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Summary 

An experiment is described in which the in vivo digestibility was determined of for­
ages grown at different light intensities, temperatures and nitrogen fertilizations. The 
different factors influenced the chemical composition considerably more than the 
digestibility. Light intensity had a small positive influence on digestibility and tem­
perature a rather big negative influence, while nitrogen fertilization showed a non­
significant positive trend. Digestibility was decreased during stem formation. 
The samples of the forages were analysed for different compounds enabling the pre­
diction of in vivo digestibility by different procedures of which the in vitro true 
digestibility appeared to be the most accurate one. 

Introduction 

Some research has been done in recent years about the influence of environmental 
conditions on the chemical composition of herbage (Alberda, 1965; Deinum, 1966a; 
Deinum and Dirven, 1967), and its (computed) nutritive value (Deinum, 1966b). Light 
intensity has a positive effect on the water-soluble-carbohydrate content, and a nega­
tive one on crude-protein, ash and crude-fibre content resulting in a positive effect 
on calculated digestibility and starch equivalent. Higher temperature decreases water-
soluble-carbohydrate content and increases crude-fibre content causing decreased di­
gestibility and starch equivalent. Nitrogen fertilization increases crude-protein content, 
but its effect on crude-fibre content is quite variable. In young grass this content 
is decreased, in old grass it is increased with reversed effects on calculated digest­
ibility and starch equivalent. 
However it is not certain whether the calculated digestibilities are identical to the 
vivo digestibilities. To the best of our knowledge no literature is known about the 
effect of light intensity and temperature on vivo digestibility of herbage. Fortunately 
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there is some information about the effect of nitrogen fertilization on vivo digestibi­
lity. Blaser (1964) and Raymond and Spedding (1966) did not find any distinct effect 
of nitrogen fertilization on vivo digestibility. However, Reid et al. (1967) found a 
positive effect of nitrogen fertilization on digestibility in tall fescue, but the effect 
was rather small. 
The present study was designed to investigate (1) the influence of light intensity, tem­
perature and nitrogen fertilization on vivo digestibility of herbage and (2) the accuracy 
of some old and new laboratory procedures with which these effects can be predicted. 

Experimental procedures 

Production of the forage 
To measure the above mentioned effects the environmental factors light intensity, 
temperature and nitrogen fertilization were varied. The two nitrogen treatments were 
low and high, the nitrogen being given as ammonium-nitrate-limestone. The two light 
intensities were normal and low light intensity, the latter being established by re­
ducing light intensity to 30 % of normal day light by a cheese-cloth tent of 360 m2. 
At the low light intensity only the high nitrogen treatment was given. The temper­
ature treatments were established by growing the grass in four different periods of 
the season. In this way twelve different forages were obtained which varied consider­
ably in chemical composition. All forages were harvested at an age of about four 
weeks, so the influence of age on digestibility was negligible. Lolium perenne, the 
most important grass species in the Netherlands was used in all cases, and grown 
as an almost pure stand on the experimental fields of the Department of Field 
Crops and Grassland Husbandry. The quantitative description of the environment 
of the 12 treatments is given in tabel 1. 
The grass was completely vegetative during the periods 1, 3 and 4, while it was 
generative during period 2. In that case the percentage stem + leaf sheath was ap-

Table 1 Description of the environmental conditions in the different periods 

T reat- Period Z-i JV2 7-s 
ment 

max. min. 

1.1 April 13 - May 10 420 100 13.7 2.7 
1.2 April 13 - May 10 420 25 13.7 2.7 
1.3 April 13 - May 10 126 100 13.7 2.7 
2.1 May 13 -* June 9 403 100 18.0 9.1 
2.2 May 13 - June 9 403 40 18.0 9.1 
2.3 May 13 - June 9 121 100 18.0 9.1 
3.1 July 25 - Aug. 32 360 100 21.9 12.3 
3.2 July 25 - Aug. 32 360 25 21.9 12.3 
3.3 July 25 - Aug. 32 108 85 21.9 12.3 
4.1 Sept. 15 - Oct. 17 178 80 17.8 10.8 
4.2 Sept. 15 - Oct. 17 178 25 17.8 10.8 
4.3 Sept. 15 - Oct. 5 72 50 18.6 10.7 

