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CHAPTER I 

INTRODUCTION 

Despite the precipitous decline in sheep numbers 

during the last 25 yr, the biological ability of sheep to 

utilize resources efficiently remains a positive aspect 

for the future. Current attention to the use of more 

noncompetitive foodstuffs in livestock diets has restored 

interest in sheep as an efficient converter of forages 

into food and fiber. For future sheep production to be 

successful and profitable, the use of low quality forages 

must be maximized while maintaining or improving ewe 

productivity. 

Commercial sheep production systems, both farm flock 

and range, stress ewe productivity as a determinant of 

success or failure. The simplest method to increase 

lifetime productivity is to lamb replacement ewes as 

yearlings rather than at 2 yr of age (Bowstead, 1930; 

Briggs, 1936; Hulet et al., 1969). Lambing ewes at 1 yr 

of age has become an accepted practice for farm flocks 

where management and nutrition are generally at optimum 

levels. However, 80% of the nation's sheep population is 

in the western states, most of which depend on arid and 

semi-arid range land. Replacement ewes in these areas 

must receive nutritional supplementation to reach puberty 

and lamb at 1 yr of age. Little or no scientific 

research has characterized the amount and type of 

nutritional supplementation or described the attributes 

(size, weight, growth rate, condition) which are 

necessary for conception in these ewe lambs. 

One step in meeting these nutritional goals is 

improving the utilization of forages by sheep. This step 
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is vital to the future of sheep production due to the 

industry's productive ability and dependence on such 

feedstuffs. In much of the U.S. a substantial amount of 

crop residue is produced but not used. Small grain 

straws are the most plentiful and widespread but other 

residues, such as cotton plant by-product, corn stalks 

and cobs, are available regionally. Sodium hydroxide 

(NaOH) treatment of many residues has increased 

digestibility and performance in sheep and cattle. 

Previous reports halve documented the effect of these 

treated roughages on growth, but effects on reproduction 

and lactation have not been defined. 

Another possible method for improving reproductive 

performance via nutritional modification is the feeding 

of monensin. Monensin sodium is an additive widely used 

in cattle diets to alter the concentration of principal 

volatile fatty acids produced during rumen fermentation 

(Richardson et al., 1976; Prange et al., 1978; Van Maanen 

et al., 1978). This additive is associated with a wide 

range of other effects on rumen parameters such as 

altering the bacterial population, amount of bypass 

protein and rumen turnover. Other research has indicated 

that monensin decreased age at puberty in late maturing 

Zebu-cross heifers (Moseley et al., 1977; McCartor et 

al., 1979; Randel and Rhodes, 1980; Bushmich et al., 

1980). A similar effect on age at puberty in sheep would 

modify current management practices in breeding ewe 

lambs. However, the effects on sheep reproduction 

and(or) interactions with chemically treated roughages 

has not been documented. 

In view of the importance of increasing ewe lifetime 

production, additional research is needed to elucidate 

the use of low quality forages in conjunction with NaOH 



treatment and monensin supplementation. Thus, the intent 

of this investigation was to study the effects of the 

level of cotton plant by-product, NaOH treatment and(or) 

monensin supplementation on ewe performance. Specific 

objectives of this study were to determine: 1) a maximum 

level of cotton plant by-product in the diet that still 

supported reproduction in ewe lambs, 2) if NaOH and(or) 

monensin supplementation enhanced growth or reproduction, 

3) if nutrition and performance through breeding would 

affect lactation, 4) the level of performance, weight and 

condition necessary to ensure conception, 5) the ad 

libitum intake and digestibility of the diets and 6) the 

effects of two dietary intake levels on digestibility. 



CHAPTER II 

LITERATURE REVIEW 

Launbing ewes at 1 yr of age has been cited by sheep 

producers and researchers to be the simplest method of 

increasing lifetime production. Insufficient nutrition 

has been the most frequent obstacle in reaching this 

goal. Parker and Pope (1983), in a research review, 

stressed that continued efforts are needed to increase 

the availability of energy in low quality forages for 

lamb and wool production. On the High Plains of Texas, 

cotton plant by-product is a readily available crop 

residue. Therefore, in this chapter NaOH modification of 

low quality roughages and the nutritional and 

physiological effects of monensin supplementation will be 

reviewed. Subsequently, the effects of plane of 

nutrition and growth of replacement ewe lambs on 

subsequent reproduction and lactation will be discussed. 

Sodium Hydroxide Treatment of 
Low Quality Roughages 

The use of NaOH to increase the digestibility of low 

quality roughages has been practiced for over 60 yr. 

Godden (1920) soaked oat straw in a 1.5% solution 

overnight and later applied steam for 1 h. The material 

then was removed from the steamer and drained; one-half 

was dried and one-half was washed in water and then 

dried. He reported no significant difference due to 

washing, but the NaOH treatment increased organic matter 

digestion of lambs from 47.3 to 72.8%. Beckmann (1921) 

simplified the process by eliminating the steam process 

and reducing the soaking time to 6 h. Digestion trials 
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showed that this process produced a feedstuff equal in 

nutritive value to that of Godden's. Subsequently, in 

the U. S., Lindsey (1922) increased the digestibility of 

oat and rice hulls by soaking them in a dilute NaOH 

solution. Since that time, researchers in several 

countries have used NaOH to treat low quality roughages. 

Although recent studies have focused on intake and 

performance, most research efforts have dealt with in 

vivo and in vitro digestibility. 

Wilson and Pigden (1964) stimulated renewed interest 

in chemical treatment of roughages when they reported the 

success of a spray treatment, which was a modification of 

the earlier process of soaking. The leaching of 

nutrients due to soaking has been as high as 30% (Godden, 

1920; Anderson and Ralston, 1973; Jackson, 1977; Saxena 

et al., 1971; Chandra and Jackson, 1971). 

Hasimoglu et al. (1969) treated wheat straw with 4% 

NaOH and fed the treated straw to lambs as 70% of the 

diet. Organic matter digestion of the diet increased 

from 61 to 68% due to the treatment. Assuming the 

concentrate portion of the diet to be 90% digestible, 

they estimated the treatment had increased the organic 

matter digestibility of the straw from 49 to 59%. A 

concurrent in vitro trial indicated that dry matter 

digestibility of the straw increased from 46 to 61%. 

These results agree with those of Saxena et al. (1971) 

who reported an increased in vitro dry matter 

digestibility from 46 to 69% using oat straw soaked in a 

1.5% NaOH solution. 

Research has also indicated an upper limit to the 

amount of NaOH which can be used to treat roughages. 

Ololade et al. (1970) treated alfalfa stems, barley straw 

and corn stover with 0, 2, 4, 6, 8 or 12% NaOH. In vitro 



dry matter digestibility increased linearly until it 

peaked at 8% NaOH. Subsequently, Chandra and Jackson 

(1971) sprayed wheat straw with a concentrated NaOH 

solution to produce treatments of 0, 1, 2, 3, 4, 6, 8, 

10, 12 and 15% NaOH levels. In vitro dry matter 

digestibility increased up to the 10% NaOH level. Singh 

and Jackson (1971) treated straw at levels of 3.3, 6.7 

and 10% NaOH and fed it to bull calves. The greatest 

improvement in digestibility was realized at the 3.3% 

level and diminished at higher levels. Across many 

different roughages it has been demonstrated in vivo that 

a treatment of about 4% NaOH maximized digestibility 

(Mowat and Ololade, 1970; Klopfenstein et al., 1972; 

Rexen and Thomson, 1976; Shin et al., 1975). Treating 

with levels greater than 4% improved digestibility at a 

slower rate, but reduced feed intake and nitrogen balance 

resulted. 

As the optimum level of treatment was established, 

the number of in vivo digestibility trials increased. 

Klopfenstein et al. (1972), in a series of trials, 

treated alfalfa stems, corn cobs, corn silage and corn 

stover with 3 to 5% NaOH. Digestibility of dry matter, 

organic matter and cell wall constituents increased 

12-20% for all roughages except corn silage. Summers and 

Sherrod (1975) also noted that roughages of low initial 

digestibility exhibited a larger response to alkali 

treatment. 

The increase in digestibility, resulting from NaOH 

treatment, has been demonstrated using a wide variety of 

roughages such as barley straw, cotton by-product, grape 

marc, lucerne, rice hulls, tropical grass and wheat straw 

(Ololade and Mowat, 1975; Braman and Abe, 1977; Mathews 

and McManus, 1976; McManus et al., 1976; Gihad, 1979; 



Coombe et al., 1979, Sehgal and Punj, 1983; Ben-Ghedalia 

et al., 1983; Larwence et al., 1983). McManus et al. 

(1976) reported that the largest percentage of the 

increased digestion was the result of enhanced cell wall 

digestibility. The report also noted that the improved 

availability of the cell wall resulted in greater ruminal 

digestion (52 vs 68%). More precisely, the increase is 

due to a concurrent increase in cellulose and 

hemicellulose digestibility (Ben-Ghedalia and Shefet, 

1983). This study also demonstrated that hemicellulose 

digestibility displayed a greater response to NaOH 

treatment than cellulose. Reviews on the topic suggest 

that the mode of action could be an increased 

solubilization of hemicellulose and(or) an increased 

extent of cellulose and hemicellulose digestion 

(Klopfenstein, 1978; Klopfenstein and Owens, 1981). 

Similar results have also been reported for the in vivo 

and in vitro digestibility of cotton plant by-product 

diets (Arndt et al., 1980; Arndt and Richardson, 1982). 

The documented increases in digestibility arising 

from NaOH treatment have been accompsuiied by reports of 

increased feed intake and growth rate. Treated 

roughages, fed alone or as a portion of the diet, have 

been demonstrated to be superior to untreated roughages 

in supporting weight gains in cattle, lambs and goats 

(Koers et al., 1969; Rounds et al., 1976; Levy et al., 

1977; Levy et al., 1980; Horton et al., 1982; Larwence et 

al., 1983; Sehgal and Punj, 1983; Smith et al., 1983; 

Smith et al., 1984). Arndt and Richardson (1982) 

reported that NaOH treatment of cotton plant by-product 

resulted in increased feed intake, daily gain and feed 

efficiency of feedlot lambs and steers. Al-Tawash and 

Alwash (1983) reported that lambs fed NaOH treated 
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bagasse exhibited improved feed intsJce and gain, but that 

the efficiency of gain was unaltered. Results suggested 

that the increase in weight gain was proportional to the 

increase in feed intake. Faster weight gains in sheep 

and cattle fed NaOH treated roughages have also increased 

carcass fatness at the conclusion of feeding trials 

(Garrett et al., 1979; Al-Tawash and Alwash, 1983). 

Possible interactions between processed foraiges 

(pelleting or grinding) and NaOH treatment effects have 

also been investigated. Carmona and Greenhalgh (1972) 

compared the digestibility and feed intake of lambs fed 

chopped or milled barley straw, with or without NaOH 

treatment. Milling increased feed intake but did not 

alter the effectiveness of alkali treatment on 

digestibility. The report of Pirie and Greenhalgh (1978) 

supported the earlier finding by demonstrating that NaOH 

treated milled straw did not change weight gains or dry 

matter digestibility. Conflicting evidence has been 

recorded by Smith et al. (1981) and Xande and Demarquilly 

(1983) indicating that grinding or pelleting NaOH treated 

straw resulted in greatly diminished benefits compared to 

treatment of chopped straw. An intermediate response has 

also been proposed, with the digestibility of ground 

NaOH-treated wheat straw being superior to untreated 

straw, but inferior to treated chopped straw (Hunt et 

al., 1984). The differences in digestibility have been 

attributed to an increased rate of passage. This 

hypothesis is verified by the findings of Coombe et al. 

