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THE INFLUENCE OF HEAVY EQUIPMENT USED IN APPLE
ORCHARDS ON COMPACTION OF SOIL

Instytute of Pomology, Skierniewice

In the spring time in many orchards, and particularly those located
on heavier textured soils with insufficient drainage and in clean culti-
vation there exist extreme difficulty to make passing of tractor with
sprayer. The numbers of trips over the soil in orchards becomes steadily
increasing, and modern machines are now usually bigger and heavier
then they were before.

For the satisfactory control of diseases and insects Polish fruit
growers use sometimes sprayers sixteenth to eighteenth times per year.
This very high stream of traffic with heavy machines over the wet soil —
as it is well known in the world — leads to compaction of soil, and
this changes the properties of soil and its productivity.

The main purpose of this investigation on compaction problem in
orchards was to find to which extent physical properties are changed
under heavy equipments on different soils.

LITERATURE REVIEW

There are different sources of compaction of the soil. Some soils
become compact naturally as a result of their textural composition and
moisture changes, particularly drying [4]. In nature processes in some
soils lead to the development of genetic hard pans, clay pans, silt pans
etc. These layers are developed usually in deeper parts of the profile.
Field excavation in orchards made by Gruzdiev, [3], Stowik and
Willits [9], Valkow and Niegowielow [14] and others has
shown evidence of lack of penetration by fruit tree roots where higher
densities occur naturally.

3 Roczniki gleboznawcze
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Sources of compaction of the soil surface are rain, irrigation, pasture of
animals, and machinary traffic — probably the most important [1, 2, 7,
13]. The compaction becomes real problem in intensive orchards, where
fruit trees are planted more densely than in traditional ones.

One of the most important factors on which the degree of compaction
depends during use of machinary is the maisture of soil at the time
of tractor operation [1, 13]. Usually less compaction occurs when tractor
operations are performed on dry soil than on soil at or ahout field
capacity.

The depth to which soil can be compacted by the use of tractors
depends on soil, its moisture, and data varies according to different
investigators [2, 13]. Doneen and Henderson [2] showed that soils compac-
tion may occur to a depth of 50 cm when the tractor passes were done
soon after irrigation.

Usually slow penetration of water into the soil is the first symptom
which shows that soil is compacted. This is particularly very often
observed in orchards. Doneen and Henderson [2] have
shown that infiltration rate on the non passage area was almost 1.4 in.p.h.,
and after two passages of tractor soon after irrigation was only
0.6 in.p.h.

It is generally accepted that compaction increases bulk density, low-
ers porosity, gets the diffusion of soil air slower, decreases non-capillary
porosity, and rate of permeability, and restricts plant growth. Review
of literature on that matter is presented by Raney et all [5], Rosen-
berg [8], Veihmeyer and Hendrickson [12].

Increased compaction makes root extension more difficult. Restriction
of roots to shallow depth reduces the soil reservoir of nutrients and
moisture which would normally be available to the plants. Volz [13],
has observed that particularly roots of M 1X rcotstock could not penetrate
into dense soil while some other rootstocks could. Walkow and Nie-
gowielow [14] concluded that for fruit trees the bulk density should
not exceed 1.6 g/ccm. The results of several investigations [12, 14] indicate
that root growth tends to be restricted in fine textured soils when buli
density gets much above 1.4 g/ccm. In coarser textured soils root growth
may not be noticeable restricted at bulk densities less than 1.6 g/ccm.

Gruzdiew [3] studied a wide range of orchard soils in Russia and
emphasised the importance of the mechanical impedance of different
horizons in the soils. He found that the resistance to penetration of the
probe (Golubievs penetrometer) is a good index of penetrability of soil
for the roots, if the determinations were made near field capacity. Apple
tree roots penetrated readily into the soil which resistant values did not
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exceed 30 kG per square centimeter. At 30-60kG/sq-cm few roots were
found. Above 60 kG/sq-cm roots penetrated only along the holes made by
earthworms and by the roots of some other plants like alfalfa.

