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Abstract. In this paper, the relations between live weight (LW) gain of the grazing cows and rangeland
condition (RC), LW gain and concentrate supplement and LW gain and genetics of the grazing cows were
investigated to quantify LW and body condition score (BCS) losses driven by rangeland degradation to
estimate the threshold RC over which rangelands can compensate these losses. This study was conducted
in Erzurum Province, Turkey. LW gains were estimated using farmer- animal- and rangeland-related
variables during June-August and June-October periods. RC was calculated employing the classical
condition assessment method. Ordinary least squares (OLS) were used in data analyses. The results show
that a 10% enhancement or setback in RC can result in about 10 kg LW gain or loss per head. The
financial equivalent of these LW gain or losses was 314.6 Turkish lira (TRY) or 59.0 USD (I TRY =
0.1875 USD) per farm, which accounts 15.5 TRY or 2.9 USD per hectare of rangeland. It is concluded
that rangeland with an RC value below 4.3 requires restoration and that cows of higher genetic merit
more than crossbred genotypes are not suitable for extensive production in the study area and areas
sharing similar agroecological conditions.

Keywords: threshold rangeland condition, rangeland restoration investments, grazing cows, live weight
gain, body condition score, genetic merit, concentrate supplement, Erzurum, Turkey

Introduction

As a natural resource, rangeland is the common name for extensive natural
landscapes, such as grasslands, shrub lands, woodlands, wetlands and deserts. It is the
most common land type that about 50% of the total land area of the world is covered
with rangelands (Holechek et al., 2004). Beside the immeasurable outputs of ecosystem
services such as biodiversity, soil fertility, water quality, pollination, they ensure the
sustainability of extensive livestock production by providing free of charge forage for
the farm animals (Williams et al., 1968; Altin et al., 2005). For that reason, extensively
managed livestock production is the most sustainable and common form of agriculture.
Although they produce relatively agriculturally low value, rangelands have significant
overall, economic and social value due to their geographic magnitude (Schacht and
Reece, 2009). For that reason, rangelands with low-input, extensive livestock
production have been a way of life and important in sustaining livelihoods for centuries
in many areas worldwide (Williams et al., 1968; Gintzburger et al., 2006; Pardini,
2009).

However, heavy grazing is reported to be the most important factor causing the
deterioration on rangelands. through replacement of species of higher nutritive value
with those of lower nutritive value over time. Especially in public rangelands,
continuous heavy grazing, irregular and misuse, accelerated with other type of
pressures, such as increasing land demand for industry, urbanization and crop
cultivation, results in irreversible changes in botanical composition and undesired
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species become dominant (Gokkus and Kog, 2001; Holechek et al., 2004; Pardini,
2009). Thus, these valuable ecosystems have been degraded over time and they lost
their hay production potential. Because, rangeland degradation means losses of
livestock revenues for the national economy, rehabilitation and restoration of the
degraded natural rangeland sites is of great importance to increase and maintain
productivity.

Rangeland condition is defined as an evaluation of the existing state of health of the
vegetation cover in a definite site relative to an expected norm with a given set of
prevailing environmental and managerial factors, which measures range deterioration
and improvement (Heady, 1975; Kog et al., 2003; Ludwig and Bastin, 2008).

As in intensive livestock production systems, extensive, rangeland dependent dairy
cattle production is profitable only with high milk yields and the birth of a calf each
year per head of dairy cows, both of which require optimal care and feeding conditions.
Dairy cow energy reserves are important indicators of these optimal care and feeding
conditions, reflecting the animals' underlying physiological state. Because rangelands
have been the main feeding sources especially during the grazing seasons (Kara et al.,
2009; Unal et al., 2010; Sayar et al., 2015), energy reserves of the grazing animals are,
of course, closely linked to rangeland condition in extensive production.

One method for determining an animal’s energy reserves is the body condition score
(BCS). The BCS rates farm animals according to visual and/or tactile appraisals of
specific body regions made by trained staff to assess body energy reserves (Aktas et al.,
2011; Berry et al., 2011; Anonymous, 2012). In their review, Bewley and Shulz (2008)
concluded that changes in BCS throughout lactation can have an impact on milk yield,
herd health, reproductive performance, and animal well-being. Therefore, management
of BCS must play a key role in achieving profitable animal production by maximising
animal potential.

Modified versions of the BCS have been used in many countries for different kinds
of farm animals since it was first developed for sheep by Jefferies (1961). Different
countries employ different BCS scoring systems (e.g. 1-4, 1-5, 1-8, 1-9, and 1-10
scales). In all systems, thin animals receive lower scores than fat animals (Bewley and
Schulz, 2008).

In addition to BCS, live body weight (LW) is routinely used to estimate the body
energy reserves of farm animals. Although changes in LW are influenced by factors
other than fat content (e.g. endogenous water and protein content, changing organ
weights, gastrointestinal contents, and foetal development) (Schroder and Staufenbiel,
2006), thereby rendering interpretation of LW changes difficult (Morris et al., 2002), it
is accepted that LW and LW changes have effects similar to those of BCS (Roche et al.,
2007) and that monitoring LW after parturition can be used as a management tool to
prevent reproductive problems (Rehék et al., 2012).

Consequently, the relation between BCS and LW has been the subject of numerous
studies. Otto et al. (1991) calculated an r? of 0.62 for the relation between BCS and LW
in US Holstein cows. Enevoldsen and Kristensen (1997) reported correlations between
BCS and LW of 0.53, 0.34, and 0.57 for Danish Friesian, Danish Jersey, and crossbred
Jersey x Red Danish cows, respectively. Yildiz et al. (2011) reported a correlation of
0.4 between BCS (1-5 scale) and LW for Brown Swiss x Simmental crosses. Berry et
al. (2011) reported a moderate correlation (r = 0.49) between BCS (1-5 scale) and LW
for Irish Holstein-Friesian dairy cows in pasture-based dairy cattle production.
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Although LW explains only 25-62% of the variation in BCS changes, it is still used
as an indicator of BCS losses or gains in cows (Anonymous, 2012). In fact, these values
underestimate the accuracy of LW as an indicator of BCS since BCS is affected by body
shape, and more fat is needed for each additional BCS point on a large-framed than on a
small-framed cow, because visual changes in BCS take longer to become apparent
(minimum 4 weeks) than do changes in LW (1 or 2 weeks) (Moran, 2005).

