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Abstract 

 

 The present investigation was carried out to demonstrate the effect of high ambient temperature (HTa) on lactation 
performance with herd-based measurement.  One large dairy farm in Thailand with more than 300 crossbred Holstein 

cows milking each month was selected.  The meteorological data was recorded once a week during the period of 

observation.  Milking cows (n=90) were observed for a 10-month lactation curve based on their calving seasons: Summer, 

rainy and winter. The lactation curve was fitted by nonlinear regression using the reduced lactation persistency model.  The 

climatic conditions revealed a high degree of temperature and humidity index (THI) .  The average THI throughout the 

year was 84.8 ± 0.5. The THI from summer (86.9 ± 1.0) was significantly higher than that from winter (82.7 ± 0.5, P<0.05). 

An analysis of the average lactation curve revealed that the total 305-day lactation yield (5407 kg) from this farm was 
higher than the average phenotypic 305-day lactation yield from dairy cows fed in Thailand (4698 kg).  Lactation curves 
from different seasons revealed the potential effect of HTa on mammary gland function .  Specifically, the area on the 

curve of the summer lactation curve was significantly lower than that of the winter curve by16% (P<0.05). This effect 

was apparently from the shortest lactation persistency. In conclusion, dairy cows fed in Thailand were under a high 
degree of HTa and had compromised lactation performance .  Lactation persistency appears to be one of the main 

phenotypic traits for breed selection for dairy cows fed in the tropical country. 
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Introduction 

Based on the Köppen-Geiger climate classification, 
Thailand is classified into two tropical areas (A) the 

majority of the north, eastern and central parts of 
Thailand have savannah (Aw) sub-climatic conditions. 
Only southern Thailand is classified into the monsoon 
(Am) sub-climatic condition (Beck et al., 2018).  The Aw 

climatic condition in Thailand is one of prolonged high 
ambient temperatures (HTa), high relative humidity 

and rainfall. This area can be divided into three main 

seasons which are rainy (mid-May to mid-October), 
winter (mid-October to mid-February) and summer 

(mid-February to mid-May). Mid-April is considered to 

be peak summertime in Thailand (Meteorological 

Department., 2019). At present, it is well accepted that 

the degree of ambient temperature (Ta) is gradually 

increasing because of global warming. These 

conditions not only influence our living quality but 
also our livestock production, including that of dairy 
cows.  

In Thailand, the majority of dairy farms are small 
to medium size (10-19 milking cows per herd). In 
addition, the confinement feeding system in which 
concentrate and roughage are provided separately is 
used mostly on dairy farms (Rhone et al., 2008). Many 

studies from the United States on dairy cows raised in 
the southeastern area have demonstrated significant 
economic loss in milk production (West 2003). Similar 

negative effects from HTa have also been shown in 
dairy cows raised in tropical areas (Fernandez et al., 
2019; Chaiyabutr et al., 2000).  Effective temperature, 

described as the temperature and humidity index 
(THI), has been shown to be related to milk yield 

(Bohmanova, et al., 2007). Previously, a THI range of 81-

85 has been reported by our group from both dairy 
cows and goats (Chanchai et al., 2010; Thammacharoen 

et al., 2014; Nguyen et al., 2019). This THI range suggests 

that dairy cows and goats fed in Thailand are at a stage 
of heat stress.  However, there is not enough 

information to support the theory that the capacity of 
milk synthesis from dairy cows is influenced directly 
by the HTa from different seasons.  

The objectives of this paper were, firstly, to 
demonstrate the present climatic conditions in the Aw 
area. Secondly, we hypothesized that the lactation 
curve is influenced by the season at the level of one 
herd.  This information is of crucial importance in 
order to set up management strategies for the well-
being of dairy cows raised in tropical savannah sub-
climatic conditions. 

