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Research carried out over man: ;ears in scientifie and hirher cducational institutions
in the Ukraine nas chown that various amounts of trace elements such ac manganese, 721inc,
molibdenum, lithium, etc., which are ver amnortant for the atructure and functions of
plants, are localized in tne cells individual organoids, tissues and organs »f the
plants, Tuese trace elements form compleven of var, ing statilaty wrth the orranic ligandsp
pregent in the cells, timsues ard orfans of nlante. A lack of trace clements i the
soil, nutrient nsolution or seeds produces patioloy 1cal coances o tae olant orp aniom,
which are the result of disturbances in the erchange of nucleiric acils, nroteing, 1lipids,

physiologicelly active subetances end 5o oOn, caused b tne lick of one element or another.

Trace elementg prevent the occurrance of functional disorders, increune the resist-
ance of planta to various "nfavourable ccnditions in the environment and to fungoid and
bacterial diseases, and also increasc thc plants! nroductivity . The effectiveness of
fertilizerc and preparations contailning trace elements depends on the eontent of avail-

adle forms of such cloments in the so01l, tne Livlup icel and varietal characctcrictics of

-
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the orons, the 8011 rnd ~limatic conditiona, the form, doee wnd mothe! of eonlic tion
and, it» atdition tioe amounts of troee elementn in the gecds of the nluntm under ~ultive

tion,

In order o nrovide o baeris for t oo moot effertive une of trice eleoments in Ukrainian
agriculture (nd t plan for th «r suprly ond diatribution to differert zonee, dictricis,
and collertive and State forme, zlorte v boen drewn un showing the content of cvail -

able fuorm: of trice c¢lamrntn in the moin vorieticn of soil in 4.0 rrnublie,

In ordor to bring micro -nutriente intc wider usc in egriculture in addition to the
use of trece clement aalts and preperctions for sced dremsin. and for the enricnment
of superphosphrte fertilizers Buc nutrients should be introduced into the composition
of roncentrated mixed ond complex mineral fortilizera. In order to ecotablish the
technolog: for producine mixed and comnlex fertilizers containins traca erlements, the
optimum domses of munganese, molyvbdenum zinc, lithium and boron in thesc fertilizers
are determined, the best rotios of macro and micro-nutrierts arc selected, and tests
zro carried out with the new fertilizers on differcnt cgriculturel crope in diffcrent
soils and climotic zones of the Ukrzine, toking into account the existirg content of

available forme of the various tradc clements,




Despite the vast amount of information thet i3 snnually

received on the effectiveness of differont types of micro
ferlitizers and the significance of microelements for the exi-
stence of living organizms, the disclosure of the essence and
diversity of their effect und actiun on separate stages of me-~
tabolism during the growth processes, the development and fore
mation of harvests and the qu -s1ty of agrioul tural produce is
by far incomplete,

At the present time, due to the utilisation of up-to-date
methods and teshnicel research equipment, physiologists and bio=-
chemists are confidently passing from the study of changese which
take place during tne piesence or absence of tnis or thwet nicro-
element in gencral integral procecses of metabolism (respira-
tion, photosynthesis, etoc.) to more profound research conducted

on the level of a cell), separatc organoids and molecules,




In recent yeurs, Uxkrailnion scientists occupled with the
stuéy ol bthe bivivgicuwl rviv o g;urawlcments i, the 1ifec of
piants Lhave coutuicu ause va vuwis abtention on investigaling
the physiological und biocnemical essence of the action of se=-
parate microelements on Lic one hoand, and on the other - on
creating and studying; the effectivenesns of new types of forti-
iizers containing microclemonts in various soil and climatioc
conditione on buaric agriculturel crops,

Research has ahown that a cell and scparste organoids con-
tain diffcrent amounts of microelements of manganesec, molybde-
num, zinc and boron vwhich are very important to their structu-
re and functions, It Lus been found tnet molybdenum and zinc,
which comprise a numbur’ of enzymes vexing part in nitrogen nc-
tabolism, ure in noticeable amounts localized in ribobodies wnd
cytoplasm, while manganese and iron which regulate the reduc-
tion-oxidation proces-es of photosynthesis sre found in chlo-
roplasta wd cytoplasm, A co siderabls amou t of boron, which
favourably influences the processes of photosyntietic phosplo-
rylation, is ulco found in chnloropiusts (Viasiuk and others,
1963, 197I; Kibaleunko, 1965, 1966; Viasiuk, Ivchenko, I967),
By using the metiod of clectronic microscopy, it has been es~
tablished that a shortage of microelements results in patholo-
gical changes in the ultra-structure o cellular organoids and
the disturbance of functionul ectivity (Silaycva, Uzenbayeva,
Siirayev, Ostrovikoya, 1907; Timeshov, I906; Zaitseva, Ostrov-
skaya, 1968; Kibalenko, T909; Zakharchishina, Kluchko, 1970;

Pilipenko, 1,70}, By unins the methods of ion~cxchange chromg~
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tograpny, linfrared spectroscopy and clectronic paramagnetic
resonance, 1t has been vatablished that microelements are for-
med by coupluxes of varied 3\abiiity contaiving nearly all the
organic addenda found in & cell - proteins, nucleic acide, amino
acids, sugars, polyplenols, organic acids and substances of the
Cell meabrane (Vlasiuk and oclers, I969; Kibalenko, 1968;
Vlasiuk, Klimovitskaya, Bidzilya, IY70; Rudakova, Rizhikova,
1968; Rastorguyeva, Ostrovekaya, I970), The character and sta-
bility of the tie between the nicroelehente and addenda depend
on the level of their presence in the organs, tissues and cells,
&8 well as on the concentration of addends and the physiologi~
cal atate of the plants,

