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Management of Alfalfa to Conserve Soil Moisture* 
W. B. Voorhees and R. F. Holtf 

Definition of Problem 
Research conducted in western Minnesota and eastern South 

Dakota (3) has pointed out the importance of stored soil moisture 
to the growth of corn. Normal rainfall during the critical growth 
period of corn (1 foot tall through kernel formation) is not sufficient 
to supply the needed water for the crop (4). Thus, the amount of 
stored soil moisture at corn planting time can be a limiting factor 
in the final yield. Any cultural practice in the northwestern Corn 
Belt that affects the amount of available stored soil moisture should 
materially affect the next year's corn yields because soils in this 
geographic area are seldom completely recharged (moisturewise) 
from the end of one growing season to the beginning of another 
(4). 

Corn yields in the northwestern Corn Belt are frequently re
duced when corn is grown following alfalfa. Hobbs (2) and Duley 
(1) have shown that in Kansas alfalfa is capable of completely de
pleting available soil moisture to depths exceeding 20 feet. Duley 
(1) and Mathews and Army (5) have reported varying success in 
summer fallowing as a means of replenishing soil moisture in the 
northern Great Plains. However, alfalfa's role in crop rotation and 
soil conservation in the Corn Belt is so important that it cannot 
simply be eliminated from farming practices. The value of added 
nitrogen and better soil tilth brought about by including alfalfa in 
the crop rotations is well known. 

It is unlikely that another crop could immediately follow alfalfa 
and still benefit as much as corn from the improved fertility and 
soil structure. Alfalfa lessens soil erosion and water runoff on hilly 
land, aids in controlling weeds and insects, and serves as valuable 
livestock feed. These factors strengthen the argument for retaining 
alfalfa in crop rotations. 

* Contribution from the Corn Belt Branch, SWCRD, ARS, USDA in cooperation with 
Minnesota Agricultural Experiment Station. 

t Soil scientists at the North Central Soil Conservation Research Center, Morris, Minn. 
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the Because evapotranspir-
ation rates soil rnoisture reserves are 
often d'2pleted in one of alfalfao This is illustrated 
data Jn table 2 vlhich show available inches of soil moisture at 

during different stages of alfalfa 
extracted moisture f2·orn the soil 

most soil moisture loss occurred .:rt ex-
6 fee-L These soils can retain about 30 inches of available 

·water in a 10-foot so 20 to 30 of the maxirnum 
available water remains at the end of the season. 

The average alfalfa yield and water-use efficiency fo;c 17 location-
years in western li!Iirmesota over a are shown in table 
3. Vlithln a season, the alfalfa decreased with eacb_ successive 

Because water :,lse remained constant throughout 
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Ta!J:!e L rate of nff'~.r~~-t~t~t~ 

Treatmtmt 

Water los:; 
Continuous a!falfa 
Fa!knsv after 1st cutting 
Fallow after 2nd cutting 
Fallow after 3rd cutting 

Rainfall 

1 

and wai:or lm"Os in lncbes falkw: and alfalfa for varirms i(}i'J 

Barnes dav loam near Morris, Minnesota 

Pcwiod':' 

