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Int roduction 

Irrigation development increases the number of crop and forage pro
duction options available to farmers and ranchers (11). Since its establish
ment in 1960, t he Carrington Irrigation Branch Station has extensively tested 
crop options and their productive potentials. Adapted varieties of forage 
crops have proved to be consistently good yielders. However . their excessive 
bulk and thus high transportation costs often limit the opportunity for mar 
keting. It is apparent that the conver sion of forage to readily marketable 
animal products at or near the site of pr oduction is desirable. 

Authorization by t he 1971 State Legislature to 
establish a livestock research project at the Car
rington Irrigation Branch Stat~ion has provided 
an opportunity to evaluate irrigated forages in 
livestock production. E stablishing t he project 
depended upon the Garrison Diversion Conservancy 
District providing funds to construct t he needed 
facilit ies. The dist rict provided about $100,000. 

Several types of livestock enterprises were 
considered, all of which could utilize large amounts 
of forage, and a beef cow-calf enterprise was se
lected. The proj ect was initially stocked with 
bred Hereford heifers purchased from two commer
cial herds. 

A fundamental objective of t he livestock re
search program was to measure irrigated forage 
product ion in terms of pounds of beef produ ed 
per acre. Further , based on observations in other 
irrigated areas, it was apparent that different 
feeding management systems needed to be evalu 
ated (8, 11). Two systems were selected for stu dy 
at Carrington. They included (1) the t raditional 
seasonal grazing, and (2) open lot confinement feed
ing of machine harvested forage to cows with calves 
at side. 

Pasture Arrangement and Establishment 

Six irrigated past ures have been used in cow
calf grazing studies (Fig. 1). These pastures are 
irrigated by one center-pivot irrigation system 
moved between t wo pivot points. Approximately 
29 acres are irrigated from each pivot point. Elec
tri cross fences with spring-type electric gates 
that allow passage of the sprinkler system support 
towers divide the 29 acres into three 9.7 -acre 
past ures. 

The three pastures under the east pivot (Pas
tures 1, 2 and 3) were double-seeded in 1971 to a 
mixture of Lincoln bromegrass, 8 lbs; Sterling 
orchardgrass, 6 Ibs; Garrison Creeping F oxtail, 

2 lbs; and Vernal alfalfa , 1 pound. Oats seeded as 
the companion crop was later harvested for grain. 
The three pastures under the west pivot (Pastures 
4,5 and 6) were double-seeded in 1972 to 8 pounds 
of Lincoln bromegrass and 8 pounds of Sterling 
orchardgrass. Barley harvested for silage was used 
as the companion crop. 

Livestock watering tanks are located near the 
pivot points and are supplied via buried plastic 
pipe by a well locat ed at the Livestock Unit build
ings. Salt and mineral boxes and a portable live
stock rub also are locat ed near the p ivot . 

Past ure Fertilization 

Periodic fer tilizat ion of irriga ted forages is 
necessary to realize fully t heir continued pro
duct ivity (5, 7). Nitrogen and phosphorus are t he 
primary soil nutrients limiting forage production 
in North Dakota (4 ). P revious soil tests and forage 
fertility trials at the st a tion had indicated phos
phorus levels were adequate, but that periodic 
applications of nitrogen were necessary. Aln
monium nitrate (33-0-0) spread as dry fertilizer in 
lat e fall or early spring and liquid fertilizer (28-0-0) 
inject ed into the irrigation water during the grow
ing season were the nit rogen sources used in this 
study. Annual application rates of nitrogen on the 
alfalfa-grass and grass past ures are listed in Table 
1. An average of 70 and 205 lbs . of nit rogen were 
applied annually to t he alfalfa-grass and grass 
pastures, respectively. 

Table 1. Fertilization of Irrigated P astures 
Ubs. nitrogen/acrel 

Alfalfa-grass pastures Grass pastures 

1973 1 113 139 
1974 1 48 246 
1975 1 50 231 
Average 70 205 

lInciudes previous year 's late faU fertilization 
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Pasture Irrigation 

Proper pasture irrigation requires supplement
ing natural rainfall to maintain adequate soil mois
ture levels for crop growth. Scheduled irrigation on 
the grazed pastures was based on a computer pro



Table 2. Monthly Summary of Rainfall and Irrigation of AlfaHa-Grass and Grass Pastures 

