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Abstract

Prangos ferulacea  (L.) Lindl (Umbelliferae) is a forage and medicinal plant that grows in central Asia. This 
study was carried out to determine the nutritive value of P. ferulacea, which is often used as animal fodder. 
Plant samples collected from two elevation levels (2200- 2900 m) of western Iran were evaluated at two stages 
of maturity, flowering and seeding stage for fertile plants and at 42 and 62 days after leaf emergence for in-
fertile individuals. The nutrient composition, including metabolizable energy (ME) and digestible dry matter 
(DMD), crude protein (CP), water-soluble carbohydrate (WSC), acid detergent fibre (ADF), natural detergent 
fibre (NDF) and crude fibre (CF) contents were measured by near infrared reflectance spectroscopy (NIRS) 
technology. The stage of maturity and type of plant (fertile and infertile) were significantly related to the CP, 
ME, NDF and ADF contents. Based on multivariate analysis (two-way ANOVA), the phenology, individual and 
phenology × individual interaction factors had the highest effect on nutrient composition parameters. Based on 
our findings, we proposed that infertile plants at 42 days after leaf emergence stage represent the best quality 
fodder. Elevation level did not significantly affect forage quality.  
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1. Introduction

Forage plants on rangeland play an important role in 
improving animal performance and can resolve for-
age and fodder issues for many countries. The nutri-
tional characteristics of these crops are necessary for 
evaluation and determination of their economic and 
biological values. A total of 363 species and 114 gen-
era of apiaceae are known from Iran, of which 114 
species and 12 genera are endemic (Rechinger and 
Hedge, 1987; Ajani et al., 2008). The genus Prangos 
includes 30 species, 15 of which grow wild in many 
regions of Iran which five are endemic (Mozaffarian, 
1996). Prangos  ferulacea is found in the Balkans, 
Italy, Sicily, W. Syria, Caucasia, Turkey and in 13 
provinces of Iran (Ghahreman, 1997). This species 
is well-known for their economic importance in the 
form of diverse essential oils and high forage quality 
(Ayres et al., 1994; Sefidkon et al., 1998; Coskun et 
al., 2004; Razavi, 2012). Due to the essence in aerial 
parts, the species is not grazed directly and is used as 
winter fodder (Moghimi, 2004). The forage quality of 
plant is comparable to alfalfa. Its crude protein is less 
than that for alfalfa, but its metabolizable energy is 
higher (Coskun et al., 2004). The biological proper-
ties of P. ferulacea show that it is polycarpic perennial 
(polycarpic plants flower and fruit more than once in 
their lifetimes) (Reuther, 2013). 
P. ferulacea individuals seed 5% to 70% annually; this 
species has both fertile and infertile individuals in their 
growth environment (Gheitoori, 1997). Plants show 
wider physiological and ecological responses, func-
tional diversity, growth rates, productivity, population 
and community dynamics at different scales (Ackerly 
et al., 2000). When they are subject to less than ideal 
sub-optimal growing conditions such as waterlogging, 
drought, high/low temperatures, and excessive/extreme 
soil salinity, they are considered to be under stress and 
this stress directly effects production and yield (Gursoy 

et al., 2012). Environmental stresses also trigger si-
multaneous up- and down-regulation of a large num-
ber of genes through close control of genetic behavior 
(Genctan, 2012). 
Previous studies have indicated that plant forage qual-
ity depend on the stage of maturation, environmental 
conditions and type of species. (Dierig et al., 2006; 
Panahi et al., 2012; Milošević et al., 2013) and the nu-
tritive value reduced in the final stages of maturation 
(Arzani et al., 2012; Valipoor Dastenai et al. 2012; 
Oktay and Temel, 2015). Troelsen and Campbell 
(1969) reported that as plants mature, animal perfor-
mance is reduced, partly because of lowered content 
of digestible energy (DE) in the forage. The differ-
ence between individuals (fertile and infertile) means 
that harvest for forage conservation should optimize 
both types of plant and forage quality. It is impor-
tant to analyze the forage quality at the phenological 
stages and different elevations for individual plants.  
The increased power and widespread use of personal 
computers and the concomitant development of mul-
tivariate statistics in the field of chemometrics have 
resulted in increased use of near infrared reflectance 
spectroscopy (NIRS) as an alternative to traditional 
analytical methods for determining nutritive value of 
forage. There are advantages to NIRS over conven-
tional laboratory analytical methods which they are: 
speed, simplicity of sample preparation, multiplicity 
of analyses with one operation, and non-consumption 
of the sample (so that it can be analyzed again by the 
same or another procedure) and does not usually re-
quire labor-intensive sample processing, allowing 
for large-scale sampling. Timely decision-making on 
the strategic use of nutritional supplements or adjust-
ments for ration formulation that efficiently sustain 
milk, meat and fiber production is also facilitated by 
this method. Although development of an NIRS labo-
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ratory entails significant initial start-up costs, it is rela-
tively inexpensive in the long term (Abrams et al., 1989). 
As well as, it allows for the determination of multiple 
values (e.g. CP, DMD, WSC, ADF), NDF and CF in a 
single analytical procedure (Panahi et al., 2012).  
The study was conducted to: (1) assess the feed value 
of P. ferulacea at different growth stages and at differ-
ent elevations; (2) determine whether the fertility and 
infertility of plants of the species influence nutritional 
quality by NIRS and; (3) Introducing the best type of 
plant and harvest date for fodder. 

