than 100 erop acres. Farms of this size
may be too small to provide an ade-
quate living. FHA county supervisors
are urged to use minimum resources
guides as a precaution against making
loans on farms that are too small.

The median initial loan was $4,690.
Approximately half of the borrowers
also received supplemental loans. The
median supplemental loan was $830.

The largest share of initial loan funds
were used for livestock purchases, 41
percent on the average. Machinery pur-
chases and refinancing accounted for 26
and 22 percent, respectively, of the
initial loan funds. Nearly one-half of
the supplemental loan funds were used
for machinery purchases and about one-
quarter of the supplemental loan funds
were used for operating expense.

More than half of the initial loans
had terms of 6% or 7 years. The loans
were set up with installments geared
to anticipated farm income over the life
of the loan. The chattel mortgage that
secures the promissory note was re-
newed periodically to keep it current.

The average borrower had been on
the program for about 2% years. He
started with total assets that averaged
$10,339 and these had increased to
$15,328 on January 1, 1955. Average net
worth increased from $5,787 to $7,561.
Of the 162 borrowers, 120 showed in-
creases in net worth while 40 showed
decreases. The average borrower had
an owner equity in his farm business
of about 50 percent on January 1, 1955.
However, there was considerable varia-
tion in owner equity of individual bor-
rowers. Nearly 20 percent had equities
of less than 35 percent. This points up
the relatively high debt load that these
borrowers are carrying.
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Income and expense recordg o
borrowers in 1954 showed that net
income over farm operating exp
ranged from $2,240 in the southeas
dairy and southwest livestock are;
$260 in Itasca county. Income
sources other than farming was
stantial in Itasca county and the p
west crop area where it averaged §1
and $1,350, respectively. =

Net farm income and nonfarm in;
provide the means for family [j
capital outlays, and debt repa
The range in this amount was not
between areas. It ranged from €9
in the southeast dairy area to $97
in Itasca county.

The average borrower in the s
west livestock and southeast dairy
went further into debt by $940 and
respectively, during 1954. Capital &
penditures averaged more than."
amount available for this purpose
these areas. The average borrow
the northern areas applied about
toward repayment of debts. b

Approximately 60 percent of the bg
rowers who left the program di
the five fiscal years 1950-54 repaid
loans in full and continued to farm.
remaining 40 percent did not bei
established in farming. This indi
the importance of utmost care in sel
tion of applicants to hold losses &g
disappointments to a minimum., %

Broadened lending authority waspi
vided by Congress in 1956. The Fan
ers Home Administration can now méa
larger loans for longer terms, loans
part-time farmers, and loans where®s
financing is the major purpose. 3
will enable the agency to be of grea
assistance to young farmers, but s
cessful operation will call for @
more careful selection. 4

C. A. EVANS

H. W. KRAMER

a
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,Sulfur Fertilization of QOats in
North Central Minnesota

C. O. Rost, C. A. Evans, and H. W. Kramer!?

TORTH CENTRAL MINNESOTA has a considerable area of
M .oils known to be low in both water-soluble (sulfates) and
nie sulfur (8).2 The boundaries have not been determined ex-
. but the area centers in southern Koochiching, southern Bel-
cami, Hubbard, and Cass Counties. How far it extends eastward is
ot known, but likely it extends westward to the Red River Valley.
at is, the western limit probably coincides with the eastern edge
old glacial Lake Aggasiz, since soils lying in the bed of the old
ke are generally well supplied with sulfates. The prominent soils
this sulfur-deficient area belong to the Neebish-Rockwood asso-

jon (9).

ar bhack as 1937 experiments showed
ny legumes in this area, notably
,respond to sulfur fertilization (2).
‘with the use of gypsum as a sulfur
+ common among farmers in the
many have reported beneficial ef-
the yield of oats.

two facts led to the series of ex-
ts reported in this bulletin. The
of sulfur fertilization in increasing
of legume hays suggested that
influence the growth and yield
legumes. And the observations of
as to its effect on oats seemed
full investigation.

sxperimental work in North Central
ta was carried out over a 5-year
1947 through 1951. To understand
oblems involved and the results ob-
. however, considerable background
be first provided. First, assuming
fertilization had the effect on oats
d by growers, the facts which
combine to bring about that effect
be discussed. Second, previous in-
ions of the effect of sulfur on
should be reviewed.