Irrigation, inches 

Month 1973 
Rainfall. inches 

1974 1975 
Alfalfa-grass pastures 

1973 1974 1975 
Grass pastures 

1973 1974 1975 

April 
May 
June 

.84 
1.20 
3.36 

3.19 
4.79 

.90 

4.25 
2.63 
8.34 

2.79 
3.14 2.36 

1.76 
2.97 2.01 1.13 

July 
Aug. 
Sept. 
Oct. 
Totals 

1.32 
1.60 
4.36 

12.68 

1.82 
2.65 

.53 

13.88 

.59 
1.04 
1.33 

18.18 

4.02 
1.07 
2.04 

13.06 

4.42 
6.46 
1.00 

14.24 

3.28 
3.35 
2.18 

8.81 

3.06 
5.22 
1.05 
1.05 

15.10 

6.48 

1.14 

9.63 

1.66 
3.48 

2.15 
6.27 

Rainfall plus irrigation .. . 25.74 28.12 26.99 27.78 23.51 24.45 

'Average rainfall IApril I-Sept. 30) is 13.46 inches. 


2A hreak in an underground water supply line prevented needed irrigation. 


graming procedure developed by Dr. Earl Stegman 
of the Department of Agricultural Engineering at 
NDSU. Climatic data, soil moisture levels (deter
mined by neutron probe) and recent water applica
tions were analyzed each week during the growing 
season by a computer. Printout from the computer 
designated soil moisture deficits, days before next 
irrigation and the amount of irrigation water to 
apply. A monthly summary of irrigation and natural 
rainfall on the irrigated pastures is shown in Table 
2. Total water requirements of irrigated pastures 
have been 24 to 28 inches during the growing 
season each year. 

Rotation Grazing and Forage Production 

A six-pasture rotation grazing system was used 
in this study. Grazing was started each year in late 
May when grass growth was 6 to 8 inches tall. 
Approximately 90 cows and calves were used as a 
unit to graze each 9.7-acre pasture. When it was 
estimated that proper forage utilization had been 
achieved (4 to 5-inch stubble height), all cows and 
calves were moved to a second pasture. This proce
dure was repeated until all six pastures had been 
grazed. The cycle was then repeated, with each 
pasture being grazed at least three different times 
during the grazing season. This grazing technique 
provided an average of 5 days grazing with 25 to 
35 days of regrowth between grazing periods. 

Forage production and utilization were mea
sured throughout the grazing season each year by 
clipping plots with battery operated grass shears. 
Five cages were randomly located throughout each 
pasture before turning in the cows and calves. 
After a pasture had been grazed, the cages were 
moved and clippings beneath them were taken. In 
addition, as soon as the cattle were moved to the 
next pasture, five residue plots were cut in the 
grazed area to determine what per cent of available 
forage had been used. All plots were 3' x 4 I in 
size and were cut at a 2-inch clipping height. 

Total forage production during the grazing 
season was estimated by subtracting the total 
residue in the five residue plots from the total 
forage produced in the five caged plots for each 
clipping except the last. Residue remaining after 
the last clipping was included as forage production 
since it would not be included in subsequent caged 
plot clippings. In addition, some regrowth during 
the faJl was not measured. 

Per Cent Alfalfa In AUalfa-Grass Pastures 

Irrigated grass legume pastures for cattle 
almost universally suggest an ever-present danger 
of death losses due to bloat (8). The incidence of 
bloat usually is associated with the percentage 
legume in the mix. To determine the percentage 
by weight of alfalfa in the alfalfa-grass pastures, 
two 3' x 4 ' plots were clipped and sorted each time 
a pasture was grazed. Table 3 summarizes the per 
cent alfalfa in the mix as determined by this proce
dure. 

Table 3. Per Cent AHalfa In AlfaHa-Grass Pas
tures 

Year No. samples sorted 0/0 AHaUa by weight 

1973 20 54 
1974 18 45 
1975 20 33 

Alfalfa declined in abundance during the three
year study period, indicating the need for its 
periodic re-establishment. Similar declines in 
abundance of alfalfa in a grazed alfalfa-grass stand 
under irrigation have been noted by other ob
servers (6, 7). 

Bloat problems developed in both cows and 
calves grazing alfalfa-grass pastures in August 
and September during the 1973 grazing season. Nu
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merous animals were treated for bloat, and one cow 
and one calf were lost. Poloxalene bloat guard 
blocks were fed according to recommendations and 
no bloat problems were encountered during the 
1974 and 1975 grazing seasons. The use of bloat 
guard blocks and the decline of alfalfa in the alfalfa
grass pastures probably both contributed to the 
lack of bloat problems in 1974 and 1975. 

