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A STUDY OF TOTAL AND WATLE~SOLUBLE BORON IN OKLAUOMA SOILS

o

Several reports have been published about boron deficienciess in soil
and its relation to certain types of diseases, or failure of plsnts to
produce good crops. Considerable work has been done on the problem of
boron regiiresents for normal growth, but very little work has been
done to determine how much available boron should be in the soil for
the optimum growth of crops. Almost no work has been dene to find.out
now much boron is present in the scils of different areas or to pre-
dict how well different crop plants will grow o seils with a low boron
content.

The purpose of this investigation was to anzlyze soils, from various
locations in Oklahoma, Tor total and available beron to determine if
sone areas might benefit f{rom boron fertilization, The object was to
determine how much boron is available for plant use; how it is dis-
tributed in the secil profiles how cropped scils compare with virgin

soils; and atteupt to show the relation between the amounts of boron

found in the soils and expected crop response.



REVIEW OF LITHERATURE

Very little information was obtained from the literature which would
help with the solution of this problem. In a few widely scattered areas,
some work hes been done on evaluating soils for their boron conteut.
Jordan and Powers (20)1 made a rather comprehensive study of the boron
content of Oregon soils. They found that crops growing on medium textured
s0ils conmaining‘less than 0,50 ppm. of available boron usually resulted
in a deficiency; soils containing from 0.50 to 0.75 ppm. available boron
was optimum for plant groﬁth, and more than 0.75 ppr. was excess or toxic.
They stated that lighter texitured sandy soils, having a lower base
exchange capacity, have a somewhat lower concentration of soluble boron
and the heavier textured soils and those that are basic in reaction have
a higher concentration due to the higher colloidal content.

Rogers (27) made a study of the coarse textured scils of ilabama
in relation to the‘need of horon fertilization for legumeé. He found
that when legumes, which usuallv reguire a rather high concentration of
available boron for good growth, were grown on coarse textured soils,
the requirements were much less than that needed on the finer textured
soils., He attributed this to the fact that coarse textured soils usnally
have & low calcium Supply and a low base exchange capacity.

Schallgr (28) nade a study‘@f the boron centent and requirements
of West Virginia soils and stated that many of the soils in West
Virginia approcach the lower boron limits for maximum alfalfa growth,
although most soils have sufficient aveilable boron to prevent plant

deficiency symptoms., His data indicate thszt the available boron content

1 gumbers in parentheses refer to references cited on p. Ll=ii3,



of the subsoils is lower than that of the plowed laysy, and that this would
cause a shortage of available boron on badly ercded soils. He also ciéimed
that soils lowest in boron conbent have been effected by strong leaching
processes, such as that occurring on soils derived from acid shale and
sandstone.

DeTurk and Olson (13), in a study of boron in Illinois and Georgié
soils, found that the water-soluble borom in the soils of Illinois rangés
from 0.20 to 1.22 pom. and in Georgia from 0,01 to 0.65 ppm. They found
that symptoﬁs of boron deficiency occurred in lespedeza, alsike clovef,
and ved clover when the amount of available boron in the soil was less
than 0.50 ppm. DeTurk and Clson zlso anelyzed these soils for total
boron, but could not find any relationship between the total boren in
the soils and the waiter-soluble fractions. The total boron in the Illinois
soils ranged from 18 to L7 ppm. and that in Georgia féom Sito 52 ppm.

They found ratios between total and water-soluble horon ranging from as
low as 17 up to 1hl. |

Cook and Millar (11}, in a study of Michigan soils in relation to
the cccurrence of heart rot in sugar beets, reported that thére is ﬁo
correlation between the appearance of this condition and the borate
content of the soil, but that there is a correlation between the
apéearance of thié disease and the active calcium content of the soil.

They also fouﬁd that when a #ery porous layer of suEsoil oécurred Eeneath
the topsoil, excessive leaching would be inducive to boron deficiency,
due to the fact that boron is leached cut as fast as it is made available,
and thus is lost for crop use.

¥idgley and Dunklee (22) reported instances of boron deficiencies
in soils of Vermont and are of the opinion that excessive applications

of lime on acid soils is the cause of boron deficiencies in crops grown



in that region, Haitel (2l) states also that liming decreases the
‘water-soluble boreon content of soils and that the extent of decrease
depends on the amount of lime that is applied.

Olson and Berger (25) state that calcium ions have no effect on
the Tixation of boron in the soil, but that it is the increase in
alkalinity that causes the [ixation by certain clay minerals in the soil.

Very little literature was found in regard to analytical methods
for determining total and water-soluble borvn in soils. Berger and
Truog (5) described a method for determining total and water-soluble
boron in solls and plants by the use of guinslazarine A method for
totzl boron has been described by Truog (29) in which the soil is fused
with sodium carbonste, leached with water and acid, the boroan removed
by distillation with methyl alcohol, and determined using quinalazarine
in a concentrated sulfuric acid solution.

BgTurk‘and Olson (13) deseribed amethod for the determination of

total boron in soils in which a strong solution of potassium hydroxide

(RN

s used to fuse the soil instead of sodium carbonete as in Truog's (29)
method. Their method is supposed to do away with the necessity of
distilling the methyl borate from the sclution.

Naftel (23) described a colorimetric method for determining water-
soluble boron. The soil is refluxed with hot water to extract the boron
from the soil, the filtrate evaporated twice using oxaiic acid and
turmeric as reagents to produce a color, the intensity oi which can be
compared with standzrd sclutions.

Hoas (17) recommended Naftel's method of determining water-soluble
boron, and described the procedure in more detail than appeared in

Haftel's paper.



ANALYTICAL METHODS FOR WATER~SOLUBLE AND TOTAL BORON IN S0ILS

Boron~-free glassware 1s the first requirement in the determination of
water—solublg and total boreon, with tha use of glazed porgelain evapora#ing
dishes for evaporating the solutions. Previous studies conducted in the
soils laberatory of the Oklahoma A & M College indicated that the method
proposed by Berger and Truog (5) had many objectionableiféatures; conse-
quently, a procedure descﬁibed by Naftel (23) was studied and repruducible
results were obtained using standard soluﬁions and soil éamples. The
details of this method are as follows: Twenty grams eof air dry soil that
has been pulverigzed tavpass through a 40 mesh sieve is weighed to a 200ml,
boron-free erlemmeyer flask, 40 ml. ef‘distille& water added, and the
flask connected to a reflux condenser. The water—aoil.mixture is boiled
for five ninmutes, eocoled, and the suspension transferfed to a eentrifuge
tube, and centrifuged to obtain a elear solution. An aliqu@t is placed in
a porcelain evaporating dish, made alkaline with 5 ml. or more of a 0.10
N ecaleiunm hydroxide suspension, and then evaporated to dryness on a stean
plate or vater bath.

