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5 
o INTRODUCTION 

Pasture grass at its best has long been considered the best ration 

for the dairy cow. In son t1 sections of the world where the climate 

is such that pasture grasses thrive especially well, the dairy cow 

obtains almost all of her ration in the form of grass. In the N ether

lands and New Zealand especially, the winter roughage for the dairy 

cow may consist entirely of hay made from.pasture grasses, silage 

made from pasture grasses, or both hay and silage. 


Recent experiroants have reestablished the fact that the nutritive 

composition of g'rasses may vary widel:yaccording to their stage of 

maturity. Immature pasture grr:ss is a highly digestible and nutritious 

animal food. 


There would be many advantages to the livestock man in keeping 

a larger area of his farming land ill permanent ~rasses and legumes. 

Saving the labor of cultivation in the productIOn of annual crops, 

preserving soil fertility, and lessening soil erosion, are some of the 

unportant advantages. 


In most regions of the United States pasture grasses do not grow 

at a uniform rate tln\"/ugh the growing season. Usually the most 

rapid rate of growth is during the spring. During this period most 

farms have more grass than can be consumed by the:livestock, and 

a considerable amount of the grass matures. It is es~ential: (1) To 


I The writers are Indebted to Dan Hansen, nssocillte Rl11'onomist, Bureau of Plant Industry, Ilnd superin
tendent of the lIuntley (Mont.j field station, for Itt, assIstance In CBrryl~g on the experimental work, &nd 
to Oharles 13. Parker, JunIor chemlBt, Bureau of DaIry Industry, who did the analytiCIIl work. 
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know whether the changes in chemical composition of grass at the 

various ~~rks of growth are reflected in the rate oi consumption and 

yield of .' by the dairy cow; (2) to lmow how best to preserve the 

surplus growth of grass when at its best stage of growth, to be fed at 

other E;easons; and (3) to obtain some indication as to what extent 

the high-producing cow can be expected to obtain the nutrients she 


. needs for maintenance and production, from grast and from grass 

hay or grass silage. 

To obtain such information an e}"-peliment was started at the United 
States Experiment Station at Huntley, Mont., in 1928. The experi
ment was planned to secure the yields and fe.eding value for dairy 
cows of pa(lture grasses when pastured: and when cut at different 
stages of maturity and fed as fresh green grass, as cured hay, and 

FIGURE I.-Cows on irrigated pasture at Huntley field station, with bnlldin~s in background. 

as silage. This bulletin gives the results of 2 years' work on this 
prob~em. 

The 4}~-acre plot used in this test was a part of a field that had been 
seeded to alfalfa in 1919, and used as an alfalfa hog pasture from 1921 
to 1924. It had been plowed and seeded. to corn in 1925. In the 
spring of 1926, it was seeded at the mte of 20 pounds per acre to the 
following pasture-grass and legume mb:ture, now known as the 
Huntley mixture: Awnless bromegrass, 2 pounds; orchard grass, 5 
pounds; mea:dow fescue, 3 pounds; perennial ryegrass, 3 pounds; 
Kentucky bluegrass, 4 pounds; white clover, 2 pounds; and alsike 
clover, 2 pounds. 

No manure or fertilizer other than the droppings of the grazing 
animals has been applied to Grus pasture or had ever been applied to 
the soil before it was sown to pasture. 

THE 1928 EXPERIMENTAL WORK 

In 1928 two plots containing 0.92 acre each were reserved for grazing 
(fig. 1) and clipping. The remainder of the pasture, 2.66 acres. was 
used for the production of hay and silage. • 

The results of the experiment in 1928 nre given in table 1. 
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TABLE 1.~'Comparative yields and feeding value of pasture gras888 w!ten grazed, 
when clipped and fed green, and when fed as hay and as silage, 1928 

I Yield ann feeding value of gmsa

l------,-----.----,--
Items of compari!lOn When When Wh'lnWhen clipped fed asgrazed and fed reds..'

hay silage Igreen
-------------------1-----------
Average daily number of cows per acre•.•••••••..•••.••number.. 1. 84 
Duration of grazing or feeding trial. ••__ .......__..........days.. 99 2.:;g ····--·ii7~ ....----ii 

ToWeow-days per acre .••___........__ .•..•.•••••__...number.. 182 261 228 253 

A vemge body weight oC cows per senson..............__pounds.. 1,399 I, 258 1,332 1,320

Lessin body wei,;ht perucre....__........._•.•._....__._••do.... 314 238 101 ..".._____ 
Production per acre: 

Millc_••••__•••••__....._••__ .._. __•••_......_______ ._do.___ 4,575 4,041 5,195 7,994
Butterfat. •.__....._..............____.•__.............do.... 177.4 171.1 180.9 300.2

Yield oi roughage per acre ....._.....______•____• __••••••_.do__ .......... '21,639 • 7, 481 <22,130
Yield oC dry matter per care ..__•. __..._____...._..........do__ ._ ...__... 5,669 6,501 5,576
A.verage ronsumption (If Ceed per cow per day ••. __ .........do.... ____ .. .. 75.6 32.8 83.9 
Average. consumption of dry matter pet cow per dny ___ ....do.... __ . __ ... 19.8 27.3 21.:1 

I See te.'<t, page 6. 3 13.1 percent moisture, alr-dry weight. 
, 73.8 percent moisture, green welght. • Green weight. 

GRAZING EXPERIMENT 

The plot used for grazing was divided into two parts, to permit alter
nate grazing and irrigation. Milking Holstein-Friesian cows were 
kept on the pasture day and night, the past1hB grass being their only 
feed. Three cows were placed on the pasture May 19 and during the 
season others were added or removed, according to the rate of growth .j

of the grasses. The pasture season ended August 25, having extended 
over a period of 99 days. 

GRASS CLIPPED AND FED GREEN 

The clipped plot was also divided into two parts, to permit alternate 
irrigating and clipping. It was planned, in order to make the clipping 
as nearly like grazing as poseible, to clip each day a sufficient area so 
that all of each part would be clipped about every 10 days. Actually, 
however, the intervals differed greatly. 

The clipping was done once ea.ch day, a.s soon as the dew was off, 
with a I-horse mower having a homemade metal grass catcher at 
tached to the sickle bar. 

Cows similar in breeding and age to those used in the grazing 
experiment were kept in a barn and dry lot and were fed the clipped. 
~L;ass in man~ers, with no other feed. The grass was fed in the morn . ; 

mg and evenmg. The portion of the morning's clipping that was not 
fed was placed in a dark place in the barn and covered with canvas 
top!event undue wilting or loss of moisture. 

While. the areas clipped differed somewhat each di1Y, the total 
amounts of grass clipped. by 7 -day periods indicate the seasonal growth 
of the pasture grasses. These totals are: 
7-dsy period: Pounds 7-dBY period: Pounds 

~ay 19-25 _____ . ___ .____ 978 July 7-13________________ 1,931 

May 26-June L ____ • ___ .. 1,403 July 14-20 _______________ 1,527 

June ~8________________ 1,770 .July 21-27 _______________ 1,218 

June 9-15____________ - __ 1,976. July 28-Aug. 3 ___________ 1,387 

June 16-22. __ .___________ 1,622 Aug. 4-10 _______________ 1,181 

June 23-29______________ 1,691 Aug. 11-17______________ 696 

June 3O-July 6 ___________ 1,826 Aug. 18-24______________ 65a 
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I~ is apparent that in 1928 pasture grasses were not making a very 
rapld growth at Huntley till the end of May. Growth was rapid in 
the first part of June and in the :first part of July. Except dUl1ng the 
week of (Tun;) 9 to 15, the 2-week period, June 30 to July 13, seems to 
have been tl\1e period of most rapid growth. The growth decreased 
veq rapidly' dU1i.ng August. It is presumed that at all times sufficient 
mOlSture was present to provide maximum growth, since the plots
were irrigated. ~' 

The average mean, maximum, and minimum temperatures at the 
Huntley station during the 1928 pasture season are given by 5-day 
periods in table 2. 

TABLE 2.-Average mean, maximum, and minimum temperature8 by 5-day period8 

during the grazing season at Huntley, Mont., 1928 . 


Average tempr;.o:B Average tempera
ture ture 

5-day period 5-day period 
'p Maxi- MInIM Mean Maxl·ll'dlnlean mum mu,'ll . mum mum 

• F. • F . • F. • 'E'. • F. of• 
lune 1-5_______________________ 60 i3 47 Aug. 1-5_______________________ 65 i9 51 

lunec6-10____________________ 56 73 39 Aug. 6-10______________________ 75 95 M
lune 11-15______.. ______________ 61 
 73 48 Aug. 11-15_____________________ 70 89 51 

lune 16-20_____________________ 55 64 46 Aug. 16-20_____________________ 68 87 49
lune 21-25__ ___________________ 61 
 74 48 Aug.21-25_____________________ 61 78 44
lune 26-30_ ____________________ 66 Aug. 26-31 1____________________ 58
81 52 71 46 

July 1-5________________________ 66 80 53 Sept. 1-5_______________________ 63 82 43 

luly 6-10_______________________ 66 i9 52 Se!Jt. 6-10______________________ 55 71 39 

July 11-15______________________ 75 91 60 Sept. 11-15_____________________ 60 is 43 


77 52 Sept. 16-20_____________________ 58 76 40
}:if~ ~~~==:=:::=:==::::::::::: ~ 93 56 Sept. 21-25_____________________ 52 69' 3!i 

luly 26-311____________________ 73 90 55 Sept.26-30_____________________ 54 71 36 


I il-day period. 

The temperature ranges from August 16 to September 20 are not 
weat1y different from those during most of June when the grass made 
Its most rapid growth. But by August 25 the rate oflrowth had 
dropp( d to a point at which not enough grass was obtaine to warrant 
further clipping. 

Table 3 shows the average daily consumption of clipped grass, by 
7-day periods, by individual cows. These periods started May 19 
and ended August 25. 

Cow 13 was fed this clipped grass continuously for 82 days. Her 
average daily consumption increased from 49.3 pounds during the 
first week to 105.6 pounds durirlg the eighth week. Cow 52 started 
on. clipped grass on June 15. Her consumption the first week was 
at the rate of 64.5 pounds per day, but gradually increased until her 
maximum daily consumption averaged 99 pounds during her eighth 
week. She was fed the green grass for 72 consecutive days. Cow 
59 was fed for 49 consecutive days and. cow 46 and cow 48 were fed 
for 30 and 31 days, respectively. 

These amounts do not represent all that the cows would have eaten, 
however, as will be shown later in discussin~ the 1929 results. It 
was thought that the amount of lP:ass obtamed by clipping every 
10 to 15 days would approach faJIly closely the amount of grass 
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TA1ILE 3 . ..,-Amount oj grass clipped each day Jrom a portion oj the O.92-acre clipped 
plot, and daily consumption per cow, 1928 

Grass consumed hy cow 	 Grass consumed by cowWeightWookand no.- Week and W~rht no.-PCdate of 	 date ofclipped 	 clipped
~Hppill1 	 clippinggrass 	 grass13 46 48 59 52 	 13 46 48 59 52 

First week: LbB. Lb•. Lbs. Lbs. Lb•• Lbs. Ninth week: Lbs. LbB. Lbs. Lbs. Lb8. Lbs. 
May 19••••• 88 34 13 28 ------ --_ ... - July 14._... 256 103 -- ----- 73 75 

, 
~-.

May 20..... 86 32 24 30 ------ ----- July 15._... 253 100 71 74 a
May2L.... 121 45 29 47 July 16..... 287 100 83 85------ ---'--	 ----- -- .. -
l\1"ay 22..... 189 55 49 55 ---- .. ---.....- July 17._.•• 190 104 - ... --- ---- ----- . 86July 18_____Ma:f23..... 165 60 44 48 -- ~--- ----- 180 104 - .....-- ----- ------ 74 
May 24...._. 173 59 49 61 July 19_. __ • 161 97 64------ -----	 ---'-- ----- ----_... 
May 25..... 156 60 411 51 ------ -- .. -- July 2IL ___ 200 112 ----- ----- ----_ ... S4 

Second week: 	 Tenth week:
Moy 26_.___ 164 57 36 55 _.. _--- ----- July 2L.... 148 00 ----- ----- ----_ .. 58 
May 27••••• 181 63 50 60 July 22•• _._ 140 87 53... ----- ..----	 ... ---- ----- ----- ..May 28._•._ 213 73 60 65 .---- July 23_ ..._ 158 94 61 --~-- ----- ----- ...t. May 29..... 225 62 54 62 34 ---- .. July 24_ •• _. 183 104 --~-- ----- ----_ .. 79 
MIIY3O..... 207 48 49 61 39 ----'- July 25. __._ 198 105 ----.. ----- .----- 93 
May 3L.. __ 231 55 62 69 45 -_ ... - July 2fL •••• ISO 98 82--.. -- ----- ------June L.__•• 182 40 48 51 43 ---- .. July 27. ___. 211 116 95-_.. -- --" -- ------

Third week: 	 Eleventh 
June 2••_._. 22-1 48 00 60 45 week:-- ...-June 3_.__ •. 	 _ 100267 6! 62 70 OIl ----- July 28._ •• 217 111 ----- ----- ------July 29. ____June 4•••••_ 259 74 69 67 59 	 193 91 102 

-----~ -----	 ----- -- .. --June 5. __ ._. 258 72 63 67 56 July 30. __ .. 189 96 9'&--- .. -	 -- ... -- ----- ---.--
June 6..•••• 231 58 67 55 July 31••.•. 214 102 11260 	 ----- .. _--- ..... --- ------June 7. __ ••• 275 82 69 68 56 Allg. 1._.__ . 189 9il --~ 90--.. --	 --.. "- ----- -- ...
June 8_ ••..• 256 71 61 66 58 ----- I Aug. 2 .••_•• 213 )04 -- .. -- ----- ----- .. 100 

Fourth week: 	 Aug. 3._. __ • 172 91 --- -- ----- ------ 81 
June 11. __ •.. 233 68 55 56 54 ----- Twelfth week: 

June 10._••. 273 80 66 64 63 .. _- .. - Aug. 4.. ••_.• 191 102 87
-- .. -- --.. -.. ------Juna 11.. __ • 294 100 64 71 58 -- .. _- Aug. 5._ • __• 230 1lI -- .. "- ---- ... ... ----- 116 
June 12._.__ 306 88 72 75 69 ----- Aug. 6 ••.•••• 204 102 -.. --_ .... ------ 100 
June 13•• _•. 282 85 72 66 58 Aug. 7 •••••_ 162 83 

~--

79-----	 -- .. -- .. ---,. .... _---
June 14 __ ••. 288 70 74 78 62 Aug. 8.__ •.• ]58 85 ------ 73----- ---_ ..
June ]5••• __ 300 73 61 60 55 '''00 Ang.9._ •..• 123 -- ... -~ .. -_ ..... - --_ ..... --- .. -- 120 

Fifth week: 	 Aug. 10. ___ . 113 .......... -........-..--..... .., .. _--- 118 

June 10_ .... 347 81 66 73 OG 61 Thirteenth 

June 17_._•. 307 76 59 66 ,'\6 50 week: 

:tc~ 18_____ 29.1 85 	 99 ._ ~ 4_64 Aug.1L.._. ........- .. ---- ------ 99
----- 75 71 
June 19 "__ •• ----_.... -- ..--- ----- -- .. --- ----- AUg. 12... _. 101 _.. --- -- -- .. -... _..... _-- 97 ~--

June 20...__ 211 84 64 63 Aug. 13•••.• 98 -- .. -_ .. " .. --- .. _-- .. ------ 98 
June 21••••_ ----- ----- Aug. 14_____ 

~ 

240 103 ... _--- ---- .. 65 72 92 ---_ ..... ----- .. -,,-'" --- ... -- 88 
June 22•..•_ 222 83 69 70 Aug. 15.•••• R9 .. _--- .. -......... .. _--,.. 8tl
----- ---_ .. 	 ------

Stnh week: 	 Aug. 10.•• __ 110 ------ .......... ------ ------ 112 

June 23._••_ 201 83 .. _--- .-._ .... 58 60 Aug. 17•.•_. 101 -- .. --- ~-- ... ---~- ... ------ 101 
June 24_~ •• _ 22.3 84 70 69 Fourteenth---"- -----June 25__ ••• 246 95 75 76 week:----- ---....
June 26 ••••• 256 100 .. ---- ......__ . SO 72 Aug. 18••••_ 100 -.. ---- ---"- -- ...... ~ ------ 97 
Jllne 27••••• 27(1 110 .. _--- ----.- 82 78 Aug. 19._ ••. 00 .... -... -........ -- .. -... ------ 90 

June 28••..• 263 108 77 73 Aug. 20•• _._ II,; .. ----- .. -...... 115 
June 29. __ •• .. ---- -----

67 Aug. 21. ... 

~,,- -- .-- -----
--~ 

Seventh week: Aug. 22.•••• 85 .. ----~ _.. .. -. -- ------ 85 
232 99 -- .. -- ----... 65 _ 117 .... .. -- ... .... --... -- ---... _- 117 

June 30.____ 252 102 - 70 75 Aug. 23. __ ._ 81 ----_ .. ........ 
~-

- 81
.. _-- -- ...... 	 .. ,.. .. _- ------July 1.•.•_. 287 IH ... _-- 82 88 Aug. 24.. __ • 65 ------ ....... --- .. -.. 65

July'L. ____ 280 120 

----- _ 
81 76 Flfteentb 	

---------- .. ---.-
Jul~' S_ •••_. 244 98 70 74 week: 

July 4... _••_ 237 96 67 73 Aug. 25•••• _ 69 69 


----- ----.----- ----.-	 ------ --_ .. ------ ------
July 5.•.••• 230 93 60 72----- ----..
July 6•••..•• 276 105 ---- -_ ... _.. 79 S2 

Eighth week:
July 7••____ 360 122 	 ----- ---_... 107 117 
July 8•••_._ 233 90 --_... - .. --_ .. 73 69
July g•• ___ • 276 IJ6 77 79--_... -----July 10._ •• _ 310 111 90 97---.-- -----July 11._••• 282 113 82 82----.-- -- .. -..Jul)' 12•• ___ 102 77262 	 --_ ... - ----- 78 
July 13 .•••• 208 85 .. -~ 0.1 60.. ---- ... 
1 Roin prcven~ed clipping grass on this date. Cows were (ed BlfalCa hay. 

if 	 available on the plot where cows were allowed to graze. A.nattempt 
was made to feed this amount of grass to the same number of cows 
as were being grazed on an area of the same size. Probably no one 
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of the cows consumed. as much as her maximum capacity after be
coming thoroughly adjusted to the clipped-grass ration. This is 
shown by the 1929 results when the method of feeding was changed 
to give the cows all the grass they would consume. 

The moisture content of the clipped grass averaged 73.8 percent 
and underwent but little fluctuation. 'I'he crude-protein content of 
composite samples made up of portions of daily clippings was very 
uniform and ranged between 11.5 and 12.2 percent (dry-matter basis). 

On an acre basis this plot produced feed for 261 cow-days or at • 
the rste of 2.6 cows ior 90 days. In that time the computed produc
tion was 4,041 pounds of milk containing 1:71.1 pOlmds of butterfat 
per acre. These cows lost weight during the soason at the rate of 
238 pounds per acre. (See table 1.) 

GRASS·HAY AND SILAGE EXPERIMENTS 
FEEDING vALUEOF GRASS HAY 

The plot reserved for hay production was mowed on July 11, and 
again on September 15. The first cutting represented 53 days' 
growth, measured from May 19, the date the cows were turned on 
the grazed plot, but it probably represented at least 72 days' actual 
growth, while the second cutting represented 66 days' actual growth. 
The two cuttings yielded at the rate of 7,481 pounds of air-dry grass 
hay per acre. (See table 1.) 

Five cows that were fed this hay as their sole ration consumed an 
average of 32.8 pounds per day per cow over a feeding period of 37 
days. These cows had been accustomed to a ration of alfalfa hay, 
corn silage, and grain. At first the cows did not take readily to the 
hay and declined rapidly both in body weight and in milk production, 
but as they became accustomed to the dry feed, they gradually re
gained most of the lost weight and maintained their production. 

At the rate the cows consumed this hay, 1 acre produced sufficient· 
hay to feed one cow for a period of 228 days. The computed pro
duction for this length of time would be 5,195 pounds of milk con
taining 180.9 pounds of butterfat. The decline in production of these 
five cows is 18.6 percent when measured by comparing the average 
production for the first 3 days of the 37-day period with that of the 
last 3 days. If, however, the first 2 days are not considered and the 
average production for the third, fourth, and fifth days is compared 
with that of the last 3 days, there is an average increase in production 
of 1 percent. 

FEEDING VALUE OF GRASS SILAGE 

The plot used for production of silage was cut at the same time 
as that used for producing hay. This plot produced at the rate of 
22,130 pounds of green uncured grass per acre. The moisture content 
and chemical analyses of the green grass ensiled were not obtained. 

