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LBSTRAT

A trzee element eoncentyate doveloped by Dixie Chemical Compary
frm'ﬁea water was believed to e walunble #s a fertilizer additive,
Yerying rstee of 1004 200, and 400 pounds of this evncentrate wore
edded to 400 pounds of Clin Mathiescn Chemieal Corporetion 12-24-12
fertilizer, Hitrogen wes added pe o 2ide droesing to the fertilizer
tresxtment st the vete of €0 pounda per sere. The trace elenents
fertilizar nizture was gprlied et planting 4n bands Just below end
to the eide of the corn seed. Cne trectuent, a calelwm-megnesiua
equlvalent to the 200 pound trace elesent concentrate, wos vsed to
checlk the bigh csleiun ond mogneeium in the trase element conconw
trotes Ylots with no trestwent and plots with fertilizer slone
wore used as sdditions) eompe
trate,

Samples were taken of both leaves and grein st o recommended
growth gtoges Analysises were mode of the leaves at the full eilk
end tassel stege ond of the grain at the hard dough slage. Teuts
ghowed that the protein sontent of the leaves snd grein were
inoressed by the fertilizer sppliestion. Iffects of the trece

element concentrete on the protein content of the lesves end grein
wers not detected.

Samples of the mature gruis from the followling four trestmesuts
were analysed spectogrephieslly for trace elements, untreated,



iv
100 pounds 12.2L412 with nitrogen, LOO pounds 12.20:.12 with nitrogen

plus 200 pounds trace element econsentrste, snd 100 pownds caloiume
magnesius equivalent to that in the 200 pounds trece eloment
consentyrats, Effects of the trace element ooncentrate es a

fortilizer additive could not be detected spectographically on the

mature eorn grain,
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INTRODUCTION

In early times 1% wes diffioult to determine the exsmet
cause of many erop and livestock disorders, lack of refined
chemioal twimiquw and often.misgulded views of early investigae
tors added to the complexity of the problems, ¥ith the dovelope
ment of new and {mproved techniques inm ghemioal analysis,
partioularly in the field of sgricultursl chemistry, e much greater
i{mportance is now given to wminor or trece elements in plant and
animal nudritions ¥any present day moll end orop sclientists are
now M@mhing for the role of these traces of shemieal nutrients
for plant end animal health,

Seven trace elenments have been proven nesessary growth
stizulants in plant and animsl nutrition, Copper, manganese,
and 2ino have bdeen proven as#entid for the proper growth of hoth
plant and animal 1ife, Boron and ¥olybdenum are mecessary only
%o plants, while oobalt and 1cdine are necossary to enlmals but
have never been proven essontial to plants, Several others are
of guestionable nesessity for either, In muny instanses the
proper chemieal corhination and exest amounts of trsce elemente
are yot to be proven sssential ss mioronutrients, ¥any studies
todaey report the effects of definite sompounds of trace elements,
mostly sulphstes, on plant growth, BSes water is known to contain
inportant mioronutrients leashed frem the sell, However, as a



e
source for plant and animal needs, little irnformation is avallaedle
on processed sea water as a supplier of growth minerals,

The present study reports on the effest of a trace element
co:;eon'bnim obtained from sea water on the yileld and chemical
ooﬁtcnt of corn, An important ob;}ooti_w of this investigation was
to obtain information on the value bef this trsce element oconcene

trate as an additive to fertilisers,



REVIEN OF LITERATURE

The number of égeent publications relating to tracs elements
in efopa is extensive and there are many excellent reviews |
poncirning the ﬁubgeet. By far the most eomprshenaivn_reviow is
that assembled by Brewer (3) 1/, His publications oompiled by
the Chilean Fitrate Educational Bureau give the most complete
plcturs of the world's literature on utudisc in this field of
research, The present sbudy ia related te a wide field of
investigationg however, only those researches sondusted with
corn and five mieroputrients generally believed essential by most
physiclogists will be disoussed and evaluated, These five

nutrients ere boron, copper, manganese, sinc, and molybdenunm,

RORON

Boron has been studied to a grester extent than any other
trace element, The beron sontent of plants ranges between twenty
and twe hundred parts per million érf matter, Warked inoreases in
yield from most orops resulted from applications of ten to forty
pounds of Yorax (11,3l percent boron) per asre, Despite the work

done with boren, Brewsr {3) lists only two studies conceruing corn.

