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Experiments involving poults were conducted with the primary objec-

tive of studying the effects of sodium chloride on field rickets. A

second objective was to study the effects of mineral elements on repro-

duction of turkey breeder males and females. Three experiments were

conducted with poults. A comparison of added dietary sodium chloride

at levels of 0, .075, .10, .25, and .45% showed that there were signi-

cant differences in body weight gains, blood calcium, magnesium and

sodium, feed conversion and adrenal gland weights among the treat-

ments. Mortality and abnormal bone scores decreased with increasing

sodium chloride levels. Vitamin D-like bone defects caused a rib-

beading effect and the tibia/femur showed an abnormally round, large

growth. The bones were soft and failed to calcify.

In a second experiment with sodium chloride at levels of 0, .025,

.05, .10, .20, and .40%, significant differences were found in weight

gains, feed conversion and thyroid gland weight between the two highest

and four lowest treatments. Feed conversion, mortality and bone abnor-

malities decreased with increasing sodium chloride levels.

When sodium was fed to the poults at levels of either 0, .09, .10,

.11, and .12% or chloride at levels of 0, .009, .01, .02, and .03%, in

comparision to a control group with sodium chloride levels of .50%,

significant difference were found in weekly weight gains, bone ash,

bone breaking strength, tibia weight/body weight and serum alkaline

phosphatase levels between the sodium, chloride and control groups.

Microscopic lesions were variable and more marked in the groups fed the

low sodium and chloride diets. Medullary spaces of the proximal meta-

physis contained undifferentiated mesenchymal cells, Collagen and
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osteoclasts lined the trabeculae. Tibiatarsi from affected poults were

soft to the knife and nervous symptoms accompanied by extended legs and

semi-paralysis were observed in the three duplicate lots fed the lowest

chloride feed levels. Bone abnormality scores decreased with increasing

levels of both sodium and chloride diets.

Four experiments were completed on mineral effects on breeder hens

performance. When a calcium level of .45% was fed intermittently to

turkey hens for 3.5, 7, and 14 days respectively, and 2.2% calcium

level fed as control, significant differenceswere found in egg produc-

tion, shell thickness and shell breaking strength between the groups

fed the control and low calcium at 3.5 days interval compared to those

fed .45% dietary calcium for .7 and 14 days. No significant differences

were found in egg shape index, hatchability and feed per dozen eggs.

An experiment with three added dietary levels of salt (0, .25, and

.50%) in holding rations fed to turkey hens showed significant differ-

ences in subsequent egg production and shell thickness between the three

groups. There were no significant differences in egg weight and egg shape

index.

When rations with three dietary levels of added salt (0, .25, and

.50%) were fed to turkey hens, significant differences were found in egg

production, shell thickness and egg weights between the lowest and two

highest levels. There were numerical but non-significant differences

in percent fertility and hatchability. When dietary salt levels of 0,

.10, and .50% were fed to turkey hens and the chloride levels balanced

by calcium chloride, significant differences were found in egg produc-

tion, shell thickness, egg weights and blood sodium levels between the

three treatments. Pimpling of egg shell and abnormal embryonic develop-

ment with petechiae hemorrhages were seen in hens fed the two lowest

levels of dietary salt.

Four experiments were completed with turkey breeder males. Signi-

ficant differences were found in semen and spermatozoa packed cell

volumes between the treatments when three rations with dietary calcium

levels of either .15, .45 or 2.2% were fed to the turkey males. Numer-

ical differences were seen in dead spermatozoa and fertility.

An experiment with a high zinc oxide level (0 and 3,000 ppm) in the

diet fed, to turkey males showed significant differences in semen and



spermatozoa packed cell volumes and haemocytometer spermatozoa count

between the two groups. When the feed was supplemented with four

levels of zinc oxide (0, 3,000, 15,000 and 30,000 ppm) semen and

packed cell volumes, feed consumption and body weights were signi-

ficantly different between the two lowest levels and the two highest

dietary zinc oxide levels. Numerical differences were seen in the

percent live -dead spermatozoa.

When rations with three dietary salt levels (0, .25, and .50%)

were fed to turkey males, significant differences were found in semen

and spermatozoa packed cell volumes between the lowest and the two

highest salt levels.

The finding in these investigations showed that with a rapidly

growing strain of poults .25 to .55% total dietary salt is required

for maximum growth and prevention of field rickets. Also .1.8% and

.07% total dietary sodium and chloride were found inadequate for

maintaining maximum growth as compared to .50% dietary salt, but

reduced incidence of field rickets. The intermittent feeding of

low dietary calcium levels to turkey layers reduced egg production

intensity, shell thickness and shell breaking strength. The feeding

of low dietary sodium levels to layers reduced egg production, caused

egg shell pimpling, and adversely affected embryonic development.

Total dietary salt levels of .30 to .58% fed to layers positively

affected egg production and egg quality. In turkey males levels

of 3,000 ppm zinc oxide or higher were found detrimental to

both efficiency and semen quality. The feeding of total dietary salt

levels of .37 to .60%, and .15% calcium were found adequate for ensur-

ing good semen quality and other physiological functions.
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PHYSIOLOGICAL AND NUTRITIONAL INTERRELATIONSHIPS OF MINERAL ELEMENTS

TO GROWTH AND REPRODUCTION IN TURKEYS

I. INTRODUCTION

The turkey industry historically has been faced with many economic

factors which directly influence profit or loss. One of the many fac-

tors which directly and adversely affects the turkey industry is the

inability to obtain maximum individual performance from turkeys due to

the problems of leg weakness. Estimates of the cost of leg weakness

and field rickets in turkeys run into millions of dollars annually.

Leg weakness ir turkeys is a very inclusive term that is applied to

various types of leg disorders. Basic causes have generally been

classified as rickets, perosis or enlarged hock disorders. Leg abnor-

malities occurring at an early age are indicative of rickets and a true

rachitic condition is easily diagnosed by examination of the bones.

Field cases of true rickets almost invariably respond to vitamin

,and/or phosphorus supplementation. Management stresses appear toD3

accentuate the problem and may represent the basic cause in some in-

stances. Clinically, these field problems manifest themselves in a

variety of forms including, in many cases, the production of indivi-

dual characteristics and visual flock symptoms. Other factors that

may be commonly associated with a particular clinical picture are the

age group affected, the sex and environment. Leg problems occurring

in male turkeys from 14-28 weeks of age are of special significance

to the turkey industry. Many attempts have been made to identify the

cause of leg weakness and to develop new treatments, but these have

been confusing. No doubt the confusion will persist until the exact

etiology of this lameness is determined.

In recent years, a variety of infectious skeletal problems have

been observed in the legs of growing turkeys. One such problem, called

"field rickets" is characterised by leg weakness in young poults.

Veterinarians in the poultry industry have seen such a problem in many

turkey growing areas including Minnesota, Iowa, Wisconsin, Arkansas,

Oregon and Canada. The magnitude of this problem is extensive and pro-
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vides justification for more intensive research than has been yet

devoted to the problem. In fact, work of a very fundamental nature

will be required to solve this problem.

Some studies have been conducted using low salt (NaC1) to remove

chicken hens from production as egg lay decreases with age and egg

quality declines. The economic significance is tied to the increased

production achieved when the hens are brought back into production.

Also, many practical poultrymen have been questioning for years the

idea of "pushing" pullet layers as rapidly as possible at the beginning

of egg laying. Observations have demonstrated that the layers produce

large eggs at a faster rate if maturity is delayed somewhat, either

by restricting the feed intake or by formulating a ration in which

some nutrients are limiting. The effect dietary calcium has on chicken

egg production and hatchability has been well established.

The importance of zinc to poultry has been investigated, This is

because deficiency symptoms include poor egg production growth and

abnormal embryonic development. Recently, great interest has been gen-

erated on the importance of zinc (zinc oxide) to the turkey industry.

This interest involved the effect of zinc in turkey layers as a means

of controlling and recycling layers and improving egg production. This

also provides a better understanding of the influence of zinc on the

teproductive physiology of turkey males.

Due to low reproductive efficiency of modern turkeys artificial

insemination as a method to improve fertility in breeding flocks is of

increasing economic importance. The rapid drop in the fertilizing

capacity of turkey semen held in vitro has seriously hampered the

best utilization of artificial insemination. Selection of genetically

improved male lines for semen volume and their use for collection

and storage of semen could help to alleviate this problem of high

cost, if an acceptable method could be 'devised to retain the ferti-

lizing capacity of the stored semen. This could find wide commercial

application, as well as for small farmers. Studies with chicken semen

have been encouraging and the semen can be stored frozen, but not with-

'out significant loss in fertilizing capacity. Unfortunately the results

have been slower with turkey semen. Turkey semen being more concen-
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trated allows the use of extenders. Extenders (diluents) have been

used with varying results. Extenders have been used to help storage

and the future outlook is for further improvement. Studies on the

effects of mineral elements and of mineral requirements on turkey

semen volume and reproduction have been minimal. These effects might

influence the fertilizing capacity of fresh and stored turkey semen.

Thus, because of this interrelationship between mineral elements

in nutrition and physiology, experiments were conducted to evaluate

them and try to identify the etiology of rickets, and to determine

the effects of certain elements on the reproductive performance

of turkey males and females.
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II. REVIEW OF LITERATURE

Throughout the years, physiologists in cooperation with nutri-

tionists have been trying to interpret the complete interrelationship

between physiology and nutrition in turkeys and poultry. An attempt

is made in this review to indicate various approaches that have been

taken to study this interrelationship.

Influence of Nutrition on Leg Weakness in Poultry and Turkeys

Richitic-like conditions have been reported in poults fed semi-

purified diet with isolated soybean protein as the major source of

amino acids. Carlson et al. (1964) reported that bone calcification

could be improved in such diets by autoclaving the isolated soybean

protein, greatly increasing the vitamin D3 level or substituting soy-

bean meal for isolated soybean protein. This would indicate that

soybean meal is supplying some factor that has been removed in pro-

cessing of the isolated protein. Carlson et al. (1964) suggested

that soybean meal contains an unidentified anti-rachitic factor since

bone mineralization could be increased by substituting soybean meal

for isolated soybean protein in the diet. Jensen and Moraz (1966)

reported that increasing calcium and phosphorus levels in the diet to

abnormally high levels improved bone ash of poults fed diets contain-

ing isolated soybean protein, but they did not achieve the same level

of mineralization as ona casein-gelatin diet. Further, Jensen (1966)

reported that isolated soybean protein markedly interfers with absorp-

tion of both calcium and phosphorus in chicks compared to those fed a

diet containing casein and gelatin.

Abnormal cartilage formation and leg weakness are related. Many

field flocks that show a high incidence of leg weakness also show a

high incidence of abnormal cartilage formation. This abnormal carti-

lage formation was also reported by Leach and Nesheim (1965) in chicks

fed purified diets. The abnormality was found only in the proximal

end of the tibio-tarsus and tarsometatarsus. These chicks grew well,

had normal bone ash, and showed no significant differences in blood

calcium, phosphorus or magnesium levels associated with deficiencies
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of calcium, phosphorus, magnesium or vitamin D. Blood alkaline phospha-
tase levels did not differ from control birds. The bone lesions grossly
resemble vitamin D3 or calcium deficiency but histologically, these lesions
are quite different. This condition is greater at four weeks of age than
in two week old birds, indicating that it is not carry-over of the embryonic
cartilage bone. Nairn (1968) described abnormal bone formation particu-
larly involving the proximal end of the tibia as an ischemic osteodystrophy.

Siller (1970) observed dyschondroplasia in the fowl, with incidence
being 1-2% in affected flocks. Earlier, leg weakness occurring in poults of
different ages have been described and attributed to various nutritional
deficiencies. With calcium and phosphorus deficiencies in the duodenal
mucosa the level of mucosal calcium binding protein increases (Morrissey
and Wasserman, 1971; Bar and Hurwitz, 1972). Recently, Walser et al.
(1980) reported that microscopically the abnormal bone in poults showed
a failure of orderly progression from cartilage to bone in the growth plate,
with the formation of bone trabeculae perpendicular to the long axis of the
bone and fibroplasia in marrow spaces. In bone mineralization measurement
of turkeys, Cantor et al. (1980) reported that relative bone mass was the
parameter most highly correlated with dietary vitamin D3.

Leach and Nesheim (1972) reported that the diet influences the bicar-
bonate content of the blood which in turn may influence the susceptibility
of the chicks to tibia dyschondroplasia. They further showed that the bi-
carbonate mineral mixture, which reduced the incidence of tibia dyschon-
droplasia, had an increased sodium and potassium content in combination
with reduced chloride content. The incidence of tibia dyschondropl asia
was sensitive to changes in acid-base and or cation-anion balance. The

acid-base balance, which has important effects on bone and egg shell for-
mation, is intimately related to electrolyte balance. Subsequent studies
have clearly identified chloride as being an important factor in occur-
rence of tibia dyschondroplasia. Results ,showed that increasing chloride
content of the diet decreases growth rate and increases incidence of tibia
dyschondroplasia, and that increasing sodium content of the diet had an in-
consistent effect upon incidence of tibia dyschondroplasia (Leach, 1981).

In a recent study, Welsh et al. (1981) fed magnesium deficient diets
(150 ppm), to growing chicks for 14 or 21 days. These chicks showed decreased
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bone resorption with decreased bone magnesium and increased bone calcium
content. Magnesium deficiency did not adversely affect the parathyroid act-
ivity but impaired osteocytic function. The control group, fed a diet with
1000 ppm magnesium, showed no adverse effects.

Influence of Vitamins on Leg Weakness in Turkeys
An early report by Scott (1950) concluded that choline and higher levels of

glycine and vitamin B.
12 were necessary to prevent perosis in turkeys Zed diets

containing no fish meal and meat scrap. Addition of these ingredients
markedly reduced the requirement for choline and glycine. Subsequently,
Scott (1953) reported that a high incidence of enlarged hocks could be pro-
duced by adding 2% or 4% fish oil in a poult starting diet. Niacin (20 mg/
lb) and vitamin E (5 mg/lb) added in combination were effective in preven-
ting the enlarged hock disorder when of similar etiology.

Wilson (1967) reported field observations on poults fed practical
turkey starting rations indicating classical symptoms of biotin defi-
ciency. The symptom reported were marked listlessness, severe stunting,
very rough and brittle feathers, thickened eyelids, encrustation at the
corners of the mouth, pasted vent, severe ulceration of the footpads and
dryness of the skin and shanks. Poults treated with injections of biotin
showed prompt recovery. The leg abnormalities did not respond to biotin
treatment. Dobson (1967) experimented with a semi-purified diet on
which biotin deficiency symptoms developed readily. He suggested that
the biotin requirement in the diet of starting poults is somewhat higher
than previously recognised. Similar results were reported by Jensen (1967)
who suggested that poult starter rations should contain 300 to 350 micro-
grams of biotin per kilogram. The reports of Dobson and Jensen, combined with
field observation, suggested that biotin may play a role in leg weakness
observed in field flocks.

Greene (1968) reported that increased levels of calcium, phosphorus,
zinc, copper,. molybdenum, EDTA, vitamin supplementation and 3% added dried

brewers yeast were ineffective in preventing abnormal cartilage develop-
ment. Greene (1968) reported that when vitamins A, D3, E,K, riboflavin,
pantothenic acid, niacin,choline,B6, folacin, B12, biotin, thiamine and
ascorbic acid were added 2- 10 times NRC requirement there was no protective
effect against the development of abnormal cartilage in the turkey.
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Sodium and Chloride for Growth in Poultry

The earliest quantitative estimate of the sodium requirement of

the young growing chick was reported by Sjollema (1935) who concluded

that, a level of .4 to .5% was required for the first month of life.

With semi-purified basal diet containing only '.019% sodium, Burns

et. al. (1953) later found the requirement for sodium to reside between

.10 and .30% of the diet, the higher level being required for maxi-

mum chick growth. Following this, McWard and Scott (1961) concluded

from two studies that broiler strain chicks, maintained on wire floors

and fed a glucose-isolated soybean diet, required .11% sodium for

maximum growth. This sodium requirement was considerably lower than

was found by Burns et al. (1953). McWard and Scott (1961) pointed

out that with chicks growing considerably faster than those reported

by Burns et al. (1953), they observed a requirement of only .11% and

therefore the differences observed could not be resolved solely on the

basis of growth rate.

Apart from its effect on growth and feed utilization, the sodium

content of the diet has been shown to influence water metabolism of

chicks. An interdependence of the requirement for one nutrient on

the dietary level of another has been demonstrated in some cases, such

as with calcium phosphate and with amino acids. Similarly, an .inter-

action between dietary sodium and chloride is the influence on various

acid-base parmeters in the laying hen (Cohen et al., 1972). Nesheim

et al. (1964) had shown that either sodium or potassium could ameliorate

the deliterious effect of excess chloride in the diet.

Earlier, Orent-Keiles et al. (1937) had provided nutritional evi-

dence for the essentiality of the chloride ion. Rats fed a diet low

in chloride had a retarded growth rate and symptomology different from

that observed with a sodium-deficient diet. Scott et al. (1960) further

demonstrated that pheasaht and quail require between 480 and 1100 mg

chloride/kg diet for optimal growth rate.