Morris et al. (2002) reported that 15-kg and 30-kg LW increments were necessary to
increase BCS by one unit in 1-10 and 1-5 systems, respectively. Berry et al. (2006)
reported that, on average, 1 BCS unit equalled 31 kg in LW. In a later study, Berry et al.
(2011) reported a 50-kg LW change per unit change in BCS, varying from 39-66 kg,
depending on the parity and stage of the inter-calving interval.

The BCS of farm animals fluctuates throughout the year, and different BCSs have
been suggested for certain stages of cow production cycles to maximize economic
returns through optimizing milk production while minimizing health and reproductive
disorders (DEFRA, 2001). During the parturition and dry-off periods, optimum BCS is
expected to be 3 and 4, respectively, and to be between 2 and 3 during peak milk yield
(Serin, 2004; DeLaval, 2006; Hulsen, 2007; OMAFRA, 2015). The reason for low BCS
during peak milk yield is insufficient daily nutrient intake coupled with higher energy
requirements, which lead to a negative net energy balance. To cover the energy gap, the
energy reserves of the body are mobilised, which brings about BCS losses after calving.
Gallo et al. (1996) pointed out that BCS is lowest in the third and fourth months of
lactation in low- and high-yielding animals, respectively, and it is compensated for only
in the middle of or at the end of lactation, although replacement of decreased body fat
reserves starts in the seventh and twelfth weeks after calving.

With one third of total rangeland asset, Eastern Anatolia ranks first among the
geographical regions of Turkey. Not only is arable land limited due to varied
topography but also crop pattern because of short vegetation period and low mean
temperature. Consequently, rangeland dependent extensive animal production has been
an important component for livelihoods of the rural people from past to present. In this
region and especially in the study area, calving occurs in February and March, and
rangeland grazing starts by early May (Kara et al., 2009). The beginning of the grazing
season coincides with the 60"—90" day of lactation, when BCS is lowest. In the study
area, cow BCS is likely < 2.5, and even drops as low as 2.1 (Aktas et al., 2011).

Given that the only nutrient source for grazing cows is rangeland herbage (except in
the early and late grazing season; Kara et al., 2009), high-quality rangeland is necessary
to compensate for BCS and LW losses and achieve profitable production in extensive
farming. However, the decades-long use of rangeland above its carrying capacity has
resulted in deteriorating rangeland quality and losses in herbage production potentials.
Therefore, rehabilitation of degraded rangeland can lead to LW and BCS gains,
ultimately leading to an increase in beef and milk production for the local farmers
whose livelihoods depend on animal production.

Although an increasing awareness has been developed on the importance of
rangelands worldwide and the governments allocate considerable funds to restore
degraded rangelands it is necessary to keep the rangelands on the top of the list in the
agenda in facilitating sustainable fund allocation to rangeland restoration investments
providing cause-effect results with some concrete data. This article covers an on-farm
research study of 11 carefully selected villages and their rangelands in a socioeconomic
environment. By connecting rangeland and grazing animal attributes in extensive dairy
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cattle production at farm level, | aimed to quantify LW and BCS losses driven by
rangeland degradation to estimate the threshold RC over which rangelands can
compensate BCS and LW losses, and under which restoration is required.

| also aimed to grasp attention of the policy makers to the importance of rangeland
restoration efforts and discuss the importance of sustainable rangeland use from a
different view point by revealing the effect of rangeland degradation on LW and BCS
losses and calculating the cost equivalent of the feeds required to compensate for the
LW or BCS losses. Study results may also be important for researchers and the others
having an interest on rangeland-animal relationships prevailing under on-farm
conditions. Although the study presents results and arguments from Erzurum Province,
Turkey, the findings are expected to be relevant to countries sharing similar agro—
ecological conditions, production patterns, and cultural and historical backgrounds.

Materials and methods
Materials

The primary study materials were vegetation study results and LW records of
lactating cows in farms selected from the study villages. Secondary materials included
official records of the Eastern Anatolia Agricultural Research Institute and other
relevant official institutions.

Methods
Study area

The study area covers Erzurum Province, which is representative of the entire region
in terms of topography, altitude, climate, and production pattern (Fig. 1). It has 12% and
10% of the total meadow and rangeland pastures in Turkey, respectively (TURKSTAT,
2013). A continental climate prevails, with long harsh winters and short hot summers.
The lowest and highest recorded temperatures between 1975 and 2006 were —37.2°C
and 36.5°C, respectively, while average annual temperature and rainfall were 5.5°C and
453 mm, respectively. The number of frosty days was 154, and the number of days with
snow cover was 113 (TUMAS, 2013). The average annual rainfalls in 2006 and 2007
were 357.4 mm and 436.6 mm, respectively, of which 43.4 and 134.1 mm were
recorded from June—August in the first and second grazing seasons, respectively, a
difference of 90.7 mm. Despite the positive difference in annual precipitation between
the first and second study years, there was considerably more rain in September—
October in 2006 than in 2007 (Table 1).

Study Villages

Bulgaria Blacksea

Georgia
Istanbul
Greece/

® Ankara

TURKEY

Syria
Mediterranean Sea

Erzurum Province 8

Figure 1. The study area
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Table 1. Precipitation in June—August and June—October periods of the grazing seasons
(mm)

Grazing Season June-August June-October September—October Annual Total
2006 434 162.7 119.3 357.4
2007 134.1 167.9 33.8 436.6
Difference 90.7 5.2 —85.5 79.2

Source: TUMAS (2013)

Indigenous cattle breeds and their various crosses constitute the largest ruminant
population, whereas Red Karaman sheep and Anatolian Black goats make up the small-
ruminant assets in the region (Kara and Kiziloglu, 2012). They are hardy and well
adapted to natural rangeland. In Figure 2 are presented some photos to illustrate the
study area rangelands.

