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 INTRODUCTro~ 
~ 

A g~'1L1 clt'nl of I'C'SPIU'C'h hns liNIn t\ol1r in 1'('('Pllt years on the minPl'al 
nll I I'~CUm of tobucco insofnl' ns this conCf'rnS the dc'men Is I'ef! uired hy 
the plant in 1110dt'I'IL!t\ 01' com:ml'nlin'l,\' Ilu'~(' qunnlili('s, including 
lIitro~t'It, phosphorus, potllssiullI, cnleiulll, HlflglH'sium, Illld sulful', 
Conslcit'l'ublp progl'pss hilS bN}Jl IlHteln ilt {~('tt'l'lninillg (hll C[ultlltit.i('s 
of tlll'::;t' d(,IIH'nts 1'l'ftuil'C'(\ fol' nOl'lllni grO'.vth of the plant (.10, .11),2 
efl'pets of Yltl'inlion in. supply of pneh on tl.l(' quuJity of the I('af, ILnd 
the ch!u'nelel'islie. s,,'mptoms llllutifc's(.('(1 by the pliUlt wht'lt tho 
supply of nny 01H' of IIH'lIt falls bpiow the minimum 1'('qUil'PII1l'Ilt., 
LiLt\(\ infol'llllLtion Iuts ht'NI. puhlish('ti, hOW('Vel', l'llglll'ding yield nlld 
quality of loblt(·(·o ns infiuPlu'pd by Pic'men!::; that IU'(' I'('quil't'd by 
tlw toone·t·o plnnl in Iilinute qunntiti('s only, A fc'w ddl'l'minlltions 
of Lit(' qUllnti liC's of the tl'lll'P (,\(1111('11 t.s boron, eOPlwl', m!lllgllnese, IUld 
zinc in lobllc('o IIl1.Ve bpl'11 l'l'pol'l<'d. Cluu'ne\('ristic symptoms pro
d ut't'(\ in the tobaclo pilln t. by defi(·ipne.\' of (hps(' ('knH'n ts hn.vc b('cn 
dcs('rilw<\ b,\' ::\le~II1I'tJ'P,Y (21), ,1'11('S(' folll' (·I('Ul(,llls m'p rcfcrred to 
in this publit'nlioll liS lithe tmec clements," 

I Submitt('c\ for publication Fl'\)rllltry 2,1, J!HiO. Thc work discussed here W/I.!I 

pI'rforrned under !L1l allotment from t he Special Hesenrch Fund authorized by
• .I'it.le I of the Illtnkhp!\d-.'''llws Act of .rUItC 2(), 1():~5. 

2 Italic numbers ill parl'lIthcscs refer to Literature Cited, p. 26, 
S775!H-ro-l 
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The fact that boron is an essential element for the tobacco plant. 
was shown by Swanbacl: (23).. in work on solution cultures and by 
McMurtrey (19) in work on solution cultures and also on special 
sand and soil cultures. The first recorded field observation of boron 
deficiency for tobacco was made on Sumatra tobacco by Kuijper (14), 
who reported it in 1930. Not until 1935 was the first such observa
tion reported in this country, by McMurtrey (20), who had made it 
in 1934 at Upper Marlboro, Md. He made another such observation 
in 1940 on test plots near Raleigh, N. O. The normal boron content 
of t.obacco was given by Anderson (2) as from 30 to 90 p. p. m. (parts 
pet· million). McHargue (17) reported, for Kentucky tobacco, 67 
p. p. m. of boron in the Burley, and in the dark tobacco 29 p. p. m. 
in the leaves, 11 in the stalks, and 6 in the seed. Drake (8) found the 
boron content of Turkish tobacco grown in a greenhouse to be 
about 5 p. p. m. in normal plants and also in plants showing deficiency 
symptoms. Under similar conditions Jones (13) found about 20 
p. p.m. of boron in normal tobacco plants and about 20 to 176 p. p. m. 
in plants grown in cultures to which borax had been added at rates 
of from 15 to 100 pounds per acre. 

Published re;!JL'ences to the copper contelit of tobncco are very few. 
Elvehjem (9) found 17 p. p. m. of copper in tobacco leaves. McHargue 
(18) found the range for four samples of low-grade dark-leaf Kentucky 
tobacco to be 30 to 60 p. p. m. and the proportion in a salllple of 
Kentucky Burley stalks to be 10 p. p. m. 

l\.fanganese content of Oonnecticut tobacco has been reported on 
by several investigators. Bailey found in one study (4) a maximum 
of 2,664 and a minimum of 432 p. p. m., with an average of 1,368 
p. p. m. In another study (5) he found a range of 2,448 p. p. m. 
to none. LeOompte (15) made an extensive study of the manganese 
content of this cigar tobacco in his work on the so-called "black" 
tobacco that is frequently found in Connecticut leaf. Testing a 
large number of samples, he found that manganese content averaged 
1,152 p. p. m. in the "black" leaf and 360 p. p. m. in the normal leaf. 
Jacobson (12), working on Connecticut tobacco, found 160 p. p. m. 
of manganese in normal leaves, and in mp,terial showing manganese 
toxicity found these percentages: l\1iddle leaves, 1.1; lower leaves, 
0.8; upper leaves, 0.4; diseased roots, 0.32. Anderson (2) gave the 
manganese content of normal Connecticut tobacco as 70 to about 
1,400p. p. Ill. ancl that of tobacco showing manganese toxicity symp
toms as about 2,800 p. p. m. 

Working on Ohio cigar-leaf tobacco, Ames and Boltz (1) found that 
the manganese content of the plants on 19 fertilizer plots mnged from 
77 to 500 p. p. in. Ward (24), having made very complete studies of 
the mineral absorption of cigar, flue-cured, and Burley tobaccos 
grown in Canada arrived at these estimates of manganese content at 
harvesttime, in parts per million: Middle leaves-cignr tobacco 72
770, flue-cured 166-922, nnd Burley 900; stalk material-cigar tobacco 
14-259, flue-cured 50-202, and Burley 324. McHargue (18) found, 
on an average, 220 p. p. m. of manganese in four samples of low-grade 
dark (Kentucky) leaf, 30 p. p. m. in a sample of (Kentucky) Burley 
stalks, and (16) 70 p. p. m. in tobacco seed. 

Zinc has only rarely been determined in tobacco. McHurgue (18) 
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TRACE-ELEMENT TESTS ON TOBACCO 

found 50 p. p. m. inlow-grade dark (Kentucky) leaf and 10 p. p. m. 
in (Kentucky) Burley stalks. 

In short, according to the limited data .available, the proportion of 
each of the elemtnts boron, copper, o.nd zinc in normal cured tobacco 
leaves is very small, usually about 50 p. p. m. or less, and the propor
tion of manganese, although sometimes very small, frequently amounts 
to several hundred or even 1,000 or more p. p. m. In leaves showing 
symptoms of manganese toxicity, this element has been found in a 
proportion of about 1 percent. 

The field work and laboratory studies reported on here were con
ductcd at the Pee Dee Experiment Station, Florence, S. C., in 1940-45. 
The field tests were made on an area of typical Marlboro fine sandy 
loam (an important flue-cured-tobacco soil of the Coastal Plain) 
selected for soil uniformity. The area had topsoil about 14 inches 
deep. Soil analysis indicated that the trace elements were present in 
the following propOl·tions: Boron, 14.0 p. p. m.; copper, 13.5 p. p. m.; 
manganese, 93.0 p. p. m.; zinc, 15.5 p. p. m. The pH was 5.5. The 
plan of procedure WfiS designed chiefly to obtain in field plot tusts, 
under closely controlled test conditions, information on the tobacco 
plant's requirements of the trace elements boron, copper, manganese, 
and zinc and any influence application of these clements may have on 
yield and on the quality of the tobacco leaf. It was designed also to 
permit observation of any symptoms of deficiency or toxicity of these 
clements and the quantities of the elements associated with any such 
symptoms. Tobacco plants were grown on plots to which different 
boron, copper, manganese, and zinc tl'eatments had been applied and 
representative samples of the product were analyzed. 

To. supplement the data obtained in these field plot tests, tobacco 
matcriltl grown in connection with other expel'iments at various 
locations was studied. In some cases, soil from the plots on which a 
sample had been grown was analyzed so as to throw light on the 
relation of soil content to absorption of the trace elements by the 
plants. 

PLOT TECHNIQUE AND TREATMENTS 

The experimental area was divided into two sections, and these were 
used alternately for growing the tobacco, one section each year. In 
each year when a section was not used for tobacco a. crop of peanuts 
was grown on it, without applying fertilizer. At harvest all the peanut 
plant material, including the roots, was removed to avoid addition of 
organic matter to the soil. The purpose of growing peanuts in rotation 
with the tobacco was to lessen the danger of injury from root knot, 
peanuts being in general resist.ant to some of the causal nematodes, and 
to deplete the soil of plan·t nutrients. 

Each section was divided into 4 bloch:s of 15 plots each. Each 
individual plot was 32X 32 feet (1/42.5 acre). The plots in each section 
formed a rectangular area 6 plots wide and 10 plots long. Between 
each 2 adjacent ranks of 6 plots an unused strip 4 feet wide was 
provided. 

All the trace elements ar.e commonly present in the usual fertilizer 
materials in unknown and varying amounts. For this reason, and 
because some of the truce clements have been found it: the tobacco 
plant in very small quantities only, it was necessary to prepare the 
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basal f~rtilizcrs lal'gely fl'om rcagent-grade chemicals in"order to avoid 
adding unknown amounts of these elements. All fertilizer materials 
considered for use 011 the plots were analyzed. None of those that 
were used, as is shown in table 1, r.ontained any of the trace ~lcments 
in a concentration higher than 13 p. p. m. The content of macro 
fertilizer elemcnts in the compounds used is shown. in tnble 2, and the 
quantities applied per acre in table 3. 

1'ABLE I.-Range of trace-element content of snlis used as fertilizers in 
. 1940-45 

Mallga-Salt Grade I 'Boron Copper Zincncse 

Ip.p.m. P.p.1/!, P. p.m. P. p.m.
Potassium chloride__ Reagent___________ IO -3.6 0 -1. 3 0 o-a. 2 _____dO____________jO -~. 3 0 -1.1Potassium nitrate.. __ 0 0-1.2 

r--dO------------.n iH. Q 0 -20 0 0-3. 6 
Commercial (Carls- [2. 2-6. 55. 6-10. 4A. 5-11. 0 0-6.6Potassium sulfnte____ bad, N. Mex.). 
Crude Cerm!Ul _____ ,1. 3-12. 7'0.7-3.3 2.2-13.0 0-3.0 

l'vlagnesium sulfate_. Rcagellt __________ -'O -.1. <1 0 -2.4 0 0-5.2 
Dicalcium ph01iphate comrnerciaL _______jO. ;!-3. 2 0 -6.3 0 -12.5 0-11.8Urea _______________ _____ do____________ 0.1-6.2 0 -3.6 0 0 

TABLE 2.-Average macro-element content of salts used as fertilizers in 
1940-45 

Salt Grade N P20 5 K 2 0 

Percent Percent PercentReagent________________Potassium chloride_____ 0 0 63.2 _____ do_________________l)otl'.ssiunl nitrate______ 13.9 0 46. 5 {__--dO_________________ 0 0 54.0 
Commercial (Carlsbad, 0 0 54. 0 l)otassiurn sulfate ______ 

N. Mex.).
Crude German __________ 0 0 48.5Reagent________________Magnesium sulfate _____ 0 0 0 

Dicalciufll phosphate___ CommerciaL____________ 0 40.7 0Urea. _____ 0, __________ ____ .do_________________ 
46.3 0 0

I 
Salt Grade CaO 803 MgO Cl 

-. .---------
Percent Percent Percent Percent 

Potassium chloridc ____ Rcagent.___________ 0 0 0 47. 5 _____ do_____________Potassium nitratc _____ 0 0 0 0{____dO_____________ 
0 45.9 0 0 

. Commercial (Carls- 0 45.9 0 0
Potassllllll sulfate_ - - - -, bad, X. Mex.). 