Since the work of Sjollema (1935) there have been many experiments

with sodium and chloride in poultry. Using a semi-purified diet, Leach

and Nesheim (1963) suggested that 600 mg chloride/kg of diet was insuf-



ficient for maximum growth of young chicks and that 1500 mg/kg of diet

was sufficient. Later, Gardiner and Dewar (1976) using a wheat-soybean-

meal-based diet, with smaller increments of added chloride than those

used by Leach and Nesheim (1963), found 1000 mg/kg of diet to be suffi-

cient for maximum growth of young chicks. Hurwitz et al. (1973) varied

the chloride content of a maize-soybean diet containing 1800 mg sodium/

kg and found that chicks receiving 1400 mg chloride/kg gained signifi-

cantly more weight in the second and third weeks of life than did those

receiving 800 mg/kg. However, the chicks had received a commercial diet

of unspecified chloride content during the first week of life.

A vitamin-D induced calcium binding protein in the intestinal

mucosa of the chick was initially reported by Wasserman and Taylor

(1966). Its presence was associated with increased dietary calcium

absorption with adequate dietary vitamin D
3.

The level of this pro-

tein rises when there is a high requirement for calcium and especially

when there is a low amount in the diet. The incidence of field rickets

in a flock is variable but is most often about 5 to 20%. The problem

first seen in poults 5 days to 4 weeks old is first recognized by re-

duced activity in the flock. As the disease progresses, poults become

lame, lean forward, support their weight with wings and eventually

become unable to move. Affected poults remain alert throughout the

course of the problem. In severely affected birds, bones are soft and

fragile. The conclusion that these findings suggest a mineral defi-

ciency has led to the designation, 'field rickets'.

Tibia dyschondroplasia is often cited as the cause of lameness in

older poults. It is characterized by a plug of cartilage in the proxi-

mal metaphysis of the tibiotarsus. The condition studied most exten-

sively in broiler chickens is associated with a defect in the meta-

physical blood supply to the growth plate, Riddell (1975).

Sauveur and Mongin (1974) reported that chicks tolerated potassium

better than sodium at a given value for (Na+K). Later, Mongin and

Sauveur (1977) determined that when (Ca+K-C1) is higher or lower than

25 meg/100 grams of diet, growth is depressed. Working further with

mineral elements, Talbot (1978) reported on the toxic effects of excess
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sodium, as measured by mortality, can he overcome by addition of potas-

sium or chloride. He concluded that the ratio of K+Cl/Na must be

higher than unity in order to avoid mortality in chicks. It is known

that in order to keep its acid -base homeostasis as close as possible

to normal, an animal has to regulate the input or output of acidity,

(Mongin 1980).

NaCl for Poults and Chicks

Recently, Ross, (1977) reported that male broiler chicks were

found to require approximately double the National Research Council

(1977) listed requirement for dietary sodium when fed a wheat-soybean

basal diet. The same wheat-soybean diet fed in Hawaii to day-old

broiler chicks failed to elicit a response to additional NaCl (Ross,

personal communication). Several possible explanations for this failure
were considered; strain or genotype differences in requirement of sodium;
the lower level of sodium inthedrinking water; differences in feed in-

gredients.

Earlier, Sjollema (1935) reviewed a feeding experiment in which

day-old chicks fed basal rations containing .033% and .086%sodium

chloride failed to grow satisfactorily. Also, Prentice (1933) reported

that .5% of common salt in the mash supplied to younger chicks is

essential for satisfying growth resistance to disease, economic utili-

zation of feed and early maturity. In pullets the amount of salt added

to mash depended upon the variable amount of salt found in such feeds

as meat meal, fish meal and dried milk. Later, Selye (1943) tested the

tolerance of baby chicks for salt by replacing the drinking water with

various concentrations of NaCl; two percent salt caused 100% mortality

among two-day old chicks within a few days. When 19 day-old chicks were

given .9% NaC1 in the feed instead of drinking water many survived up

to 20 days, .3% NaC1 solutions were not toxic for four -week old chickens.

Selye (1943) further stated that comparatively weak NaC1 solutions, such

as .9 %, are highly toxic for chicks. He then concluded that it is pro-

bable that striking similarities exist between so called pullet disease

and NaC1 intoxication. He finally suggested that a normal sodium chlo-
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ride intake is more important for birds than for mammals. Also, Blaxland

(1946) found that no mortality could be attributed to sodium chloride

poisoning when mashes containing up to 20% of salt were fed to mature

fowl over a period of four weeks. On the other hand, he found 5% and

10% salt in mash fed to baby chicks to be highly toxic within the first

week.

Among the early investigators, Matterson et al. (1946) fed .5,

1.0, 2.0 and 4.0% of salt in a purified diet to Bronze poults through

23 days of age. Poults readily tolerated salt levels of .5, 1.0 and

2.0%. Later, Heuser (1952) using diets containing .41% salt concluded

that no significant growth response could be obtained above .25% addi-

tion of salt. Working with poults, Scrivner (1946) observed no harm-

ful effect when 1% of salt was added to the feed of young turkeys, 1%

in the drinking water, however, resulted in 100% mortality with edema

and ascites. Later, Bressler et al. (1951) added salt levels of 0 to

3.6% in the diet of poults during the first three weeks. There was

considerable mortality with levels of .9% and above. Doll et al.

(1946) reported that concentrations of 1.5 to 2.0% sodium chloride in

drinking water caused nervous disturbances. Later Paver et al. (1953)

studied effects of varying salt levels in the diet of young chicks and

reported that up to 3.52% did not produce any marked effect. A level

of 7.93% caused mortality in young chicks but levels as high as 30%

when introduced gradually to birds over one month of age did not re-

sult in death, only restricted growth. Edema, cardiac hypertrophy

and enlarged, congested kidneys were common post mortem findings.

Glomerula hypertrophy was seen microscopically.

Since the work of Paver et al. (1953) many experiements with chicks

and poults showing the effects of salt have been undertaken. Roberts

(1957) found that eight week old poults failed to show any adverse

effects when fed diets containing up to 4% salt. But Krista et al.

(1961) found increased mortality with poults when drinking water con-

taining 4,000 ppm sodium chloride. They also reported that mature

birds were able to tolerate much higher levels of sodium chloride than

was the case with chicks. Following the same field of study, Mohanty
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and West (1969) reported on the pathological changes in chicks receiv-

ing water containing 1.5% salt. Microscopic changes included emacia-

tion, congested musculature and subcutaneous edema. The heart was

dilated, kidneys were pale and enlarged with red mottling. Mucus

membranes of the proventiculus and intestine were pale with petechiae.

Harper and Arscott (1962) earlier demonstrated that four percent added

salt to turkey rations fed to Broad Breasted Bronze and Beltsville

Small White turkeys from 8 to 16 weeks of age induced dietary pendulous

crop.

Recent studies with poults showed that round-heart disease in poults

occurring between one to three weeks of age showed classical distinction

of the right ventricle, engorgement of the coronary veins and general

flaccidness of heart tissue (Hofstad et al. 1972). But Morrison et al.

(1975) showed evidence of myocardial distension in poults fed high

levels of dietary salt. Earlier, Dewar and Siller (1971) had observed

enlargement of the heart in turkeys fed diets containing up to .57%

sodium. High levels of dietary salt also caused ascites and edema in

poults (Morrison et al. 1975), a condition often associated with round

heart disease.

Calcium-Phosphorus for Breeders and Layers

Incorporating calcium and phosphorus in turkey diets is a common

practice since these feed ingredients have been proved valuable in

other poultry rations. Messingale and Platt (1930) were among the

first investigators who obtained as good production with a level of

.5% of phosphorus in a diet as with higher levels. Later Norris

et al. (1934) found .5% phosphorus to be insufficient for maintaining

normal egg production while .75% was adequate. Also Miller and Bearse

(1934) obtained higher production on diets containing approximately

.8% phosphorus than on diets containing either more or less of this

element. Further study by Mitchell and McClure (1937) showed that a

level of .32% should be adequate for 75% production if 50% of the

phosphorus is utilized.
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Conflicting results have been reported by a large number of inves-

tigators attempting to determine a cause and effect relationship between

hatchability and shell quality. Axelsson (1932) using weight loss dur-

ing pre-incubation as indicator of shell porosity, observed that eggs

with the thickest shells had the highest hatchability. Earlier, Mussehl

and Halbersleben (1923) had reported a positive correlation between

specific gravity and hatchability in chicken eggs, however, Phillips

and Williams (1944) later found no such relationship in turkey eggs.

Payne and McDaniel (1958) found that turkey eggs with thin shells,

as determined by specific gravity, did not hatch as well as those with

thick shells. Following up on the same study, Coleman and McDaniel

(1975) reported a highly significant increase in early embryonic morta-

lity in eggs with low specific gravity. Raucli and Steinke (1953) had

earlier presented data indicating that eggs with extremely thick or

thin shells had increased embryonic mortality when compared with those

of average thickness.

Over the years, several nutritional, hormonal, environmental, and

hereditary factors are recognized to affect egg shell strength (Petersen

1965). When the first three variables are controlled through appropri-

ate management of a flock of laying hens, residual variation in eggshell

strength may have a significant hereditary component. Strain differences

in eggshell strength have been demonstrated (Strain and Johnson, 1957;

Potts et al., 1974). Selective breeding can be used to develop closely

related lines differing in eggshell strength. Such lines can serve as

excellent comparative models for investigation of calcium and bicarbon-

ate metabolism as well as of the physiology of eggshell formation.

Percent shell declines with advancing age of layers and during

warm weather in chickens (Kline et al. 1965). Marion et al. (1964) also

found that the relationship between laying period and percent shell was

curvilinear. Shell thickness shows a decline and porosity of shell in-

creases with length of the laying period (Erasmus 1955). Eoff et al.

(1962) reduced the level of calcium in the diet of pullets from 2.3

to 1.35% for 28 days and in the diet of some others from 2.37 to .45%

for 9 days. Significant reduction in the egg production was noted in



both instances. In the case of the chicken that received the diet con-

taining .45% calcium, the reduction became apparent on the fourth day,

and by the ninth day production was reduced to about one-third its

original level. After the original diet was fed again, production of

each of these lots returned to normal.

Atkinson et al. a964) showed that the best reproductive perfor-

mance was obtained with 3.08% calcium and .75% inorganic phosphorus

when the large type turkey hens were kept in floor pens. Later Waibel

at al. (1964) found no significant differences in egg production or

hatchability in breeders fed 1.5 or 2.5% calcium diets, although he

reported that the higher calcium level may have depressed egg produc-

tion when combined with diets low in phosphorus and vitamin D. Mongin

and Sauveur (1979) reported that during egg shell formation, phosphorus

follows a cyclic pattern in the blood, however, they suggested that

blood phosphorus remained at the lower level for a long time.

Increasing the phosphorus level from .35 to .75% of the diet signifi-

cant increased hatchability. Potter et al. (1966) confirmed the

earlier investigations that significant increases in egg production

and hatchability occurred when calcium level was increased from .99

to 1.77%. Restriction of dietary calcium has been observed to severely

affect production in laying hens, according to Taylor (1965). The

cessation of egg production is due to the failure of gonadotropin

secretion by the anterior pituitary which causes the bird to stop

ovulating. He speculated that the hypothalamic stimulation of the

pituitary is reduced by the decrease in diffusable calcium level in

the blood of calcium depleted hens.

Since the early studiesoncalcium influence on egg production many

experiments have been done to show the beneficial effects of supple-

menting calcium in the feed. In a 44 week experiment, Mehring and

Titus (1964) fed diets containing 2.43% and .20% calcium. One group

of hens was fed the low and high calcium diets during alternate periods.

Changes from the low to the high and from the high to the low calcium

levels were followed by marked changes in egg production in four to

eight days and marked changes in strength of egg shell in the first
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egg laid following the change.

The response that some workers have observed with calcium supple-

mentation in the feed is further explained by Scott et al. (1971) who

suggested that since the egg remains in the shell gland for approxi-

mately 20 hours, certain hens might not have the ability to withdraw

sufficient calcium from the bones to produce a maximum shell thickness

during the 6 to 8 hours of the night when they are normally not receiv-

ing any calcium from the feed. Furthermore, Roland et al. (1973) demon-

strated that the hens digestive tract contained less total calcium in

the early morning hours than in the late afternoon. Also, that when

hens were fed a diet containing 3.57% calcium, the small intestine

contained a lower percent calcium in the early morning than in the late

afternoon. However, Carter (1970) had suggested earlier that the inci-

dence of cracks depend on egg shell strength as well as the 'environ-

mental insults' to which the eggs are subjected. He noted one way of

reducing egg breakage is.through genetic improvement of shell strength.

In one of the earlier studies, Gillis et al. (1953) concluded that

hens utilized the phosphorus from calcium phytate to a greater extent

than did chicks, but only one half as effectively as that from dical-

cium phosphate required 60% total and a calculated .36% non-phytin

phosphorus to support maximum egg production over 11 month period. Hens

utilized phosphorus from sodium or calcium phytate more effectively

than chicks (Maddaiah et al. 1963), but both compounds were less effec-

tive than dicalcium phosphate. Waldroup et al. (1967) reported that

phosphorus in corn hominy feed did not support normal egg production

but that it did aid in preventing the development of embryonic rickets.

The syndrome resembling 'cage layer fatigue' was first described by

Couch (1955) and later in greater detail by Grumbles (1959). But

Simpson et al. (1964) found histological evidence of bone damage in

caged pullets fed diets low in phosphorUs.

Gleaves et al. (1977) showed that increasing dietary calcium levels

from 1.5 to 4.5% resulted in significant improvements in egg shell qual-

ity. Egg production was significantly depressed with the diet contain-

ing only 1.5% calcium. Feed consumption and egg weight was not affected



15

by the dietary calcium level. It has been shown that the beneficial

effects of large particle size sources of calcium are decreased by

decreasing the daily non-feeding time and decreasing the environ-

mental temperature (Roland et al. 1974). Herbert and Daigle (1977)

showed that high dietary calcium levels depressed feed intake and

egg production but improved egg shell quality.

The results of Miller et al. (1977) showed serum calcium and

phosphorus levels in hens and hypothesized that the laying cycle of

hens, in terms of serum calcium and phosphorus, is composed of two

segments of approximately 6 and 18 hours duration. During the 18

hour segment, calcium and phosphorus are removed from medullary

bones. The calcium is utilized for shell formation. Phosphorus is

not utilized extensively for shell formation and therefore the serum

level increases. Hamilton and Sibbald (1977) recently found .60%

total phosphorus (.45% available) to be adequate in cage layer study

and that a diet of .70% total phosphorus (.58% available) depressed

specific gravity of eggs. Further, Roland et al. (1975, 1978) indi-

cated that the decline in shell quality is not due to age of the hen,

and that the amount of shell deposited does not decrease but remains

fairly constant or slightly increased throughout the first year of

lay. However, egg weight increases at a faster rate than shell depo-

sition, forcing the decline in shell quality.

Salt in Relation to Production for Poultry

The work (Barlow et al., 1943; Halpin et al.; 1936) with sodium

chloride in the nutrition of poultry sought optimum rather than mini-

mum requirements, and levels from .5 to 1.0% were accepted as adequate.

A sodium chloride deficiency may occur among most animals at some time

but each occurrence is likely to be under a variety of conditions

(Church, 1971). Few investigators have considered the influence of

low dietary salt on the physiology and metabolism of the chicken.

Parthasarathy (1950) showed that hens on salt free diets showed

a negative nitrogen balance. The findings of Siegel (1961) sug-

gested that salt deficiency adversely affected the renal and ad-
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renal-cortical excretory efficiencies. Furthermore, Lumijarvi et al.

(1966) reported that low sodium basal diets depressed weight gains and

total body water while increasing percentage hematocrit and water

intake. Specifically, Whitehead and Shannon (1974) reported that lay-

ing hens in production would cease to lay eggs if the diet was not

changed to provide a low .038% sodium intake, but these hens will

return to high production levels when again fed a ration with adequate

sodium content.

Over the years it has become evident that there are a few methods

available for the control of egg production and in particular for induc-

ing a pause at the end of the laying year. Gilbert (1973) investigated

a low calcium diet. When this diet, which contained .33% calcium was

fed to pullets prior to start of lay, the onset of laying could be pre-

vented. When the birds were subsequently fed a diet adequate in calcium,

egg production and weight quickly attained values appropriate to the

age of the bird.

Sodium chloride is known to affect egg production. Burns et al.

(1952) earlier found that White Leghorn hens required .19% salt in a

purified diet, using egg production, hatchability and body weight main-

tenance as criteria, and that the limiting factor was sodium rather

than chloride. Later, Vogt et al. (1971) found that .10% sodium met

all requirements of hens through laying years. Although small reduc-

tions have not been investigated.

Working later with sodium, Cohen and Hurwitz (1974) found that

sodium or potassium supplementation of laying hens diets resulted in

an increase, and chloride resulted in a decrease, of blood pH and HCO
3"

The addition of dietary potassium did not influence blood sodium.

Additional dietary sodium increased plasma chloride at low levels of

dietary chloride and reduced plasma chloride at high dietary chloride

levels.

Effect of Diet Restriction on Reproduction in Poultry

Considerable interest in recent years has centered around feeding

systems which bring about a decrease in the plane of nutrition either

through the restriction of a "complete" ration or the full feeding of
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an 'incomplete' ration at some interval during the growing period. The

value of these systems in feeding replacement chickens and their secon-

dary effects on subsequent production and reproduction has been explor-

ed earlier by several groups of investigators (Schneider et al., 1955).

