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NTRODUCTIGH

The essential role or mengenese in the nutrition of
plents is widely recognized. willis (31) stcted thet manga-
nese cen be considered a true plaent nutrient in the sense
that it reguleates importent physiological processes. Furtaer,
ne postuleted thet iron 1s reduced in the organism by the
process of photosynthesis ana that mansenese serves to re-
oxidize it. Thet menganese is essentisl for the normal
growtih of most plants, especielly in orsenic soils, has been
definitely esteblished. In muck and peat soils where
gprlications of minor elcments are a necessity for practically
all crops, tue characteristic chlorotic condition (mottlied
appearance end accentuated veination) of plants grown in
mengaenese deficient soil is commwonly observed.

Verious methods have been devised in en attempt to
counteract the condition of manganese deficiency in solls.
Gilbert (6) found that the deficiency was readily corrected
in onilons either by spraying the plents with men.cnese sulphate
or by mixinz it with fertilizer. iHoviever, little research has
been conducted in tne wey of adding mangenese materiels in the
form of a dust-foliar epplicetion. No resl attempt has been
made to determine the extent of mangenese intaite tnrough the
folizze of plents dusted with a materiel coataining ‘the

element. The qusstion crises. - waat counteracting value does



a manganese dust display on the deficiency symptoms? In
addition, does the dust produce any toxic effects wﬁen
epplied to the folizge, end if so, et whet percentege lavel?
These and other questions which arise prompted an |
investigetion concerning the velidity of the use of dusts
applied to crops grown in manganese deficient organic soils.
Severel dust epplication trectments were set up and compared
with the conventioneal methods of mansanese application, to
ascertein the differznces, if any, in response to the minor
element. Leboratory tests for monzenese were conducted both
on the foliar tissue of the crops grow:a and on tne soil, in
en attempt to correlate the quentity of the element present

with the type and rete of applicatiorn.



-3-
LITZRATURE CITED

lizngansse as observed by Vlasyuk (22), improves the
assimilation of fertilizers, facilitates the decompositicn
of organic substances and iricreases the conteant of nutritive
elements in tne soil. Stokleasa (27) reported thet mangaiese
is tied up in carbon assimilation processes and prowotes
rapid photosynthesis in the chlorophyll apparatus. Lcdargue
(17) presented data in agreement with Stoklasa and postulated
his theory on the presence of large amounts of meanganese in
the leaves and lower concentrations in the roots of various
plants. Remington and Saiver (22), in examining a number
of different vegetables, found from three to eight times as
rmicn mengenese in the leafy parts as in the roots.

Accordinz to Salomone (24), manganese szlts stimlated
the formetion of nitrogenous conpounds in the plant. Neyer
and Anderson (19) agreed somewhat with Salomone in that they
steted thet mengzeanese is related in some way to calorophyll
synthesis, ana thet it plays a part in the oxiaation-reduction
phenomena of the physiologicelly active parts of plants.

The fiist epplicetions of menganese sulfate were made
on rice plantations in Japan in 1902 by Aso (1) and in 1903
by Nagoekxa (20). The first application of manganese to
organic soil probebly was made in Sweden by von Feilitzen (29)

in 1907,
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Russell (23) stated that the soils of England in
whilch manganese deficiency diseases have been found have
usually been of the same generel type, namely reclecimed
peats rich in organic matter end made alkaline by lime.

In lichigan, according to desta presented by ilarmer
(10), manganese deficiency appears on high-lime organic
soills whicin heave been burned; on those which are fed by
alkaline spring water; on those wuich have a marl deposit
near the surfeace and on those walch orizinelly were acid
but have been made alkeline by the applicetion of lime.

According to McGeorge (16), lime-induced chlorosis
was not caused by a deficiency of the micro-nutrient elemsnts
in the soil but rather was due to a phys%glogical deficiency
in which the calcium carbonate content of the soil and its
accompanying elkalinity are influencing factors whereby the
micro-nutrient elements, especisally iron, are rendered in-
active in the roots of the plant. Leeper (14), on the other
nand, has sugcested an hypothesis in which he holds that
menganese exists in an equilibrium in the soil as expressed
by the following equation: llangenous ln —> Colloidel
dydrated MnOyp g&=—= Inert Mn0Op. Langanese deficiency is
suppocedly caused by a reversion of the manganous fousm of
mengenese to the inert form of MnOg. Lellor (18) had sub-

stantially the same theory based on exporiments in wihich he
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showed thet hyarsted mangenous oxide is precipitated in a
very fine stete of subdivision when a meangenous salt is
added to neutrel or &likeline solutions. Colloidel hydreted
manganous oxide is repidly oxidized to ths hyarated cdioxice,
especially in the presence of eliteline eartn hydroxides.
This hydrated oxide is easily reduced.

