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ABSTRACT
The present study focused the effect of water deficit on agronomic potential and some
traits related to forage quality in plants of Moroccan Alfalfa (Medicago sativa L.)
populations (Taf 1, Taf 2, Dem and Tata) originated from Oasis and High Atlas of
Morocco and an introduced variety from Australia (Siriver). The experiment was
conducted under field conditions in experimental station of INRA-Marrakech and
under two irrigation treatments. The first treatment was normal irrigation, providing
an amount of water corresponding to the potential evapo-transpiration of the crop,
and the second treatment was water deficit stress (one irrigation per cut). For each
treatment, the experiment was conducted as a split plot based on a randomized
complete block design with four replications. The plants were measured and analyzed
over three cuts. Some agronomic traits as, plant height, fresh and dry forage yields
were measured. The forage quality was evaluated by leaf:stem ratio and the contents
of plants in proteins and nitrogen. The results indicated that the water deficit has
negatively affected the plant height and forage yield. The decrease in leaf:stem ratio
was observed under water deficit conditions. However, the proteins and nitrogen
contents were unaffected. The behavior of tested alfalfa genotypes was significantly
different. The Moroccan alfalfa populations were more adapted to water deficit
conditions comparatively to Siriver variety and the Tata population was the most
adapted one.
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INTRODUCTION

Alfalfa (Medicago sativa L.) is the main cultivated forage crop in Morocco
covering 100,000 ha (22% of the total cultivated area of forage crops), because of its
suitability to low-input conditions, its positive effects on soil fertility, and the high
protein content and quality of its forage (Campiglia et al, 1999; Huyghe, 2003;
Bouizgaren et al, 2011; Latrach et al, 2014; Farissi et al, 2014). The local cultivars of
this species are widely used in the Moroccan traditional agro-ecosystems, oasis and
mountain. They strongly contribute to socio-economic development of local families
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(Farissi et al, 2011; Farissi et al, 2013a; 2013b; 2013c) as a basic nutrition for
livestock. However, the successive of drought years induced by climate change and
population growth in Morocco, reduced increasingly the amount of agricultural water
reserve (Farissi et al., 2013a). Consequently, the growth and the productivity of alfalfa
and many vegetal species were found limited under water unavailability conditions.
Indeed, drought stress is one of the major abiotic stresses that limit plant production
and growth of many Medicago species (Chebouti et al, 2001; Bouizgaren et al, 2011).
This constraint causes a many agro-physiological and biochemical changes that can be
observed at the whole plant level as the death of plant and / or decreases in its
productivity. Almost of all changes are associated with activation of some
physiological and biochemical processes allowing an adaptation to this constraint
(Farissi et al, 2013a).
To maximize agricultural productivity in areas known for water scarcity,
genotypes with high-level tolerance must be selected and recommended for these
areas. In this context, the present work aims to evaluate the effect of water deficit on
growth and productivity of some alfalfa cultivars. Some agronomical parameters as
plant height and forage yield were evaluated. The forage quality, commonly sought in
the forage species, was assessed by measuring leaf: stem ratio and contents of plants in
proteins and nitrogen.
MATERIALS AND METHODS