Jy/Fﬁgur;s in parenthesis refer to literatwrs cited, pages 30
andi;



Yenagarishvill end Laghava's work with corn (5) on the effeot of
boron and manzensge in sombination with & chemiscal fertiliser

showed that a beneficlal effeot in yield reosulted, The same

yield offect was more prmemoud in the seaond year of application,
‘They furiher observed, thet compared to other crops studied,

sorn responded less when a shsmieal fertiliser wes used, Otting (7)
determined the boron oontent of the tissues of the roots, stems,
lsnﬁu, and sced of corns He found that doron was more Wrmen-eﬂtea
in the corm leaves gompared to the roots and grain. Horeover, it
was mﬁéeﬁ thet within the leaves there was a oonseniration of
boron in the ghloreplasts, Although somswhat wnrelated te comn,

he found that sald water algeas ear esoumulate boron from ses wator,

Host experiments have shown that eopper works well as a
fortilizer additive, Horger and Truog {2) working with sweet
sornm rwm‘dad‘mt five %o ‘m pounds of sopper sulphate in
aombimtim with aypuutiam of 3«18 fertiliser inoressed the

‘yield of wseabls esrs of corn five to forty pereont, Inoreases
in yleld were not obtained in similay experiments on a more
productive prairie silt loawm soll highey in organie matter,
Okuntsov (8) aprayed corn leaves Pive times within sixteon duy
poriod with a ,001¥. wpper sulphate solution which resulted in an

inerense of 60,67 of ehlwophyx in the loaf tissue, In other



5
experiments, Ohuntsev {B) with the smme trestments sbove, inerszsed
the yespirvution intensity of cora Yy 0.9 ug. of corbonedioxide per
squsre dinension of leaf blade. However, no effect on the
photosynthesis intensity eould be detected. Erown and Earmer
(4) studied the influsnce of copper compounds on the yleld snd
grovib patters of corn grown on en orgsnie solls They found that
the sbsorbtion of copper by plents affected the essimilation of
nitrogen, phesphorous, potassium, ealelum, iron, magnesium and
silicon. Omission of copper resulied in wery large concentrsilons
of pisrogen, phospvhorous, and potassium znd consideredle increases
3# ealelum, magnesiun, silicon, end irom. Mool plants contaln less
then ten parts ver million coppery ¢n o dry maller basis, and they
porrelly show ecvper tosielty ot thirty parts per nillion or move,

The mengnnese content of vlants msy vary between five parts
per nillion dry weight ond several thoussnd perte. Soils in the
Vest wers found to have a less smound of avallable mangrnese than
the more acid soile of the Eest and South. Thonmas emd Winant (10)
working with erop response from Hovyland

golls reports thet over
a twelve year peried the higheet coran ylelds were obtalned from
soils of medium fertility. They sugpest thad the physical strueture
of the soll end 1%s effect on root growih may Ye the most fmportant



faotor governing the growth of eoran. They further noted that the
exchangesble menganese content of the sol) was grectly influenced
by scil treatzents, belng redwoed Yy lime snd inereased by manmuve
end eammerelal fortilisers.

ZLe

Flants vary coneidersbly 4n their sine requiresents. The
usuel yopge 1s vetwess Swenty-five and seveniy-five ports per
millien. Berger and Trueg (2) stoted that sine sulphate incressed
the yield of usesble azvs ten to forty-five porcent in thres of
five experiments on o Hisel silt loam. Incresses in yleld with
spplieations of sine were not obtalned on a Carringlon eily loem,
o preirie scil high ia orgenie matier, icute deficlencles of
sine wers found Yy Viets (14) vhere the top soil had been removed,
Follar spplicetions of zine sulphate repldly eorrected these
defleienciess Samples of Fewberg loemy sand roceiving basal
treatments of nitrogen, phosphorons snd podasslum and varying
amounts of 2ine beginning with twenty parts per million sud
ingreasing to 160 parts per milllen were studied by Povers snd
Peng (9)s The ssmples were soalysed for weter-soluble, replaceshle,
end totsl sine. The weter-soluble zine veried from 0.0 in the
gheck sample to 0.3 micrograms per grem in the sample receiving 160
perts per millien. The replacesble zino weried, respectively,