2 Yo

Esendurak VIIage Yayladag Village

Figure 2. The study area rangelands

Selection of villages

Based on how well they represented the surrounding area and province as a whole,
villages were selected from different districts, both east—west and north—south, that were
free of nomadic movements and boundary problems and for which rangeland
demarcation and allocation studies were completed. In total, 11 villages were selected
from Askale, Yakutiye, Tortum, Narman, Pasinler, Kopriikkdy, and Horasan districts.
Although the selected villages dispersed in different districts of Erzurum province, there
was no significant differences among them regarding climatic conditions, production
techniques, customs and the habits. At least, it was assumed that the only factors
differentiate the villages from each other were the condition of their rangelands, the
altitude and the stocking rate.
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Vegetation studies and calculation of the rangeland condition

Vegetation studies were carried out in 2006 to determine the botanical composition
and conditions of the village rangeland. They were conducted in 12 representative sites
in rangelands of each village with four replications along 100-m transects in easterly,
westerly, southerly, and northerly directions, following Ko¢ and Cakal (2004). The
condition of the rangeland was determined following the methods of De Vries et al.
(1951), cited in Kog et al. (2003), using the vegetation study data for each site in every
village.

Rangeland condition was calculated according to the Rangeland Quality Degrees
method (De Vries et al., 1951, cited in Kog et al., 2003), using the equation given
below.

Rfo?zdirion = E F:’ X Qsi (qu)

In Equation 1, P; shows the relative abundance of each species, calculated as the
proportion of individuals of i*" species to the total number of individuals encountered in
the studied site, as QS; represents the quality score of the i" species. Quality score
reflects the values given to each species according to the grazing and productivity traits
of the encountered species such as productivity, post-grazing regeneration ability and
palatability, varying between -1 to 10. Poisonous plants take -1 point as the scores 1 to
10 indicate the degree of other desirable traits (Ko¢ and Gokkus, 1996; Altin, 2001; Kog
et al., 2003). In this method, vegetation cover is accepted as the product of climate and
soil, as such that information on climax vegetation is not needed.

The arithmetic means of 12 sites in each village were used as a measure of the
village’s overall degree of rangeland quality. Rangeland condition was given a value
between 0 and 10 (0-2.0: very poor, 2.1-4.0: poor, 4.1-6.0: moderate, 6.1-8.0: good,
and 8.1-10.0: very good).

LW measures

The LWs of grazing lactating cows from the selected farms were measured and
recorded by the study staff using digital scales three times per year during the study: at
the beginning (early June), in the middle (late August), and at the end of the grazing
season (late October). The scales were calibrated at the time of each weighing in every
study village.

To reveal the effect of concentrated supplements on LW gain, each lactating grazing
cow was regularly supplied with supplements on a daily basis (1 kg manufactured
milking concentrate) during the grazing season. About half the study farms were
provided with milking concentrate (16% crude protein and 2,400 Kcal kg™ metabolic
energy) in the first year, and the rest were provided with it in the following year. The
amount of concentrate was standardised using a 1-kg capacity pan.

Data analysis

Forage allowance is high in June to August and thereafter continuously declines until
the end of the season due to grazing and the maturation of the vegetation respectively.
For that reason, the LW gain of the grazing cows in randomly selected farms in 11
studied villages was calculated for two periods (June—August and June—October) for
each lactating cow by subtracting the initial LW from that measured in the middle and
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at the end of the grazing season. In the socioeconomic environment of extensive
production systems, many factors interact and affect the LW gain of grazing animals.
Some of these factors relate to farmers (age, education) and some relate to the attributes
of the grazing animals (e.g., lactation order and LW at the beginning of the grazing
period), whereas other factors are related to the rangeland itself (e.g., rangeland
condition, bare ground, altitude, and stocking rate), which determine herbage production
and quality.

Considering the fact that most of the variables under consideration are affected by
more than one cause in the real world, it is important to isolate multiple independent
variables affecting the dependent variable in the model of interest. This feature can be
achieved at ceteris paribus, which means "holding other things constant”. The
assumption of ceteris paribus is important to determine causation, especially in
economics. Linear regression, on the other hand, is the workhorse of the econometrics
and ordinary least squares (OLS) method is the most popularly used method to estimate
the regression coefficients and describes well the relationship between dependent and
independent variables in the presence of ceteris paribus assumption (Gujarati, 2012).

Moreover, the linear estimators, i.e., the regression coefficients, are easy to
understand and simple to deal with. It is easier to explain the effect of independent
variables on a dependent variable (Gujarati, 1995). However, Baltagi (2005) warns that
individuals, firms, states, countries, etc., are heterogenous units and if not controlled
this heterogeneity, the studies considering other than the panel data will have the risk of
obtaining biased results. The most prominent techniques used to analyze panel data are
fixed effect and random effect models. If a specific set of N entities (e.g., firms,
countries, cities or the villages as in the present study) is focused on and the inferences
have to be restricted to the behavior of these entities or whenever the aim is to analyze
the impact of variables that vary over time, the fixed effects model is appropriate and
therefore should be used (Baltagi, 2005; Torres-Reyna, 2007).

In the present study, however, as stated earlier, the study villages share the same
agro-ecological conditions and production pattern, habits and customs inherited from
the past. | assumed that heterogeneity among the villages was solely due to rangeland
condition, altitude, and stocking rate. Further, | also assumed that heterogeneity among
the farmers was due to their age and education level. As observation units, the cows
were differentiated in terms of their lactation orders, initial LWs and breeds, all of
which were controlled with relevant variables in the models.

In this study, I would like to reveal the effect of rangeland condition on LW gain in a
two-year study and rangeland condition is a long-time concept (Heady, 1975), i.e., it is
time invariant and does not change for several years. For that reason, it had a fixed
value for each village during the study years. Only the average rangeland condition and
average altitude value were calculated and assigned to each selected village, which is a
significant limitation and makes it impossible to run fixed effect panel data models for
the study data. In case of setting or treating the village variable as a panel variable, the
rangeland condition, stocking rate, and altitude variables are dropped out. Whereas the
rangeland condition is the backbone of the research and dropping it out would render
the whole study inconclusive.