In general it has been demonstrated that the body weight of grow-

ing pullets is reduced, the onset of sexual maturity delayed from two

to four weeks and laying house mortality reduced as a result of lower-

ing total feed intake. Similarly there is interest in the effects of

restricting feed intake of growing turkeys on body weight of breeding

stock, and subsequent reproductive performance. The early report of

Scott and Payne (1941) indicated that limiting the feed intake of Bronze

turkey females to 61 or 78% of ad libitum, from 26 weeks to sexual mat-

urity (governed by natural daylight), had no effect on maintaining

body weight after the first three weeks of the breeding season. Neither

egg numbers nor hatchability was influenced by reducing the feed intake

to 78% of the full feed group. Feed restricted to 61% of ad libitum

resulted in significant reduced hatchability.

Milby (1958) was one of the first who fed a low energy pre-breeder

ration to 26 week old Broad Breasted Bronze turkeys for 58days and found a

highly significant reduction in final body weight. Feed intake and

cost per bird per month were, however, considerably lower for the high

energy feeding program. No significant effects on subsequent egg pro-

duction or hatchability were observed. Mitchellet al. (1962) also

reported on a similar trial in 23 week old Broad Breasted Bronze

females that were fed restricted quantities of basal diet and the basal

diet adjusted to contain 12% of crude fibre.

Sodium Chloride (Salt) Levels in Egg Production of Turkey Hens

Early studies on dietary salt levels centered mainly around the

determination of toxic levels with little regard to deficiencies. The

lowest level of dietary (salt) sodium chloride fed to laying hens that

would support body weight, egg production and hatchability was found

to be .24% by Burns et al. (1952). Dilworth et al. (1972a) later

reported that feed consumption, egg production and egg size were

decreased with dietary salt levels of 0 to .25%. Monsi and Enos (1973)
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also fed diets containing 0, .125 and .5% added salt to laying hens and

found that salt levels had no significant effect on egg weight, egg

shell thickness, shell strength, and albumen weight. Nevertheless a

significant reduction in egg production was observed for the .0% group.

A reduction in egg production was observed in groups receiving .125%

and .25% added salt diets after four weeks. When hens were returned to

the control diet containing .5% sodium chloride they immediately recov-

ered. Dilworth et al. (1972b) also reported no significant difference

in specific gravity of eggs from hens fed .0% and .25% sodium chloride.

However, there are many investigators lending support to the point

of view that salt levels affect egg production. Nesbeth et al. (1974)

reported on two experiments involving hens that had been in production

for 16 and 17 months respectively before being fed diets containing

either .0 or .25% added salt. Their results indicated that the feeding

of low salt diet resulted also in a decline in feed consumption, a de-

crease in body weight and a regression of the reproductive system. Egg

production also declined from 68 to 0%. The ratio of NaC1 in the diet

was found to affect growth by modifying blood pH and bicarbonate and

that the nutritional ratio may change with age or other physiological

states (Hurwitz 1981).

Recently, Harms (1981) confirmed the interaction previously noted

between dietary phosphorus and sodium chloride that the increase of

supplemental phosphorus at all levels of supplemental sodium chloride

increased blood phosphorus and influenced the performance of laying

hens. The difference in blood phosphorus during the period is due to

the source of calcium for egg shell formation.

Interaction of Vitamin D3 with Zinc in Turkeys and Poultry

The body of a normal animal contains an overall concentration of

zinc of about 30 ppm. Wasserman (1962),reported that duodenal absorp-

tion of zinc in the chicken was not enhanced by vitamin D3. Martin

and Patrick (1961) found that addition of vitamin D
3

to a deficient

diet decreased liver zinc regardless of dietary zinc or calcium level.

The presence of vitamin D
3

increased the zinc level of the tibia when

the diet contained 1.0 percent calcium and decreased the level in the
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presence of 1.6 percent calcium in both zinc-adequate and deficient

groups. A positive effect of vitamin D on zinc metabolism in the

chicken was also indicated by the work of Kienholz et al. (1961).

Their data showed that hens fed 7 ppm of supplemental zinc would

accumulate more zinc in the femur when the diet contained a higher

level of vitamin D .

3
Worker and Migicovsky (1961) fed a single oral dose of vitamin D

3
to rachitic chicks and 36 hours later administered zinc either orally

or by subcutaneous injection. They found that chicks dosed orally with

zinc and with vitamin D had significantly more zinc in the tibia at 24

hours post administration than did vitamin D-depleted chicks not dosed

with the vitamin. But the same response was not obtained when zinc was

injected subcutaneously. Thus they concluded that vitamin D increases

the absorption of zinc from intestinal tract of the chicken.

Schisler and Kienholz (1967) reported that vitamin D
3

deficiency

significantly reduced bone zinc and increased liver concentration in

48 week pullets. There was no effect of supplemental zinc in vitamin

D deficiency, but in the presence of vitamin D, high dietary zinc (356

ppm) resulted in higher bone concentration of zinc than when low (26

ppm) was fed. Zinc absorption is also affected by interaction with

phytic acid. Phytic acid is present at variable levels in soybeans

and it has a zinc binding capacity that is quite variable depending

upon mode of processing as well as source (Oberleas et al. 1966). The

list of compounds that interfere or interact with zinc is extensive

(Shroeder, 1967; O'Dell, 1967). In a study with zinc carbonate on

poults, Riley (1970) reported that 30 ppm caused feather and leg pro-

blems and reduction in weight gain.

Recently, Golan and Creger (1979) demonstrated that in laying

turkey breeder hens egg production was interrupted by adding zinc oxide

to the diet. They reported egg production cessation with supplemental

levels of 30,000 ppm in feed of layers for a 15-day feeding period and

later at 10,000 ppm for another seven-day period. The egg production

returned four weeks after the turkey layers were placed in the laying

pens. The layers produced 88% and 96% fertility and hatchability of

eggs when those eggs were incubated. Previous investigators have demon-
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strated that hens can be forced out of production (pause) for short

periods of time without undergoing a complete molt. Arrington et al.

(1967) and Shirley et al. (1979b)have reported that high levels of

iodine in the feed causes egg production to cease. Similarly, high

dietary levels of zinc have been shown by Scott et al. (1976) and

Shirley et al. (1979b)to be effective in inducing laying pauses. A

short period of water and feed restriction was reported by Shirley

et al. (1979a)to be effective in causing a pause in egg production.

Relation of Nutrition to Semen Physiology and Fertility

An early report by Parker and McSpadden (1943) found that restric-

tion from 42 to 72 percent of total feed consumed by control males de-

crease semen volume and fertilizing capacity of semen. Later experi-

ments by Arscott and Parker (1963) with rations containing 16.9, 10.7

and 6.9 percent protein fed to chickens over a 33-week period showed

no adverse effect on either semen volume or hatchability of fertile

eggs. Using energy restriction, Parker and Arscott (1964) found that

reducing the energy level of diet to 930 cal of ME per pound of feed

resulted in pronounced decrease in semen volumes and fertilizing capa-

city.

Little research has been reported on mineral element effects on

sperm morphology or fertility. In a sterile crossbred rooster, Sampson

and Warren (1939) found greater number of abnormal compared to normal

spermatozoa. Although Parker et al. (1942) reported no correlation

between percentage of abnormal spermatozoa and fertility in the chicken,

they illustrated in a diagram that the spermatozoa bent at the midpiece

were classified as normal. Reid (1949) reported that reproduction was

not affected until symptoms of phosphorus deficiency appeared in cattle.

El Zayat and Van Tienhoven (1961) reported that in the cock, chloride

ions caused an increase in the incidence of abnormal spermatozoa after

storage, but when glutamate replaced chloride, this increase was reduced,

whereas with phosphate there was a synergistic effect between chloride

and phosphate in causing abnormalities. McCartney (1956) found that

none of the tests Le., semen volume, motility, pH and sperm concentration

was significantly correlated with either duration of, or percent ferti-
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lity in the turkey.

Saeki (1960) described a typical abnormality of cock spermatozoa

where the head lies back along the tail, This deformation is usually

classified as 'crooked necked' or 'neck bending', The occurrence of

'neck bending' spermatozoa has no influence on motility of the sperma-

tozoa but is negatively correlated with the fertilizing capacity,

Composition of storage medium, time storage and temperature during

storage influence the incidence of 'neck bending' spermatozoa. But

Saeki and Brown (1962) related this abnormality particularly to the

tonicity of the medium, more than 20% spermatozoa showed 'neck bending',

If the concentration of sodium citrate in the medium were increased to

produce a hypertonic medium, the semen showed only 2% to 3% neck bend-

ing! spermatozoa after 24 hours and the fertilizing capacity of the

spermatozoa was increased, This observation led to the hypothesis that

the midpiece of the cock spermatozoa is hypertonic to the seminal

plasma and suffers from plasmolysis when stored in solution. isotonic

or hypotonic to the seminal plasma. Doing electron microscopic examin-

ation, Pingel and Loebel (1970) showed that the mitochondrial helix in

the midpiece of the spermatozoa swells when the spermatozoa is placed

in a hypertonic solution until the outer membrane is ruptured thus pro-

ducing 'neck bending' spermatozoa. Tsukunaga (1972) also demonstrated

that the incidence of 'neck bending' spermatozoa is increased by cold

shock such as rapid cooling from body to refrigerator temperature,

Hobbs and Harris (1963a) had earlier shown that in hypertonic sodium

citrate storage media spermatozoa reduced motility but increased ferti-

lity. The optimum in their study was .79°C and pH 6, using carbonate

diluents for storage. In another study, Hobbs and Harris 1963b) showed-

that the highest average fertility was obtained with a hypertonic medium.

However, by preventing CO loss during handling, Harris and Hobbs (1968)

later found that the highest fertility resulted with diluent of lower

tonicity.
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III, METHODS AND PROCEDURES

Several experiments were conducted to investigate the physiologi-

cal and nutritional interrelationships of mineral elements on growth

and reproduction in turkeys. The relation of sodium chloride and its

single elements to field rickets in poults was investigated. A second

phase with adult turkeys considered the effects of calcium, phosphorus,

sodium, chloride and zinc oxide on reproduction.

GENERAL PROCEDURES

Source of stock: The poults used were Large White sexed males and females

(Nicholas 3-way cross) obtained from the Northwest Hatchery, Aurora,

Oregon. The turkey breeding stocks used in the experiments were ob-

tained from three sources. One was a strain cross from Nicholas

Turkey Breeding Farms, Inc; Sonoma, California. Cannon females were

obtained from Viewpoint Hatchery, Salem, Oregon. A Wrolstad Medium White

strain maintained at the Oregon Agricultural Experimental Station as

a line selection provided male and female breeding birds. This strain

was developed by Clifford Wrolstad, Molalla, Oregon as a result of

selection within the Beltsville Small White variety,

Brooding: The poults were wing banded and raised to four weeks of age

in Jamesway batteries with .95 and 1.27 cm mesh wire floors, The bat-

teries were in a fan ventilated room (6.10 m X 9.40 m) of a pumice block

building. The hover temperature was initially adjusted to 95°F and re-

duced by 5 °F per week for four weeks. The room temperature was main-

tained between 72-75°F with supplemental room heat. The poults were

provided with 24 hours of light. Feed and water were supplied ad libi-

tum. The water contained spectinomycin (Spectam, Abbott Laboratories,

Chicago, Illinois) during the first three days of brooding.

Brooding and Rearing of adult turkeys: May hatched day-old poults were

reared in batteries as in the poult experiments for two weeks, then

transferred to floor pens (2.5 m X 2.7 m). Feed and water were supplied

ad libitum. At eight weeks of age, poults for breeder stock replace-

ments were weighed, debeaked, vaccinated for fowl pox and then moved
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to outside grass ranges equipped with range shelters, Feed and water

was supplied ad libitum, The type of feed provided 20% crude protein

from 9-13 weeks, 17% grower from 13-17 weeks and 15% from 18-28 weeks,

Females were wing clipped on one side, Body weight and conformation

data were obtained at 32 weeks of age.

Weighing: The poults were weighed on a Toledo 4020 gram scale and

weekly observations made during the experiments to determine leg

abnormalities. A Hanson 500 Dairy scale was used to weigh the

male and female turkey breeders. This scale was also used to mea-

sure the feed consumption during the experiment.

Lighting: Males received 14 hours of artificial light from December

15 to March 1 when they were moved to outside lots and natural plus

artificial light used. Females were provided 14 hours of light daily

from January 1 when 30-32 week of age. Ten lux of light intensity

was provided to females. Artificial light for males maintained in

confinement was an estimated 2.5 to 5.0 lux of light intensity as

recommended by Wilson et al. (1964). Lighting used in the calcium

study for female breeders was different because the experiment was

during the off-season. This group of females were reared in natural

light and when 22 weeks of age moved to dark pens to provide six

weeks of 9 hours light in order to overcome photo-refractiveness

(Harper and Parker, 1957). At 28 weeks of age they were exposed to

14 hours of daily light in order to attain sexual maturity. As natural

day length decreased the light day was extended to 14 hours daily by

artificial light.

Blood testing and vaccination: The turkeys were vaccinated for fowl

pox first at eight weeks of age, again at the time of blood testing,

and for the first time with erysipelas bacterin. At 28 weeks of age,

the males and females were wing banded and blood tested. Blood samples

taken from the brachial vein were tested for M. gallisepticum, M.

synoviae, M. meleagris, S. pullorum, S. typhimurium, under a testing

program of the National Poultry ImprOvement Plan. (1980, USDA)

and administered by the Oregon State Department of Agriculture, Salem

Oregon. Turkeys were' innoculated with erysipelas bacterin the second
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time when blood tested. Males were innoculated with bacterin again 12

weeks later when Moved to outside range lots. Delousing of the birds

was done periodically with malathion in endemic areas as required.

Housing: The adult male turkeys were housed in a non-insulated house

of pumice block building in floor pens (5.33 m X 5.33 m) on wood

shavings. The males were kept in floor pens until March when they

were moved to outside lots covered with shavings and equipped with

range shelters. Adult females were housed in a wire-sided breeder

house (8.5 m X 33.5 m) with each pen for ten hens approximately

3.1 m X 3.1 m. The females were provided with trapnests (30.5 cm X

45.7 cm) for laying. Eggs were routinely collected four times daily

and date, lot number, and hen number recorded on each egg.

Artificial Insemination: Semen was collected from males according to

the method of Burrows and Quinn (1937). The females were artificially

inseminated first at about the 20th day following lighting, one week

later and at two weeks intervals. Diluent (USDA-PSE or normal saline)

in the ratio of 1:1 was used and inseminating was done in the after-

noon using .03 ml semen introduced into the oviduct by a (.3 mm X 5

mm) glass tip attached to a 1 ml tuberculin syringe with a plastic

sleeve.

Blood-Bone collection and analyses: In poult experiments at the end

of four weeks, two poults per lot were sacrificed. Blood samples for

analyses were obtained before slaughter from the femoral vein of each

specimen. The analysis for calcium was with an atomic absorption

spectrometer Model 100-80A made by Hitachi Scientific Instruments,

USA. Sodium and magnesium analyses was conducted with a flame photo-

meter made by Perkin-Elmer, Division of Coleman Scientific Instruments,

Oakbrook, Illinois. Bone samples (tibia and ribs) from specimens of

each lot were removed and scored according to severity of abnormali-

ties from 0 to 4, with the most severe abnormality scored the highest.

Bone ash was determined at 850°C (ADAC, 1970) using tibia bone samples

from the poults after the bones were extracted with ether to remove

the fat.
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Blood samples from adult females were taken from the brachial vein at

the beginning and at the end of the study. These were analysed for

calcium, sodium and magnesium content. Egg weights were taken and egg

shape index was determined by dividing the egg width by length.

Incubation: The eggs, following trapnesting and dry cleaning using a

motorized buffer as required, were placed on filler flats for fumiga-

tion. This process of fumigation involves using six grams of potassium

permanganate and 12 cc of formaldehyde for 11 cubic foot space and

allowed to stand for 20 minutes prior to exhausting with the fan. The

eggs were then stored at an average temperature of between 55 and 60°F

for up to two weeks. Eggs were set in numerical order by hen number

in a Model 17-H Robbins Forced Draft Incubator (Robbins Incubator, Co.,

Denver, Colorado), candled at ten days of incubation, and transferred

to the hatching compartment for the last four days. Records were kept

of the number of eggs set, fertility, dead-in-shell at 10, 25 and 29

days of incubation and hatchability. Shell thickness was measured

using a micrometer made by Welch Scientific Instruments, Chicago,

Illinois. The shell breaking strength was measured using an apparatus

developed by Charles Pfizer and Co; Terre Haute, Indiana. The measure-

ments of shell strength and thickness were obtained from the eggs re-

moved after the first candling. At 10, 25 and 29 days of incubation

the clear and unhatched eggs were broken to examine for fertility and

embryonic development.

Semen quality measurements: Semen from each male was collected in a

plastic cup and the volume was measured using a 1 ml syringe. For the

measurement of percent packed cell volume a pooled semen sample was

obtained from each lot of males and a sub-sample obtained in a non-

heparimized microhematocrit tubes (1.5 mm X 75 mm). The filled tubes

were centrifuged for 9 minutes at 11,500 rpm in a micro-capillary

centrifuge, Model MB made by International Equipment Company, Needham

Hts, Mass. Each tube was read with Micro-Hematocrit Reader, Model L -550

made by Phillips-Drucker, Astoria, Oregon. The percent live-dead sperm-

atozoa was evaluated using a eosin-nigrosin staining technique (Cooper

et al. 1958). Dead spermatozoa uptake of the eosin was used to identify
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the dead spermatozoa when examined microscopically in two areas of the

slide providing duplicate counts of 100 spermatozoa.

