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ABSTRACT

The present study was conducted to study the effects of both breed and
. different systems of feed restriction during the rearing period from 10 up to 22 weeks
of age on growth and laying performance of Campbell and Domyati ducks. At 10
weeks of age, 180 ducklings (144 females and 36 males) from each breed were
randomly assigned to 6 feeding systems up to 22 weeks of age; where the first group
(control) was fed ad libitum throughout the experimental period (AL), the second and
third groups were fed on 80 and 60% of the intake of AL group (80 and 60% AL), the
4" group was fed 80% AL mixed with 20% fine sawdust (DL) and the 5" and 6"
groups were fed ad /ibitum daily except that feeding was skipped for one or two days
per week (W1 and W2), respectively. During the laying period from 22 to 46 weeks of
age, however, all groups were fed on ad libitum basis.

The criteria of response were live body weight, flock uniformity, age at sexual
maturity, feed intake, feed conversion, laying rate, egg weight, egg mass, viability
percentage, eggs fertility and hatchability percentage, egg quality (shape index, shell
thickness and yolk index), and some blood constituents (plasma calcium, inorganic
phosphorus and progesterone), and costs, returns and economic efficiency. The
obtained results can be summarized as follows: Significant breed differences were
observed between the two breeds in live body weight at 22 weeks of age, flock
uniformity, age at sexual maturity, daily feed intake, egg weight , egg mass, level of
plasma progesterone (except at 30 weeks of age) and viability. However, feed
conversion, laying rate, eggs fertility and hatchability percentages, egg quality and
levels of plasma calcium and inorganic phosphorus were not affected by breed. The
application of feed restriction during the growing period (10-22 weeks of age) reduced
. body weight at 22 weeks of age, delayed age at sexual maturity, and improved eggs

fertility and hatchability percentages. Feed restriction also significantly affected flock
uniformity, laying rate (in favour of DL and W2 groups), egg mass (in favour of 60%
AL, DL and W2 groups), viability, egg quality and blood constituents, while daily feed
intake, feed conversion and egg weight were not affected by feed restriction. Due to
the application of feed restriction during the growing period (10-22 weeks of age) the
feeding costs were decreased, and generally, this resulted in achieving greater results
and economic efficiency; especially with the 80% AL and W1 groups.

Keywords: Domyati and Campbell ducks, feed restriction systems, subsequent

performance, fertility and hatchability, egg quality, blood constituents.

INTRODUCTION

Feed restriction has been used during the rearing period of chickens
(o regulate rate of growth, reduce the incidence of obesity and to control age
* “at sexual maturity in replacement pullets. This practice has been led, but in
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consistently, to other benefits such as reduced mortality and increasing egg
production during the subsequent laying period. At the onset of egg
production, egg weight is actually not large enough for commercial purpose. _
Delay of sexual maturity in birds by feed restriction programs aims to obtain
large eggs, at least, during the early laying period (Lee et al., 1971b). The
proportion of abnormal eggs laid by hens was substantially reduced by feed
restriction during the rearing period (Johnson et al., 1984). The peak of egg
production was higher for pre-laying feed-restricted birds compared with ad
libitum-fed hens, but age at peak production was similar for both (Robbins et
al.. 1986). One disadvantage of ad libitum feeding during the growing period
is that the birds tend to consume more feed than do the feed-restricted birds, -
making it more difficult to maintain uniformity under commercial type
conditions (Bennett and Leeson, 1989). Uniformity of pullets can be judged
by their peak of egg production. High peak of egg production have been -
shown to be an indicator of flock uniformity (Gous and Stielau, 1976).

In general, feed restriction for birds during the growing period could
be carried out by restricting total feed intake, dilution of the ration, feed
withdrawal for one or two days weekly, reducing the daily photo-or feeding
period, restricting the daily energy or protein intake, restricting the daily
allowances of some amino acids, some vitamins or trace elements, adding
unpalatable compounds to the ration, or using a combination of some of
these methods.

In recent years, there has been a considerable interest in the use of
feed restriction for growing replacement stock of ducks in order to improve
their productive and reproductive performance during the subsequent laying
period, and to decrease the production costs. Much of the research on
nutrient requirements of laying hens has been carried out on chickens, but
little is known about those of ducks.

The present study was undertaken to determine the effects of using
some selected methods of feed restriction during the rearing period (10-22
weeks of age) on growth and subsequent productive and reproductive

performance of Domyati and Campbell ducks. In addition, an economic
evaluation was made.

MATERIALS AND METHODS

The present study was conducted at El-Serw Poultry Research
Station, El-Serw, Damietta, belonging to Animal Production Research
Institute, Agricultural Research Center, Egypt.

Two breeds of ducks (Domyati and Campbell) were used in this
study. Domyati ducklings were obtained from the El-Serw Poultry Research
Station, while those of Campbell ducklings were purchased from a Baladi
Hatchery at Sharkia Governorate.

Birds were fed a starter ration from one-day old to 6 weeks of age
and a grower ration from 6 to 22 weeks of age. During the laying an ordinary
layer ration was used from 22 to 46 weeks of age. Composition and chemical
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analysis of all rations are shown in Table (1). Rations were offered to birds in
a dry-mash form. Fresh and clean water was available all the time.

Table 1. Composition and chemical analysis of the rations offered to the
ducks throughout the experiment.

Experimental Diets
Ingredients (%) Starter; 0-6 | Grower; 6-22 | Layer; 22-46
weeks weeks weeks
Yellow corn 65.00 63.00 66.00
Soybean meal (44%) 30.45 15.50 21.50
Wheat bran 0.65 17.78 2.74
Limestone 1.40 1.80 7.60
Dicalcum phosphate 1.80 1.25 1.50
Vit. + Min. premix* 0.30 0.30 0.30
Salt (NaCl) 0.30 0.30 0.30
D L-Methionine 0.10 0.07 0.06
Total 100.00 100.00 100.00
Calculated analysis**:
M E (Kcal/kg) 2864 2686 2725
Crude protein (%) 19.13 15.04 15.56
Crude fiber (%) 3.7/2 4.48 3.32
Ether extract (%) 2.73 2.56 2.66
Calcium (%) 1.03 1.04 3.41
Total phosphorus(%) Q.72 0.72 0.64
Methionine (%) 0.15 0.11 0.10
Lysine (%) 0.11 0.09 0.09

* Contents per 3 kg permix: Vit. A 10000000 IU, Vit. D; 1000000 IU, Vit. E 10g, Vit. Kilg,
Vit. By 1g, Vit. B; 4 g, Nicotinic acid 20 g, Vit. Bs 1.5g, Pantothenic acid 10g, Vit. By2 10g,
Folic acid 1g, Biotin 50 mg, Choline chloride 500 g, Zinc 45 g, Copper 3 g, lodine 0.3 g,
iron 30g, Selenium 0.1g and Manganese 40g.