Add 1 ml. of a saturated solution of cxaliec acid containing 20 percent
of conce rated hydrochloric aecid and 2 ml, of a 1.0 pereent solution of
turmeric digsolved in 95 percent ethyl alcohol to the dry residue in the
evaporating dish. Rotate the dish so that the reagents come in contact
with all residue, and evaporatle to.dryness over a water bath at a temperature
of 559 with no deviation greater than plus or minus 3°C.

On reaching the drying point, a reasction takes place between the oxalic
acid, turmeric, and borates present which forms a red dye called rosocyanine.®
The intensity of the color produced is directly proportional to the amount

of boron in the aliquot.

*GHQ(GO—GH#Gﬂhﬂéﬂ3(OH)GCH3)2+ (COoHp) 2.2Ho0 + Bo03= an isomeric rosocyanine (6).
(turmeric solution) {oxalic eeid)



When the drying point is reached, conbtimie heating for 30 minﬁtes,
remove and cool. The red colored residue is taken up in 95 ?ercent ethyl
alcohol, transfered to a centrifuge tube and centrifuged to obtain a clear
solution. It is then made wp to a suiteble volume with ethyl alcohol (50 ml.
was used in this study) and the color intensity is compared with standards
made from boric acid and treated in the same manner as the soil extract.

& Fisher electrophotometer using a green filter, number 525 B, with the
machine set at A was used to measure the intensity of the red coler.

Standard boric acid solutioms with a range of 0.02 ppm. to 0.6k ppm.
of boron were prepared from a solution containing 1 ppm. of boron. The
amount of boric acid needed to make a solution containing 1 ppm. of boron
was s0 small that it would be difficult to weighj consequently, a solution
containing 100 ppm. of boreon was made up first and then diluted to make a
solution containing 1 ppm. of boron.

These standards were treated in the same manner as the soil extracts.
Readings for each soiution were obtained on the Fisher electrophotometer.
These results wére plotted on graph paper against the amounts of boron
that were known to be present and a curve developed, from which it was
possible to prepare a table which could be used to obtain the amounts
of boron in the soil sam?les. The calibretion curve is shown in
Figure 1, and Table 1 contains information on the relation between the
photometer readings and the boron content of the standard solutions.

The calibration curve shown in Figure 1 can be used to determine
much smaller amounts of boron, but it was felt that a smaller amount

than 0.0l ppn. of boron was not significant.



Tabie 1. Readings and Approximate Aweuntsof Boron As Frg
Catjbration Curve shown im Figure |,

pared Fron the

Readings on ppo. Readings om pPpite
Photometer Beron Photeoaeter Boron
5 3.0} 66 026
1o G.02 67 0.27
iy .03 68 B, 2B
i3 0.04 63 023
29 3.05 70 5430
LS 0,06 72 e31
36 0.3 73 3.32
i} Jed3 Th 8433
3s 0.0% 75 D34
37 G.10 76 9,35
LT Gail 77 G35
%3 .12 78 037
45 G413 79 9.38
L7 g b 3G 0439
] 8.45 31 0.0
50 g6 §2 [
53 0. 17 83 Geliz
55 0.18 3 .43
56 g.19 85 Gl
58 Q.20 36 . DL lS
53 .2 87 O P 1)
60, - P22 83 O b7
6z . 8.23 a9 ;0.4
63 Q.24 39 R ()
65 0,25 91
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A modification of Truop's (28) method was used for the determination
£ total boron in soils. In this method the reageuts employed were
sulfuric acid and quinalazarine, with the sulfuric acid requiring a tediocus
standardization. BSince hydrochloric acid works well with the reagents
used in analyzing for water-soluble horon, it was decided to try a modifi-

cation of the Truog method, using oxalic acid and turmeric in place of

3 o

the sulfuric acid and guinalazarine for the measurement of total boron
in the soil. & test was yun to see if a known amount of boron could be
recovered by this procedure and a 100 psrcent recovery was obtained.

The method used for determining total boron in solls was as follows:
Three grams of anhydrous sodium carbonate was placed in a platinum crucible,
0;5 ga. of 100 mesh soil was added and stirred thoroughly into the sodium
carbonate, leveling off the mixture when finished. The cruéiblg wag then
placed on a triangle over a low flame and heated slowly for 10 mimtes
to drive off all molsture which might cause spattering. Then the tome
perature was gradually raised, complete fusion being obtained in 10 to
15 minutes. Pick up the crucible with nickel tongs and rotate melt
gentlybo be sure that all of the soil has fused completely. After the
fusion has cooled, place crucible in a boron-free beaker containing $0 ml.
of distilled water, and cover with a watch glass. Add b to © ml. of LU
hydrochiloric acid every few mimutes (about three applicatiocns) and digest
until the melt has completely disintegrated. Wash any solution adhering
to the walls of the crucible into the oeaker and adjust the pH of the
solution to between 5.5 and 6.0 with 0.1 ¥ HaCH and 0,1 ¥ HCL using a
spot plate and a suiteble indicator,

Then bransfer the contents of the beaker to 2 500 ml. volumetric

flask. After washing all residue 1nto the flask, the volume should notb



ba more than 150 mi. Fill to the mark wilth methyl 2lcehol and mix

.

thoroughly. Remove z sulteble aliguot from the solution after 21l golils

have sattled, =2nd dilgtill the alcohol and methyl beorabte formed from the

reaction. Place the distillate in a porcelain eveporsting dish, and alfter

naking elksline with 5 ml. or wore of a 0,10 ¥ caleiwa hydroxide suspension,

evaporate to dryness on o sheam plats, or over g wabter bath. Develop the
color and complete the analysis as recommended for water-goluble boron.

