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The Effect of Trace Elements 

on 

Alfalfa and Oats 1n Minnesota 

John M. MacGregor1 and John F. MulvehilF 

AT LEAST 15 CHEMICAL ELEMENTS are essential for nor
mal plant growth. Only three of these-carbon, hydrogen, 

and oxygen-are assimilated from the air by plants, although 
nitrogen can be utilized from the atmosphere by leguminous 
crops. The other 12 elements, which plants obtain from the soil, 
are usually divided into three groups according to the amount 
utilized by plants, and according to their relative availability 
and abundance in the soil. 

Nitrogen, phosphorus, and potassi
um are known as the major nutrient 
elements, and these are of greatest im
portance in the commercial fertilizer 
iEdustry. The secondary elements are 
calcium, magnesium, and sulfur. Al
though these are essential in plant nu
trition, deficiencies in most soils are 
less common. 

The remaining six essential nutrient 
elements are boron, copper, iron, man
gam·se, molybdenum, and zinc. Since 
!hes[• are essential to plants in trace 
amounts only, the elements of this 
group are commonly known as the 
!race or minor elements. 

Fl'w commercial fertilizers now sold 
in Minnesota contain trace elements. 
But as commercial fertilizer usage be
coml's increasingly common in the 
state. the question arises whether the 
Yield and composition of certain crops 
may be affected by shortages of one or 
lllon, of the trace elements. Since these 
are used by plants only in very small 

amounts, the cost of applying one or 
more is relatively low in comparison 
to the increase in crop yield which 
might be expected if the soil is unable 
to supply the required amounts. 

The purpose of this bulletin is to re
port the effect of applying four trace 
elements on the yield and total boron 
content of oats and alfalfa. Data on 
available boron content of 13 Minnesota 
soils are also included. 

The requirements of the various crop 
plants for the different trace elements 
vary considerably. For example, al
falfa needs much more boron for nor
mal growth than does oats. For this 
reason many agricultural soils rela
tively low in available boron are not 
troublesome unless crops with high 
borcn requirements are grown. 

For many years rutabagas growing 
on Onamia fine sandy loam and Omega 
loamy fine sand in Pine County (in east 
central Minnesota) have benefited from 
boron sprays. Since alfalfa is rarely 
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grown on these soils in Minnesota, no 
boron deficiency for alfalfa in this area 
has been reported. However, during 
the summer of 1952 a boron deficiency 

of alfalfa was observed on the Om(:ga 
loamy fine sands of the Spooner Agri
cultural Station, Wisconsin, some 30 
miles southeast of Pine County. 

LITERATURE REVIEW AND DISCUSSION 

Boron 
Deficiency symptoms in alfalfa-The 

plants are stunted and often yellow. In 
addition, the growing tips are teles
coped or umbrellalike, since the inter
nodes fail to lengthen as in normal 
growth. A red coloration of the leaves 
cannot always be considered to be 
caused by a boron deficiency. 

Deficiency symptoms in oats-As far 
as is known, there have been no re
ported boron deficiency symptoms in 
oats. 

One of the first effects of a boron de
ficiency in susceptible plants is an in
crease in the number and the size of 
plant cells. An abnormal development 
of the conductive tissue leads to visi
ble symptoms, such as tissue distortion 
and stunting of growth, and these 
symptoms lead to a reduction in yield. 
Common Minnesota crops such as al
falfa, rutabagas, sugar beets, celery, 
peas, cauliflower, and apples are especi
ally subject to a boron deficiency. 

Deficiencies of this element on one 
or more crops have been reported from 
California, Oregon, Washington, Idaho, 
Montana, and essentially all states east 
of the Mississippi River. The use of 
boron fertilizers in Wisconsin for ap
plication to farm crops (mainly le
gumes) in 1952 has been estimated at 
190,000 pounds, and boron is commonly 
included in standard fertilizer mixtures 
applied to legumes. 

Generally, the legumes grown on 
soils immediately west of the upper 

Mississippi River have not responded 
to applications of boron compounds. 
However, Nelson and Stanford (16) 3 

found a beneficial effect of boron on 
the Weller soils in Iowa. There boron 
increased alfalfa seed yield from 30 to 
108 pounds per acre but did not in
crease the yields of hay. 

Peterson and Allaway (21) repo,·te 
critically low levels of boron (14 to 20 
parts per million) in alfalfa pbnt 
growing in eastern and souther,'l lu'.P 
on old loessal soils developed umle 
either praine or forest vegetai.;on 
Smith (24) applied borax to 20 alf::lf, 
fields in southeastern Kansas and founc 
little effect on alfalfa yield, althoiig 
the boron concentration in the veg,·ta 
tion was substantially increased. 

Boron is almost universally precen 
in the soils of the world (26). Of all th 
chemical elements, boron ranks forty 
eighth in abundance, yet forms only 
part in 100,000 of the earth's crust i 5) 

Schaller (23) states that boron is a com 
ponent of about 56 minerals. In humi 
regions the most common boron-con 
taining mineral is tourmaline, a boro 
silicate containing varying amounts o 
iron, aluminum, magnesium, manga 
nese, copper, sodium, and potassium. 

Varying amounts of boron are usu 
ally present in the organic matter of al 
mineral soils. This supply has preaum 
ably been extracted from the minC'ra 
fraction of the soil by growing plants 
with the result that boron has graduall 
accumulated in the organic residues. 

