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Abstract

Four different varieties of alfalfa (Medicago sativa L) were used to evaluate the effects of
water stress on its physiological performance. These were Higazi, Srivir, Pioneer and Cuf
101. The experiment was conducted during the period February to July of 2011. A
factorial experiment using a randomized complete block design with four replications
was used to layout a pot experiment at the Nursery of Desertification Research Institute,
National Center for Research. Four levels of water stress treatments using water interval
as indicator. These were: two days, five days, ten days and fifteen days intervals between
any two irrigations. The study was divided into two growth stages; before and after
subjecting to water stress. Before subjecting to water stress, the plants were irrigated
every two days. Data were collected on dry matter (%), protein content (%), chlorophyll
content (mg/100g) and total available sugars (CHO %). Data were collected three times
before water stress. These were: stage of emergence the third leaf (K,), 45 days after
sowing (K2) and 70 days after sowing (Ks). After subjecting to water stress the data were
collected four times. These were 15 days (K;), 30 days (Ks), 45 days (Ks) and 60 days
(K7). Before starting treatments, highly significant differences were revealed for protein
content, chlorophyll content and CHO among varieties in the three stages of growth (Kj,
Kz and Kj). After starting water stress treatments, most varieties of alfalfa showed
tolerant under five and ten days intervals of watering treatments (W, and Wj,
respectively). Higazi and Srivir were tolerant to drought conditions compared to the other
ones. Hegazi was superior for CHO under five days (W;) and protein content under ten
days (Ws), whereas Srivir outscored for CHO under W3. Cuf 101 was superior for
chlorophyll content under ten days (W3) and dry matter under W, and WS3;. Pioneer
outscored for protein content under two days (W1).
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Introduction used for hay production and as pasture
Alfalfa (Medicago sativa L.) is a major for livestock. Alfalfa is highly valued
forage legume worldwide. It produces animal feed. It is a rich source of
more protein per hectare than any grain proteins, fibers, minerals and vitamins
or legume crops. Therefore, it is widely used in diet of livestock, especially
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ruminants (Milic et al., 2011). Alfalfa is
one of the most important forage crops.
Besides its potential to produce large
quantity and quality of forage, it enriches
the soil with the biological nitrogen.
This plant as a legume forage crop
produces high net energy vyield. The
energy required for production in this
forage crop is far lower than the total
energy contained in the crop. This is due
to biological nitrogen fixation. In
addition, alfalfa  ability to fix
atmospheric nitrogen makes it valuable
both for crop rotation and for a more
sustainable and environmentally safe
agriculture (Ghorttapeh et al., 2012). It is
grown in arid and semi-arid regions.
Because of its depth and straight roots,
alfalfa is able to absorb even deep waters
about 5 m depth and more. This
advantage saves plant life in long term
drought. Also, alfalfa plant which goes
to stagnation status in drought and cold
conditions, in good weather condition
again returns to its normal life and
growth (Hamidi and Safarnejad, 2010).

Environmental constraints such as
drought, flooding, extreme temperature,
salinity, heavy metals, photon irradiance
and nutritional disturbances represent the
most limiting factors for agricultural
productivity and play a major role in the
distribution of plant species across
different types of environments. Water
shortage is the major constraint affecting
fodder production and yield stability in
most arid and semi-arid regions (Slama
et al., 2011). Drought stress influences
plant  growth  and results in
morphological, physiological, molecular
and growth mutations. Water stress
affects plants in different levels ranging
from cell to a plant colony (Hamidi and
Safarnejad, 2010). Decreasing water
supply either temporarily or permanently
affects morphological and physiological
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processes in plant adversely (Oraki et
al., 2012). The situation worsens by the
fact that most climate change scenarios
predict a worldwide increase in arid
areas. When faced with this climatic
change and increasing water demand for
agriculture, the selection of plant
resistant to water deficit stress and
particularly ~ the identification  of
physiological proprieties used by crop
species to cope with drought are of
paramount importance. Improvement of
plant drought resistance becomes urgent
and should integrate with conventional
breeding and biotechnological
approaches (Slama et al., 2011).
Therefore, the objective of present study
was to evaluate the effect of water stress
on the performance of four forage
verities of alfalfa for some physiological
characters.

