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INTRODUCTION
et

A pveal deal of research has been done in recent years on the mineral
nutrigfon of lobiceo insolar as Lhis concerns the clements required by
the plant in moderate or comparntively targe quantities, including
nitrogen, phosphorus, potassium, caleium, magnesium, and sulfur.
Constderable progress has been made in delermiining the quantilics
of (hese elements required for normal growth of the plant (10, 11},*
clfects of variation in supply of each on the quality of the leaf, and
the characleristic symptoms manifested by the plant when (he
supply of nny one of them falls below the minimum requirement.
Little information has been published, however, regarding yield and
quality of tobacco as influenced by clements that are required by
the tobaceo plant in minute guantitics only. A fow delerminations
of the guantitics of the trace elements boron, copper, manganese, and
zine in lobaeeo have been reported.  Charaelerislic symptoms pro-
duced in the tobacco plant by deficiency of these elements have been
deseribed by MeMurtrey (27}, These four elements ave referred to
in this publication as “the trace elements.”

! Subiiitled for publivation February 24, 1950, The work discussed here was

crformed under an allolment from {he Special Research Fund authorized by

B
}_‘il.lc I of the Bankhead-"es Acet of June 29, 1935,
T Ttalie nwinbers in parentheses refer to Liternlure Cited, p. 26,
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The fact that boron is an essential element for the tobacco plant.
was shown by Bwanbacl: (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 tobacce 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 tobacco was given by Anderson (2) as from 30 to 90 p. p. m. (parts
per million). MecHargue (17) reported, for Kentucky tobacco, 67
p. 0. 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 tho 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 (18) founc% 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 references to the copper contert of tobicco 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 sample of
Kentucky Burley stalks to be 10 p. p. m.

Manganese content of Connecticut 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 () he found a range of 2,448 p. p. m.
to none. LeCompte (I5) made an extensive study of the manganese
content of thiz 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 mangancse in normal leaves, and in material showing manganese
toxicity found these percentages: Middle leaves, 1.1; lower lenves,
0.8; upper ieaves, 0.4; diseased roots, 0.32. Anderson (2) gave the
manganese content of normal Connecticut tobacco as 70 to about
1,400 p. p. m. and 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 ranged from
77 to 300 p. p. m. 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—cigar tobacco 72—
770, fluc-cured 166-922, and Burley 900; stalk material—cigar tobacco
14259, fluc-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 (Kentueky) Burley
stalks, and {(J6) 70 p. p. m. in tobreco seed.

Zinc has only rarely been determined in tobacco. McHurgue (15}
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found 50 p. p. m. in low-grade dark (Kentucky) leaf and 10 p. p. m,
in (Kentucky) Burley stafks.

In short, according to the limited data available, the proportion of
each of the elements boron, copper, and zine in normal cured tobaceo
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 &
proportion of about 1 percent.

The field work and laboratory studies reported on here were con-
ducted at the Pee Dee Experiment Station, Florence, 8. C., in 1940-45.
The field tests were made on an area of typical Marlboro fine sandy
loam (an important {lue-cured-tobacco soil of the Coastal Plain)
selected for soil uniformity. The area had topsoil about 14 inches
deep. Seil analysis indicated that the trace elements were present in
the following proportions: Boron, 14.0 p. p. m.; copper, 13.5 p. p. m.;
manganese, 93.0 p. p. m.; zine¢, 15.5 p. p. m. The pH was 5.5. The
plan of procedure was designed chiefly to obfain in field plot tosts,
under closely controlled test conditions, information on the tobacco
plant’s requirements of the trace elements boron, copper, manganese,
and zine and any influence application of these clements may have on
yield and on the quality of the tobacco leal. It was designed also to
permit observation of any symptoms of deficiency or toxicity of these
clements and the quantities of the elcments associated with any such
symptoms. Tobacco plants were grown on plots to which different
boron, copper, manganese, and zine treabments had been applied and
representative samples of the product were analyzed.

To supplement the data obtained in these field plot tests, tobacco
matertal grown in connection with other experiments 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 sxperimental 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 ronts, was removed to aveid addition of
organic matter to the soll. The purpose of growing peanuts in rotation
with the tobacco was to lessen the danger of injury from root knot,
peanuts being in general resistant to some of the causal nematodes, and
to deplete the soll of plant nutrients.

Each section was divided into 4 blocks of 15 plots each. Each
individual plot was 3232 feet (1/42.5 acre}. The plots in cach 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 are commonly present in the usual fertilizer
materials in unknown and varving amounts. For this reason, and
becatise some of the trace elements have been found ir. the tebacco
plant in very small quantities only, it was necessary to prepare the
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basal fartilizers largely from reagent-grade chemicals in"order to avoid
adding unknown amouuts of these elements. All fertilizer materials
eonsidered for use on the plots were analyzed. None of those that
were used, as is shown in table 1, confained any of the trace clements
in a concentration higher than 13 p. p. m. The content of macro
fertilizer elements in the compounds used is shown in table 2, and the
quantities applied per acre in table 3.

TasLe 1.—Range of trace-element confent of salis used as fertilizers in
< 1940-45

. Manga- 1 .
Salt Grade Boron | Copper hose Zine

Pop.m{Popm|P pwm|P pm

Potagsium chloride. .} Reagent_..________ 0 =360 -13 0 | 0632
Potlessium nitrate. - _j. .. do____ . ...__ W 330 -1 0 |12
_oldo T TTTTTTT 0.5-7.9 10 2.0 0 lo3s
Potassium sulfate. | Ceg:g:cig‘ugi(ﬁ:‘l}r.la- 32-6. 5 5. 6-10. 434 5-11.0) 0-6. 6
Crude German_____ L3-12.70.7-3.3 (2.2-13. 60 0-3. 0
Magnesivin sulfnte. | Reagent____._____.,, 6 -L40 24 0 |05 2
Dicaleivin phosphate | Commereial________ 0.4-3.2:0 -6.3 [0 -12 5| 0-11. 8
Urea. . ooouooo Lot .. do. .. _._.._. 0.7-6.210 -3.6 0 0

Tanre 2—Average macra-clement content of salis used as fertilizers in
1 !

