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Abstract
This study reports on important management factors that have impacts on semen characteristics, sperm production ability
and cryo-preservability in dairy bulls. Except volume, bull types (FSD i.e. frozen semen dose producer vs Non-FSD bulls)
differentiated most of the semen traits (P < 0.01). Age showed signi�cant impacts on seminal attributes both in FSD and
Non-FSD bulls. In FSD bulls semen traits increased signi�cantly even up to 5 years age, in contrast, only 2 years in Non-FSD
bulls. Overall semen quality index improved almost linearly with age advancement in FSD bulls (P < 0.01) but not in Non-
FSD bulls, which showed very irrational trends. Seasons signi�cantly (P < 0.01) in�uenced ejaculate characteristics. Overall
semen quality, total sperm output and FSD production was the highest during summer and lowest in rainy seasons. Within
a bull type (FSD/non-FSD) in�uence of age and season, and within age group impact of seasons was signi�cant in most of
the semen attributes. It was concluded that dependent on season, age of bull signi�cantly in�uenced qualitative and
quantitative attributes of semen; improvement being substantial in FSD bulls, but negligible in non-FSD bulls beyond 2
years age. Seasons of collection signi�cantly in�uenced semen quality, sperm productivity and FSD production of bulls
being highest in summer, followed by winter and least in rainy seasons. The study recommended that for effective FSD
production, poor semen producer bulls should be culled as early as 2 years of age and during rainy season stress
amelioration measures might mitigate FSD production losses from crossbred bulls.

1. Introduction
The purpose of introduction of temperate dairy cattle breeds to tropical countries was to improve milk production through
crossbreeding. Among temperate dairy breeds Holstein Friesian (Holstein / Friesian) has been extensively used as improver
breed in India, Pakistan, Iraq among Asian countries, Egypt, Sudan, Ethiopia, Kenya, Tanzania, Nigeria among African
countries, Brazil, Bolivia, Columbia, Jamaica, Cuba, El-Salvador and others in Latin American Countries. Worldwide a
sizable number of crossbred dairy cow populations have Holstein Friesian (HF) inheritance owing to either systematic or
non-systematic cattle breeding programmes adopted by different countries. A series of crossbreeding experiments in cattle
had been carried out in India and other countries for genetic improvement, which resulted into enhancement of milk
production traits, but invited problems of more diseases incidence, reproductive problems etc. in cows. Major problems
encountered with semen production from crossbred dairy bulls are very high disposal rate due to unsatisfactory breeding
soundness, sub fertility, unsatisfactory semen quality and insu�cient capacity to sustain cryo-preservation i.e. semen non-
freezability (Chacko, 2005; Mandal et al. 2012; Singh et al. 2013). Therefore, to have a better insight on problems of quality
semen production from crossbred bulls, important factors affecting reproductive performance in bulls need detailed
investigation in tropical environment, because crossbred cows are the major producers of cow-milk in India and other
developing countries.

Breed, age, climatic conditions of the region, micro-climatic circumstances like feeding and general management of the
farm, very short term events like sexual activity, preparation, bull handling during semen collection etc. affect semen
production (Everett and Bean, 1982; Mandal 1998; Kastelic, 2013; Argiris et al. 2018). Seasonal in�uence on sperm
characteristics is remarkably wide being highly signi�cant to no prominent impact (Everett and Bean, 1982; Mandal 1998;
Brito et al. 2002a; Mandal et al. 2003; Chauhan et al. 2010). For example, frozen semen doses (FSD) prepared in stressful
season had apparently normal quality, however, showed reduced embryo development in vitro (Luceño et al. 2020). In
South East Brazilian climatic conditions semen collection from B. taurus bulls for FSD production may not be pro�table
during summer months due to quality deterioration (Koivisto et al. 2009).

Studies on seasonality on semen quality of dairy bulls had created renewed interest because natural heat stress of summer
even from temperate countries reported to reduce semen quality (Sabés-Alsina et al. 2017; Luceño et al. 2020). Season
induced negative effects were deterioration of sperm morphology, alteration of lipid composition at cellular and semen
plasma level (Argov-Argaman et al. 2013), reduced mRNA expression of very low density lipid receptors on sperm
membrane (Argov et al. 2007), changes in sperm kinematics, membrane integrity, mitochondrial membrane potential,
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acrosome structure (Orgal et al. 2012; Argov-Argaman et al. 2013; Sabés-Alsina et al. 2017, 2019) and alteration in
electrolytes in seminal plasma (Orgal et al. 2012). Some of the seasonal changes are not visible in fresh ejaculates but
evident in post-thaw semen quality like reduced sperm kinematic characteristics and probably similar to that of subtle
sperm defects not visible in normal sperm morphology assessment but their impacts are even non-compensable by
enhanced number of spermatozoa in arti�cial insemination (AI) to attain desired fertility rates (Barth and Oko, 1989). These
negative effects could be mitigated to some extent by strategic bull husbandry (Morrell et al. 2020), which gave impetus for
meticulously study on the important management factors that affect semen production, more so when reproductive
wastage, semen freezability and FSD production from crossbred bulls are serious problems under tropical environment
conditions (Chacko, 2005; Singh et al. 2013) .

Frozen semen dose (FSD) production centers are quite interested in production of maximum numbers of semen doses from
elite bulls for economic reasons. In a given environment, productivity and adaptive e�ciency of bulls depends largely on
reproductive capacity; and poor reproductive performances become the cause of culling, loss of production, poor fertility
and substantial economic losses. Thus, a clear understanding of reproductive process and factors that affect reproductive
ability of bulls are very useful for production of quality FSDs and success of arti�cial insemination (AI). Besides, studies on
management factors affecting seminal characteristics will help policy makers in planning and making accurate decisions
on bull management, number of bulls to be reared at FSD production stations, harvest of required number of FSD, supply of
desired number of FSD from chosen bulls in AI programme and pro�tability of bull station. Therefore, the aim of this study
was to identify various management factors viz. season, age, ejaculate collection frequency etc. that could in�uence the
semen characteristics, sperm production capacity and FSD production of crossbred dairy bulls.