Site description
The experiment was carried out at Saâda Experimental Station of National
Institute for Agronomic Research-Marrakesh (INRA-Marrakesh) located at 7 km west
of Marrakesh city. The site is an agro-ecological zone having an altitude of about 468
m above sea level. The experiment was conducted during 2011 on a loamy clay soil
with annual average maximum temperature of 28.7°C, annual average minimum
temperature of 13.5 °C and total annual precipitation of 226.54 mm. The evaluation
was done during April to July at the site and this period was characterized by the
scarcity of rainfall associated with high temperatures.
Plant Material and field conditions
This study concerned Four Moroccan alfalfa populations (Tafilalet 1 -Taf1,
Tafilalet 2-Taf 2, Demnate -Dem and Tata) and an introduced variety from Australia
“Siriver”. These populations are originated from, South-east and ouest oasis and High
Atlas Mountains of Morocco where they have been cultivated for many centuries and
are still widely used by farmers in their traditional agro-ecosystems (Farissi et al,
2011; 2013a; 2013b). The trial was carried out in Saâda Experimental Station of
National Institute for Agronomic Research-Marrakesh (INRA-Marrakech) and under
two irrigation treatments. The first treatment was normal irrigation, providing an
amount of water corresponding to the potential evapotranspiration of the crop, and the
second treatment was water deficit stress (one irrigation per cut). For each treatment,
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the experiment was conducted as a split plot based on a randomized complete block
design with four replications. To avoid water going to the neighbouring subplots, we
grouped within one plot all subplots subjected to the same treatment. The interplot
distances were 10 m. The subplot area was 2 m2. All cultivars were sown on the same
date in autumn for both treatments with a density of about 200 plants per m2. Gravity
irrigation was adopted in both treatments.
Plant height
Plant heights were measured during each cut (three consecutive cuts) and at
four times of plant growth, 7th day, 14th, 21st and 28th day.
Forage yield
Fresh forage yield was assessed by whole-plot harvest. After weighing
harvested forage, 500g of fresh material were dried in an oven at 70°C during 48 h for
dry forage yield measurement. The same cutting regimes were applied for all cultivars
tested.
Forage quality
The forage quality was assessed by leaf: steem ratio, proteins contents and
nitrogen contents:
Leaf: stem ratio
The leaves and stems were separated and weighed using a precision weighing
balance.
Proteins contents
The contents of proteins were determined according to Bradford (1976)
method. The samples were ground with a mortar and pestle using Tris-HCl buffer
(0,1M pH 7,5) and centrifuged at 16000 g for 15 min. Diluted extract (2 ml) was added
to tubes containing 2 ml of Bradford reagent. After stirring, the optical density was
measured at 595 nm. The amounts of proteins were determined using a standard range
established by using reference solutions of bovine serum albumin (BSA).
Nitrogen contents
The plant nitrogen contents were determined according to Khjeldal method
(Faghire et al, 2011; Bargaz et al, 2012). 0.5 g of dried matter was finely ground and
placed in Buchi tubes with a pinch of catalyst (potassium sulphate (100 g) , copper
sulfate (20 g) and selenium powder (2g ) and 10 ml of concentrated H2SO4. Then, the
tubes were placed in the digestion block and closed with a lid. The digestion of the
organic matter was held for 2 hours at temperature of 400°C. The tubes were placed
and cooled at the distiller programmed to add NaOH (10 N) and distilled water.
Distillation during 4 min to recover a volume of about 100 ml in a flask containing 50
ml of boric acid H3BO3 (20 g / L) and 5 drops of red indicator. The distillate collected
was titrated with a solution of hydrochloric acid (N/100) to turn greenish coloration to
the original red color. The volume of hydrochloric acid of titration was used to
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calculate the percentage of nitrogen. Results were expressed in mg of nitrogen per g
dry weight.
RESULTS AND DISCUSSIONS

Effect on plant height
Figure 1 showed the effect of irrigation water regime on plant heights of four
Moroccan alfalfa populations and Siriver variety at different times of growth. Under
water deficit conditions, the plant heights were significantly reduced (P<0.001) in all
cultivars tested and at all different times of plant growth. ANOVA test showed that the
behavior of the tested alfalfa material was not significantly different (P>0.05).
However, in terms of the average values recorded, the plants of Siriver variety showed
the lowest averages at all times assessed of growth and the plants of Tata have
maintained the most height in all times of growth. The other populations showed the
intermediate values.

Fig.1. Effect of irrigation water regime (N: normal irrigation; S: water stress) on plant heights of four Moroccan
alfalfa populations (Taf 1, Taf 2, Dem and Tata) and Siriver variety at four times of plant growth (7th day, 14th,
21st and 28th day). Values are means of three consecutive cuts with 12 replicates for each. Bars represent
standard errors.

Effect on forage yield
The effect of water deficit on fresh and dry forage yields is showed in figure 2.
Results indicated that the fresh and dry forage yields were significantly reduced
(P<0.001) by water deficit. The greatest reductions were recorded in Siriver variety
(17.33 and 20.14 % for fresh yield and dry yield respectively). The Tata population
developed the lowest reductions, comparatively to the other cultivars tested, showing
the reductions of 11.22 and 16.34% in fresh yield and dry yield respectively. The
remaining populations showed the intermediate reductions with the preference for Dem
population.
Effect on forage quality
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The effect of water deficit on forage quality is indicated in table 1. Under this
constraint the leaf: stem ratio was significantly reduced (P<0.001) with the significant
differences (P<0.001) between the alfalfa cultivars studied. Indeed, the highest values
were noted in plants of Tata population (0.72). The lowest values were mentioned by
Siriver variety (0.59) while Taf 1, Taf 2 and Dem have appeared respectively 0.61,
0.63 and 0.66. For the proteins and the nitrogen contents, same table shows that both
parameters are unaffected by water deficit comparatively to optimal irrigation
(P>0.05). However, the average values recorded for the nitrogen contents varied from
43.88 in Siriver variety to 46.85 mg.g DW-1 in Tata population. For protein contents,
the values ranged between 17.65 to 18.72 mg. g FW-1 for Siriver and Tata respectively.
Table 1. Effect of water deficit on some parameters related to forage quality (Leaf: Stem ratio and the
contents in proteins and nitrogen) in plants of four Moroccan alfalfa populations (Taf 1, Taf 2, Dem and Tata)
and Siriver variety. Values are means of three consecutive cuts with four replicates for each.
*: Significance at 0.05 probability level; ***: significance at 0.001 probability level; NS: not significant at 0.05.
Normal
Water
Parameter
POP
Irrigation
POP
Interaction
irrigation
deficit

