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I. INTRODUCTION 

The final report is submitted to the Grant Officer, Office of Procure
ment, Washington, DC 20523, in compliance with the grant obligation
stipulated in Section IE.2.(c) of the Attachment schedule.I on Upon
request, the grant originally obtained for one year, was extended an 
additional year. The grant ended on December 31, 1990. 

The final report will have two components, technical and financial. It 
will cover the project's major accomplishments, the problems and de
lays encountered and their resolutions, and the favorable developments
that took place despite initial difficulties. In conclusion, it will be 
indicated how remaining analytical work will be carried out and a 
follow-up project will be considered. 

II. TECHNICAL COMPONENT 

1. Background 

Part of this research was undertaken in the West African Sahel be
cause in that region of Africa, very little effort has been made (a)
to overcome the negative effects of the seasonal fluctuations on 
the nutritional status of peasants' livestock; and (b) to correct the 
nutitional deficiencies including the deficiency of digestible pro
tein. The research was undertaken in Burkina Faso. It was possible
because among the chemicals commonly used to improve digesti
bility of straws, urea was the only one which was available in that 
country and at a cost that would be affordable to most small 
farmers. It was undertaken, now, because in the current stage of 
this technology it was scientifically sound to hypothesize that urea 
treatment of the sorghum stovers will markedly increase nitrogen
content of the dry stovers and have a beneficial effect on the 
degradability of stovers' cell wall components by the African goats' 
rumen microorganisms. 

Therefore, the objectives of the project were: 

1. To determine the right combinations of postharvest time, mois
ture content and urea concentration for improving nutritive 
value of sorghum stover. 



2. 	 To determine in vitro cell wall digestibility and cell wall com
ponent degradability as affected by urea treatment. 

3. 	 To determine nutrient digestibility and feed efficiency of urea
treated sorghum stovers fed to growing goats. 

4. 	 To compare nutritive value of sorghum stovers ensiled with urea 
in upright and in trench silos. 

5. 	 To determine the cost/benefit ratio of urea-treated sorghum 
stovers ensiled in low cost ground trench silo fed to goats. 

6. 	 To establish the basis for the follow-up step which should be 
the adaptation of this technology to Burkinabe farming
conditions and its adoption by small Burkinabe farmers. 

2. Major Accomplishments 

The funding resources were utilized to meet the project's ob
jectives and to support: 

(a) 	 The development and successful defense of two theses. 

(1) 	 In vitro improvement of sorghum stovers nutritive value 
for sheep and goats; 82 pages; August 1990; Student: 
Dembele Boubac.r, from Mali; Major Professor: Suchet L. 
Louis; Degree granted: M.S. by Tuskegee University. 

(2) 	 Influence of urea treated straws on growth and di
gestibility in small ruminants; 79 pages; June 1990; 
Student: Charles L. Ouedraogo; Major Professor: Aime J. 
Nianogo; Degree granted: Rural Development Engineer by
University of Ouagadougou. 

(b) 	The presentation of one paper at the National Meeting of the 
American Society of Animal Science, Ames, Iowa; July 1990; 
Title: Effect of postharvest time, moisture and urea on nutri
tional quality of ensiled sorghum stovers in vit (see 
Appendices; Presenter: Dembele Boubacar; Paper No. 779. 
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(c) 	 Submission and preparation of 3 papers for publication. (See
Appendices) 

(1) 	Nianogo, A., C. Ouedraogo, S. Louis and S. Solaiman. In situ 
disappearance of various natural and cultivated straws. 
Bulletin of Animal Health and Production in Africa. (1990). 
(Accepted). 

(2) Dembele, B., S. Solaiman and S. L. Louis. Effect of urea 
traatment, moisture and post harvest time on composition
and digestion of sorghum stovers In vitro. Journal of 
Small Ruminant Research. 1991 (In preparation). 

(3) 	Nia ,ogo, A., S. L. Louis, C. Ouedraogo and S. Solaiman 
Effect of urea treatment on digestibility and utilization of 
sorghum straw. Bulletin of Animal Health and Production 
in Africa. (1991) (Submitted). 

Moreover, the project's resources were used to improve the Animal 
Science facilities at the Gampela Experiment Station, Institut de 
Developpement Rural, University of Ouagadougou and some equip
ment and materials were purchased for the nutrition laboratories 
at both Tuskegee University and University of Ouagadougou. 

As 	 a result of this project, scientific collaboration has developed 

and 	 persists between researchers of both institutions. 

3. 	 Main Results 

3.1. 	 Re..lts Meeting Obiective NO 

3.1.1. Objecti.e One 

To determine the right combinations of post harvest 
time, moisture content and urea concentration for 
improving sorghum stovers nutritive value. 

3.1.2. Results 

A. Nutrient Content (Tables 1,11 and IIl) 
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The addition of urea at ensiling has a marked influ
ence on the nutrient content of the sorghum stovers, 
particularly at the 2% level. The most striking ef
fects are observed for crude protein and cell wall 
components. 

Table I. Sorghum Stovers Nutrient Cotitent (%) As Influenced by
 
Urea Treatment
 

UREA CONCENTRATION (%) 

NDF 79.88 t .63a 79.38 ± .42 a 78.22 t .5 2 b 77.79 ± _5 2 b
 
a
ADF 51.53 ± .5 0 a 51.31 t .48 50.65 ± .3 1 b 50.53 ± .2 5 b 

CELL 34.48 : .5 1bc 35.25 t .4 2 a 35.13 ± .5 2 ab 34.31 -+ .4 6 c 
HEM 28.35 + .49 a 28.08 ± .5 9 ab 27.57 t .5 0 b 27.17 .4 6 bc 
CP 7.38 ± .2 0 d 12.01 + .47c 15.63 ± .5 7 b 18.66 .0 6 a 

8.b.C,d Means within row with different supercripts are significantly different at P<0.05. 

Table II. 	 Sorghum Stovers Nutrient Content (%) As Influenced by 
Post Harvest Time 

POST HARVEST TIME (WEEKS) 

0 	 2 4 

.59 cNDF 77.91 ± 78.89 ± 0 .4 0 b 79.58 :t 0 .4 3 a 
ADF 50.33 t 0 .2 9 b 51.35 t 0.25 a 51.33 ± 0.45 a 

CELL 34.42 ± 0 .4 4 b 35.54 ± 0 .3 1 b 34.42 ± 0 .4 3 b 
HEM 27.59 t 0.48 b 27.54 ± 0 .4 0 b 28.25 ± 0 .4 9 a 
CP 13.52 t 1 .0 9 b 12.80 1 1.05c 13.95 1 1.31 a 

a,b.c,d Means within row with different superscripts are significantly different at P<0.05. 
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Table III. Sorghum Stovers Nutrient Content (%) As Influenced By 
Moisture Level 

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

MOISTURE LEVEL 

40 60 

NDF 78.41 ± 0 .4 4b 79.18 ± 0 .36a 
ADF 51.12 ± 0.28a 50.89 ± 0. 3 1a 
CELL 35.48 ± 0. 26a 34.03 +0.33 b 

HEM 27.28 ± 0 .4 8b 28.30 0 .32a 
CP 12.24 ± 0 .79b 14.60 + 1.00 a 

a,b,c,d Means within row with different superscripts are significantly different at P<0.05. 

The post harvest time (PHT) has a definite effect on 
the nutrient content, particularly on the cell wall 
content which tends to be higher after 4 weeks than 
at the time of grain harvest. 

The moisture content of ensiling has also a positive 
effect, while crude protein content increased at 60% 
compared to 40% moisture, the cellulose content is 
lowered. 