On the other hand, unlike the fixed effects model, the variation across entities is
assumed to be random and uncorrelated with the predictor or independent variables
included in the model (Torres-Reyna, 2007). The random effects model is appropriate if
a set of N entities are randomly selected from a large population. If there is a reason to
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believe that the differences across entities (the villages here) have some influence on the
dependent variable (e.g., rangeland condition in the present study), then RE seems to be
the most appropriate and so should be used (Baltagi, 2005; Torres-Reyna, 2007).
Nevertheless, following the Breusch-Pagan Lagrange Multiplier test with a null
hypothesis suggesting the use of simple OLS regression, we found it to be more
appropriate (p>0.05) for the present study (Torres-Reyna, 2007; Gujarati, 2012).

OLS linear regression model can be written as in Equation 2 given below (Gujarati,
1995);

Y; =By + B2 Xy + BaXy + -+ B Xy + (Eq.2)

where;
e ¥ represents dependent variable.
X represents explanatory (independent variables).
B, represents intercept.
B, to [5, represent slope coefficients.
k represents k'™ coefficient.
i represents i observation.
u represents random or stochastic error term.
In a linear regression analysis following assumptions should be met (Gujarati, 1995);

e There is no multicollinearity (exact linear relationship) among the independent

variables.

e Error term has a homoscedastic (constant) variance.

e Error terms are not correlated with each other, that is, there is no autocorrelation

among error terms.

e Error terms are normally distributed.

In the regression models, categorical variables were represented by dummy variables
whose number was less by one than that of the classification of the qualitative variables
(Gujarati, 2012). In our study, the variable of the cow breed had three categories
including local cattle breed. Thus, it was represented by two dummies of crossbred and
purebred. Since the dummy variable for local breed was not included in the regression
models, coefficients of other dummy variables should be interpreted in relation to
reference category (local breed) as coefficients of other continuous independent
variables represent the marginal change in dependent variable as a result of one-unit
change in the continuous dependent variable of interest at ceteris paribus.

LW gain of the grazing cows was considered to be a function of the continuous and
discrete variables given in Table 2.

The F-test and Ramsey RESET test were used to determine the significance and the
omitted variables of the model, respectively. Multicollinearity was controlled with the
variance inflation factor. Heteroskedasticity was tested with the Breusch-Pagan test, and
the normality assumption was controlled with skewness and kurtosis tests, along with
the Graph Method (Neter et al., 1989; Gujarati, 1995; Callaghan and Chen, 2008; Park,
2008; Cameron and Trivedi, 2010). Autocorrelation was not tested due to the fact that it
is the problem of time series data and the data used in the present study is cross-
sectional (Gujarati, 1995).

The skewness and kurtosis tests appeared to suggest that the assumption of the
normality of the residual was violated. However, despite some small deviations that
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could be omitted, the normal probability and quantile-quantile plot distributions of the
residuals indicated this was not the case (Park, 2008; Anonymous, 2013).

As the variable ‘altitude’ caused serious multicollinearity problem and inconsistent
estimators for the models, it was omitted. Similarly, ‘concentrate supplement X season’
and ‘concentrate supplement x animal breed’ interactions were not included into the
model because they also caused serious multicollinearity problems. According to the
variance inflation factor values (range: 1.02—2.38, mean: 1.48), the regression models
without altitude variable and above-mentioned interaction terms did not have a serious
multicollinearity problem (Gujarati, 1995; Callaghan and Chen, 2008; Park, 2009).
However, the Breusch-Pagan test revealed that the model had heteroskedasticity
problem (p < 0.01) and to correct this problem Robust Standard Errors procedure was
applied (Gujarati, 2012). Moreover, the Ramsey RESET test proved that the model had
no omitted variable bias (p=0.32). Stata SE 14 software package was used for all
analyses.

Table 2. Explanations of the study variables

Variables Explanations

LW Gain-1 LW gain of grazing dairy cows during June-August period (kg.head 1)
LW Gain-2 LW gain of grazing dairy cows during June-October period (kg.head1)
Distance Approximate distance between village and rangeland site (m)

Farmer Age Age of the farmer (year)

Schooling Education level of the farmer (in schooling years)

Rangeland Condition Rangeland condition (rangeland quality)

Altitude Average altitude of the village rangelands (m)

Lactation Order Lactation order (number of giving birth) of the cows

Initial LW Live weights of the cows at the beginning of the grazing period (kg)
Stocking Rate Rangeland stocking rate (animal unit (AU) per hectare)

Bare Ground Bare ground percentage of the village rangeland (%)

Season Grazing season (1 = Second year; 0 = First year)

Crossbred Crossbred cows (If crossbred 1, otherwise 0)

Purebred Purebred cows (If purebred 1, otherwise 0)

Concentrate Supplement Supplement feed during grazing season (1 = Yes, 0 = No)

Season x Supplement Season (Year) x Supplement feed interaction

Crossbred x Supplement Crossbred x Supplement feed interaction

Purebred x Supplement Purebred x Supplement feed interaction

) The error term

The data for the variables of rangeland condition, altitude, distance, and bare ground
were obtained from the vegetation studies and the live weight data were obtained from
the live weight measures of the farm animals as stated earlier. The data used for
stocking rate calculations were from the official records of the provincial and district
directorates of agriculture.

Results
Vegetation survey results

The rangeland attributes of the study villages are presented in Table 3. As mentioned
by Kara et al. (2015), 140 different species were found in the studied rangeland, of
which 26, 24, and 90 were species of legumes, grasses, and other families respectively.