8 retirement in 1954.

If there is such an effect on oats as
that reported by farmers using gypsum,
it could be due to one or more causes.

First, the soils in this area of Minne-
sota are usually sandy in texture and
were originally covered by forest. The
nitrogen supply in these soils is generally
low. The effect of sulfur fertilization on
the oats could be due, therefore, to an in-
creased amount of nitrogen from a more
vigorous growth of legumes for which
gypsum is applied. This would appear to
be the probable cause.

Second, there is the possibility that sul-
fur treatment could bring a release of
potassium under chemical reactions in-
volving “base exchange reactions.” Third,
the cause could be the direct effect of
sulfur as a nutrient, although the amount
of sulfur required by oats is relatively
small.

Sulfur is an essential plant nutrient and
any deficiency of it is shown by charac-
teristic symptoms and reduced yields. De-
ficiency symptoms are shown first by
crops having high sulfur requirements,
such as the legumes. As is the case with

2 0. Rost. professor emeritus, was head of the University of Minnesota Department of Soils

imbers in parentheses refer to Literature Cited, page 15.




Table 1. Sulfur, as pounds per acre, in precipitation at six locations in Minne
(Always, Marsh, and Methley)

soon Creek, located 20 miles north
Paul, there was no effect from sul-

i This indicated that at-

zation.

Minneapolis St. Paul Crow .
Year Period Weather Bureau Campus Page Wing ic plll.-‘ soil sulfur “'8:5 ample for
1936 . 12 months 196.72 25.96 ) 3.13 srop under prevailing soil and mois-
1937 9 months 79.87 22.22 6.91 9.25 450 8 Foi;ditimm In one year of the three

nitrogen, one of the principal sources of
sulfur for plant growth is in the atmos-
phere, where it exists as sulfur dioxide
(SO,) gas.

Sulfur may be absorbed from the air
by leave of growing plants or by the
soil itself, or it may be carried into the
soil by water falling in the form of pre-
cipitation. Atmospheric dust may ke an-
other source of sulfur.

The concentration of sulfur dioxide in
the air varies in different locations, being
closely related to the presence or absence
of coal-consuming industries. In the vi-
cinity of these, the concentration of at-
mospheric sulfur may be relatively high,
resulting in much larger quantities of sul-
fur being brought down by precipitation.

PREVIOUS INVESTIGATION

Alway, Marsh, and Methley (2) meas-
ured the amounts of sulfur in precipita-
tion at a number of locations in Minne-
sota. A summary of their data, expressed

Table 2. Effect of sulfur fertilization (gypsum) upon the yield of allalfa at three locations.®

“was a distinet effect on the yield
Malfa at Backus, located in Cass
¢, The amount of sulfur available
srops at this location could be influ-
by industries located at Brainerd,
56 miles to the south.

of alfalfa were markedly in-
1 at Bemidji in every year by sulfur

as pounds per acre of sulfur, is
table 1. The amounts obtained
roof of the building which hoys
Minnesota Weather Bureau in dg

erably less on the roof of the Sg
ing at the St. Paul Campus,

mixture of both phosphate and potash
gave significant increases in both years,
these were much less than obtained with
sulfur alone.

Sulfur fertilization not only increases
the yield of legumes in sulfur-deficient
soils but the amount of sulfur in the
crop as well. Alway (I) studied both
the effect on yield and the sulfur content
of the crop for the clovers as well as
alfalfa. Table 4 summarizes results in
1925 on the Bemidji Experimental Field.
Both the yield and the sulfur content
were markedly increased.

L T 16 fields, 1940, Average 12 fields, 1941, Average
?‘Orthward the amounts (lk(ﬂ[lse Hubbard County increase Cass County increase
in the northern part of the stz
z 4 (tons per acre) (tons per acre)
are relatively small. k. L e 15 171
Always (1) reported the effee b 2.88 1.12 2.53 82
fur fertilization with gypsum e i ot e e
:: ; g 2.10 .34 2.43 72
pounds per acrel on _the vield 2.74 .98
at seven locations e» 3
forage at s s extendi e - =

southern to northern Minnesota. In
in the yield of alfalfa shown for
south of the Twin Cities were smal
ing from 8 to 7 percent. The fields e -
all located on fine-textured soils. ;
sults from locations north of
which were on sandy soils are
table 2.