The green grass was placed in a small wooden-stave silo. The first 
cutting was placed in the silo on July 11 and the second was put on 
top of the first on September 25. The grass from the first cutting 
was allowed to wilt before it was run throu~h a silage cutter and 
placed in the silo; the second cutting was put ill the silo immediately 
following mowing. Water was added to the first cutting. II 



In October the silo was opened and six millcing cows were fed the 
second-cutting silage as their sole ration. The sec(t~d-cutting silage 
lasted 11 days. When tho fust-cutting silage was renched the cows 
would not eat it. The silage had not spoiled but it did not appear 
to have developed the froper fermentation. The only reasons that 
can be ascribed for its poor quality are that it was allowed to become 
too mature and dry, and tuat too much water was added. 

During the 11 days on the second-cutting silage the six cows con
sumed an average of 83.9 pounds of silage per cow per day. (See 
table 1.) The cows apparently relished this silage and for each cow 
the consunlption increased m&terially up to the time the silage gave 
out. The average consumption of grass silage per cow a day was 
only 61 pounds at the start and increased to 95 pounds at the end 
of the 11 days. During the last 5 days the avera~e consumption 
was 07er 90 pounds per day. The average productIOn of milk was 
32.5 pounds on the first day, dropped to 28.9 pounds on the ninth 
day, when it was the lowest during the experiment, but rose again 
to 30.2 pounds on the eleventh day. Comparing the average pro

~.. 	 duction on the first 3 da.ys with that on the last 3 days, the decline 
was 4.9 percent for the ll-day period. This decline does not seem 
great, especially when the production (an average of 30 pounds of 
milk and l.17 pounds of butte::fat per cow per day), the relatively 
low consumption of dry matter (averaging a little over 21 pounds 
per day), .\lnd an exceSSlve loss in body weight, are considered. 

Loss in body weight was calculated from only two weights, one at 
the beginning and one at the close of th8 ll-day feeding period, and 
was subject to error due to difference in fill and other factors. The 
six cows lost 8, 97, 103, 120, 57, and 90 pounds, respectively, an 
average of 79 poundE per cow, or more than 7 pounds per cow per day. 
It would appear that the limited numb~r of weights has resulted 1fi 
an error that overemphasizes the loss in t ... dy weight. 

THE 1929 EXPERIMENTAL WORK 

~ In 1929 the investigation followed the same general plan as in 1928, 
.. and was condu('.ted on the same plots. The principal change was in 

feeding the cows on the clipped grass to capacity and in the stages of 
maturity at which the cuttings were made. 

Piot no. 1 was grazed by riiilking Holstein cows. 
Plot no. 2 was clipped and the grass was fed green to milking 

Holstein cows. The number of days' growth varied, but averaged 
30 for the season. 

Plot no. 3 was cut at intervals of 45,48, and 43 days and the grass 
was made into hay and silage, which was later fed. 

Plot no. 4 was allowed to mature and was made into hay and 
silage, which was later fed. ; 

Comparisons are therefore a.vailable on the grazed grass; on green 
grass cut at an average of 30 days' growthi on hay and silage, repre
senting 45, 48, and 43 days' growth of grass; and on mature hay and 
mature silage made from two cuttings of grass, ,-epresenting approx
imately 80 and 56 days' growth, respectively. 

Samples of all cuttings were analyzed for dry matter, crude prntein, 
fat, crude fiber I nitrogen-free extract, and ash. 

i 
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The 1929 season as a whole was unfavorable for pasture growth, the 
first of the season being cold and the growth of the grass very slow. 
July and August were extremely warm. 

GRAZING EXPERIMENT 

The pasture season started May 30 and ended September 15, a 
grazing period of 109 days. No other feeds were fed to the cows while 
they were on grass. Two cows were started on the grazed plot, but 
on July 12 it was necessary to remove one because the grass was 
insufficient. The other cow grazed through July 28. It was not 
necessary to add other cows, as the season was slow and backward. 
During the latter part of the season the grass became bunchy. How
ever, when the pasture became short, the bunches were eaten. Al
though the season was longer than that of 1928, the pasture carried 
only 1.46 cows per acre as compared to 1.84 in 1928. 

The total :eroduction of the cows, on an acre basis, was 5,509 
pounds of milk containing 205.2 pounds of butterfat. This ~s a 
little greater than the production of the previous year. Body weight 
was lost at the rate of 196 pounds per acre. 

A summary of the data from the grazing experiment in 1929 1S 
given in table 4. Daily milk yields for the three cows during tl, 
periods they were on pasture, together with the percentages of but
terfat and the body weights, are given in table 5. 

Cow H-53 was in the two hundred and seventy-eighth day of her 
lactation period and in the sixth month of her pregnancy at the time 
her grazing period started, so it is not surprising that she showpd a 
very rapid decline in milk production. The decline in milk yield of 55 
percent in 25 days, which was hastened to some extent by an injury 
to her foot on the eighteenth day, can hardly be charged against the 
pasture, which was at its best during this period. Ordinarily, a de
cline in weight during the sixth mOb h of pregnancy would not be 
expected. 

TABLE 4.-Production by cows on grazed plot and the amount oj grass needed to meet 
their daily nutrient reqllirement.Q, 1.929 

Cow 1I- Cow II- Cow 1I-Items oC comparison 53 19 37 I 

--------------------1---------

I Oow II-53 injured a Coot on June 16 and this handicapped her grazing. 

Stage oC lactation. _________________________________________________days__ 
Duration oC grazing period ________________________________________do ___ _ 
Average daily body weight ____••• ____...______ •• __...__.._____..pounds __ 
Loss in body weight ......__•• ____.....____.... _••• __ ..... ____..._•.do..__
Avernge dally milk production ___.....___. ___________•____._. __....do..__ 

278 
25 

1,381 
54 

23.9 

lDO 
18 

1,408 
96 

38.4 

82 
e~ 

1,220 
47 

42.5 
Decline il11)roduction over b'l'azlng period: Milk••:.__ •• ____..____ •____ •_~___ •_____..____ .•_.••_____ . _.....do..•_ 

Do___________________________ •__•••• _____ •____ ......, •••percent •• '17.5 
55.4 

3.3 
8.2 

15.6 
30.8 

Average percentage oC butterfat in milk____ • __ .......___________...do.... 
Total digestible nutrients required per day •• _..._••• ____________ pounds__ 

4.9 
20.50 

3.4 
:!:I. 10 

3.6 
23.48 

Grass needed daily to Curnish digestible nutrient requirements '_._.do __ __ 121 136 138 

I The data are Cor the 92-day period, May 30 to Aug. 29. 

aIt is assumed that grazed grass contained the same percentage oC digestible nutrieuts as clipped grn.'is. 
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TABLE 5.-The daily yield· of milk, the percentage of butterfat in the milk and the 
body weight8 of cows on grazed plot, 1929 

Cow H-53 1 Cow H-19 Cow H-37 Cow H-37I 
Date Milk But- Milk But-	 Date Milk But-;:JMilk 

pro- Body ter- pro- Booy tel). pro- Body ter- pro- Booy tef
due- weight fat due- weight fal, due- weight fnt due- weight fat 
tion test tion tr,st tion test tion test 

--'- -'---~----------t--- -- ------,.---
Lb.. Lb.. Pct. Lb.. Lb.. Pet. Lb.. Lbs. Pet. 	 Lb.. Lb.. Pet.41. 7 _____________ _May 30 31.1 2 1.4OS ________________ , ... _____• 48.2 • 1,235 ______ July 18

31 33.3 _. __ • ________ • ______ •______ • ______ 52.7 __ ._____ ______ 	 19 41.8 ______________ 
~June 1 30. 5 _. __ _____________ ._ ________ ______ 52.0 __________._._ 20 43.8 _.___________ _ 

2 30.5 _____________________• ____________ 53. 2 ________ ______ 	 21 38.0 _. _________• 
3 32.0 •_______ •_____ •_________ ._.____ .__ 53.6 ________ ______ 	 22 42. 7 _. ____________ 

~ ~g: g'-i:372- '-.j~i- :::::: :::::::: :::::: ~n --i;2io- --iii-	 ~ ~:g --i~23i- -Ti
6 28.7 ____________ ._ . ____ ••_________ .'__ 53.6 ______ ._ ______ 	 25 41.2 _____________ • 
7 28.7 ..____ ._ •_____ •• __________ ._ •_____ 53.3 ______ • __._.•_ 	 26 
8 28.6 _._.____ •__________...______ ••____ 53.1 ______ • ___ • __ • 	 27 ~~: ~ -'-i~ii7- :::=:::11 27.4. ________ . _____ . ____ ••_________ . ___ 52.0 ________ ______ 28 37. 5 ________ 3. 2 

10 26.7 ._. ___________ ... ___ •___ •__ •• _____ 51.S ______ • _______ July 29 

g ~~ -"i;iiiiii- -"4,"4' .::::: :::::::: :::::: ~A:~ --i;2iii- -"3:5- .A~. 33 ._ 
13 22.5 ________ . ___ ... 00 49.6 ._._. ________ 4 39.2 2 I, 2Z5 _____ _ ___________ • _____ 

14 22.5 •• ____ ••. ___ .... __ . _______________ 50.0 •__ , _________ _ 5 37.2 ____________ __ 
15 21.5 ..______ ... ___ .' .. _____ 41.4 .... ________._'O ___ .'O ___ 

16 17.6 •_____ ._ . _____ .,_. __ ._. _____ . _____ 45.0 . __ •• ______ __ ~ ~ ~ --i;22ii- ---3:78 38.7 ______________ 
9 ".7.4. ____________ __ 

19 16.8 1,333._._________•••_____"" 48.2 '"i;2i-i- :::::: 10 37.8 ____ 
~~ IU :::::::: --5:5' :::::: :::::::: :::::: !¥:~ .. --.--- -----

'O _____ 'O_ 

_'O_ • ______20 16.6 ..______ .. ____ .. • ______ 40.S ________ 3.7 	 n 36.6 _____________ _ 
'O _______ __21 15.6 .. ______ ..__________________ •_____ 46. U •__ 12 37.. 0 ______________ 

22 14.4 .. __________________ ._____________ 46.3 _. ________ .. _. 13 39.5 ____________ ._ 
23 11.3 ______ ., D.D """ •• _____ 45.7 _____________ •_'O 'O_. 14 41. I I, 200 3. 5
24 ____ • 11,354 ._____ 42.7 21,456 ______ 47.8 ________ "___ __ 15 39.2 _____________ _ 
25 __ -" __ ..._____ . _____ 40.5 __ ._ •.. _ ,, ___ , 45.4 16 38.2 ____ 'O _____'O_ 

_
'O ________ __ 'O_ 	

____26 . ___ • 37_ 5 1,400 3.3 44.1 --i;224- --3:Ii' 	 17 39.9 'O _______ 

27 _." __ . _________ . ___ 36.2 ______________ 44.0 ____________ __ 18 37_8 ______________ 
28 .... __ .• ___________ • 37.8 _______ • ______ 45.4 ________ .".__ 19 37.8 _____________ _ 
29 ______ ....___ • ______ 39.7 • _____________ 45.4 ________ 3.9 20 32.8 

21 35.1 --1;212- ---3:3
22 31. 6 _____________ _July 3? :::::: :::::::: :::::: '4i~i- .::::::: :::::: '46:7' :::::::: ::::::2 _____ •••____________ 41.5 ____ •• ________ 47.3 . ___________ __ 	 23 32. 0 _____________ _ 
24 31. 5 _______ 'O ___ _3 .. ,." ...___________ 39.9 1,392 3.2 46.7 1,226 3. 7

4 .•____ • _______ ..____ 3i.8 ____ .. ________ ·12.7 ___________ __ 	 25 31. 2 ____ 'O _______ _ 

5 .. ____ ..______ .. ____ 38.5 •_____________ 43.2 ____________ __ 26 37.8 ______________ 
6 ____ . _______________ 41.1 • _______ . _____ 43.4 . ___________ __ 27 34. 2 _____________ _ 
7 .. ___ •• _____________ 38.0 ________ •_____ 39,7 ____________ __ 28 34. 5 • I, 188 ______
8 _____ ... ____________ 29.3 • _______ . _____ 46.3 •___________ __ 29 37.4 ________ 3.7 
9 .. ____ ... __ ... ______ 39.6 • __ 'O 40.4 •___________ _ Aug. 30 __________ 'O 

10 ____________________ 36.1 •_____________ 39.4 1,210 ii. 6 to ___________________ _ 
11 ______ .• ____________ 35.1 .. _____ • 3.7 37,2 •___________ __ Sept. 8' _____.___________ ''O_ 

12 ________ • _________________ 11,360 ______ 37.7 ____________ __ 9 26.6 11,253 _____ _
13 ___ • __ .._______________________• ________ 36.8 ____________ __ 10 28.3 ______________ 
14 .._... ____ ._._____________ •___• _________ 35.4 n 36.2 _____________ _ 
15 ..____ •• ______________ •_________________ 38.7 12 36.4. ____________ __ 
16 .. __ 'O .. --______________ 'O •• ____________ 38.5 	 13 30.9 ______________
17 •_______________________________________ ·~2, 1 	 14 29.7 ______________ 

15 33.4 • 1,205 3. 5 

1 Injured B foot pn June 16, handicapping her gradpg Bnd reducing her milk ptoductlon . 
• Average o( three Weights . 
• Grazing on otber pasture, 

Cow H-19 took the place of cow H-53 in the experiment. She was 
on the pasture only 18 days before the grass became too short to 

t· support two cows, and she was removed. She was in the fifth month 
of her lactation period when she was started in the eJo..-periment. 
Comparison of the yields of the first 3 days with those of the last 3 

179445°-33-2 
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days of this 18-day: period shows a decline in yield of 8.2 percent. 
This is a more rapId decline, perhaps, than would be e:ll.'pected under 
the best feeding conditions. During this period the first hot weather 
of the season occurred. (See table 7.) During this same 18-day 
period cow H-37, who was only in the fourth month of her lactation 
period, declined almost 15 percent in milk yield. To meet her nutri
tive 't'equirements for milk yield and maintenance, cow H-19 would 
have needed to consume 136 pOlmds of grass per day. Her rapid 
loss in weight would appear to indicate that she did not consume 
sufficient grass to provide for her nutritive requirements. 

Cow H-37, in the eighty second day of her lactation, -when grazing 
started, grazed for 109 days. There were two short periods, however, 
July 29 to August 3, inclusive, and August 30 to September 8, in
clusive, when she was not on the experimental plot. (See table 5.) 
During these short periods she was grazing on other pasture and was 
fed nothing but pasture grass. As a basis for comparison the 92-day 
period from May 30 to August 29, inclusive, is selected as being most 
indicative. During 85 days of this 92-day period she produced an ,average of 42.5 pounds of milk per day, and lost 47 pounds in body 
weight during the 92 days. 

At the start of the grazing season she was probably producing 
somewhat more than she could be eJ.-pected to maintain on pasture 
alone unless the grazing were unusually good. However, at the end of 
the first 30 days on pasture her production had declined only about 
12.7 percent (measured by comparing her avera~e production for the 
first 3 days \vith that for the last 3 days). Durmg that time she lost 
11 pounds in weight. Considering that this was her fourth month 
in lactation and that she was getring no other feed than pasture, 
this decline was not excessive. The pasture during this time was at 
its best. During the period July 1 to 28, she declined 16.8 percent 
in milk flow and 7 pounds in body weight. The other pasture on 
which she then grazed for 6 days was evidently better than the ex
perimental pasture, for she maintained production and gained 18 
pounds in weight. This brought her back to the weight at which 
she started the grazing season on May 30. During the next 26 days 
on the experimental pasture (Allgust 4 to 29) a season when the 
growth of pasture grasses is usually slowing up at Huntley, she lost 
weight rapidly, a total of 47pounds. Until the latter part of this 
period she maintained production, her decline for the period being 
7.9 percent. 

GRASS CLIPPED AND FED GREEN 

YIELD OF GREEN GRASS FROM CLIPPED PLOT 

In 1929 the area llsed for clipping was divided into two plots (A 
and B) to permit alternate clipping and irrigating. Plot A contained 
0.478 acre and plot B contained 0.493 acre. Each plot was 336 feet ~ 
in length. Each day a swath of different width, extending the entire 
lenE/th of the plot, was clipped. Each plot was clipped fou times 
dunng the season. Table 6 shows the yield of each plot at each 
cutting, the average number Qf du,ys' growth for each cutting, and 
the average amount clipped daily. 
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TABLE 6.-Sea80nal yield8 of clipped plot, and yield8 of each cutting, 1929 

Days Average A va!!!fe 
Plot 1 Cutting Yield Duration of clipping period dally daysi dcl ppe clipping gfowth 

------·�----�--~-I---------I'---------

Pounda Numb", Pounda NumberA___________________ :F'lrst.____ _ 
3,152 May 30-June 7______________ 9 3DO 234B ________________. 0 do______ _ June 8-24____________________ 17 2475,882 346A___________________ Second___ _ June 25-July 9______________2,1>81 15 172 30B ______________________do______ _ 
2,315 July 10-24___________________ 15 1M 32A ____.. ______________ Third____ _ July 25-31.__________________ 71,023 146 25B _____________________do______ _ 
1,081 Aug. 12-18_.,,______________ 7 155 30A _________ .._________ Fourth___ _ 827 Aug. 19-23__________________ I> 165 25B ______________________do_______ 

999 Sept.9-IL__________________ 6 167 2!1 

1 The combined area of plots A and B was 0.971 acre. Total yield of green grass on the two plots was 
17,863 pounds, or 18,340 pounds per aere. 

2 It is assumed that growth started May 1. There may have been a rew days' variation from tWs. 

. The decided drop in yield for the second cutting as compared to the 
first for both plots is partly explained by the fact that the growing 
period between the first and the second cutting was shorter than the 
growmg period before the first cutting. Assuming that growth 
previous to the first cutting started May 1, the first day's clipping on 
plot A represented 30 days' growth; the second day's clipping, 31; 
the third, 32 j the fourth, 33 j etc., while the ninth or last day's clipping 
represented 38 days' growth. Therefore the average number of 
days of growth for the 9 clippings was 34 days. In the same manner, 
the number of days rf. growth for the first cutting on plot B (assuming 
that growth started May 1) ranged from 39 to 55 days or an average 
of 47. In fact, this grass was approaching maturity. Another 
pro bable reason for the decreased rate of growth is the higher tempera
tures that. prevailed, beginning in the 5-day period of June 26-30. 
Another reason is the slowing down in growth of perennial grasses 
after flowering. Table 7 shows the range of temperatures at the 
Huntley station, by 5-day periods, during the 1929 season. 

TABLE 7.-Average mean, maximum, and minimum temperature8 by 5-day period8 
during grazing season at Huntley, Mont., 1929 

A verage temperature Average temperature 

5-day period 

Mean Maxi
mum 

Min!
mum 

5-day period 

Melin Maxi
mum 

Mini
mum 

OF. °F~ OF. OF. OF. OF.June 1-5_________________ Aug. 1-1>_________________55 70 41 73 89 57June 6-10_________________ Aug. 6-10_-._. ___________65 83 47 70 88 52June 11-15________________ Aug. 11-15_______________64 81 47 73 93 Ii3June 16-20________________ Aug. 16-20_______________59 71 40 71 91 51June 21-25________________ Aug. 21-25_______________66 75 [,6 72 90 Ii3June 26-30 ______ 0 Aug. 26-31' ______________70 90 51 77 95 60July 1-5__________________ Sept. 1-5________.._______7l 88 53 [,6 69 42July 6-10_________________ sept. 6-10__________.______66 79 53 48 63 34July 11-15________________ Sept. 11-15_______________ 
July 16-20________________ 73 89 1>8 61 77 45Sept. 16-20_______-- ______77 66 1>8 60 79 41July 21-25..______________ Sept. 21-25_______________77 66 1>8 52 61 42July 26-31 1_______________1 Sept. 26-30_ • _____________71 91 51 45 Ii3 37 

I 6-day period. 

The total yields of clipped grass by cuttings show that seasonal 
!¥owth WA.S much greater in June and early July, than in August and 
oeptember. After the high maximum temperatures occurring from 
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July 16 to 31, growth was insufficient to permit clipping from August 
1 to 12. Between the fourth cuttin~ on plot A and the fourth cutting 
on plot B there was another internussion in the cutting. This inter
mission from August 23 to September 9 also followed a period of high 
maximum temperatures that prevailed from August 11 to 31. 

The 1929 growing season was slower in starting than that of 1928. 
Olipping was started on May 19 in 1928 and on May 30 in 1929, a 
difference qf 11 days. Clipping ended on August 25 in 1928 and on 
September 14 in 1929. The growth was not so uniform in 1929 as in 
1928, and the total yield, 18,340 pounds per acre, was less. 

COMPOSITION OF CLIPPED GRASS 
, 

Table 8 shows a marked difference in the nutrien\. content of the 
grass samples taken from the various cuttings as the growing season 
advanced. . 