B. In vitro Dry Matter Digestibility (IVDMD) (Table IV) 

The study indicated that there was no species differ
ence (P>0.05) in IVDMD. In this study, the difference 
in IVDMD was not significant (P>0.05) for sheep and 
goats and even though the control feeds were low in 
crude protein (7.38%) and high in fiber (79.88 and 
51.53% for NDF and ADF, respectively). The mean 
IVDMD was 53.18 and 52.19% for sheep and goats re
spectively. 
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(a) Sheep 

In vitro dry matter digestibility was influenced 
by urea, moisture levels and by post harvest 
times. The increase in urea concentration from 0 
to 3% w/w increased (P<0.001) the percentage of 
IVDMD above the control. The means were 44.13, 
56.63, 62.60 and 49.93% for 0, 1, 2 and 3% urea 
levels, respectively. This may be the result of 
the solubilizing effect of urea on cell walls. The 
chemical analysis indicated a decrease of NDF, 
ADF and lnemicellulose with the increase in urea 
levels. The crude protein content also increased 
and, therefore, more nitrogen was available to 
microorganisms for the hydrolyzing activities. 
However, a concentration of urea higher than 2% 
did not further increase j. vitro dry matter di
gestibility. In the 3% urea treated stovers, the 
IVDMD was lower than for either 2% or 1% urea 
treated. The means were 49.93% for the 3% urea 
and 62.60 and 56.04% for 2 and 1%, respectively. 
The lower IVDMD with 3% urea treatment is 
probably the effect of excessive production of 
ammonia produced by urea hydrolysis which ex
ceeded the capacity of microorganisms. 
However, the in viEQr dry matter digestibility 
at 3% urea level was still higher (P<0.01) than 
that observed in the control (49.93 vs 44.13%). 
The IVDMD was lower (P<0.001) in stovers 
containirg 40 than 60% moisture (50.63 vs 
55.72%). This may be due to the complete 
hydrolysis of urea with 60% moisture. When urea 
is converted into ammonia, urea-NH3 will act as 
an NH3 treatment to solubilize cell walls and 
therefore increase its digestibility. 
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Table IV. 	 In vitro Dry Matter Digestibility in Sorghum Stovers as 
Influenced by Post Harvest Time, Moisture and Urea 
Treatment (Sheep vs Goats) 

SHEEP 
MEAN 

GOAT 
MEAN DIFFERENCE SE+ 

uc 
(%) 

0 
1 
2 
3 

44.13 
56.04 
62.60 
49.93 

41.92 
53.27 
60.35 
52.78 

2.21 
2.77 
2.25 
-2.85 

1.73 
2.64 
2.55 
2.29 

PHT 
(WEEKS) 

0 
2 
4 

54.48 
52.00 
53.04 

55.52 
51.98 
48.73 

-1.04 
0.02 
4.31 

2.51 
2.79 
2.44 

MOISTURE 

40 
60 

50.63 
55.72 

45.07 
59.09 

5.56" 
-3.37 

1.70 
1.98 

UC 
PHT 
MC 

, 

= 

UREA Concentration 
Post Harvest Time 
Moisture Concentration 
Difference was significant (P<.02) 

The in. yjitrodry matter digestibility was 
higher when stovers were cut immediately after 
grain harvest than 2 or 4 weeks later. The 
difference between IVDMD or sorghum stovers 
cut at 2-week versus 4-week PHT was not 
significant even though the 4-week PHT tended 
to have a low IVDMD. This may be due to the 
decrease of the nutritive value of the stovers 
with time of post harvest. The means were 
54.48, 52.00 and 53.04 for 0-, 2-, and 4- week 
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PHT, respectively. No significant difference 
was observed in IVDMD between stovers cut 
immediateiy (P<0.05) and those cut 4 weeks 
later. In yj.tr_ dry matter digestibility of 
stovers cut 2-week PHT was lower (P<0.01) than 
at 0- week PHT but not different from IVDMD at 
4-week PHT. 

(b) Goats 

The increase in urea concentration (from 0 to 
2%) significantly increased IVDMD (P<0.001).
The means were 41.92, 53.27 and 60.35% for 0, 
1 and 2% urea levels, respectively. In goats, as 
well as in sheep, sorghum stovers treated with 
3% urea did not show any additional increase in 
IVDMD with urea treatment above 2%. This was 
probably the effect of excess ammonia produced 
from the hydrolyzed urea. In tha presence of 
40% moisture, IVDMD of stovers was lower 
(P<0.001) than for 60% moisture. The means 
were 45.05 and 59.09%, respectively. The in
crease in digestion with 60% moisture could be 
the result of complete hydrolysis of the urea in 
the ensiled stovers. The study indicated that 
IVDMD decreased with the length of post haivest 
time (P<0.001). The IVDMD was high (55.52%)
when stovers were cut immediately after grain 
had been harvested. At 4-week PHT the percent
age of IVDMD became lower (P<0.01) than when 
stovers were cut at 2-week PHT (48.73 vs 
51.98). The increase in post harvest time may 
have decreased the nutritive decreased crude 
protein and increased NDF and ADF content value 
of sorghum stovers. This is probably a esult of 
decreased crude protein and increased NDF and 
ADF content. 
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3.2 Results Meeting Objective No. TwQ 

3.2.1. Objective No. Two 

To determine in yitro cell wall digestibility and 
degradability as affected by urea treatment. 

3.2.2. Results 

A. Kinetics of Digestion 

Kinetics of digestion were calculated from the 
Potentially Digestible Cell Wall (PDCW). The PDCW 
was obtained by subtracting the mass of indigestible 
cell wall (cell wall remaining after 96 hours incu
bation) from the mass of cell wall remaining at 
different times of incubation (0, 12, 24, 36, 48 and 
72 hours). 

(a) Sheep 

The mean retention time (MRT), the half life (T
1/2) and the digestion rate (k) data are 
presented in Tables V, VI and VII. 

1. Mean Retention Time (MRT) 

The study indicated that PHT did not signifi
canty influence (P>0.05) the mean retention 
time of sorghum stovers for sheep. Samples 
containing 40% moisture had lower MRT 
(P<0.05) than those containing 60% moisture. 
This result did not support the finding for 
IVDMD that the zero week PHT and 60% mois
ture content showed the highest digestibility. 
The urea treatment decreased the MRT 
(P<0.01) compared to the control. This sug
gests that urea would increase digestibililty, 
subsequently intake. The difference in MRT 
for urea treatments (1, 2 and 3% w/w) was 
not significant (P>0.05). 
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2. Half-life 

From this study, post harvest time did not 
have a significant influence (P>0.05) on half
life of sorghum stovers using sheep [D viytro 
experiment. In ylr.g, half-life times were 
different (P>0.05) with different levels of 
moisture and urea. The half-life time of the 
rumen content was higher for 60 than for 40% 
moisture content (24.43 and 17.53 hours, re
spectively). This result did not agree with 
the IVDMD which showed a higher digestibility
with 60 compared to 40% moisture. Urea 
treatments decreased the half-life time 
(P<0.01). The calculated half-life time of the 
control stovers was significantly greater
(P<0.007) than urea treated stovers. The 
means were 29.14, 19.15, 16.27 and 19.39 
hours for the 0, 1, 2 and 3% urea treated 
stovers respectively. The difference between 
urea treatments was not significant (P>0.05). 
The urea treatment decreased the half-life 
time of sorghum silage and, therefore, may
increase the total digestibility over the con
trol. 

3. Digestion Rate (k) 

Rates were assumed the same through the 
entire gastrointestinal tract. The factors 
studied in this experiment did not show any 
significant influence of treatment on the di
gestion rate (P>0.05). The highest and lowest 
rates were observed in stovers cut at 0- and 
4-week PHT, respectively. Stovers cut im
mediately after harvest may have a higher di
gestibility compared to the later cut stovers. 
Silage at the 60% moisture level had a lower k 
compared to the 40% moisture content. This 
result did riot support findings from IVDMD 
that stovers with 60% moisture had a better 
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digestibility than those with 40% moisture. 
The urea treatment did not significantly in
crease (P>0.05) k, however, the rate tended to 
be highest with 2% urea treated samples. The 
means were 4.5, 5.04, 8.5 and 4.8% for the 
control, 1, 2 and 3% respectively. Similar re
sults were obtained with IVDMD where the 
highest digestibility was observed with the 
2% urea treatment. 

Table V. In Vitro dry matter digestibility and kinetics of 
digestion of sorghum stovers as influenced by 
urea treatment using sheep. 

UREA CONCENTRATION (%) 

0 1 2 3 

62.60 1.29 aIVDMD (%) 44.13 t 1 .1 8d 56.04 t 1 .1 3 d 1 49.93± 1.2 0 c 
+MRT (hr) 38.81 ± 3.26a 25.97 2 .8 8 b 24.02 2 .9 4 b 24.53 ± 2 .7 4 b 

T 1/2 (hr) 29.14 ± 2 .5 2 a 19.15 ± 2 .8 4 b 16.27 1 3 .1 1b 19.61 ± 2 . 7 4 b 
K (%) 4.50 ± 1.8a 5.04 ± 1.03 a 8.50 ± 3 .17 a 4.79 + 0.82 a 

a,bc,d Means within row with different superscripts are significantly different at P<0.05. 

Table VI. In vitro Dry Matter Digestibility and Kinetics of 
Digestion of Sorghum stovers as Influenced by Post 
Harvest Time Using Sheep. 