Haftel, in describing his wethod for the analysis for water-scluble

boror in solls, recommended the use of Whitman Yo. b2 filter paper to
obtain a clear solution. AL the begimming of this study 1t was found

that duplicate readings could not be dhtained on the same standards,

uging filser paper. Clear colutions were obhbained in centrifugs tubes,

that were boron-free; comseguently, it was apparent thaet some eontamination

&

g

was being obtained from the Tilter paper. Iess time was aglso requiresd to

“,

chtain clear solutions by centrifuging than by filieri
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SOURCE OF SCILS
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Tabis x@o

A Comparison of Aip Brying snd Oven Urying on the W ter-Scluble Boron

In Hoist Soils Collocted From Craig County in Nerth E stern Jiclahomas

Burface Yater=Seluble Boren

Sanple Land User Legal Description Land Use or Seil Botl Field Gven Air

Hoe Subseit Type Reaction fieist Dry Dry
SRR DPRe PR
i® L. Harian 884, SEi, 8w Butive surf, Parasens wmed. coid 0,13 9.22  0.17
e’ Chalopar 3 30=-25-2i tigadow sub focn atr. acid 0.96 O.i% 0.02
3 N, Nul, B8] erops surf. Parsons si. acid 0.36 0.22 06.13
Y B wz3-21 stb foam nod. acid F.00 G 12 0.t0
5 Jog Tullie 883, SE, NEj crops surf. Hanceville str. acid 026 0.1 Q.19
6 ) 3-28-%1 sub : ste acid .16  0.20 .05
7 Jde Ward 8ui, Swh, SE} Kative surf. B mod. acid .36 0.26 9.19
& %iide 26=23-20 Pasture sub str, acid .08 0.10  0.02
3 ePope surf. Parsone  ned. acid .30 0.36 0.i6
e Rex inman SEL, SEX, NEL sub onn node acid .03 0.10  0.05
ti Vinita 342620 Hative surf. Yarsons  wode acid G.1%  3.27 0.3
12 Pasture sub sf.loan  str. acid G.08  0.13 0,06
13 Edd Bond 8EL, SEf, HEZ Rative surf. Sunmid & sér. veid 0,62 1,02 0.36
1y Yinita 16=25=21 Pisture sub clay vod. acid 9.32 Q.44 0.75
t5 wuL, Swy Srops surf. Bates sir. 20id G.ul O.u5 0,21
I6 Bert Spaulding {6-26-20 sub toam etre. acid G.06 0.19  0.02
Average-surf. G.33 0433 .19
~Bub Gohly - 0,20 0.13

*These soils were not a gar% of the regular laberatory
R. C. Yoodward of the Agricultural Extension Servica.

sanples, but were brought in fer this study by
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WATER~-SCLUBLE BORON IN OKLAHOMA SOILS

The main part of this study was made on soils that had been air dried
before analysis. One hundred and sixty samples from 20 counties and
representing a fair cross section of the state were analyazed for water-
soluble boron, The results of the analysis of soils from the north eastern
part of Oxlahoma, as represented by Craig County, are shown in Tsble h.
These soils have been discussed previocusly, but not too much was said about
the water~soluble boron obtained after air drying. These soils do not
seem to te too well supplied with available boron., Available boron in the
surface soila;z ranged from 0,10 to 0.36 ppm.

All but two samples were below 0.20 ppm. In almost every case the
surface soils contained more available boron than the subsoils. lost of
the subsoils are very deficimnt in available boron, with the exception of
lumber 1li, which is a clay soil, This deficiency is quite likely the
result of leaching processes due to the higher rainfall in this area.

Table 5 shows the results of the analysis of soils from east central
Oklahoma, which are represented by four samples from luskogee County, f.our
from Sequoyah County, and two samples from Tulsa County. «#ith the exception
of one sample, which came from Sallisaw in Sequoyah County, these soils are
well supplied with available boron. This soil, Humber 4590, contained only
0,067 ppm. water-soluble boron. The soil was strongly acid in reaction,
which may have had some influence on the low amount of available boron
present (3)., The available boron in the subsoils was somewhat lower than

that in the surface soils.



Table 5. Water-Scluble Boron in Sgils from East Central Oklaloma

Surface Water
Lab No. Land User Location or Crop Soil Soil Soluble
Subscil Class Reaciibn Boron
15 T
Tulsa County
W77 E. Pogue Tulsa surf. — Loam mod.zcid Q.54
4178 sub neutral 0.48
duskogee County
2924  E. toore  Braggs surf., Corn vefl sl. scid 1.90
2925 sub vefl mod.acid 1,76
4463 HeEe Crauk Huskogee surf. S vsfl sl., acid 0,52
Lley sub — sl, acid 0.36
Sequoyah County
L4152 VA T.P, Vian surf., corn sl of ) basic 1«10
4193 " L surf. corn si cl | basic 1.4k
L9y n n surf. corn si | basie 0.85
4598 Co. Agent Sallisaw surf. —— visl str.acid  0.067

Abbreviations used in soil classs

si ¢l l-=silty clay loam; si l--silty loam.

visl-=very fine sandy loan;

16
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North Central Oklahoma, The amount of water-soluble boron found in
the soils from the north central Oklahoma is shown in Table 64 This part
of the state is represented by samples from Osage, Kay, loble, Garfield,
and Payne counties. In most cases, the surface soils of this region are
very well supplied with available boron. The surface soils from Kay County
had from O.4li to 0.96 ppm. of water-soluble boron and averaged =bout 0.60
ppom. The subseils in these samples, for Uhe most part, had more available
boron than the surface soils, probably because they were less acid than the
top soils,

The samples from Osage County were also fairly high in available boron.
These samples show an interesting fact on the availability of boron in the
soil in that, when the surface and subsoils have about the same reaction,
the subsoils are lower in available boron, but when the surface soils are
either more acid or vasic in reaction than the subsoils, the reverse seems
to be true (3).

The soils from Noble County had about the same amount of abailable
boron as those from Kay and Osage Counties.

Only one surface sasmple was obtained from Garfield County, and this
sample contained 0.56 ppm. of water-soluble boron, which is high enough for
most Crops.

The samples that were obtained from Payne County present a slightly
different picture. Two soil types were analyzed, loamy and sandy soils.