Whetstone et al. (26) made a stud 
of 300 soil samples representing th 

"Numbers in parentheses refer to Literature Cited, page 16. 
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great soil groups of the United States 
and found that the total boron content 
of these soils varied from 4 to 88 ppm. 
ancl averaged about 30 ppm. These 
authors state that soils derived from 
alluvium, limestone, shale, or glacial 
drift can be expected to be higher in 
total boron than soils derived from ig
neous rock or unconsolidated sedi
ments. 

The critical levels of total boron in 
plant tissues and of water-soluble 
boron in the soil necessary for normal 
plant growth have received consider
abll, attention. Berger and Truog (2) 
stale that alfalfa normally contains 
from 30 to 50 ppm. boron on a dry basis, 
1\h1le abnormal plants may contain as 
little as 8 ppm. Dawson and Gustafson 
(7) showed that if alfalfa grown on 
coarse- to fine-textured soils in New 
York contained less than 20 ppm. boron, 
or if the water-soluble boron content of 
the air-dry soils was below 0.35 ppm., 
bor"n deficiencies of the alfalfa were 
probable. 

S'inson (25) concluded that the criti
cal icvel of boron in Illinois varies from 
0.30 ppm. in the sandy soils to 0.50 
ppn,. in those of heavy texture. Dible 
and Berger (8) reviewed the literature 
on l'ritical levels of boron content for 
alfalfa plants and found that the vari
ous authors had placed this level at 
anywhere from 6.9 to 23 ppm. 

A large proportion of the boron pres
ent in soil is not available to plants. 
"Water-soluble" and "available" boron 
arc lerms generally used interchange
ably. Coleman (6) working with some 
Mississippi soils found that the avail
abl(• boron varied from 0.30 ppm. in the 
A horizon of a Ruston sandy loam to 
2.3 ppm. in a Sharkey clay loam. Piland 
et o I. ( 22) stated that the available 
boron of North Carolina topsoils varied 
from 0.05 ppm. in an Alamance silt loam 
to 0.50 ppm. in a Cecil clay loam. Orel
lan;, ( 19) found that the A horizons of 
a bbck prairie soil in Redwood County, 
Minnesota varied from a low of 1.2 

ppm. of available boron to a high of 
2.7 ppm. 

Boron availability to plants is in
fluenced by these soil properties: (1) 
organic matter content, (2) inorganic 
colloid content, (3) moisture, ( 4) tex
ture, and (5) reaction. Berger and 
Truog found a positive correlation be
tween organic matter content and boron 
availability in Wisconsin mineral soils. 
Parks et al. ( 20) found that different 
types of mineral colloids in the soil var
ied in their power of fixing boron. Dible 
and Berger (8) reported a highly sig
nificant correlation between soil mois
ture and boron accumulation in the 
apical region of alfalfa plants. 

Soil texture affects boron availability 
largely through its effect on soil mois
ture. Wilson et al. (27) showed that 
boron was more readily leached from 
a coarse-textured soil than from a Ce
cil clay. Olson and Berger ( 18) and 
Berger (1) have shown that much 
boron is fixed in alkaline soils and is 
relatively unavailable to plants. 

The effect of boron applications on 
oat growth is not well known and yields 
have not been increased where boron 
was applied to the soil. Munsell and 
Brown (15) conducted an oat experi
ment in Connecticut on Merrimac 
loamy sand. They found that the un
treated oats in the milk stage contained 
2 ppm. of boron, and oats treated 
with 20 pounds of borax per acre con
tained 7 ppm. of boron. Coleman (6) 
grew oats on three Mississippi soils 
having water-soluble boron contents 
of 0.60, 0.93, and 0.75 ppm. The concen
trations of boron in the above-ground 
portion of the oat plants were 4, 3, and 
3 ppm., respectively. 

Copper 
Deficiency symptoms in alfalfa-No 

copper deficiency of alfalfa has been 
described. 

Deficiency symptoms in oats-No de
ficiency on oats has been reported in 
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the United States but "reclamation dis
ease" of small grains on the peat soils 
of Europe and on some sandy soils in 
Australia is well known. The leaf tips 
wither, bend, and lose turgidity, and 
the tips of the newly emerging leaves 
die. Brandenburg (3) first proved that 
reclamation disease of oats was due to 
a shortage of available copper, and oats 
became more healthy when soluble 
copper salts were applied to the soil. 

Deficiencies of available copper large 
enough to interfere with normal plant 
growth have been reported from Cali
fornia, Florida, Michigan, New York, 
Ohio, and Wisconsin. Truck crops grow
ing on organic soils are most seriously 
affected, although the more sandy soils 
of a mineral nature may also be defi
cient. There have been no reported cop
per deficiencies great enough to inter
fere with plant growth in Minnesota. 

The concentration of total copper in 
soils is usually not a reliable index of 
copper availability to plants. Krieger 
(12) analyzed five podzolic soil pro
files of northeastern Minnesota and 
found the highest concentrations in the 
Ao horizon (30 ppm. average). The cop
per content of the remaining horizons 
varied from 2 to 30 ppm. Holmes (11) 
found that the total copper content of 
soils from different parts of the United 
States varied from 5 to 111 ppm. A 
Fayette silt loam soil from Lacrosse, 
Wisconsin contained from 14 to 20 ppm. 
total copper. Holmes suggested that 
copper availability is largely dependent 
on these soil factors: (1) clay content, 
(2) organic matter content, (3) reac
tion, and (4) parent material. 

