever, no study had been conducted on the
Lonbani and Arzani (2011), leaf extension can b ysiological andy morphological response of

limited under water stress conditions in order t iverse durum wheat tunisian genotypes to water
get a balance between the water status of pl

fissues and the water absorbed by plant roo§ﬁCit conditions. Therefore, the present study
(Passioura, 1996). In addition, Blum (2005 ms to determine water deficit effects of eight

suggested that a small leaf area is beneficifegllrum wheat genotypes and to determine the

under drought stress in order to avoi ationship between some morphological and
. hysiological traits and yield under water deficit
hydratation. Drought stress reduced the numb%(gnditions
of days to heading, plant height, number o '

spike per m?, peduncle length, spike lengtt?. Materiel and methods

number of grains per spike, 1000 grain weight ¢ .1. Plant Materials and Growth Conditions
genotypes (Kilic and Yagbasanlar, 2010)Experiments were conducted at the experimental
Peduncle length has been also suggested as usé@tl of Higher Agriculture School of Kef during
indicator of yield capacity in drought conditions2013/14 growing season. Five landraces (Biskri,
Kaya et al. (2002) have been found an importaMahmoudi, Agili, Chili and Jeneh khotifa) and
positive correlation between peduncle length arttiree improved genotypes (Karim, Nasr and
grain yield. However, in other studies, suctrezzak) were used in this study. Seeds of each
relationship has been found inverser and rgenotype were sown in 5 lines 10 m long with an
relationship depending on the environmennterline spacing of 20 cm. The experiment was
(Villegas et al., 2006). In many part of the worldlaid out in randomized complete block design
durum wheat production is replaced by moderfRCBD) with three replications. The temperature
cultivars and landraces are only cultivated bgnd the rainfall from sowing to harvest are
small farmers in very limited areas (Akar et al.presented in Table 1.

2009; Ahmadizadeh et al.,, 2011). Nowadays,

Table 1: Mean temperature (°C) and rainfall (mm) of Kef $iteam sowing to harvest (2012 to 2013)

Months October November December January February March April
Rainfall (mm) 62.4 9.8 16 26.4 42.8 39.8 26.4
Temperature (°C) 14.4 14.8 9.4 8.4 7.4 12.8 15.9
Three levels of stress treatments including: Five plants in each replication were used to

etermine: Chlorophyll index (Chlorophyll meter
PAD 502, Konnica Minolta,Sakai, Osaka,
%]apon), leaf area (nfn (Electonicplanimetre
AM300, Soil Mesures, France), plant height
(cm), own length (cm), peduncle length (cm),
tiller number/plant, spike number/plant, grain
These water stress conditions were stimulated frumber/spike.
grain filling stage.

- Full irrigation (100 percent water base
on plant needs durum wheat cultivar
until grain filling stage)

- Limited irrigation (50% Filed Capacity).

- Control: rainfed conditions

2.2. Measured traits
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2.3. Statistical data analysis Windows, Version 16.0. Chicago, SPSS IM >

Data obtained were subjected to analysis 2007).

variance (ANOVA). Means comparisons were

carried out to estimate the differences betweeh Results and discussion

water deficit treatments and genotypes usingesults of variance analysis showed that the
Duncan’s Multiple Range. Linear correlationeffect of genotype, treatment and interaction
analyses were used to determine the associatioetween genotype and treatment were significant
between grain yields, physiological andn 0.01 percentage levels for all traits studied
morphological traits. Data were analyzed usin{fTable 2).

SPSS ver. 16.0 (IBM SPSS Statistics. SPSS for

Table 2: Variance analysis of the eight traits measuredhereight durum wheat genotypes for three irragategimes
Sources df  Chlorophyll Leafarea Plantheight Own Peduncle Tiller Spike Grain
variation index (mm2) (cm) Length length number/plant number/plant number/spi

ke

Genotype 7 58.40** 56.5** 354.8** 28.0** 31.2% 31.3* 25.8** 243.9%*

Treatment 2 613.7** 592.3** 676 .2** 284.5** 1.3E3** 150.8** 292.8** 2.7E3**

Genotype*tr 14  26.1** 27.0** 30.9** 5.3** 4.8** 7.1** 8.0** 65.8**

eatment

Table 3: Mean of all traits measured of the 8 durum wheaieties for the 3 water regimes used

Sources Chlorophyll Leaf area Plant height  Own Peduncle Tiller Spike Grain
variation index (mm?2) (cm) Length length number/plant number/plant number/spi
ke
Genotype

