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The aim of the study was to determine the effect of size of litter in which sows were born on 
the number of piglets born alive and number of piglets at 21 days of age. The study included 
data on reproductive performance of Polish Landrace (PL) and Polish Large White (PLW) 
sows (1791 and 1047 records, respectively), which were raised in 2004-2009 in pedigree herds 
from Mazovian breeding region. The sows were divided into groups according to the size of 
litter of origin: group I ≤9, group II – 10, group III – 11, group IV – 12, group V – 13, group 
VI ≥14. Total changes in the number of piglets born alive (group 6 vs. group 1) were +1.52 
piglets for the PL breed (P≤0.01) and +0.40 piglet for the PLW breed. The results show that 
to improve fertility in sows of domestic maternal breeds, gilts for herd replacement should 
be selected from highly fertile sows, and it is unjustified to select gilts from females born in 
small litters (≤10) as mothers of the next generation. Young females born in litters of at least 
13 (PL) and 12 (PLW) piglets should be chosen as mothers of the next generation. 
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Breeding performance traits in sows are characterised by low heritability and repeatabi-
lity [27]. They are dependent on the effects of both the external and internal environments 
[21]. Expression of even the best genotype may be limited by poor living conditions [17], 
as a result of which existing high breeding potential of sows is not fully utilised. The envi-
ronment exerts its effect through nutrition and feed metabolism, maintenance, reproduc-
tion techniques and use of animals. 

Dependencies have been found between the location of uterine implantation of embry-
os, their number, rate of metabolic processes in the body and their survival and growth, 
as explained by the theories of Mossman (1937), Hammond (1944) and Eckstein (1955) 
[21]. 
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Analyses of sex ratios in the litter of origin of females indicate that a greater share of 
females in the litter provides potential for further improvement of reproductive indexes, 
including litter size in multiparous species [22]. However, in mammals the share of sexes in 
the litter depends on many diverse factors; as a consequence the final result, i.e. the level of 
reproductive indexes, such as fertility, is very difficult to predict. As it is reported by Górecki 
and Kościński (2003), cited after Rekiel et al. [21], reproduction results are affected by hor-
mone levels in females, the interval between ovulation and fertilisation, embryo mortality, 
feed consumed by the female, the female’s age, body condition, her position in the herd, as 
well as stress factors or the intrauterine fetus position. In turn, Chen and Dziuk [5] attributed 
a special role to the effect of the initial uterine length on the developing embryos. Those 
authors were of an opinion that ovulation rate is correlated with the length of uterine horns, 
while prenatal survival is associated with uterine space. In comparison to fetuses developing 
under normal conditions those developing in a crowded uterus face a greater risk of death 
during the perinatal and postnatal period, with dying fetuses being predominantly male. 
Some embryos atrophy before day 17 of pregnancy, while successive losses are recorded be-
tween days 29 and 35. In the opinion of Wu et al. [29], the minimum uterine space required 
for physiological fetus development at day 50 of pregnancy needs to be 36 cm.

Experiments on selection indicate that in successive generations the number of corpora 
lutea may increase considerably (to a total of 6.5); nevertheless, it provides an increase in 
litter size by as little as 0.8 piglets [12]. For this reason in the opinion of Ruiz-Flores and 
Johnson [25] we may expect further improvement in litter size by max. 8-10%. 

At present sows are expected to produce large numbers of live-born and reared piglets, 
both per year and during their productive lives. The potential of improved breeds seems 
to be considerable in this respect; however, the opposite is true. In American herds in the 
100 years of the 19th century litter size per sow increased from 7-8 to 8-9 piglets, while for 
female lines it was only to 10-11 piglets, respectively [28]. Slight changes in fertility in the 
period of the last 4 decades were also observed in the German Landrace and Large White 
pigs in Germany [4]. At present the number of piglets in the litter born by German Landra-
ce sows is 12.2, at a much greater potential estimated at 16.4 piglets. A similar situation is 
found in Polish pig breeding. For this reason it is advisable to search for various methods 
to improve reproductive indexes.

