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Aim. To determine the regularities of the transformation of quality and quantity composition of humus, its en-
ergy intensity at long-term fertilization of soils. Methods. Long-term stationary experiments were conducted
on chernozem soils of different granulometric compositions. The analytical work was done in the certified
laboratory in accordance with the current normative documents: preliminary treatment of samples for physi-
cal and chemical analysis (DSTU ISO 11464); determination of dry substance and humidity by the mass — by
the gravimetric method (DSTU ISO 11465). Mass fraction of total carbon was determined by the oxidimetric
method (DSTU 4289:2004); humus group composition — by Turin’s method in the modification of Ponomario-
va and Plotnikova (DSTU 7828:2015); low heating value of the soil and organic material — by the calorimetric
method using B-08-MA set (DSTU 7866:2015); preparations of humic substances were isolated according to
DSTU 7606:2014. Results. Long-term fertilization promotes considerable changes in the quality composition
of the whole system of humic substances of chernozems of different granulometric compositions. It also has a
different impact on the energy accumulation both in the soil and in humic acids (HA). Conclusions. The new
formation of HA in typical heavy loamy chernozem with organic and mineral fertilization systems occurs due
to the second and third fractions on the background of the decrease in the first and the most mobile fraction of
HA. The mobility degree of the whole system of humic substances under the impact of different fertilization
systems does not differ from the control considerably; the tendency towards the increase in this index was
observed only for the mineral fertilization system. In the organic and mineral fertilization systems, the new
formation of HA in typical weak alkali light loamy chernozem occurs due to the first and second fractions. The
aggravation of HA structure and the increase in the degree of condensation was registered only for the organic
fertilization system. The level of mobility of the whole system of humic substances in this soil is increased
compared to the control under the impact of the organic and mineral fertilization systems. A considerable dif-
ference in the indices of energy, present in the soil and HA fractions, isolated from this soil, was determined.
The maximal amount of energy is in labile forms of HA — in the range of 10.62—15.85 MJ/kg, the smallest
amount — in the fractions, tightly connected to the mineral part of the soil (1.47-4.09 MJ/kg). The amount of
energy is in direct relationship to the applied agrotechnical means, which is in good agreement with the data on
the impact of different fertilization systems on the humic condition of soils.
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INTRODUCTION

It is known [1] that the anthropogenic impact on soil
leads to the changes in chemical, physical, agrochemi-
cal, physical-chemical, and biological properties, in
particular, in the amount and quality of humus. The
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experimental studies on humic substances are directed
towards the study of the composition, structure, and
functions of humic substances [1-5]. The results of the
analysis of humic substances are controversial on many
issues. Regardless of numerous current experimental
works and theories, the issue of the role of humic sub-
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stances in the processes of transformation of the main
indices of soil fertility is still urgent [6-9].

Long-term experiments provide an enormous amount
of information about the level of productivity and qual-
ity of the agricultural products, the status of soil fertil-
ity, the impact of different intensity of using chemiza-
tion means on the main components of agroecosystems.
This is the only correct way, which ensures deeper un-
derstanding of the main regularities of the agrogenic
impact on each component of agroecosystems and the
whole system in general [10].

Recently the energetic principle of estimating the
circulation of substances and energy has been used to
characterize the agricultural systems in general and
some chains in particular [11]. The studies have deter-
mined that soil contains considerable stocks of active
energy. The higher the humus-related energy is, the
higher soil performance is. The main energy accumula-
tor in humus is humic acids (HA); their share is about
40 % of the total amount of energy in humus [12].

The study was aimed at determining the regularities
of the transformation of quantity and quality composi-

tion of humus, its energy intensity at long-term fertil-
ization of chernozem soils.

MATERIALS AND METHODS

The work was performed in stationary experimental
fields of Poltava IAIP on typical heavy loamy cherno-
zem (established in 1964) and Myronivka Wheat In-
stitute — on typical weak alkali light loamy chernozem
(established in 1912). Soil samples were collected from
the 0-20 cm soil layer on the following variants: with-
out fertilizers (control); organic fertilization system;
mineral fertilization system. Comparison variants were
fallow and wild land.