POST HARVEST TIME (WEEKS) 

0 2 4 

IVDMD (%) 54.48 t 1.83 a 52.00 53.041 .6 0 b 1 .3 4 ab 
+MRT (hr) 31.59 ± 2 .13 a 25.00 + 

3 .2 5a 28.39 3 .19 a 
T 1/2 (hr) 23.87 ± 2.1 3 a 19.00 t 2.7 2 a 20.25 ± 2.71a 
k (%) 5.31 5.25 t 6.56± 1.4 3 a 0 .8 7 a 2 .4 6 a 

a ,b,c Means within row with different superscripts are significantly different at P<0.05. 

I1 



(b) Goats 

MRT, T1/2 and k results for goats are presented 
in Tables VII, VIII and IX. 

1. Mean Retention Time (MRT) 

The MRT was not influenced (P>0.05) by post 
harvest time whether stovers were cut im
mediately or up to 4 weeks after grain har
vest. The urea treatment did not signifi
cantly influence (P>0.05) MRT when it was 
applied at the rate of 0, 1, 2 or 3% (w/w). 
However, the MRT tended to be higher for the 
control stovers compared to the urea treat
ment. The means were 34.36, 28.55, 25.51 
and 27.13% for the control, 1, 2 and 3%, re
spectively. The increase of moisture level 
from 40 to 60% increased (P<0.01) the MRT 
24.95 and 32.82, respectively. 

2. Half-Life 

Post harvest time or UC did not influence 
(P>0.05) the half-life time of rumen content. 
These results were contrary to the findings 
for IVDMD where post harvest time and urea 
level influenced IVDMD. The half-life time 
was lower (P<0.01) for the 40% than for 60% 
moisture level and the means were 16.20 and 
26.49 hours, respectively. This effect of 
moisture levels was also obtained in sheep. 

3. Digestion Rate (k) 

The study indicated that postharvest times, 
moisture and urea concentrations used did 
not affect the digestion rate of the ensiled 
sorghum stovers (P>0.05). The rates obtained 
for the control tended to be lowest for the 
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urea treatments. The moisture level of 60% 
had a 	higher k compared to the 40%. The 
mean 	digestion rates were 6.12 and 4.14% for 
60 and 40% moisture levels, respectively. 
The fecal and feed samples that were sent by
mail from Burkina Faso to Tuskegee were in
tercepted by USDA Quarantine Service. It 
took two months to clear the shipment be
cause of unexpected delay from getting 
clearance. This problem is responsible for 
the delay experienced to date in the anatvsis 
of the sample ytterbium and other nutrients. 
Although it was anticipated that the analysis 
would 	be completed by the and of 1990, the 
results were not acceptable. Therefore, the 
passage rate results wil not be presented in 
the Final Report. The analysis of the sample 
ytterbrium will b9 repeated and the results 
will be published in a second paper. 

VII. 	 In Vitro Dry Matter Digestibility and Kinetics of Digestion of 
Sorghum Stovers as Influenced by Moisture Level Using 
Sheep and Goats. 

SHEEP 	 GOAT 

MOISTURE % 	 MOISTURE% 

40 60 	 40 60 

IVDMD (%) 50.63 t 1 .19 b 55.72 ± 1.32a 45.07 ± 1 .2 1 b 59.09 +t 1.48 a 

MRT (hr) 25.65 ± 2 .0 0 b 31.01 t 2.65a 24.95 ± 1 .97 b '?.82 t 1.86a 
+T 1/2 (hr) 17.53 ± 1.9 0 b 24.55 ± 2 .4 5a 16.20 + 2 .08 b 26.49 2 .2 1a 

k (%) 5.94 : 0.96a 5.48 ± 1.72a 8.71 ± 1.46a 4.10 t 1.09 a 

a,bc,d Means within row with different superscripts are significantly different at P<0.05. 
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Table VIII. 	 [n y.jjgtr. Matter Digestibility and Kinetics of 
Digestion of Sorghum Stovers as Influenced by Urea 
Treatment Using Goats. 

UREA CONCENTRATION (%) 

a 1 	 2 3 

IVDMD (%) 	 1 53.48 2 .3 9 b 60.35 52.7841.92 1.27 c ± 	 1 .2 .2 0 a 1 .9 5 b 
MRT (hr) 34.36 ± 2.80a 28.55 ± 2 .9 9 a 25.51 ± 2 .3 0 a 27.13 + 

3 .2 0 a 
+ +T 1112 (hr) 27.90 2.9 9 a q1.63 ± 3. 0 0 a 16.92 t 3.71a 18.93 3.71a 

k (%) 4.83 ±t 1.27a 4.33 ± 0 .8 1a 7.42 + 
2 .0 9 a 9.79 0 .2 5 a 

a,b,c,d Means within row with different superscripts are significantly different at P<0.05. 

Table IX. In Vitro Dry Matter Digestibility and Kinetics of 
Digestion of Sorghum Stovers as Influenced by Post 
Harvest Time Using Goats 

UREA CONCENTRATION (%) 

0 	 2 4 

IVDMD (%) 55.52 	 + 1.72a 51.98 ± 2 .2 8 b 48.73 ± 2.04 c 

+MRT (hr) 28.90 	 L 2.07a 26.64 + 2.64a 31.13 ± 2.84a 
aT 1/2 21.40 ± 2. 6 9 20.20 ± 3 .2 5a 22.44 .2. 9 0 a 

k (%) 4.94 ± 0.48b 7.75 ± 0.80 a 6.53 ± 2.31 a 

a,b,c,d Means within row with 	 different superscripts are significantly different at P< 0.05. 
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3.3 Results Meeting Objective No. Three 

3.3.1. Objective No. Three 

To determine nutrient digevtibility and feed efficiency 
of urea treated sorghum stovers fed to growing goats. 

3.3.2. A. in vivo Digestibility 

Influence of 2% urea treatment of stovers in y.j... 
digestibility and growth in sheep and goats. 

The supplement composition varied with the ra
tions but all contained molasses, cotton seed meal 
(CSM) and Dolicos hay. The main difference was in 
the amount of CSM utilized. The experimental ra
tion (ensiled stovers) had three times less CSM,
which means much cheaper in concentrate than the 
control. All rations were formulated to be theo
retically isocaloric and isonitrogenous. All ani
mals received salt blocks. The price of Dolicos 
hay did not influence the cost of ration that much. 

In the Final Report, the cost of rations and cost of 
gain will not be presented as anticipated because 
of lack of sufficient data. Such data will be ob
tained in the next round of repeated experiments. 
Instead, we will discuss and assess the economic 
advantage of using top dressing with urea versus 
ensiled with urea. 

There was no significant difference between 
Ration 2 and Ration 3. Ensiling sorghum stovers 
with 2% urea and the addition of urea did not im
prove the voluntary feed intake which was higher 
on untreated stovers. This result agrees with that 
of other findings. The decrease in voluntary feed 
intake may result from a reduction of palatability 
due to urea. Voluntary feed intake of DM, OM, NDF, 
ADF and CP was statistically identical between 
sheep and goats. On the other hand, consumption of 
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NDF was significantly higher (P<.02) in sheep than 
in goats (.028 vs. .022g/kgw. 75) respectively. 

Table X. Composition of Experimental Rations 

INGREDIENTS Ration 1 Ration 2 Ration 3 

Sorghum Stovers 62 62 --

Stovers ensiled w/Urea .... 6 1
 
Urea - - 1.28 -
Molasses 18 20 22
 
Cottonseed Meal 10 4 3
 
Dolicos Hay 10 12 14
 

T 60.98 61.02 60.21 
CP 9.26 9.28 9.52 

Ration 1: Stovers with supplement as described below.
 
Ration 2: Stovers (S29) with 2% added urea and supplement

Ration 3: Stovers (S29) ensiled with 2% urea and with supplement.
 

Table Xi. Effect of Ration on Voluntary Feed Intake 

Ration 1 Ration 2 Ration 3 SE±. 

Ensiled 
(Not Ensiled) (Urea Added) (W/Urea) 

g/kgw . 75 g/kgw .75 g/kgw. 7 5 

DM 55.9a 42.3 b 39.4a .003 
CA 51.0a 39.3b 37.0b .002 
NDF 30.0a 1 6 .8 b 1 6 .2 b .002 
ADF 20.6a 14.0b 1 3 .6 b .001 

a
CP 5.7 4 .6 b 4 .3 b .001 

P<.05
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Table XII. Effect of Rations on Apparent Digestibility
 

Parameters 

DM 
am 
NDF 
ADF 
CP 


Ration 1 Ration 2 Ration 3 SE+ 

(Not Ensiled) (Urea Added) (Ensiled 
w/Urea) 

% % %
 

51.9a 59 .2a 55.6a 2.4 
53.4a 62.5 a 58.3a 2.3 
42.5a 42.5* 3C.7a 3.0 
47.2a 50.5a 45.4a 2.8 
51.4F 5 3 .3a 5 9 .3 a 3.3 

There was no statistical difference in digesti
bililty of nutrients DM, OM, NDF, ADF and CF amoni 
the three rations. However, for most the nutrien 
measured, their digestibility tends to be higher ir 
Ration 2 and Ration 3. Others found similar resu 
in viyo with 4% urea treatment of sorghum 
stovers. This result may stem from the fact that 
there waS no treatment effect on NDF nor in the 
voluntary intake of the straw. It is apparent that 
although the differences were not statistically 
significant, there was a sustained trend for the DI 
OM,NDF, ADF and CP digestibilities for being high 
in the ensiled with urea and urea added treatmeni 
than in the control. The lack of significant 
difference is certainly due to the high level of 
individual variations, evidenced by high (SE) 
standard errors. This trial should be repeated to 
statistically confirm the trends. 