2. Material And Methods

2.1. Location of farm
Present study was conducted at Bull Rearing Unit, Central Institute for Research on Cattle, Uttar Pradesh, Meerut, India.

2.2. Year and season
Seminal ejaculates (n = 14328) used in this study were (year 2000–2008) of 269 Holstein Friesian X Sahiwal crossbred
dairy bulls. According to temperature and rainfall patterns of the farm location, the year was divided into 3 seasons i.e.
summer (March-June), rainy (July-October) and winter (November-February).

2.3. Breed and bull type
Animals under the study (N = 269) were Holstein Friesian (HF) X Sahiwal crossbred dairy bulls having breed combination of
≃ 5/8 HF (Bos taurus) and 3/8 Sahiwal (Bos indicus) that stabilized over several generations. They are popularly named as
‘Frieswal’ dairy bulls. Bulls were categorized into 2 groups depending upon their semen freezability and frozen semen
doses (FSD) production. Bulls whose seminal ejaculates yielded desirable post-thaw sperm motility (≥ 40%) and produced
FSDs were termed as FSD bulls (N = 133) and those had unacceptable post-thaw sperm motility (< 40%), hence no FSDs
were produced from any of the ejaculates during their herd-life were termed as Non-FSD bulls (N = 136).

2.4. Age
The age of bulls ranged from 15 to 93 months in this study. Age was divided into 5 brackets: ≤ 24 months, 25–36 m, 37–
48 m, 49–60 m and > 60 m keeping 1-year intervals.

2.5. General management of bulls
Housing of bulls was in individual pens covered with asbestos roof and open loa�ng area for free movement within their
enclosure. Bulls were given periodic exercise for one hour once a week in a bull exerciser. Bulls were given anthelmentics
twice a year and vaccinated against FMD, HS&BQ as routine. Seasonal green fodder (ad libitum), wheat bhusa (�nely
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chaffed wheat straw) constituted the roughage portion of the diet and amount of concentrate adjusted to body weight of
individual bull as per routine schedule of the farm. Bulls were thoroughly washed with water, particularly ventral part and
prepuce 1–2 hour prior to semen collection. In case of second ejaculation, a gap of 30 minutes was given from �rst
ejaculation and till then bulls were kept tied at holding area of collection centre.

2.6. Collection of semen and quality evaluation
At 15–18 months of age bulls’ semen collection was initiated. Bulls refused to mount, having poor libido, very inconsistent
semen donation or stayed less than 6 months in collection programme were excluded in this study.

In young bulls (≤ 30 m age) semen collection was done once a week and in mature bulls (> 30m) twice a week. In few
mature bulls 2 successive ejaculates in a day were collected at a gap of 30 minutes. Semen was collected at 7:00–9:00
a.m. by using arti�cial vagina (internal temperature 42–45°C). Ejaculates were evaluate for volume (ml), colour (5
categories: Creamy, Light creamy/Cloudy, Milky, Yellow and Watery) and consistency (3 Categories: Thick, Medium and
Thin). Sperm concentration (million /ml) was determined using a sperm photometer (Accucell, IMV). Sperm progressive
motility (%) evaluation was carried out by using a DIC microscope. Ejaculates (≥ 60 % sperm progressive motility) were
processed for cryopreservation as per standard process (Hafez, 1993). Post-thaw evaluation of FSDs done 24 hours later
and frozen semen doses ≥ 40% post thaw sperm motility were accepted for use in AI, otherwise doses were discarded.

2.7. Semen Quality Index (SQI; 0-100 scale)
In most of the FSD production stations initial semen quality is evaluated based on physical attributes (colour, consistency)
and objective assessment viz. volume, sperm motility % and sperm concentration. We have developed semen quality index
(SQI) to determine overall assessment of ejaculates implying suitable scores to VOL, MOT and SC based on our experience
and rational described as under.

VOL Score SC (million/ml) Score MOT (%) Score

≥ 5ml 20 ≥ 1200 30 ≥ 70 50

< 5 ml 10 ≥ 900 to < 1200 20 ≥ 60 to < 70 40

    ≥ 600 to < 900 10 ≥ 60 to < 50 30

    < 600 0 ≥ 50 to < 40 20

        ≥ 30 to < 40 10

        ≥ 20 to < 30 0

        < 20 -10

For example, (i) an ejaculate of 5ml, SC of 1200 million/ml and MOT 70%, obtained SQI = 20 + 30 + 50 = 100 (ii) an
ejaculate of 4ml, SC 590 million/ml and MOT below 20%, obtained SQI = 10 + 0+(-10) = 0.

Bulls initial sperm motility below 20% have questionable fertility even at natural mating, practically encompass no breeding
use and thus given negative score of minus 10. For breeding soundness evaluation minimum standard of sperm motility
was set to ≥ 30% (Kastelic 2013). Hence, for SQI estimation MOT < 30 was given score zero and MOT < 20, we have
assigned − 10 score to make poor quality ejaculates SQI value least possible or zero.

2.8. Statistical analysis
Semen quality parameters viz. volume (VOL-in ml), sperm concentration (SC-in million), progressive motile sperm % (MOT),
semen quality index (SQI), total sperm output / ejaculate (TSO; in millions), total motile sperm /ejaculate (TSM; in millions),
post-thaw motility % (MOT-PT) and post thaw total motile sperm count / ejaculate (TSM-PT; in millions) were analyzed by
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using GLM univariate analysis of variance (SPSS, 2007). Percentage values of parameters viz. MOT, MOT-PT were
transformed using arcsine transformation techniques (Snedecor and Cochran, 1994). We used following model for
statistical analysis.