Manganese 
Deficiency symptoms in alfalfa-Vis

ual symptoms are unknown, but appli
cations of soluble manganese to sandy 
soils in New Jersey have materially in
creased alfalfa yields and the mangan
ese content of alfalfa (9). No deficien
cies have been reported in Minnesota. 

Deficiency symptoms in oais-None 
has been reported in Minnesota but a 
deficiency in South Carolina induced 
by heavy liming produced bright yellow 
leaves. The "grey speck" disease of 
oats in Europe has not been reported 
in the United States. 

Marbut (13) found that the total 
manganese content of some Black 
Prairie and Chernozem soils varied 
from 300 to 2,000 ppm. of manganese. 
Krieger (12) stated that different hori
zons in several podzolic soils of north
eastern Minnesota contained from 133 
to 2,690 ppm. of total manganese. 

Christensen et al. ( 4) concluded that 
the supply of available manganese in 
the soil fluctuates more than any other 
element. Soils that are sandy, well 
aerated, and low in organic matter are 
more subject to a lack of available 
manganese, especially if free lime is 
present. Evans and Purvis (9) reported 
that application of 50 pounds of man
ganese sulfate per acre to alfalfa grow
ing on a New Jersey Collington loam 
increased yield 87 per cent. Nylund / l 7) 
found a manganese deficiency for on
ions in an organic soil in southern l\Tin
nesota. 

Zinc 
As far as is known, neither alfalfa 

nor small grains have been shown to 
be zinc deficient. There have been no 
reports of any crop in Minnesota being 
deficient in this element. Krieger ( 12) 
found that the different horizons of 
several podzolic soils of northeastern 
Minnesota contained from 16 to 122 
ppm. total zinc, while the Ao horizon 
was even higher. Holmes (11) found 
that the total zinc content of a large 
number of soils from different parts of 
the United States varied from 21 to 147 
ppm. The availability of zinc to plants 
is probably influenced by factors such 
as soil reaction, clay, organic content. 
and the concentration of salts in the 
soil. 
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EXPERIMENTAL RESULTS 

Field Studies 
Of the six trace elements required 

for plant growth, boron might be ex
pected to be the one most likely to 
lim1t plant growth on Minnesota soils. A 
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23 

boron deficiency should be first antici
pated on plants growing on sandy, high 
lime, or peat soils and thus requiring 
larger amounts of boron. The soils 
mentioned in this report have been 
described in full by McMiller (14). 

Fig. 1. Location of trace element experimental fields in Minnesota. 
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Table I. The Effect of Applying Borax on the Yield of Second-Cut Alfalfa Grown on 
Six Fields in I 944 

~ 

Yield of second-cut alfalfa 

40 lbs. BO lbs. 
No borax bora.{ 

Field Soil type Town treatment per acre per a(;re 

tons per acre 
Hubbard sandy loam Langdon 1.2 1.4 1.0 

2 Withrow silt loam Lake Elmo 1.6 1.5 1.4 

3 Hayden sandy loam North Branch 1.7 1.4 LS 
4 Braham loamy fine sand North Branch 1.2 1.2 I" 
5 Anoka loamy fine sand Cambridge 0.7 0.7 0.7 
6 Zimmerman loamy fine sand Cambridge 1.3 I.I u 

Average 1.3 1.2 I." 

Experiments in 1944 
In 1944, six established alfalfa fields 

were topdressed with borax (which con
tains about 10 per cent boron) at the 
rate of 40 and 80 pounds of borax per 
acre. Their approximate locations are 
shown in figure 1 (fields 1 to 6). The 
borax-treated plots were randomized 
with several other fertilizer treatments, 
but there was only one replication on 
each field. The borax was broadcast in 
the spring and no effect on alfalfa 
growth of the first cutting was appar
ent. For this reason, no yields of the 
first cutting were taken, since a boron 
deficiency is more likely to occur as 
the second cutting of alfalfa nears the 
bud stage, especially if the soil be
comes relatively dry. However, rain
fall for the area during May, June, and 
July was considerably above normal. 
There was still no visual effect of the 
borax applications on the second-cut 
alfalfa growth, as shown in table 1. 

Since there were no increases in the 
yield of alfalfa from the boron appli
cations on these six alfalfa fields, no 
further organized work on applying 
boron was carried on for several years. 

Experiments in 1950 
In the spring of 1950, a farmer lo

cated on a Moody silty clay loam soil 
near Jasper in southwestern Pipestone 
County reported increases in oat yields 
in the year following the application 
of borascu (a crude salt of boron) as 
a weed killer. This reported increase 

in yield could have been partly due \o a 
partial sterilization of the soil by 1he 
relatively high concentration of the 
borascu in the previous year. This 
would result in no vegetative growth 
during one growing season and allow 
an accumulation of nitrates wbich 
would be available to the next oat crop. 

It was decided to apply four diilcr
ent trace elements to this field in a 
randomized and replicated experiment 
early in 1950. The sulfate salts \I ere 
broadcast and worked into the soil _iust 
before seeding. Oats were seeded down 
to alfalfa and the effect of the trace 
elements on both the oats and the al
falfa was to be observed (figure 1, field 
7). The weather during the growing 
season of 1950 was normal, except for 
a relatively dry month of June. The 
effect of the different trace elements on 
oat yield in 1950 is shown in table 2. 