B. Growth Trial 
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Table Xiii. Composition of Growth Ration for Lambs.
 

INGREDIENTS 	 Ration 1 Ration 2 Ration 3 

Sorghum Stovers 40 38.22
 
Stovers ensUed w/Urea .... 40
 
Urea 
 -	 0.78 --
Molasses 12 12.5 12
 
Cottonseed Meal 10 10 10
 
Dolicos Hay 18 24 22
 

TDN 69.7 69.7 60.21
 
CP 
 9.26 	 16.5 16.34 

The composition of the growth ration differs from 
the digestibility rations in two points. (1) The 
Dolicos is replaced by wheat bran in the concen
trate and (2) the ingredient percentages are not 
the same for the purpose of meeting growth re
quirements. Everything else remained the same. 

TABLE XIV. Effects of Rations on Voluntary Intake in the Lamb 
(average) grams/kgw. 75 

NATURE OF FEEDS Ration1 Ration 2 Ration 3 SE+ 

(a) 	Sorghum Stovers 
(Straw only) 17.9 24.7 20.1 1.35 

(b) 	 Concentrate/Supplement only 
(Within the total 
feed consumed) 79.4 72.8 79.0 1.73 

(c) 	 Total Feeds Consumed 1 86.6 89.8 91.5 4.25 

1 Do not add up 
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No significant difference was obtained among the 
rations as for the voluntary feed intake. The sup
plement consumption had definitely an influence on 
the consumption of straw. Indeed, in the growth 
trial, the average consumption of concentrate var
ied from 77 to 85%, much more than it was fore
seen (60%). It was observed that the concentrate 
were consumed quite ,'apidly and first, whereas the 
straw was refused at about 42%. Since straw and 
concentrate were not mixed and were offered sepa
rately, the selection in favor of concentrate was 
possible. 

TABLE XV. Effect of Rations on Growth of Lambs (kg) 

Weight (kg) Ration1 Ration 2 Ration 3 SE±t 

Initial 13 .5b 14.2b 17.3a 0.00 
Final 1 7 .9 b 18 .8 b 20.7 a 0.69 

N = 24 lambs Trial period - 8 weeks 

Table XVI. Effect of Ration on Weight Gain (g/day). 

Weeks Ration1 Ration 2 Ration 3 SEt 

1 - 4 89.9 90.5 77.8 6.77 
5 - 8 78.4 82.5 61.7 5.78 

Since the initial weight (IW) in Ration 3 was sig
nificantly higher than in the other two, the IW was 
used as covariant in the related statistical analy
sis. The lack of statistical difference obtained 
may result from high intake of concentrate (70% of 
total intake), eliminating, de facto, any possible 
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effect of urea on growth while improving the 
feeding quality of the sorghum stovers. 

Even though the results appear interesting for an 
animal production perspective, an economic 
assessment or a cost/benefit analysis is necessary 
to better appreciate these results. 

3.4. Results Meeting Objective No. Four 

3.4.1. Objective No. Four 

To compare nutritive value of sorghum stovers with 
urea in upright and in trench silos. 

3.4.2. Results 

The nutritive value of sorghum stovers silage from 
trench silo was compared to that of sorghum stovers 
with added urea. No upright silo was used. This ob
jective was slightly modified in order to design a 
feeding condition which was most likely to occur in 
the African villages. This study was carried out in 
completely balanced ration in both the digestibility 
and growth trials. 

Table XVII. Composition of Ration in Digestibility Trials. 

Ingredients Ensiled with Urea Not Ensiled with Added Urea 

Sorghum Stovers 62.0 
Stovers Ensiled with Urea 61.0 -
Urea 
Molasses 22.0 

1.28 
20.0 

Cottonseed Meal 3 4 
Dolicos 14 12 

20
 



Table XVIII. Nutritive Value of Sorghum Stovers Ensiled with 

Urea and Not Ensiled but with Added Urea 

Parameters Ensiled with Urea Not Ensiled with Added Urea
 

TDN % 60.21 61.02 
CP 
MO 

% 9.52 
93.21 

9.28 
91.60 

ADF % 35.85 35.65 
NDF % 43.79 47.89 
ADL 
DMO 

% 
% 

4.78 
58.33 a 7.81 

62.56 a 

DGP % 53.3 2 a 59.32 a 

DNDF % 20.72a 42.59 a 

DADF % 45.46 a 
5 0 .5 1 a 

-- ------------------------------------ --------------------------
D = Digested 

Table XIX. Composition of Growth Ration for Goats. 

Ingredients Ensiled with Urea Not Ensiled with Added Urea 

Sorghum Stovers 38.22 
Stovers Ensiled with Urea 40.0 
Urea 0.78 
Cotton Seed Meal 16.0 14.5 
Cottonseed 10.0 10.0 
Molasses 12.0 12.5 
Wheat Bran 22.0 24.0 

TND % 70.23 62.70 
CP % 16.34 16.25 
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Table XX. Food Intake and Growth Data for Growing Goats
 

Ensiled with Urea Not Ensiled with Added Urea 

X X 

Food Intake g/kg3 /4 91.52 a 89.89a 

Total Weight Gain grams 61.70 a 

---- ------------------------
82.54 a 

- ----------------------
Not statistically significant at 5% 

From the limited result presented above and given the 
modification in the design in regard to this specific 
objective, it ensues that the dry sorghum ensiled with 
urea was as good as the dry sorghum fed not ensiled 
but with added urea. Although individual variations in 
the data were in part responsible for non-statistical 
differences, the feeding of complete concentrate based 
rations might have masked the "sorghum treated urea 
effect" on the small ruminants' weight gain. Therefore 
this segment of the research is being repeatod in 
Burkina Faso. This experiment is being done in a way 
that the goats would consume more treated or 
untreated stovers than in previous trials. 

3.5. Results Meeting Obiective No. Five 

3.5.1. Objective No. Five 

To determine the cost/benefit ratio of urea-treated 
sorghum stovers ensiled in low cost ground trench 
silo fed to goats. 

3.5.2. Results 

Two large size trench silos were dug side by side. 
One was constructed in cement blocks, the "concrete 
silo" and the other remained as dug, the "dirt silo". 
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The following data were obtained on the silo perfor
mance and cost. The cost is expressed in CFA Francs 
(US $1.00 - CFAF $250.00). 

Table XXI. Silo Performance and Cost at Gampela Experiment 
Station/University of Ouagadougou, Burkina Faso 

Items Concrete Silo Dirt Silo 

Estimated Volume (Cubic metric) 45 45 

Dry Matter Ensiled: 

Estimated amount, kgs. 1,932 2,425

Losses, kg 265 478

Losses, % 13.72 19.71
 

Amount Recovered, kg 1,667 1,947 

Construction Cost: 

Digging, CFA Francs 30,000 30,000
Camont, block, labor,
(CFA Francs) 170,000 None 

Total 200,000 30,000 

For comparison purposes, if we disregard the cost of 
urea addition, the labor cost for cutting, chopping and 
transporting the stovers, filling the silos with 
chopped stovers, and the fuel cost, we found that the 
silage from dirt silo cost 5.5 times less than from 
the concrete silo. The quality of the silage as feed, 
being equal, from both types of silos, it is recom
mended that the dirt silo be promoted in the villages. 
However, if dirt silo is to be promoted, the following 
recommendations must be followed to avoid some 
problems: 

1. The dirt silo suffered some degree of erosion due 
to rain, particularly on the edges. If not 
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protected from eroson, it must be re-emptied 
from accumulated dirt in order to bring the silo 
back to its original depth and volume. If not done, 
the silo would accept less chopped stovers. If not 
protected from run off, the silo would become 
unusable within two years (after two rainy 
seasons). That could add to the cost of the dirt 
silo. 