Statistical Analysis: Data collected from all the experiments were

analysed using analysis of variance (either one or two way ANOVA) and

Duncans' new multiple range test (Steel. and Torrie, 1960). Procedures

for these techniques are well known and widely used. Except where

noted, all significant differences were considered at the 0.05 level

of probability.

MINERAL EXPERIMENTS WITH POULTS

A Stoller ration formulation has been used in recent years in

poults experiments at the Oregon State University Poultry Science

Department Turkey Farm. The diet was a ration developed by a com-

mercial vitamin distributor for Earl Stoller in April 1973. This

ration, which inadvertently had minimal level of salt, when fed to

poults resulted in poor growth, lameness, spontaneous fracture and

death of poults. The abnormality called "field rickets" included

effect on the osteiod tissue causing enlargement of the bones (ribs

and tibia/femur). The vitamin level was determined to be adequate in

the diet to prevent rickets, (OSU unpublished research).

Field Rickets; Experiment I.

The purpose of this study was to determine the role of sodium

chloride in field rickets of poults. In this experiment, different

levels of the mineral were fed to observe at which level the inci-

dence of bone abnormality occurred and the severity. The effect of

salt on bone mineralization, blood mineral balance and adrenal gland

structure was also considered.

Six duplicate lots of ten male poults (LW) each were used in the

study. The starter ration listed in Table 1 (Stoller diet containing

.103% sodium chloride) was supplemented with either 0, .075, .10, .15,

.25, or .45% sodium chloride. The poults were weighed at two and four

weeks of age and the body weight gain calculated. Two poults per lot

were sacrificed at four weeks for necropsy and the adrenal gland removed.
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Table 1: Composition of poult starter ration.

Ingredient Percent

Corn, yellow 45.23

Soybean Meal (44%) 50.00

Defluorinated,phosphate 4.15

Vitamin Premix 1-75
1

.45

Trace Mineral Mix-65
2

.05

d, 1 Methionine (98%) .12

Total 100.00

Calculated Analysis:

Protein (%) 27.9

Met. energy, (Kcal/kg) 2839.

Calcium (%) 1.08

Avail. phos. (%) .92

Lysine (%) 1.6

Meth. + cyst. 1.05

Sodium chloride (%) .1027

1Vitamin mix provides per kg ration: vit. A, 7425 IU; vit. D
3'

2475
ICU; riboflavin, 7.5 mg; vit. B12, 12.4 meg; vit E, 2.5 IU; vit K,
1.2 mg; niacin, 49.5 mg; choline, 429.6 mg; d. pantothenic acid, 12.4
mg; folic acid, .5 mg.

2
Mineral mix provides per kg ration: calcium 97.3 g; Fe, 20 mg; Cu,
2 mg; Zn, 27.5 mg; 1, 1.2 mg; Mn, 60 mg; cobalt, .2 mg.
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The ribs and leg hones from the specimens were examined and photographed

based on the score of abnormalities. A pooled blood sample taken from

the poults were analysed for calcium, sodium and magnesium. The bone

ash content was determined. Facilities and methods used in this study

are as outline in the general procedures.

Field Rickets; Experiment II.

The purpose of this study was to determine more closely than Exper-

iment 1 the level of sodium chloride at which normal development and

body functions occur in the poults, levels when bone and rib abnorma-

lities occur and pathological severity. The effects on body weigh gain

were also considered.

The poult starter ration (Table 1 containing .103% sodium chloride)

supplemented with either 0, .025, .05, .10, .20, or .40% sodium

chloride was fed to six duplicate lots of twelve male and female poults

(Nicholas 3-way cross). Facilities and methods used in this study are

as outlined in the general procedures. Feed conversion, body weight

both at two and four weeks and percent mortality during the study were

recorded. At four weeks of age, three poults per lot were sacrificed

for necropsy. The thyroid gland from each poult was removed for obser-

ving the tissue histologically, bone weight and structure (ribs and

tibia) were scored based on the level and severity of macroscopic

abnormalities.

Field Rickets; Experiment III.

This study was conducted in further attempt to identify the mineral

elements involved, to examine the mineralization of the bones, the var-

ious effects on the body weights, hone strength, serum alkaline phos-

phatase levels and effect on livability. The poults were divided into

eleven duplicate lots of ten each (five males and five females; Nicholas

3-way cross). Ten duplicate lots were fed the starter ration (Table 1

containing .0611% sodium and .0416% chloride) for four weeks supplemented

with either 0, .09, .10, .11, or .12% sodium (from sodium bicarbonate)

or 0, .009, .01, .02, or .03% chloride ( from calcium chloride),
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Mineral supplements were added at the expense of corn. The eleventh

duplicate lot was fed the ration (Table 1) supplemented with .50%

sodium chloride and served as the control.

At necropsy, six tibia bone samples, ribs and blood serum were

taken from three poul.ts per lot and placed in storage. The frozen

bones were later thawed and defleshed after boiling in water for

approximately two minutes, The bones were dried and the force needed

to break each tibia was measured with a calibrated fulcra. Force was

applied to the mid-point using a probe with a rounded bottom. The

shattered pieces of bones were then used for ash determination, Sam-

ples of blood serum from each treatment were analysed to determine

percent alkaline phosphatase according to Fitzgerald et al. (1969) and

using reagents with the procedure of Sigma. Technical Bulletin 104 (1974)

Mortality percentage and bone abnormalities score were recorded. The

ratio of bone weight to body weight was calculated. Facilities and

methods used are as outlined in the general procedure.

MINERAL EXPERIMENTS WITH TURKEY BREEDER FEMALES

Low calcium-phosphorus; Breeder Female Experiment I,

The purpose of this study was to determine if egg laying could be

interrupted temporarily by changing the levels of calcium and phosphorus

in laying ration. Data was sought on egg laying changes from calcium

and phosphorus reduction for varying intervals and the effect on other

egg quality and reproductive traits. Eighty females(LW) Cannon used

in this study were hatched on January 23rd and at 22 weeks of age sub-

jected to controlled lighting as noted in the procedure. The female

turkeys were divided into four duplicate lots of ten hens each when

28 weeks of age and all were fed the control ration (number 1; Table

2) with 2.2% calcium and 1.06% phosphorus. After reaching full pro-

duction for three weeks, three duplicate lots of ten hens each were

changed to ration (number 2, Table 2) providing .45% calcium and .45%

phosphorus for 3, 5, 7, or 14 days and fed at intermittent intervals

for a total of 14, 28, or 56 days, respectively. The fourth duplicate



Table 2. Composition of turkey female breeder rations.

Ingredient
1

(70)

2

(7)

3

(.%)

4

( )

Corn, Yellow 69.50 78.00 73,95 70.00

Soybean Meal (44%) 18.00 15,85 20,00 18.00

Alfalfa Dried (17%) 2.50 2.50 2.50 2.50

Whey, Delactosed 2.50 2,50 0,00 2.50

Defluorinated, Phosphate 2.05 0,00 1.00 2.05

Limestone Flour 4.30 0.00 2.00 4.30

Salt, Iodized .50 .50 0.00 0.00

Vitamin Premix 1-75 .301 ,301 .301 .301

Trace Mineral Mix-65 .052 .052 .102 ,05
2

d, 1 Methionine (98%) .05 .05 ,05 .05

Fer. Prod. (Bactofac) .25 -25 .10 .25

Calculated Analysis

Protein (%) 15,3 15.9 15.6 15.3

Met. Energy (Kcal/kg) 2869.70 3113.48 3017.75 2869.90

Calcium (7) 2.2 .45 1.10 2.2

Avail. Phosphorus (%) ,52 .15 .30 .52

Sodium chloride (7) - - .0840 .1140

1Vitamin premix provides per kg ration: vit. A, 4950 IU; vit. D3, 1650 ICU; riboflavin, 4.9 mg; folic

acid, .3 mg; d. pantothenic acid, 8.0 mg; niacin, 33.0 mg; choline, 286 mg; vit. B12, 8 mcg; vit. E,

1.6 IU; vit K, .80 mg.
2Mineral mix provides per kg ration: Mn, 60 mg; Fe, 20 mg; Cu, 2 mg; Zn, 27,5 mg; 1. 1.2 mg; calcium,

97.3 g.
3Mineral mix provides per kg ration: Mn, 120 mg; Fe, 40 mg; Cu, 4 mg; Zn,55 mg; 1, 2.4 mg; calcium,

195 g.



31

lot was fed the control ration (number 1, Table 2) throughout the dura-

tion of the experiment. Table 3 shows the experimental design.

Feed consumption was determined by weighing the feed when a change

was made and the feed consumption used to calculate the amount required per

dozen eggs for each period. Shell thickness and shell breaking strength

were determined from eggs removed at the first candling. The egg shape

index was obtained using ten eggs from each duplicate lot. Body weights

were recorded at the beginning, middle and the end of study. Facilities

and methods used are as outlined in the general procedure.

Low salt holding ration; Breeder Female Experiment II.

The purpose of this study was to determine if the salt level in

holding rations would delay sexual maturity and relate to later pro-

ductivity and egg quality in turkey hens. A group of 30 turkey layers

(LW) strain cross were divided into three duplicate lots of five hens

each. The lots were fed the holding ration (number 1, Table 2) supple-

mented with either 0, .25, or .50% sodium chloride between the ages of

22 to 28 weeks. At 28 weeks of age, the hens were provided artificial

light to stimulate sexual maturity and fed the basal ration (number 4,

Table2) supplemented with either 0, .25, or .50% sodium chloride. Data

were collected on egg production, egg weight, egg shape index, shell

thickness, shell breaking strength and feed consume per dozen eggs.

Fertility and hatchability were determined from the incubation records

of all settable eggs. Facilities and methods used are as outlined in

the general procedure.

Different salt levels on egg quality; Breeder Female Experiment III.

The purpose of this study was to determine the effects of differ-

ent levels of dietary salt in relation to egg production, egg quality

and reproductive traits. Three duplicate lots of ten turkey hens each

(Wrolstad Medium White) were fed the basal ration (number 4, Table 2)

supplemented with either 025, or .50% sodium chloride. Facilities

and methods used in this study are as outlinedin the general procedure.
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Table 3. Experimental design for determing the effects of low calcium-
phosphorus ration on turkey breeder hen reproductive per-
formance.

Treatment

Preliminary
4

Experimental
5

(N)
3 feeding period feeding cycle No. times

(days) (days) repeated
Ration 1 Ration 2

Control
1

(20) 28 0 0

Low Ca-P
2

(20) 28 3.5 4

Low Ca-P
2

(20) 28 7.0 4

Low Ca-P
2

(20) 28 14.0 4

1
Control ration (number 1) provides 2.2% calcium; 1.06 phosphorus fed
for 116 days.

2
Experimental ration (number 2) provides .45% calcium; .45% phosphorus.

3
Duplicate lots of ten hens each.

4
All hens fed control ration (number 1) first 28 days.

5
Ration 1 fed between experimental feeding cycles.
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Egg production, egg shape index, shell thickness and shell breaking

strength data were obtained as well as feed consumption per dozen

eggs, fertility and hatchability records.

Salt levels on the general physiology; Breeder Female Experiment IV.

The purpose of this study was to determine the effects of dietary

sodium levels on blood minerals, and other body functions in the turkey

females. Sixty (MW) turkey hens were used in this study. The hens

were divided into three duplicate lots of ten hens each and fed the

basal ration (number 4, Table 2) supplemented with either 0, .10, or

.50% sodium chloride. The chloride was kept at the NRC breeder hen

level by the use of calcium chloride while the sodium level was kept

below the NRC requirement in the two lowest salt diets. Egg produc-

tion was recorded. The egg shape index, egg weights, shell thickness

and shell breaking strength were determined. The shell texture was

scored based on the severity of pimpling from 0 to 4. A blood sample

was taken at the beginning, middle and end of the study and analysed

for calcium, sodium and magnesium levels. Fertility and hatchability

records were obtained from all settable eggs. Embryonic development

was observed for unhatched eggs at the 25th and 29th days of incuba-

tion. Facilities and methods used in this study are as outlined in

the general procedure.

MINERAL EXPERIMENTS WITH TURKEY BREEDER MALES

Calcium levels on semen quality; Breeder Male Experiment 1.

The purpose of this study was to determine if calcium levels would

affect semen quality and fertility. Three duplicate lots of five (Med-

ium White) turkey males each were fed the basal ration (number 1, Table

4) supplemented with either .15, .45, or 2.2% calcium. Facilities and

methods of semen collection and quality evaluations are as outlined in

the general procedure. The semen volume, spermatozoa packed cell

volume and live-dead spermatozoa counts were obtained from individual

males. Initial and final body weights were also recorded.
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Three duplicate lots of ten turkey hens of the same strain as the

males were fed the breeder ration (number 2, Table 4). Each duplicate

lot was artificially inseminated with the pooled semen from one of the

three male calcium treatments. Fertility and hatchability records were

obtained to determine if the calcium affected the fertilizing capacity

of the semen.

Zinc oxide levels on semen quality; Breeder Male Experiment II.

The purpose of this study was to determine if zinc oxide has ad-

verse effects on feed consumption, body weights and semen quality.

Thirty turkey males 32 weeks of age were divided into two lots of

fifteen males each. One lot was fed the basal ration (number 1,

Table 4) while the second was fed the basal ration supplemented

with 3,000 ppm of zinc oxide from February 21 to April 3. Semen

volume, spermatozoa packed cell volume, haemocytometer spermatozoa

count as well as the initial and final body weights were obtained.

Facilities and methods of weighing the males, semen collection and

quality evaluations were as outlined in the general procedure. The

packed cell volume was evaluated for 6, 9, and 12 minutes of centri-

fuging.

A related study was conducted using twenty-eight males of the

same strain and divided into four lots of seven turkey males each.

These were fed the basal ration (number 1, Table 4) supplemented with

either 0, 3,000, 15,000, or 30,000 ppm of zinc oxide. Semen volume,

percent packed spermatozoa cell volume, live-dead spermatozoa, weekly

feed consumption and initial and final body weight data were obtained.

Facilities used and methods of determining feed consumption, body

weights and semen evaluations were as outlined in the general proce-

dure.

Dietary salt levels on semen quality; Breeder Male Experiment III.

The purpose of this study was to determine the effects of three

dietary salt levels on semen quality and body weights. Thirty (LW)

males were divided into three duplicate lots of five males each and



Table 4. Composition of turkey male and female breeder rations.

Ingredient 1

(a)

(female ration)
2 3

(%)

Corn, Yellow 77.45 69.50 77.45

Soybean Meal (44%) 16.40 18.00 16.90

Alfalfa Dried (17%) 2.50 2.50 2.50

Whey, Delactosed 2.50 2.50 2.50

Defluorinated, Phosphate 0.00 2.05 0.00

Limestone Flour 0.00 4.30 0.00

Salt, Iodized .50 .50 0.00
1

Vitamin Premix 1-75 .30 .30 .30

Trace Mineral Mix-65
2

.05 .05 .05

d, 1 Methionine (98%) .05 .05 .05

Fer. Prod. (Bactofac) .25 .25 .25

Calculated Analysis:

Protein (%) 15.10 15.3 15.10

Met. Energy (Kcal/kg) 3106.82 2869.70 3106.82

Calcium (%) .1539 2.2 .1539

Avail. phos. (%) .1370 .52 .1370

Sodium chloride (%) - - .1204

1Vitamin mix provides per kg ration: vit. A, 4950 IU; vit. D3, 1650 ICU; riboflavin, 4.9 mg; vit. K,

.80 mg; d. pantothenic acid, 8 mg; niacin, 33 mg; choline, 286.4 mg; vit B
12

, 8 mcg; vit. E, 1.6 IU;

folic acid .3 mg.

2Mineral mix provides per kg ration: calcium, 97.3 g; Mn, 60 mg; Fe, 20 mg; Cu, 2 mg; Zn, 27.5 mg;

I, 1.2 mg.
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fed the breeder ration (number 3, Table 4) supplemented with either 0,

.25, or .50% sodium chloride providing .1204% sodium chloride. The

semen volume, percent spermatozoa packed cell volume, live-dead sperma-

tozoa, body weights and feed consumption were measured. Facilities

used and methods of semen evaluations, weighing and feed consumption

were as outlined in the general procedure.
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IV. RESULTS

Field Rickets; Experiment 1.

Data from poult Experiment on the effects of added dietary salt

levels of 0, .075, .10,.15, .25 or .45% on several parameters in the

poults are shown in Table 5.

Analysis of the data from body weight gain shows significant

differences (P<0.05) between the treatment groups (0, .075, .10 and

.15%) with numerical but non-significant difference seen between .25

and .45% added dietary salt levels. This is in agreement with the

findings of Sjollema (1935) that day old chick fed a basal ration

containing total .033% sodium chloride failed to grow satisfactorily.

The two highest added salt dietary levels also showed a signifiant

difference (P<0.05) when compared with the four lowest added dietary

salt levels. Numerical differences were also obtained in weight

gains between the poults fed .25, .45% added dietary sodium chloride.

This agrees with the findings of Heuser (1952) who concluded that no

significant response in growth could be obtained above .25% added

salt level. Burns et al. (1953) also agreed with this finding and

they reported the requirement for salt to reside between .10 and .30%

of the diet, the higher level being required for maximum chick growth

Table 5 also showed significant differences (P<0.05) in feed conver-

sion between the three lowest added dietary salt treatments and the

three highest added dietary salt treatments.

