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Introduction

By 2050, the demand for water is expected to increase by
55%, not only under the pres-sure of a growing population, but
also be-cause the continuous increased consumption. As for the
agricultural sector, experts believe that the current levies are
not sustainable (Ligtvoet et al., 2014). The problem is becoming
more severe in the arid and semi-arid areas, which constitute
about two-thirds of the Earth’s surface (Benbrahim et al., 2004).
The limited water resources in these areas are subject to compe-
ti-tion between agricultural and other uses, and the search for
better adaptations of plants lacking water is thus becoming a
serious issue.

Plants grown under drought condition have a lower Rela-
tive water content and leaf water potential. Obviously, expo-
sure wheat and rice plants to a drought stress substantially de-
creased the leaf water potential, relative wa-ter content and
transpiration rate (Siddique et al., 2001). Severe drought stress
also de-creases the rate of photosynthesis (Kawamitsu et al.,
2000). Plants survive under drought stress by using various mor-
phological, bio-chemical and physiological responses. (Chaves
and Oliveira, 2004). One of the most common stress tolerance
strategies in plants is the accu-mulation of osmolytes includ-
ing soluble sugars, proline, sugar alcohols (Serraj and Sinclair,
2002). Overall, they contribute toward osmot-ic adjustment,
detoxification of reactive oxy-gen species and stabilization of
membranes (Farooq et al., 2009).

Saffron, dried stigma of the Crocus sativus flower, is con-
sidered among the main terroir products of Morocco. In 2015,
the saffron plantation in Morocco was conducted in a sur-face
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area of around 1600 ha with an aver-age yield of 3.5t, making
Morocco the fourth saffron producer in the world. According to
the edaphic-climatic requirements, saffron is a rustic plant, and
thanks to its morphology and physiology, it is able to withstand
severe cli-matic conditions (Alizadeh et al., 2009). Pro-moting
saffron cultivation in arid and semi-arid zones will enhance these
areas, which are currently hard to cultivate due to the scarcity of
water resources and will contribute to the support of low-input
agriculture systems, to improve the incomes of small producers
and to limit the rural exodus.

The present study aims to elucidate the in-fluence of the
drought stress on the agro mor-phological and physiological
behavior of saf-fron plants under the natural conditions in the
semi-arid climate of eastern Morocco and un-der controlled hy-
dric conditions.

Materials and Methods
Experimental Site

The experiment was conducted in an open field at the Ex-
perimental Research Station of the Faculty of Sciences of Oujda,
located at 661 m altitude and 34 ° 39 ‘06-71" north and 01 °
53 '58-80" West (GPS Back Track Bush-nell).

Plant Material

The plant material used in this trial corre-sponds to saffron
plants planted on 18/10/2011 in an open field. The corms used
are from the region of Taliouine, the main ar-ea of saffron pro-
duction in Morocco.

Treatments Used

To assess the effect of drought stress on the saffron crop, the
plants were subjected to three different water regimes for a pe-
riod of two years (2014-2015). These regimes correspond re-
spectively to 100%, 60% and 40% ETO (reference evapotrans-
piration), taking into account the rainfall of Oujda. The water
used for watering has an electrical conductivity of 0.7 mS /cm.

Experimental Design

The adopted experimental design is ran-domized complete
block, includes 3 blocks with a total of 45 saffron plants, the
blocks indicate the repeats and sub blocks represent tfreatments.

Measured Parameters

The eco-physiological response of saffron to the hydric stress
was evaluated on the morpho-logical, physiological and bio-
chemical pa-rameters frequently used in the work concern-ing
the response of plants to the various abiotic stresses including:
Stigma yield: the flowers were harvested ear-ly in the morning,
then the stigmas are spread on flat receptacles in the shade for
a few days, and the weight was obtained by weigh-ing the dry
stigmas.
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Number of leaves: counted each month for each plant

Length of leaves (ecm): growth in length of the aerial part
(leaves) was evaluated every month with a scale in millimeters
(mm) from the leaf base to the top.