fa the some two sowples from 3.6 to 10 microzroma per groms while
the total sine increased from 50 to 190 mlerogvems per grom.
Aoalysis of the mmglmtafwmmwmmlmam
M that the leaves, stems, end roots eontaluned, respectively
104 3@. end 30 microgrums of zing per grom. The smounts of sine
in the leaves, steme, sud roots of plante receiving & trectment
of nitrogen, phosphoreus snd potaseium plus 160 parts per million
of zine were 90, 35 and 50 microgrems per grame. The zine sonlent
of flowers, leaves, and stems of sunflovers was found to increasce
with sdditions of forty pounds of sing %o the nitrogens phosphorous,
and potessium basel trestzents.

Molybldenum deficiencies hove only vecently come into notice,
Recent work by Mulder (6) reports that this element scts ns o
gatalyst in the reduction of atmosrheric nitrogen to azmonia

by the Yocteria in the nodules on the roote of lsgumes. Mulder (6)
further reported that melybdenum 43 2lso essential ia the reduction
of nitrates $o ammonia in the mos-legume plants. Eowever, fertile
soils eontain only Detween 0.2 and 0.8 pounds of the dotal
wolybtdenws in the plow dopth of an acre, Vanselow and Datta (13),
using the spectrogrevhis pethod, studied the molybdenum yequire~
pents of lemons end found that leaves ¢ontelning 0.01 papema
molybdentm wers daficient but those eontalining econcentrations



greater than 0,02l parts per million were normsl, Most forage
plants contalin between one to two perts per million molybdenum
on a dry woight basiss Molybdenum differs from other trace
alemm;, as statod by Bear (1), in thet liming increases its
uolubility. He further states that there is resson to belleve
that one of the most important effscts of liming s that of
paking soil molybdenus available, Yo substantiel work has deen

done in relation to molybdenum effeats on corn,



RXPERIVENTAL PROCEDURE

In the present study aorn was chosen to determine the effect
of a truée eloment ooncentrate on plant growth and yield because
of tho natural adaptability of corn to the elimate, the eize of
the plant and grain, the length of growing season, and the coonomie
importance in humen snd snimel consumptions Exporimental plots
were set up on the Gail Whitsomb Clear Creek Farms twenty«five
miles south of Houston, Texes (Plates 1 and a).' The soil type
wes lake Cherles olay leam whioh for the last seven yesrs has
lein 1dle growing mthc aadbintmdmed panture grasses, The
particular area under study is almost flatj the drainage is good,

The gross experimental area after land preparation was |
divided into 18 plote, 23 feet by 27 feet, which includes 11,178
square feet (Plates 3 and L)e The exporimental design wae &
randonly chosen block ocnsi#ﬂag of three replications of six
ﬁ-aamutu.‘ The treatments shown in figure 2 were as followss
(1) no treatment, (2) Loo pounds Olin Wathieson 12.2L-12 plus
60 pounds of nitrogen from ammonium ‘sulphate, (3) 1106 pounds of
the above 12.2l.12 plus 60 pounds of ﬁitrogm plus 100 pounds ef
trece slement concentrate, (L) Loo m« of the above 12.2L.12
plus 60 pounds of nitrogen plus 200 pounds trace clambnt pémontuto,

(5) LoO pounds of the above 12+24.12 plus 60 pounde of nitrogen



FIGURE 1} Trace Element Fertiliser Additive 1/

Yoznesium ' . 33, %
Sodium . 45 g
Caloiwm 8; g
Aluinum o6 % T 600 PPE»
Barium Trace :
Boron «05 7 » 500 PPY
Strontium +5 % = SO00PPH
Chroenium #0017 = 1 PPH
Eiokel +003% = 30 PPY
Copper <0027 = 20 PPY

, Iren +LEs hﬁ@ PPH
Hangunese 200 = [0 PPy
Bilicon «2 % » 2000 PPH
Zing » Rot dsteoted

1/ Anions of the sbove elements are mostly hydroxides and
garbormtes.