MATERIAL AND METHODS

The study of the influence of heavy equipments used in apple orchards
on physical properties of soil and particularly their compaction started
in autumn of 1964 in Field Experiment Station at Dgbrowice. Next
year two other Stations namely Sinoleka, and Nowa Wie§ were under
investigation too. The mechanical composition of soil in investigated
orchards are presented in Tab. 1.

Table 1

Mechenical composition of surface soils under investigation

Diameter in mm
Field - 0.3: |0.25- | 0.1 |0.05- | 0.02: 0.006- | =
Experiment 0.5 0.25 | 0.1 0.05 (0.0 0.006 {0.002 | 0.002
Station
Percentage
Dabrowice 8 21 26 15 9 6 9 6
Sinoleka 3 6 21 13 7 14 14 22
Nowa Wied 2 1 20 18 33 13 2 5

The orchards ranged in age from 17 to 30 years. Tractor with sprayer
was used in studied orchards at least 20 to 30 times yearly. The orchards
represented two systems of culture — permanent sod and clean culti-
vation kept for a long time. Two sampling positions were selected in
permanent sod; one track area between rows and the second around
edge of crone canopy of apple trees, and one in clean cultivation in track
area.

In 1964 undisturbed soil samples were taken only at Dgbrowice and
at depth of 0-10 cm, from both systems of cultivation. In 1965 soil cores
were taken at Dgbrowice, Sinoleka, and Nowa Wies from the depth 0-10,
10-20, 20-30, 30-40, 40-50 and 50-60 cm to find to which depth soil is
compacted. To find out highest compaction soil samples were always
taken in late autumn.
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From each position and depth were taken 6-10 cores of 100 ccm for
determination of bulk density, total porosity, non capillary porosity
etc., and 6-10 cores of 200 ccm for hydraulic conductivity measurement.
Non capillary porosity was measured by determining the water loss of
the soils between complete saturation and 60 cm water suction according
to Richards [6]. Bulk density was calculated from the volume of
the cylinder and oven dry weight of the soil. Hydraulic conductivity
was measured using hydraulic gradient of 2.5 cm in the method described
by Uhland I[11].

In addition in field condition determination of resistant to penetration
of pneumatic type of penetrometer described by Rzgsa [9] was used.
Using this penetrometer we determined soil resistance in vertical direc-
tion to the depth of 40 cm, and horizontal direction to the distance of
20 cm at intervals of 1 cm. The horizontal penetration was measured
in the wall of the soil profile in the depth of 10, 20, 30 and 40 cm.
It was 10 times replicated in each depth. The determination was done
in September in soil moisture condition near field capacity. In that time
soil moisture was also determined.

The differences among obtained data between traffic and non traf-
fic area were so large in most analysed properties that it was not need
to make statistical analysis, and results presented are average from 6-10
replications.

RESULTS

Data from Dgbrowice presented in Tab. 2 illustrated that in traffic area
bulk density markedly increased in comparison with non traffic area.
This increase of soil compaction in traffic area is particularly observed in
clean cultivation where average bulk density in surface layer was
1.74 g/cem. Higher bulk density caused by tractors and sprayers lowers
total porosity, non capillary porosity and particularly hydraulic
conductivity Tab. 2. Hydraulic conductivity at Dabrowice in permanent
sod in non traffic area is about 2 times greater than in traffic
area. Also in traffic area in permanent sod the hydraulic con-
ductivity is more than 4 times greater than in clean -cultivation.
In 1965 similar studies were made also at Sinoleka and Nowa Wies.
Highest values for bulk density in traffic area were obtained at Sinoleka
in clean cultivation, although permanent sod does not protect against
compaction by tractors as it was observed at Dagbrowice in 1964
(Tab. 2).
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Table 2
Influence of heavy e?uiynent used in orchard on some physical
properties of soil in 0-10 cm depth
i Non * -
Field Soil Samples Bulk Totel capillary Hydraulic
Experiment Denagement taken density porosity porosity conductivity
Station place g/ccm % % cm/br i
Dabrowice | Permanent Traffic area 1.56 41.4 15.5 2.876
1964 sod Non traffic area 1.48 44,2 16.3 5.365
Clean Traffic area 1.74 34.3 10.5 0.671
cultivation
Sinoleka Pesmenent Traffic area 1.75 33.4 8.0 1,245
80 i
1965 Non traffic area 1.43 45.8 17.2 4,278
Clean fraffic area 1.78 32.6 7.2 0.629
cultivation
Nowa Wied Pegmamt Traffic area 1.66 36.2 3.4 0.232
s0
1965 Non traffic area 1.30 50.9 10.7 3,684
Clean Traffic area 1.72 35.1 3.1 0.102
cultivation
* - Under 60 cm of water tenmsion
Table 3

