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THE ROLE OF SOIL CONDITIONS IN THE FORMATION
OF SOME MECHANICAL PROPERTIES OF CEREALS

Bogustaw Szot

Changeability of the physical properties of cereals comprises a very
wide range and undoubtedly depends’ on many internal and external
factors which not always can be determined in absolute values. Surely
one of them is the soil, influencing to a degree the differentiation of so-
me parameters.. This problem has not been dealt with widely so far.
Very scarce information to be found in Pieper’s works [1] suggests that
with the evaluation of grain, apart from the variety features, the soil
conditions should also be considered. The author, however, did not pre-
sent in detail the participation of soil in the formation of the physical
properties of seeds. The development of investigations of the physical
properties of plants that took place in recent years created a greater in-
terest also in this direction of research.

On the basis of the results of investigations carried aut in the Insti-
tute of Agrophysics of Polish Academy of Sciences in Lublin a conside-
rable changeability of the physical properties of cereal grain determined
by differentiated soil factors [5, 6] was established. These facts confir-
med the assumption that soil conditions significantly change the range
of changeability of many physical parameters of grain. Hence it seems
purposeful to extend this type of investigation for the determination of
the limit values of particular properties, the grasping the dynamics of
the changes and for the determination of the actual role of soil conditions
in the formation of the physical properties of plant materials.

METHODOLOGY OF INVESTIGATIONS

The investigation material was constituted by stalks and grains of
winter wheat (the 500/69 variety), rye (the AR 3 variety) and Triticale
(the TCL 5/69 variety), that came from experiments carried out on mic-
ro-fields in the period 1973/74 on the lands of the Institute of Fertiliza-
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)
tion, Cultivation and Soil Science in Pulawy. The micro-fields (each of
\ them about 15-16 m? in area) constitute a unique (in Poland) system of
nine different soils (of natural genetic levels) situated side by side. They
represent the following systematic units:

I — acid brown soil (derived from weakly clayey sand),
II — acid brown soil (derived from medium clayey sand),
III — brown limestone soil (with the granulometric composition of
strong clayey sand),
IV — brown fen soil (with the granulometric composition of me-
dium clay),
V — leached brown soil (derived from loess),
VI — black earth proper (with the granulometric composition of
light silty loam),
VII — acid brown soil (derived from silty sand),
VIII — brown soil proper (derlved from silt formations of water
origin),
IX — brown soil proper (derived from light loamy sand).

The enumerated soils differed among themselves not only in their
granulometric composition but also in their -basic chemical properties.
The humus content in the arable layer varied from 0.64 to 3.86%, and
the hydrolitic acidity from 0.45 to 2.33 me/100 mg of soil. Also the reac-
tion formed a very wide range (from 3.9 to 7.5 pHkcy). The content of
nutrients assimilable for plants formed also a very wide range: P,O5 —
from 9.2 to 41.0 mg/100 g of soil; K,O — from 3.6 to 13.0; and Mg from
0.4 to 13.4 mg/100 g of soil.

Such a considerable changeability of soil conditions at the same cli-
matic conditions created an opportunity of evaluating the influence of
soil on the formation of the physical properties of cereals, the more so
that all the micro-fields were subjected to the same agrotechnical mea-
sures (including fertilization) and the same date of sowing. Harvesting
was carried out after full maturity of the cereals was established.

The harvested material served for the determination of

— the elasticity coefficients for the stalk,

— the grain-to-ear binding forces,

— the grain resistance to static loading together with the determma-
tion of the level of temporary deformations and the energy that caused
them.

For the determination of the basic mechanical properties of the stalk
the following measurements were made: force causing the bending of
a 6 cm long section of the stalk (bending arrow), outer and inner dia-
mefer and the thickness of the stalk wall. The investigations were ca-
rried out on a prototype apparatus of the Institute of Agrophysics. Then,
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by the application of adapted mathematical formulae ([4], the elasticity
coefficients for the subsequent sections and for the whole stalk were
calculated. /

The measurements of the grain-to-ear binding force were carried out
on the resistance measuring apparatus ”Instron“ with the direct method
[2, 3, 5, 8] in three parts of the ear (lower, medium and upper).

The immediate resistance of grain to static loading was determined
on a prototype apparatus of the Institute of Agrophysics [7]. From the
obtained diagrams presenting the courses of the linear increasing of loa-
ding in function of deformation the values of the force and the degree of
deformation were read. Also the value of the energy causing the imme-
diate deformations was calculated. The measurements were carried ocut
on grains of precisely determined thickness (2.0, 2.5, 3.0 mm) and mois-
ture of 10.7—12.1%0 (air dry).