TABLE 8.,-Average composition (dry-matter ba8i.~) of the grass cut at different 

periods of the 1929 growing season 


Aver-S Nitroam· age Crude
Duration of clippingPlot Cutting period ~~: days pro Fat ~~e~e fl:'~""x- Ash 

Iyzed of teln tractgrowth 

-----1--..:..--1-------1--------------
Num- Num· PerPerPer· PerPer· 

ber ber cent cent cent cent cent 
A ••• __...._..... First...... May 3a-June 1........ 9 t 3~ 15.8 3.5 23 47 9.7 

B ..................do....... June 8-24............. . 17 t 47 13.1 3.1 30 44 10.1 

A............... Second.... June 25-July 9........ 15 30 . 16.7 3.4 25 43 11.7 

B ..................do....... July 1(}-24............. 15 32 16.4 3.8 27 41 12. 0 

A............... Third..... July 25-31............. 7 25 18.7 4.1 24 41 12.2 

B ..................do....... Aug. 12-18 ..........__ 7 30 19.7 4.2 23 40 13.4 

A ....."......... Fourth.... Aug. 19-23. __ ......... 5 25 20.5 4.5 22 40 12.3 

B................__do•...••. Sept. 9-14. __ ..___.•___ 6 28 19.9 4.6 21 42 13:1 


1 It is assumed that growth started May 1. 

There was a distinct increase in crude-protein content by cuttings 
as the season advanced. This is shown by the second and fourth 
cuttings on plot A, which represent 30- and 25-day growing periods 
resp'ectively. The second cutting averaged 16.7 percent crude protein 
while the fourth cutting averaged 20.5 percent. There was a similar 
increase in protein content from the second to the fourth cutting on 
plot B. This is evidence that the number of days' growth js not 
always an accurate measure of the stage of maturity or the nutritive 
V"Iue of grasses. 

Possibly the change in flora of the clipped plot as the season 
advanced also had an effect. Volunteer alfalfa was more noticeable 
the latter part of the season. It was rather surprising, however, 
that a higher protein content was not obtained in the early clippings. .4-

The percentage of fat and the percentage of ash also showed a 
distinct tendency to increase as the season advanced. The crude fiber 
and nitrogen-free extract showed just the opposite tendency. How
ever, there does not appear to be any definite correlation between the 
percentages for crude fiber and nitrogen-free extract and the number 
of days' growth. 
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FEEDING VALUE OF THE CLIPJ"ED GRASS 

The 1929 experimental work in feeding. clipped grass differed some
what from that in 1928, in that the cows were fed to their capacity 
whereas in 1928 an attempt was made to feed the same number of 
cows op. the clipped grass as were kept on the grazed plot. The con-, 
sumptIOn per cow was much greater than in 1928. In 1928, the cows 
consumed an. average of ';'5.6 pounds of clipped grass per day.. Since 
~he same nu~ber of cq,~~s were grazed as. were fed the clipped grass 
ill 1928 and smce the,a~·eft;.was the same, It may be assumed that the 
cows on pasture and tli~:,oows fed the clipped grass obtained approxi
mately the same quantity of grass. In 1929, when the cows were fed 
the clIpped grass to capacity, however, they consumed an average of 
136.6 pounds per day. If the cows on pasture in 1928 obtained as 
much grass as they wanted it may be assumed that cows on pasture 
do not consume as much as when the grass is cut and delivered to 
them. Or it may be that it is not possible to judge very closely just 
how much grass is available for consumption on a pasture, and there
fore, it is difficult to allocate properly the number of aninIals for a 
pasture of given size, for different periods of the growing season. 

Three cows were required to consume the grass from the clipped 
plot during tIle period of its most rapid growth up to the latter part 
of June. After that one cow, H-32, was able to consume the entire 
growth. Furthermore, during two periods, August 1 to 11, and Aug
ust 24 to September 8, it was necessary to transfer this cow to pasture, 
because the growth of grass was insufficient to permit clipping. 

Table 9 gives the daily consumption of grass and the daily produc
tioa of milk for the three· cows that were started on the experiment, 
and tab.le 10 gives the consumption and production of the cow that 
replaced them. 

A summary of the production, consumption, and nutrient require
ments for the four cows in the experiment is given in table II. 

Cow R-32 (table 10) received cli.pped grass from Jlme .25 to S6P
tembar 14, with the exception of the two short periods when it was 
necessary to put her on pasture because of a lack of sufficient grass 
to clip. For the 55 days she received clipped grass she was offered 
8,829 pounds and consumed 8,343 pounds, or an average of 151.6 
pounds daily. The smallest amount consumed in anyone day was 
101 pounds and the largest was 218 pounds (fig. 2). There was 
considerable variation in the amount she consumed from day to day. 
She would consume a large amount for one or two days and then a 
small amount tho Lext day or two. Apparently she WOl.ud gorge her
self and lose her appetite for large amounts for a few days. This 
was also the case WIth the other cows. 

At the beginning of the clipped-grass experiment cow H-32 received 
the grass dully for 37 consecutive days. Her average dRily .milk 
production at the beginning of this period (average of June 25, 26, 
and 27) was 40.7 pounds. Her average at the end of the :first 37 
dtt,ys of consecutive feeding (average of July 29, 30, and 31) was 37 
pounds, a decline of only 3.7 pounds, or 9.1 percent for the 37-day 
period. 

From August 1 to 11 she grazed on pasture grass similar to that 
clipped. Her average daily production declined from 37 pounds 
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TABLE 9.-Grass consumption and milk production per day, and chanpes in body weight, of the three COW8 tr...t started on the clippea.-g~a8ii' l:j;;!:
feeding expenment, 1929 . 

CowH-611 CoWH-5P CowH-48 8 ~., 
0,
tIl

Clipped grass- Clipped grass- Clipped grsss-Date ~. 
---,----1Milk pro-I Butter· Body 1 Milk pro-I Butter· Body Mllk pro-I Butter· Body c 

Con· duction fat test weight Offered 1 Con· 1 ductlOn fat test weight I Con· duction fat test weight [;.
Offered . Offered sumed=~'l sumed 

---------1----1----,----,----,----,----,----,----,----,----,----,----,----,----,---- b:1 
Pounds Pounds Pounds Perce7',i Pounds Pounds Pounds Pounds Percent Pounds Pounds Pound~ Pound8 Percent Pounds El·· 

56 56 .23. 5 '1,190 65 65 39.9 '1,254 65 65 24.3 '1,417 ___ •_______.________ 92 92 24. 3 _____ •_____ ••__ ••__ _82 82 24.2 87 87 39.5 ~~:~ ~~~~============= ----------June L_.____ •____••.• ____________ ._______ 12i 121 21.9 __.• ____ •_____ .,•• -92 92 23.5 -----.---- ---------- 119 119 33.2 1-3June 2•..__ •• _________ ____ •__ • _______._.__ 119 119 24.2 ________ •______.c___ _ .....114 114 21.1 116 116 37.7-----.---- ------ ..---June 3_. ___...._______ ZUl9 109 23.1 ---------- -----_.. -- 146 146 38.7
June 4______ •__ • ______ 139 139 23.3 142 142 39.6June 5____•____ •______ 134 130 23.9 1,155 158 158 40.9 ========== ========== • ~~ 138 24.8~U ==========1=======:==___ •_____ •. 1,417 CI:l _________ 1,225 143 ~~ 
June 6________________ ---------- 00

126 126 24.6 3.9 -----_ ..._- 121 121 42.2 3.5 __________ 121 118 24.6 4.4 •__• ____ __
June 7________________ _______________ ._... 130 130 23.0 •________ •.•______ __ !'"97 97 23.8 ---------- ---------.- 128 "128 38.5June 8_______________ _________ • _____ .____ 151 151 23.8 _.____ •••. _••. _. __ __123 123 23.5 148 148 37.6 qJune 9___________...__ _______ ... _______ ._. 153 153 23.8 ___________________ _128 128 22.9 ---------- ---------- 156 156 38.3June 10__________ • ____ 124 ]24 23.1 ---------- ------- .. -- 158 158 40.1 _______ ••_ __________ 169 169 25.2 •______....______ • __ rn 
June 11_____________ ._ ________ •____ ._.____ 181 181 24. 7 ______ •__________ •__]80 ]80 24.1 ---------- ------_ ....- 175 175 39.6June ]2______._._____ ______ .___ 1,226 160 144 24.1 4. 4 _________ • t1 
June 13..____ ._••.• __ . 127 127 22.6 3.7 143 143 39.4 eI·

154 152 22.7 ---------- 1,149 158 156 39.2 

June 14____• ______ . ___ 160 160 22.8 ---------- ---------- 160 159 38.6 ----..~~~.I::===:=:== ..__..~~~_______~~~. __.__~~~_I:::=:===:: ----.-~~~~~June 15______________• ~ 161 153 21.9 -----.---- -~- ------ 152 143 37.5
June 16_.____________ • 139 125 21.2 190 181 36. 3 ~--------- ----------June 17____ •__________ 0148 146 21.2 ----.------ ---------- 153 131 36.9June 18____ •__________ I'%j125 l18 21.6 137 127 36.1---------- ----~-----June 19__ •__________ ._ 134 128 21.2 1,185 140 133 35.4June 20_______________ ---------- ·---------'----i:237-1=========:C========I==:==~===1===:===:=c======= :>132 115 21.8 3.7 ---------- 136 131 35.9June 21...____________ Q119 113 21.7 123 115 34. ()June 22_______________ ---------- ---------- ~.

123 114 20.7 ...._---:- .. - 142 138 33.9---------- - .....Jun:> 23_____ •_________ 169 15~ 20.6 103 153 33.5 c------'"" ... -- ----------June 24_____ •____ ._._. l13 79 21.4 3.7 '1,175 128 100 32. 8 
---------------1---1---

TotaL_____ •____ 308 3, 186 1 586.0 1 ..__ .____ .1 3, 644 1••~' __________1 3, 5291~I-m__::= :::i;~r::~~;~==,==~~~= ==~=~~~l~~~~~~~~~I~~~~~~:~~~ 
---==========---=~---'-= Average..._______ 127.2 122.5 22.5 _________ • 1,188 140.2 135.7 37.5 ________ •• 1,250 138.3 136.5 24.0 1,418 I·

eI 
1 Age 3 years 2 months; stage of Inctatio:.;, 132 days. • Age 4 years 10 months; stage oflactatiou, 318 dflYs. 
• Age 4 years 8 months; stage of lactation, 93 days. • Average of three weights. 
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TA13LE lO.-Clipped grass consumed and milk produced per day by cow H-32 1 in 
the clipped-grass feeding experiment, 1929 

Clipped grass Clipped grass 
Milk But- Milk But-

Date pro- Body tar- Date pro- Body ter
Con- due- weigh Cat Con- due- weight CatOf- Ofsum- tlon test sum- tim:.. testfered fereded ed 

------.- --------- 
,';"-, Lb•• Lb•. Lb8. Lb~. Pet. Lb•• Lb•• Lb•. Lb.,. Pd.

JUDe 25______ Aug. 8 , ______1M 155 40.2 ~ 1, 6:13 3.9 ..------ ------- 32.0 ------- -..-----,June 26______ Aug. \} , ______192 192 39.8 ------- ------- 29.5 ------- -------June Z7 ______ Aug. 10 , _____i71 166 42.0 ;------ .. ------ ------- ------- 31.3 ----_... -------June 28______ Aug. 11 3_____155 149 44.8_ --,..---- ------- 32.6June 29 ______ Aug. 12 ______190 190 160 160 31.1 i~:ii24- 4.141.1. ..------ '"------Iune 30 ______ Aug. 13______174 174 41.1 .. ------ ------- 170 160 31.2 ------- ..------July 1________ ..------ -------1 Aug. 14 ______ 177 173 40.0 149 149 34.7. ------- -------July 2________ Aug.lS______1I1S 163 38.3 141 134 33.4July 3______._ 181 lil -i:ijii.3- 3.6 Aug. 16 ______ 15:1 143 32.6 
------- "'-_ .. _-

38. J ------- ..------July 4.._______ Aug. 17._____14{) 113 162 158 33.637.3 ..------ ------- ------- .------Iuly 5________ Aug. 18______162 158 39.7 ------- ------- 149 141 32.S ------- ..------Iuly 6________ Aug. 19______150 138 38.4 ..--_.. _- ------- 162 155 32.9 ------- ... ------July 7________ Aug. 20______ 33.0Iuly 8________ 233 218 37.0 ...._---- .._----- 162 153 -------Aug. 21. _____181 181 36.9 174 174 35.0 4.6July9________ ... ------ ------- .<\ug.22______152 128 38.2 169 160 34.1 
___ 161 3.8 ... ------July 10 ---- 151 38.5 1,685 Aug. 23______ l&J 142 35.4 ii:ii2!i ... ------

Iuly 11______• Aug. 24 ' ___••
Iuly 12_______ 159 144 37.0 ..------ ----- ... - Aug. 25 3_____ 

31. 9 ..------ ,..- ... _--- . 
146 143 37.3 .. - ..---- ------- --.. ---- -_..---- 32.1 ------- ..----- ..Ju1yla_______ Aug. 26'_____167 165 36.2 ------- ------- 32.8 ------- ... ------July 14_______ Aug. Z7 3_____177 166 37.7 32.S------ ------- ------- ..------JulylL_____ Aug. 28 3_____155 143 35.8 --.... ---- ------- 32.7 -- ..---- ...------July 16_._____ Aug. 29 3_____153 144 34.9 32.4 ------- ..-----luly17_______ Aug. 30 , __- __152 1:10 36.6 1,650 3.9 .. ------ -- .. ---- 32. 5 ------- ..------July 18_..____ Aug. 31 , _____ 31.6135 127 36.7 ... ------ ..-,.-- ... - Sept. 1 , ______ ---,.--- ..-_ ... _--

Iuly 10.._____ 30.1 --_ .._.159 155 36.4 --_.. _-- ------- .... -------Iuly 20_______ 146 143 38.-1 Sept. 2 , ______ 31. S ...------ ------- -----..- ~------July 21_. _____ Sept. 3 , ______136 128 33.7 ... -- ..--- ..... _---- 28.8 ----- ..~ -_ .. _---July 22.._____ v"'''' ____ Sept. 4. '._____146 13i 36.4 ----_.. - 28.0 ------- .. -... ----July 23_______ 152 147 34.U Sept. 5 '._. ___ 26.7 --.......... _- .. -..----
Iuly 24_______ Sept. 6 , ______lit lS9 ~5.0 "i~iiii4- 3.9 ~- ..---- 27.0 ....---_.. ...... ----Iuly 25_______ Sept. i ,______159 145 .4.9 ......... __ ... ..---_ ..- 27.S 
 ------- ..---- ... -Iuly 26_______ Sept. 8 , _____ .147 122 34.6 2'3.7.. ------ ----- .. -July 27_______ 153 140 34.1 ..__ ..... - Sopt.9____-_. ---jiis- ---ios- 24.7 ii;ooi" .. 
,,-
-

.. 

... ----
---......_---- _

July 28_ ._____ Sept. 10..____r ____ .. _146 36.2 204 191 30.1r'l ------- ------- .. - .. ----July 29______ 156 148 37.5 Sept. 11_••___ 192 165 33.1 _... _.._-.. ------ -- .._-,.- "' .... ----July 30_______ Sept. 12______141 128 36.7 183 175 31.6 ....- .._- ..
July3L______ 121 103 ii:028- ---Ts Sept. 13____ ._ 128 32. 6 ----.j:436.7 146
Aug. 1 , ____ ._ Sept. 14______ Tiio721.5 ....----- ----- .. - 166 101 32. S -------
Aug. 2'_.. __
Aug. 3 , ______ 

• ......---- .. ------ 34.1 ...._--_ .... -- .. ,. .. ~ ... --. 
------- 33.4 .. ", ..--- .. ..... --..,- Total '. 8,829 S,343 1,975 -.. --.... ~ ... ------Aug. 4 , ______ ~------

.. ------ . --- .. -. 35.7 .. ......- .... ,,------ ==-------Aug. 5 '_ ..___
Aug. 6 • .. - .. --_.. .. - ... _-- .. 35. S - .. ----- _.. _---- Dailyav

33. J erogo'__ 1110.4 151.6 35.1l 1,620"' .... -- .... .. -~ .. --- -"'-----
Au~. 7 '. _____ 34.0 

~-- I-"~'-T" 
:! 

I Age 6 years 4 Illonths; stage of Inctatioll, 86 (lays.

, Average of 3 weights. 

, Cow on plISture . 

• Totals and averages are lor tho 55 days the cow WIIS fed clipped grnss. 

TABLE H.-Summary of production, consumption, and nutrient requirements oj 
four cows fed clipped grass, 192,9 . 

!tems of compnrisoll Cow H-32 COWH-61ICOWH-SI CowH-IS 

-----------------1------------
Slageofiactatioll at. start or feeding perlod _______ •______ ._days._ 8ll 132 ~3 318Duration of grass feediug _____• _____ •• ___ . _•• ____________ do___ _ J 55 26 26 15Avoragq dally bod1 weight_________________•• ________ poulJ(!s__ 1,620 1, 183 1,250 1,41SGRIn or loss In bouy weighL____________________________do___ _ -26 -IS -9 +2Average daily milk production _____________ ••_____...___ do__ ._ 3S.9 22.5 37.5 24.0 
Increaso or decline .ill production over perIod; 

-8.4 -2.S -4.1 +.7Mil~o-:==:::::::::::::::::::::::::::::::::::::::i)e;:~nr: -20.4 -ll.1l -11.0 +3.1
Avorage percentngo of butterfat In mllk______ .. ____.._. __ do ___ _ 3.9 3.7 3.6 4.4
Average consumptiou of grn.."8 pcr dal'______"- _______ .pollllds__ 151.6 12'l.S 135.7 J36.5 
Average consumption of dry m!ltt~r per dny_______._....do___ _ 36.1 29.2 32.3 32.5
Digestible crude protein consumed per day______•______do.'____ 4.86 3.94 4.35 4.38
Digestible crude proteIn reqUIred p~r day______________ do.' ___ _ 3.42 2.25 3.20 2.62 
Totnl digC$t1hle nutrients consumed ""r day•• ___ •••• _._.do._ .. 25.79 20.86 23.08 23.22 
Tot!!1 digestible nutrlellts required per dllY__ ..... -_ •• _•• dO___ _ 25,18 .16.56 22,09 20.18 

INot conser.utlve, I See p. 17. , Savage feeding standard. 
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(average of Jul;V 29,30, snd 31) to 31.1 pounds (average of Aug. 9, 10, 
and 11), a decline of 15.7 percent in thf/l1 days. From August 12 to 
23, when she was again on clipped grass, her average daily production 
increased from 31.1 pounds to 34.8 pounds (average of Aug. 21, 22, 
and 23), an increase of 11.9 percent. This increase was made at the 
time of some of the highest maximum temperatures of the season. 
(See table 7.) 

From August 24 to Sep,tember 8, inclusive, 16 days, she was grazing 
again. Her average dnily production declined from 34.8 pounds to 
27.5 pounds (average of Sept. 6, 7, and 8), or approximately 21 per
cent.~ It is J>robable that the grazed pasture was getting short at 
this time. When on September 9 she was placed on clipped grass 
t.lgain, her average daily production increased from 27.5 pounds to 
32.3 pounds in 6 ~a.ys, an increase of 17.7 percent. 

FIGURE 2.-('ow H-32, and 218 pounds of clipped grass, the largpst amount she consumed lUI " Qne day 

In every case when she was shifted from the clipped grass to grazing 
there was a substantial decline in milk production. The same is 
largely true for her body weight. She practically maintained her 
body weight while being fed the clipped grass but lost weight while 
on the grazed pasture, especially from August 24 to September 8, 
when she declined 21 pOlmds in body weight for the 16 days. 

These figures appear to indicate that this cow did not consume as 
much grass while grnzing us she did when the grass was clipped and 
fed to her in quantities as great as she would eat. It is believed that 
there was plf~nty of grass on the grazed plot, except possibly from 
August 24 to September 8, when the grass hnd become short and 
coarse. PossIbly the physical effort of grazing was so great that this 
cow did not work hard enough to secure as much grass as she could 
consume. 
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The cow in the fP:azing part of this experiment that provides the 
best comparison WIth H-32 is H-37. (See table 5.) Both were m. 
about the same stage of lactation when started on the exp6riment. 
The grazed cow was producing 10 to 12 pounds of milk a day more 
than the cow fed clipped grass, but on the other hand she was som~ 
400 l)ounds light.er and thus required less nutrients for maintenance. 

During the first 30 days cow H-32 declined about the same in milk 
flow as the grazed cow, 12.4 percent as compared to 12.7 percent, but 
she gained 31 pounds in weight whereas the grazed cow lost 11 pounds. 
The comparison could not be continued for the remainder of the 
season because the slow growth of grass made it necessary to switch 
the fed cow to pasture at frequent intervals. 

