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In this study, the effects of season, gender, parity and year of birth on the birth weight of Holstein
and Swedish Reds calves raised under ecological conditions in the eastern Black Sea region of
Tirkiye were investigated. For this purpose, 985 birth weight records of calves born on a private
organic dairy farm were utilized. The data were analyzed by Univariate Analysis of Variance
method available in IBM SPSS Statistics 26.0 software. Study results showed that season had a
significant (P <0.01) effect on the birth weight of Holstein Friesian calves. The highest birth weight
was observed in the spring season with 42.29 kg. Average birth weight for male calves was 41.8
kg, while female calves weighed 40.4 kg (P < 0.01). First parity dams had the lowest calf birth
weight with an average of 38.7 kg. Calves from Holstein cows in second parity had the highest birth
weight with 42.8 kg (P < 0.01). The effects of season on the birth weight were statistically
significant in Swedish Red calves. Male and female Swedish Reds did not differ significantly with
respect to their birth weights. The parity significantly influenced the birth weight of Swedish Red
calves in a way (P < 0.05). Calves born from first-parity dams had an average birth weight of 40.3
kg, while those born to multiparous cows had an average of 41.4 kg. Additionally, the year had a

notable effect on birth weight, with statistical significance (P < 0.01) observed in both breeds.
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Introduction

Agricultural production has been adversely affected by
climate change, genetically modified organisms and the
use of chemicals, fertilizers and pesticides in recent years
(Can, 2023). Organic farming is seen as an important
contribution to sustainable agricultural development
(Wojciechowska-Solis and Barska, 2021). Thus, interest in
organic products is growing in both developed and
developing countries, driven by a range of factors
including ecological, human health, animal welfare and
food safety concerns (Eyinade et al., 2021). Ecological
farming is currently practiced in 188 countries, covering 96
million hectares with a market value of €135 billion (Willer
et al., 2024). Milk and its products are the most demanded
organic products in the organic food market, after organic
fruit and vegetables (Linehan et al., 2024). Organic cattle
farming plays a major role in meeting the increasing
consumer demand for ethically and sustainably produced
dairy products (Neethirajan, 2023).

In organic cattle farms, breeding stock must originate
from organic sources, the bull should be raised on the farm
itself to preserve animals' natural life cycles and minimize
external interventions. In addition, since the use of
antibiotics and synthetic drugs is limited in organic
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production, more importance should be given to preventive
health practices. Thus, healthy rearing of calves in organic
farms is of great importance in terms of both increasing
animal welfare and ensuring long-term production success.
It has been reported that calf birth weight (BW) is
correlated with both daily weight gain and maturity weight
(Cho et al., 2021). Furthermore, higher birthweight is
associated with dystocia, stillbirths and calf mortality,
resulting in reduced calf performance and economic losses
(Rahbar et al., 2016). The optimal calf size is a balance
between a size that is healthy and robust and a size that
does not cause dystocia and depends on several genetic and
non-genetic factors (Nelson et al., 2016). Calves are highly
susceptible to pathogens, particularly after birth. It has
been reported that significant mortality of calves occurs
during this period (Lora et al., 2018). As the use of
antibiotics is not allowed in organic farming systems,
except to restore animal health (Sharpe and Heins, 2021),
calf rearing requires more sensitive and different farm
management. It is therefore necessary to optimize the non-
genetic factors that influence calf BW. In order to improve
herd health and dairy farm productivity, it is essential to
understand the factors that influence calf BW, especially
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on organic farms where management practices differ from
conventional farming systems. Several factors such as
parity, season and year have been shown to influence BW
by interacting with genetic and environmental factors
(Kogak et al., 2006). Organic farming practices, which
emphasize natural growth and minimal use of synthetic
inputs, may further modulate these effects. The aim of this
study was to investigate these non-genetic factors that may
influence BW in Holstein Friesian and Swedish Red calves
reared under organic farming conditions in Tiirkiye.