(1979) which indicate that pelleting and NaOH effects on 

rate of passage were additive. 

Limited reports of the effect of the level of 

supplemental concentrate and NaOH treated roughages were 

located in the literature. Cuthbert et al. (1977) fed 



cattle equal amounts of diets containing 0 to 60% 

pelleted alkali-treated straw, and reported that weight 

gain was not significaintly affected by the inclusion of 

treated straw. This response is in conflict with the 

results of Pirie and Greenhalgh (1978) which revealed 

that the addition of treated wheat straw depressed growth 

rate, but the decrease was not as draonatic as with 

untreated straw. Wignjosoesastro and Young (1982) 

compared treated and untreated straw at 10, 20 and 40% of 

the diet. The inclusion of NaOH treated straw 

consistently improved digestibility of the diet, but the 

margin of improvement became greater as the percentage of 

straw in the diet increased. A similar response also was 

noted by Coombe et al. (1985) in feeding mature wethers 

treated or untreated straw in combination with 0, 14, 28 

or 42% starch. NaOH treatment consistently improved 

organic matter and cellulose digestibility, but the 

difference diminished as starch level increased. 

In conclusion, NaOH treatment of roughaiges increased 

feed intake, weight gain and digestibility in ruminants. 

These improvements were affected by the physical form of 

roughage and the level of supplemental concentrate. The 

mode of action centers around modifications in the 

digestibility of the cell wall. 

Nutritional and Physiological 
Effects of Monensin 

Bergen and Bates (1984) related that "a long 

cherished dream of ruminant nutritionists has been to 

manipulate and improve the efficiency of ruminal 

fermentation." One such compound, monensin, has gained 

overwhelming acceptance by the cattle industry since its 

approval in 1975. The benefits of monensin have been 
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shown to be widespread and not restricted to ruminal 

parameters. Since it has not been approved for use in 

sheep, reports in sheep are limited. Therefore, monensin 

was chosen as a feed additive to be utilized in this 

study to investigate its effects on the growth and 

reproduction of ewe lambs fed cotton pi suit by-product. A 

discussion of the nutritional and physiological 

modifications of monensin follows. 

Several reports indicate an influence of monensin on 

the digestibility of experimental diets and various diet 

fractions. The response is variable and somewhat 

dependent on adaptation time. Simpson (1978, 1980) 

reported that the addition of monensin decreased the in 

vitro digestibility of cellulose in rumen fluid of 

unadapted cattle. However; Dinius et al. (1976) noted 

that monensin did not affect the cellulose digestion of 

animals that had been fed monensin for 21 d. Subsequent 

research has indicated that depressed dry matter and acid 

detergent fiber digestibility resulted in lambs fed 

monensin for only 10 d, but after an additional 29 d of 

adaptation no difference was found (Poos et al., 1979). 

This response was later verified by Benz and Johnson 

(1982) who reported that monensin did not alter the acid 

detergent fiber digestibility of forage-fed cattle 

allowed a 14-d adaptation period. 

Using animals adapted to monensin, digestibility 

results still are variable. Rust et al. (1978) reported 

an increased dry matter and starch digestibility in 

cattle fed a high grain diet. Similar responses for dry 

matter and energy digestibility have been reported for 

cattle and sheep fed a grain-roughage diet (Joyner et 

al., 1979; Beede et al., 1980; Beede et al., 1986). 

However, other studies utilizing sheep and goats have 
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reported no significant difference in dry matter and 

fiber digestibilities (Poos et al., 1979; Adams et al., 

1981; Ricke et al., 1984; Beede et al., 1986). Horton et 

al. (1980) also noted species differences in response to 

monensin supplementation, but the digestibilities of all 

dietary components were increased for lambs in contrast 

to steers. Differences in reported results could be 

caused by variation in the level of monensin addition. 

Faulkner et al. (1985) noted quadratic responses for dry 

matter and cell wall digestibilities in sheep, with 

intermediate levels of supplementation being superior to 

either high levels or no monensin. 

Monensin generally improves nitrogen digestibility. 

Increased digestibility has been reported for cattle 

(Rust et al., 1978; Beede et al., 1980; Beede et al., 

1986). sheep (Joyner et al., 1979; Horton et al., 1980) 

and goats (Beede et al., 1978; Beede et al., 1986). 

Other studies have reported no difference in 

digestibility, but have noted tendencies for increased 

nitrogen retention and ruminal bypass of dietary protein 

(Poos et al., 1979; Adams et al., 1981; Ricke et al., 

1984). Reviews have suggested that monensin decreased 

microbial proteolysis of dietary protein, thus making it 

available to the intestines in a more intact form 

(Schelling, 1984; Bergen and Bates, 1984). Bergen and 

Bates (1984) proposed that monensin interferes with the 

energy regulation of microbial proteolytic activity. 

Improvements in digestibility and nitrogen retention 

due to monensin supplementation have resulted in improved 

feed efficiencies and weight gains. Summaries of 

numerous trials have indicated that the addition of 

monensin increased feed conversion and daily gain in 

forage-fed cattle and improved feed efficiency in 
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grain-fed cattle (Goodrich et al., 1984; Potter et al., 

1986). Cattle fed concentrate diets containing monensin 

typically exhibited a reduced feed intake while growth 

rate was maintained. In contrast, improved feed 

conversion of forage-fed cattle has resulted from 

increased daily gains while feed intake remained 

constant. 

Reports of monensin in sheep are restricted in 

number and variable in degree of response. Nockels et 

al. (1978) noted that 5.5 and 11 ppm monensin improved 

daily gain more than the 0, 22, and 33 ppm levels, 

although feed efficiency was unaffected. This response 

was confirmed by the results of Calhoun et al. (1979) who 

also noted a quadratic effect of monensin on daily gain 

and feed conversion. Using regression analyses, the 

predicted optimum level of monensin for daily gain 

improvement was 12 ppm. In contrast to the earlier 

report, they also recorded a linear decrease in feed 

intake as monensin level increased. Joyner et al. (1979) 

also reported that high monensin levels depressed feed 

intake and also noted that feed conversion continued to 

improve at the higher levels. In conflict with the 

studies using concentrate diets, Sharrow et al. (1981) 

indicated that monensin supplementation of a pelleted 

clover-grass hay diet linearly decreased feed intake and 

daily gain. The researchers proposed that the poor 

performance of the lambs was associated with the poor 

palatability of the diet meignified by the effects of 

monensin. Previously, Baile et al. (1979) had noted that 

cattle frequently exhibited an aversion to feeds 

containing monensin. 

Similar declines in cattle performance have been 

reported when monensin was added to crop residue diets. 
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Monensin supplementation decreased weight gains 41% in 

cottonseed hull and wheat straw based diets (Oltjen et 

al., 1977; Coombe et al., 1979). Feed intedce depressions 

of 21 to 24% were responsible for decreased daily gains 

in both trials. Research with cotton plant by-product 

has revealed that a larger monensin depression of gain 

was evident when the diet was pelleted (Arndt and 

Richardson, 1982). 

Limited reports indicate that monensin may exert a 

positive effect on reproduction in beef heifers. Moseley 

et al. (1977) cited that monensin supplementation of 

replacement heifers resulted in a greater number reaching 

puberty (92 vs 58%), Weight gains of the heifers were 

not different. Subsequently, McCartor et al, (1979) fed 

Brangus heifers one of three diets: 80% alfalfa-20% 

concentrate (control); control + monensin (monensin); 50% 

alfalfa-50% concentrate (high energy). Although monensin 

or high energy heifers did not exhibit improved weight 

gains, they reached puberty an average of 29 d before the 

control group. It was concluded that shifts in ruminal 

fermentation toward propionate, due either to monensin or 

concentrate, resulted in decreased age at puberty. This 

occurrence seems to be mediated through propionate 

production auid its relationship to increased lutenizing 

hormone release and(or) enhanced ovarian response to 

gonadotropins (Randel and Rhodes, 1980; Bushmich et al., 

1980). Subsequent research revealed that monensin 

decreased age at puberty only in heifers of above average 

weaning weight (Moseley et al., 1982), Researchers 

suggested that heifers with above average weaning weights 

possess a greater inherent growth potential and are more 

capable of utilizing monensin to an advantage. 

Therefore, monensin supplementation appears to indirectly 
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affect the growth and reproduction of ruminants by 

altering the ruminal fermentation of feedstuffs. 

Effects on the Growth. Reproduction 
and Lactation of Ewe Lambs 

Of the environmental factors influencing puberty in 

ewe lambs, the plane of nutrition during rearing appears 

to possess the greatest effect. Generally, faster growth 

is associated with enhanced reproductive performance such 

as earlier attainment of first estrus and higher 

conception and lambing rates. The age at which ewe lambs 

reach puberty is am importauit factor in determining the 

lifetime productivity of ewes and thus the profitability 

of sheep production. However, current research is just 

now elucidating the role that this increased growth may 

exert on subsequent lactation in sheep. An impairment in 

later milk production could necessitate modifications of 

current management practices which presently encourage 

maximum levels of nutrition and growth. 

In the earliest studies, one of the primary concerns 

in breeding "immature" ewes was that the mature size of 

these ewes would be reduced. However, the findings of 

Bowstead (1930) and Briggs (1936) indicate that 

attainment of mature weight was slowed, rather than 

stopped. One result, of greater consequence, 

demonstrated by both experiments was that ewes bred as 

lambs possessed a greater lifetime production and perhaps 

exhibited an enhanced fertility in subsequent breedings. 

Almost a half-century later, research indicates that 

these conclusions were accurate. 

Summarizing 10 yr of production records of over 

5,000 range ewes, Hulet et al. (1969) concluded that ewes 

showing estrus during their first year accumulated an 
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average of 20.4 kg more lamb per ewe over five production 

years than ewes which did not come into heat. All ewes 

were reared under raoige conditions and given no 

supplemental concentrate. Only 24% of all ewes cycled 

during their first year. 

A similar result was recorded by Levine et al, 

(1978) who reported that Columbia and Targhee ewe lambs 

bred as lambs produced more pounds of lamb and wool than 

ewes lambing at 2 yr of age, A higher attrition rate 

also was noted for ewes not lambing their first year, 

although differences between groups in specific causes of 

death or culling were not apparent. 

Ewes reaching puberty their first year exhibited a 

higher ovulation rate during their second year of 

production (Moore et al., 1978). Therefore, the ewe 

lamb's ability to breed during the first breeding season 

exerted a direct influence on lifetime production of 

lambs. The effects of early breeding may relate 

positively with later fertility and flock longevity, but 

results are not conclusive. 

Ewes which breed as lambs consistently exhibit 

heavier pre-breeding weights. This result has prompted 

research efforts toward verification of this occurrence. 

Hafez (1952) concluded that ewe lambs must reach about 

70% of their mature weight before attaining puberty. 

However; Dyrmundsson (1981) cited a broader range of 50 

to 70% of mature weight and cautioned that wide 

variations across and within breeds, localities and 

environmental effects made it difficult to generalize 

about the minimum body weight required for puberty. 