Y ijklm  = µ + Bi + Aj + Sk + Fl + (BA)ij + (BS)ik + (AS)jk + eijklm

Where,

µ = Overall mean,

Bi =Effect of ith bull type (i = 1, 2; FSD bull or Non-FSD bulls),

Aj = Effect of jth age group (j = 1,.....,5)

Sk = Effect of kth season (k = 1,..,3)

Fl = Effect of lth ejaculation on same day (l = 1,2; �rst or second),

(BA)ij=Interaction between ith bull type and jth age group,

(BS)ik=Interaction between ith bull type and kth season,

(AS)jk=Interaction between jth age group and kth season,

eijklm= Random error part of Yijklm

The same above model was used for analysis of management factors affecting FSD production, excluding the bull types.
Levels of signi�cance was set at P < 0.05 and P < 0.01. Scheffe’s test was used for multiple comparison of mean signi�cant
difference. Pearson’s correlation coe�cient (r) was estimated for association studies between age and seminal parameters.
Chi-Square (χ2) test of independence was used for analysis of frequency data.

3. Results
The overall (mean ± SE) semen quality viz. ejaculate volume (VOL), sperm concentration /ml (SC), progressive motile sperm
% (MOT), semen quality index (SQI; 0-100 scale), TSO / ejaculate, TSM / per ejaculate, post-thaw motility % (MOT-PT) and
post thaw total motile sperm count per ejaculate (TSM-PT) were 4.61 ± 0.02 ml, 1081.75 ± 4.84 million, 44.66 ± 0.17, 57.29 
± 0.23, 5146.27 ± 31.88 million, 2538.71 ± 19.39 million, 37.82 ± 0.25 and 2312.89 ± 27.18 million, respectively. The overall
(mean ± SE) number of frozen semen doses production was 244.96 ± 2.89 per ejaculate. The effects of bull type, age,
season, ejaculate frequency and their interactions on seminal attributes are presented in Table 1. Ejaculates’ colour showed
signi�cant variations (χ2

df,16 = 466.00, P < 0.01) among age groups. Overall basis, 65.5% ejaculates were creamy, 11.3 %
light creamy, 1.10% milky, 1.30 % yellow and 20.80% watery. Irrespective of age group creamy was the predominant colour
in ejaculates. With advancement of age, frequency of creamy colour increased being 55.7% at 2nd year, 60.8% at 3rd, 67.3%
at 4th, 72.7% at 5th and 91.8% at > 5 years of age. Seasonal variations (χ2

df,8 = 90.43, P < 0.01) in colour of ejaculates were
also evident in this study. However, frequencies of creamy coloured ejaculates did not differ among summer (65.8%), rainy
(65.7%) and winter (65.3%) seasons.
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Table 1
Signi�cance levels ofdifferent factors in�uencing semen traits of crossbred dairy bulls

Particulars VOL
(ml)

SC
(million
/ml)

Progressive sperm
Motility % (MOT)

SQI TSO/
ejaculate
(million)

TSM/
ejaculate
(million)

MOT-
PT
(%)

TSM-PT/
ejaculate
(million)

Effect of Bull
type

NS ** ** ** ** ** ** **

Effect of Age ** ** ** ** ** ** ** **

Effect of
Season

NS ** NS ** ** ** NS *

Effect of
ejaculate
number

** ** ** NS ** ** ** **

Bull type X Age
interaction

** ** * ** ** ** NS NS

Bull type X
Season
interaction

** NS ** * ** ** NS NS

Age X Season
interaction

** ** ** ** ** ** NS **

** Signi�cant (P < 0.01), * signi�cant (p < 0.05), NS: non-signi�cant (p > 0.05), VOL; Volume, SC: Sperm concentration,
MOT: Progressive sperm motility %, SQI: semen quality index (0-100 scale), TSO: total sperm output per ejaculate, TSM:
total motile sperm per ejaculate, MOT-PT: post-thaw motility %, TSM-PT: post thaw total motile sperm count per
ejaculate

The consistency of ejaculates showed signi�cant variations (χ2
df,12 = 6274.00, P < 0.01) among age groups. Overall basis,

42.8% ejaculates were thick, 35.6 % medium, 20.4% thin and 1.2% watery. At 2 years of age group, 34.1% ejaculates were
thin, 34.3 % medium and 29.4% thick in consistency. At the age > 5 years group, the values were 6.5, 30.0 and 63.6%,
respectively indicating increase from thin to thick consistency over years. The distribution of consistency of ejaculates
varied signi�cantly (χ2

df,6 = 144.00, P < 0.01) over seasons also. Thick consistency was the highest in winter (47.4%)
followed by summer (42.6%) and lowest in rainy (36.5%). Medium and thin consistency ejaculates were highest in rainy
season as compared to summer or winter. Watery consistency (1-1.5%) ejaculates showed almost similar distributions over
seasons.

3.1. Effect of bull types
Differences existed between FSD and Non-FSD bulls on all seminal attributes (P < 0.05) except VOL (P > 0.05). In FSD bulls,
SC/ml and TSO/ejaculate were 40.70 and 48.69% higher as compared to that of Non-FSD bulls (Table 2). Similarly, MOT,
SQI and MOT-PT in FSD bulls were double (P < 0.01) than that of Non-FSD bulls. Seminal ejaculates of FSD bulls sustained
better the stress of freezing (cryo-preservation) and thawing, and yielded 2.45 folds higher (P < 0.01) post-thaw motile
sperm per ejaculate as compared to Non-FSD bulls (Table 2).
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Table 2
Bull type and ejaculation number’s impact on semen traits

  Effect of type of bulls Effect of ejaculate frequency

Particulars FSD bulls (n = 
10825)

Non-FSD bulls (n 
= 3503)

Ejaculate-1 (n = 
12625)

Ejaculate-2 (n = 
1703)