Materials and Method

The current study used the records of calves born in a
private organic dairy farm (Dogan Organik A.S) operating in
Kelkit district, Glimiishane province, in the eastern Black Sea
region of Tiirkiye. As reported by Aksakal et al. (2010) in a
previous study, this region has an altitude of approximately
1400 meters above sea level. The climate is relatively dry,
with rainfall mainly occurring in the spring and autumn.
During the winter months, snowfall is common, and nighttime
temperatures can drop to -10°C. Three years (2009-2011) of
records for Holstein-Friesian calves and two years (2010-
2011) of records for Swedish Red calves born and reared on
the same farm were used in the study. A total of 985 BW
records (795 Holstein Friesian and 190 Swedish Red) were
used in the study. On this farm, all herd records were
sensitively kept and monitored on a daily basis. All relevant
data was properly recorded by the farm staff responsible for
calving management. Within 6 hours following birth, all live-
born calves were weighed. The newborn calves were allowed
to suckle their dams for 24 hours after birth. They were housed
in outdoor calf pens for 3 months.

To analyze the effect of parity, we categorized first,
second, third and higher parity dams respectively as 1, 2
and 3 for Holstein Friesian cows, primiparous and
multiparous dams respectively as 1 and 2 for Swedish Red
cows. The maximum parity number was 5 in the enterprise.
Spring, summer, autumn, and winter seasons were used
based on birth records. The sex of the calves was recorded
as female or male. To analyze the factors that may
influence BW, IBM SPSS Statistics 26.0 software was
utilized. First, in order to evaluate the conformity of the
data to normal distribution, skewness and kurtosis values
were calculated. The values between -1 and +1 for
skewness and -1 and +1 for kurtosis were accepted as
compatible with normal distribution. Since the obtained
results showed that all variables were within this range, it

was concluded that the data were compatible with normal
distribution. BW was taken as the dependent variable and
season, gender, year of birth and parity were taken as
independent variables. The data were analyzed by
Univariate ANOVA method. Below formula expresses the
general structure of the model:

Yijm = u+ ai + bj+ cx + di + ejjuim

In this formula;

w: Mean,

a;: 1. effects of season (i=1, 2, 3, 4),

b;: j. effects of gender (j = 1, 2),

ck: k. effects of parity (k =1, 2, 3+ (Holstein Friesian);

k= 1,2 (Swedish Red))

di: 1. effects of year (1 =1, 2, 3+ (Holstein Friesian); | =
1, 2 (Swedish Red))

eijkim: The effect of random error

The Duncan multiple comparison test was used to
analyze the differences between the groups once the main
effects had been determined. With this test, the differences
between the groups were analyzed and the groups with
statistically significant differences were determined.

Results

The effects of investigated non-genetic factors on the
BW of Holstein Friesian calves are displayed in Table 1. In
terms of BW, there was a significant difference among the
seasons (P < 0.01). In autumn, calf BW was notably lower
than other seasons, average BW was 39.8 kg. In winter and
summer seasons, the average BWs were 41.0 and 40.6 kg
respectively. The heaviest calves were born in spring season
where average BWs were 42.29 kg. The difference between
female and male calves was statistically significant in terms
of BW (P < 0.01). Average weight at birth was determined
as 41.8 kg in males, whereas the average weight at birth in
female calves was 40.4 kg. Parity was another factor which
had significant (P < 0.01) effect on the Holstein Friesian
calves’ weight at birth. First parity dams displayed the
lowest BW with 38.7 kg calves. Third and subsequent
parities dams followed by the first parity dams with 40.8 kg
average calf birth weight, and then the calves from second
parity cows comes with the highest birth weight at 42.8 kg.
Year of birth had a statistically significant on BW, with the
lowest BW observed in 2009 at 40.2 kg while the highest
was in 2011 with 42.1 kg (P <0.01).

Table 1. Effects of season, gender, parity and year on birth weight of Holstein Friesian calves

Factors N Birth Weight Std. Error Significance

Spring 236 42.29ba 0.287
Summer 144 40.61" 0.367

Season Autumn 153 39.81¢ 0.356 P<0.01
Winter 262 41.04° 0.272
Female 383 40.37 0.226

Gender Maled i 412 41.76 0218 P<0.01
First 223 38.68°¢ 0.278

Parity Second 363 42.76% 0.218 P <0.01
Third 209 40.78° 0.287
2009 241 40.15°¢ 0.285

Year 2010 291 41.01° 0.259 P<0.01
2011 263 42.052 0.273
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Table 2. Effects of season, gender, parity and year on birth weight of Swedish Red calves