However, within experiment, relationships have been 

established between weight and occurrence of first 

estrus. Several reports have noted that not only weight 
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at the onset of breeding was higher for ewe lambs that 

conceived, but that weaning weights were also greater 

(Shelton and Menzies, 1968; Hight et al., 1973; Winn and 

Cumberland, 1974; Hight and Jury, 1976; Saoud and 

Hohenboken, 1984). This hypothesis is supported by 

genetic correlations which indicate that estrus as ewe 

lambs was positively correlated with birth, weaning and 

yearling weight (Burfening et al., 1971). Dickerson and 

Laster (1975) recorded that higher postweaning gains 

resulted in a greater percentage of lambs reaching 

puberty during the breeding season, thus reducing mean 

age at puberty. All ewes in each of these studies were 

reared under common environment and management, with 

nutritional differences unaddressed. Therefore, ewes 

with a superior genetic capacity for growth are more 

likely to exhibit estrus during their first breeding 

season among ewes treated similarly. Whether the 

additional growth was the result of increased feed intsdce 

and(or) efficiency of growth has not been determined. 

Identification and selection of these ewes could be an 

asset in future sheep production. 

Other research has utilized increased dietary energy 

levels to obtain greater weight gains and investigated 

the effects on ewe lamb reproduction. Jordan et al. 

(1970) implemented restricted and ad libitum intakes of a 

roughage:grain diet to impose differences in growth and 

recorded subsequent conception in ewe lambs. Ad libitum 

feeding produced greater gains and pre-breeding weight, 

but no difference was noted for conception rate. 

Nevertheless, overall conception rate was only 50% and 

could indicate low fertility of the experimental animals. 

Southam et al. (1971) also noted no improvement in the 

percentage of ewes reaching puberty due to nutritional 
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differences. However; 96% of all ewes in the trial 

exhibited first estrus. Therefore, the nutritional 

requirements for reproduction were met for ewes in both 

nutrition groups, although weight at puberty was slightly 

reduced (40 vs 45 kg). Dyrmundsson (1981) suggested that 

the relationship between nutrition and puberty may not 

exist once ewe lambs are above a certain threshold 

weight. This point is reinforced by the lack of 

differences reported by Stoerger et al, (1976), Diets 

containing various levels of grain:roughage produced vast 

differences in gain but not in conception rate. However, 

initial weights of ewes were in excess of 40 kg. 

Contradicting evidence, reported by Burfening et al, 

(1971), indicates that increased supplementation of 

Rambouillet ewe lambs increased the incidence of estrus 

from 8 to 26%. Other reports have also noted that an 

increased plane of nutrition resulted in ewes conceiving 

at an earlier age 8Uid heavier weights than ewes reared on 

a lower level of energy (Allen and Lamming, 1961; Kearne, 

1975). Nutritional effects on attainment of puberty are 

generally positive, but may interact with weight and age 

of lambs. Benefits of energy supplementation were 

dependent on the existing level of nutrition, giving no 

additional advantage in ewes receiving adequate levels. 

However, an "adequate level" was not defined. 

The adverse effects of accelerated growth and high 

levels of nutrition on later lactation were first 

reported in dairy cattle (Swanson, 1960), In an effort 

to reduce age at puberty in dairy heifers, high 

concentrate diets were fed to increase weight gains 

resulting in decreased development of mammary secretory 

tissue and subsequent milk production (Sejrsen, 1978; 

Little and Kay, 1979), Similar results in beef cattle 



18 

have indicated a permanent detrimental relationship 

between creep feeding and later lactation performance 

(Martin et al, , 1981). 

However, early initial investigation of a 

corresponding response in sheep indicated a positive 

correlation between lamb weaning weight at 5 to 6 months 

and later maternal performance at 2 yr of age (Owen, 

,, 1957). More recent evidence in sheep concurs with the 

results of dairy and beef cattle studies (Umberger et 

al., 1985; Johnsson £ind Hart, 1985). Accelerated growth 

caused by high levels of dietary energy resulted in 

reduced mammary development and milk production. 

Importantly, the low level of nutrition still provided 

for reproductive performance equal to that of the high 

nutrition group. Simply, the results indicate the 

effects of excessive nutrition, not the level of 

nutrition required for attainment of puberty. 

In conclusion, the reproduction and lactation of ewe 

lambs has been documented by previous researchers, but 

the information on the possible interactions of dietary 

modifications and roughage level are lacking. Although 

dietary energy level will affect incidence of puberty, 

the quantification of a precise level has not been 

investigated. These deficits of knowledge in sheep 

nutrition and reproduction provided the original interest 

in the design of the trials presented in Chapter III, 



CHAPTER III 

EFFECTS OF CONCENTRATE LEVEL, NaOH AND 
MONENSIN ON THE GROWTH, REPRODUCTION 

AND LACTATION OF EWE LAMBS FED 
COTTON PLANT BY-PRODUCT 

Summary 

Rambouillet ewe lambs (n=192) were assigned to one 

of 12 experimental diets, arranged in a 3 x 2 x 2 

factorial to evaluate three levels of cotton plant 

by-product (25, 50 and 75% CPB). two levels of NaOH 

treatment (0 aund 4%) and two levels of monensin 

supplementation (0 and 30 ppm). Increases in dietary CPB 

level resulted in decreased (P<,001) performance and 

reproduction. Mean values of daily gain (g/d), body 

condition (1-9), grease fleece weight (kg) and conception 

rate (%) for 25, 50 and 75% CPB were: 177, 7.8, 5,8, 80; 

145, 5,7, 5,3, 77; 91, 3.2, 4.6, 39, respectively. NaOH 

treatment of CPB improved (P<,001) feed intake and 

performance traits, in contrast to the decline (P<.01) in 

performance and feed intake due to monensin. Both 

effects were more (P<,10) pronounced at 75% CPB. 

Reproduction was unaffected (P>,20) by either NaOH or 

monensin. 

The second trial examined the digestibility of the 

experimental diets at two levels of intake. Forty-eight 

wethers were utilized in a split plot arrangement of 

treatments with intake as the within lamb variable. Feed 

intake and fecal output were recorded during collection 

periods with aliquots retained for laboratory analyses. 

Organic matter (OM), nitrogen (N), neutral detergent 

fiber (NDF) and acid detergent fiber (ADF) 
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digestibilities decreased linearly (P<,001) as the 

dietary level of CPB increased. NaOH treatment of CPB 

improved (P<.001) the digestibility of all feed 

components measured. The supplementation of 30 ppm 

monensin resulted in greater (P<.05) N, NDF and 

hemicellulose digestibility. 

These results suggest that CPB, up to 50% of the 

diet, provided for sufficient growth and reproductive 

performance of ewe lambs. Digestibility results did not 

concur with differences in growth and reproduction. More 

investigations are warranted to establish the maximum 

level of CPB which can be fed while maintaining 

acceptable reproduction. 

Introduction 

Researchers have shown that greater lifetime 

production can be obtained from ewes bred to lamb as 

yearlings rather than at 2 yr of age (Bowstead, 1930; 

Briggs, 1936; Hulet et al., 1969). Although a common 

practice in farm flock production, many rauige ewes do not 

lamb until 2 yr of age. This additional year is due to 

insufficient nutrition, reduced growth and failure to 

exhibit estrus during the breeding season. For ewe lambs 

to reach puberty, conceive and subsequently lamb at 1 yr 

of age, a plane of nutrition superior to most range 

vegetation is required. 

In the cotton producing center of the Texas South 

Plains, cotton plant by-product (CPB) is a potential 

roughage source. Over 1.5 million metric tons of this 

by-product are produced annually from the ginning of 

cotton. Erwin and Roubicek (1958) reported that CPB was 

as palatable as sorghum silage for feedlot cattle and 
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Thompson (1977) stated that the digestible energy value 

of unspoiled CPB was approximately 70 to 80% of alfalfa 

hay. More recent research (Arndt et al,, 1980; Arndt and 

Richardson, 1982) has indicated that a 70% CPB diet 

produced acceptable gains in both lambs and steers, 

NaOH treatment of low quality roughages is both 

effective and economical for increasing digestibility 

(Chandra and Jackson, 1971; Rexen and Thomson, 1976; 

Jackson, 1977; Klopfenstein, 1978). Arndt and Richardson 

(1982) reported that 4% NaOH treatment of CPB increased 

dry matter and organic matter digestibility in sheep and 

in vitro experiments. Arndt and Richardson (1982) also 

reported that 4% NaOH treatment of CPB increased daily 

gain and feed conversion in feedlot lambs and steers. 

Monensin is a feed additive which enhances rumen 

propionate levels and production in ruminants (Dinius et 

al,, 1976; Richardson et al., 1976; Prange et al., 1978; 

Van Maanen et al., 1978; Ricke et al., 1984). Reports 

also indicate that monensin supplementation of forage fed 

cattle, both on pasture and in confinement, improved 

daily gain while reducing feed intake (Oliver, 1975; 

Potter et al,, 1976; Boling et al., 1977; Males et al., 

1979; Horn et al., 1981; Potter et al., 1986). Arndt et 

al. (1980) demonstrated that monensin supplementation of 

NaOH treated CPB increased dry matter digestibility in 

lambs. 

These experiments were conducted to examine 1) the 

effects of concentrate level, NaOH treatment and monensin 

on the growth, reproduction and lactation of ewe lambs 

fed CPB, and 2) the intake and digestibility of 

experimental diets. 
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Experimental Procedure 

Growth and digestion trials were conducted to 

evaluate 25, 50 and 75% CPB, 0 and 4% NaOH treatment and 

0 and 30 ppm monensin. The 3 x 2 x 2 factorial 

arrangement of dietary treatments was used in both 

trials. 

Preparation of Diets 

The CPB used in these experiments was of similar 

quality and obtained from the same source. Processing 

included an initial removal of dirt, grinding through a 

hammermill fitted with a 1-cm screen and a final cleaning 

using a shaker screen, NaOH treatment of CPB was 

accomplished before the formulation of the diets by 

spraying 104 kg of a 25% solution on 625 kg of CPB. 

After mixing for 30 min in a horizontal mixer; the 

treated CPB was allowed to react overnight. The 

concentrate portion of each diet was added to both the 

treated and untreated CPB and pelleted through a 1-cm 

die. The composition of experimental diets by CPB level 

is summarized in table 1, 

Trial 1 

One hundred ninety-two Rambouillet ewe lambs (mean wt=28 

kg) of similar age (90 to 120 d) and genetic background 

were divided into twelve groups of similar weight and 

variation. Groups then were randomly assigned to one of 

the diets (table 2), Ewes were also shorn, tagged, paint 

branded, dewormed and vaccinated with 2 ml of Clostridium 

type C and D toxoid. An initial shoulder height was 

recorded to allow calculation of a weight/height ratio 

(WT/HT, kg/cm) as an estimate of body condition 



23 

TABLE 1. COMPOSITION OF EXPERIMENTAL DIETS 

Item 

Ingredient 

Cotton plant by-product 

Corn, cracked 

Soybean meal 

Molasses, dehydrated 

Limestone 

Salt^ 

Vitcunin premix*^ 

Chemical composition 

Dry matter 

Organic matter 

Neutral detergent fiber 
f 

Acid detergent fiber 
Ash 

Crude protein 

Cotton 

25 

25,0 

59.0 

10.0 

5.0 

.9 

.3 

.1 

92.0® 

92.8 

29.9 

16.8 

7.2 

14.0 

plant by-product, 
% of diet 

50 

% 

50.0 

33.2 

11.2 

5,0 

,5 

,3 

,1 

91,9 

89.7 

42,7 

30,3 

10,3 

13,6 

75 

75.0 

7.4 

12.5 

5.0 

-

.3 

. 1 

91.7 

86. 1 

54.4 

43.7 

13,9 

13,3 

As-fed basis. 