2 3 4 l 2 3 4 1 2 ,;> 4 

1960 1961 19t12 

.l2 .13 .13 .12 .08 .11 012 .10 ·'V;f 

·"'" .14 .04 
.07 .11 .03 .10 .01 .013 .19 .08 .06 

.11 .06 .05 .09 ... .10 .02 
oo . _, .10 .08 

.07 .13 .06 .06 .07 .02 .12 .19 .24 .06 .05 

to s,::x:ond cui'Ung {about. Ju!:r 25); Period ~secon-d cuttlng to 

Table 2. Avai~ai:J!e ir!ches of soH moisture and inches 11/ 
f>~irmesota 

a~ varim.'s sl:age,s ctf alfalfa 

Soil 1960 

6-30 7-21 8~26 

0-1 1.132 0.49 1.72 
1-2 L47 J31 1.04 
'?"' ~-.-, ]9 .71 .46 

.85 .87 .63 

.81 1.05 .89 
5-6 1.00 a~· •• ·.5 .79 

1.15 LlO L08 
78 L49 L36 1.38 
8-9 L36 1.10 U5 
9-10 1.47 1.24 L31 

=r··-

'fqlta! 12.21 9.66 10.45 

Inches of rainfall 1.40 LL67 

10-18 

0.82 
1.04 

.57 

.58 

.79 
7" , ,, 

.94 
1.36 

.96 
l.D9 

C"; 60 
u,oo 

3.29 

5-10 

1.91 
1.63 

.29 

.61 

.96 
1.22 
1.54 
1 
1.67 

12.09 

2.00 

1961 1962 

6-15 l-'20 8-17 10-17 5~4 6-1.3 £"~ •~1 

o·l 9-27 10-26 

0.46 0.56 0.06 0.42 L47 1.72 1.71 1.16 1.29 
.81 .41 .20 .25 .flO L42 1.36 .53 .70 
.64 .47 .23 .28 .98 .79 .12 .14 
"25 .28 .fKi .73 1.45 1.4':l .77 .80 
065 .58 .4:2 -=-:~o 

,.;:)o .66 1.24 1.:34 .80 .78 
.92 Q<~ .uo .49 55 .49 .90 1.13 c-"""l 

.0.,::) .64 
1.33 1.28 LOO .80 A5 "66 .90 
1.48 1.48 1.27 1.02 .84 .98 L25 1.09 .98 
L5fj 1.66 1.49 L39 i'lo m!!a::mrement!l maae 
1._63 1.78 L56 1.45 

9./'8 9.36 6.78 6.59 5.72 9.35 9.95 5.75 5.90 

2 .. 54 0.51 7.19 7.68 13.16 3 .. 17 1.44 



the season, water-use efficiency in the hay crop deci·eased 
as the season Varying cutting dates to meet recm:.'l-
mended ITUnl.ageinent practices nmy equalize frorn the first 
two but 'Nill not change the of wate>:-use 
efficiency. 

Supplementary survey plots in southvvestern l\!Unnesota r·.oa"''"'l-C1HY 

supported the detailed study conducted at 
ference in the water-use patterns of first-, second-, or third-year 
alfalfa 'Nas noted. Soil type did not appear to affect the moisture
use pattern of alfalfa other than to the extent that different soil 
types were geographically situated in areas of different amounts of 

Rmi.nf&H Diish·i.butio:rl m1.d Vila!:sr Lc,ss f1l'mT• JF'aHovl!ed PloYs 
The water-loss from bare fallow varied according to the 

(table For all 3 years, m_ost of the precipitation on 
was lost by evaporation. Most soil moisture loss from 

fallo,Ned plots was confined to the upper 3 feet of the soii profile. 
The daily rate of evaporation from a bare soil was not significantly 
different than for alfalfa the first 

the latter part of the season, 
evaporation from_ a bare soil 'Nas generally less than evapotranspira
tion from_ alfalfa and sometimes less than precipitation. The latter 
'was more true when normal rains fell as 4 in 196L 

Although fallov1ing :rnay not be an efrective means of 
early- and nnid-sum.rner soil moisture storage can be appre-
ciably affected in late summer-early fall in two re-
spects. First, because evaporation is less than evapotranspiration, 
less soil moisture is up. if normal rainfall 
during this period, evaporation may be less than 
some of the rainfali w-ill be stored in the soil profile. 
contribution of late season rainfall becomes evident w·hen normal 
rainfall distributions are consw.ered. Table 4 long-term 
monthly precipitation records for the growing season for several 
locations in western II/Iinnesota and eastern South Dal-wta. An aver
age of 40 percent of the growing season's occurs dur-
ing th.e months of Septen'lber, and October; about half of 
this total occurs during alone. 

TaMe 3. 

lst 
2nd 
3rd 

aMaiiia: yiekiJ a:nud wal'ierr··use 
M~nneso~a. 1960-1962 

L63 
1.49 
L02 

':' Based or; 20 percent n1oisture. 

Wate~·use e'ffnciei1tlf, 
~Gms/irnch O'! wa~er wsed 

0.37 
0,28 
0.20 



Erosion Control 
The erosion control benefits from alfalfa have been previously 

mentioned. The prospect of fallowing land in late summer and leav
ing it unprotected against subsequent rainfalls is not as hazardous 
as it may first appear. The soil surface, being quite rough and cloddy, 
remains in this condition during the relatively short time before 
freezeup and does not allow a great amount of erosion. Additionally, 
infiltration may be improved by a rough soil surface. 