Materials and Methods 

Study area and meteorological data: The data was 
collected on a large commercial dairy farm in 
Nakornratchasima province, Thailand (latitude 14°32'19.0" 
N, longitude 102°05'48.4" E).  This farm contained more 

than 300 crossbred Holstein cows (>87.5% Holstein) 
milking each month. During the study period (from 

February 2012 to July 2013), milking cows (n=90) were 

included in the observation based on their calving 
dates in the three main seasons: March 2012 for 

summer (n=16), June 2012 for rainy (n=23) and October 
2012 for winter (n=51). Because the present 

investigation aimed to investigate the effect of ambient 
conditions at the individual farm level, the study 
population consisted of all lactating cows on farms 
where information on parity, calving-dates and weekly 
milk yield was available. In addition, incomplete milk 
yield information caused by mastitis was excluded 
from the investigation. The average lactation numbers 
from summer, rainy and winter cows (3.6 ± 0.4, 3.2± 0.5 
and 3.4± 0.3 lactation) were not significantly different. 
Cows were housed in the free stall barn with the 
remaining herd. They were fed with concentrate 
according to production and the roughage and water 
was provided ad libitum. The observation period for 
each cow was 10 months after calving in accordance 
with the normal lactation of dairy cows. Cows were 

milked two times per day using an automatic milking 
system that can measure milk volume simultaneously 
(DeLaval, Tumba, Sweden). The DeLaval milking unit 

provided the milk production of each cow.  Daily milk 

yields, once per week, from the system were used to 
calculate the average monthly milk yield from each 
cow. 

Meteorological data at the study area was obtained 
once a week around 12.00-13.00 using a wet and dry 

bulb thermometer. Relative humidity (RH) was 

calculated based on dry and wet bulb temperature 
differences using the psychrometric chart.  The 

temperature and humidity index (THI) was determined 

according to Chanchai et al., (2010) as follows:  
THI = 0.72 (Twb + Tdb) + 40.6 

where Tdb and Tdb = wet and dry bulb temperature 

respectively and was expressed as ˚C 
The weekly climatic conditions were used to 

calculate the monthly data. The climatic conditions of 

summer (mid-February to mid-June), rainy (mid-June to 

mid-October) and winter (mid-October to mid-
February) were averaged according to the Thai 

Meteorological Department.   
 
Data collection, measurements and analysis: Milk 
records were obtained once per week from each cow.  
Weekly milk yield from each cow was averaged into 
each of 10 months. The Lactation curve of the average 

milk yield from each calving season was fitted by 
nonlinear regression using the reduced lactation 
persistency model (RLPM; Grossman et al. 1999): 

  
where yt = yield at time t, t1 = time at transition from 

increased yield to constant daily yield, yP = level of 

constant daily yield, b3 = rate of decline in yield from 

the end of constant daily yield to the end of lactation, 
and P = persistency of constant daily yield. Based on this 

model, the total 305-day lactation yield (YT) could be 

calculated based on the simple method of the area 
under curve of polygons:   
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where t3 = the end of lactation which is 305 for the 

present investigation.  
 
Statistical analyses: all data was presented as the mean 
and standard error of measurement (SEM).  all variables 

were checked for Gaussian distribution using the 
Shapiro-Wilk normality test. Meteorological data and 
average daily milk yield were analyzed with repeated 
two-way analysis of variance (ANOVA). The significant 

main effects of the meteorological data were analyzed 
subsequently by Dunnette’s post-test using the peak Ta of 

the summer month (April or May) as the control. Likewise, 

the average daily milk yield from the second month post-
partum (M2-PP) was used as the control for Dunnette’s 

post-test. The R2, residual standard error (RSE) and the 

Durbin-Watson statistic (D-W) were used to determine the 

goodness of fit (Grossman et al. 1999).   The average daily 

milk yield from the lactation curve during calving month 
(or different season) and area under lactation curve (AUC) 
were compared using Bonferroni’s post-test. Significance 

was declared at P<0.05. 

Results 

Climatic conditions: The climatic condition of 
Nakornratchasrima province, Thailand is tropical 
savannah (Aw) based on the Köppen-Geiger climate 

classification. During the study period, the average Ta 

during summer was significantly higher than that of 
winter but not for the rainy season (P<0.05, Figure 1a). 
The RH during the rainy season was higher than that 
of summer and winter (P<0.05, Figure 1a).  The average 

THI during winter was lower than that for the summer 
and rainy seasons (P<0.05, Figure 1b). When the present 

information of climatic conditions was presented by 
month and analyzed using April as the control HTa, 
there were significantly higher Ta’s from April 2012 
than from August, October and December 2012 and 
January 2013 (P<0.05, Figure 2a). Likewise, there were 

significantly lower RHs from April than from the rainy 
season: May, June, July, August and September (P<0.05, 

Figure 2a). Finally, only the THI for April was higher 

than December (P<0.05, Figure 2b). When a comparison 

was made using May as the HTa control, there were 
significantly higher THIs for May than for January, 
October, December, and November (P<0.05, Figure 2b).   
 