Influence of heavy equipment used in orchards in permanent
sod on changes of bulk density

Depth in cm
Field Samples
Experiment teken 0-10 ' 10-20 | 20-30 | 30-40 | 40-50 | 50-60
Station place
Bulk density in g/cem
Sinoleka Traffic area 1.7 1.83 1.70 1.711 1.1 1.76
Non Traffic ares 1.43 1.56 1.57 1.55 1.61 1.66
Nowa Wies Traffic aree 1.66 1.64 1.68 1.72 1.71 1.66
Non Traffic area 1.30 1.43 1.43 1.53 1.55 1.52

The depth to which soil is compacted by heavy equipment at Sinoteka
and Nowa Wie$ is presented in Tab. 3. The highest compaction was
reached at Sinoleka in the depth of 10-20 cm and at Nowa Wies$ in the
depth of 30-40 cm. These data indicated also that heavy equipment used
in both orchards increases compaction, in comparison with non traffic
area to a depth of 50-60 cm.

Results concerning soil resistance to penetration of pneumatic penet-
rometer done in 1965 in traffic and non traffic area at Sinoleka and



Table 4
Influence of Leavy equipment used in orchards on soil resistence to peretration in vertical direction
October 1965
th i
Pield Depth in em
Bxperi- Soil |Samples
ment | manege-| tsken | 2-4 | 4-6 | 6-8 | 8-10/10-12|12-14/14-16|16-18 18-20 [20-22|22-24 | 24-26 | 26-28 |28-30 | 30-32 32-34 34-36 |36-38 | 38-40 [ATETE"
Station| DeRt place
Soil resistance to penetration in kG/cm2
Sinoleka| Permas- |Traffic| 66,0{115.0|157.6/162.6/162.3(162.9(160.6|164.3(167.1]170.0{175.0(185.0(172.0{170.0|162.0(158,6|156.0|159.2|160.0 |157.2
nent area
sod
Hon 26.5| 35.3| 42.2| 46.2| 50.8| 55.2| 57.0| 60.6| 67.7| 78.5| 97.5(100.5|115.6{111.0(116.0|121.0(128.6|126.3|128.2| 82.4
traff.c
area
Clean |Traffic|135.0(190.0|above|200.0
culti- |area
vation
Nowa Perna- |Traffic| 54.2| 79.9/104.2|126.5/140.2|158.5[166.0/176.0(188.0(185.0(186.0(189.0(180.5(175.0{179.0{172.0(169.0{175.0]176.0{156.8
Wiz§ nent  jarea
sod
Non 10.2) 18.5| 22.8] 27.4] 30.3| 30.8| 35.0| 39.4| 46.6| 45.5| 51.6| 58.3| 70.5| 75.8/ 80.6| 84.0| 84.0| 90.8|10l.0| 52.8
traffic
area
Clean |Traffic| 32.5| 51.5| 63.0| 84.2|115.5|138.0(160.0{162.0|171.0[160.0|158.4166.2(175.0(|182.5|above [200.0
culti- |arsa
vation

8¢
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Nowa Wies illustrate Tab. 4. At Sinoleka in clean cultivation and in
traffic area soil resistance below 6 cm depth was higher than 200 kG/sq-cm
and it was impossible to measure it. The same value was reached at
Nowa Wie$ below 30 cm depth.