H = qyp;um at 250 pounds per acre. P = 45
0:20-20 at 225 pounds per acre.

=
lization, the amount of sulfur in rain-
I and the soil apparently being inade-
auate for maximum growth. This location
istant from any sizable industrial de-
L opment.

It is to be noted that all of the soils
i howing a response to sulfur fertilization

sandy. There are no published re-
of experiments with sulfur fertiliza-

Treated Increa

Number of Untreated with sulfur

Year cuttings  (tons per acre) (tons per acre) Tens per acre on fine-textured soils of north central
s itk sota, but observations indicate that

1923 . g : RS 0.95 0.89 0 respond while others do not.
1924 : T 1.89 1.85 0 som and Giesler (77) and Nesom
::i: e e s : i-g; f-g: g:(l;: \Graham (70) established a series of
— ~ : : onstration plots in Hubbard and Cass
Backus ' s 1In 1940 and 1941. These con-
1993 ... LR T S WY 0.69 0.61 0 of single treatments on 16 and 12
::ig 5 i :-gg 2-33 g‘;; 15 respe(*‘li\'cly. A summary of their

ST e ' : S are given in table 3.

Bemidji response of alfalfa to sulfur fer-
1923 1 0.81 1.10 0.29 tion was highly significant in both
:33; : i'é: ;::3 fl’:g; . Including phosphate, or phosphate
08 o Lo 2 0.84 2.16 1.32 Potash, as well as sulfur failed to

* Coon Creek on Zimmerman loamy sond. Backus on Hubbard loamy sand and

Nymore loamy sand.

: ce a further increase in yield. While
ization with phosphate alone or a

percent superphosphate at 100 pounds per acre.

From many chemical analyses of crops,
Alway, Marsh, and Methley (2) found
that the sulfur content of alfalfa varied
from as low as 0.07 to as much as 0.50
percent. From their studies they estimate
that when adequately supplied with sul-
fur alfalfa should contain 0.30 percent
sulfur. For a yield of 8.0 tons, at least
18 pounds of sulfur annually would be
required to meet the needs of crop with-
drawal.

Alway et al. (2) have also shown that
the soil itself may absorb sulfur in the
form of sulfur dioxide from the air. They
exposed thin layers of two soils from the
sulfur-deficient area of Minnesota in sev-
eral locations and determined the amounts
of sulfur absorbed. The data for three
locations (A) on the roof of the Weather
Bureau building in downtown Minne-
apolis (B) on the roof of the Soils Build-
ing at the St. Paul Campus and (C) 5
feet above ground surface in a University
Farm orchard are shown in table 5. The
larger amounts were absorbed in down-




town Minneapolis where the atmospheric
content of sulfur was the highest, but
very appreciable amounts were absorbed
at other locations.

Several areas other than Minnesota are
known to be deficient in sulfur. In most
cases the legumes responded to treatment
while response of other crops was some-
what variable. The literature was reviewed
by Crocker (7) in 1945. Since then sev-
eral interesting papers have been pub-
lished. Volk et al. (12) found sulfur to
increase cotton yields when used as a
supplement with nitrogen, phosphate and
potash. He also reported no effect of
gypsum on the release of potassium from
base exchange reactions.

Sulfur increased clover yields when ap-
plied with phosphate on Florida sands.
No effects were noted on the Bahia grass
seeded with the clover (3). In 1950 Con-
rad (4) reported the results of work with
sulfur in California. In addition to the
response of legumes to sulfur, some non-
legumes also responded. Wheat grain
yield was significantly increased on plots
on which wheat-without-legume followed
vetch in the rotation. Application of sul-
fur was made 8 years ahead of wheat.
Non-legumes grown in the greenhouse
were found to respond to sulfur if nitro-
gen was supplied also. Earlier he had
found highly significant increases in yield
of non-legumes on plots which previously
had been seeded to burr clover and fer-
tilized with elemental sulfur (5). Recent
work in Alberta by Carmach, et al. (6)
showed significant increases on legumes
but barley failed to respond to the fer-
tilizer.