Drylot Confinement 
Drylot confinement of cows with calves at side 

is an alternative management option to grazing 
irrigated pastures. Recent studies in nearby states 
have shown that about twice as many cows can 
be maintained on a given forage acreage if a drylot 
rather than a conventional pasture system is used 
(1, 10). In areas where irrigation development is 
taking place, land resources soon become limited 
and expensive. Drylot confinement can offer an 
alternative way to expand a livestock program 
under these conditions. 

Approximately 30 cows and calves were main
tained in drylot at the Carrington Station to deter
mine the production requirements of drylot con
finement in North Dakota. During the growing sea
son when the rest of the cow herd was grazing irri
gated pasture, confined cows and calves were fed 
silage and chopped alfalfa hay in fenceline bunks. 
An average of 36.7 lbs. of silage and 14.7 lbs. of 
chopped alfalfa hay were fed daily per cow-calf 
pair (Table 4). In addition, the calves had hay avail
able in a feeder inaccessible to the cows and were 
creep fed oats during August and September of 
1973 and 1974. 

Table 4. Summer Drylot Cow-CaU Rations 

Results and Discussion 

Irrigated pasture forage production develops 
very rapidly during early June. To use this flush 
of growth early in the grazing season, additional 
grazing animals need to be placed on the pastures 
for a short period of time, or the extra available 
forage can be harvested as hay or haylage. The 
latter method of harvesting extra forage was used 
in this study, with one 9.7 -acre pasture being 
harvested for hay during the first grazing cycle 
in 1973 and 1975. 

An average of 104 days of grazing were provided 
by the six irrigated pastures during the 3-year 
study period (Table 5). 

Alfalfa-grass pastures provided 26 per cent more 
days of grazing than grass pastures (Table 5). 
Clipping data and stocking rate data indicated 
similar differences (Table 6). Alfalfa-grass and 
grass pastures produced 3-year average yields of 
6,517 and 5,774 Ibs. of oven-dry forage per acre, 
respectively. Grass pastures increased their pro
ductivity from an average of 5,342 lbs. per acre in 
1973 to 5,510 lbs. per acre in 1974 and 6,470 Ibs. 
per acre in 1975. This increase in productivity may 
have been the result of higher rates of nitrogen 
fertilization in 1974 and 1975 (Table 1). Alfalfa
grass pastures declined in productivity over the 
3-year study. The decline in abundance of alfalfa 
in the stand from 54 per cent by weight in 1973 to 
33 per cent in 1975 (Table 3 ), along with lower 
rates of nitrog~n fertilization in 1974 and 1975, 
may explain this relationship. Since alfalfa in 
grazed irrigated alfalfa-grass pastures can be 
expected to decline in abundance from year to 

Daily Feed Intake/Cow-Call Pair, Lbs. 
1973 1974 1975 Average 

Silage (68% H20) 
Chopped alfalfa (12% H20) 
Total daily feed intake 
Total daily D.M. intake 

40.3 1 

13.2 
53.5 
24.5 

33.82 

15.7 
49.5 
24.6 

35.92 

15.3 
51.2 
25.0 

36.7 
14.7 
51.4 
24.7 

19734 

Additional Total Seasonal Feed Provided/Call, Lbs. 
19745 19758 Average 

Hay (12% H20)3 
Oats (12% H20) 

235 
115 

225 
76 

300 
0 

253 
64 

Total 350 301 300 317 

1Barley silage 

2Corn silage 

'Estimate based on number of bales fed 

1Jaled allaHa hay 

'Baled brome-allalf hay 

'Chopped allaHa hay 
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Table 5. Days of Grazing Provided by Three 9.7-Acre Alfalfa-Grass Pastures and Three 9.7-Acre Grass 
Pastures 

Alfalfa-Grass Pastures 
Grazing cycle' 1973 1974 1975 Average 

1 142 21 15 17 
2 21 22 22 22 
3 19 14 17 17 
4 3 6 3 

Total 57 57 60 58 

Grass Pastures 
1 19 
2 16 
3 13 
4 

Total 48 
Length of grazing season 105 

Grazing dates 5-30 to 9-12,5-28 to 9-164 ,5-23 to 9-3 

'AUaHa-grass pastures were grazed first in 1973 and 1975. 

2'J'en days of potential grazing put up for hay. 


7fwelve days of potential grazing put up for hay. 


41ncluded 6 days on additional meadow. 