1840-4a
Sait Grade N PO, K;0O
Percent | Percent | Percent
Potassium ehloride__ .. Reagenb_ . .. .__.. 0 0 3. 2
Poiessium nitrate______|_____ doo oo ._ 13. 9 i) 46, 5
seendoo 0 0 54. 0
Potassium sulfate__._._ Col{?"_'{i?\u;l {Carlsbad, 0 0 54 0
Crude German___ .. _____ 0 0 48. 5
Magnesium sulfate_____ Reagent. __________.__._ 1] 0 @
Dicalciurn phosphate___.j Commereial________._____ 1] 40, 7 0
Urea. ... Ao . 46. 3 0 0
Salt Grade CaC 80; | MgO Cl

Percent] Percent] Percenti Percent
i

Potassium chioride. __.| Reagené________..._ 0 a 47. 5

Potassium niteate. . __|_____ do__ . ______ 0 0 1 1]
ST < L« Q 45. 9 0 G

Potassium sulfate_ . ___ Cogg:}?c‘r\glmz{ I e.(\‘(.;r?ris- 0 45.9 0 6
Crude German___.._ 0 42. 9 0 0

Mapnesium sulfate_ - __| Reagent. . _______. 0 325 164 0

Dicaleiutn phosphale__.| Conunereinl_________ 32. 5 0 0 1]

A ¢ WS DN do_. ... 0 0 0 0
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Tavie 3.—Amounts of salts applied per acre in basal-fertilicer mizture
wn 1940-48

Treatment

Ferlilizer mnterial Crade
1-13 14 ia

Pounds | Pounds | Pounds
} 346

Potassium chloride 33,6 33. 68
Polassiume nitrate______ 57.4 0 1]
4] 256, 7 4
o, * T R 3 54
Potassium sulfate. .. ._ Cul{gz‘n:\ciz;:c;ﬁl. {Carisbad, 531 256, 7 0
Crude German. oo oooo )] 0 289. 0
Magnestaim sulfate ____ Reagent . . _______._ 97, & 97. 9 U7 9
Bealeium phosphate_. ] Commereinl_____._._...] 1551 155. 1 155. 1
Urea_ ool 4 L 3t 4 L7 5L 7

Vin 1040-43 only,
2l 194445 only.  Applied as & side dressing at Lhe first eultivation.
e 194145 ouly.

In 194043 a 3-8-6 basal fertilizer was applied at tho ralo of 800
pounds per acre per year. In addition io supplying nitrogen, phos-
phorus, and potassinm as shown in table 2, the fertilizer mixture used
contained 2 percent MgO, 6.25 percent CaO, 2 percent Cl, and 4 per-
cent 305, The trace elements were applied in the form of boric acid,
copper sullate, mangancse sulfate, and zinc sulfate. In 1944 and
1945, because potash-deficiency symptoms had been observed, the
rale of potash application was increased from 48 pounds o 80 pounds
per acre.  {As Lhis change mighé affect the response to the (race-
element treatments, the results of the 194445 tests were nob averaged
with those from the fiest 4 years bub were considered separately) In
w test of sulfate of potash conducicd simultaneously with the trace-
clement tests, & basal 3-8-20 [ertilizer was used.

Fhe trace clements were applied in 33 different combinations, each
of which contained 3 or all 4 of them.  Phe elements were represented
in this series of combinalions at 3 rites per acre each——a 1, or unit,
rale, and rates twice and five times as great as the 1 eate, designated
the 2 and 5 rates. The 3 per-ncre rates for the imdividual elements
were as follows: Boron, 0.5, 1, and 2.5 pounds; copper and zine, 1, 2,
ail 5 pounds; manganese, 2, 4, and 10 pounds.  Ounoe combination
ieluded all 4 of the elements nb the 1 rate; ench of the 12 others in-
cluded 3 elements at the T rale and excluded Lhe fourth ar included it
ab the 2 or the 5 eate.  Bach of the 13 combinaitons was applied on
4 replieate plots.  Crude 90-percent imported sulfate of potash and
the high-grade sult were each applied 1o 4 plots whiclh received noue
of the trmec-cloment treatmments, lo determine whether the former
contains teace elements in quantities thal affect its feritlizer value,
The 15 treatments were applied in randomized order on each of the
blocks in #ach section of the experimental arca.

The tobueco planls were seb out in rows -4 feet wide, spacad 2 fect
apart in the row. The methods of culture, harvesting, and flie-
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curing were those in common practice for flue-cured tobacco in South
Caroline.  After harvest all stalks and roots weve removed from the
plots, in order that some of this material might be analyzed and to
reduce infestation with nemaiodes causing root knot.

The actual srea per plot {rom which data were obtained was 1/64.8
acrf', as all outside rows and end plants were eliminated from consid-
eratlon.

OBSERVATIONS ON DEFICIENCY AND EXCESS SYMPTOMS

Examination of the plants in the field at all stages of growth did not
reveal any known symptoms of defieieney of any of the trace elements.
(Such symptoms are seldom observed in the field, even on soils having
extremely low fertility.)

Beron was repeatedly found to have injured tobacco plants where
it was applied at the rates of 1.0 and 2.5 pounds per sere. The
injury produced was more severe where the clement had been applied
at the higher rate. The plants were stunted duving the early growth
period.  Later, those grown on plats that had received 1 pound per
acre made normal growth and ceased to exhibit any toxicity symptems.
Those grown on plots that had reecived 2.5 pounds per acre, howerver,
were permanently retarded in growth and still showed toxicity symp-
toma when harvested.

The first visible symptoms of boren toxicity arc a slight thickening
of the lower leaves and an upward curling of their edges.  As growth
advances, these eonditions develop on progressively higher parts of
the plant. Soon the cdges of the leaves turn o pale yellow color,
Then, in a few days, yvellow spots develop along the leaf margins and
in the raised portions of the leaf tissue between the veins. The leaves
become thick and britUe, and restriction of growth around the edges
causes an upward bulging of the entire leaf. Later, frequently, the
n:argins of the leaf split. ~ The yellow spots increase in size and turn
brown. Eventually the brown, dead tissue falls away, leaving the
leaf full of holes, with a ragged margin, and greatly redueed in potential
market value.

No injurious effects on tobacco from applieation of mangancse or
zine were observed.  In 1940 only, there was an indieation that copper
produeced visible leal injury. At carly stages of growth the lower
leaves of the planis subjected to the highest copper breatment were
longer, narrowes, and more pointed then nermal and in some cases
had a shiny, glazed appearance. About & weeks after planiing, a
faint reddish-brown, or bronze, color was present on the raised por-
tions of the teaf tissue, botween the veins,  This was especially notice-
able on the leaves just below the middie of the plant. The symptoms
did not continue Lo develop, and no abnormality of the mature tobacco
was associated with them.