The cultivation of plants in extreme conditions of micro-
elemental sufficiency has shown that manganese, boron and mo-~
lybdenum increase tne fraction of transport RNA (when fractio-
nating the total preparation of nucleic acids on columns of
methylized albuain in kieselpuur), wnich is proof of the inten-
sification of its adaj.ory properties when lransporting smizo
acids and biosynthesizing proteins. A shortage of zinc, mclyb-
denum end boron in plants results in the degradation of the
fraction of light RNA and the increased heterogeneity of DNA

which fully corresponds with the growing activity of ribonuclease

and desoxyribonuclease frequently noticed in those plants
(Timashov, 1966; Vlasiuk and others, 1969, 1%9 a; Kibalenko,
Sidorshina, Demchenko, 1970; Ivchenxo, Krasina, Kmrabchuk,
1970).
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The elimination of boron from the nutrient mixture brings
about a complete atnppage of the DNA synthesis in most of the
sells in the root tipr nf pe~r, and also reduces the RNA syntho-
gis iu th- nepienctio and tro ~itinsnul zone ' Timashov, I970¢
Rapota, 1970).

The disturbance of nucleic acid metabolisa in plants cul-
tivated with a shortege of this or that microelement is most
likely taoe result of their influence on stabilizing the struc-
ture of DNA and RNA end forming DNA-RNA aybrids waich are less
subject to the sttack of nuclease enzymes., The similar effect
of microelements having different chemical properties and phy-
siolcgical significance is explaeined by the fact that all of
them can compiex with nucleic acids due to phosphate groups.
Besides, a specitic correlation ies indicaced between each micro-
element snd other functional groups of nucleic acids; for example,
petween zinc and molybdate ions end nitrous bases, and between
borate and ribose groups (Vlasiuk and others, 1969, 1970, 1970 s
Kivalenko and others 1470).

The 1ithium microelement has had a favoursble effect on
the respiratory intensivcness ot tomato plants and aubergine;
as well as on the value of Lhe respiratory coefficient which
is the qualitative index of the process, During the entire
ontogenisia, the plants cultivated on a nutrient mixture con-
taining lithuium have a higher respiratory coefficient than stan-
dard ones, which shows that they cousume more oxided organic
compounds as a respiratory substrate, primarily sugars which
considerably rise in  content under the influence of lithium

(Okhrimenko, Uyazcovskaya, 1970).
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Rubidium, nicilc and cesiwn ioreeet he reepiratory peb) -
vity of germinubing neada of winter “nuab ad celd vhilte tita-
niua inhi! ttes the prcesd.

The intenaivencss wWith vwu.cn oraule ac.uy e icrped .
clcsely cennested wlith the raduct’on=axicerisr pranenta snd Vi
energic level of tne cell which changes under vhe intluence of
microelements.

It nes been shown that Lickle and cesniun reduce the otal
quantity of organic ecids in 3-duy=0ld purms cf winter whaat .
compared with 2~day=0ld 3eTa3, #hich cen te cxplsirel by thoir
active in¢lusion in tne metebolic processcs ol the young plantc.
A chromatographic geparation of organic acids showd the presence
of uxalic, tartaric, mellc, glpus~ketoglutnrid wnG aconitic uwcla .,
and at the sare tims ostabliches thut tarvaric (cld 18 ucocu™m' -
lated in relatively lurge quantititen i1. Lho gerns. Undour the
influence of microclements, cLe conteas of ooscanie acids chuii-
ges to varioun dagrees, but in thu wala sorircletes wvith the
activity . soprerrtnnci 5 el rdropennte (V1 siuk and cthers,
1970).

TL was specified that 1ithium caused (.4 acounulation ol
tartﬁric and especially malic organic acide in the lcares of

tomato plomta, wulle shy sontent of cltric ucic altered slighiviy.

Pregowling Enrichment of Seeds witu nheroelannnts

The Iustitute of Plant Payeiology ol the Ukrainian Acaicry
of Sciences hus worked oub apd extensively introduced into arri-
culture u method of prusowing sariclmint of seads (vith nicro-

elements) bty dusting them witli a mixhare ol microclement enlsc3

and talc, simultenecusly carrying ont disinsection (Vlasiuk,




Darmenko, [965).

Hesearch Lus repeaiediy suuwn 8 noticeable increase

(2, 72-foid, iu the wcei¥ivy ui enzymes (provease, anylase,
lipase) of tbe germinating seeds enriched with the microelement
salt: of mengenese, boron, zinc and molybdenum. Thin causes a
rapld disintegration of rvserve nutrients and a change in the
products of metabclism, It waus also indicated that the overall
quantity of tuismine, riboflavin and ascorbic acid increased
under the influence of molybdenum and venadium, noticeably in-
creasing tue content of vitemins related to proteins in the pro-
stuetic groups of enzymes, which was of utmost importence
(Vlesiuk, Kuznetsova, 1967).