Table 2. The Effect on Oat Yield of Applying 
Trace Elements to a Moody Silty Clay Loam 

(Field 7) in 1950 

Fertilizer treatment 
in pounds per acre 

None 
10 pounds borax 
20 pounds borax 
30 pounds borax 
100 pounds copper sulfate 
100 pounds manganese 

sulfate 
25 pounds zinc sulfate 

Bushels Increase 
of oats in bushels 
per acre per acre 

41.8 
42.4 
50.8 
51.0 
45.0 

49.6 
48.0 

0.6 
9.0 
9.2 
3.2 

7.8 
6.2 

Significant at the 5 per cent level 
Significant at the 1 per cent level 

J0.3 bu. 

13.B bu. 
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This table shows that although sev
erctl of the treatments appeared to in
crease the yield of oats, none was sta
tistically significant. 

Experiments in 1951 
Since there was a possibility of some 

trcce elements increasing oat yields, it 
w;is decided to continue this work in 
1951 on a considerably larger scale. 
During the winter of 1950-51, the al
faHa stand on field 7 winterkilled badly 
and 1951 alfalfa yields were not obtain
ab:e. 

Four oat fields (8 to 11, figure 1) and 
five: legume-hay fields (12 to 16, figure 
1) were topdressed in randomized four
replicate plots with trace elements 
alc,,1e and in combination with 200 
pounds of either 0-20-10 or 10-20-10 
per acre on several different soil types. 
Th,, 1951 growing season was cool and 
rairifall was generally above normal, 
bo,h factors being favorable for oat 
prc,duction. The effects of these treat
ments on yield of oats is shown in 
talsle 3. 

The untreated Moody silty clay loam 
soil produced the lowest yield of oats, 
and the addition of boron or copper 
with the complete fertilizer (20-40-20) 
gave more significant yield increases on 
this soil. 

Of the five established legume-hay 
fields which were topdressed with 
0-40-20 on several soil types early in 
the spring, four produced two cuttings. 
The results are shown in table 4. 

It is obvious that the application of 
trace elements, either alone or with a 
phosphate-potash fertilizer, had little 
effect on the yield of alfalfa. 

Experiments in 1952 
Two fields treated with trace ele

ments and fertilizer in the spring of 
1951 were in alfalfa in 1952. Field 8 
was first-year alfalfa following oats 
seeded down and field 12 was in second
year alfalfa, having been originally es
tablished in 1950. The total 1952 yield 
of two cuttings on the plots treated in 
the spring of 1951 is shown in table 5. 

Ta!:!e 3. The Effect of Trace Elements and Fertilizer Applications on the Yield of Oats in 1951 

!~~otment per acre 

IO pounds borax 
20 pounds borax 
30 pounds borax 
100 pounds copper sulfate 
100 pounds manganese 
25 pounds zinc sulfate 

20-40-20 

20-40-20 -1- 10 pounds borax 
20-4U-20 -1- 20 pounds borax 
20-4ii-20 + 30 pounds borax ...... 
20-40-20 + 100 pounds copper sulfate 
20-40-20 + 100 pounds manganese sulfate 
20-40-20 + 25 pounds zinc sulfate . 

Significant at the 5 per cent level 
Significant at the 1 per cent level .. 

* V.F.S.L. == very fine sandy loam 
-r Si.L. == silt loam 
t Si.C.L. == silty clay loam 
§ Significant at the 5 per cent level 
II Significant at the 1 per cent level 

Field 8-
Milaca 
V.F.S.L.• 

61.0 

-2.3 
0.9 

-1.4 
7.3§ 

-0.4 
-1.8 

5.5 
1.7 
4.2 
7.9§ 
5.1 
3.7 
6.4 

7.3 bu. 
9.8 bu. 

Oat yields 

Field 9- Field 10- Field 11-
Barnes Moody Fayette 
Si.L.t Si.C.L.t Si.L. 

bushels per acre 
57.3 32.2 59.8 

Increase over unfertilized yield 
-2.7 1.8 3.8 
-8.3 3.4 3.2 

2.7 -2.2 -2.4 
-1.9 -3.7 -3.9 

-12.1 -3.0 -2.8 
-0.4 2.7 7.2 

-12.6 7,0 2.3 
-0.6 15.911 7.4 

7.8 9.5§ 4.5 
-13.6 21.411 -4.6 
-5.5 12.711 4.2 

1.6 8.4 6.4 
-3.6 9.6§ 6.1 

16.6 bu. 9.3 bu. 7.9 bu. 
22.3 bu. 12.4 bu. 10.6 bu. 
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Table 4. The Effect of Topdressing with Trace Elements and 0-40-20 on Alfalfa Grown on 
Several Soil Types in Minnesota, 1951-Two Cuttings of Quadruplicate Plots 

Field 12- Field 13- Field 14-
Barnes 

silt loam 

Field 15-
Moody silty 

clay loam 

Field 16-
Fayette 
silt loam 

Zimrnerman Freer 
Treatment per acre loamy fine sand silt loam* 

None 

10 pounds borax 
20 pounds borax 
30 pounds borax 
100 pounds copper sulfate 

2.58 

0.04 
-0.17 

0.10 
-0.32 

100 pounds manganese sulfate -0.02 
25 pounds zinc sulfate 0.00 

0-40-20 -0.15 
0-40-20 + 10 pounds borax -0.17 
0-40-20 + 20 pounds borax 0.13 
0-40-20 + 30 pounds borax -0.12 
0-40-20 + 100 pounds copper 

sulfate -0.42 
0-40-20 + JOO pounds manganese 

sulfate -0.26 
0-40-20 + 25 pounds zinc sulfate.. -0.02 

* One cutting only-legume-grass mixture 

It is evident that there is little resid
ual effect from either the fertilizer or 

Table 5. The Residual Effect of Fertilizer and 
Trace Elements on Alfalfa Yield in the Year 

Following Application-1952 Alfalfa Yields 

Treatment per acre 

Field 8-
Milaca 
V.F.S.L. 

