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Abstract 
The use of legume forages species as fodder for ruminant is increasingly becoming important 

in livestock production. In order to evaluate natural and autochthonous forage species in 

Northwest of Morocco, Hedysarum flexuosum L. known as Sulla was collected at late 

vegetative stage in five sites in order to determine chemical composition, mineral content and 

in vitro enzymatic digestibility of the whole plant, along with pedological characteristics at 

each harvested site. Results shows significant differences were recorded among tested 

ecotypes between all estimated variables in relation to their soil origin. Thus, Hedysarum 

flexuosum L. is capable of providing high aerial biomass dry weight (18.90%FM), satisfactory 

levels of crude protein (21.7%DM), and low neutral detergent fiber (22.51%DM)in heavy 

clay soil contain high level of calcium (Ca),magnesium (Mg),manganese(Mn), iron (Fe) and 

low level of potassium (K).Considering the percentage of organic matter digestibility up to 

76%OM, Hedysarum flexuosum L. have high potential grazing value compared to mostly 

legume forages used as fodder or grazed pasture for ruminants.  The results of the present 

study could contribute to the development of pastoral improvement programs through the 

domestication of natural forage plants. 
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Introduction 
Spontaneous forage legumes from 

natural pastures are important components 

in the diets of ruminant animals in different 

country of Africa including Morocco. One 

of the interesting groups of temperate 

forages in Mediterranean regions we found 

Hedysarum spp. Different species of this 

genus were found over a remarkable range 

of bioclimatic and soil conditions 

(Abdelguerfi-Berrekia et al., 1988; 

Abdelguerfi-Berrekia et al., 1991). The 

interest in the genus turn up from the good 

agronomical traits of some species, among 

others, remarkable productivity, drought 

resistance, large adaptability to poor soils 

(Gutierrez-Mas 1983; Lupi et al., 1988; 

Flores et al., 1997; Douglas et al., 1999; 

Borreani et al., 2003; Moore et al., 2006; 

Dhane Fitouri S. 2012) aside from being 

self sufficient in nitrogen nutrition thanks 

to their ability to establish N2-fixing 

symbiotic associations with rhizobia. 

Among this species, Hedysarum flexuosum 

L. known as Sulla is an important forage 

legume in North of Morocco with a wide 

natural distribution. In general, it is 

adapted to well drained, loam to clay soils 

and neutral to alkaline soil pH, making 

them a good potential fodder for local 

livestock nutrition. Although, their 

nutritive value could depends enormously 

on pedo-climatic conditions, the type of 

pastures and environmental factors, 

therefore, an awareness of quality changes 

of Hedysarum flexuosum L. in different 

environments is necessary to optimize its 
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potential. Since previous studies focused 

mainly on impact of species, cultivar, 

maturity and season effects on fodder and 

pastoral quality, there is little or remain 

scattered regarding studies assessing 

variation of forage quality toward soil 

properties. Thereupon, it is seem primary 

to acquire a better understanding of the 

quality of Hedysarum flexuosum L. in a 

particular soil. 

Hence, the aim of this study is to 

analyze nutritive value of five ecotypes of 

Sulla growing spontaneously in North of 

Morocco based on chemical composition 

and enzymatic digestibility as well as 

physical and chemical soil composition in 

which the plant grown naturally in order to 

establish relationship between nutritional 

compounds of Sulla and soil properties. 

 

Materials and methods 
Forage sampling 

Five ecotypes of Hedysarum 

flexuosum L. named according to their 

harvesting sites were collected at late 

vegetative stage in March 2012 in the 

North-West of Morocco. The aerial 

biomass of each samples were cut from 

three replicate plots (1m
2
) established in 

the experimental field. These plants were 

immediately weighed to determine fresh 

weight and transported to laboratory for 

chemical analysis. Moreover, soil samples 

from each pasture site were taken from the 

top (20 cm depth) to analyze. 
 

Chemical analysis 

The analysis concerned the 

determination of the nutritional compounds 

of different samples after they were oven-

dried at 70°C until reaching a constant 

weight to determine dry matter (DM) 

content. Subsamples were systematically 

oven-dried at 50°C for phenolic 

compounds analysis. Finally, all samples 

were ground and screened through a 1 mm 

mesh, homogenized and analyzed. 

