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Abstract: A field study was undertaken to investigate the effects of two stocking systems on the concentration
of water-soluble carbohydrates (WSC) reserves of Bromus tomentellus, Cephalaria kotschyi and Ferula
haussknechtii through two growth cycles in Saral rangelands, Kurdistan province, Iran. For each stocking
system, a  key  area  was  selected  with  a  permanent  exclosure  area  and  two  temporary  exclosure  areas.
Root excavation was conducted at different phenological stages. Five samples  of  typical  plants  were
randomly selected for each species at each stage at each of  the  grazed  and  ungrazed  areas  for  studying.
WSC concentrations were determined as  a  percentage  of  sample  dry-matter.  The  WSC  concentration  of
B. tomentellus was not affected neither by studied stocking systems nor by differences of weather conditions
of the studied years. In C. kotschyi, WSC level was not affected by grazing or the years. Grazing increased the
WSC concentration of F. haussknechtii. This study suggested that the plant response to grazing in the
following seasons after defoliation increased the resource allocation to compensate the deprived reserves, so
that the rest periods works well to improve the plants’ vigor.
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INTRODUCTION Carbohydrate reserves play a significant role in the

Knowledge of plant responses to herbage grazing is plants. The seasonal cycle of carbohydrate reserves
one of the necessities of grazing management on natural should be studied in relation to stages of development in
rangelands. Many researches dealt with these responses plants protected from defoliation, so that seasonal cycle
in pots or in common gardens, but they usually suggested changes can be separated from changes caused by
or  postponed  the  final  judges  to  the field studies. defoliation or grazing [1]. Numerous comprehensive
Also, usually, the study of carbohydrate reserves in reviews have been written on the carbohydrate reserves
various rangeland species has been restricted to of plants in relation to phenological development or
greenhouse experiments or the field research under defoliation [e.g., 1-10]. The depletion of stored reserves as
artificial clipping and defoliation treatments. a   result  of   excessive    defoliation   has   generally  been

phenology, vigor, development and productivity of
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associated with reduction in vigor and ultimately beginning of the grazing season purchases a rather huge
rangeland deterioration [2; 11]. The responses have been number of livestock (usually about 2-3 sheep per hectare)
different with the plant species, however. and introduces them to the pasture, usually from early

While the importance of WSC reserves “during” May to early July. Two perennial forb species of
regrowth of some perennial range species following Cephalaria kotschyi and Ferula haussknechtii and the
defoliation has been previously established [10, 12, 13], perennial bunchgrass of Bromus tomentellus were
there have been some debates regarding the relative selected as key species in this pasture.
contribution of WSC and nitrogen (N) reserves to
regrowth of perennial species (10) and rarely the impact of Site II: Study Area for Season-long Stocking System
a long-term treatment (e.g., grazing) on the reserves has (Baharestan Pasture): In 1980, a fenced exclosure area
been studied in the following growing season/s in the was established in Baharestan conventional territory,
field. located 65 km north of Sanandaj, 2100 m elevation from

Iranian rangelands are mainly arid or semi-arid the sea level, lat 35°41'05 N, long 47°06'35 E. Annual
ecosystems with  a  low  forage  production  potential. precipitation  is  highly  variable, but  on the  basis  of an
Saral rangelands constitute a productive, diverse 20-year average (1991-2011), 330 mmprecipitation reported
ecosystem in Kurdistan Province, western Iran. Recently, for the climatological station inside the exclosure area.
some parts of this rangeland ecosystem has been The current season-long stocking system in this
investigated and its grazing systems have been studied to territory is the dominant grazing system in Iranian
determine parameters of season, frequency and intensity rangelands. In this conventional grazing system, the
of livestock grazing, as well as vegetation factors [14]. owner of the rangeland usually live in a village and at the

This investigation was undertaken to find how this beginning of the grazing season takes out his small herd
well-known conventional grazing systems affect the from the corral and introduces it to some common
water-soluble carbohydrates (WSC) of the two/three key pastures (usually about 4-5 sheep per hectare) usually
species, as vigor indices and to answer the following from early April to late October.
questions for the following seasons after defoliation: The perennial forb species of F. haussknechtii and