Materials and Methods

Four varieties of alfalfa (Medicago
sativa L.) were used to evaluate their
physiological performance under the
effects of water stress. The four varieties
were Higazi (V3), Srivir (V3), Pioneer
(V3) and Cuf 101 (V.). Higazi is local
and the other varieties are exotics.
Higazi and Cuf 101 were provided from
Almidinab  Agri-services Company,
Khartoum North. Srivir and Pioneer
were obtained from Faculty of
Agriculture, University of Khartoum. A
factorial experiment using a randomized
complete block design with four
replications was used to layout the
experiment in pots (35.5cm height and

17cm  width) at the nursery of
Desertification Research Institute,
National center for research. The

experiment was conducted during the
period February — July of 2011. The
climate of the area is semi-arid and
tropical with low relative humidity
(Abuswar, 2013). The pots were filled
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with mixture of sand and loamy clay
(2:2).
The chemical analysis was done at the
laboratories of the Central Laboratory,
Ministry of Science and Technology at
Soba and Environment and Natural
Resources Research Institute, National
Centre for Research, Khartoum.
Sowing was done on the second week of
February at a rate of 30 seeds/pot and
0.5cm depth. The first irrigation was
applied immediately the subsequent ones
were carried every two days. Weeding
was done manually when needed.
Thinning was performed a week after
sowing to set density to 20 plants/pot.
The study was divided into two growth
stages; before and after subjection to
water stress. Measurements were taken
at stage of emergence of the third leaf
(Ky), 45 days after sowing (K;) and 70
days after sowing (K3). For stress
treatment, measurements were taken at
Nitrogen %
Where:

15 (Ky), 30 (Ks), 45 (Kg) and 60 (K7)
days. The plants were cut just above the
soil surface using a sickle.

The plants were irrigated every two days
before starting the treatments of water
stress. The water stress treatments were
imposed a week after the first cut. Four
watering treatments were used. These
were: tow days (W), five days (Wy), ten
days (W3) and fifteen days (W,) interval
between any two irrigations. For data
collection, a sample of ten plants was
used before and five after starting water
stress treatments. Data were collected on
dry matter (%), protein content (%),
chlorophyll content (mg/100g) and total
available sugar (CHO 9%). Dry matter
(%) was calculated as percentage of dry
weight from fresh weight. Protein
content was determined following the
method described by Evenhuis and
Waard (1980). The nitrogen percentage
was calculated as follows:

= ((R - B) x 14 x N x 100)/ (1000 X S)

R = ml of HCL equivalent to the sample titration
B = HCL equivalent to the blank titration.

N = Normality of acid (0.2).
14 = Molecular weight of nitrogen.
S = Sample weight.

Protein % = nitrogen % x 6.25
The total chlorophyll content determined following AOAC (1970). The calculation was estimated

according to the following formula:

Ch = (Cc x 100 x Sv x Df))/ (1000 x Swt)

Whereas:
Ch = chlorophyll content (mg/100g).
Cc = chlorophyll concentration ppm.
Sv = sample volume (100)
Df = dilution factor
Swt = sample weight

Total available sugar was determined using the method of Clogg Anthrone as described by
Salama et al. (2011) according to following equation:
Total CHO% = (25 x b)/(a x w)

Whereas:

Total CHO% = total available CHO (glucose %).

b = absorbency of dilute sample.
a = absorbency of dilute standard.
w = weight of sample.
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Data collected were subjected to
statistical analysis following the standard
procedures describe by Gomez and
Gomez (1984).

Results and Discussion

In this study, four varieties; Higazi (V1),
Srivir (V,), Pioneer (V3) and Cuf 101
(V4) were used to evaluate the effects of
water stress on the performance of
alfalfa crop (Medicago sativa L).
Biochemical parameters: protein content,
chlorophyll content and total available
sugars (CHO) were used as indicators to
assess the effects of water stress on the
physiological performance.