The ash content was estimated by 

incineration in a muffle furnace at 550°C 

and the organic matter (OM) was 

calculated by subtracting the ash content 

from the total dried sample (100%). The 

nitrogen contents were determined by a 

conventional Kjeldahl method and crude 

protein (CP) content was calculated by 

multiplying N*6.25.    

The crude fat fraction, also known 

as ether extract (EE), was determined by 

exhaustively extracting samples using 

Soxhlet extraction method with diethyl 

ether as a solvent. The crude fiber (CF) 

content was estimated by Weende method 

as described by AOAC (1990). The neutral 

detergent fiber (NDF), acid detergent fiber 

(ADF) and acid detergent lignin (ADL) 

contents were determined using methods 

described by Van Soest et al., (1991) with 

addition of sodium sulphite and heat-stable 

amylase. Hemicellulose (HEM) and 

cellulose (CEL) contents were calculated 

as NDF – ADF and ADF – ADL 

respectively and Non-fiber carbohydrates 

(NFC) were calculated as 1000 – (NDF + 

CP + EE + ASH) according to Van Soest 

et al., (1991). All analysis were made 

using an Ankom Fiber Analyzer in 

trireplicate and expressed as % of dry 

matter (DM). 

Chemical extraction for phenol 

components analysis was done following 

the procedures of (Makkar, 2000). Total 

extractible phenols (TEP) were assayed 

using the Folin-Ciocalteu’s reagent based 

on the tannic acid standard as described by 

Makkar (2000).Extractible condensed 

tannins (ECT) were extracted by the HCl-

butanol method according to Porter (1986) 

and their content was expressed as a 

leucocyanidin equivalent. 

Moreover, forage samples were 

analyzed formacro-elements such as 

calcium (Ca),potassium (K),magnesium 

(Mg), phosphorus (P), sulphur (S) and 

sodium (Na) and micro-elements such as 

manganese (Mn), zinc (Zn), copper (Cu), 

iodine (I) and iron (Fe)using the « 

Fluorescence X » method at the National 
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Center of Scientific and Technical 

Research (CNRST) in Rabat, Morocco. All 

determinations were expressed on a dry 

matter basis. 
 

In vitro DM and OM digestibility 

The enzymatic method used was 

the one reported by Lila et al. (1986) 

which is a three-stage method: 500 mg 

ground dried forages sample (oven dried at 

60 ºC and ground to pass a 1 mm screen) 

were first digested with 20 ml of 0.08 p. 

100 (w/v) amylase «α-Amylase from 

aspergillus oryzyae » buffered solution and 

the samples were shaken and incubated at 

39°C for 24 hours.  In the second stage, the 

samples were constantly stirred and 

incubated at 39°C with 20 ml of 2% pepsin 

solution (from porcine gastric mucosa) 

diluted in 0.1 N hydrochloric acid and it 

was stirred constantly. In third stage, the 

samples were then further solubilised in 50 

ml buffer solution containing 0.1 p. 100 

(w/v) cellulase (from Trichoderma viride). 

Each sample was shaken and incubated at 

39 ºC for 48 h. After the incubation was 

finished, the samples were flushed with 

warm distilled water and then returned to 

the incubator for next 48 h at 60°C. The 

remaining residue was incinerated in the 

muffle furnace at 550°C for 12 hours to 

determine organic matter digestibility 

(OMD). 
 

In vitro digestion of crude protein 

Crude protein digestibility was 

measured by enzymatic hydrolysis for 24 h 

by a protease extracted from Streptomyces 

griseus (protease from S. griseus types 

XIV. Japan) in a borate-phosphate buffer at 

pH 8 according to the method proposed by 

(Aufrère et al., 1989). Protein hydrolysis is 

the ratio between the quantities of nitrogen 

solubilised and the total nitrogen content 

measured using Kjeldahl method and 

reported to the initial dry matter of the 

sample. 
 