Is livestock grazing in these grazing systems able to as key species in this pasture. C kotschyi was of rare
affect WSC of the permanent storage organs? abundance in this pasture and hard to find.
In which phenological stage/s does grazing affect
reserve components more? MATERIALS AND METHODS
Which species is more sensitive/resistant to grazing
according to its reserve patterns? Plant Material Preparation: In Zardawan rangeland,
How will be grazing and years interaction effects? about three hectares was selected as the key area in which

Study Areas end of the growing season of 2006 as the ungrazed site.
Site I: Study Area for Early-intensive Stocking System Also, one-ha temporary exclosure area was established for
(Zardawan Pasture): Climate of Saral region is semi-arid, each year of 2010 and 2011 beside the permanent fenced
with temperate summers and cold winters. Soil texture is area, as grazed sites. Baharestan permanent exclosure area
mainly sandy clay loam with thin or moderate depth, is about 90 ha and established in 1980. Two homogenous
belong to the lithiosol group. In 2006, a fenced exclosure separate temporary areas was selected for studying in
area was established in Zardawan conventional territory, 2010 and 2011 outside the fenced area. On the basis of the
located 25 km north of Sanandaj, 2220 m elevation from expert knowledge and previous studies [15], root
the sea level, lat 35°32'48 N, long 46°47'35 E. Annual excavation was conducted at six to nine phenological
precipitation  is  highly  variable,  but on the basis of an stages depend on the species and the year conditions.
11-yr average (2000-2011), 452 mm precipitation reported Thus, excavation intervals ranged two weeks to more than
for a nearby. The frost period averages about 140 days. a month. Full phenological stage description was

The current early-intensive stocking system in this recorded. Five (at late stages) to 10 (at earlier stages, due
region is called “Shagaldari” (i.e., management of big to limited plant materials) typical plants were randomly
herds) and is almost restricted to Saral rangelands. In this selected for each species at each stage at each of the two
conventional grazing system, the owner or tenant of the sites for studying (five samples). As the WSC reserves
rangeland usually live in a nearby city and at the may  vary  during  the  daytime  [16],   the   materials  were

the perennial bunchgrass of B. tomentellus were selected

a one-ha fenced permanent area was established at the
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collected at the same hours (9-12 a.m.) in both ungrazed The analysis of variance was performed to help determine
and grazed sites. The depth of excavation was so that the the impact of grazing (main treatment), phenological
storage organs were included: basal area to beneath the stages and years on the WSC and N concentration and
fibrous stem bases of  B.  tomentellus,  about  30  cm  of plant height. In addition, One-way ANOVA was carried
the  main  root  of  C.  kotschyi  and beneath the tuber of out for comparing means of all the variables of each
F. haussknechtii. Soil, fine roots and dead organic species for illustrating the variable cycle. Means were
materials were removed by cold-water washing and hand compared with Duncan’s new Multiple Range test.
clipping. The roots of each sample were placed into jars Independent-samples t-test was used to determine the
covered with 95% ethanol, sealed tightly and covered impact of grazing on the plant’s aboveground and
with ice slices in a flask to reduce enzymatic activity. belowground dry matter for the last phenological stage of
Samples were oven dried at 70°C, ground to pass through the second year between the grazed and the ungrazed
a 60-mesh sieve and stored in the refrigerator. plants for each species at each location.