In both orchards greater differences existed between traffic and non
traffic area in soil resistant to penetration of probe in surface layers
than in deepper ones. In surface layers soil resistance is greater some-
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Influence of heavy equipment used in orchard on soil
resistance to penetration in vertical direction: a) at Sinoie-
ka, b) at Nowa WieS. October 1965

1 — permanent sod traffic area, 2— permanent sod non traffic area, 3 —clean cultivation
traffic area

times three to four times in traffic than non traffic area. In Nowa Wie$
soil resistance in surface layers in permanent sod and traffic area was
higher than in clean cultivation but it was opposite bellow 30 cm depth.
It is interesting to note that soil moisture in time of study in each
orchard is very similar in both soil managements (Tab. 5).
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Teble 5
Soil moisture in time of measurement of soil resistance
to penetration
th 1
Field . Samples Depth in ca
Experiment Soil . taken 0-10 l 10-20 | 20-30 J 30-40
: managemen
Station 8 place Weight percentsge
Sinolgks Permanent sod Traffic area l 10.0 11.1 12.8 11.4
Non traffic area ( 8.6 10.8 12.€ 12.5
Clean cultivation | Traffic area i 9.6 10.2 12.0 12.6
Nowa Vies Fermanent sod Traffic area [13.1 14.7 14.6 12,6
Non traffic area 15.1 14.9 14.1 14.0
Clean cultivation | Traffic area 14.6 15.2 12.4 12,2
Table €

Influence of heavy equipment used in orchard kept in permanent sod at Sinoleka on soil
resistance to penetration in horizontal direction )
October 1965

Distance from the wall of soil profile in cm
Samples

Depth
| taken 2-4 4-6 6-8 8- - - average
; place e 10 | 10-12 | 12-14 | 14-1€ | 16-18 | 18-20 2_208

Soil resistance to penetration in kG/cm?

Traffi 1 . . . . 6 ;
;?:a ic 0 135.0| 152,5 | 149.0 | 159.0] 160.0 | 161.C | 162.0 | 169.5 | 162.5 156.7

40 130.0|145.2 | 150.0 | 149.0| 152.0 | 160.4 | 159.7 |165.2 | 167.8 153.5

!t\.ggffi.c 10 52.0 | 60.5 50.2 45.5| 51.2 60.5 55.0 [ 49.0 46.2 52.2
area 40 89.0| 92.5 | 10l.2 | 109.0| 112.8 | 109.7 | 105.2 | 106.5 | 109.3 103.3

Soil resistance to penetration of probe in horizontal direction for
Sinoleka in permanent sod in traffic and non traffic area in different
depth is presented in Tab. 6. In traffic area highest soil resistance was
measured in the depth of 30 cm but the greatest differences exist in the
depth of 10 cm (Tab. 6).

DISCUSSION
In modern fruit tree culture it is impossible in practice to eliminate

using of tractors and other heavy equipment. When weather is wet it is
necessary to use more sprayers in apple orchards than in dry weather.
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This very high stream of traffic of heavy machines over the wet soil
in orchards leads to its compaction. It was shown at Dabrowice, Sinoteka,
Nowa Wies that under heavy equipment several soil physical properties,
particularly bulk density, porosity, hydraulic conductivity, soil resist-
ance to penetration of probe influences adverse in great extent. (Tab. 2,
3, 4). Obtained data agree with data of different investigators [1, 2, 7, 13].