Conner (2) stated that mangenese of soils kept uader
reducing conditions teands to be more soluble than thhe menga-
nese of soils exposed to oxidizing influences. Tnis follows
in line with the thainking of Piper (21) who stated taect the
availsbility of manganese is influeinced by et least two
factors, c=o0il reaction and the oxidation-reduction equi-
librium, acting in iutimate associstion. C£herman and darmer
(26) have shown that neutral znd alkaline soils possess a
greet capacity for fixing added soluble manganese. On the
other hend, soluble mangenese added to stronzly acid soils
has been found to remain i1ia a very available form. Reducing
conditions, however, according to their findin. s, increese
the divalent meancanese in the soil.

Cook (3) applied mancanese sulfate as a side dressing
and spray in early summer to sugar beets &t dosages of 1CO
and 5 gounds per acre respectively. IlLarked differeuces in
leaf color were noticesble within 10 days. dedaan (5)

obtained large increzses in yielas of sugar beets showing
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manganese deficiency either by spraving with a 1.9% IS0y
spray at the rete of 13.% pounds per acre or by applying
MnSO4 mixed with send at the rate of 54 pounds per acre at
planting time. However, results obtained by Gregoire,
Hendrick and Carpiaux (8), in experiments with the szme crop
using sulfate of mengenese applied at planting time in
quentities verying from 9 to 45 pounds per acre, ware not

in sgreement with dedaan in thet the use of the mengenese
compound slightly lowered the yield of beets but their sugar
content was apparently raised in the same proportion. On
unprodactive alkaline mucks, an annual applicetion of 100
to 200 pounds per ecre of mangeanese sulfete mixed with the
fertilizer and added to rmck soil crops supplies their need
for manganese according to IHermer (9).

Haruver (11) alcso has shown that manganese sulfate
&pplied in solution as a stream or as a spray on the leaves
will produce &s good or better results with a much lower rate
of" ezpplicetion then winen the mencanese sulfate is epplied in
the fertilizer. According to Mann (15) the corrective effect
of man eanese csolutions applied to the leaves was evident et
dilutions as great as one pert of manganese sulfate ia oune-
hundred thousand of water. Davis (4) advoceted that four
pounds of menseanese sulf'ate per 100 gallons of splay are

adequate for crops to show a response to man’anese.
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Gilbert and licLean (7) found thet freedom from
cnlorosis and increezsed yields of onions were secured
wien manzaenous sull'ate was applied especially in tae
solution form end at a rate of eignt pounds per acre.
Knott (13), on tiae otaer hand, working with the same
crop observed striking increeses in growth resaltiug
from the eddition of 100 pounds of manganese sulfeate
per eacre applied et plentiag time.

Very little has been done experimentally in this
country in the wey of edding menganecse es a folicr cust.
Towever, esccording to Klougert (12) a 2£% Lu30, dust hes
been used es @ steudeid practice for application to eny
menzenese deficient crop in Denmeric,

Wilson (32) asserted thet the use of the common
tales witn cust fourules effords little denger of injury

from the diluent fractioil.



PROCEZURE

In the f=2311 of 1220, muck was obtained from en un-
reclaimed ares soutih of the experimental nlots at the lichiten
Stete College iiack mZxperimentsl Ferm. The solil obteined we
taken from the upper 12 inches of the profile and later
removed to tiae greennhouse vicie it was eilowed to dry down to
eprperent optimum molsture conditions for the crops to be
grown. Loisture eana pid determinctions were teken as soon &s
these conditions prevailed.

One-hundred and twenty-two gallon pots were filled witn
a uniform weight of scil waich had passed through & 1/4 inch
screen. To the soil in each pot viere added tne eguivelent of
10 tons per ecre of cealcium cearbonete and 3070 pounds gper
acre of a 3-2-1& fertilizer mixture, witn the exception of
& pots walcn were to e ucsed as check pots.

Sixty ;ots were seeded to sugar beets (Variety 21 x 216)
end the rencinirg sixty to onicns (Veariety Erighem's Yellow

-

Globe). Approximetely £0 sugal beet seeds were planted per

pot, end in the cese of onions 2C-30C seeds per pot were ucsed.