The effect of reproduction performance of the dam on the reproduction performance of 
her daughters and granddaughters is considered to be disputable. Opinions on the problem 
vary [13, 24]; nevertheless, it remains an important issue to be solved.

The aim of this study was to determine the effect of the size of the litter of origin for 
sows of maternal breeds, i.e. Polish Landrace and Polish Large White, on selected indexes 
of their reproduction performance, i.e. the number of piglets born and reared in the litter. 

Material and Methods

Material for analyses comprised data on reproduction performance of sows of two bre-
eds, i.e. Polish Landrace (1791 records) and Polish Large White (1047 records), used in 
the years 2004-2009 in nucleus herds of the Mazovian breeding region. Based on the size 
of their litter of origin the sows were assigned to 6 groups: I ≤9, II – 10, III – 11, IV – 12, 
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V – 13 and VI ≥14 piglets, respectively. When analysing the observations it was decided 
to focus on two reproduction traits, i.e. the number of live-born piglets and the number of 
piglets reared to day 21 of life. The tables give arithmetic means and standard errors. 
Differences between the groups were verified using the Duncan test [26]. 

Results and Discussion

Results for both investigated traits and the significance of differences between the gro-
ups for PL are given in Table 1. Changes in the number of live-born piglets in group II 
compared to group I amounted to +0.78 piglets (P≤0.01), group III to II +0.22, group IV 
to III +0.12 and V to IV +0.28 (P≤0.01), while for group VI in relation to group V it was 
+0.12 piglets; the total change in group VI in comparison to I was +1.52 piglets (P≤0.01). 
In turn, changes for PLW for both these indexes were less marked (Table 2), as in the 
number of live-born piglets they were as follows: group II in comparison to I –0.02 piglets, 
group III to II +0.17, group IV to III +0.10, group V to IV +0.17 piglets, and VI to V –0.02; 
the total change in group VI compared to group I was +0.40 piglets. Significance of dif-
ferences between the groups in the number of piglets born in the litter was found only for 
some groups, i.e. II-V and II-VI (P≤0.01) as well as I-V, II-IV and III-V (P≤0.05). In the 
case of the number of piglets at day 21 statistically significant differences were recorded 
for groups I-VI, II-V, II-VI (P≤0.01) as well as groups I-V, II-III and II-IV (P≤0.05). 

Results of studies conducted in the 1990’s concerning the effect of the size of the litter 
of origin for sows on their future reproduction performance are inconclusive. Jarczyk et al. 
[10] were of an opinion that gilts from highly fertile dams show a much lesser fertility than 
their mothers. Daughters from dams of low fertility are characterised by greater fecundity, 
which results from the fact that piglets from small litters already during their fetal life de-
velop under better conditions, while after birth each piglet has optimal growth conditions 
thanks to the potential intake of greater amounts of colostrum and milk. In the opinion of 

Table 1
Effect of size of the litter in which the PL sow was born on number of piglets born alive and reared to 21 
days (n=1791) 

Trait

Group

Se

I II III IV V VI
Size of litter of origin

≤9 10 11 12 13 ≥14
No. of sows in group (n)