Before excavation of the plants, their heights were
measured (± 1 cm) as an aboveground  plant  size  index. RESULTS AND DISCUSSION
At the  end  of  the growing season of the second year,
the weights of the aboveground and the belowground Intensity of the Forage Consumption: In site I, the plant
dry-matter of the some plant samples were also measured. growing  season  dominantly  was   early  April to late

For some vegetational parameters like determination July. A comprehensive 5-year study [14] indicated that
of the forage consumption and the species’ density, a the density values were 0.95, 1.65 and 0.41 m  and
one-meter T-ruler was used across a 300-m transect inside average consumed forage were 66, 79 and 48% of
and  outside  the  permanent   exclosure   area  in site II. standing  crop   for    the     plants    of    B.   tomentellus,
For determination of the pasture forage consumption C.  kotschyi  and  F.  haussknechtii, respectively.
intensive plot casting was done in both years. Average forage consumption of the pasture total

Determination of the Concentration of the Water-soluble In site II, the plant growing season dominantly was
Carbohydrates: Laboratory analysis followed the early April to mid July. The measurements indicated that
procedures reported by the Association of Official the density values were 1.3 and 0.8 plants.m  inside and
Agricultural Chemists [17] and Smith et al. [18] with some 2.0  and 0.005  plants.m   outside  the   fenced  area for
modifications. Sugars were extracted from 0.1 g dried and B. tomentellus and F. haussknechtii, respectively.
fine ground plant materials with 80% boiling ethanol for Average consumed  forage  were  82  and  86% of
five minutes. Then, the samples were placed in a hot water standing crop  for  the   plants   of   B.   tomentellus  and
bath for 15 minutes. This process was repeated for a F. haussknechtii, respectively. Average forage
complete extraction. The supernatants were brought to 50 consumption of the pasture total palatable herbage was
ml volume with distilled water, then decanted to a 100 ml about 78%.
volumetric flask. The solution was clarified with 2.5 ml 5%
barium hydroxide and 2.5 ml 5% zinc sulfate. Then, 2 ml of Water-Soluble Carbohydrates Concentration
the upper part of the centrifuged solution was used for B.Tomentellus: According to Tables 1 and 2, among the
coloration by 1 ml 5% phenol and 5 ml concentrated seven variation sources, the only significant difference
sulphuric  acid.  A  control sample was also prepared. that was found was for phenological stage × year
After cooling, water-soluble sugars were measured using interaction (P  0.001 and P  0.05 for site I and site II,
the colorimetric technique at 535 nm and absorbances respectively). Seasonal changes of WSC reserves were
were regressed against readings from a set of standard not significant for this species, unlike the other studied
solutions of glucose. WSC concentrations were species. Based on the ungrazed plants’ curves of the two
calculated as a percentage of sample dry Matter. years (Figs. 1-A and 2-A), there was no significant

Statistical Analyses: As of differences in the seasonal WSC variations for each year. The minimum and
environments, the managements and the age of permanent the maximum amounts of biennial reserves were reached
fenced areas, the stocking systems (locations) were during the seed scattering stages in site I. The maximum
analysed separately. Analysis of a combined experiment seasonal WSC variations for site II occurred during seed
was conducted based on an unbalanced completely formation. A significant (P  0.05) WSC depletion
randomized  design  for  each  species at each location. occurred  in  the second year when this species was in the

2

palatable herbage was reported about 60%.

2

2

difference found between the minimum and the maximum
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Table 1: Variation sources indicating effects of studied years (Y), phenological stages (P) and grazing conditions (G) on water-soluble carbohydrates (WSC)
and height of the plants of B. tomentellus, C. kotschyi and F. haussknechtii in Zardawan pasture in 2010-2011.

B. tomentellus C. kotschyi F. haussknechtii
------------------------------------ ------------------------------------ ------------------------------------

Variable Source df F df F df F
WSC (% DM) Y 1 4.40 NS 1 0.69 NS 1 21.61 **

Y × Replication (E) 10 1.46 9 1.35 8 0.93
P 7 1.63 NS 6 8.92 *** 7 4.92 ***
G 1 0.62 NS 1 1.32 NS 1 11.83 **
P × G 7 1.87 NS 6 0.74 NS 7 1.53 NS
P × Y 6 4.82 *** 5 2.60 * 6 0.87 NS
G × Y 1 0.11 NS 1 1.73 NS 1 1.35 NS
P × G × Y 6 1.69 NS 4 1.10 NS 4 0.41 NS