Crude German______ 0 42. 0 0 0
Magncsium sulfate ____ Hcngent- ___________ 0 32.5 16.4 0 
Diealciu1t1 phosphatc___ COllllllcrciaL_______ . 32.5 0 0 0Lrca___________ • _____ _____ do_____________ 

0 0 0 0 
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• TADi..E 3,-.t1mounts of salts appliecilJer acre in basal1ertil'izer mix&ure 
~n 1940-45 

Treatment 

l?erlilizer material Orade 
1-13 1·1 15 

POllncis Pounels Pound"
Potassium chloride _____ lleagent_______ - _____ • __ 

_____ do__ .. ______________ ~~:l. 6 33.6 33,6
Potassiulll nitmte______ 57. 4 	 0 0 

0 12M. 7 0
Po''''''''''' ,,,I""I .. __ \Co;~~:;,~j~I-- 2 sa. 1 3 25u. 7 0N. Mex.). -(C";,~b;';i.-

Crude Cerman. _________ 
C___ 

0 0 281). 0 
Magnesilltn slllfllt,e. ____ H.clIgcnt._ . _____________ In. n n7.0 !.I7. 9 
DicalciulIl phosphnle ___ CommerciaL___________ • 155. 1 155. 1 155. 1 ·Urea_________________ _____ do _________________ 

34... 51.7 51. 7 

I [n tn40-43 only. 

2 In 19-14-·15 ollly. Applied IlS n side dressing at Lhe first cultivation, 

l Jn l!JH:-·15 onl.\'. 


• 
In 1940-43 a 3·-S-6 bnsnl fertilizCl' was applied Itt tho rnto of 800 

pounds P{,I' !tcl'e per yl'llr. In addition to suppl'yin~ nitrogon, phos
phorus, I1l1d polnssium ns showlI in tnble 2, the fertilIzcr mixtul'O used 
contnilH'd 2 pl'I't:cnL :MgO, 6.25 pOl'cent eno, 2 pen:ent CI, nud 4 per
cent S03' The truce demcnts were npplicd in th~ form of bode Iwid, 
copper sulfn.le, munganese sulfn.to, !tnd zinc sulfate, In 1944 !tnd 
1945, becllusc potllsh-defiticncy symptoms had been obsel'vcd, tho 
rate of potilsh ilppliclltion was increased from 48 pounds to 80 pounds 
pN' ncre, (As t.his chnllgc might affcct the response to the tl'l1ce
elelllt'llt tl't'alllll'lIls, thcl'(,'sulls of the 1944-4.5 tests wero not Iwcragcd 
wilh those from lhe first 4 yellrs btl t were (~ollsidercd sepnmteiy,) In 
11 test of sulfate of potnsh conducted simultaneously wiLh the tt'I1CO
elem('nt lests, n bnsnl :3-8-20 fertilizer wus used. 

The trace ('Ie II 1('11 Is \\'('re npplied ill 1;) ciifl'crellti comuillations, eltch 
of which cOlltnilH'd :3 Ot' 11114 of Ihl'l.l1. Thl' eLellll'lIls WPI'(\ l'OPl'cSl\IlLed 
j l1 this spri('s of cOlllbilllltions lit 3 ril.ll'S 1WI' acre euch·-n 1, or unit, 
rnt(', Ilnd I'IlteS lwie\} nlld liV(' limes ItS gr{'ltt as the 1 I'nte, d{'signnted 
the 2 tl.nd 5 l'Iltes. Th(' 3 !>l'l'-ncl'e mtl's fOl' the individuall demellts 
Wl'l'e us JolI(,)\I's: Down, 0.5, I, nlld 2,5 poundSj eopP(\I' tlnd zillc, 1,2, 
alld 5 pOUIHbj mllngnneS(!, 2, 4, llnd 10 pounds. One eombinntion 
illelud('d 11114 of tLw delllents nL lhe 1 I'ntt'j eltell of the 12 othl'l's in
cludl'd 3 l'lelll('llts nt the 1 l'/lte nnd l'xe\uded till' fOllrth 01' ineiudl'dit 
n,t the:>' Or the 5 1'U.tl', BI1Ch of the 13 combinations WIIS Ilpplicd 011 
4 replicnte plots, Crude OO-pcrcent imported sulfute of potash nnd 
tht, high-grlldl' sait were endl iLpplied to 4 plots which l'c'c('in~d none 
of UI(I t11l(,l'-(·lement tJ'cutmen ls, to determine whct.hpl· (ho formcr 
eonlnins trnce eICIll('llts in qUllntities LhilL Ilfl'c'eL its fertilizel' \'nlue, 

• 
The 15 tr(llllmt:nts were applied in .mndomized Ord('l' on {,l1ch of tho 
blo('ks ill {'Ilch section of the ('xpcrimcnlnllu·cil.. 

Thl' lobllceo pilwls Were set out in rows 4 feet wide, spliced 2 feot 
II.pllrL in tho row, The methods of culture, hlll'\'esting, Itnd flae

http:Ihl'l.l1
http:sulfn.to
http:sulfn.le
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curing were those in common practice for flue-cm'ed tobacco in South 
Carolina. After harvest all stalks and roots were removed from the 
plots, in order that some of this material might be analyzed and to 
reduce infestation with nematodes causing root knot. 

'rhe actual area per plot fX'om which data were obtained was 1/64.8 
acre, as all outside rows and end plants were eliminated from consid
eration. 

OBSERVATIONS ON DEFICIENCY Al\T]) EXCESS SYMPTOMS 

Examination of the plants in the field at all stages of growth did not 
Teveal any known symptoms of deficiency of anv of the trace clements. 
(Such symptoms are seldom obsHved in the fierd, even on soils having 
extremely low fertility.) 

Boron was repeatedly found to have injured tobacco plants where 
it was applied at the !'ates of 1.0 and 2.5 pounds pel' acre. The 
injury produced was mOl'e severe where the clement had been applied 
at the hi~lel' rate. The plants were stunted dming the early growth 
period. Lnter, those grown on plots that had received 1 pound per 
acre made normnl growth nnd ceased to exhibit any toxicity symptoms. 
'1'hose gt'own on plots thnt hud received 2.5 pounds per acre, however, 
were permanently rehtrded in growth ancl still showed toxicity symp
toms when harvested. 

The first visible symptoms of boron toxicity are a slight thickening 
of the lower leiwes and all upward cuding of their edges. As growth 
advances, thcse conditions develop on progressively higher parts of 
the plant. Soon the edges of the leaves tum a pale yellow color. 
Then, in II, few days, yellow spots develop along the leaf margins and 
ill tbe raised portions of the leaf tissue between the veins. The leaves 
become thick and brittle, and restriction of growth around the edges 
causl'S an upward bulging of the entire leaf. Later, frequently, the 
11largins of the leaf split.. '1'11(' yellow spots increase in size and turn 
brown. E\"('ntually the brown, dend tissue fnUs away, leaving the 
leaf full of holes, with a ragged margin, and greatly reduced 1n potential 
lllurket value. 

No injurious effects on tobacco from application of manganese or 
zinc were obsel·yed. In 1940 only, there was 1m indication that copper 
produccd visible leaf injul'Y. At early stages of growth the 10Wel" 
lean's of thl' plnnts subjected to the highest copper tn'atment were 
longrr, narrower, nncl more pointed than normal and in some cases 
had It shiny, glnzC'd appl'al·allce. About () weeks after planting, 8. 
faint n'ddish-brown, 01' bronze, color was present on the raised por
tions of the 1(,11f tissue, bpt wc('n the veins. This was cspedaUy notice
able on the lenvcs just \)(\\ow th(' middle of the plant. 'rhe symptoms 
did not continue to devC'lop, and nO abnormality of the mature tobacco 
was associnted ,,,ith them. 

EFFECTS OF TREATMENTS ON YIELD OF TOBACCO 

The yidds of tQbu('co produced in the trace-clement It'sts over a 
period of 6 :refit'S fire ginn in tnbk 4, whcl'e ench "Illtle is tbe menu of 
the rt'sults from f{)ul: I'eplicat(' plots. Differences in the yields are 
giYen in tllbk 5. ~ll\rked s('nsonal variation appears in nllllunl a"erago 
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'1'ABLE 4.-J'obacfo yield per acre, in 1040-.~5, of plots to which 18 different trace-element treatments and 2 sulfate oj pota~h 
treatments were applied annually 

lBuch valuc is an uveragc for 4 l('pJi('ute plot",]--,----._--
Average

TrcaLmcnt. I I Treal- I I I IAv~agctf IIIcnt HHO 1\)·U II 1!H2 1\)43 J\).J.J. 1945 of 
" number, , 11940-·13 ! 1944-45 
!~~-- ,,_. 1---i,·---l- , 

I 
, 

Truee elements: POll luis POtU/tis I POllllris POl/lids POJlnds POllrids POJ/llds POJ/nd~ 81 Eacl1 ___________________________________ 
::0!} 1,63U 1,223 ' 90.J 1,518 1,321 1,252 1,171 1,21 > o Boron__________________________________ C 

5 1, (;51 1,237 904 ],464 ],314 1,114 1,101 1,10 t'l 
I2 J30roJl_________ • _______ • ________________ 

10 I,03a 1,210 8:31 1,328 1,250 1,104 1, 122 I,ll l'"l5 Boron_______________________ • __________ t:"'1 1,45·J 1,02,1 795 1,228 1,125 1,100 1,013 J,05 t'l o Coppcr_________________________________ ~ 
2 Copper_________________________________ 6 1,70] 1, 102 9H 1,360 1,277 J, III 1,124 1,11 t'l 

lL 1,51:3 1,178 !)Ol 1,502 1,288 ],273 ],192 1,23 Z5 Copper__________________________ • ______ 
2 1,602 1,0·17 80!) 1,282 1, 185 1,214 I, 175 1,194 8 

o l\fanganesc_____________________________ 8 
t'l7 ],675 1, 182 978 1,542 1,344 1, 182 I, 121 1,152 l\Ianganese___ • _________________________ UJ

12 I, ()(is I,O!)a 296!) ],511 1,310 1,173 1,208 1,19 85 l\langancse- ___________________ • _______ (Jl3 I,Oll I, H6 375 1,315 ],253 1,069 1,163 I,ll 
o Zinc___________________________________ 

2 Zinc___________________________________ 8 1,6!)O J, 159 887 1,408 1,288 1,188 1, 220 1,20 ~ 


18 1,1!J3 1,21!) !l80 1,4:37 1,357 1, 253 1,231 1,245 Zinc_____________________ -- ____________ 
;1 2 J, 555 1,089 926 1, '135 1,251 QUO 1,123 1,05 C5 

t:= 
>Sulfate of potash:

C. P. J(2S0' ______________________________ c 
J.t I, iao 1, 147 1,033 1,461 1,345 1,4i7 1,188 1,33 c 

Crude }(280, _____________________________ o15 I, 700 1,217 1,142 1,602 1,415 1,421 1,294 1,35
Average___________ ____________________~ 

-_ ... ----- 1,643 1, 152 1 929 I 1,430 I 1, 288 1 1,195 1,163 1,179 

I Thc 1, 2, und 5 per-acrc rates: of treatment for the indidciual trace elements wcre as follows: Boron, 0.5, 1, and 2.5 pounds; copper 
und zinc, 1,2, and 5 pounds; manganese, 2,4, and 10 pouuds. In treutments 1-8 and 10-13, the trace elements other than the ones named 
in this column werc al! apJ)licd at the 1 rate. In Hl40-'13, each of the treatments 1:"1;3 was accompanied by 800 pounds per acre of a basal 
fertilizer made from pure ehemicals in the following percentlH.;es: N, 3; P 20s, 8; K20, 6; l\fgO, 2; CaO, 6.25; CI, 2; 803 , 4. In 1944-45, 
800 pounds per acre of a 3-8-10 mixturc was substituted, the additional potash being applied as a side dressing of potassium sulCate. In 
treatments 14 alld 15, application of potash was increased from 48 to 160 pounds per acrc by using a 3-8-20 basal fertilizer, the nitrate ..., 
of potash being omitt{ld and the additional potash being applied in one case as the reagenL-grad{\ or selected-grade commercial sulCate 
and in the oth'.:: as the 90-percent crude salt. 2 This value represents data from three replicate plots only. 
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'l'ABJ,E 5.-D~f!erences in pf'..r-acre yield oj tobacco in 1940-45 between se1'ies oj .plots to which 13 different trace-element 

treatments and 2 .~u/jate oj jJotash treatments were applud annually 1 

[Ea{'h \'ulue is the dilference between averages for 4 rl'ylicate plots eaeh) 
~~,~~-~ ~~ ,~.--,-.~ ~---"-I I'·~ I 1-3