EFFECTS OF TREATMENTS ON YIELD OF TOBACCO

The vields of tobacco produced in the trace-clement tests over &
period of 6 years ave given in table 4, where cach valuc is the mean of
the results Trom four replicate plots. Differences in the yiclds are
given in table 5. Marked seasonal variation appears in annual average




Tasre 4.—Tobacco yield per acre, in 1940-45, of plots to which 18 different trace-element treatments and 2 sulfate of potash
treatments were applied annually '

[Each value is an average for 4 replicate plots]

Treat- i Average Average
Treatment ! ment, 1940 1941 1942 1943 of 1944 1945 of
number f 1940~43 ¢ 194445
]

Trace cleinents: ~ Pounds { Pounds | Pounds | Pounds | Pounds | Pounds | Pounds | Pounds
T Bach oo e e ] 1,639 1,223 904 1, 518 1,321 1,252 1,171 1,212
0 BOTON - o oo e oo 5| 13,6511 1,237 004 | 1,464 ] 1,314 1,114 | 1,101 1, 108
2 BOFON o omeeom e e 10) 1,633 1,210 §31] 1,328} 1,250 | 1,104 | 1,122 | 1,113
& Boron_ .. eaie . T} L4541 1,024 7951 1,228} 1,125| 1,100} 1,013 1, 056
0 COPPer.eemrmmemmo o s i 61 1,701 ] 1,102 944 | 1,360 | 1,277 1,111} 1,124| 1,118
2 COPPOr e e i e e 11,513 1,178 9611 1,502 1,288 1,273 1,192 1,232
O 2] 1,602 1,047 800 | 1,282| 1,185 | 1,214 | 1,175 1,194
O Manganese. .. o i i 71 1,675 1,182 978 1,542 § 1,344 1,182 1,124 1,153
2 Manganese. oo ooouo.- e ————— 121 1,668 1,003 2960} 1,511} 1,310} 1,173 1,208 1, 190
S MAanganese. : c cun o cwme et mm o e 3 1,617 1, 146 875 1,375 1,253 1, 069 1, 163 1,116
OZine. e i el m 81 I,699{ 1,159 887 [ 1,408 1,288 1,188 1,220 1,204
220N e e 13 1, 793 1,219 980 1, 437 1,357 1, 253 1, 231 1,242
B inC. il 4121,555 ) 1,089 926 { 1,435 | 1,251 990 | 1,123 1, 056

Sulfate of potash: i .

C.P. RSOy o ool 14 1,730 1,147} 1,033 1,461 1,345| 1,477 1,188 | 1,332
Crude KoSOy. oo oo i e 15 1,700 1,217 1,142 % 1,602 | 1,415 ] 1,421} 1,294 1, 358
AVCIAEC e e e 1,643 | 1,152 920 | 1, 430 ] 1,288 1,195 1,163} 1,179

1The 1, 2, and 5 per-acre rates of treatment for the individual trace elements were as follows: Boron, 0.5, 1, and 2.5 pounds; copper
and zine, 1, 2, and 5 pounds; manganese, 2, 4, and 10 pounds. ' In treatments 1-8 and 10-13, the trace elements other than the ones named
in this-column were all applied at the 1 rate.  In 194043, each of the treatments 1-13 was accompanied by 800 pounds per acre of a basal
fertilizer made from pure chemicals in the following percenteyes: N, 3; P,0;, 8; K:0, 6; MgO, 2; Ca0, 6.25; Cl, 2; 805, 4. In 1944-45,
800 pounds per gcre of a 3~8-10 mixture was substituted, the additional potash being applied as a side dressing of potassium sulfate. . In
treatments 14 and 15, application of potash was increased from 48 to 160 pounds per acre by using a 3-8-20 basal fertilizer, the nitrate
of (i)otash being omitted and the additional potash being applied in one case as the reagent-grade or selected-grade commercial sulfate
and in the other as the 90-percent crude salt. 3 This value represents-data from three replicate plots only.

000VHOL NO' SISTL INFWITI-FOVHL




TasLe §.—Differences in per-acre yield of tobacco in 1940-45 between series of plots to which 13 different trace-element
treatments and 2 sulfate of potash treatments were applied annually *

[Each value is the difference between averages for 4 revlicate plots each)

1943

Averageof

Average of

Treatnents compared 1940 1941 1942 1940-43 1944 1945 1944-45
Boron: Pounds Pounds Pounds Pounds Pounds Pounds Pounds Pounds
(1 U UV —12 —14 +54 7 +138 470 +104
0-2.. —18 —27 =73 ~136 — 64 —10 +21 +6
0-5. i — 197 ~213 —109 —236 —189 —14 —88 —51L
12 e i -G —13 —73 —~190 —~71 —148 —49 —98
1-5 i mc e —185 —199 —109 - —290 —196 —152 —~158 —155
2 e mm i ———————— —179 — 186 —36 —100 —125 —4 —~109 —56
Copper:
“0~' R S R SR —62 +121 —~40 4158 444 4141 +47 +94
0= o e i ——————— ~188 +76 +17 142 411 + 162 -+ 68 +115
L T RS U ~99 —35 ~135 —78 —-92 4103 | +51 477
I e ——— e —126 —45 -+ 57 —16 —33 +21 +21 21
oD e aam A ——— —37 — 176 05 —236 —136 ~38 44 —17
e e e e ——— 489 —131 —152 - 220 —103 —59 —17 38
Manganese
0-1 . cmmnn B ———————— —~36 41 —74 —24 23 +70 447 4-58
0 e e ———— -7 -89 - {) —31 —34 —9 484 438
LU SO PR PN —58 —36 —103 — 167 —901 =113 439 —37
1-2._.... e e m e ——— +-29 —130 +65 ~~7 —11 —79 +37 —21
U AP P PN —22 —77 —29 —143 —68 —183 —8 —96
D T B —51 +353 —94 —136 —57 —~104 —45 —74
Zine:
[ R U —60 +64 +17 +110 +33 +64 —49 +8
D=2 e imc i mccm e ———— - 494 +60 +-93 +29 +69 +65 +11 +4-38
00 i cmmm e m Sk — 144 -70 +39 . +27 —37 —198 —97 —148
1o e e e i ———— + 154 —4 +76 —81 +36 +1 460 +30
) O U e —84 —134 -+22 —83 —70 —262 —48 —155
D e S b mmmm————— e —238 —130 —54 —2 —106 —263 ~108 —186
C. P—Crude KoSOfoe s e et i mmccmnn —39 470 +109 +141 -+70 —56 +106 +-25

1"The 1, 2, and 5 per-acre rates of {reatment for the indi
zine, 1, 2, and 5 pounds; manganese, 2, 4, and 10 pounds.

vidual trace elements were as follows: ‘Boron; 0.5, 1, and 2.5 pounds; copper and

Basal-fertilizer treatmeiit per acre: In trace-element tests, 800 pounds of 3-8-6
in 1940-43 and 800 pounds of 3-8-10 in 1944-45; in sulfate of potash tests, 80D pounds of 3-8-20. :

8
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yield per acre, which ranged from 929 pounds in 1942 to 1,043 pounds
in 1940. This variation may have been due in part to differences in
rainfall. Rainfall during the growing season—April, May, June, and
July—totaled 13.6 inches in 1940, 17.2 inches in 1941, 23.7 inches in
1942, and 17.1 inches in 1943.  Although the number of observations
is smali, calculation of the correlation coefficient shows the inverse
relation of yield and rainfall to be significant nt odds of 19:1.

Statistical analysis of the annual and 4-year yiclds of tobaceo for
the period 1940-43 gave the results shown in table 6. The varignee
ratio, , did not attuin significance at odds of 19:1 for any single year
but did so at odds of 99:1 for the 4-year period.