Ejaculate volume (ml) 4.68a ± 0.02 4.39a ± 0.03 4.61a ± 0.02 4.57b ± 0.04

Concentration (million /ml) 1164.08a ± 
5.43

827.32b ± 9.29 1100.58a ± 5.23 942.13b ± 11.89

Progressive Motility (%) 51.02a ± 0.17 25.02b ± 0.32 42.90a ± 0.19 57.68b ± 0.35

SQI (0-100) 65.02a ± 0.22 33.40b ± 0.42 56.02a ± 0.25 66.72a ± 0.49

Total Sperm Output per ejaculate
(million)

5594.12a ± 
37.09

3762.32b ± 56.05 5247.97a ± 
34.69

4392.32b ± 
73.51

Total progressive motile sperm per
ejaculate (million)

2992.32a ± 
22.7

1136.96b ± 25.08 2529.48a ± 
21.06

2607.17b ± 
47.23

Post thaw sperm motility (%) 38.30a ± 0.25

(n = 4257)

18.57b ± 0.96 36.08a ± 0.28

(n = 3495)

44.85b ± 0.48

(n = 867)

Total post-thaw motile sperm per
ejaculate (million)

2346.35a ± 
27.55

(n = 4257)

956.40b ± 94.9

(n = 105)

2340.44a ± 
31.39

(n = 3495)

2201.82b ± 
51.63

(n = 867)

Frozen semen doses production (FSD)/
ejaculate

244.96 ± 2.89 - 262.84a ± 3.55 198.09b ± 4.27

Row-wise means within a category with different superscripts differ signi�cantly (a,b p < 0.01)

3.2. Effect of season
Table 3 illustrate that seasons signi�cantly (P < 0.01) in�uence SC, TSO, TSM and TSM-PT but not the VOL, MOT and MOT-
PT. The semen quality index (SQI) was the highest in summer and lowest in rainy seasons. SC was the highest in summer,
followed by winter and lowest in rainy season (P < 0.01). As compared to rainy season, total sperm output / ejaculate was
19.88% and 15.23 % higher (P < 0.01) in summer and winter seasons, respectively. Seasons signi�cantly affected the FSD
production per ejaculate (F2, 2385=15.85, P < 0.01). It was lowest in rainy (214.33 ± 5.45) season. During winter and summer
seasons FSD production was 16–20% higher as compared to rainy seasons (Table 3). Signi�cant interaction of bull type x
season (Table 4) on VOL, SC, MOT, TSO and TSM indicated that effect of season was not similar on FSD and Non-FSD
bulls.
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Table 3
Impact of season and age of bulls on semen attributes

Seasons

Particulars Summer (n = 
4846)

Rainy (n = 
3996)

Winter (n = 
5486)

   

Ejaculate volume (ml) 4.69a ± 0.03 4.46a ± 0.03 4.65a ± 0.03    

Concentration (million /ml) 1121.50a ± 
8.74

1013.28b ± 
8.74

1096.50a ± 
7.67

   

Progressive Motility (%) 44.77a ± 0.31 43.61a ± 
0.33

45.33a ± 
0.28

   

SQI (0-100) 58.09a ± 0.40 54.80b ± 
0.42

58.41a ± 
0.36

   

Total Sperm Output per ejaculate
(million)

5481.02a ± 
59.55

4572.22b ± 
53.23

5268.71c ± 
50.97

   

Total progressive motile sperm per
ejaculate (million)

2732.39a ± 
36.26

2199.18b ± 
31.96

2614.94c ± 
31.22

   

Post thaw sperm motility (%) 38.99a ± 0.41 35.55a ± 
0.49

38.38a ± 
0.39

   

Total post-thaw motile sperm per
ejaculate (million)

2537.51A ± 
49.33

1923.16B ± 
45.21

2385.89C ± 
43.99

   

Frozen semen doses production
(FSD)/ ejaculate

258.23a ± 4.99 214.33b ± 
5.45

250.67a ± 
4.51

   

Age of bulls

Particulars Upto 2 years
(n = 1666)

2–3 year (n 
= 5991)

3–4 year (n 
= 3922)

4–5 year (n 
= 1810)

Above 5 year
(n = 939)

Ejaculate volume (ml) 3.47a ± 0.04 4.27b ± 0.02 4.98c ± 0.03 5.55d ± 0.05 5.44d ± 0.07

Concentration (million /ml) 892.80a ± 
13.92

1029.63b ± 
7.42

1115.55c ± 
9.27

1243.93d ± 
12.82

1295.68d ± 
17.31

Progressive Motility (%) 35.85a ± 0.55 40.13b ± 
0.28

48.79c ± 
0.30

52.79d ± 
0.38

56.25e ± 0.45

SQI (0-100) 42.76a ± 0.69 51.28b ± 
0.36

62.51c ± 
0.38

70.45b ± 
0.48

74.29e ± 0.65

Total Sperm Output per ejaculate
(million)

3226.11a ± 68 4489.90b ± 
44.84

5600.32c ± 
59.34

7058.29d ± 
101.12

7158.77d ± 
135.08

Total progressive motile sperm per
ejaculate (million)

1336.83a ± 
36.08

2017.11b ± 
26.05

2871.69c ± 
36.18

3798.10d ± 
60.29

4180.71e ± 
91.06

Post thaw sperm motility (%) 30.63a ± 0.82 33.87b ± 0.4 39.81c ± 
0.43

42.32c ± 
0.58

46.82d ± 0.72

Total post-thaw motile sperm per
ejaculate (million)

1207.93a ± 
56.60

1742.07b ± 
33.79

2469.76c ± 
46.49

3088.49d ± 
72.63

3908.81e ± 
120.58

Row-wise means with different superscripts differ signi�cantly (a,b p < 0.01, A,B p < 0.05)
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Seasons

Frozen semen doses production
(FSD)/ ejaculate

151.32a ± 8.8 194.73b ± 
4.31

245.76c ± 
4.58

286.58d ± 
6.72

336.30e ± 9.44

Row-wise means with different superscripts differ signi�cantly (a,b p < 0.01, A,B p < 0.05)