1 Biskri 51.58 abc 1821.22a 85.44a 911a 7.65a 6.39¢C 578 ¢ 40.22d

2 Mahmoudi  51.23 abc 2153.17 ab 110.44b 11.19d 8.86 ab 5.44 b 3.61la 30.94a

3 Agili 50.33 ab 225456b 101.28 a 9.36 b 8.97 ab 544 b 4.56 ab 40.83d

4 Chili 52.92 cd 2548.83 bc  123.00 c 10.31bcd 9.68 ab 5.39b 4.22 ab 34.44 ab

5 Jeneh 51.15 abc 2131.11ab 86.44a 10.08 abc 7.46 a 5.56 b 4.33 ab 34.72 abc

Khotifa

6 Karim 49.07 a 2195.17ab 129.61c 9.86 abc 8.89 ab 6.44 c 5.33 bc 38.44 bcd

7 Nasr 54.05d 2283.35b  123.65cC 10.90 cd 10.55b 6.06 b 5.18 bc 39.18 cd

8 Rezzak 52.82 cd 2753.22¢ 130.11c 11.22d 8.30 ab 4.39a 3.67 a 35.50 abc

Treatment

Control 48.50 a 1698.51 a 94.72 a 8.52a 4.47 a 483 a 296 a 29.13 a

Treatmentl 51.62b 2271.35b 112.85b 10.67 b 9.77b 546 b 4.60 b 38.10b

Treatment 2 54.70 c 2820.69 c 125.56 ¢ 11.53 ¢ 12.02 c 6.60 c 6.15c¢c 4292 c

The water regime stress affects significantigomponents  (tiller  number/plant,  spike
(P<0.01) various morpho-physiological andumber/plant, grain number/spike) particularly
agronomical traits in all genotypes. Our resulthe number of fertile spikes per plant and the
showed significant reduction in all morpho-number of grains per spike in almost studied
physiological and agronomical traits in allgenotypes. Same results were observed by Giunta
varieties under rainfed conditions in comparisost al. (1993) and Simane et al. (1993). Mirbahar
with 50% FC and 100% FC regime wateet al. (2009) reported also that water stress cause
(Figurel). Same results were obtained by Ehdage significant reduction in number of grains per
et al. (1991) in durum wheat. Since genotypispike in wheat in 25 varieties of bread wheat. In
differences for these traits have been reported ffact, according to El Hafid et al. (1998) drought
various crop species including durum wheateads to reducing inoculation of flower and this
these traits have been used to identify droughffects number of produced grain. Calderini et al.
tolerant genotypes in various crops. Accordinl999) believed that increasing of grain yield in
our results, drought stress reduced all yieldecent years is primarily indebted of increasing of
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number of grain per spike and this component oélated to the yield such as number of spike /pw
yield is more important than grain weight,(r = 0.74**) and the number of grains/spike (r =
although both factors cause limitation of yield0.78**) and tiller number (r = 0.61**) (Table 4).
Significant reduction in 1000-grain weight ofAccording to Bogale et al. (2011), peduncle
wheat has also been reported by Ahmed amgehgth has been also suggested as useful indicator
Arian (1999) while Akram (2011) reportedof yield capacity in dry environments. Kaya et al.
differential response of varieties toward graif2002) have been found strong positive
weight. The water stress reduced the leaf area foorrelation between peduncle length and grain
all genotypes studied (Figure 1 B). Same findingield. Own length positively correlated to spike
were obtained by Boutraa et al. (2010). Thisumber /plant (0.52**) and grain number /spike
author showed that deficit decreased leaf area (0.55**). According to the previous studies, there
four wheat cultivars. In fact, the highest leafaareis a link between various physiological responses
was found in the control plants of the 80% watesf crop plants to drought and their tolerance
regime, followed by the plants under 50% watemechanisms (Keyvan, 2010atta et al., 2011).
regime, while leaf area of plants of the 30 % ha#lssociation between all these character and yield
the least leaf area. The comparison of atlomponents was observed particularly at anthesis
genotype for all traits showed that the genotypstage. It is clear that all these parameters could
Biskri had the best spike number/plant and graiexplain some of the mechanisms which indicate
number/spike for all water regimes (Table 3). tolerance to drought and help in understanding
the physiological responses that enable plants to

Results showed that physiological traits

(chlorophyll index and leaf area) Wereadapt to water deficit and maintain growth and

significantly correlated to the number Ofproductivity during stress period and indicate
spike /plant (r = 0.58*, r = 0.52* and the important of these traits in breeding programs for

number of grains/spike (r = 0.62+, r = 0.60**)_screen|ng and selection of tolerant varieties.
Peduncle length significantly correlated to traits