2. 	 In the dirt siio, all silage piled to a depth inferior 
to 1 m was iound dry (85% dry matter) and 
spoiled (white dusty mold). At about 30 cm from 
the top, the silage looked good. Apparently, the 
soil was dry enough to cause the removal of 
moisture from the stovers. 

On the contrary, the concrete silo caused less 
spoilage in general, except in the 30 cm from the 
top. 

At this stage of the investigation, some data are 
lacking in order to make conclusive recommenda 
tions by comparing the concrete silo with the dirt 
silo. However, given (a) the percentage of recov
ery, 86.29% versus 80.29%; (b) the cost (1.00 vs. 
0.15); and (c) the equal silage quality, the use of 
dirt silo for small farmers is recommended. 

3.6. Results Meeting Objective No. Six 

3.6.1. Objective No. Six 

To establish the basis for the follow-up step which 
should be the adaptation of this technology to 
Burkinabe farming conditions and its adoption by 
small Burkinabe farmers. 

3.6.2. Results 

At this stage, the gathering of economic data is 
largely insufficient. Therefore, it is not yet possible 
to test the new technology that has been developed. 
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As it is explained in detail below, the setback was 
that the cost of weight gain due to urea treated and 
untreated stovers could not be correctly estimated 
due 	 to inadvertent consumption of concentrate ra
tions 	by the goats. Although no extension of the 
project is granted, we have already repeated the 
growth trial with proper feeding ccnditionc of 
treated and untreated straws. By this summer, we 
hope 	to obtain sufficient 6v.onomic data. 
Consequently, the rational basis for the follow-up 
experiment will be established for both the adapta
tion of the new technology and its adoption by small 
Burkinabe farmers. 

4. 	 Problems Encountered and Solutions 

4.1. 	 Shipment of Feed and Fecal Samples From Burkina
 
Faso to Tuskegee
 

III experimental samples destined to Tuskegee were previously 
dried at 1000 Celsius, autoclaved, and sealed in ziplock plastic 
bags. Both Tuskegee and IDR insured that procedures were fol
lowed. However, because a shipment document was not received 
by USDA for these samples, they were confiscated for several 
weeks. This unexpected delay was responsible for prolonging the 
time for laboratory analysis and caused a waste of money. A 
laboratory technician was hired specifically to analyze these 
samples which were not available. After more than 3-4 months, 
the samples were released but the technician had left Tuskegee 
for another opportunity. Moreover, no cne knows what effect the 
prolonged storage might have on the yitterbium analysis. 

4.2. 	 In vivo Digestion Trial 

In order to calculate the digestion coefficients for different 
nutrients, daily feed intake and fecal output per animal are 
needed, as well as chemical composition of the feeds and feces. 
These digestion data had to come from the University of 
Ouagadougou. The data of chemical composition of feeds were 
sent to Tuskegee but was determined on "yitterbium marked" 
stovers, because the same animals served in two experiments: 
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the digestion and the passage rate. It happened that the marked 
feeds, which resulted from feeds previously washed with water 
according to a standard procedure, served in the chemical analysis
and not unmarked, unwashed ones. Therefore, it becomes diffi
cult to use the data in the caiculation of digestion. At present,
unmarked feeds (sorghum stovers) are not available in our labora
tory at Tuskegee. We are now awaiting unmarked sample or 
chemical analysis for unmarked stovers to be sent to us from 
Burkina Faso. Using chemical analysis of washed stovers may bias 
the results. The final results for these trials will not be known 
at the moment. 

4.3. Passage Rate Experiment 

In order to calculate the passage rate kinetics, samples received 
from Burkina Faso have been analyzed for yitterbium. However, re
sults did not come out, as expected. Therefore, we are currently
repeating all yitterbium analyses and the passage rate result will 
be reported later in a paper. 
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II. FINANCIAL COMPONENT 

Period: 9/15/88 - 12/31/9C 

Salaries 

TU-A/C: 270-VAA-4720-4100 

$ 22,929.94 

Fringes 1,676.29 

Consultant 1,525.00 

Supplies 8,454.20 

Other Expenses 205.00 

Travel 14,134.56 

Equipment 

Indirect Cost: 

Salaries 

On-Campus 
Off-Campus Expenses 

3,995.23 

16,536.82 

6,365.00 

Other Expenses 14,135.00 

Indirect Cost Off-Campus 4,920.00 

Total . ................................. $ 94,877.54 
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IV. CONCLUSION
 

Since 1983, Tuskegee University and the University of Ouagadougou
have signed a cooperative linkage agreement. In 1986, such linkage 
was updated to include a broader scope of cooperation. The goat nu
trition research is one of the few projects, tried under this linkage 
and successfully implemented. Urea treated sorghum stovers in 
Burkina Faso is a new technology which has great future, not only in 
that country, but also in the whole Sub-Region of the Sahel. 

Given the problems encountered due to the inherent nature of this 
international research, the growth trial was repeated in order to 
complete this investigation Additional results will be obtained this 
summer. 
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APPENDIX 1.1
 

EFFECT OF UREA TREATMENT ON DIGESTIBIL'TY 
AND UTILIZATION OF SORGHUM STRAW. 

A.J. NIANOGOI, S.L. LOUIS . S.G3. SOLA1MAN', 
CL. OUEDRAOGO AND A. SIAWAY 2 . 

1. University of Ouagadougou, Burkina Faso 
2. TusKegee University,-AL, U.S.A. 

ABTRACT
 

Nine male goats and 9 castrated lambs were randomly divided into 2 gro.ups 

of 3 animals to receive one of three experimental diets in a digestion tr~ai. Di. 

3I oroviced cnopcea sorghum straw 'SS), 28% concentrate iC} anid 10% o 

nlz!l Diet proviced SS containing anhay (D). Sul 2% urea, 25.211% 

d uie: r,,,dec treated contain ana fcrBs. S$ to 2% urea ens;ieo 2, jais, 

plus 25% 

Twenty four !ambs where randomly divided into 3 groups o animals 'c 

receive one of three diete, in a 56-day growth trial; Diet S2 provided SS plus 

60% C; diet Su2 Provided SS containing 2% urea plus and 60% C, ana diet 3,.., 

provided SS treated to contain 2% urea and ensiled for 28 days, plus 60% C. 

The digestion trial showed higher (P<O.05) daily intake of DM, OM, CP and 

NDF for S, than for Su. and Sul' Dry matter intake was 55.93; 39.42 and 42.34 

g/Kg MBW for S11 Sul and Su. respectively. Dry matter intake was slight! 

higher for lambs (50. g/KgO. 75 ) than for goats (42 g/Kg°' 5 ). There was no effec: 

of dietary treatments on apparent nutrient digestibility. 

During the growth trial intake of straw varied from 17,97 (S., t! 

24.78g/kg 0 '- (SuO but differences were not significant. Total feed intake and 

~ ~.14 1 



feed efficiency were only slightly affected by dietary treatments. Average feed 

Intake was 4.364% body weight. High concentrate intakes may have upset tle 

effect of urea treatment and silo fermentation in this study. 

INTRODUCTION 

Ruminant livestock in most sahelian countries rely on natural pastures f.3r 

survival; however, crop residues contribute for about 25% of feeds ingested t; 

ruminants in Burkina Faso (M.A.E, 1990), Tha only concentrates Vsec f-'r 

ruminants are agroindustrial by-products (peanut and cottonseed meals, 

cottonseeds. molasses, brewers grain, and wheat bran), and the supply is limt.et. 

Furthermore, there is an increase in land occupation in favor of cereal crocs, 

but to the detriment of natural pastures; :his trend should bring about tn 

increase in the supply and contribution of crop residues. 

However, crops residues have been shown to contain low amounts of 

digestible nitrogen and energy (Tagel-Din et al, 1989), and dry matter :ntalk 

is usually low (Dolberg et al, 1361), Animals fed on sorghum straw alone usually 

result in negative nitrogen balance kTagel-Din et al, 1989). These negative 

aspects of cereal straws are believed to result from h;gh NDF content (resultmig 

in high cell wall rigidity), and poor N content. Several treatments have bee

applied to try and increase intake and digestibility of cereal straws; perhaps 

the most widely used treatments are chopping the straw, addition of ammonia or 

urea N (Jackson, 1979; Doigberg et al, 1981; Ibrahim et al, 1987; Adu et ai, 199.), 

anaerobic in-silo fermentation, treatment with ammonium hydroxide (Solaiman et 

Ai4 ii' 



al, 1979; Diarra, 1983) and supplementation with concentrates (Huston el al, 

or with good quality hay (Mamidou, 1989; Zan, 1989; Adu et at, 199C. 