The lactation curve: The average lactation curve 
generated from 90 dairy cows revealed the pattern of 
the lactation curve of dairy cows fed under HTa in 
Nakornratchasrima province, Thailand. The average 

daily milk yield from M2-PP was significantly higher 

than that from M1-PP and from M4-PP to M10-PP. As 

there was no significance in the average daily milk 
yield between M2-PP and M3-PP, a comparison of the 

average daily milk yield using M3-PP as a control was 

also done. The analysis revealed that the average daily 

milk yield from M3-PP was also higher than that from 

M1-PP and from M4-PP to M10-PP (Figure 3a). Using the 

RLPM and nonlinear regression to fit this lactation (Fig 

3a dot line), the estimates of the model parameters and 

goodness of fit parameters, the estimates total 305-day 

lactation yield are shown in Table 1. For the average 

lactation curve, the level of constant daily yield was 
21.6 kg, time at transition to constant daily yield was 33 

days, the persistency of constant daily yield was 33 
days and the rate of decline in yield from the end of 
constant daily yield (22+33= 55 days) to 305 days was 

0.03 kg per day.  The R2 and RSE of the average lactation 

curve was 0.98 and 0.13, respectively. Autocorrelation 

analysis using the D-W statistic revealed a positive 
autocorrelation between the average lactation curve 
and the predicted curve (P<0.01). The total 305-day 

lactation yield based on the model was 5407 kg. 
The lactation curves from different calving months 

(March, June and October) were used to investigate the 

effects of the summer, rainy and winter seasons on 
lactation capacity. The R2 values from March, June and 

October lactation curves were 0.91, 0.43, and 0.96, 

respectively. The RSE from the March and June 

lactation curves (1.21 and 1.33, respectively) were 

higher than that from the October lactation curve (0.32). 
Based on the RLPM and D-W statistic, the 
autocorrelation of the lactation curve (Table 1) from 

June (P<0.05) and October (P<0.01) was also significant. 
However, the D-W statistic from the March lactation 
curve revealed that the test for autocorrelation was 
inconclusive (P>0.05) and there was no negative 

autocorrelation as well. Moreover, the lactation curves 

from different calving months revealed the effects of 
the season on the lactation curve in 2 important 
characters (Figure 3b). Firstly, the average daily milk 

yields, at M1-PP and at the peak milk yield (M2-PP), 
were not affected by the different seasons. Secondly, 

the lactation curve from M3-PP to M10-PP, which 

included the lactation persistency period, was 
influenced by the different seasons (Figure 3b). The 

lactation persistency (Table 1) from dairy cows calving 

in October (73 days) was maintained longer than that 

from March (13 days) and from June (20 days). This 

caused the significantly higher average daily milk 
yield from the October lactation curve during M4-PP 

and M5-PP than from March and June (P<0.05, Figure 

3b). When the cows started lactation in March (M1-PP, 

summer time), the average daily milk yield started to 

decline rapidly (from M4-PP). When the cows started 

lactation in June (M1-PP, rainy season), the high degree 

of THI from June to October (M1-PP to M5-PP) 
produced a negative effect on the average daily milk 
yield as well. The lower degree of THI during 

November and December increased the average daily 
milk yield from the June lactation curve. The average 

daily milk yield from the June and October lactation 
curves from M6-PP to M9-PP were higher than that 

from the March lactation curve (P<0.05, Figure 3b). At 

the end of the lactation curve (M10-PP), the average 

daily milk yield from the June lactation curve was 
significantly higher than that from the March and 
October lactation curves (P<0.05, Figure 3b). 

As the season or THI influenced the lactation curve 
and because the curve fit using an RLP model revealed 
a different goodness of fit (Table 1), the 305-day 
lactation yield that was calculated from the RLP model 
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could not accurately represent the actual milk yield 
from different seasons. The AUC from each season’s 

lactation curve was used to compare the effects of the 
season on lactation yield (Figure 4). Calving in the 

October or winter lactation curves, which had the 
longest persistency, had significantly more AUC than 
those form March and June (P<0.05; 16.27%).  

 
 
 

 

 
 

Figure 1 (a) The average ambient temperature (Ta, left axis) and relative humidity (RH, right axis) during summer, rainy and winter 

seasons. High Ta during summer months was significantly higher than that for winter (*). The RH during the rainy season 

was significantly higher than that for the summer and winter (#). (b) The average temperature and humidity index (THI) 
during the summer, rainy, and winter seasons. The THI during summer months was significantly higher than that for 

winter (*). 