Leaf : Stem
ratio

Nitrogen
(mg.g DW-1)

Proteins
(mg.g FW-1)

Taf 1

0.68

0.61

Taf 2

0.82

0.63

Dem

0.79

0.66

Tata

0.89

0.72

Siriver

0.76

0.59

Taf 1

44.91

45.15

Taf 2

44.77

45.57

Dem

44.58

46.28

Tata

45.30

46.85

Siriver

45.87

43.88

Taf 1

17.42

17.70

Taf 2

17.68

17.90

Dem

17.91

18.50

Tata

18.16

18.72

Siriver

18.38

17.65

63.42***

18.90***

6.17***

0.23 NS

1.02 NS

2.45 NS

1.05 NS

3.01*

1.84 NS

In the arid and semiarid areas, the availability and the management of
irrigation water have become priorities of great importance. In Morocco, the
successive years of drought, induced by climate change and population growth,
increasingly reduced the amount of agricultural water reserve. Consequently, a rational
and efficient use of irrigation water will be helpful to solve this problem (Farissi et al,
2013a). The most important strategies employed in the last few years to reduce the
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effects of water scarcity on plant production have focused on a selection of host
genotypes that are tolerant to water deficit conditions. In the present study, we have
noted that the water deficit has significantly reduced the plant height and the forage
yield. The behavior of alfalfa cultivars tested was significantly different. Tata
population appeared to be the most tolerant population and Siriver variety were found
the least tolerant one. However, the other populations have developed an intermediate
tolerance. The reduction in plant height is one of the plant strategies for tolerance to
environmental constraints. Similar results were noted in Medicago falcata L. (Wang et
al, 2012) and Zea mays L. (Reddy et al, 2013). Also, the reduction in growth and yield
by water deficit has been documented in many species of Medicago as M. sativa L.
(Wang et al, 2009; Bouizgaren et al, 2011), M. truncatula (Chebouti et al, 2001) and
M. intertexta (Laouar et al, 2001).
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Fig.2. Effect of water deficit on fresh and dry forage yields of four Moroccan alfalfa populations (Taf 1, Taf 2,
Dem and Tata) and Siriver variety. Results are expressed as reduction percentage of optimal irrigation. Values
are means of three consecutive cuts with four replicates for each. Bars represent standard errors.

As well as forage yield, a major challenge faced alfalfa growers during the
past 30 years has been the increased emphasis on forage quality. The need to produce
high-quality hay affects marketing and price, as well as yield and stand life. Demands
for high-quality alfalfa by the marketplace have been relentless. Although crop yield is
still the primary economic factor determining forage crop value per unit on land area,
forage quality has become a close second (Orloff and Puntam, 2007). Our results
showed the decrease in leaf: stem ratio under water defcit. Reduced leaf to stem ratio is
a major cause of the decline in forage quality with maturity, and the loss in quality that
occurs under adverse hay curing conditions. The proportion of stems increases and
quality decreases. This ratio is crucial to the alfalfa digestible quality. Thus, food
quality forage decreases with decreasing the ratio of leaves and stems (Volenec and
Cherney, 1990). Drought invariably decreases plant quality through reduced leaf:stem
6
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ratio, accelerated flowering and lignin accumulation (Barker and Caradus, 2001). In
this study, the forage quality was also assessed by the proteins and the nitrogen
contents. We have noted that the water deficit have unaffected these parameters in all
cultivars studied (P>0.05).
CONCLUSION

We conclude that the water deficit has negatively affected the plant height and
forage yield. The decrease in leaf:stem ratio was observed under this constraint.
However, the proteins and nitrogen contents were unaffected. The Moroccan alfalfa
populations were more adapted to water deficit conditions comparatively to Siriver
variety and Tata population was the most adapted one.
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