Factors N Birth Weight Std. Error Significance
Spring 61 41.26 0.394
Summer 32 40.94 0.544 _
Season Autumn 36 40.19 0.513 P=0.19
Winter 61 41.57 0.394
FemaleQ 96 40.72 0314 B
Gender Maled 94 41.50 0.317 P=0.08
. Primiparous 47 40.34 0.448
Parity Multiparous 143 41.36 0.257 P<0.05
2010 96 40.49 0310
Year 2011 94 41.73 0313 P<0.01

In Table 2, the effects of non-genetic factors on the BW
of Swedish Red calves under organic production
conditions are presented. Study results showed that season
had no statistically significant effect (P =0.19) on calf BW.
The highest average BW was observed in calves born in
spring (41.3 kg) and winter (41.6 kg) seasons, while the
BW of calves born in autumn (40.2 kg) and summer (40.9
kg) seasons were lower. Calf BW was not significantly
affected by gender (P = 0.08). Although the birthweight of
male calves (41.5 kg) was found to be heavier than females
(40.7 kg), the difference was not statistically significant.
The parity had a statistically significant (P < 0.05) effect
on the BW of Swedish Red calves under organic
conditions. The average BW of calves born to primiparous
dams were 40.3 kg, whereas the calves born to multiparous
dams had 41.4 kg average BW. The effect of year on BW
was also statistically significant (P < 0.01), with calves
born in 2011 having a higher BW of 42.1 kg and calves
born in 2009 having a BW of 40.2 kg.

Discussion

Birth weight is a key characteristic in dairy cattle farms
as it is easy to determine and is related to growth,
development and yield in the following period. The
optimum calf size is a balance between a size that is healthy
and robust and a size that will not cause dystocia and
depends on some genetic and non-genetic factors (Nelson
et al., 2016). Especially after birth, calves are very
susceptible to disease and the mortality rate during this
period is very high (Lora et al., 2018). Raising organic
dairy calves requires a different and more sensitive type of
management, as organic farming does not allow the use of
antibiotics except to restore the health of the animal when
organic methods fail (Sharpe and Heins, 2021). Thus,
having calves with lower body weight and decreased
survivability might result in serious economic losses in
organic farms. The main factor affecting calf weight at
birth is breed. Nevertheless, there are other non-genetic
factors that may impact the calves’ BW such as season,
gender, year and the parity.

In this study, the effect of season on Holstein Friesian
calves’ BW was found to be statistically significant (P <
0.01). However, in Swedish Red calves the effects of
season were not significant. The calves born in spring had
the highest BW followed by winter and autumn seasons for
Holstein Friesian calves. Results were similar for Swedish
Reds, with calves born in spring and winter having higher
BWs than the calves born in other seasons. As noted by

Tao et al. (2012) and Tang et al. (2022), cows that
experience heat stress in the later stages of pregnancy may
negatively affect the BW of their calves. These differences
may explain the lower autumn BWs and higher spring BWs
in the two breeds. The results from conventional
production are consistent with those of this study, although
there has been less research on factors influencing BW in
organic production. Likewise, the lowest BWs in autumn
and summer and the highest BWs in spring were reported
by Cho et al. (2021) and Park et al (2022). Similarly,
Holstein Friesian calves born in winter and spring were
2.23 kg heavier than those born in summer and autumn, as
reported by Kamal et al. (2014). Conversely, Rezende et al.
(2020) studied the effects of some factors on BW of
Holstein and crossbred Gyr calves and reported no
significant difference between different seasons.

Another factor influencing the calf BW is the gender.
Mee et al. (2011) suggests female calves tend to have a
shorter gestation period than male calves and are therefore
lighter than males. In the present study, the effect of gender
on BW of organic Holstein Friesian calves was statistically
significant. Holstein Friesian male calves had 1.39 kg higher
birth than females while this difference was 0.78 kg in
Swedish Red calves. Comparable results have also been
reported by Martinez-Gonzalez et al. (2011) who found
significantly higher BW of male Angus calves. Similarly, Jin
et al. (2024) reported significantly higher BW for Hanwoo
breed male calves as compared to females. Furthermore,
Kertz et al. (1997) indicated that BWs of Holstein Friesian
male calves were 8.5% heavier than that of females. The
results of this study are also in accordance with the results of
Ugur et al. (1995), Casas et al. (2012), Dillon et al. (2015),
Khan et al. (2019) and Cho et al. (2021).