The grazed cows lost slightly more body weight than did the cows 
fed clipped grass and their decrease in milk was considpl'!!.b1y ~reater. 
Their greater loss in weight and their heavier decrease in milk flow 
indicate that the grazed cows did not secure enough grass to meet 
their calculated requirements. 

Each of the four cows fed clipped grass consumed more total digest
ible nutrients and digestible crude protein than they required. (See 
table 11.) In the case ofR-32 MdR-51 the excess of digestible crude 
protein was 42 and 36 percent, respectively. Both cows were milk
rug heavily and were in early stages of lactation. The average crude
protein content of the clipped grass (dry-matter basis) was 17.6 
percent. 

The results of this experiment (table 11), although not so complete 
as desired, appear to indicate that these cows had the capacity to 
consume sufficient grass to meet their needs for body mamtenance 
and for producing 35 to 40 pounds of milk per ~~I1' without any
unusual decline. The decline of 20.4 percent in ';: flow for cow 
H-32, which is for the period from June 25 to September 14) inclusive, 
is misleading because much of the decline occurred during the two 
periods when she was on pasture. The percentage decline for this 
cow that is most comparable LO that for the other three cows is for 
the first 37 days, when she was fed the clipped grass continuously. 
Her percentage decline for this period was 9.1, which compares 
favorably with that of cows H-61 and H-51, and is somewhat less than 
the decline e:ll.-pected under any system of feeding for a 37-day period 
in the fourth month of lactation. 

GRASS HAY AND SILAGE EXPERIMENTS IN 1929 

COMPOSITION AND FEEDING VALUE OF GRASSES AT MATURE AND IMMATURE 
STAGES 

Several investigations in England during the last few years have 
drawn attention to the superior feeding value and nutriftive composi
tion of grasses cut at immature stages of growth. When the Huntley 
experiments were planned in 1929, a search of the literature revealed 
that investigators in the United States had long ago discovered the 
superior feeding value of immature grasses, but that apparently no 
attempt has ever been made to take advantage of this most important 
discovery in feeding livestock. It was p'lanned, therefore, in the 
feeding e:ll.-periments with grass hay and silage, to cut the grasses at 
mature and immature stages of growth and to study the .l'elationship 
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between the nutritive composition and the feeding value for milk 
production, of the gr8SS hay and silage at the different stages . 

.As long ago as 1883 the United States Department of .Agriculture 
(9, p. 231) 2 reported the chemical composition of Phleum pratense 
(timothy) taken from its own gardens and from samples obtained in 
Indiana. The percentages of crude fiber and albuminoids are shown 
in table 12, which was compiled from that report. 

TABT,E 12.-Chemical composition of timothy cut at different stages of maturity, 
compiled from a report by the United States Department of Agriculture, 1888 

United States gardens Indiana 

Stage of mat-rrity 
Crudo Albumi· Crude Albuml
flber ooids fiber noids 

Percent Percent Percem Percentneads not ouL____________________________________________
Hends ouL_____________________________________________ 
In bloom_______________________________________________After bloom_________________________________________-__ 
Early seed_____________________________________________ 

__.__________________ 
23.95 
27.3528.26 
27.08 

_ 
14.15 
10.00S. 74 
8.18 

29.111 
129.65 

32.26 
31.32 
24.70 

10.91 
17.80 

5.52 
5.57 
4.R4 

1 Reported as "beforo bloom. " 

Morse (8) at the New Hampshire Agricultural Experiment Station 
cut timothy grass at various stages of maturity ill the summer of 
1888. His analyses and conclusions on the nutritive constituents of 
the grass at various stages of maturity a~ree closely in many respects 
with those of investigators who have studied the subject more recently. 
His report appears to have been the first comparatively complete work 
on this subject. 

Morse (8, p. 65-66, 69) concludes: 
The percentage of dry matter increased as that of water decreased. The ash 

was more abundant during the rapid growth of the plant than after the growth 
had ceased. The ether extract decreased till blossoming, then increased until 
the seed began to form, when it again decreased, reaching its lowest point as the 
seed began to harden. The crude fiber increased steadily, with twoexceptionb', 
until the formation of seed, after which there was a slight decrease. * * * 

The nitrogen-free extract after the grass had nearly reached ita full height 
remained nearly constant, * * *. Crude protein steadily decreased with the 
development of the plants, although nearly constant after the bloom began to 
fade. The increase at the time of taking the last sample I attribute to the 
presence of second growth caused by the wet season of that year (1888). 

The amount of grass per acre increases until the time ·of blossoming. It then 
decreases. The decrease is due to loss of water. 

Dry substance steadily increases until the plant forms seed. 
The voung grass is richest in fat and protein. The mature grass is richest in 

carbohydrates or fiber and nitrogen-free extract. 
Timothy yields the largest amount of digestible protein when cut at the begin

ning of bloom. 
The total amount of digestible matter is largest when the grass has passed out 

of bloom or gone to seed. 

Orozier (1) reported the results of experiments at the Michigan 
Agricultural Experiment Station in .1894 with orchard grass and 
timothy. A plot of timothy cut eight times between April 30 and 
June 24 yielded 15.76 pounds of dry grass with a crude-protein content 
of 22.62 percent. A similar plot cut once, on June 24, yielded 172 
pounds of dry grass with a crude-protein content of 7.81 percent. 

t Italle numbers lu parentbeses refer to I,lteraturc Cited, p. 4i. 
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Ellett and Carrier (4) report the results of experiments started in 
1908 by the Virginia .Agricultural Experiment Station and the Office 
of Forage Crop Investigations, Bureau of Plan!.; Industry, United 
States Department of .Agriculture, in which pluts in a permanent 
bluegrass pasture were cut with a lawn mower at periods of 7,10,20, 
30 days, and once a year. Their data show a gradual falling off in 
the percentage of protein in the /sTass cut every 7 days to that cut 
every 30 days. The greatest differ8nce in protein content, however, 
is between the grass cut every 7 days and the grass cut once a y'ear. 
The grass cut every 7 days had almost twice as much protein as the 
grass cut once a year. 

Wood,ulan, Norman, and French (12, 7!. 310) in their investigations 
on the influence of the ,intensity of grazmg on the yield, composition, 
and nutritive value of pasture herbage found that under conditions 
prevailing at the Uuiversity of Cambridge, a drought severe enough 
to give the grass a scorched or brown appearance would have the 
following effects on the chemical composition of the grass: 

(1) A very decided falling-off in the percentage of protein; (2) a sligbt increase 
in the percentage of N-free extractives and crude fiber; (3) an abrupt rise in the 
percentage of lime, accompanied by a decline in the percentage of pbosphoric 
acid; (4) a pronounced reduction of the moisture content of the herbage at the 
time of cutting. 

Such effects, in a more modified form, result from such hot, droughty 
conditions as are encountered over short periods in midseason accord
ing to their results. They found also that such scorched herbage had 
a lower digestion coefficient, especially for the protein. The explana
tion offered for this depressed coefficient of digestion follows: 

It is not likely that the pronounced decrease in the digestibility of the protein 
in the grass is to be attributed to any alteration in the chemical character of this 
constituent, but is rather to be put down to the inevitable reduction of the 
digestibility of the food nutrients, contained in the plant celis, which accompanies 
lignification of the fibrous cell walls. It has been shown, in the section dealing 
with the nutritive value of the 1929 and 1930 herbage, that under a system of 
monthly cuts no evidence of lignification is manifested if the weather condi
tions are such as to encourage active and continuous growth, but that if lack of 
rainfall leads to a slowing-up in the rate of growth, then a stage may be reached, 
within the monthly interval between successive cuts, when the lignification 
processes will begin to modify the character of the herbage. This probably 
occurs, on an intensive scale, during a drought whicb is of such duration as to 
cause the herbage to become parched and brown. Transportation of fresh food 
mat<.Jrial from the soil into the herbage plants becomes impossible O\';ing to lack 
of the necessary moisture, and, as a consequence, the vegetative pbase of plant 
development comes to an untimely end. The processes of re-transportation and 
re-elaboration of material already within the plant, characteristic of the reproduc
tive phase of development, set in prematurely, one result of these operations being 
the gradual lignification of the cellulose in the cell walls. If this explanation be 
correct, it would follow that not only the protein, but also the fibre, N-free ex
tractives and ether extract in the brown herbage would be of low digestibility, 
and the material would have II. correspondingly low feeding value (12, p. 311). 

Woodman and coworkers (12, p. 316-318) also consistently obtained 
higher percentages of protein than were obtained in the Huntley ex
periments either in the grass clipped at various intervals of growth or 
in that cut at intervals for hay and silage. Following are some of 
their findings on the composition of grasses cut at various intervals of 
growth: 

Pasture grass during April and early May contains, on the basis of dry matter, 
well over 20 percent of crude protein whether the system of cutting is weekly,
fortnightly, 3-weekly or monthly; that is to say, its richness in protein, and 
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indeed its general composition, both organic and inorganic, are, within the limits 
oithe investigatiolls so far carried Olrt; independent of the frequency of the cuts. 

The distinction in composition between pasture herbage cut at weekly and at 
monthly intervals only becomes marked with the advent of the "flush" period of 
growth. At this stage of the 1929 season, for ,instauce, thp, monthly cut grass 
contained 18.71 percent crude protein and 18.84 percent of crude fiber (dry 
matter basis) whil,:, the weekly mown herbage contained 23.66 and 15.97 percent 
respectively of these constituents. Over the 1929 seas(\n (omitting the results 
for the drougnty period of late Au&ust and September) the weekly cut herbage 
was some 3 percent richer than the monthly cut grass in respect of crude protein, 
slightly poorer iil N-free extractive'S and significantly poorer in crude fiber. 
This constituted the main difference between the two types of herbage, the dis
tinction in respect to ether extract, lime and phosphoric acid being only slight. 
The melln crude protein content of the monthly cut grass, on tIle, basis of dry 
matter, for the seasons of experiment was 20.23 percent (1929) and 19.35 percent 
(1930).

* * * Pasture grass grown under a sYfltem of 3-weekly cuts is equal to 
weekly and fortnightly mown herbage in reSpE!ct of digestibility. If the interval 
between successive cuts be lengthened to a month, the grogS obtained in the 
early part of the season is as digestible as th!l.t obtained under systems of weekly, 
fortnightly and a-weekly cutting. The cutting of the longer interval on the 
digestibility of the herbage as the season advances will be determined largely by 
the weather conditions. If conditions are eminently favourable to quick growth, 
as in 1930, the digestibility of thc herbage, including that of the fiber, will remain 
high, as under more severe systems of cutting, the only noticeable effect being a 
slight running-off in the digestibility of the protein constituent during the mid
season, followed by recovery at a later stage. If, on the other hand, the season is 
SUbstantially one of drought, with consequent slow growth, the herbAge will tend, 
as the season advances, to suffer some degree of lignification, and its digestibility 
will be lowered. * * * 

Lignification in herbage plants is apparently delayed until the final stages of 
fiber production. The process does not occur during the vegetative phase of 
development, but begins only in the late-flowering stage, or even during the 
period of seed formation, when the stems and leaves are being depleted of nutri
ents. If, however, persistent drought leads to an untimely check or cessation in 
the growth of herbage, then the lignification processes may set in at an earlier 
stage of distinctly lower fiber content than is indicated by the results of the quick
growing 1930 season. 

Shutt and coworkers (10) in Canada conducted experiments to 
determine the effect of frequency of cutting and the stage of maturity 
when cut, on the composition of grass. The grass was mostly meadow 
foxtail. They used four plots, one of which was cut 16 times during 
the season May 11 to October 16, the second!l times, the third 8 times, 
and the fourth 3 times. The range in percentage of crude protein for 
the plot cut 16 times was from 25.24 for the cutting on June 1 to 32.6 
for the cutting on July 27; for the plot cut 9 times the range was from 
17.8 for the cutting on June 1 to 26.04 for the cutting on May 18; for 
the plot cut 8 times the range was 14.52 for the cutting on June 15 to 
25.72 for the cutting on September 28; for the plot cut 3 times the 
percentage of protein was 11.96 for the cutting on July 3, 11.61 for the 
cutting on August 27, and 16.34 for the cutting on October 26. 

E1lenberg~r, Newlander, and Jones (3) conducted. pasture investi
gations in Vermont in 1924, 1925, and 1926. They fenced off I-rod 
squares in a number of different pastures. The grass in these squares 
was cut with a lawn mower often enough to simulate the conditIOn of 
the cropped pasture grass surrounding the lots. For the years 1925 
and 1926 these clippings had an average chemical composition (dry
matter basis) of 11.68 percent of ash, 20.3 percent of crude protein, 
18.69 percent of crude fiber, 46.03 percent of nitrogen-free extract, 
3.3 percent of ether extract, 0.816 percent of calcium, and 0.320 per
cent of phosphorus. The composition of the grasses from the varIOUS 
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~. pastures differed greatly \vith the productivity of the pastur~. No 
! definite interval of time is given for these clippings but the average 

composition is not greatly different from that given by these authors 
~''"'" . tor grass plucked in the open pastures at intervals of a month. . 

COMPOSITION OF' HAY AND SILAGE MADE FROM VARIOUS CUTTINGS OF GRASS A':r 
HUNTLEY 

The grass for both the hay and the silage at Huntley was taken from 
the same plot, but the plot was divided and the grass from one part 
was cut at immature stages of growth on June 14, August 1, and 
September 13, representing a growth peri{Jtl of 45, 48, and 43 days 
respectively for the three cuttings. The growth period for the first 
cutting was calculated from J\1:ay 1, the approximate date on which 
growth started. Part of the grass cut on these three dates was cured as 
hay and the rest was ensiled. The hay and silage made from the 
grass cut on these three dates is referred to in the te:x.'t as the first, 
second, and third cutting "interval" hay and silage. 

The grass on the remaining part of the plot was allowed to mature 
before it was cut. The first cutting was made on July 19, 80 days 
after the approximate start of growth on May 1, and the second cut
ting was made 56 days later, on September 13. Part of the grass from 
these two cuttings was cured for hay ilJld part was ensiled. Th6 hay 
and silage irom these two cuttings of grass is referred to in the text . 
as the first and second cutting"mature" hay or silage. 

The grass made into hay was cureu in the swath and then put in 
the barn. The grass that was ensiled was raked and handled as soon 
as possible after it was cut. NIore or less wilting took place, however. 
The grass was run through a silage cutter and no water was added. 
The sUage kept well, with very little spoilage. The silage made from 
the mature grass was somewhat darker in color than that made from 
the interval-cut grass, but otherwise appeared to be of the same 
quality. 

At the time of cutting the first-cutting interval grass, June 14, the 
orci'.al'd grass and the bromegruAA averaged 12 inches in height and 
had some heads showing at about 18 inches. The alsike clover 
averaged about 8 inches, and the white clover about 5 inches in height. 
At the time of cutting the second-cutting interval grass, August 1, 
the growth aveNged about 6 inches and there was considerable volun
teer Dlfa:fa in e,'~dence. The alfalfa was in full bloom and was from 
18 to 24 inches high. It was estimated that about 5 percent of the 
first- and second-cutting interval grass, and of the first-cutting mature 
grass was alfalfa. Itwas estimated that 20 percent of the third-cutting 
interval and 10 percent of the second-cutting mature was alfalfa. 
At the time of cutting the third-cutting interval grass, September 13, 
the grass was very short, averaging about 4 inches. 

Ali the time of cutting the first-cut,ting mature grass, July 19, the 
orchard grass and the bromegrass averaged 18 inches in height and 
were fully headed. The clovers were in full bloom and the heads were 

: turning brown. At the time of cutting the second-cutting mature 
grass, September 13, the grass was short, averaging only 6 roches in r 
height. It was not nearly so mature as the grass cut on July 19, but 
all growth had stopped and the tips of the grass blades had been 
nipped by frost. 

The first-cutting interval hay was exposed to a few light showers 
while it was being cured. 
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The second-cutting interval hay was exposed to two light showers 
and the third-cutting interval hay and the second-cutting mature hay 
were also exposed to a light shower. The other cuttings were not 
rained on. Probably only the first-cutting interval bay suffered any 
rain damage, ard that was not great. 

Since the h.a.y and the silage were made from grass from the same 
'Plot.!'! !!.'!d cut at the same stages of maturity, the only differences 
between the composition of the hay and that of silage would be those 
caused through loss of'leaves and finer stems in the hay while it was 
being cured and handled or through leaching by rain or dew, and those 
caused by seepage, fermentation, or spoilage in the silage. Then, 
too, there is the possibility that the samples analyzed were not 
representative. 

Table 13 shows the analyses of the silage and hay made from the 
various cuttings of grass. 

T ......BLE l3.-Composition (dry-maller basis) of silage and hay made from grass cut 
at different stages of maturity, 1929 

Crude protein Ether adract Crude fiber 
.Days'Stage of maturity Date cut growth 

Silage Hay Silago IHa~' Silage Hay 

-
Number Percent Percent Percent Percent Percent Percent 

First-cutting intervaL_............ June 14 45 11.7 9.9 4.1 1.9 32. 0 34.0 

Second-cutting intervaL •••...•..•• Aug. 1 48 15.3 13.·1 4.9 2.8 31.3 29.0 

Third-cutting intervaL•••••.•••._. Sept. 13 43 17.1 14.9 4.8 2.1\ 24.0 24.7 

First-cuttin~ mature .•••••__._.._•• July 19 80 9.6 0.5 2.8 1.6 36.0 39.0 

Second-cuttmg mature._........... Sept. 13 56 13.6 12.5 5.0 3.3 25.4 27.0 


Nitrogen·free Ashextract 
Stage or maturity Date cut Days'

growth 
Silage Hay Silage Hay 

._-------- -
Number Percent Percent Percent Percent 

First-cuttin\l {n\ervaL•••••••••_••••••••.•_.__•.•.•• Juno 14 45 39.S 46.0 10.2 7.8 

Second-cuttIng mterval ••••••••••__................. Aug. 1 48 36.1 44.0 12.1 10.0 

Third-cutting interval,.",...___•____..._.__•••___• Sept. 13 43 40.5 47.0 13.3 10.0

First·cu tting mature •••_.__•____• __••••••_____••___ July 19 80 40.0 45.0 10.6 i.7

Second-cutting mature_ .•._._._..___. ____. ___•.•__._ Sept. 13 56 42.8 46.0 13.0 10.0 


The protein content (dry-md-Lter basis) is somewhat higher in the. 
silage than in the hay, in all the cuttings, the greatest differences 
being in the third-cutting interval and the first-cutting mature. 

There is considerably more variation in fat content in the silage 
from different cuttings than in the hay, but the ranking according to 
cuttings is practically the same for both silage and hay. 

The nitrogen-free extract content in the h.ay is remarkably uniform 
for all C'lttings. It is lower in the silage but appears to follow no 
defInite trend in relation to stage of maturity. 

The a,sh content is higher in the silage than in the hay, but it 
follows the same general trend in relation to the various cuttings. 
The llsh was not analyzed for calcium llnd phosphorus in the hay and 
silage, but some idea of the calcium and phosphorus content of the 
grass is obtained from the analysis made of the clippings for the first 
10 days (May 30 to June 8) on plots A and B. The grass clipped on 
these dates had an average growth period of 34.5 days. The average 
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percentage of calcium was 0.676, and the average percentage of phos
phorus was 0.288 (dry-matter basis). 

While there are these differences in composition between the hay :: 

and the silq,ge made from the same cutting of grass, the trend of the 
differences for the various cuttings is fairly consistent. The crude
protein content for the interval cuttings is lowest in the first cutting 
and highest in the third cutting. The crude-protein content of the 
first-cutting mature hay is the lowest of the whole series of cuttings, 
while the second-cutting mature hay has approximately the same 
percentage of protein as the second-cutting interval hay, but is not so 

. \
\ 	 high as the second-cutting interval silage. As was to be expected the 


'~.rude-fiber content varies inversely to the protein. In both the hay 

and the silage the highest crude-fiber content for the interval cuttings 

is in the first-cutting interval where the percentage of protein is lowest, 

and the lowest crude-fiber content is in the third-cutting interval 

where the percentage of protein is highest. The percentage of crude 

fiber is higher than was to be e:.\."pected, in view of the fact that some 

of the grass was not in a very mature stage when cut and because of 

results obtained elsewhere with immature grass. The percentage of 

crude fiber in the first-cutting mature hay seems very high. The per

centage of crude fiber (dry-matter basis) given by Woodman and 

coworkers (12) for first-cutting mature grass hay was 24.63 in 1929, 

and 29.16,30.84, and 32.49 for hay from three different plots in 1930. 

However, the hay in Woodman's e:ll..-periments also ran much higher 

in percentage of crude protein than the mature hay at Huntley. 