Avera rcof r ,. tzj
Treatments compared Hl40 HIH 1IH2 1943 194~43 1944 I 1945 ~~4.:~:50( Q 

2 
Boron: Pounds Pounds PO)J.lIds Pounds Pounds Pou1Ids Pounds Pounds ~ 

0-.1 ._ ... ___ • __ • ,_. _____________ -12 -14 0 +54 +7 +138 +70 +104 :> 
0-2 _______________________ .« ____ - -18 -27 -73 -136 -64 -10 +21 +6 t'" 

0-5______________________________ -HJ7 -213 -109 -236 -189 -14 -88 -51 
1-2___________ - ________ ---_______ -u -13 -73 -190 -71 -148 -49 -98 ~ 

t'"1-5_____________________________ -IS5 -Hl9 -109 -290 -196 -152 -158 -155 t'" 
2-5______________________________ -170 -186 -36 -100 -125 -4 -109 -56 ~ 

Copper: saO-L_____ _______________________ -62 +121 -40 +158 +441 +141 +47 +94 
0-2. _____ -_______________________ -188 +76 +17 +1·12 +11 +162 +68 +115 .... 
0-5 ______ .____________ .-_________ -I)I) -55 -135 -78 -1)2 +103 +51 +77 

o 
P

1-2_____________________ ,________ -126 -45 +57 -16 -33 +21 +21 +21 ~<:J 
1-5 ____________________________ .• -37 -176 -U5 -236 -136 -38 +4 -17 

cl2-5 ____________ • _______________ ~_ +8U -131 -152 -220 -10:3 -59 -17 -38 

!7.l 
1 

1\1 nflgallesc:0-1. ______________ -_____________ -36 +11 -7·J -24 -23 +70 +47 +58 t::1 
0-2______________________________ -7 -8U -0 -81 -34 -9 +84 +38 tzj

0-5______________________________ -58 -36 -10::1 -167 -!H -113 +39 -37 ~ ]-2______________________________ +29 -1:30 +65 --7 -11 -79 +37 -21 
1-5 __________________ ,,__________ -22 -77 -29 -14:3 -68 -183 -8 -96 o 

»j2-5______________________________ -51 +53 -04 -136 -57 -104 I -45 -74 

Zillc: E;
0-1. .. __ ... ______________________ -60 +64 +17 +110 +3:~ +64 -49 +8 ~ 

0-2______________________________ +94 +60 +93 +29 +6!J +65 +11 +38 Q 
.... 

0-5_____________________________ -1440 -70 +39 . +27 -37 -198 -97 -148 c:: 
1-2______________________________ +154 -4 +76 -81 +36 +1 +60 +30 ~E3 
1-5_______________ ______________ -84 -134 +22 -83 -70 -262 -48 -155 c:: 
2-5______________________________ -238 -130 -54 -2 -106 -263 -108 -186 ~ 

tzj 

C. P.-Crudc ](280,____________________ -a9 +70 +109 , +14]! +70 -56 +106 +25 
--1'I·J~~-i~" 2, alld 5 per-nrre rute:; of trentmcnt for the indiddual trace elements were as follows: Boron, 0.5,1, and 2.5 pounds; copper and 
zinc, 1, 2, and I) pOl/lids; mangallesc, 2, 4, and 10 pounds. Basal-fertilizer treatment per acre: In trace-elcment test,s, 800 pounds of 3-8-6 
in 1940-43 and 800 l)Ounds of 3-8-10 in 1944-45; ill sulfate of potash tests, 800 pounds of 3-8-20. 
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TRACE-EyEMENT TES'}:'S ON TOBACCO 9 

yield pOl' acre, which ranged. from 929 pounds ill 1942 to 1,643 pounds 
m 1940. This variation may havo been due in part to diffcrcnces in 
1'l\infa11. Rainfltll dming tho growing season-April, May, June, and 
July-totltlod 13,6 inches in 1940,17.2 inches in 1941, 23,7 inches in 
1942, and 17,1 iilchcs in 1943, AILhough tho numbCI' of observations 
is small, cltlculat.ion of tho cOl'l'c1a(.ion coef1iciont shows tho inverse 
reitttion of yield and minfall Lo be significant 11 L odds of 19:1. 

Stntist.icnl analysis of tho anlluitl and 4-yeal' yields of tobacco fo!' 
the pet'iod 1940-43 gltVe tho results shown in table 6. Tho variancu 
ratio, F, did not attain significanco at odds of 19:1 for nny single year 
but did so at odds of 99:1 for tho 4-year period. 

'l'ABl,E G,-StlLnciard deviations an(l d~fJerences rerlltire£l jor si!/II;ijic(tnce 
jar lJel'-(tcl'e 'yields oj tobacco jrom trace-element plots, 101,.0-;'.8 
~'--'----------;----.---;----;----;---

Aver
Item l!)·to IDH ID·12 l!H3 II~O of 

1!).J0-43 

Standard dt~\'illlion of singl('-plot POI/ltc/Ii Poullds Pounds POUlltiS POUlltiS
Yields. ___________ .'- _____________ 132.0 152.5 12H.2 157.0 J.J:t 6 

Htiwdnrd deviatiou of mcnus. __ .,_____ 66.5 76.3 6·\. 6 78,5 35.0 
Stilndllrd devillLion of mellll di/fer

encc!; _______________________ .___ D·1. 0 107. D 01. 3 111.0 50.8 
DilfoJ"Pllce req uired fot· significnllcc,

odds 10:1._______________________ IHO.O 218. 1 184.5 22·1.3 100.4 
Dill\'relll~ll required for sil:;lIilicnllcc,

odds !JU:L_______________________ _______ _______ _______ _______ 132.5 

Neithcr finnuul yields nOI' ItYcrngc aIlnual yields of tho years 1040-43 
showcd uny sigllifit'nnc incI'cllses associated wiLh addition of Lrnce 
elel11('nts to til(', SI)i1 (tabl('s 5 Ilncl (». In SOllll' inslnnccs, significant 
dl'('rellses wpre IIssol'iltted with Ilddition of tmce dements. 

HOI'on nddp(\ ilL lire 5 rille clttlsed losses in 1940 nnd 1043. In 1040 
till' pl'I"-llere yield WIlS 107 pOllnds less where boroll hnd beenltpplied fit 
this rntc thlUl whcro iL had .been withheld. III 10<13, per-fiCI'e yield 
wns less by 290 poul1ds where bOl"On hnd been applied Ilt the 5 mte 
rathel' {hnn the 1 mte. In thllL yell I', nlso, per-Hom yields were sig
nineltnlly I('ss where boron hild beell applied ati the 5 rHte thnn where 
it hnd been wilhllt'll!. Yields in 1043 wero signilicillltly less when' 
copper hild bt'Cll npplicd Ilt thl' 5 mLe thiln whel'c it hnd been applied 
nt the 1 rn.le. No siglliliclUlt yield dilrel'elH'es w('ro ilssociated with 
di(j'el'Nl('l'S in applit'lttion of liulIlglll1esf'. Loss in yield nssociuted 
wilh ilppliclttioll of zinc Ht the 5 ruther Lhun the 2 rute wns observed 
in UNO. 

Unltt for Iwcmgc Itnnunl yields in the 4-yeur pf'riod 1040-13 l'Cvealed 
the following: Yield ",hem bOl"On hn.1"I been applied nt lhe .5 rute wns 
significnntly less thlln yield where boron hnd been npplied at the 2 
.l'Ille and was less to It highly significnnt degree thun yipld whel'e bOl"Otr 
hnd been npplied ILt the 1 l'Ilte 01' withheld. Yipld wh('l'o copper hud 
been applied at the 5 rate wns significantly less Own yield whcrc copper 
had bC(,1l applied Itt the 2 rate and was less to a highly significant 

S7iSS·I-.50--!! 
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degree than yield where copper had been applied at the 1 rate. No 
significant yield differences were associated with differences in appli
~ation of manganese. Yield was significantly less where zinc had 
been applied at the 5 rate rather than the 2 rate. Application of 
crude sulfate of potash did not result in yields differing significantly 
from those obtained where. O. P. K2SO, was applied. 

The apparent responses to boron and copper applications when 
potash was applied at the rate of 80 pounds per acre (1944-45) 
differed considerably from those when it was applied at the rate ot 
48 pounds per acre (1940-43). The average per-acre yield differences 
found between plots where boron was not applied and plots where it 
was applied at the 1, 2, and 5 rates changed trom +7, -64, and 
-189 pounds in 1940-43 to +104, +6, and -51 pounds, respectively, 
in 1944-45. The corresponding values in the case of copp~r were 
+44, +11 1 and -92 pounds tor 1940-43 and +94, +115, and +77 
for 1944-45. The values obtained in the two series of tests with 
application of mangltllese Ilnd of zinc were in closer Ilgl·eeml'llt. It is 
possible that continued use of the plots mlly have led to rcduction 
of the quantities of coppe .. and boron available in the soil. 

The yields of tobacco obtained show that under the conditions of 
the test at Florence, S. C., with application of 48 pounds of potush 
per acre, the tobacco plant's requirements of boron, copper, man
ganese, and zinc were met by the quantities present ill the untreated 
soil and that addition to the soil of even such small amounts of these 
elements as 2.5 pounds of boron or 5 pounds of copper per acre is 
likely to Cause considerable reductions in yields. These elements 
should be applied to the soil of tobacco fields only after careful con
sideration. However, when the amount of potash applied was 
increased to 80 pounds per acre the tobacco's tolerances for boron, 
copper, and manganese apparently were consid~rably increased. 
From the results of the tests with application of potash at this rate, 
it appears that addition of 0.5 pound of boron per nere to soil such as 
that of the study area may result in a yield increase of about 100 pounds 
per acre. Any greater addition, it appears, may be harmful. All 
mcrease in yield of more than 90 pounds was associated with appli
cation of 1 pound of copper per acre; in tHe 2-yeal' series. Application 
of 2 or 5 pounds of copper per acre was not Ilccompanied by any 
greater apparent advantage. Use of 2 pounds of manganese per 
acre apparently incrcased yield by more than 50 pounds per acre. 