= According to NRC (1994).

Experimental design:

At 10 weeks of age, 180 duckliings (144 females and 36 males) from
each breed were randomly chosen, leg banded and divided into 6 equal
groups, each of which was assigned to one of 6 feeding systems. The
ducklings of each group were subdivided to three replicates of 10 birds each
(8 females and 2 males). All replicates had nearly equal means of live body
weight.

During the growing period from 10 to 22 weeks of age, the
experimental groups were fed according to the following feeding regimes:
Birds of the first treatment were fed ad libitum (AL) and served as a control.
Birds of the 2™ and 3™ groups were fed at a level of 80 or 60% of the intake
of AL group; denoted as 80% AL and 60% AL, respectively. The birds of the
4™ group (DL) were fed at a level of 80% AL mixed with 20% fine sawdust
(wt/wt). The birds of the 5" and 6" groups were fed ad libitum daily except
that feed was withdrawn for one or two days weekly; designated as W1 and
-« W2, respectively. The amount of feed offered to the restricted groups was
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determined on the basis of the amount of feed consumed by the ad libitum
group during the preceding day.

At 22 weeks of age, however, all ducks of all treatments were fed ad
libitum on the ordinary layer ration to the end of the experiment at 46 weeks
of age. All birds were kept under the same managerial and hygienic
conditions.

Parameters estimated:
Growing period (10-22 weeks):

The birds were individually weighed at 10 and 22 weeks of age.
Uniformity of the ducklings (defined as the percentage of ducklings having
live weight values ranked in the range of £10% around the average weight of
the treatment) was calculated according to North (1984). Viability percentage
was calculated throughout the rearing period from 10 to 22 weeks of age.

Laying period (22-46 weeks):

Age at sexual maturity was considered as the age of ducks at the
time of laying the first egg in each pen. Also, records on daily feed
consumption, egg weight, egg production rate (expressed as hen-day and
hen-housed bases), feed conversion and total egg mass were maintained.
Viability rate was calculated throughout the laying period from 22 to 46 weeks
of age.

On 30, 38 and 46 weeks of age, 3 batches of hatching eggs (30 eggs
per treatment within each breed) were incubated. Eggs fertility was examined
at the 7" day of incubation. Hatchability percentage (% of fertile eggs) was
also calculated. On 30 and 46 weeks of age, 10 eggs were taken randomly
from each treatment within each breed to determine some parameters of egg
quality (egg shape index, shell thickness and yolk index).

Blood constituents: s

Blood samples were collected at 22 weeks of age (the end of the
growing period), 30 weeks of age (the peak of egg production; 85-90% egg
production) and 46 weeks of age (the end of the experiment) from the wing -
veins of 6 female ducks per treatment. Some blood constituents were
estimated in the laboratories of Animal Production Research Institute, Dokki,
Cairo; using commercial kits for the determination of levels of plasma total
calcium (Moorhead and Biggs, 1974), inorganic phosphorus ( Fiske and
Subbarow, 1925) and Progesterone (Blight and White, 1983).

Costs and returns:

Production costs were estimated on the basis of the prevailing
market prices of feeds, eggs and day-old ducklings during the experimental
period.

Statistical analysis:

Obtained data were subjected to analysis of variance (ANOVA) as
described by Gomez and Gomez (1984).
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RESULTS

Growth performance:

The effects of breed and feed restriction program on live body weight
and flock uniformity are shown in Table 2. Campbell ducklings had
significantly (P<0.01) heavier live body weight at 10 and 22 weeks of age
than Domyati ones by 32.4 and 40.7 %, respectively. Feed restriction
significantly (P<0.01) reduced live body weight of ducklings at 22 weeks of
age, particularly in the 60% AL-group compared with the AL group (control).
The breed x feeding system interaction for live body weight was not
significant. Domyati ducks had significantly (P<0.01) higher values of flock
uniformity than Campbell ones by 26.0 and 4.7% at 10 and 22 weeks of age,
respectively. The highest value of flock uniformity (%) was recorded for the
80% AL-group, and the worst one was exhibited by the 60% AL-group. The
breed x feeding system interaction for flock uniformity was significant
(P<0.01) at 10 weeks of age, while it was not significant at 22 weeks of age.
Viability percentage of ducklings during the rearing period was 100%. This
may indicate that neither breed nor feed restriction system had any effect on
viability percentage of ducklings during the rearing period.

Laying performance:

The results of the effects of breed and feed restriction system; that
was practiced during the growing period, on the subsequent productive
performance of ducks during the laying period (from 22 to 46 weeks of age)
are summarized in Table 3. Campbell ducks recorded significantly (P<0.01)
higher values for age at sexual maturity, daily feed intake, egg weight, egg
mass, and viability than did Domyati ones. No breed difference were
detected, however, in egg production rate or feed conversion.

The application of feed restriction during the rearing period (from 10
to 22 weeks of age) significantly delayed the age at sexual maturity of ducks
in comparison with the AL-fed group (control). It was observed that the W2-
group was the latest one to reach sexual maturity. Due to the effete of feed
restriction, to which ducklings were subjected during the rearing period,
significant differences (P<0.01) were observed later in egg production, egg
mass, and viability (P<0.05) of laying ducks, were as feed intake, feed
conversion and egg weight were not affected. the highest value of egg
production rate was achieved by the DL-group, and the lowest one was
attained by the 80% AL-group. Total egg mass ranged from 7026 g (80% AL-
group) to 7308 g (W2-group). The best value of ducks' viability (100%) was
exhibited by the 80% AL-group, while the lowest one (91.8%) was recorded
for the W2-group. Significant breed by feeding system inter actions (P<0.01)
were observed only for age at sexual maturity, laying rate, and viability
percentage.

6813




Tag El-Din, T.H. et al.