Tavte 6.—Stendard deviutions and differences required for significance
Jor per-acre yields of lobaceo from trace-element plots, 1940-48

Aver-
Ttem 1940 1941 1042 1943 | ngo of
194043

Standard  devintion  of  single-plot | Pounds| Pounds| Pounds| Pounds| Peunds

10 L4 3 1329 p 152.5 1 129, 2| 157.0 L3, 6
Htandard deviation of means_ . .___ 60, 5 6.3 G-l G 78. 5 REN
Stundard ceviation of mean dilfer-

CHUES o o o e mm e mcmcmcmmmm—m—— e 940 | 1D7.9 GL.3 ] 1L O 50. 8§
Nilference required for signiticancs,

odds 10 e d e 190. 0 | 218. 1| 184 5 | 224 3 100. 4
Differcnce required for signilicance, :

Gdds Y9 e e e e e b 132. 5

Neither annual yields nor average annual yields ol the years 1040-43
showed any signiflicant increnses associated with addition of trace
elements 1o the svil (tables 5 and 6). In some instances, significant
decrenses were associnled with addition of Lrace elements,

Boron added at the 5 rate caused losses in 1040 and 1943, In 1040
the per-ncee yiekl was 197 pounds less where boron had been applied at
Lthis rute than where it hndibeen withhield. In 1943, per-acre yield
wis less by 200 pounds where boron hiad been applied at the 5 rate
rather than the 1 rate. In that year, also, per-acre yields were sig-
nilicantly less where boron had been applied ab the 5 rate than where
it had been withheld. Yields in 1943 were significantly less where
copper had been applicd at the 5 rate than where it biad been applied
at the [ rate.  No significant yield differences were associated wilh
diffcrences in applieation of manganese. Loss in yield nssocinted
with application of zine ut the 5 rather than the 2 rate was observed
in 1940,

Data for average annual yields in the 4-year period 194043 revealed
the following: Yield where boron had been applied at the 5 vate was
signilicantly less than yield where boron had been applied at the 2
rate and was less to a highly signilicant degree than yield where boron
had been applied at the 1 rate or withheld.  Yield where copper had
been applied at the 5 rate was significantly less than yield where copper
had been applied at the 2 rate and was less to a highly significant
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degree than yicld where copper had been applied at the 1 rate. No
significant yield differences were associated with differences in appli-
cation 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 C. P. K,;80, was applied.

The apparent responses to beron 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 of
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 from +7, —64, snd
—189 pounds in 1940-43 to 104, 46, and -— 51 pounds, respectively,
in 1944-45. The corresponding values in the case of copper were
+44, +11, and —92 pounds for 1940-43 and 94, 4115, and +77
for 1944-45. The values obtained in the tweo series of tests with
application of manganese and of zine were in closer agreement. 1t is
possible that continued use of the plots may have led to reduction
of the quantities of copper and boron available in the soil.

The yields of fobacco obtained show that under the conditions of
the test at Florence, 8. C., with application of 48 pounds of potash
per acre, the tobaeco plant’s requirements of boron, copper, man-
ganese, and zinc were met by the quantities present in 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 ncre is
likely to cause considerable reductions in vields, These elements
should be applied to the soil of tobacco fields enly after careful con-
sideration. However, when the amount of potash applied was
inereased to 80 pounds per acre the tobacco’s tolerances for boron,
copper, end mangancse apparently were considerably increased.
From the results of the tests with application of potash at this rate,
it appenrs that addition of 0.5 pound of boron per acre to soil such as
that of the study arca may result in a yield inerease of about 100 pounds
per acre. Any greater addition, it appears, may be harmful. An
increase in yield of more than 90 pounds was associated with appli-
cation of 1 pound of copper per aere in tlte 2-year series, Application
of 2 or 5 pounds of copper per acre was not nccompanied by any
greater apparent advantage. Use of 2 pounds of manganese per
acre apparently increased 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 for
market in the usual way, and the commercial value determined from
the weights of the material of the different grades and the average
prices for the grades ns given by the Produetion snd Marketing Ad-
minisiration of the Department of Agriculture for type 13, South
Carolina and Border North Carolina fluc-cured tobacco. Inssmuch
as the preveiling prices changed greatly within the study period,
owing to ecenomic conditions, comparison of values of the tobaeco
grown under the different trcatments should be based on relative
values rather than on the prices actuelly obtained. Tuble 7 gives
the relative average values of the tobacco grown, expressed in per-




TasrLe 7.—Value of tobacco leaf produced in 194045 on plots to which 13 different trace-clement treaiments and
2 sulfate of potash treatments were applied annually

[Values are percentages of those for tobaceo leal produced on plots where each of the trace elements was applied at the 1 rate]

¥

l

Treat- Average Average
Treatment ! ment 1940 1941 1942 1943 of 1944 1945 of
number 1940-43 194445
Trace clements: Percent | Percent | Percent | Percent i Percent | Percent | Percent | Percent
T Xache o it heiiie el 91 100,001 100. 00 | 100. 00 | 100. 00 100.-00 { 100. 00 | 100. 00 100. 00
0 BOTON . v 5 96. 58 90,95 { 102.13 | 101. 69 97, 84 49. 27 49. 68 99. 48
2 BOrOMa e i e e 100 95,75 ) 9764 ] 99.25 | 99.06 97.921 99.32 1 908 .72 99. 02
5 Boron ool . 1 90. 16 84, G4 99. 58 1 905.27 Y2. 41 98. 44 g7. 11 97. 78
0 Copperac v c il eeianlan G 98.24 1 10L 92| 104.16 | 101.75 101.52 | 99.29 { 99.79 99. 54
2 G OPP PO et e ame 11 { 100.00 | 102, 63 | 102.60 | 100.05 101. 327 100.34 99. 98 100. 16
B3 61]+757%) S R 21 95.23 | 96,001 101.-59 | 100. 81 98, 41 99. 591 99. 13 - 99. 36
0 Manganese_ ... e mans 71 9710 100.27 | 100.99 | 10199 100.00| 99.61] 99.77 99, 69-
2 Manganest m e e cmcecn e n 124 98961 04.514100.48 ) 99.89 08.46 1 98.00 ] 99,98 08.99
5 Manganese. o oo iiceomaoiionn e 31 9461 | 94.30 | 106.50 | 10L 59 99.25 § 98.76 | 99.40 99. 08
0 Zine - elal L ] 96. 89 | 100, 00 | 103. 32 99. 76 99. 99 99. 41 99. 29 99, 35
2 Zine el llalalll 13 98. 13 99. 40 499.04 | 103. 36 99. 98 99. 71 1 100. 14 99. 92
SEINMe. el 4 99.-90 96. 71 | 105. 09} 100. 35 100. 51 | 100. 44 99. 98 100. 21
Sulfate of potash:

C. P KaSO i 14 | 100.31 { 101. 81 08.86 | 105.59 { 101.64 | 102.29 | 100. 78 101. 54
Crude K,S0, - - e 151 100. 31 90.46 | 101. 80 | 101. 16 98. 43 | 102. 32 | 101. 10 101. 71

AVerRge e i) 07,48 96. 751 101, G9 | 100. 82 99. 18 99.79 99. 66 99. 72

1In each of the treatments 1-8 and 10-13 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-clement tests, 800 pounds of 3-8-6 in 1940-43 and 800 pounds of 3-8-10 in
1944~-45; in sulfate of potash tests, 800 pounds of 3-8-20.
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centage of the average price veceived for the tobacco grown on the
plots that received the four trace elemenis at the unit rate each year.