Soil compaction in the large extent in some soil types may effects
many problems in fruit tree growing. Particularly when clean cultivation
is kept in orchard there are many difficulties with passing the tractor
with sprayer. Also water permeability in clean cultivation seems to be
slowe than in permanent sod. In dense soil layer like it was concluded
by Walkow and Niegowielow [14] and Gruzdiew [3] root
systems of apple trees can not entry in because of mechanical impedance.
Increase of soil density at Sinoleka and Nowa Wie$ to the depth of
50-60 cm may adverse root penetration in area passed by tractor wheels.
This can increase difficulties for growing roots in traffic area particularly
in intensive orchards planted in small distance when roots can have
small volume of soil for feeding. This can be particularly important
with rootstocks which are sensitive to dense soil for instance M1X like
it was found by Volz [13].

At Sinoleka in time when soil compaction was studied there were
made tranches for tube drainage in this orchard and it was observed
that in traffic area and particularly in shallow layers only few roots of
Antonovka seedlings penetreated dense layers.

Using popular Polish sprayers it is necessary to pass two times in
each row to spray the both side of the trees. It means that in particular
year when it is need to spray 12 times the tractor and sprayers must
travel through given row 24 times. In such condition compaction will
increased from year to year.

No simple relationship could be found between the force required to
drive a probe into the soil and the soil conditions, and fruit tree growth
and roots. It is obvious that in traffic area in both soil managements
is a very high soil resistance to penetration of the probe. As the measure-
ments were made in similar moisture condition in permanent sod and
clean cultivation large differences in resistance depend mainly on
higher degree of compaction. Thus high soil resistance found in traffic
area much more exceed values which Gruzdiev [3] has found as
a limited for the apple tree roots. Further studies are necessary to explain
some relation between compacted and non compacted soil in relation to
the root growth of fruit trees.
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K. SLOWIK

L’INFLUENCE DE I’EMPLOI DES MACHINES LOURDES, DANS LES VERGERS
DE POMMIERS, SUR LA COMPACITE DU SOL

Institut d’Arboriculturc a Skicrniewice

Résumé

La détermination de l’influence de l’action de pression des machines lourdes
(tracteurs et pulvérisateurs) dans les vergers de pommiers, sur les changements
des particularités physiques des sols.

Ces observations ont eu lieu en dans les vergers de l'Institut d’Arboriculture
1964 a Dgbrowice —et en 1965 aussi a Sinolcka et Nowa Wies. Ces observations
ont eu lieu dans des vergers de pommiers de 1'age de 17—30 ans. Les particularités
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physiques des sols furent marquées dans les cylindres dans des échantillons des
sols prelévés des pelouses et des sol nu travaillé des bandes de terre pressées par
les tracteurs et des pelouses non pressées par des machines. En outre on a détér-
mine la concision du sol au moyen d’un pénétrometre pneumatique construit par
Rzagsa [9].

Sous l'influence des passages des machines lourdes dans le verger a lieu une
diminution prononcée de la porosité générale des sols, de la porosité noncapillaire
et de la perméabilité (table 2). Dans tous les vergers examinés dans les bandes de
passage la perméabilité dans la couche supérieure du sol était de 2 a 4 fois plus
grande dans les pelouses que dans les sol nu travaillée. On constata un accroisse-
ment du poids volume des sols sous l'influence de I’action de pression des machines
jusqu’a une profondeur de 60 cm (table 3). A Dabrowice on observe une compression
moindre dans les bandes de passage dans les pelouses que dans les sol nu travaillé,
ce qui ne fut pas observé ni a Sinoleka ni 8 Nowa Wie§ (table 2).

Les différences de concision du sol détérminées au pénétrometre étaient parfois
trés prononcées selon le mode de culture et selon la profondeur, la concision la
plus prononcée fut démontrée dans le sol en sol nu travaillé dans les bandes de
passage (table 4).

K. SLOWIK

DIE BODENDICHTE IN APFELBAUANLAGE BEI ANWENDUNG SCHWERER
MASCHINEN

Institut fur Obstbau in Skierniewice

Zusammenfassung

Zweck der durchgefiihrten Untersuchungen war die Bestimmung der Druck-
wirkung schwerer Maschinen (wie Traktoren und Spritzgeridte) in den Apfelbaum-
anlegen.