As is shown in Table 6, sandy soils do not as a rule have as much availe
able boron as the more loamy soils. The loamy soils had from 0,70 to

2,30 ppm. of water-soluble boron in the surface soils and from 0.67 to 1.80
ppm. in the subsoils. Whereas, the sandy soils only had from 0.10 to
0420 ppm. of water-soluble boron in the surface soils and from 0.04 to 0.12
in the subsoils,



Table 6. Water=Soluble Borom in Soils from North Central Oklahoma

Surface Water
Lab No. Land User Location or Crops Seil Soi l Soluble
Subscil Class Reacticn Boron
ppie
G@sage County
2947 surf. — visl sl. acid 0.87
E“ sub Le & slo acid 0.81
2349  Ferd Doefel FPonmca City surf. ———- visl sl acid 0.77
2950 sub s cl | nmeutral fall
2951 surf. —— visl basie 0.68
2952 sub el | sl.basic 0.83
Kay County
3417 surf. grain and ei cl | sl. acid [
3418 Chilocco Indian Chilecce sub sorghum  si cl | neutral 0.9%
3429 School surf., corn si | mod.acid 0.6!
3430 sub si cl | neutral 0.52
3u35 surf. corn si | modeecid 0.65
3436 sub si el | sli.acid 0.60
3443 surf. grain and losm sl.acid 0.63
344y sub vetch loam  sl.basic 9.63
3445 surf, grain and si | mod.acid 0.96
344 sub vetch si | sl.ecid .04
3447 surf. alfalfa si | sliacid 0.75
3448 sub el | sleacid 0.85
Noble County
3752 @ttie Davis Billings surf, wheat si | neutrsl 0.91
3783 sub si | neutral 1.18
3784 surf, alfalfa si | modeacid 0.38
3785 sub si ¢l | sleacid 110
Barfield Coundy
2980 #¥rs. Geoe Morrow Enid surf. ——— fsl basic 0.56
Payne County
2931 We Re Sharp Stillwater surf., corn visl modsacid 0.70
2932 : sub scl} sls acid 1.80
237 surf. virgin fsl neutral 2.30
2338 sub virgin fsl neutral 118
2939 surf. wheat ned ® neutral 0.73
2940 sub fs neutral 0.67
3779 E. VWestfall Perkins surf. wheat loam reutral 0.75
3730 Sec 16 sub si | sl.agid 0.85
3781 surf. corn visl str.acid 0.85

3782 sub visl str.acid 0.85
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Table 6. (Continued) Water-Soluble Boron in Soils from North Central Oklshoma

Surface Water

Lab Ho. Land User Lgcation or Grop  Soil Soi | Soluble
Subsoil Ciass feaction Boren
j=1:LT

Payne County

'l203 surf. ] Ifs basic 9013
h2oh Frank Daves Cushing sub lns basie 0.04
4205 surf. —— fs neutral 0.10
4206 sub visl neutral 0.06
4207 surf, e visl sl.basic 0.26
sub viel basic 0.12

4208

ABBREVIATIONS USED:

Ifs
las

fa
visl

s cl |
cl |
si el |
si |
fsl
ned s

loamy fine sand
loamy medium sand
fine sand

very fine sandy loam
sandy clay loem
clay loam

silty clay loam
silty loam

fine sandy loam
medium send
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Central Oklahoma, Central Oklahoma is represented by soils from
Oklahoma, Canadian, Hughes and Lincoln Counties, and the resulis of the
analysis of these soils is shown in Table T. Except for the soils from
Hughes and Lincoln Counties, the soils from this part of Oklahoma were
somewhat deficient in available boron. In Cklahoma County, except for
one soil which came from a garden which probably had been heavily fertilized,
the available boron in the surface soils ranged from O.1h to 0,24 ppm. and
that in the subsoils from 0,17 to 0.23ppm. Actually, one cammot say that
these soils are deficient in available boron. According to Hogers (27}
crops planted on coarse textured soils usually do not have as high a boron
requirement as crops planted on finer textured soils. The subsoils in
this area had a 1ittle more boron than the surface soils, and deeper rooted
crops could probably feed on this supply and thus not show a boron
deficiency symptom,

Soil samples obtained from Canadian County were also low in avallable
boron. The topseoils ranged from 0.06 to 0.18 ppm. of water-soluble boron
and the subsoils from 0,10 to 0.25 ppm.

Table 7 shows that the available boron in the surface soils of ILincoln
County was somewhat higher than those of Oklahoma and Canadian Counties.
These soils varied from neutral to slightly basic in reaction, which
probably accounts for the higher availability in this area. The available
boron in these soils ranged from 0,22 to 0.75 ppm. Only one soil had less
than 0.70 ppm. The subsoils had somewhat less boron than the surface soils.,
They ranged from 0.33 to 0.62 ppm, of water-soluble boron.

The soils from Hughes County had more available boron than those from
Lincoln County. Only two soils were obtained from this area. These soils
were clay soils and may not have been typical of the area. Jordan and |
Powers (20) are of the opinion that clay soils always have more available

boron than coarser textured soils.
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Table 7o Water-Soluble Boron In Soilsof Cgntral Oklahoma
Surface Water
Lab No. Land User Locution or Crop Soil Soil Soluble
Subsoi | Class Reaction Boron
ppE.
Oklahoma County
2981 HeOo Williaus Arcadia surf. garden  visl neutral 0.75
2982 surf. pasture vfsi neutral 0.24
hizy surf. cotten wfsl aneutral 0.19
ki25 sub visl nsutral 0.23
4126 8.M. Hanoe Honroe surf. cotton loam sl.acid 0. 1%
hi27 sub loam neutral 0.17
hi2g surf, cotton sl sl.acid 0.22
4129 sub el 1 modeacid 0.20
Cenadian County
3052 surf. rye and vfsl sl.acid 0.06
3003 sub wheat visl sleacid 0.10
3004 U.8. Federal El Reno surf. rye and vfsl sl.ocid 0.08
3004 Reformatory sub wheat visl sl.acid a.41
3008 surf. sorghum loam sl acid 0.06
3009 sub scl |l meds acid 0.16
301y surf. garden loam qpds acid 0.18
300y sub scl i neutral alas
Hyghes County
k450 surf. ceee clay sl.basic 0.94
4451 T. Bowles Holdenville sub s el elebasic 0.54%
452 surf, === clay s l.basic 0.92
hys3 sub s cl netral 0.30
Lincoln County
4118 James Phipps Chandler surf. corn fsl neutral 0.22
4il9 SW; Sec 21 T 15 R3E sub fsl el.basic 0.45
4120 surf, corn fsl sl.basic 0.73
k21 sub fsl slJbasic 0.62
4122 HWEj Sec 20 TI5 R3E surf. corn fsl neutral 0.75
123 sub fsi neutral 0.33
ABBREVIATIONSUSED:
el clay
v very
- fel fine sandy loam

sell sandy clay loam
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South Central Ollahoma, South Central Oklahoma is represented by
soils from Coal, Johmnston, Atoka, Bryan, and Marshall Counties. Table 8
shows the amounts of water-soluble boron that were found in the soils from
that area.