# Parts per millicn

ot



EXPERIYENTAL DRSICN

FICURE 2. ,
BLOCK 1 BLOCK IX
B | 4 ¢ A D E B F c D
27!
skt 1 2 3 L 5 6 1 2 3 4
*"" 25;
¢ D B “A ¥ B
1 2 | 3 L 5 6
BLOCK I1X , — 2760
Treatments
As Bo treatment ,
Be LoOS 12.21.12 £ 60 ¥ |
C. Loof 12.2L.12 £ 100¢ trace element concentrate
D. 100} 12.2L.12 £ 200 trece element soncentrate
Bs U00F 12.21.12 £ 1,002 trace element concentrate :
Fo L0O# 12-2112 £ Cay £ ¥ge. oquivalent to 2004 soncentrate

Tt



plus LOO pounds trace olement concentrate, and ‘(6) 100 pownds of
the above 12.2Lis12 plus 60 pounds of nitragm plus the calelum and
magnesium equivalent to 200 poumds trace element oanconﬁnt:e.' The
| oaleimgmﬁm squivalent to the 200 pounda truce element
qomati%ra% treatment was npﬁliod as & ocontrol measure quling
the. amount of caloiwm and megnesium in the conoentrate, The
fortiliser and tha sonventrate were throughly mixed batgré being
spplied in bande one and one~half inches below and two and oneshalf
inches to the side of the seed at planting,

. 801l samples taken prior %o land preparation coneisted of
approximately sixty randomized borings zero to six inches deeps
| The snalysis showed the seil to have & pH of 6,9, Figure 5 1s a
roport of this soil mlﬁuisv whioh slso shows the routine major
plant nutrient status, | | |

The sorn was pleanted ¥arch 29, 195k in mw‘%himyaix inches

apard and thinned to approximately 156,000 plants per sore, The erop
was eultivated and hand-hoed to aén‘kral woﬁa;.l le Eﬁﬁ;ﬁ.uon
%omi«l‘comnﬂen’n 75% DDT Dust was used to sontrol insecte,
mainly srwmy worms and sub ants, The corn wis sidomdressed in ¥ay
with emmonium sulphate at the rate of sixty pounds of nitrogen pér
sore, Thise ni.?msan was #pplioé in Sands.nbwt ten inohes from the
eorn rows, | |

leaf samples taken for spectographical analysis in early June



FIGRE 3, Soil Aralysis Report 1/

Treatment 1 Organio Fitrote Pplg X0 Cs ¥g Cawtig
Yatter ¥itrogen  PPY PPY PPY PPY Ratlo
% PPY
A 6,80 1.80 10. 26 65 1390 383 3.6
675 240 12,5 29.5 80 1320 L3 342
6.9 2.2 10 b1 &5 1260 37 L RN
B X 22.5 lo 90 Ugo 138 3.4
6.5 2.5 22.5 39.5 95 1520 L38 3.4
.5 2.1 20 2L.5 £7«5 1270 Le7 2.6
¢ &5 2,2 20 3L &5 128 372 3.8
.15 165 10 31 60 1060 15 5e5
6,6 LIS T 78 50 950 201 L7
1] 6.6  1.90 25 31 £7.5 1390 383 2.6
6,7 L5 15 is 65 1360 30l Lol
6.65 1.50 Te5 26 Is 1080 201 Se3
] &6 2.2 20 29 90 1460 367 L.6
o6 245 30 72 95 1300 181 1.9
6 2.7 20 55 102,5  Uso 334 L3
4 6,35 1,50 30 5.5 8L L0 Lo 3,6
6.1, 2.5 15 3h 80 1350 292 L.%
6.65 L.75 7.5 3L 55 120 134 10,6

_1/ Shows treatment and replication as %tssted by Wharton Cowmty Scil Testing
lavorstory.