The analytical work was done in the certified labo-
ratory in accordance with the current normative docu-
ments: preliminary treatment of samples for physical
and chemical analysis (DSTU ISO 11464); determina-
tion of dry substance and humidity by the mass — by the
gravimetric method (DSTU ISO 11465); mass fraction
of'total carbon was determined by the oxidimetric meth-
od (DSTU 4289:2004); fraction and group composition
of humus — by Turin’s method in the modification of
Ponomariova and Plotnikova (DSTU 7828:2015); low

Table 1. The impact of long-term fertilization in field crop rotations on the group and fraction composition of humus

Typical heavy loamy chernozem Typical weak alkali light loamy
chernozem
Index
. Wild

Control | Manure | NPK | Fallows | Wildland | Control | Manure | NPK land
Ciotat, %0 2.71 2.76 2.92 2.83 3.89 2.11 2.29 2.05 3.08
Humus, % 4.67 4.76 5.03 4.88 6.71 3.64 3.95 3.53 5.31
Cua, % t0 Ciopal 36.2 52.2 47.6 37.5 43.8 29.8 332 36.6 253
Humification degree High Very high High Very high | Average High Average
Cra, % to Cioal 28.4 15.9 18.5 21.9 14.0 40.2 24.5 38.5 32.8
Cua/Cra 1.27 3.27 2.57 1.71 3.13 1.74 1.36 0.95 0.77
Type of humus FH H FH H FH HF
Cual, % to Cipa 3.7 1.5 1.7 1.1 5.3 1.8 2.6 6.3 3.9
Ciia, % t0 Cioral 15.5 26.8 31.5 27.9 20.4 25.0 27.9 27.3 17.9
Cral, % to Cioal 6.6 8.4 9.3 7.0 3.6 11.4 10.9 4.6 11.0
Cra2, % to Coal 8.1 1.8 2.1 7.4 9.7 15.6 7.9 19.0 12.0
Cual/Cpal 0.83 0.24 0.24 0.25 1.50 0.17 0.24 0.43 0.35
Ca2/Cra2 1.91 14.80 15.33 3.76 2.09 1.61 3.56 1.44 1.48
SMDhs 0.19 0.17 0.20 0.10 0.18 0.23 0.31 0.39 0.35

Note. FH — fulvic-humic type of humus, H — humic type of humus, HF — humic-fulvic type of humus, SMDhs — system mo-

bility degree of the whole system of humic substances.
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heating value of the soil and organic material — by
the calorimetric method using B-08-MA set (DSTU
7866:2015); preparations of humic substances were
isolated according to DSTU 7606:2014: the extrac-
tion took place due to consecutive treatment of soil
samples with the solution of sulfuric acid, molar con-
centration ¢(1/2H,SO,) = 0.1 mol/cubic decimeter
(decalcification) with further isolation of HA using
potassium hydroxide and their precipitation, the pu-
rification by centrifugation and drying under the flow
of warm air and breaking. Humus condition was esti-
mated by the system of indices, suggested by Orlov et
al. [13]. To characterize the intensity of humification
process on different stages, the indices of the quan-
titative ratio of humic acids of fractions 1 and 2 to
the corresponding fractions of fulvic acids (FA) were
used; C,,1/C,, 1 — to evaluate the intensity of the pro-
cess of new formation of humic acids and the forma-
tion of their mobile forms; C,,2/C,,2 — to evaluate the
intensity of polymerization of humic structures and
formation of humates [4]. The mobility degree of the
system of humic substances (SMDhs) was determined
by the ratio of the sum of mobile fractions (HA1 +
FA1) to the sum of stable fractions (HA2 + HA3 +
FA2 + FA3) of humic substances.

RESULTS AND DISCUSSION

It was determined that the long-term application of
fertilizers causes the differentiation of soil fertility by
the level of humus content and qualitative changes of
the organic matter (Table 1). While the long-term intro-
duction of mineral fertilizers led to increase of humus
content by 7.7 % in typical heavy loamy chernozem,
the introduction of organic fertilizers had a somewhat
lesser positive effect (increase by 1.8 % only). As of
the moment of samples collection, humus content on
the fallow was at the level of 4.88 % and on the wild
land — 6.71 %.