1 L = average light intensity in cal. cm-2 . day-l 
2 N = kg N/ha 
3 T = average daily max. and min. temperature 
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proximately 60 % at harvest time. As can be seen from table 1, the treatments 3.3 
and 4.3 received smaller quantities of nitrogen than 3.1 and 4.1, due to the danger 
of nitrate toxicity at these low light intensities. Treatment 4.3 had to be harvested 
on October 5 after destruction of the cheese-cloth tent by a gale. 
The grass was dried after harvesting at a temperature of about 30 °C with a large 
quantity of air in approximately one day, till the dry-matter content was about 90 %. 

Digestion trials 
These were performed in the Department of Animal Physiology with four wethers. 
Each of the twelve forages were given to two sheep, either to sheep A and B or 
to E and F. Sheep E and F gave comparable values but sheep B appeared to give 
lower digestibility values than sheep A, the average difference being added to the 
digestibility of sheep B. (This is justified by the fact that sheep A, E and F showed 
the same regression line between in vivo apparent digestibility and in vitro true di­
gestibility while sheep B was off this line. In other trials where the same diets were 
fed to sheep A and E or to B and F, sheep B also showed lower digestibility.) The 
animals received a daily amount of 800 grams air dry grass + 3 grams minerals during 
the 10-day's preliminary period and the 7-day's total collection period. 

Chemical analysis 
The grass samples were analysed for dry matter, nitrate (NO3), crude protein (cp), 
ash, water-soluble carbohydrate (wsc), crude fibre (cf), cell wall (cwc), acid-detergent 
fibre (adf), lignin (1) and in vitro true digestibility (Dvltro truc). The faeces samples were 
analysed for dry matter, crude protein, ash, cell wall, acid-detergent fibre and lignin. 
The cell-wall, acid-detergent-fibre, lignin and Dvitro ttuc determinations were carried out 
according to Van Soest et al. (1967, 1963, 1968 and 1966 respectively) by the first 
author in the laboratory of the Animal Husbandry Research Division, Agricultural 
Research Service, Beltsville (Md), U.S.A. 

Results and discussion 

Influence of environmental conditions on the chemical composition and 
digestibility of herbage 
The chemical composition and the digestibility of the twelve herbages is mentioned 
in table 2. As can be seen from this table, the twelve forages had quite different 
chemical compositions which were due to the various environments during growth. 
However the measured digestibilities did not vary that much, while the average value 
was very high (average dry matter digestibility = 77.5; average organic matter di­
gestibility = 80.5). This shows once more that perennial ryegrass has a very good 
quality under normal Dutch conditions. 
The effects of light intensity, temperature and nitrogen fertilization on chemical com­
position and digestibility of the forages are calculated by multiple regression analysis 
(table 3). Their effects on nitrate, crude-protein, ash, water-soluble-carbohydrate and 
crude-fibre content are in fair agreement with those mentioned by Deinum (1966a); 
the effect of temperature on crude-fibre content being fairly low however. The effects 
on cell-wall, acid-detergent-fibre and lignin content are comparable to those on the 
crude-fibre content (a part of the cell walls as well), although many regression co­
efficients did not reach significance. Light intensity and nitrogen fertilization show a 
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Table 2 Chemical composition (in % of dm) and digestibility of the twelve forages 

T reat. NO3 cp ash wsc cf cwc adf I ^om :> D vitro 
ment 

:> 

1.1 0.20 21.1 8.5 15.7 20.8 45.0 23.8 1.54 83.8 85.6 82.0 94.0 
1.2 0.04 13.4 7.2 30.8 18.3 39.5 19.9 1.81 84.6 86.8 73.5 95.5 
1.3 0.40 24.3 9.7 9.5 23.0 46.1 24.7 2.07 84.5 86.5 84.0 93.9 

2.1 0.27 16.3 9.0 9.0 29.2 55.4 33.4 3.20 75.2 76.4 75.0 88.9 
2.2 0.02 10.7 8.8 13.7 29.3 56.4 33.7 4.13 74.2 75.8 69.0 87.9 
2.3 1.25 19.2 10.9 5.9 29.9 53.6 33.7 3.92 72.0 73.3 79.7 86.7 