The seecs of both croyps were trested with Arssan to prevent
amege from soil-borne orgenisrs. The sucar beets were

thinned to €, later to 3 and finelly to 2 plants per pot.

The onions were thinned to 6 plants per pot.
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The sixty pots for each crop included 15 trestments,
each repliceted four times. The following treatments were

epplied:

1. LknSC + (spray grade) 100% dust
" 4 " . "

2 . " 7 O%

5 o 1] " " 4 0}6 (1]

4, " ] [[] l o% 1]

5. Telc check

6. liu-12 100% dust

7 . " ) 7 O;o "

Se " 403 "

9., " 0%
1C. No dust
11. nSO 1.5% spreay

12. MnSO4 mixed with the fertilizer and epplied at the rete
of "400 pounds per acre at plenting tire. ,

13. 1nSC, applied as & cide-dressing at the rate of 4C0
pouands per &cre.

14. Yo lime®

15, ©Nu-k mixed with the fertilizer and epplied et the rate
of 40C pounds per acre et plenting time.

In treatments 1 to 11 inclusive, with the exception
of treatment 10, the soils of replicctions 3 and 4 were
covered to prevent dust or spray from coming in contact with
their surfaces. Thecse treatments were applied at £ week

intervalse.

lTecmangam, a procduct of Tennessee Eastmen Corporaticn,
was toe source or ell LnbTy used in the exXperimeant. It con-
talus €55 soluble tnSGy, other ingredients being emmonium
sulphate and niggnesium sulphate.
2 Ne-M  also a rr.elud' of Temmessee Eastman C°"|f'-f
s o asiec mdnqancse sulfate ~carbemate comtarming,
4% meTallic mangeanese.
with the exception of treatment 14, &ll trestments
received the eguivulent of 10 tons of lime per acre in order
to crecte & men.anese deficiency.
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Treatments 1 to 9 inclucsive were applied at the rate
of £0 pounds per acre for the first three applications to
the sugear beets. OSubsecuent eapplicetions for this creop were
epplied at the rete of 150 pounds per ecre. In the cese of
onicns, the care trestments were epplied et the rate cf &0
pounds ger acre for the first apglicetion. The next 3 sppli-
cations were eaded et tihe rate of 150 pounds per acre, wihile
the lest 3 applicaetions were et the rate of &0 pounds per acre.

A1l dust treatments were applied by means cf a dustiig
tower (Fig. 1 and 2)%. A known guentity of dust was intro-
duced into the T-tube gt the top of the chamber and discharged
manuelly with the aid of an atomizer bulb. The dust descended
through a long cylinder end by the time it reached the plant
at the bottom i1t was cispersed evenly over the water-moistened
exposed leef surifece. A 1/4 inch wire screen was used to wrap
eround the plants in order to confine all the leasves within
the cylinder.

In treatwent 11 the sprey was apnplied to the plants
by a hend sprayer until conplete leaf coversge was obtained

(approximstely 200 gsls. of sprey per acre).

#*Dr. G.H.R. .Jervey, Dept. of Lntomolozy, New York
Agr. Pxp. Sta. supplied dustiig tower plans wiich were later
modif'ied by Dr. J. F. Davis of the iichigan Stete Colleze
So0il Sci. Department.
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Fig. 1 - Dusting tower showing wire-enclosed plant in
position for dust treatment discherged from
T-tube at top by means of eatomizer bulb. Note

moveble cylinder in "down" position.

Fig. 2 - Dusting tower showing wire-enclosed plant in position
for removal after treatment. Note movable cylinder
in "up" position.
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The mengenese materisls used in treatrents 12 and 15
were applied at plenting time. The specified emounts of
LnsS0, or Lu-il were thoroughly inccrporeted with the soil
before seeding.

ks regards to treatmert 13, the meterial was spriniled
on the so0il surface and incorporeted into the top inch of
the soil.

Durinz the early growth of the croys, copper was addaed
to all pots et the rate of 100 pounds of CuSO, per acre. In
later stages of growtn, & totel of 600 pounds per acre of
armonium nitrete were edded at different intervels to the
suger beets in an &attenpt to counterect an apparent nitrogen
deficiencye.

One weelr following the application of each dust e&nd
spray treatment, notes on the degree of counteraction of the
mangenecse deficiency symptoms were telen for all treatments.

At harvest time, both leesves and roots of the sugar
beets, end in the case of onions, tops &nd bulks, were
anelyzed for totel moncenecse. 4n attemited correlation of
these results was made with the yields of the same cropse.