The samples from Coal County are representative of three types of soil:
upland, bottom, and claypan, They came from an area where hop clover failed
to set seed and were brought to the soils laboratory to see if a shortage
of boron was the cause. lone of these soils seems to be low enough in
available boron content to cause a poor growth of the hop clover,

Two soil samples were obtained from Johnston County. Both were top-
soils and show quite a contrast. One from a comn experiment had only
0.0L ppm. of water-soluble boron, while the other from a wheat experiment
had 0,38 ppm. The one with the low boron content was a fine sandy loam
while the other was a silt loam soil. ‘his resuli agrees with observations
made by other investigators on the effect of texture on the amount of
available boron in a soils

The texture of the soils analyzed from Atoka County was a loamy fine
sagd and the reaction varied from slightly acid to strongly acids Yet all
these soils, as shown by Table 8, are fairly high in available boron, which
would seem to contradict the opinions of Berger and Truog (3) and of
Rogers (27) who reported that acid and coarse textured soils are usually low
in available boron.

The soil samples from Bryan County were clay loam soils and basic in
reaction., These soils had from 1.22 to 1.49 ppm. of water-soluble boron in
the topsoils, and from 0,65 to 0.94 ppm. in the subsoils. These amounts of

boron should be suificient for most cropse.



Table 8. Water-Scluble Boron In 8oils From South Ceatral Oklahoma
Surface Weter
Lab No. Land User Loceation or Crop Soil Soil Scluble
Subsoil Class Reactien Boron, ppm.
Coal County
Official Samples
11966 Where hop clover surf. Upland field-noist
failed to reseed 0.65
1948 air=dry
0.39
11967 Where hop clover surf. Bottom field-moist
failed to reseed .18
1948 aip-dry
0.28
11968 Bmall pasture east Clay pen field-moist
of corral 0.39
air
O.II;
Johnston County
4470  J.L. Snith Corn Exp. Corn fsl sl.acid 0.0%
4471  Hennesville  Wheat Exp. on-gn Wheat si | sloacid 0.38
Atoka County
4240 surf. | fs str.acid 0.38
h2k1 sub I fs sleacid 0.36
4242 R.A. Arnold Lane sub fsi striacid 0.39
Gkl top | fs str.acid 0.53
Y245 sub | fs str.acid 0.63
4246 top | fs mod.dcid 0.48
4247 sub I fs str, acid 0.46
Bryan County
2900 surf. Codton el | basie 1.49
2901 sub el | besic 0.9%
2906 C.L. Decker it # surf. Corn si el | basie 142
2907 Kenefic sub si el | basic 0.65
2911 surf. Cotton el | basic 1e22
2912 sub el | besic 0.85
Marshall County
4155 Frank Vinson Lebanon surf. vfel mod.acid 017
4156 sub vfsl wmeod.acid 0.22
k157 surf, visl sl.acid 0.54
158 sub vfsl sl.acid 0.58

Abbreviations used in soil clags? fsl-—fine san

fine sandj cl l--clay loam; si cl l—=silty

-

loam si le=silty loam; |fe-——loamy
ay loamj vfsl-—very fine sandy loam,

23
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Southwestern Oklahoma, Soils from Southwestern Oklahoma are repre=-
sented by samples from Cotton, Tillman, and Jackson Counties. The results
of analysis of these soils for water-soluble boron are shown in Table 9.
Six samples from Cotion County were brought in by R. 0. Woodward of the
Apgricultural Extension Service. Although no information was available
concerning the location of these samples in Cotton County, they were used
in this study because no other samples from this section were available.
The texture of these soils was a sandy loam and they were approximately
neutral in reaction. The surface soils contained from 0.1h to 0.26 ppm.
of water-soluble boron and the subsoils contained from 0.11 %o 0.32 ppme
of boron. There was no significant difference in the guantity of avail-
able boron in either the surface of subsoils. All were rather low in
boron content for either le;umes or cotton.

Tillmen County is represented by five top soils, which may or may not
be typical for this area. The available boron content ranges from O.h7
to 0,60 ppm. This is higher than that in the soils analyzed from Cotton
County and should be sufficient for most crops.

Only four surface soils were analyzed from Jackson County. Three
horizons in one soil profile was studied dowm to 20 inches. This soil had
more water-soluble boron in the lower layers than in the surface layer.
The soils in the whole group had from 0.10 to 0.25 ppm. of water-soluble
boron in the surface soils and that of the subsoils from 0.10 to 0,28 ppu.
of boron. One soil had essentially the same amount of boren in both the

surface and subsoil, and one less in the subscil than the surface.



Table 9 Water=Scluble Boron in Soils of Southwestern Oklahoma

Surface Witer

Lab Ho. Land User Location of Crop Soil Soil Soluble

Subsoil Clase Reaction Boron,ppm.
Cotton County
I7* surf. viel sl.acid 0.26
18 Records on these sub visl neutral 0.27
19 soils cannot be surf. vfsl neutral 0.1%
20 found. sub fsl neutral 0.l
21 surf. visl sl.basie 0.27
22 sub fsl neutral 0.32
Tillmea County
2966 surf. fiheat vfsl basie 0.54
2967 Clarence Mesce Frederick surf. ¥heat visl basic 0.73
2968 surf. fiheat vis! basic 0.59
2969 surf. 8r.Cl. vfs! neutral 0.60
2970 surf. Sw.Cl. vfal neutral 0.47
Jackson County

3057 surf. fsi sl.acid 0425
3058 sub fel sl.acid 0.24%
3059 Lee Bond Al tus surf. fal mod.acid 0.23
3060 sub fsl sl.acid 0.10
3061 QHu.gn fsl mod.acid 0.10
3062 gr-g2an fsl neutral 0.28
3063 | z2n.2gn fsl sl.acid 0.22

¥Thess samples were not part of regular laboratory sa ple. rh.y were brought in for

this study by Wr. R.0. Woodward.