However, after a month from starting
water stress treatments, all the plants
were dead. So, the data were collected
under four levels of water stress
treatments only. This means that these
varieties  couldn’t  survive  when
irrigation delayed more than a moth
under the conditions of Sudan. The

results obtained from this study were
discussed as follows:

Before water stress treatments: non-
significant differences for dry matter
among the undertaken varieties in all the
stages before subjecting to water stress
treatments. Table 1 shows the
performance of the four varieties of
alfalfa for dry matter (%). The means of
the different varieties under the three
stages ranged between 26.14 — 49.83%.
The highest dry matter (49.83%) was
observed for V1 in K; and the lowest one
(26.14%) was recorded for V3. These
results are in agreement with that of
Abuswar (2013), Akmal et al. (2011),
Berrada (2005) and Erice et al. (2010).
On the other hand, it is in contrast with
that of Faridullah et al. (2009). This may
be due to the different materials used or
different conditions under which the
work has been done.

Table 1: Means of alfalfa varieties for dry matter (%) evaluated before water stress
treatments at the Nursery of DRI during the period Feb. — July 2011

Treatment K; K, Ks
Higazi (V,) 27.09 49.83 38.07
Srivir (V>) 28.10 42.53 33.36
Pioneer (Vs) 26.14 39.33 39.29
Cuf 101 (V,) 30.33 40.03 34.12
Overall mean 27.92 42.93 36.21
CV% 23.89 11.86 11.33
Lsd5% 10.04 7.67 6.18
Lsd1% 13.91 10.62 8.56

o K, =-emergence of 3rd. leaf, K, = after 45 days, K3 = after 70 days from sowing.

For protein content, there were
significant differences among the four
different varieties in three growth stages.
The highest percentages of protein
content were given for Higazi (27.13 and
20.12%) in K; and Kj, respectively and

50

Pioneer (17.00%) in K3 (Table 2). These
results are in agreement with Katic et al.
(2009) who stated that protein content in
alfalfa dry matter varies from 18 to 25%
depending on the growth stage, cultivar
and storage methods.
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Table 2: Means of alfalfa varieties for protein content (%) evaluated before water stress

treatments at the Nursery of DRI during the period Feb. — July 2011

Treatment Ky K, Kj
Higazi (V1) 27.13 20.12 11.38
Srivir (V) 23.63 18.63 14.00
Pioneer (Vi) 23.05 19.98 17.00
Cuf 101 (Vy) 23.05 17.19 11.38
Overall mean 24.21 18.98 13.44
CV% 0.20 5.40 5.09
Lsd5% 0.07 1.56 1.03
Lsd1% 0.09 2.14 1.43

e K, =-emergence of 3rd. leaf, K, = after 45 days., K= after 70 days from sowing.

For chlorophyll content/plant, significant
differences were observed among the
different varieties in all stages of growth
before starting water stress treatments.
Cuf 101 gave the largest amount of
Chlorophyll content in all stages except

in K; (Table 3). This finding in
agreement with that of Ashrafuzzaman et
al. (2009) who stated significant
differences among their verities with
respect to leaf chlorophyll content.

Table 3: Means of alfalfa varieties for chlorophyll content/plant (mg/100g) evaluated before
water stress treatments at the Nursery of DRI during the period Feb. — July 2011

Treatment Ki Ky Ks
Higazi (V1) 20.00 72.00 96.00
Srivir (V) 20.00 55.00 62.00
Pioneer (V3) 20.00 59.00 79.00
Cuf 101 (V) 12.50 98.00 167.00
Overall mean 18.13 71.00 101.00
CV% 6.94 4,76 2.68
Lsd5% 1.89 5.09 4.08
Lsd1% 2.62 7.04 5.65

e K, =emergence of 3" leaf, K, = after 45 days, K;= after 70 days from sowing.
14.69% which obtained for V,. After 45

Before  water  stress,  significant
differences were observed among
varieties for total available sugar in three
stages for CHO. The overall means were
11.04, 1243 and 14.33% with
coefficient of variations 0.71, 2.40 and
1.81% in Ky, K5 and Kj, respectively. In
K;, the highest value of CHO was

days, the largest CHO 15.11%. It was
scored by V,. After 70 days, Srivir gave
the largest amount of CHO (19.23%) and
Cuf 101 gave the lowest one (11.54%)
(Table 4). These results were in
agreement with that of Abuswar (2013)
and Samuel et al. (2010) in alfalfa.