Field 12-
Zimmerman 

L.F.S. 

tons per acre at 
15 per cent moisture 

None ................................ 3.38 3.46 
Increase over untreated yield 

10 pounds borax -0.18 0.16 
20 pounds borax 
30 pounds borax 
100 pounds copper 

sulfate 
100 pounds manganese 

sulfate 
25 pounds zinc sulfate .... 

20-40-20 
20-40-20 + JO pounds 

borax 
20-40-20 + 20 pounds 

borax . 
20-40-20 -1- 30 pounds 

borax 
20-40-20 + 100 pounds 

copper sulfate 
20-40-20 + 100 pounds 

manganese sulfate 
20-40-20 + 25 pounds 

zinc sulfate 

-0.13 0.13 
-0.16 -0.08 

0.07 0.15 

-0.34 -0.19 
0.00 0.21 

-0.03 0.05 

-0.24 0.13 

-0.18 0.22 

-0.17 -0.22 

0.00 -0.14 

0.44 0.12 

0.05 0.28 

tons per acre at 15 per cent moisture 
2.19 1.43 1.73 2.92 

Increase over unfertilized yield 
0.11 -0.30 0.06 -0.03 

-0.04 -0.22 0.25 0.17 
0.37 -0.17 -0.09 -0.0J 

-0.20 -0.10 0.15 -0.02 
0.45 -0.15 0.18 -0.13 
0.04 -0.05 0.23 -0.06 

0.48 -0.25 0.32 
0.43 -0.05 0.45 
0.46 -0.24 0.37 
0.21 -0.31 0.20 

-0.21 -0.06 0.57 

0.30 -0.10 0.37 
0.20 -0.18 0.33 

the trace element treatment on alfaifa 
yield. 

Early in the spring of 1952, 13 aclrli
tional experimental fields were selecied 
on five important Minnesota soil types 
where deficiencies of trace elements 
might be limiting the growth of either 
oats or of legume hays. Eleven of the 
fields were oats seeded down to kg
umes, and two were alfalfa stands es
tablished in 1951. The same fertilizer 
and trace elements were broadcast but 
this time none of the three sulfates 
was applied alone, and the rates of cnp
per and manganese sulfate were re
duced to 25 pounds per acre. Soil 
samples obtained at 0-6", 6-12", c1nd 
12-24" depths on all 13 of these fields 
were later analyzed for soluble boron 
content. 

Since the Moody soils of southwestern 
Minnesota were suspected of a defici
ency of available boron, six of the oat 
fields and the two established alfalfa 
experimental fields were located on 
these soils. The months of April and 
May were warm and very dry and these 
conditions reduced possible oat yields 
by allowing only partial tillering. Dry 
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Table 6. The Effect of Fertilizer and Trace Elements on the 1952 Yield of Oats Grown on Six 
fields of Moody Silty Clay Loam in Southwestern Minnesota (Average of Four Replicates) 

Trentment per acre Field 17 Field 18 Field 19 Field 20 Field 21 Field 22 

yield in bushels per acre 
Nor.e 43.8 77.7 32.9 44.7 59.7 52.5 

Increase over untreated yield 
10 pounds borax -6.1 -3.7 2.8 -5.2 0.3 -1.0 
20 pounds borax -3.0 3.3 -0.7 -4.7 -0.5 -1.8 
30 pounds borax -2.8 -1.7 6.1 2.7 3.5 -0.9 

20.,;iJ-20 0.8 2.6 1.5 -0.8 0.1 0.1 
20--;11.20 + 10 pounds borax -0.7 0.0 -0.8 8.5 1.5 -3.4 
20-40-20 + 20 pounds borax 0.6 -0.9 2.7 1.7 -3.5 -4.1 
20-•Jil-20 + 30 pounds borax -2.8 -2.8 1.2 -7.7 -4.1 --1.1 

20-lD-20 + 25 pounds copper sulfate -2.7 5.9 4.4 -2.3 -1.0 -1.7 
20-·!0-20 + 25 pounds manganese sulfate 2.0 -4.1 4.4 -3.9 5.8 0.1 
20-·!0-20 + 25 pounds zinc sulfate -1.8 -2.1 5.0 -12.0 -8.3 2.8 

we:1ther and soil in July should have 
reduced the availability of soil boron 
anci increased the possible effect of 
boron applications to the six oat fields 
on these soils. The subsequent oat yields 
arc shown in table 6. 

None of the six oat fields showed a 
statistically significant increase in yield. 
Thc,re was little increase or variation 
in !he oat yields grown on the variously 
tre11ted plots, and there was no signifi
cant difference due to the application 
of l'ither trace elements or fertilizer. 

The remaining five oat fields were lo
call:d on different soil types, and the 
yields obtained are shown in table 7. 

None of these five fields showed a 
statistically significant increase in yield. 

There was considerable variation in 
the oat yields among the various treat
ments, but a statistical analysis showed 
no significant increase in yield in any 
field due to the application of either 
trace elements or of fertilizer. 