Diesbeziigliche Untersuchungen wurden im Jahre 1964 bei der Versuchsstation
des Obstbauinstitutes in Dgbrowice, im 1965 auch in Sinoleka und Nowa Wie$§ an-
gelegt. Es wurden die Apfelbaumgirten im Alter von 17—30 Jahren untersucht.
Physikalische Bodeneigenschaften wurden auf Grund der in die Zylinder entnom-
menen Proben bestimmt. Die Proben wurden vom gedichteten Rasen und schwarzer
Brache wie auch vom Rasen, auf welchem kein Traktor gefahren war, entnommen.
Ausserdem wurde die Bodendichte mit dem pneumatischen Penetrometer von
Rzgsa [9] bestimmt.

Unter dem Einfluss des in den Anlagen arbeitenden schweren Gerites erfolgle
wesentliche Einschriankung allgemeiner und kapilldrer Porositdt und der Durchlis-
sigkeit des Bodens (Tab. 2). In den Fahrstreifen aller untersuchten Géarten war
die Durchlédssigkeit der oberen Bodenschichte unter dem Rasen 2—4 mal grosser
als unter der schwarzen Brache. Das Volumengewicht des Bodens vergrosserte sich
unter der Druckwirkung der Maschinen bis zu 60 cm Tiefe (Tab. 3). In Dabrowice
wurde in den Fahrstreifen des Rasens kleinere Bodenverdichtung als unter der
Schwarzen Brache festgestellt. In Sinoleka und Nowa Wie§ hat man andere Resultate
beobachtet (Tab. 2).
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Die mittels des Penetrometers bestimmten Bodenverdichtungsdifferenzen waren
manchmal, je nach der Bearbeitungsart und Tiefe, sehr gross, wobei die grosste
Bodenverdichtung in den Fahrestreifen der schwarzen Brache festgestellt wurde
(Tab. 4).

KAZIMIERZ SLOWIK

WPLYW STOSOWANIA CIEZKICH MASZYN W SADACH JABEONIOWYCH
NA ZBITOSC GLEBY

Instytut Sadownictwa, Skierniewice

Streszczenie

Celem przeprowadzonych badan jest okre$lenie wplywu ugniatajacego dziatania
ciezkich maszyn (jak traktory i opryskiwacze) w sadach jabloniowych na zmiany
fizycznych wtlasciwos$ci gleby.

Badania przeprowadzono w 1964 r. w sadach ZNB Instytutu Sadownictwa w Dg-
browicach, a w 1965 r. takze w Sinolece i Nowej Wsi. Badaniami objeto sady jablo-
niowe w wieku 17—30 lat. Fizyczne wlasciwosci gleb oznaczono w cylindrach
w prébkach gleby pobieranych z murawy i czarnego ugoru z paséw ugniatanych
traktorami oraz z murawy z miejsc nie ugniatanych zadnym sprzetem mechanicz-
nym. Poza tym zwiezlo§¢ gleby oznaczano penetrometrem pneumatycznym kon-
strukeji Rzasy [9].

Pod wplywem dokonanych przejazdéw ciezkim sprzetem w sadzie nastepuje
znaczne zmniejszenie sie ogélnej porowatosci gleby, porowato$ci niekapilarnej i prze-
puszczalnosci (tab. 2). We wszystkich badanych sadach w pasach przejazdu prze-
puszczalno§¢ wodna w wierzchniej warstwie gleby w murawie byla 2 do 4 razy
wieksza niz w czarnym ugorze. Wzrost ciezaru objetoSciowego gleb pod wplywem
ugniatajgcego dzialania maszyn stwierdzono do glebokos$ci 60 cm (tab. 3).

W Dabrowicach w pasach przejazdu wystepowalo mniejsze ugniecenie gleby
W murawie niz w czarnym ugorze, czego nie obserwowano w Sinotece i Nowej Wsi
(tab. 2).