Soil analysis 

Soil samples were air-dried, ground 

and passed through a 2-mm sieve and 

homogenized prior to analysis for 

physicochemical parameters like particle 

size, pH, organic matter, calcium carbonate 

at National Institute of Agronomic 

Research (INRA)-Morocco-Rabat. Total 

nitrogen (N) was determined by the 

modified Kjeldahl method (NF ISO 11261, 

1995), Phosphorus (P) was determined 

with the Olsen method and potassium 

(K)with sodium acetate method. Other 

mineral elements were analyzed using the 

method «Fluorescence X » at the National 

Center of Scientific and Technical 

Research (CNRST) in Rabat, Morocco. 

The results of the various physico-

chemical analyzes of different samples of 

soil are shown in Table 1 and 2. 
 

Numerical analysis 

Values are means ± standard 

deviation (SD), compared by duncan's test. 

Analysis of variance was carried out using 

the general linear model procedure (PROC 

GLM). The results of the soil and forage 

tests will be used to determine correlations 

(matrix of correlations) between chemical 

composition, soil proprieties and forage 

quality of plants using PROC CORR. All 

Statistical analysis was performed using 

the statistical program of SAS (Statistical 

Analysis System. Version 9.1. 2002). 
 

Results and discussion 
The collection sites of the five Sulla 

ecotypes were fairly representative of 

various Mediterranean environments 

across North of Morocco as indicated by 

their variation in soil characteristics 

(Tables 1 and 2). The results shows that 

Sulla is very adapted to a variety of soil 

which grown naturally. The natural 

pastures of this plant are found 

predominantly in clays soils (Table 1), 

varying remarkably in their organic matter 

(OM) and calcium carbonate (CaCO3) 

content (Table 2). Instead, soil pH did not 

vary so much across the study sites 
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Table 1. Physical soil analysis of the different sampling sites. 
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Khandak 

Lihoudi 
47.12 26.18 12.87 2.20 1.88 silty clay 

Ksar Sghir 69.52 18.72 0.11 2.67 0.80 clay 

Melloussa 52.63 15.79 10.76 1.84 1.53 silty clay 

Boukhalef 63.83 13.30 0.09 1.49 1.97 clay 

Beni Guerfet 58.20 31.75 0.39 0.85 4.55 clay 
(a) 

based on the use of the USDA Soil Textures. 

 

(slightly alkaline) confirming the adaptation of this 

plant to alkaline soils (Moore et al., 2006). While, 

nominal values of mineral soil composition among the 

five sites investigated vary considerably (Table 2), 

suggesting that some soil properties could cause 

differential responses of Sulla quality. In fact, Sulla 

quality is genetically determined and modified under 

the influence of individual or combined external factors 

such as soil texture and minerals availability (Kavut & 

Avcioglu, 2015). Spatial variations at higher scales 

such as the field level could introduce other factors that 

can be limiting to a different extend and lead to a more 

gradual relation. The complexity of the 

interrelationships between soil properties makes it 

difficult to distinguish which one has the most 

significant effect on Sulla quality. Therefore, an 

investigation into some of the individual factors may 

provide some insights into how soil physical and 

chemical indicators are related to variation in plant 

growth and quality. Thus, Sulla grown in soils with 

high clay and/low sand content as the case of Ksar 

Sghir ecotype accumulated the highest dry matter yield 

(18.90%; Table 3), suggesting that this ecotype could 

acquire more mineral elements (Table 4) probably due 

to the inherent characteristics of the ecotype to extract 

and accumulate nutrients from soil in relation to pivotal 

roots system(up to 2 m depth)witch providing better 

soil exploration but mostly in relation to soil properties 

since mineral concentrations in plants generally reflect 

the adequacy with which the soil can supply absorbable 

minerals to the roots (Underwood & Suttle. 

1999).While, Sulla grown in soils with low clay and 

high sand as the case of ecotype Melloussa 

accumulated the lowest dry matter (12%). In fact, soil 

texture defining by “sand, silt and clay” fractions is one 

of the most important soil properties controlling water 

and nutrient permeability and holding capacity through 

a soil profile which may affect 

plant growth and nutrients 

uptake. 