The two fields of legume hay estab
lished in 1951 on Moody silty clay loam 
and topdressed early in 1952 were sam
pled at the first and second cuttings. 
The total hay yields from the two cut
tings are shown in table 8 on the fol
lowing page. 

None of the yields showed a signifi
cant increase for any of the treatments. 
The dry spring should have lowered 
soil boron availability but trace ele
ment applications were not effective. 

Table 7. The Effect of Fertilizer and Trace Elements on the 1952 Yield of Oats Grown on 
Several Minnesota Soil Types (Average of Four Replicates) 

Field 23- Field 24- Field 25- Field 26- Field27-
Webster Nicollet Skyberg Fayette Milaca 

Treatment per acre Si.C.L. Si.C.L. Si.C.L. Si.L. V.F.S.L. 

yield in bushels per acre 
Nonr: 47.1 71.2 50.1 37.5 34.7 

Increase over untreated yield 
10 pounds borax -0.4 1.8 6.9 4.7 1.3 
20 pounds borax 2.4 3.6 7.5 6.5 4.5 
30 pounds borax -4.4 -0.6 6.3 -3.7 7.2 

20-40-20 -2.7 3.5 8.7 1.3 8.1 
20-411-20 + 10 pounds borax 9.3 -0.7 9.4 3.8 8.9 
20-411-20 + 20 pounds borax 5.0 5.4 11.4 1.3 11.1 
20.4,:.20 + 30 pounds borax 7.3 -4.7 16.2 4.3 7.4 
20-40-20 + 25 pounds copper sulfate 3.8 -0.8 -1.1 9.7 8.2 
20-4U-20 + 25 pounds manganese sulfate 0.4 -3.5 11.5 -2.8 14.0 
~0-40 20 + 25 pounds zinc sulfate 9.9 0.9 11.5 6.5 2.2 
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Table 8. The Effect of Fertilizer and Trace 
Elements Broadcast Early in 1952 on the 1952 
Yield of Legume Hay Grown on Two Fields 
of Moody Silty Clay Loam in Southwestern 

Minnesota (Average of Four Replicates) 

Treatment per acre 

Field 29-
Field 28- grass-legume 

alfalfa mixture 

yield in tons per acre at 
15 per cent moisture 

None 1.96 2.45 
Increase over untreated yield 

10 pounds borax -0.16 0.25 
20 pounds borax 
30 pounds borax 

0-40-20 
0-40-20 + 10 pounds 

borax 
0-40-20 + 20 pounds 

borax 
0-40-20 + 30 pounds 

borax 
0-40-20 + 25 pounds 

copper sulfate 

0-40-20 + 25 pounds 
manganese sulfate 

0-40-20 + 25 pounds 
zinc sulfate 

Experiments in 1953 

-0.05 0.07 
-0.04 -0.02 

0.01 -0.07 

0.02 -0.02 

0.21 0.24 

0.12 -0.01 

-0.04 0.09 

-0.02 0.17 

0.04 0.25 

Although 13 fields were topdressed 
in 1952, only six of these remained 
available for a study of the residual 
effect of the different treatments in 

1953. The 1953 hay yields from two Cl,t
tings on the different 1952 treatments 
are shown in table 9. 

This table shows that in gene1 al 
there was little residual effect on 1 be 
1953 hay yields from the application :if 
fertilizer and trace elements. 

Laboratory Studies 
One of the factors generally consid

er2d to influence the availability of ,nil 
boron is the soil reaction. In order to 
determine if the soils of the differ,·nt 
experimental fields varied materi";ly 
and might affect the availability of 
boron, pH determinations were n~;,de 
on the soil from each of the 13 fields 
treated in the spring of 1952. The ,·e
sults of these determinations at three 
different depths are shown in table 10. 

The variation in the pH of these suits 
should not materially affect the avilila
bility of either the applied or the ,a
tive soil boron. None of the soils cuuld 
be considered to have had any mak:-ial 
concentrations of free carbon:,tes 
present. 

Since some of the soils in the Unj,ed 
States are considered to be low in 

Tabb 9. The Effect of Fertilizer and Trace Elements Applied in 1952 on the 1953 Yields of 
Legume Hay (Two Cuttings) 

-
Webster MilacG 

Th-'!oody silty clay loa~-- Si.C.L. V.F.S.L. 

Alfalfa Legume-grass Alfalfa Legume-grass 

Treatment 
-- -------

Field 23 -Field27 --per acre Field 17 Field 28* Field 22 Field 29• 

yield in tons per acre at 15 per cent moisture 
None 2.24 2.70 0.68 0.37 2.14 1.91 

Increase over untreated yield 
10 pounds borax 0.09 -0.36 -0.21 -0.05 0.27 -0.21 

20 pounds borax -0.06 -0.52 -0.13 0.18 -0.20 -0.0G 

30 pounds borax 0.20 0.14 -0.24 0.26 -0.15 -0.lH 

20-40-20 0.03 0.03 0.38 0.12 0.71 -0.02 

20-40-20 + 10 pounds borax. 0.08 -0.11 0.54 0.23 0.31 -0.12 

20-40-20 + 20 pounds borax 0.00 -0.01 0.61 0.23 0.29 -o.r: 
20-40-20 -t- 30 pounds borax -0.04 -0.25 0.29 0.28 0.59 -0.10 