Roéznice w zwiezlo§ci gleby okreSlonej penetrometrem byly niekiedy bardzo
duze w zaleznoS$ci od sposobu uprawy oraz glebokosci, przy czym najwiekszg zwiez-
los¢ wykazywala gleba w czarnym ugorze w pasach przejazdu (tab. 4).

K. CIOBUK

BJIVMSAHUE TNIPMMEHAEMOCTYM TPY3HBIX MAIINMH B ABJOHEBBIX CAJAX
HA KOMIIAKTHOCTDB IIOYBEIL

HMuctutyT CapgoBopcrBa, CKepHeBule

Pes3smome

Ilenpi0 NOPOBEAEHHBLIX MCCIENOBAHMII OBILIO OIpeAeNeHue YIJIOTHAWLIETo aeii-
CTBMA NMPUMEHAEMBIX B CafaX TPY3HBLIX MAallMH (TPAKTODBI, OIIPUCKMBATENN) Ha U3Me-
Hemye (OU3MYECKUX CBOJMCTB ITOUYBLI.
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ViccnemoBanma NpuBOAMIMCEL B 1964 roxy B camax MuctuTyra CazmoBopcTsa
B M. JlomOpoBuue a B 1965 rogy Takxke B M. Cunosenka u HoBa Bech. VcenegoBaums
oxBaTbeIBanM cajbl 17—30 neTHero Bo3pacra. Pu3nyecKye CBOJMCTBA IIOYB OIPEReJIANN
B IMIMHIPaX B IIOYBEHHBbIX 00paslax oTOoOpPaHHBIX € MYPaBhbl M C YEPHOI0 Hapa Ha
noJjioce cxaTuA (YIJIOTHEHMUA) KOJiIecaMM TPAKTOpa a TaKKe C MypaBbl, I'Ze II0YBa
He IIOABEprajiach CIKaTUI0 MeXaHMdecKnM obGopynoBaHmem. Kpome TOro ompenensasan
IJIOTHOCTH IIOYBBI ¢ IIOMOILBIO ITHEBMATMYUECKOTO II€HEeTPOMETPa KOHCTPYKLIM
XKogcer [9].

ITox BAMAHMEM MHOTOKPATHOM €34bI MalllMH B Cafax [OCJIEZ0BaJl0 3HAYUTEJb-
HOe yMeHbuIeHMe o0O0leil nopMuMcTOCTM (CKBaXKHOCTM) IIOYBBI, HEKaANUJJIAPHOM
IIOPMCTOCTM M IIPOHMIIaeMocTy IouB (Tab. 2). Bo Bcex mcCClemOBaHHBLIX cajaX B IIO-
J0ce mepee3NOB (ABMIKEHMA) MalUMH IIPOHMIIAEMOCTH BEPXHEr0 TIOPM30HTA II0YB
6bl1a Ha MypaBe B 2 #o 4 pa3 Goablueir, yeM Ha 4YepHOM napy. IloBbllleHMe 00BeM-
HOTO BeCa IIOYB IO BIMAHMEM YIIJIOTHAIOIIEro ACHCTBMA MAalIMH OOHAPYKMBAJOCh
no raybunbr 60 (tab. 3). B M. JoMmOpoBMIle BBICTYIIQJIO MEHbIIIEee CiKaTME IIOYUBBLI Ha
MypaBe, 4yeM Ha 4YepHOM IIapy, YTO OJHAKO He IpoaABuMiock B M. CuHoneHKa u HoBa
Becsw (Tab. 2).

Pas3uuupbl B INIOTHOCTM IIOYB OIIPENENIAeMOi IIeHEeTPOMETPOM OblIM MHOTZA OYE€Hb
BEJIMKM, B 33aBJMCUMMOCTM OT Criocoda u riayouHbl o6paboTKy, mpM 4yeM caMoOil BBICOKOJ
IJIOTHOCTBIO OTJMYAJICA YEepHBI IIap B IIOJIocaxX mepee3noB (Tab. 4).