Medicago varia (5.0%), Astragalus lineatus (3.3%), Astragalus microcephalus
(1.9%), Trifolium hybridum (1.7%), Coronilla varia (1.4%), and Astragalus lagurus
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(1.3%) were the most common legumes, whereas Festuca ovina (13.3%), Stipa
lagascae (3.3%), Agropyron intermedium (3.1%), Dactylis glomerata (1.5%), Bromus
tectorum (1.3%), and Phleum montanum (1.3%) were the most common grasses. The
most widespread species of other families were Thymus pubescens (6.7%), Artemisia
spicigera (3.4%), Salvia candidissima (3.0%), Eryngium campestre (2.8%), Galium
verum (2.6%), Achillea millefolium (2.4%), Verbascum cheiranthifolium (2.1%),
Plantago atrata (2.1%), Helichrysum plicatum (2.0%), Tanacetum balsamita (1.7%),
Alyssum pateri (1.5%), Acantholimon caryophyllaceus (1.4%), Artemisia austriaca
(1.4%), and Euphorbia virgata (1.3%).

Table 3. Rangeland attributes of study villages

. Of Species Found in Rangeland . .
Villages RS_D(EICIES Vegetation (%) Rgn?eland Conolllilon Bare !(;round Altitude
ichness Legumes  Grasses Forbs (in fragments of 10) (%) (m)
1 64 17.9 30.4 51.7 3.70 29.3 2202.3
2 66 16.4 34.0 49.6 3.26 29.7 19214
3 56 22.4 28.7 48.9 3.46 214 2269.4
4 36 6.2 25.3 68.5 2.53 275 2192.8
5 58 175 29.7 52.8 3.19 28.7 1862.1
6 54 17.2 22.3 60.5 2.95 28.3 1723.9
7 62 15.3 234 61.3 2.79 15.9 2010.2
8 58 25.6 24.6 49.8 3.73 17.9 2221.2
9 57 12.0 35.0 53.0 2.77 30.3 1775.1
10 51 29.4 36.2 34.4 4.18 277 2515.2
11 62 29.2 21.8 49.0 3.60 25.0 2298.7
Average 56 20.0 27.6 52.4 3.28 24.1 2135.8

Descriptive statistics

Average number of lactating cows per farm was 8.5 head. They had an average LW
of 287.1 + 1.8 kg at the beginning of the grazing season and gained 16.1 + 0.9 kg and
14.9 = 1.0 kg per head in June—August and June—October, respectively. The lactation
orders of the cows were between 1 and 13. The rangeland condition of the study village
rangeland varied from 2.53 to 4.18, indicating poor to moderate condition. About 24%
of the rangeland area was bare, without any plant covers. The average stocking rate in
the studied villages' rangeland was 0.68 AU (1 AU equals to 500 kg LW) per hectare
varying between 0.1 and 3.0.

Multiple regression analysis

The factors affecting LW gain per head of dairy cows in June-August and
June-October periods in two grazing seasons were examined using OLS regression
(Tables 4 and 5).

Season, farmer age, rangeland condition and breed of the cows had all positive and
very significant effects (p < 0.01) as concentrate supplements had also significant
impact (p < 0.05) on LW gain of the grazing cows (Table 4). Additionally, the effects of
initial LW of the cows, stocking rate, and bare ground of the rangelands on LW gain
were all negative and very significant (p < 0.01). Distance from the village to rangeland,
schooling years of the farmers and lactation order of the grazing cows had not
significant effect on LW gain (p > 0.05).
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Table 4. Multiple regression analysis results with robust standard errors procedure for

June—August period

LW Gain-1 Coefficient Robust Std. Err. t P>Itl
Season 18.7042 1.6560 11.30 0.000
Farmer Age 0.3323 0.0702 4,73 0.000
Schooling 0.4733 0.3386 1.40 0.162
Distance -0.0025 0.0016 -1.53 0.127
Rangeland Condition 12.2968 1.6597 7.41 0.000
Crossbred 9.0896 1.9258 4,72 0.000
Purebred 23.5637 4.3770 5.38 0.000
Concentrate Supplement 3.4844 1.4592 2.39 0.017
Lactation Order -0.0598 0.3581 -0.17 0.867
Initial LW -0.1481 0.0214 -6.93 0.000
Stocking Rate -5.4770 1.2610 -4.34 0.000
Bare Ground -0.4797 0.1484 -3.23 0.001
Constant 4.1739 8.9289 0.47 0.640

Number of observations= 1019; F=45.39; p= 0.000; R-squared= 0.3182

Similar results can be seen in Table 5, with the exceptions that contribution of age
and schooling years of farmers were negative and insignificant, as effect of bare ground
was positive but not meaningful. Again, the effect of concentrate supplement shifted
from significant to very significant as the effect of distance was altered to marginally

significant.

Table 5. Multiple regression analysis results with robust standard errors procedure for

June—October period

LW Gain-2 Coefficient Robust Std. Err. t P>Itl
Season 21.1888 1.8120 11.69 0.000
Farmer Age -0.0091 0.0765 -0.12 0.905
Schooling -0.3132 0.3937 -0.80 0.426
Distance -0.0031 0.0017 -1.86 0.063
Range Condition 13.4401 1.9577 6.87 0.000
Crossbred 10.5889 2.2512 4.70 0.000
Purebred 25.9715 4.3310 6.00 0.000
Concentrate Supplement 4.7480 1.6464 2.88 0.004
Lactation Order -0.4559 0.4236 -1.08 0.282
Initial LW -0.1756 0.0250 -7.03 0.000
Stocking Rate -4.6123 1.4598 -3.16 0.002
Bare Ground 0.2049 0.1747 1.17 0.241
Constant 10.7721 10.3155 1.04 0.297

Number of observations= 1019; F=35.73; p= 0.000; R-squared= 0.2997

The OLS regression results revealed that season had a strongly significant effect on
LW gain in both models. There was a positive LW gain difference between the first and
second grazing seasons; specifically, there was a difference of about 16.1 and 14.9 kg
per head in June—August and June—October, respectively (Table 6).

Table 6. LW gain of cows by grazing season

Grazing Season

June-August Period

June—October Period

N Mean Se N Mean Se
2006 492 4,71 1.199 492 2.16 1.224
2007 527 26.79 1.063 527 26.83 1.290
Total 1019 16.13 0.870 1019 14.92 0.971
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The effect of cow breeds or genetic on LW gain was also very significant (p <0.001).
According to Table 4 and Table 5 crossbred and purebred cows gained 9.1 and 23.6 kg
per head more LW than local cows during June—August and 10.6 and 26.0 kg per head
during June—October periods respectively at ceteris paribus.