The average prices received per 100 pounds of tobaceo grown on
these plots were: 1040, $9.65; 1041, $18.23; 1942, $33.40; 1943, $37.18;
average 1940-43, $24.62; 1944, $41.01; 1945, §43.60; 1944-45, $42.30,

In 194043, when potash application was at tho rate of 48 pounds
per acre, no material difference in the relative value per unit of
weight of the tobmeco produced was associated with difference in
treatment as regards trace clements except in one imstance—an
appareht reduction in value, averaging nbout 7.5 pereent, was associ-
ated with npplieation of boren at the rate of 2.5 pounds per acvre.
In 1944—45, when potash was applied at the rate of 80 pounds per
nere, praclieally the same relative values of produet were assoeiated
with all the trace-dlement treatments.  ISvidenily the quantities of
the trace clements vequired to produce good-qualily tobaeco were
present in the soil of the experimental arca.

TRACE-ELEMENT CONTENT OF TOBACCO PLANT
Prax oF SAMPLING AND MeTHODS OF ANALYSIS

Two composile samples of cured leaves and one of stalks and roots
combined were prepared for analysis from the crop produced under
each of the trealmends for every yvear exeept 1940, when a single leaf
sampic was prepared.  The leaf samples were made by segregating
one-tenth, by weieht, of the leaves from each priming from each
plot and dividing the segregated material into upper and lower halves
on the basis of equal weight, For stalk-and-root samples one-tenth,
by weight, of the stallt material and of the root material was taken
from ench of the four replieates,  The samples were dried in a tobaceo-
euring barn.

The method given by Wileox {25) for determining boron eontent
was used, except that the final titration was completed according te
the procedure of Radler and Hill (22). Copper, mangancse, and zine
were determined colorimetrically on aliquots of the same solution,
prepared by ashing the tobacco in a silica dish and then treating the
ash with dilute nitric acid and fillering off the insoluble residue,
Copper was debermined by ihe carbamate method of Dutler and
Allen (8}, manganese by the ofiicial periodate method (3, p. 128),
and zine by the dithizons procedurc as given by Cowhng and
Miller {7).

RusuLts oF ANALYSES

The results of the rnalyses of the composite tobacco samples for
the 4-year and 2-year tesis are given in table 8. The table presents
trace-clement-conient averages for lower leaves, upper leaves, the
two classes of leaves combined, and stalks and roots combined.




TABLE 8.—T'race-element conleat of flue-cured tobacco produced in 1940-45 on plots to which 18 different irace-element ireaiments and
2 sulfale of potash ireatments were applied annually

BORON CONTENT (WATER-FREE BASIS), 194043

1041 1042

Treatment ! | ;
: Loawer ; Upper Bletks Lower | Upper

, and 3
leaves | leaves | | o leaves | leaves

2

O NGO Nk SR W

P.p.m.; P.p.mi P.p.m. P.p.m.|P.p.m.
4 33.6 51,1 12.2 0 69.1 57.0

19.9 4.9 11.6 18.3 ] 37.0
48.8 58.9 11.9 167.8 80. 6
64.0 6.4 1.9 43.1 | 207.7

34.7 54.7 1.8
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TaBLE 8,—T'race-eleent content of flue-cured tobacco produced in 194046 on plots to whick 18 different trace-element treatments and
2 sulfate of potash treatmenls were applied annually—Continued

COPPER CONTENT (WATER-FREE BABIS), 194043
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MANGANESE CONTENT (WATER-FREE BABSIS), 194043
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14 16.5 200

94 13.7 154
135 14.2 207
226 19.3
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TABLE 8.~—Trace-element content of flue-cured tobacco produced in 1940-45 on plots to which 138 dgﬂercnt trace=slement treaiments and
2 sulfate of polash treatments were applied annually—Continue

BORON CONTENT (WATER-FREE BABIB), 14445

Average of 104445

Treatment
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16.0

14.2
4.5
12.6

14,6
13.8
14.4

16.5
16.0
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COPPER CONTENT (WATER-FREE BABIB), 194445

Trace elements: .
1 Each.._. 15.2 3 14.8 17.9

0 Boron 15.9 . 3 11,4 13.8
2 Boron.. 15.4 & 12,8 13.4
. § Boron . 14.8 3 15,2 17.8

0 Copper. . 5 . L 8.0 8.8
2 Copper. . 3 3 13.4 17.8
5 Copper. , f . 15,7 4.6
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0 MADEBNES cummator crmvmimsmnsos 7 13.8 13.4 14,1 128 16,9 15,1 18,7 0.4 16.4 11,1
2 MODEAICS0 s armmen s mmcmmbsinmmsrimn 12 14.6 15.1 14,1 13,5 ] 13.7 13,3 14.1 1.7 14.2 12.6
S MANEANES0, s onrmvmv sk m e mm s s st 3 18.4 16,3 20,6 L8 16,0 17,0 15.0 9.7 17.2 10,8
[ L 8 13.4 13.1 13.0 11.1 15.1 12,7 17,6 9. 4 14.2 10.2
P S U 13 19.3 18.3 2.3 15.9 15,4 14,1 16.8 10.0 17.4 13.0
SAUNC e s ciimncunrcsinnsnnain e 4 17,7 17.2 18,2 11.8 14.4 14.8 13.4 &8 15,0 10.3

Sulfateof potash:
0 Py KaSO0uireeeniad cimmsens s 1 .2 9.3 13.1 85 9.6 9. 0.9 ¢4 10.4 8.0
Crude KaSOuivmume i mmvmammmssn o 15 18,6 10.2 16, 8.0 9.2 8.3 10,0 8.5 11,4 8.7

MANGANESE CONTENT (WATER-FREE BASIS), 104445
Trace clements:

1 Each..... 9 669 818 521 74.3 288 339 238 46.1 470§ - 60.2
0 Boron.... a 679 791 568 78,9 286 359 213 30.5 483 54.7
2 Boron.... i 10 672 816 529 69,5 404 455 354 46.0 538 57.8
§ Boron........ SORPU SN 4 685 770 600 75.2 370 ) 429 312 32,9 528 54.0
ecscmanaans [} 727 571 70.1 341 345 337 29.7 534 544
2 Copper. 1 623 749 497 68.3 330 386 203 55.6 481 62.0
5 COPPOT oo ceomcamcnmepnname e mpin - 2 753 951 - 556 77,0 402 430 3714 34.7 78 85.9
0 MANRANESe, o senmsmis 7 513 640 387 60.1 216 239 193 37.0 365 48.6
2 Manganese... e 12 744 880 609 744 472 611 33 57.2 608 66.8
5 MAnganese. ..u.wseien NI 3 1,630 2,050 1, 200 186.0 751 851 658 16.9 1,190 131.4
0 Zine remmwmna 8 616 761 472 74,3 319 330 300 46,3 468 60.3
18 677 780 574 74.9 422 4% 389 59.9 550 67.4
4 752 857 647 111.2 356 403 310 5.5 554 80.8

