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Abstract: Information on forage quality of plant species adapted to drylands in each phonological stage is
essential not only in determining grazing capacity and reaching the best exploitation of range forage but also
in recognising probable deficiencies in the nutrition of livestock grazing there. Thus, some forage quality traits
such as dry matter digestibility (DMD), water-soluble carbohydrate (WSC), crude protein (CP), crude fiber (CF),
metabolizable energy (ME), acid detergent fiber (ADF) and neutral detergent fiber (NDF) were investigated in
three phonological stages (vegetative, flowering and seed ripening) in three species of Salsola arbuscula,
Salsola orientalis and Salsola tomentosa using near infrared spectroscopy. These species were harvested from
three rangelands in the central part of Iran: Esfahan, Markazi and Semnan provinces. Collected data were
analyzed using a factorial experiment for locations, phenological stages and interaction effects between
locations and phenological stage with three replicates in each location. Results showed that in Salsola
arbuscula, phonological stage of growth had a significant effect (P<0.01) on all forage quality traits except CP
but there was no significant effect of location on traits. In Salsola tomentosa, phonological stage of
growth had no significant effect on all traits except CF but significant effect of location on all traits was
obtained. In Salsola orientalis, phonological stage had a significant effect (P<0.01) on CP, ADF and NDF and
also location had a significant effect on all traits. Results also showed that there was a relationship between
forage traits. Species and stages with more ME, DMD and CP which specify the nutritive value of plant had less
ADF, CF and NDF. Among species, Salsola arbuscula had less forage quality in comparison with two other
species and the first stage of growth, vegetative stage, had higher quality and was the best time for grazing and
reaching more desirable livestock response.

Key words: Phenological stage * Salsola arbuscula + Salsola orientalis + Salsola tomentosa - Forage quality

INTRODUCTION Forage quality can be defined as the extent to which

a forage has the potential to produce a desired animal

Dryland salinity is one of the most serious and
significant environmental problems facing arid and
semi-arid environments on a global scale [1]. About
one-third of the world’s land area is drought affected [2]
with potential evapotranspiration rates exceeding
precipitation. Information on forage quality of plant
species adapted to such environments, their chemical
composition and factors affecting on them such as climate
and maturity stage are essential not only in determining
grazing capacity and reaching the best exploitation of
range forage but also in recognising probable deficiencies
in the nutrition of livestock grazing there.

response [3]. Forage quality varies considerably due to
several factors. Factors that affect forage quality include
species, leaf-to-stem ratio, stage of growth, soil agents,
climate, harvesting, disease and pests [4, 5]. The most
important factor influencing forage quality is herbage
maturity [6]. Information on nutritive value of plant
species in each phonological stage could help range
managers choose suitable grazing time to achieve higher
animal performance without detriment to vegetation [7].
Graza and Fulbright [8], Khalil et al. [9], Arzani [10],
Rhodes and Sharrow [11] introduced CP (Crude Protein),
DMD (Dry Matter Digestibility) and ME (Metabolizable
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Energy) as the most appropriate factors for forage quality
evaluation. Forage quality declines with advancing
maturity which also influences forage consumption by
animals [3]. As plants mature and become more fibrous,
the cell wall concentration increases, the proportion of cell
soluble content decreases [6]. The percentage of ADF
(Acid Detergent Fiber) increases, cellulose and other
structural carbohydrates will be collected in cell wall
(this process is called lignification). With increasing of CF
(Crude Fiber), the percentage of digestibility and plant
energy will decrease [12] and forage intake drops
dramatically [3]. Goorchi [13] and Ghadaki et al. [14]
reported reduction of CP when plants matured; however,
percentages of ADF and NDF (Neutral Detergent Fiber)
increased. NDF approximates the total cell wall
constituents including hemicelluloses, whereas ADF
primarily represents cellulose, lignin and ash. ADF is
often used to calculate digestibility and NDF is used to
predict intake potential. As fiber increases, forage quality
declines [3].

The main objective of this paper is to determine the
effect of phonological stages on some forage quality
traits: DMD, ADF, CP, CF, ME, NDF and WSC (Water
Soluble Carbohydrate) in three plant species, Salsola
arbuscula, Salsola orientalis and Salsola tomentosa
collected from three provinces of Iran: Esfahan, Semnan
and Markazi.