Height (cm) Y 1 3.96 NS 1 31.27 *** 1 7.42 *
Y × Replication (E) 9 1.92 8 0.60 8 1.77
P 7 277.05 *** 6 119.30 *** 7 62.37 ***
G 1 0.01 NS 1 0.28 NS 1 4.47 *
P × G 7 0.81 NS 6 2.07 NS 7 1.17 NS
P × Y 6 2.84 * 5 8.46 *** 5 4.31 **
G × Y 1 1.76 NS 1 2.39 NS 1 10.55 **
P × G × Y 6 0.60 NS 4 2.33 NS 4 1.47 NS

***, P  0.001; **, P  0.01; *, P  0.05; NS = not significant

Table 2: Variation sources indicating effects of studied years (Y), phenological stages (P) and grazing conditions (G) on water-soluble carbohydrates (WSC)
and height of the plants of B. tomentellus and F. haussknechtii in Baharestan pasture in 2010-2011.

B. tomentellus F. haussknechtii
------------------------------------------------------ --------------------------------------------------------

Variable Source df F df F
WSC (% DM) Y 1 0.10 NS 1 0.01 NS

Y × Replication (E) 8 1.35 8 1.00
P 8 1.19 NS 7 2.04 †
G 1 0.61 NS 1 3.27 †
P × G 8 1.03 NS 7 0.49 NS
P × Y 6 2.36 * 5 1.43 NS
G × Y 1 1.47 NS 1 12.37 ***
P × G × Y 4 1.18 NS 5 0.05 NS

Height (cm) Y 1 1.01 NS 1 1.41 NS
Y × Replication (E) 8 0.62 8 2.38
P 8 76.15 *** 7 8.38 ***
G 1 0.07 NS 1 43.45 ***
P × G 8 1.27 NS 7 0.91 NS
P × Y 6 2.54 * 5 7.15 ***
G × Y 1 10.51 ** 1 0.00 NS
P × G × Y 4 0.58 NS 5 0.64 NS

***, P  0.001; **, P  0.01; *, P  0.05; †, P  0.10; NS = not significant

seed formation stage. In Fig. 1-A, at non of the 15 growth The WSC level was very constant for this species
stages, the pair points of WSC reserve means of the and was not affected neither by the studied grazing
grazed and the ungrazed plants created a significant conditions in the studied grazing systems or by the
difference (P  0.05). In fig. 2-A, the grazed curve was differences of weather conditions of the studied two
mostly under the ungrazed curve during growing season, years, altogether.
but it was increased during quiescence stage. There was Unexpectedly, both the minimum and the maximum
not a significant different between the end points of the amounts of biennial reserves were reached during the
both grazed and ungrazed curves in 2010 and their seed scattering stages in site I, but the maximum seasonal
beginning point in 2011 (Figs. 1-A and 2-A). The plant WSC variations for site II occurred during seed formation.
stalk height was not affected by grazing during the The minimum point  during  seed  formation  was  similar
growing seasons in both locations (Tables 1 and 2). to  the  results  of  Jameson  [6].  In  line  with  our results,
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Fig. 1: Reserve cycles of water-soluble carbohydrate concentrations of B. tomentellus (A), C. kotschyi (B) and F.
haussknechtii (C) for the grazed and the ungrazed plants in Zardawan pasture in 2010 and 2011 growing seasons.
Phenological stages = VG (vegetative growth), GG (generative growth), SF (seed formation), SS (seed scattering)
and Q (quiescence). Means with the same letter are not significantly different at P < 0.05.

Janecek et al. [19] asserted that graminoids had lower early-intensive system was not considerable on WSC
carbohydrate concentrations than forbs. Some of the reserves of B. tomentellus. In site II, the grazed curve was
phenological stages behaved differently in the two years mostly under the ungrazed curve during growing seasons
and resulted in significant different curve shapes. because of a very heavy defoliation history (about 80% of