 
 

 
 
 
 
 
 

Fig 1a 

Fig 1b 
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Figure 2 (a) The average ambient temperature (Ta, left axis) and relative humidity (RH, right axis) by month revealed typical high 

Ta during summer-time and high RH during the rainy season. The asterisks indicate a significantly lower Ta or higher RH 

using April as the control summer condition (P<0.05). (b) The average temperature and humidity index (THI) by month. The 

asterisk indicates significantly lower THI using April as the control summer condition (P<0.05). The THI from the winter 

months (October 2012 to January 2013) were significantly lower when the highest THI (May) was used as the reference 

point (#, P< 0.05). 

 
 
 
 
 

Fig 2a 

Fig 2b 



174                                                                             Thammacharoen S. et al. / Thai J Vet Med. 2020. 50(2): 169-178. 

 

 

 
 
 

Figure 3 (a) The actual lactation curve (solid line) from one herd.  The asterisk indicates a significantly lower milk yield using peak 

milk yield (M2-PP) as the reference point (P<0.05). The predicted lactation curve was fitted by nonlinear regression through 

the reduced lactation persistency model (broken line). (b) The actual lactation curve from different calving seasons. The signs 

reveal significance in milk yields from each lactation month: * between the October curve to March and June curves 
(P<0.05), # between the June curve to October and March curves (P<0.05), and + between the June curve to March and 
October curves (P<0.05). 

 
 
 
 
 

Fig 3a 

Fig 3b 
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Table 1 Model parameters1, model residual standard error (RSE), Durbin-Watson statistic (D-W), and estimates of total 305-day 

lactation yield 
 

 Averaged lactation curve (LC) March LC June LC October LC 

yP, kg  21.56 21.68 19.61 21.99 

t1, day 33.41 31.11 32.27 33.94 

b3, kg/day -0.03 -0.04 -0.01 -0.04 

P, day 33 13 20 73 

R2 0.98 0.91 0.43 0.96 

RSE 0.13 1.21 1.33 0.32 

D-W  0.409** 1.071 0.646* 0.372** 

YT
2, kg 5407 4924 5286 5609 

1 equation [1] and 2 equation [2].  
yP = level of constant daily yield, t1 = time at transition from increased yield to constant daily yield, b3 = rate of decline in daily yield 

from the end of constant daily yield to the end of lactation, P = persistency of constant daily yield, YT = total 305-day lactation yield 

* Positive autocorrelation at P<0.05 

** Positive autocorrelation at P<0.01 

 

 
 

Figure 4 Area under the curve (AUC) of the lactation curve from different seasons. The asterisk indicates the summer AUC was 
significantly lower than the winter AUC, (P< 0.05). 

 

Discussion 

The data reported here revealed the effect of HTa 
on the lactation capacity from dairy cows fed under 
tropical conditions. In Thailand, the ambient conditions 

of a tropical savannah climate were first demonstrated 
to be associated with lactation performance. Under this 

climatic condition, HTa influenced mainly the 
persistency of the lactation curve. The shorter 

persistency from cows that started lactation in the 
summer months (March) made 16.3% lower AUC than 

in the winter months. 
According to the Köppen-Geiger climate 

classification, the present study area represented the 
majority part of climatic conditions of Thailand which 
are tropical savannah sub-climatic conditions (Aw, 

Beck et al., 2018). High Ta and RH made the THI 

throughout the year higher than 80 (mean THI = 
84.8±0.5) which is much more than the critical value of 

72 (Hahn. 1999; Bernabucci et al., 2014; Bohmanova et al., 

2007). The degree of HTa from the present investigation 

was more than that reported previously from the 
incident of livestock deaths in North America and in 
Italy (Hahn. 1999; Vitali et al., 2009). In tropical regions, 

there are four countries, including Puerto Rico (75.0), 
Thailand (75.5), the Dominican Republic (76.2), Guyana 
(77.2) and Malaysia (78.7) that have THI above 72 for the 

whole year (12 months; Johnson. 1989). It should be 

noted here that from those four tropical countries, only 
Thailand has a savannah sub-climatic condition. The 

rest are rainforest (f) or have monsoon (m) sub-climatic 

conditions (Beck et al. 2018). To our knowledge, this is 

updated information on the year-round climatic 
conditions from Thailand since 1989.   The present 

climatic condition and previous reports indicate two 
important areas of information that may influence 
animal dairy farming in the tropical region. Firstly, the 

Ta and THI from the present investigation was much 
higher than that reported 30 years ago. This is probably 
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due mainly to the effect of global warming. Secondly, 

dairy animals raised in this region are confronted with 
a high degree of HTa throughout the year. The later 

information suggests that under the HTa of the present 
conditions the acclimatization process is an important 
mechanism conducting animal production and 
survival.  