Added to diets only in trial 2. 

° Vitamin A added at 1,984 lU, vitamin D at 222 lU and 
vitamin E at 5.5 lU /kg diet. 

Dry-matter basis. 

Mean of eight samples at each level of cotton plant 
by-product. 

f 
Ash-free basis. 
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TABLE 2, EXPERIMENTAL DESIGN (TRIAL 1) 

Cotton plant byproduct, 
% of diet 

NaOH, % / Monensin, ppm 25 50 75 

0 / 0 

4 / 0 

0 / 3 0 

4 / 3 0 16 16 16 

No, of ewe lambs. 

16^ 

16 

16 

16 

16 

16 

16 

16 

16 
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(Klosterman et al,, 1968; Thompson et al,, 1983). Lambs 

were revaccinated 14 d later. Diets were fed ad libitum 

in drylot pens (4.0 x 9.1 m) with long hay supplemented 

(.22 kg/head/d) 2 to 3 times per week to prevent 

digestive disorders. Weights were recorded at 28-d 

intervals to monitor animal performance. 

Ewes were exposed to vasectomized rams daily for 2 

mo prior to breeding. After this period, they were 

exposed to Polled Dorset rams for two estrous cycles (35 

d). The rams were half-sibs from one producer and were 

rotated to a different pen each day to raindomize sire 

effects on lamb performance. At the conclusion of 

breeding, ewes were weighed off test and shoulder height 

was recorded. Three experienced sheepmen scored each ewe 

for degree of body condition (1 to 3 thin, 4 to 6 

average, 7 to 9 fat) which is a modification of the 

procedure of Jefferies (1961) and Russel et al, (1969), 

Subsequently, the groups were combined and fed a 60% CPB 

diet until 4 wk before lambing. At this time, ewes were 

shorn, grease fleece weight recorded and the diet changed 

to 40% CPB. 

Lamb sex, number and birth weight were recorded at 

parturition. Ewes were machine milked at 28 + 4 d 

post-partum during the peak of lactation as reported by 

Gardner and Hogue (1964) and Torres-Hernandez and 

Hohenboken (1980). Data on milk production were obtained 

using a portable milking machine, with specifications of 

37 kPa of vacuum, a 55:45 milk to rest ratio and 55 

pulsations/min. Ewes amd lambs were separated and each 

ewe given an iv injection of 10 lU of oxytocin just prior 

to the initial milking. After a 4-h interval, ewes were 

again injected with oxytocin and remilked. Samples were 

analyzed for fat and protein with an infra-red milk 
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analyzer with performance specifications by Biggs (1979). 

Lamb weights also were recorded to calculate daily gain 

from birth as another estimate of ewe milk production. 

Trial 2 

Forty-eight crossbred (Rambouillet x Suffolk) wethers 

averaging 33 kg were randomly assigned to one of the 

experimental diets. Lambs were shorn, dewormed, 

vaccinated with 2 ml of Clostridium type C and D toxoid 

and placed on a 50% CPB ration. After a 7-d adjustment, 

lambs were placed in individual wooden pens (1,2 x 1,5 

m), started on their respective experimental diets and 

fitted with a canvas bag for fecal collection. Housing 

consisted of an open air shed which was closed on the 

west side. Lambs were allowed 17 d to adjust to the 

environment and establish an ad libitum intake. 

The trial consisted of two consecutive 14-d periods 

divided into 7-d adjustment and 7-d collection periods. 

One-half of the lambs were fed 90% of ad libitum intake 

and the remaining one-half of the lambs 70% of ad libitum 

intake during each period. Each lamb was fed at the 

opposite level of intake during the second period. This 

arrauigement permitted four animal observations per diet 

for each level of intake (table 3), 

At 1600 h each day, feed was offered and feces were 

collected. During collection periods, water intake and 

total fecal output were recorded with 10% of the feces 

retained and composited in plastic bags and frozen. 

Daily diet samples also were composited during each 

period. Feed and fecal dry matter (DM) were determined 

by drying samples in a 60 C forced air oven to a constant 

weight. All samples were ground through a 1-mm screen. 

Organic matter (OM) was determined on feed and feces by 
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TABLE 3, EXPERIMENTAL DESIGN (TRIAL 2) 

Intake, 
oof ad 1i 

70 

90 

% 
bitum 

/ 

NaOH, % 
Monensin, 

ppm 

0 

4 

0 

4 

0 

4 

0 

4 

/ 0 

/ 0 

/ 30 

/ 30 

/ 0 

/ 0 

/ 30 

/ 30 

Cotton 

25 

4^ 

4 

4 

4 

4 

4 

4 

4 

plant 
% of 

by-product, 
diet 

50 

4 

4 

4 

4 

4 

4 

4 

4 

75 

4 

4 

4 

4 

4 

4 

4 

4 

^ Within lamb variable. 

No. of observations. 
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ashing. Nitrogen (N) content of the feed and feces was 

determined by Kjeldahl determination of N (AOAC, 1980). 

Neutral detergent fiber (NDF) and acid detergent fiber 

(ADF) were determined by the method of Goering and Van 

Soest (1970) and corrected for insoluble ash, 

Hemicellulose (HC) was calculated by difference from 

analyses of NDF and ADF. In vivo OM, N, HC, ADF and NDF 

apparent digestibilities were calculated from the results 

of the chemical analyses. 

Statistical Analysis 

The data for pen feed intake and feed efficiency in trial 

1 were analyzed pooling the NaOH x monensin and CPB x 

NaOH x monensin interactions as the error term. All 

remaining variables in trial 1 were analyzed by least 

squares analysis of variance using the General Linear 

Models Procedure of SAS (SAS, 1982). All models included 

CPB level, NaOH treatment, monensin level and all 

interactions between the main effects (Appendix table 

10). To determine the repeatability of different 

evaluators of the same trait, an inter-rater reliability 

coefficient was calculated for the three people who 

scored the ewes for condition (Winer, 1962). The 

coefficient was calculated by: 

Mean square for the residual 
^ ~ Mean square for the ewe 

Chi-square analysis was performed on the 

discontinuous data for conception rate and number of 

lambs born (NOL). No twins were raised by ewes on four 

of the experimental diets. Therefore, only ewes with 

single lambs were included in the analysis of varisuice 
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for milk yield, composition and lamb gain. The model for 

lamb gain also included sex as a blocking effect. 

Orthogonal contrasts were used to determine the linear 

and quadratic effects of CPB. 

For trial 2, ad libitum intaJ<e was ainalyzed as a 3 x 

2 x 2 factorial using the same model as in trial 1 

(Appendix table 10). Digestibility and water intake data 

were analyzed as a split plot design (Keppel, 1982) with 

intake level as the main effect within lambs and CPB 

level, NaOH and monensin as between lambs main effects 

(Appendix table 11). Linear and quadratic effects of CPB 

level were tested using orthogonal polynomials, 

Covariant analysis was implemented for many 

variables in both trials. For the affected variables, 

covariants and correlation coefficients are presented in 

Appendix table 12. 

Results and Discussion 

Trial 1 

Performance Traits Means for feedlot performance 

are summarized in table 4. CPB level of the diet exerted 

no effect on daily intake (P>,20), However, 4% NaOH 

treatment of CPB resulted in a 17% increase (P<.03) in 

feed consumption (1276 vs 1500 g/d). This result is 

contrary to the findings of Arndt and Richardson (1982) 

who demonstrated that diets containing 4% NaOH treated 

CPB did not alter the daily intake in feedlot lambs and 

steers. The present results are substantiated by 

numerous experiments which have demonstrated that NaOH 

treatment of various roughages, fed alone or in 

combination with concentrates, improved feed intake 

(Koers et al,, 1969; Mowat and Ololade, 1970; Braman and 
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TABLE 4, PERFORMANCE OF EWE LAMBS 

Item 

Daily 
feed 
intake. 

Daily 
gain, g 

Feed 

/ 

gbod 

bcdef 

efficiency** 

NaOH. % 
Monensin, 

ppm 

0/0 
4/0 
0/30 
4/30 

0/0 
4/0 
0/30 
4/30 

0/0 
4/0 
0/30 
4/30 

Cotton 

25 

1264 
1452 
1262 
1333 

167 
187 
173 
183 

7. 
7, 
7, 
7, 

1 plsuit by-product. 
% 

6 
8 
3 
3 

of diet 

50 

1401 
1765 
1295 
1389 

143 
157 
130 
149 

9,8 
11,2 
10.0 
9.3 

75 

1400 
1756 
1037 
1306 

90 
117 
51 
96 

15, 
15. 
20, 
13. 

6 
0 
3 
6 

SE^ 

89 

6 

2,2 

Pooled standard error of means. 

Monensin main effect: daily feed intake (P<.02); 
daily gain (P<,001), 

° NaOH main effect: daily feed intake (P<,03); daily 
gain (P<,001), 

Linear cotton plant by-product x monensin 
interaction: daily feed intake (P<.07); daily gain 
(P<,002), 

® Quadratic effect of cotton plant by-product 
(P<,001), 

f 
Linear cotton plant by-product x NaOH interaction 

(P<,02), 
^ Linear effect of cotton plant by-product (P<,02), 
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Abe, 1977; Berger et al,, 1979; Loosing et al,, 1981; 

Al-Tawash and Alwash, 1983; Coombe et al,, 1985), 

The addition of 30 ppm monensin to the diets 

decreased (P<,02) feed intake 16% from 1506 to 1270 g/d. 

However, this main effect was affected by CPB level in a 

two-way interaction (P<.07), As the dietary CPB level 

increased, monensin had a greater depressauit effect on 

feed intake (figure 1). A slight decline in intake 

occurred at 25% CPB but the intake difference increased 

linearly to 25% below that of ewes receiving 0 ppm 

monensin at 75% CPB, Arndt and Richardson (1982) 

reported that the addition of monensin to NaOH treated 

CPB diets decreased feed intake 7% in feedlot steers. 

However, when this diet was pelleted, intake decreased an 

additional 10%. Similar declines in feed intake (24 and 

22%, respectively) have been recorded by Coombe et al. 

(1979) and Oltjen et al. (1977) when monensin was added 

to wheat straw and cottonseed hull diets. These 

decreases are greater than the 6,4% decrease Goodrich et 

al, (1984) reported for feedlot cattle in a summary of 

228 trials involving control and monensin-containing 

diets. This slight decline in feed intake is in 

agreement with the findings of Potter et al. (1986) who 

summarized numerous trials and concluded that monensin 

supplementation of cattle fed hay or silage reduced feed 

consumption 3.1%. With diets high in cell wall 

constituents, Simpson et al. (1976) and Simpson (1978) 

hypothesized that monensin is a potent inhibitor of 

cellulose digestion by unadapted rumen microorganisms. 