Results of cereal straw treament with urea N appear to vary greatly. Urea 

supplementation usually result in higher dry matter intake and diges;,t.bty 

(Dolgberg et al, 1981; Ibrahim et al, 1987), however some authors (Ibran.m e; 

al, 1987) have found no effect of urea treament on animal pertorma'.-., 

Supplementation with concentrates (Huston et al, 1988); Tagel-din et aL 19.q. 

or with legume hay usually improves straw utilization (Adu et at, 1990; -o0y , 

1909; Zan, 1989), although results may vary depending on trie i- -. 4 

supplementation. High levels of supplementation with concentrates nve. 

intake of the straw (Adu, 1990) to decrease. The effect of straw, treatme't on 

digestion and utilization at high levels of concentrate is still un.lear' 

Two trials were conducted to determine the effect of urea trealmen: art' 

ensiling of sorghum straw (to be supplementea with both conientrates -'.: 

legume hay) on: 

1) nutrient digestibility (trial I) of adult sheep and goats, and 

2) dry matter intake and growth of lambs (trial II). 

MATERIALS AND METHODS 

Preparation of sorghum straw: 

Sorghum stovers were harvested about two weeks after grain heirvest, ana 

chopped to a maximum particle length of 5 cm using a hand chopper; f:r' one ot 

K.the dietary treatment, chopped straw (96.45% DM) was humidified with a urea 



solution (100 ml/kg straw DM) designed to provide 2% urea (DM basis). For the 

of ensiled straw, the chopped straw was spread in a 45-cubic melt,"~Preparation 

pit silo it,i/successive loads of about 110.5 kg air-dry material; to each load, 

2% added urea i>!155.94 	 liters of urea-treatea tap water was addea to provide 

wet straw DIM content of 40%. Each batch was then pres-segbasis) and a final 

several times using a tractor', before the addition of another load. 01-1,e the S,10 

was full, the straw was Pressed again and covered with a pltastic sneet;, 

openeaapproximately SO cm of cirt was layed on the plastic sheet; the straw was 

after 30 days of fermentation. 

Digestion triai:
 

Nine castrated Sahelian goats averaging 25.9 K9g body' weignt ad
 

months of age and 	 9 Mossi larmbs averaging .33,3 Kg body weight and 26 mcnttr.. 

of age were utilized for a ;..gestion t:rial, All 1IS animals were treated for ,nte,-,di 

to the study. Within each species, animals weteand external parasites prior 

one of 3 ex.perimental rations iTacierandomly divided into 3 groups to receive 

SI: chopped sorghum straw (SS) plus 38 % concentrates aria 10 % Coic,IO' lab

lbhay; 

Sul: SS with 2% urea plus 39% concentrates and 12 % Dolichos-I. hay; 

Suel: SS with 2% urea top dressed, p~lus 38% concentrates and 14% Dolichos 1, hay, 



4' J
 

Water, and Kaya salt licks' were offered ad libitum. they also rece.,i .-ri 

appro ' iate amount of Ihposolube vitamins2 fed orally every 2 days during tre 

study. 

The animais were adjusted to digestion cages and to their respective ,ie*s 

dur!ng a 4-week period. They were weighed at the beginning and end of the 

day collection period. During the collection period, feed intake was moltcrte1..n 

feeda output and samples of feed offered and orts were collected. Fecal sam....i 

were first frozen; they were :hen mixed together for each animal, grcuor', vlo 

dried at 65' C until the weight became constant. Aliquot samples were then taKer 

for proximate analyses as described by ACiAC (1984) and for cell wall :-,' 

as described by Robertson and Van Soest (1982). Feed and ort samples we'e !s:, 

anzlysed as described for feces. Digestion coefficients were calculated fo Jr,. 

matter (DM), organic matter (ON), crude protein (CP) and neutral deter -er, f'cer 

(I ,,). 

Growth trial:
 

Twenty four Mossi lambs ,hveraginy 15 Kg body weignt and 6 mooths .)T ige
 

, 
were selected for a 56-day feieaing trial. Animals were randomly divided ,rtc 12 

each pair was assigned to a pen. Pens were randomly 1,,diueo .itcpairs and 

1Kaya salt lick's provided 76% NaCl, 20 %, 2% Mg sulfate, -
Mn, Cu sulfate, 0.01%il, Co
sulfate, 0.4% 0.5% sulfate, 0.1% Zn 


sulfate and 0.004% Ca sulfate.
 

2Vitamin mix provided 420,000 IU vitamin A. 1.05 mg vi-.jnii" 
D3, 46,2 mg vitamin E, 42% mg vi-amin Bl, 21mg vitamin E6, l'..n 
pyridoxal phosphate, 42ing Ca pantothenate, 42mg su faie-.. 

Mn sulfate, and -. 79m" 7.nCo sulfate, 3.16mg Mg sulfate, 7.44mg 

sulfate.
 



groups to be fec one of three experimental diets (Table 2); 

S: 40% untreated, chopped sorghum straw (SS)-olus 60% concentrat.es, 

Sue2: 40% urea treated and ensiled sorghum straw, plus 60% concentrates; 

Suz: 	 40% sorgnurn strtaw, mixed with 2% urea plus concentrates, 

Straw and concentrates were servea in feeders. All pens ,ereseparate -

servec water and salt licks ad libitum. Animals were treated for, internr a, rtr 

eternal parasites nd were adjusted to their respective diets JuC.rI "I:, 

pretrial period. 

Feed offer~ngs were readjusted at the end of weeK four, foil- , coa, *,ir;' 

cnanges. 

Samples of straws and concentrates were analyzed for DN, CP, NDF, ADF, 

and ash as described for the digestion trial. 

Data were analyzed using SAS general ;inear models orocedureb i..S, 

1982). Because of differences in body weights among ciet group at the beginning 

of the study, initial body weignts were used as covariates to evaluate weight 

differences at the end of the study. Means separation was performed using the 

Ryan-Einot-Gabrel-Welsh (SAS, !982) multiple range test. 

RESULTS
 

Digestion trial: 

Partial compositional analyses of ulets and orts are shown in Table 

Diets were similar in terms of DM, OM and CP content. NDF content was highest 

http:concentrat.es


(57,11%) for S1 and lowest (43.79%) for Sul' For all ilets, orts were higher in cell 

wall content and lower in CP content than feed offered. 

Nutrient intaKes are shown Tables 4 and 5. On a metaoolic weignt as, 

(MBW), daily intake of DM, OM, CP and NDF were higher (P< 0.05) fur 6, :na

for S 1 and 1u, Dry matter intake was 55.93; 39.42 ana 42.34 g/Fg M2W for .. 

.n 


Sul and Suel respectively. Absoiute intake of DM, OM, NDF and CP were rlig, e; 

(P<0.05) for lambs tnan for goats; however, oiffences between species were 'Ic, 

significant on a metabolic weight basis. Avegare DM intake was 50 g/ ,g MBW T:,r 

lamos, and 42 gKgj IMBW for 9ca.s. 
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As for the effect of treatment combination on intake, differences eere 

found only for CP and NDF. Lambs fed IS had the highest NDF and CP intakes, 

goats fed Suel had the lowest NDF intake, and iambs fed S., had the iowest CR 

intake. 

Animals consumed 0,12 to.*.1? liters of water/Kg MBW, or 2..3 to $.7C i/grn 

DM consumed. Differences were nct significant. 

Digestibility coefficients i.Taoles 7 ana 8): Digestion coefficients for , '-, 

CP, NDF and ADF were not s-i;nificantly (P<0.05) affected by species or diets. 

Highest DM digestion coeffic.; nt was ooserved with goats fed Su. 1 ana . 

coefficient was observed witi goats fed S,; there were more variation amonG 

goats fed different diets than among lambs. 

Weight changes (Table 9): nearly all animals lost weight during the 



collection period. Differences in weight loss were not significant. 

Growth trial: 

Feed intake (Table 10) increased from week one to eig3ht; average fnta s 

of straw during the 8 week experimental perioa were 17.97, 20.14 and 24.7i. .' G 

MBW for S, Su2 and Sue2 , respectively. Concentrates were entireiy ccnsu.rni; 

however,,-,in average of 42% of straws were refused.'Instead of the preac:e 50% 

concentrates, the average percente.je of concentrates consumed ranged from 72.-I1 

(SU2) to 79.38% (S,). 

Total dry matter take averaged 86.63, 91.52 and 89.89 g/kg MBWvir ,, 

Suel and Su2 , respectively. This reoresents an average of 4.364 % of body weigh. 

Growth performance appears in Table 11. Weight gain decreasea gn-o 

between 3he first and the second 4-week period. Average daily gains (ADG) were 

78.44, 61.73 and 82.54gm for S., Sue, and Su2, respectively; these values were '-olt 

significantly different. 