RESULTS OF INVESTIGATIONS

The values of the elasticity coefficient change markedly along the
length of the stalk, and the influence of soil on this changeability is par-
ticularly visible during the analysis of results concerning winter wheat
(Fig. 1). For rye the values clearly decrease to the stalk height of about
70 cm, where there occurs a relative equalization of the curves characte-
rizing this property (Fig. 2), though there can be seen the differentiating
influence of the particular soils, similarly as in the case of Triticale
(Fig. 3).

The absolute values of the elasticity coefficients characterizing the
whole stalk (Table 1) vary — for winter wheat — from 1084.50 N/mm?
(brown soil proper — VIII) to 3576.53 N/mm? (brown limestone soil —
IIT). For rye the range of mean values is slightly narrower, and is closed
by 1234.51 N/mm? (leached brown soil — V) and 1891.63 N/mm? (acid
brown soil — VII). Lower values were established for Triticale — from
879.96 N/mm?2 (acid brown soil — VII) to 1330.75 N/mm? (brown fen
soil — IV). The particular soils considerably influenced the changeability
of the elasticity of plants, which is particularly important for the evalua-
tion of the susceptibility to lodging and for preventing this phenomenon
in particular local conditions.

The values of the grain-to-ear binding force show a considerable
changeability among the particular parts of the ear (Table 2). The lowest
values were found for the upper part of the ear medium values for the
medium part and the highest values for the lower part of the ear. Only
for rye a relatively small differentiation among the parts was found.

. However for a clear majority of the compared mean values there are
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Fig. 1. Distribution of the elasticity coefficient values en the length of a stalk of
winter wheat (Jana variety) cultivated on various soils (III, IV, VIII)

considerable differences. The extreme mean values form a very wide
range (1.32—2.10 N for wheat, 0.78—I%2 N for rye and 1.03—1.80 N
for Triticale). Statistical analysis showed also a considerable influence
of soil on the changeability of this property of cereals. The mean values
for the whole ear formed the range from 1.46 to 1.68 N for wheat, from
0.91 to 1.05 N for rye and from 1.15 to 1.45 N for Triticale. Hence it
also follows that the influence of the particular soils on the cohesion of
grain with the ear torus is different for different kinds of cereals: The
brown soil proper (IX) caused the strongest bond between graln and ear
for wheat, while for rye it was the acid brown soil (VII) and for Tri-
ticale the acid brown soil derived from weakly clayey sand (I). The lo-
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Table 1

Mean values of the elasticity coefficients of cereal
stalks (N/mm?32) grown on various soils

‘SOII . Winter wheat Rye the AR 3 Triticale
(micro-field Jana variety variety the TCL 5/69

number) variety

1 2404.84 1764.07 974.21

I 2640.39 1390.54 1076.99

111 3576.53 1720.57 1023.92

1V 1377.19 1614.49 1330.79

A% 1315.29 1234.51 919.56

VI 1238.49 1777.17 957.92

VII 1256.04 1891.63 879.96

VIII 1084.50 1590.15 989.26

IX 1419.78 1247.62 900.38

Average value 1764.18 1578.98 1005.48 -

west values of the grain-to-ear binding force were shown by the cereals
cultivated on the acid brown soil derived from medium loamy sand — II
(wheat), the brown fen soil — IV (rye) and the leached brown soil — V
(Triticale).

Characterizing the resistance to static loading, it was established that
the resistance of grains is closely correlated with their thickness (Table
3). The thicker the grains the greater their resistance to loading. The
statistically proved significance of the differences concerns all the com-
pared mean values. In the range of the three investigated kinds of ce-
reals the values of forces causing the damaging of the grain structure
form a very wide range. The most resistant proved to be the grains of
rye, the least — those of wheat. The influence of soils on the changeabi-
lity of this property is great, particularly in the Tange of the particular
thickness fractions. In turn, the mean values corresponding to the parti-
cular micro-fields indicate that wheat grain harvested on the acid brown
soil (I) are the most resistant to static loading (61.01 N), while the most
susceptible are those grown on the brown fen soil (IV — 47.08 N). The
extreme values for rye were obtained by growing it on the brown 11mes-'
tone soil — III (98.01 N) and on the brown soil proper — IX (87.99 N)
The most resistant grains of Triticale were obtained from the brown
soil proper — VIII (82.30 N) and the least resistant from the acid brown
soil — II (68.57 N).

- The immediate deformations of grains resulting from the static loa-
ding are characterized by changeability determined both by, the sizes of
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grains and by their origin from different soils. (Table 4). Relative values
of the deformations (in %) for wheat grain show a tendency to grow to-
gether with the sizes of the grains, while in the case of rye and Triticale
the deformations are greater than in the case of wheat, and their values
decrease with their sizes, for most of the compared mean values. The
influence of soil is apparent for all kinds of cereals, though the differen-
ces are not so great as was the case during the evaluation of the resis-
tance to deformations. For wheat the values vary from 8.4% (acid brown
soil — I) to 10.4% (brown soil proper — IX), for rye from 11.1%p (black
earth proper — VI) to 14.0°0 (brown limestone soil — III), and for Tri-
ticale from 10.8%¢ (acid brown soil — II) to 13.6%¢ (brown soil proper —
VIII). Hence it follows that the grains of the particular cereals react di-
fferently to differentiated soil conditions.