It appears from these analyses that there was less loss of nutrients 
in the dry matter of the silage than in the dry matter of the hay. It 
also appears that protein a1!d crude fiber were the constituents most 
markedly affected by the stages of maturity entering into this experi
ment, with the fat content and the ash content also affected to some 
extent. The nitrogen-free extract apparently was affected less by 
the various stages of maturity of the grass than by the method of 
preserving. It is rattier surprising that the silage should be as 
greatly superior to the hay in nutritive value as the averages for all 
cuttings indicate. With the exception of the crude fiber and the 
nitrogen-free extract, which was reduced somewhat in the silage by 
fermentation of the starches and their conversion into acid, the 
nutritive constituents in the silage are greater by a considerable 
margin than those in the hay. The average percentage of crude 
protein for all cuttings is 11.4 in the hay and 13.5 in the silage, or an 
increase of 18 percent in the silage. The average percentage of ether 
extract for all cuttings in the hay is 2.5 and in the silage 4.3, or an 
increase of 72 percent in the silage. The average percentage of ash 
for all cuttings is 9.1 for the hay and H.8 for the silage, or an increase 
of 30 percent in the silage. The average percentage of crude fiber 
for all cuttings is 30.7 for the hay and 29.7 for the silage. The aver
age percentage of nitrogen-free extract in all cuttings is 45.6 for the 
hay and 39.8 for the silage, or an increase of 15 percent in the hay. 

If the stage of maturity of the grass when cut for either hay or 
silage is judged by the higher protein content, the various cuttings 
would rank from least mature to most mature in the following order: 
(1) Third-cutting interval; (2) second-cutting interval; (3) second
cutting mature; (4) first-cutting interval; and (5) first-cutting mature. 
If judged by the lower crude-fiber content, the cuttings would rank 

http:29.16,30.84
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in the same order except that the rank of the second-cutting mature 
and of the second-cutting interval would be reversed. 

While the first-cutting interval grass had aoout the same number 
of days for growth (assuming growth started May 1) DE. the second
and third-cutting interval, and 11 days less than the second-cutting 
mature, growth'was so rapid from May 1 to June 14 that the first
cutting interval grass reached a more mature stage of growth in the 
same period of time, hence the lower percentage of protein. Thera 
is, of course, a possibility of error in stating that growth did not 
start till May 1. There were periods in August and early September 
when the growth was very slow. Thus, though the period of growth 
for the second-cutting mature grass W11S considerably longer than 
that for the first-cutting interval, the former did not reach so mature a 
stage of growth as did the latter. It is possible that the greater 
amounts of volunteer alfalfa appearing in the later cuttings may have 
been partly responsible for the higher percentage of protein. How
ever, to offset the influence of the alfalfa in the later cuttings, there 
was a greater amount of clovers in the first cutting. 

Data comparable to those on the composition of the grass silage 
and gruss hay made at Huntley are available in the work of Watson 
(11) in England. The grass Watson used for making the silage and 
for making hay by artificial drying was
from a field of permanent grass which had reached a stage when it might have 
been cut for early hay and when some of the earlier grasses were showing a 
"head." There was not much clover in the berbage. 

rable 14 gives the composition of the original grass, the grass 
silage, and the artificially dried hay, reported by Watson. 

TABLE 14.-Composition of original grass, grass silage, and artificially dried grass 
(stated as percentage of dry-matter basis)-H'atson 

Artiflci· 
Original Silage ally 

grass dried 
hay 

Crudeprotein..................................................._........ 13.93 14. 78 14.55 

Ether extrnct................................................... __ ........ 3.46 4.33 2.35 

Crude flber ............................................._................. 23.99 28.28 25.38 

Nltrogen·free extract............._____....__ .. __________.... __ •__....__ ••. 50.76 42. il 49.43 

Ash...__• _____ ._ .. '.'_ ...... ______• ______... __ •••____..._____ • __....... __ ' 7.86 9.9f' 
 8.29 

The composition of grass silage as given by Watson is not greatly 
different from that of the silage made from the immature grasses at 
Huntley, being very similal' to that of the second-cutting mature 
silage. The composition of the artificially dried hay as given by 
'Watson is very similar to that of the hay made from the third-cutting 
interval grass at Huntley. 

YIELD OF GRASS CUT AT DIFFERENT STAGES OF MATUIDTY 

The yields in green weight, dry matter, and protein of plots that 
were cut twice, three times, and four times during the 1929 season, are 
given in table 15. 
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TABLE 15.-Green weight and yield of dry matter and protein, of grass from plots 
cut 2, 3, and 4 times during the growing season, 1929 

Size of plot and use made 	 Days' I GreenDate cut 	 Dry matter Proteinof grass 	 growth weight 

Days Paunrl8 PtTcent Paunds Percent' POlLnd~
O.347·acre, cut at maturity {JUly 19______________ 80 4. 280 23. I 9SS. 7 9. 6 94. 9Cor silage_______________. 	 Sept.13 ___________ __ 56 690 35.0 241.5 13.6 32.8 

TotaL______________________•__________________ .•__ 4,970 _________ 1,230.2 _________ ~ 
,. 

Total per acre___ -'- --- ---- -- ----------- __ 1=--='-='=-_=__:1=1=4,~3=23=I=--=--=--=--=-1=3,;,=54=5.=2+-==-_=';;--;;--==-11===368,;;;;'2 

O.99S.ar.:e, cut at intervals {June 14______________ 45 9,600 25.2 2,419. (\ 11.7 283.0 
Couila 	 Aug.!._____________ 48 5,1;.10 25.7 ],440.0 15.3 221.7 

. ' ge________________ Sept. 13._~~_________ 43 2, ISS 25.6 560.0 17.1 95.8 
1---1---1--------1--'l'otaL______________ ______________________ _________ ]7,428 _________ 4,428.0 _________ 600.5 

'Total per acre____________________________ ,, ___.___ 17,463 _________ 4,436.9 _________ 601. 7 

May 30 to June 7__ •• '343.152 22.8723.8 15.8 112.7 
O.4'iS-acre, used for clip- June 25 to July 0__ _ '30 2,581 23.1 587. I 16.7 97.7 

{ping (ploL'\l .._________ 	 July 25 to July3L__ '25 1,023 25.5 261.9 18.7 49.6 
Aug. 19 to Aug. 23... 3 25 827 23.4 100.5 20. 5 39.5