Table 4: Means of alfalfa varieties for total available CHO (%) evaluated before
water stress treatments at the Nursery of DRI during the period Feb. — July 2011

Treatment K, K, Kj
Higazi (V1) 8.97 10.90 12.78
Srivir (V,) 12.82 15.11 19.23
Pioneer (V3) 7.69 10.83 13.78
Cuf 101 (Vy) 14.69 12.89 11.54
Overall mean 11.04 12.43 14.33
CV% 0.71 2.40 1.81
Lsd5% 0.15 0.45 0.40
Lsd1% 0.21 0.63 0.55

e K, =emergence of 3" leaf, K, = after 45 days, K3 = after 70 days from sowing.
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After water stress treatments: there were
highly significant differences among the
varieties under investigation, water stress
levels and the interactions between
varieties and water stresses (VXW) in the
four stages of growth for dry matter.
Afterl5 days from water stress (K,), the
highest values of dry matter were
35.99% observed for Srivir under Wy,
62.76% for Cuf 101 under W,, 71.53 and
92.66% for Pioneer under both W3 and
W,. The overall mean in stage was 55.85
and CV was 12.29%. In Ks, these were
35.50% for Pioneer under W1y, 58.40 and
51.43% for Cuf 101 under both W, and
W3 with overall mean 42.04 and CV
8.05%. In K, the highest values were

39.36% for Srivir under W, and 63.54
and 92.23% for Cuf 101 under both W,
and W3 with overall mean 50.80% and
CV 4.38%. Also in k7, these were 35.53
and 65.39 41.33% obtained for Pioneer
under both W, and W, and 41.33% for
Higazi under W3 with overall mean
41.93% and CV 5.35% (Table 5). In
general, the values of each variety for
this character increased with the increase
of water stress level. All the highest
values under the different levels of water
stress exceeded the overall mean. These
findings were in agreement with those of
Berrada (2005) who reported significant
differences among alfalfa varieties for
this character.

Table 5: Means of alfalfa varieties for dry matter (%) evaluated at the Nursery of
DRI after different water stress treatments during the period Feb. — July 2011

Treatment K4 Ks Ks K;
VW, 33.23 31.94 36.72 33.85
VoW, 35.99 35.04 39.36 32.08
V3W, 33.45 35.50 38.26 35.53
VW, 31.32 30.65 33.34 31.97
VW, 55.90 43.98 58.57 46.18
VoW, 52.96 32.62 53.42 34.71
V3W, 41.71 57.62 39.92 65.39
V,W, 62.76 58.40 63.54 58.96
VW3 52.95 40.52 50.30 41.33
VoW, 28.76 41.03 53.20 39.33
VW, 71.53 45.76 - -
V, W, 63.27 51.43 92.23 -
VW, 73.27 - - -
VLW, 74.17 - - -
V3W, 92.66 - - -
VW, 89.74 - - -
Overall mean 55.85 42.04 50.80 41.93
CV% 12.29 8.05 4.38 5.35
LSD5% 9.81 4.83 3.18 3.20
LSD1% 26.48 13.05 8.57 8.65
o K, =after 15 days, Ks = after 30 days, K¢ = after 45 days and K; = after 60 days from water stress.
e ;= Higazi, V, = Srivir, V3 = Pioneer and V, = Cuf 101.
o W, W,, Ws5, W, = water stress treatments2, 5, 10 and 15 days intervals between irrigations.
e - =dead plants.

For protein content/plant, significant
differences were revealed among the
undertaken  varieties, water  stress
treatments and VW interactions in all
growth stages. After 15 days from water
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stress (K4), the highest values of protein
content were scored by V, (15.75%)
under W1, V1 (17.53%) under W5, both
V; and V; (20.13%) under W3 and V3
(19.25%) under W,. the overall mean in
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this stage was 16.14% with CV 3.09%.
In Ks, the largest percentages of protein
content were obtained for Cuf 101
(22.25%) under W;, Pioneer (25.25%)
under W, and Higazi (20.88%) under W3
with overall mean 17.37% and CV
2.77%. After 45 days (Kg) from staring
water stress treatments, the largest
values were produced by V; (19.25%)
under Wy, V; (15.75%) under W, and V;
(19.25%) under W3 with overall mean
15.24% and CV 2.17%. In Ky the
highest values were 25.38% obtained for
V4 under Wy, 25.38% for V3 under W5
and 22.01% for Vi under W3 with

Table 6: Means of alfalfa varieties for protein content (%) evaluated at the Nursery of

overall mean 20.73% and CV 1.29%
(Table 6). Similarly, the protein content
increased in varieties means in K4 when
water stress increased in Ks and Kg, but
in K7 showed different trends (increase
or decrease). The highest values of each
variety under the different levels of
water stress were exceeded the overall
mean in each growth stage. Similar
results were reported by Abuswar (2013)
in alfalfa and Riccardi et al (1998) who
stated that in seventy-eight genotypes
out of total of 413 evaluated for protein
content, showed significant quantitative
variation.