EFFECTS OF TREATMENTS ON QUALITY OF TOBACCO 

The cured tobacco from the plots was graded and prepared tor 
market in the USlull way, and the commercial value determined from 
th~ weights of the m!lter~al of the different ~rud{ls uncI the !l-verage 
prICes for the grades as given by the ProductlOJl find MarketlD~ Ad
ministration of the Department of Agriculture for type 13, .,outh 
Oarolina and Border North Carolina flue-cured tobacco. Inasmuch 
as the prevailing prices changed greatly within the study period, 
owing to economic conditions, comparison of values of the tobacco 
grown under t he different treatments should be based on relative 
values rather than 011 the prices actually obtained. Table 7 gives 
the relative Hverage values of the tobacco grown, expressed in per
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• 
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TABLE 7.-Value of tobacco leaJ produced in j 940-45 on ploiR to 1clLich 18 d~fferellt trace-element treatments and 

£ stdJate oj 1)otash treatments were applied annually 

[Values arc:pcrcentages of those for tobacco leaf produced on plots where each of the trace clemcnts was applied at the 1 ratel 

"-.------"-~--"-~"----" "-'"<'<~-"-'----"----

I Treat- ; < i ; Aycrage Average 
Trcatlllcllt I I ment I HJ.10 < 1!l.Jl I 1942 i HI43 of 194.4 1945 of 

1944-45IllUluber I I I I HH0-43 8 
:>:J-----1 -----" < 1---- ~---,--- > n 

Trace elements: I Percent l Percent Percelli Perce lit Percent Percellt Percent Percent ~ 
1 Each _____ .________ ,, ______________ !l 100. 00 ,100.00 100.00 100.00 100.00 100.00 100.00 100.00 l:'J 

t' 

oBoron______________________________ 5 !l6.58 1 !l0.!l5 102.1:3 101. G!l U7.84 99.27 99.68 99.48 
l".l 
a::213oron______________________________ JO 95.75 97.64 !l!l.25 99.06 97.92 99.32 9S.72 99.02 l".l

5 Horoll ___________________________ ._ \ ] 90.16 S4. G4 UO.58 95. 27 92.·11 98. 44 97.11 97.7S 

* 
~ o Copper ____________________________ _ 

V 98.2·1 101. U2 10·1. 16 101. 75 101. 52 99.29 99. 79 99.54 8 
II 100. 00 102. G:J ]02.60 100.05 lO1. 32 100. 34 09.98 100.16 

2 !l5.23 !lV.OO 101. 59 100.81 98.41 99.59 UO.13 99.36 8~ g~~~~~========~===::====:==:=:==:== C1J 
o I\langanese________________________ . 7 !l7.10 100.27 100.fI!l 10LUU JOO.09 99.61 H9. 77 99.692 Manganese________ • _______________ _ 12 US.9G U.J.51 100.48 DO. SO 98. ·1(\ us. 00 U9.US 98.99 ~ 
5 ~Ianganese_________• _____• ________ _ 3 94. (\1 U4.30 106. 50 101. 59 99.25 98. 76 99.40 99.0S 8 

oo Zinc ______________________________ _ 
8 96.SU 100.00 103. 32 99. 76 \I!).OO 90.41 09.29 99.352 Zinc_______________________________ ~ 

13 US. 13 99.40 90. OJ 103.36 99.98 !J!J. il 100.14 99.92 n5 Zinc_______________________________ n4 !l!l.90 06. 71 105. 09 100.1)5 100.51 100.44 99.9S 100.21 o 

Sulfate of potash: I I Ic. P. K2SOI __________________________ 14 100.31" 101. 81 !l8.86 105.59 101. 64 102.29 100.78 101.54 
Crude K2S0~------------------------- 15 100.:U 90.46 101. 80 101.16 9S.43 102.32 101. 10 101.71 

A\.cragc---------------------------
T 

------- 97.4sl 96.75 101. G91100. 82) 99.18 99.79 99.66 99.72 

In each of the treatments I-S and 1(}-13 the 3 trace elements other than that named in "this column were applied at the 1 rate. 
Basal-fertilizer treatment per acre was as follows: In trace-element tests, SOO pOllnds of .8-8-6 in 1940-43 and SOO pounds of 3-S-1O in ;.-l 

1944-45; in sulfate of potash tests, 800 pounds of 3-8-20. ;.-l 

I 
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centage of the average price received for the tobacco grown on the 
plots that received the four trace elements at the unit rate each year. • 

The nverage pI'ices received PCI' 100 pounds of tobncco grown on 
theseplotswt'l'o: 1940, $9.65; 1941, $18.23; 1942, $33.40; 1943, $37.18; 
average 1940-43, $24.62; 1944, $41.01; 1945, $43.60; 194<1-45, $42.30. 

In 1940-43, when potash application was fit the rate of 48 pounds 
p('r aCI'e, no matel'ial dill'erence in the rclat,ive vulue per unit of 
weight of the looltcco produced wns associuted wilh difl'el'cnce in 
tl'elttmcnt us l'(·gnrds tl'llce elements except in olle instance-all 
apparent reduction in value, uvurnging about 7.5 pl'l'ccnt, WIlS nssoci
ntcd with n,pplicn,tion of b01'01l Ilt the rule of 2.5 pounds pet· Ilcre, 
In 1944-45, when potash WIlS Ilpplil'd ut the mle of 80 pounds pel' 
ucre, pl'Ilcliclllly thl' Sllmc relntivo vnlues of produeL wero nssociated 
with ull t,1H\ tmce-l'lcment tl'cntments. 'lDvitiently the ql1nntities of 
the trnco clements required to produl'.c good-quu.lity tobucco were 
present in thc soil of tho expel'imenUllnrell. 

,],RACE-ELKME~'r CONTENT OF TOBACCO :PLANT 

PI~A:'i OF S'\)II'I,ING AND ~rgTlIOnS OF ANALYSIS 

Two compo!'.ite sllmplcs of curec~ ll'!1ves unci onc of stulks nnd roots 
combined wpre preplll'pcl for nnnlysis fl'Om the crop pI'oduced under 
ench of the lrC!ltnlt'nls 1'01' every yenl' l'xcept, 1940, when Il single lellf 
sample wus pl'eplU'ed. The lenf snmples were mude by segregating • 
one-tenth, by wpight, of the len,ycs fl'Olll ench priming from ellch 
plot und dividing thc' segregated nmtel'illl into uppel' nncllower halves 
on the busis of cqunl weight. For stnlk-nnd-root samplcs one-tenth, 
by weigh t, of the stulk mat.criltl and of the root mllit'l'inJ was taken 
from cnch of the fOUl' replicntes. The snmples wCI'e dried in a tobacco
curing bum. 

The method given by "\Yilcox (25) for determining boron content 
wus used, except thn,t the Hl1nl titrution wus compleled according to 
the procedure of Rnder Imd Hill (22). Copper, 1l1nllglll1Cse. and zinc 
were determined colorimetricully on nliquots of tho SUIl1e solution, 
prepared by ushing the tobncco ill Il silica dish Ilncl then trcllting the 
ush with dilute nitric ncid nnd Hllering off the insoluble residue. 
Copper WIlS determined by th(' CllI'bllIl1llte method of Butlor Ilnd 
Allen (6), mangnl1C'se by tIl(' ollieinl p('riodut(' method (3. p. 1,38), 
and zinc by the di thizone pl'Oced ure as giYl'll by Cowling and 
Miller (7). 

R~SULTS OF ANALYSES 

'1'he results of the unnlyses of the composite tobacco sn.mples for 

the 4-year and 2-year tests Ilre given in table 8. 'rhe table presents 

trace-clement-content Ilverages for lower lellves. upper lellves, the 

two classes of lellves combined, and stnlks and }:oots combined. 

• 
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TABLE 8.-1'race-elemerd contellt of jlue-cured tobacco produced in 1940-45 on plol.8 to which 13 different trace-elunent treatmenl.8 and 


2 sulfate of pota.~h treatmenl.8 were applied annually 


BORON CON'l'ENT (WATER-FREE BASIS), 1M(H3_. 
AvcraguoC

1943lUH 1M2 IM<H3 
Treat· 

11140 

montTreatment I Stslkfnum· Lower AllAll 
I 

Stalks Lower! Upper IStMll(s All Lower Upper St.aJks All Upper 
1!>t~ks and 

8 
her All and leaves leaves and leavesleaves I leaves and leaves leaves leaves leaves roots routs ~ leavesleaves r~'ts I rootsroots ------------ ~ ------- --!--- 

P.p.lIl. P.p.m. P.p.m. P.p.111. P.p.",. P.p.lIl. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. 1'.p.'''. P.p.fI . ~ 
Trace elementi: 9.7 44.1 04.' ·9.4 60.7 10.7 t:"1 Each______________________ 49.2t2.. 33.6 51.1 12.2 63.0 69.1 57.09 48.3 11.6 

o .!."J oBoron__________•______•____ 30.2 11.6 32.4 19.9 «.9 11.6 27.6 18.3 37.0 11.' 32.9 32.8 33.0 9.' 30.8 11. 
all:;5 81.1 74.7 12.4 83.2 11.

58.9 11.9 124.0 167.6 SO. 5 10.5 77.92 Boron._._._. _______ •_______ 10 77.2 10.5 63.8 48.8 13. ( l'!I6 Boron______________________ 13.3 04.2 64.0 04.4 11.9 315.4 423.1 207.7 12.0 ISO. 8 2Ol.9 169.7 16.' 178.6 .z1 153.7 
o 8oCopper___•_________________ 44.7 34. i 64.7 11.6 74.1 G4.0 64.2 8.8 48.8 44.1 63.6 9.' 04.6 10. 

6 60.4 10.2 61.3 11.1 60.1 10. 89.8 47.7 44.1
45.1 10.3 43.8 24.9 52. 7 12.0 63.9 69.9 67.911 48.( (1.0 65.8 8.9 40.0 10. 2 ~2g~~l:~:::::::::::::::::::: 2 42.2 11.3 t2.2 33.1 51.3 9.8 63.0 77.2 48.8 10.8 

5 rJl(1.7 :f6.0 8.4 60.8 10.oManganese______________•__ 7 60.5 10.6 42.8 34.0 51.7 12.2 66.3 74.8 67.8 10.7 43.8 
40.9 10. 7 a-3 

2 Manganese.________________ 41.9 33.0 60.2 12.0 Ill. 8 60.8 63.8 9.4 60.6 6 f/l49.9 61.3 10.0 
12 45.3 11.3 10.73.2 82.6 63.7 10.4 '9.7 (8.1 51.3 8.3 04.0 

5 Manganese.._____________._ 3 57.2 11.5 41.8 33.5 60.1 11.9 o 
oZlnc________________________ 65.2 75.6 64.8 10.0 44.6 (1.0 48.2 10.0 61.0 10. ~ Z 
2 Zlnc ..________..___________ 63.1 11.5 63.8 73.2 54.4 10.2 47.2 t2.8 61.78 60.6 11.4 43.7 33.9 5.1.5 11.1 0.5 60.4 10. 

13 47.1 12.0 43.4 33.8 64.2 10. 8 857.6 10.6 49.0 44.11 63.1 9.55 Zinc....________..________.. 11.7 41.4 31. i 51.2 11.4 72.2 86.8 o4 M.O 

~ Sulfate oC Wtash: 9.9 19.2 21.2 7.6 25.3 10. oC. P. .SO...._......_______ 14 20.3 10.6 28.2 17.7 38.7 11.8 24.6 17.3 31.8 17.2\ 10.

Crude K.SO. ____..__....__.. 15 27.6 10.2 33.2 22.0 44.4 12.0 34.4 20.6 48.2 10.9 25.2 19.1 31.4 7.0 30.1 g


I . 
. -

See footnote n t ,'nil of table. 

~ 
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.....TABLE 8.-l'rac~-elelllent contellt of flue-cured tobacco produced ·in 1940-45 on plots to which 18 different trace-element treatments and 
~ 2 sulfate of potash treatmen/sWeTe applied annually-Continued 

COPPER CONTENT (WATER-FREE DASIS), 194<H3 
t.".1 

Treatment I 

. 
Trace clements: 1 Eacb_______________________ 

oBoroll______________________ 
2 Boroll______________________ 
5 Boroll______________________ 

'rreat-
Incnt 
llum
ber 

--
9 

5 
10 
1 

1940 1941 1942 1943 Av~rnge ot 
1940--43 

Stalks Stalks Stalks Upper IStalks Stalks
All and All Lower Upper and All Lower Upper and All Lower All Bnd

leaves leaves leaves leaves leaves leaves leaves. leaves leaves I and leaves 
roots rCoots .roots eaves , roots roots 

---- ------------------_.------- ---
P.p.7R. P.p.m. P.p.7R. P.p.m. P.p.m. P.p.m. P.p,m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.1J.m. P.p.m. 