Table 4
Bull type x season interaction on various semen traits

Season Summer Rainy Winter

Bull Type FSD Non-FSD FSD Non-FSD FSD Non-FSD

Ejaculate volume (ml) 4.82 ± 
0.03

4.23 ± 0.06 4.50 ± 
0.04

4.33 ± 
0.06

4.67 ± 
0.03

4.58 ± 0.06

Concentration (million /ml) 1203.69 
± 9.65

838.96 ± 
17.61

1102.04 
± 10.02

781.64 ± 
15.63

1171.37 
± 8.57

856.36 ± 
15.08

Progressive Motility (%) 51.06 ± 
0.28

23.15 ± 
0.58

50.24 ± 
0.32

26.31 ± 
0.57

51.51 ± 
0.27

25.48 ± 
0.51

SQI (0-100) 65.71 ± 
0.38

31.86 ± 
0.74

62.97 ± 
0.42

33.46 ± 
0.73

65.82 ± 
0.35

34.65 ± 
0.69

Total Sperm Output per ejaculate
(million)

6001.03 
± 68.53

3693.36 ± 
102.84

5008.6 ± 
63.19

3433.36 
± 90.06

5633.34 
± 58.63

4099.34 ± 
96.22

Total progressive motile sperm per
ejaculate (million)

3224.31 
± 41.81

1041.33 ± 
43.14

2626.35 
± 38.34

1084.39 
± 41.81

3036.9 ± 
36.16

1261.67 ± 
44.24

Post thaw sperm motility (%) 39.43 ± 
0.41

17.83 ± 
1.69

36.21 ± 
0.49

19.57 ± 
1.53

38.73 ± 
0.39

17.68 ± 
1.83

Total post-thaw motile sperm per
ejaculate (million)

2575.3 ± 
49.76

695.86 ± 
155.06

1963.2 ± 
46.41

960.5 ± 
130.31

2405.35 
± 44.43

1228.67 ± 
220.02

3.3. Effect of age
Age of bull showed very high signi�cant (P < 0.01) effect on VOL, SC, MOT, TSO, TSM, MOT-PT and TSM-PT. With increase
in age all semen traits improved almost linearly. Semen VOL, SC, TSO enhanced signi�cantly (P < 0.01) up to 5 years of
age. Sperm progressive motility and post-thaw motility % increased with age advancement and improved even beyond 5
years of age. Taking the base line TSO at 2 years old bulls, on annual basis the TSO increased by 39.17, 73.59, 118.77 and
121.90% at 3,4,5 and > 5 years age, respectively; whereas, SC/ml increased by 15.33, 24.94, 39.33 and 45.12 %, respectively.
Thus, both increase in VOL and SC with advancement of age caused enhanced TSO with progress of age. Signi�cant (P < 
0.01) interaction between of bull type and age on VOL, SC, MOT, SQI, TSO, TSM indicated depending upon bull type semen
quality improved signi�cantly with age (Table 5). Age-season interaction on VOL, SC, MOT, SQI, TSO, TSM and TSM-PT
indicated seasons effect was not similar (P < 0.01) in all the age groups of bulls (Table 6).
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Table 5
Age X bull type interaction on different semen characteristics

Age Bull
Type

Volume
(ml)

Concentration
(million /ml)

Progressive
motility (%)

SQI
(0-
100)

Total
sperm
output
per
ejaculate
(million)

Total
progressive
motile
sperm per
ejaculate
(million)

Post-
thaw
motility
(%)

Total
post-
thaw
motile
sperm
per
ejaculate
(million)

Up to
2
years

FSD 3.33 ± 
0.05

993.80 ± 
17.41

44.66 ± 
0.65

52.81 
± 0.82

3404.23 
± 82.05

1659.66 ± 
48.75

31.38 
± 0.84

1251.64 
± 58.81

Non-
FSD

3.67 ± 
0.07

745.24 ± 
21.77

22.97 ± 
0.70

28.08 
± 0.93

2965.9 ± 
116.13

865.22 ± 
47.56

17.25 
± 2.04

434.23 ± 
74.13

2–3
Years

FSD 4.22 ± 
0.03

1133.23 ± 
9.06

48.75 ± 
0.29

61.29 
± 0.39

4889.2 ± 
56.43

2508.9 ± 
33.6

34.54 
± 0.41

1773.44 
± 34.67

Non-
FSD

4.36 ± 
0.04

844.41 ± 
11.84

24.73 ± 
0.41

33.37 
± 0.53

3776.03 
± 71.27

1137.88 ± 
33.26

19.51 
± 1.20

1073.43 
± 127.17

3–4
years

FSD 4.94 ± 
0.03

1170.12 ± 
10.02

52.66 ± 
0.28

67.06 
± 0.37

5835.04 
± 64.67

3157.20 ± 
39.52

39.92 
± 0.43

2477.62 
± 46.57

Non-
FSD

5.21 ± 
0.09

812.85 ± 
20.43

27.37 ± 
0.74

37.30 
± 0.93

4298.16 
± 137.55

1287.82 ± 
55.75

13.33 
± 5.27

723.49 ± 
367.25

4–5
years

FSD 5.57 ± 
0.05

1246.8 ± 
13.02

53.7 ± 0.37 71.34 
± 0.48

7097.75 
± 103.85

3865.03 ± 
61.75

42.58 
± 0.58

3106.04 
± 73.09

Non-
FSD

5.17 ± 
0.16

1180.19 ± 
70.94

32.63 ± 
1.95

50.64 
± 2.82

6182.16 
± 424.16

2311.87 ± 
219.05

17.14 
± 1.84

1444.17 
± 162.36

Above
5
years

FSD 5.44 ± 
0.07

1295.68 ± 
17.31

56.25 ± 
0.45

74.29 
± 0.65

7158.77 
± 135.08

4180.71 ± 
91.06

46.82 
± 0.72

3908.81 
± 120.58

Non-
FSD

-- -- -- -- -- -- -- --



Page 11/19

Table 6
Age X season interaction on seminal parameters

Age Season Volume
(ml)