3.1 0.64 24.7 9.9 11.3 21.5 43.3 23.4 1.91 78.6 82.7 84.7 92.3 
3.2 0.09 19.2 10.9 12.7 22.1 45.0 25.7 2.81 78.4 82.1 79.8 91.3 
3.3 1.89 25.1 12.5 3.5 26.0 49.0 27.8 2.37 73.6 77.9 81.1 91.0 

4.1 1.60 23.5 11.8 6.6 26.1 47.5 29.0 2.94 76.3 80.4 81.0 90.7 
4.2 0.09 18.6 11.7 8.2 25.9 49.7 29.4 2.56 75.0 79.3 79.3 89.6 
4.3 2.28 26.2 14.0 2.7 25.0 46.7 28.3 3.09 75.0 79.2 82.6 89.5 

negative, temperature and stage of growth a positive influence on these concentra­
tions. 
The influence of light intensity and nitrogen fertilization on digestibility is positive 
but rather small, while the influence of temperature and stage of growth is nega­
tive, but fairly big. However, the effect of nitrogen is not significant. These effects 
are opposite to those on the cell wall fractions which is not surprising, because the 
cell walls are the less digestible parts of the plant. 

Table 3 Effect of environment on chemical composition and digestibility calculated by multiple 
regression analysis 

Compound Light1 Temp. 1 N 1 Stage 1 Constant R2 R.S.D. 

no3 —0.37* 0.064 0.52 —0.16 0.69 0.66 0.59 
cp —1.26s'** 0.37* 8.22** —6.89! =** 21.60 0.94 1.49 
ash —0.95** 0.26** —0.47 —0.56 10.40 0.89 0.79 
wsc 3.21*** —1.02* —6.81 —2.33 23.60 0.84 3.78 
cf —1.16* 0.26 —0.11 6.92 * 15.75 0.89 1.54 
cwc —0.91 0.24 —0.26 9.90 * 35.01 0.81 2.68 
adf —1.16* 0.31 —1.03 8.58 16.57 0.86 2.07 
1 —0.21* 0.05* —0.08 1.64 * 1.08 0.90 0.32 
Ddm 1.26* —0.80** 1.75 —5.87 * 91.0 0.92 1.60 
Dom 1.10* —0.57** 1.23 —7.76 ** 94.1 0.94 1.40 
Dcalc. (Dijkstra) 1.77* —0.40 0.30 —8.33 * 87.5 0.89 1.95 
Dvitro app. (Van Soest) 1.20* —0.51** 2.07 —7.57 * 89.4 0.92 1.54 
Dsumm.cqua. (Van Soest) 0.65 —0.25 1.62 —7.93 88.3 0.65 3.36 

1 effect of light intensity per 100 cal. cm-2 . day-i ; 
effect of temperature per °C (24 hours average) ; 
effect of nitrogen per 100 kg N/ha/period; 
Vegetative stage = 1 ; shooting stage = 2 

R = correlation coefficient 
R.S.D. = Residual Standard Deviation 
* Significant at 5 % ; : 5 significant at 1 % ; *** significant at 0.1 % level 
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It can be calculated from these results that the approximately 10 units lower digesti­
bility of the forage in late spring compared to early spring is caused by both in­
creased temperature and stem formation, and that the vegetative grass in high sum­
mertime will have an approximately 7 units lower digestibility than in early spring 
due to the higher temperatures. The about 2 units lower digestibility of autumn grass 
compared to summer grass may be due to the low light intensity and the still com­
paratively high temperature in this part of the season. 
These results may indicate too that digestibility of forages in warm areas like the 
tropics can be rather low. 
The crude-protein content and its digestibility were affected in the same way by the 
environmental conditions. As expected, the data fitted so well in the formula of 
Dijkstra (1966): dep = 0.96 cp — 4.01, that no specific effect of environment on 
crude-protein digestibility could be detected. 