Leaf area (em?2): in view of the morphology of the leaves of
saffron, the leaf area is estimat-ed directly using the AUTOCAD
2010 soft-ware. The total leaf area is estimated by mul-tiplying
the number of leaves by the leaf area unit.

Number and weight of corms: at the end of the cycle, plants
have been dug up, corms rid of topsoil, cleaned and de-tunicates
then the number and weight of corms have been de-termined.
Caliber of corms: calibre of corms was deter-mined by using
a caliper. Three sizes are dis-tinguished: large caliber: &>
2.5¢cm, medium caliber: 1.5cm <@ <2.5cm and small caliber:
@ <1.5cm.

Relative water content (RWC %): relative water content of leafs
was determined by the method described by Barrs, (1966). Af-
ter-wards, the following formula was used to esti-mate the water
content: TRE (%) = [(PF-PS) / PT-PS)] * 100, with TRF: relative
water content, PT: weight in full turgor (g), PS: dry weight (g).
Leaf water potential (WF): This measure rep-resents the strength
by which water is retained in the plant. The leaf water potential
is meas-ured according to the Scholander method (Scholander
et al., 1965).

Determination of chlorophyll pigments: Total chlorophyll is
determined according to the method of Tran et al., (1995). Total
chlo-rophyll concentration is determined by follow-ing formula:
[chl (a+b)] = (7.15% OD 663 + 18.71 X OD 646) XV /M with:
chl (a + b) to-tal chlorophyll (mg.g-1FM), V: volume of total ex-
tract (ml) M: mass of fresh material (g) and OD: optical density.
Quantum Efficiency measurement (¢ PSIl): Chlorophyll fluo-
rescence is measured using the FMS Portable Fluor meter Model
FMS (FMS 2 Pulse Modulated Chlorophyll Fluorescence Moni-
toring System, Hansatech, England). This device automatically
records the ®PSII, which displays the quantum efficiency of the
PSII.

Dosage of proline: leaf proline content was determined ac-
cording to the method of Monneveux and Nemmar (Monneveux
et al., 1986). The content of proline was calculated with refer-
ence to a proline standard curve.

Dosage of soluble sugars: leaf soluble sugar was determined
according to the method of Yemn and Willis (1954) reported
by Sidari et al., (2008). The content of soluble sugars was calcu-
lated with reference to a glucose stand-ard curve.
Determination of membrane lipid perox-ides: malondialde-
hyde (MDA) is determined according to the method of Heath
and Paker, (1968). The amount of MDA is calculated using a
molar extinction coefficient of 155 nM-1.cm-1, according to the
Beer-Lambert law: Ab-sorbance = € x W x [C] (€: molar extinc-
tion coefficient, W: width of the tank (1 ¢m) [C]: Concentration).
Dosage of total phenol: extracting phenolic compounds was
performed according to the method described by Ollivier et
al., (2004).The results are expressed in microgram of caffeic
acid /g of saffron fresh material. With reference to caffeic acid
standard curve.
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Atatistical Analyzes

The values of different parameters were expressed as the
mean. SPSS statistical analy-sis software was used for analy-
sis of variance, ANOVA and Duncan’s multiple range tests were
utilized to separate means in 0.05 confi-dence level. In order to
examine the interrela-tions among a variables studied to identify
the underlying structure of those variables, An ACP analysis was
done using the XLSTAT software.

Results and Discussion
Effect on Yield and its Parameters

The field monitoring showed that drought stress influenced
the flowering parameters. The first flowers were observed in the
control fol-lowed by treatment 60% ETO. The number of flowers
The highest
yield was recorded in the control while treatment 40% showed

is inversely proportional to the intensity of stress.

the low-est yield (-29 %). This can be explained by the reduced
number of flower buds in the first year of the stress that would
depend on the importance of the stocks stored at the corms level
during the vegetative phase. However, the decrease in yield ob-
served between water treatments is not statistically significant,
which indicates that saffron allows the production of an accept-
able yield even under severe and prolonged water conditions
(Table 1).