Sperm
concentration
(million /ml)

Progressive
motility (%)

SQI TSO/
ejaculate
(million)

TSM/
ejaculate
(million)

MOT-
PT
motility
(%)

TSM-
PT/
ejaculate
(million)

Up to
2
years

Summer 3.35 ± 
0.06

912.28 ± 
23.21

35.46 ± 
0.88

42.53 
± 1.13

3203.74 
± 109.89

1336.81 
± 59.13

31.29 
± 1.33

1275.30 
± 97.34

  Rainy 3.49 ± 
0.07

874.17 ± 
22.84

36.12 ± 
0.90

42.71 
± 1.13

3158.53 
± 109.44

1355.60 
± 60.22

30.13 
± 1.27

1162.25 
± 87.04

  Winter 3.62 ± 
0.08

890.28 ± 
26.53

36.04 ± 
1.11

43.21 
± 1.34

3368.99 
± 141.39

1307.31 
± 68.98

30.33 
± 1.80

1168.37 
± 111.50

2–3
years

Summer 4.46 ± 
0.04

1064.56 ± 
13.33

40.28 ± 
0.49

52.32 
± 0.62

4889.26 
± 85.80

2207.32 
± 49.79

34.84 
± 0.65

1896.36 
± 60.11

  Rainy 4.21 ± 
0.04

995.64 ± 
12.80

41.79 ± 
0.50

52.18 
± 0.63

4186.62 
± 71.70

1926.37 
± 42.70

33.46 
± 0.71

1667.00 
± 55.22

  Winter 4.14 ± 
0.04

1025.08 ± 
12.30

38.54 ± 
0.48

49.48 
± 0.62

4363.92 
± 72.56

1910.50 
± 41.62

33.20 
± 0.71

1643.93 
± 59.11

3–4
years

Summer 5.05 ± 
0.06

1181.46 ± 
17.66

50.26 ± 
0.53

64.81 
± 0.69

6088.51 
± 116.92

3233.12 
± 72.52

42.65 
± 0.71

2889.87 
± 87.52

  Rainy 5.02 ± 
0.06

1071.61 ± 
18.03

46.38 ± 
0.60

59.68 
± 0.77

5327.11 
± 112.94

2610.21 
± 66.74

37.56 
± 0.97

2198.01 
± 93.19

  Winter 4.90 ± 
0.05

1093.35 ± 
13.46

49.13 ± 
0.45

62.49 
± 0.57

5405.70 
± 84.26

2761.69 
± 51.12

38.82 
± 0.64

2294.85 
± 64.59

4–5
years

Summer 5.65 ± 
0.09

1293.31 ± 
24.05

52.84 ± 
0.70

70.98 
± 0.88

7447.51 
± 187.64

4026.08 
± 109.45

44.02 
± 0.98

3404.83 
± 135.27

  Rainy 5.38 ± 
0.10

1139.98 ± 
24.22

53.14 ± 
0.76

68.95 
± 0.97

6201.25 
± 189.27

3362.59 
± 119.54

41.13 
± 1.32

2751.10 
± 159.88

  Winter 5.57 ± 
0.06

1261.61 ± 
18.94

52.59 ± 
0.55

70.82 
± 0.71

7215.92 
± 150.83

3858.09 
± 89.47

41.85 
± 0.84

3059.59 
± 100.00

Above
5
years

Summer 5.70 ± 
0.11

1354.04 ± 
26.81

55.96 ± 
0.74

76.19 
± 1.01

7853.33 
± 232.82

4541.93 
± 155.25

45.97 
± 1.30

4262.88 
± 208.09

  Rainy 5.25 ± 
0.16

1077.69 ± 
38.66

52.66 ± 
1.26

66.18 
± 1.77

5740.90 
± 275.17

3150.93 
± 172.77

46.48 
± 2.18

2896.32 
± 276.11

  Winter 5.29 ± 
0.09

1324.49 ± 
26.47

57.75 ± 
0.63

75.59 
± 0.92

7088.66 
± 194.57

4246.88 
± 134.76

47.45 
± 0.93

3894.47 
± 165.80

TS = Total Sperm; TSM = Total motile sperm; MOT-PT = Post thaw motility; TSM-PT: Total motile sperm -Post thaw

Overall basis, semen quality index (SQI) increased steadily (P < 0.01) from 2 to > 5 years of age (Fig. 1) in FSD bulls, where
as in Non-FSD bulls’ increments were negligible. Like TSO, TSM-PT also increased by 1.42, 1.98, 2.48 and 3.12 times from
base value at 2-year age to 3rd, 4th, 5th and > 5 years of age, respectively in FSD bulls (Table 5). Production of FSD /
ejaculate was signi�cantly (F4,2385=82.47, P < 0.01) increased with age (Table 5) and it increased by 2 folds at 60 months
as compared to their FSD production levels at 24 months age. Signi�cant interaction effect (F8,2385=2.61, P < 0.01) of age X
season on FSD production / ejaculates indicated depending on seasons, FSD production varied signi�cantly with age of
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bulls (Fig. 2). The coe�cients of correlation (r) between age and seminal attributes are illustrated in Table 7. Age of bulls
showed positive correlation (P < 0.01) with all semen parameters indicated improvement in semen traits with age of bulls.