£



1
ennsisted of thirty leaves selected randonly from thirty plents
from two rows in each of the eightoeen plote. The sixth leaf from
the bese of the plant wes chosen ss the sample lesf when the plants
vere §a full silk snd tassel oo descrided by Tyner (12).. The
seaples vere then oven dried, ground snd anslysed spectogrerhisslly
by Diste Chemical Companys

The second leaf sempling (June 16), eonsisting of twenty
lezves horvested as above, wes for protein analysis. Oanly those
leaves in the healthiest conditics were selected. The seaples
were aly dried and ground for enalysis. Protein snelysis se
shown in figuve & was made Yy Unole Johury Mills, Boustony Texos.

Egr sanples wers alse Soken for spectographiced analysis.
These semples were taken June £1 thirteon doys after the first
lecf sample, Xach ear sampls souslated of ten sars from ten
plants selected fyrom ﬁo yows in each of the sighiean plots..
These somples were Ssken ot the soft-dough stage ae reported by
Trogdon (11) to be the optimm $ime for maximum nutrient
concentration in the ears. The eurs vers shucked, oven dried,
and ground ia preperstion for spectographicsl analysis.

Tor estinating corn yields (iugust 11) the ears vers taker
from thyee rows in each plot ecfij} square fest, BEushels pey
aere vere esleulsted from these welghts, For protein analysis
fifteon of the best ears were selected from s ecomposite of the



FICURE L, Protein Analysis of Corn Leaves Soft-Dough Stage

isture
Treatment Replieation Protein ¥oleture Fres Group Range
¥umber Analysis . Protein ‘

A 1 1.8 9.2 16,3 13,1 ~ 16,3
2 1.9 8.5 13.0
3 1.1 9.8 15.6

B | 1Le3 Db 15.8 15.L - 16,1
2 13.9 .7 154
3 L6 9.3 16.1

¢ 1 b 9.4 15.9 15.2 « 15.0
2 U2 10,4 15.8
3 1Le5 8.9 15.9

D 1 13 g:Z 15.7 15.3 - 15.6
2 13.9 153
3 13.9 Sy 15.3

B 1l 1h.2 9.8 15.7 15.7 = 16,7
2 ig:o 914 16.6 :
3 ¥4 8.7 161

? 1 1h.3 8.6 15.6 15,7 = 17.2
2 15.9 8.0 17.3 : ’
3 1L.6 8.7

16,0

st



save treatwent from each replisations The grain was shelled,
ground end snalyzed by the conventional Kjeldehl method,

- The final oer samples for epectographied analysis inoluded
tag sars from ten planits selested at random from two yows in
esoh of the sightoen plots, Semples were tzken August 12 when
the eers wers fully matured for mnalysis by Dixie Chemical
Companys
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RESULTS AED DISCUSRION

The growing season of 1954 ia the Culf Coast area was
wfavorable for eoxperimental eorn growing, Reinfall was markedly
aeﬁeimﬁ and temperatures were slightly higher than usual as
shown in figures § and 6, The corn wes irrigeted by lamn
spripklers to bripg svout gormination, Germination wes not
miform and replenting was necessary in ocertain plasces, The plants
wore yellowish snd somewhat stunted during the first ten inches of
growth, It remained this light yellow coler until warm weather and
roin_proveiled,

Subsequent lack of rainfall severely surtaliled normal growth
of the corn, especially from the tasselling stage until maturity.
This resulted in a number of irregulsrly pollinated and undeveloped
ears, Soon nt‘&w the softedough stege asertain plots showed signs
of durning, This was evident in plots 5 end & of blook I and
plots 5 and & of blosk IIT (figure 2)s The burning effect wae
recordsd photogzraphicelly in plates 13, 1, and 15, The yield
in these plots was low and the plarts showed & warked effent
of the dry season {Plate 15)s Low oorn yields can partially be
osxplained by the tilth of the respective plote, The soil was
oanpacted and elowly permeable to water, Two of the above plots
showing burning reseived 00 pounds trace element concentrate,
Another recsived 200 pounds trace slemont conceuntrate, while a

third received a saloiumemsznesium equivalent to thet found 4n



FIGURE 5. Rainfall During the Growing Season 1/

Total " Y¥ormal ° Yaximwm Deviation
Eonth Foisture ¥ean 2 ;:m xxl
Yereh «86 3.17 o76 =2.31
April © 5436 3.83 L3 F1e53
Yay - 6430 505 2,0, ﬁ-2'5
June 87 LS .57 -3.58
July 275 , 3.98 L33 «1.23%
August 2,20 2e11 =77 # o

1]

AT

1/ As recorded in inches at nearby Alr Force Base,.