The parity is considered one of the key factors affecting
calf BW. Heifers are younger and are still in the growth
phase. Nutrient competition between their growth needs
and the developing fetus can limit fetal growth, resulting in
lower calf BWs (Funston and Summers, 2013; Kamal et
al., 2014). According to the current organic farming
regulation in Tiirkiye (Anonymous, 2010), the daily ration
in organic dairy cattle farms should consist of 60%
roughage and 40% concentrate feed. Especially for cows
such as Holstein Friesians which have a considerably high
milk yield, this restriction may result in poor nutrition
leading to slow growth and development and reduced BW.
Furthermore, older cows have greater reproductive and
uterine capacity, resulting in better fetal growth and higher
BWs. This study revealed that parity significantly
impacted the BW of calves from organically raised
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Swedish Red and Holstein-Friesian breeds. Dams in the
first parity had the lowest BW of calves in both breeds.
Calves born to cows in their second lactation had a 10.5%
higher BW compared to those born to first parity Holstein
Friesian breed cows. The calves born to multiparous cows
was 2.5% higher than primiparous delivered Swedish Red
calves. Condon et al. (2024) found that calves born to cows
at parity 2 and parity 3+ were 3.06 kg and 4.90 kg heavier
at birth than calves born to cows at first parity. Despite
identical sires, similar gestation lengths and similar
proportions of male calf, calf born of first lactation cows
had a 10% lower BW than those born of multiparous cows,
as reported by Duncan et al. (2023). Comparable results
have also been reported by previous studies (Johanson and
Berger, 2003; Dhakal et al., 2013; Kamal et al. 2014). The
effect of birth year on the BW of calves was statistically
significant, there was increase in the weight at over the
years in Holstein Friesian and Swedish Red breeds.

Conclusion

The results of the current study showed that the effect
of season on the BW of Swedish Red and Holstein Friesian
calves was significant, with the highest average BWs
observed in calves born in the winter and spring seasons,
whereas the lowest average BWs were recorded in the
summer and autumn seasons, maybe because of the heat
stress experienced by the cows in late pregnancy. Male
Holstein Friesian and Swedish Red calves had higher
average BW than that of females as expected, however the
difference is negligible. Primiparous dams in both breeds
gave birth to calves with lower weight compared to
multiparous dams. This is likely to be the result of nutrient
competition between the growth requirements of the heifer
and the developing fetus. Birth year, in particular,
influenced calf weight at birth, as the calves’ weight at
birth increased over the years, which may be the result of
improvements in farm managements such as better
nutritional strategies for pregnant cows, genetic selection
and increased experience of farm staff in calving and
neonatal care.

Declarations

Ethical Approval
This study does not require an ethical approval.

Author Contribution Statement

O.F.E.: Data collection, Data curation, Software,
Visualization.

V.F.O.: Investigation, Methodology, Software, Writing
— Original draft preparation.

B.B.:  Conceptualization,
collection, Reviewing and Editing.

Methodology,  Data

Confflict of Interest
The authors declare no conflict of interest.

References

Aksakal, V., Yanar, M., & Bayram, B. (2010). Non-genetic
factors affecting milk and reproductive traits of Swedish Red
and White cattle raised organically in Turkey. Journal of
Food Agriculture & Environment, 8(2): 764—768.

Anonymous, (2010). Ministry of Agriculture and Forestry of the
Republic of Tiirkiye, General Directorate of Agricultural
Production and Development, Organic Agriculture Law and
Regulation on the Principles and Implementation of Organic
Agriculture, Ankara, Tiirkiye.

Can, B. A. (2023). Turkish Consumers’ Perceptions of Organic
Milk and the Factors Affecting Consumption: The Case of
Kocaeli, Tirkiye.  Sustainability,  15(13), 10044.
https://doi.org/10.3390/sul51310044

Casas, E., Thallman, R. M., & Cundiff, L. V. (2012). Birth and
weaning traits in crossbred cattle from Hereford, Angus,
Norwegian Red, Swedish Red and White, Wagyu, and
Friesian sires. Journal of Animal Science, 90(9), 2916-2920.
https://doi.org/10.2527/jas.2011-4694