An alternative is the use of chemicals to kill alfalfa instead of 
plowing, which would eliminate erosion problems. However, the 
expense of extensive spraying makes this method unfeasible. 

Soil Moisture and Corn Yields as Affected by Fallowing 
Under normal rainfall conditions, land fallowed in late summer 

may gain over 1 inch of available stored soil moisture compared 
with land growing alfalfa. This extra soil moisture can have a pro
nounced effect on subsequent corn yields as typified by data from 
1960-1961 shown in table 5. The correlation coefficient (r2) for corn 
yield and soil moisture was 0:77. The greatest relative increase in 
corn yield resulted from fallowing immediately after the third cut
ting of alfalfa compared with late fall fallowing. 

Table 4. Long-term average monthly precipitation in inches for several 
locations in western Minnesota and eastern South Dakota 

Total Total 
Location May June July Aug. Aug.-Oct. May-Oct. 

Artichoke Lake, Minn. 2.84 3.72 3.23 3.27 6.54 16.33 
Beardsley, Minn. 2.82 4.13 2.79 2.80 5.75 15.49 
Brookings, S. D. 2.79 3.95 2.15 2.97 6.21 15.10 
Milan, Minn. 2.84 4.12 2.79 3.63 7.03 16.78 
Montevideo, Minn. 3.07 4.74 3.02 3.90 7.88 18.71 
Morris, Minn. 2.85 3.96 3.35 3.03 6.17 16.33 
Pipestone, Minn. 3.19 4.63 2.84 3.39 7.59 18.25 
Redwood Falls, Minn. 3.27 4.28 2.84 3.21 6.72 17.11 
Sioux Falls, S. D. 3.38 4.35 2.84 3.59 7.45 18.02 
Tracy, Minn. 3.31 4.15 2.86 2.72 6.98 17.30 
Watertown, S. D. 2.87 3.70 2.67 2.78 5.82 15.06 
Worthington, Minn. 3.46 4.82 3.24 3.70 8.01 19.53 

Table 5. Corn yields as affected by summer fallow treatments, Morris, 
Minnesota, 1960-1961 

Inches of available Bushels of 
Time of soil moisture to 5 feet corn per acre 

fallowing in April 1961 October 1961 

June 30, 1960 7.1 98.3 
July 21, 1960 5.7 94.0 
August 26, 1960 4.4 85.9 
October 18, 1960 3.3 71.7 
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Above-normal precipitation early in 1962 obliterated any soil 
moisture differences induced by fallowing in 1961. However, there 
were random differences in soil moisture at corn planting time 
among individual plots. A curvilinear relationship was found be
tween corn yield and stored soil moisture; available soil moisture 
accounted for only 47 percent of the variation in corn yield. Under 
these conditions, soil moisture is not so limiting a factor in the final 
yield and may even decrease corn yield if soil moisture is suffi
ciently high to depress soil temperature and to create soil aeration 
problems. This contrasts with data in table 5 which show a substan
tial increase in corn yield with increasing soil moisture under con
ditions of less than optimum available water. 

Summary 

Water-use patterns of land supporting alfalfa and water-loss pat
terns of a bare fallow in the northwestern Corn Belt were studied. 
The effect of summer fallow upon soil moisture conservation and 
its subsequent effect on corn yields were studied. From this re
search, the following conclusions were drawn: 

1. Within one season's growth, evapotranspiration from al
falfa plots exceeded 20 inches of water. Alfalfa extracted 
soil moisture from a depth of at least 8 feet. 

2. Hay yields and water-use efficiency of alfalfa decreased as 
the season progressed. 

3. Fallowing was not an effective means of conserving rain
fall prior to August because most of the precipitation was 
lost by evaporation. There is evidence that in years of nor
mal precipitation, fallowing during late August can be an 
effective means of conserving soil moisture because precipi
tation will exceed evaporation and there is no transpira
tional loss. 

4. Forty percent of the growing season's rainfall normally 
falls during the period August to October, inclusive. Fal
lowing during this period may result in an extra inch of 
soil moisture for the following year's corn crop and pro
duce a significant increase in corn yield. 
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