Table 2: Effect of breed and feed restriction system on live body weight
of ducklings and flock uniformity during the growing period

(10 to 22 weeks of age).
live body weight (g) Uniformity %.
Trsmiments 10 Weeks old|22 Weeks old|10 Weeks old 2? Weeks old
Breeds (A)
- 1613.0+11.5°(2358.0:20.8%| 71.8£3.3° 72.3+3.8
Domt. 1218.0+6.4° [1676.0+12.7°| 90.5+2.5° 75.7+2.7
Significance level e s = NS
Feeding systems (B)
AL 1411.5+31.8 |2062.0:60.8%| 86.1+5.2° 75.0+5.7%
80% AL 1416.2+32.7 |1986.0+50.7°°| 88.9+2.8° 86.8+4.9°
60%AL 1418.0:34.1 | 1938.2¢57.7°| 80.6:6.7° | 62.1+4.3°
DL 1429.0+32.1 |12029.0+62.3%| 71.5+3.1° 63.2+4.9°
W 1407.0£34.2 | 2089.0:50.4*| 71.5:3.2° 84.1+4.3
W> 1412.0+33.3 [1999.0+62.3*| 88.2+2.8° 73.0£6.1%° |
Significance Level NS = = A3
Interaction A x B )
Camp. AL 1613.0+21.8 | 2433.0:46.0 | 79.2+6.4 72.2+12.1
Camp. 80% AL 1622.0+22.9 | 2315.0+24.7 | 86.1+5.6 91.7+8.3
Camp. 60%AL 1605.4+34.7 | 2243.3+67.8 | 66.7+4.8 60.3+6.0
Camp. DL 1616.0+27.7 | 2376.0+62.6 | 70.8+4.2 62.5+10.5
Camp. W, 1603.0+35.2 | 2396.0+39.7 | 50.0:4.8 79.2+2 4
Camp. W 1618.0+27.1 | 2383.0+47.7 | 77.845.6 68.2+5.1
Domt. AL 1210.0+11.4 | 1691.0+32.7 | 93.1+6.9 77.8+2.8
Domt. 80% AL 1210.4+13.1 | 1657.1+22.1 | 91.720.0 82.0+5.0
Domt. 60%AL 1229.6+21.7 |1632.0+146.6| 94.5:2.8 63.9+7.4
Domt. DL 1242 0+20.1 | 1683.0:38.3 | 72.2:55 63.9+2.8
Domt. Wi 1210.4+13.8 | 1782.0+24.1 | 93.13.7 88.9+2.8
Domt. W- 1206.0+10.4 | 1615.0+27.5 | 98.6x1.4 77.845.5
Significance level. NS NS i NS

a-c : Means in the same column, for each criterion, having different superscripts differ
significantly.
NS = not significant; * = significant at p<0.05; ** = significant at p=0.01.

Fertility and hatchability percentages:

The effects of breed and feed restriction system; that was applied
during the rearing period, on eggs fertility and hatchability percentages are
shown in Table 4.

No significant breed differences were detected in eggs fertility or
hatchability percentages at all ages investigated. On the other hand, the
application of feed restriction during the rearing period (10-22 weeks of age)
resulted in significant improvements in eggs fertility (%) at 30, 38 and 46
weeks of age compared with that of the control (AL-group). Within feeding
systems, the improvements in eggs fertility percentage over the control group
at 30 weeks of age were 7.8, 24.1, 36.2, 30.2 and 34.7 % in the groups of
80% AL, 60% AL, DL, W; and W,, respectively. Whereas the corresponding
figures of improvement in egg fertility were 29.4, 46.8, 39.2, 23.2 and 46.6 %
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at 38 weeks of age and 11.0, 20.1, 19.3, 6.9 and 23.3% at 46 weeks of age,
in the same previously mentioned order for groups, respectively.

= The breed x feeding system interactions for eggs of fertility
percentage were significant (P< 0.05) at 38 weeks and (P< 0.01) at 30 and 46
weeks of age.

As for the effect of feeding system on eggs hatchability percentage,
the differences between the six feeding systems were statistically significant
(P< 0.05) at 30, 38 and 46 weeks old. It is noteworthy, however, that all feed-
restricted groups had better values of eggs hatchability percentage than the
control group (AL) , at all ages investigated. The breed x feeding system
" interaction for eggs hatchability percentage was significant (P< 0.01) only at

38 weeks of age.

b

" Table 3: Effects of breed and feed restriction system (10 — 22 weeks of
age) on the productive performance of ducks from 22 to 46
weeks of age.

Ageat | oo feeq | Feed E

sexual ¥ o |conversion| Laying 99 Egg mass| Viability
Treatments maturity consumption (g feed /g | rate % weight (9)

(days) (@) egg mass) (9)
Breeds [A)
Camp. 171.4#1.5°] 1755:1.6* 3.58+0.43 | 67.1+1.1|73.4:0.3%| 8274+34.1*| 98.0:0.7*
Domt. 167.7£1.5°] 156.1x1.2"° 3.44+0.35 | 68.2+0.7 | 66.5+0.3°|7619+25.3%| 95.9+1.2°
Significance e . - e -
Legvel NS NS
Feeding systems
(B)
AL 164.2:09°| 166.122.9 3.58:042 |66.6:1.6°| 69.820.7 |7807:39.4>|98.0+1.4" |
80% AL 169.8+1.1°]  165.9:+4.0 3.63:0.50 |65.0+2.1°| 70.8:0.8 | 7695+19.8° [100.0+0.0*
B0%AL 167.5:4.0b] 161.7:4.7 3.48+0.37 [66.7+0.4b| 69.7+0.7 [7810+52.3a! 96.0+1.8b
DL 170.2+2.2°|  167.3x2.9 336055 |71.2¢1.5°| 70.0:0.7 | 8379:62.7° |98.0+1.4"
W, 167.3+0.8°| 166.0£28 3.56+092 |67.1+1.8°| 69.7+0.8 | 7877+49.8°| 91.8+2.4°
W, 178.3+1.7°( 168.0:47 3.44+0.63 |70.2+0.7*| 69.8+0.7 | 8228+63.2° |98.0+1.4"
Significance - NS NS e NS o -

level

Interaction A x B
Camp. AL 165.7:0.9 174.3£1.5 3.7+0.0.81 |63.7+2.0 | 74.0£0.8 | 7920+55.5 | 96.0£2.3
Camp. 80% AL | 167.3+0.3 176.5+4.0 3.92+0.99 |60.3+0.1 | 74.7£0.8 | 7567+28.2 | 100.0+0.0
Camp. 80%AL 176.3+0.3 171.946.3 3.58+0.70 | 66.1£0.1 | 72.7+0.9 | 8073+66.6 | 100.0+0.0

