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Alfalfa is the major fo rage harvested for hay in North Da
kota (7) . Alfalfa harvested for hay yielded 2.8 million tons 
from 1.58 million acres annually over the past 10 years, 
which is 61 percent of total forage hay and 53 percent of the 
forage acres in North Dakota . 

Alfalfa production in North Dakota is limited by the pre
cip itation it receives (3) . Bauder and Bauer (1) reported that 
alfalfa production doubled when grown under irrigation 
compared to dryland at Oakes . 

Alfalfa grown under irrigation is limited by other factors 
than the water it receives . Thompson et al. (10) reported a 
sign ificant increase in irrigated alfalfa forage production with 
surface applications of phosphorus and potassium fertilizer 
to two- and three-year-old stands. 

An additional factor which can influence alfalfa forage 
production is the harvest management system. Meyer and 
Larson (6) reported in 1975 that a three-cut system yie lded 
slightly less than the two-cut system average over alfalfa cut
ting heights; however , the three-cut system provided higher 
quality forage . 

Goetz et al. (4) reported a progressive reduction of alfalfa 
dryland fo rage yields in western North Dakota with more 
than a single harvest date during the growing season. The 
forage reduction was in part compensated with high-quality 
forage attained from multi-cut systems. 

Sheaffer et al. (8) reported in 1978 that alfalfa harvested 
under th ree different management systems yielded similarly ; 
however, irrigating alfalfa increased total yield 2 to 4 ton per 
acre . Sheaffer also reported that harvest management had 
the most consistent effect on both crude protein and in vitro 
digestible dry matter. Forage harvested from a three-cut sys
tem with two cuts taken at full bloom prior to Septe mber 1 
and a third cut in October was lower quality compared to al 
falfa harvested at one-tenth bloom in other cutting systems. 

Weltz et al. (11) reported in 1978 that alfalfa harvested at 
immature growth stages produced greater protein yields, but 
shortened alfalfa stand life compared to alfalfa harvested at 
the early-bloom (1 0 percent) growth stage . The harvest 
management system did not influence alfalfa yields the first 
two years of the study. 

Thompson is aSSOCiate agronomist and Hoag is superintendent, 
North Central Research Center. 

Irrigated alfalfa harvest management in north central 
North Dakota required further study to determine the most 
productive system for the area. An average of 115 frost- free 
days (above 32 degrees Fahrenheit) may limit the alfalfa 
forage production and choice of management systems to 
maintain stand longevity and productivity. Irrigated alfa lfa 
harvest management was studied at the Karlsruhe Irrigation 
site from 1982 to 1986. 

The objectives of this study were to determin e the most 
productive irrigated alfalfa harvest system for northern 
North Dakota and to determine the influence of harvest sys
tem on alfalfa stand longevity. 

MATERIALS AND METHODS 
DeKalb brand '120' alfalfa was seeded without a compan

ion crop on a clontarf sandy loam soil on the George Lau
inger farm northeast of Karlsruhe in north central North 
Dakota in June of 1982. Alfalfa was harvested after a hard 
frost in early October 1982 to clean up plots for the in itial 
harvest year, 1983. This may have contributed to the low 
initial June harvest yield. 

The alfalfa was fertilized annually with P20 p and Kz..O bas
ed on soil tests for a 10 ton per acre yield goal. Potash 
(0-0-60) and trip le super phosphate (0-46-0) fel'tilizors were 
broadcast applied as indicated in Table 1. The amount of ir
rigation, rainfall, and water used by the alfalfa are recorded 
in Table 1. 

The crop water use was determined using a neutron pro
be and the Jensen and Haise scheduling formula calculated 
by Wayne Burbank, area irrigation agent (2) . Water use ef
ficiency was determined as that portio n of total water ap
p lied , irrigation plus rainfall, that was utilized by the alfalfa 
crop. 

Table 1. Water used, water received, and fertilizer applied 
to alfalfa from 1983 to 1986. 

Fertilizer 
Crop 
waler Water use 

applied 

Year use Rainfall Irrlgallon efficiency P20S K20 

..•••••••••• ........ Inches .•••••..•••_ ey. -·lb/A·-

1983 24.00 9.93 18.20 85 138 300 
1984 18.80 7.09 14.85 86 120 0 
1985 19.67 10.88 12.40 84 120 280 
1986 23.24 9.84 14.20 97 0 425 
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Three harvest management systems described in Table 2 
were applied to the alfalfa from 1983 through 1986. The 
June cutting of all systems was harvested at late bud to 1 
percent bloom in all years. The evaluation of th is cutting 
would determine the in fluence of harvest ma'1agement sys
tem on alfalfa stand longevity and productivity with stand 
age. Subsequent harvests were taken at approximately 10 
percent bloom except the late July harvest of System 3, 
which was cut in fu ll bloom, and the October harvest of Sys
tems 2 and 3 which varied between system and years de
pending on growing conditions after the preceding harvest. 
The delay of the July harvest to full bloom decreased the 
hay quality of the second harvest but improved the hay 
quality of the early October harvest of System 3. 