Inhibition of cellulose digestion may be a prominent 

factor in the effect of monensin on intake, or the 

decline in feed intake may simply be the result of poor 

palatability. Baile et al. (1979) noted that cattle 
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frequently displayed an aversion to monensin containing 

diets. The high levels of a poor quality roughage may 

have magnified the effects of monensin on feed intake. 

As the level of CPB increased, a quadratic decrease 

(P<.001) in daily gain resulted with means of 177, 145 

and 88 g/d for 25, 50 and 75% CPB, respectively. 

Stoerger et al. (1976) also found a quadratic decline in 

weight gains as the level of roughage increased in ewe 

lamb diets. NaOH treatment of CPB improved (P<.001) daily 

gain 17% from 126 to 148 g/d. Arndt and Richardson 

(1982) reported an 18% increase in feedlot lamb gain due 

to the NaOH treatment of CPB. Numerous other studies 

have shown that gains of sheep and cattle have been 

improved by NaOH treatment of the roughage portion of the 

diet (Koers et al,, 1970; Greenhalgh et al,, 1976; Rounds 

et al., 1976; Braman and Abe, 1977; Jackson, 1977; Levy 

et al,, 1977; Levy et al,, 1980; Horton et al,, 1982), 

Monensin supplementation decreased (P<.001) daily 

gain from 143 g/d for the 0 ppm diets to 130 g/d for the 

30 ppm diets. This result is contrary to the results of 

previous studies for both beef cattle and sheep. Potter 

et al, (1986) cited several trials which attest that 

monensin increased gains in forage fed cattle. Studies 

summarized by Goodrich et al, (1984) indicate that 

feedlot cattle fed monensin-containing diets tended to 

gain 1,6% faster than controls. The experiments of 

Nockels et al, (1978), Calhoun et al, (1979) and Joyner 

et al, (1979) revealed no decline in lamb performance as 

a result of monensin supplementation of feedlot diets. 

In view of the published reports demonstrating no adverse 

effects of monensin supplementation, the decline in daily 

gain in the present trial may be attributed to the severe 
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decline in feed intake rather than the direct effects of 

monensin. 

The two-way interactions in figure 2 illustrate the 

effect of CPB level on the effects of NaOH and monensin. 

The CPB x NaOH interaction (P<.02) indicates that NaOH 

increased daily gains at all CPB levels, but the 

improvement was most pronounced in the 75% CPB diet 

(figure 2a). As CPB level in the diet increased NaOH 

treatment of the CPB became more critical in maintaining 

daily gain. 

The CPB X monensin interaction (P<.002) reveals that 

the depression of daily gain by monensin was dependent on 

the level of CPB in the diet (figure 2b), No effect was 

evident at 25% CPB while the greatest effect occurred at 

75% CPB, This response corresponds to the CPB x monensin 

interaction presented for feed intake, Sharrow et al, 

(1981) denoted that increasing monensin levels in a 

pelleted forage diet fed to lambs resulted in a linear 

decrease in feed intake and daily gain. Thus, much of 

the decline in performance can be attributed to a similar 

decrease in feed consumption. 

The summary of diet feed efficiencies reveal that as 

the level of CPB in the diet increased, the amount of 

feed necessary to produce a unit of gain increased 

linearly (P<,02). In essence, as nutrient density of the 

diets decreased, the efficiency of conversion of feed to 

body tissue also decreased, 

NaOH treatment of CPB did not affect feed efficiency 

(P>.40). NaOH treatment resulted in 17% higher daily 

gains, but this effect was negated by a similar increase 

in daily feed intake. Improved feed efficiency has been 

accomplished by NaOH treatment of roughages in numerous 

trials (Hasimoglu et al., 1969; Koers et al,. 1969; 
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Figure 2. Daily gain in ewe lambs for the cotton 
plant by-product x NaOH (SE=4) and 
cotton plant by-product x monensin 
interactions (SE=4). 
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Klopfenstein, 1978; Garrett et al., 1979; Loosing et al,, 

1981; Arndt and Richardson, 1982). However, the present 

results verify the findings of Al-Tawash and Alwash 

(1983) which suggest that NaOH improvement of daily gains 

was accompanied by a corresponding increase in feed 

intake, resulting in no change in feed efficiency. 

The inclusion of 30 ppm monensin in the experimental 

diets also resulted in no improvement in feed efficiency 

(P>.40)- This finding is contrary to the majority of 

reports reviewed by Goodrich et al, (1984) and Potter et 

al, (1986) on monensin supplementation of forage or 

concentrate diets fed to ruminants. However, no change 

in feed conversion was reported by Oltjen et al, (1977) 

and Coombe et al. (1979) when monensin was added to crop 

residue diets, Arndt and Richardson (1982) also observed 

no change in feed efficiency when monensin was added to 

NaOH treated CPB pellets. 

Least squares means for skeletal size, body 

condition and wool production are presented in table 5, 

Shoulder height means reveal a quadratic decrease 

(P<,005) across increasing CPB levels. The large 

decrease in shoulder height from 50 to 75% CPB in the 

diet suggests that the 75% diet did not provide 

sufficient energy for skeletal growth. Treatment with 4% 

NaOH increased (P<,001) shoulder height from 68.6 to 69.4 

cm. Previous studies have not documented the effect of 

NaOH on skeletal size but have noted that NaOH treatment 

enhanced weight gains. Supplementation with 30 ppm 

monensin decreased (P<.02) shoulder height from 69.4 to 

68.6 cm. These main effect differences of NaOH and 

monensin are similar to their effects on daily gain and 

feed intake. A simple correlation coefficient of .57 

(P<.01) was determined between daily gain and shoulder 
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TABLE 5. MEASUREMENTS OF SIZE, 
CONDITION AND WOOL GROWTH 

/ 
Item 

Shoulder , , 
height, cm̂ '̂ '̂  

Weight/ 
height,^ 

kg/cm 

Condition , 
score, 1-9̂ ®̂" 

Grease 
fleece ,„ 
wt, kg/yr°^^^ 

NaOH, % 
Monensin, 
ppm 

0/0 
4/0 
0/30 
4/30 

0/0 
4/0 
0/30 
4/30 

0/0 
4/0 
0/30 
4/30 

0/0 
4/0 
0/30 
4/30 

Cotton 

25 

70,2 
71,5 
70. 1 
70.4 

,84 
.87 
,84 
,86 

7.6 
7.9 
7,8 
8.0 

5.9 
5,8 
5,7 
5,6 

plant by-
% of diet 

50 

69,2 
69,9 
69,3 
69.4 

.79 

.80 

.74 

.78 

6.6 
4.9 
5.8 
5.5 

5,2 
5.5 
5,0 
5,4 

product. 

75 

67,3 
67,8 
65,4 
67.0 

,65 
.72 
,57 
,68 

2.9 
4.2 
2.8 
3.1 

4,4 
5.2 
3.9 
4,8 

SE^ 

.5 

.01 

,2 

.2 

Pooled standard error of meeuis. 

Quadratic effect of cotton plant by-product: 
shoulder height (P<.005); weight/height (P<,001). 

° Monensin main effect: shoulder height (P<.02); 
weight/height (P<.001); condition score (P<,05); grease 
fleece wt (P<,001). 

'̂  NaOH main effect (P<,001). 

® Linear cotton plant by-product x monensin 
interaction (P<.007), 

•f 

Linear cotton plant by-product x NaOH interaction: 
weight/height (P<,002); grease fleece wt (P<,001), 

^ Linear effect of cotton plant by-product (P<,001). 

Quadratic cotton plant by-product x NaOH x monensin 
interaction (P<.001). 
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height. Therefore, rate of gain accounted for 32% of the 

variation in shoulder height and much of the dietary 

effects on skeletal size were mediated via growth rate 

and(or) feed intake. 

Weight/height ratio (WT/HT) was determined for each 

ewe as an objective measure of body condition (Klosterman 

et al., 1968; Hays and Brinks, 1980; Umberger et al,, 

1985), CPB level in the diet again exerted a quadratic 

effect (P<.001) with means of .86, .78 and -65 kg/cm for 

25, 50 and 75% CPB, respectively, Stoerger et al. (1976) 

reported a linear decrease in rib fat and loin fat 

measurements as roughage level of the diet increased. 

WT/HT increased (P<.001)from .74 to .79 kg/cm if 

diets contained CPB treated with NaOH. A similar 

increase in body condition was reported by Garrett et al, 

(1979) who demonstrated that steers fed diets containing 

NaOH treated rice straw had significantly more carcass 

fat. This result is further substantiated by the 

experiment of Al-Tawash and Alwash (1983) who revealed a 

higher percent separable fat of the 9, 10, 11 rib cut 

from lambs fed 4% NaOH treated bagasse than those fed 

untreated bagasse. 

The addition of monensin depressed (P<.001) WT/HT 

from ,78 to ,74 kg/cm. Although significant, the decrease 

was not as large as the decline in daily gain and intake. 

Main effects interacted (P<,007) in the two-way 

interactions presented in figure 3, The data for the CPB 

X NaOH interaction (P<,002) illustrates that NaOH 

consistently increased WT/HT but had the largest effect 

at 75% CPB (figure 3a). The CPB x monensin interaction 

(P<.007) reveals that the decrease in WT/HT due to 

monensin supplementation was dependent on level of CPB in 

the diet (figure 3b). As the level of CPB increased, a 
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corresponding decrease occurred in WT/HT of the monensin 

supplemented ewes. The same trends for main effects and 

interactions were also evident for daily gain in these 

ewes. The correlation between daily gain and WT/HT was 

,89 (P<.001); therefore, daily gain accounted for 79% of 

the variation in WT/HT. Thus, nutritionally induced 

differences in growth rate among genetically similar ewes 

resulted in increased body condition, 

A subjective estimate of body condition was also 

included in the trial. Condition scores exhibited a 

linear decrease (P<,001) as CPB level increased; the 

means were 7,8, 5,7 and 3.2 for 25, 50 and 75% CPB, 

respectively, CPB level alone accounted for 75% of the 

variation in condition score. This linear trend more 

closely follows the results of Stoerger et al, (1976) 

than the response previously discussed for WT/HT. 

Monensin (30 ppm) decreased (P<.05) condition score from 

5.7 to 5.4. Yet these main effect differences were 

affected by the highest order interaction (P<,001) 

between CPB level, NaOH treatment and monensin. The 

graphical presentation of this interaction in figure 4, 

indicates that the linear decrease of condition score 

across CPB levels can still be interpreted. However, at 

0 ppm monensin (figure 4a), NaOH treatment decreased 

condition at 50% CPB while it increased condition score 

at 75% CPB, At 30 ppm monensin (figure 4b) NaOH 

treatment had no effect. Because this effect was not 

found in the objective measure of condition (WT/HT), 

human error associated with subjective measurements may 

have produced the effect. Examination of the raw data 

indicated that the 50% CPB, NaOH treated, 0 ppm monensin 

diet group was the first pen to be scored. Initial use of 

the scoring system could have increased the likelihood of 
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inaccurate scores. One other possibility is that the F 

test with 2 and 176 df was more powerful in detecting 

differences than the three scorers. Nevertheless, WT/HT 

and average condition score were highly correlated at 

(r=.85, P<,001), An inter-rater reliability coefficient 

was calculated to determine the repeatability of 

different judges for condition score. The coefficient 

was .97; thus the sheepmen were consistent in their 

evaluation of condition score. 