When the seeds of wneat are enricued with rubidium, there
is a considerable increase of lipase; 3b nours after they begin
germinating, the activity of lipace is six times graater, while
it iocreuses only 2.4 times when the seeds are enriched with
manganese Seventy-two hours after they beg a germinating, the
uctivity of lipase becomes sven greater under the influence of
rubidium and mungunese,. The same occurs woneu Lhe secds of corn
are enriched with rubidium,

A study ol the effect of microelements cn protein metabo-
lism has shown that presowing enricnment of corn and wheat seeds
with microelements has a noticeable effect on the quentity of
proteins ci different fractions, For instance, under the influen-
ce of nickle and rubidium on corn germs and of rubidium, nickle

and cesium on whest germ:, tlhere is a considerable growth in the

consumption of reserve proteins - projamines, which are reserve
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nitric substances due tou tueir nigu content of glutumlc acid,
anides and prollne, Tue active cunversion of reserve proteins
of the¢ en.csperm of rerminat. ag sceds is co. relabed with the
growth of the nydrolytic asctivity ot proteolytic enzymes uander
the influence ot microeieument euricuunent of secus,

According to our data, the incieused activity ot reduction -
oxidation and proteolytic enzymes, as well us Lue lipase in ger-
minating meeds of wiuest and corn undei tne influence of rubi-
dium, cesium and nickle, is scoompanied by lne accumulation of
albumin and giobulin, All thesc cuungesr in cellular metabolism
confirm the profound transformations that occur in the structu-
res of nuclei in earlier (starting) periods of germination under
the influence of microelements, a3 mentioned above, and the re-
sult of which i3 speedier germination und growth of seeds,
(Viasiuk, 1970).

The Bfiect of Microejements on the Stgbiljty of Plantg

The .ork of Suvi o Uz .lau researcac - hus shown that
with the uelp of microelements one can boost the resistance of
nlents Lo unfavoursble growth conditione (Vlasiuk, I968) and
fungl diseuner (Yarochenko, 1969; Pidoplictl.o, Kuznacuei, Konon-
ko, 19683 Kuznctsova, TY?70), n well as cure vsrious functional
disesses such as rosette-micropuyly in apple trces (N.P.Klholoden,
I19%8) und cnlorosic ir frult craps (Ostrovakaya, T¥C),

It flae been establlisheda that rosette-micropnyly an epple
traes srown in tio Ukrsire i+ coused by bothr the direct shortage
of zinc in light soil {wiich has B low content of zinc) and the

indirect or "puy=iological" deficiency found in trecs grown on

Jalcarcous or leached chernozem, wnich 1s probably due not to




the slLortoge of zinc, as in tue first case, but to the con-
sumption of the available zinc by complex metabolically in-
active ¢compounds, Tnls resu.tsa in the dist.irbance of processes
which would normully require ziuc; this is especially true of
the biosynthetical processes regulating growth, in connection
with which the portion of inhibitors, mainly floridzin, increa-
scs amoni; the free growth regulators in the leaves of the disea-
sed trees (Vliasiuk and others, 1969, I970; Karakis, I968), The
use of zinc salts duriug a period of 1 -2 years (injections
in the trunk or skeleton branches, early outside root fertili-
zation when buds are dormant and the spraying ot vegetating
apple trces) tmproved the overall stute of the trees and par-
tially or completely climinated rosette-microphyly, thus in-
creasing the nwvesis (hnoioden, 1904),

The study of another functional disease, carbonate chloro-
sis, which in the Ukraine uffects apple, pear and cherry trees,
grapes, oil-yielding roses and hups, has shown that the cause
of tue uisvase iy Li.c discrepancy arising LUetween the great
neccssity of the plants for iron as a complexon for an organisa
of physiologically wctive compounds on the one hand, and the
possibility of providing the requirement level when there is
a considerable reduction in the solubility of iron in soil
with a high pH content, saturated with calcium carbonate, on
the other (Ostrovskaya, 1%5),

One of the cffective ways of modifying the symptoms of
chlorosis or completely curing tue diseasc is to use iron che-

late compounds which Leve a number of advantay. s over mineral

compounds of this elemont,
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The experiments carvied out in different soil and ¢li-

matic zon: s (Kiev, Zaporozhian and Crimean regions) with apple,
pear and cnerry viecy, Seabesy vai-yielding roses and nops
have suown tiual Luww wppiication vo the Lu.l and, to u lurge
extent, outside root application of fertilizer DTPU ang PPPU
are eflective ways o1l curing chlorosis (Vedebura, I195; Kara-
banov, Kulko, I%5; Makarova, Kuilik, Ostrovskaya, I1965; Pet-
renko, 1964; Polischuk, 1967; Ricuter, I9%7; Khililk, I966),
For instance, in the late-ripening and early varieties
of apple trees, the harvest increase when O7TPU is applied
to the soil is observed turee years luter, They give quick
profits und are uignly effoctive when the recommended amount
of fertilizer is spplied. Experiments on tne Renet Bauman va-
riety of apples cleared an averase annual profit of over 165,
roubles per hectare when 600 gr. of OTPU was applied to each
tree (Zeporoznian region), With outside root application of
tfertilizer to diffecent verieties of apple trees (0,2-0,5%
solutioc is of iron compound twice or thre times), the harvest
increase amounted to 6-210,, (depending on the degree of chloro-
si8), averaging s yearly profit of 165,~7% . roubles per hec-

tare,

Ukrainisn scientists in their early research relating to
the I930's (Viasiuk, 1924) studied the different wastce products
of industrial cnterprises, whick could be uscd as microferti]i-
zers, Such was mangsnic slime contadning I4-22, manganesc

oxide and I.5-5)s; manianese carbonste,
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It has been ascertained that for sugar bect, winter wheat,
millet and cspeciaily corn +he best type of manganese ferti-
lizers are the industrial by-products whicn would raise harvests
and improve the quali%y of agricultural produce (Vlasiuk, I962),