Tolman and Stakir (13), investigating
problems in the production of sugar beet

Table 4. Effect of sulfur fertilizers on the yields and sulfur content of alfalfa and clovers g

at Bemidii.

Table 5. Amounts of sulfur absorbed
soils exposed in different locationg

8 Avorﬂm and composition of oat grain and straw from seven fields treated with

gypsum®
Po‘“’d;j =3 Soil Analysis
= Sulfa.e Organic
{‘5%(;1&’; Length of time Iﬁzg:;h per acre Increase Protein Sulfur Potash sulfur sulfur Nitrogen

v 21 ; 119 0.190%  0.392% s b el e %

A . 1toNov. 3 £ 52.1 bu. 14.2% 12.11% b
B ;Zﬁ 110 s:p:_ 1 1 ?1'2 45.6 K 12.32 0.224 0.389 26ppm.  1185ppm.  0.197%
(o] Apr.1toNov. 4 .. 10.9 0.72 tons 8.1% 3.93% 0.210% 0.162% ... ‘;%3
 0.66 3.82 0.151 0.171 2.6 ppm. 11845 ppm. 0.197%

* A—roof of buildm%-_housmg S
Bureau, Minneapolis. Roof of Soils
St. Paul Campus, University of Min
5 feet above ground surface in orchard,
o the third and fourth years, six and
fields, respectively, were treated
um at 200 pounds and ammo-
pitrate at 125 pounds per acre.
\reatments—untreated, sulfur, nitro-
and nitrogen and sulfur—were ran-
d on eight blocks in each field. Thus

were eight replications of each treat-

seed in Oregon, found a stri
action response of sulfur and
both on plant development and s
duction. An application of sulfur
affect seed production when nitre
not applied and the response to ni :
was much greater in the presence S
treatment. same experiment was repeated in
ﬁﬂh year at the one field on which
merease in the yield of oats from
fertilization clo:;er approached sig-
in 1949. The crop preceding the
61! these fields was either oats, corn,
atoes. In no case did the oats fol-
¢ a legume or have an application of

EXPERIMENTAL METHO

To test the accuracy of obsery.
growers regarding the effects of
fertilization on oats in North Central}
nesota, we conducted a series of
ments over a 5-year period, 1947 to
inclusive.

In the first year, seven fields o
received applications of 200 poun:
acre of gypsum on duplicate plots
result of some indication of a
effect, ten fields were selected fa
the second year. Eight treatments
randomized on two blocks. The
ments: gypsum at 200 pounds,
of potash at 200 pounds, 45 percent su
phosphate at 240 pounds per acre, &
singly and in all possible combinati

| EXPERIMENTAL RESULTS

i the first year, the experimental plots
s not sufficiently replicated to permit
isticl analysis of the results. How-
pach of the seven fields showed some
¢ in the yield of grain—the range
g from 2.7 to 10.7 bushels per acre,
| percentage increase of 4.8 to 24.0,
an average of 14.2 (table 6). Straw
$ were increased on six of the seven
the percentage increases varying

1925. (Alway) =

Table 7. Average yield of oats and increases from treatment*

between 4.3 and 18.7, averaging 8.1 per-
cent.

Sulfur fertilization did not appreciably
change the composition of the grain, that
from the untreated plots tending to be
slightly higher in protein and sulfur and
slightly lower in phosphorus. Likewise
gypsum had no effect on straw protein
and phosphorus but definitely increased
sulfur.

Since the results from the seven fields
indicated the possibility of an effect on
the yield of oats from sulfur fertilization,
ten fields were selected in 1948 the fol-
lowing year. On the latter, not only sulfur
fertilizer in the form of gypsum was used
but phosphate and potash as well. The
fertilizers were used singly and in all pos-
sible combinations.

Statistical analyses of the results from
the ten individual fields showed a signifi-
cant increase in yield for sulfur fertiliza-
tion on only one field (table 7). Phos-
phate and a combination of phosphate
and potash produced signicant increases
on the group of nine fields which did not
respond to sulfur fertilization. There was
no indication that the inclusion of gyp-
sum along with the phosphate and potash
fertilizer was any more effective than
these fertilizers alone.

on 10 fields on

Sulfur co north central Minnesota
Yield per acre 1st cutl —

Crop Unfertilized Sulfur (gypsum) Unfertilized L.SS?D.