Table 1: Characteristics of the stations in three provinces of Iran, 2010

MATERIALS AND METHOD

Study Area and Plant Species Choice: As best result of
salt tolerance screening can be expected from species that
grow naturally in saline environments and within a
species, that provenance of plant that grows in the most
extreme saline conditions [15] has been chosen. Three
native and palatable species of Salsola arbuscula,
S.orientalis and S.tomentosa have been selected in their
natural habitats. These Irano-Turanian species of
Chenopodiaceae family which are mostly characteristic for
arid to semiarid and/or saline habitats have great
importance in livestock grazing and also in salty and dry
range improvement. They form an important component
of the flora and vegetation of desert environments.
Chenopodiaceae are, however, taxonomically not well-
investigated due to the limitation of practical taxonomical
characters, the fleshy nature of many species, late
flowering and fruiting time and the fact that they are
aesthetically not attractive for most collectors and
botanists [16-25].

Data Collection: In each site, three 200 meter transects
were put. Three separate plant samples have been
harvested from transects at three phonological stages
(vegetative, flowering and seed ripening). Before chemical
analyses, plant samples were dried and ground. Then the

Rainiest Mean Mean annual Average maximum  Soil

Province Species Location Altitude month annual rainfall temperature temperature Characteristics

Esfahan = S. arbuscula  34°424"N 910 m January 38.3 mm 120.3 mm 18.8°C 41°C - July EC:2.18-3.74
51°46'11.8"E ds/m pH: 7.4-7.9

Esfahan  S. orientalis 33°37'N 2000 m  November 19.4 mm 83.6 mm 12.2°C 33.6°C - July EC: 0.73 - 1.09 ds/m
50°59'15" E pH:7.7-7.9

Esfahan  S. tomentosa ~ 33°37'15" N 1950 m  November 19.4 mm 83.6 mm 12.2°C 33.6°C - July EC: 2.88 - 33 ds/m
50°59'15" E pH: 7.6 - 8.1

Semnan  S. arbuscula  35°55'N 1250 m  December 19 mm 58.1 mm 18.6°C 38.5°C - July EC: 0.43 - 4.74 ds/m
53°58'E pH: 8 -8.1

Semnan  S. orientalis 35°41'353"N  1765m  December 19 mm 58.1 mm 18.6°C 38.5°C - July EC: 1.27 - 8.79 ds/m
53°56'40.3" E pH: 7.08 - 8.5

Semnan  S. tomentosa  35°47'N 1670 m  December- 19 mm  58.1 mm 18.6°C 38.5°C - July EC: 0.47 0 1.49 ds/m
53°47 E pH: 7.8 -8

Markazi  S. arbuscula  33°46'N 1650 m  January 67.8 mm 191.1 mm 13.6°C 36.2°C - July EC:0.47-5.21 ds/m
50°50'E pH:8-9.2

Markazi S. orientalis 35°27'09" N 1545 m  December 38 mm 140.8 mm 18.3°C 38.7°C - July EC: 0.38 -2.39 ds/m
50°38'56" E pH: 7.8 -8

Markazi S. tomentosa  33°46'52"N 1680 m  January- 67.8 mm 191.1 mm 13.6°C 36.2°C - July EC: 3.86 - 16.77 ds/m
50°5026" E pH:7.6-8.2
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quality traits (DMD, WSC, ADF, NDF, CP, CF and ME)
were estimated using near infrared spectroscopy (NIR).
Details of the methodology and calibrations of NIR are
given by Jafari et al. [26]. Collected data were analyzed
using a factorial experiment for locations, phenological
stages and interaction effects between locations and
phenological stage with three replicates in each location.
All statistical analyses were conducted by SAS Inst [27].
Phenological stages and species in each location means
were compared by DMRT method. The characteristics of
all sites are presented in Table 1.

RESULTS AND DISCUSSION

The percentage of different traits showed different
values in three regions and three species.