Long-term fertilization promoted considerable
changes in the quality composition of the whole system
of humic substances. The 3-fold decrease in the content
of “free” humic acids (HA1) compared to the control
with no fertilizers was noted for organic and mineral
fertilization systems. The content of this fraction of
humic acids in the wild land turned out to be 1.3-fold
higher than that for the control. The introduction of
both organic and mineral fertilizers promoted the in-
crease in the content of humic acids, connected with
calcium (HA2), in humus. The content of this fraction
in humus of the wild land soil was at the level of the
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control; the amount of HA2 fraction increased twice,
compared to the control, in fallow humus.

The content of tightly bound HA (HA3) in humus
decreased after the introduction of mineral fertilizers
in the fallow down to the “low” level by the scale of
Orlov et al. [13]. The application of organic and min-
eral fertilization systems promoted the increase in the
degree of humification for the organic substance of the
soil, the change in humus type for the humic one (in
the control and fallow the humus type is fulvic-humic).
The C,,,2/C_ 2 ratio is the reflection of the second stage
of humification, which is remarkable for the aggrava-
tion of HA structure and the increase in the condensa-
tion degree [4]; it expands considerably in typical cher-
nozem with organic and mineral fertilization systems.
The C,, 1/C,, 1 ratio reflects the first stage of humifica-
tion or the process of new formation of HA. The new
formation of HA in typical heavy loamy chernozem
with organic and mineral fertilization systems occurs
due to the second and third fractions on the background
of the decrease in the first, the most mobile fraction of
HA. The mobility degree of the whole system of humic
substances in this type of chernozem under the impact
of studied fertilization systems did not differ from the
control considerably; the tendency towards the increase
in this index was observed only for the mineral fertil-
ization system.

After long-term application of the organic fertiliza-
tion system on typical weak alkali light loamy cher-
nozem, some advantage was registered for the humus
content (the increase by 8 %) compared to the control;
the content of humus decreased by 3 % for the mineral
fertilization system. In the wild land (the comparison
variant) the content of total humus in the soil was at the
level of 5.3 % (1.5-fold higher than that for the control).

The content of the mobile fraction of HA (HAI)
after the introduction of mineral fertilizers increased
2.7-fold compared to the control; after the addition of
organic fertilizers — 1.2-fold, and on the wild land —
3.6-fold. There were no significant changes observed
regarding the content of fractions HA2 and HA3 for
different fertilization systems, but the content of hu-
mins in the wild land and the soil after the introduction
of manure increased 1.4-fold compared to the control.
In all the experiment variants there was a narrowing
in the C,,:C,, ratio, the type of humus for the organic
fertilization system was fulvic-humic (similar to the
control), and with the mineral fertilization system the
type of humus changed for humic-fulvic (similar to the
wild land). The aggravation of HA structure and the
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increase in the degree of condensation in typical weak
alkali light loamy chernozem was registered only for
the organic fertilization system. In the organic and min-
eral fertilization systems, the new formation of HA in
this soil occurs due to the first and second fractions.
The degree of mobility of the whole system of humic
substances in this soil increased compared to the con-
trol under the impact of the organic and mineral fertil-
ization systems.

According to the results of direct calorimetric de-
termination of the soil and preparatively isolated
humic acids, there was basic information, obtained
about the quantitative indices of their energy capac-
ity (Table 2).

The organic fertilization system in typical heavy
loamy chernozem promoted the maximal accumula-
tion of energy in the soil (the increase by 0.11 MJ/kg)
compared to the control without any fertilizers (0.96
MlJ/kg) and the mineral fertilization system (1.03 MJ/
kg). Less energy was accumulated in typical light
loamy chernozem with the organic and mineral fer-
tilization systems, compared to the control. With the

mineral fertilization system, more energy was accu-
mulated in the first HA fraction in the soils, different
in their granulometric composition, compared to the
control and the organic fertilization system. A larger
amount of energy in the second HA fraction was accu-
mulated with the organic fertilization system in typi-
cal heavy loamy chernozem. Less energy was accu-
mulated in the second fraction of HA in typical light
loamy chernozem compared to the control without
any fertilizers. With the organic fertilization system in
typical heavy loamy chernozem, humic acids, bound
to the clay fraction and stable sesquioxides (HA3),
accumulated more energy than these fractions in the
soil of the control variant and after the introduction
of mineral fertilizers. HA3 fraction accumulated 2.5
times more energy in typical light loamy chernozem
in case of the mineral fertilization system, and 1.8
times more energy in the organic system, compared
to the control.