The results from the analyses of blood calcium and data based on

duplicate groups of four poults per treatment showed a significant

difference (P<0.05) between the two lowest and four highest added

dietary sodium chloride levels. The data for blood magnesium analysis

also showed a significant difference (P<0.05) between the three lowest

and three highest levels of added dietary sodium chloride. There was a

significantly higher (P<0.05) level of blood sodium among the poults

on the added dietary salt levelof .45% and all the other treatmentgroups.

The adrenal gland weights were significantly lower (P<0.05) for the

poults raised on .45% added dietary salt levels than the other treat-

ment groups. But the result also showed a significant difference (P<0.05)



Table 5. The effects of graded levels of dietary salt fed to poults (0-4 wks) on body weight and several
physiological measurements.

Treatment Body Wt. Feed Blood
2

Blood Blood Adrenal Mortality Tibia/rib
(added salt gain cony. calcium Mg. sodium gland wts (%) abnor.3
levels) (gm) (kg) (mg/100) (mg/100) (mEq/liter) (gm) score

0% NaC1
4

1.48
a

5.7
a

184a 9.0a 128.6a .0581
a

10
a

4a

232b 1.52
a

.075% NaC1 232 8.9a 6.5a 129.6a .0584a
5a 3a

.10% NaC1 294c 1.51a 7.0
b

5.0a 130.0a .0521
b 5a 3a

320d320 1.61
b b b

3.8.15% NaC1 7.0 133.4a .0455
b 5a

2
a

355e355 1.65
b b b

3.8
b

.25% NaC1 7.0 133.6a 0431b 0
a

1

1.64
b

6.8
b

3.8
b

0b.45% NaC1 366e 141.0
b

.0372c 0
a

0

1
Means in same column followed by unlike superscripts are significantly (P<0.05)

2
Blood and adrenal data from duplicate lots of 4 poults per treatment.

3
Bone scores: 0, normal 1, slightly moderate; 2, moderate; 3, severe; 4, very severe.

4
Contains .1% residual salt.
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between the two lowest and three higher added dietary salt levels.

This is in agreement with the findings of Siegel (1961) that salt

deficiency adversely affected renal and adrenocortical excretory

efficiencies . Significant differences (P<0.05) also occurred between

the adrenal gland weights of poults fed added dietary salt levels of

0, .075% and all the other treatment groups. This increase in size

of adrenal gland with inadequate sodium chloride levels is a result of an

adverse effect on the adrenal efficiency. The adrenal cortex secrets

the hormone aldosterone which due to the influence of angiotensin increases

the reabsorption of sodium chloride from the distal tubule and collect-

ing duct of the kidney. Low sodium level increase the activity of the

cells of the adrenal cortex and lack of acompensatory increase in sodium

reabsorption probably resulted in the hypertrophy of the cells (Canong, 1977).

The percentage mortality for poults fed diets with different added

dietary salt levels showed some differences. The poults fed 0% added

dietary salt level showed the highest mortality while there was no mor-

tality in the poults fed .25% and .45% added dietary salt. This agrees

with the findings of Prentice (1933) that from .45% and up to .50%

dietary salt in young chick diet is essential for satisfactory growth,

resistance to nutritional disease, economic utilization of feed and

early maturity. The resistance to nutritional disease was probably

absent in poults fed low added dietary salt. The poults fed low added

dietary salt showed reduced activity by the second week, became weak

and lame and tilted forward. They supported their weights with wings

and eventually were unable to move. However, some affected poults

remained alert throughtout the course of study.

Necropsy of the poults fed .45% added dietary salt showed no

significant lesions in the thoraco-abdominal organs nor in the leg

bone (tibia, Figure 1). Tibiotarsi from affected poults, especially

those fed 0 and .075% added dietary salt, (Figures 2 and 3) were

softer when cut or sliced with a knife than those from unaffected

poults. There was beading of the ribs, with the affected poults

showing increasing severity with decreasing levels of added dietary

salt. The bone abnormality score is shown in Table 5. The .25 and



Figure 1. The effects of added dietary salt (.45% NaC1) on cite
tibia bone of four week old poults.

Figure 2. The effects of added dietary salt (0% NaC1) on the
tibia bone of four week old poults.

Figure 3. The effects of added dietary salt (.075% NaCl) on the
tibia bone of four week old poults.
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.45% added salt levels appeared better than the minimum NRC recommended

levels (.15 sodium and .08 chloride) because these added salt levels

supported growth while preventing deficiency disease. But due to the

rate of growth of the poults, higher sodium, chloride levels than the

minimum NRC requirement was needed to maintain growth and efficiency.

The tibiotarsus had grossly circumscribed enlargement around the

proximal extremity. Longitudinally, the proximal extremity of the

tibiotarsus revealed an area of excessive white opaque cartilage that

had not been replaced by calcified bone (Figures 2 and 3). This car-

tilage was observed below the normal position of the epiphyseal plate.

The proximal extremity of the tarsometatarsus also showed some degree

of abnormal cartilage formation. It was apparent that the enlargement

of the proximal extremity of the tibiotarsus was due to the overgrowth

of cartilage. Calculated analysis of the rations fed during the study,

however, showed that the dietary levels of calcium, phosphorus and

vitamin D
3
are adequate. It is apparent that salt levels in the diet

may interfere with absorption of calcium and magnesium.

Field Rickets; Experiment II.

The effect from feeding graded levels of added dietary salt from

0 to .40% to poults is shown in Table 6. There was a significant differ-

ence (P<0.05) in the weight gains between the poults fed the unsupple-

mented salt level and all the other treatment groups. A significant

difference (P<0.05) was also found between the three lower supplemented

groups and the two highest added dietary salt levels. This is in agree-

ment with the findings of Burns et al. (1953) that at least .30% dietary

salt is required for growth in the chicken. No significant difference was

found in the body weight gain between the poults fed .20 and .40% added

dietary salt levels. The poults fed 0% added dietary salt were lethargic

and showed depressed growth. This agrees with the findings of Mongin and

Sauveur (1977) that when mineral balance is lower or higher than 25 meq/

100 grams of diet, growth is depressed. The results of this study also

confirm the findings of Experiment I. The findings also suggested

higher salt requirement for the poults to achieve maximum growth and effi-

ciency. Probably because the poults used in this study were a rapidly grow-
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Table 6. The effects of feeding graded dietary salt levels to poults
(0-4wks) on body weight gain, feed conversion, thyroid gland,
livability and bone abnormalities.

Treatments Body wt.
2

Feed Thyroid Mortality Tibia/rib

(added salt gain conversion2 wts2 abnormal

levels) (gm) (kg) (gm) score

0% 176a 1.51a .0456a 10
a

235
b a

.025% 1.50a .0460a 5

244
b a

. 05% 1.53a .0445a 5

b 1.b245 58.10% .0392a 5
a

b
. 20% 326c 1.68 .0331

b
5
a

b
.40% 341c 1.63 .0290

b
0
a

4a

3a

3

2

1

a

a

1Means in same column, see footnote 1, Table 5.

2Thyroid data from duplicate lots of 4 poults per treatment

3
See Footnote 3, Table
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ing strain, the rate of growth affected the required level of sodium

chloride in the diet, therefore, higher levels than NRC recommended

minimum levels of .15 sodium and .08 chloride were needed to attain

maximum growth.

The results showed significantly lower feed conversion (P<0.05)

(when compared against body weight gain) for the poults fed the three

lowest added dietary salt as compared to higher feed conversion for

the poults fed the three highest added dietary salt levels. This is in

agreement with the findings of Hurwitz et al. (1973) that adequate salt

in the diet significantly affected feed consumption in chicks. The

thyroid weights were significantly greater (P<0.05) for poults fed the

.10% and lower added slat rations as compared to the other two added

salt diets poults. This also suggests that a higher salt level was

needed than the NRC minimum recommended requirement. The physiological

response of thyroid size agrees with the findings of Hofstad et al.

(1972) for low salt diets that among the physiological changes in birds

one to three weeks of age, there is engorgement of organs.

The percent mortality in this study agrees quite closely to that

of Experiment I with respect to decreasing percent loss with added

dietary salt levels. Again, the poults fed the highest added salt

levels showed no mortality. According to Talbot (1978) the ratio of

K+Cl/Na must be higher than unity in order to avoid mortality in chicks.

In this experiment the ratio ranged from 1:1 to 1:3. Necropsy of poults

fed .40% added dietary salt showed no lesions in the tibia and ribs.

The poults fed 0, .025 and .05% added dietary salt showed abnormal

cartilage formation found mainly in the proximal end of the tibiotarsus

and tarsometatarsus asnoted previously. This condition is more evident

at four weeks of age than in two-week old birds, indicating that it is

an age agravated condition and not a maternal effect. Abnormal carti-

lage formation was also reported in chicks by Leach and Nesheim (1965).

The bones were soft and fragile and easily cut with a knife. This

differs from vitamin D deficiency because the bones were soft and elas-

tic and not brittle.

Different bone defects have been described recently, Stock and

Latshaw (1981). These include tibia dyschondroplasia characterised by
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wobbling gait and bowed legs. When necropsied, a necrotic cartilage

tongue is found in the proximal end of the tibia. Vitamin D rickets are

characterised by poor mineralization, here the bone becomes soft and

bends rather than breaks. The necropsy findings of Experiments I and II

closely resemble the rickets as described by Stock and Latshaw (1981).

The bone abnormalities score showed that bones (tibia/ribs) from

poults fed 0, .025 and .05% added dietary salt had the most severe scores.

There was beading of the ribs. From visual observations, the poults

fed the three lowest added dietary salt levels showed reduced activity

by the end of the third week and by the end of the fourth week some of the

poults could hardly walk and had to support their weight with their wings.

Field Rickets; Experiment III.

Table 7 shows the results from data analysis of feeding different

levels of added dietary sodium and dietary chloride as compared to the

control ration with .50% added dietary salt. Several of the measure-

ments provided relative differences that distinguish the effects of the

single element in the diets of poults as compared to control diets fed poults.

At one week of age, body weight was significantly lower (P<0.05) for the

single element addition as compared to the control poults. The significantly

higher increase in the body weight of poults fed the control diet showed that

the nutritional ratio of Na/C1 influenced the acid-base balance and growth

of the poults fed the added single sodium or chloride diets. This probably

resulted in significantly lower body weight for the poults in the single ele-

ment treatment groups and could be similar to the (Na+K/C1) ratio as suggested

by Mongin (1980). Within the chloride treatments, body weights at the three

lowest levels were significantly different (P<0.05) at two weeks of age than

the two highest added dietary chloride levels. Within the sodium treatment

the body weights at the four lowest levels were significantly lower (P<0.05)

at three weeks of age than the highest added dietary sodium group. The same

pattern was obtained in the chloride treatments where the result showed a

significant difference (P<0.05) between the two lowest added dietary chlo-

ride levels and the other higher chloride treatment groups. The four week

body weights showed a significantly higher weight (P<0.05) between the con-

trol and all the other sodium and chloride treatments. Within the sodium



Table 7. The effects of feeding graded levels of sodium and chloride on several body and biochemical
measurements of poults.

Treatments
Treatment
Levels
(added)

BODY WEIGHTS IN WEEKS (gms)
Bone
as62

(%)

Bone

strength
(kg)

Tibia
wt.

(7.)

Bone
wt/
Body
wt

Serum alk Mort.

Ohosphatase (%)
(%)

Tibia3

rib
abnor.

score

_ 1 2 3 4

Control

Sodium
5

Chloride
5

.50% NaC1

.0% Na
4

.09% Na

.10% Na

.11% Na

.12% Na

.0% Cl
4

.009% Cl

.01% Cl

.02% Cl

.03% Cl

134a

117
b

115
b

112
b

115
b

116
b

115
b

117
b

115
b

117
b

116b

270a

204
b

198
b

195
b

201
b

202
b

195
b

209
b

222
b

239
c

235c

494a

276
b

266
b

268
b

373
b

295
c

271
b

295
c

342
c

389
d

367c

756a

347
b

352
b

335
b

357
b

405
c

356
b

384
b

522
d

587
c

595c

48.3a

31.8b

32.8
b

33.3
b

37.0c

39.4c

32.4
b

34.6
b

36.0c

37.8c

40.0c

9.5a

.36b

4.2
b

5.3c

5.99c

6.3c

4.0
b

4.7
b

5.1
b

6.2c

6.9c

1.9a

0 . 9b

1.3c

1.4c

1.5c

1.6c

0.89
b

1.4c

1.3c

1.5c

1.6c

.234a

.256a

.274a

.299a

.294a

.306b

.253
a

.242a

.256a

.260a

284a

25
a

16
b

16
b

18
b

20
b

20
b

17
b

18
b

18
b

19
b

20b

2a

15a

15a

10
a

5
a

5
a

15
a

10
a

15
a

5
a

5a

Oa

4
b

4
b

3
b

3
b

2b

3
b

3
b

3b

2
b

2b

Means in same column followed by unlike superscripts are significantly different (P<0.05).

2
Data from 2 replicate lots of 6 dried, defatted tibia per treatment.

3
See Footnote 3 Table 5.

4
Contains .04% and .06% residual sodium and chloride respectively.

5Sodium from sodium bicarbonate; chloride from calcium chloride.
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pressed weight gain and total body water. These differences in growth

and weight gain are further illustrated in figures 4 and 5. Amongst

the poults fed different levels of chloride, significant differences

(P<0.05) were obtained between and within the treatment levels.

There is a significant difference (P<0.05) in the percentage ash

between the control and sodium and chloride treatments (Table 7): Within

group treatments significant bone ash differences (P<0.05) were found

between the lower levels as compared to the higher levels. The two

highest levels of added sodium increased bone ash significantly over

the other three levels, but was still significantly less (P<0.05) than

the control bone ash level. Within the chloride treatments, signifi-

cant differences (P<0.05) were found in bone ash content between the

two lowest and the three highest chloride levels. The bone breaking

strength measured between the sodium and chloride treatments and the

control showed a significant difference (P<0.05). In the sodium

treatments, significant differences (P<0.05) were found between the

two lowest and the three highest levels. Significant differences

(P<0.05) were also found within the chloride treatments in the bone

breaking strength between the three lowest and two highest levels.

There were significant differences (P<0.05) in the tibia weights

between the low sodium and chloride treatments and the control group.

Within the sodium treatment, significant differences (P<0.05) in tibia

weights were found between the poults fed the lowest and the other four

higher levels. The relationship between the tibia bone weights and

body weights was measured and a significant difference (P<0.05)' was

found only for the group fed .12% sodium level.

Serum alkaline phosphatase level was measured between and within

the various treatments and significant differences (P <0.05) were found

between the single element treatments and the control group. This is

an indication of osteoblastic activity. The hone abnormalities scores

are shown in Table 7. The comparison shows increasing bone abnormality

.score with decreasing levels of both sodium and chloride, while the
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single element treatments and the control group. This is an indication of

osteoblastic activity. The bone abnormalities scores are shown in Table 7.

The comparison shows increasing bone abnormality score with decresing

levels of both sodium and chloride, while the control groups showed

no abnormality of the bones.

The bones of both the sodium and chloride treatment groups were soft and

similar to the findings of the first two studies with sodium chloride. Ab-

sence of calcification results in a type of soft bone deformity termed "soft

rickets". This condition should be differentiated from several infectious

and non-infectious diseases that can produce osteomylitis due to bacteria

(Jungherr, 1959) and arthritis due to mycoplasma (Jordan, 1975). In these

diseases, the etiological agent can often be isolated. Microscopic lesions

in this study were somewhat variable and more marked; these lesions were more

in the lower sodium and chloride treatment groups. There was a disruption of

the growth plate and the osteoclats present in this condition are somewhat

similar to that described in vitamin D and calcium deficiencies. There was

a wide growth of cartilage in the proximal metaphysis of the tibiotarsus with

the medullary spaces of the proximal metaphysis containing undifferentia-

ted mesenchymal cells. This is in agreement with Brenes (1971) who descri-

bed the microscopic lesions in turkey bones caused by deficiencies of calcium,

phosphorus and vitamin D3 Sodium and chloride deficiencies each singly

produced these bone mineralization defects but the incidence decreased in

the chloride groups as the level in the diet was raised to .02%.

Figures 6 and 7 show examples of the poults fed the different levels of

added sodium and chloride. The poults fed the three levels of added chloride

showed nervous symptoms which appeared to be characteristic of chloride defi-

ciency. After a period of excitement, the poults would recline, extend

their legs to the rear and hold their wings rigid. This is in agreement with

the findings of Leach and Nesheim (1963) who observed similar symptoms in

chloride deficiency chicks. In this study practically all of the poults fed

the low levels of sodium and chloride would vomit a milky solution when

handled during weighing. This condition could be due to the sodium or

chloride deficiency, but also could be due to the nature of the ration,

however, it was not found in the poults fed the control diet.
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Figure 6. The dietary effects of low sodium fed to 4 weeks old poults.
Poults (1 and 2) fed 0 and .09 % added sodium showing stunted
growth, ruffled feathers and unsteady gait, (3) fed control
diet. Poults, left to right.