2. Materials and Methods 

2.1. Study area  

This study was conducted in the Bistoon mountains 
of Kermanshah province in Iran (north-eastern slope 
at 34°27′ N and 46°55′ E).The average annual tem-
perature and annual rainfall are 11.88 ºC and 650 
mm respectively that more precipitation is snow. At 
altitudes from 2200 to 2900 m. the plant grows. The 
site soil is classified as a Regosolic, in the upper 5 
cm of the site soil below the litter layer, total soil 
nitrogen, total soil phosphorus and potassium per 
unit soil volume are 0.46 (%), 37.6 (p.p.m) and 610 
(p.p.m), respectively (Gheitoori et al., 1997). Field 
experiments were conducted during spring and sum-
mer 2014. 

2.2. Plant materials

During annual growth, fertile and infertile plants 
grow together. Aerial parts of fertile and infertile 
plants were cut at the appearance of flowers (flower-
ing) or 42 d after leaf emergence (6 May) for stage 1 
and at the appearance of seeds (seeding) or 62 d after 
leaf emergence (1 June) for stage 2. Two elevations 
were determined for the low and high growth areas 

(2200-2550 m and 2550-2900 m). These were cut 
regularly during May and June 2014 in sample areas 
of 50 m2 randomly replicated three times. At each 
maturation stage, 36 plant samples were harvested at 
10 cm above ground level at each elevation. 
Samples were dried without conditioning and were 
ground in a laboratory mill until they passed through 
a 1 mm pore size screen for chemical analysis.  

2.3. Experimental procedure

NIRS analysis requires a sample to be exposed to an 
electro-magnetic scan over a spectral wavelength of 
1100 to 2500 nm (near infrared). Energy in this spec-
tral range is directed onto the sample and reflected 
energy is measured by the instrument. The diffuse 
reflection carries information which identifies the 
chemical bonds within the sample. The absorbance 
associated with chemical bonds in a forage sample 
form the basis of all organic material and enable 
identification of sugars, structural fibers, proteins, 
lipids and some of their component fractions. Identi-
fication requires the NIRS instrument to be calibrated 
to relate the spectra to chemical analysis using wet 
chemistry or in vivo data (e.g., digestibility and me-
tabolisable energy) (Ulyatt et al., 1995). 
The NIRS for analysis is absolutely dependent on a 
good-quality reference laboratory and animal data 
(Corson et al., 1999). metabolizable energy was calcu-
lated as ME (MJ/kg) = (0.017 × DMD%) - 2 (CSIRO, 
1990), 10 g of ground forage of was weighed and 
the prepared samples were analyzed by NIRS. The 
accuracy of NIRS estimation of feed composition is 
dependent upon the data used to calibrate the instru-
ment. After calibration of the instrument database, 
the parameters for DMD, CP, WSC, ADF, NDF, CF 
and ME were measured.
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2.4. Statistical analysis

Data on nutrient composition was calculated us-
ing analysis of variance (ANOVA) and multivariate 
analysis of variance (MANOVA) on SPSS version 19 
software. The data was tested to ensure that assump-
tions of normality (quartile-quartile and proportion-
proportion plot tests) and homogeneity of variance 
(Levene’s test, α > 0.05) were met. Full factorial 
two-way ANOVA was run for phenology, elevation 
and individual treatments as fixed factors and forage 
quality parameters as dependent variables to examine 
the effects of the treatments on nutrient composition. 
The effect of any parameter and mutual effect of pa-
rameters (independent variables) on nutrient content 
(dependent variables: DMD, CP, WSC, ADF, NDF, 
CF, ME) were considered using MANOVA. 
Pearson’s correlation was used to detect the relation-
ships between forage quality and environmental fac-
tors. One-way ANOVA was conducted to test for the 
effect of individuals (fertile and infertile) on nutri-
tional contents because of the significant differences 
in the nutrient content of tissues of these two indi-
viduals. A comparison of means was carried out using 
Duncan’s t-test to describe the nutritive parameters by 
stage of maturity and type of plant. The means and 
standard error for parameters (nutritive value) were 
generated by the descriptive section of the one-way 
method. Differences were considered to be significant 
at p < 0.01 and p <0.05. 