A significant (p<0.05) 

difference between ecotypes 

was observed for crude ash 

values (Table 4), and could be 

a function of soil mineral 

content, nature and type of soil 

on which forages are grown 

(Spears. 1994; Gagnon et al., 

2003; Abolhassan Fajiri. 2006; 

Shi et al., 2004; Yin & Vyn. 

2003; Macolino et al., 2013). 

The highest concentration was 

observed in ecotype Beni 

Guerfet (14.59%DM), while, 

the lowest value was noted in 

Boukhalef ecotype (10.43% 

DM), in concordance with 

mineral composition. In this 

regard, results (Table 4) show 

that the most of the ecotypes, 

particularly from Ksar Sghir 

and Beni Gorfet sites, 

contained high concentration 

of (mean gram per Kilogram 

dry Matter) calcium (17.18), 

potassium (10.79) and sodium 

(11.48). In fact, forages are 

generally satisfactory sources 

of mineral elements for 

grazing livestock particularly 

when they contain leguminous 

species (Underwood & Suttle 

1999). Their variation 

(particularly Na and K) could 

be attributed to environmental 

factors (Wang et al., 2013), 

but mostly to intrinsic genetic 

characteristic of Hedysarum 

genus. Thus, highest 

concentration of Ca  was 

registered in this study, similar 

to that of Hedysarum 

coronarium L. (Arab et al., 

2009; Gasmi- Boubaker et al., 

2012; Laamouri et al., 2015) 

and could be accounted for 

their capacity to accumulate 
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Table 2. Mean chemical soil analysis of the different sampling sites. 
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Lihoudi 

5.63 

±0.12
b
 

7.9 
17.17 

±0.21
a
 

98.94 

±0.03
e
 

0.097 

±0.003
c
 

3.01 

±0.11
a
 

1.04 

±0.12
a
 

0.402 

±0.05
a
 

0.046 

±0.003
d
 

3.73 

±0.28
a
 

0.016 

±0.001
d
 

0.054 

±0.001
ab

 

9.61 

±0.19
b
 

25.5 

±0.18
e
 

0.85 

±0.0
4b

 

9.29 

±0.035
c
 

Melloussa 
5.66 

±0.01
b
 

7.8 
8.13 

±0.03
c
 

138.37 

±0.32
c
 

0.147 

±0.002
a
 

0.25 

±0.01
e
 

0.438 

±0.05
b
 

0.224 

±0.01
c
 

0.064 

±0.004
c
 

1.78 

±0.02
d
 

0.024 

±0.001
b
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1
 

8.19 

±0.08
c
 

34.1 

±0.11
a
 

1.37 

±0.02
a
 

16.54 

±0.056
b
 

Boukhalef 
5.24 

±0.04
c
 

7.9 
13.2 

±0.02
b
 

147.65 

±0.05
b
 

0.146 

±0.004
a
 

0.64 

±0.04
c
 

0.618 

±0.03
bc

 

0.277 

±0.004
bc

 

0.080 

±0.001
b
 

3.27 

±0.12
 b
 

0.018 

±0.001
c
 

0.043 

±0.004
b
 

10.7 

±0.21
a
 

29.1 

±0.04
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1.38 

±0.02
a
 

18.19 

±0.010
a
 

Ksar 

Sghir 

6.33 

±0.11
a
 

8.1 
8.47 

±0.42
c
 

177.43 

±0.49
a
 

0.115 

±0.003
b
 

0.46 

±0.03
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±0.04
b
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±0.04
b
 

0.080 

±0.001
b
 

2.65 

±0.05
c
 

0.028 

±0.001
a
 

0.026 

±0.003
c
 

7.27 

±0.57
c
 

33.2 

±0.05
b
 

0.49 

±0.001
c
 

7.63 

±0.012
d
 

Beni 

Guerfet 

5.31 

±0.16
c
 

8.0 
13.33 

±0.49
b
 

108.3 

±0.26
d
 

0.113 

±0.001
b
 

1.75 

±0.06
b
 

0.957 

±0.06
a
 

0.307 

±0.04
ab

 

0.083 

±0.005
a
 

3.19 

±0.01
b
 

0.024 

±0.002
b
 

0.056 

±0.003
a
 

9.23 

±0.04
b
 

29.6 

±0.09
c
 

0.18 

±0.018
d
 

4.03 

±0.003
e
 

Means with different letters in column are significantly different (p<0.05). N, nitrogen; Ca, Calcium; Mg, Magnesium; Na, Sodium; Cl, Chlorine; S, Sulfur; Fe, iron; I, iodine; 

Mn, Manganese; Cu, Cooper; Zn, Zinc; Al, aluminum; Si, Silicon; OM, organic matter. 
(1)

ND, Not detected. 
 