20-40-20 + 25 pounds copper 
sulfate 0.15 0.09 0.56 0.22 0.45 -0.27 

20-40-20 -l- 25 pounds 
manganese sulfate 0.19 0.02 0.47 0.12 0.64 -0.03 

20-40-20 + 25 pounds zinc 
sulfate 0.11 -0.25 0.29 0.25 0.33 -0.07 

• 0-40-20 was broadcast on these two fields in place of 20-40-20. 
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Table IO. Soil Origin, Type, and Reaction of 13 Experimental Fields (1952-53) 

Fic.ld Soil origin Soil type 

1; Aeolian Moody silty clay loam 
1- Aeolian Moody silty clay loam 
), Aeolian Moody silty clay loam 
2:• Aeolian Moody silty clay loam 
2: Aeolian Moody silty clay loam 

Aeolian Moody silty clay loam 
2, Aeolian Moody silty clay loam 
2:, Aeolian Moody silty clay loam 
2i Aeolian Fayette silt loam 
22 Glacial Webster silty clay loam 
2- Glacial Nicollet silty clay loam 
2' Glacial Skyberg silty clay loam 
2,- Glacial Milaca very fine sandy loam 

av,,ilable boron, the available (soluble) 
bor:in content of the same 13 field soils 
\\'a, determined at three different 
derths, using a modification of the 
method of Hatcher and Wilcox ( 10), 
The results are shown in table 11. 

Ti1e available boron content of the 
sur•'ace soils ranged from 0.33 ppm, to 
LH ppm, in the 0-6" depth, from 0.12 
ppn, to 1.17 ppm, in the 6-12" depth, 
anci from 0.12 to 0.92 ppm. within the 
12-:.'4" depth. The average available 
bomn content for these depths was 0.84, 
0.5ij_ and 0.40 ppm. respectively. These 
resnlts are in general quantitative 
agn-ement with those of Coleman (6), 
WhPtstone ( 25), and Berger ( 1) but are 
lower than those reported by Orellana 
(18 i. 

pH at depth of 

0-6" 6-12" 12-24" 
-------
6,14 5,79 6,10 
5.72 5,62 5,54 
6.40 6.24 6,10 
5.63 5.82 6.45 
5,39 5.55 5,68 
5.64 5,84 6.58 
5,68 5,89 6.45 
5,61 5,68 5.90 
6,24 6,05 5,08 
6.08 5,98 6,28 
5.81 5.55 5.55 
6.44 5.56 4,91 
5,90 4,76 4.76 

The trend toward decreasing amounts 
of available boron with increasing soil 
depth indicates the association of soil 
boron with organic matter as mentioned 
by Berger and Truog (2). However, all 
of the soils examined contain sufficient 
amounts of available boron for normal 
growth of alfalfa according to the criti
cal values of Stinson ( 24). The Milaca 
very fine sandy loam was relatively low 
in available boron, and this soil is 
known to respond to applications of 
boron when certain root crops with 
very high boron requirements are 
grown. 

The oat grain grown on the boron
treated plots of six of the 1953 oat fields 
was analyzed for total boron content 
and the results are shown in table 12. 

Table II. Available Soil Boron of 13 Experimental Fields (1952-53) at Three Depths 
--

Ppm. boron at depth of 

Fiel,.1 Soil origin Soil type 0-6" 6-12" 12-24" 

17 Aeolian Moody silty clay loam 0.32 0.62 0.17 
18 Aeolian Moody silty clay loam 0.91 0.26 0,29 
19 Aeolian Moody silty clay loam 1.13 1.04 0.55 
20 Aeolian Moody silty clay loam 1.07 0,32 0.92 
21 Aeolian Moody silty clay loam 1.14 0,59 0.85 
22 Aeolian Moody silty clay loam LOS 0.70 0.20 
28 Aeolian Moody silty clay loam 0.99 1.17 0.65 
29 Aeolian Moody silty clay loam I.DO 0,53 0.19 
26 Aeolian Fayette silt loam 0.71 0.80 0.12 
23 Glacial Webster silty clay loam 0.82 0.41 0.45 
24 Glacial Nicollet silty clay loam 0.76 0.44 0,39 
25 Glacial Skyberg silty clay loam 0,75 0,27 0.32 
27 Glacial Milaca very fine sandy loam 0.33 0.12 0.15 

l\verage 0.84 0,56 0.40 
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Table 12. The Effect of Broadcasting Borax on the Total Boron Content of Oat Grain Grown on 
Several Soil Types in Minnesota in 1952 

Fayette Nicollet Skyberg Milaca 
Moody Si.C.L. Si.L. Si.C.L. Si.C.L. V.F.S.L. 

Soil treatment per acre Field 17 Field 22 Field 26 Field 24 Field 25 Field 27 Average 

ppm. dry weight basis 
Available soil boron in ppm. (0-6") 0.32 1.05 0.71 0.76 0.75 0.33 0.65 

Total boron in oat grain 
None 4.4 1.9 2.9 2.5 3.8 3.6 3.~ 

10 pounds borax 4.0 2.3 3.2 2.5 3.7 4.5 3.J 
20 pounds borax 4.4 3.4 2.7 3.2 3.7 6.3 3 O• 

30 pounds borax 4.8 2.9 3.1 2.8 3.7 7.6 4.l·f 

20-40-20 + 10 pounds borax 4.3 2.3 2.9 2.5 3.7 4.5 3.3 

20-40-20 + 20 pounds borax 4.9 1.6 3.5 3.2 4.3 6.4 4.lh 
20-40-20 + 30 pounds borax 5.5 2.3 4.2 3.9 4.7 7.1 4.bt 

Difference required for significance at the 5 per cent level . 0.57 
Difference required for significance at the 1 per cent level 0.70 

* Significant at the 5 per cent level 
t Significant at the I per cent level 

Where borax was applied at rates of 
20 and 30 pounds per acre, the total 
boron content of the oat grain was sig
nificantly increased. The application of 
20-40-20 in addition to 20- and 30-
pound borax treatments tended to in
crease the boron content of the oat 
grain further. 