So0il samples from limed and unlimed pots were teken
end eanalyzed for exchangeeble, easily-reducible, and totel

mengenese.
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Leaves from suzar beets in separate fiela treetments
of 1% in3C, spray; 5C. lnSC, dust; £C& Nu-ll dust, end Check,
all grown at the liuclt Experimentel Ferm on a soil to which
had teen applied 9 tons of limestone per acre, were taken &t
verious intervels during thne growing season end analyzed for
total renginese. These results were compared with those
obtained under greenhouse conditions.

Exchengeable Loncanese (25): Exchengesble mengenese is the

mangenese wnich can be fekiaced in the soil complex by cation
exchanze. The excnengestble medium used was a normsl neutral
ammonium acetate solution adjusted to pd 7.0.

To the 5 gram soil sample from which a moisture secmple
wes teaien wes edded 250 ml. of neutrel normel arumonium
acetate. The flask was tightly stoppered and then sheken at
frequent intervals. At the end of 24 hours it was assumed
that equilibrium had been ettained. The mixture was filtered
through a Bathner funnel, the soil washed with portions of
ammonium acetete colution and the soil again returned to the
original flask. The filtrate was evaporated to a small
volume end it then transferred to crucibles and evaporated
to dryness. After the filtirate had reacned dryness, the
residue was taken up with concentrasted Hdli0z, after which was
added 10 drops of &% phosphoric acid, 2-3 drops of concen-

trated sulfuric ecid and 0.3 gram of potessium periodate.
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The solution was then neated until full cclor o the
permengenate developed. It wes then cooled and compared
in & colorimeter with previously prepared standaras. The
mengzanese content was reported in parts per million.

Fasily-Reducilkle ianganese Dioxide (22): Easily-reducible

manganese is the quantity of manzanese aioxide thet cen Le
reduced by a 0.2 per cent solution of hydroguinone in a
buffered solution of neutral, normel ammonium acetete after
the water-coluble and excaengeable nangeanese have been
extracted.

Tc the soill sample from wnilch the exchangeable menga-
nece was extracted was added 250 ﬁl. of normel smmonium
acetate scluticn conteining 0.2£27 hydroquinone end buffered
to the pd 7.0. The flasit was tightly stoppered end shekxen
at freguent intervals. At the end of 24 hours the content
weas filtered throush a Elchner funnel and the filtrate
treated in tie seaune menner as the filtrate in the exchangce-
able menganese determination.

Totel Fenenecse (30): A 5 gram sample of air-dry soil or

tissue, from waich a moisture ssmple was taken, was weizhed
into a crucible znd ignited over night et 500°-600° C.
Three to 5 ml. concentrated nitric acic were added to the
ash and boiled for 1 minute. Approxinctely 25 nl. of

distilled vater weie then added and filtered throuza a
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Blchner funnel. The residue was weashed with hot water uatil
the washings came threocuzh free of nitrates (test wita
diphenylemine). The filtrate was evaporated to a volume of
10-40 mi. and treeted in the same menner &s that for the

exchangeavle mengenese determinetion.
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DISCUSSION OF EXPERILIENTAL RESULTS

Sugar Eeets

Fige 3 - Two sugear beet leaves comparing a healthy leaf
on the left with a severely chlorotic one on
the rigant due to a deficiency of mangenese.

Fig. 4 - Sugar beets 14 weeks of age. 0 - no lime;
1l - 10 tons lime per ecre. Notice the chlorosis
of the plents which had received lime,
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The legend used for mangenese deficiency symptoms
of sugai beets is:

h - healthy
v sl - very slightly chlorotic
sl - slightly chlorotic
m - moderately chlorotic
m sev - moderately ceverely chlorotic
sev - saverely chlorotic

Teble 1. llansecnese deficiency syluptowms one week following
second application of mensanese dusts and spreay

" Total ig.applied

Replicetion to plants or soil
Treatment 1 2 3 4 (1b./A)
MnSO4l 1CC% dust v sl m sevm h 23.4
" 706 " sl h h v sl 16.4
" 4C% " m v sl sl v sl 9.4
" 10% " v s1 m sev sl m 2.3
Talc check m Sev s m sev sl none
Nu-LI2 100% dust m sev sev m m sev 40
" T0% " m m sev m 28
" 405 " sl s m v sl 16
" 1G5 " m Sev m Sev sev sev 4
No dust v s1 sl m sev sev none
mnso43 1.8% spray h sl v sl h 12.2
" eI h sl h v sl 93.¢€
w S s,D, m v sl h h 93.6
No lime vsl vsl h h none
Nu-I P.T. vel vsl vsl vsl 160

=

1nSCy sprey grede ccntains 23.4% lLn.

c
“Nu-lI conteins spproximctely 409 lin.