Table 3. Composition of macro- and micro-minerals of different Sullaecotypes. 
 

 Macro-elements (g/kg DM) 

 

Micro-elements (mg/kg DM) 

Ecotypes Ca P 
Ca : P 

ratio 
K Mg S Na Fe I Mn Zn 
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Lihoudi 
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±0.05
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±0.21
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±0.15
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±0.06
b
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± 0.08
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799.86 

±0.20
b
 

112.25 

±0.25
a
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±0.47
a
 

89.60 

±0.82 

Melloussa 
11.80 

±0.12
d
 

1.71 

±0.02
c
 

6.90:1 
13.60 

±0.14
b
 

3.11 

±0.03
d
 

4.27 

±0.04
d
 

10.20 

±0.10
c
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±0.21
c
 

ND
1
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16.20 

±0.50
c
 

1.65 

±0.05
c
 

9.82:1 
8.52 

±0.26
d
 

2.61 

±0.08
e
 

6.58 

±0.20
a
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±0.37
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±0.42
e
 

76.50 

±0.30
c
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Beni 

Gorfet 

24.90 

±0.43
a
 

2.03 

±0.03
b
 

12.27:1 
11.00 

±0.19
c
 

4.28 

±0.07
c
 

5.30 

±0.09
c
 

11.50 

±0.20
b
 

 
300.79 

±0.22
d
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±0.47
b
 

154.33 

±0.33
b
 

ND 

S.E.M
2
 1.570 0.084 0.50 1.213 0.332 0.218 0.563  89.91 6.409 45.887 0.471 

Sig. *** *** *** *** *** *** ***  *** *** *** ND 

Means with different letters within a column are significantly different (p<0.05). Ca, Calcium;P, phosphorus; K, potassium; Mg, Magnesium; S, Sulfur;Na, Sodium; Fe, iron; 

I, iodine; Mn, Manganese; Zn, zinc. 
(1)

ND, Not detected. 
(2)

S.E.M., standard error of the means. Sig.: *** Level of significance: p<0.001. 
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Ca
2+

 intracellularly from soil in a specific 

organ called “shovels” localized in their 

roots (Tola et al., 2009).In contrast, the 

results show low content in phosphorous 

(P) and magnesium (Mg) (Table 2) in 

comparison with other macro-elements. 

Their deficiency in plants (P and Mg) 

could be accounted to the antagonistic 

effect of some soil elements such as 

Al
3+

forCa
2+ 

(Farhat et al., 2015), as well as 

H
+
, NH

4+ 
and Na

+ 
(Mengel & Kirkby 2001; 

Shaul 2002), or to their availability in the 

soil (especially for phosphors). In fact, 

studies have documented that a great 

proportion of phosphorus becomes 

unavailable to the plants due formation of 

strong bonds between phosphorous with 

calcium and magnesium in 

alkaline/calcareous soil (Arpana et al., 

2002; Hopkins & Ellsworth. 2005) even 

the soil content high level of phosphorous. 

Otherwise, the presence of microorganisms 

in soil could improve mobility and rapid 

uptake of mineral elements. 

Comparatively, Labidi et al. (2012, 2015) 

showed that native Arbuscular mycorrhizal 

fungi (AMF) associated to wild Sulla 

(Hedysarum coronarium L.) significantly 

enhanced macronutrients uptake such as 

nitrogen (N) potassium (K) magnesium 

(Mg) and micronutrients such as zinc (Zn) 

copper (Cu) iron (Fe) and manganese (Mn) 

even on a calcareous soil. 