11.9 11.0 10.4 10.0 10.8 9.6 10.0 10.1 9.8 8.0 9.0 7.2 10.8 7. 10. 10.3 9.1 

12.0 lI.O 11.8 11.8 11. 7 8.0 9.8 9.7 9.8 7.3 10.6 8.5 12. 7 8.4 11.0 8.7 
12.0 10.2 10.2 10.2 10.3 8.9 8.7 8.2 9.2 7.5 11.2 9.0 13.5 8.0 m.5 8.6 
12.6 9.1 12.0 13.8 10.3 8.4 8.4 8.0 8.9 7.4 14.8 12.7 16.8 a.5 12.0 8.4 

~ ..... o 
.~ 

~ 
t' 
!;l 
8 
Z ... 

oCopper_____________________ 

~. g~~~~~::::::::::::::::::::: 
6 

11 
2 

12.0 
14.1 
20.0 

10.1 
10.3 
10.5 

10.5 
11.7 
13.0 

10.3 
11.2 
13.9 

10.7 
12.2 
12.1 

6.7 
10.4 

9.4 

7.0 
10.S 
13.4 

5.4 
10.2 
13.2 

8.6 
11.3 
IS. 7 

5.3 
10.7 
11.3 

7.4 
12.4 
16.6 

6.5 
10.5 
13.7 

8.2 
14. 3 
19.5 

6.5 
10.8 
11.3 

9.2 
12.2 
15.8 

7.2 
10.6 
10.6 

o 
o 
cg

O·~fallganesc________________ 
2 Manganese_____________ •___ 
5 MuugunCSlL_______________ 

7 
12 
3 

13.6 
16.3 
13.0 

10.2 
9.7 
8.4 

11.2 
11.2 
12.0 

10.2 
11.1 
12.2 

12.1 
11.2 
11.7 

8.5 
8.7 
8.2 

9.0 
9.2 
8.1 

8.3 
8.1 
7.2 

9.8 
10.3 
0.0 

6.9 
7.1 
7.9 

8.9 
9.6 

11.8 

7.0 
8.1 
10.~ 

9.9 
11.1 
13.0 

8.1 
0.3 
8.5 

lll. j 
11.6 
11.2 

8•• 
8.7 
8.2 

~ 
~ 

o Z!oc __________ •___________~ 

2 Zinc________________________ 
5 Zinc_______________________ 

8 
13 
4 

17.0 
16.3 
16.3 

9.8 
0.5 
8.8 

11.4 
10.1 
11.6 

11.2 
10.0 
11.7 

11.5 
10.2 
11.4 

9.0 
8.6 

12.0 

8.0 
9.3 
11.3 

6.6 
8.5 
6.9 

9.3 
10.1 
11.7 

6.5 
11.0 
8.7 

10.S 
12.6 
10.1 

9.6 
11.7 
\1.6 

12.0 
13.6 
10.6 

7.3 I 
u.81
7.6 

11.8 
:2.1 
11.8 

8.2 
9.7 
9.5 

I:f 
t.".1 

~ 
Sulfate of potash: C. P. KOSO, _________________ 

Crode K,SO, ________________ 14 
15 

13.3 
9.9 

10.5 
11.2 

.10.2 
10.4 

10.2 
10.3 

10.3 
10.4 

6.0 
8.4 

6.4 
6.3 

5.9 
6.1 

6.9 
6.6 5.815.6 5.716.2 

Ii. 3 
5.6 

6.1 
6.8 6.814.6 

&.9 
8.2 

7.5 
7.' ~ 

> en 
MANGANESE CONTENT (WATER-FREE BASIB), 194<H3 ~ 

- o 
Trace elemeots: 

1 Each_______________________ 

o Boroo ______________________ 
2 Boron ______________________ 
6 Boroo______________________ 

9 

5 
10 
1 

196 

204 
235 
199 

33 

32 
34 
30 

92 

93 
196 
84 

99 

107 
124 
89 

85 

79 
89 
80 

14.1 

15.2 
14.1 
19.' 

179 

175 
201 
198 

203 

188 
220 
221 

156 

163 
182 
175 

23.6 

24.1 
25.2 
28.6 

165 

145 
219 
199 

232 

lUI 
298 
266 

98 

100 
141) 
132 

12.3 

14.9 
19.9 
21.0 

158 

154 

~~I 

20.8 

21.6 
23.3 
24.11 

I
t.".1 

6 221 32 105 122 88 16.4 211 244 179 211.3 201 262 141 18.9 185 24. 2~g~~~~::::::::::::::::::::: 11 204 31 109 124 95 14.2 185 203 ' 167, 28.3 . 184 . 246 1 124 13.0 1Tl 21.6 

• 




• • • 

------

6 Copper _____________________ 
2 ~ 33 102 124 80 16. 6 3l& DI 18& 2U 199 146 n.7 m 22.3 

o _________________Mangan~ 

7 202 33 87 94 80 13.7 1M 163 146 25.1 112 78 8.1 1311 20.~:1!l Manganese_________________ 12 240 33 109 135 84 14.~ 207 241 173 26.2 248 336 161 20.6 201 23.~ 
a 492 M 176 226 127 19.3 376 4M 286 4a.7 420 ti06 235 23.8 366 35.~ 

CZlnc________________________ 

6 Manganese_________________ 

2 Zlnc'_______________________ 8 190 32 92 105 79 18. 0 186 206 166 23.6 175 ~ 122 1~~ 5 161 21.B 
5 Zlnc________________________ 13 226 38 123 141 105 13.0 199 216 183 26.2 204 269 139 16.0 188 ~.O 

4 250 35 gg 117 79 16.4 216 244 189 M.5 177 226 129 13.0 185 24.7 
-sUlr~~~~ ~,~~~: ________________ 

14 171 32 119 120 119 10.7 157 163 152 23.11 159 107 122 12.6 152 ~;B t-3Crude K,SO,________________ 15 244 39 86 89 84 15.4 182 199 165 28.0 131 167 95 9. 2~ 161 22.~ ~~ 

>o 
ZINC CONTENT~ (WATER-FREE BASIS), 1940-43 If' 

l".l 

Trace elements: I &j
1 Each_______________________ 

9 25.0 15.2 27.4 31.2 23.5 9.0 28.8 36. 0 21.5 7.7 42.8 ii6.3 41.3 11.6 31.2 10.9 a:: 
QB01~1l.~-__ ~________________ l".l. 
2 Boron______________________ 5 36.3 17.5 29.6 32. 4 26.9 12.1 26.11 31.9 21.9 5.7 .~.O "9.6 42.6. 12.6 34.7 12.0 Z· 
5 Boron______________________ 10 38.5 15.7 26.7 27.8 25.6 8.1 33.2 44.4 22.0 8.4 39.8 44.4 35.3 Ii. 4 34.6 10.9 

1 30.0 13.8 26.2 31.0 21.4 15.4 45.6 60.0 31.2 7.2 49.2 69.7 38.6 9.7 37.8 11.5 ":il' 
ij Copper_____________________ 

2 Copper_____________________ 
 6 34.4 12.6 27.5 31.1 23.9 7.5 31.0 37.7 24.3 6.4 47.0 63.1 41.0 12.9 35.0 9;8 ~~ 
5 Copper_____________________ 11 34.1 14.3 26:5 29.1 23.9 6.2 32.B 35.0 30.5 5.2 42.2 .4<i.8 39.5 12. 6 34.2 9.6 UJ

"3.2 42.8 . 15.6 30.0 33.6 26.3 16.9 29.1 39.5 18.7 6.8 41.4 44.2 38.6 11.0 35.8 12.~ 
UJoManganese_________________ 7 41. 2 14.0 28.0 32.1 23.8 5.1 49.6 64.4 34. 9 4.0 40.2 44.9 35.6 13.0 39.8 0,02 Manganese_._______________ 12 42.6 14.5 25.4 30.6 20.1 8.4 23..0 31.e 16.8 5.7 42.4 49.3 37.6 13.4 33.8 10.5 ~.5 Manganese_________________ 3 44.8 14. 5 33.6 41.1 26.2 15.2 36.0 45.0 26.9 10.5 45.6 63.5 37.8 13.0 40.0 13.3 

oZlnc____•___________________ >-3.8 29.7 12.1 24.0 24.0 24.0 6.0 8.9 8.6 9.2 0.6 24.6 25.6 23.6 8.2 21.8 6.7 
5 Zinc________________________ 13 44.1 • 18.3 33.4 35.5 31.2 11.6 56•.2 69.7 42.6 12. 9 56.3 66.7 45.9 19.2 47.5 15.5 ~~ 
2 Zlnc._______________________ o 

.4 84.0 28.3 42.4 55.5 31.4 34.5 82. 0 92.2 71.8 35.1 84.8 97_4 72.2 25.5 73.6 30.8 
o 

Su1l{f~P~. yz,'t5~: ________________ g14 29.0 11.4 26.0 30.1 21.8 9.3 9.4 8.8 9.9 1.1 24.8 25.9 23.8 7.7 3 7.4Crude K,SO,________________ 15 15.7 9.9 20.2 24.1 16.3 22. 16.9 17.5 15.6 19.4 3.1 29.4 31.1 27.7 7.6 20.7 6.9 

See footnote atend·of table. 

c.n
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TABLE 8.-Trace-element content of flue-cured t{)bacco produced in 194D-4fj on piaU to whic1a 18 different tract-.!ument treaimenU and ~ 
f sulfate of potash treatments were applied annuaUtr-Continued 

BORON CONTENT (WATER·FREE BASI8).1~H5 ~ 
111« 	 1~ .Average of 1~5 ~ ....I Trcatm~ntITreatment I number 

Alilcaves I Lower Upper IStalks and Alllcaves\ 
Lower I Upper IStllllrs and All leaves IStalks and ~ 

leaves leaves roots leaves leaves roo!.'! roots 

---- I:' 

P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P.p.m. P. p. m. P. p. ,P-. ~ Trace elcmcnu: n.3 61.0 13.81 Ench.....................___...____ II til. 1 tH.O liS. 2 16.4 61.0 58.1 64.0 


oBoron••_•• _____ •__ •••_. _______ • ___• 23.8 ~.8 26.7 14..2 25.11 ~.Ii 3O.S n.7 24.7 13.0
6 13.72 Boron......._____. ___________ •_____ 101.2 116.1 86.2 14.4 99.7 108.0 91.• 13.0 100.4
10 

~ Boron._________________________•__ • 291.7 257.4 326.0 16. II :uo.8 276.3 205.2 16.2 266.2 16.111 	 ~ 
62.3 66.3 58.3 16. 8 M.7 58.2 61.2 11.5 61.0 14.2 ... 
M.8 liS. 1 51.4 17.7 64.8 66.5 53.1 11.3 54.8 14.5 c:::>~ ~g::~::::::::::::::::::::::::::::: 11 

6 

5 CoplX'.r. ______•____ ...__ •• _•• ___ • __ • 2 53.7 57.4 50.0 12. II 54.7 66.7 62. 7 12.3 54.2 12.6 c:::> 
!!' 

60.2 tH.5 66.0 16.4 M.II 60.3 68.8 12. \I M.II 14.6 
16.0 57.2 58.11 55.6 11.6 55.4 13.8g~:~g~~::::::::::::::::::::::::: 12 

7 
53.7 55.• 52.0 

5 ManIlBnllSe ___ ...___ ..... ________ ._. liS. 7 54.2 63.2 16.6 54.4 50.7 58.0 12.3 66.6 14.4 ~ a 
oZlnc.._•• ________ ._ ......_. ________• S 63.2 00.2 60.3 17.8 62.4 6«.5 60.2 13.2 62.8 15.£ \'Il 
2 Zlnc ••••••• _. ______ ...._____ ..._.... 13 62.2 65.4 50.0 19.6 63.8 60.11 00.6 12. 5 63.0 16.0 
5 Zlnc ....__ •__ ._. ___ ..____________ ... 66.2 57.8 54.5 16.8 64.11 61.11 67.11 11•• 60.6 13.64 	 ~ 

~ sul!~}~~~ ~~l~:----..-....--...-.--..-. HI 21.0 ! 24.~ ! 29.7! H.8! 27.21 2U! 29.9! 11.110.3 I 27.1 I 13.0 
Crude K,. 0 ........_..._____ .. __..__ 15 22.2 18. I 26.3 13.4 23.8 20.6 27.0 23.0 11.11 


~ 
COPPER CON'l'ENT (WATER-FREE BASI8).1~5 	 >c 

I 
el 

'I'race elements: 1 Each..______ ....______ ....___ ....__ 9 1~.2 J5.5 14.8 14.8 17.11 17.6 18.2 11.3 16.6 12.0 

o Boroll ..._..... __ ..............__ .._ 6 15.9 16.1 15.7 11•• 13.8 12. 7 16.0 7.11 14.8 9.6 
2 Boron_ .. ___ .. ___ ...._......_......_ 10 15.4 16.3 14. 5 12. 5 13.4 12.4 If. Ii 9.3 H .• 10. \l 
5 Boroll ___ .. _...__ ...........__.... __ 1 14.6 13. 4 15.9 15. 2 17.8 18.4 17.1 7. I 16.2 11.2 

l!!l 
Ii 7.2 7.1 7•• 8.0 8.8 8.3 II.• 9.2 8.0 8.6 

11 17.0 18. I 15.8 13.4 17.8 111.3 16.4 11.0 17.4 12.2 
2 28.5 27.3 29.7 15. 7 24.6 22.15 1 :1&.8 9.11 26.6 12.8~ g~gS==:===::::::=:=:::::====:=::: 



• • • 
II.o Manb'lWCSIl........................., 7 13.8 13.4 H.11 12.8 16.9 15.1 18.7 9.4 

16.41
14.2 12. 6
2 l\fanguncso_.._.......... ,. ......._._.... ,. ............ ~ 12 14.6 15.1 14.1 13.5 13.7 13.3 141 11.7 


5 Manganese•••__................... ,I 
 3 18.4 16.3 20.6 11.8 16.0 17.0 15.0 9.7 17.2 10. 

9.4 14.2 10.o ZInc............................... 8 13.4 13.1 1:1.6 11.1 15.1 12.7 17.5 

2 ZInc............................ , I!I 19.3 18.3 20.3 15.9 10.4 14.1 16.8 10.0 17.4 13. 


5 ZInc, ........................... ". ·1 17.7 17.2 18.2 11.8 14.4 14.8 
 13.\! 8.8 1~.0 10. 

Sullet<: of potnsh: I 
 (I 4 10.4 8.C. P. K,SO,.................... 11 11.2 9.3 13.1 9.5 9.6 9.4 9.9 

Crude K,SO,...... .... ........ , Iii 13.5 10.2 16.8 8.9 
 9.2 8.3 10.0, 8.5 11.4 8. 

