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Figure 1. Heat stress in dairy cows.
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Name of the index

Temperature-humidity index
Black globe-humidity index

Equivalent temperature index

Heat load index

Adjusted temperature humidity index
Comprehensive Climate Index

Index of thermal stress for cows
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Authors, publication year

Thom 1959; NRC 1971
Buffington et al. 1981
Baeta et al. 1987
Gaughan et al. 2003, 2008
Mader et al. 2006

Mader et al. 2010

Da Silva et al. 2015



TABLE 2 | Thermal indices based on temperature and humidity.

Index

Remarks*

Reference

Discomfort index,
Di=04(ts + ty) + 15

Weighted combined temperature scale,
(1) 0.15DB+0.85WE
(2) 0.35DB + 0.65WE

Temperature humidity index,
THI = Ty, - [0.55 - {0.55 x RHA00)] x (Tg —58)

THI = (0.8 x T) + (RHAD0) x (T—14.4) + 46.4

TH = (1.8 x Ta + 32) - [(0.55 - 0.0055 x RH) x (1.8 x
T — 26)]

THI = (055 x Tap + 0.2 x Tgp) x 1.8+ 32+ 17.5

Black globe humidity index,
BGHI =ty + 0.36 =ty + 415

Wet bulb globe temperature index,
WBGTI = (0.7 x Ty) + (0.2 x Teg) + (0.1 x Ty

t4 and t,, is dry and wet bulb temperatures, respectively,
in °F

DB and WE are dry- and wet-bulb temperatures (*C),
respectively, similar to DI if calculated in *F

Tab 15 dry-bulb temperature (°F), BH is the relative air
humidity

T is the temperature in degree Celsius (°C) and BH s the
relative air humidity

Tab 15 dry-bulb temperature (°C), RH is the relative air
humidity

Tap Is dry-bulb temperature and Ty is dewpoint
temperature, (*C)

tng IS black globe temperature and 1y, is dewpoint
temperature, (*C)

Twe is wet-bulb temperature and Ty is black globe
temperature, Tgy, is dry bulb temperature (°F)

Thom, 1950

Bianca, 1962a

Buffington et al., 1981;
Amundson et al., 2005

Davis et al., 2003: Mader et al.,
2006

Mational Research Council
(NRC), 1971

Mational Research Council
(NRC), 1971

Buffington et al., 1981

Budd, 2008: Van laer et al., 2015

“Unit of measLrements are suggested fo make index values comparable.
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THI = (0.8 x Ty, ) + | (RH/100) x (Ty,- 14.4) | +46.4,

Tap ®
RH e

71 :



wu.

“mmmmm_mm
NN NN NG NS | N N
- (| o| < 10| v|o|~|o|o
NTNITNI N NS NS N N TN TN
ol|N|o|<|v|o|~[o|o|lo
“__________
Ol |N|o| || w|©O|~ 0|0
TN N TN [N [N N N TN
Ol |+ |N|m|<|v]o|o|~ oo
“E““““““““““
ol |N|m|m|t{v|o|~~o|o
TN NN TN NS [N NS N TN TN T
mmm“mﬂmmﬂmﬂmmm
e el I e
Ol || {w|w[©|~|0]o|o
TN NSNS NG N TN N TN NS [N
mmmm_mﬂﬂmmmmﬂmmm
[T NN N NS TN N PN TN N P N
ol |+ |a|m|m| |||~ |o|o|o
NN TN NS NG N N N PN PN
mmmm_“mmmmmmmﬂﬂmmm
TN NS NS NS TN TN TN TN N N N N N
olo|+|~|n|m|m|¢|v|v|o|~ |~ olo|o
TN NN N N TN TN TN TN N N NN TN T
mmmmm“mmﬂmmmﬂmmﬂmmm
TN TN NN N PN TN Nl N N N N
oo+ |N|N|o|m|s | w]©o|o|~ |~ o|o|o
TN TN TN N N N N TN TN N T N N N T
mm@mmm_“mmmmmmﬂmmmmmmm
(NTNSTNS N P NS NS NN NN N TN | NN NN N
o|o|+|+|N|N|m|m| < |0|wv|©|o|~|~[o|o|o
TNT TN [N NSNS TN TN TSN NS | N NS NN
mmmmmm——mmmﬂmmmﬂmmﬂﬂmmmm
[N T TN N NS N N NN N N N NN N TN
o|o|+|+|N|N|m|m| |t |1v|n|o|o|~| N o|o|o|o
TN PN [ N TN TN TN 1 N N N N TN TN N
o|o|~|—|n|N|a|m|m| |0 |w] |||~ [o|o]|o
1 NN A N T TN N N N N N NN N N NS

Cagby g boo
THI







5 o1 g ¢yt slod b T B g (salo S (o sl oo

Lo )5 ! el

»“o.o )o ‘: o % a‘m.

o sboo

YAS-YA.)