Like the ach content, crude protein 

(CP) content varies from site to site (in 

mean18.18%DM) (Table 4) and could be 

ascribed to either soil nitrogen content or 

to the ability to fix atmospheric nitrogen. 

In this study, available soil nitrogen was 

very low ranges from 0.097-0.146% 

(Table 2), therefore it is possible that most 

N available in the forage would be 

provided by atmospheric fixation related to 

associated indigenous Rhizobia. According 

to Sulas (2009), 78.2 to 82.7% of the 

nitrogen requirements of this plant come 

from atmospheric fixation. This proportion 

can exceed 90% in the case of presence of 

efficient Rhizobia (Casella et al., 1984; 

Kishinevsky et al., 2003; Dhane Fitouri  

 
Table 4. Mean chemical composition (% DM basis) 

of different Sullaecotypes. 

 

 
Means in the same column with different 

superscript differ significantly (P<0.05); DM, dry 

matter; OM, organic matter; CP, crude protein; 

NDF, neutral detergent fiber; ADF, acid detergent 

fiber; ADL, and acid detergent lignin; CF, crud 

fiber; EE, ether extract; HEM, hemicellulose; CEL, 

cellulose; NFC, Non-fibre carbohydrates; TEP, 

total extractible phenols; ECT, extractable 

condensed tannins. 
(1)

Expressed as g equivalent 

tannic acid /100g of DM. 
(2)

Expressed as g 

equivalent of leucocyanidin /100g of DM. 
(3)

S.E.M., 

standard error of the means. Sig., *** Level of 

significance, p<0.001. 
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S.2012). However, mineral 

nutrition required for legumineuse-

rhizobium symbiotisis seem to be 

more complex since the 

concentration levels of some soil 

nutrients such as K (-0.65*) that 

could obstruct the nitrogen fixation 

(Fajri, 2006). 

Similarly, significant 

differences (p<0.05) were 

registered in the contents of crude 

fiber (Table 4). The lowest value 

was registered for ecotype Beni 

Gorfet (14.90%DM), while, the 

highest value was recorded for 

ecotype Ksar Sghir (28.98%DM), 

in compliance with fiber fractions 

i.e. NDF, ADF and ADL (Table 4). 

This variation could presumably 

due growth environments (Nelson 

& Moser. 1994; Ritchie et al., 

2006; Temel et al., 

2015),including soil properties. 

Thus, a decrease in NDF content 

were registered in plants growing 

in high levels of Ca(-0.68*), Mg (-

0.73*) and Mn (-0.61*),an 

essential element for some lignin-

degrading enzymes such as Mn-

peroxidases (Fioretto et al., 2005). 

Instead, soils with low Mglevel 

produced plants with high 

cellulose (-0.81**) content, which 

is likely arising from an 

enhancement of root cell wall 

invertase activity, this enzyme was 

shown to play primary role in 

cellulose biosynthesis under 

magnesium deficiency (Farhat et al., 2016). On the 

other hand, high level of cell wall constituent’s 

content, including cellulose is known to have a 

negative effect on voluntary food intake and 

digestibility. 

The results of the in vitro enzymatic 

digestibility of five ecotypes of Sulla are presented 

in Table 5. There were significant (p<0.05) 

differences in terms of dry and organic matter 

digestibility among the five evaluated ecotypes and 

values are generally higher in comparison with 

those reported in (Hedysarum coronarium L.) 

using pepsin-cellulase method (Selmi et al., 2010) 

and other forage species currently used for pasture 

using in vitro gas production to evaluated their 

digestibility (Selmi et al., 2010; Arab et al., 2009). 

The highest organic matter digestibility (OMD) 

was obtained in the ecotype Beni Gorfet (76% 

OM), while the lowest OMD (44.66%M) was 

observed in the ecotype Ksar Sghir, in correlation 

(Table 6), with the ADF (-0.94***), ADL (-

0.88***) and extractable condensed tannins (ECT)  
 

Table 5. Dry matter, organic matter and crude protein 

digestibility of different Sulla ecotypes. 