Table 4: Pearson correlation coefficient among studiedgiiait the 8 durum wheat genotypes under the thegerwegime
Grain
Chlorophyll Leaf area Plant height Own length Peduncle lengtl Tiller Number/ Spike number /
index (mm?2) (cm) (cm) (cm) plant number /plant spike
Cirlleraril 1 0.66** 0 .44* 0.74% 0 .75% 0.30 0.58%* 0.62**
index
Leaf area (mm? 1 0.73* 0.77* 0.75%* 0.36 0.52* 0.60*
AR Sl 1 0.71% 0.67* 031 0.38 0.41*
(cm)
Own length
(cm) 1 0.81** 0.32 0.52** 0.55**
FEIET 1 0.61% 0.74% 0.78%
length(cm)
Tiller Number/ 1 0.79% 0.62%
plant
Spike x
number /plant s 07
Grain 1
number /spike

*: significant at the 0.05 level ; ** : significamat the 0.01 level

ISSN 2286-5314
12



¢ -
\s Journal of New Sciences TN

Biotechnology

B Karim M Biskri B Nasr B Mahmoudi B Rezzak B Agili B Chili mJeneh Khotifa
70 9 A

60 -
50 -
40 -

30 A

Chlorophyll index

20 -

Control Treatment 1 Treatment 2

B Karim M Biskri B Nasr B Mahmoudi B Rezzak B Agili B Chili mJeneh Khotifa

4000 -
3500

B C

3000
2500
2000
1500

Leaf Area (mm?)

1000
500

0
Control Treatment 1 Treatment 2

B Karim M Biskri B Nasr B Mahmoudi B Rezzak B Agili 1 Chili mJeneh Khotifa

160 -
140
120
100
80
60

Plant height cm)

40
20

0

Control Treatment 1 Treatment 2

ISSN 2286-5314 —



Agriculture |
Biotechnology

Qournal of New Sciences

B Karim M Biskri B Nasr B Mahmoudi B Rezzak B Agili ® Chili mJeneh Khotifa

14 -
12

£ 10

e

£ 8

o0

=

L2 6

c

2

S 4
2
0

Control Treatment 1 Treatment 2

B Karim M Biskri B Nasr B Mahmoudi B Rezzak B Agili i Chili mJeneh Khotifa
14 -

E
12

10

Pedoncule length (cm)

Control Treatment 1 Treatment 2

B Karim M Biskri B Nasr B Mahmoudi B Rezzak B Agili ® Chili mJeneh Khotifa

Tiller Number/plant
o [ N w D (6] [e)} ~ (0]

Control Treatment 1 Treatment 2

ISSN 2286-5314

=



gournal of New Sciences

Agricul
Biotechn

Qournal of New Sciences
[

B Karim M Biskri B Nasr B Mahmoudi B Rezzak B Agili ® Chili mJeneh Khotifa

- G b

N W U1 N

Spike number/plant

[N

Control Treatment 1 Treatment 2

B Karim M Biskri B Nasr B Mahmoudi B Rezzak B Agili i Chili mJeneh Khotifa

50 +
45
40
35
30
25
20
15
10

Grain number/spike

Control Treatment 1 Treatment 2

Figure 1: Chlorophyll index (A), leaf area (B), plant height)( own length (D), pedoncule length (E), tiller rfaem/plant
(F), spike number/plant (G), grain number/spike {bt)the eight durum wheat genotypes in three weggime: rainfed
conditions, 50% FC and 100% FC

5. Conclusion irrigation and drought stress conditions. Adv.
All of these traits have directly or indirectly  Environ. Biol., 5(7): 1934-1940.

transfer their effects components of yield andhmed M., and Arain M.A., (1999) Effect of
these traits could be used as an indirect yield drought simulation on grain weight, protein and
selection. Selection efficiency could be improved lysine content of bread whedlr{ticum aestivum

if particular physiological and/or morphological L.). Pak.J.Bot, 31 (1): 109-114.

attriputes related to. yie,"?' under a Stresﬁkar, T., Z. Mert, S. Yazar, T. Sanal and M. Avci,
environment could be identified and employed as  (2009). Sustainable use of winter Durum wheat
selection criteria for complementing traditional  |andraces under Mediterranean conditions. Afr. J.
plant breeding. Biotechnol., 8(17): 4108-4116.

Akram M., (2011). Growth and yield components of

ihiggergggﬁsM Valizadeh M. Shahbazi H wheat under water stress of different growth
iz . iz . . ; .
' ' ' stages. Bangladesh J. Agril. Res. 36 (3): 455-
Zaefizadeh M. and Habibpor M., (2011) 468? ¢ 9 ®)

Morphological diversity and interrelationships -
traits in durum wheat landraces under normdlum A., (2005) Mitigation of drought stress by crop
management.
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