Feed efficiency ratio (kg gain/kg feed) was lowest for Sue2 (0,O...,rnd 

similar for S2 and Su2 (0,0553). 

DISCUSSIONS 

Digestion trial: 

Dry matter intake in the digestion trial was comparable to values , aepoe,, 

qC 

http:percente.je


by Otners on caged iambs (Zan, 1989; Hebie, 1989). The reason for weight losses 

observed during the digestion trial are unclear. 

Digestibility coefficients ososervjad in this study were higher than those 

reported with lambs receiving untreated straw alone (Hdi, 1989); Digestibility 

coefficients were 48.79, 51.07, 12.78., and 44.07% respectively for DM, OM, M.,T 

and NOF i1Pbie, 1989). Hbie t.2!.g also reported DM digestciity values -f 

65.37% with chopped sorghum straw (SS) treatea with 4% urea ano ensilea, 5T.3.% 

witn -area-treated and ensilen. -. ,.jppie,,en:ed w th 2.0% molasses; . 

straw ens'ile= wit, 41v urea and supplerne:t-. ,... 25% cottonsee rrea:.." 

basis'. Ouedraogo (1990) foU'1d *?Iat te;imernt or SS wi,", 4% urea ' 

situ DM disappearance, These results indicate tnat d'gestib'iity of SS maj' .e 

improved Oy urea treatment, or wth iow (less than 25% of DM) concenrtrite 

supplementation. However, others (Ibrahim et al 1987) found no effect of urea 

treatment and ensiling on 3$ dry matter digestion. 

Results of species effect on digestion differ from those reported oy Husto 

et al (1988); these authors found higher DM JIlgestion coefficient with goats fed 

wheat straw. However, level of supplemental concentrate was much lower in tne 

latter (0 to 60 g/day/animal) study. With medium or high quality hay, sheep are 

often better at digesting DM than goats (Huston et !, 1988) 

Results of the digestion trial may indicate that there is no effect of straw 

treatment to be expected when straw is included in well balanced rations, and 

contribute for less ihan 55% of DM Intake, In this study,. diets- were 

4V44-. ; . ... . . . . . . . . . . . . . . . . 
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isonitrogenous, thus eliminating the improved N supply usually expected with 

urea treai.:,'ent or supplementation as a Potential factor for microuial activ-ty in 

the rumen. Furthermore, diet S1 contained preformed protein (cottonseec meal) 

instead of urea. Under such circumstances, there is more risk of N being lost 

in the form of urea (from ammonia absorbed from the rumen) with diets 

containing non protein N than with S1 : cottonseed medi is believed to or3 ei 

43% rumen undegradable protein (NRC, 1989). 

Growth trial: 

As indicated in, the results section, intake of straw may na,. e 

low in this study, considering that straw was the item be:ng evaluated. ia;*rige 

(1980) recommendea that concentrate offered shouia not exceea 20-2-5 f .:o.i 

DM cffered if one seeks to improve intake of straw. However, large amoun, .f 

concentrates were offered here in order to overcome !ow nitrient Concent.-'ticn 

in the straw. The animals used in this study were young and growing, and high 

nutrient requirements were expected. 

The DM intake obtained in this study (4.364% of body weight) was $ower 

than that recommended by N.R.C. (1984) for similar weights ,n temperate 

environments (5-5% body weight) but higher than that recommended by Rivierre 

(1978) for tropical environments (1.8 to 3% body wc{ght). However, DI .. n 

this study were similar to those (82.4 to 95.9 gm/Kg MBW) observed by OUIBG-. 

(1985) with sheep fed diets comparable to ours. Dry matter intake jn tle growth" 

trial was also higher than that observed for the digestion trial, 

<.. 

Since straw digestion was not improved by urea-treatment st, Ory 

r 
$ 



ensiling, treatment effect on gain and feed conversion was not likely. However, 

lambs fed Sue2 tenuec to have poorer conversion hrates than others, due h,,gh 

DM intake and low gain, although differences were not significant. 

Average daily gains observed in this study are nigher than the 30, E 

gm/day ooservea with lambs of the same breed and age at the same locaton 

(Gampela Experimental Station). The latter were on a regimen whcn rclue 

hours of pasture a day, and 5 to 10% of DM requirements as co,'ce'traes 

(Nianogo, 1990), 3ains observed ;n this study were also nigher tnnar thc e 

observed with amos of the same age group on a semi-intensive regimen witnh 

hours/day plus 15, 30 or 45% concentrate supplementation: such lamrs gair;eu 

54.13; 67.86; and 64.84g/day, respectively (Nassa, 1990). However, overall ADG 

(74.24 gm) was below those reported by OUIBGA in 1985 (83-133 gm/days. 

High intake of concentrate may have helped to mask the effect of straw 

treatment in the growth trial. Effect of urea treatment or ensiling may be 

beneficial only when straw is the only feed, or when concentrate supplementatior 

is minimal. 

i :'! : ' ,-: " . . ' "' ' ' ' " ' , ' ' ', ,! / :- ' : " <: ; . ~ I , , : " : " , -- ", . . ; . . ':, ; . 
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AP~PENDIX 1.3 

DEGRADABILITE IN SITU DE QUELQUES PAILLES
 

DE GRAMINEES NATURELLES ET DE RESIDUS DE RECOLTE*
 

A.. . NIANOGOI- -;CL.-OUEDRAOr3Or-; *.7SOLAIMAN2
S-:L--LOUIS2-AND-S' 

1. Universit4 de Ouagadougou. Burkina Faso.
 
2. Tuskegee University. Alabama. U.S.A.
 

RESUME
 

Quatre caprins m&les castrds et fistulds au niveau du rumen
 

ont dtd utlisds pour une dtude de ddgradabilitd IN SITU de
 

diverses pailles de graminees naturelles et .e rdsidus de
 

recolte. La ddgradabilit4 de quelques constituants a dte dtudiee 

pour un temps de sdjour de 24 heures dans le rumen. Pour la
 

disparition de la matiire seche on obtient la classifi:ai:r.
 

suivante en allant du taux le plus dlevd vers le taux le moins
 

dlevd: Mais (34.56%). Andropog.Din gayanus. Sorgho rouge. Sorgho
 

blanc, Brachiaria lata. Pennisetum pedicellatum. Panicum
 

anabaptistum, Andropogcnr pseudapi-icus. petit mil.
 

INTRODUCTION
 

Dans les pays sahliens les pailles sur pied et les r~sidus
 

de r~colte repr~sentent l'essentiel de l'alimentation des 

ruminants pendant la longue p~riode s~che de l'ann4e. 

L'utilisation rationelle de ces pailles n6cdssite une
 

connaissance pr6alable de leurs caractdristiques. La prdsente
 

*Submitted' for publication to: Bulletin of Animal Health and
 
Production in Africa (IBAR/O.A.U.).
 



6tude a dt6 entreprise en vue de comparer la d~gradabil2te IN
 

SITU de pailles de graminees naturelles et de rdsidus de recolte.
 

MATERIELS ET METHODES
 

Quatre caprins m&les castres. &g~s de 2 ans et pesant 20 kg
 

en moyenne, et fistules au niveau du rumen ont 6t6 utilis~s pour 

cette experience. Ils ont requ une ration equilibree [1) compose 

de son de b14 ( 39.15 %) et de paille de sorgho (60.85 %). Chaque 

paille a .A broyee pour donner des particules d'une longue-: de 

2 mm en moyenne ,et placee dans des sacs de nylon presertant des 

mailles de 40 "m de diamotre. Les sacs introduits dans le rumen 

sont retires apres 24 heures. lav6s a leau simple. puis rir.q'4 

& 1'eau distille et plagOs dans une 6tuve pr~chaufee 6 IC5 "C 

pour une duree de 24 heures. Les pailies incub~es et les resaluF 

non d~gradees ont 6te soumis une analyses pour determiner les 

teneurs en matiere s!che (MS) . matiire azotee brute (MAE. et 

cendres [2], et en constituants pariataux (NDF) (3]. 

Le pourcentage (D) de constituant disparu est determine de 

la mani-re suivante : 

D - 100 * (PO - P1) / P0 

ofiP0 est le poids de constituant incub6 et P1 le poids de 

constituant rdsiduel. 

Le traitement des donn~es a 6td fait & laide du logiciel 

SAS [4] selon le test de Ryan-Einot-Gabriel-Welsh. 



RESULTATS ET DISCUSSIONS
 

Composition chimique: les r~sultats presenteu dans le
 

tableau 1 r~v&lent une grande variation inter-especes. 