CP% of Salsola arbuscula decreased with the
progress of growth stages in Esfahan and Semnan (Fig.1).
Results showed that it was significantly different (P<0.01)
in three sites (Table 2) with the higher mean rate of
Semnan. It should be noted that low rates of the first
stage in Esfahan may be because of the high intolerable
temprature for optimum plant function. White [28],
Akbarinia and Koocheki [29], Arzani et al. [7, 30] and
Zandi [31] pointed to the reduction of CP% when plants
matured. This trend was reverse for Salsola orientalis in
Markazi province, Salsola tomentosa in Esfahan and also
for Salsola tomentosa and Salsola orientalis in Semnan.
Maybe it was due to the seeds harvested with plant

CP% - Semnan

CP%

OVegetative BFlowering  WMaturity

sampling in the maturity stage. Results agreed with the
results of Zandi [31]. He declared that this increase in
CP% with advanced maturity is caused by the protein of
seeds in the third stage. The results also showed that the
percentage of crude protein was highest for Salsola
tomentosa in Markazi province and the minimum rate
of CP% belonged to Salsola orientalis in Esfahan.
There was also significant difference (P<0.01) between
growth stages in Salsola orientalis and between sites in
all three species (Table 2, 3, 4).

WSCs depend on different factors. It differs in
various habitats for different species in different stages of
growth [32]. Results showed that WSC% has the
maximum value in flowering stage in Salsola
orientalis in all three regions (Fig. 2). This trend was
also obtained by Arzani [32] for Salsola orientalis.
WSC% decreased in Salsola arbuscula in Esfahan
(Fig. 2). Zandi [31] also obtained this trend for Atriplex
leucoclada and Suaeda vermiculata. But the trend
was reverse in Salsola arbuscula in Semnan and
Markazi and also in Salsola orientalis in Semnan and
Esfahan (Fig. 2). There was a significant difference
(P<0.01) between growth stages in Salsola arbuscula
(Table 3) and between locations in all three species
(Table 2, 3, 4). In addition, the maximum rate of WSC%
belonged to Esfahan for Salsola tomentosa and Salsola
orientalis and to Markazi for Salsola arbuscula. Salsola
arbuscula had the lowest mean rate of WSC% between
three species (Fig. 2).

CP% - Markazi

DOVegetative DOFlowering B Maturity

CP%- Esfahan

OVegetative DFlowering B Maturity

Fig. 1: The effects of phenological stages on CP% in Salsola arbuscula, Salsola orientalis and Salsola tomentosa in

three provinces Iran in 2010.
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Fig. 2: The effects of phenological stages on WSC% in Salsola arbuscula, Salsola orientalis and Salsola tomentosa

in 3 provinces Iran in 2010.

Table 2: Results of analysis of variances for 7 quality traits in Salsola tomentosa in 3 phenological stages in 3 locations

Source df cp WSC DMD ADF CF NDF ME
loc 2 112.43%* 31.15%* 92.30* 64.54* 65.27%* 309.82%* 2.51*
stage 2 112 0.48™ 3.17™ 0.61™ 37.46%* 35.06™ 0.18™
loc*stage 4 6.67*%* 1.25™ 80.72* 51.60% 31.62%* 178.96** 2.54*
Error 27 1.22 2.72 28.26 19.49 5.87 35.26 0.77
CV% 16.44 9.94 15.93 10.20 5.76 13.27 23.58
Table 3: Results of analysis of variances for Salsola arbuscula in 3 phenological stages in 3 locations

Source df Cp WSC DMD ADF CF NDF

loc 2 3.54%* 8.59%* 8.73™ 11.12™ 31.76%* 64.45™
stage 2 1.02 8.81** 89.47** 19.65% 145.39%* 303.86**
loc*stage 4 3.96%* 14.24** 13.26™ 6.92™ 29.36%* 95.81*
Error 27 0.53 1.5 12.06 5.94 5.88 27.13
CV% 11.7 9.27 17.56 4.64 5.19 8.32
Table 4: Results of analysis of variances for Salsola orientalis in 3 phenological stages in 3 locations

Source df CP WSC DMD ADF CF NDF ME

loc 2 49.69%* 182.84%** 98.56** 98.96** 99.65%* 617** 2.85%*
stage 2 8.67** 5.08 40.35™ 69%* 3.44m 342.45%* 1.17™
loc*stage 4 9.77** 1.67™ 70.53%* 73.66%* 16.35% 269.26%* 2.03%*
Error 27 1.62 2.52 16.3 13.45 4.35 27.2 0.48
CV% 24.51 8.18 11.75 8.97 5.02 12.17 17.89
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Fig. 3: The effects of phenological stages on DMD%, ME% in Salsola arbuscula, Salsola orientalis and Salsola

tomentosa in three provinces Iran in 2010.