3. Results and Discussions

The probability curves in the quartile-quartile and 
proportion-proportion plot tests were almost linear, 
which confirms the assumption of data normality 
(Figure 1). 

3.1. Effect of elevation on forage quality of plant indi-
viduals in maturity stages

The nutrient composition of fertile and infertile plant 
of  P. ferulacea species were assessed at two stages of 
maturity: (1) at flowering of fertile plants, which corre-
sponds to 42 d after leaf emergence for infertile plants 
and; (2) seeding for fertile plants, which corresponds 
to 62 d after leaf emergence for infertile plants. The 
two stages of maturity were investigated at elevations 
of 2200-2550 m (elevation 1) and 2550-2900 m  (eleva-
tion 2). There were no significant differences between 
forage of fertile individuals at elevation 1 (2200-2550 
m) and elevation 2 (2550-2900 m) in stage 1 (Table 
1). For fertile individuals, the nutrient composition was 
not greatly affected by elevation (p < 0.05).
In stage 2, the DMD content of infertile individuals at 
elevation 2 was greater than that for infertile individu-
als at elevation 1. The WSC content at elevations 1 
and 2 (infertile) was lower than at elevations1and 2 
(fertile). A significant interaction (p < 0.05) was ob-
served for WSC content for all individuals; it tended 
to increase as elevation increased and the decline for 
fertile individuals was larger than for infertile indi-
viduals. The ME content of infertile plants increased 
as elevation increased (p < 0.05) (Table 1). 

3.2. Effect of type of plant on forage quality in flower-
ing or 42 d after leaf emergence and seeding or 62 d 
after leaf emergence 

The significant differences for nutritional contents 
were observed in the phenology and individual treat-
ments (Table 1). Duncan’s test to determine nutritive 
parameters, means ± standard error and standard error 
of the difference of means were carried to test the effect 
of phenology and individual treatments on nutritional 
contents (Table 2, 3). 
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Figure 1. The assumption of data normality using Quartile-Quartile Plot and Proportion-Proportion Plot tests

Table 2 showed the nutritive composition of P. feru-
lacea at stage 1 and 2. As seen, total forage qual-
ity parameters were significantly affected (p < 0.01, 
0.05) by type of individual. There was a significant 
difference between fertile and infertile plants for DMD, 
WSC, ADF, CF, NDF, ME, and CP content (p < 0.01). 
An increase was seen in infertile versus fertile plants 
for DMD, CP and ME content and a decrease for 
WSC, ADF, NDF, and CF content. 
Table 2 revealed that the DMD, ME and CP content of 
infertile plants was greater than the fertile plants; how-
ever, these contents for infertile plants were less than 
those for fertile plants at either elevation (Table 2). The 
WSC content at elevations 1 and 2 were lower for in-
fertile plants than fertile plants. There was a significant 
interaction (p < 0.01, 0.05) for WSC content versus 
elevation for all plants. The overall WSC increased 
as elevation increased, but the WSC content of fertile 
plants was greater than for infertile plants (Table 2).

The mean of ADF, CF and NDF contents of forage in 
infertile plants were significantly greater (p < 0.01, 
0.05) than for fertile plants (Table 2).
DMD, ME and CP contents were significantly (P 
< 0.01) affected by both maturity stage and type 
of plant. These contents decreased across growth 
stages from infertile up to fertile individuals. 
The mean ADF, NDF and CF contents of forage 
increased from stage1 up to stage 2, but decreased 
at infertile individuals than fertile (Table 3).
In total of forage quality characteristics, there were 
significant differences (P < 0.01,0.05) between fer-
tile and infertile plants at growth stages 1,2. Also 
DMD, CP and ME consentration of infertile plantsin 
42 days after leaf emergence stage were significantly 
(P <0.01,0.05) greater than infertile plants in 62 days 
after leaf emergence stage, in contrast,  ADF, CF and 
NDF contents were significantly  lower. Similar re-
sults were obtained for fertile plants (Figure 2).
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Table 1. The nutrient compositions (%) of P. ferulacea (Mean ± Std. Error) in flowering or 42 days after leaf 
emergence and  seeding or 62 days after leaf emergence stages

Dissimilar letters in each row indicate significant differences in the level of P < 0.01**, 0.05*. 