MANGANESE CON'rENT (WATER·FH1':E D.o\SIS), 1944-15 


-,. ,- ._---> --~-.~- ~----.......--. ~-- ..- ..------~ .-..'--- - ~ 


I 
loJTrace clemcnts: 

288 3.19 238 46.1 	 479 60.21 Esch.._................ . n 009 81S 521 R3 


359 213 30.5 483 	 M.7
oDoron........................ . 5 679 791 5I'>S 78,9 	 286 

538 67.82 Boron ......................... ...... 10 672 SI6 529 6U.5 	 104 455 3M 46.0 


429 312 32.9 528 	 M.O
6 Doron........................ . .. I 6S5 770 600 75.2 	 370 


341 345 337 29.7 534 114.4
oCopper.................. _... .. Ii i27 883 571 79.1 

386 293 55.6 481 	 62.0
2 Copper........................ 11 62.1 749 497 68.3 	 339 


578 55.9 ~ 551'> 402 430 	 374 34.7 


193 37.0 365 48_ 6 


~5 Copper....................... . ,··1.... - 2 753 951 77.0 


oManRflne.<c.................. .. ,-_ ... 7 513 640 387 flO. 1 	 216 239 
 a
611 :134 57.2 608 


< ~ •2 Mangancse................... . , 12 744 8SO 609 74.4 .72 	 65.8 

851 (j.'j8 16.9 1,100 131.4 

~5 MllIIg'UlrsC................... . ,., ~ .. 3 1,030 2,000 1,200 186.0 	 7M 
 i 

319 3.10 309 46.3 	 468 60•.3
oZInc.......................... . -. 8 616 761 I 472 74.3 


389 59.9 500 67.4 

~ Zinc........................... ._ .. -- 4 ;52 857 647 111.2 356 403 

2 Zlno..._ ...................... ..... 13 677 780 Gi4 74.9 	 ~22 456 


310 00.5 564 80.8 

Sulf~~~~ ~,~O~:.................. . ... "-,,, 	 ].I 429 4P3 360 51.2 369 409 47.11 m 411.8 

42.8 186 '1••Crude K,SO, .................. . ... ,.- 15 493 535 452 00.4 	 277 318 


~ ~I I 

See footnote at end of tllble. 

Jool 
"'-l' 
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'....TABLE 8.-Trace-elcIllBlIlconlent of flue-cured tobacco prodllced in 1940-45 on plois 10 whit;h is differen( tracc-element treaiments and 
00g sulfate of potash treatme1lls were applied amt1lally-Colltillu~d 

ZINO CONTEN'l' (WATER.FREE llASIS),194H5 1-,3 

----"'--,'-----'--;,.----,--------- 
1914 1945 Awrage of 1944-i5 ~ 'J'rentmc!)t --~,--~, ....'l'ret\tmcnt I number o

T..ower 'Upper IStulks tlnd I Ailleuycs Lower I! .Upper 1Stalks and AlllCIlYi'!S I Stalks andAlllea,·~ 
It-'Wi'S leaycs roots leaves l\'a\'~. roots foots ~ 

---I' l·-~- ·--I-,---~-l,--,--·j J---,---,---I----~-------------~--------, 
'l'mcc dcments: P. p.1II. P.lI. 111. P.I). m. P. p. 111. P. P. III. }'.1). m~ P .. p,11I_ P.1).11l. 1'. p. 711. I 1'.1). m. 

1 EnelL ...... . lJ 71.2 51.4 61.0 ~'O.5 52.4 60.3 H.G 22.2 61.8 25.8 !oHoron"........... ,' .; 57. v 64.0 51.3 26.0 65.0 00. :I r>3. 6 2'~. 7 61.31 i4.4
2 llOflllL. ••••••••••• , ......... . JO 72. G 8G.7 [>8.'; 22.7 fiI.7 58.~ 55.0 ZU 67.2 23.0 
.; lloroll, J 80.8 Pl, 2 iD.3 3J.4 64.4 73.2 55.6 18.G 75.6 25.2 2 
oOopper..... " ...................... n 70.2 82.1 58.4 32.0 m.ll 58 '1 f1S.9 24.0 _9 28.2 ... 

2 (lopper '" ....... ,.......... " II 6~.fl 81.4 40.7 21.3 02.4 71.:1 [>3.5 22.2 KG 21.8 Q 


5 COllpcr ........................ __ ., ~ 70.8 85.S 07.S 27.0 (i().6 64.0 li7.1 21.2 24.1 Q
.7 
<C 

o~'nngllnl~SC......... , ......... , 'i 65.2 81.1 49.2 a9.9 fll.1 76.6 -iJtG 28..6 34.2
.2 
2 ~lun~I1Il('$c .... ~. ]!! 0:1.6 69.9 fj7.oj 24. » fh>.S 79. I !l2.0 25.4 K7 25.2 
[; ft·fntlgIHlCS(' .... ,,~., ...... _~.~ ..... :j 7U.S 93.4 65.6 :11.0 05.·1 74.2 00.6 31.6 n4 32. 8 P 
oZitI!)..... " ...............". ,~ 21.4 2.5.4 17.5 15.:1 :11,5 31.3 lIl.7 17.2 a4 16.2 !II 

:.! Zinc, .........." ........ '.. __ .• 1:1 110.4 128.0 !12.S 47.5 S:1.9 US.O d9.S !l2.1 ~2 39.8 

~ Zinc............................... . 4 162.3 liS.S 150.8 673 1:13.8 158.7 109.0 51,3 HLO 00.8 
 l"l. I !:' 

SUI[~~F: ~~2l::..._.................... ~ 
H 29.S Jl5.0 2·1. 7 S.:I' !lS.S 41.7 30.0 16.0 32.S 12.2 
Crude K,80,........................ 15 28,1 ~'6. I 30.1 12.7 f 35.9 42.2 211.6 Ill.!! 32.0 14.6
, ~ .----------,--~. ,.---~----

1 l'" J In each of the treatments 1-S 111)(1 10-13 t1t~ thrc~ tmee ~lcmcnL~ other than the olle named ill this column werc RpplJed at Ute I mto. Rasal [,'rtililer upplled to plots given 
treatments 1-13 wus BOQ pounds per nero of ~-S-611t J91O-I;lIllH) the Sf}ntC ntnOllnt 01 3-8·10 Irl IO~·1-15. l'1l1\5 Ch'~!l trcntlUcnts 14 a!lli15 rec~l"ed 800 pounds per acre pet year 013-8-20 t;
fcrtili.er. :xl.... 

o 

~ 
~ 

http:fcrtili.er
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TRACE-ELEMID!'IT TESTS. ON TOBACCO 

FOUR-YE.\R TESTS, 48 POUNDS OF POTASn PER A/eRE 

In the 4-year trace-element tests, the boron content of the tobacco' 
leaves averaged about 31 p_ p. m .. for the plots on which this element 
was not applied and varied directly with quantity of boron applied. 
The boron content of the stalks and roots did not vary correspond
ingly; it was greater by only 2.4 p. p. m. whel'e boron had been applied 
at the 5 rate than where this element had been withheld. On the 
whole, the lower lenves contained less boron than the upper where 
boron had been withheld or applied at the 1 rate, an<l the difference 
was Teversed where boron had been applied at the 2 and 5 rates. 
On the plots subjected to the treatments thnt included boron at the 
1 ntt(' and the other trace elements at various 1'at('s, the differences in 
application of the. other elements did .R:.)t affect the absorption of 
boron by the lenves. The boron content of the len\'es avemged 
a.nout 51 p. p. m. both for these plots and for the plots where all four 
tl"llce elcllll'nls hlld bl'en npplied Ilt the 1 ntte. 

The amount of copper found in the tobncco lca\"es wns vel'Y small, 
even wl10re copper had been applied at the rate of 5 pounds per acre. 
The proportion ranged from 7 to 20 p. p. m. In general, the leaves 
as compared with the stalks and roots combined contained very much 
more boron, manganese, and zinc but not much more copper. The 
copper content of the leaves va,ried consistently with the rate at which 
copper had been ndded to the soil; where the rates of application had 
been 0, 1, 2, and 5, respectively, the leaf content averaged about 
9,10,12, nnd Hi p. p. m. Absorption of copper did not vary according 
to variations in application of oHler trace elements. 

·Manganese was found in larger amounts than any of the other trace 
elements, both in the letwes and in the stalks and roots. According 
to rnte of applicntion the manganese content of the leaves averaged 
as follows: 5 rate, 366 p. p. m.; 2 rate, 201 p. p. nl.; 1 rate, 158 p. p. m.; 
Orate, 139 p. p. m. For roots and stalks combined, the corresponding 
values were 35, 24, 21, and 20 p. p. 111. The manO'anese content of 
the lower lenycs consistently exceeded that of tile corresponding 
upper leans, nvcrnginO' nbout 1.75 times as great. 1"'01' the series of 
plots that had received manganese at the 1 rate and the three other
tmce eienll'nts at various rates the manganese content of the leaves: 
avel'nged about 175 p. p. m., compared with 158 p. p. m. where the 
foUl' elements hlld all been applied at the 1 rate. Thus it appears. 
that Yluintion in the rntes of application of the other trace elements; 
had no material effect on the Ilbsorption of manganese. 

Zinc, on the whole, was found in the tobacco leaves in proportions 
intermedillte betweell those of boron and coppel', and was found in 
th.e ~tnlks nn~l roots in proportions thnt were within a few parts pel' 
milhon of bl'lllg the same as those of boron and copper. 'rhe zinc 
found in the len\Tes from plots where applications of this element had 
been at the 0, 1, 2, Ilnd 5 rates, respectively, amounted to 22, 31, 48 
and 74 p. p. nl. Zinc content was somewhnt greater in the lower tha~ 
in the upper leaves. Agtlin, upttlkc of the one element. apparently 
was independent of I).ppJication of the others; the avernge zinc content 
of leaves for the plots subjcctl'd to the nine treatments in which zinc 
was applied at the 1 l'I1te and the ot.her elements at various rates was 
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36 p. p. m., and that for tha plots subjected to lile "1 ~ach" treatment 
was 31 p. p. m. 

'1'he tobacco from the two series of plots .subjected to special • 
potnssiul11 Su!fllte treatments had nearly the same trace-element 
content. This indicates that the crude salt did not supply any of 
the trace elements in important quantities. 

f • !.TWOYEAI( TESTS. sO POC'NDS Of' 1'0'C\SIr 1'EH ACUE 

Where potash had been flpplied at the rate of 80 poimds pe!' acre, 
in t,he 1944-45 tests, proportions of trace elements found in the 
leaves arId in th(' stalks and roots WN'e different ft'OIll what they were 
where pc-tash had been applied at the rate of 48 pounds, pel' acre only. 
Boron l copper, and zinc were pr(,S81,t in decidedly greaber proportions 
than in the 1940-43 tests, and mnngnnese in very much greater pro
portions (table 8). . 