CONCLUSIONS

Long-term fertilization promotes considerable
changes in the quality composition of the whole sys-

Table 2. The energy capacity of soils and preparations of humic acids

Typical heavy loamy Typical light loamy
Variant Extraction method chernozem chernozem
low heating value, MJ/kg
Control Fraction 1 — HA1 12.29 12.24
Manure Extraction agent 0.2 n 10.62 11.44
NPK NaOH 15.85 12.88
LSDys 0.86 0.19
Control Fraction 2 — HA2 10.46 5.92
Manure Extraction agent 0.1 n 15.12 3.82
NPK NaOH, after soil decalcification 10.65 2.85
LSDy;s 0.96 0.08
Control Fraction 3 — HA3 2.91 1.47
Manure Extraction agent 0.2 n 4.09 2.69
NPK NaOH, after 7 h of heating on boiling water bath 3.13 371
LSDys 0.08 0.10
Control 0.96 0.90
Manure Initial soil 1.07 0.89
NPK 1.03 0.74
LSDy;s 0.01 0.01
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tem of humic substances of chernozems of different
granulometric compositions. The new formation of
HA in typical heavy loamy chernozem with organic
and mineral fertilization systems occurs due to the
second and third fractions on the background of the
decrease in the first, the most mobile fraction of HA.
The mobility degree of the whole system of humic
substances under the impact of different fertilization
systems does not differ from the control variant con-
siderably; the tendency towards the increase in this
index was observed only for the mineral fertilization
system. The aggravation of the structure of humic
acids and the increase in the degree of condensation
in typical weak alkali light loamy chernozem was
registered only for the organic fertilization system.
In the organic and mineral fertilization systems, the
new formation of HA in this soil occurs due to the
first and second fractions. The level of mobility of
the whole system of humic substances in this soil is
increased compared to the control without any fer-
tilizers under the impact of the organic and mineral
fertilization systems.

A considerable difference in the indices of energy,
present in the soil and the fractions of humic acids,
i1solated from this soil, was determined. The maximal
amount of energy was registered in labile forms of hu-
mic acids — from 10.62 to 15.85 MJ/kg, the smallest
amount — in the fractions, tightly connected to the min-
eral part of the soil (1.47 —4.09 MJ/kg). The amount of
energy is in direct relationship to the applied fertilizers,
which is in good agreement with the data on the impact
of different fertilization systems on the humic condi-
tion of soils.

ACKNOWLEDGMENTS

The study was conducted in the Laboratory of
organic fertilizers and humus, NSC “Institute for
Soil Science and Agricultural Chemistry Research
named after O. N. Sokolovsky”, according to the
plans of SRW for 2000-2015. The work is a part
of STP UAAS “Fertility and protection of soils”,
2001-2005, task 02: “Developing theoretical funda-
mentals, norms, and regulations for the elaboration
and application of biomineral fertilizers, biostimula-
tors, and system of forming non-stable forms of hu-
mus as a factor of optimized fertility and ecology of
soil (No.DR 0101U006055); STP UAAS “Fertility,
protection, and ecology of soils” 2006-2010, task
01.03.02-030: “Developing theoretical fundamen-
tals of novel agrotechnologies of restoring humus in
soils” (No. DR 0106U004793); research program of

AGRICULTURAL SCIENCE AND PRACTICE Vol.3 No.2 2016

NAAS 01 “Fertility, protection, and rational use of
soils”, 2011-2015, task 01.00.08.01.F.: “Theoreti-
cal and technological substantiation of methods of
governing the transformation of the humus status of
soils due to anthropogenic impact of different inten-
sity” (No. DR 0111U002991).