Effects on the Aerial Part
Effect on the Morphological Parameters

The obtained results show that the number of leaves, the leaf
length, the leaf area are inversely proportional to the intensity
of the stress when the lowest values were observed in the treat-
ment 40% ETO (Table 2). These pa-rameters vary according to
the months. The lowest values observed in April for all treat-men-
ts. This period coincides with the end of the cycle. The reduction
of the leaf area following the reduction of the cellular elongation
is one of the plants’ first reactions to water deficit. It contributes
to the conservation of water re-sources, which allows the survival
of the plant (Lebon et al., 2004) and is therefore consid-ered as
a reaction or adaptation to the lack of water (Blum et al., 1996).

Effect of the Plant’s Hydric Parameters
The hydric status of the leaves shows that the relative water

content and the leaf water po-tential -Wf- decreased in propor-
tion to the intensity of the applied hydric stress. The most notice-

Table 1. Effect of different levels of drought stress on the stig-
ma yield.

100% of ETO
yield (g)/ 0,37¢

treatment

60% of ETO
0,34¢

40% of ETO
0,26

treatment

Table 2. Effect of different levels of drought stress on morphological
parameters.

Month Treatment Leaf Leaf Length Leaf Area
number (em) (em?)
100% of ETO 174 @ 22¢ 525 ¢
60% of ETO 140" 21 @ 373k
January 40% of ETO 124 ¢ 19 ¢ 209 ©
100% of ETO 231 ¢ 27 @ 1225 ¢
60% of ETO 170® 24 ¢ 658 B
February 40% of ETO 136 ¢ 22¢ 420 ¢
100% of ETO 190 @ 28 @ 960 @
60% of ETO 117 b 25¢ 412k
March 40% of ETO 102 b 21 ¢ 295 b
100% of ETO 155 ¢ 26 ¢ 513¢
60% of ETO 110°% 24 b 356 b
April 40% of ETO 80 b 20" 250 ¢
Average 100% of ETO 188 @ 26 ¢ 805 ¢
60% of ETO 134 » 23 ¢ 449 b
40% of ETO 110k 20° 294 ¢

Significant differences in same column are shown by different letters (a,b,c);
p<0.05.

able action is observed in March and April. The average values
shows that the RWC decreased from 74.4% in the control to
69 % for the moderate treatment and to 65 % for the severe
treatment. However, there were no significant differences among
treatments (Table 3).

The maintenance of a high yF in plants could be explained
by a strategy of avoid-ance which seems linked, to a complex
set of morphological characters (mass and volume of the roots,
shape of the leaves, etc.) making it possible to maintain a suffi-
cient tissue hydra-tion for normal metabolic function. The mainte-
nance of a high water content in the leaves under water stress
could be explained by a high efficiency of osmotic adjustment,
which counteracts the decrease in water potential without any
significant reduction in RWC (Hsico et al., 1976).

Effect on Biochemical Parameters
Effect on Chlorophyll Content and Photosynthetic Activity

The results show that the total chlorophyll content and the
quantum performance of the PSIl decreased respectively with
increasing drought stress degree. Under severe stress conditions
(40% ETO), the total chlorophyll content and quantum perfor-
mance of the PSIl decreased by 39.75% and 9.3%, respective-
ly. The variation in PSIl quantum performance is almost stable as
a function of water stress (Table 4). These results are confirmed
by Oukarroum (2007), who showed that there is no loss in the
PSIl quantum performance in barley under stress. Ykhlef and
Djekoun, (2000) suggest that the survival of plants while there is
a lack of water is partly due to the maintenance of the photo-
synthetic capacity of leaves. However, the rate of reduction of
chlorophyll content is statistically significant during the month of
April only. This could be explained by a level of relative water
content that is high enough, making it possible to mitigate the
effects of the ap-plied hydric stress.
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Table 3. Effect of different levels of drought stress on water parameters.

Month Treatment Relative Water Leaf Water
Content (%) Potential (MPa)

100% of ETO 749 -6.4¢

60% of ETO 709 -7.8¢
January 40% of ETO 749 -9.7¢

100% of ETO 759 -7.8¢9

60% of ETO 749 -7.3¢4
February 40% of ETO 687 -9.2¢

100% of ETO 729 -8.6P

60% of ETO 709 -10b
March 40% of ETO 659 -13¢

100% of ETO 69 *

60% of ETO 63 *
April 40% of ETO 619 *

100% of ETO 749 -7.6°
Average 60% of ETO 69 @ -83Fk

40% of ETO 65 -10.6

Differences in same column are shown by different letters (a,b,c); p<0.05.*: *The results of April
are not represented in the table because the measures have not yielded the results even we
apply a very high pressure.