Table 7
Interrelationship betweenage (months) andsemen parameters of crossbred dairy bulls

Particulars Correlation
coe�cient

( r )

Particulars Correlation coe�cient
( r )

Volume (ml) 0.30** Total sperm output per ejaculate (million) 0.31**

Concentration (million
/ml)

0.19** Total progressive motile sperm per ejaculate
(million)

0.36**

Progressive motility
(%)

0.29** Total post-thaw motile sperm per ejaculate
(million)

0.42**

Post thaw motility (%) 0.28** Frozen semen doses production (FSD)/
ejaculate

0.38**

SQI (0-100) 0.34**    

** Signi�cant (p < 0.01)

3.4. Effect of ejaculation frequency
Statistical analysis revealed signi�cant (P < 0.01) variations in semen quality between �rst and second ejaculates viz. VOL,
SC, MOT, TSO, TSM, MOT-PT and TSM-PT. First ejaculates had higher (P < 0.01) VOL, SC, TSO and TSM-PT and lower MOT,
TSM and MOT-PT as compared to successive (second) ejaculates. The SC, TSO and TSM-PT were 14.40, 16.30 and 5.92%
less in 2nd ejaculates. However, overall SQI did not differ between between 1st and 2nd ejaculates. Frequency of collection
signi�cantly (F1,2385=201.37, P < 0.01) affected FSD production / ejaculate. Frozen semen doses production was 32.69%
higher in �rst ejaculates as compared to second ejaculates (Table 2).

4. Discussion
Frozen semen doses (FSD) production centers select semen samples for cryopreservation based on semen volume, sperm
concentration, sperm kinetics and morphology. Thus, factors that affect initial semen quality play very deterministic roles
on selection of ejaculates for processing, and it subsequently in�uence freezability, post–thaw motility, FSD production,
sperm fertility and ultimately success of AI and embryo production. A wide range of factors that affect seminal attributes
have been reported viz. breed, age, body condition score, testicular morphology, vascularity of testicular cones, testicular
thermo-regulation, gonadal development, thero-adaptability of bulls etc. (Brito et al. 2002a,b; Mandal et al. 2004, 2009,
2010; Kastelic, 2013; Kastelic et al. 2018). Although problems of cryo-preservability, high reproductive wastage rate etc. are
major issues with B. taurus X B. indicus breeding programmes (Mandal et al. 2012; Singh et al. 2013), however, the same
has been inadequately addressed in tropical countries. Present investigation provides a detailed account of important
factors affecting reproductive ability in crossbred dairy bulls.

Values (mean ± SE) of seminal attributes of HF X Sahiwal dairy bulls observed in this study were within the normal range
as reported earlier HF X Sahiwal crossbred bulls (Mandal et al. 2009, 2010) and other HF crossbreds bulls (Chauhan et al.
2010). Present �ndings indicated that semen quality improved gradually with age (Table 1). In HF X Sahiwal crossbred
bulls sperm concentration increased signi�cantly up to 5th year of age, thereafter increase was marginal and non-
signi�cant. This was major difference between presently studied HF crossbred bulls and exotic HF bulls, where sperm
concentration reported to increase 1–3 years of age (Taylor et al. 1985; Argiris et al. 2018) in pure HF bulls. In zebu bulls
maturity occurs at ≥ 4 years (Addass et al. 2011; Bhakat et al. 2011) because of slow body development and gradual
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attainment of sexual maturity. This might be the same reason for improvement in sperm productivity with age in taurus-
zebu crossbred bulls (Mandal et al. 2004; Addass et al. 2011). Improvement in semen quality with age could be attributed
to sexual and gonadal development, increase in testicular circumference, numbers of seminiferous tubules, enhancement
in size of testes, maturity and adequate development of testes vascular cone and other apparatus responsible for effective
thermo-regulation of testes etc. which in combination in�uences spermatogenesis, sperm production capacity and over all
semen quality depending upon breeds and species involved (Brito et al. 2002a, b; Mandal et al. 2004; Sonj et al. 2013).
Impact of seasonal heat stress on sperm productivity greatly varied with breeds and it also depends upon individual
capacity of heat tolerance. In heat tolerant Frieswal (HF X Sahiwal) bulls the growth rate, body and testicular development,
and semen production performance was better than less heat tolerant bulls (Mandal and Tyagi, 2009). Heat tolerance
capacities of zebu were more than taurus bulls and produce less abnormal sperms under stressful conditions (Koivisto et
al. 2009).

In AI programme number of bulls to be reared in FSD production centers depends upon sperm production ability of bulls
and cryo-sustainability of semen. In this study, a large number of crossbred bulls (50.56%; 136 of 269) did not produced
any FSD and ultimately rejected from breeding programme although they were physically sound during their induction to
collection programme at 15–18 months of age. In purebred bulls, reproductive wastages were comparatively less as
compared to crossbred bulls (Chacko, 2005; Singh et al. 2013) and therefore, quality semen productions from crossbred
bulls remained as a challenging issue to breed large crossbred cow population in tropical countries. In fact, crossbred cows
are the major contributors to total cow milk production in most of the tropical countries and there are steady requirements
of quality FSDs of crossbred bulls. However, as revealed in the present study, in some selected FSD bulls (Table 5),
improvement and maintenance of quality even beyond 5 years of age (maximum age of bulls was 93 months in this study)
indicated existence of potentials for high sperm production in selective HF X Sahiwal dairy crossbred bulls, which needs
selection, maintenance and further propagation.

In Non-FSD bulls, although volume and concentration increased with age (Table 5), however, sperm kinematics (MOT) did
not improve much with age. In these bulls, the overall SQI showed very marginal improvement (Fig. 1) with age, such type
of bulls had no practical breeding utility in FSD production centers. The �ndings indicated that there was wide difference in
SQI even at 2-years of age between FSD (SQI = 52.81) and Non-FSD bulls (SQI = 28.08). In Non-FSD bulls age had no
signi�cant impact on subsequent SQI improvement even up to 4 years of age reared in this production stations (Fig. 1).
Present results suggested that young bulls having SQI < 50 should be monitored precisely in FSD production centers and
need culling as early as possible, even at 24 months age to avoid unnecessary expenditures and economic losses. In an
earlier study (Mandal et al. 2010), it was recommended for culling of bulls < 30 months age based on sperm morphology,
motility and concentration. However, present study denote for culling bulls at 24 months age provided SQI < 50.
Improvement in SQI in few Non-FSD bulls between 4–5 years of age was due to some mediocre bulls that remained in
borderlines of semen freezability. In these bulls, it is very di�cult to be ascertained about their continuation in FSD
production centers, because they produce inconsistent semen quality, ejaculates with incoherent freezability and post-thaw
motility. Similar problems also arise on determination of bull fertility either in AI or natural insemination, where
differentiation between excellent and poor (infertile) bull is easier than the sub-fertile ones and there exists considerable
knowledge gaps in identi�cation of sub-fertile bulls (Kastelic, 2013).