Ya.-v4.f

Y4.F-F.

f._fn&

f..0 ‘Syl-l



Sl 9 0,5 @bl j0 Cugb) 9 Lod Ol i (55X

Sl s 3 lod dilale b 3

‘o

' ’

H

(31 Al &30 ks

"

e




ol i ol ygo Jelge



0’0

S s g8 » (FHle s ol P

Syes s oolo U oo O 339 oyols Cawd
o)lg5 s I (STyg5 Slgo y9ue £ 55 N s Jokw ool
W plailar g9 o b oo 29
O CainS g s aldgs Grin glod
(BCS)siw cumdg bl %
V-3 UWOU LR W3
Lo adgi plondl

O G@JW&M




L_,’.é).»a.o M : OOLO Ml:

4 0 015 (Glw 42,0 YO I YL bame )l a2 )0 ]38l a0 S 5 e

] Milk loss (Ib/cow-day) Reduced DMI (Ib/cow-day)

Max THI Heat stress hours
2 4 6 10 12 14 16|12 4 8 10 12 14 16

2 7
lﬂlﬂﬂﬂ
| 5 [10]15]20[26(31/36(41[3]| 5 | 8 |10 1315|1820 |
| 7 [15]22]29 3744 |51[59/4] 7 [11] 15|18 |22 |26 |29 |
| 10 [20 30 /4050607080 [5[ 10 15[ 20 [25 |30 [ 35|40




e delgi ulS
71
6 8

0/-G/ 2 6 8 THI

170

2019

35



s ddgd s

SNF

4 0



S gl b adgi o (I s ol

Milk production
(kg/day)

July August September

—8— Heatstress —4— Cooling




Practical examples
of heat stress

Stress Threshold
THI (68 - 71)

Mild - Moderate Stress
THI (72 - 79)

Moderate - Severe Stress
THI (80 - 89)

Severe Stress
THI (90 - 99)

Temperature:
Relative
Humidity

22°C; 50%

25°C; 50%

30°C; 75%

34°C; 85%

Duration
(hrs/day)

Milk loss
(kg/cow/d)
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Pregnancy rate
50
45
40
35
30
25

Season of heat wave

80 THI, maximum

Figure 2: The relation between pregnancy rate the average monthly
THI per day [14]. Note that the threshold is at THI 72, above this value
there is more or less severe heat stress.

This article is based on a short paper presented at the European Buiat-
rics Forum, Marseille, France, and June 2011.
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Heat Stress Metabolic Reaction Cascade

| v GH, T3,
A Sweat 4 Respiratory rhythm T4, Glucocorticoids
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Table 1. Some endocrine and metabolic acclimation related
to energy metabolism during hot conditions in cattle.

Response Reference

Reduced glucocorticoid secretion Collier et al. (1982)

Increased epinephrine secretion Alvarez and Johnson (1973)
Increased leptin secretion Bernabucci et al. (2006)
Decreased somatotropin secretion McGuire et al. (1991)
Decreased thyroxine secretion Collier et al. (1982)
Increased insulin secretion Baumgard and Rhoads (2007)
Decreased basal plasma glucose Ronchi et al. (1999); Abeni et al. (2007)
Increased basal plasma NEFA® Basirico et al. (2011)
Decreased plasma NEFA Ronchi et al. (1999);

Wheelock et al. (2010)
Increased basal plasma BHBA Ronchi et al. (1999); Abeni et al. (2007)
Decreased plasma cholesterol Ronchi et al. (1999); Abeni et al. (2007)
Increased basal plasma urea Ronchi et al. (1999);

Baumgard and Rhoads (2007)

“Only in transition cows.
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Table 1. Heat increment (HI) of common feed ingredients.’

NDF TDN NE HI/NE,

L

Feed Ingredient DM (%) (% of DM) (% of DM)  (Kcal/Kg) (Kcal/Mcal)

35.0 53.0 59.0 1,326 658
38.3 48.0 66.1 1,500 617
88.0 53.0 55.0 1,228 684
89.9 47.5 60.0 1,350 651
93.0 49.0 87.0 2,453 386
87.0 10.0 88.0 2,035 550
Soybean Meal, 48% CP 90.0 14.0 81.0 1,866 562
Palm Oil (fatty acids) 100.0 0.0 170.1 5,676 214
Prill (fatty acids) 100.0 0.0 170.1 6,776 214
Tallow 99.0 0.0 191.3 6,402 214
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Figure 1. Effect of chromium propionate on milk yield over time
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Figure 3. Milk yield by week of lactation for cows calving in August 2012
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Abstract

Heat stress responses negatively impact production performance, milk quality, body temperature, and other parameters in dairy
cows. As global warming contimues unabated, heat stress in dairy cows is likely to become more widespread in the future. To
address this challenge, researchers have evaluated a number of potentially available nutritional strategies, including dietary fat,
dietary fiber, dietary microbial additives, minerals, vitamins, metal ion buffer, plant extracts, and other anti-stress additives. In this
paper, we discuss the evidence for the efficacy of these nutritional strategies aimed at alleviating the detimental effects of heat
stress in dairy cows. It was comprised of the treatment (dosage and usage), animal information (lactation stage and number of
dairy cows), THI value (level of heat stress), duration of exposure, the changes of feed intake and milk yield (production
performance), the changes of milk protein and milk fat (milk quality), the changes of rectal temperature and respiration rate
(body temperature), other indices, and reference resources. The results of these studies are presented with statistical justification
in the tables. In total, the 49 kinds of dietary interventions derived from these eight types of nutritional strategies may provide an
appropriate means of mitigating heat stress on a particular dairy farm based on the explanation of the results.