ABBREVIATIONS USED IN 50IL CLASS:

visleevery fine sandy loam

fsl-=fine sandy loam
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Western Oklahoma, The western part of Oklahoma and the Panhandle area
was represented by soil samples from Dewey, Beckham, Washita, Kiowa, Greer,
and Texas counties. Table 10 contains information concerning the amounts
of water-soluble boron that were found in the soils from this area. The
quantity of available boron in the surface soils ranged from 0,12 to 2.20 ppm.,
with the highest amounts found in soils from Kiowa County, and the lowesd
from Dewey County, The amount found in the subsoils ranged from 0.12 to
2,04 ppm., with the highest found in soils from Kiowa County, and the lowest
from Beckham County. Only one group of soils was secured from the panhandle
area, and they are probably fairly representative of the area, These soils
were of the Richfield silt loam type and were basic in reaction, Aeccording
to a letier received by the author from George L. Roberits, the voeational
agricultural instructor at the Hardesty High School, up to five inches of
top soil has been lost from this area due to dust storms. The top soils
had from O.hli to 0.76 ppm. of available boron and the subsoils from 0,37 to
0.94 ppme The fine texture of the soils from this area would be favorable
for a high available boron content, but the basic nature of the soil may have
had a depressing effect on the solubility. Also loss of surface soil by
erosion would tend to reduce the amount of available boron now present in

the surface layer,
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Table 10, Water=Soluble Boron In Scils From Western Oklahoms and The Panhandle Area
Surface Water
Lab No. Land User  Location or Crop 8oi l Soil Soluble
Subsoi l Class fieaction Boron,ppm.

Dewey County
4269 F.M, Hedges Seiling surf. Wheat loam sl,basic 0.60
4270 N¥; Sec 3 TiI3, RI6 sub fsl sl.basic 0.42
23 surf. fsl basic Oull
2 sub fsl basiec 0.31
25 surf. fsl sl.basic .22
26 Records for these surf. fsl basie 0.36
27 soils were not sub fsl basie 0.30
23 available. surf. fsl basic 0.2
23 surf. fsli basic 0.26
30 surf. fsl Neutral 0.09
31 surf. fal basic 0.26
32 surf. fsi Neutrel 0.ty
33 surf. fsi sl.basic 0e20
34 surf. fsl basic 0.22
35 surf. sl sl.basic 0.23
36 surf, fsl sl.basic De.2Y%

Beckham County
3748 0.R. Dowdell Elke City surf. Alfalfa fs! neutral 0.58
e surf. Alfaifa fsi neutral e.72
3750 (irrigated) surf. Corn & Veg fsl neutral .30
3751 surf. CorngGrain fsl neutral 1.28
3773 R.E. Gipson Texols surf, Alfalfe fsl basie 0.54
3774 sub It fs sl.basic 0.h42
3775 surf. Alfalfa fs! basie 0%
3776 sub 1t fe basic 0.36
hizi Orant Golden Elke City surf. Ifs basic 0.18
b2 [PLA T L Ifs besic 0.39
4ik3 Igu_20n Ifs basiec 0.16
iy surf. Ifs basic 0.k8
4145 | co=ign Ifs basie 0.12
hl46 18®=20" Ifs basic 0.12

Washita County
3761 Philip Dele Foss gn.gn fsl basic 0.70
3762 .z fsl basic 0.64
3763 15n-. gn fsl Basie 8.70




Table 10, Water=Scluble Boron in the Soils From Western Ciclahona
and the Panhandle Area (Continued)
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Surface Vater
Leb No. Land Uger Location or Crop Seoil Soil Soluble
Subsoil Class Reaction Boron,ppm.
Kiowa County
4486 surf. Cotton si 1 sl.basic 2.2%
wya7 F.R. Smith Gotebo sub si | sl.basic (L
4438 surf. Cotton si | sl.basic 0.80
LTER] sub el | basic 2.04
L43g surf. Cotton si | basic 2,28
L9 sub el | basic 1.88
Greer County
219 0"-6" Cottcn si el | basic 1.33
2920 EsCe Johnson N¥§ Sec 30 6"-12" Wheat si cl | basic .21
2921 TIW R23 0"-10"  and si el | basie 0.93
2922 lo® £ Gren si el | basic 0.95
Texas County

373 surf. Wheat basic 0.4%
373 Hardesty High Hardesty " sub besic 0.37
3740 School 8E§ Sec 28 surf. Wheat basic 0.74
3741 TZ RI8 sub basic 0.84
3742 surf. Wheat silt basic 0.68
3743 sub basiec 0.94
374y surf. Wheat basic 0.76
3745 sub loam basic 0.64%

ABBREVIATIONS USED IN S0IL CLASS:

si | silty loam
si el | silty clay leam
el | clay leem



BORON CONTENT OF CROPPED AND VIRGIN SOILS

It was only possible to obtain virgin soils from two areas, Craig
County and Payne County. Therefore, it would be impossible to state just
how virgin and cropped soils compare in any of the other aress in regard
to boren content. Data for the virgin soils which came from Craig Counby
are shown in Table li. They do not differ very much in boron content from
the cropped soils, with the exception of the Sumnit clay, a native pasture,
which contained 0.36 ppm. of water-soluble boron in the surface soil and
0.75 ppme in the subsoil in comparison to about 0,15 ppm. in the top soil
and 0.05 in the subsoil of the cropped land, It would seem that this
virgin soil probsbly has more organic matter than the other virgin scils,
and this may be the reason for the higher boron content.

One virgin and cropped comparison was obtained from Payne County, and
the data are showm by Numbers 2937 and 2938 in Table 6. The virgin sample
had 2.30 ppm. of water-soluble boron in the top soil and 1,18 ppm. in the
subsoil, and contained from three to twenty times as much available boron
as the soil from the cropped land. It is probablg that part of the reason
for this was that the virgin soil was neutral whereas, the cropped land was
gomewhat acid in reaction. It is also possible that some boron has been
lost from the cropped soil due to erosion.

It is rather difficult to make a comparison between soils in regard to
the amount of available boron they contain. As was pointed out by Berger
and Truog (3), increasing acidity or alkalinity decreases the amount of
available boron in a soil. They also stated that the amount of organic
matter, which tends to keep the boron available, has a great deal to do with
the amount that will be available in any soil. Thus it can be seen, that
when one starts to compare soils for available boron content, both physical
and chemical variations between the samples must be considered.
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A COMPARISON OF TOTAL AND WATER-SOLUBLE BOROW IN SOIL

In view of the fact that sufficient time was not available to analyze
all the soils for total boron, a few samples which had a high content of
water-soluble boron and a few that were low in water-soluble boron were
selected for this study.

Table 11 shows the results of analysis for total boron. Also showm
for comparison are the amounts of water-soluble boron that were found in

these soils and the ratio between the wWo.