PICURE 6, Temperature

During the Growing Season 1/

Averags Yormal Formal
Honth Haximm Haximun Einimm ¥aximum ¥inimom
¥arch 70.9°F alor 3599 91°P 23°°F
April 80,2 87 Lé 92 3& '
Yay 814 & 16 98 Ls
. June 91.1 98 2 103 55
July SLa9 10k 73 10l 55
August 9L.0 100 72 108 | sh

1/ As recorded in degrees Fahrenheit at mearby Alr Foroe Base,

61
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the 200 pound trace element ooncentrate, Hemoe, it is believed
that the high rete of trece eslement soncentrate was not the
only factor influencing the burning of the leaves and reduced
yio.léso
Grain Tield Results

Grain ylelds were caloulated from the weights recorded et
harvest tims from three rows in each ploi:, The plots with ne
fertilizer prodused 88, 75, and 5l bushels per sore per plot,
The rangs of variation was 3L bushels per acre per plot, Plants
in these untreated plots staysd green longer, These plots had
very similar soll tilth, permeability, and strusture, The loscation
of these untreated plots im the respective blocks fs showm in
figure B, The 00 peunds 12.2L,«12 plus 60 pounds nitrogen plote
produced ylelds with the lowesbt range of wapriation of the entire
exparinent, Yislds heore wers 83, 100, snd 105 bushels por acre,
The prange of wvaristion was 22 bushels psr asre per plot, The
plots treated with 100 pounds of 4race element oconcentrate showsd
& variation in yleld of 27 bushels per escre per plet, Individual
plots produwced 101, 70, and T2 bushels per sore per plot, This
100 pound trace element treaiment produced some of the highest
yields in the entire experiment, The 200 pound trace eolement
sonoentrate trestment showed & marked interplot variation of
70 bushels per aore. The yields were 20, 90, and 87 bdushels per
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aove. This high yange in vorietion among vlets recelving the sume
treatment mey partially be explained Yy the eondition of the soil
structure in the plot 6 of Block III. This partieulsr plot dus to
the &m eompacted slowly permezble soil produced the smolless
yi61d of ey plot in the exveriment. The 400 pound troce element
concwntrrte trestment 1lkevise shoved s wide Ynterslot varistion.
The ronge of varlation wae 42 Yushels per sere per plot. Thie wide
rengse in veriation nay 2lso Yo exnlained by the poer ti1lth of one
of the plotze Eere ge ghove, the soil wss dry, eompacted, ond
sloviy permechle 20 weber. Yields per plot were 75 78, and 23
Yushels per scve. The soil seceiving the esleluwmignosiumm
equivelont ia the 200 pound tm& glement concentrate chowed the
hizhest yield 4n the stuly. FHowever, this hish yleld waz found
gnong plots having the m@m ranze of verintion, 72 bushels por
sore per plote This eclclupemognesium additive indleated thet
the yields from the traoe element treatments weve not wholly
fnflusnced by the high smount of tslelum and magnesiua in the
eoncontrate. The ylsld per plot wag 112, 76, end %0 Yushels per

BOTO,

Protein Jslysis
Corn lenvss for protein analysis were tskea June 16, 1954 when
the plsnts were st full eilk end tesecl ae dszeribed by Tyner (12).

Cora leaves ghowed much lees voristion 4n protein content than did
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the grain in ylelds per sore, Crude protein annlysis of corn leavee
are shown in figure Ls Analysis by the eonventionsl Kjeldahl method
showed & veriation from 13,1 to 17.2 per oent orude protein on a
mii%m'c free basiz, The unitreated plots showed the widest
| miat;an. 13,1 to 16,3 per cont erude protein. Isaves from
fertilised plots showed very 1ittle wariationy 15.L to 16.1 per
cent erude proteir, The samples of the 100 pound trace element
treatnont had a range of 15,7 to 16,0 per cent crude protein,
Samples of the 200 pound trace slement treatment varied from 15,7
o 16,3 per cent erude protein, leaves reseiving the };00 pound
trege eloment treatument had a one per cent difference with a range
of 15,7 to 1547 per cent srude proteins The ealoiumemagnesium plots
showed the highest amount of srude protein, 17.2, with s range of
15,7 to 17,2,