However, when | consider the non-supplemented groups in both grazing seasons, it is
obvious that performances of the different breeds or genotypes differed in June—August
and June—October periods of the grazing seasons. Indigenous or local cows seemed to
be hardier and more insensitive for environmental conditions whereas high genetic
merit cows, crossbred and especially purebred cows, are more sensitive. For example,
considering the June—August period high genetic cows acted in opposite directions.
They lost much weight in draught season as gained much in humid season (Fig. 3).
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Figure 3. Effect of concentrate supplement on LW gain by grazing seasons and cow breeds a)
June—August period, b) June—October period

Yet, as the season advanced, purebred cows did not maintain LW gain and lost much
of what they gained during June—August period in humid season. It is also obvious that
purebred cows lost LW during June—August period as local and crossbred cows gained
some LW in draught season (2006). Again, another remarkable finding is that purebred
cows balanced the LW losses at the end of June—October period through the late
rainfalls in the draught season (Fig. 3 and Table 1).

The use of concentrate supplement during the grazing season improves LW gain
because it enhances animal performance, thereby increasing LW. For that reason, the
effect of concentrate supplement on LW gain was also significant (p < 0.05) and very
significant (p < 0.01) in June-August and June-October periods, respectively.
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Concentrate supplementation increased LW 3.1 kg per head and 4.4 kg per head in these
periods respectively (Tables 4 and 5).

More importantly, however, the LW gain due to supplement feed was well below
that due to rangeland condition. Tables 4 and 5 show that a 10% increase in rangeland
condition was associated with 12.3+£1.6 and 13.44+2.0 kg LW gains per head of cow in
June—August and June—October, respectively. This is 3.5 and 2.8 times the LW gain
(3.5£1.5 kg and 4.8+1.6 kg, respectively) provided by a daily supplement of 1 kg of
concentrate in June—August and June—October, respectively.

LW losses as proxies for BCS losses due to rangeland degradation

RC was found to be one of the most important factors affecting LW gains in
extensive dairy farming (Tables 4 and 5). LW gain as a result of the impact of RC can
be converted to BCS following Berry et al. (2011).

Berry et al. (2011) quantified 39 kg LW per 1l-unit BCS (1-5 scale) for
Holstein-Friesian cows with a LW of 564 kg; this would be 6.9% of the total LW of the
cow. The average amount of weight gain/loss for every unit of BCS change was found
to be equivalent to 6.58% of a cow’s total LW on the 1-10 scaling BCS system used in
New Zealand (Anonymous, 2012). These two conversions of LW gain or loss for every
unit of BCS are roughly the same despite the different scaling systems. However, this
can be explained by the fact that the 10-point scale is essentially a 5-point scale, as, in
practice, only 3-7 is generally used in New Zealand (Morris et al., 2002).

This study related BCS to changes in LW due to the impact of RC throughout the
June—August grazing period. To this end, the findings reported by Berry et al. (2011)
regarding the relation between the BCS and LW for the post-calving stage (101% to
200" day) were adapted for the present study.

As previously stated, in north-eastern Anatolia, calving occurs in February and
March, and rangeland grazing starts by early May (Kara et al., 2009). Therefore, the
beginning of the grazing season occurs between the 60" and 90" day of lactation,
coinciding with the time of the lowest BCS (Fig. 4).
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Figure 4. Approximation of BCS changes in dairy cows after calving in the extensive dairy
farming system in Erzurum province, Turkey, Source: Adapted from Hulsen (2007)
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The grazing period considered in the present study roughly overlapped with the post-
calving stage reported by Berry et al. (2011). The relation between BCS and LW for
post-calving reported by Berry et al. (2011) was adapted for this study, although the
breed and parity of the grazing cows in the study area were mixed. However, Nielsen et
al. (2003) documented no significant effect of breed or parity on the relation between
LW and BCS.

The average LW of the cows at the beginning of the grazing period was 287.1
+ 1.8 kg per head of cow. Using the rate of 6.9% LW gain per BCS point from Berry et
al. (2011), I calculated 19.8 kg LW (287.1 kg x 6.9%) per BCS point at this stage.
Because a 10% increase or decrease in RC would cause a 12.3+1.7 kg LW gain or loss
(Table 4), it can be inferred that a 10% (one unit) degradation in RC will cause more or
less a 0.5 point of BCS loss in the study area and in areas with similar conditions.

The average LW gain at the end of the June—October period was about 15 kg
(302.0 kg—287.1 kg). That is, the BCS of grazing cows increased by only 0.75 points,
not fully compensating for a 1-point BCS loss.

This study also revealed that, after August, grazing cows started to lose LW
(Table 6), although expected to compensate fully for BCS losses before dry off. As
calculated above about 20 kg of LW gain were required to increase BCS by one point.

Financial equivalent of LW and BCS losses due to rangeland degradation

The financial equivalent of LW and/or BCS losses due to the degradation of
rangeland used by grazing dairy cows can be quantified by calculating the cost of feed
required to compensate for BCS or LW losses. In calculation, barley, the most
frequently and easily accessible feed on the farms, was considered. In general, one kg of
barley contains 90% dry matter and has a metabolic energy value of about
13 mega joules per kg dry matter (Anonymous, 2015). Following this, financial
equivalent of LW losses per farm due to 10 percent rangeland degradation (the energy
cost to achieve the same amount of LW gain) are given in Table 7.