BwmicT, cki1a, eHepro€eMHiCTh OPraHiYHOI pe4OBUHH
Ta iXHi 3MiHHM Y 4YOpHO3eMaX il BILIHBOM
Pi3HUX cHcTeM y100peHHs

€. B. CxpunbHuk
e-mail: orgmin@mail.ru

HamionansHuii HayKOBHiT IEHTP
“IHCTUTYT I'pyHTO3HABCTBA Ta arpoXiMii
imeni O. H. CokonoBchbKoro”

Byn. YaiikoBcbka, 4, Xapkis, Ykpaina, 46102

Meta. BcTaHOBUTH 3aKOHOMIPHOCTI TpaHC(OpMAIll Kiib-
KICHOTO Ta SIKICHOTO CKJIaJy T'yMYyCy, HOTO €HEproeMHOCTI
3a TpUBAJIOro yAoOpeHHs IpyHTIB. MeToam. 3milicHeHO
TPHUBAJI CTAIllOHAPHI JOCTIIM HAa YOPHO3EMHHX IPYHTaX
PI3HOTO IPaHyJIOMETPUYHOIO CKJIaly. AHAIITHUHI poOOTH —
B aTeCTOBaHii J1adoparopii 3a AiF0OYMMH HOPMAaTHBHUMH JI0-
KyMEHTaMH: IoTepenHe oOpoOIeHHS 3pa3KiB i (hi3UKO-
ximignoro anamizy (JACTY ISO 11464); BusHaueHHS Cy-
X0I PEYOBHMHM 1 BOJIOTOCTI 32 MAacol — TI'paBIMETPHYHUM
metonoM (JCTY ISO 11465); mMacoBy 4acTKy 3arajibHOTO
Bymieno Bu3Hauanu okcupumerpudHo (JICTY 4289:2004);
IPYIOBHIA CKIa[ ryMycy — 3a MeTooM TropiHa y moauika-
uii [ToromaproBoi Ta IlmorHikoBoi (JICTY 7828:2015); mu-
TOMY TEIUIOTY 3TOPSIHHSA TPYHTOBOTO i OpTaHiYHOTO MaTe-
plasry — KaJOpUMETPUYHHUM METOIOM Ha ycTaHOBII B-08-
MA (ACTY 7866:2015); npenapati I'yMyCOBUX pPEUOBHH
Bunuum 3a JICTY 7606:2014. Pesyabratn. Tpusaie ymo0-
PEHHS CIpHsi€e ICTOTHUM 3MiHaM SIKICHOTO CKJIajay Yyciel
CHCTEMU T'YMYCOBHUX PEYOBHH YOPHO3EMIB PIi3HOIO IpaHy-
JoMeTpudHOTO cKianxy. OpraHidHa i MiHepadbHa CHCTEMHU
yOOOpeHHsT Ha YOpHO3eMax pI3HOTO T'PaHyIOMETPIIHOTO
CKJIQJTy TIO-Pi3HOMY BIUIMBAIOTH HAa HAKOMMYECHHS CHEPTii K
y IpyHTi, Tak i B ryminoBux kucinorax (I'K). BucHoBkmu. 3a
OpraHivyHOl Ta MiHEpaJILHOT CUCTEM YAOOPEHHS B YOPHO3EeMi
TUIIOBOMY Ba)KKOCYIJIMHKOBOMY HOBOyTBOpeHHs 'K BinOy-
BAETHCS 32 PaXyHOK Jpyroi i TpeThol (pakuii Ha i 3HHU-
eHHs nepioi Haiipyximsimoil ¢gpaxuii ['K. Crymnine pyx-
JUBOCTI BCi€l CHCTEMH TyMyCOBHX PEUOBHH ITiJ[ BIUTHBOM
pi3HUX cHcTeM YHOOpPEeHHS iCTOTHO HE BiIPI3HAETHCSA BiX
KOHTPOJIO, JIMIIE 33 MIHEPAIbHOI CHCTEMH YHOOpEHHS
CTIOCTEpiraiy TEeHACHINIO /0 MiJBUIIEHHS ILOTO IOKa3-
HUKa. 32 OpraHiqyHoi Ta MIHEpaJbHOI CUCTEM YHOOpEHHS B
YOPHO3EMi THUIIOBOMY CJIa0OBHIIYT'YBAHOMY JIETKOCYIJIMH-
koBoMy HOBOyTBopeHHs ['K BimOyBaeThcsi 3a paxyHOK
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mepmoi 1 apyroi ¢pakuiit. YekmagHenHs ctpykrypu 'K i
3pOCTaHHS CTYIEHsS KOHJICHCOBAHOCTI 3a(iKCOBaHO JIHIIE
32 OpraHiyHol cucremu ynoOpeHHs. PiBeHb pPyXJIMBOCTI
BCci€l CHCTEMM TYMYCOBHX PEYOBHH Y IIbOMY IPYHTI MiJ
BIUIMBOM OpPIraHi4YHOI i MiHEPaIbHOI CHCTEM YIOOPEHHS TiJI-
BUIILYBABCs MMOPIBHSHO 3 KOHTpOJieM. BCTaHOBICHO 3HAYHY
PI3HUINIO y TOKa3HUKAX €Heprii, sika MiCTUTBCA Y TPYHTI Ta y
¢pakmisx 'K, ekcTparoBannx 3 Ii0ro IpyHTY. MakcumansHa
KUTBKICTh €Heprii 3HAXOAUThCS y TabimpHuX (popmax 'K —
y mMexax 10,62—15,85 MJDx/kr, HaliMeHIIa — y (pakIisx,
MII[HO 3B’3aHMX 3 MIHEPAIBHOIO YacTUHOI IPYHTY
(1,47-4,09 MJlx/xr). Kinbkicth eHeprii HpsiMoO 3aJIeKUTh
BiJ 3aCTOCOBAHMX arpOTEXHIYHUX MPUIOMIB, 10 MOBHICTIO
Y3TOIUKYETBCSl 3 JaHMMHM LIOJO BIUIMBY PI3HUX CHCTEM
yI0OpeHHs Ha TyMYCOBHUH CTaH IPYHTIB.