Figure 7. The dietary effects of low chloride fed to 4 weeks old poults.
Poults (1,2 and 3) fed 0, .009, and .01% added chloride show-
ing ruffled feathers, unsteady gait and lethargy. Poults,

left to right.
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Severity of bone abnormalities increased as the level of sodium

in the diet was reduced. This disagrees with the findings of Leach

(1981) that increasing the sodium content of the diet had inconsistent

effects on incidence of tibia dyschondroplasia. Increasing added

chloride in the diet reduced the incidence of bone abnormalities.

Decreasing the added chloride levels in the diet did not increase bone

deformity to the extent noted for a corresponding decrease of sodium.

This is in agreement with the findings of Leach (1981) whose studies

clearly identified chloride as being an important factor in the occur-

rence of tibia dyschondroplasia. The present study disagrees with the

conclusions of Leach (1981) that increasing chloride content of the diet

decreased growth rate and increased incidence of tibia dyschondroplasia.

The physiological response found in the muscle is a low mineral

induced rigidity which may he explained in the following manner. In

preparation for the relaxed state, nervous tissue contains chloride

ions which hold a negative charge inside, while fluid outside the

cell is positively charged by sodium and potassium ions. When chloride

ions are lacking, more time is required between contractions for muscle

to return to the relaxed state. This is one of the effects of low

chloride levels in the diet that resulted in semi-paralysis (Ganong

1977).

The mortality percentage varied between the sodium, chloride and

the control groups. The poults in the lowest sodium and chloride groups

had the highest mortality. The levelsof added sodium used in these

studies were higher than the minimum NRC recommended levels probably

because the poults were a rapidly growing strain. This was because

incidence of field rickets were found in the sodium group when the

NRC minimum requirements were used.
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SUMMARY AND DISCUSSION

Results of these studies on field rickets in poults with different

dietary salt levels indicate that low dietary salt levels (0 to .15%)

adversely affected growth rate and bone mineralization, (gain 184 to

320 g). Added sodium chloride levels of .25 to .45% (total salt .35 to

.55%) showed no significant difference in growth rate with the weight gains

ranging from 356 to 366 grams. This is in agreement with the findings of

Sjollema (1935) that levels of 0.4 to 0.5% salt were required for the first

month of the chicks life. No significant difference was obtained above .25%

added salt (Heuser, 1952). Significant differences were found in the

growth rate of the poults when the added dietary salt level was varied

between 0 to .10% and with the weight gains from 184 to 294 grams. This

disagrees with the findings of McWard and Scott (1961) who reported

that with fast growing chicks, a requirement of .11% was found adequate.

Present findings nevertheless agree with those of Burns et al. (1953)

that .30% salt is required for maximum chick growth.

Blood mineral levels (calcium and magnesium), adrenal and thyroid

glands and bone (rib and tibia) abnormalities showed significant differ-

ences between the 0 to .10% and .15 to .45% added dietary salt levels. The

studies showed that mortality percentage increased with decreasing added

dietary salt levels, with the levels of 0 to .10 showing up to 15% mortality.

This was in comparson to the two highest added dietary salt levels of .20

to .45% that showed 1% mortality. The Bicarbonate mineral mixture, which

affect bone abnormalities had an increased sodium and potassium content

in combination with reduced chloride content and the Na +K -Cl ratio for

these mineral mixtures are considered differently from other mineral

mixtures (Mongin, 1980). Increasing the chloride content of the diet de-

creased growth rate and influenced incidence of tibia dyschondroplasia,

also there were substantial effects upon acid-base balance (Leach 1981).

When different levels of sodium were added singly to the diets signi-

ficant differences were obtained in the weight gains by the fourth week

of age between the highest added dietary sodium level and the other four

lowest sodium levels. Similar findings were noted for the chloride treatment

at the fourth week of age where the result showed a significant difference in
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weight gains between the two highest added levels and the other three

lowest added dietary levels. Similar findings were noted for chloride

levels. There was a significant difference in weight gain between .50%

sodium chloride and all the other treatment groups of the single elements

of sodium chloride. This is in agreement with the findings of Orent-

Keiles et al. (1973) who found that rats fed low chloride diets showed

retarded growth and of Leach and Nesheim (1963) who showed that 600 mg

chloride/kg of diet was insufficient for maximum growth of young chicks.

Mongin and Sauveur (1977) demonstrated a close inverse relationship

between blood bicarbonate content and the incidence of tibia dyschon-

droplasia. The metabolic acidosis impaired normal cartilage matura-

tion by altering vitamin D
3
metabolism.

Mortality and bone abnormality score showed that sodium had the

highest percentage in the four lowest added levels while chloride

singly showed the highest percentage in the three lowest added levels.

Recently Leach (1981) showed that even with ideal electrolyte levels,

there is still a substantial incidence of tibia dyschondroplasia. But

if electrolyte levels were equalized there appeared to be little influ-

ence of the diet on the incidence of tibia dyschondroplasia. These

differences are also reflected in the level of hone ash, bone breaking

strength, tibia weight and serum alkaline phosphatase. The results

also showed that poults fed .50% added sodium chloride grew satisfac-

torily with normal bone development and other physiological functions.

With vitamin D, Sauveur et al. (1977) reported that inducing metabolic

acidosis through the feeding of ammonium chloride interferred with the

metabolism of vitamin D in rachitic chicks, that kidney homogenates

from acidotic chicks demonstrated an impaired ability to convert 25-

hydroxy-D
3
to 1, 25 dihydroxy-D

3.
This led Mongin and Sauveur (1977)

to suggest that metabolic acidosis impaired normal cartilage matura-

tion. The .45% level sodium chloride added to the diet, while greater

than the NRC recommended minimum levels, was necessary to ensure normal

poult growth, and improve growth. With. rapidly growing poults used in

this study a higher level of sodium chloride is indicated as needed to

provide maximum growth and bone mineralization.
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Plasma pH and bicarbonate are determined by the balance between

dietary sodium and chloride and any excess of chloride over sodium

results in a decrease in bicarbonate and pH, which in turn results in

metabolic acidosis while excess sodium results in decrease of plasma

chloride (Hurwitz, 1981). In the present experiments, because of the

feed formulation and the various added levels of sodium chloride,

changes probably occurred in plasma pH. Cohen and Hurwitz (1974) re-

ported that diet induced changes in plasma pH and bicarbonate resulted

in corresponding changes in intracellular pH, acid-base and perfor-

mance. Skeletal abnormalities (ribs and tibia/femur) are often seen

in poults and young chicks and this disease is easily influenced by

electrolyte composition of the diet. Sodium and chloride appeared to

be important electrolytes involved in this bone abnormality, with de-

creasing amount of either or both of the elements resulting in an increased

incidence of this cartilage abnormality. Severity of the deformity with de-

creased chloride levels is not the same as found in corresponding decrease of

dietary sodium. However, dietary electrolyte content of the diet may

not be the only factor involved as environment, genetics and micro-

organisms have been implicated in this disease.

The increased blood magnesium level in the poults with rickets

indicates probably an inability to make available the magnesium for

the bone cells, thus leading to a deficiency of magnesium required

for bone formation. In a recent study, Welsh et al. (1981) fed magne-

sium deficient diets to growing chicks for 14 or 21 days. These chicks

showed a decrease in bone resorption with decreased bone magnesium and

increased bone calcium content. The magnesium deficiency did not ad-

versely affect parathyroid activity, as suggested from organ weight

data, but impaired the osteocytic function.
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RESULTS

Low calcium-phosphorus; Breeder female Experiment I.

The effects of feeding graded levels of dietary calcium to

turkey hens are presented in Tables 8 and 9. The results indicated

significant differences (P<0.05) in egg production intensity and

pattern between the turkey hens fed 2.2% calcium for a total of 112

days or .45% calcium for a total of 14 days at repeating intervals

of 3.5 days as compared to those fed .45% calcium diet for a total of

28 and 56 days at a repeating intervals of 7 and 14 days, respectively.

The egg production pattern of the turkey hens fed low calcium for 3.5

days and returned to the control ration was not significantly differ-

ent from that of the hens fed the control diet continuously although

the number of eggs produced by the two groups differed. The turkey

hens fed low calcium for the repeating intervals of 7 and 14 days

showed decreased egg production after the first five days and after

the 10th day. Ten eggs in both groups were laid without shells. The

number of eggs produced by the turkey hens fed low calcium diets for

7 and 14 days decreased after the first five days, but there was no

significant difference in the total egg production between the two

groups. When all the turkey hens were fed the control diet contain-

ing 2.2% calcium, egg production patterns gradually approached the

same level. The turkey hens fed the 2.2% calcium diet and .45% calcium

for a repeating interval of 3.5 days, differed in laying pattern com-

pared to the other two groups.

During the test period numerical differences were observed in

the body weight and feed per dozen eggs of the turkey hens fed the

different calcium levels, although these differences were not signi-

ficant. The turkey hens fed low calcium for a total of 28 and 56 days

for a repeating intervals of 7 and 14 days, respectively, showed signi-

ficant differences (P<0.05) in several parameters measured when com-

pared to the turkey hens fed 2.2% calcium for a total of 112 days and

.45% calcium for a total of 14 days at repeating intervals of 3.5 days.



Table 8. The effects of feeding graded calcium levels for different length of time on the body weight
and egg measurements of (LW) turkey breeder hens.

Treatment Hens # Days # Total
4

Egg Body Weights Feed/ Egg Shell Shell
Calcium No. fed days prod.

Initial Middle Final
doz shape thick.' breaking'

fed (%) eggs index (mm) strength
(kg) (kg) (kg)

(kg) (%) (kg)

a
43a112 43 5.52.2% 20 112 5.8

a
5.9

a
3.9

a
71a .356a 5.1a

.45% 20 3.5 14 41a 5.6a 5.7a 5.9a 3.9a 70.5a .345a 5.1
a

.45% 20 7 28 36.5
b

5.5
a

5.7
a

5.8
a

4.0
a

70
a

.318
b

4.5
b

.45% 20 14 56 35.0
b

5.8a
5.8a 5.9a

4.2a 69
a

.312
b

4.2
b

1
Based on average of nine egg settings.

2
Based on average of six eggs per setting.

3
Means in same column followed by unlike superscripts are significantly different (P<0.05).

4
Total days fed ration containing .45% calcium during the 116 day experimental period.
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This was contrary to the findings of Balloun and Miller (1964) who

reported a decrease in feed efficiency and that hens fed higher levels

of calcium tended to consume an unusually large amount of feed.

There was no significant difference in the egg shape index between

the treatment groups. There were significant differences (P< 0.05) in

the egg shell thickness and breaking strength between the turkey hens

fed 2.2% calcium, .45% calcium for 3.5 days and those fed .45% calcium

for 7 and 14 days respectively (based on average obtained from nine egg

settings). This is in agreement with the findings of Tyler (1946) who

reported that chickens fed diets containing 0.18% calcium laid eggs with

progressively thinner shells until the thickness of the shell was about

60% of the normal value and laying ceased. In this study egg production

did not cease entirely for any treatment. The significant differences

(P< 0.05) in shell thickness and shell calcium found in this study are in

agreement with the findings of Taylor and Moore (1954) who observed

that in pullets there was a decrease in the quality of calcium in the

shells of their eggs after the level of calcium was reduced from 2.0 to

.054%, and that the decrease became progressively greater with each egg laid.

Although there was no decline in the length of the laying period,

there was a reduction in egg production between the turkey hens fed 2.2%

continuously or .45% calcium in the diet for 3.5 days and the turkey

hens fed .45% calcium for 7 and 14 days and thus is in agreement with

the findings of Patterson et al. (1960) and Eoff et al. (1962) that

diet containing .45% calcium fed to chickens for 5 days had a detrimental

effect on egg production.

The effect of different dietary calcium levels found in this study

is also in agreement with those of Mehring and Titus (1964) who reported

that calcium levels of 2.43% and 0.20% fed intermittently to two groups

of laying hens showed that changes from low to high and from high to low

were followed by marked changes in egg production and shell breaking

strength.

Table 9 shows the hatchability data. Turkey hens fed 2.2% calcium

for the duration of the study showed numerically higher but non-signi-

ficant differences in fertility and total hatchability than the other

lower calcium treatment groups. This is in agreement with the findings
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Table 9. The effects of different dietary calcium levels on ferti-
lity and incubation of (LW) turkey hens.1

Treatments #Days # Total Eggs Fertility Hatch of Hatch of all
Calcium

(%)

fed days fed set

Na
fertile

eggs (%)
eggs (%)

2.2% 116 116 913 95.1a 67.8a 64.8a

.45% 3.5 14* 914 93.6a 64.3a 61.7a

.45% 7 28* 850 91.6a 59.9a 57.3a

.45% 14 56* 775 93.8a 60.1a 56.4a

1
See Footnote 1, Table 8.

*
Total days fed ration containing .45% calcium during the 116 day
experiment.

Means in same column followed by unlike superscripts are significantly
different (P<0.05).



59

of Payne and McDaniel (1958) who found that turkey eggs with thin

shells did not hatch well. It disagrees with the findings of Berg

et al. (1962) who reported that from 2.25 to 2.7% calcium in the

diet of young layers significantly depressed hatchability as com-

pared with eggs from pullets fed 1.75% or 2.25% calcium. The

results of this study also agreed with those of Nestor et al.

(1972) that shell thickness and percentage calcium content of shells

are important considerations in egg shell quality necessary for the

protection of the developing embryo.

The results of this study showed that the level of calcium in

the diet of turkey hens has a significant effect on egg production,

egg shell strength, egg shell thickness and subsequent hatchability.

This is in agreement with the findings of several investigators

including Donovan et al. (1960) who observed that egg production

was lowered about 10% in chickens by feeding a diet containing .19%

calcium during a five day period after the onset of sexual maturity,

however, the detrimental effect was quickly reversed when a ration

adequate in the element was fed.

Low salt holding ration; Breeder female Experiment II.

The data on the effects of feeding holding ration with three

dietary salt levels to (LW) turkey layers is provided in Table 10.

Dependent upon salt level, onset of egg production was delayed.

At the onset of lay, egg production intensity differed between the

three treatment groups and this difference in intensity increased

as the laying period progressed. Milby (1958) reported no signifi-

cant difference in egg production with low energy pre-breeder ration

as a holding ration, this is in contrast with the findings of Vogt

et al. (1971), who concluded that .10% sodium chloride met all require-

ments of the hens through the laying year.

There was a significant difference (P<0.05) in egg production



Table 10. The effects of using salt in holding ration on reproductive qualities of (LW) turkey females.

Treatment levelsl Egg production2 Egg wts Shell thickness Feed/doz Shell Egg shape index

(added salt) (%) (gms) (mm)
eggs

(kg)

break
strength

Initial Middle Final

(kg)

.50% 41.6a 65.5a
.35a 3.9a

5.20a 70.1
a

72.0
a

71.9
a

.25% 36.9
b

65.1
a

.32
b

4.0a 4.88a 69.4a 69.8a 70.5a

0% 36.5
b

64.1
a

.3113 4.1a 4.54a 69.8a 68.9a 69.2a

1
Turkey hens were fed holding and breeder ration with salt levels (.0, .25, and .50%).

2
Average based on weight of ten eggs per treatment.

3
Means in same column followed by unlike superscripts are significantly different (P<0.05).
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between the turkey hens fed .50% dietary salt and the hens fed 0, and

.25% added dietary salt. The present study is in agreement with the

conclusions of Dilworth et al. (1972a) that feed consumption and egg

size were decreased with dietary salt levels of 0 and .25%. This dif-

ference in egg production, together with the delay in onset of egg

production between the three dietary salt levels, is further illustra-

ted graphically (Figure 8).

There were no significant differences in the egg weight and egg

shape index between the three dietary salt levels, but differences were

obtained in the egg weights between the three treatment groups in the

first two egg settings. The shell thickness (based on average of nine

egg settings) showed a significant differences (P<0.05) between the

turkey hen fed .50% dietary salt and the other two salt levels (0 and

.25%). This is in contrast to the findings of Monsi and Enos (1973)

who concluded that chicken layer diets containing 0, .125, .25 and

.50% added dietary salt had no significant differences in egg shell

thickness.

No significant differences were found in the feed consumption

between the three treatment groups. Analysis of the data for the

average shell breaking strength (based on nine egg settings) showed

no significant differences between the three salt levels, although

numerically hens fed .50% salt required greater pressure to rupture

their shells. The non-significant differences is in agreement with

the findings of Monsi and Enos (1973). The egg shape index showed

no significant differences between the three dietary salt treatment

groups.

Table 11 shows the fertility and hatchability data for the three

dietary salt levels. Slight numerical differences were found in both

percent fertility and total hatchability of eggs between the hens fed

the .50% dietary salt level and the hens fed 0 and .25% dietary salt.

This is in agreement with the findings of Milby (1958) that signi-

ficant differences did not exist in hatchability when a low energy

pre-breeder ration was fed to 26 week old Bronze Breasted turkey for

58 days.
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Figure 8. The effect of 0, .25 and .50% added sodium chloride
to holding and breeder rations on egg production of
(LW) turkeys.
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Table 11. Hatching data from (LW) turkey hens fed three dietary salt
levels in holding and laying rations.'