Table 7. Cost equivalent of LW losses per farm due to 10 percent rangeland degradation

Number of Lactating Cows per Farm (head) @) 8.5
LW Gain per Cow! (kg) in Grazing Period (b) 12.3
Energy requirement for 1 kg LW gain (MJ)? (c) 440
Total Energy requirement to re-gain LW loss in case of _

10% degradation in RC (MJ) (d=bc) 541.2
Energy Content of Barley DM? (MJ.kg™) (e) 13.0

i ini 0,

'(Il'(c;t)al Barley Requirement per farm Containing 90% DM (f=ad(0.9¢) ) 3932
Average Barley Price* (b.kg™?) (9) 0.8
Cost Equivalent of LW Loss per Farm Due to (h=fg) 3146

Rangeland Degradation (b)

Source: from Table 4; 2Anonymous (2012); 3Anonymous (2015); *ETB (2018)

The financial equivalent of LW and/or BCS losses in the case of a 10% setback in
RC due to rangeland degradation was 314.6 Turkish lira (TRY) per farm. Thus, it can
be inferred that, ceteris paribus, farmers operating under 10% better rangeland
conditions will likely save 314.6 TRY, or 59.0 USD (I TRY =0.1875 USD).
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| further estimated that the LW or BCS gain or loss per unit of rangeland area in
response to a 10% enhancement or deterioration of RC was 15.5 TRY or 2.9 USD per
hectare of rangeland (Table 8). Thus, ceteris paribus, farms operating with 10% poorer
rangeland condition are likely to pay an extra 15.5 TRY per hectare of rangeland to
compensate for the LW or BCS loss compared with their counterparts operating with
rangeland in better condition.

Table 8. Estimated total LW or BCS gain or loss per unit rangeland area due to a 10 percent
enhancement or setback in RC

Total Number of Villages @) 11
Total Rangeland Area (ha) (b) 15 556
Total Number of Farm Households (c) 768

Energy Feed Cost Equivalent of LW Loss per Farm Due

to Rangeland Degradation® (TRY) (@) 314.6
Total Energy Feed Cost Equivalent of LW Loss (TRY) (e=cd) 2416128
Estimated Cost Equivalent of LW Loss per Unit (f=eb!) 155

Rangeland Area (TRY .hal)
Source: from Table 7

Estimation of the threshold RC value for rangeland restoration

The total contribution to LW gain made by both rangeland and concentrate
supplements at the end of June—October was about 15 kg (Table 6). The marginal
contribution of RC to LW gain was about 10 kg (12.3£1.7 kg in Table 4 and
13.4+2.0 kg in Table 5), and the gap was an extra 10 kg of LW gain for full
compensation of a 1-point BCS loss (20 kg) after calving in the absence of supplement
use during the grazing season. This is possible in the case of a 10% enhancement
(one-point increment) in RC. Because the average RC was calculated to be 3.3 for the
studied rangelands (Table 3), it can be inferred that rangeland with a 4.3 RC (= 3.3+1.0)
is able to recover BCS losses in full. In another word, rangeland with an RC value
below 4.3 is in need of restoration to recover its herbage production potential and fully
compensate for the BCS losses of grazing cows.

Discussions

According to OLS regression results, farmer age had significant (p < 0.01) positive
effect on LW gain (Table 4). Contrary to expectations (Rogers, 1983; Lionberger, 1960)
but being in tune with Schmit et al. (2007), an explanation for the positive sign and the
significance of the variable “farmer age” might be that older farmers are more
experienced, and they are more successful in animal keeping. They might have possibly
engaged in training activities previously and been able to take timely measures reducing
the possibility of unwanted outcomes. On the other hand, although not significant, a
positive sign for the schooling variable suggests that the more the schooling years of
farmer, the more LW gain per head cow during June—August period. However, it turns
to negative for the June—October period probably due to outshining effect of forage
scarcity towards the end of the grazing season.

The LW gain differences between the first and second grazing seasons can be
explained by higher annual total precipitation in the second year of the study (357.4 mm
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in 2006 vs. 436.6 mm in 2007) and the difference in precipitation between 2006 and
2007 grazing seasons (90.7 mm in June-August vs. 5.2 mm in June—October periods)
(Table 1). Higher levels of precipitation, especially in June—August period, result in
greater herbage production (O’Connor and Rouxt, 1995; Khumalo and Holechek, 2005;
Browning et al., 2012), which, in turn, result in higher LW gains.

Of particular note is that the LW gains were lower considering the whole season
(June—October period) than that in June—August period in average and especially in
draught season. This can be explained by the greater herbage mass during June—August
and the decrease in rangeland herbage due to grazing coupled with the decreasing
nutrient content of maturing plants over the course of the season (Cook and Harris,
1950, 1979; Cogswell and Kamstra, 1976; Mermer et al., 2011; Kog et al., 2014).

Although, concentrate supplements increased LW gain across all data-collection
periods, LW gains driven by concentrates were more distinctive in draught season of the
year 2006 than the humid season in the year 2007. Again, cows lost some what they
gained during June—August period as the range forage decreases in amount and
maturates due to grazing and lignination during the first grazing season of 2006 (Cook
and Harris, 1950; Cogswell and Kamstra, 1976; Mermer et al., 2011; Kog et al., 2014).

The present study also revealed that re-scaling effect (Hammami et al., 2009) was of
question regarding genetic merit X environment interaction in both years (i.e. genetic
merit X humidity and genetic merit x concentrate supplement). That is, performances of
the high and low genetic cows differed significantly under different environmental
conditions. As seen in Fig. 3, the effect of concentrate supplementation was not the
same across the all genotypes. Conforming to Ferris et al. (1999) and Kennedy et al.
(2002), local cows responded the least of higher genetic merit cows to concentrate
supplementation. In both grazing seasons, 2006 and 2007, purebred cows benefitted the
most from the concentrates. However, in humid season responses to concentrate
supplementation among the breeds were not as more distinctive as in draught season.
This was more likely because of substitution effect since concentrate supplementation
can increase total dry matter intake only in case of low herbage allowance (Stockdale,
2000; Delaby et al., 2001; Bargo et al., 2002; Vazquez et al., 2006; Sheahan et al., 2011;
Ueda et al., 2016). Due to abundant rangeland forage allowance during humid season
and especially in June—August period, concentrate supplementation did not increase
total digestible dry matter intake. However, the positive effect of supplements was more
obvious in June—October than in June—August, likely because of alleviated substitution
effect (Stockdale, 2000) due to decreased forage till the end of the season (Fig. 3).