Cho, K., Song, Y., Yeo, J. M., Park, J. K., Kim, D. W., Roh, S.
H., Pilnam, S., & Lee, W. Y. (2021). Analysis of seasonal
effect on Korean native cattle (Hanwoo) birth weight. Journal
of Animal Science and Technology, 63(4), 759.
https://doi.org/10.5187/jast.2021.e72

Condon, T., Murphy, C. P., Sleator, R. D., Ring, S. C., & Berry,
D. P. (2024). The association between calf birth weight and
the post calving performance of its dairy dam in the absence
of dystocia. Journal of Dairy Science, 107(6), 3688-3699.
https://doi.org/10.3168/jds.2023-24164

Dhakal, K., Maltecca, C., Cassady, J. P., Baloche, G., Williams,
C. M., & Washburn, S. P. (2013). Calf birth weight, gestation
length, calving ease, and neonatal calf mortality in Holstein,
Jersey, and crossbred cows in a pasture system. Journal of
Dairy Science, 96(1), 690—-698.
https://doi.org/10.3168/jds.2012-5817

Dillon, J. A., Riley, D. G., Herring, A. D., Sanders, J. O., &
Thallman, R. M. (2015). Genetic effects on birth weight in
reciprocal Brahman—Simmental crossbred calves. Journal of
Animal Science, 93(2), 553-561.
https://doi.org/10.2527/jas.2014-8525

Duncan, N. B., Stoecklein, K. S., Foote, A. P., & Meyer, A. M.
(2023). Dam parity affects fetal growth, placental size, and
neonatal metabolism in spring-born beef calves. Journal of
Animal Science, 101, skac399.
https://doi.org/10.1093/jas/skac399

Eyinade, G. A., Mushunje, A., & Yusuf, S. F. G. (2021). The
willingness to consume organic food: A review. Food and
Agricultural Immunology, 32(1), 78-104.
https://doi.org/10.1080/09540105.2021.1874885

Funston, R. N., & Summers, A. F. (2013). Effect of prenatal
programming on heifer development. Veterinary Clinics:
Food Animal Practice, 29(3), 517-536.
https://doi.org/10.1016/j.cvfa.2013.07.001

Jin, S., Kang, S. S., Won, J. L., Kim, H. J., Jang, S. S., & Kim, S.
W. (2024). Analyzing environmental factors influencing the
gestation length and birth weight of Hanwoo cattle. Journal
of Animal Reproduction and Biotechnology, 39(2), 121-130.
https://doi.org/10.12750/JARB.39.2.121

Johanson, J. M., & Berger, P. J. (2003). Birth weight as a
predictor of calving ease and perinatal mortality in Holstein
cattle. Journal of Dairy Science, 86(11), 3745-3755.
https://doi.org/10.3168/jds.S0022-0302(03)73981-2

Kamal, M. M., Van Eetvelde, M., Depreester, E., Hostens, M.,
Vandaele, L., & Opsomer, G. (2014). Age at calving in
heifers and level of milk production during gestation in cows
are associated with the birth size of Holstein calves. Journal
of Dairy Science, 97(9), 5448-5458.
https://doi.org/10.3168/jds.2014-7898

Kertz, A. F., Reutzel, L. F., Barton, B. A., & Ely, R. L. (1997).
Body weight, body condition score, and wither height of
prepartum Holstein cows and birth weight and sex of calves
by parity: A database and summary. Journal of Dairy Science,
80(3), 525-529. https://doi.org/10.3168/jds.S0022-
0302(97)75966-6

1553



Ergiin et al. / Turkish Journal of Agriculture - Food Science and Technology, 13(6): 1550-1554, 2025

Khan, M. A., Mirza, R. H., Akhtar, M., Mubeen, M., Shakeel, M.,
& Irfan, M. (2019). Factors affecting growth performances of
Simmental, Angus, Charolais and Hereford beef crossbred
calves under sub-tropical environment of Pakistan. Journal of
Animal & Plant Sciences, 29(2): 396-401.

Kogak, S., Tekerli, M., Ozbeyaz, C., & Yiiceer, B. (2007).
Environmental and genetic effects on birth weight and
survival rate in Holstein calves. Turkish Journal of Veterinary
& Animal Sciences, 31(4), 241-246.