I (]
Alfalfa 2.45 tons 3.36 tons 0.16% s Untreated S SP SPK SK P PK K level
Sweetclover 0.91 1.33 014 SOEEEEEE ¥ Bon-responsive ... 38.4 1.4 38 41 48 5.04 53+ 4.0 46
Medium red clover 0.75 2.54 0.12 33.4 14.6% 1474 4.0 5.3 19.9% 9.5 13.9+ 131
Mammoth clover* 0.89 1.38 0.15
Ali¥s clover .. 0.95 2.21 0.15 qgggu:;ucl!]ldfﬁr?erpgg?gs P = 45 percent superphosphate at 240 pounds; and K = muriate

* Crop grown in 1926.

Sﬁgnmcum increase at 5 percent level.

=

<

Lot g o L R o e




Table 8. Analysis of soils from fields used in the third. fourth. and fifth year trialg (1 &

Field M.Eq. pH N P x e ;
(percent) ————— pounds per acre H
1 4.5 5.8 0.110 165 87 2.2 93.6
2 6.1 5.9 0.075 85 87 5.0 82.0
3 4.8 5.8 0.040 125 87 3.7 50.4
e 5.6 5.7 0.060 120 100 3.2 418
5 8.0 5.8 0.100 50 85 4.7 82.8
6 12.6 5.9 0.110 50 85 6.2 152.4
7 9.4 5.4 75 100 10.1 117.0
8 11.0 5.0 65 87 4.1 130.0
9 s g 5.3 80 85 6.0

67.0.

On the one responsive field the increase
from sulfur fertilization was 14.4 bushels
per acre, but this was exceeded by phos-
phate alone with an increase of 19.7
bushels. The combination of sulfur and
phosphate produced the same increase as
sulfur alone. Thus there was no significant
difference between sulfur and phosphate
fertilization when alone or in combina-
tion. Straw yields in this season were not
significantly increased by any treatments.

The data obtained in the two seasons
1947 and 1948, indicated that there was
an occasional field on which sulfur fer-
tilization would increase the yield of oats.
Trials in these two seasons would suggest
that about one field in ten would be re-
sponsive.

Sulfur fertilization was beneficial for
legumes on many fields in the area and
this suggested that the beneficial effect
on oats observed by growers was due to
the larger supply of nitrogen fixed by the
more vigorous growth of legumes. Experi-
ments in the third, fourth, and fifth sea-
sons—1949 to 1951 inclusive—were de-
signed to test the effect of nitrogen, and
nitrogen and sulfur combined. In 1949
and 1950 plots on six and eight fields, re-
spectively, were treated with gypsum at
200 pounds per acre and ammonium ni-

Table 9. Rainfall in inches at two locations in north central Minnesota

trate at 125 pounds per acre. Foup
ments were used: untreated, sulfur, mi
gen, and sulfur plus nitrogen. These y
randomized on eight blocks on each fi
The same experiment was repeated @
one field in 1951. L

Trials were conducted on a total of
fields during the 3-year period. Five
the eight experiments in 1950 were ¢
the same fields used in 1949 but wi
new locations adjacent to the land
in 1949, Three additional fields were
lected for trials in 1950. The one
ment in 1951 was on a new location |
field 1. b

On these fields care was taken to ¢
nate all variations other than soil &
rainfall in so far as possible. The g
and ammonium nitrate were taken
the same lot, the grain was seed
2 bushels per acre with one drill
had been calibrated in advance, and §
same seed was used on all fields. 1

The fields selected were located in B
trami, Hubbard, and Cass Counties,
nesota. The fields were mainly sang
texture (table 8) and the soils were
in reaction. The nitrogen content
low in three and very low on three. Nifi
gen was not determined on the rem
three fields. Sulfate sulfur was low in

.;H

Bemidji Park Rapids
3-month| May June July
Year May June July total
1949 4.86 2.87 13.44 21.77 3.02 2.32 6.61
1850 5.94 2.61 12.98 5.20 2.05 3.66 y.
1 N 1.91 2.81 2.78 7.50 3.90 3.25 2.79

10

Elfect of nitrogen

Effect of sulfur

1%

LSD.