Table 4. Effect of different levels of salt stress on biochemical parameters.

Month Treatment Total Quantum Leaf Proline Leaf Soluble Malondialdehyde  Total Phenols
Chlorophyll Yield of Content Sugars Content Content Content
Content PSII’ (Mg/g FM) (Ma/g FM) (nmol/g FM) (Mg/g FM)
(mg/g FM)
100% of ETO 0.87¢ 0.76° 207.9% 2990.4¢ 0.00104° 238.6°
60% of ETO 0.79¢ 0.71¢ 474.8° 3867.5¢ 0.00102¢ 349.1¢
January 40% of ETO 0.76¢ 0.73¢ 1064.9¢ 3918.3% 0.00104¢ 307.6%
100% of ETO 1@ 0.75¢ 224.7% 2709.3¢ 0.00104¢ 236.3b
60% of ETO 0.96¢ 0.73¢ 462.5° 4030.1¢ 0.00125¢ 361¢k
February 40% of ETO 0.79¢ 0.72¢ 1212.3¢ 4301° 0.00132¢ 474.3¢°
100% of ETO 0.93¢ 0.76¢ 226.8b 2394.3% 0.00144° 409.1%
60% of ETO 0.86% 0.75¢ 294.2b 2689¢ 0.00149¢ 417.5
March 40% of ETO 0.78% 0.70¢ 306.8¢ 2851.5¢ 0.00203¢ 560.1¢
100% of ETO 0.84¢ 0.75¢ 144.7° 870.5b 0.00187" 300.8°
60% of ETO 0.73¢ 0.719b 216.39 940.1°b 0.00202°> 370.79b
April 40% of ETO 0.51® 0.66° 250¢ 1070¢ 0.00268 ¢ 468.6°
100% of ETO 0.91¢ 0.75¢ 201° 2241k 0.00134¢ 296.2°
Average 60% of ETO 0.83¢ 0.72¢ 361° 28819 0.00144¢ 374.57
40% of ETO 0.71¢ 0.70¢ 708¢ 3035° 0.00176¢ 452.6°

Significant differences in same column are shown by different letters (a,b,c); p<0.05. 1PSIl: Photosystem Il (or water-plastoquinone oxidoreductase).
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Table 5. Effect of different levels of drought stress on the underground part.

Treatment Corms Corms Corms Diameter
Weight Number
Big Diameter Medium Diameter Small Diameter
100% of ETO  412.4¢ 108¢ 274 50¢ 23¢
60% of ETO 359.3¢ 93¢ 11 440b 45b
40% of ETO 367.8¢ 116¢ 10° 37b 53b

Significant differences in same column are shown by different letters (a,b,c); p<0.05.

Variables (axes F1 and F2 : 100,00 %)

C
0.75 T
wC
0.5 T
AC
LA
;\5 0.25 T - IN
R wC
~ } t LH
Z HLT
N
' SY
P
-1 -0.75 -0.5 -0.25 0 0.25 05 0.75 1

F1 (87,24 %)

Figure 1. Representation of the studied characters in the plane (1-2).
Principal Component Analysis. LA: Leaf area, LN: Leaf number, LH: Leaf
height, SY: Stigma yield, RWC: Relative water content, LWP: Leaf wa-
ter potential, CHLT: Total chlorophyll content, PSIl: Quantum Efficiency
measurement, WC: Weight of corms, NC: Number of corms, PC: Proline
content, SSC: Soluble sugars content, TPC: Total phenol content, MDAC:
Malondialdehyde content.