Andropogon pseudapricus a la teneur la plus 6levee (83,62 %) en 

parois totales (NDF); par contre le taux de matiere azotee brute 

(MAB) le plus 6leve est celul de Brachiara lata (5.32 % ). 

Disparition de la mati ,re seche (MS). de la matiere
 

organ:que (MO). et des parois totales: L6 encore on note une
 

grande varatizri entre especes (tableau 1). L'analyse statistiq2e
 

montre que Ia paille de mais avec 34,56 % de MS disparue est la
 

maeux degrad~e des 9 especes 6tudiees. En revanche. les
 

dlifferences entre certair.es espezes pour la disparitirn de la MS
 

de la MO et des NDF sont tres minirnes. Des 3 constit-.:nz
 

etudies. la plus faible degradnt:r. est observee pour les par-)is
 

cellulaires. Ceci confirme bien que les fibres sont les 61ements
 

qui limitent le plus la degradatazn des pailles par les
 

microoganismes du rumen.
 

REFERENCES
 

C12 
 NRC. 1981. Nutrient Requirements of Goats. Angora. Dairy and
 
Meat Goats in tropical Countries. National Academy Press
 
Washington D.C 91p.
 

123 AOAC. 1970. Asso-iat:)n of official analytical Chemists (11
 
th ed) Wahington DC.
 

'. Goering. H.K. and P.J. Van Soest. 1970. Forage Fiber
 
Analysis.USDA Agric. Handbook 379, Washington. DC.
 

SAS. 1982. SAS User's Guide Statistical Analysis system
 
Institute, Inc. Cary, N.C.
 

http:certair.es


TABLEAU I - Composition chitiuque des pailles er dispatiticn des 
differents nutriments. 

Esp~ces veg~tales Composition chimique Degradabilite 

M S M O NDF MAB M M O NDF 

Mais 96,31 94,36 78,58 4,6 34,5ba 82,89a 27,27-

Andropogon gayanus 97,93 93,72 77,50 2,65 3 0 , 5 3 b 29,69 18,58 a"-

Sorgho rouge 96,87 91.03 79,94 3,38 2 8 , 31 ab 2 4 .3 
ab 1 6 ,301 

Sorgho blanc 87,55 91 . E5 82,53 3,85 24.04 m: 2I,371 : 
1 6 , 4 1 ab 

Brachiaria lata 95,71 P.7,5 75,98 5,32 22.70b 1 8 ,2 4 
:
d 9,51c 

APennisetum pedicellatum 82,89 88,88 79,99 5,1 1 5 , 9 4c 1 0 , 9 1Cd 4,87c 

Pannicum anabaptistum 96,80 93,50 82,40 L,37 1 3 , 8 4 d 1 2, 3 5cd 5,521 

Andropogon pseudapricus 98,04 93,92 83,62 3,12 9 , 7 4 d 9 ,0 5 d 3,6 ,C 

Petit mil 83,58 90,23 79,73 3 4 9,56 d 3,17-

Les moyennes fugurant sur la mme colonne et ne portant pas le mime 
indice sont significativement differentes (P - 0,05). 



2. Abstract of papers presented at Animal Science
meetings 



2.1. Effect of postharvust time, moisture and urea on 
nutritional quality oi ensiled sorghum stovers in 
vitro. August 1990 Iowa State University. 
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A NI-'HblX 2. 10 
predominant on aifalfs; vca.su. mold.s .In ,nscronactcriazae dominaledeau were found on orn. Hiener ProDonionson crm inan afalfa. of LIC .IOL31 Lacic acid iaciena compriscd(100) populations. with strepi,,-,:.w being the main cpjph 'tic LA a small toc|0I;e) CFL',g propofeuolO~l ithsiepicoci ru.Lcoai(0tpoplaiors, CztxlCwsvrak.pnc 

a 
were [ic¢ minor ein ile ainepphvicL,.B group.prnups. and their ocr'urfcncc w-as ia~aiogop.adhiLaciobacilli,h uin peOlocn~eeil jvariable. iarticulariv on ilfalfa. Thecutt 

n ciand,~o koo ~ 
|ing and Lniunrv o| ifluf 41not hae a signifiz ni effect on ih cplp hviicnicrollora. The choppingp-o0cmicroorganiuanu on aoit alfalfa and com. bui wlliing alfalfa did 

es signific n lv Incre.a.e the aunitn a 
not affect the population.ruiing alfalfa Whcn o second and foMand the three corn hvbrids ert cn.ided. dramaticcxirehci;.:.. cantes occurred in the popuuiionfai. and reached maximum numbers approima teiv 10 'C "U ig)ai 3 . 

. The LAB w 
enicrobarenaclen e. vcesi. and 

pOSl-c siling. whrie the nu faer (molds showcd a continuou.s rducion as csling progrcsca. and ist was m apronounced in Walla than 
uch 

corn.
 

KEY WORDS- Aifalfa. MicToflora. Silage.
Corn. 

Top spodage ios.ses inhorzn~ntal silcs: A rcs.nrch model. G. AshbclL Volcani Center.Israel. and J. T. Dickersorn and K. . BoLis.: tet Dagam.Kasas State Uiversity, Manhattan.
 
Laboratory models of :08 I dnrms. 34 
 cm x 15 cm PVC pipes, and nylon net bagsspoilage dynamic of corn sdage. 

was used to study the LopOn Sept.ebr 12 1989 com forage (full dent, 40.6%chopped. and packed (248 kg dry matter/M- dry mater) was hazveste.) in four drums. 16 PVC pipe, and 36 nylon bags. Eacn drum wadivided by plastic netting into thrds, and three nylon bags were placed In the middle ofpipes were placed in a drum cact third. Four PVCa secured with ecces fresh matcenl A perforated :54 cmat the bottom of each drum PVC pipe was pL&=oand connected ihrough an aur-lock to drain efluenL Treatments were uncoveredand covered with two sheets of 0.1 mm plasic securned with tape (four drunu and eight PVC pipesDrums and PVC pipes were treatment.storew outside. Temperature in the center of the drum,recorded daily for the frst and precipitation wereweeks, and weekly ih,.reaftcr. Duplicate PVC pipes were emptedand druns at 180 d post-msding. Uncovered sldages €:ihibited 
at 7. 67, 80 d.

higher pH and dry matter loss-s in the tol rwothirds of all three models. Asb content was higner in the top one third of uncovered sdagesencsrlc matenal. than cf the pre.C- cmcal analv.&s of Wages rom corresponding n',lon bags and drumspenetration in the were sumibr. -urtop third of covered PVC pipes, and a detiect in ,ealing the boitom increaadvcrcly affect sdage ;oase. andqualit near the bottom of the PVC pipes. Continuednecoed to establisn research and modificaion arethese models as reliale methods to caractern. top spodage lcxses in honontal silos. 

KEY WORtDS. Top Spoilage. Model, Silage. 

/79 Effect of ocist harvest tLne, mtsture and urea on nutr:tional quality ofensiled sorghum stuvers -n vitro. B. 3efelel, S. G. Solawsan, S. L. U;Wus andM. A. 'aloney, TIisKegee :iniversity, T.skegee, Alanama.
 
A series of :n vitro 
ferrentst:on exper4-menLsgoats were conducted using rurren fluid from sheep andto evaluate -he effect ofthe stovers fill 0,2 

post harvest time for ensilingand 4 weeKs, moisture content (M) 40 and 60% onurea (U) 0, 1, 2 and 3%on 0M oasvq andas fed oasis on sorghium stovers ensiledTreatments were arranged in factorial 
for 3n cays. 

twice. Dtv -atter, .*P and cell 
fasnion and experiment was replicatedwall constituent as well as ivtym and k:neticsof cell wall digest:on were measured. 


was lignest fP<.J0I) -n stovers 
Crude protein was lowst (P<.001) and '-ZFcollected at 4 -weeks after harvest.protein increased (P<.301) whereas 

Crude 
addition of 

N and Hernicellulcse decreased (P<.301)U and dith60% M, with tiochanges in ADF', lignin and ash.was affected (P<.001) toy H, In vitro D-.04 and 'I. No species effectSignificant (P<.01) was observed (P<.01).:nteraction among H, M and U existed. However 0 H, 60% Mand 2 U resulted in highest P<.Jl) 'VD D. Moisture andeffect (P<.31) on rate of U had significantell wall digestion (k). Digestion rates were
improved by U treatmnt for 0, 2 and 4 weeKs of H, and were higner (P.06) for40% M in sneep and goats. Urea treatment uproved quality of sOrhnum stovers
ensi ed. 

KE"YWODS. ?osc Harvesc. "rea. ;!oiature. Sorghum Stovers, ,ilage 
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