NSS

Average yield in bushels per acre*®

CK

5%

N-CK

~INSN

S-CK

Year
1949
1950
1951
1949
1850
1949
1950
1949
1850
1949
1950
1943
1950
1950
1950

Lo A Location

Field

29

2.0
3.8

11.6

9.9
1.8

7.8
11.6

3.6

1.9
0.8

11.1

176

14.0

6.0
20.8

5.2

5.0
—4.1

2.4

25.8

23.4

6
43.0

o~

9.4
5.5

6.9
4.0

0.6
2.7
5.6

50.0

50.6

54.1

11.5

8.2 17.0 19.7 2.8

22.8

5.4

6.6
4.0

4.9
3.0

8.4

6.8

4.0

3l.2

25.6

8.8
7.9

45
10.2

4.3
11.1

1.6
2.5

1.4
3.4
8.7
—0.4

12.2 13.8
—2.7

9.3
28.7

7

5.2
5.1

38.9

36.4

25.3

7.0

8.0
7.8

6.5

4.5
5.4

11.8

5.2

9.7 12.5 17.7

26.3

6.0
26,

4.1

3.0

2.9
3.6

4.1

34.1

31.2

.7

8.7
5.2

6.4

117

45.3

41.7

33.6

36.3

3.7
5.9

(N.S.)

11.0

32.7 36.8 4.9
2.4
5.0

25.8

20.9

8.1
(N.S.)

5.8

5.8

4.2
43

13.2
—4.5
7.6
13.3

14.3
1.9
8.1
5.4

1.3
—1.4
25
7.8

4.0
0.0

48.1
63.5
49.6
36.3

46.8
64.9
47.1
28.4

34.9
68.0
42.0
23.0

32.5
63.0
38.0
23.0

0w~ @0

* Each figure is the average of 8 replicates.
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Table 12. Average yvield of oat straw on fifteen locations with increases or decreases from fertilization with sulfur and nitrogen

Average yield in tons per acre

LS.D.

Effect of nitrogen

Effect of sulfur

1%
0.25
0.08
0.40
0.19
0.28
0.19
0.28
0.27
0.25
0.34
0.24
0.21

(N.5.)

5%
0.19
0.06
0.29
0.14
0.21
0.14
0.21
0.20
0.18
0.25
0.17
0.15

S-CK NS-N N-CK NS-S
(N.S.)

0.06
—0.06

NS

CK
0.30

Year

Location

Field

0.95
0.44
0.33
0.76
0.75
1.03
0.48
1.38
0.89
1.37
0.93
0.79
0.42

0.

0.73
0.19
0.45
0.71
0.34
1.15
0.46
0.87

0.28
0.19
0.12
0.11
0.35
—0.07

1.31
0.89

1.03
0.70

0.36
0.45
1.24
0.35
0.65
0.49
0.78
0.35
0.85
1.29
0.77
1.38
2.00
1.08
0.76

1949
1950
1951

1

0.5

0.24
0.06
—0.06

1,57
1.11

1.

1.45
1.00
1.058
1.59
1.26
1.26
1.85
2.44
1.45
2.14
2.22
1.44
1.93

00

1.

0.29

1949
1950
1949

40

1
44

0.7

05
—0.02
—0.04
—0.01
—0.11

0.

1.52

1.

0.

0.00
0.47
0.

26

0.80

1950
1949
1850

1.73
1.74
2.66
1.70
2.18
2.42
1.56
2.29

0.39
0.86
1.40
0.85

0.69
1.04
0.80

19

0.22
0.25
0.04

1949
1950
1949
1850
1950
1950

0.12
0.12
—0.06

0.22
0.62

0.16
0.46

50
1,53

0.83
0.16
0.38
1.14

20
0.12

0.
0.36

0.00
—0.03

1.27

2.
06

0.79

1.

1

0~ oo,




soil from all fields. It was lowest in field 1
and highest in field 7. Little relation be-
tween the content of organic sulfur and
response to sulfur fertilization could be
observed.