The OLS regression analysis also revealed that initial LW had a negative and
significant effect on LW gain (Tables 3 and 4). This negative effect might be related to
the maturity of the cows. Young animals have lower body weight and make higher body
weight gains due to development, whereas heavier cows are likely to be mature animals
that do not develop as much as young ones. Furthermore, large-frame animals have
higher maintenance requirements even after dry-off due to the higher energy
requirements of larger vital organs (DiCostanzo et al., 1990), which may cause cows to
suffer longer periods of negative net energy balance (Rehak et al., 2012). It should also
be remembered that cows usually mature until the age of 5 years (Tiizemen, 1990; Cakir
et al., 1995). Therefore, less LW loss and a short period of recovery can be explained by
the growth of young animals.

Similar to previous reports, | found that a high stocking rate had a negative and
significant (p < 0.05) effect on LW gain (Tables 4 and 5). A low stocking rate may
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result in high output per animal due to selective grazing, or vice versa, because a high
stocking rate reduces the degree of selectivity (Hull et al., 1965). Moreover, rangeland
herbage production will decrease under heavy or above-carrying-capacity grazing
conditions, which result in insufficient dry matter intake and poorer performance of
grazing animals (Gokkus and Kog, 2001).

The results also show that the bare ground rate had a very significant negative effect
on LW gain (Table 4) for the period June—August because more bare ground indicates
lower levels of herbage production in the rangeland. However, although not significant,
the positive relationship between LW gain and the bare ground in the model for
June-October period could be explained with the regrowth of grasses with late rainfalls
in the season remembering the relatively high correlation (r=0.4778) between the
percentage of grasses in botanical composition and high bare ground in the rangeland
sites.

On the other hand, the village herds graze under the guidance of herders. In their
excursions that start with sunrise and end at sunset (Kara et al., 2014), the total distance
they walk every day is several times more than the actual distance between the village
and the grazing site decided for the day. The actual distance varies between 360 m and
6800 m, making an average of 2350 m in the study area. This implies that the greater is
the distance between the village and the target grazing site for the day, the more is the
total walking distance for that day. In the present study, the effect of distance on LW
gain was shifted from insignificant in June—August period (Table 4) to marginally
significant in the June—October period (Table 5). This result suggests that energy cost of
walking long distances becomes more apparent as the season proceeds most likely due
to decrease in the forage and its lignination because the cost of walking could have only
a minor effect on the energy requirement of the grazing cattle (Di Marco et al., 1998)
and can be tolerated with abundant rangeland forage allowance. Accordingly,
Pratumsuwan (1994) reported that dairy cows with a high productivity can walk
horizontally at a comfortable walking speed up to 7.5 km per day with no significant
effect on their milk production if the pasture allowance is not restricted. Similarly,
D’Hour et al. (1994) pointed out that walking distances above 6.4 km only brought
about modifications in the yield and composition of the milk.

Conclusion

The aim of this study was to estimate the threshold RC over which rangelands can
compensate BCS and LW losses, and under which restoration is required. This was
achieved by revealing the effects of RC on the LW and BCS gains or losses of grazing
dairy cows in the presence of farmer, animal- and rangeland-related factors in a
socioeconomic environment other than research station trials executed under controlled
conditions. This makes the present study important not only for policy makers but also
researchers and the others having an interest on rangeland-animal relationships
prevailing under on-farm conditions.

Regression analysis showed several significant relations with LW gains in
June-August and June—October. Therefore, the dataset and models can be used to draw
useful inferences, because the signs of all variables in the models can be explained.

To achieve profitable dairy production by maximising animal potential, it is
important to manage BCS, and BCS losses after calving should be compensated for. To
this end, RC was shown to be one of the most important factors affecting LW gain or

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):4475-4497.
http://www.aloki.hu ® ISSN 1589 1623 (Print) ® ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1702_44754497
© 2019, ALOKI Kft., Budapest, Hungary



Kara: The threshold rangeland condition to fully compensate live weight losses
- 4492 -

loss, and I used this as the proxy for BCS gain or loss during the grazing season. It is
critically important to compensate for LW losses and maintain BCS in extensive dairy
cattle production. Even a 10% reduction in RC will likely cause a 0.5-unit BCS loss in
the grazing period when animals are not generally fed with concentrate supplements.
The financial equivalent of this LW or BCS loss was calculated to be 314.6 TRY
(59.0 USD; 1 TRY=0.1875 USD) per farm and 15.5 TRY (2.9 USD) per hectare of
rangeland. However, it should be noted that economic losses may not be limited to
energy feed cost equivalents and may include losses related to health disorders, low
reproductive performance, and low milk yields. Similar to previous studies, this study
showed that concentrate supplements are ineffective during the June—August period,
especially in years of good herbage production. Therefore, supplemental feed may not
be a good solution to compensate for the BCS or LW losses in June—August.

Nevertheless, this study made it obvious that, after August, grazing cows start to lose
LW (Table 5), although they were expected to fully compensate for BCS losses before
dry off. | calculated that a LW gain of about 20 kg was required to increase BCS by one
unit. The LW gain at the end of the June—October period was about 15 kg, representing
the total contribution of rangeland and concentrate supplement together. However, an
additional 5-kg LW gain was required to compensate fully for the 1-unit BCS loss
(Table 6). As a short-term solution, grazing cows in the study area and in areas with
similar conditions should be given concentrates after August when rangeland herbage is
scarce and fully maturated, which in turn, as stated earlier, brings about a more apparent
effect of walking long distances on LW gain.

The present study also revealed that Local or indigenous cows exhibited more stable
performance in all environmental conditions (Fig. 3). For that reason, | suggest that in
extensive dairy production in the study area and the areas sharing similar agroecological
and geographic conditions, high genetic merit purebred cows are not a good selection
although they have rapid LW gain and so the cows to be used in extensive production
should not be higher genetic merit than crossbred genotypes are.

Finally, | estimated that the threshold RC at which grazing cows fully compensated
for BCS losses was 4.3. Therefore, rangeland with an RC value below 4.3 requires
restoration to recover its herbage production potential and fully compensate for the BCS
losses of grazing cows. It is evident that rangeland restoration investments are crucial,
even considering only BCS losses and disregarding other benefits of rangeland. Yet,
follow-up studies are needed to support the findings of this study.
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