2

knS0, sprey applied et approximetely 200 gels. per acre.

™

L SO4 P.T. - inSCy applied at planting tinme.

“Ins0, S.D. - MnSO, side-dressed.
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From Teble 1 it is observed that the least amount of
chlorosis at this stage was present in plents that received
soll ep;licition of mangenese, either at plenting time or
&s a side-dressing. There was no definite correlation
between the amount of mengenese applied and the symptoms
observed in plents receiving dust treatments at this stage
elthough a slight trend could be detected.
Teble 2. Langenese deficilency symptoms one weell following

v
third applicetion of mungenese dusts and spray
to sugar beets.

Total kn applied

Replication to plants or soil
Treatnment 1 2 3 4 (1b./4)

ln30, 10C7 dust  h vsl vsl sl 35

" T0% " sl h h sl 24.6

" 406, vsl vsl m m 14

" 10% " m m sav n m 3.2
Talc checlk m sev h sev m sev none
Nu=-i 10C. dust sev sev m Sev sev 60

L 70% " m sev n sev sev 42

w40 " ul m sev m Sev m 24

" 10% " nm sev n sev m sev 6
No dust sev m sev sev sev none
InSCy 1.5% spray h h h h 18.3

" Te h vsl h v gl 93.6

" S.D. v sl h h h 23.6
No lime h h n h none
Nu-i P.T. h vsl vel vsl 160

Table 2 shows the lancreasing effectiveness oi the

mangsanese 1n those plants growing in pots wihere it was
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eoplied to the soil. Trectments of 1nS04 P.T., 1nSC4 S.D.
end Mu-i P.T. ere repidly overcoming the mangecnese deficien-
cies while the treztmeats of 1804 sprey end the unlimed
trestment heve elreazcdy resulted in a heclthy appearance of
the plents. It is interesting to note that plunte receiving
the spiay trectuent gave a in response &< guicikly as tnose
to whilch no lime was epglied althoush no deficiency symptoms
were expected in the latter case. The pronounced symptons
displeyed by plents trected with the lnSC, dust could be
readily observed wiaere increaced amounts of the element were
applied. The converse couald be noted in the treatments
involving the Ku-Ii dust. Plants receiving the Talc and No

Dust treatments responded as expected.

Table 3. liangenese deficiency symptoms one week following
fourth epplicetion of mansanese dusts and spray
to suzar beets.

Total Ln appliéa—

Replication to plants or soil
Trectmeit 1 2 3 4 (1b./4)

MnSO4 1005 dust n v s1 1 v sl 70.2

" TG0 " vsl h h v sl 49,1

" 4075 " h n vsl h 28

" 1Gk " sl m sl m 7
Talc chacck m h m sev n none
Nu-i 100% dust m sev m sev n m sev 120

" T0% " m sl sev sev &4

" 40% " sl sev m sev m sev 48

" 105 " sev sev n sev 12
No dust sev m sSev sev sev none
10804 1.5% spray h h n h 24.4

" F.T. h h n h 93.6

" S.D. n h h h 95.6
No lime h h h n none
Hu-i P,T. h vsl vsl h 160
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Table 3 shows thet the lest five treatments generclly

resulted in the growta of neclthy sucar beet plents.

Increasing emounts of 1nS0, dust, with the exceptioa of tihe

10% treatment, quicikly improved the appearaice of the plunts.

The Nu-Iki dust trectmeats eppeared to be adding little inm to

the plants involved and the chlorotic symptoms of the plants

remeined practically unchenged.

Similarly no chenges

occurred 1u the cihnlorotic conditioa of tne suzer beet plents

recciving the Talc or "no dust" treatmsnts.

Teble 4. lLanganese deficiency symptoms one week following
fifth epplication of mancanese dusts and spray
to sugear beets.