Weather conditions in the area in which
the experiments were located were gen-
erally favorable during the three-year pe-
riod. Rainfall was ample (table 9) and
temperatures were generally favorable,
being near normal in 1949 and 1951 and
somewhat lower than normal in 1950. The
yields of oats on four fields in 1949 were
very low due to an epidemic of aphids.
The two remaining fields in that year
were not so seriously affected.

From sulfur fertilization on field 1 in
1949, the increase in yield of oats closely
approached statistical significance and
was clearly significant in location 3 on
the same field in 1951 (table 10). Sulfur
fertilization increased the yield of oats on
field 5 in 1950, also. Sulfur used alone had
no significant effect on yield of oats on
the remaining fields, although increases
approaching significance were obtained on
field 1 in 1949 and field 8 in 1950.

When combined with nitrogen, sulfur
was more effective in five of the fifteen
trials, yields of grain from the nitrogen-
sulfur combination being significantly
higher than nitrogen alone. This increase
oceurred on five of the nine locations and
indicates that when sufficient nitrogen is
available to the crop, sulfur may become
a limiting nutrient element.

Nitrogen alone increased the yie'd of
grain very significantly in nine of the
trials and significantly (5 percent level)
in three, leaving only three in which there
was no significant increase (table 10).

The yield of oat straw was not in-
creased significantly by the use of sulfur
alone—although increases at location 1,

field 6, in 1949 and location 3, field
in 1951 closely approached signifie
(table 11). When sulfur was com)|
with nitrogen there were significang
creases in the yield of straw over
obtained by applying nitrogen alg,
seven of the fifteen locations. This
supports the probability that sulfup
be a limiting nutrient element when
adequate amount of nitrogen ig p

Nitrogen alone greatly increased
yield of oat straw. At only one logatie
did it fail to produce a significan
crease. When sulfur and nitrogen
combined the yields of straw were g
increased significantly over those of nit
gen alone at seven locations. Thm
these locations were the same as th
on which grain yields were signifi
increased by the sulfur-nitrogen com
tion. 4

As a measure of quality the | ",‘
weights of the grain was employed,
order to make the test uniform, the
ples of grain were dried in a low te
ture oven and then allowed to come
equilibrium with the moisture in th
before bushel weights were determin

The bushel weight (table 12) sh
that sulfur used alone significantly
creased bushel weight at five of the fift
locations. When used with nitrogen
influence of sulfur was overshadowed B
nitrogen, which had the general effect ol
lowering bushel weight. At only one
tion did nitrogen alone or nitrogen p
sulfur significantly increase bushel w
In many instances these treatments Sigs
nificantly decreased the weight per bush
below that from unfertilized plots: Tt
to be noted from table 12 that in only
few instances did the bushel weight {8
below 32 pounds. P
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Table 12. Average bushel weights of oats from fifteen locations with increases or decreases from fertilization with sulfur and nitrogen

Average bushel weight, pounds

L.S.D.

Effect of nitrogen

N-CK
—0.03
—1.00

Effect of sulfur

1%
1.41
2.32

(NS

5%
1.04
1.70

(N.S.)

NS-S
—1.75
—4.25
—0.25
—0.75
—1.37
—0.50
—1.38

NS-N

SCK

NS

Year CK

Location

Field

0.15
—83.25

87
0.00

I

32.87
31.25
39.00

34.12

32.72
34.50

34.62

32.75
35.50
39.00

1948
1950
1951
1949

35.50

0.0 0.0

—0.75

0.25

39.00

39.25

1.84
(N.S.)

35

1.
(N.S.)
1

2.00
—0.25
0.62

2.00
1.88

34.87

34.87
33.25

32.87
31.37
31.25

37.12

2.09
0.21

(N.S)

34
0.17

0.76
0.38

31.88
32.25
35.50
32.75

37.12

31.87

31.12
35.75

32.75
36.88

1850
1949
1950
1948
1950
1949
1950
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—0.25 —1.37

—0.24

1.38
—0.38
—2.88
—4.00
—2.25
—3.00
—0.50
—1.26

1.38
—0.37

1.50
—0.13
—1.63
—0.13

50

L.
—0.12

31.25
37.25

31.37
37.50
37.25

36.12

29.87

(N.S.)

(N.S.)