Treatments
(salt added)

Hen
(No)

Eggs set
(No)

Fertility

(%)

Hatch
fertile
eggs

( %)

Hatch
total
eggs

(%)

.50%

.25%

0%

10

10

10

420

410

400

88.3a

88.5a

82.4a

69.2a

68.3a

68.7a

58.9a

60.1a

56.6a

1
See Footnote 1, Table 8.

Means in same column followed by unlike superscripts are significantly
different (P<0.05).
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There was no significant difference in the feed consumed to pro-

duce a dozen eggs between the three dietary salt levels. The hens fed

0 and .25% dietary salt showed reduced feed consumption, though not

significantly. This is in agreement with the earlier findings of

Mitchell et al. (1962) on egg size and dietary salt. Egg production

remained uninterrupted throughout the duration of the study;

Different salt levels on egg quality; Breeder female Experiment III.

Table 12 shows the effects of feeding three different salt levels

on egg production and associated factors of turkey hens fed from time

of lighting. Although the time of onset of lay was the same, later

egg production was different in both pattern and intensity between

the three dietary salt levels.

There was a significant difference (P<0.05) in egg production

between the hens fed .50% dietary salt level and the hens fed 0 and

.25% dietary salt levels. This is in agreement with the findings of

Nesbeth et al. (1974) that low dietary salt affected egg production

and decreased body weight of the hen. Significant differences (P<0.05)

were also found in the egg weights between the hens fed .50% dietary

salt level and the hens fed 0 and .25% dietary salt levels. This is

in agreement with the findings of Dilworth et al. (1972a) that egg

size decreased with dietary salt levels of 0 and .25%.

No significant difference was found in the feed consumed per

dozen eggs produced. This is in agreement with the findings of

Dilworth et al. (1972a). The findings of this study thus showed that

low dietary salt levels caused the turkey females to reduce feed con-

sumption which probably accounted for the reduced laying intensity

and is in agreement with the findings of Begin and Johnson (1976).

Data from the groups fed the three dietary salt levels showed

that there were no significant differences in the egg shape index and

the shell breaking strength (from both the initial and final data).

There was a significant difference (P<0.05) in the egg shell thickness

between the hens fed .50% dietary salt level and the hens fed the

other two lowest salt levels. Although shell breaking strength dif-

ferences were not significant, there was a numerical difference.



Table 12. The effects of feeding three dietary salt levels to (MW) turkeys on egg quality and associated

factors.

1 Egg shape index Shell break.str.2 Shell
Treatment levels Egg production Egg wts Feed/doz

(salt added) (%) (gms) eggs Initial Middle Final Initial Final
thick?

(kg) (%) ( %) ( %) (%) (%)
(mm)

70a.50% 41.1a 64.0a 4.0a 70 70.2
a

70.2
a

5.0
a

b b 4.a36.0 61.0 1.25% 69a 69a 69.4a 4.8
a

b
35.40% 600 4.0a

68a 67a 67a
4.8a

5.20a

4.90a

4.70a

.34
a

.31
b

.30

1See Footnote 2, Table 8.

2
See Footnote 1, Table 8.

3Means in same column followed by unlike superscripts are significantly different (P<0.05).
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that parallels the significant differences for egg shell thickness.

Table 13 shows the incubation data for the hens fed the three

dietary salt levels. While there were numerical differences in the

fertility and total hatchability percentages between hens fed the

three dietary salt levels, no significant differences were noted.

The egg production intensity for the three dietary salt levels is

further illustrated (Figure 9).

Salt levels on general physiology; Breeder female Experiment IV.

Analysis of the data from the feeding of three levels of added

dietary sodium to the turkey hens are shown in Tables 14, 15 and 16.

In contrast to the three previous experiments the chloride balance

was adjusted by supplemental calcium chloride. In this study several

parameters measured showed significant differences (P<0.05).

The egg production data was accumulated on a hen day basis for

five monthly periods for the three treatments. Adding dietary salt

(.50, .10 and 0%) resulted in a significant egg production difference

(P<0.05) between .614, .214% levels and .114% total salt. For months

2, 3, and 4 the difference is illustrated in Figure 10. This is in

agreement with the study by Prentice (1933) regarding the effects of

low salt on egg production performance, but differs with the findings

of Burns et al. (1952) who determined that the lowest level of dietary

salt fed to chickens that would support body weight, egg production

and hatchability was 0.24%. The significant differences (P<0.05) noted

between .50 or .10% added salt and 0% added salt carried through the

second, third and fourth month of the study.

There was no significant difference in the shell breaking strength

between the treatment groups, thus agreeing with the finding of Monsi

and Enos (1973). The exterior shell quality of the eggs from the three

treatment groups, however, showed some differences during the study.

Rough shell texture and pimplingwas seen, particularly on the shells

from turkey hens fed .10 and 0% added salt, with the 0% added

salt levels showing the highest incidence of egg shell pimpling

(Figures 11 and 12). This finding compares with a similar
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Table 13. Incubation data of eggs from (MW) turkey hens fed three
dietary salt levels in breeder rations.

Treatments Hens Eggs Fertility Hatch fertile Hatch total
(salt added) No. set (%) eggs eggs

No. (%)

.50% 20 582 90.4a 78.8a 71.3a

.25% 20 560 89.2a 82.0a 73.1a

C% 20 560 88.1a 78.3a 67.1a

1
See Footnote 1, Table 8.

Means in same column followed by unlike superscripts are signifi-
cantly different (P<0.05).
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Figure. 9. The effect of feeding 0, .25, and .50% added
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Table 14. The effects of
egg qualities.

different dietary salt levels fed to (MW) turkey hens on egg production and

Treatments
(added salt)

Egg production; Hen-day
Shell thickness

1
Shell breaking strength)

1 2 3 4 5

(%) (%) (%) (%) (%)

.50% 33.5a 43.0a 47.1a 36.8a 29.6a .34a 4.9a

.10% 32.5a 37.1a 44.3a 32.1a 29.3a
.33a

4.7a

0% 29.6a 30.6b 40.0b 27.1b 25.7a .31
b

4.4a

1
See Footnote 1, Table 8.

2
Means in same column followed by unlike superscripts are significantly different (P<0.05).
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10

Figure 11. Egg shells of turkey hens fed a ration with added salt
(.50% NaC1)

Figure 12. Egg shell pimpling of eggs from turkey hens fed a ration

with no added salt (0% NaC1) but adequate chloride.
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study with chickens (Christmas and Harms, 1980) in which egg shell

texture was studied.

The body weights of the turkey hens fed the three levels of

added dietary salt showed numerical differences, but was not signi-

ficant (Table 15). This is in agreement with the findings of Nesbeth

et al. (1974) who reported on two experiments involving chickens that

had been in production for 16 and 17 months. They indicated that low

salt diets resulted in a decline in feed intake, and a decrease in

body weight. Lumijarvi et al. (1966) also reported that low sodium

basal diets depressed weight gains. The egg shape index did not show

any significant difference between the three treatment groups. The

data for egg weight showed a significant difference (P<0.05) between

the turkey hens fed rations with .50% added dietary salt compared to

the hens fed 10 and 0% added salt. This is in constrast to the find-

ings of Monsi and Enos (1973) and Nesbeth et al. (1974) but is in

agreement with results reported by Dilworth et al. (1972 a, h). The

results of this study thus indicated that the feeding of low sodium diet

caused a significant depression in egg weight.

The calcium and magnesium levels in the blood of the three treat-

ment groups showed a non-significant numerical difference. Common

(1933) noted that there was a smaller retention of calcium in the

case of pullets which were, prior to the onset of egg production, on

a ration containing no salt added, than by those on a ration contain-

adequate salt levels. As noted, turkey hens in the present experiment

were provided the laying rations when lighted on January 1. There

were numerical differences in the level of blood magnesium between the

three treatment groups and this is reflected on the data of both shell

thickness and shell breaking strength. There was a significant.dif-

ference (P<0.05) in the level of blood sodium between, the turkey hens

fed .50, .10% and those with 0% added dietary salt at the end of the

experiment.

Table 16 shows the fertility and hatchability data of the three

treatment groups over the five month period. There were non-signifi-

cant differences in the percentage fertility and total hatchability



Table 15. The effects of different dietary salt levels on body weights, blood minerals and some egg
qualities of (MW) turkey hens.

Treatments
(added salt) Initial Middle Final

(kg) (kg) (kg)

Body weights Egg 1 Egg
shape weights
index (gm)

(%)

Blood Minerals

Ca Ca k12. kla Na Na
1 2 1 2 1 2

(mg/100) (mg/100) (mEq/liter)

a a
5.7.50% 5.8a 71.0

a
71.0

a
14.0a 16.8a 8.0a 10.0a 187.6a 203.4a

.10% 5.6a 5.8a 5.7a 70.0
a

69.0a 14.0a 16.4a
7.7a 9.9a

185.0a 183.9a

0% 5.6a 5.5
a

65.3
b

5.6a 68.0a 13.7
a

15.8
a

7.6a 9.4a 186.0a 143.9b

1
See Footnote 2, Table 8.

2
Blood minerals; 1, initial; 2 final.

3
Means in same column followed by unlike superscripts are significantly different (P<0.05).
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Table 16. The effects of dietary salt levels fed to (MW) turkey hens
on fertility and hatchability.'

Treatments Eggs set Fertility Hatch fertile Hatch total
(added salt) No. (%) eggs eggs

(%) (%)

.50% 1353 94.7a 82.48 75.18

.10% 1310 93.4a 79.18 72.08

0% 1300 95.2a 78.08 71.08

1
See Footnote 1, Table 8.

Means in same column followed by unlike superscripts are significantly
different (P<0.05).
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between the three added dietary salt levels. The dead embryos from

the eggs of hens fed low sodium diets opened on 24 and 29 day of in-

cubation showed abnormal appearance in their development (Figure 13).

The size of the dead embryo from turkey hens fed 0% added dietary

salt was smaller than the embryos from .50, and .10% added dietary

salt. Also there was a very high incidence of petechiae hemorrhages

on.the body of the'embryos. Some embryos from turkey hens fed 0%

added dietary salt showed shortened beak development, this is in

comparison to embryos from both .50 and .10% added dietary salt.

According to the work (Barlow et al. 1943; Halpin et al. 1936)

with sodium chloride in the nutrition of poultry, optimum rather

than minimum requirements were sought, and levels from 0.5 to 1.0%

were accepted as adequate, thus agreeing with the findings of this

study.

The interrelationship between sodium and chloride in animals

have been well established. Sodium exists in the body as the major

cation of extracellular fluid while chloride is the main anion of

extracellular fluid. Thus a close physiological affinity exists

between the chloride and sodium ions. Both function in a similar

manner to regulate osmotic pressure and acid-base balance. The

practical consequence of an ionic imbalance is that nutrients may

enter metabolic processes designed for maintenance of normal acid-

base balance rather than entering the metabolic pathways leading to

formation of milk or eggs (Combs, 1981). Cohen et al. (1972) reported

that the result of feeding diet low in either sodium or chloride on

acid-base balance. They showed that this resulted in an increase in

plasma pH and bicarbonate as the Na /Cl ratio increased. A similar

relationship was demonstrated with pH and bicarbonate against (Na+K

-C1) by Mongin (1980).



Figure 13. The abnormal embryos with petechia hemorrhage due to low
dietary sodium levels.
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SUMMARY AND DISCUSSION

Female. Breeder Experiments I, II, III, and IV.

Results of the study on female turkey breeders fed low calcium-

phosphorus at different levels over different lengths of time showed

that these variables significantly affected egg production intensity

and laying pattern. The egg production pattern fluctuated with the

level of the mineral element in the feed and length of time fed.

Further information concerning relationship of sodium chloride to

calcium and phosphorus was presented by Damron and Harms (1980).

These workers reported that egg production was numerically decreased

when the dietary calcium level was increased from 3.5 to 6% in the

presence of .18% supplementary NaC1, but increasing the NaC1 level

from .18 to .35% resulted in numerically decreasing egg production,

however, when the level of calcium was increased from 2.25 to 3.5%

egg production was restored, Damron and Harms (1980).

There were significant differences in shell thickness and shell

breaking strength between the turkey hens fed the control diet or .45%

calcium for 3.5 days and the hens fed .45% calcium for 7 and 14 days,

respectively. Damron and Harms (1980) also reported on the interre-

lationship between dietary sodium chloride and phosphorus level.

When the diet contained .45% total phosphorus, increasing the supple-

mentary sodium chloride from .18 to .35% resulted in improved egg

production. The interaction between sodium chloride and phosphorus

was further studied by Choi et al. (1980). They found that increas-

ing the dietary phosphorus level resulted in a linear decrease in

egg production when the diet contained no supplementary sodium

chloride.

Using different levels of sodium chloride in holding rations

delayed the onset of egg production and positively influenced egg

shell thickness and laying intensity. Numerical differences were

obtained in the shell breaking strength, egg shape index and egg

weights. The effects of different dietary sodium chloride levels
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of (.50, .25 and 0%) showed differences when fed to the hens. But

when levels of added dietary sodium chloride (.50, .10 and 0%) were

fed in a diet containing low sodium, there were significant differ-

ences in egg production, egg weights and egg shell thickness of turkey

hens. It was apparent from data obtained and observation of the devel-

oping embryo that shell texture and embyro development were affected

when low levels of sodium in the diet was fed. The defect in shell

texture, described as pimpling of the egg shell was found in the group

fed 0 and .10% added dietary salt supplementing the low sodium in the

diet. Recently, incidence of thick egg shells have been attributed

to the genetic differences and the differences in the level of vitello-

genin binding proteins in hens with thick egg shells (Grunder et al.,

1980). They reported a positive correlation between serum calcium and

vitellogenin binding protein in hens that lay thick shelled eggs. It

could be that there is a difference in the level of carbonic anhydrase

enzyme activity between hens that produce thick and thin shelled eggs.

This enzyme is responsible for the formation of the bicarbonate needed

in the process of egg shell formation (Nesheim et al., 1979).

The eggs from turkey hens fed .50, .10 and 0% added dietary

salt when broken out at 29th day of incubation showed short beak

and petechiae hemorrhage on the embryos. The results of the studies

further showed that low added salt levels in a sodium deficient diet

significantly affected egg production and sodium blood levels in

turkey hens. A recent study by Miles and Harms (1981) indicated that

changing the blood phosphorus level by manipulating the levels of

dietary phosphorus, calcium or sodium greately influenced egg shell

quality. Increasing the dietary calcium from .42 to 1.4% resulted in

a significant increase in blood phosphorus and decreased specific

gravity of eggs. Costa et al. (1980) showed that a dietary deficiency

or an excess of phosphorus significantly decreased the egg shell

quality. This would indicate that there is an optimum level of blood.
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phosphorus which would result in the best chicken egg shells.

There is a general belief that the dietary cation/anion relation-

ship is extremely important in the nutrition of laying hens and turkeys. In

the past it has been suggested that changing this relationship would

result in changing the acid-base balance in the blood of birds by

influencing the performance of laying hens and improving egg shell

quality. From the results of this study, and other recent studies,

it could be implied that changing the phosphorus level influences

egg shell quality with this influence being more on the egg than on

the blood pH.
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RESULTS

Calcium levels on semen quality; Breeder males Experiment I.

Tables 17 and 18 shows the effects of three dietary calcium

treatment levels (2.2, .45, and .15%) on semen quality and hatch-

ability of fertile eggs. Numerical differences were obtained in the

body weights between the turkey males fed the three dietary calcium

levels, however, the differences were not significant. The turkey

males fed a diet with 2.2% calcium produced significantly less mean

semen (P<0.05) volume than those fed .45% and .15% calcium diets. A

significant difference (P<0.05) was observed in the percentage of

sperm packed cell volume for males fed the .45% dietary calcium in

contrast to the samples from the other two treatments (2.2 and .15%).

No significant difference was found in sperm packed volume between

2.2% and .15% dietary calcium. The percentages of live-dead sperma-

tozoa (Table 17) shows that varying the levels of calcium in the diet

affected this quality only slightly. However, the males fed 2.2%

dietary calcium had a higher incidence of both crooked necked sperma-

tozoa (classified as dead spermatozoa) and bent spermatozoa. The per-

centages of dead spermatozoa (3.6, 3.4, and 3.5%) did not affect the

fertilizing capacity as will be reported later. This is in agreement

with the findings of Wilson et al. (1969) who reported that a signifi-

cant decrease in fertilizing capacity occurred when 1% dead spermatozoa

was observed. In contrast, the findings of Edens et al. (1973) reported that

dead spermatozoa exceeding 10% significantly affected fertility.

Data in Table 18 shows the fertility and hatchability of eggs from

turkey hens inseminated with semen from males fed 2.2, .45 and .15%

calcium diets. The data shows the percentage of fertilized egg ob-

tained using semen from each treatment group (based on breakout of

eggs at tenth day of incubation) differed non-significantly amongst

the groups. This is similar to the findings of Saeki (1960) that

the occurrence of crooked neck spermatozoa has no influence on the

motility of the spermatozoa but may be negatively correlated with the

fertilizing capacity. The findings of Parker et al. (1942) showed



Table 17. The effects of three levels of dietary calcium on body weight and semen quality of turkey males.

Treatment
(calcium levels)

Initial
bOdv wts

Final
body wts

Mean
semen volume

Packed
cell volume

Live-Dead
spermatozoa

( %) (%) (%) (%) (7.) (%)

2.2% 11.0a 12.2%a .206
a

21.2
a

3.6a

.4.5% 11.0
a

12.2%a .257
b 26.0

b
3.4a

.15% 11.3
a

12.0%a .250
b

22.0a
a

-Means in same column followed by unlike superscripts are significantly different (P<0.05).
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Table 18. Fertility and hatchability of eggs from hens inseminated
with semen from males fed different levels of calcium.1

Treatments Eggs

(calcium levels) set

(%) No.