Grease fleece wt adjusted to a 12-mo basis also 

displayed a linear decrease (P<,001) as CPB increased; 

means were 5.7, 5.3 and 4.6 for 25, 50 and 75% CPB, 

respectively. The decrease in wool production associated 

with lower energy levels in this study agrees with 

studies reviewed by Ryder and Stephenson (1968) who noted 

appreciable responses in wool growth as maize starch was 

added to the diet. Allden (1979) also reviewed research 

showing a positive linear relationship between wool 

production and energy intake in two field experiments 

involving supplemental feeding. Other studies utilizing 

ewe lambs (Burfening et al,, 1971; Southam et al., 1971) 

have demonstrated an increase in wool production 

resulting from a higher plane of nutrition. NaOH 

treatment of CPB increased (P<.001) fleece wt from 5.0 to 

5.4 kg. Monensin decreased (P<,001) wool wt from 5.4 to 

5.1 kg. The two-way interaction (P<.001) of CPB x NaOH 

is presented in figure 5. Although wool growth declined 

as dietary CPB increased, the effect of NaOH treatment 

was greater as level of CPB increased. Allden (1979) 

associated wool growth with digestible dry matter intake. 

Studies reviewed by Jackson (1977) suid Klopfenstein 

(1978) indicated that NaOH treatment of roughages 

increased dry matter digestibility. The increase in wool 
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growth, resulting from NaOH treatment of the higher 

levels of CPB, could be due to their increased intake of 

these diets coupled with an increase in dry matter 

digestibility. 

Conception and Twinning Rates. Mean conception smd 

twinning rates are presented in table 6. The conception 

rates for lambs on 25 and 50% CPB were greater (P<.001) 

than for those on the 75% CPB diets. Apparently, the 

high CPB diets did not supply adequate nutrition for ewe 

lamb reproduction. Similar responses have also been 

noted for growth rate and body condition. Burfening et 

al. (1971) also demonstrated that increased nutrition of 

grazing ewe lambs resulted in an increased number of ewe 

lambs reaching puberty aind conceiving their first year. 

But, Stoerger et al. (1976) reported that a 50% 

concentrate-roughage diet produced the highest conception 

rate. However, this result may have been caused by using 

ewe lambs whose initial weight was over 40 kg and their 

mean final weight above 50 kg. Conception differences in 

ewe Isunbs of this weight range has not been related to 

inadequate nutrition. Other research (Umberger et al., 

1985; Southam et al,, 1971; Jordan et al,, 1970) has not 

shown any detrimental effect of altering the 

forage/concentrate of diets fed to ewe lambs. However, 

these experiments used high quality forage, far superior 

to the CPB used in the present study. 

The addition of 30 ppm monensin to the experimental 

diets did not affect conception (P>.20). However; 

Moseley et al, (1977) reported that 77% of monensin-fed 

heifers reached puberty compared to only 47% of control 

heifers of similar weight. Later research (Moseley et 

al., 1982) indicated that a decreased age at puberty due 

to monensin was most evident with heavier weight heifers 
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TABLE 6. OBSERVED CONCEPTION AND LAMBING RATES 
FOR MAIN EFFECTS AND BODY MEASUREMENTS 

Item 

Cotton plant 
by-product, 
% of the diet 

NaOH, % 

Monensin, ppm 

Daily gain, g/d 

Final wt, kg® 

Condition score, 
1-9 

WT/HT, kg/cm 

Level 

25 
50 
75 

0 
4 

0 
30 

<100 
>100 

<45 
>45 

CO
 C

D
 C

D
 

V
| 

1 
A

 
CO

 

<,70 
>.70 

% Bred^ 

81^^ 
78 
40 

63 
69 

67 
65 

41^ 
72 

21̂ ^ 
77 

33̂ ^ 
64 
80 

37*̂  
77 

% Twins^ 

16 
16 
8 

17 
12 

17 
11 

0 
16 

0 
15 

10 
9 
19 

5 
16 

(No, bred / no, exposed) x 100. 

Observed percentage, 

(No, twins born / no, ewes lambing) x 100. 

Observed values within item differ from expected: 
CPB, daily gain, final wt, WT/HT (P<.001); condition score 
(P<.03). 

® Weight at the end of the breeding season. 
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but the researchers failed to investigate differences in 

conception rate. 

Increased weight gains and intake associated with 

NaOH treatment did not ultimately affect reproductive 

performance as measured by conception rate (P>,20). 

Acock et al. (1979) also concluded that NaOH treated 

wheat straw had no effect on the reproductive performance 

of mature beef cows. 

All dietary main effects exerted no effect (P>.20) 

on twinning rate. Earlier investigations have not dealt 

with the effects of monensin and(or) NaOH treated diets 

on lambing rates. Yet, the current study reveals no 

effect associated with either NaOH or monensin. However, 

ovulation and twinning rates have been increased in 

mature ewes as the result of adding concentrate to a 

forage diet (El-Sheikh et al., 1955; Foote et al,, 1959; 

Huston, 1983). Ewe lambs fed varying levels of roughage 

auid concentrate showed a linear decrease in twinning rate 

as roughage level increased (Stoerger et al,, 1976). The 

lack of agreement between earlier research sind the 

present results could be due to the Rambouillet ewe 

lamb's innate low twinning rate. The studies of Southam 

et al,(1971) and Laster et al,(1972) reported no twins 

born from a total of 76 Raunbouillet ewe lambs. 

Beyond dietary effects on reproduction, attention 

should also be focused on the body measurements that may 

influence the ability of the ewe lamb to conceive. Such 

information could provide valuable "rules of thumb" for 

commercial producers in making management decisions 

concerning ewe lamb reproduction. 

Ewes with a growth rate in excess of 100 g/d 

possessed a higher (P<.001) conception rate than those 

that gained at a slower rate. Dickerson and Laster 
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(1975) noted that increased daily gain from weaning to 

160 d of age increased the percentage of ewe lambs 

showing estrus during the breeding season, 

A larger (P<.001) difference in conception rate 

resulted when comparing ewes that weighed over 45 kg, at 

the end of the breeding season, to those that weighed 

less. This critical weight is somewhat higher thain the 

40-43 kg cited in earlier reports of wool breeds (Southam 

et al,, 1971; Laster et al,, 1972; Dickerson and Laster, 

1975). Umberger et al, (1985) reported a 94% conception 

rate in medium wool ewe lambs with a mean wt of 52 kg. 

Thus, the likelihood of a ewe's conception is enhanced by 

an increase in body weight. 

Conception rate differed (P<,03) among the three 

main levels of condition scores, with more condition 

producing a higher conception rate. The difference was 

most pronounced between the thin and medium scores. 

However, Laster et al. (1972) demonstrated that condition 

score did not affect any reproductive trait measured on 

19 sheep breed groups fed alike. Perhaps the common diet 

reduced condition score variation. 

Ewes with a WT/HT above .70 kg/cm had a greater 

(P<.001) conception rate than those below .70 kg/cm, 

substantiating the condition score effects. Umberger et 

al. (1985) further substantiates this finding by citing 

94% conception in 112 ewe lambs with a mean WT/HT of -83 

kg/cm. 

Body measures and condition score were unrelated 

(P>.20) to twinning rate. Umberger et al, (1985) 

reported that ewe lambs with higher gains and WT/HT 

produced more twins. The difference in results could 

arise from the fact that in the latter study, higher 

energy diets supported gains that were superior to diets 
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used in the present trial. Conflicting reports exist for 

the effect of condition score on twins born. 

Adalsteinsson (1979) and Laster et al, (1972) cited no 

difference in lambing percentage across condition scores 

while Newton et al. (1980) reported that ewes with higher 

condition scores had a significantly higher lambing 

percentage (183 vs 165), 

In summary, for producers to ensure conception, ewe 

lambs should weigh in excess of 45 kg, be gaining at 

least 100 g/d and possess above average body condition. 

These performance guidelines should be utilized in 

conjunction with meeting nutritional requirements to 

allow ewe lambs to develop to their potential. 

Lactation Traits and Lamb Growth. Main effect least 

squares means for milk yield, composition and 30-d leimb 

growth rate are presented in table 7. CPB level in the 

diet had no effect (P>,20) on any of these traits. This 

is an important result since earlier investigations with 

dairy and beef cattle have suggested that rapid growth on 

a high plane of nutrition reduced mammary growth and 

subsequent milk production (Swauison, 1960; Christian et 

al., 1965; Plum and Harris, 1968; Koch, 1972; Sejrsen, 

1978; Little and Kay, 1979; Martin et al., 1981; Johnsson 

and Obst, 1984). A similar response in sheep has also 

been recorded (Umberger et al,, 1985; Johnsson and Hart, 

1985), However, the results of the present investigation 

verify the findings of Reid et al. (1964) and Gardner et 

al. (1977) in reporting no difference in milk yield due 

to nutritional levels prior to breeding. 

Supplementation of diets with 30 ppm monensin 

resulted in no subsequent effects (P>.20) on lactation. 

These results are in agreement with Hixon et al. (1982) 

who indicated that beef heifers reared and maintained on 
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TABLE 7, MAIN EFFECT MEANS FOR 
LACTATION MEASURES^ 

Item 

Cotton plant 
by-product, 
% of diet 

NaOH, % 

Monensin, 
ppm 

Level 

25 
50 
75 

0 
4 

0 
30 

Milk 
yield. 

g/4h 

298 
271 
292 

295 
279 

301 
273 

Milk 
protein. 

% 

4,2 
4.3 
4,3 

4.3 
4,2 

4,3 
4.2 

Milk 
fat. 

% 

7,5 
7,4 
7,0 

7,3 
7,3 

7,1 
7.6 

Lamb 
gain. 

g/d^ 

282 
292 
285 

277 
295 

288 
284 

SE' 25 .6 23 

Means calculated for ewes raising single lambs only. 

Adjusted for sex. 

Pooled standard error. 
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monensin-containing diets showed no change in milk 

production, composition and calf daily gain. 

No previous studies have investigated the effects of 

feeding NaOH treated roughage to developing replacement 

females on subsequent lactation. In the current study no 

traits were affected (P>,20) by the NaOH treatment of 

CPB, Jackson (1977) reviewed several experiments and 

reported that inclusion of NaOH treated forage in 

complete rations of lactating dairy cattle and goats had 

no detrimental effect on milk production and composition. 

Lamb gain to 30-d was included as another estimate 

of milk production. After adjustment for number of lambs 

and sex, gain was correlated with milk yield (r=.49, 

P<.001). Higher correlations (.90 to .80) between milk 

production and lamb gain have been reported by Wallace 

(1948), Burris and Baugus (1955) and Gardner and Hogue 

(1964), while Owen (1957), Slen et al. (1963) and 

Torres-Hernandez and Hohenboken (1980) reported 

correlations of .50 to .60. The higher correlations were 

studies of ewes in individual pens in a more controlled 

environment. Although lambs in the present trial were 

not creep-fed, milk production accounted for only 25% of 

the variation in lamb gain. One possible explanation is 

the group confinement of ewes and lambs increased the 

frequency and aunount of lambs suckling ewes other than 

their dams. 

Trial 2 

Feed Intake. Lambs were allowed 17 d to establish 

an ad libitum feed intake. Analysis of variance revealed 

a monensin main effect (P<.02) on feed intake with means 

of 1.47 and 1.27 kg/d for 0 and 30 ppm, respectively. 