Table 2. Irrigated alfalfa harvest management system. 

Harvest date 

Mid Mid Mid Early 
Harvest System June July August October 

3-cut Early 1 X X X 
4-cu t 2 X X X X 
3-cut Late 3 X X-a X 

a =System 3, July harvest was delayed to the end of July in 1984,1985 and 
1986. 

The three management systems were designed to avoid 
harvesting during the last week in August through Septem 
ber. This should allow the alfalfa to restore carbohydrates in 
its roots to enhance winter survival and extend stand long
evity (3, 9) . Research in the late 1980s has provided conflic 
ting information on fall harvest management of alfa lfa. Var
ieties with good bacterial wilt resistance grown under a good 
fertility program have fair tolerance to September and Oc 
tober harvesting (5, 9). 

The final harvest of alfalfa from Systems 2 and 3 was 
taken following the first killing frost. This harvest occurred 
after October 1 in all years. 

Alfalfa dry matter content at harvest was the only quality 
factor determined in this study . Quality assumptions wi ll be 
discussed in results and discussion based on previous re 
search (8). 

RESULTS AND DISCUSSION 
Harvest system forage production 

Alfalfa forage yield was influenced signficantly by harvest 
management systems (Figure 1) . Harvest system x year in
teraction was significant for total forage yield and forage 
yield at all harvest dates except at the August harvest. 

Total alfalfa harvested under System 2 yielded 13 and 38 
percent more forage than alfalfa harvested under Systems 1 
and 3, respectively, in the initial harvest year , 1983 (Figure 
1). In the subsequent years, total alfalfa yield from System 2 
was similar to total alfalfa yield from System 1. Total alfalfa 
yield from System 3 was significantly less than alfalfa yields 
from Systems 1 and 2 in 1983 , 1984 and 1986. In 1985, 
winter injury and very cool growing season temperatures 
slowed alfalfa regrowth. This provided an advantage to the 

alfalfa harvested in June, late July, and October (System 3) 
compared to the other systems which proVided inadequate 
time for regrowth in the exceptionally cool season. 

These data indicate that alfalfa managed under Systems 1 
and 2 would be more productive than alfalfa managed 
under System 3 in years when average temperatures result 
in normal a lfalfa regrowth . Cool climates or colder than nor
mal years which restrict alfalfa regrowth may require more 
days between harvests, which System 3 provided. The 
greater alfalfa yield of the June harvest in System 3 in 1985 
indicates it was injured less by the previous winter than the 
cold growing season proVided greatest total yield from Sys
tem 3 in 1985. 

Alfalfa stand longevity 
All systems were harvested on the same June date, so 

analyzing the June harvest forage production of each sys
tem should indicate the influence of harvest management 
systems on productivity, stand longeVity, and ability to 
regrow following winter survival. 

The initial alfalfa harvest in June 1983 yielded similar 
forage tonnage regardless of harvest system; however, har
vest management system influenced the forage yield from 
the June harvest as the study progressed from 1983 to 1986 
(Figure 1) . June forage yields increased signficantly with 
Systems 1 and 3 and tended to decrease with System 2 
from 1983 to 1986. The June forage yield analysis indicates 
a potential problem with System 2, the four-cut system, and 
its ability to generate regrowth follOWing winter dormancy . 

The August harvest was 7 percent lower yielding in the 
four-cut, System 2 than the three-cut, System 3 when 
averaged over the four-year period (data not presented) . 
This significantly lower yield is compensated with an Octo
ber harvest; however, it indicates a potential loss of alfalfa 
productivity by utilizing a four-cut harvest system. 

Analyzing total forage production from each of the three 
harvest systems from one year to the next would indicate 
the systems' potential longevity. Total forage production 
from System 1 was consistent in aU years except 1984, 
which was signficantly greater. The 1984 June alfalfa 
harvest contributed to higher total alfalfa yield In all systems 
because of the above normal snowfall, warmer than average 
winter and above average temperatures in April allowing for 
less winter injury and earlier alfalfa regrowth. 

Alfalfa managed under System 2 yielded more forage in 
1983 than the subsequent three years (Figure 1). Total for
age production declined to 97,83, and 88 percent of the in
itial1983 total yield in 1984, 1985 and 1986, respectively. 
This declining forage production from alfalfa managed 
under the four-cut system indicates a potential problem with 
this system if utilized for an extended period of time. Four 
harvests per yea apparently applies additional stress on the 
alfalfa, so the accumulated carbohydrate reserves in the 
roots cannot maintain the high yield ability of this frequent 
cutting system. This study was conducted with a generous 
fertility program which may have maintained the four-cut 
system productivity to a greater level than we would expect 
with unfertilized irrigated alfalfa. 