45 184 413 567 285 297

No. of piglets  
born alive

10.23
ABCDE

11.01
AFGH

11.23
BIJ

11.35
CFKL

11.63
DGJK

11.75
EHJL 0.045

No. of piglets  
at 21 days

9.35
ABCDE

10.08
AFGHa

10.34
BIa

10.43
CFb

10.47
DG

10.65
EHIb 0.041

A, A – P≤0.01; a, a – P≤0.05.
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Rudlegde [24], gilts from small litters are best candidates for dams. They are characterised 
by a greater number of ovulating egg cells and a higher number of embryos at day 28 of 
pregnancy, they also produce by 1.18 more piglets than gilts from more numerous litters. 
Breeding farms have always provided better environmental conditions that commercial 
production farms, thus better reproduction results were obtained from dams of medium 
and high fertility. Lewczuk et al. [15] indicated that for reproduction purposes it is optimal 
to select gilts from dams with mean fertility exceeding 10 piglets. This is also shown by the 
analysis of results obtained in this study, while additionally litter size of origin of a gilt se-
lected to be a future dam is also breed-dependent. For PL litter size should be 13 and occa-
sionally even 14 piglets, which is confirmed by the highly significant statistical differences 
(P≤0.01) between most compared traits for the number of piglets born in the litter, at a lack 
of significant differences (P>0.05) for this trait between groups II-III, III-IV and V-VI. For 
PL sows the progression of values for the analysed indexes was constant, with maximum 
values obtained for the two analysed traits in group VI in comparison to groups I-V. Piglet 
wastage from birth to day 21 was comparable in the groups and amounted to: group I – 
0.88 piglets, II – 0.93, III – 0.89, IV – 0.92, V – 1.16 and VI – 1.10 piglets, respectively. 

For the PLW breed the indexes reached maximum values for the size of litter of origin 
of 13 (the number of piglets born in the litter) and ≥14 (the number of piglets at day 21). 
Piglet wastage levels up to day 21 of rearing were comparable in the groups, amounting to: 
group I – 1.10 piglets, II – 1.01, III – 0.90, IV – 1.05, V – 1.06 and VI – 1.00 piglets. The 
increase in litter size was not found to be related with the level of piglet wastage, as indica-
ted by results of some studies [19, 20]. Evaluation of the results does not provide a definite 
answer on the size of the litter, at which gilts should be selected to become prospective 
dams. However, an appropriate approach seems to consist in the selection from litters of 
minimum 12 piglets born. In the opinion of Lewczuk et al. [15], piglets coming from ave-
rage-sized litters have good conditions for development and may exhibit good individual 
performance; this is particularly true for large commercial farms. On smaller family farms 

Table 2
Effect of size of the litter in which the PLW sow was born on number of piglets born alive and reared to 21 
days (n=1047)

Trait

Group

Se

I II III IV V VI
Size of litter of origin

≤9 10 11 12 13 ≥14
No. of sows in group (n)

49 157 217 264 190 170

No. of piglets  
born alive

11.29
a

11.27
ABb

11.44
c

11.54
b

11.71
Aac

11.69
B 0.048

No. of piglets  
at 21 days

10.19
Aa

10.26
BCbc

10.54
b

10.49
c

10.65
Ba

10.69
AC 0.042

A, A – P≤0.01; a, a – P≤0.05.
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the best results were recorded for sows coming from very large litters. On farms keeping 
on average 20 sows environmental conditions were very good, which promoted high ferti-
lity of sows coming from the most numerous litters [9]. This study analysed results recor-
ded in the herds, which in the period of analysis consisted of 5 to 50 sows, thus they may be 
considered medium-sized or small in comparison to other Polish herds. When comparing 
them with Polish herds of various types (nucleus, productive) it should be stated that the 
analysed results came from small farms providing at least good environmental conditions. 
Better fertility and piglet rearing results to day 21 were found for sows coming from litters 
of 13 and more piglets. They are not completely consistent with the results of other studies 
[7, 11], indicating that the best results are obtained for sows from litters of medium size, 
preferably from dams with 10.5 piglets per litter. It may be assumed that the differences 
result from the changes occurring over a period of approx. 20 years, concerning both the 
value of animals and their management and nutrition. Very high fertility of dams in com-
bination with low piglet weight at birth results in a decreased fertility of their daughters, 
while this effect is maintained even at advantageous changes in environmental conditions 
[7, 11]. In the opinion of the authors, it is advisable for further breeding to select gilts from 
litters of 10-12 piglets. Our study shows that sows coming from small litters (≤9 and/or 
10 piglets) also produced small litters, which is confirmed by the results of other studies 
[8, 14]. Our data indicate advisability of assigning females from numerous herds for herd 
replacement, which is confirmed by mean results reported for domestic maternal breeds 
[2] as well as results of other researchers [23]. For the entire investigated pool of PL sows 
in comparison to PLW sows the mean total number of live-born piglets in the litter was by 
0.29 piglets smaller, while at day 21 it was by 0.24 piglets lower. In group I the analysed 
indexes for PL and PLW differed markedly, as the number of live-born piglets was 10.23 
and 11.29, respectively (the difference between the breeds of 1.06 piglets), while at day 21 
it was 9.35 and 10.19, respectively (the difference of 0.84 piglets). In group VI values of 
the traits for PL and PLW were comparable. In terms of values of the investigated indexes 
more frequently statistically significant differences were recorded between the six compa-
red groups for Polish Landrace pigs rather than Polish Large White sows. It seems that for 
the evaluated breeds these differences may be the basis for the formulation of recommen-
dations concerning litter size when selecting gilts to be future dams. 