This 14% decrease is similar to the 16% reduction in feed 
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intake of ewe lambs reported in trial 1. However, 

monensin again interacted (P<.06) with CPB level. The 

data presented in figure 6 indicate that, as the CPB 

level in the diet increased, the larger the decline in 

intake due to monensin supplementation. This response 

was also reported in trial 1. Baile et al. (1979) 

indicated that beef cattle frequently displayed an 

aversion for feed containing monensin. The large 

reduction in feed intaike reported by Oltjen et al. 

(1977). Coombe et al. (1979) and the current 

investigation could imply that the aversion to monensin 

is magnified when combined with low quality roughages. 

Water intake. Daily dry matter consumption 

correlated with water intake (r=.53) and was included in 

the model as a covariant. Main effects were not 

different (P>.20), however, a linear CPB x NaOH 

interaction (P<.02) was found. The means summarized in 

figure 7 indicates that, as the percent CPB in the diet 

increased, the effect of NaOH on water intake also 

increased. This response concurs with earlier research 

(Maeng et al., 1971; Singh and Jackson, 1971; Chaturvedi 

et al., 1973; Al-Tawash et al., 1982) which indicated 

that the NaOH treatment of roughages increased water 

intake. Jayasuriya and Owen (1975) demonstrated that 

increased NaOH intake resulted in a corresponding 

increase in water intake. 

Organic Matter and Nitrogen Digestibility. Means 

for organic matter (OMD) and apparent nitrogen (ND) 

digestibility are presented in table 8. Increases in the 

level of CPB in the experimental diets resulted in a 

linear decrease (P<.001) in OMD with means of 78.1, 66.7 

and 54.4 for 25, 50 and 75% CPB diets, respectively. 

This decrease in OMD implies a low digestibility for CPB 
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TABLE 8. MEAN APPARENT ORGANIC MATTER 
AND NITROGEN DIGESTIBILITY 

NaOH, X 
/ Monensin, 

Item ppm 

OM, x^'^^^e 0/0 

4/0 

0/30 

4/30 

Cotton plant by-product. 

25 

70 

75.2 

78.2 

77.6 

82.3 

X ad 

90 

76.9 

77.8 

76.4 

80.3 

50 

X Of 

libitum intake 

70 

65,5 

68,0 

67,3 

69,6 

90 

66,2 

66,1 

64.5 

66.8 

70 

54,6 

57.4 

54,2 

58,8 

diet 

75 

90 

50.5 

55. 1 

49.8 

54.4 

Pooled 
SE 

1.2 

N, X bchi 0/0 

4/0 

0/30 

4/30 

65.2 

67,4 

67.4 

76.2 

67.8 

68,4 

66.4 

75.5 

59.8 

62.7 

63,0 

64,9 

60,9 

60.4 

61,4 

62,2 

55,5 

56,8 

57,6 

58.5 

52.5 

55.0 

53.6 

55.7 

1.6 

OM = organic matter, N = nitrogen. 

Linear effect of cotton plant by-product {P<.001). 

° NaOH main effect (P<.001). 

Intake main effect (P<.004). 

Linear ootton plant by-product x intake interaction (P<.02). 
f 
Linear cotton plant by-product x monensin interaction (P<.10) 

g Monensin x intake interaction (P<.08) 

Monensin main effect (P<.004). 

Linear cotton plant by-product x NaOH x monensin interaction 
(P<.05). 
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which was not affected by associative effects. 

Regression analysis revealed that the addition of 1% CPB 

resulted in a .47% decrease in OMD, Extrapolation of the 

data indicates that the concentrate portion of the diet 

was 90% digestible and that the digestibility of CPB was 

43%. Total diet digestibilities previously reported 

(Arndt et al,, 1980; Arndt and Richardson, 1982) indicate 

that OMD of CPB ranged from 41 to 48%. Other authors 

have also noted a linear decrease in OMD as the 

concentrate level of the diet decreased (Woods and 

Rhodes, 1962; Kromann and Meyer, 1966; Horton et al,, 

1980; Mould et al., 1983; Ledoux et al., 1985). 

NaOH treatment of CPB increased (P<.001) diet OMD 

from 64.9 to 67.9%. This 5% increase in OMD is lower 

than in previous reports which demonstrated that NaOH 

treatment of CPB increased OMD from 8 to 36% (Arndt et 

al,, 1980; Arndt and Richardson, 1982), With various 

other roughages, NaOH treatment has increased OMD 9 to 

38%, depending on the type of treatment and forage used 

(Klopfenstein et al., 1972; Carmona and Greenhalgh, 1972; 

Shin et al,, 1975; Ololade and Mowat, 1975; Pirie and 

Greenhalgh, 1978; Gihad, 1979; Loosing et al,, 1981; 

Larwence et al., 1983; Fahmy and Orskov, 1984; Coombe et 

al,, 1985). The pelleting of the diets in the present 

trial could have increased the rate of passage through 

the rumen and decreased the expected improvement in OMD, 

Previous research has reported that pelleting forage 

diets reduced OMD (Coombe et al,, 1979; Fonnesbeck et 

al., 1981). 

As the level of intake rose from 70 to 90% of ad 

libitum, OMD decreased (P<.004) from 67.4 to 65.4%, 

Contrary to this decrease in OMD, Hogan and Weston 

(1971), Al-Tawash et al. (1982) and Firkins et al. (1986) 
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reported no change in OMD as a result of altering food 

intake. However, the current results are supported by 

the results of Alawa and Owen (1984), Grovum and Williams 

(1977) and Beever et al. (1972) who demonstrated a 

decrease in OMD as the intake of pelleted diets 

increased. Alawa and Owen (1984) proposed that high 

intakes of a pelleted diet could result in additive 

effects in decreasing OMD, 

Main effect differences of CPB, monensin and intake 

level for OMD were affected by all possible second order 

interactions. The data for the linear CPB x monensin 

interaction (P<.10) is shown in figure 8a, The main 

effect of CPB level remained interpretable; however, the 

effect of monensin on OMD was dependent upon the level of 

CPB in the diet. As the level of CPB increased the 

advantage in OMD due to monensin diminished. This 

response is in agreement with the increased dry matter 

digestibility of feedlot diets reported by Rust et al. 

(1978) and the unaltered OMD of 70% CPB diets cited by 

Arndt and Richardson (1982), However, Faulkner et al. 

(1985) noted that intermediate levels of monensin (12.2 

and 18.3 ppm) increased the dry matter digestibility of a 

roughage diet above that of 0 and 36 ppm monensin diets. 

Conflicting reports exist for diets containing various 

combinations of roughage and concentrate. Horton et al. 

(1980) reported that monensin increased OMD as the level 

of roughage in the diet increased while Ricke et al. 

(1984) reported no change in dry matter digestibility in 

lambs fed an alfalfa-corn diet. 

CPB percentage in the diet also interacted (P<.02) 

with the level of feed intake (figure 8b). As the amount 

of CPB rose, the greater the decline in OMD resulting 

from high feed intake, A similar response was noted by 
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Robertson and Van Soest (1975) who reported that the 

digestibility of pelleted mixed diet was depressed more 

as forage level increased. This depression of 

digestibility at high roughage levels has only been 

established for pelleted forages (Beever et al,, 1972; 

Greenhalgh and Reid, 1973; Alwash and Thomas, 1974; 

Fonnesbeck et al,, 1981; Alawa and Owen, 1984), while 

contradicting evidence exists for chopped and unprocessed 

forages (Hogan and Weston, 1971; Beever et al,, 1972; 

Grovum and Williams, 1977; Al-Tawash et al., 1982; Alawa 

and Owen, 1984), Previous reports have also indicated 

that a high intake of mixed diets had a larger depression 

on digestibility at the higher concentrate levels 

(Tyrrell and Moe, 1975; Colucci et al,, 1982; Rust and 

Owens, 1981). This is in direct conflict with the 

present results. Cited studies utilized long forages and 

whole grains, whereas, in the current trial ground CPB 

and cracked corn were mixed in a complete pelleted diet. 

Critical differences in forage treatment have been 

discussed previously; however, the results of Kim and 

Owens (1985) indicate that grain particle size may alter 

the effect of intake on digestion. Processed grains are 

more rapidly digested in the rumen and are less 

vulnerable to the effects of intake. This hypothesis is 

supported by the findings of Tyrrell and Moe (1974). Moe 

and Tyrrell (1977) and Staples et al, (1984) which 

indicate that, when the grain was cracked or ground, the 

fiber portion of the diet was primarily responsible for 

changes in digestibility. 

Monensin and intake main effects were altered 

(P<.08) by a two-way interaction. Means for 0 and 30 ppm 

monensin were 66.5 and 68.3 at 70% and 65.4 and 65.4 at 

90% of ad libitum intake, respectively. Interpretation 
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of the graphed data indicates that the interaction 

confounds the explanation of both main effects. It is 

evident that the primary contributor to both main effects 

and the interaction is the high OMD resulting from low 

intake and monensin supplementation. One hypothesis for 

this response is that the low level of intake and 

monensin have been shown to decrease ruminal turnover, 

both liquid and solid (Lemenager et al., 1978; Owens et 

al., 1979). Increased rumen retention time would be 

realized if the effects were additive. Other research 

has indicated that feed digestibility is related to rate 

of passage (Blaxter et al., 1956; Thornton and Minson, 

1973; Grovum and Williams, 1977; Rust and Owens, 1981; 

Staples et al., 1984). 

Increasing the level of CPB in the diet from 25 to 

75% resulted in a linear decrease (P<,001) in apparent 

nitrogen digestibility (69,3, 61,9, 55.7%, respectively). 

Dietary CPB level accounted for 65% of the variation in 

ND. Similar responses have been reported by 0'Donovan 

and Ghadaki (1973) and Kromann et al. (1977) who fed 

various combinations of wheat straw and concentrate. In 

contrast, other studies indicate that roughage level had 

no effect on ND (Woods and Rhodes, 1962; Mulholland et 

al,, 1976; Wignjosoesastro and Young, 1982), 

NaOH treatment of CPB improved (P<,001) diet ND from 

60.9 to 63.6%. This trend is in agreement with the 

increase in ND noted by McManus et al. (1976) and 

Larwence et al. (1983). However^ many studies have also 

shown that NaOH treatment exerted no effect on ND 

(Klopfenstein et al., 1972; Ololade and Mowat, 1975; 

Braman and Abe, 1977; Sehgal and Punj, 1983; Ben-Ghedalia 

and Shefet, 1983; Coombe et al., 1985). 
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Monensin supplementation also increased (P<,004) ND 

from 61.0 to 63,5%. Similar improvements in ND have also 

been reported in studies utilizing goats, lambs and 

steers (Beede et al., 1980; Horton et al,, 1980; Beede et 

al., 1986), A protein-sparing effect may be the 

consequence of reduced ruminal degradation of pre-formed 

dietary protein, resulting in greater quantities of 

intact dietary protein reaching the abomasum (Poos et 

al,, 1979), Possible mechanisms include reductions in 

ruminal ammonia concentration via a decline in 

proteolysis and(or) decreased ruminal deamination. 