Camp. DL 174.0:2.9 174.943.2 3.3£0.97 [72.3+2.9 | 73.3+0.7 | 8903+£54.5 | 96.0+2.3
Camp. W, 165.7:0.3 173.8+2.7 3.37+1.01 | 70.5+0.8 | 73.2+0.8 | 86704£65.4 | 96.0+2.3
Camp. W, 179.7+3.2 181.7+4.0 3.61+£2.15 | 69.4+1.3 | 72.9+0.9 | 8500£17.4 | 100.0:0.0
Domt. AL 162.7:0.9 157.9:2.8 3.45:0.44 |69.5+0.8 | 65.9+0.6 | 769429.1 | 100.0:0.0

Domt. 80% AL 172.3+0.3 155.343.2 3.34:0.90 |69.7+0.4 | 66.8+0.5 | 7822+49.7 | 100.0+0.0
Domt. 60%AL 158.7+0.3 151.4:3.9 3.38+0.42 | 67.2+0.6 | 66.7+0.7 | 7530+35.9 | 92.0+0.0

Domt. DL 166.3+0.3 159.7+1.8 3.42+0.75 |70.0:0.7 | 66.8£0.7 | 7856+45.8 | 100.0+0.0

Domt. W, 169.0:0.6 158.2+1.8 3.75:0.74 |63.7+2.2 | 66.2:0.8 | 7084+41.9 | 87.7+2.6

Domt. W, 177.021.7 154.4+2.8 3.26:187 |71.0:0.4 | 66.7£0.5 | 7956210.1 | 96.0+2.3

Significance - - e

level. NS NS NS NS

a.c : Means in the same column, for each criterion, having different superscripts differ
significantly.

NS = not significant ; * = significant at p<0.05 ;** = significant at p<0.01 .

L
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Table 4: Effects of breed and feed restriction system (10-22 weeks of
age) on fertility and hatchability percentages of eggs
produced by ducks at 30, 38,and 46 weeks of age . .

Hatchability percentage

Fertility percentage

Trexsmants 30 weeks | 38 weeks |46 weeks | 30 weeks | 38 weeks |46 weeks
old old old old old old

Breeds (A)
Camp. 80.4+2.7 | 83.7+3.3 | 86.5+2.1 | 79.6£3.3 | 81.4+2.7 | 81.4+29
Domt. 81.6+3.3 | 85.7+2.9 | 87.1+2.2 | 77.4+2.8 | 79.0+2.6 | 81.3£3.8
Significance level NS NS NS NS NS NS
Feeding systems
(B)
AL 66.3:7.5° | 60.9%5.8° | 76.5:4.5° | 68.5:4.9° | 65.4+4.2° | 76.326.1%
80% AL 71.515.2° | 78.8+5.7° | 84.9+52°F | 76.5:5.1% [ 73.9+4.7* | 88.8+4.0°
60%AL 82356 | 89.4:3.1° | 91.9+2.3° | 74.0+5.5™ [ 76.416.1* | 79.445.2"
DL 90.32.0° | 84.8:3.3% | 91.3+2.5% | 87.5+5.5" | 79.4:4.4™ | 87.9:33°
W, 86.322.1° | 75.0:7.2° | 81.822.2 | 79.3+5.4™ | 82.6+4.9° | 69.3:8.7°
W> 89.3:3.0° | 89.3:3.4° | 94.3:2.6° | 85.3:4.2° | 84.0+2.6° | 86.5+4.3"
Significance Level o = - B = 2
Interaction A x B
Camp. AL 88.2+32 | 56.8+0.5 | B3.5+5.0 | 74.3+7.1 | 95.2+3.1 [ 71.8+11.5

Camp. 80% AL 60.8+7.5 | 62.5+6.0 | 75.2+8.5 | 78.3+7.6 | 81.246.9 | 93.3+4.2
Camp. 60%AL 66.7+5.8 | 83.3+4.7 91.2:3.4 68.7+10.5 | 65.2+8.1 | 70.2:6.7

Camp. DL 025+2.8 | 90.2+2.4 | 90.5+2.9 | 82.7+10.7 | 72.3+6.4 | 85.546.3
Camp. W, 90.0+2.8 | 66.3+9.5 | 83.3x3.3 | 88.0+5.3 | 90.7+3.4 | 81.8+49
Camp. W2 843+43 | 83.2+51 | 95333 | 85.8+6.3 | 83.7+3.3 | 85.8:4.5
Domt. AL 443167 | 65.0:7.2 | 69.5+6.7 | 62.7+6.5 | 75.7+54 | 80.7+6.8
Domt. 80% AL 822+42 | 950416 | 94.7+26 | 747474 | 655+4.8 | 84.246.8
Domt. 60%AL 97.8+2.2 | 955+2.2 | 92.7+3.5 | 79.3:3.4 | 87.746.8 | 88.7+6.4
Domt. DL 88.2:28 | 79.3+56 | 92.0+4.2 | 92.3:3.1 | 86.5:4.9 | 90.3+23
Domt. W; 825+2.4 | 83.7+10.4 | 80.2+3.0 | 70.7+8.4 | 74.5¢8.2 | 86.8+15.7
Domt. W2 943+32 | 955+3.1 | 93.3+4.2 | 84.8+6.2 | 84.3:44 | 87.247.7
Significance level. = & i NS o NS

a-c : Means in the same column, for each criterion, having different superscripts differ
significantly.
NS = not significant ; * = significant at p<0.05; ** = significant at p<0.01.

Egg quality traits:

The effects of breed and feed restriction system on some parameters
of egg quality are shown in Table 5.

The two breeds (Domyati and Campbell ducks) had nearly similar
values of egg shape index, eggshell thickness and yolk index at 30 and 46
weeks of age, with no significant breed differences. Differences in egg shape
index and shell thickness; that attributed to the effect of feeding system, were
significant (P< 0.01) at 30 weeks of age and not significant at 46 weeks of
age. Also, there were significant differences in yolk index due to the effect of
feeding system at 30 (P< 0.01) and 46 (P< 0.05) weeks of age. Within

feeding systems, at 30 weeks of age, the W,-group had significantly thinne¥ _
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egg shells than that of the control (AL) by 8.9%, however, the other feed-
restricted groups had nearly similar values of egg shell thickness to that of
the control. The feed restriction resulted in improving yolk index of eggs as
compared to that of the control group at 30 and 46 weeks of age. The breed
x feeding system interactions were not significant for all egg quality traits
examined.