------r----I---r---r- 
~~~·per-8cie::===:I===============::==::: :::==:::= I~: ~ ::::=::=: ~: ~~t ~ ::::::::: ~: ~ 

JuncStOJunc24---- 347 5,SS2 22.4 1,3o.~.3 13.1 171.4 
0.493·ncre, used for clip- July 10 to July 2-L_. 332 2, 315 25.9 596.8 16.4 07.4 

ping (plot B) ___________ Aug. 12 to Aug. 18., 330 1,084 24.4 264.6 19.7 52. 1fSept. 9 to Sept. 14.... 328 999 23.0 223.6 19.9 44.0 
Total ____ •__ ••__________________________ ===::""1O,2SO ===:: 2,393.3 ===::-aii4.ii 
Total per 8~re...._______________..___ .... ________. 20,852 •________ 4,854.6 _________ , 740.2 

I Assumed that !!rowth stArted May 1. 
• On dry·matter hasis. 

, Average number of days between clippIngs. 


The plots on which the various cuttings were made were not of 
uniform size, and the yields are calculated on an acre basis to make 
them comparable. Not all the variation in yield of dry matter per 
acre can be attributed to the number of times the grass was cut, nor 
to the maturity of the grass, since the yields of dry matter do not fol
low any definite order of frequency of cutting. Plot B cut four times, 
with an average of 34 days between cuttings, had the greatest yield of 
dry matter on an acre basis. The plot cut three times, with an average 
of 45 days between cuttings, had the second highest yield of dry 
matter; plot A cut fom' times, with an average of 29 days between cut
tings, had the third highest yield and the plot cut twice, with an 
average growth period of 68 days, had the lowest yield. 

The yield of protein per acre followed definitely the number of 
cuttings. Plot B cut four times, with an average of 34 days between 
cuttings, had the greatest yield of protein, followed by plot A cut four 
times, with an average of 29 days between cuttings. The plot cut 
twice, with an average growth period of 68 days per cutting, had the 
lowest yield of protein per acre. The yield of protein per acre on 
plot B (cut four times) was 9. little more than double the yield on the 
plot that was cut twice. 

The ranking of the average percentage of protein for the different 
plots follows definitely the average days' growth between cuttings. 
The grass from plot A, with 29 days' growth between cuttings, had 
an average of 17.l1 percent protein (dry-matter basis); the grass from 

, plot B, with an average of 34 days'growth between cuttings, had an 
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average of 17.3 percent protein; the grass from the plot cut three 
times, with an average of 45 days' growth between cuttings, had an 
average of 14.7 percent protein and the grass from the plot cut twice, 
with an average growth period of 68 days between cuttings, had an 
average of 11.6 pf'rcent protein. 

These high percentages of protein are not due to fertilizer treatment. 
It will be recalled that the soil on which these plots were located had 
received no fertilizer treatment, other than the droppings from 
animals pastured on alfalfa. 

It is significant that increasing the number of cuttings to four, 
during the growing season, thereby cutting the grasses at more imma
ture stages of growth, resulted in greater yields of dry matter and i.n 
marked increases in both the percentage and the total yield of protein. 

RESULTS OF FEEDWG HAY AND SILAGE MADE FROM GRASS CUT AT INTERVALS AND 
AT MATURITY 

Because of limited storage space it was necessary to store the hay 
from each succeeding cutting on top of that from the preceding cut
ting. The various cuttings had to be fed in the reverse order to that 
in which they were put in the barn. Because of the small quantities 
of hay available from some of the cuttings, the abrupt changes from 
ohe cutting to another have brought out the differences in palatability 
more clearly, perhaps, than would a feeding experiment in which the 
hays were fed simultaneously. 

The ensiled grass was placed in two small experimental silos. In 
one silo the first-cutting interval grass, the first-cutting mature grass, 
and the second-cutting interval grass was ensiled in the order named. 
In the other the second-cutting mature grass and the third-cutting 
interval grass was ensiled in the order named. The silage was not 
fed in the same order as the hay. The second-cutting interval silage 
was fed first, and then for some undetermined reason, the third
cutting interval and the second-cutting mature were fed from the 
second silo before feeding was continued with the first-cutting mature 
and the first-cutting interval silage that remained in, the first silo. 

Three cuttings of grass for hay were from a plot of 0.964 acre, 
and two cuttings were from a plot of 0.2'75 acre. The total yield of 
hay from the total area (1.239 acres) was 5,965 pounds, with a dry
matter content of 4,968.8 pounds. 

Three cuttings of grass for silage were from a plo't of 0.998 acre and 
two cuttings were from a plot of 0.347 acre. The total yield of silage 
from the total area (1.3t!:5 acres) was 22,398 pounds, with a dry-matter 
content of 5,658 pounds. Thus there was somewhat more silage than 
hay available for feeding. . 

Three cows, H-53, H-48, and H-37, were started on the second
cutting mature hay on October 30 and were continued on hay of the 
various stages of maturity for 20 days. They received no other feed 
while they were being fed the grass hay. As soon as one lot of hay 
was consumed the cows were started on another. Because of the 
varying amounts of hay available the results of both the hay and 
silage feeding are measured only in terms of increase or decline in 
hay and silage consumption, milk yield, and body weight, The 
three hay-fed cows averaged 1,379 pounds in weight and 117 days 
in lactation. 

I, 
e 

;', 
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Th1:ee cows, H-49, H':'51 , and H-52, were fed the ~rass silage. 
They averaged. 1,312 pounds in weigJ:1.t ~d 117 d~ys ill lactation. 
They were started ()n the second-cuttmg mterval silage October 10 
and were fed continuously on silage of various stages of maturity for 
40 days. They received no other feed during the silage-feeding
·experiment. . 

.Ii sufficient amount of the first-cutting mature hay, of the first
cutting interval hay, and of the first-cutting interval silage, was held 
for use ina 24.-day feeding test with two cows, H -49 and.H-53, in which 
both, grass hay and grass silage constituted the entire ration. Oow 
H..., J had bf'~n in the grass-silage feeding test, and cow H-53 in the 
grass-hay fPl'Uing test. 

FEEDING GRASS HAY ALONE 

Table 16 gives the dail.y consumption of hay, the milk production, 
and the body weights of the three cows used in the feeding experiment 
with grass hay cut at intervals and at mature stages. A summary of 
the average consumption of hay and the average yield of mille for 
the three cows during the various periods is given in table 17. 

There was a marked difference in the rate of consumption of the 
hay cut at different periods of growth by the individual cows and with 
this difference in consumption there was a decided variation in pro
duction, as shown by table 17. 

The three cows were started on hay made from the second-cutting 
mature grass, representing 56 days' growth and having a crude-protein 
content of 12.5 percent. The feeding period was 2 days. 

They were then changed abruptly to the third-cutting interval hay. 
This feeding period was abo 2 days. The hay represented 43 days' 
growth and bad a crude-protein content of 14.9 percent. During this 
2-day period the average daily consumption increased by about 11 
poun.ds for cows H-53 and H-37, and 19 pounds for cow R-48. 

The cows were then put on second-cutting interval hay for a period 
of 8 days. This hay represented 48 days' growth and had a crude
protein content of 13.4 percent. They declined in both consumption 
and milk production during this feeding period (table 17). 

They were next fed first-wtting mature hay for 4 days. This hay 
represented 80 days' growth and had a crude-protein content of 6.5 . 
percent, and the change was accompanied by a sharp decline in daily 
consumption (table 17). !tis unfortunate that there was not a great
er supply of this hay so that the extent of the decline in consumption 
and production might have been determined. 

With the next change (from the first-cutting mature to the first
cutting interval hay) there was a decided increase in consumption and 
a slight increase in production (table 17). This hay represented a 
growth of 45 days (computed from May 1) and had a crude-protein 
content of 9.9 percent. 

As was brought out in the discussion of the chemical composition 
of cthe hay and silage of the various cuttings, the second-cutting 
mature haywas more like the second- and third-cutting interval hays 
in composition than was the first-cutting interval. The first-:cutting 
interval hay was also more like the first-cutting mature hay in com" 
position than was the secop.d-cutting mature. That being the case 
these three cows were fed on the three most immature hays during the 

., 
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TABLE l6.-Grass-hay consumption and milk production per day, and changes in body weight, of 8 cows fed hay cut at different stages of ~ 
maturity 00 

Cow H-53 1 	 CowH-48 , Cow H-37 3 

I 
~ 

Stage of maturity of the hay 
Dnte fed 1__G_r_as,S"I_In_Y__!p~~~c-! Butter-! B~dY! GrasSI hay !P~J~~c-! nutter-! B~dY! Grassl hay Ip~9~c-1 Butter-I Body 

Con- tion fnt test weight 'Jon- tion fat test weight Con- tloIl fat test weight
OfIered sumed OfIered sumed OfIered sumed 

.---.---.---.---.---.---.---.---.---.---.---.---.---,--- lxf 
Pound•• Po!tnds Po!tnds Perant Pounds Pounds Po!tnds Pounds Percent IPound.! Po!tn<is Po!tnds Pounds Percent PO!tnds 

Second-cutting msturc I{oct. 30 41. 0 34.0 M.6 ________ 'I,303 38.5 31. 0 54.4 ________ '1,411 40.5 32.0 34.3 ________ 11,332
• ------------------- Oct. 31 42.0 30. 0 0 ________ ________ 44.5 39. Ii 53.7 _______ • ________ 41. 5 40.8 30.0 ________________d~. 

Third-cutting interval fNov. 1 61.5 55.0 40.0 ________ ________ 61. 5 58.5 50.8 ________ ________ 60.5. 54.0 30.7 ________________ 

-------------------- \No\-. 2 40.5 40.5 48.7 ________ ________ 51. 5 50. Ii li3.6 ________ ________ 44.5 42.0 31. 4 ________________ 


Nov. 3 52.0 50.5 49.4 ________ ________ 47.0 41.5 55.1 ________ ________ 50.5 47.5 31. 9 _______________ _ 
 iNov. 4 52.0 40.0 40.0 ________ ________ 67.0 65.0 48.8 ________ ________ 53.0 51. 0 31.0 _______________ _ 

Nov. 5 44.5 44.• 5 45.3 ________ ________ 43.5 41.5 47.3 ________ ________ 56.0 47.5 20.2 _______________ _ ~ 


Second-cutting inte "ul I( Nov. 6 53.0 48.0 44.0 4.2 ________ 50.0 48.0 40.0 4.2 ________ 56.5 47.5 28.3 3.9 -------- .C1J .... 
L. 	 ------------------ Nov. 7 50.5 40.5 46.0 ________ ________ 56.0 50.5 40. i ________ ________ 50.0 42.0 28.4 _______________ _ 

Nov. 8 50.0 41.0 40.7 ________ ________ 57.5 50.5 48.8 ________ ________ 54.5 46.0 28.8 _______________ _ 
Nov. 9 55.0 46.0 45.1 ________ ________ 05.5 55.5 48.7 ________ ________ 57.0 48.5 30.4 _______________ _ q 
Nov. 10 45.0 42.5 40.2 ________ ________ 50.5 47.0 48.4 ________ ________ 49. Ii 41.5 32.5 _______________ _ ill
Nov, 11 51. 0 42.0 45.5 _______ • ________ 54.0 42.5 48.0 ________ ________ 50.0 39.0 31. 8 _______________ _ 

First-cuttingmature INov. 12 58.0 42.5 44.7 ---------------- 58.0 38.5 47.5 ________________ 53.0 40.5 28.0 ---------------- 1:1 
--------------------- Nov. 13 56.•~ 34.5 42.3 4.4 ________ 57.0 35.5 41. 3 4.7 ________ 56.0 36.0 25.9 3.9 _______ _ tz;j{.. 	 Nov. 14 53.5 35.0 40.0 ________ ________ 54.5 38.0 40.3 ________ ________ 52.5 37.5 24.3 ________________ 

Nov, 15 00.0 '42.5 37.11 ________ ________ 67.0 51.0 38.5 ________ ________ 68.5 44.0 23.3 _______________ _ ~ First-cuttlngintervaJ I Nov. 16 53.5 43.5 42.2 ________ ________ 61.5 48.5 41.8 _____ __ ________ 55.0 42.0 24.9 _______________ _ 
--------------------- Nov. 17 54.0 40.0 43.1 ________ ________ 63.0 47.0 43.0 ________ ________ 51.0 42.0 27.6 _______________ _ 

I
{
Nov. 18 58.51 41.0 43.0 4.1 I 1,345 50.0 42.5 41. 4 4. ill, 386 57.0 39.5 28.4 3.9 I 1.352 ~ 

TotaL______________________________ __________ 1,038.0 853.5 006.2 ________________ 1,107.0 922.5 947.1 ________________ 1,060.0 860.5 582.0 _______________ _ 
Average____________________________ __________ 51. 9 43.1 45.3 1,369 55.3 46.1 47.3 1,398 53.4 43.0 29.1 1,342 

I 
~ 

I ,Age 4 years 11 months; 8tage of lactation, 57 days. 3 Age 6 years 5 months; stage of lactation, 231 days. 
2 Age 5 years 3 months; stage of lactation, 62 days. j Average of 3 weights. 
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TABLE 17.-Average daily consumption of grass hay, the average daily production of milk, and the increase or decline in consumption and 
production, by 3 cows fed grass hay of different stages 0-' maturity 

OowH-53 Oow ll--!8 	 CowH-37 Q 

):'"J;. 

-
lncronse (+) or de· Increase (+) or de- Increase <t) or de· E 

cllne (-) In- cline (-) In-	 cline (- In- mKInd of hay fed and length of feeding period Oon· Oon· Oon· 	 l::JProduc· Produc· 	 Produc-Isump- sump- sump· 	 m
tlon 	 tlon tlontion Con· tion Con· tlon Con·Produc- Produc· 	 Preduc,sump· 	 sump· sump· >tion tion 	 tlon mtion 	 tion tlon 

------------------------------------ I;J 
Pounds Pounds Percent Percent Pounds Pounds Percent Percent Pounds Pound. Percent Percent l::J 

S~cond-euttlng mature ~2days) •••• __................. aO.5 51.3 .. --- ... ~--- ...._------- 35.2 54.0 .,-----...._- ..---_ ....--- 36.2 32.0 ---------- ------,.--- t:;j

Third-cuttlng interval 2 days) ••••••••..•••••..•••.•• 47.7 47.3 54.5 52.2 	 48.0-------- .... --- ..- .... - .... ---.,.--- ... . ---------- 31.0 ----- .. ---- ---------
Second-etitting interval ~ days)...................... 46.0 46.3 1-9.0 1-2.7 49.9 49.1 1-6.4 1-0.8 46.4 30.1 1-5.6 1-1.6 Z 

Flrst-cutting .mature (4 ays) ........................ 38.5 43.1 J -13.7 '-8.0 38.6 44.S , -27.0 , -11.5 38.2 27.5 1-16.2 J -14.7 Q 

First·cuttlng interval (4 days) ............__ •__...... 43.3 41.5 1+10.5 '+1.1 .7.2 41.2 , +23.2 • -2.0 41.9 26.0 3 +3.5
'+8.4 

1 From last 2 days on third-cutting interval to last:l days on second·cutting interval. 
" 	 ~ 

: From last 3 days ~n second·cutting interval to last 3 dill'S on flrst·cutting mature. 
a Frow last 3 days on Ilrst-cutting mature to last 3 days on Ilrst-cuttinll interval. 	 ~ 


I'!J 
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first 12 days of the test and on the two most mature hays during the 
last 8 days. During the first 12 days. the cows consumed an average 
of 45.9 pounds of hay per day, and produced an average yield of 42.8 
pounds of milk. During the last 8 days they consumed an average of 
41.3 pounds of hay per day, and produced an average yield of 37.3 
pounds of milk. 

The cows reacted very quickly in both consumption and production 
to the changes in quality in the difforent hays. It is probable that 
with longer feeding periods the cows would have become adjusted to 
these differences in quality, and the resulting diff€rences in consump
tion and production would have been measured more accurately. 

The experiment does bring out the marked differences, in palata
bility and in value for milk production, of hay cu t from the same fields 
nnd cured under the same conditions but differing in the stage of 
maturity when cut. It also shows clearly that the number of days 
of growth is not an accurate gage of maturity for grass cut at different 
periods of the growing season. The 45-day growth of grass, cut June 
14, had a very different composition and palatability from the 48-day 
growth of grass, cut August I, and the 43-day growth of grass, cut 
September 13. Apparently the more rapid growth early in the season 
resulted in a more mature plant than the slower growth for the same 
length of time later in the season and the hay made from this more 
mature grass was less palatable and had less value for milk production. 

It is probable that the cows would have done better on the second
cutting mature hay, on which the experiment was started, had they 
been accustomed to grass hay. These cows had always been fed 
alfalfa hay. 

FEEDING GRASS SILAGE ALONE 

The individual consumption and production data for the cows 
H-49, H-51, and H-52 that were on the silage feeding test are given in 
table 18. Cow H-51 had previously been in the clipped-grass feeding 
group. A summary giving the average consumption of silage and the 
average milk yield for the various periods of the test is given in 
table 19. 

Cow H-49 (table 18) consumed an average of 102.7 pounds of 
silage per day. Her lowest day's consumption was 46 pounds (the 
first daJ") and her highest was 144 pounds of the third-cutting interval 
silage. Her milk production for the 40-day feeding period dropped 
from 41.8 pounds (average of second, third, and fourth days) to 33.4 
pounds (average of the last 3 days). This is a decline of 8.4 pounds. 
She had been in milk only 39 days when the test started. This cow 
was badly physicked throughout the entire period, with only occa
sionally a day" that the droppings appeared normal. The other two 
cows were normal after the first few days. During the 40-day period 
H-49 declined 82 pounds in body weight, or about 2 pounds per day. 

Oow H-51 (table 18) consumed ali average of 104.9 pounds of silage 
per day, with 136 pounds the highest day's consumption. She pro
duced an average of 20.5 pounds of milk per day, declining 3.7 pounds. 
Her decline in body weight was 61 pounds. 

Cow H-52 (table 18) consumed an average of 104.2 pounds of silage 
per day. Her highest day's consumption was 159 pounds of the . 
third-cutting interval silage. The highest day's consumption for 
each of the three cows was during the time they were fed the third
cutting interval silage. 
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The three cows were started on silage made from the second-cutting 
interval grass (table 19), representing 48 days' growth and having a 
crude-protein content (dry-matter basis) of 15.3 percent. The feed
ing period was 11 days. The three cows consumed an average of 
106.6, 98.4, and 98.8 pounds, respectively, of this silage per day. 

The cows were next fed lor 4 days on third-cutting interval silage, 
representing 43 days' growth and having a crude-protein content of 
17.1 percent. Their average daily consumption during these 4 days 
was 136.4 pounds, by far the highest rate of consumption obtained 
in the silage-feeding test, and the rate of consumption was still increas
ing when the supply of this silage was exhausted. The average daily 
milk production also increased by 4.7 percent, 3.7 percent, and 12.3 
percent, respectively. This silage 'was more palatable than that 
made from any other cutting. With a longer feeding period on this 
silage a much greater increase in production might have been obtained. 

The cows were then changed to the second· 'Cutting mature silage 
for 2 days. This silage represented 56 days of growth and analyzed 
13.6 percent crude protein. This change was accompanied by a 10.9 
percent, 13 percent, and 13.4 percent decrease respectively in con
sumption of silage by the 3 cows, but by a slight increase in produc
tion. Since this feeding period lasted for only 2 days, the increase 
in Jlroduction is probably due to a carry-over effect from the feeding 
of the third-cuttmg interval silage. 

The cows were ne~i; fed the first-cutting mature silage for a period 
of 12 days. This silage represe.!ted SO days of growth and the pro
tein content was 9.6 percent. The average daily consumption, which 
was 129.5, 125.2, and 143.3 pounds, respectively, while the cows were 
on the third-cutting interval silage and the second-cutting mature 
silage, dropped to 7S, 94.5, and 75.1 pounds, respectively, during this 
feedin~ period. 

Durmg the last 11 days of the feeding experiment the cows were fed 
first-cutting interval silage, representing 45 days' growth and ha'vlng 
11.7 percent crude protein. This first-cutting interval silage, like 
the first-cutting interval hay, had a cOIDp'l1ratively low crude-protein 
content and in composition was more like the first-cutting mature 
silage than like the second- and third-cutting interval silage. like
wise the second-cutting mature silage resembled the second- and third
cutting interval silage more closely than it did the first-cutting mature 
silage. The first-cutting interval silage was better in quality, how
ever, than the first-cutting mature silage, as is shown by the marked 
increase in consumption and production. The increase in con
sumption during this ll-day period was3S.1, 26.2, and 41.2 percent, 
respectively, for the three cows, while the increase in daily milk 
production was IS.5, IS.4, and 20 percent, respectively. 

In this study the first day on silage feeding was excluded because the 
cows were not yet accustomed to the silage ration and the consump
tion on that day was abnormally low. The average consumption 
for 16 days on the silage for the three cuttings that were most imma
ture, namely, the third-cutting interval, the second-cuttin~ interval, 
and the second-cutting mature, Was 117 pounds per day while that on 
the silage from the most mature grass, namely, the first-cutting mature 
and the first-cutting interval, was 97.S pounds for 23 days. The 
consumption was 20 percent greater on the silage made from the less 
mature grass. 



TABLE 18.-Grass-8ilaee con8umption and milk production per day, and c!tangcs in body weight, by three COW8 fed 8ilage made from gra88 /Jut ~ 
~ ",jat different stages of maturity ;; 

Cow H-49 1 CowH·51 , CowH·52' ~ 
C . ; 

, .~ 

Sflage Silage Sflage '.~
Kind oi sllage fed, and dale I < ~ , 


--- Mflkpro- Butter- Body Milk pro- Butter- Body Mllkrrro- "Sutter- Body l:j .,., 

ductton fat test weight ductlOn tat test weight duct on fat test weight " ,.
Con- Can- Con-Offered Offered Offered ~ surned surned surned 

------------------------------------------ b:I 
Pounds Pound. Pounds Percent Pound. Pounds Pounds Pound! Percent PouT-ds Pounds Pounds P01J.nd! Percent Pounds ~ 

Second-{!Uttlng Inter,al:Oct. 10_________________ 
Oct. 11 _________________ 56.0 46.0 51.S 11,369 53.0 26.0 25.8 11,302 57.0 40.0 51.4 11,266 ~ ,~115.0 lOS. 0 43.3 --'--_.... 93.0 88.0 23.3 ._""'-_.'- 79.0 77.0 39.9 -------- ---------- I-'lOct. 12_________________ ;120.0 110.0 41.2 --.. ----- ----......_-- 123.0 109.0 21.0 -- .. - .. --- ---------- 115.0 100.0 37.4 -------- ----------Oct. 13_________________ 

130.0 lIS. 0 41.0 ---_ ...._. --- .. --- .. - .. 102.0 85.0 24.1 -------- ---------- 120.0 100.0 39.7 -------- ---------- Z
Oct. 14_________________ 137.0 109.0 44.S ............... .... _....- .. _-- 126.0 111.0 24.7 135.0 118.0 39.9
Oct. 15_________________ -------- ..--------- -------- ---------- c.:> 
Oct. 16_________________ 115.0 107.0 41.S ---_ .... -,. ---o.------ 112.0 101.0 21.7 -..------ ---------- 110.0 99.0 40.2 -------- ---------- 00120.0 112.0 40.4 3.7 -_ ......_--_ .. 1011.0 HH.O 22.S 4.2 1,277 101.0 97.0 39.1 3.7 1,270 .....
Oct. 17_________________ ~ 

Oct.lS_________________ 115.0 112.0 42. 5 -------.. --------- .. 115.0 111.0 22.4 -------- 110.0 105.0 40.3 -------- ---------
Oct.lD_________"_______ 135.0 125.0 39.3 -------- ---------- 11S.0 111.0 22.7 .. -----.... ---------- 122.0 114.0 37.tl -------- ---------- cl
126.0 . 118.0 38.S 125.0 121.0 22.3 131.0 125.0Oct. 20_________________ -------- ----_.. _--- -------- ---------- 36.5 -------- ---------

122.0 lOS. 0 42.0 1,396 127.0 116.0 22.7 1,275 123.0 100.0 37.S 1,302 bl 
Thlrd-cuttlng Interval:Oct. :!l _________________ 

Oct. 22________________ 124.0 111.0 36.5 -------- ---------- 141.0 123.0 20.9 -------- ---------- 156.0 141.0 36.9 -------- ---------- ~ 
154.0 144.0 40.2 ....... ----- ------ ... -- .. 133.0 123.0 226 144.0 137.0 38.6 ~ 


/1~t. 23 _________________ -- ...-- ..-- ---------- -------- ----------
Oct. 24 _________________ 157.0 130.0 42.3 3.7 --- ..------ 155.0 134.0 23.0 -------- .. --_ .. - .. --- 157.0 153.0 43.1 3.4 ---- .. ---- ... 

153.0 137.0 43.3 -------- --- ... ------ 152.0 136.0 24.6 3.S -----_ .._-- ISO. 0 159.0 44.0 -------- ---------- ~ 
Second-cuttlng mature:Oct. 25 _________________ 

138.0 126.0 43.5 1,365 139.0 126.0 25.0 ... _ 142.0 135.0 43.7 0Oct. 26 _________________ ....- .. -- ---------- -------- -------- ... 
~14g.0 120.0 44.7 -----_.... ---------- 128.0 109.0 25.2 -------- ---- ..----- 169. 0 135.0 44.5 -------- .. _-------

Flrst-cuttlng mature:Oct. 27 _________________ 

Oct. 28 _________________ 110.0 62.0 42. 2 -------- ---------- 75.0 65.0 24.1 ----- .. -- ---------- 112.0 55.0 43.4 .. -- ..---- ---------- > 


94.0 75.0 39.0 .. _---- 143.0 123.0 20.1 40.0 35.0 34.0Oct. 29 _________________ -------- ....-- -------- ---------- -------- ---------
00.0 71.0 34.3 ----_ .._- 98.0 95.0 20.2 112.0 04.0 29.0 ~ Oct. 30_" _______________ ---------- ...._----- ---------- -------- ---------- ....

122.0 95.0 34.0 4.7 1,323 148.0 107.0 18.4 4.4 1,307 104.0 53.0 34.S 4.4 1,240Oct.3L _______________ C 
107.0 79.0 33.5 -------- ---------- lOS. 0 92.0 18.5 _.. ------ 119.0 102.0 32.1Nov. 1________ ..._______ -------- ---------- cl
112.0 S7.0 31.6 111,0 100.0 17.8 101.0 SO. 0 31.7 


Nov. 3___________•_____ 

Nov. 2__________________ -_ ... - ..--- -- ..------ .. -------- ---------- -------- ---------

101.0 84.~ 32.3 "' ... --_...... ....... ------- 103.0 92.0 17.6 .. ....----- --- ...... ---- 99.0 75.0 31.5 ---_ ... _.. - ---------