Sulfate of Yé\!ash:
C.P. Ky80y...... emman et on e 14 420 403 360 51,2 309 409 330 41.9 30 0.6
Crude K80 i arivvcnsaiinnns 15 403 335 452 60,4 277 318 237 B 2B 385 81.4

See footnote at end of table,
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TasLe 8,—Trace-element content of flue-cured tobacco produced in 1940-45 on plots lo which 18 different trace-element treatrients and
2 sulfate of potash treatments were applied annually—Continued

ZING CONTENT (WATER-FREL BASIS), 1044-45

1044 1048 Average of 194445
Treatument " | L U Stalks and Lo u Statks and Stalks and
- Lower pper alks an . wer pper tilks an , alks an
Albleaves | 1 veg leaves roots Allleaves | Jyves lenves roots AllJeaves roots

TPrace slements: Popom. - Popom, | Popom ) Popom, | -Popom, | Popm} Popows 4 Popom, | Popom, o Popom.

CORERCH. e i s 1] 1.2 B 6.9 2,5 62,4 60,2 L, 22,2 . 25,
0 BOTON. c.iviiimmens s vecmini & 57.6 64,0 5.3 26,0 65,0 66,3 63.6 n7 613 | z4.4
2 BoOron........ [ SR - 10 S 72,8 86,7 58.5 2.7 61,7 08.4 55.0 23,4 67.2 23.0
FPOCON. terriinmnaninncmmns o n 1 86.8 M, 2 79.3 314 64,4 73.2 55,0 18.¢ 75.6 25.2
0 CODIRT in el amamie penrans s iianins {t 70.2 82,1 58.4 32.5 8.8 68,2 8.9 24.0 6.9 28.2
ST TIT AR 11 65. 6 81,4 0.7 21.3 02,4 753 8.6 22,2 4.0 21,8
LSV 17510 S SO S 2 70.8 85.8 67.8 2.0 6.6 64.0 87.1 212 68, 7 24.1
O M ANEANESE . L e o e a s H 65.2 8.1 40.2 30,9 ; 611 76,6 46,6 28.6 63.2 34.2
D MANBINCECac. i e 12 G3.0 60.9 474 24,9 65,8 79.1 52.6 25.4 0,7 25.2
& MBUEANCSCanns o cnvr e e v imaeiaas 3 7,5 93,4 65,6 34,0 65,4 74,2 66.6 316 72,4 32,8
0 :I;(ncl....~...._...-...*...M.,, FO k) 21,4 25.4 17,5 15,3 3.5 31,3 .7 17.2 26.4 16,2
2'/Jm:,..,,.,., e dae ke S Eue 1 110.4 128,0 93, 47. 5 83.9 98,0 9.8 32,1 97,2 - 30.8
AT N SO S P 4 162.3 173.8 150, 8 67.3 : 133.8 158.7 108,0 5.3 148.9 00. 8

Sulfate of hotash: ;
C oGP, 2'500...-.-‘..-.......... ........ H 20,8 35.0 247 8.3 35,8 | 4.7 a0 106.0 32,8 12.2
Crude KaSOuiicneisrammninnsn i 15 28,1 26,1 R 12,7 | 35,9 42,2 28,6 16.3 32.0 14.5
¥

" &3 I each of the trentments 1-8 nnd 10-13 the three trage clements other than the oné

narned in Lhis colimn were applied st the 1 rate.

Basal fertilizer upplied to plots given

treatments =13 was 800 pounds pier acre of 3-8-6 in 194083 and the spme amount of 3-8~10 hi 104445,  Plots given treatments 14 and 15 received 800 pounids per acre. per year. of 3-8-20

fertilizer.
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TRACE-ELEMBNT TESTS ON TOBACCO 19

FOUHR-YEAR TESTS, 4 POUNDS OF POTASH PER ALRE

In the 4-year trace-element tests, the boron content of the tobacco
leaves averaged about 31 p. p. m. for the plois 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. where boron had been applied
at the 5 rate than where this element had been withhield, On the
whole, the lower leaves contained less boron than the upper where
boren had been withheld or applied at the 1 rate, and the difference
wins teversed where boron had been applied at the 2 and 5 rates.
On the plots subjected to the treatments that included boron at the
1 rate and the other trace elements at various rates, the differences in
application of the other elements did rot affect the absorption of
boron by the leaves. The boron content of the leaves averaged
akout 51 p. p. m. both for these plots and for the plots where all four
trice clements had been applied at the 1 rate.

The amount of copper found in the tobacco leaves was very small,
even whore copper had been applied at the rate of 5 pounds per acre.
Tse proportion ranged from 7 to 20 p. p. m. In general, the leaves
as compared with the stalks and roots combined contained very much
mere beron, manganese, and zine but not much more copper. The
copper content of the leaves varied consistently with the rate at which
copper had been added to the soil; where the rates of application had
been 8, 1, 2, and 5, respectively, the leaf content averaged about
9,10, 12, and 16 p. p. m. Absorption of copper did not vary according
to variations in application of other trace elements.

Manganese was found in larger amounts than any of the othaer trace
elements, both in the leaves and in the stalks and roots. According
to rate of application the manganese content of the leaves avemgea
as follows: 5 rate, 366 p. p. m.; 2 rate, 201 p. p. m,; 1 rate, 158 p. p.m.;
0 rate, 139 p. p. m.  For roots and stalks combined, the corresponding
values were 35, 24, 21, and 20 p. p. m. The mangancse content of
the lower leaves consistently exceeded that of the corresponding
upper leaves, averaging about 1.75 times as great. For the series of
plots that had received manganese at the I rate and the three other
irace elements at various rates the mangancse content of the leaves:
averaged about 175 p. p. m., compared with 158 p. p. m. where the

four elements had all been applied at the 1 rate, Thus it appears.

that variation in ihe rates of application of the other trace elements
had no material effect on the absorption of manganese.

Zine, on the whole, was found in the tobacco leaves in proportions
intermedinie belween those of boron and copper, and was found in
the stalks and roots in proportions that were within a few parts per
million of being the same as those ef boron and copper, The zine
found in the leaves from plots where applications of this element had
been at the 0, 1, 2, and 5 rates, respectively, amounted to 22, 31, 48,
and 74 p. p. m.  Zine content was somewhat greater in the lower than
in the upper leaves. Again, uptake of the one element apparently
was independent of application of the others; the average zine content
of leaves for the plots subjected Lo the nine treatments in which zine
was applied at the 1 rate and the other clements at various rates was
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36 p. p. m., and that for the plois subjected to the 1 each’’ treatment
was 31 p. p. m.