Effect on the Concentration of Proline and Foliar Soluble Sugars

Plants were subjected to a water restriction produced more
Proline and soluble sugars in their foliage (Table 4). This finding
was in conformity with the result has been reported on Vigna un-
guiculata (Souza.,2004), alfalfa (Mefti et al., 2001) and wheat
(Munns et al., 2006; Gaudillere et al., 1990). The accumulation
of these solutes allows plants to support Lack of water, maintain-
ing their relative leaf water content at a high level and preserv-
ing their cellular integrity. Furthermore, this accumula-tion could
be the result of a high catabolism of the protein pool and in
this case, it will not serve as a reliable diagnosis of resistance
to drought.

However, the last two months before dor-mancy (March &
April) marked a drastic de-crease of these osmoregulators in
all treat-ments, which resulted in a significant contrac-tion in the
relative water content. This decrease could be explained by the
cutback in photo-synthetic activity following the senescence of

leaves, as it could be due to a translocation of the reserves (pro-
teins, sugars ..) to the storage organs.

Effect on Malondialdehyde Content and Antioxidant Activity

The malondialdehyde (MDA) content was increased with in-
tensity of stress. Overall, there were not significant differences
between the treatments. In addition, the stressed plants ac-cu-
mulated higher levels of total phenols, which could explain the
maintenance of the MDA content at a comparable level of the
control, and thus preserving membrane integrity (Table 4).

This result is confirmed by other authors such as Leinhos and
Bergman; (1995) who have studied the involvement of polyphe-
nols in the plant defense system against various types of stress.
Also, Chakraborty and al., (2002) re-ported that phenol accu-
mulation was im-portant in tea-tolerant cultivars.

Effect on the Underground Part

The results show that the highest weight (437 g) was recorded
in the control versus 359 g (-12. 77%) in the treatment 60%
ETO and 367 g (-10.92%) in the treatment 40% ETO. Similarly,
the percentage of diameter catego-ries varies according to the
water regime ap-plied. Control showed a dominance of large
and medium catégories, whereas the stressed plants marked a
dominance of small diameter category which exceeded 50 %
in the sever treatment. However, Number of daughter corms was
not significantly influenced by drought stress. The highest value
was recorded in the 40% ETO treatment with 116 corms (Table
5). The high rate of small diameter corms could be due to small
quantity of reserves stored during vegetative phase. Several
authors worldwide (Negbi et al 1989; De- maestro et al 1993;
De Juan et al 2003; Koocheki et al., 2007; Cavusoglu et al.,
2009) have shown that large caliber en-hance precocity, flower-
ing density and give large daughter corm for the next season.

Principal Component Analysis

The obtained results show that, with Axis 1 correlates all pa-
rameters studied which de-scribe the physiological and agro-
nomic be-havior of the aerial part of saffron plant. On this axis,
there is a very close correlation be-tween the vegetative growth
parameters (LA, LN, LH), water parameters of the plant (RWC,
LWP) and the chlorophyll content (CHLT, PSIl). In addition, there
is a negative correlation between the parameters involved in
osmotic regulation (PC, SSC) and the other parameters studied.
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In other words the increase in the pro-duction of osmoregulators
leads to a decrease in the growth parameters which is confirmed
by the decrease of these parameters in the sever treatment.
With axis 2, which represents the conversion efficiency of the
biomass in re-placement corms, the number (NC) and the weight
of the corms (WC) are correlated. On this axis, there is a rela-
tion of independence between these two parameters (Cos o =
0) (Figure 1).

Conclusion

Drought stress is one of the most important environmental
stresses affecting agricultural productivity worldwide, where
plants are ex-periencing a reduced growth and a reduced pro-
ductivity. Our results show that the influence of the hydric stress
on the morphological, phys-iological and biochemical param-
eters on saf-fron is not strongly marked at 60% ETO. Whereas
at 40% of ETO the parameters stud-ied were more or less af-
fected. The most no-ticeable effect was demonstrated by a de-
crease in the plant growth (decrease in num-ber, length and leaf
area) as well as a de-crease in the diameter of daughter corms.

In general, morpho-physiological adapta-tion traits in wa-
ter-deficient conditions have been externalized, resulting in an
acceptable yield (-29%) in the case of the severe treat-ments
(40% of ETO).
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