Total ln applied
Repliceticn to plants or soil
Trectment 1 z K 4 (1b./4)
LinSO4 1004 dust h n h h 10c.3
" T0% " h h h h TS5 7
" 4C5% " h h h h 42.1
“ 106 " h sl h sl 10.5
Talce check m h m sev m none
hNu-ii 103% dust h v s1 sl m 180
" 70% " v sl sl m m sev 126
» 43¢ " n m cev h m sev 72
" 10% " sev m i} sev 13
No dust sev m sev sev sev none
LnS0y4 1.5% sprey h sl h h 30.6
" P.T. h h h h 93.6
" S.D. h h vsl h 93.6
No lime h h h h none
Nu- P.T. h h h h 160
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Table 4 shows thct tae 1nS0, dust treetments, in
general, have resulted in the production oi nealtnhy plants.
Plants receiving the Nu-ia dust trectments gredauelly overcame
the severe mancancsse deficlency symptoms. The eflfectiveness
increesea &s the amount of manganese applied was increased.
Table 5. Lunganese deficiency symytons one weex following

the sixtih applicetion of mongenese dusts end
sprey, conmgcared with gverege yields ol sugar

beets.
Total s applied Average
Replicetion to plents or soil yield
Trectment 1 2 3 4 (1b./4) (smse )
InS0y 10C% dust h h h h 140.4 350
" 70,5 " h h h h 938.3 335
" 407 " h h n h 56.2 289
" 104 " h v sl h h 14 321
Tele check velvwvslnm m none 330
Nu-i 1004 cust h h h h 240 320
" T0% " h h h h 168 299
" 40% " h v €l h m 96 328
" 10 " sl h h v sl 24 282
Ko dust Sev m SevmsSev sev none 258
MnSCy L. 5% spray h velh h 36.7 3352
" pP.T. h h h h 9%.6 328
" S.D. n h h h 935.6 299
No lime n n h sl none 283
u-L P.T. h h h n 160 328

— e —

Table © shows the rapid disappearance of the mengwiese
deficiency symbtonis of the beets receiving tihe Ku-lLl dust
treatments and their effects on yields. This table mar te

compered with the detailed yield results shown in Teble 6.
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From the foregoing tebles it is noticed thet the plants
giving the quickest responcse to mengenese cpplicaticns were
these growing on soil treated with mengscnese eithner at plant-
iug time, as a side-dressing, or as a foliar spray application.
Plents treated with InS0, as a folier dust were slower to
respoud with the 100% and 707 treatments givingz the quicker
responses in this cese. The slowest response to manganese
epplication wes observed in plants on which Nu-Ii was applied
as e foliar dust. UINcne of the foliar ey plications, regardlecss
of' the dilution, caused en injury to the plants thus treated.

Criticel levels of mengccnese eare evident in the
various methods of &pplicztion. Cnlorosis disappeered waen
approximately 15 pounds of Lin per ccre were addea &S a cspray.
with the use of lnS0, dusts the same results appeared only
after 50-40 pounds per &cre of Ln had been applied. dowever,
it reguired about 175 pounds per acre of lin epplisd zc a
Nu-i dust to give the desired heelthy condition of the plants.
The amount of menzanese added in the soil applications
evidently was sufficient ac normel healthy growth was quickly

atteined after trectment.
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Teble 6. The effect of metiods of applicetion of two
mensenese meaterials on the yield of suger
beets grovn in the greennouce.

Grams per pot

Treat. Replicetion
Treatment NO. 1 2 3 4 Lecn
Lin504 1C0% aust 1 340 253 452 362 350
" 7C% " z 218 241 242 241 3325
" 407 " 3 269 356 256 295 239
" 1355 " 4 295 267 355 2067 221
Tele checlk 5 322 292 313 324 330

Nu-i 100% dust 6 301 352 275 373 32
"ooo70% " 7 294 £33 £33 336 299
w40, M 8 325 330 292 317 528
wooo10% M 9 214 266 319 329  £82

No dust 10 308 285 250 220 258

1ns0, 1.5% sprey 11 416 290 322 301 332
w = p,T. g 362 267 350 335 329
" S.D. 15 359 296 329 254 300

No lime 14 252 270 314 289 28

Iu-L E.T. 15 353 316 312 330 328

Teble 7. Finel analysis of variance tatle of yield data
obtained from suger beets grown in the greenhouse.