Table 11, A Co son of Total and Water=-Soluble Boron in Soils

Sample surlf. or Water-soluble Total Ratio of Total to water—
Hoe subsoil Boron ppme Boron ppme Soluble Boron
5 surf, 0.10 1.03 10,3
6 sub 0,05 0430 6.0
7 surf, 0,19 1.51 8.0
8 sub 0402 0.50 25.0
1.{203 . surf, 0.13 5.00 38.
L2ol sub 0.0k 5,00 125.3
1205 surf, 0410 20,00 20040
11206 sub 0.06 25.00 16,0
hala surf, 0,18 25,00 0
hak2 12038 0.39 10,00 13?:5
L3 18u-20n 0.16 10,80 6749
186 surf, 2.2l 25,00 11
187 sub 1.4 20,00 u.,:g
hhﬁﬁ surf, 7 7 80 17 «00 i 3
4,89 sub 2,0l 20.50 10,0
190 surf. 2,28 10.25 L5
Lkh9o1 sub 1.88 12,00 6.l

The data presented in Table 11 show that soils low in available boron
are not always low in total boron. Sample number L4206 had only 0.06 ppm,
of available boron, but the total boron content was 25 ppm, Soil number
LUB6 with 2.2L ppm, of available boron contained 25 ppm, of total boron.
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Sample number 1j90 had 2,28 ppnm, of water-soluble boron, but only 10.25 ppm.
of total boron, These resulits show that soils with a high amount of avail-
able boron may not have as much total boron as a soil that is lower in
available boron content. The ratios between water-soluble and total boron
varied from less than 1 to 5 to more than 1 to }j00, These findings are in
agresment with those of DeTurk and Olson (13) in relation to total and
available boron in soils,
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EFFECT OF SUCCESSIVE REFLUXTNG OF SOIL WITH WATER
ON THE BORON CONTENT OF THE SOIL EXTRACTS

It is known that successive extractions of a soil with a dilute solvent
will continue to liberate a considerable quantity of phosphorous and potash.
Since boron compounds in soil may behave in a similar manner when treated
with water, four soils that were high in available boron were each refluxed
three successive times, allowed to stand about a week and then refluxed
again, These results are shown in Table 12, and the data from the first

three refluxings are shomm graphiecally in Figure 2.

Table 12, [Effect of Successive Hs.fluxinﬁ_of 80il on Boron Content

Sample First Second Third After One
Ho. Reflux (omReflux (pm)Reflux (ppm) _Vieek (ppm)
Boron Boron Boron Boron
Ll86 2.28 2.02 1,92 0.30
18 1.48 1.30 1.20 0.36
L1190 2,20 1,10 0.94 0.10
Lol 1.94 1.70 1.62 O.lih

Because the amount of boron removed after the soils stood for a week
was out of proportion to that removed previously, the figures were not
plotted on the graph shown in Figure 2, An examination of both Table 12
and Figure 2 shows that water-soluble boron does not follow the same
pattern obtained when phosphorus and potash are extracted with dilute
solutions. Progressively less boron was released in each successive
refluxing. In the case of sauple lNumber 4Li90, a sudden drop occurred in
the amount of boron removed after the second refluxing, This shows that
the boron in the inactive fraction was not released as it was in the other
samples, Olson and Berger (2li) have pictured available boron as being

released from inactive forms as fast as it is rmnovéﬁ. The findings for

this one soil do not support such an assumption.
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RELATION BETWERN QUANTITY OF WATER=-SOLUBLE BORON
I SOIL AND CROP RESPONSE TC BORON FERTILIZATION
Very little data has been published on how much available boron a soil
should contain to produce a good growbth of different crops. The literature
that could be found on this subject indicates that crops are quite variable
in their boron requirements,
In Table 13 are shown the amounts of available boron that are needed
for the crops listed and the soureecs of information,

Table 13. Amounts of Available Boron In Soils Needed For
Optimum Growth Of Crop

Amount of ~Source
Crop Boron leeded In of
Soil, pom. Information
Alfalfa 0.35 Schaller (20)
Alfalfa 0.15 Rogers (27)
Alsike Clover 8.50 DeTurk and Olson (13)
Bountiful Beans 0.50-0.75 Jordan and Powers (20)
Citrus Trees less than 0.5 Derby (12)
Cotton 10,00 (in sand) Baton (1h)
Crimson Clover 0430 Naftel (2L)
Lespedeza. Qi DeTurk and Olson (13)
Red Clover 0.50 DeTurk and Olson (13)
Red Clover 1.00 Gilbert and Pember (15)
Soybeans None Collings ( 8)
Soybeans | Trace Rogers (26)
Sugar Beets 1.00 Berger and Truog ( L)
Tomatoes 0455 Johnston and Dore (18)

The author realizes that the number of crops shown in Table 13 is small,
but information on this subject appears to be quite limited.

Using the above table ~3 a base on which to predict crop response for
the different areas of Cidlahoma it would seem that a few sections of the
state are not capable of producing high yields of the crops listed. If any
of these crops are grown on soils which do not contain as much available
boron as is required for those crops, it would be expected to find symptoms
of deficiency, lowered crop yields, or as the case with some legumes, failure

to produce seed.



The soils that were analyzed from Craig County show a boron content
that is eonsiderably below most of the requirements for the crops listed in
Table 13, with the exception of soybeans. lNothing definite was found in
the literature as to the boron requiremenis of corn, small grains, or the
grasses, but what has been stated as to the amounts that are needed in the
plants themselves, leads to the conclusion that the requirements for these
crops arve considerably below that of leguninous plants. Eaton (15) states
that corn, barley and oats need from 1 to 5 ppme of boron in the plants for
healthy growth, whereas alfalfa and most of the other legumes, with the
exception of soybeans, require 10 ppm. in the plants. Cook (10) could get
no response in barley and corn by the adiitions of small amounts of boron
as borax to the mutrient medium when growing these plants in sand cultures,
and concluded that the requirements of these plants were so small that they
were a2ble to grow well on the small amount of boron that was stored in the
seed, or else obtained it from the sand. It can, therefore, be assumed
that small grain does not need mich available boron in the soil, and it
is possible thalt soils low in boron content for legumes may produce fairly
good yields of grain crops.