Based on the ungrazed plants, an obvious WSC aboveground dry matter) but as an occasion, quiescence
depletion occurred in the second year when this species induced its reserves to raise significantly (Fig. 2-A) to
was in the seed formation stage, maybe due to lower compensate the depletion of its WSC content.
annual precipitation (453 mm against 573 mm). Although
the plant’s height was not affected by this reserve C.Kotschyi: WSC concentrations varied in various
depletion in the years (Table 1), Saedi et al. [20] reported phenological stages (Table 1) in roots of  this  species.
that the number of the generative culms was more The  minimum  root  reserves  were reached during the
sensitive in differentiating the years’ conditions than the early spring and the maximum reserves were reached at
plant  height. In  site I, the grazing negative impact in flowering  stage.  WSC   level   of   this   species   was  not
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Fig. 2: Reserve cycles of water-soluble carbohydrate concentrations of B. tomentellus (A) and F. haussknechtii (B) for
the grazed and the ungrazed plants in Baharestan pasture in 2010 and 2011 growing seasons. Phenological stages
= VG (vegetative growth), GG (generative growth), SF (seed formation), SS (seed scattering) and Q (quiescence).
Means with the same letter are not significantly different at P < 0.05. 

affected  by  grazing  or  the  year weather condition Similar to reserve trends of this species, Christiansen
(Table 1). Reserve depletion began through the late and Sevejkar [23] found that heavy grazing pressure
generative and seed formation stages. There was a fast initially decreased concentrations of total non-structural
growth especially considerable during May, between the carbohydrates (TNC), but, overall, no differences were
second and the third growth stages. The plant height was found in TNC concentration due to the grazing pressure.
not affected by grazing during the growing seasons Better condition in 2010, resulted in faster growth and
(Table 1). meeting  its  energy requirements for seed formation.

Unlike B. tomentellus, WSC concentrations varied in Based on the end points of the both grazed and ungrazed
various phenological stages and the curve shapes were curves in 2010 and their beginning point in 2011, this
more similar for the two years. Based on the ungrazed species did not significantly consume its WSC reserves
plants’ curves of the two years (Fig. 1-B), the minimum during the fall and winter quiescence periods.
root reserves were reached during the early spring and the
maximum reserves were reached at flowering. Similar F. Haussknechtii: In site I, all of the main variation
results were reported by Donart [21] for some mountain sources (the years, the phenological stages and the
rangeland plants. grazing conditions) had significant effects on WSC

WSC level of this species was not affected by grazing concentration of this species (Table 1). In site I, seasonal
or the year weather condition, but a reserve depletion changes of WSC reserves were significant for this species
began through the late generative and seed formation (P  0.001; Fig. 1-C). In site II, the phenological variations
stages, maybe due to lower annual precipitation in the in WSC concentration was only significant at P = 0.06.
second year. However, reproduction, which is another The ungrazed plants’ curves of the two years in site I and
stage in the life cycle of a plant with a high demand of second year in site II (Figs. 1-C and 2-C), showed that the
carbon, also utilizes stored carbon for a relatively short minimum point of WSC level occurred during vegetative
period [22]. growth  stage  and  the highest levels were attained at the
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end of the growing seasons. In site I, there was a several days to be performed. Results of the present
significant (P  0.05) different between the end points of study were different from those of Adjei et al. [25] who
the both grazed and ungrazed curves in 2010 and their reported that increasing stocking rate caused a linear
beginning point in 2011 (Fig. 1-C), but it was not decrease in TNC concentration across the plants and
significant for site II (Fig. 2-C). Grazing increased the WSC plant fractions, but El Hassan and Krueger [11] reported
concentrations of the plants of this species in both years that complete protection of perennial ryegrass from
in site I and in the first year in site II (Figs. 1-C and 2-C). grazing did not induce greater accumulation of
The plant height was declined by grazing during the carbohydrate reserves when compared to any season of
growing seasons in both locations (Tables 1 and 2). the grazing treatment and they were sometimes