Prediction of in vivo digestibility from different laboratory procedures 
After this description of the effect of environment on vivo digestibility it is interest­
ing to see whether these effects can be calculated with the aid of laboratory proce­
dures as well. Three different procedures have been used: the crude-fibre system of 
Dijkstra and the two systems of Van Soest, a biological one and a chemical one. 
These twelve forages have been part of a group of more than 100 samples of known 
digestibility which were used for a more general research into the accuracy with 
which vivo digestibility can be predicted with the aid of these procedures (Deinum 
and Van Soest, in preparation.) 

In the first system the equation of Dijkstra (1954) was used which was derived from 
data on herbage from all kinds of grasslands: 
Dom — —1.60 cfom + 120.0 
The average difference between vivo and calculated organic matter digestibility was 
+ 3.88 ± 0.50 which shows that the digestibility of our perennial ryegrass forages 
was clearly underestimated by the crude-fibre method (figure la). This may be caused 

Fig. I Relationship between vivo and calculated digestibility : 
a. apparent vivo digestibility of organic matter versus calculated digestibility of organic matter ac­
cording to Dijkstra (1954); 
b. apparent vivo digestibility of dry matter versus apparent vitro digestibility of dry matter accord­
ing to Van Soest et al. (1966); 
c. apparent vivo digestibility of dry matter versus apparent digestibility calculated with the summa-
tive equation of Van Soest et al. (1968). 

221 



B. DEINUM, A. J. H. VAN ES AND P. J. VAN SOEST 

by its very low lignin content (lignin usually provides more information about di­
gestibility than crude-fibre does). If this difference would not have existed the line 
Dvivo = Dcalculated would have given a residual standard deviation of 1.79. 
Using this system the effect of environment on digestibility can be calculated again 
(see Table 3). In the case of highly reliable results the regression coefficients of light 
intensity, temperature, nitrogen fertilization and stage of growth should be the same 
for DomviTO and Dcaic.Dijkstra. Comparison of these coefficients shows that the effect of 
light intensity is overestimated by the crude-fibre system while the effect of tem­
perature is underestimated somewhat, however the differences not being significant. 

In the second system the in vitro procedure of Van Soest is used which provides 
the true digestibility. The difference between true and apparent digestibility is con­
sidered as being the excretion of bacterial cell walls and of endogenous substances. 
This excretion was linearly related to true digestibility in this experiment with its 
narrow range of high quality forages, whereas it seems to be a curvilinear relation­
ship in a much wider range of digestibilities (Deinum and Van Soest, in preparation). 
The endogenous excretion was in these forages: 
End. excretion = 69.7 — 0.62 DTittotme 
giving: 
D vitro app. — 1-62 Dvitro true 69.7 

The average difference between vivo and vitro apparent digestibility was then zero, 
whereas the residual standard deviation of the equation Dvjvoapp. = Dvjttoapp. was 
1.73 which is rather low (figure lb). 
Comparison of the influence of environment on apparent digestibility in vivo and in 
vitro (Table 3) shows that the influence of light intensity is the same in both cases 
whereas the effect of temperature is underestimated somewhat. Again this difference 
is not significant. 

The third procedure used is the calculation of digestibility with the summative equa­
tion developed by Van Soest et al. (1965 and 1968): 

Dsumm.equa.true = 0.98 (100-cwc) + cwcjl.81—0.97 log (1 X 100/adf) | and 
D summ.equa.app. — Dsurnm.equa.truc End. eXCr. 
In this case the above mentioned equation for the endogenous excretion was used. 
With this procedure the average difference between vivo and calculated apparent di­
gestibility was —0.3, but the residual standard deviation of the equation Dvivo app. = 
Dcaic.app. was rather high, viz. 4.06 (figure lc). This deviation is even higher than is 
found in the group of more than 100 samples mentioned before. This poor result is 
possibly caused by the very low lignin conteftt in these high quality forages which 
is difficult to measure with high precision at these low concentrations. These poor 
results may also be the cause of the lack of significance of the influence of environ­
ment on calculated digestibility, whereas the regression coefficients did not agree 
either with those on vivo digestibility (Table 3). Studies for further improvement of 
the system of the summative equation are underway. 

Summarizing these results it is clear that of the laboratory techniques tested the in 
vitro procedure gave the best estimate both of the vivo digestibility and of the effect 
of environment on vivo digestibility. 
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