9S.0 69.0 30.5 - ... _-- ........ .... '-..... _---- 104.0 92.0 17.0 102.0
Nov. 4__________________ -------- ----- ... ---- 71.0 30.8 -.. - ..--_ .. ----------

Nov. 5__________________ 98.0 73.0 20.5 -------- --------_ ... 101.0 00.0 16.8 - ... --- .. -- -------- 100.0 70.0 30.6 --..----- -- .._------ ~ 
125.0 SO. 0 29.S -------- -,..-------- 132.0 S9.0 17.1 -------- 119.0 00.0 29,9 -------- ---------- ~Nov. 6__________________ 113.0 70.0 26.5 4.1 140.0 97.0 17.1 3.92lI.3 ________ -"'-------- ---------- 111.0 SO. 0 28.7 3.9 ---------

~ov. 7_______~,-"------. ~11.0 82.0 ---------J' 117. I;! 92.0 16.8 -------- ---------- 121.0 S7.0 29.6 -----_ .... - ......... _-_ .... 


,,!le 



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

...~"':'-!~~.;;-.Er_...~~ ..."· ," ~~~i':' 

I 
'.V 

,.~; 

Flrst-euttlng interval: 
Nov. 8_................ 136.0 71.0 29.6 1,310 148.0 109.0 16.8 1,271 141.0 I 105.0 28.6 .--•••-, 1, 

(~ 


Nov. 9.................. 164.0 124.0 30.5 • • __••• __ ._ 143.0 112. 0 16. \I ••••••,. .......... 164.0 128.0 30.7 

Nov. 10................. 125. 0 110.0 34.6 _••••••_... 129.0 103.0 IB.O •__ ..... .......... 122.0 107.0 32.7 .........., .... 

Nov, 11•••••••••••••••" 15!i.0 131.0 34. B • .......__• 162.0 112.0 18.0 •__ •••" ••__• __ ••• 15!i.0 122.0 32. 7 ..........,.__• 

Nov. 12___._.____•._... 163.9 138.0 32.1,___.... _ .......... 161. 0 130.0 17.4 ........ .......... 156.0 127.0 33.3 ............... 

Nov. ]3__._•••_....... 143.0 ]09.0 33.3 3.8 1,313 134.0 116.0 1B.9 3.0 1,270 140.0 117.0 34. 2 3.9 1,

No\', 14.__._.__••••••••• 142. 0 111.0 34.5 · .......... 151.0 112.0 19.3 ........ .......... 150.0 135.0 33,8

Nov. 15............ ••••• 11B.O 98,0 34.0 • ""_"'" 121. 0 103.0 19.7 ....... , , •• , ...... 127.0 118.0 34.0 .....__ •••____• 

Nov. ta................. ]27.0 00.0 34.6 · .•••,..... 126.0 114.0 20.5 ••••.••• ___....... 151.0 136.0 35.0 .........., .... 
 I
NOv.l7••••__._......... 131. 0 113.0 31. 9 ",,,__ • ""' __ '_' lSI. 0 121.0 1B.6 ........ .......... 141.0 106.0 34.7 •••••••__...... t>;J

Nov. ]8....____ ......... 140.0 ]22.0 33.8 3.6 '1,287 124.0 116.0 20.1 3.0 1],241 140.0 121. 0 36.1 3.9 41. 222 tll 


Total.___......_...... 4,990.0 4, 111.0 1,472. 6 1._••••• :===-:: 4,1161.0 4,1116.0 --sJii:5 .................. 4,97B.0 14,170.0 1,442.0 ..__ ...__...... >
!liAverage__• __•......··t ]24.7 102. 7 36. B i~_ 1,328 124. 0 104.9 20. 5 4.0 1,271 124.4 104.2 36.0 3.8 1, 

~ I Age 5 years 1 month; stage ot lactation, 39 days. , Age 5 years; stl\geol lactation, 89 days. .,t>;J1 Age 5 years 1 month; stage of lactation, 223 days. • A vernge of 3 weigbts. '.t:I 

'~ 
TABLE 19.-At.erage daily consumption of grass silage, the average daily production a/milk, and the increase or decline in production and ~ 

~4consumption by three cows when fed grass silage of di;f!erent stages of maturity . ,.t,1 

~ 
CowH-49 Cow g·51 Cow g·52 ~ 

!.,,' 

Kind 01 sUage fed, and length ot feeding Increase (-t) or decline (-) IIncr~ (+) or decline (-) Incrjl8S6 (+> or decline (-) ""J 
" "' " 

period Con· Pro· Con· Pro. .In- Call' I Prom- In ~. .t sump- due· sump- duc· sump- duc· 
tion tion tion tlon tion Uon ~ Consumption Production ConsumptionIProduction Consumption Production .,' 

- ~ :1 
per./ Per· Per· Per· Per· Per· IPer· Per· Per· Per· P.r· Pa-· PI . 

" 

<1 
Lb8. Lb•• cent cent cmt Ctnt Lbs. Lb•• cent ctnt (tnt ctnt Lb•. LW. cent ctnt cent cent .~Second-cntting interval (11 days) •• '"'''''' 106. 6 42. ~ '+32.·' ....... '-11.8 '-4.3 98.4 23.0 '+56.0 ....... '-3.4 '-1.0 OS.!! 40.0 '+52.0 ........ --- '-13.1 '-4.3 ;g


Third-cutting interval (4 days) •••• __• __..... 132. 7 40,6 '+10.7 ........ +4. 7 ....... 129.0 22.8 '+12.0 •• __... '+3.7 ....... 147.5 40.6 '+32.4 .. -_ ....- .. '+12.3 -- ........ _ 0Second-cutting mature (2 days) ......__..... 123.0 44.1 • -10.9 ....... • +3.0 ....... 1I7.S 25.1 '-13.0 ....... 1 +5.5 __ ..... 135.0 44.1 '-13.4 '+1.3 
 t;IFlrst-cntting matnre (12 days).............. 78.0( 32. 6 '-42. 6' -34.4 '-32. i '-37. 9 04.5 18.4 '-29.2'-10.6' -28. 7'~34. 5 76.1 32. 2 '-42. 7 '-38.1 '-29.8 '-33.9 

FJrst-cnttlng~nterv&1 (~l days).............l Ill. 4 33.1 ,+~.1 ____ •••1'+18. ~ ...--__ m.6 18.6 ; +26.2 ....... ' + 18.4 ....... 120.2 33.3 '+41.2 .... - ...--- '+20.0 --- ..--- CI 


~ ... 
I From tin t 3 days to last 3 days on gecond-el,tting interval. • From lnst 3 days on thlrd-euttlng interval to Jast 3 days on first-cuttlng mature. 0
• From set/md, third, mid fourth days to last·,' days on sec.ond-cuttlng Interval. , From last 2 dnys on aecond-cutt.lng mature to last 2 days on tlrst-cnttlng matnre. Z
• FromlBSt 3 days on 5eCOnd-cnttlng Interval L:! last 3 days on thlrd-cutting interval. 7From Just 3 days on tlrst-euttlng mature tQ lnst 3 days on tlrst-cuttlng Interval. 
• From last 2 days on thlrd-cuttlng 1ntervaJ to Inst 2 days on second-cuttlng matnre. 

~ 
~. 

• ~,,>' ,' •••..:-. ~ • .,;- .... 
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FEEDING VALUE OF HAY AND OF SILAGE COMPARED 

The hay from all cuttings of grass had an aver~e dry-matter con
tent of 83.3 percent, and the silage had an average dry-matter content 
of 25.2.' percent. Computing the dry-matter content of the hay con
sumed daily by the three cows in the hay-feeding experiment and the 
dry-matter content of the silage consumed daily by the three cows in 
the silage-feeding experiment gives a basis for comparing the relative 
amounts of dry matter consumed in the form of hay and in the form 
of silage. 

Table 20 shoWs the relative amounts of dry matter consumed in hay 
and in silage made from the different cuttings of grass. 

TABLE 20.-Dry matter consumed in hay and silage made!rom the different cutting8 
of grass 

Average Dry mat., Averr.ge Dry mat
hay con- s~~~~ silage s~~~~

Stage or maturity sumed ha~' per consumed s~e per day per day 
per cow ay per co,,' per BY per cow per cow 

-----------------/------------
Pound. Pounds Pounds Pound.Second-cutting mature ________________________________________ _ 30.0 29.9 125.2 31.5Third-cuttlng Interval._____________________________________• __ _ 50.1 41. 7 136.4 34.olSecond-cuttlng interval __________•__• __________________________ 47.4 39.5 101.3 25.5 

38.4 32. 0 82.5 20.8j~~:~:m~~ :::~~::C:::=:===:::::::=::::::::::::::::::::::=: ol4.1 30.7 114.4 28.8 

It is apparent that the cows consumed a larger amount of dry 
matter in the form of hay than in silage. The relative amounts of 
dry matter consumed in hay and silage do not follow the same ran~ 
for the various cuttings, however. This may be due in. part to dif
ferences in palatability of the hay and silage that resulted from the 
curing and handling of the grass, but it is also due in part to the fact 
that the cows in the hay-feeding e:ll."Periment were not accustomed to 
grass hay, when they were started on second-cutting mature hay, and 
did not have an opportunity to become aC{lustomed to it before the 
supply was exhausted. Nor were the cows in the silage-feeding 
e:ll."Perunent accustomed to grass silage when they started on the 
second-cutting interval silage, though in this case the cows had a 
longer feeding trial and a better chance to become accustomed to the 
silage. It is doubtful if there was much difference between the silage 
and the hay made from the second-cutting intervnl grass or between 
the silage and hay from the second-cutting mtLture grass. There is 
no question but that the third-cutting interval grass Was cut at the 
stage of m~turity that made both the hay and silage far more pnlatable 
than the hay or silage of any other cutting. But even in this case the 
silage-fed cows consumed 7 pounds less dry matter per dny. It is 
unfortunnte that t.he supply of both hay nnd silage from this cutting 
was so limited. The difference in consumption of dry matter in silage 
and hay is reflected in the loss in body weight in the two ~roups of 
cows. One of the three cows in the hay-fed group gained In weight 
but the nverage loss for the three was 17 pounds during their 20-day 
test. All three cows in the silage-fed ~roup lost weight, the nverage 
loss for the three being 62 po~ds dunng their 40~day test. 

http:Averr.ge
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Even though the silage-fed cows consumed less dry matter than the 

hay-fed COW'S, and even though they lost more than three times as 

much in body weight, their rate of decline in milk yield was just a 

little less during the 40 days they were on the silage ration than was 

that of the cows that were on hay for 20 days. Oomparing the aver

~ milk yield of each group for the second, third, and fourth days 

With that of the last 3 days of their respective feeding periods shows 

that the silage-fed ~roup declined an average of 14.66 per,cent and the 

hay-fed group declined an average of 14.83 percent This appears to 

indicate that the silage (pound for pound of dry matter) had a greater 

feeding -value for milk production than the hay, It was not possible 

to conduct digestion trials on the hay and silage. Watson (11) 

conducted digestion trials with sheep on grass silage and on grass hay 

that was ai·tificially dried, and secured the digestibility coefficients 

given in table 21. 


TABLE 21.-Coefficients of digestibility on grass silage and artificially dried grass 

as reported by Watson, in trials with sheep 


Grass bay
Grass silage (artificially 

dried) 

Percem PercentDry matter___________________________________________________________________ __ 
71.74 71.63 
73.02 73.64~~~:x~:!~~===::=:=::::=:::=:::::=:=:::=::::::=::::::=::::::::::::::::=::::==__________ __________________________ ___________________ ___________ 77.68 51.05Crude fl her . • • • 
77.26 77.59 
71.73 74. 211~~3:e;~~:rn~~~~~~~_:s__-:::=:::::::::::::::::::::::::::::::::::::::::::::::::: 67.70 67.08True protein.._____________________________________ • -_____ •___________________ __ 
49.55 67.86 

, 
Watson points out that the two points of difference in digestibility 

between grass silage and grass hay are in the digestibility of the ether 
extract and the true protein. He believes that the .higher digestibility 
of the ether extract is due to the fact that it includes the organic acids 
formed as a result of the fermentation processes, all of which are 
soluble and t,hus completely digestible. He has found in other eA"Peri

• 
ments that the digestibility of the true protein is depressed during the 
making of silage. Watson points out, too, that artificially dried grass, • 

It the digestibility of which is given in table 21, is superior to good field
cured hay. 

The digestibility coefficients given by Watson for grass silage and 
~ass h,ll-Y are not entirely applicable to the grass silage nnd grass hay 
III the HtmtleyeA"Periment, particularly because his figures apply to 
artificially dried haYI whcm&1s the hay used in the Huntley experiment 
was field cured. They do offer some support, however, for the belief 
that the silage in this experiment (pound for pound of dry matter) 
was better for milk production than the hay. 

The hay-fed cows were on about a 27 percent higher level of pro
duction at the start of the experiment than the silage-fed cows. This 
may account in part for the more rapid rate of decline in milk yield 
by the hay-fed cows. Oomnring the milk yield of the silage-fed cows 
on the second, third, and fourth days of the test with their yield on 
the fifteenth, sixteenth, and seventeenth days, the period during which 
ther were fed the silage made from the most immature grass, shows 
8IllllCreaSe in milk yield of 8.8 percent. On the other hand, the hay. 



36 TECHNICAL BULLETIN 381, U.S. DEPT. OF AGRICULTURE 

fed cows declined 4.6 percent from the second, third, and fourth days 
to the tenth, eleventh, and twelfth days of their test, the period during 
which they were fed the hay made from the most immature grass. 

A comparison of the milk yield of the silage-fed group for the last 
3 days they ;received silage made from the most immature grass with 
the yield for the last 3 days they received silage made from the most 
mature grass, shows a decline of 21.6 percent. During this period the 
silage-fed cows consumed a much smaller amount of dry matter than 
the hay-fea cows. The decline in milk yield for the hay-fed cows 
during the same period was 10.7 percent. 

FEEDING GRASS HAY AND GRASS SILAGE TOGETHER 

At the conclusion of the feeding trials with hay alone and with silage 
alone, 2 cows, 1 from the hay-fed group and 1 from the silage-fed group, 
were con'Linued in a feeding e:\:perlment in which they received both 
grass hay and grass silage. It was planned to feed them at the rate of 
2 pounds of silagi> to each J?ound of hay consumed. SufIicien t silage 
was offered to meet this ratIO, but neither cow consumed enough silage 
to maintain the balance. Because of the shortage of both hay and 
silage, the trial was continued only 24 days, from November 19 to 
December 12, inclusive. During the last 3 days, when both the hay 
and the silage were offererl in unrestricted quantities, the cows ate 
more hay and less silage. 

Table 22 gives the essential data on the hay and silage consumption 
and daily milk production for these two cows, H-49 and H-53. 

Cow H-49 had been on first-cutting interval silage alone just previ
ous to this hay-and-silage feeding test. This cow had scoured almost 
continuously on silage alone and she continued to scour on hay and 
silage. Her average consumption during the last 3 daY,"s she was on III 

silage alone was 111 pOlmds per day and her average milk production 
for the 3 days was 33.4 pounds. She was continued on first-cutting 
interval silage in the hay-and-silage feeding test, and wa,s fed first
cutting ma,ture hay, in addition, for the first 9-day period, November 
19-27. She consumed an average of 21.3 pounds of grass hay and 
40.9 pounds of grass silage per day for the 9-day period. The ratio 
of consumption was 1 pound of hay to 1.9 pounds of silage. Her 
consumption of hay increased slightly from the first 3 days of this 
period to the last 3 days, but her conSuhlption of silage remained 
about the same. Her milk production declined from 33.4 pounds per 
day (average of the last 3 days on silage alone) to 31.1 pounds per 
day (average of last 3 days of first 9-day period on hay and silage). 
This was a decline of about 7 percent in 9 days. It will be recalled 
that the first-cutting mature hay fed during this period was the 
poorest in quality of any cutting. 

On November 28 the hay for cow H-49 was changed from first

cutting mature to fIrst-cutting interval, but the silage remained the 

same. This feeding period was for 12 days. Her average daily 

consumption of first-cutting interval hay was 28.9 pounds, an increase 

of 7.6 pounds per day over her consumption of first-cutting mature 

hay. Her daily consumption of silage was 37.2 pounds, a decrease 

of 3.7 pounds per day. Apparently she preferred the first-cutting 

interval hay to the first-cutting interval silage. The ratio of con

sumption during this period was at the rate of 1 pound of hay to 1.3 
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TA1lLE 22.-Co1Ulumptionof hay and silage, mUk production, and changes in body 
weight by two cows in the hay-and-silage feeding experiment 

I Cow H-49 Cow H·53 

Hay Silago <= Hay Silage <=
0Kind oC hay and -3 :g .,silage fed " :s-c -c :s ~ -c -c -=.. .., OJ 

oS -c '" '" "" ~ ~ -c '" '" e 1~ ] ~ ... ~ ~ ...., "'- ...!/ a a .!.: -c a la :::I 
..,

cO ~ 0 ~ 0 0 ~ 0 ! 0 0
A 0 c 0 0 ~ IQ 0 0 0 0 ~ IQ 

Lb8. Lb8. Lbs. Lb8. Lb.•. Lb•• Lb8. Lba. Lbs. Lb•. Lb•• Lb•. 
OV 14 142.0 111.0 U.5 ----...... 53.5 35.0 40.0 

Nov. 15 
(I~ (:l US. 0 08.0 34.0 ... ..- 60.0 ~!} ----

-~-- 42. 5First-cuttin!t Intr,r· 37.9 ------Nov.• 16 127.0 98.0 34.6 .-....-.. - 53.5 43.5val hay and siJ!\;!e•• 42. 2 ------r
Nov. 17 ~:) 131.0 113.0 31.9 -- ......... 54.0 46.0 m ~:) 43.1 '1,345 

Nov. ]8 140.0 122. 0 33.8 , 1,28; 41.0 (') (') 43.0 ....... _-~1~ <') 

= f= I~ . 
Nov. 19 20.0 ]6.0 40.0 40.0 35.1 .... ~ .. -.... 20.0 13.5 40.0 40.0 43.7 ...-----
Nov. 20 23.0 IS. 5 40.0 40.0 33.3 -- .. ""--- 23.C 19.0 40.0 40.0 38.S ... -----
Nov. 21 21.0 42. 0 40.5 31.4 .. ... ~ .. 25.5 20.0 40.0 40.0 38.5 ..-.._... ~gFirst-cuttln~mature Nov. 22 23.0 46.0 43.0 28.0 .. --~ .......... 31.5 23.5 48.0 4S.0 36.7 ...----

bay and rst-cut· Nov. 23 32.5 22.5 45.0 43.0 30.0 --_.. -- ... 35.0 26.0 52.0 52.0 38.2 ...----ting Interval silage. Nov. 24 35.11 25.0 so. 0 45.0 31.4 .. --- .... 34.0 22.0 44.0 44.0 37.6 ...... _---
Nov. 25 32.0 21.0 42. 0 40.0 33.0 -- ...-- ~ 

35.5 19.5 39.0 39.0 37.0 ...._---
Nov. 26 28.5 21.5 43.0 40.0 31.5 -....... 30.5 22.5 45.0 45.0 36.6 .--.. _.
~-

Nov. 27 33.0 23.0 4r..O :Ii. O. 28.S 1.277 28.5 18.5 37.0 37.0 33.7 1,296 
Nov. 28 34.S 28.6 57.0 5 ... ~ .. -- .. 33.5 31.5 
Nbv.29 30.5 25.5 72.0 42.033.5 30.0 27.0 74.0 57.Q 37.7 
Nov. 30 37.0 ao.o 60.0 40.0 37.0 36.0 27.0 54.0 42.0 42. \} 
Dec. 1 34.5 20.5 41.0 30.0 33. :; ..-....-- .. 38,0 27.0 54.0 3:!.0 41.0 ..----

39.01 30. 6.1.0 so. 0 34.9 ..-----

Dec. 2 30.5 32.5 65.0 37.0 33. I --........... 34.5 26.0 52.0 49.0 40.7 ..----
First-cutting inter· Dec. 3 32.5 29.5 62.0 32.5 32.2 .... w 34.0 30.0 60.0 51.0........ 
 39.0 ..----

val bay and silage•. Dee. 4 34.0 31.0 62.0 28.0 32.1 1,266 32. 0 27.0 54.0 33.0 40.2 1.320 
Dee. 5 32.0 28.0 56.0 37.0 32.4 32.0 30.0 60.0 :1.1.0 40.5 _...._--
Dec. 0 34.0 27.0 54.0 43.0 32. 2 ---_..-.. 31.5 2S.S 57.0 33.0 40.7 ..,.----
Dec. 7 35.0 27.0 54.0 38.0 32. 7 -,.,_ .. _-,. 33.0 29.0 58.0 47.0 41.7  ..----
Dec. S 33.0 31.0 62.0 43.0 34.2 -- ........... 36.0 32.0 64.0 ~r:8 42.7 ---_ .... 

Dec. 9 43.0 36.0 72.0 37.0 33.4 -..... -_ ..- 36.5 315 63.0 40.1 

3.1.5 28.5 so. 0 30.0 32.0 --" ........ 41.0 38.0 30.0 14.0 40.5
Flrst-cutting inler' {Dec. JO
Dec. 11 43.0 37.0 45.0 30.0 30.9 ---_ .. -- 44.0 39.0 35.0 11.0 39.7 .., ..........


1"81 hay and silage' Dec. 12 31.5 25.0 IS. 0' 12. 0 31.3 31,Tl4 27.0 24.0 27.S 2O••~ 39.7 lJ, 297 

Total for 24 days. .. - .---~ .... '" 792.0 628.5 1,224.0 887.0 n" ______ m i 1,190.5939.5 942.8 -...... _--
A verage for 24 

days........... 3.1.0 21).2 51.0 36.5 32. 3 I, 280 32. 6 26.3 ·19.9 39.1 30.3 1,321 


., .. __ ...... ->Woo"," 39.4 

r~ 
1= '31'f~,=t=Dec. 14 32.4 ••••••.•••••••••• .......... _- ......-.... ·II.S
.,Alfalfa hal' com si· Dec. 15 -- .... .., ... -" .. _- .. 44.11 

lage, an grain."" Dec. 16 5~: ~(:::{::: :::::
Dec. 17 ~i.O •••• _ ............ -_ ....-.......... -- 45.5 
··..··r··· 46.0 

Dec. 18 - ....... 30.4 ................. --~-- ... - ~-- .... 46.2 


I No hay fed. 3 A verage of aweights. 

, No silage fed. , Hay and silage offered In unrestricted quantities. 


pounds of silage. Her daily milk production increased 7 percent 
from the last 3 days she was on first-cutting mature hay to the last 3 
days on first-cutting interval hay. Her average production during the 
last 3 days of this period returned to the same level as that of the last 
3 days on silage alone. It should be noted that this cow that had 
scoured throughout the test declined only 20 percent in milk yield 
from the second, third, and fourth days on silage alone to the nine
teenth, twentieth, and twenty-first days on hay and silage-a period 
of 59 days. 

Table 22 gives sitnilar data for cow H-53. Just previous to starting 
on this hav-and-silage feeding test this cow was on first-cutting inter
val hay alone. During the last 3 days on hay alone, her average 
daily consumption was 43.5 pounds and her average daily milk 
production was 42.8 pounds. . 
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During the first 9 days of the test, when fed first-eutting mature 
hay and first-eutting interval silage, this cow consumed an.average 
of 20.5 pounds of hay per day and 42.8 pounds of silage. She con
sumed all the silage that was given her and refused a considerable 
portion. of the hay. The ratio of consumption. was 1 pound of hay to 
2 pounds of silage. Her average daily milk production declined 16 
percent, as measured from the last 3 days on hay alone to the last 
3 days of this 9-day feeding period. 

On November 28 she was started on first-cutting. interval hay, 
and the first-eutting interval silage was continued. This feeding 
period was for 12 days. Her average daily consumption of hay 
increased by more than 50 percent from the last 3 days on first
cutting mature hay and first-eutting interval silage to the last 3 
days of this 12-day period. The avera&,e daily consumption of silage 
increased slightly during the same penod. Her average daily pro
duction increased from 35.8 pounds to, 41.5 pounds, an increase of 
16 percent. Her milk yield at the close of this 12-day period was 
back to within 3 percent of her yield at the close of her period on hay
alone. . ' 

Starting December 10, the plan was to allow the cows to eat as 
much hay or silage as they desired. No attempt was made to control 
the ratio. The hay and silage were exhausted on the third day, 
before the cows were accustomed to the method of feeding, or the 
relative amounts of hay and silage they would have consumed were 
known. During the first 2 days cow H-53 greatly increased her 
consumption of hay at the expense of the silage. Cow H-49 showed 
some indications of doing the same, though not to the same extent. 
Neither cow consumed us much dry matter on these 2 days when 
the hay and silage was offered in unrestricted quantities as they had 
on the last 2 days of the preceding period, when the ratio of hay to 
silage was controlled. 

Table 23 shows the relative amounts of dry matter consumed when 
the cows received both hay and silage and when they received hay or 
silage alone. 

TABLE 23.-Dry matter consumed by two cows when the ration was hay or silage 
alone, compared with the amount consumed when the ration contained both hay 
and silage 

A vernge daily con· 
sumption of dry mnt· 

Ration and feeding period tcr by cow

H·53 H-49 

Pound8 Pound& 

t:~g~:~ ~~ ~i~~e::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::: ......~:~. ··....·27:97 
Last 2 days on f1rst-cutting mature huy end f1rst-cutting interval silage.......... 'Ii. 39 28.:lO 

Last 2 days on first·cuttlng Interval ha)' and silage .......... __ ...__............. 36. 60 37.110 


Cow H-53 consumed considerably less dry matter while she was 
receiving the first-cutting mature hay and the first-eutting interval 
silage than while she was receiving the first-eutting interval hay 
alone. When the first-eutting mature hay was replaced by first
cutting interval hay, however, her consumption of dry matter in 
hay and silage returned to the same level as when she was relJeiving 

" the hay alone. So far as this cow is Ijoncerned., it cannot be said 
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that adding silage to the ration increased the amount of dry matterconsumed over the amount consumed when hay was the entire

i ration. This is not true, however, of cow H-49 who had been ona ration of silage alone. Even on tthe hay-and-silage ration inwhich the relatively unpal <ttable first-cutting mature hay was fed,her consumption of dry uatter increased slightly over her consumption when she was on silage alone; but when the hay was changedto first-cutting interval there was a marked increase in the consumption of dry matter over that on the ration of silage alone.These very meager data appear to indicate that good hay addedto a ration consisting entirely of silage will increase the consumptionof dry matter, but that silage added to a ration consisting entirelyof hay will not necessarily increase the consumption of dry matter.At the close of the hay-and-silage experiment both cows were puton the herd ration to which they were accustomed-alfalfa hay, cornsilage, and a grain mixture. Table 22 shows the milk production bythese two Cf)ws on this ration for the 6 days following the hay-andsilage feeding test. The two cows made a shnrp increase in milkflow during these 6 days. This was probably because (1) they wereagain on the ration to which they were accustomed; and (2) theyreceiv·.'ld a grain mixture in addition to hay and silage. Cow H-49received 27 pounds of alfalfa hay and 30 pounds of corn silage a day.Cow H-53 received 31 pounds of alfalfa hay and 30 pounds of cornsilage a day. These amounts do not differ greatly from the amountsof first-cutting interval hay and silage they were consuming, but thegrain was increased from 4 to 8 pounds per day during the 6 days.The results of this eA."periment are in line with those obtained in afeeding experiment with Sudan-grass hay and Sudan-grass silage at 
~.. 

the United States Dairy Experiment Station at Woodward, Okla. (2).They are also supported by the results of an experiment (13, p. 12)at the United States Dairy Experiment Station at Beltsville, Md.,in'which the value for milk production of beet pulp fed dry and beetpulp fed wet was compared.
Experiments conducted over much longer feeding periods will berequired to settle definitely the question whether there is anyadvantage in feeding both hay and silage when the dry matter of the hayand silage are of equal value, but these experiments do indicate thatthere is no value in adding silage to the ration when hay that has adry-matter content of equal value to that of the silage is available. 

THE 1928 AND 1929 EXPERIMENTAL RESULTS COMPARED