WheIl the content of a given trace denH.·nt; in parts pel' million, in 
the leaves produced in the 4-year tests was divided into that in the 
leaves produced in the 2-year tests uuder the same treatment as l'egards 
that trace element, the resulls wer(! as follows: Boron-O rate, 0.8; 
1 Ilnd 2 rates, 1.2; 5 rate, 1.5. Copper-O rate, 0.9; I, 2, and 5 rates, 
from 1.5 to 1.7. ~Janganese-O rate, about 2.5; 1, 2, and 5 rates, 
about 3. Zinc-O l'tltt" 1.2; 1, 2, and orates, about 2. 

EVIDE\SCE AS TO TOBACCO'S REQumE)IE~TS OF TRACE ELEllENTS 

The results of analysis of the tobacco produced in the study at 
Florence, S. C., contribute to the evitil'ucc as to what quantities of • 
the trace elenH'nts suffice for normal growth of the tobllcco plant. 

The boron content of the leaf mat('rinl produced on plots from which 
this element was withheld I'IlngNI from about 33 down to about 
24 p. p. m. In rell1tl'C1 investigillions, the results of which have not 
pr(>viously bet'll published, it was fountl thnt tobacco grown near 
UI\leigh, N. C., find showing symptoms of boron deficiency contained 
6.4 p. p. m. of that element, WlWrN\S normal plantq grown in the same 
field conlaiued 9.1 p. p. Ill.; allti lhnL plants from rpper ::\farlboro, 
Md., showing boron deficient')' c?nltlined 22 p. p. 111, of boron . 

..According to the results of thiS study about 10 p. p. m. of copper 
is sufIicient for normal growth of {ObllCCO. 'l'h~ minimum require
mi;!nt of zinc appllL'rn tly is somewhn t less than lOp. p. 111., since the 
zinc content of Donnal plants grown .in 1942 without application of 
that element and of normrtl plants produced in that :year in the 
sulfate of potash tt'sl was under 10 p. p. Ill. 

The lllangal1('st' \'nlu(;\ of ubout 85 p. p. m. obtained in this study at 
Florence, S. C., in 1941 is one of the lowest recol·decl. Analysis of 
lllanganese-cieficirnt (obacco plants grown ill solution cullures by
J. E. Mc::\Iurtrey, of the B1U'NLU of ]>jnl11 Industry, Soils, und Agri
cultural Enginerring, {he results of which hftye not prev'iously been 
published l showed the presence of only 22 p. p. m. of manganese. 

• 
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TRACE-ELEMENT TESTS ON TOBACCO 21 

SUPl'LEMENTAL TRACE-ELEMENT DETERMINATIONS 

In order to obtain information on the amounts of the tro.ce elements 
present in tobacco grown under conditions dift'erent from those of this 
tro.ce-element study and tobacco of all the major types, samples were 
obtained from field test plots in se\Tcral of the important tobacco
producing areas. The material sampled had been O'rOW11 in connection 
with vtll'ious sludies in which none of the tro.ce elements were inten
tionally applied but varying tlmounts of these el~ments were undoubt
edly contllined in the commercial fertilize'l's used. 

Prevailingly, the proportions of the individutll trace clements fOllnd 
in the leaf tobacco from other areas did not differ widely from those 
found in the leuf tobacco from the "1 euch" trace-element plots 
(tltble 9). Agniu, the manganese vulue<: were considerably higher 
than the others. All the trace elements were notubly highel' in the 
tobacco from Arlington, Va. The Adington test plots on which this 

TAllLE 9.-Trace-element content of tobacco leaj oj different types from 
se~'eral tobacco-gro'IL-ing di,stricts 1 

[Data on water-free basis] 

Manga
Type of tobacco material and source Boron Copper Zinc nese 

___.,_._.__________,1___ ____ ____ ____
1 1 1 

Burley P.p.lII. P. p. 111. P.p.m. P. p. 111. 

. • { 25.6 22.5 35S 47.4GreenevIlle,lenu__________________ \ 32.4 
21. 0 a84 28.1 
·j{i.U 72 03.3Lakin, W. Vn---------------------l 3G.3 
21. 2 187 2G. 8Cigar-binder: ;:\fadisoll, \\"is _____________ :{ ·31~. 2.1 

~ t i). lSA IGO 21. G . r ')- 0 11. 7 L65 4'1. (j
Cignr-filler: Lancastc.l', Pa-_.,--------,,"l 24: 5 8.0 i 141 32. 9 

Cigar wrupper: I\ r ,. ( 52, 1 ·10.2 a07 89.1 
t lllgtoll,n·_--·----·-----------1lr 58.0 loIlJ. a ·1·14 173.3 

'Wiudsor, COlln __ ,", ••.. __________ '{: "·1.·1.1.1. 5 17.7 
la.8 

85 
08 

42.7 
37. 3 

I 
l~ll1c-(,\lrt'd: {

.FlorCll('C, S. C.'. ___ ., ... -------., 

Ox(o,d, X. """_"_ - ... - .. ---------,{ 

Tifton, Ga ____ - _- _. - -., - - - - - - - - - ,{ 

2U.8 ! 
27. (3 
32.3 i 
-l-I••) I 

"10. 7 ; 
5li. 1 ! 
18.7 t 
Ul. U I 

1:3. a 
9. !) 

15. 1 I 
18.2 f 

1.1. a I 
25.6 

n. 1 I 
11. 6 , 

171 
244 

98 
laG 
HO 
161 

8·1 
9S 

29. 0 
15.7 
15.0 
36.5 
30..~ 
58.9 
-18. ·1 
20.5 

:uarylancl: ;Arlington, Va. __ .. __ •. ___________ { 

('pper ).[arlborO, ).ld. ______________1 
Seed: L pper )'lurlboro, Md-------------l 

I 
47.7 ! 
-lU.O I 
21.!) I 

12. 1 I 

32. (j 
129. (i 
a7.3 
22.6 

a50 
5-1-1 
373 

76.S 

!l7. ,1 
IG2.6 
88. 4 
,(H. 7 

1 Tht' Arlington, "a., ~O\lrt'C Wll." experimental plots only, lIOt 11 regula, tobacco
growing dist rieL 

1 Tht' Florence, S. C. j data in this table are those obtainNI ill l\),10 in the sulfate 
of potnsh test. 
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tobncco wns grown had been:in use for many yeal's, and the soil of one 
of them hnd originillly been pumped from the Potomuc RivCl·. With 
three exct'ptions, the proportions of boron fOUlld were below 52 •p. p. m., which wns the uYel'llge of the Pl'Opol'tions found in this study 
in lenf Illtitel'illl produced on plots subjected to the Hine treatments 
including' boron ill: the unitl'llte. .A number of tho snmplcs contnined 
less boron thnn wns fonud in the tobucco grown nt Flol'ence ort plots 
where boron hnd not been npplied. 

If the figures for copper content. g-lven in tuble 9 other than those fot 
tobn('('o gro\\'n neAdington, Va./ are {tycl'Ilged, tliel'esult is 17 p. p. m., 
\\'hich is pl'!'f:ticl1l1y the snme ns the corresponding \~alue oblllilled in 
the 4-)'enr tests nt Florence on plots where coppel' wus npplied nL the 
rntc of 5 pounds per 11(II'e, 

TIl(' ml1ngnn('se ('olltent of tobncco gl'own on plots ttL Florence where 
tltis C'lerneut wns nppli{'d nl the 5 rnle, 36u p. p. Ill., wns excecded bv 
tllos(' of only fOlll' of tho snmplps, In the otht'l' samples of tOOI1CCO 
mnngal1ese ront('nt lWl'I'aged 170 p. p. m" or only 12 p. p. m. mom 
thiUl in the 1940-43 pl'odurt ft'Olll Florence plOlS whel'(~ this element 
wns npplied at th(> rtltl' of 2 pounds p(>r Ilerc. Snmpl('s fl'om only thrce 
locnliti.es-Adington, Yn.) Lakin, W. Vn., and Gpp('l' ~rarlboro,~Jd.
contlliued zinc in proportions grelltel' thnn the 74 p. p. m, found in 
materinl grown Oil Florence plots whert;! this element hlld beelll1ppJied 
fit the 5 rilte. In the 16 ot\l{'l' snmples zinc nmounled on nIl I1Yot'nge 
to 34 p. p. m., n ynlue thilL pmctienlly Il1tltchos lite cOITespon(\ing 
ynlue for Flo['('nco materinl grown ill 1940-48 on plots where zinc had 
bQ('n npplied l1.t the rnle 01 1 pound per ocre. 

Allnlvsis of iobncco seed showNl thnt the seed's content of 1l1lmga
nese mid of bOl'on \\'ns mu('h sllluller thnn tl\l' a\'cl't1ge vlllue found for •tobilceo Ienr, but did not show thtH the seed's content of coppel' or zinc 
diff('l'ed grell tly from I he lellf-lobilCCO tlycrnge. 

Annlysl's \1"('1'0 llHld(l (titblc. 10) of soil sllmples tilken from the plots 
on which SOUle of tbt' 1('11 f mlllt'l'in I I1nnl,rzNl had been grown. These 
snmpll's wel'e of ll)(' sttrfnN' i ineh.es only. The methods of nnalysis 
us('u for coppl'r, mnngnl1(lSt" ilnd ZI\lC W<'I'l' till' Slll11(' as those used on 
the tobocco snmples,('x('epllhnt the soils W(lre first fused with potns
sium PYl'osulfnte nnd tltl' silicll decornpos(I(l with hydrofllloric acid. 
'l'olitl bOl'()ll WIlS detel'luin('d by the oflidl11 method rOl.' soils (3, p. 12). 

'1'11(' vnlut's nl'(' for the mosl purt within lh(' l'IlUg'l' t1S111111y found for 
ill£' diffC'l'ent solI types repl'('sl.'llted. Possibly some of til(' higher 
'"filtH'S nrc due in ptirt to pr('viotls f('l'lilizing 01' otht'I' soil ll'et1tmcnt. 
'fill' soil's conte'nt of lllilngnnUtw wns in nU ('US(lS deddl'dly higher tlulil 
thElt of ally of th(' other tI'Ilce dements und WitS subject to rllliter wide 
vl1L'intions. FOI' the most port the soils W('1.·C decidedly lldd J llS is 
usuully the ('Use wilh good tobucco soils. 

'1'11e datn. obtnined do not inditnle dose ('orl'cspon(\ellce b(>tween the 
trn.ce~elemNH content of soil nml thllt of tobllcco pIIlIl\;; \;rown on the 
soil. • ' 

• 
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T... DLg lO.-Trace-element content and pTlval11e of soils on which tobacco samples represented in table 9 were grown 	 8 
::>:l[Data on water-free basis] > n 
pj 
I

Soil type I Boron Copper ~I Manganese Zinc I pH 
pjLocatio!: I 

~. [; 
~...