For mo.c effective utilization of manganic slime and lower
expenses cn Lraunspoctabtiop and application, the Institute of
Plant Pnysiology of 4he Ukrainian Acedemy of Sciences sugges-
ted in 1949 that manganic slime be included in superphosphate
granules, For this vurpose a technology was worked out for
producing granulated superphosphate containing I1.,6-2,.5% manga-
nes¢ and mangenized nitrophoska (0,9-1.0% menganese), Later,
in I9%0's, otier microelement: such as molybdenum (0.26%),
boron (0,I-0.54) and zinc (0,9~I.0,) were added to the super-
phosphate and nitrophoska,

It wos proved that the effcctiveness of fertilizers with
microelements depended on a number of conditions, particularly
on the content of active mi .roelements in .ue soil, on the bio=-
logicel and varietal peculiarities of the plants, on the mater-
nal reserves of microelements in the scads, on the soil and
climatic conditions of the given zone, us well as on the types,
doses and means of application of macro- and microfertilizers,

Sulphuriz maugunese appiled during autumn plovghing in a
5 kg/hectars dose slon; with the base fertilizer (20 tons/hec~-
tare of manure, 45 kg/vectare of nitrogen and 45 kg/hectare
of RA) rulsed tie harvests of winter wheat (Mironovka 808
variety) by s uversse 3.1 ceatners/hectare during 1965-I197C
(plantcd arter paus); malljenic clinme applicd in a dose of

3.0 centners/hectare produced ¢ I.%+ ¢/n increasc, and manganized




superphosgphate applied in a aone o1 3,0 ¢/L vaiaed Lac Hrve el

by %.75 c¢/i. with tne control yicla ot 0.2 certners/hectars
(P=2,9-5.0%) «

Molybdenized superphosphate contaiuing 0,76 molybdenum,
when applied in a quantity of 2-7 centneca/nestare during autumn
ploughing, o1 2 kg/hecvare ci ammonium molybdate used witt ming-
ral fertilizors ralced tne horvest ol winter wbeat in the same
conditions by I,7-2.2 centincrs/neciare which coincided with the
control yleld, By upplying a mixture of ammonium molybdate
(I kg/hectare of molybdenum) and suiphuric menganese (5kg/hec-—
tare of manganese together .ith the base orgauo-mineral fertili-
gers in the above-mentioned proportions, the grain narvest in-
creased by an average 3.4 centners/nectare during I1966-197C,

The ntilizetion of sulphuric mangenere, manganic sglime
and nanganized superpho~phate for sugar beet along witii the
base fertilizerc boosted tiie narvest of one-secded beet roots
by 47, 40 and 25 centner: per hectare respectively with the
control yield at 47, .uillncvs/hoeclare (1=2.75 5.04).

Similer increasevs in the iiacrvest ot bects were obtained
by using molybdenized superphosphate and ammonium molylLdate,
and the use of moiytdenuas in combinationa sdth manganese brougut
the harvest increase of beets to 62 centners/aectare (equivalent
to the controi yieid) vith a significunt rise in the sacchari-
nity of bects and a 4.6 </ iicrease in the sugar yicld with
the control yieid at 7¢.5 s/n.

The application of menganese fertilizers to corn boosted
the harvests of grain by I.7-4.4 centners/uectare; melybacnized
superphospuate aud ammoniunm welybdatce raised tnem by 2.5-3.3 ¢/h,
while tile combinubion ol asmoniom melybuate witi: suiphuric men—

ganese iucreascd bLhe narvests by 11,8 centners/hectare wity tLue
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control yiclé al 01.8 cenbtners—ncctare (P=4 44,97, Boron,
Zinc, lithium and their combinstions witi mangancae showed
unstable results witn corr,

During I96-1970G, tae hnarvest increase of peac ander the
influence of ammonium rolybdate snd venadate averaged 1,I1-0,8 c/h
with the cuntrol yield at 25,7 c/n, Borate superpnosphate raised
the harvests of peas by 1,0 ¢/l with the control yield at 2I,I
centners/hectare,

Microfertilizers had no effect on'barley or foxtail clover,
which confirms the necessity of annually applying microfertili-
gers to ggricultural crops in rotation, and determines the di-.
rect correlation between the effectiveﬁess of microfertilizers
and the content of their active forms in meadow-cliernozen nodec-
lized soil of the Physiology of Plants Institute station of the
Ukrainian Academy of Sciences, a3 well as with the blological
peculiarities «f the cultivated croyp,

Cultivation of wheat after peas and the use of molybdenized
superphosphate, ammonium molybdate and its combinations with
sulphuric manganese improved to almost the same extent the qua-~
11ty of peas as to protein content and yield per hectare,

Ammonium molybdate and its combination:; with manganese
proved effective on .inter vueat cultivated after perennial
grass,

1% has been shown that in conditicns of experimental clta~-
tions (western forest-steppe area of the Ukraine and the Lvov
region where & gtudy was made of the eflfect of the pure salts
of copper, boron, mangunese arnd molyhdenun applied with the

base organo-nineral fcrtilimers), the use 9f boron on serozemjc
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‘ podzolized and soddy-calcareous soils rrodiced an uverégc
25 ¢/h inireuse uf sugur beets during 1964-1%0, the use of
manganese - also a 25 c¢/h iucirease, and g comvinution of boren
and molybdcnum -~ an iucresse of 35 centners per nectare with
the control yleld at 360 centners/noctace,

The harvest o5 corn oovs on serozemic poazolized soil with
the use of boron went up by II.8 ¢/n, with molyhdenum - by
9.2 ¢/h, and wishk & combination o1 boron and manginese - by
21.5 ¢/h, the control yield being 102.8 centners/i.cctare, The
harvest increase of the green masc of corn on peaty soil when
applying molybdenum averaged 43,0 ¢/h, witu the use of sulphuric
copper - 50,5 ¢/h and by applying copper mixed with boron =
60.7 c¢/h with the control yield at 490 centners/hectare (Gilis,
Radchenko, 1967).