The tobacco from the {wo series of plots subjeeted to special
potassium suifate treatments had nearly the same irace-element
content. ‘I'his indicates that the crude salt aid not supply any of
the trace elements in important quantities.

F- PTRQ-YEAR TESTS, 8¢ FOUNDS OF POTASIE PER ACHE

Where potast: had been espplied at the rate of 30 potnds per acre,
in the 194415 tests, proportions of trance clements found in the
leaves and in the stalks and roots were different from what they were
where potash bad been applied at the rate of 48 pounds: per acre only.
Boron, copper, and zine were presesl in deeidedly grester propertions
than in the 1940—43 tests, and manganese iz very much greater pro-
portions {table 8),

Whien the content of a given trace clement, in parts per million, in
the leaves preoduced in the d-year tests was divided into that in the
leaves produced in the 2-year tests under the same treaiment as regards
that trace element, the results were as follows: Boron—0 rate, 0.8;
1 and 2 rates, 1.2; 5 rate, 1.5. Copper—0@ rade, 0.9; 1, 2, and & rates,
from 1.5 to 1.7. Mangancse—0 rate, sbout 2.5; 1, 2, and 5 rales,
about 3. Zine—0 rate, 1.2; 1, 2, and 5 rates, about 2,

EVIDENCE AS TO TOBACCO'S REQUIREMENTS OF TRACE ELEMENTS

The results of analysis of the tobaceo produced in the siudy at
Florence, 8. C., contribute to the evidence as to what guantities of
the trace elements suflice for normal growth of the tobacco plant.

The boren content of the Jeaf materinl produced on plois from which
this element was withheld ranged {rom about 33 down to about
24 p, p. m. In related investigations, the results of which bave nos
previously been published, it was found that tobacco grown near
Raleigh, N. C., and showing symptoms of boron deficiency contained
6.4 p. p. m. of that element, whereas normal plants grown in the same
field conlained 9.1 p. p. m.; and that plants from Upper Marlboro,
Md., showing boron deficiency contained 22 p. p. m, of boron.

According to the results of this study about 10 p. p. m. of copper
is sufficient for normal growth of tobaeco. The minimum require-
meat of zine apparvently is somewhat less than 10 p. p. m., since the
gin¢ content of normal plants grown in 1542 without application of
that element and of normal plants produced i that year in the
suffefe of potash test was under 10 p. p. m,

The manganese value of about 85 p. p. m., oblamned in this study ab
Florence, 3. ., in 1941 is one of the lowest recorded. Analysis of
manganesc-deficient tebacco planis erown in solution cultures by
J. E. McMurtrey, of the Bureau of Plant Indusiry, Seils, and Agri-
cultural Engineering, the resulis of which have not previously been
published, showed the prosence of only 22 p. p. m. of manganese.
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SUPFLEMENTAL TRACE-ELEMENT DETERMINATIONS

In order to obtain information on the amounts of the trace elements
present in tobaceo grown under conditions different from those of this
trace-element study and tobacco of a1l the major types, samples were
obtained from field test plots in several of the important tobacco-
producing arcas. 'The material sampled had been grown in connection
with various sludies in which none of the trace elements were inten-
tionally applied but varying amounts of these eloments were undoubt-
odly contained in the commercial fertilizers used. '

Prevailingly, the proportions of the individual trace elements found
in the leaf tobacco from other arens did not differ widely from those
found in the leaf tobacco from the 1 each” trace-clement plots
(table 9). Again, the manganese values were considerably higher
than the others. Al the trace elements were notably higher in the
tobrceo from Arlington, Va. The Arlington test plots on which this

TanLe 9.—Trace-clement content of tobaceo leaf of different types from
several tobacco-growing districts !

[Data on water-free basis}
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L The Aclingten, Va., source was experimental plots only, not a regular {obaceo-
growing «isiriet.

3 The Fiorence, 8. (Y, ¢lara in this table are these obtuained in 1910 in the sulfale
of putash test.




22 TECENICAL RULLETIN 1646, T, 5. DEPT. OF AGRICULTURE

tobacco was grown had been in use for many yenrs, and the soil of one
of them had originally been pumped from the Potomac River, With
three exceptions, the proportions of boron found were below 52
p. p. m., which was the average of the proportions found in this study
w1 leal material produced on plots subjected to the nine treatments
including boron at the unit rate. A number of {he samnples contained
less boron than was found in the tobacco grown at Florence on plots
where boron had not been applied.

If the figures for copper content given in table 9 other than those for
tobacco grown st Arlington, Va., are averaged, the result is 17 p. p. m,,
which is prectically the same s the corresponding value oblained in
the 4-year tests at Florenee on plots where copper was applicd ab the
rate of 5 pounds per nere,

The mangancse content of tobaceo grown on plots at Florence where
this clentent was applicd at the 3 rate, 366 p. p. ni., was exceeded by
these of only four of the samples. In the other samples of tobaeco
manganese content averaged 170 p. p. m., or only 12 p. p. m. more
than in the 194043 product from Florence plots where (his element
was applied at the rate of 2 pounds per aere.  Samples [rom ounly three
loealities—Arlington, Va,, Lakin, W. Va., and Upper Mariboro, Md.—
contrined zine in proportions greater than the 74 p. p. m. found in
metecial grown on Florence plots where this elemeni had been applied
at the 3 rate. In the 16 other samples zine amounted on an average
to 34 p. p. m., n value that practically matches the ecorvespounding
value for Flovence material grown in 184013 on plots where zine had
been applied at the vate of 1 pound per nere.

Annlysis of tobaeco seed showed that the sced’s content of manga-
nese and of boren was much sinabler than the average value found for
tobacco leaf, but did nol show that the seed's content of eopper or zine
differed greatly from the leal-tobaceo average.

Analyses were made {table 103 of soil samples taken from the plots
on which somue of Lhe leal material analyzed had been grown.  These
samples were of the surface 7 inches only.  The methods of analysis
uscdd for copper, manganese, and zine were Lhe same as those used on
the tobaceo samples, except Lhat the soils were first (fused with potns-
sium pyrosul{ate and the silica decomposed with hydrofluoric acid.
Total boron was deternained by the ofticial method for soils {3, p. 12).

The values arve for the most part within the range usually Tound for
the different soil Lypes vepresented.  Possibly some of the higher
values are due in part {o previous lertilizing or other soil treatment,
The soil’s content of manganase was in all cases decidedly higher than,
that of any of the other Lrace elements and was subject Lo rather wide
variations. For the most parl the s0ils were decidedly acid, as is
usually the case with good tobaeco soils,

The data obtained do not indieate close correspondence between the
tr{éee-eiomont content af soif and that of tobaeco plants grown on the
soil. :




TanLg 10.~Trdace-element

content and pIi value of soils on which tobacco samples represented in table 9 were grown
[Data on water-free basis)

Locatior: !