Highly signi�cant (P < 0.01) positive association of age with seminal (Table 7) attributes indicated improvement in semen
traits with advancement of age. Signi�cant positive correlation among semen traits indicated for collateral improvement in
these traits, if selection pressure is applied for any one of the important traits like age, age of semen donation, early age of
puberty, age of freezable quality semen production etc.

Seasons’ effect is the outcome of a very complex interaction of animal system with various environmental variables like
temperature, humidity, sunshine, photoperiod, precipitation etc. that directly in�uence the animals and indirectly via
alteration in seasonal fodder and feed quality. The study location had dry hot summer, very hot-humid rainy and
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moderately cold-humid winter seasons; variations in maximum temperature 9–46°C, minimum temperature 2–31°C and
relative humidity 30–100 % (Mandal et al. 2002). Bulls in the present study had the lowest SQI in rainy season and FSD
production per ejaculate was also 16–20% less in this season. As the process of spermatogenesis is very lengthy one (60–
62 days in bull), the seasonal in�uence affect both meiotic and spermiogenesis stages of spermatogenesis and its impact
is long lasting and carried forward. Qualitative deterioration of semen, less production of frozen semen doses in hot-humid
rainy seasons as observed in the present study signi�es importance of seasons in bull station and FSD production units.
From the regions of temperate climatic conditions also, decrease in sperm quality due to exposure of bulls to natural heat
stress has recently been reported (Sabés-Alsina et al. 2017; Luceño et al. 2020)

Because of direct visible impact of seasons on milk production, seasonality on production traits had been extensively
studied in lactating cattle (Kadzere et al. 2002; Dash et al. 2016; Mandal et al. 2021a,b). As milk production directly linked
with calf production, studies on reproductive physiology of females, oocyte production, embryo development, fertilization
etc. had been given more research emphasis and this disparity lead more research focus on female, ignoring males (Roth,
2017; Luceño et al. 2020). The physiological impact of meteorological factors viz. temperature, humidity and seasonality
as a whole on the bull has not been established like that of female part and the molecular mechanisms of sperm damage
owing to environmental stress have not been entirely characterized (Rahman et al. 2014; Luceño et al. 2020).

As stated earlier, the major aim of any bull station is to produce maximum numbers of quality frozen semen doses (FSD).
Present study showed qualitative deterioration in semen characteristics and quantitative reduction (14–20%) of
FSD/ejaculate during rainy season and de�nitely this reduction have substantial �nancial impacts on FSD production
stations. Ejaculates collected in rainy season (July-October) basically had the spermatozoa synthesized and matured at
least 60 days before, the period coincides with long duration day length (21st June, longest day in northern hemisphere).
Higher duration of photoperiod and longer day length affect semen quality (Sonj et al. 2013; Granados et al. 2014) through
melatonin modulated spermatogenesis, maturation and other sperm functions (González-Arto et al. 2014; Fernández-Alegre
et al. 2020). Thus, combined effect of high temperature, humidity, photoperiod and other indirect seasonal effects mediated
through feed quality might be responsible for semen quality deterioration in rainy season in this study. The present
investigation also revealed that in Non-FSD bulls, SQI did not improve after 2 years of age and SQI value remained < 50
(33.40 ± 0.42). Therefore, bulls’ SQI < 50 at 2 years age need immediate culling to avert �nancial losses because such bulls
are non-productive for arti�cial breeding and in�ict an economic burden (estimated to Rupees 73,000 /bull/ year) for
maintenance in the present Bull Rearing Unit. Although these bulls are of high genetic merit, received after nominated
mating between high yielding dams x proven sires and passed through two stage selection process (at 3–6 months based
on body morphometric characteristics and 12–15 month, breeding soundness evaluation), still the high rejection rate
(50.56%, 136 of 269 in this study) of crossbred bulls is a very serious issue (Chacko, 2005; Tyagi et al. 2006; Mandal et al.
2012; Singh et al. 2013) in crossbreeding programmes in tropical countries. Mating of B. taurus x B. indicus is commonly
termed as crossbreeding, but practically it is an inter-species mating, which might have accentuated the problems of poor
reproductive ability in crossbred bulls (Singh et al. 2013). Present �nding suggested that age is one the most important
factors affecting semen quality in HF X Sahiwal crossbred bulls; sperm productivity in FSD bulls increased even 5 years of
age (unlike up to 3 years age in exotic HF bulls) which need selection for improvement in semen quality traits. Summer and
winter seasons should be effectively used for optimum FSD production from crossbred bulls maintained under similar
climatic conditions. Bulls having SQI < 50 need to be culled at 2 years of age without further expectation on improvement in
semen quality. Findings of the present study recommended that thermal stress amelioration measures should be taken up
at bull stations from late summer to rainy seasons to minimize negative impacts of environment.

5. Conclusions
The study concluded that management factors such as age of bulls, collection season, collection frequency, bull type
signi�cantly affected the overall semen quality, sperm productivity, cryo-preservation capacity of ejaculates and FSD
production in HF X Sahiwal crossbred bulls. Depending upon season, qualitative and quantitative attributes of semen
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improved with advancement of age, being substantial in FSD and negligible in Non-FSD bulls. In Non-FSD bulls’ semen
quality do not improve beyond 2-years age and bulls having SQI < 50 need immediate culling for economic reasons.
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Figure 1

Semen Quality Index (SQI) of Non-FSD and FSD producer bulls over the age
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Figure 2

Numbers of frozen semen doses (FSD) production per ejaculate of bulls in different seasons over the age