Elevation 1: 2200-2550 m, elevation 2: 2550-2900 m, **P < 0.01, *P < 0.05

ns: not significant.



Journal of Soil Science and Plant Nutrition, 2016, 16 (3), 650-661

656       Mohebi et al.

Table 2. The nutrient compositions (%) of P. ferulacea (Mean ± Std. Error) at different stages of maturity
Dissimilar letters in each row indicate significant differences in the level of P < 0.01**, 0.05*.

3.3. The interaction effects of phenology, elevation 
and individuals on forge quality

Two-way ANOVA revealed that there was a significant 
effect for phenology and individual treatments (F1,1; p< 
0.01). The effect of elevation was significant only for 
CP (F1,1= 8.983; p< 0.05) and NDF (F1,1 = 4.743; p< 
0.05). A significant phenology × individual interaction 
was observed, except for CP (F1,1 = 3.728; p< 0.05) and 
NDF (F1,1 = 0.016; p< 0.05) (Table 4).
The elevation × individual interaction (F1,1; p< 0. 01) 
was not significant and the phenology × elevation in-
teraction significantly affected WSC (F1,1 = 7.43; p< 
0.05) and ADF (F1,1 = 16.896; p< 0.01). The phenol-
ogy × elevation × individual interaction was signif-
icant for DMD (F1,1 = 5.74; p< 0.01) and ME (F1,1 

= 5.461; p< 0.01) (Table 4). Between fixed factors, 
phenology had the highest effect and the elevation × 
individual interaction had the lowest effect for nutri-
ent composition parameters (Table 4). These results 
indicated that quality of P. ferulacea forage depend 
on the stage of maturation at harvest date and type of 
individual. Based on nutrient data from field-collected 
aerial parts, younger plants recorded lower DM con-
tent but greater nutritional value. Demanet et al (2015) 
reported that high protein levels were observed in tem-
perate regions pastures of Chile, when the plants have 
vegetative state with low level of dry matter and fiber, 
which transforms the forage in a high nutritional feed 
and a good digestibility value. Marshall et al (2002b) 
showed that P. ferulacea can be described as a high-en-
ergy food stuff that is comparable in value to legumes.
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Consequently, differences in the forage quality of 
this species when grown with alfalfa are likely to be 
small (Coskun, 2004).
Table 2 shows that both phenology and individual 
treatments had significant effects on the total nutrient 
composition of the above-ground biomass of the spe-
cies. The effect of the phenology × individual interac-
tion on nutrient composition was significantly higher 
than for other interactions (Table 4). Phenology had 
the greatest effect and elevation had the lowest effect 
on forage quality parameters. This indicates that phe-
nology and plant factors can play important roles in 
determining foraging preferences.

 

Type of 
plant

stage DMD CP WSC  ADF  CF  NDF  ME

 

F 

flowering 63.215 24.5 20.775 39.385 20.515 38.545 8.745

seeding 59.1 16.67 21.435 41.765 23.5 39.135 8.045

 

 

 

InF 

42 d after 
leaf 
emergence 

68.25 26.015 19.535 36.365 18.42 35.42 9.605

62 d after 
leaf 
emergence 

64.84 17.66 21.075 38.305 20.355 37.795 9.02

s.e.d.Ӏ  0.088 0.173 0.109 0.291 0.175 0.084 0.014

s.e.d.ӀӀ  0.161 0.266 0.105 0.145 0.133 0.099 0.028

s.e.d.ӀӀӀ  0.121 0.274 0.106 0.292 0.185 0.107 0.020

s.e.d.V  0.138 0.161 0.108 0.142 0.118 0.073 0.024

sig  ** ** ** ** ** ** **

 

 