The average lactation curve from the present 
investigation represents the production performance 
of dairy cows fed under HTa conditions from one large 
commercial dairy farm in Northeastern Thailand. The 

curve fitted well with an RLP model and allowed the 
prediction of a total lactation yield (305-day basis). The 

predicted total 305-day lactation yield from the present 
investigation (5407 kg) was higher than the average 

phenotypic trait of 305-day lactation yield from 1993 to 
2013 (3244 to 4698 kg, 48 kg/year), reported by the 

Department of Livestock Development (DLD), 
Thailand (Buaban. 2018). However, the phenotypic 

traits of 305-day lactation yield from the present 
investigation and from the DLD reports were much 
lower than the 305-day lactation yield of 2017 reported 
by USDA:AIPL (12,750 kg, 112 kg/year; USDA:AIPL, 

2019). Genetic backgrounds and selection programs are 

the major contributing factor for the differences in 
lactation yield between Thailand and US Holsteins. In 

addition to genetic processes, the effect of HTa may 
influence the phenotypic traits of lactation yield in two 
ways. Firstly, HTa may suppress the mechanism of 

genetic progression during the course of a breeding 
program (Carabano et al., 2017). Secondly, HTa may 

influence milk synthesis in part through the 
acclimatization processes. The present investigation 

aimed to show evidence of the later HTa effects from 
the tropical zone and to emphasize that dairy cows fed 
under HTa need adjustment to achieve optimum 
lactation capacity and animal well-being.  

The lactation curves from cows calving from 
different seasons revealed the effects of HTa on milk 
synthesis mainly on lactation persistency.  As expected, 

the shortest persistency was the March or summer 
lactation curve. The persistency of the rainy lactation 

curve (June) was compromised by the low Ta of winter 

during late lactation.  In addition, the rapid decline of 

the lactation curve in the rainy season during M4PP-
M5PP (Fig3b) apparently corresponded with the 
increase in THI during this period.  The goodness of fit 
for the present lactation curves was in agreement with 
previous reports where the typical lactations could be 
predicted using an RLP model. However, an RLP 

model could not accurately predict non-typical 

lactations that are influenced by season (Olori et al., 
1999). Thus, we used the calculated AUC to compare 

the potential effects of seasons on the lactation curve. 
The AUC data revealed a significantly lower lactation 
proficiency with 16.3% less in the summer than in 
winter. Similar results for the effect of HTa on lactation 

proficiency were reported previously from Central 
American, European and Asian countries (Bernabucci 

et al., 2014; Bohmanova et al., 2007; Bouraoui et al., 2002; 

Igono et al., 1992; Javed et al., 2004; Ray et al., 1992; 

Tekerli et al., 2000).  According to the broken-stick 

function for milk yield and THI relationship 
(Bernabucci et al., 2014; Bohmanova et al., 2007), the 

present THI levels were at the second phase of the 
regression model where milk yield linearly declines 
with the increasing degree of THI. This means that any 

alleviated strategic decrease in THI or improvement in 
the tolerance could increase milk yield. We 

demonstrated previously that increasing evaporative 
heat dissipation by evaporative cooling, but not misty 
fan cooling, could improve milk yield from cows fed 
under similar conditions (Igono et al., 1985; Suadsong et 

al., 2008; Chanchai et al., 2010). Moreover, under the 

HTa conditions of tropical areas, the persistency of 
lactation could be rescued by somatotropin 
supplementation. Specifically, the effects of 

somatotropin supplementation in increasing milk 
yield under HTa was mediated by increased mammary 
blood flow and nutrient uptake (Chaiyabutr et al., 2007). 
This evidence indicates that the effect of HTa on the 
capacity of the mammary glands is reversible and 
supports in part the idea that mammary glands 
acclimatize to HTa conditions.  It should be noted here 

that the present investigation aimed at uncovering the 
effect of HTa at the level of one herd. This main 
question forced us to recognize the drawbacks of 
sample size limitation. However, it was clear from the 
results that the herd level HTa has a significant effect 
on lactation pattern. Taken together, it is undeniable 
that dairy cows fed in Aw countries are in the stages of 
heat stress. Acclimatization mechanisms through a 

decrease in lactation capacity is common. Both physical 

(Igono et al., 1985; Suadsong et al., 2008; Chanchai et al., 
2010) and nutritional (Nguyen et al., 2019) modifications 

are essential means for dairy cow management in 
tropical countries.  