Leaf analysis revealed that fertilizetion ia the study inoreased
the protein content of the leaves, The wide renge of variation mesks
any influence thet the trace ¢lement sonsentrate mey have had, FHere
ageain, as with grain ylelds, this wide range of varietion in the
gprotein content coourred in the highly sorpasted, slowly permeadle
plots in blooks I end III, Protein enalysis was also run on grain
samples, EZamples for analysis consisted of a somposite of eaoh
troatment from the three replioations, The samples were analysed
for nitrogen and ermonis a8 woll as protein, Figure 7 shows the

pitrogen, ammonia, and protein oontent of the sorn grain, The
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per oent nitregen ranged from l.I8 in the untreated plotes to 1,65
in the 10O pound trace element treated plots, The ammonia sontent
varied from 1,80 per cent im the umireated plots to 2,0 per cend
in the LoO pound trace element treated plots, The per cent
protein ranged from 9425 in the untreated plots to 10.28 in the
100 pound trase element fia%s. The 200 pound trace element treated
plots had the seme peroentage of nitrogen, smmonia, and protein as
did the untreated plotas,

These data then indieate that neither the fertilizer nor the
trece slement soncentrate influenced the protein sontent of the
grain, Here again, it is believed thaet drought prevented the
sxpression that nitrogen snd/or the trace element concentrate might
have had on the grain,

frace Element Analysis

Zpectregraphionl enalysis was made of four samples of the cormn
grain at the hardedough egtege, Samples wore taken from ne treatment
plots, ploks with Lo pounds 12.21;»12 plus 60 pounds mitrogen, plots
with 400 pounds 12.2L.12 plus 60 pounds mitrogen plus 200 pounds
trace element concentrate, and L;00 pounds 12.2L.12 plus 60 pounds
nitrogen plus s saloiuwm.magnesium equivalent o the 200 pound
oconcentrate treatment, wag:faphioaz enalysis for sixteen
olerants may de found in figure 8, A comparison of ths orginal

eoncentrate with the analyzed grain is given in figure 9, Leaf



FIGURE T« Proteln Analysis of ¥atwre Core CGrain

S@ple Bitrogen ' Armonia Frotein
A L8 .80 925
B 1.59 ' L93 994
€ .73 .98 10.19
D L18 1.BO 925
B 1.65 2.00 7 10.28
|

1.52 1.85 G450
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sonples for speetrogrephicsl snalysis wers harvested tut determines
ticns were not run. I3 4s thought that these leal samples will
show nore effect of the trece slement concenitrste than that
indieated by the graine



PIGURE 8+ Speotrogrephiesl Analysis Wature Corn Grain 1/

Semple 1 fa L2 A
¥agnesium : 15,0 12,0 0 16,0
Caloium 6.0 2.0 2.0 L0
Potasslium 2040 21.9 200 22D
Copper 002 CulR 01 0,01
Tin : a7 20 O 08
Aluninu : 0,07 T a2 0,05 0,08
Tron Oy 1.0 0e3 2.0
8ilieon 0T Oa3 2.0 1.0
Phogphorus 1.0 20.0 20,0 15.0
Boron D006 001 G2 3,01
Manganese 18 3 sl Cal 0.05
Chrovd va Trane Trace Trace Tracs
) Titanium §¢9. Halls BeDe ﬁyﬂh
Barium Trece Trace Trace Tracs

Ztrontiom Trese Trece Trace Truoe

1/ Sample §1, no trestmenty Sample {2, 00} 122112 plus £0f nitrogen;
Sample #3, L00F 122112 plus 607 nitrogen plus 2007 trace slement
sonsentrates Sample #, LoOF 12.2Li12 plus ealoium snd megnesime
squivalent to 270} truce element concentrata,



FITURE s Comparison of Spectographie Analysis of Vaturs Corn with Original Concentrate