A study by Revelle and Robison [23] is considered as pioneering and providing gro-
unds for improved sow fertility. Analyses concerning Yorkshire and Duroc sows as well 
as F1 crosses of these breeds showed the best reproduction results for daughters reared in 
numerous litters of highly fertile sows, although they exhibited lower fertility than their 
mothers. Daughters from sows of low fertility showed greater fertility than their mothers; 
nevertheless, those authors stated that the best results were obtained for sows coming from 
highly fertile mothers. It was shown that if the size of the litter of origin of the mother was 
greater by 1, fertility of her daughters decreased by as little as 0.1 to 0.2, which guaranteed 
an improved final effect. The improvement in sow fertility by 1, recorded in this study, me-
ans that the use of the daughters potentially will result in an increase in their fertility by as 
much as 0.8-0.9. Gilts coming from the most numerous litters showed greater fertility than 
gilts coming from small litters. Thus sows coming from small litters need to be eliminated 
from breeding, since they slow down breeding progress. 
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Lewczuk and Rymkiewicz [14] when analysing causes for limited efficiency of selec-
tion for reproduction performance traits indicated their low heritability and the decision to 
keep gilts from the least numerous litters for further breeding. Such gilts exhibit a greater 
body weight, faster growth rate and better conformation. In the opinion of Łyczyński et 
al. [16] and Bocian et al. [3], improvement and upgrading carcass meatiness in pigs may 
result in a deterioration of reproduction performance indexes. Orzechowska and Tyra [19] 
recorded negative dependencies between meatiness and the number of live-born piglets, 
while Grzyb et al. [6] did not confirm such a dependence for PL sows. 

The best reproduction results are observed for sows coming from numerous litters. How-
ever, some breeders take an irrational approach and select for further use bigger animals 
with greater weight gains, but coming from small litters. This has resulted in excessive 
improvement of fattening traits in breeding gilts from maternal breeds in relation to the as-
sumed goals and in a reduced fertility of these breeds and herds [1]. In this situation it was 
rational to change the weight of traits in the BLUP model for sows of maternal breeds [30]. 
Results of annual analyses of reproduction performance traits in sows of native breeds are 
used to improve the pig population and to enhance production efficiency [18]. Separation 
of selection objectives for individual breed components has a positive effect on reproduc-
tion results in pigs of maternal breeds [1, 2]. One of the methods to improve reproduction 
performance may also be connected with a definite identification of litter size, from which 
gilts to be used as prospective dams should be selected. 

In conclusion it needs to be stated that selection of gilts born in small litters (≤10) to 
be used as future dams is irrational. For such a purpose we should select females born in 
litters of minimum 13 (PL) and 12 (PLW) piglets. This means that in order to improve sow 
fertility in domestic maternal breeds, i.e. PL and PLW, gilts from highly fertile sows should 
be selected for herd replacement.
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