The experiments conducted with sugar DLeet during 196I~1967
in various soil and climatic conditions of the republic have
shown that when menganized superphosphate was applicd to the
rows, the harvest of sugar beets went up (in two experiments)
by I9 c/h with tn«. control yieird at 230 centners/liectare; on
gerozemic podzolized sovil (in 5 out of 8 experiments) it went
up by 39.6 c/h with the control yield at 399 ¢/L; on cuernozem
(in 28 out of 41 experiments) - oy I5.6 ¢/h with the control
yield at 317 centners/hcctarey

The applicaticn ot borate sdpecphospaate Lo the ame
conditions reised tue nacrvest of sugar oeet on coddy-calcursous
roil (in 20 experiments) by I7 c/h witk the control yield at
230 c/hg on serozemic podzolized suil (in 5 out of 7 ¢xperiment::,

= by 39.6 ¢/b with tihe control yicld sl 398 ¢/n; on chernoven
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(in 22 out ol 33 cxperimentz) ~ by I7 c¢/h witu tne control
yield et 309 centners/ucctarve,

Molybaeni cd supcrpavsphate carsed the sugar beel harvent
on serozcmic podzolizeu :oii (in + ont of 8 experiments) by
3343 c/h with the contrnl vield t 415 ¢/, and on chernozem
(in I4 out of 23 experirvnts) - ny 9.7 ¢/h with the control
yield at 319 c/h, Tne eflectivencss of zinc superpaosplate wnan
applicd to the row: of sugar beet on serozemic soil (in 2 experi-
ments) resulted in an .ncreese ol 15.3 o/h with the control
yield at 447 c¢/n (Viasiuk, I97I),

On the leached chernc.em of the Znitomir region, the appli-
cation of sulpuuric manganese in.reased tic average harvest of
potatoes by 20.5%, and sulphuric copper raised the harvest by
I6.1% with the control yicld at 202.5 c¢/h during I959=1963,

The application ui molybdenum and boron in the sane oondi=
tions had little effoct (Vlasiuk, Chernishenko, I970),

On the soddy-podzolizec soil of Centrel Polessya (Zhitomir
region, Ukcainian 5.5.R,), tue application of microelement salts
along with the base organov-mineral tertilizurs to hybrid corn
(Bukovinsky 3) during 1903-I95 resulted in higher increascs of
the grain narvest vuen boron and molybdenum saw used and some=-
what smallcr increases waen zinc and mangancse was used (7,3,
6.4, 4,8 and 4,3 centners/hecture respectively with the control
yield at 43,1 centners/hectare),

Under tue influence L& zine suporphospunte the grain hap-
vest of corn increascd g0 . ofi und of qoilet - by 1.3 ¢/h
with the control violds at 58.8 and 30,9 ~entners/hectare respec—

tively, Nolybdenum helped raise tne grain narv .st of sorn by

LS5 o/hy at the come time considevably lucregs:. ng tue conbent oy
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protein, starch and tat (Volkovu, 1970).

The application ol zlnc superpuvsphste to corn on chestnut-
colour soil boosted the yrain harvest (in 3 experiments) by
I3.1 ¢/h with the control yield at 60,3 ¢/h: on humic carbo-
nated soil (in 2 out of 3 expoeriments) - by 2.0 ¢/h with the
control yield at 56.8 o/h; and ou common chernozem (in 4 expe-
riments) - by 3,5 c¢/h with the control yield at 40.2 centners/
hectare,

In analogous soil and climatic conditions of the Dolinsky
state plant-breeding plot in the Kirovograd region the mrain
harvest of corn was raised by using menganiged superphosphate
(an aversge 3.6 c/h increase during I9%I-I963 with the control
yield at 43.3 c/h),

The "Karpovtasy" state farm, Chudnovsky district of the
Zhitomir region, which culvivates hops on podzolized chernozenm,
averaged a 2,5 c¢/h increcuse of hop strobiles (1963-I194) by
applying zinc superpucspiiate along with crgau.d-miners) feibili-
zers, & 2.4 c¢/h incrcase by uscing molybdenized superphosphate,
a I.’ ¢/h increase by applying borate superpnosphate and a
I.2 ¢/h focrease by applying manjanized sup >rpuosphate with
the control yield et IL.4 c/nt (Schetinina, I1967), The content
of bitter substances ip hop strabiles particularly increascd by
using borate and molybdenized superpucsphates (3.5=344), man-
ganized superphospaate (2,00) aud zine ~uperphosphate (1,6,0)
with the avermse coutres conteut Lor TY3-I964 ot I2.0.

(G.h.Korbut); the alguest yisld pur hecteare was obteined by

applying molybdenlizad and uinc superphosphaboes, Saon roubie
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spent on inese microfertilivers bfoughb in & c¢lcar profiit of
31,50=-34.,20 roubles, A sorewhot omelicr profit was gained by
using mengoanized and borate supofpnosphatos 127 .,£0-27 .80 roub-
les),

On peat-mursnes of the Foleossya area, 4dhitomir region, the
effectiveness of plospnorate-potassium fertilizers on fibre flax
(M.S.Chepikov, I908) grew when applied witn Loric acid (I kg, of
boron per heclure) and copper (blue vitriol - 2,5 kg/h)., At the
same time, the harvest of fibre rose by 17.2-12,%% (long fibre -
by I5.5-10.3%) and that of ceed - by 12.5-I4,0%; the quality

of fibre also improved (the actual count by I,3-I.I%) and the oil
content of the secds increased by 0,4-0,5%.