37.62

1.27
1.81

0.93
1.3

0.00
—2.00
—2.25
—1.63

1.25
1.87

34.37

32.12

36.00

36.00

32.25
35.00
33.62
34.75

30.62

34.25

1.27
2.94
(N.S.)
(N.S.)

0

2.16
(NS,
(N.5.)

—0.50
—0.38

0.50
0.00

0.0
—1.00

0.00
0.37
0
0.

35.00
32.62
35.25
30.62

31.88

37.25
35.62
35.75

35.25
31.00

37.25
35.25

1948
1850
1950
1950

W~ oo
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CONCLUSIONS

. Previous investigations had shown that

sulfur fertilization on many soils in
North Central Minnesota increased
the yield of legume hays. This sug-
gested that sulfur, as a nutrient ele-
ment, could influence the growth and
yield of non-legumes.

. Sulfur fertilization increased the yield

of oats on occasional fields in north
central Minnesota.

. The bushel weight (or quality) of oats

was increased by sulfur fertilization on
one third of the fields of the same area
even though the yield of grain may
not have been increased.

QOat straw yields were not significantly
increased by sulfur fertilization unless
accompanied by an application of nitro-
gen fertilizer.

14

. When accompanied by an applies

. Nitrogen fertilizer alone greatly in.
. Results indicate that some fields
. Treatment of the soil with gypsum

. Sulfur fertilization tended to lower
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than 100 crop acres. Farms of this size
may be too small to provide an ade-
quate living. FHA county supervisors
are urged to use minimum resources
guides as a precaution against making
loans on farms that are too small.

The median initial loan was $4,690.
Approximately half of the borrowers
also received supplemental loans. The
median supplemental loan was $830.

The largest share of initial loan funds
were used for livestock purchases, 41
percent on the average. Machinery pur-
chases and refinancing accounted for 26
and 22 percent, respectively, of the
initial loan funds. Nearly one-half of
the supplemental loan funds were used
for machinery purchases and about one-
quarter of the supplemental loan funds
were used for operating expense.

More than half of the initial loans
had terms of 632 or 7 years. The loans
were set up with installments geared
to anticipated farm income over the life
of the loan. The chattel mortgage that
secures the promissory note was re-
newed periodically to keep it current.

The average borrower had been on
the program for about 2% years. He
started with total assets that averaged
$10,339 and these had increased to
$15,328 on January 1, 1955. Average net
worth increased from $5,787 to $7,561.
Of the 162 borrowers, 120 showed in-
creases in net worth while 40 showed
decreases. The average borrower had
an owner equity in his farm business
of about 50 percent on January 1, 1955.
However, there was considerable varia-
tion in owner equity of individual bor-
rowers. Nearly 20 percent had equities
of less than 35 percent. This points up
the relatively high debt load that these
borrowers are carrying.
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Income and expense records of ,
borrowers in 1954 showed that net ‘
income over farm operating expe
ranged from $2,240 in the southg
dairy and southwest livestock aregs
$260 in Itasca county. Income
sources other than farming wag suh

Planning Farms for
| d P f.

stantial in Itasca county and the no; ncreuse ro I's

west crop area where it averaged $1,91

and $1,350, 'I‘espectlvely_ ] | PAUL R. HASBARGEN
Net farm income and nonfarm ineg :
provide the means for family lj and GEORGE A. POND
capital outlays, and debt repaymeng
The range in this amount was not wid
between areas. It ranged from
in the southeast dairy area to $2,1
in Itasca county. B
The average borrower in the soufl
west livestock and southeast dairy ¢
went further into debt by $940 and
respectively, during 1954. Capital
penditures averaged more than
amount available for this purpose
these areas. The average borrower ing
the northern areas applied about $
toward repayment of debts. 5
Approximately 60 percent of the
rowers who left the program d
the five fiscal years 1950-54 repaid
loans in full and continued to farm. The
remaining 40 percent did not becom
established in farming. This indicate
the importance of utmost care in seléé
tion of applicants to hold losses am
disappointments to a minimum.
Broadened lending authority was pro
vided by Congress in 1956. The Farm
ers Home Administration can now makes
larger loans for longer terms, loanss
part-time farmers, and loans where €
financing is the major purpose. Til
will enable the agency to be of gre
assistance to young farmers, but
cessful operation will call for
more careful selection.
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