9 173 15 
18 16 17 
18 10 14 
3 1 

48 43 46 . 
105 103 104 

year (6, 7), increased annual rates of nitrogen 
fertilization appear necessary to maintain a given 
level of forage productivity. 

The per cent residue remaining after grazing 
in each pasture was measured by clipping residue 
plots and subtracting their yield from the caged 
plot yields. Utilization was then calculated by 
subtracting per cent residue from 100. Average 
utilization rates for grass and alfalfa-grass pas
tures was 64 per cent and 58 per cent respectively 
(Table 6). Utilization rates of 75 per cent have been 
used by other researchers in similar grazing studies 

(6, 11). Under-utilization was probably achieved 
in the alfalfa-grass pastures in this study, parti 
cularly during the first and second grazing cycles. 
Starting the grazing season 2 to 3 days earlier 
would have helped aneviate this problem. The aver
age utilization rate of 64 per cent in the grass pas
tures was felt to be adequate. 

Grass pastures provided an average of 6.33 
animal unit -months of grazing per acre. Alfalfa 
grass pastures had a higher average stocking rate 
of 7.71 animal unit-months of grazing per acre 
(22 per cent greater). 

Table 6. Forage Yield, Per Cent Utilization and Stocking Rate on Irrigated Pastures 

Stocking 
rate 

Forage yield Ofo Vtilization 2 A.LM./Ac.' 

Alf. -grass pastures 1973 7693 60 8.12 
1974 5872 59 7.37 
1975 5987 55 7.65 

average 6517 58 7.71 

Grass pastures 1973 5342 61 6.21 
1974 5510 63 6.14 
1975 6470 67 6.64 

average 5774 64 6.33 

'Lbs. oven dry forage/acre lcaged plot yields-residue ,plot yields + residue remaining at the end of ,t he grazing season). 
2100 - residue plot yield 

caged plot yield 
3A cow-caU pair grazing for 31 days equals 1.3 animal unit months IA.V.M.I. 
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Table 7. Cow and Calf Gains on Irrigated Pasture and In Drylott 

Cow Gains 
1973 1974 1975 3-year average 

drylot pasture drylot puture drylot pasture drylot. pa ture 

No. of days 106 105 111 111 99 101 105 106 
No. of cows 29 90 272 91 28 91 28 91 
Avg. initial wt., Ibs.900 897 894 880 964 947 919 908 
Avg. final wt., lbs. 895 897 965 973 1010 1019 957 963 
Total gain, lbs. -5 0 71 93 46 72 37 55 
Avg. daily gain, lbs. -.05 0 0.64 0.83 0.47 0.71 0.35 0.51 

Calf Gains 
No. of calves 29 84 28 86 28 86 28 85 
Avg. initial wt., lbs. 117 117 119 121 138 126 125 121 
Avg. final wt., lbs. 269 269 269 295 290 295 276 286 
Total gain, lbs. 152 152 150 174 152 169 151 165 
Avg. daily gain, lbs. 1.42 1.43 1.35 1.57 1.54 1.68 1.44 1.56 

'Data includes dry cows and cows that lost calves during the study. 

20ne cow developed prolapse problems and was slaugbtered. 

All cows were first-calf heifers in 1973. They 
had been wintered on corn silage and chopped 
alfalfa hay and were in a fleshy condition when the 
drylot and pasture trial began. This fleshy con
dition, coupled with the first heifer's additional 
energy requirements for growth as well as lacta
tion, limited gains in 1973. However, seasonal 
gains of 71 and 93 lbs. in 1974 and 46 and 72 Ibs. 
in 1975 were achieved by drylot and pasture cows, 
respectively (Table 7). Analysis of the data in
dicated cows grazing irrigated pastures gained 
significantly more (P < .01) than cows in drylot. 
In addition, gains were also significantly different 
(P < .01) between years. Yearly variation in cow 
gains can be anticipated with changes in the quality 
of forage grazed and with differences in. initial 
condition of the cows. 

Drylot calf daily gains were substantially less 
than daily gains of calves grazing irrigated pasture, 
by midsummer of 1973 and 1974. In an attempt to 
keep drylot calf gains similar to pasture calf 
gains, oats were fed to drylot calves during 
August and September. However, in 1975, drylot 
calf gains were similar to pasture calf gains and 
no oats were fed. Fewer disease problems were en
countered in drylot calves in 1975 than in the pre
vious two years, and this may account for the drylot 
calves' improved performance. Calves grazing 
irrigated pastures gained significantly more 
(P < .01) than calves in drylot (Table 7). Average 
seasonal gain per head was 165 lbs. for pasture 
calves and 151 lbs. for drylot calves. Similar dif
ferences have been recorded by other researchers 
(3, 10). Calf gains between years also differed 
significantly (P < .01). As the cow herd is de
veloped to contain more mature cows, yearly 

variations should diminish. The yearly differences 
observed may more reflect improved milking ability 
of the dams rather than differences in forage 
quality. 