In conclusion, by demonstrating the lactation 
curves in relation to the climatic conditions or seasons 
in Thailand, we conclude that dairy cows are raised 
under a permanently high degree of HTa or THI. The 

different lactation curves indicate the adaptation of 
mammary gland function as part of HTa 
acclimatization. In this range of high degrees of THI, it 

is possible to improve lactation performance by 
promoting heat dissipation. Both physical and 

nutritional strategies should be considered to alleviate 
the negative effects of HTa and to promote animal 
well-being. 

 
Conflict of interests:  No conflict of interest, financial 
or otherwise, is declared by the authors. 
 
Statement of animal rights: The manuscript does not 
contain clinical studies or animal experiments. 

Acknowledgements 

We thank Mr. Kietichat Plaijan from the 
Nakhonratchasima Meteorological Station, for 
providing the climatic conditions of 
Nakhonratchasima province. This work was supported 

by a Faculty of Veterinary Science grant (to ST) and was 

part of the Special Task Force for Activating Research 
(STAR), Chulalongkorn University. 



Thammacharoen S. et al. / Thai J Vet Med. 2020. 50(2): 169-178.             177 

 

References 

Beck HE, Zimmermann NE, McVicar TR, Vergopolan 
N, Berg A and Wood EF 2018.  Present and future 
Köppen-Geiger climate classification maps at 1-km 

resolution. Science Data, 5, 180214, 1-12. 

Bernabucci U, Biffani S, Buggiotti L, Vitali A, Lacetera 
N and Nardone A 2014. The effects of heat stress in 
Italian Holstein dairy cattle. Journal of Dairy 

Science, 97, 471-486. 
Bohmanov J, Misztal I and Cole JB 2007. Temperature-

humidity indices as indicators of milk production 
losses due to heat stress. Journal of Dairy Science, 
90, 1947-1956. 

Bouraouia R, Lahmarb M, Majdoubc A, Djemalic M 
and Belyead R 2002.  The relationship of 

temperature-humidity index with milk production 

of dairy cows in a Mediterranean climate. Animal 

Research, 51, 479-491.  
Buaban S, Prempree S, Lengnudum K, Dumrongpong 

J, Julwong K, Poonkam T, Suktad P  2018. DLD 

dairy sire summary 2018. Bureau of biotechnology 

in livestock production. Department of Livestock. 

Development. p12. 
Carabaño MJ, Ramón M, Díaz C, Molina A, Pérez-

Guzmán MD and Serradilla JM 2017. BREEDING 
AND GENETICS SYMPOSIUM: Breeding for 

resilience to heat stress effects in dairy ruminants. A 

comprehensive review. Journal Animal Science, 95, 

1813-1826. 
Chaiyabutr N, Preuksagorn S, Komolvanich S and 

Chanpongsang S 2000. Comparative study on the 
regulation of body fluids and mammary circulation 
at different stages of lactation in crossbred Holstein 
cattle feeding on different types of roughage. 
Journal of Animal Physiology and Animal 
Nutrition, 83, 74-84. 

Chaiyabutr N, Thammacharoen S, Komolvanich S and 
Chanpongsang S 2007. Effects of long term 
exogenous bovine somatotropin on nutrients 
uptake by the mammary gland of crossbred 
Holstein cattle in the tropics. Asian-Australasian 

Journal of Animal Science, 20, 1407-1416. 
Chanchai W, Chanpongsang S and Chaiyabutr N 2010. 

Effects of cooling and supplemental recombinant 
bovine somatotropin on diet digestibility, digestion 
kinetics and milk production of cross-bred Holstein 

cattle in the tropics. Journal of Agricultural Science, 
148, 233-242. 

Fernández IG, Ulloa-Arvizu R and Fernández J 2019. 
Milk yield did not decrease in large herds of high-
producing Holstein cows in semi-arid climate of 

Mexico. Tropical Animal Health and Production, 

51, 149-154.  
Grossman M, Hartz SM and Koops WJ 1999. 