Keywords Heat stress - Dairy cows - Nutritional strategies - Improvement
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Fig. (5): Average of shading efficiency measured under all sheds
during summer months (P < 0.01).
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Place

Spray and
fans

Evaporative
cooling
chambers

Cooling
time

Reference

Missouri

253"

24

Igono et al., 1987

Saudi
Arabia

26.82

12

Ryan et al., 1992

Mexicali

JEOY

8

Correa et al., 2002

Arizona

39.1°

11

Correa et al., 2004

Mexicali

211"

4

Avendano-Reyes
et al., 2010b

Arizona

38.3*

12

Burgos et al., 2008
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What is the optimal frequency of cooling treatments ??

Body temperature of cows with different yields under intensive
cooling system,

— 12000 kg milk =—9000 kg milk
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Treatments

¢ 0 - Control No Sprinkler or Fan

. 0+ F -No Sprinkler + Fan

¢ D - Sprinkler (1 min on & 4 min off)

. S+ F -Sprinkler (1 min on & 4 min off) + Fan

. 10 -Sprinkler (1 min on and 9 min off)

. 10+ F - Sprinkler (1 min on and 9 min off) + Fan

« 1S - Sprinkler (1 min on and 14 min off)

. 15+ F - Sprinkler (1 min on and 14 min off) + Fan

Sprinkler - .9 gal/min or .045 gal/ft? Fan - 650 to 700 CFM

Smith et al
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Table 1. Activation timetable of the cooling systems.

Resting Area

Fans

Sprinklers

Feeding Area

Fans

Sprinklers

Technical

specifications

Ventilation rate:
34.600 m*/h

Pressure: 200 kPa
Rate: 1.01 /min

Ventilation rate:
22250 m?/h

Pressure: 200 kPa
Rate: 2.57 I/min

Activation Time

8:00 —9:00
10:00 - 15:00
20:30-21:30

11:00 - 14:30
17:00 - 17:30
20:00 - 05:30

9:00 - 10:00
15:00 - 17:00

9:00 —10:00
15:00-17:15

Operating

conditions

Always on with

T=22°C

Operative for 5 min

every 25 min with

T<22°C

Operative for 20 s every
5 min with T>27°C

Off with T<27°C

Always on with

T=20.9°C

Operative for 4 min
every 9 min with

T<20.9°C

Operative for 18 s every
13 min and 38 s with

T=27°C

Off with T<27°C
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Table 3: Examples of installing spraying devices/sprinklers and fans in the barn.

Location of the devices

Type of device

Explication details

Fans

Behind the feed rack, not above cubicles or resting areas, not above feed bunk. Install fans in
a line parallel to cubicle rows

Diameter 76 to 91cm. Capacity 0.47m?. One fan for each 10 cows, or for each surface of 13.5
m?, or for each 2m length of the barn. Height should be at 250cm. Install at an angle of 30°C
on the vertical axis.

Air speed should not exceed 375 to 425 L/min, or about 12 to 20 km/hr (5 m/sec)

Alternative option = large fans of 7 diameter, for each 20m barn length, at an angle of 30°C
and each covering 400 m? barn surface.

Sprinklers

1.25L water per min, at low pressure: 300 kPa (<3 bar)

Sprayers

At a height of 150cm above the cows, at every 2m length of the barn. Capacity of 300 L/hr.

Waiting area

Fans

1 fan of 91cm diameter for each 40 m? of surface

Sprinklers

18L of water per hour at a pressure of 300-400 k Pa. Water tube diameter 1.3 or 1.9 cm.

Sprayers

At 150 cm above the cows, at each 2 m length of the barn. Capacity 300L of water per hour.

Milking parlor

Ventilators
Sprinklers
Sprayers

Specifications as named under “barn” above or for a 2x14 herringbone 9 fans: 3 above the pit,
and 3 above each side. For a 2x6 herringbone: 1 above the pit and one above each side. A mist
producing device may be added to the ventilators but has great disadvantages (susceptible
for wind!).

Shower room in barn

Fans, Sprinklers,
Sprayers

Located somewhere in the barn where it is most convenient for cows and man. One sprayer
for each 2m, and 2 ranges of fans. Do not forget a rubber topping on the floor.

Cow handling area

If needed; 1 fan + 1 spray nozzle for 5 cows; water tubes 1.3 or 1.9cm diameter

Entrances to the barn, exits
to the pasture plots or pens

Fans, Sprinklers,
Sprayers

See specifications as named above under “Barn”
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