The sbove-mentioned deta indicate that fertilizers with
microelements reise the harvest and quality of agricultural pro-
duce, and should therefore be used on collective and state farms
of the republic. It should be pointed out that _n districts with
insufficient r2serves os active manganic snd boric forms in the
soll, close to I,500,000 tons of manganized and 200,000 tons of
borate superphosphates were applied during the I956-I1968 period
on areas of 10,000,000 and 44I,000 hectarcs respectively, The
economic effectiveness of these fortilizers amounts to 16,00 =
60,00 roubles clear profit per hectare annually.

Copper fertilizers in the form of sulphuric by-products
(pyrite cinders containing o.2-0.5 copper) were teated on the

drained, peaty, mursny and humic carbonated soils of the transi-

tional zones of the Polessyu and lorcst-steppe arees, Jkrainian
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The application of pyrite cinders in a dose of 5 ¢/h on the
drawned peaty soil of the Supoi River fluod plidn, Rovnu regiorn,
boosted the harvest of millet from 8 to 24 c/h, that of sugar
beets - by 50-60 ¢/L (I5-20,), and potatvec = by 20.; on the

"Zamglai" marsh of the Curnigov region and the "Chemirnoye'" and

"Yarinovka" marshes of the Rovno region, pyrite cinders raiscd
the harvest of nemp fibre 1,5 - 2-icld, of seceds - by 40-50,
and of flax-fibre - by 36-40%, at the same time increaeing the
durability of the flax and hemp,

On the humic~carbonated soils of the "Progress" and "Pravda"
collective farms in the Brodovsky district, Lvov region, the appli-
cation of pyrite cinders in a dose of 5 c¢/h raised the grain
harvest of corn by 6,%-I1.0 ¢/h with the control yield at 53,I-
97,0 c¢/h,

On the peaty soil of tne "Oktyabr" collective farm, Volyn

region, pyrite cinders produced a 30 c¢/h incresse in the harvest
of carrots, with the control yield abt 699 ceniners/hectare,

168,200 tons of pyrite cindcrs was used on more than 336,000
hectarcs of peaty and humic-carbonated soil during 1961-1967
(Vlasiuk, Cnenishenko, 1969).

According to the data of scientific-recearci and educational

establishments, the best wuy to use microelcments alt the present

time is to mix them with ordinary and ccpecially compound minecral

fertilizers,
As tuhe chemical industry is producing more and .nore higinly-
concentrated compound mineral fertilizers like nibrophocka, nitro-

ammoplhioska, amaophoska, diuwmmoplios, double superphospnute and
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triple supeppnospnube wnich do not contaiu microelements, toe
Institute of Plant Puysiology of the Uaraindan Acad oy of Scie
ences nuggestod that microelementa be added to these fertili-
zers,

In I959, an experimental consignment ot nitrophoska en~
ricned with monganese (1.0,..), bvoron (U,25,.) and zine (0.04) wae
produced at the Dueprodzerzuninsk Cnemical Works.,

On meadow~-cLoThozen podzollized soil, the applicaetion of
manganized and zinc-enriciied ni't;mphoa'ku tu tue rows of sugar
beets raised the harvest of beet roots by I9 centners/hectare,
and that enriched with boron - by 20 c/h with the control sield
at 325 centners/hecrate, The saccharinity of the beet roots went
up By v.3, 0.5 and I.Ie respectively, In the same conditions,
when manganized nitrophoska was applied during autumn ploughing,
the harvest of beet roots increased by 22,3 ¢/h and the saccha-
rinity - by 0,55 witn the control yield and saccharinity at
.388 ¢/h and 19,24,

Compound mineras fertillzers nuving a ratio No ,PR~-1s1:T,
enriched witn 0.I. boron lncreased the harvest ot beet roots by
36 c¢/h, while those enriched witu 0.2% boron raiced it by 62 c/h,
At the same timc the saccharinity of the roots went up from
I7.8 to I8.4 and 18.7. (P=I,4~5,65),

It appears that the etffect of compound nitrogen=phosphate-
potash fertilizers having the ratio No,PK-I:T:1 and enriched
with boron is& preater on sugar beet in comparison with the
componnd fertilizers vwiti the No,PA-I:4:2 ratio. When the con=-

teut ol pnosphorus in fertilizers ic nigher, a lower content of
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nitrczen is conducive to a strogger Lie Letvween the wlcrov, -
mente and phospuotor, e o oresult of wnicn Loy are eoncumed
more slowly by thwe tiedats sniw Unwil cffccbivoace. is rodaoed,

This deta ailows us to auvsume tuwt tae Lociusion of mic. o=
clemtenls in nitropacsio, aibcowaop onFn ahu il v Lot
ammophos, nitropinosphate and other conpound mincral Tertilidours
containing, besides piosplorus wid potanelam, Nac gane o preas
ter amount of nitrogen, will mske tiem more oficctive than if
they were used vwith simple fertilizern; egpeelially phosphorous
fertilizers,

The Institute of Plant Puysiology of the Ukrainiun Acudemy
of Scicnces prepared experimental cousiguments of compound mixed
fertilizers {by pressing) ab the Sumy Cuemical Werke with diffe-
rert ratios No,PK (I:0, 7:I.3 for sugar beev and 1:0, 7:I for
winter wheat), the grunulcs of whicu were coaled with microclice-
ments by means of polyacrytamide. These fertilizers will Lo tes-
ted on sugar beet and winter wheat at tuc Chernivtsy, i'ernopol,
Vinnitse and Sumy experimental stations in I97I.