DRI after different water stress treatments during the period Feb. — July 2011

Treatment Ky Ky Ks K-
VW, 12.25 20.75 19.25 22.75
V,W, 15.75 18.13 14.00 19.25
VW, 14.88 20.88 15.66 20.99
V. W, 12.25 22.25 14.00 25.38
Vi W, 17.53 18.75 14.88 20.13
VoW, 16.63 16.00 15.75 17.50
VW, 15.75 25.25 10.50 25.38
VW, 15.75 15.75 14.38 15.75
VW, 20.13 20.88 19.25 22.01
V,W, 20.13 12.25 11.00 18.20
VW, 14.88 7.88 - -
VW, 15.75 9.63 19.00 -
VW, 18.38 - - -
V,W, 12.25 - - -
VW, 19.25 - - -
VW, 16.63 - - -
Overall mean 16.14 17.37 15.24 20.73
CV% 3.09 2.77 2.17 1.29
LSD5% 0.71 0.69 0.47 0.38
LSD1% 1.92 1.86 1.28 1.03

o K, = after 15 days, Ks = after 30 days, Kg = after 45 days and K- = after 60 days from water stress.
e V, =Higazi, V, = Srivir, V3 = Pioneer and V,= Cuf 101.

o Wi, W,, Ws5, W, = water stress treatments2, 5, 10 and 15 days intervals between irrigations.

[ ]

- =dead plants.

Significant differences were revealed for
chlorophyll ~ content among the
undertaken varieties, water stress levels
and VW interactions in four stages. In
K4, the maximum amounts of
chlorophyll content were 134, 124, 176
and 105 mg/100g. They were obtained
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for Higazi, Pioneer, Cuf 101 and Srivir
under Wy, W,, W3 and W,, respectively.
The overall mean of this stage was 94.06
with CV 3.64%. In Ks, the largest values
were 105 mg/100g for Higazi under Wi,
137 and 146 mg/100g for Cuf 101 under
both W, and W3 with overall mean 75.38
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and CV 5.10%. In Kg, they were 142,
176 and 124 mg/100g scored by V;
under Wy, V1 under W, and both V; and
V, under W3 with overall mean 95.0 and
CV 3.12%. The highest chlorophyll
content in K7, were 97 scored by V;
under Wy, 122 for V4 under W, and 45
mg/100g for V; under W3 with overall
mean 71.5 and CV 3.19% (Table 7).
However, the  concentration  of
chlorophyll in this crop was increased
among varieties with the increase of
water stress level due to the minimizing
moisture in the plants. Under the four
levels of water stress the highest values
exceeded the overall mean. Pirzad et al.

(2011) reported that the irrigation had
significant effects on the amount of total
chlorophyll content which was reduced
at high water stress when compared to
better irrigated plants. In low water
stress levels, chlorophyll a, b and total
chlorophyll contents increased while
increasing stress pressure where their
values reduced to the lowest amount.
The mentioned results were in agreement
with these results confirming the
increase in total chlorophyll in low water
stress. In this study, the results were in
agreement also with that of Abuswar
(2013) and Oraki et al. (2012).