KurouoBi ciioBa: 4opHO3eMHU, CUCTEMH YIOOPCHHS, TyMYC,
T'YMIHOBI KHCIJIOTH, €HEPIrOEMHICTb.
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Lenb. YCTaHOBUTD 3aKOHOMEPHOCTH TPaHC(HOPMALIUN KOJIH-
YECTBEHHOTO U KaUE€CTBEHHOTO COCTaBa IyMyca, €ro 9HEpro-
€MKOCTH ITPH JUITNTEIBHOM y00penuu nous. Metoasl. Ocy-
IIECTBIICHBI JUINTEIbHBIC CTAIlMOHAPHBIC OIBITHI Ha Yep-
HO3EMHBIX ITOYBAX Pa3IMYHOTO FPAHYJIOMETPUIECKOTrO COC-
TaBa. AHaJUTHYECKHE PabOThl — B aTTECTOBAHHOW J1abo-
paropuu ¢ AEHCTBYIOIIMMH HOPMAaTUBHBIMU JIOKYMEHTAMHU:
npenBapuTenbHas o0paboTka 00pasmnoB st (GU3HKO-XUMH-
geckoro aHammsa (JACTY ISO 11464); ompeneneHne cyxoro
BEIECTBA W BIAKHOCTH 110 Macce — TPaBUMETPUYECKUM
Metonom (HACTY ISO 11465); maccoByro momo o0mero
ymepona onpenensuin okcuguMerpudecku (JCTY 4289:
2004); hpakinOHHO-TPYIIIIOBOI COCTAB I'yMyca — [0 METOY
Tropuna B momudukanuu IloHomapeBoir u IlmoTHHUKOBOM
(ACTYVY 7828:2015); ynenpHYIO TEIUIOTYy CrOpaHHS MOYBEH-
HOTO M OPraHMYECKOTO Marepuayia — KaJOpUMETPUIECKUM
MeTomoM Ha ycraHoBke B-08-MA (JACTY 7866:2015);
mpenaparsl T'yMycoBbIX BemecTB Bbyiemsmn no JCTY
7606:2014. Pe3yabTaThl. J[muTensHoe BHECEHUE yI0OpEeHUH
CHOCOOCTBYET CyLIECTBEHHBIM U3MEHEHHUSIM KaueCTBEHHOTO
cocraBa BCeil CHCTEMbI TYMYCOBBIX BELIECTB YEPHO3EMOB
Pa3HOTO TPaHYJIOMETPUYECKOro cocraBa. OpraHuueckas M
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MHUHEpalbHas CHCTEMBl yAOOpeHHWS Ha dYepHO3eMaxX pas-
HOTO TPaHYJIOMETPUYIECKOTO COCTaBa IMO-Pa3HOMY BIHUSIOT
HAa HAKOIUICHWE YHEPTHH KaK B MOYBE, TAK M B T'YMHUHOBBIX
kuciorax (I'K). BwiBoabl. Ilpum opranudeckoid u MuHe-