The best doses of miciovelenments in nitrophosge and nitlro-
ammophoska for corn cultivated on serozemic forest goil end
podzolized chernozem are as follows: mengamnesc - 1.0-1.5,, mo=
lybdenum -~ 0.2%, boron = G,2,. and zine = C,5=0,75% of the weilpnt
of fertilizer; for sugar beet cultivated on podrolized und
leached chernozem tue requirements are: manganesc = i5=2.0%,
molybdenum - 0.26%, voron - (,2 ¢nd zinc - U.5H=1,04 of Lie

weight of fertiliuzer,




This complex job is being conducted togetner witn tie Lvov,
Znitomir and Umon Agricultural Inctilutes and bhe Uksainlia. doe
search Institute of Arricultuse und Aninsl Breedin: tor Westeru
Regions of tue Ukrainien 3.5.18,

By cucicning nitrepuoska with 2,5 kt/u of mar;anese, tue
liarvect of beet wootc .wnt ap Ly 25 certnere/bhectare; o kg/n of
manganese raised it by 53 c/h; 10 kg/h - by I7 c/L and 20 kg/h
= by 27 ¢/h vith the conlrol yield at 406 ¢ ntners/ucctare,

Nitropitosku creiched vitu I x/h ol molybdenum raised the
harvest of beet roots by 3C c/i; u dose of 2 Eg/n of molyvdenum
raised 1% by I1T,0 c¢/n, while a combination ot I ko/ii molybdenum
and 5 kg/L manganese boomted Lue harvesti by 58 ¢/h with ine cone
trol yield at 58 coentners/hectare, The saccliarinity of the beet
roots under the influence of mangar.esc fertilizers up from
16.75% to 17.,0%, snd under the influence of molybdenum fertilie-
sers - from I7.0% to 17.56%,

Besides applying tertilizer to the 80il, tne above-mentio-
ned method of presowing enriciment of secds with microelements
(manganese, molybdenum, borou, zinc, copper and others) is wi-
dely practised in the republic to assist in tue germination of
seeds and the rapid growsa of piants, and to raise plant produc-
tivity.

In order to utilize this method in agriculture, s chop for
producing, I,000 tons of preparations containing mangancsc, bo-
ron, molybdenum, sinc ana copper with tale was built at the

Odessa Superphosphate Plant in 1963,




'3I'

3,500 tuns of preparations contuining microelemento was
used on .ore than 2,000,000 1ectares of ar:9le land during
1963-1970,

In order to mechanize and improve PresSuwing enricnment of
seeds, tbe Institute ol Plunt Puysiology of the Ukrainian Acade-
my of Sciences sugested tuat tne measure be conducted togcther
witu the disinfection of seeds which is carricd out in a cen-
tralized wey at plunts fcr calibrating seeds and Lybrid corm.

During the 19%4-IY70 period, 305,%9 tons of corn seeds
was enrichied witn microclements at a calibration plants for une
on more tnat I5,400,000 hectares,

The highest average increase in the grain nurvest of corn
during & 2-ycar period (1963-1964) was obtained by using zinc
and molybdenum (7.8-8.0 c¢/h); boron and manganese boosted the
harvest by 4.7 c/h with the ccentrol yield at 44,8 c/h,

On common chernozem of the Lugansk region the average in=-
crease in the yrain "crvest of zorn during r9%4-1966 was 5.3 c/h
when the sceds were enriched with zinc, 4.8 c/h when treated
with boron and 4,6 ¢/n when menganese was added (on completely
fertilized ground); on non~fertilized ground tne results werw
3,2, 3.4 end 3.1 respectively with the control yleld at 42.7-
40.4 centnera/nectu e, At tne same time, under the influeuce of
microelements, tue prolein content oi the secds went up, tne
zein fruction of protein, which is of iittle value, decreased,
and the content of fat and starch incrcased, Tne uce ot micro-
elements to earic. seeus for planting in grid conditicus of the

Ukreinian steppe arers and oOn Cummon Cueruozem uus proved eco=




nomical (Gnilitckaya, 196Y).

On t.e soddy-podzolined 01l of lentrai Polessya (Ukrai-
nian 5.,S.R.), a combinution ol presowiny enricnment and outside
root application of rmangane:se and boron, togetier witn disinfec-
tion, proved more effcctive on tuw auarvest »L corn and uocse
beans (tue vain harvest of corn increased by I5.4 wand 3,1 c/h
in 1963 and I964 respectively, the control yield being 44.I c/hm).
At the same time, the quulity of the grain improved and produc-
tion costs fell (Sasuuk, I1966),

In field tests on caestnubt-colour salt soil at the "Roasiya™
collcctive farm, Kicrson region, tihe presowing dusting of rice
scedn with a mixture of zinc, cobalt und molybdenum salts raised
the anarvest by 3.7 ¢/h with the control yield at 53.0 ¢/t
(Osadcha, 1968),

The presowing enrichment oi se«ds with the salts of micro-
elements mixed with tale and di~infcctants, depending on the
8011 and ~limatic - niitions, resulted in tr~ following grain
harvest increases during 1959-I96I: winter wheat = by I.,5 =
4.5 ¢/h (control yield - 2%-352,2 ¢/a); corn = by 2,0=5.0 ¢/h
(control yield - 35-30 ¢/h); rice = by 4,2-5.2 ¢/h (cuntrol
yield - 45.4 c/h; peas - by 3,5=5,3 </h (control yield -30-40 ¢/h)
(Vlasiuk, cuernisnenko, 169),