Blood constituents

The results of the effects of breed and feed restriction systems
applied during the rearing period (10-22 weeks of age) on levels of plasma
calcium, inorganic phosphorus and progesterone in the experimental ducks at
different ages, are summarized in Tables 6 and 7.

Table 5: Effects of breed and feed restriction systems on some
arameters of egg quality of experimental ducks. .

Treatments Shape index (%) Shell thickness (mm)’ Yolk index (%)
30 weeks | 46 weeks | 30 weeks | 46 weeks | 30 weeks | 46 weeks
old old old old old old
Breeds (A)
Camp. 70.5£0.7 | 71.7£0.5 | 0.379+0.004 {0.378+£0.003| 51.0£0.5 | 44.0+0.4
Domt. 70.8+0.6 | 74.8+0.4 | 0.389+0.004 [0..375+0.003| 50.8+0.5 | 45.0+0.5
Significance level NS NS NS NS NS NS
Feeding systems
(B)
AL 74.1+1.1" |73.1+0.8ab|0.392+0.007a| 0.380+0.007 | 48.8+0.9¢c | 43.1+0.5b
80% AL 74.4+0.7" | 72.1+1.0b |0.405+0.007a 0.384+0.006 | 50.4+0.7bc(44.4+0.7ab
60%AL 66.1+0.9° |73.0+0.9ab|0.390+0.007a| 0.388+0.005 | 53.1+0.9a |45.1+0.6ab
DL 73.3£1.0" |74.0+0.8ab|0.395+0.005a| 0.391+0.005 |50.5+0.9bc[43.8+0.9ab
W, 68.4+0.6° [72.8+1.0ab]0.391+0.008a[0.376+0.006 [50.3+0.8bc|44.8+0.7ab
W; 67.70.5" | 74.6:0.6a [0.360+0.007b] 0.388+0.006 [52.5+0.9ab| 45.7+0.7a
Significance level = NS i NS il o}
Interaction A x B
Camp. AL 73.242.0 | 70.8+1.1 | 0.391+£0.011 | 0.392+0.012| 49.1£1.2 | 43.1£0.7
Camp. 80% AL 74.3+1.1 | 71.2+1.1 | 0.403+£0.011 [0.397+0.008| 50.9+0.9 [ 43.7+0.5
Camp. 60%AL 66.1+1.4 | 71.6+1.2 | 0.384+0.003 [0.390+0.007 | 54.6+1.6 | 45.5+0.8
Camp. DL 74.0£09 | 72.5£0.9 | 0.395+0.007 |0.401+0.004 | 51.6+1.1 | 43.0+1.4
Camp. W, 68.7+0.7 | 69.6+1.1 | 0.397+0.006 |0.383+0.009| 48.9+0.9 | 43.9+0.7
Camp. W, 66.8+0.7 | 74.2+0.9 | 0.361+0.007 |0.401+0.008 | 50.8£1.2 | 44.6+1.0
Domt. AL 75.0£0.9 | 75.3zu.8 | 0.392+0.008 [0.369+£0.008| 48.5+1.3 | 43.0£0.9
Domt. 80% AL 74.5£1.0 | 72.9£1.6 | 0.406+0.008 | 0.370+0.008| 49.8+1.0 | 45.1+1.4
Domt. 60%AL 66.0£1.2 | 74.3+1.2 | 0.396+0.007 (0.387+0.007| 51.6+0.7 | 44.6:0.9
Domt. DL 72.5£1.9 | 75.5+1.1 | 0.396+0.008 [0.381+0.008| 49.4:1.4 | 44.6%1.2
Domt. W, 68.0+0.9 | 76.0+0.9 | 0.385+0.016 [0.369+0.009| 51.6+1.1 | 45.7+0.9
Domt. W, 68.5+0.7 | 74.9+0.7 | 0.360+0.012 [0.375+0.008| 54.1£1.0 | 46.7+0.9
Significance level. NS NS NS NS NS NS

a-c : Means in the same column, for each criterion, having different superscripts differ

significantly.

NS = not significant ; *

= significant at p<0.05; ** = significant at p<0.01 .

There were no significant breed differences in plasma calcium or
inorganic phosphorus levels at all ages examined. At the end of the growing

. < period (22 weeks old) and 30 weeks of age the two breeds had nearly equal
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levels of plasma calcium, yet its concentration in the Campbell ducks
exceeded that of Domyati ones by about 16.0% at the end of the experiment
(46 weeks of age), with no significant breed difference. Significant differences _
were detected , however, in plasma calcium concentration due to the effect of
feeding system only at the end of the growing period (22 weeks of age) and
at the end of the experiment (46 weeks of age), but at 30 weeks of age no
significant differences were observed in that respect. Within feeding systems,
the W,-group had the highest level of plasma calcium at all ages, except at
46 weeks of age. The breed x feeding system interactions for plasma calcium
concentration were not significant at all ages examined. The plasma level of
inorganic phosphorus in the AL-group mediated all groups at the end of-
growing period (22 weeks of age) and at 30 weeks of age, but it recorded the
highest value at the end of the experiment (46 weeks of age). The breed x
feeding system interactions for plasma phosphorus concentration were -
significant only at the end of the growing period (22 weeks of age).

Table 6: Effects of breed and feeding system on plasma calcium and
inorganic phosphorus concentrations of ducks at 22,30,and
46 weeks of age.

Plasma Ca (mg/dl) Plasma inorganic P (mg/dl)
Treatments 22 weeks | 30 weeks | 46 weeks | 22 weeks | 30 weeks | 46 weeks
old old old old old old
Breeds (A)
Camp. 12.7+0.9 | 39.3+1.7 | 34.9+2.2 | 5.38+0.44 | 7.82+0.57 | 6.25+0.37
Domt. 12.5:0.9 | 39.4+2.0 | 30.0+2.1 | 5.82+0.46 | 8.11+0.50 | 6.30+0.36
| Significance Level NS NS NS NS NS NS
Feeding systems
(B)
AL 12.6:1.3° | 39.3£2.2 | 40.8:4.8° |5.3720.45"| 8.5:0.55" | 7.1620.57°
80% AL 8.4+0.8° | 40.6+3.0 | 34.1+3.6° | 4.14+0.77° |7.70+1.02"] 6.86+0.78°
60%AL 12.2¢1.0° | 35.4+3.1 | 26.4:2.8° |5.25:0.51| 9.55+1.34" |5.87+0.63" |
DL 81:0.7° | 40.5:3.2 | 34.4:4.6° | 6.38+1.03" | 5.55+0.22° | 6.70+0.63°
W, 11.420.4 | 36.8£3.7 | 29.8+2.7" |5.57+0.76> | 8.63+1.07° [6.26+0.41%
A 20.2:2.0° | 43.6:28 | 29.2:2.4" | 6.88+0.90" |8.29+0.55"| 4.80:0.57"
Significance Level e NS - * & ¥
Interaction A x B
Camp. AL 13.8+0.8 | 39.0+0.9 | 44.8+0.2 | 4.23+0.51 | 7.78+0.53 | 6.82+0.42