Fertility

(7)

Hatch of Hatch of
fertile eggs total eggs

(7.) (%)

2.2% 1339 94.8a 75.3a 68.1a

.45% 1238 92.6a 77.9a 69.9a

.15% 1290 93.8a 79.7a 72.1a

1See Footnote 1, Table 8.

Means in same column followed by unlike superscripts are significantly
different (P<0.05)
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that no correlation existed between percent abnormal spermatozoa and

fertility in the chicken. The semen from each treatment was diluted

(1:1) with semen extender (BPE) before insemination. As noted from

high fertility levels this dilution did not markedly affect the fer-

tilizing capacity of the spermatozoa.

Data for percentage hatchability of eggs shows non-significant

differences between eggs fertilized with spermatozoa from males fed

2.2, .45, and .15% dietary calcium levels. Feed consumption (Figure

14) was similar for the turkey males fed .45% and .15% dietary calcium

during the entire period of the study. The feed consumption was higher

for the lower two calcium diets compared to those of the turkey males

fed 2.2% dietary calcium.

Zinc oxide levels on semen quality; Breeder males Experiment II.

Two studies were conducted on the effects of dietary zinc oxide

on body weights and semen quality of turkey males. Table 19 shows

that the results of the study with 0 and 3,000 ppm zinc oxide supple-

ment level. When the body weights of the two groups were compared

at the end of the study, there was numerical difference in the weight

gain, but this was not significant. The group on supplemental zinc

oxide lost body weight when compared with the average starting body

weight. The males in this group showed loose feathering and some

males exhibited unsteady gait indicating a balance problem. This is

in agreement with the findings of Riley (1970) that high zinc oxide

levels caused feather and leg problems and reduction of body weight

gain in poults.

There was a significant difference (P<0.05) in both the semen

volume and packed sperm volume between the group without supplemental

zinc oxide. Within each treatment there were significant differences

(P<0.05) in the packed sperm volume when the centrifugation time was varied

between 6, 9, and 12minutes. The difference was significant between 6 and 9
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Figure 14. Comparative feed consumption of turkey breeder males fed
a breeder ration with 2.2% calcium continuously



Table 19. The effec1 ts of high zinc oxide levels in turkey male breeder feed on body weights and semen
quality.

Treatments
(zinc oxide
levels)
PPM

Initial
body wts

(kg)

Final
body wts

(kg)

Semen
volume
(ml)

Centrifugation
time

(minutes)

Packed
cell volume

(%)

Haemocytometer
spermatozoa

3COeglai

0 11.9a 12.3a .29a 6 26.6a

9 22.9a 7989a

12 21.2
b

3,000 11.8a 11.4a .26
b

6 24.7a

9 21.6
a

7220
b

12 19.4
b

1

Means in same column followed by unlike superscripts are significantly different (P<0.05).
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minutes compared with 12 minutes. The haemocytometer spermatozoa count

also showed a significant difference (P<0.05) between the two groups.

This significant difference in the haemocytometer spermatozoa count was

reflected in the packed sperm volume percentage between the two treat-

ments. The correlation coefficient (r) between haemocytometer sperm

count and percent packed sperm volume was computed and the results are

shown graphically (Figure 15). The r value between percent packed

sperm volUme and the haemocytometer sperm count was .94 for the group

of turkey males fed the basal ration. This is in agreement with the

report of Taneja and Gowe (1961) who indicated an r value of .93 for

White Leghorns and also with the report of Arscott and Kuhns (1969)

who indicated an r value of .84 for chicken males.

Table 20 shows the results of another experiment with turkey males

fed four supplemental zinc oxide levels, There was a significant dif-

ference (P<0.05) in the body weight between 0 or 3,000 ppm supplemental

zinc oxide levels and the 15,000 and 30,000 ppm supplemental zinc oxide

levels. Signs of rapid loss of feathers and leg problems were observed.

Thus, this agrees with the findings of Riley (1970). Weekly feed con-

sumption comparisons indicated a significant difference (P<0.05)

occurred between the turkey males fed 0 and 3,000 ppm supplemental zinc

oxide levels compared to 15,000 and 30,000 ppm supplemental zinc oxide

levels. This is in agreement with the findings of Golan and Creger

(1979) that high zinc oxide supplemental levels decrease feed consump-

tion in turkey females.

The semen volume showed a significant difference (P<0.05) between

0 ppm and the 3,000, 15,000 and 30,000 ppm supplemental zinc oxide

levels. Further analysis between treatments showed a significant

difference (P<0.05) in the packed sperm volume between the turkey males

fed 0 or 3,000 ppm and those fed 15,000 and 30,000 ppm zinc oxide supple-

mental levels. In examination of stained semen it was found that the per-

cent live-dead spermatozoa indicated significant differences (P<0.05)

between the two highest and the two lowest supplemental levels. Data

comparison showed that there were significant differences (P<0.05)

between 0 ppm supplemental level or the 3,000 and 15,000 ppm supplemental



0

E

5 10 15 20 25

Packed sperm volume (%)

30 35

Figure 15. Sperm count versus packed sperm volume for turkey
males fed basal ration.
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Table 20. The effects of different dietary levels of zinc oxide on turkey breeder male body weights,
feed consumption and semen quality.'

Treatments Initial Final Feed Semen Packed During Two weeks

(zinc oxide body wts body wts consumption volume cell volume treatment post-treat.
levels) (ppm) (kg) (kg) (weekly)

(kg)

(ml) (%) live-dead
sperm (7)

live-dead
sperm (%)

0 12.0
a

12.3a 3.1a .28a 26.7a
a

3
a

3

3,000 12.2
a

11.4a 2.3a .25
b

24.6a 5
a

4
a

15,000 12.0a 10.7
b

1.45
b

.23
b

22.4
b

7
b

5.2a

30,000 11.7a 10.5
b

1.4
b

.18
b

21.0
b

10
b

6.5
b

IMeans in same column followed by unlike superscripts are significantly different (P<0.05).
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levels, with the 0 ppm supplemental level showing the highest incidence

of live spermatozoa. When the percent live-dead treatment comparisons

were made two weeks after zinc oxide feeding ended there were signifi-

cantly lower percent dead spermatozoa (P<0.05) in the three lowest zinc

oxide treatments as compared to the highest zinc oxide treatments. The

results of this study thus showed that high supplemental zinc oxide

levels in the feed of turkey males is detrimental to the bird and ad-

versely affects feed consumption, body weight gain and semen quality.

Salt levels on semen quality; Breeder males Experiment III.

The results of the data analysis of the effects of different

levels of dietary sodium chloride (salt) on turkey males fed for

16 weeks are shown in Table 21. There were no significant differences

in the body weight between the three sodium chloride treatment (0, .25

and .50%). This disagrees with the findings of Nesbeth et al. (1974)

that feeding low salt diet resulted in a decline in feed consumption

and body weight. The average feed consumption also showed no signi-

ficant difference between the three salt treatments. This is in

agreement with the findings of Begin and Johnson (1976) that feed

consumption in adult chickens decreased with levels of 0 to 0.25%

dietary salt.

A significant difference (P<0.05) was found in semen volume

between the turkey males fed 0% sodium chloride and other two groups

fed .25 and .50% sodium chloride. A significant difference (P<0.05)

was also found in the packed sperm volume between the turkey males

fed 0 or .25% and .50% added dietary salt levels. The percent live-

dead spermatozoa showed only a slight numerical difference. This

is in agreement with the findings of Mongin (1980) that in-balance

acid-base homeostasis affect some physiological functions in an

animal.

Throughout the period of study, the turkey males on the three

added dietary salt levels remained alert and active. In none of the
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Table-21. The effects of different dietary salt levels on body weight,
feed consumption and semen quality in turkey breeder males.

Treatments Body Weekly feed Semen Packed Live-dead
(added salt) wts consumption volume sperm sperm

(kg) (kg) (ml) volume (%)

(%)

a
0% 11.0a 2.7a .24 22a 4a

2.25% 11.8
a

.9
a

.26
b

23a 3
a

a a b
27b11.7 2.9 .31 27.50%

3a

1Means in same column followed by unlike superscripts are significant-
ly different (P<0.05).
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three treatment groups did the dietary salt levels markedly reduce

feed consumption or body weight.
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SUMMARY AND DICUSSION

Male Breeders; Experiments I, II, and III.

Three experiments were conducted with calcium, sodium chloride

and zinc oxide to study the effects on body weights and semen quality

of turkey males. Using three levels of dietary calcium (2.2, .45,and

.15%) body weight and semen quality were studied.' Numerical but non-

significant differences were obtained in the body weights between the

three dietary calcium levels. These levels are reflected in the meta-

bolism of calcium which is controlled and influenced by a large number

of factors, the most important being vitamin D and the dietary phos-

phorus. Significant differences were observed in the mean semen

volume between the highest dietary calcium and the two lowest dietary

calcium groups. The percent packed sperm volume showed significant

differences between .45% dietary calcium and the other two treatment

groups.

When different levels of supplemental zinc oxide were included in

the diet of the turkey males, weight gain was significantly reduced in

the groups fed the two highest zinc oxide levels. The influence on

body weight by zinc oxide and calcium showed a relationship, thus it

appears that the requirement of zinc in animal diets is influenced by

the level of calcium which is apparently related to the phytic acid

content of the diets (Jensen, 1980). Percent packed sperm volume and

live-dead spermatozoa, mean semen volume and feed consumption were

significantly affected in the turkey males fed the two highest zinc

oxide supplemental levels.

Sodium and chloride are among the major constituents of the body

fluids and are the extracellular components. These elements are low

in feedstuffs. They have been used as supplements in practical diets.

When three levels of dietary sodium chloride (0, .25 and .50%) were

fed to turkey males, numerical differences were observed in the body

weights and the percent live-dead spermatozoa. But significant dif

ferences were found only in mean semen volume between the lowest and
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the two higher dietary salt levels. Percent packed semen volume

showed significant differences between the highest and the two lowest

dietary salt levels fed to the turkey males. It is apparent that low

Na:C1 ratios depressed growth rate and affected semen quality. Clear-

ly the proper nutritional Na ;Cl ratio, which often changes with age,

is required in the diets. A similar relationship had been demonstra-

ted by Mongin (1980) in which the algebraic difference between the

cations and chloride was used.

It is possible that the mineral elements induced changes in

plasma pH, similar to the findings of Cohen and Hurwitz (1974). This

may explain the effect of these mineral elements (calcium, zinc oxide

and sodium chloride) which in the diet of the turkey males induced

changes in the semen quality. A supply in the diet of discreet amount

of mineral elements including calcium, zinc oxide and sodium chloride

is required for maintenance and production. More-over the interac-

tion between the dietary sodium and chloride is an important metabolic

determinant of blood plasma pH as the ions may interact at the level

of the intestine, kidney and body cells' membranes.
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SUMMARY AND CONCLUSION

Several experiments involving poults and turkey breeder males

and females were conducted with one objective of studying the effects

of sodium chloride on field rickets in poults. A second objective was

to study the effects of mineral elements on reproduction.

The following is a summary of the findings reported herein:

1. Field Rickets; Experiment I.

The results showed significant differences in weight gains, blood

minerals (calcium, sodium and magnesium), adrenal gland weights,

mortality and tibiotarsus deformity between the high and low levels

of sodium chloride. The bones failed to calcify resulting in a

soft type of rickets. The importance of adequate levels of sodium

chloride therefore cannot be overlooked to achieve maximum growth

and efficiency in poults, the normal physiological functions

and reduced mortality. Ranges in salt could be accepted pro-

vided that this is within the recommended levels, (NRC, 1977).

But the results of this study and subsequent studies showed that

higher than NRC minimum requirement levels were necessary in

improving growth and efficiency probably because of the strain

of poults used.

2. Field Rickets; Experiment II.

The results showed significant differences in weight gains, feed

conversion and thyroid gland weights between the poults on the

graded levels of salt. Mortality percentage was highest amongst

the poults on the lowest dietary salt levels. With the highest

salt levels, poults maintained the best lixiability through the

fourth week of the study. Severity of bone (tibia/ribs) abnor-

malities score increased with decreasing dietary salt levels. The

graded levels of dietary salt alsd affected feed utilization signi-

ficantly amongst the poults. The poults on 0, .025 and .05% added
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salt diet showed abnormal cartilage formation found mainly in the

proximal end of the tibiotarsus and tarsometatarsus. Because this

condition was generally found between three to four weeks of age,

it showed that the cause of the abnormality though not indicated

from this study, may not be due to maternal effect. It appears

from the result of this study that at least .40% total salt is

required to achieve maximum growth.

3. Field Rickets; Experiment III.

The result showed significant differences in bone ash, body weight,

bone breaking strength, tibia weight, bone weight/body weight,

mortality and serum alkaline phophatase level between the sodium,

chloride and sodium chloride treatments. There was a significant

difference within the sodium, and chloride treatements. Micro-

scopic lesions were variable in the bones, medullary spaces of the

proximal metaphysis contained undifferentiated mesenchymal cells.

Nervous symptoms were observed in the chloride group. Thus ade-

quate levels of sodium and chloride are essential as inadequate

levels is one of the possible causes of soft type rickets. But

theoretically, four or more possibilities could be considered as

the cause of this soft type rickets including;

a. Vitamin D was not absorbed.

b. The metabolism of vitamin D
3

to its active metabolite was

hindered (Deluca, 1971).

c. The action of vitamin D or its active metabolite at the target

organs e.g. intestinal mucosa was inhibited.

d. Excess chloride, phosphorus, calcium and magnesium may cause

imbalances in plasma' mineral levels.

4. Low calcium-phosphorus; Breeder females Experiment I.

The results of an experiment in which 2.2% calcium was fed for the

duration or at intervals and .45% calcium fed for a total of 14,

28, and 56 days at intervals of 3.5, 7, and 14 days showed signi-

ficant differences in egg shell thickness and breaking strength

between the high and low levels. There was no large decrease in
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egg production suggesting this to be a way to remove turkey hens

from egg production for a few weeks. Differences were seen in

the egg shape index and feed per dozen eggs but these were not

significant. Numerically, hatchability percentage differed

between the calcium treatments. Thus there was a relationship

between embryonic mortality, hatchability and shell thickness

amongst the various calcium levels.

5. Low salt holding ration; Breeder females Experiment II.

The findings of this study showed that there were significant

differences in egg production and egg shell thickness of the

hens. There was no significant difference in egg weights

between the three dietary salt levels but the size of the

individual eggs were increased within the first two weeks of

lay. There was no significant difference in egg shape index,

shell breaking strength and feed per dozen eggs. Although the

hens on the two lowest salt levels consumed less feed, they

required more feed to produce a dozen eggs. The holding ration

probably played a part in the increase size of the initial eggs

laid at the first two weeks of egg production.

6. Different salt levels on egg quality; Breeder females Experiment III.

The results indicated significant differences in egg production,

egg weights and egg shell thickness between the hens fed the two

highest and the lowest dietary salt. There was no significant

difference in the egg shape index, shell breaking strength and

feed per dozen eggs. The size of the eggs, though significant

(between .50 and .25 or 0%) , were small especially when compared

for the entire production period.

7. Salt levels on general physiology; Breeder females Experiment IV.

The results showed significant differences in egg production, egg

weights, shell thickness and sodium levels between the three diet-

ary salt levels. No significant differences in egg shape index

between the three dietary treatment groups. Low dietary sodium

levels affected egg shell quality by the increase of pimpling. Embryonic
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development was affected by showing incidence of petechiae hemor-

rhages on dead embryos. Feed consumption, although reduced in the

two lowest salt levels, was not significant. Amongst the principal

reaction of the turkey female to the lowest levels of dietary

sodium with (lowest added dietary salt) included decrease in egg

production, abnormal shell texture and embryonic development. In

none of the experiments, however, did the given level of sodium

and chloride restrict egg production altogether.

8. Calcium levels on semen quality; Breeder males Experiment I.

The results showed significant differences in semen volume, between

the highest and the two lower calcium levels. Data for packed cell

volume showed a significant difference between .45% calcium and

the other calcium levels. No significant differences were seen in

feed consumption and hatchability of egg fertilized with semen

from the males fed the three dietary calcium levels.

9. Zinc oxide levels on semen quality; Breeder males Experiment II.

The first study showed significant differences in semen volume,

packed sperm volume and haemocytometer spermatozoa count between

males on the basal feed and the males fed the basal diet supple-

mented with zinc oxide (3,000 ppm). The final body weight between

the two groups showed a difference, though not significant. The

study showed that high levels of zinc oxide is detrimental to the

bird.

The second study showed significant differences in semen volume,

packed sperm volume, body weights and feed consumption between

the four supplemental zinc oxide levels of either 0, 3,000,15,000,

or 30,000 ppm. Dead spermatozoa, molting and leg problems were

seen also in these groups. Thus the data from this study sug-

gested that a detrimental effect will occur in males, adversely

inhibiting productivity, weight gain and good semen quality.
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10. Salt levels on semen quality; Breeder males Experiment III.

It was found that there were significant differences in semen

volume between the lowest and the two highest salt treatments.

Data for packed sperm volume showed a significant difference

between the highest and the two lowest treatments. Non-signifi-

cant differences were seen in the body weights, feed consumption

and percent live-dead spermatozoa. The small percent dead sperm-

atozoa seen in the lowest dietary salt level probably could not

adversely affect the fertilizing capacity.
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