Source of Degrees of

variance freecom Sum of sguares lican square F
Totel 59 118882.98

Blocks ) 468,31 2156.10
Treetmauts 14 359C3.73 £563,84 1l.41
Error 42 76450.94 1820.26

' at 5% level 1.%24

Failure of F to reach level of 5 poiut siznif'ies that no
signif'icance existed between treatimnents.
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Althoush no significance existed between treatments,

m

a definite trend was 1ua evidence. The highest yield vas
obtaiaed from plants trested with 10GL 1nB0, dust eand the
lowest yield from those receiving no dust treetment. Second
and tiaird highest rields were obteined from glents receiving
the 705 EnSO4 dust and inS0y sprey treatuents respectively.
The average yield of e&ll inS0, dusted plents wes 324 greus
as compered to 337 end 319 grems for those receiving the
Nu-L dust trectuents and soil epplicition trestments
respectively.

with reference to Teble 6 it ie noticed that the
covering of the soil surfeces in repglicetions 3 and 4 of the
dust end sprey treestments hed no influence cn yvield of beetse.
Teble &, Luentities of exchangectle, easily-reducible,

end totel menganese in limed and unlimed
orgenic soils.

Limed soil | nlimed soil
Form of In (In in pDepem.) (In in p.pem.)
Excheaengeetle 14 45
Eesily Reducitle 45 1G0
Inert 114 22
Total 173 177

Table € dewmonstictes the effect of lime 1n chenging

the eamounts of' mengenese present in the verious forms. The
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initisl pH of the soil before liming was G.C but was reaised

to & pid of 8.1 after the eguivelent of 10 tons of lime per
ecre had been adcded. Undoubtedly tue nigh eixkalinity
influenced the rongenecse egniiibrium within the soil causing

a reversion of' the moire soluble forms to forms whicih were

more nizgily oxidized and &s such viere more uncveileble to

the plent. Thics unaveilsbility was evidenced Uy the chlorotic

condition of sugear beets end retarded growth in onions cn

soils treated with lime.

3

eble 9. The effect of manzenese agpplicetions on totel
mengenese in suger beet tissue and on yields.

Totel in Total Ln Average
in leaves in roots vield
Trectment (Dep.I. ) (pep.m. ) (fms. )
MnSO4 10C% dust 1125 &0 350
" 7CS " &5 25 335
" 40;: " 22 20 289
" 10% " 20 1C 321
Telce checxk 50 5 350
Nu-L 10C% dust 163 15 220
" T " 120 10 2932
" 40% " 100 5 228
" 10% " 113 10 282
o dust 28 5 208
Ln504 1.5 spray 1125 10 352
F.T. 63 15 329
" S.D. 75 15 300
No lime 1CC 55 289

Lu-I. P.T. 1co 40 328
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Teble 9 shows thet applications of mangansese resulted
in an i.cressed mengenese countent in the plent tissue. It
is interesting to note the differciuces in the aiount of menga-
nese cbsorted iato tne leeaves by the vericus foliar eppli-
caticns. The KASO4 ust was ebsorbed to a muci greater
extent then Nu-l! dust regerdless of the concentretion of
mengenese spplied. It shoulad be sointed out that the Nu-If
contains 40 lln as compared to only 2£3.4; in the spray grade
XnSO4. On the other hesnd, Nu-i was ebsorbed better through
the roots than KnSO4. Noteworthy elso is tihe observetion
thet where high armounts of mongcenese were cpplied to the
f'oliace, correspcendiangly hisgh emounts were found in the roots.
Trenslocetion of mengcanese, then, wes definitely in evidence.
There wes no correlation between the cuentity of
mangenese found in the leaves end yields. This suggecsted
thet otner factcrs clong with mengsanese, and not the latter
alone, determined the yields obteined. :lthough no correlation
existea, a trend could be detected. where the largest amounts
of mengenese were preszsnt in tae leaves the vields were also
guite nigh. The lowest yield was obteined where the least

amount of mengenese was present in the foliage.



=27~

Teble 10. The tctal mengenese contert of suger beet leevss
and the comparetive deficiencies of man:enese &s
indiceted by lear symptons &t two growth inter-
vels® gt the ilichiren Stete College Luck
Experimentel Farm.

peficiency Total in in
Rate of SYmntoms leeves (p.p.m. )
applicetion Interval Intervel Interval Interval
Trectment Dper acre 1 2 1 2
No mengzeanese none severe moderate 13 35
InSCy P.T. 100 pounds slight healthy 1° 40
KnSO4 S.D. 1CO pounds slignt very 31 £0
slight
KﬂSO4 o0 dust 3T pounds heelthy heslthy 31 00
hu-li 50}, dust 35 pounds very heelthy 38 3295
slicht
InSCq 1% spray £00 gallons hezlthy heelthy 375 438

#*Intervel 1 - cne weex following second sprey applicection and
2 weexs following first dust applicetion; Intervel £ - two
days following third dust applicection ana one weex following
third sprey applicetion.