Linehan, K., Patangia, D. V., Ross, R. P., & Stanton, C. (2024).
Production, Composition and Nutritional Properties of
Organic Milk: A Critical Review. Foods, 13(4), 550.
https://doi.org/10.3390/foods13040550

Lora, 1., Gottardo, F., Contiero, B., Ava, B.D., Bonfanti, L.,
Stefani, A., & Barberio, A., (2018). Association between
passive immunity and health status of dairy calves under 30
days of age. Preventive Veterinary Medicine, 152, 12—15.
https://doi.org/10.1016/j.prevetmed.2018.01.009

Martinez-Gonzalez, J. C., Gutiérrez-Michel, J. F., Briones-
Encinia, F., Lucero-Magaiia, F. A., & Castillo-Rodriguez, S.
P. (2011). Non-genetic factors affecting birth and weaning
weight in Angus calves. Zootecnia Tropical, 29(2), 151-159.

Mee, J.F., Berry, D.P. & Cromie, A.R. (2011). Risk Factors for
Calving Assistance and Dystocia in Pasture-based Holstein-
Friesian Heifers and Cows in Ireland, The Veterinary Journal,
Elsevier, 187, 189-194.
https://doi.org/10.1016/10.1016/j.tvjl.2009.11.018

Neethirajan, S. (2023). Innovative strategies for sustainable dairy
farming in Canada amidst climate change. Sustainability,
16(1), 265. https://doi.org/10.3390/sul6010265

Nelson, S. T., Martin, A. D., Holmey, 1. H., Karlberg, K., &
Nedtvedt, A. (2016). A cross-sectional study of factors
associated with birth weights of Norwegian beef calves.
Preventive Veterinary Medicine, 125, 59-65.
https://doi.org/10.1016/j.prevetmed.2016.01.011

Park, J. K., Cho, K., Yeo, J. M., Kim, D. W., Seong, P., & Lee,
W. Y. (2022). Effect of birth and lactation season on the
growth of Korean Hanwoo calves. Journal of Animal
Reproduction and  Biotechnology, 37(4), 298-302.
https://doi.org/10.12750/JARB.37.4.298

Rahbar, R., Abdullahpour, R., & Sadeghi-Sefidmazgi, A. (2016).
Effect of calf birth weight on milk production of Holstein
dairy cattle in desert climate. JABB-Online Submission
System, 4(3), 65-70.

Rezende, E. V., Reis, L. J., Campos, C. C., & Santos, R. M.
(2020). Influence of gestation length, seasonality, and calf sex
on birth weight and placental retention in crossbred dairy
cows. Ciéncia Animal  Brasileira, 21, e-5288]1.
https://doi.org/10.1590/1809-6891v21e-52881

Sharpe, K. T., & Heins, B. J. (2021). Growth, health, and
economics of dairy calves fed organic milk replacer or
organic whole milk in an automated feeding system. JDS
Communications, 2(6), 319-323.
https://doi.org/10.3168/jdsc.2021-0084

Tang, C., Liang, Y., Guo, J., Wang, M., Li, M., Zhang, H., Arbab,
A. A. L., Karrow, N. A., Yang, Z. & Mao, Y. (2022). Effects
of seasonal heat stress during late gestation on growth
performance, metabolic and immuno-endocrine parameters
of calves. Animals, 12(6), 716.
https://doi.org/10.3390/ani12060716

Tao, S., Monteiro A. P. A., Thompson I. M., Hayen M. J., & Dahl
G. E. (2012). Effect of late-gestation maternal heat stress on
growth and immune function of dairy calves. Journal of
Dairy Science, 95, 7128-7136.
https://doi.org/10.3168/jds.2012-5697

Ugur, F., Yanar, M., Ozhan, M., & Tiizemen, N. (1995). The
reproductive performance of Simmental cattle raised under
cold climatic conditions of eastern Turkey. Atatiirk
Universitesi Ziraat Fakiiltesi Dergisi, 26(1), 112—121.

Willer, H., Travnicek, J., & Schlatter, B. (2024). The world of
organic agriculture. Statistics and emerging trends 2024.
Research Institute of Organic Agriculture FIBL and IFOAM
Organics International. http://www.organic-
world.net/yearbook/yearbook-2024.html

Wojciechowska-Solis, J., & Barska, A. (2021) Exploring the
Preferences of Consumers’ Organic Products in Aspects of
Sustainable Consumption: The Case of the Polish Consumer.
Agriculture, 11, 138.
https://doi.org/10.3390/agriculture11020138

1554