An average of 238 lbs. of actual calf gain per 
acre was produced by the 58 acres of irrigated 
pasture for the three-year period (Table 8). Calf 
gains per acre have increased each year as the cows 
have matured and become better milkers and as 
the poorer producers are culled from the herd. 
Further improvement in the cow herd and hence 
increased gains per acre are anticipated. The ability 
of alfalfa-grass pastures to produce more forage 
per acre than grass pastures (6,517 lbs. D.M. (dry 
matter)/acre vs 5,774 lbs. D.M.lacre, Table 6) 
would indicate increased gain per acre would have 
been obtained if all pastures had contained alfalfa in 
the mix. Additional production was obtained from 
the irrigated pastures in the form of hay and 
grazing 4 to 6 dry cows each year. If the data are 
adjusted for haying and the grazing of dry cows, 
a predicted average of 269 lbs. of calf gain per acre 
would have been produced if all forage had been 
utilized by grazing cow-calf pairs (Table 8). 

Table 8. Irrigated Pasture Calf Gains/Acre 

Actual AdjUBted' 

1973 
1974 
1975 

220 
244 
250 

252 
258 
296 

Average 238 

lAdjusted for dry cow and haying in 1973 and 1975. 

269 
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The estimated costs of irrigating alfalfa-grass Table 9. Per Acre Costs of Irr igating Alfalfa
and grass pastures were calculated (Table 9). Grass and Grass Pastures 
Figures were based on the use of a water drive 
center-pivot irrigation system irrigating 132 acres. 
The cost per animal unit month (A.U.M.) of grazing 
was computed for the alfalfa-grass and grass pas
tures using the average stocking rates measured 
in this study. 

The estimated cost of irrigating grass pastures 
was higher than for alfalfa-grass pastures ($146.921 
A. vs $119.671A.). The additional nitrogen require
ments of the grass pastures increased the cost per 
acre substantially. Since grass pastures had lower 
average stocking ra tes than alfalfa-grass pastures 
(6.33 vs 7.71 A. U.M.!A., Table 6), the cost of 
grazing grass pastures was further increased. 
Average cost of grazing grass and alfalfa-grass 
pastures was $2 1.83 and $14.39 per animal uni t 
month of grazing, respectively (Table 9). 
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Variable costs 	 Alfalfa-grass Grass 

Seed ' 	 1.80 1.30 
Fuel and oil 	 1.11 1.11 
Machinery repair 	 .48 .48 
Fence repair 	 1.15 1.15 
Livestock water system 

maintenance 	 .42 .42 
Salt and mineral 	 1.50 1.50 
Fertilizer a t 21 c/lb.2 14.70 43.05 
Fertilizer injection system 

upkeep .41 .41 
I rrigation variable cost, 

12.55 in. at 90c/ in. 11.30 11.30 
Labor, 1.17 hrs. a t $3.00/hr. 3.57 3.57 
Bloat guard blocks .60 

Total variable cost 	 37.04 64.29 

Fixed costs 	 Alfalfa-grass Grass 

Machinery depreciat ion, 
interest and insurance 2.14 2.14 

Fence depreciat ion and 
interest 3.67 3.67 

Livestock water system 
depreciation and interest 1.21 1.21 

Fertilizer injection system 
depreciation and interest .90 .90 

Sprinkler irrigation system3 28.31 28.3 1 
Water charge4 7.40 7.40 
Land charge including taxes 5 39.00 39.00 
Total fixed cost 82.63 82.63 
Total cost per acre 119.67 146.92 
Minus hay produced the year 

of pasture establishment 8.75 8.75 

Net cost per acre 	 110.92 138.17 

Stocking rate, A. U .M.!A. 7. 71 6.33 

Cost per A. U.M. of grazing 14.39 21.83 

'Pasture re-established every six years. 

2An average of 70 and 2051bs. of nitrogen was applied annually to 
the alfalfa-grass and grass pastures respectively. 

3Based on cost of quarter seetion water drive center-pivot irriga
tion system. 

~ost of water provided by the Garrison Diversion P roject. 

5Land valued at S400/acre and charged at 9.75 per cent interest. 
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