Table 3. Quality characteristics of forage with different type of plants at two maturity stages

s.e.d.Ӏ between mean of fertile individuals

s.e.d.ӀӀ between mean of infertile individuals

s.e.d.ӀӀӀ between mean of maturity stage 1

s.e.d.V between mean of maturity stage 2
** P < 0.01

It appeared that the decrease in DMD, CP and ME 
was related to an increase in ADF, NDF and CF con-
tents and to the proportion of stem to whole plant 
as the plant matures. Thus, forage quality of plants 
has directly proportion to DMD, CP and ME and in-
versely proportion to ADF (Uniyal et al., 2005; Vali-
poor Dastenai et al. 2012). This result is consistent 
with the findings by Temel et al (2015). The forage 
quality of infertile plants was greater than for fertile 
plants because the leaf/stem ratio of fertile plants of 
P. ferulacea was greater than for the infertile plants 
at both growth stages. 
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Figure 2. Comparison between the nutrient content (means ± SE) of FS1: the fertile plant in stage 1 or flowering, 
FS2: the fertile plant in stage 2 or seeding, InFS1: the infertile plant in stage 1 or 42 days after leaf emergence, 
InFS2:  the infertile plant in stage 2 or 62 days after leaf emergence stage. N= 6, Dissimilar letters indicate sig-
nificant differences, (Tukey’s post hoc test, P < 0.01).

The difference in forage quality of P. ferulacea 
between elevations was relatively small, although 
a significant difference was observed for DMD, 
WSC and ME, as only elevation treatments led to 
an increase in WSC and decrease in NDF contents.  
These differences were not generally observed at 
stage 1. This appears to be the result of the rela-
tively low elevation range of this in the sampling 
(700 m).
The WSC content increased as the elevation in-
creased and was lower overall for infertile plants 
than for fertile plants. This agrees with the findings 
of Cazzato et al (2011). This difference may re-
sult from the existence of flowers and seeds in the 
fertile plants. WSC content in pre-ensiled forage 
allows assessment of the available supply of en-
ergy for lactic acid production during ensiling, and 
therefore is an important measurement for studies 
involving this forage. 

Insufficient WSC will inhabit fermentation, while 
excess WSC provides substrate for undesirable or-
ganisms during storage and feed-out (d 2000). 
The lowest and highest ME was related to fertile 
plant in stage 2 (8.07 MJ kg-1 DM) and infertile plant 
in stage 1 (9.60 MJ kg-1 DM), respectively. The re-
quired ME for animal production with respect to ani-
mal unit weight in Iran (that is 50 Kg) (Arzani 2009) 
and MAFF proposed equation (MEm = 1.4 + 0.09* 
50) (MAFF 1984) is 5.9 (MJ kg-1 DM). So, select 
the most appropriate harvest date and type of plant 
showed considerable difference for ME (MJ kg-1 
DM) and was affordable economically.  
In general, differences between nutrient values were 
found for both fertile and infertile plants in the flower-
ing stage (Table 2, Figure 2) and seeding stage (Table 
3, Figure 2). The rapidly-growing leaves from plants 
in the early phonological stages are generally rich in 
nitrogen and digestible energy (Crawley, 1983).
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Growth stage had a strong effect on forage quality of 
P. ferulacea. DMD, CP, ME contents at stage 1 were 
significantly greater and CF, NDF and ADF were sig-
nificantly lower than at stage 2 for both fertile plants 
and infertile plants. Kudo (1991) have found that plant 
phenology and associated quality changes over the 
growing season are expected to be most pronounced 
in strongly seasonal habitats, because of limitations 
set by the length of the growing season. 

This is also in agreement with the findings of Gulsene 
et al (2004). Not recommended for two reasons not to 
harvest P. ferulacea before the flowering stage: soil 
erosion and; decreasing the success of breeding. 
Further study is clearly required for differences occur-
ring between fertile and infertile plants to: (i) assess 
potential yield and quality at different sites; (ii) con-
sider feeding experiments with dairy sheep and; (iii) 
examine economic factors.

Table 4. Statistical analysis of the main and mutual effects of phenology, elevation and individualon nutrient 
content (DMD, CP, WSC, ADF, NDF, CF, ME) of P. ferulacea. **P < 0.01, *P < 0.05
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4. Conclusions

Factors analyzed in this study showed that both phe-
nological stage and type of individual were effectible 
for harvesting in terms of nutritional value, but eleva-
tion could not be a considerable parameter for forage 
compared to other factors. When forage quantity is 
considered, it was determined that infertile plants at 
42 days after leaf emergence stage was the most suit-
able for livestock feed. However as quality losses are 
little in fertile and infertile species at maturation stage 
2, it was stated that both individuals are suitable for 
feeding in means of fulfilling the nutrition require-
ments of grazing animals. All the prangos species 
naturally growing in these areas could also supply a 
considerable amount of forage with quality compared 
to conventional fodder resources. As a result, these 
species can play an important role as an alternative 
forage resource for livestocks in winter. 
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