palibHOM cUcTeMax yAOOpeHUsl B 4YepHO3eMe THIUYHOM
TSOKETOCYTIIMHACTOM HOBooOpa3oBanue 'K mpoucxoaur 3a
CYeT BTOPOH U TpeTher (ppakumii Ha (HOHE CHIDKSHHS Tep-
BO# camoit monBmkHOW ¢pakunu ['K. CremeHp MOmBHK-
HOCTH BCEH CHCTEMBI TYMYCOBBIX BEIICCTB TIOJ BIUSHHEM
Pa3IMUHBIX CHUCTEM YJOOpEHHUS! CYIIECTBEHHO HE OTJIMYa-
€TCsl OT KOHTPOJIS,, TOJBKO IpPU MHUHEPAJIbHOW CUCTEME
yA0OpeHusl HaOJIIOAaeTCsl TeHCHIMS K MOBBIIICHUIO TOTO
nokasareiid. [Ipu opranndyeckoil 1 MUHEpaJIbHOW CHUCTEMax
yAOOpeHHsT B YEepPHO3EME THIIMYHOM CIaOOBBIIIETIOYCHOM
JIETKOCYTIIMHUCTOM HOBooOpa3oBanue ['K mpowmcxomut 3a
CUET TepBOH W BTOPOU (hpakiwii. YCIO)KHEHUE CTPYKTYPHI
I'K 1 pocT cTeneHn KOHAEHCHPOBAHHOCTH 3a()MKCUPOBAHBI
TOJIBKO TIPU OPraHWYecKOd cucreme ynoOpeHus. YpoBeHb
MOJIBIPKHOCTH BCEH CHCTEMbI T'yMYCOBBIX BEIECTB B 3TOH
MIOYBE MOJT BIUSHUEM OPTaHIMYECKON U MHHEPATBbHON CHCTEM
yAOOpEHMsI MOBBIIIAJICS MO0 CPAaBHEHUIO C KOHTPOJIEM. Yc-
TAQHOBJICHO 3HAYMTENBHYIO PA3HHUIy B TOKa3aTelsX JHEp-
THH, cojepkamiedici B mouBe W BO ¢pakousax [K,
9KCTPAarMpoOBaHHBIX M3 ATOrO IpyHTa. MakCHMalbHOE KO-
JIMYECTBO DHEPIHU HAXOAMTCS B abmibHbIX (opmax 'K —
B mpenenax 10,62—15,85 MJx/kr, HauMeHbliee — BO
(hpakImsax, MPOYHO CBSI3AHHBIX C MHHEPAIBHONW YacThIO IOY-
BHI (1,47—4,09 Mlx/kr). Koan4aecTBO 3HEPTUH HAMPSIMYIO
3aBHCHUT OT NMPUMEHAEMBIX arpOTEXHUICCKUX MTPUEMOB, UTO
MIOJTHOCTBIO COTIIACYETCS C TAHHBIMU O BIUSHUH PA3TUIHBIX
CHCTEeM yIOOpEHHsI Ha TyMYCHOE COCTOSIHHE TIOUB.

KiroueBble c10Ba: 4epHO3EMBI, CHCTEMBI yNOOpEHUS, Ty-
MYC, TYMHHOBBIE KUCIIOTBI, SHEPTOEMKOCTb.
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