Camp. 80% AL 8.6+1.4 | 38.5+4.1 | 35.6+6.0 | 5.48+1.29 | 6.04+0.98 | 6.03+1.27
Camp. 60%AL 12.3+1.5 | 41.3+4.8 | 32.0+1.6 | 4.40:0.14 |10.42+2.29| 7.04+1.03

Camp. DL 7.7:+1.0 | 41.8+39 | 35.0+7.3 | 4.48+0.79 | 5.56+0.37 | 7.25+1.06
Camp. W, 11.2+0.6 | 38.2+6.7 | 31.4+5.3 | 5.56+1.26 | 8.70+1.65 | 6.10+0.40
Camp. W; 20.0+3.0 | 37.2+43.7 | 30.2+4.0 | 8.13+1.44 | 8.39+0.87 | 4.24+0.38
Domt. AL 11.5+1.9 | 39.6+3.8 | 36.847.6 | 6.52+0.53 | 8.31+0.92 | 7.50+1.00

Domt. 80% AL 8.2+0.7 | 42.1£7.0 | 32.6+4.4 | 2.79+0.45 | 9.35+1.60 | 7.69+0.90
Domt. 60%AL 12.1+1.3 | 29.6+25 | 20.7+4.3 | 6.10+0.92 | 8.68+1.56 | 4.69+0.38

Domt. DL 8.5+1.1 39.2+455 | 33.8+64 | 8.29+1.60 | 5.51+0.28 | 6.15+0.72
Domt. W, 11.6+0.7 | 35.3+39 | 28.2+1.4 | 5.58+0.97 | 8.57+1.51 | 6.42+0.74
Domt. W, 20.5£3.0 | 50.0+2.0 | 28.2+42.9 | 5.640.92 | 8.20+0.76 | 5.35+1.08
Significance level. NS NS NS = NS NS
a-c : Means in the same column, for each criterion, having different superscripts differ
significantly. >

NS = not significant ; * = significant at ps0.05; ** = significant at p<0.01 .
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Table 7: Effects of breed and feed restriction system on Plasma
progesterone level of ducks at 22,30 and 46 weeks of age .

Plasma progestron (ng/mi

Treatmiants 22 weeks old %0 ?veeks oI{dg_ J_46 weeks old
Breeds (A)
Camp. 0.074+0.006° 0.493:0.049 0.158+0.036"°
Domt. 0.109+0.012° 0.466+0.048 0.395+0.070°
Significance level . NS -
Feeding systems (B)
AL 0.108+0.032 0.327+0.070 0.116+0.037°
80% AL 0.096+0.018 0.357+0.550 0.122+0.030°
60%AL 0.072+0.009 0.536+0.076 0.291+0.119°
DL 0.098+0.013 0.526+0.089 0.167+0.031°
W, 0.075+0.011 0.577+0.082 0.335+0.114°
W> 0.102+0.014 0.555+0.106 0.627+0.142°
Significance level NS NS =
Interaction A x B
Camp. AL 0.056+0.009 0.289+0.085 0.052+0.015
Camp. 80% AL 0.064+0.006 0.386+0.090 0.085+0.036
Camp. 60%AL 0.071+0.009 0.679+0.075 0.132+0.041
Camp. DL 0.106+0.022 0.470+0.115 0.105+0.031
Camp. W, 0.049+0.006 0.489+0.105 0.064+0.014
Camp. W> 0.102+0.021 0.646+0.188 0.507+0.146
Domt. AL 0.160+0.058 0.366+0.119 0.180+0.065
Domt. 80% AL 0.129+0.031 0.329+0.700 0.159+0.046
Domt. 60%AL 0.074+0.017 0.393+0.109 0.450+0.224
Domt. DL 0.089+0.016 0.581+0.142 0.228+0.041
Domt. W, 0.101+0.013 0.662+0.126 0.606+0.165
Domt. W» 0.103+0.020 0.464+0.106 0.746+0.247
Significance level. NS NS NS

a-b : Means in the same column, for each criterion, having different superscripts differ

significantly.

NS = not significant ; *

Plasma progesterone level:

= significant at p<0.05 ; ** = significant at p<0.01 .

At the end of the growing (feed restriction) period (22 weeks old) and at
the end of the experiment (46 weeks old), it was observed that Domyati
ducks had significantly higher levels of progesterone than that of Campbell
ones by 47.3 and 25.0%, respectively. On the other hand, both the two
breeds had nearly equal levels of plasma progesterone at 30 weeks of age.
Significant differences were observed in the level of plasma progesterone
due to the effect of feeding system only at the end of the experiment (46
weeks of age). Within feeding systems, although the progesterone level in
plasma of the AL-group was the highest at the end of the growing (feed
restriction) period (22 weeks of age), the opposite trend was found at the
other two ages (30 and 46 weeks of age). At 30 weeks of age and at the end
of the study (46 weeks of age), it was observed that feed-restricted groups
had higher levels of plasma progesterone than those of the AL-group
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(control). The breed x feeding system interactions for plasma progesterone
concentration were not significant at all ages examined.

Costs and returns: o

The results of the effects of breed and feed restriction system on
costs, net returns and economic efficiency are summarized in Tables 8 and 9.
Campbell ducks had higher feeding cost at 10-22, 22-46 and 10-46 weeks of
age than Domyati ones by 28.1, 12.4 and 15.9%, respectively. Also,
Campbell ducks had higher total productive costs, and egg cost at 10-46
weeks of age than the Domyati ones by 15.8 and 17.5%, respectively.

The net return and economic efficiency; on the basis of egg selling,
were higher in Campbell ducks than those of Domyati ones by 120.2 and
90.1%, respectively. On the basis of selling hatched ducklings, Campbell
ducks had higher net return than that of Domyati ones by 11.9%, however
Domyati ducks had higher economic efficiency than that of Campbell ones by
3.5%.