The boron content of the oat grain 
was higher than that reported by Cole
man ( 6), and the increases due to boron 
treatment of the soil were considerably 
less than those reported by Munsell 
and Brown (15). There was no marked 
correlation between the available boron 
content of the soil and the total boron 
content of the oat grain. On soils where 
the available boron content was low, 
there appeared to be a slightly greater 

uptake of boron, especially at the he:w
ier rates of application. 

Samples of hay grown in 1952 on two 
Moody silty clay loam fields that had 
been topdressed early that spring \\"ere 
analyzed for total boron content. In 
addition, samples of hay grown in 1953 
on the same soils which had been top
dressed early in 1952 were analyzed for 
total boron content. The results of the 
analyses for these two years are pre
sented in table 13. 

It is evident that the legume-grass 
mixture hay contains only about half 
as much boron as does alfalfa, and it 
is well known that the boron require
ment of legumes is two to four times 
that of the grasses. Applications of bor
on were found to be more effective for 

Table 13. The Effect of Broadcasting Borax in 1952 on the Total Boron Content of 1952 and 1953 
Hay Grown on Two Moody Silty Clay Loam Fields in Southwestern Minnesota 

(Average of First and Second Cuts) 

1952 hay 
Field 28- Field 29-

____ 1_9_5_3_h=ay ____ _ 
Field 28- Field 29-

Soil treatment per acre alfalfa legume grass alfalfa legume grass 

ppm. boron-oven-dry basis 
None 46.0 26.9 45.4 27.7 
10 pounds borax 48.6 27.4 46.6 29.6 
20 pounds borax 60.6 27.9 45.6 30.2 
30 pounds borax 62.8 36.3 43.6 29.3 
0-40-20 + 10 pounds borax 51.1 29.4 45.6 28.0 

0-40-20 + 20 pounds borax 56.5 35.! 46.5 32.0 
0-40-20 + 30 pounds borax 59.8 35.2 40.4 30.0 
·---·----
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increasing the boron content of the 
fir;t-cutting hay than the second-cut
tir,g in 1952 and this increased effective
m·ss was apparently associated with 
th,:, drier weather during the growth 
peciod of the first cutting. 

On the 1952 hays, the application of 
bornn generally increased the boron 

content of the plants, but there was 
little or no residual effect of the 1952 
boron applications on the concentra
tions of boron in the 1953 hays. The 
concentration of boron in both the 1952 
and 1953 hays was well above the criti
cal value of 9 ppm. mentioned by Dible 
and Berger (8). 

CONCLUSIONS 
Alfalfa is one of our most im

portant crop plants in Minnesota and 
is known to be very susceptible to de
ficiencies of available boron in the soil. 
Th,·re have been occasional reports of 
of boron-deficiency symptoms on Min
nesota alfalfa fields, but none of these 
ha, been substantiated by a response 
to applications of boron. 

2 The direct application of a solu
ble source of boron (borax) to six al
faha fields in 1944 and to seven fields 
in 1951 and 1952 on several important 
soil types produced essentially no in
crl'ases in alfalfa yield. 

:J The residual effect of borax 
bruadcast in the spring of the year pre
cecli ng each study was examined on 
tw,, fields of 1952 alfalfa and on six al
falfa and legume-grass fields in 1953. 
There were no significant residual ef
fects of boron applications on legume 
Yield in the years following the borax 
treatment. 

4. Applications of borax to one field 
of nats in 1950, to two fields in 1951, 
and to 11 fields in 1952 produced no 
consistent increases in oat yields. 

5. Heavy applications of borax sig
nifil'antly increased the boron content 
of nats and alfalfa in the year of appli
catinn but had little effect on the com
posiLion of the alfalfa in the following 
year. 

6. The total boron content of oat 
grain, alfalfa, and legume-grass hays 
Was well above established minimum 

values generally found in boron-de
ficient plants. 

7. A total of 13 soils from six im
portant agricultural soil associations 
in Minnesota was analyzed for avail
able boron at three depths down to 24 
inches. Most of the soils were well 
above critical values of available boron, 
but the Milaca very fine sandy loam 
was near the minimum established 
value. Available boron generally de
creased with depth. The maximum pH 
of the 13 experimental soils was 6.44, 
indicating a general soil reaction favor
able to boron availability. 

8. There was no direct or residual 
effect of applying sulfates of copper, 
manganese, or zinc on the yield of 15 
legume-hay fields during the three
year period of 1951 to 1953. 

9. Applications of sulfates of cop
per, manganese, and zinc to one field 
of oats in 1950, to four fields in 1951, 
and to 11 fields in 1952 showed no con
sistent effects on oat yield. 

10. The present evidence does not 
indicate that the soils of southern Min
nesota are now deficient in available 
boron, copper, manganese, or zinc for 
the normal growth of alfalfa and oats. 

11. It should be emphasized that the 
four trace elements included in this 
study may limit plant growth in Min
nesota at some future time and peri
odical investigations on possible needs 
should be made. 
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