Triginal
Sample #1 §2 #3 #h Concentrate
Yagnesium 1 12, . 16. 13,
Sodium Re Ze 0.5 2e 5
Potaggium 20 21, 20, 224
Copper 0a2 Cal2 0.01 0,01 +002
Tin 1+ 4 2e 0.6 0.8
Iron M 1’ ﬂt} 2o iﬂh
8ilison 0.7 03 2. . ™ 2
Fhosphorus 20 20, 15
Borom 0.006 0.01 002 0,01 «05
Hanganese 0.1 a1 Oe1 0.05 «00l
Chromiom Trsce frace Trace Trace «503
Titanium Fela gtﬁq K..B;, 1%+
Barium Trace Traod Trace Trace Trace
Strontium Trace Trace Trace 5

Trace




SUMMARY AND COHCLUSIONS

The effect of a trace elemont concentrete on the yleld end
themioal eontent of eorn was studied on Lake Charlee clay loam
b 0adl Whiteomb's Clear Oreek Form tventy-five miles south of
Houston, Texas in 1954, The eoncentrate, produced by Dixie
Chenieal Company, Houston, Texss, was sixed with Olin Mathieson
Chemieal Corporstion’s 12«2i-12 fertiliser and spplied ot
planting. Six treatnents were used with three replications each,

The groving senson was uwufevorable for expsrizendsl corn
growinge 4% the eilk ond $ssseel stage the plants Yegzon to show
signe of burning and contimed until meturity. 7he burning was
found particularly in four plots. This can be expleined by
the poor tilth of the plots. The soll was compacted end slowly
persoshle especlslly during s drought. Such eonditions produced
low yislds and wide ranges of wvaristion.

Somples were Yaken of both lesves snd grain o% the soft~
dough stage and grain only st the hard~dough stage. The eamples
vere nnslyzed for protein eontent by the eonventionsl Kjeldehd
netholls Orain samrles of the hard-douch staege were spectographie-lly
snalysed for the sixzteen clements of the orginal concentrate.

leaf snalysis revesled that fertilization in the study
ineressed the proteln ecntent of the leaves, Other dsta indicsted
that neither the fertilizer nor the trote slement soncentrate
influenced the protein content of the greln. It 1s belleved



that drought prevented any expression that fertiliser and/or
trace alement conoentrate could have had on the mature grain,
leaf sarmples were harvestsd but not analysed. It is thought
that these leal samples will show a greater effost of the
troce eloment consentrate than that indisated by the graim,
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PIATE 1. LOCATION OF EXPERIMENTAL PLOTS
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. PLATE L, BXPERIVENTAL AREA SHOWING STAKED PLOTS



PLATE G,

OPENTNG THE FURROWS IN 36" ROWS
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PIATE 6, APPLICATION OF FERTILIZER AND THE TRACE ELEWENT CONCENTRATE
IV BAYDS 23" O ZACH SIDE AND M BULOW DACH CORN ROW



PLATE 7, A BLOCK OF CORYX JUST FRIOR TO THE TASSELING STAGE
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PLATE 8, SIDE VIEW OF PLOTS AT TASSELLING STAGE
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A TYPICAL LEAP FOR SAMPLI

PLATE O,



PIATE 10. TOP VIZW OF PLOTS AT FULL SIILX AND TASSEL STAGE



PLATE 11, PLANTE BEGINVING TO SHOW A BURNING EFFEQT OF DROUGHT,
‘ POOR SOIL TILIH
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PLATE 12, BURNING OF PLANTS BROUGHT ON BY CONTINUED DROUGHT, POOR
80IL STRUCTURE



PLATE 13, EXTREME EPFTCT OF DROUGHY, POOR SOIL TILTH
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PLATE 1, CORN FROM NO TREATUMEET PLOTS AND TRACE ELEMENT
CONCENTRATE PLOTS



- PLATE 15, CORN FROM NO TRPATMERT PLOT® AND 100 POUNDS TRACE
ELEMENT CONCENTRATE PLOTS
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PLATE 16, CORN FROM 200 POUND TRACE BLENENT CONCTNTRATE PLOTS

AND 400 POUND Mﬁ PLEMENT CONCENTRATE PLOTS