On the common chernozem 30il of the Donbas, the enrich-
ment of corn scec with u 0,02% solution of sulpauric nangancse
during « 12=hour pcriod raised the grain hurvest of the hybrid
corn YIR -2 by an average 4,1 c/n (control yield - 32.I ¢/h)
in I967-1969; tu. quulity of the grain {(tne content of protein
aminoucids, including lyslne und tryptopuen) improved, while

tue content of the poorly-digestible zein protein was reduced
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(Belokobilsky, I970),

On tihe leached chernozem of the Nosov sector of the Cher-
nigov re_ional agricultural z=xperimental s'ation, the presaowing
enrichment of sceds with a 0,05% solution of sulpluric manga-
nese raised the grain uarvest of corn by an average 5.9 c/h
(control yield - 64,9 c¢/h) during 1966-1968, and on serozemic
podzolized soil of the '"Desyat let Oktyabra" scctor -~ by 4.5 c¢/h
(control yield - 43,3 ¢/h) during the same period; presowing
enricument of sceds with a 0,055 solution of sulphuric zinc
(same contro yields) boosted the harvests to 5.I and 2.5 c/h
respectively,

Research conducted by the department of plant physiology
and biochemistry at Kiev State University showed that outside
root application of manganese, boron and zinc produced more
intenscive metabolism, raising the productivity and frost resis-
tance of grapes in the Kiev and Tramnscarpathian regions (iinin-
berg, 1968),

Besides a harvert increnne, outside rcot application of
manganese also improved the quality of raw material for wine=-
maxing (Rizha, 1967),

With the aim of substantiatipg the most effective method
of utilizing microelements in Ukrainiun agriculture, the Insti-
ture of Plant Physiology of the Ukrainian Academy of Sciences
drew up cartogrems in 1959-I91, indicating the active forms
of microelements (mangaunese, molybuienum, boron, zinc, cobalt

and copper) in tue soil varieties of different aruble territo-

ries in tue repudblic,
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The cartograms are drawn up on a scale of IS km, to I c¢m,
and have been putlished witn recommendations as to the utiliza=-
tion of microelemenls in agriculiure in I0,000 copies for all
the regional and district farmiﬁg manggemeints, collective and
state farms and administrative agricultural bodies,

In tae ten-field grain-beet rotation conducted by the
Institute of Plant Physiology of the Ukrainian Academy of Sci=-
ences in 1957-I1969, the microelements were applied in the form
of salts and superphosphates together‘with organo-mineral ferti-
lizers during asutumn ploughing in the following proportions;
manganese - 5, boron - 2, zinc - 3, and molybdenum ~ I kg/h,
Superphospiates enriched with microelements were applied on the
basis of puospihoric acid containing assimilable forms I8,5 -~
19,7%, mangencse - I,5%, molybdenum - 0,26%, boron - 0,24%
and zinc - I.Ix of. the weight of fertilizer,

Research conducted in tnis field has cetablished that the
greatest quantity of manganece, molybdenum, boron and zinc was
consumed by both soil and p~ ants when the nicroelements were
applied to the soil, The highest accumulation of zinc, manga-
nese and boron was observed in tihc leaves of sugar beets, less
~ in the leaves of corn and the least - in the leaves of winter
wheat, Molybdenum accumulated in considerable quantities in the
leaves of all tnree crops,

®he maximum consumption of boron by sugar beet leaves was
observed during the opening phase of the rows; it increased in
the leaves of corn towards the end of the vegetation period,

The data on removal and distribution of microelewents in

pPlunt organs indicates that the most sctive forms of manganese

and molybdenum are found in winter wheet, of boron - in su'.lgar
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beets and of sinc - iu corn and wintcer wueat,

When using supcrpuosphstes enriched witn microelements,
it wae ' hserved thet move 1 ngenese; zinc, boron and molyb-
denum was corsumed from the soil by harvests of sugar beets than
by harvests of vilnter wieat,

The requirements of different agricultural crops for micro-
elements in tne 30il can be judged by the removal of them by
the harvésts.

The common cheracteristic of crops cultivated in the Fole-
sasye aree is & more intensivc accumulation and removel of molyb-
denum, copper and zinc thun of manganese,

On tuhe basis of the above-mentioned facts, we can drew
the following conclusions:

I) In tue cells, separate organoids, tissucg and organs of
plants there are different reserves of microelements which

are of pgreat significance for their structures and functions.
2) A shortage of microelements in the soil and seeds causes
patholog.cal canenges in the growing organi:m, resulting from
metabolic disturbanc-s in nuéleic acids,vlipids, pnysiological
active elements, nitrogen and carbohydrates,

3) Microeiements prevent the development of functional disee-
ses and raise the productivity of garicultural crops and their
resistance %o unfabuurable climatic conditions, fungi and bac-
teria.

4) '"The eifectiveness of tertilizsrs and preparation: contai-
ning microeloments depunds on tne content of thelr active forms
in the sgoil, on the biologicel and vawictal peculisrities of

the crops, the soll and climsbic conditions, the forms, doses
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and means of applicaetion, s well as on the reserves of micro-
clemente in the sceds of the cultivated plants, |

5) Besides using the salts of microclements, superphosphates

and nitropkoskas, enricned witih microelements, and preparations
for presowing enrichment of seeds, it is expediemt to include
them in the composition of compound concentrated mineral ferti-
lizers for more extensive introduction into agriculture,

6) The production of fertilizers and preparations containing
microelements is carried out on an industrial bacis at chemical
works in previously planned agspects, forms and qualities in acco-

rdance with the content of microelements in the soil in diffe~

rent zones of the country.
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