Table 7: Means of alfalfa varieties for Chlorophyll content/plant (mg/100g9)
evaluated at the Nursery of DRI after different water stress treatments during the

period Feb. — July 2011

Treatment Ky Ks Ks Ky
VW, 134.00 105.00 46.00 97.00
V,W, 78.00 41.00 142.00 41.00
VW, 97.00 41.00 60.00 44.00
V. W, 78.00 60.00 105.00 65.00
Vi W, 42.00 123.00 176.00 120.00
VoW, 111.00 96.00 42.00 99.00
VW, 124.00 46.00 64.00 41.00
VW, 60.00 137.00 51.00 122.00
VW, 124.00 41.00 124.00 45.00
V,W, 64.00 41.00 124.00 41.00
VW, 142.00 27.00 - -
VW, 176.00 146.00 111.00 -
VW, 46.00 - - -
V,W, 105.00 - - -
VW, 51.00 - - -
VW, 73.00 - - -
Overall mean 94.06 75.38 95.00 71.50
CV% 3.64 5.10 3.12 3.19
LSD5% 4.89 5.49 4.24 3.25
LSD1% 13.21 14.81 11.44 8.79

o K, =after 15 days, Ks = after 30 days, K¢ = after 45 days and K; = after 60 days from water stress.
e ;= Higazi, V, = Srivir, V3 = Pioneer and V, = Cuf 101.
o Wi, W,, Ws5, W, = water stress treatments2, 5, 10 and 15 days intervals between irrigations.

For total available CHO after water
stress, there were significant differences
among varieties, water stresses and VxXW
interactions. In K, the higher values
were 15.32% scored by Higazi under
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Wi, 14.74% by Higazi under W,, 19.20
by Pioneer under W3 and 14.22% by Cuf
101 under W, with overall mean 13.16
and CV 3.41%. In Ks, highest values
were 11.38% scored by Pioneer under
Wi, 11.72% by Srivir under W, and
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12.07 by Pioneer under W3. The overall
mean in this stage was 11.06 with CV
0.72%. In Kg, they were 12.25 for Cuf
101 under Wi, 12.49 for Higazi under
W, and 20.30 for Pioneer under W3 with
overall mean 12.92 and CV 0.62%. In
K7, the largest amounts were 25.85
Higazi under W;, 19.28 for Pioneer
under W, and 11.03% scored by Srivir

under W3 with overall mean 14.42 and
CV 0.48% (Table 8). The highest values
under the four levels of treatments
exceeded the overall means in all growth
stages. These findings, particularly in
Ks, were in agreement with those of
Abuswar (2013), Saeed and Elnadi
(1997) and Oraki et al. (2012).

Table 8: Means of alfalfa varieties for total available CHO (%) evaluated at the
Nursery of DRI after different water stress treatments during the period Feb. — July

2011

Treatment K4 Ks Ks K,
VW, 15.32 8.97 11.58 10.48
V,W; 12.87 10.69 11.32 25.85
VW, 13.71 11.38 12.11 22.62
V,W, 12.10 10.69 12.25 11.69
VW, 14.74 11.03 12.49 9.68
V,W, 12.82 11.38 11.84 10.89
VW, 7.69 11.72 11.45 19.28
V,W, 8.97 11.72 12.11 13.53
VW3 12.18 10.69 16.39 9.11
V,W3 19.20 11.72 20.30 11.03
\VALA 11.54 10.69 - -
VW3 13.78 12.07 10.26 -
VW, 14.22 - - -
V,W, 11.69 - - -
VW, 12.50 - - -
VW, 17.17 - - -
Overall mean 13.16 11.06 12.92 14.42
CV% 3.41 0.72 0.62 0.48
LSD5% 0.64 0.11 0.12 0.10
LSD1% 1.73 0.31 0.31 0.27

e ;= Higazi, V, = Srivir, V3 = Pioneer and V, = Cuf 101.
o Wi, W,, Ws5, W, = water stress treatments2, 5, 10 and 15 days intervals between irrigations.

e - =dead plants.

Conclusions

Based on this study, it could be
concluded that there were significant
differences among the four varieties for
all characters before subjecting to water
stress except dry matter (%). After
starting water stress, there were
significant differences revealed among
the investigated varieties, water stress
levels and the interactions between them
for most characters. Moreover, the
undertaken varieties responded in
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different levels to water stress
treatments. When water stress treatment
was increased all the characters seemed
to be increased. The values of each
variety were increased with increase of
pants age. The highest values of each
variety under the different levels of
water stress exceeded the overall mean
in all growth stages after starting
treatments. Pioneer out scored for dry
mater, Pioneer and Cuf 101 lead the
varieties for protein content, Cuf 101 for
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available sugar content. Bulletin. 38(1): 152-163.
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