The results of the grazing eA-periments, and of feeding the grass inthe green form, and as hay and as silage for the 1928 and the 1929seasons are summarized in table 24.
In order to make the results as nearly comparable as possible, mostof the items of comparison have been computed on an acre basis.Even so, the results for the 2 years arc not strictly comparablebecause of (1) the more favorable conditions for growth of grass in1928; (2) the differences in producing capacities for milk and butterfat yields of the animals used in 1928 and in 1929; (3) the animals notbeing fed to capacity on the green grass, hay, or silage in 1928; and(4) the variation in the milk yields resulting from the variation inconsumption of hay and silage made from grass of the various stagesof maturity. 
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TABLE 24.-Summary of yields of feed, and of milk and butterfat production of the 

cows fed grass in the different forms, for 1928 and 1929 seasons 

Grass clipped Grass hay Grass BIlageGrazed and fed green 
Items 

1928 1929 1928 1929 1928 1929 1928 1929 

Duration of~zlng senson or
feeding trl __________ days__ 99 109 99 92 37 20 11 40 

Average dally number of cows 1.66per acre____________ number_ 1.84 1.46 2.6 1.33 2.3 1.18 3.0 


Production per acre:
Mllk_______________pounds__ 4,575.0 5,509.0 4,041.0 3,896.0 5,195.0 4,420.0 7,993.6 4,702.0
Bntterfat_____________do____ 177. 4 205.2 171.1 149.7 180.9 185. 9 309.2 184. 9 

130.6 , 18.6 120.4 618.6 14.8 4.9 14.7
Decline In mllkyleld_percent._ 135.2
Loss In body weight per acre

j:'.lunds__ 314.0 195.6 238.0 48.0 101.0 96.0 ------ ..-- 238.2 


Yield of dry matter per acre 3,991.0
pounds__ --------- 5,669.0 4,270.0 6,501. 0 3,991.0 5,576.0 

AveraJ(e consumption of feed 32.8 44.1 83.9 103.6per cow per day___ pounds__ 75.6 136.6 
Average consumption of dry

matter per cow per day 21.2 26.1po:mds__ 19.8 32. 5 27.3 36.7 

She freshened
1 By cow H-32 durin!! 84 oonsecutive days on pasture, from June 3 to Aug. 25, inclusive. 


May 29 and reached full flow of milk" on June 3. 

2 By cow H-37 for the 92-day period, May 30 to Aug. 29, inclusive (tables 4 and 5). 
• By cow no. 13 for the 69-day period from June 1 to Aug. 8, inclusive. This cow started on cUpped grass 

May 19, freshened May 28, but did not reach tbe peak of her milk flow until the last 3 days in June. She 

gained 15 percent in milk production from the flrst 3 days to the last 3 days in June, and declined 29.2 per

cent thereafter.
I By cow H-32 (or the 55 days she received clipped grass (tables 10 and 11) . 
• See text p. 6. 

The effects of the stage of maturity of the grass when cut for hay 

and silage on the amounts consumed and the resulting milk yields are 

perhaps the most striking results of the entire experiment, but because 

of the limited amounts of hay and silage of the various cuttings avail

able, it is not J?,ossible to show tlle results of feeding only the best hay 

and the best silage. Oonsequently the figures given in table 24 are 

for all the hay and all the silage, regardless of stage of maturity of 

the grass at time of cutting or of the quality of the roughage, except. 

for that part of the 1928 grass silage that spoiled and was not fed. 

The carrying capacity for an acre of grass, in all forms in which the 

grass was consumed, was higher for the 1928 season because of the
This is also shown in ,the yieldsmuch higher yield of grass that year. 

of dry matter per acre, the average yield for 1928 in all forms being
The carryingapproximately 3 tons as compared to 2 tons in 1929. 

capacity per acre for the clipped ~rass, hay, and silage was somewhat 

greater than that for the pasture m1928, for the reason that the cows 

were not fed to capacity on the grass hay and silage. 
The carrying capacities for the four forms of feeding for the 1929 

season agree fairly closely. The varin,tions are due to the differences 

in the amounts of dry matter consumed. The consumption of dry 

matter was greatest for the hay, followed by the clipped grass and 

the silage in that order. The fact that the carrying capacity for the 

~razed pasture was second only to that of the grass silage probably 

mdicates that the amount of dry matter consumed by the grazed 

cows was between the amount consumed by the cows fed silage and 

the amount consumed by the cows fed clipped grass. 
The yields of milk and butterfat, calculated to the amount that 

would be obtained from an acre of grass when fed in each of the four 
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form of feeding, are remarkably uniform for the cows that were 

grazed and for the cows that were fed green grass and hay, but they 

are high for the silage-fed cows. The higher yield of the silage-fed 

cows in 1928 is probably due to the fact t.hat they were on a higher 

level of production and that the feeding trial was short, lasting only 

i1 days. The yields for the 1929 season are also very uniform, except 

that from green grass, which is much lower than those from the other 

three forms. This low yield from green grass is partly due to the fact

that the cow on this experiment was put on pasture at several periods 

during the season when there was not enough gro,sg available for 

clipping, and that during these periods on pasture she suffered a 

marked decline in production. Attention is called to the closeness 

of the yields on the hay and the silage. 


The percentage of decline in milk yield is probably more indicative of 

the value of the grass in each of the four forms of feeding than is the 

total milk yield calculated on an acre basis, since it is not influenced to 

the same extent by the level of production of the cows. The decline 

in milk yield by the silage-fed cows was just a little greater in 1928 than 

in 1929, if the difference in length of the two feeding trials is consid

ered. This is to be expected in view of the lower consumption in 1928. 

The percentage of decline in milk yield for the silage-fed cows in 1929 

was practically the same for a 40-day feeding trial as for the hay-fed 

cows during a 20-day trial. In view of the lower consumption of dry 

matter by the silage-fed cows, this appears to indicate that the silage 

was superior to the hay in feeding value for milk production. The 

percentages of decline ill milk yield by the cows fed the green grass 

and by those grazed are greater than for those fed hay or silage, if no 

consideration is given to the length of the feeding trial. Considering 

the length of time cow H-37 was grazed, 92 days in 1929, the per

centage of decline was no greater than for the cows fed silage for 40 

days. The decline of 9.1 percent for the cow fed the green grass for 

37 consecutive days is less than that for the grazed cow when len~th 

of time is considered. On the other hand, the percentage of decline 

for the cows fed hay and silage covers the period when they wer2fed 

both the good and the poor hay and silage. 
 v 

To determine the actual feeding value of hay and silage as com

pared to that of the green grass or pasture, feeding trials should be 


.. carried out over a period of a year with hay and silage as good as 
that made from the third-cutting interval in 1929. If the hay or 
sila~e does not lose .any of i~s nutritive content during the proces~ of 
curmg or fermentatIOn and IS made from grass cut at the most desIra
ble stage of maturity, the milk yield should be maintained better 
when cows are on a ration of hay or silage than when they are grazed, 
or when t.hey are fed grass cut from a permanent stand throu~hout 
the growing season. for the reason that the quality and 9uantity of 
the hay or silage would be more uniform than pasture or clipped grass 
over a long period of time. 

One of the facts developed from the 2 years' work is that cows can 
consume enough green grass, grass hay, or grass silage, without the 
addition of other feeds to the ration,. to supply the nutrients needed 
for body maintenance and a good flow of milk. The nutritive 
requirements of the cows in the various phases of the experiment have 
been calculated froIil their average weight and average production by 

'.' 
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'the Savage f~eding standards. The' nutrients consumed were 
calculatedfrom the average consumption of dry matter and from the 
~nalysas for the grass, hay, and silage. 

The samples analyzed in 1928 were so few that the 1929 analyses 
have. been used for the 1928 computations. An average analysis 
of the interval and mature cuttings was used for the 1929 hay, and 
for the -silage both years, while the analysis for the interval-cut hay 

•.alonewas applied to the 1928 hay, since the hay was cut at an earlier 
stage that year than in 1929. The digestibility coefficients were 
taken from several sources. 
. Woodman (12) and ,.s~ociates conducted digestion trials with sheep 
on grass.cut at monthly-intervals during the 1929 season. A digestion 
trial was run on the grass representing each month from April to 
August, .inclusive. .Anaverageof these five digestion trials is used 
as the coefficient of di~estibility for the green grass fed in the Huntley 
experiment. These digestibility coefficients are: 

PercentCrude protein _________________________________________ 76.6 
Ether extract_________________________ ,. ________________ 48.6 
Nitrogen-free extract_____________ ~ _______________ ~_____ 81.7 

Crude fiber ____________________________________________ 78.4 ' 


, Unfortunately there are no digestibility coefficients entirely satis
factory for application to the grass hay used in this experiment. 
Lindsey and associates, as reported by Henry and Morrison (6, p. 724,), 
conducted a digestion trial on grass hay that was cut when very 
mature. 

Hodgson and Knott (7) conducted a digestion trial on pasture 
herbage cut at biweekly intervals and artificially dried by a process 
that required 12 minutes at temperatures of 1000 to 2000 F. Two-year
old Holstein heifers were used for this digestion trial. 

Watson (11) conducted a digestion trial on pasture herbage arti 
ficially dried by a process that required approximately 20 minutes. 
The air-inlet temperature was 2000 C. The hay was made from 
grass that had received a dressing of nitrogen 4 weeks before cuttin(!:, 
and was described as being" short leafy grass," which indicates that It 
was quite immature. The digeston trial was conducted with sheep, 

The coefficients of digestibility obtained from ther«; three sources 
are shown in table 25. 

TABLE 25.-Coefficients of digestibility for grass hay as reported by other inVestigators 

Crude Ether Nitrogen- CrudeReported by -protein extract frte:a~r fiber 

-------------------1------------
Percent Percent Percent PercentLindsey and llS5ociates_________________________________________ 55.00 48.00 62.00 63.00 

74.92 21.90 74.55 72.68~~~~~-~~~-~~:::::::::::::::::::::::::::::::::::::::::::::: 76.35 59.61 76.94 '(9.15 

Since. the hay fed at Huntley was made from grass cut before it 
.reached an advanced stage of maturity, and since it was field cured, 
itsdi(!:estibility probably would 'fall somewhere between that reported 
by Lindsey and that reported by Watson or Hodgson. The total 
digestible nutrients and digestible protein consumed are calculated 
for the hay for each of the above coefficients. 
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··The .coefficients for digestibility of silage, taken from Watson, have 
. been eited. 

The data showing the average body weight, and the average pro
duction, with the calculated requirements and the consumption for 
the cows fed the clipped grass, the grass hay, and the grass silage, are 
given in table 26. 

l'AilLE 26.-Digestible n.utrients, digestible protein, calcium and phosphorus con
sumed and required per day by cows on clipped grass, grass hay, and grass silags. 
1928 and 1929 

Clipped grass Grass hay Grass slJage 

Items 
1928 1 1929 1928 1929 1928 1929 

A~~8:~~~~~(_f~~~~~~~~_
Average amount of dry matter consumedper cow per da~c_______________pounds__ 

86.8 

20.6 

136.6 

32.5 

32.8 

27.3 

44.1 

36. 7 

83.9 

21.2 

103.6 

26.1 
Average d8ily body Wel,f,bt----------dO----
Anrage dally milk pro uctlon._____do____ 

1,195 
33.4 

1,368 
30.0 

1,332 
22.7 

l,369 
40.6 

1,320 
30.3 

1,281 
31.1 

Average percentage of butterfat In milk 
percent__ 3.7 3.9 3.5 4.1 3.9 3.9 

Average amount of nutrients consumedper cow per day_______________pcunds._ 

Average amount of nutr;~!lts required per 

D~;tJl:ll~~dl;-proteiD.. ~~:r~r-
cow per day____________________pcunds__ 

14. 'i1 

20.53 

2.78 

23.21 

21.00 

4.38 

{ 115.41 
'18.06 
j 19.51 

17.79 

{ 
, 1.91 
22.60 
12.64 

22O.711 }
324.27 
• 26.25 

25.29 
, 2.30 }, 3.13 
13.19 

14.45 

20.88 

1.93 

17.80 

20.84 

2.38 

Digestible crude protein required per cowper day______________________pcunds__ 
2.94 2.88 2.32 3.53 2.86 2.89 

Calcium consumed per cow per day
ounces__ 2.228 3.520 2. 953 3.969 2.288 2.816 

Phosphorus consumed per cow per day
ollnces__ .949 1.498 1.258 1.691 .977 1.203 

1 For cow 13, fed clipped grass [or 82 days. 
• Calclllated by the Watson coefficient of d1gestlbillty. 
I Calculated by the Hodgson and Knott coefficient of digestlbillty • 
• Calclllated by the Lindsey and associates coefficient of d1gestibillty. 

In 1928 the cows fed the clipped grass did not consume enough 
grass to provide the protein or total digestible nutrients reqillred for 
maintenance and production. It will be recalled, however, that thes6 
cows were not fed to capacity in 1928. In 1929 the cows were fed to 
capacity, and with an average daily production of 30 pounds of 3.9 
perc en t milk, they consumed enough grass to give them a slight margin 
in total digestible nutrie::lts and an excess of some 44 percent over 
requirements in protein. There was a very slight loss in weight in 
1929 as compared to that in 1928. 

The hay-fed cows in 1928 consumed enough hay on the average to 
supply the required amount of total digestible nutrients and protein 
when the Lindsey and Hodgson and Knott coefficients of digestibility 
are used. In 1929 the cows on the grass-hay ration had an average 
production of 40.6 pounds of 4.1 percent milk per day_ Their average 
daily consumption of 44.1 pounds of hay was sufficient to provide 
them with the required amount of total digestible nutrients only, if 
the Lindsey coefficient of digestibility is used. These calculations 
are based on average consumption and average composition for all 
the various cuttings of hay. When receiving the third- and second
cutting interval hay the consumption was much greater and the hay 
was of much better quality than the average composition for all cut
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tings. Consequently, on the better hay, even with the higher milk 
yield, these cows obtained enough nutrients from hay alone to meet 
their requirements. 

In 1928 the silage-fed cows did not eat enough silage to provide 
nutri¢nts for their requirements. This probably accounts for some 
of tru~ loss in weight of the silage-fed cows in 1928, though it appears 
that iuot all the abno:rmally large loss in weight can be accounted for 
in ~s way. In 1929 the increased consumption of the silage-fed 
cows was still insufficient to provide enough nutrients for their 
requirements, though the shortage in protein was slight. 

As stated previously, calcium and phosphorus determinations were 
made on the first 10 samples of the clipped grass secured in 1929.only. 
The average for those 10 samples was 0.676 percent calcium and 0.288 
percent phosphorus, on a dry-matter basis. This average has been 

I; 	 applied to the 1928 and 1929 consumption figures for green grass, 
grass hay, and grass silage in table 26. These calculations for calcium 
and phosphorus, especially for the hay and silage, are only indicative. 
Estimates as to the calcium and phosphorus requirements of cows in 
milk differ considerably. Ellenberger (3) states that results of his 
experiments check fairly closely with the estimate of Kellner that a ... 
I,OOO-pound cow producing 20 pounds of 4 percent milk would require 
2.25 ounces of calcium and 1 ounce of phosphorus. On this basis, the 
cows fed the green grass in 1928 did not receive enough calcium or 
phosphorus. In 1929, however, the grass consumed contained 
approximately the amount of calcium and phosphorus estimated as 
required by Kellner. The 1928 hay-fed cows consumed enough hay 
to exceed their requirements for calcium and phosphorus, while the 
1929 hay-fed cows consumed a little more calcillm and phosphorus 
than was needed to meet their requirements. The silage-fed cows 
were considerably belo\v their mineral requirements in both 1928 
and 1929. 

These experiments indicate that cows can consume enough grass to 
meet their nutritive requirements for body maintenance and for a milk 
flow of at least 30 pounds per day. If grass hay is of good quality, 
and is made from grass at an immature stage of growth, the grass hay 
alone will supply nutrients for maintenance and a milk yield of some
what more than 40 pounds of 4 percent milk. (See production of 
cows when fed hay of the most immature stages of growth.) The 
cows did not consume enough grass silage to provide the nutritive 
requirements for maintenance and 30 pounds of 4 percent milk, 
though the slower rate of decline in milk yield of the cows receiving 
the grass silage as compared with those receiving the grass hay indi
cates that the grass silage may be somewhat superior to the grass hay 
in stimulating milk flow. 

SUMMARY AND CONCLUSIONS 

The fact that immature grasses are high in protein and low in 
crude fiber and that the percentage of protein declines and the per
centage of crude fiber increases as the plant matures was discovered 
as far back as 1883 by research workers in the United States Depart
ment of AgricultlITe, was studied in more detail by Morse at New 
Hampshire in 1888, and has been confirmed by other investigators 
from time to time since then; but apparently no attempt has ever 
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been made to take advantage of this most important discovery in 
feeding livestock. The work of Woodman and associates, on the 
chemical composition of grasses at different stages of maturity, at 
the University of Cambridge in more recent years, has emphasized 
the value of immature grasses for feeding purposes . 

.~. So far as the authors. know the investigational work reported in 
this bulletin is the first work with livestock-outside of digestion 
trials-to compare the feeding vall'" of the immature grass and its 
products, hay and silage, with thl, the mature.A. 

Stage of maturity of grass cannot always be accurately measured 
in terms of "days' growth." Temperature or moisture conditions 
may hasten or retard the growth. 

The marked preference of the cows for hay 0).' silage made from 
immature grass as compared to that made from mature grass is shown 
by the great difference in rate of consumEtion and production. A 
change from immature to mature hay or silage resulted in a prompt 
decrease in consumption and production. 

The gain in milk yield and loss in body weight of cow H-37 during 
th.e 1929 season when she was pastured on the experimental plot, and 
the decline in milk yield and gain in body weight when she was on 
other pasture, suggests that grasl;les at different stages of maturity 
may have very different effect on the stimulation of mille flow and the 
gain in body weight. 

The experimental cows consumed more dry matter in the form of 
hay than in silage. The consumption of both hay and silage was 
~reatest when the hay or silage was made from the third-cutting 
mterval grass. The average daily consumption for tlns cutting was 
50.1 pounds of hay containing 41.7 pounds dry matter, and 136.4 
pounos silage containing 34.4 pounds dry matter. The consumption 
of dry matter in the form of green grass was between that of the hay 
and silage. 

The cows fed the grass hay in 1929 were on a higher level of produc
tion than the cows fed green grass or grass silage. Their average 
milk yield per day was 40.6 pounds. On the basis of the Hodgson
Knott digestibility coefficient their consumption of digestible nutri
ents and protein did not quite meet their requirements; on the basis 
of the WatsoT,l coefficient of digestibility there was a considerable 
shortage of digestible nutrients under requirements j and on the basis 
of the Lindsey coefficient there was a slight excess of nutrients 
consumed over requirements. 

The silage-fed cows lost weight more rapidly than the hay-fed cows 
but their decline in milk flow was approximately the same in 40 days 
as that for the hay-fed cows in 20 days. These declines are for the 
entire feeding period, however, and therefore include the time when 
the cows were receiving both the good and the poor hay and silage. 

There is some indication that the grass silage was more stimulating 
to milk flow than the grass hay. 

Adding grass silage to the ration of a cow receiving g,TasS hay did 
not increase the consumption of dry matter, but adding graS/I hay 
to the ration of a cow receiving grass silage did result in an incr~ased 
consumption of dry matter. 

Green grass, whether grazed or cut and fed green, can be consumed 
in quantities large enough to suP:e1y the nutrients for body mau,\te
nance and for a large flow of riillk when the grllSS is available in 
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sufficient quantities and at an immature stage. The difficulty in 
maintaining a large flow of milk over a considerable period on grass 
alone is caused by the great variation in rate of growth at different 
seasons, even where moisture is available. The variation in the 
growth of the grass results in an oversupply of nutrients at one period 
and an undersupply at another. This is applITently the main cause 
of decline in milk flow of cows grazed or fed green grass. 

In 1928 the same number of cows. were fed the clipped grass as 
were being pastured on a plot of the same size as that furnishing the 
clipped grass. The 1928 cows consumed an average of only 75.6 
pounds of green grass per day. Since the same number of cows were 
grazed, it may be assumed that the grazed cows obtained apprmd
mately the same amount of grass. The 1929 cows when fed to 
capaCIty, however, consumed an average of 136.6 pounds of green 
grass per day. This may indicate the impossibility of properly 
determining the number of cows that should graze a plot of given 
size, or it may indicate that a cow will eat a great deal more when 
the grass is cut and brought to her than when she has to harvest it 
herseH. . 
. Comparisons of the yields of dxy mattel.', protein, and the per

eentage of protein, of the four plots in 1929, show that the two plots 
that were cut four times had the first and third highest yields of dry 
matter, the plot cut three times had the second highest yield, and the 
plot cut twice had the lowest yield. The yield of protein and the 
percentage of protein are definitely related to the number of cuttingsz 
the plots cut four times having both the greatest yield of protein and. 
the highest percentage of protein, while the plot cut tWice had the 
lowest. The yield of protem (on an acre basis) on one of the plots cut 
four times was a little more than double that of the plot cut twice. 

Although the incompleteness of these experiments is recognized, 
the results, together with those of other e~.-periments by thi., Bureau, 
point the way to possible changes in methods of livestock feeding. 
Some of these methods or changes are--

The livestock man may have most of his land in permanent grass 
and legumes. He may graze his animals, but the surplus growth of 
grasses and legumes may be saved in the form of hay or silage, to be 
fed as supplements to the pastures and to form either the entire 
ration or the main part of the ration during that part of the year 
when grazing is not available. 

To make such a system possible the grass would have to be cut at 
an immature stage of growth such as that of the third-cutting interval. 
This would be true at least for milk production . 
. The hay, silage, or grazed grass would be the basal ration. Grain 

could be added in such amounts as increased production would war
rant. These experiments and others carried out by this Bureau and 
under way, show that d~ cows can consume an amount of hay, 
silage, or green grass suffiCIent to support body maintenance and a 
good flow of milk. 

The advantages of such a system of livestock farming would be: 
Less cultivation of soil; conservation of soil fertility and reduction of 
soil erosion; farms would keep the number of animals they could 
support; when prices of products were low, more dependence could be 
put on the hay or silage ration, with perhaps a lower but more profit
able production. . . 

I'· 



r,r':"'~' 
f'. 

?'f! 
GRASSES AS FEEDING VALUE FOR MILK PRODUCTION 47 

.Animals that have been accustomed to a heavy grain ration cannot 
be changed abruptly to a ration 01 roughago alone without a marked 
loss U;t production. Such animals must develop the ability to consume 
large amounts of roughage. In any event a roughage ration will not 
be successful unless the roughage is of fine quality in every respect. 
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