P.p.m. P. p. Tn. P. p. m. P. p. m. pj 

Arlington, Va _______________ ~ Keyport silt loam, clay phase _____________ 17. Ii 70. 7 722 72.2 4. 8 Z 
Keyport silt. loalll, p;f8vel phase ___________ 20. 3 102.0 1,195 69.0 4- 8 ..; 
Soil pumped from rh'er, salldy__ ~ _________ 9.5 96.0 521 76. 8 6. o 8 

Greeneville,1'enn ____________ Shackelton sill, loalll _____________________ 13.1 22.6 297 18.6 4. 7 tol 

Lancaster, pa________________ Hagerstown silt loalll ____________________ 15.5 76.6 1,960 191.0 7. o ~ 
Oxford, N. C ________________ DurhlllIl coarse sandy loam _______________ 6. 8 16.0 101 10.1 5. rn 
Tifton, Ga___________________ Il'iflon sandy loam_______________________ 7.7 23. 6 of 200 6.0 5. o 
epper Marlboro, Md _________1Collington sandy loarn __.- ________________ 12.7 46.0 269 27. 7 4. Z 

8 o 
I The Arlington, Va., location was experimental plots only, not a regular t.obacco-growing district. =>n n 

o 

ts 
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sU~orARY AND COXGLUSrON 

A sel'ics of plot tests on thf,\ uOl'On, copper, manganese, alld zinc 
requit'(,lllents of tobac('o was ctU'I'ied on over It p('l'iod of 6 years at • 
Flon'llce, S, C" on typical ~fal'luol'O fine slUldy lonm, which is nn 
importnnt flue-cUl'ed-tobIH'('o soil of lhe Constnl Plain, 'l'1}('se trl\CO 
elements W('fe applied ttt 3 difi'('l'entrntes in 13 difi'('l'ent combinnUons, 
each of which contained 3 or nIl 4 of the indh'iduul cll'lnents, .A 3-8-6 
baslll fertilizef, which contnincd all adequfite supply of magnesium, 
clllciUlll, chlot'ille, lind sulfur, was npplied to ull the plots nt the rato 
of 800 pounds to the nc/'C ill each of the yenrs 1040-43; in 1044 find 
1045 a 3-8-10 fcrtilizCl' "'fiS sllustitut('(L A pUl'l111el 6-youl' t('st was 
made wiLh crude GN'man surrate of potfishin ('ornpnl'ison with tho 
high-gmdc salt, 10 detcrmin(' Wh('titN' lhe ronnel' ('ontuills tmce ('le
ments jn quantities that nfl'ect its fertiliz{,l' VUlllf', In thnt test It 

3-8-20 fertilizel' \Vns USN\ throughout. '1'0 lIyoid lidding unknown 
IlInounts of tho t"I).('O dements, the basal f('l'Lilizers used wel'e prepared 
from tested ch('m1cl11s lIu'gl.'ly of rengent gl'l1(h', 

'rho tobacco plants grown ou the plots whel't' Lht:' indh·idual (110

JlH'nts wel'o withheld did not pxhibit symptoms of deficiency of any 
of them. Appnr(,lltl~· the supply of ('llcll of the tmeo elelllents in 
question in the soil of the ('xpel'imentnl nren was suflicient nt least to 
moe\" the minimum requirement of the tobncco plnnts fo]' the duration 
of the cxperiments, SYlllpLoms of boron toxieiLy \\-cre repentedly 
shown by tobacco on the plots ]'('cei\'ing lhnt element. at the rntes of 
1 Hnd 2,5 pounds pel' acre, the more seY<.'rc injUl'Y being associated 
with the hel1sief tl'entment, 

RUltisticul Ilnn1vsis of the yield data for the 1940-43 tests does not •indknte tlll1L Illl); inCl'ensc iii :vields of tobn('('o resulted from adding 
the trncc ('lements, ese cf boron nt the rnto of 2,5 pounds POl' aCl'e 
c!tused a loss in yi('lc1 amounting to nbout 100 pounds per nero; nnd 
('Oppe'r nt 5 Ilnd mnllgnnese III 10 pounds PC'I' Hcro appHl'ently caused 
yield 105s('s ofnbout 90 pounds pel' H('re, 

'rhe ('('suIts from the. ] 94-[-45 t('sls, in whiC'll tilt' 1.1'11('(' elements were 
llsed as in 1940-l3 but with nn il1C'I'(,llsC'd H11101lllt of potnsb, difl'ered 
consid(,l'flbly i'n'll1 lhos(' of {he 4-"('111' t~'sts, In the cnse of boron, 
npPllrt'nlly'tbe O,5-pountl-pc1r-f1cl'(,' tn'nlnWlll gnyc iI. consideI'nblc in
('1'(1115(' ill yi('ld nncl tltt' I-pound lind 2,5-pound tl'enlmcnts produt'cd 
pl'flC'ti('nlly no 105::;(,5, ('OPPPI' ilppnn'nlly ~n\'c incl'enses in yields nt 
nll ['nt('s of nppliC'lltiol1, nllt! I1)nngnnl'5(\ Hl {he rnte of 2 pounds .per 
ael'C' npplu'pntly gnn It smull incl'PHsC in yil'hl; wh('l'e zinc wn5 nppliod 
tiH' yi('lds "'('['(' slmilnt' to thORP of the fil'sl 8(,I'jPS, 

Ai)pliC'l1tiol1 of ('I'ut\p sulfnt(' of PQtnsh did not I'('sult in yi(llds 
dilferin€! significantl," [!'O1ll those obtninl'(l whcre high-gmdo K2S0~ 
wus n.pplipd. 'rhe qllnlit~· of lh(' tobiH'('O pl'odu('C'd WitS YNY l1('nl'ly 
the Silmp in ull [('sts, ,V!tpI'C boron hild h(len nppliC'd nt the rnt(l of 
2,5 pounds (WI' nel'e ill 1\)40-4:3, till' YaIuC' of the prodUCL wns np
pl1!'£'ntlx I'l'dllc('(! by S lwl'(,f'nL 

IBn('h of t\1(I trlH'p (I\{II1H'l1ls wns tnkC'n up hy the lcu\'es of the 
tobncco plnlltsill nlllollnis vurying <1il'{'ctl," with [he Hmollnts tlpplicd; 
tlw diO'('I'('IH~{':l \\'('1'(, \,('I'~' Inl'gp 1'0" 1>01'011, 111l'g(' for mnn~I1I1("sc nnd 
ziJw, llnd S01ll('Wlllli sllll1l1pt' fOl' ('oPPt'r, III slllnpl('s of til{' stillks I1nd •roots comliillt'd, likpwisl', the tnl('l'-pll'nH'nt l'onlC'nt WIIS gl'e~ter 
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Whel'() gl'eutN' qultlltities lwei been Ilpplied, the difl'en'I1l't' being lllost 
pl'OnOlln('l'd for zinc, Wi lh lilt' l'x(,l'ption of ('oppel', tho tmel' ele
mcnts \\'l'n~ pl'l'senl ill til(' slnlks ulld .I'oots ('ombint'd in fnl' Slllllllcl' 
Pl'Opol'lions tllti.'1 in lht' kn ,.l'~, TIll' lowel' l('n\'l'S usuully ('ontnined 
consitil'l'nbly hi~hl'l' pCI'('('ntngl's of mnngnnesc nllt\. sonwwlu'tt highet, 
pel'cen luges of Zllll' thiln t ht, U pPN It'!1,'(,5, 

In the 1940-4a lesl~ in whkh boroll wus nol nppliNI, the bOl'ol1 
content of the tobul'eo It'Il''Ni u"t'I'ngl'd nbout aI p, p, Ill, The min
imum requil'l'II1('nl of b01'01I 1'01' 1I0l'mni dl,\-pjopment of [obll('('o plnnts 
WIIS foulld in rl'lllted illy(~sliguliow; itt nnothl'l' pln('(' [0 be Il'SS Lhnn 
10 p, p, m, 1301'011 l'ontl'nt of nbouL 51, 8:3, nncl 179 p, p, m, ",ns 
found ill !Ill' 10bll('('O Il':l"Ni groWII wll('rl' boron hud been npplicd Ilt 
thl' mlt's of 0,5, I, Ilnd 2,5 pounds [)(,\I' IIt'I'!', l't\sp{'('lin'l\-, TIll' ('oppel' 
found in lobuc('o 1('IIYes Oil nn,)" S('L of plots in nny yelll' of the 'i-year 
Lt'st..; WitS ., :lhill lin' l'llIlgt> of 7 to 20 p. p, m, 

.:\lllngnIIt'S(' WIIS fOUlld in tht' toi>nl'('o in {'onsic\(II'nbly lnrgN pro
portions thnn tll(' OtilPI' ll'lll'p p\(>nH' llts. 'l'itt' mnxillllllll n:\'t'L'ngc leaf 
('Ollll'lIt of IllHPglUll'~(' for till' 4-Y(,IlI' st'l'i('s WIlS ubout. ~~G5 p, p. Ill" 
found Witl'I'P liti~ (l1l'IIH'n\ Itnd 1>('('11 npp1i('d nL the I'ntp of 10 pounds 
pN' UCI'(" Wlll'I'P IIllln~HIH'~(1 hnd I.)tll'n withhdd the lenf conlnined, 
on flll 1l"Pl'f1):.('. IliJOUt L·tO p, p, m, Til OIlC yl'llr Illflllgnllesl' "niues of 
nbol1\ 85 p, p. Ill, W(,I'l' HsS(wintNI witit se,'prni of tlll' trcutnwllls, In 
n lirld 5111llpll' of l!'nt' [0\)11('(,0 obttlil((ld fl'Qm n to\)nl'co-gl'Owillg district 
ollt('I' tlmn Flo I'l'll ('l', S, C., the Illtlllgnllt\sl' ('onlt'llt wns 72 p, p, m, 
Plnnts g'rowing in nulri('llt solutions thut showed s~'mptoll1s of 
llIi1l1gn1l('s(' defi<"it'lI('Y W('I'e found to l'ontnill 22 p, p, rn, of Illlulgn11esc, 

A"Nngt' ('0Ilt('111 of zinc in l040-4;~ rnnged from 22 p, p, Ill, where 
this ('lellH'lIl wus wilhhl'ld to 74 p. p. m, wlll'I'c it: ",ns applied nL the 
mle of 5 pounds pt'1' IH,'rt' , 'rhe minimulll n'quil'cmenL of zillc np
PIU'Cl1tl,'- is It's~ thnn lOp. p, Ill, 

Stniks nud roots ('ombinNI, in the 4-,YCllr «'sIs, contuilll'd in gt'nernl 
nbout LO p, p. m, eHch of boron, ('oppel', nnd zill(, nnd nbout 20 p, p, m, 
of ll1nngn IINW, 

In tht' 2-,Yt'HI' tests, in which potnslt wns npplied nL til(' PCI'-IH'I'C 
mIl' of SO rnthcr thnn 4$ pounds, inrg('I' qUllntities of l'neh of the tt'ucc 
CICIlll'lltS W(,I'C lilkc'l up, ('x('ppt thnL Il'ss boron nnd slightly less copi)cr' 
\\'l'I'C lukl'1I up wh('I'{' these CICIlI('llts w('re 110L upplicd, The incrCllscs 
over lht' IIIHOUllts luken up ill thc 4-),('111' sCl'ics rnnged from Ilbout 20 
to Itboll t 200 Pl\I'('CIl t. 

Absorpt iOIl of tltt' sl'n'l'IIl lL'IICl' elemen ls seemcd to be cntil'ely 01' 
nlmosL illci('pend('IlL of the. pl'('!Jcn('(' of the oUIl'I'S; abollt the sumc 
con('(\ntl'l1lion of uny pHl'ticullll' e/('lll('nt O('('ul'I'cd ill the tobn('('o O'l'own 
wht'l't, cllch ('it'lUellt \\'IIS nppliNI ut the unit rnle ns wherc th(t'olhcl' 
elcments W(\I'(' nppli(\d Il t vUl'iolls 1'1\ t('s, 

Anlll'y~('s \\'('1'(' mude of sumples of tobnc('o of Vlll'ious types gl'own 
in sen'l'id dilrC'I'('nt 10(,lIlitics n11d of llH' soils upon ",hidl thcy ,,'erc 
gl'OWIl, Xone of the tobll('('05 Wl'n' foulld to contnin less thnn whnt 
nrc b(>liev('(1 to h(, tobn('('o's minimum requiremt>nts of tho tmcc ele
IllNlls. PI'("'ililingly, tlte proportions of lil(' illdiyidunl II'lI('e dements 
foulld in the leaf to\}II('l'O from othel' U.I'('IIS did not ditrcr wielch' fl'ol11 
those foulld ill the lenf t()btH~('O frOIl1 lhe "\ ('IW}") LI'nt'l'-('lemCll~ plots, 
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No close correspondence was found between the trace-element con
tent of soil and that of tobacco plants grown on the soil. 

The results of these tests do not indicate need of making special • 
provision for the trace elements in fertilizing tobacco) from the stand
point of either yield or quality of crop. Such a need may exist in 
special cases. The results definitely show that on some soils applica
tion of boron may have serious toxic eif'2cts l unless the quantities 
added are carefully controlled. 
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