This high maintenance program of fertility and irrigation 
was intended to support the three-cut prior to August 20 
and the four-cut Systems. The experimental design required 
this high level of maintenance to be applied to System 3 as 
well, which provided an adverse effect to alfalfa production 
of System 3. Excessive irrigation and fertility caused severe 

13 




LSD 5% 

Total Yield 0.35 

Oct. Yield 0.11 
•.	 . Aug. Yield NS 


July Yield 0.20 

June Yield 0.18 
~ 

6.0 

6' 
N 5.0 

:I: 

.... 4.0 
CD 
<t 
C o 3.0 
t:.. 
~ 
a; 
';' 2.0 
CI) 
C) 
ca... 
o 

LL 1.0 

O.O --~~~~=U==~~~G=~==U==L~~~==U=~~~ 
83 84 85 86 83 84 85 86 83 84 85 86 

System 1 System 2 System 3 

Figure 1. Influence of harvest management system on irrigated alfalfa yield, Karlsruhe, N.D. in 1983 to 1986. 
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lodging, leaf drop, and dessication of the aged alfalfa, 
reducing the October-harvest yield of System 3. Subsequent 
years the second harvest was delayed until the end of July 
(full bloom) to reduce the problem of leaf drop and loss in 
forage production. System 3 total forage production de
clined 0.93 tons per acre from 1984 to 1986; however, its 
forage production accumulated from the June and July har
vests exceeded June and July yields from other systems in 
all years . The high yields from the June and July harvests 
indicates an excellent recovery from winter dormancy and 
additional forage produced by delaying the J uly harvest ap
proximately two weeks. 

D.W. Meyer of NDSU, in unpublished data collected at 
Karlsruhe in 1975 to 1977 under irrigation, suggests alfalfa 
harvested with a two-cut system plus a third harvest follow
ing a killing frost yielded more forage than other systems 
tested. This study was conducted under a lower mainte
nance level of fertility and irrigation than the 1982 and 1986 
study. These data support our concerns of reduced produc
tivity from high maintenance levels being applied to System 
3. Results from Sheaffer et al. (8) would indicate that the 
quality of the late July and October forage would have less 
crude protein and less in vitro digestible dry matter than the 
forage harvested from the other systems. 

The dry matter percentage of forage harvested in June 
under the three management systems followed a similar 

trend in all years, so no year x management system inter
actions were found. When the first cutting dry matter per
centages were averaged over years, System 1 was 17 .8 per
cent and Systems 2 and 3 were 17.3 percent. The 0.5 per
cent more dry matter of System 1 reflects the unharvested 
faU residue . 

Significant year x harvest system interactions were found 
with dry matter percentages of the July and October har
vests (Table 3). pry matter percentages of forage harvested 
under System 3 were approximately 8, 2, and 4 percent 
greater than the dry matter percentage of forage harvested 
from Systems 1 and 2 in 1984, 1985 and 1986, respective
ly. The two-week delay of the July harvest of System 3 ac
counts for the increased dry matter percentage. These data 
support Sheaffer et al. (8) find ings. Thus we can assume 
that the July- and October-harvested forage from System 3 
will have poorer quality, less crude protein and digestibility, 
than July-harvested forage of Systems 1 and 2 and the Oc
tober-harvested forage from System 2. 

The forage from Systems 2 and 3 October harvests were 
higher in percent dry matter than forage from other harvest 
periods due to the October harvest occurring after a hard 
frost. Dry matter percentages of forage from System 3 were 
significantly greater than dry matter from System 2, indicat
ing a higher quality forage harvested in October under the 
four-cut system . 



Table 3. Alfalfa forage dry matter percentage from the July 
and October forage harvests under different management 
systems, 1983 to 1986. 

October 
July cutting cutting 

Harvest Harvest 
system systems 

Year 1 2 3 2 3 
..........................u 
 % 	............................ 


1983 18.0 17.7 17.4 24.1 38.8 
1984 19.6 18.5 26.3 25.0 30.1 
1985 19.4 19.2 21.1 21.2 24.5 
1986 16.2 16.2 20.4 27.6 39.7 
Average 18.3 17.9 21.3 24.5 33.3 

LSD (5%) Year x Harvest system July = 1.2 October = 1.8 
LSD (5%) Harvest system July = 0.4 October = 0.9 

SUMMARY 
Irrigated alfalfa production in north central North Dakota 

wiU be influenced by harvest management system. A four
cut harvest system, June , July , August, and October, may 
initially produce the most forage; however, the potential for 
a reduction in stand longevity and the additional expense of 
a fourth harvest operation under poor drying conditions in 
October may warrant the utilization of a three-cut system, 
June , July and August. Of the systems tested in this study, 
the three-cut system was the most consistent forage pro
ducer over the four-year period . Both management Sys
tems 1 and 3 provided good quality forage which could be 
utilized by a dairy operation or commercial producer . Good 
irrigation management and a vigorous fertilizer program will 
be required to maintain alfalfa productivity when managed 
with a three-cut system when all cuttings are taken prior to 
September 1 or a four-cut system which has an additional 
October harvest . 

This study indicates that irrigated alfalfa harvested only 
twice prior to September 1 will have lower yields than three 
harvests prior to September 1 under high fertility and inten 
sive water management. The high fertility and intensive ir
rigation may reduce the productivity of this system. Thus 
this system may work best in a reduced management sys
tem . 
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