Persistency of lactation yield: a novel approach. 
Journal of Dairy Science, 82, 2192-2197. 

Hahn GL 1999. Dynamic responses of cattle to thermal 
heat loads. Journal of Animal Science, 77 Suppl 2, 

10-20. 
Igono MO, Steevens BJ, Shanklin MD and Johnson HD 

1985. Spray cooling effects on milk production, 

milk, and rectal temperatures of cows during a 
moderate temperate summer season. Journal of 

Dairy Science, 68, 979-985. 
Igono MO, Bjotvedt G and Sanford-Crane HT 1992.  

Environmental profile and critical temperature 
effects on milk production of Holstein cows in 
desert climate. International Journal of 

Biometeorology, 36, 77-87. 
Javed K, Afzal M, Sattar A and Mirza RH 2004. 

Environmental factors affecting milk yield in 
Friesian cows in Punjab, Pakistan Veterinary 
Journal, 24, 58-61. 

Johnson HD 1989. The lactating cows in various 

ecosystems: Environmental effects on its 

productivity, In. Feeding cows in tropics. 
Proceeding of the FAO expert consultation. Speedy 

A and Sansocy R, editors. FAO of the United 

Nations, Rome. http://www.fao.org/3/t0413e/ 
T0413E02.htm#ch2/ (accessed 15 June 2019). 

Meteorological Department Thailand. Seasons in 

Thailand. https://www.tmd.go.th/info/info.php? 

%20FileID=53/(cited 15 June 2019). 

Nguyen T, Chanpongsang S, Chaiyabutr N and 
Thammacharoen S 2019. The effect of dietary ions 
difference on drinking and eating patterns in dairy 
goats under high ambient temperature. Asian-
Australasian Journal of Animal Science, 32, 599-606. 

Olori VE, Brotherstone S, Hill WG and McGuirk BJ  
1999. Fit of Standard Models of the Lactation Curve 
to Weekly Records of Milk Production of Cows in a 
Single Herd. Livestock Production Science, 58, 55-
63.   

Ray DE, Halbach TJ and Armstrong DV 1992. Season 
and lactation number effects on milk production 
and reproduction of dairy cattle in Arizona. Journal 

of Dairy Science, 75, 2976-2983. 
Rhone JA, Koonawootrittriron S and Elzo MA 2008. 

Factors affecting milk yield, milk fat, bacterial 
score, and bulk tank somatic cell count of dairy 
farms in the central region of Thailand. Tropical 
Animal Health and Production, 40, 147-153. 

Suadsong S, Suwimonteerabutr J, Virakul P, 
Chanpongsang S and Kunavongkrit A 2008. Effect 
of improved cooling system on reproduction and 
lactation in dairy cows under tropical conditions. 
Asian-Australasian Journal of Animal Science, 21, 

555-560. 
Tekerli M, Akinci Z, Dogan I and Akcan A 2000. 

Factors affecting the shape of lactation curves of 
Holstein cows from the Balikesir Province of 
Turkey. Journal of Dairy Science, 83, 1381-1386. 

Thammacharoen S, Nguyen T, Suthikai W, Chanchai 
W, Chanpongsang S and Chaiyabutr N 2014. 
Somatotropin supplementation decreases feed 
intake in crossbred dairy goats during the early 
phase of lactation. Small Ruminant Research, 121, 

368-375. 
USDA:AIPL and CDCB. Trend in milk BV for Holstein 

or Red and White. [cited 2019 Jun 15]. Available 

from: https://aipl.arsusda.gov/ (accessed15 June 

2019). 



176                                                                             Thammacharoen S. et al. / Thai J Vet Med. 2020. 50(2): 169-178. 

 

Vitali A, Segnalini M, Bertocchi L, Bernabucci U, 
Nardone A and Lacetera N 2009. Seasonal pattern 
of mortality and relationships between mortality 
and temperature-humidity index in dairy cows. 
Journal of Dairy Science, 92, 3781-3890. 

West JW 2003. Effects of heas-stress on production in 

dairy cattle. Journal of Dairy Science, 86, 2131-2144. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

178 


	An analysis of a herd-based lactation curve reveals the seasonal effect from dairy cows fed under high ambient temperatures
	Recommended Citation

	An analysis of a herd-based lactation curve reveals the seasonal effect from dairy cows fed under high ambient temperatures
	Authors

	tmp.1673314923.pdf.9e2LU