This information can also be applied to other sections of the state where
the soils are low in available boron, with the exception of soils that are
basic in reaction. In these soils, one must consider the fact that when
the soil reaction is alkaline, boron is not released from the fixed state as
fast as when the soil is approximately neutral in reaction (3)., In view of
this fact, where legumes are grown for soil building purposes or for forage,
and the available boron content of the soil is near the lower limit for good
growth in legumes, it might be well to apply fertilizers containing boron
where the soils are basic in reaction,
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There seems to be a scarcity of actual recommendations for boron
fertilization for the various crop plants. & few workers in scattered
sections of the country have attempted to make recommendations for some
crops that have shown boron deficiency symptoms in certain areas, Jordan
and Powers (20) stated that twenty to forty pounds of borax per acre
applied broadecast controls "yellow top"™ on the medium textured soils of
Oregon, but that an application of 60 pounds per acre will increase the
yield when the boron supply in the soil is below the required amount,

Rogers (26) reported that a single application of 20 pounds of borax
per acre produced maximun yields of alfalfa for three years on sandy
s0il low in native boron in Alabama.

Ahlgren (2) stated that boron deficiency in alfalfa may be corrected
by the addition of 10 pounds of borax per acre on light soils and 20 pounds
per acre on the heavier soils of New Jersey. On the other hand, Colwell
and Baker (9) reported that 4O to 60 pounds of borax per acre seemed best
for good growth of alfalfa in northern Idaho, but they did not state the
type of soil which was studied.

An examination of Table 13 shows that the boron requirements of most
of the legumes are essentially the same, and in view of this fact, one
could probably say the recommendations for boron fertilization for one
legume would also apply to other lepumes, except for soybeans. Some
workers have reported how much borax produces the best resulis for a few
of the legumes, but their reports are for sand cultures and would have to
be revised for soils. Cook (10) has reported that alsike clover grew well
in sand when supplied with borax at the rate of 3 pounds per acre and

alfalfa needed 2 pounds per acre when grown in sand., On the basis of



Jordan and Powers (20) recommendation of 60 pounds of borax per acre for
alfalfa, this would mean that alsike clover would need 90 poun's of borax
per acre when grown on medim textured soil, This secems logical as is
shown in Table 13, alsike clover needs 0,50 ppm. available boron in the
soil (13), but alfalfa only needs 0.35 ppm. of boron (28).

Not very much work has been done on the problem of the boron needs of
other crops so far as actual recommendations for boron fertilization is
concerned. Cook (10) has worked with sugar beets in lMichigan, and states
that as much as 80 pounds of borax per acre may be used without any
detrimental results, Coleman (7) reported that 20 pounds of borax per acre
may be applied to Grenada silt loam for coftton, and that this amount has
resulted in an increase of 125 pounds of seed cotton per acre over plots
not fertilized with boron.

It would seem, because of Coleman's (7) report, that many of the areas
in the southern part of Oklahoma, where cotton is grown, would benefit
greatly by the use of boron-containing fertilizers, Nost of the soils
analyzed for available boron where cotton was the reported crop had
sufficient boron to satisfy the immediate crop needs for boron, but these
soils were all basic in reaction and may become deficient in available
boron as the season progresses, because the boron in the soil may not be
released as fast as the plants need it.

In the western part of Cklahoma, where the main crop is wheat, the
s0ils seem to be well supplied with available boron for this crop, since
the boron requirement of whe:zt is quite low, as was stated previously in

this paper,
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DISCUSSION

This investigation concerning the boron content of Oklahoma soils has
shown that boron deficient soils are not necessarily located in any one
area, although the majority of the samples low in boron content came from
the central and eastern sections of the state. It is also apparent, from
a review of the literature on the needs of certain crops for boron, that
all crops are not alike on the amounts of available boron needed to make
a good growth, Furthermore, all crops have not been investigaled as to
how much borax should be applied to overcome a boron deficiency. In
view of these facts, one would hesitate to say that a certain soil is
deficient in available boron even though an analysis shows that soil
contains less water-scluble boron than ancther. '

After reviewing the literature on recommendations for beron fertili-
zation for certain erops, it seems that a recommendation for a certain
area may not apply in another area due to differences in soil texture or
soll reaction. Analysis of soils to determine where areas low in avail-
able boron are located is necessary to find out where deficiency symptoms
in plants are likely to develop. In view of the foregoing statement as to
the differences in boron needs of a crop grown in various sections of the
country, it is apparent that field experiments should be conducted in areas
that are low in available boron using the crops that are usually grown in
those areas. Until this is done, it camnot be definitely stated which
soils are deficient in available boron content.



SULBIARY

A study was made of the water-soluble and total boron in Cklahoma
soils.

Analytical methods for determining water-soluble end total boron in
soils were studied and the methods described.

One hmndred and sixty nine soil samples coming from 28 counties, and
representing a fairly good cross section of the state, were used in this
study.

The results of the analyses indicate that the majority of the soils
tested are well suprlied with boron for the crops grown.

The number of soils as to éontant of boron were: 8 below 0,10 ppm.;

52, 0,10 to 0,30 ppr.; 23, 0.30 to 0,50 ppm.; 62, 0.50 to 1.00 ppm.; and
2Ly had over 1 ppm,

Soils deficient in available boron are scattered throughout the state,
but a majority was found in the eastern and central areas.

The soils containing less than 0,30 ppm. of available boron would be
considered deficient for legumes, bul probobly enough for grains and grasses.
S0ils containing more than 0,30 ppm. usually have sufficient boron for
most crop needs.

It is apparent, from a comparison of a few virgin and cropped soils,
that the virgin soils usually contain more available boron than cropped soils.

Succesgsive refluxing of soils with water was found to remove progressively
less water-soluble boron with each successive refluxing, and it was con=-
cluded that this might be a better index of a soil's ability to supply a

continuous quantity of available boron to plants than a single treaitment.
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APPENDIX

Bomn-_igFertilism

A test was made for water-soluble boron in four fertilizer materials
that are commonly used in fertilizer mixtures. Data on the available
boron in Ammonium Sulfate, Chilean Sodium Nitrate, 16§ Superphosphate,

and Muriate of Potash are given in Table 1l.

Table 1lj, Water=Soluble Boron in Fertilizer Materials

Hater—-50

lMaterial Boron
ppm.

Armonium Sulfate 0.145
Sodium Hitrate 0.18
Superphosphate 0.27
luriate of Potash 0.10

It had been expected that muriate of potash would contain the most
boron, but as seen in the above table, it was the lowest of the materials
tested.

It ean readily be seen that none of these fertilizer materials would
furnish sufficient boron to meet plant requirements, This is the reason
why some soils, low in available boron, do not produce good yields even
though the prineipal plant mutrients have been furnished in the desired
quantities, unless some borax is added to the fertilizer mixture applied

to the soil,