Application of the feed restriction during the growing period (10-22
weeks of age) decreased the feeding cost. When the feed-restricted birds
were put on full feeding (22-46 weeks of age), no tendency was observed for
consuming more feed during the subsequent laying period, therefore the feed
costs at 22-46 weeks of age were nearly similar for all groups. The total
feeding costs (LE/duck) from 10 up to 46 weeks of age for feed-restricted
groups were decreased by 5.9, 14.8, 4.5, 4.1 and 7.5% for 80% AL, 60% AL,
DL, W, and W, groups, respectively, in comparison with that of the control
(AL-group). The egg cost was nearly similar in all groups.

Table 8. Effects of breed and feed restriction system on costs of
production of experimental ducks from 10 up to 46 weeks of
age.

Feed Feed Total feed Total* Egg
consumption / | consumption / | consumption / |productive| cost
duck (10-22 wk) | duck (22-46 wk) | duck (10-46 wk) |costs (LE) |LE/egg |
Amount| Cost [Amount| Cost |Amount| Cost Iduck | (10-46
kg) | (LE) | (kg) | (LE) | (kg) | (LE) |(10-46 wk) weeks

Camp. 9.81 6.29 | 29.48 | 19.72 | 39.29 | 26.01 40.64 0.40
Domt. 7.66 491 | 26.22 | 17.54 | 33.88 | 22.45 35.08 0.34
AL 10.99 | 7.04 | 27.91 | 1867 | 3890 | 25.71 4017 0.38
80% AL | 8.79 564 | 27.87 | 18.64 | 36.66 | 24.28 37.94 0.38
60% AL | 6.59 423 | 2717 | 18.17 | 33.76 | 22.40 35.00 0.34

DL 8.79 586 | 28.11 | 18.80 | 36.90 | 24.60 38.53 0.35
W, 9.42 6.04 | 27.99 | 18.65 | 37.30 | 24.69 38.98 0.39
Wa 7.85 504 | 28.23 | 18.88 | 36.08 | 23.92 37.38 0.32

*The constant costs were considered to be 36% from the total costs according to Fattari
et al. (1991).

On the basis of egg selling, the net return and economic efficiency
were improved by 36.7 and 56.9% in the 60% AL-group and by 35.4 and

29.9% in the DL-group, respectively, in comparison to the AL-group. On the
basis of selling hatched ducklings, the net return was increased in the feed-* .
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restricted groups (80% AL, 60% AL, DL, W, and W) by 249.4, 504.5, 710.5,
256.1 and 645.9%, respectively, in comparison to the AL- group (control). In
the same order, the economic efficiency was improved by 264.0, 594.0,
745.2, 270.8 and 701.8%, respectively.

Table 9. Effects of breed and feed restriction system on returns and
economic efficiency (EE) of experimental ducks from 10 up to
46 weeks of age.

On the basis of selling hatched
ducklings
Egg | Income Net EE Egg |lncome| Net
number| (LE/ return (%) number| (LE/ | return*
Iduck | duck) |(LE/duck)] ‘™ | /duck | duck) |(LE/duck)

Camp. | 10080| 5544 | 1480 |36.42| 58.95 | 70.74 | 2052 |50.49

On the basis of egg selling

EEiﬂ
(%)

Eﬁmt 104.50 | 41.80 6.72 19.16 | 63.34 | 63.34 | 18.33 |52.25
80% AL 104.70 | 52.35 12.18 |30.32 | 49.21 | 54.13 4.01 9.98
60% AL 98.90 | 4945 1151 |30.34| 55.77 | 61.35 | 14.01 |36.33
DL 103.30 | 51.65 16.65 |[47.57| 62.77 | 69.05 | 24.24 |69.26
WA 108.70 | 54.65 1582 [41.06| 73.96 | 81.36 | 32.50 |84.35
W2 100.70 | 50.35 11.77 |30.51| 56.75 | 6243 | 14.28 |37.01

99.60 | 49.80 1242 |[33.23| 69.77 | 76.70 | 29.91 |80.02

*Net return = Income - total productive costs.
** EE =100 [net return]/[ Total productive costs]

DISCUSSION

The aim of this study was to clarify the nature of any production
response during the laying period, which could be attributed to the effect of
feed restriction during the rearing period of Domyati and Campbell ducks.
The study of restricted feeding in the fowl is complicated by interactions of
numerous factors, which may hinder straightforward explanations. There is,
however, a voluminous literature on feed restriction in poultry, where it is
commonly used during the growing period as a husbandry procedure, to
control body weight and reduce reproductive problems in meat-type and egg-
type breeder chickens. In this connection, even though little research has
been carried out on ducks, the comparison between chicken breeds and the
experimental breeds of ducks may not lose its validity.

Growing Perjod:

A significant variation was observed in body weight between the two
breeds of ducks (Domyati and Campbell) at 22 weeks of age. The breed is
considered to be one of the most important factors affecting live body weight
of birds. Similarly, breed differences in body weight of ducks during the
rearing period were reported by Kamar and Yamani (1975), Hatzel (1983),
Saleh (1985), Mostafa (1989), Tag EL-Din et al. (1989), Fattouh (1994) and
Ghoneem (1998) dealing with different breeds of duck. The reduction which
was observed in body weight of feed-restricted groups of ducks versus the ad
-~ * Jibitum-fed group at the end of growing period (22 weeks of age) was
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expected. Similar observations were reported by Luckham et al (1963),
dealing with leghorn pullets, Owings and Sell (1980) and Nestor et al. (1981)
in turkeys, Olver (1984a) and Bartov ef al. (1988) in Pekin ducks, and Amer
et al. (1993) and Tag EL-Din (1995) in chickens; who found that the average
body weight was significantly lower in the feed- restricted groups than that of
the full-fed controls throughout the growing period.

Flock uniformity is one of the best indicators of flock productivity. The
better is the uniformity of growing birds, the better is their subsequent
performance for production. The best flock uniformity which was achieved
with the 80% AL-group in the present study, is in agreement with Bartov et al.
(1988) and Amer et al. (1993); who reported that chicken flock uniformity was
significantly increased in feed-restricted growing birds compared with that of
their full-fed counterparts of the control. While, Bennett and Leeson (1989)
indicated that chicken flock uniformity was unaffected by the restricted
feeding. On the contrary, Mandev and Duneva (1989) dealing with chickens,
and Renema et al. (1994) dealing with turkeys, showed that feed restriction
during the growing period reduced the flock uniformity.