DMD% and ME% decrease was observed with the
progress of plant growth in all three species in all three
sites except for Salsola orientalis in Markazi (Fig. 3) and
there was significant difference between sites in Salsola
orientalis (P<0.01) and Salsola tomentosa (P<0.05) and
between stages in Salsola arbuscula in both traits
(Table 2, 3, 4). According to Arzani et al. [7] report,
reduction of DMD% and ME% with maturity of plants is

919

due to increasing structural tissues in stems. It was also
confirmed by Akbarinia and Koocheki [29], Linn and
Kuehn [33], Rayburn [34], Kashki [35], Erfanzadeh [36]
and Zandi [39] who pointed to the reduction of
digestibility in matured plants. For Salsola orientalis in
Markazi province, overgrazing of the chosen site in the
first stages of growth and as a result not to have high
ME% or DMD% in the vegetative stage could be a reason
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Fig. 4: The effects of phenological stages on ADF% in Salsola arbuscula, Salsola orientalis and Salsola tomentosa
in three provinces Iran in 2010.
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Fig. 5: The effects of phenological stages on CF% in Salsola arbuscula, Salsola orientalis and Salsola tomentosa in
three provinces Iran in 2010.
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Fig. 6: The effects of phenological stages on NDF% in Salsola arbuscula, Salsola orientalis and Salsola tomentosa

in three provinces Iran in 2010.

for such increasing trend. Arzani et al. [7] and Akbarinia
and Koocheki [29] also stated that increasing DMD% and
ME% in some species when seeds are matured is due to
relatively high amounts of digestible carbohydrates in
seeds. This trend was also confirmed by Zandi [31] and
Pinkerton [37]. Pinkerton [37] showed a close relationship
between digestibility and cell wall characteristics and
declared that cell contents could be 100% digestible and
will not reduce even when the plant becomes mature.
In contrast, as plant growth continues, fiber content
increases and digestibility decreases. It needs to be said
that the minimum mean rate of ME% and DMD%
belonged to Salsola arbuscula (Fig. 3).

ADF%, NDF% and CF% increased with plant growth
in all three species in Esfahan (Fig. 4, 5, 6). It agreed with
the results obtained by George et al. [38] and Arzani et al.
[4]. Arzani et al. [7] declared that because of storage
tissues in seeds, ADF and NDF contents varied with
plant maturity between phenological stages and species.
Arzani et al. [4] also reported that with progress of plant
growth, ratios of protector and firm tissues, which mostly
consist of structural carbohydrates such as celluloses,
hemicelluloses and lignin, are increased. Therefore,
maturity of plants in structural

and an increase

carbohydrates cause higher fiber amounts in forage late
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in the growing season. In Semnan and Markazi, the trend
was somehow different or even reverse in some cases.
This might be due to the higher amount of seeds which
had low amount of ADF% in the maturity stage. It was
obvious for Salsola tomentosa and Salsola orientalis in
Markazi province.

Results showed that there was a relationship between
forage traits. Species and stages with more ME, DMD and
CP that specifies the nutritive value of plant and forage
quality had less ADF, CF and NDF. Among species,
Salsola arbuscula had less forage quality in comparison
with two other species and the first stage of growth had
higher quality and was the best time for grazing and
reaching more desirable livestock response.

Finally, it has to be mentioned that nature is
unpredictable and observing unexpected trends under
specific conditions is not impossible and there is the
probability of observing various reactions of species in
different climates and nartural conditions. Ofcourse
reaching the best results in this field, various studies on
the species of this familly is needed and as Baba Dioum,
a conservationist from Sengal in Africa, said: “We will
conserve only what we love, we will love only what we
understand and we will understand only what we are
taught”.
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