Interpretation of main effect means was affected by 

CPB, monensin and NaOH which created a three-way 

interaction (P<,05). Graphical presentation of the data 

(figure 9) revealed that the main effects of CPB and NaOH 

remain consistent. However, the addition of monensin 

with NaOH treatment at 25% CPB resulted in a dramatic 

increase in ND, The reason for such an effect is 

unknown, although the magnitude of the response is 

similar to that reported by Horton et al, (1980) across 

diets containing various amounts of roughage. The forage 

used in the present study was of poorer nutritional 

quality than the alfalfa meal and wheat straw utilized by 

Horton et al. (1980). Coombe et al. (1979) noted that 

monensin, with or without NaOH, had no effect on rumen 

ammonia levels in diets containing mostly wheat straw. 

At the 25% CPB level, perhaps NaOH treatment increased 

rumen rate of passage (Berger et al., 1980), which 

magnified the protein bypass effect of monensin 

previously discussed. 

Cell Wall Digestibility. Mean cell wall constituent 

digestibilities for all sub-cells are presented in table 

9. Increases in the level of CPB in the experimental 
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TABLE 9, MEAN CELL WALL CONSTITUENT DIGESTIBILITIES 

Item^ 

NaOH, X 
Monensin, 

ppm 

NDF, x^ctJef Q^Q 

4/0 
0/30 
4/30 

HC, X*^®^* 0/0 
4/0 
0/30 
4/30 

ADF, X"*^ 0/0 
4/0 
0/30 
4/30 

Cotton p 

25 

70 

51,0 
55.0 
58.0 
67.4 

75.8 
78.9 
84.5 
93.6 

28.3 
31.8 
29.3 
43.4 

X 

90 

52.9 
53,2 
51,8 
61,8 

77.1 
78.2 
84,0 
86.7 

30.6 
29,4 
25,6 
38,4 

lant by-product. 

of 

50 

X of dii 

75 

ad libitum intake 

70 

48,2 
50,6 
49,5 
55.7 

76.3 
88,4 
80.8 
94,4 

30,3 
33,5 
32.4 
41.2 

90 

48. 1 
46.7 
45,4 
52,3 

76,2 
80,7 
78.3 
92.2 

34.0 
32,1 
27.2 
34.7 

90 

43.0 
52.1 
45.6 
53.0 

73,6 
94,9 
78,9 
96,0 

31.6 
41.3 
29,8 
42.0 

et 

70 

35,8 
47.7 
39,4 
48,8 

69,5 
87,7 
80,2 
95,4 

22,8 
38,0 
23.6 
36,2 

Pooled 
SE 

2.2 

3,1 

3,1 

* NDF = neutral detergent f iber , HC = hemice l lu lose , ADF = acid 
detergent f iber 

Ash-free bas i s . 

° Linear cotton plant by-prcxiuct main e f f e c t (P<.001). 

^ NaOH main effect (P<.001), 

® Monensin main effect (P<.004). 

^ Intake' main effect (P<.05). 

^ Linear cotton plant by-product x NaOH interaction (P<,005). 

Linear cotton plant by-product x NaOH x monensin interaction 
(P<,04), 
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diets resulted in a linear decrease (P<,001) of NDF 

digestibility with means of 56,4, 49,6 and 45,7 for 25, 

50 and 75% CPB, respectively, A similar response was 

previously noted for OMD. NDF digestibility and OMD were 

correlated (r=,75 ,P<,001). Although Joanning et al. 

(1981) reported quadratic responses for other 

digestibilities, NDF responded in a linear relationship. 

In contrast, Wedekind et al, (1986) noted a cubic 

response in NDF digestibility as grain level increased in 

a fescue hay diet. Such a result would indicate the 

presence of associative effects which were not evident in 

the present study. 

The inclusion of NaOH treated CPB in the 

experimental diets resulted in improvements (P<,001) of 

NDF, HC, and ADF digestibilities. Main effect means for 

NDF, HC and ADF digestibilities at 0 and 4% NaOH were 

47.4, 53,7; 77.9, 88.8; and 28.8, 36,8%, respectively. 

The in vitro trial of Arndt et al. (1980) indicated that 

4% NaOH treatment of CPB resulted in large improvements 

in cell wall digestibility. However, in vivo 

measurements did not include cell wall constituents. 

Numerous investigations have reported that NaOH treatment 

of roughages, fed alone or in combination with 

concentrates, has improved the digestibility of NDF, HC 

and ADF (Klopfenstein et al., 1972; Ololade and Mowat, 

1975; Rexen and Thomson, 1976; Mathews and McManus, 1976; 

Coombe et al,, 1979; Wignjosoesastro and Young, 1982; 

Sehgal and Punj, 1983; Ben-Ghedalia and Shefet, 1983; 

Larwence et al., 1983). Reviews on the effects of NaOH 

treatment of roughages suggest that the increase in 

digestibility of cell wall fractions may be caused by the 

increased solubilization and(or) availability of HC, 

increased availability of cellulose and increased rate of 
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digestion of cellulose and HC via the breaking of bonds 

between lignin and HC or cellulose (Jackson, 1977; 

Klopfenstein, 1978; Klopfenstein and Owens, 1981). 

The supplementation of 30 ppm of monensin increased 

(P<,004) NDF and HC digestibilities from 48.7 to 52,4% 

and 79,8 to 87.0%, respectively. Faulkner et al. (1985) 

recorded a quadratic effect of monensin level on NDF 

digestibility, but did not examine effects on HC and ADF 

digestibility. In contrast, Simpson et al, (1976) and 

Poos et al, (1979) reported that monensin depressed NDF 

and ADF digestibility in unadapted animals. This 

response dissipated over time (Poos et al,, 1979), Ricke 

et al, (1984) and Beede et al, (1986) demonstrated that 

monensin had no effect on fiber digestion. The effect of 

monensin in the present study may have been mediated 

through a reduced feed intake and(or) a reduced ruminal 

turnover (Owens et al,, 1979), 

All cell wall constituent digestibilities were 

altered (P<.05) by the level of feed intake. As intake 

level increased from 70 to 90% of ad libitum, NDF, HC, 

and ADF digestibility decreased from 52.4 to 48.6%, 84,7 

to 82.1% and 34.6 to 31.0%, respectively. A similar 

response has been reported by Hogan and Weston (1971), 

Staples et al. (1984) and Firkins et al. (1986). 

Robertson said Van Soest (1975) suggested that the cell 

wall fraction of mixed diets is more susceptible to 

intake effects than cell contents. Staples et al. (1984) 

concluded that factors depressing fiber digestion at high 

feed intakes include slower digestion rate of cellulose, 

lower rumen pH and faster solids passage rate through the 

rumen and total digestive tract. 

Interpretation of the NaOH main effect on HC 

digestibility was affected by a two-way interaction 



65 

(P<.005). Figure 10 illustrates that NaOH treatment 

consistently improved HC digestibility. However, this 

advantage became greater as the level of CPB in the diet 

increased. Wignjosoesastro and Young (1982) also 

reported a linear increase in HC digestibility as the 

level of wheat straw in the diet increased, while the 

digestibility of diets containing untreated straw 

remained constant. They concluded that the higher the 

proportion of fibrous food in the diet, the greater the 

digestibility of fiber. Another hypothesis is that NaOH 

treatment altered rumen pH such that HC digestibility at 

high roughage levels was enhanced (Wedekind et al., 

1986). 

The significant NaOH main effect on ADF 

digestibility interacted with CPB level and monensin to 

create a three-way interaction (P<.04). Presentation of 

the sub-cell means (figure 11) reveals that the 

interpretation of NaOH effects is confounded by the other 

independent variables. In conjunction with monensin 

supplementation, NaOH treatment increased ADF 

digestibility across all CPB levels. However, without 

monensin, NaOH treatment only increased ADF digestibility 

at the 75% CPB level. The interaction between NaOH and 

monensin may be the result of their effect on ruminal 

rate of passage. As previously discussed, monensin slows 

ruminal rate of passage, while the effectiveness of NaOH 

treatment has been limited by increasing rate of passage 

(Berger et al., 1980). The reason for the lack of 

improvement without monensin at 25 and 50% CPB is 

unknown. Wignjosoesastro and Young (1982) reported that 

NaOH treatment improved diet ADF digestibility 

consistently across all concentrate levels. 
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Conolugjon 
In conclusion, feeding CPB as a portion of the diet 

provided for sufficient growth and reprcxiuctive 

performance of replacement ewe lambs. Results indicate 

that, to maintain productivity, the maximum level of CPB 

should be between 50 and 75% of the diet. While the 25% 

CPB diets were superior to 50% CPB in growth traits, this 

adveuitage was not evident for reproductive performance. 

NaOH treatment of CPB increased feed intake, rate of 

gain, condition and digestibility; but did not affect the 

efficiency of growth or reproduction. In view of the 

additional labor and expense, its practicality for 

implementation in the sheep industry is questionable, 

Monensin supplementation of experimental diets depressed 

feed intake and performance but did not affect 

reproduction and improved digestibility. Overall, the 

addition of monensin did not produce results worthy of 

its inclusion in ewe lamb diets. The conflict between 

the present monensin effects and earlier research should 

be investigated. Future studies should be conducted to 

more precisely establish the maximum level of CPB which 

will support reproduction in sheep. 
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TABLE 10, ANALYSIS OF VARIANCE FOR CRD 
VARIABLES IN TRIALS 1 AND 2 

df Variable 

Total 

CPB^ 

NaOH 

Monens 

CPB X 

CPB X 

1 

lin 

NaOH 

monens in 

NaOH X monensin 

CPB X NaOH X monensin 

187^° 

2 

1 

1 

2 

2 

1 

2 

Error 176̂ "̂  

^ Cotton plant by-product. 

Trial 1 for daily gain, size, condition and wool 
growth; for lactation traits and lamb gain total = 93 and 
error = 82. 

° Trial 2 total = 47 and error = 36. 
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Total 

Between 

CPB^ 

NaOH 

lambs 

Monensin 

CPB X 

CPB X 

NaOH 

monensin 

NaOH X monensin 

CPB X NaOH X monensin 

TABLE 11. ANALYSIS OF VARIANCE FOR SPLIT PLOT 
VARIABLES IN TRIAL 2 

Variable df 

95 

47 

2 

1 

1 

2 

2 

1 

2 

Lamb / CPB x NaOH x monensin 36 

Within lambs 48 

Intake 1 

CPB X intake 2 

NaOH X intake 1 

Monensin x intake 1 

CPB X NaOH x intake 2 

CPB X monensin x intake 2 

NaOH X monensin x intake 1 

CPB X NaOH x monensin x intaike 2 

Lamb / CPB, NaOH, monensin x intake 36 

^ Cotton plant by-product. 

Error term for all between lamb variables, 

° Error term for all within lamb variables. 
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TABLE 12. ANALYSIS OF COVARIANCE FOR 
VARIABLES IN TRIALS 1 AND 2 

Variable Covariant 
Probability 

level 

Shoulder 
height 

Initial shoulder 
height 

75 P<,001 

Weight/ 
height 

Initial weight/ 
height 

42 P<,001 

Condition 
score 

Initial weight/ 
height 

28 P<,001 

Clean 
fleece wt 

Initial weight 34 P<.001 

Milk protein Milk yield -.25 P<.02 

Lamb gain Milk yield 43 P<,001 

Water intake Feed intake 53 P<,001 

Simple correlation coefficient. 