 

Ecotypes 
DMD 

(%DM) 

OMD 

(%OM) 

CPD 

(%DM) 

Khandak 

Lihoudi 
63.00±0.63

c
 58.86±0.71

c
 13.816±0.18

b
 

Ksar Sghir 50.40±0.47
e
 44.66±0.53

e
 9.120±0.21

e
 

Melloussa 58.20±0.30
d
 53.46±0.33

d
 11.168±0.20

c
 

Boukhalef 68.40±0.05
b
 64.95±0.06

b
 14.813±0.17

a
 

Beni Gorfet 78.20±0.36
a
 76.00±0.41

a
 10.911±0.10

d
 

S.E.M
1
 2.508 2.828 5.526 

Sig. *** *** *** 

Means with different letters within a column are significantly 

different (p<0.05); DMD, dry matter digestibility; OMD, 

Organic matter digestibility; CPD, crude protein digestibility. 
(1)

S.E.M., standard error of the means. Sig., *** Level of 

significance, p<0.05. 

 
Table 6. Pearson’s correlation coefficients between 

nutritional compounds and organic matter and 

crude protein digestibility of different Sulla 

ecotypes. 

 

CP, crude protein; CF, crud fiber NDF, neutral 

detergent fiber; ADF, acid detergent fiber; ADL, 

and acid detergent lignin; HEM, hemicellulose; 

CEL, cellulose; NFC,  Non-fibre carbohydrates; 

TEP, total extractible phenols; ECT, extractable 

condensed tannins. (*), (**), (***) and (NS) are 

respectively level of significance, p<0.05; p<0.01; 

p<0.001; and P>0.05. 

 

 

 OMD (%OM) CPD (%DM) 

CP 0.45
NS

 0.92*** 

CF -0.84** -0.10
NS

 

NDF -0.80** 0.17
NS

 

ADF -0.94*** -0.13
NS

 

ADL -0.88*** -0.44
NS

 

HEM -0.02
NS

 0.54
NS

 

CEL -0.83** 0.08
NS

 

TEP -0.43
NS

 0.07
NS

 

ECT -0.90*** -0.48* 
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(-0.90***) content. The last ECT shows 

abroad range (0,11-4,38%DM) of 

variation(Table 3),in agreement with those 

of Hedysarum coronarium L. when 

examined at different phenological stages 

(Amato et al., 2005) using butanol-HCl 

method. This seems to be related to some 

soil mineral concentration such as Ca (-

0.90***), Mn (-0.99**), as shown in Table 

7. 
 

Conclusion 
The results of the present study 

show that Hedysarum flexuosum L. 

ecotypes of northwestern Morocco are well 

depend on the soil type of their natural 

habitats and grown preferably in clay, 

alkaline and calcareous soil. In addition, 

the study highlights some significant 

correlation between plant quality and some 

soil mineral content. Thus, cultivating 

Hedysarum flexuosum L., in soil rich in 

(Ca), (Mg), (Mn) and (Fe) and low in (K), 

found to be advantageous in increasing 

crude protein up to (21.7%DM), in 

contrast, decreasing fiber content, i.e. 

NDF, ADF and ADL to (36.01%DM), 

(22.51%DM) and (15.94%DM) 

respectively. Therefore, these findings will 

constitute a useful tool for improvement of 

agro-pastoral ecosystems through the 

domestication of natural forage plants in a 

specific soil that favor high nutritive value. 
 

 

 

Table 7. Pearson’s correlation coefficients between 

nutritional compounds and soil chemical 

composition of five ecotypes of Sulla growing in 

natural habitat. 

 
CP, crude protein; NDF, neutral detergent fiber; 

ADF, acid detergent fiber; ADL, and acid detergent 

lignin; CF, crud fiber; EE, ether extract; HEM, 

hemicellulose; CEL, cellulose; TEP, total 

extractible phenols; ECT, extractable condensed 

tannins. N, nitrogen; Ca, Calcium; Mg, Magnesium; 

Na, Sodium; S, Sulfur; Fe, iron; I, iodine; Mn, 

Manganese; Al, aluminum; Si, Silicon; OM, 

organic matter. * Level of significance, p<0.05. ** 

Level of significance, p<0.01. *** Level of 

significance, p<0.001.  ns , P>0.05. 
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