The deta in Table 10 illustrate the reletive eff'iciency
of the ebsorption of mangenecse by plants receiving the various
mengsenece trectmwents.  Lengonese sulfete, applied eitiner as
a dust or es & sprey, wes cbsorbed thiroush the leaves more
rezdily than the Lu-ii dust. The teble slso cemounstrates the
relstively low emounts of mengenese found in leaves of suger

beets grown on soil treated with man:cnese either at the

time of plenting or as a side-dressing. The low figures,
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however, do not necessarily mean thet poor growth resulted.
The largest beet plants «t Interval 2 weie growing on plots
trected elther with menZcecnecse at plenting time or as a
side-dressing. Poorest growth end severest leaf deficiency
symptoms were observed in plante on plots which had not
receilved nengenese in any form.

In the eerly steges of growth, plants on plots treated
with mengenese et plantingz time were the most advenced of
eny plents in the experiment. Leter, &s other treatments
vere éepplied, the line of demarcation was not as nronounced.
In eaddition, chlorotic leef symytoms graduzlly disapneared

from plants in &ll plots receiving monganese.
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Onions

Legend:

lime - 10 tons lime per acre; P.T. - planting
time; S.D. - side-dressed.

Fige 5 - Relative height of onicns 10 weeks after planting.
3 - lime, 400 pounds per acre MnSO,, P.T.; 5 - lime,

400 pounds per acre lnSCy, S.D.; O - no lime;
4 - lime, 400 pounds per acre Nu-l, P.T.

Fig. 6 - Relative height of onicns 10 weeks after plenting
and one week following third applicetion of dusts
and spray.+$ - lime, 100% LnSO, dust; 2 - lime,
100% Nu-I dust; © - no lime; 2 - lime, 1.5% LinSO4
spray; 1 - lime.



Fig. 7 - Relative height of onions 14 weeks after plenting.
S - lime, 400 pounds per acre 1nS0y S.D.; O - no
lime; 4 - lime, 400 pounds per &acre Nu-li P.T.
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Fig. 8 - Reletive heignt of onions 14 weeks after planting
and one week following fifth applicetion of spray
2 - lime, 1.5% MnSOyp spray; O - no lime; 3 - lime,
400 pounds per acre lnSCy P.T.
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Fig. 2 - Relative height of onions 14 weeks after planting
and one week following fifth application of dustse.

- lime, 100% linSO4 dust; O - no lime; « - linme,
407% UnS0, dust.

Figs 10 - Reletive height of onions 14 weeks &after planting
and one week following the fifth applicetion of
dusts. 9 - lime, 1l00% Nu-l dust; O - no lime;

7 - lime, 40% Nu-M dust.



Fig. 11 - Relative height of onions 14 weeks after planting
and one week following fifth epplicaetion of dusts.
6 - lime, 10% Nu-L dust; O - no lime; 1 - lime.

Fig. 12 - Relative height of onions 14 weeks after plenting
and one week following fif'th applicetion of dusts.
~— - lime, 10% lnSO, dust; C - no lime; - lime,
talc dust.
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Fige 13 - Relative height of onions 14 weeks after planting
end one week following fifth application of dusts
and spray. 5 - lime, 400 pounds per acre S.D.{MnS0,);
O - no lime; 4 - lime, 400 pounds per acre Nu-IL
P.T.; < - lime, 100% knSOy dust; 1 - lime;

6 - lime, 10% Nu-lL dust; 2 - lime, 1l.5% MnSO4 spray.

The accompanying figures (5-13 inclusive) illustrate
the reletive height of onions under various treatments at
10 and 14 weeks after planting.

In the early stages of the experiment the onions in
pots that had not been limed made the best growth. As the
season progressed, onions on soils treated with mengenese
at plenting time or as a side-dressing showed a marked growth

response to manganese. The final yields, however, for the

three treatments were in the followiing order of decreasing
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maznitude: no lime, meangenese &t planting time and side-
dressed (Fig. 14). langancse sulfate applied as a dust
increased the growth of onions in order of the strengtn
applied. The Ru-l, even though containing a higher

percenteagce of ln, was not es effective as the mngenese
sulfate in increasing the growtih szind when epplied without

a diluent resulted in a reducticn in yield as compared to
yield from plents receiving a 70, dust applicetion. Ilangean<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>