Viability percentage of ducklings was 100% during the rearing period
from 10 to 22 weeks of age. In contrast, Hatzel (1983) found significant
breed differences in viability percentage of ducks during the growing period.
In addition, Isaacks et al. (1960) and Deaton and Quisenberry (1963) found a
significant decrease in viability percentage during the growing period of
broiler-type and egg-type replacement stocks, respectively, due to the
application of feed restriction.

Laying period:

Significant breed differences were observed in age at sexual
maturity, daily feed consumption, egg weight, egg mass, plasma
progesterone levels (except at 30 weeks of age) and viability percentage.
Similar breed differences were reported by Goher (1968) and Hatzel (1983) in
age at sexual maturity; Eswaran ef al. (1985) and Ghoneem (1988) in daily
feed consumption and egg weight, and Hatzel (1983) in viability percentage.
Generally, these breed differences are probably due to differences in genetic
potential for these traits between the two breeds.

The delay in age at sexual maturity due to the application of feed
restriction during the rearing period in the present study is in line with the
reports of Singh et al. (1979), Olver (1984a and b) and Olver (1995), dealing
with ducks. On the other hand, Abd El-Hamid et al. (1995) and Lin and Hsu
(1995) pointed out that the feed restriction did not alter age at sexual maturity
for growing pullets.

The delayed sexual maturity caused by feed restriction during rearing
is a major factor in causing a variety of conclusions to be reached concerning
the relative productivity of restricted hens compared with ad libitum-fed
counterparts (Bullock et al. 1963). Hocking (1990) has suggested that the
optimum degree of restriction is close to that required to result in the
minimum body mass and feed intake required for the onset of lay. He also
reported that the ducks should be at least 60% of the mass of unrestricted” -
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birds to achieve sexual maturity. This assumption is in keeping with that of
Olver (1984b, 1988).

No significant differences were observed in daily feed intake, from
22-46 weeks of age, among the experimental groups of ducks; showing that
feed restriction during rearing had no significant effect on feed intake during
laying period. Similarly, Olver (1984b) indicated that restricted feeding for
Pekin ducklings to 70% of the ad libitum consumption up to 20 weeks of age
had no significant effect on feed intake from 20 to 60 weeks of age. On the
other hand, Gous and Stielau (1976) and Olver (1995) showed that feed
restriction during the rearing period decreased lifetime of birds and feed
intake.

There are many contradictions in the reports on the effects of feed
restriction during the rearing period on the subsequent feed consumption.
Part of this is probably due to the duration of the laying period. Some have
measured feed intake during the laying period from sexual maturity to a
particular age (e.g. Walter and Aitken, 1961) while others have measured
intake between two ages (e.g. Lee et al., 1971b). The former measure is
dependent upon the definition of sexual maturity; age at 50% production is a
better measure than age at first egg in comparing the ad libitum-fed with
feed-restricted birds because of the higher rate of increase in egg production
in the feed-restricted birds. In the present experiment, all birds consumed
approximately the same amount of feed during the laying period.

Laying rate was significantly affected by feed restriction during the
rearing period. Similar results were obtained by Olver (1984b, 1988), Krastn
(1987), Olver (1995) and Mazanowski and Kokoszynski (1998a and b) who
showed that this trait is definitely improved by feed restriction. On the other
hand, several reports indicated that the restricted feeding of birds seemed to
have no effects on the subsequent laying rate (Deaton and Quisenberry,
1963; Lillie and Denton, 1966; Nestor et al. 1981; and Bartov et al. 1988).

The insignificant differences that were observed in egg weight; due to
the effect of feed restriction during the rearing period in the present study, are
also in line with those reported by Negm et al. (1984b). Bartov et al. (1988),
Amer et al. (1993) and Abd EL-Hamid et al. (1995). In contrast to these
results, Olver (1984b), Krastin (1987) and Pan et al. (1987) illustrated that
restricted feeding during the rearing period of birds increased their egg weight
during the laying period.

Lee et al. (1971a) discussed the difference between the average egg
weight at certain age and the average weight of all eggs laid in their
experiments With restricted feeding, and concluded that the former was not
altered by restricted feeding, whereas the latter may be increased because
the feed-restricted birds have commenced their egg production at a later
chronological age, and, therefore laid heavier eggs. This conclusion was
based on the well known relationships (for example: Williams and Sharp,
1978) between age and egg weight in laying hens.

Lee et al. (1971a) found that mortality during the laying period of
pullets which were feed-restricted during the rearing period was lower than
that of pullets fed ad libitum. They also stated that 64 of 92 other studies
.confirmed this observation. Olver et al. (1978) and Olver (1984b, 1988)

6823



Tag El-Din, T.H. et al.

reported that mortality decreased in the laying period as the rate of feed-
restriction increased during the rearing period.

Eggs fertility (%) of ducks which were subjected to restricted feeding
during the rearing period was significantly higher than that of ducks fed ad
libitum. These results are in line with those of Olver et al. (1978) and Olver
(1984b, 1988). The lower fertility of the ducks given a free access to feed,
may be related to their heavier body weight; which was evident at 22 weeks
of age, and this may reflect an increase in body fat content. On the other
hand, Moultrie (1983) and Fattori et al. (1991) reported that feed restriction
during the rearing period had no significant effect on fertility or total
hatchability of eggs produced by broiler breeder females. However, in most
cases, feed restriction during the rearing or laying periods resulted in an
increased fertility but had little or no effect on hatchability (Lee et al., 1971a;
Pym and Dillon, 1974; McDaniel et al., 1981: Wilson and Harms, 1984; and
Bilgili and Renden, 1985). Negm et al. (1984a) reported that the type of
feeding program (skip-a-day and 50% of full-fed) significantly reduced egg
shape index. Kari et al. (1977) concluded that feed restriction did not show
any effect on shell thickness.

However, Abd EL-Hamid et al. (1995) found that skip-two-
days regimen during the rearing period; further decreased the egg shell
thickness compared with that of skip-a-day regimen.

Concerning blood constituents, researches on the effect of feed
restriction on blood constituents are very limited. Abd EL-Hamid et al. (1995)
reported that restricted feeding by skipping one or two days weekly
significantly increased the level of blood phosphorus. Generally, numerous
hormones are directly or indirectly involved in the metabolic responses of
feed restriction (Nir et al. 1996).

CONCLUSION

- From the previous results, it can be concluded that applying feed -
restriction during the growing period (10-22 weeks of age) may have some
positive effects on ducks' performance, eggs fertility and hatchability, and,
economic efficiency of duck production.
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