Soil type

Boron

Copper

Manganese

Zinc

pH

Arlington, Va

Greeneville, Tenni

Lancaster, Pa

Oxford, N. C_.....-. - i
Tifton, Ga

Upper Marlboro, Md

Keyport silt loam, clay phase

Keyport silt: loam, gravel phase

Soil pumped from river, sandy

Shackelton silt loam . _cowcweaax owrmana
Hagerstown silt loam .

Durham coarse sandy loam..... e
Tifton sandy loam

Collington sandy loam

9.5
13. 1
15.5
6. 8 |
7.7
2.7

(o

P.p.m.

70.7
102.0
96. 0
22. 6
76. 6
16. 0
23. 6

46.0 |

P.p. m.
722
1,195
521

297

1, 960
101
200
269

P, p.m.
72.2
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! The Arlington, Va., location was experimental plots only, not: a regular tobacco-growing district.
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SUMMARY AND CONCLUSION

A scries of plot tests on the boron, copper, manganese, and zine
requirements of tobacco was earried on over a periog of 6 sears at
Florence, 8. C., on typical Maurlboro fine sandy loam, which 1s an
important Hue-curcd-lobacco soil of the Constal Plain. These trace
elements were applied at § different rates in 13 different combinalions,
each of which contained 3 or all 4 of the individua! clemsents, A 3-8-¢
basal fertilizer, which contained an adequate supply of magnesium,
culcium, chlotine, and sulfur, was applied to all the plots at the rate
of 800 pounds to the acre in each of the years 1940-43; in 1944 and
1945 a 3-8-10 fertilizer was substituted. ~ A parallel 6-year test was
made with crode German sulfate of potash in comparison with the
high-grade salt, to determine whether the former contains trace ole-
ments in quantities that affect its fertilizer value. In that test a
3-8-20 fertilizer was used throughout. To avoid adding unknown
amounts of the trace clements, the basal fertilizers used were prepared
front tested chemieals largely of reagent grade.

The tobacco plants grown on the plots where the individual ole-
ments were withheld did not exhibit svmptoms ol deficiency of any
of them. Apparently the supply of cach of the trace elements in
question in the soil of the experimental aren was suflicient at least to
meet the minimum requirement of the tobaceo plants for the duration
of the experiments. Sympioms of horon toxicity were repeatedly
shown by tobacco on the plots recciving that element at the rates of
I and 2.5 pounds per acre, the more severe injury being associated
with the heavier treatmoent,

Statistieal analysis of the yield data for the 194043 tests does not
indicate that any increase in vields of tobacco resulted from adding
the trace elements.  Use of boron at the rate of 2.5 pounds per acre
caused a loss in yield amounting to about 190 pounds per acre; and
copper at 5 and manganese al 10 pounds per acre apparently caused
vield losses of about 90 pouruls per acre,

The results from the 194445 tesls, in which the trace elements were
used ns in 1940-43 but with an increased amount of potash, differed
congiderably from those of the 4-year tests, Tn the ease of bovon,
apparently the 0.5-pound-per-acre treatment gave a considerable in-
crense in yield and the (-pound and 2.5-pound trentments produced
practically no losses.  Copper apparently gave increnses in yields at
el retes of npplieation, and manganese ut the rate of 2 pounds per
acre apparently gave wsmall increase in yield; where zine was applied
the yields weee similac to those of the first series.

Application of erude sulfnte of potash did not result in yields
differing significantly from those obtained where high-grade K50,
was applied. The quality of the tobaeeo produced was very nearly
the same in all tests.  Where boron lhad been applicd at {he rate of
2.5 pounds per acre in 1940-43, the value of the producl was ap-
parently reduced by § pereent,

Each of the trace clements was taken up by the leaves of the
tobaceo planis in amounts varving diveety with {he amounts applied;
the differences were very large for boron, large for manganese and
zing, aml somewhal smaller for copper.  1n samples of the stalks and
roots combined, likewise, the trace-element conlent was grealer
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whero grenter quantities had been upplied, the difference being most
pronounced for zine., With the exeeption of copper, the truee ele-
menls were present in the stulks und rools combined in far smaller
proportions thaa in Lhe leaves. “The lower leaves usually contained
consiclerably higher pereentages of manganese and somewhal higher
pereentages of zine than the upper leaves,

In the 1940-43 lests in which boron was nol applied, the boron
content, of the tobaceo leaves averaged about 31 p. p. m. The min-
imum requirement of bovon for normal development of tobaceo plants
wins [ound i related investigntions at another ptace to be less than
10 p.poom Boron content of aboul 51, 83, and 179 p. p. m. was
found in the tobaceo leaves grown where boron had been applicd at
the rates of 0.3, 1, and 2.5 pounds per aere, respectlively.  The eopper
found in Lobaceo leaves on uny set of plots in any year of the 4-year
Lests was - thin the vange of 7 to 20 p, p. m,

Manganese was foond in the tobsreco in considerably lacger pro-
portions than the other trace elements,  The maximum aversge leaf
conlent of manganese for the 4-year serics was about 365 p. p. m.,
fouml where this element had been applied at the rate of 10 pounds
per acee.  Where manganese had been withheld the {eaf contained,
on e average, about 140 p, poom. T one veur mangancse vadues of
about 85 p. p. m. woere assovinted with several of the treatments. In
adield sumple of Jeal tobacee obtained fram a tobacco-growing district
olher than Florenee, 8. (', the manganese content was 72 p. p. m.
Plants growing in nulrient solutions that showed symptoms of
manganese deficiency wore found 16 conlain 22 p. p, m. of manganese.

Avernge conlent of zine in 1940-43 ranged from 22 p, p. m. where
this clement was withheld 1o 74 p. p. m. where it was applied at the
rate of 5 poumis per acre. The minimum requirement of zine ap-
parently is less then 10 poop,om,

Stalks aund roots combined, in the 4-year tests, contained in general
about 10 p. p. m. each of boron, copper, and zine and about 20 . p. m.
of mungnnese.

In the 2-yvear tests, in which potush was applied at the per-aere
rate of 80 rather than 48 pounds, lirgzer quantities of cach of the trace
elements were takeh up, except that less boron and slightly less copper
were Laken up where these elements were not applied.  The increnses
over the amounts tuken up in the 4-year series ranged from about 20
to aboul 200 percent.

Absorption of the several trace elements seemed to be entively or
almost independdent of the presence of the others; about the sume
concentration of any particular element occurred in the tobaceo grown
where each clement was applied at thie unit rale as where the other
clements were appliedd at various ratoes.

Analyses were made of sampies of tobaceo of various types grown
in several different localities and of the soils upon which they were
grown.  None of the tobaccos were found to contain less than what
are believed 1o be tobacco’s minimum requirements of the trace cle-
ments.  Prevailingly, the propoertions of the individual trace clements
found in the leal tobuceo from other urens did not differ widely from
those feund in the leaf tobaeco from the *1 each” trace-clement plots,
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No close correspondence was found between the trace-element con-
tent of s0il 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
gpecial cases, The results definitely show that on some soils applica-
tion of boron may have serious toxic effacts, unless the quantitics
added are carefully controlled.
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