Significant effect of the year weather condition on significantly lower than for the grazed treatments. This
WSC reserves of this species in site I indicated that this phenomenon may happened for the following different
attribute is a good indicator for monitoring the effects of reason/s:
different weather conditions on this plant when the mean
annual precipitation is about 450 mm or more. In site I, Grazing can harm some apical growth meristems of
overall, the first year weather condition resulted in a the species and decrease the aboveground growth
further concentration  of  WSC than the second year and, therefore, the decline in growth rate of the
(8.8% and 6.6% dry-matter for 2010 and 2011, grazed plants would be a good  reason  for
respectively). In site II, the different in weather condition consuming the WSC reserves less than control
caused the species behaved obviously different for the plants. These results suggest that plants exposed to
grazing conditions, so that the grazed plants accumulated prolonged periods of defoliation may have rapid
more WSC reserves than the ungrazed plants in the first initial regrowth upon alleviation of these stresses
year. because high amounts of reserves may have been

In site I, earlier section of vegetative growth stage accumulated in their storage organs during the stress
WSC storage was lower particularly in the ungrazed period [26]. In addition, the results of the plant height
plants in the second year. For many species spring suggest that high reserve availability facilitates
growth  relies  on  carbohydrate reserves at the initial growth only when meristematic activity is high. Both
stage of development  only  [22,  24].  The  seasonal moderate (defoliation of 48% of the aboveground
trends of WSC were similar for both locations in the dry-matter), in site I, or heavy grazing (defoliation of
second year. 86% of the aboveground dry-matter), in site II, seems

Based on the ungrazed plants’ curves, the low point to stimulate the storage organ of this species to store
in WSC reserves occurred during the rapid spring growth, more WSC components at the following years after
several days after initiation, when the average leaf length defoliation, although it resulted in less plant’s
(= plant height) was about 30 cm in site I and 23 cm in site aboveground height during the studied growing
II and the highest levels were attained when the leaves seasons. Thus, this makes the species-specific
were brownish color at the end of the growing seasons. reserve behaviour as a maintenance strategy against
However this variations were not significant. The curves’ the grazing pressure.
shapes were very similar in both years as phenological Many researchers reported that biomass of the
stage × year interaction did not have a significant effect storage organs had a greater effect than the
on WSC reserves in any location, unlike the other studied concentration of the  carbohydrates  on  TNC or
species. WSC  reserves  [11, 13].  However, measuring the

In site I, this species significantly consumed its WSC total  belowground  biomass   and   total  WSC
reserves during the fall and winter quiescence periods, content  (instead  of  concentration)  are  difficult.
but it was not a considerable consumption in site II. The comparison of the belowground dry-matter

Interestingly, grazing increased the WSC between the grazed and the ungrazed plants to the
concentrations in the storage organs of the plants of this depth of about 30 cm was not able to find a
species in both years in site I and in the first year in site significant difference, although the locations were
II. This increase, in site I, mainly occurred when the plant very different in management, history of exclosure
entered the quiescence stage, indicating that the and precipitation (in site I, 105.1 g against 103.3 g;
transmission of the synthetic substances from the and in site II, 32.1 g against 36.7 g for the grazed and
aboveground parts to the belowground tuber takes the ungrazed treatments, respectively).
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Although predominant carbohydrate reserves stored 3. Weinmann, H., 1961. Total available carbohydrates in
by temperate-origin grasses are sucrose and
fructosans and those of subtropical or tropical-origin
grasses are sucrose and starch [27, 28], other
compounds rather than WSC might have been stored
as reserve substances and been transformed to WSC
as a response to defoliation. This suggests that
starch can form a considerable portion of the reserve
components in the storage organ of this species.

CONCLUSION

Most of the previous works (seldom on farms and on
a regrowth timescale) on carbohydrate reserves have
shown that the reserve levels have been deprived during
the regrowth period, especially several days after
defoliation, but our study suggests that the plant
response to grazing in the following season (not during
the defoliation season) is different, so that the rest period
may increase the resource allocation to storage organs to
compensate the deprived reserves in the studied stocking
systems. Thus, from a pasture management perspective,
the rest periods would be very beneficial to improve the
plants’ vigor in similar conditions for species that may
respond to rest growing seasons positively. However,
generative reproduction of the favorite species with
neutral response should be guarantied to conserve their
population in addition to their survival.
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