The value of energy causing the immediate deformations is closely
connected with the sizes of the grains. It increases with the thickness of
the grains with all the kinds of cereals, and the lowest values are con-
nected with wheat and the highest with rye (Table 5). The influence of
soil on this property is considerable similarly as with the evaluation of
the other mechanical properties. The extreme values for rye (from 11.38
to 17.32 mJ) and Triticale (from 7.70 to 12.68 mJ) correspond to the
same soil units as in the case of evaluating the resistance of grain to sta-
tic loading. In the case of wheat, however, there is no such agreement.
The lowest values of energy were noted for grain grown on the brown
soil proper derived from silt formations of water origin — VIII (5.66 mJ)
"~ and the highest for grain grown on the brown soil proper derived from
light loamy sand — IX (7.52 mJ). Though it should be mentioned that
it is in the case of wheat that the smallest differences between the mean

values occur.

RECAPITULATION

Analyzing the results of the investigations it was found that soil con-
ditions play a very important role in the formation of the mechanical
properties of cereals. The changeability of these properties was connec-
ted so far mainly with the kinds of cereals, and in the case of more pre-
cise evaluations — with varieties. It turns out however that the range
of the changeability becomes much wider when the origin of the mate-
rial is included in the considerations. Hence it is difficult to determine
the limit values of the mechanical properties even for varieties if we
exclude the whole system of external factors decisively influencing
plants, and in consequence their physical properties, the know-
ledge of which can have a decisive importance fo the optimiza-
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tion of all the processes connected with the cultivation and har-
optimization of all the processes connected with the cultivation and har-
vesting, the transportation, storage and processing of agricultural crops.
These problems are also closely connected with the limitation of qualita-

tive and quantitative losses of the reproduction and consumption ma-
terials.

On the basis of the obtained results it is possible to assume that soil
conditions constitute one of the factors influencing the changeabillity of
mechanical prorerties of cereals. Hence follow suggestions of extending
the complex investigations, comprising a greater number of properties
and environmental elements in which the growth and development of -
plants takes place.
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B. Szot

ROLA WARUNKOW GLEBOWYCH W KSZTALTOWANIU SIE
NIZKTORYCH CECH MECHANICZNYCH ZBOZ

Streszczenie

FPrzeprowadzono badania majgce na celu ccene wplywu zr6znicowanych wa-
runkow glebowych na zmienno$é niektérych cech fizycznych ziarna i zdzbla roslin
zhozowych. Material badawczy pochodzit z poletek, ktore reprezentujg 9 réznych
jednostek systematycznych gleb, zlokalizowanych obok siebie.

' Na podstawie uzyskanych wynikéw stwierdzono bardzo duzy wpiyw gleb na
ksztaltowanie sie badanych cech.
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Y

Wsp6lezynniki sprezysto$ci zdzbla wahaly sie w szerokich granicach, obejmujac
zakres od 1084 do 3576 N/mm? dla pszenicy ozimej (rod 500/69), od 1234 do 1892 N/
/mm? dla zyta (r6d AR 3) i od 879 do 1331 N/mm? dla Triticale (r6d TCL 5/69).

Najwyzsze $rednie wartoéci sily zwigzania ziarna z klosem stwierdzono u psze-
nicy (1,32—2,10 N), najnizsze za$ u zyta (0,78—1,22 N), a poSrednie u Triticale (1,03—
—1,80).

Wplyw gleb powodowal tez zroznicowanie odpornosci pojedynczych ziarniakow
na obciazenia statyczne i dla pszenicy Srednie warto$ci zamykaly sie w przedziale
od 47,08 do 61,01 N, dla zyta od 87,99 do 98,01 N, a dla Triticale od 68,57 do 82,30 N.

Wielkoéé doraznych odksztalcen ziarna (8,4—14,0%) oraz energii je powodujgce]j
(5,66—17,32 mJ) byla w znacznej mierze skorelowana z granicznymi wartosciami
odpowiadajgcymi obcigzeniom.

B. Ilor

POJIb TIOYBEHHBIX YCJIOBUM B ®OPMUPOBAHUM HEKOTOPBIX
MEXAHUYECKUX CBOMCTB 3EPHOBBIX KVJbTVYP

Pe3womMme

BbuIy mmpoBeneHbl MCCJIeNOBAaHMUSA, UMELMe LeJNbI0 OLEHKY BJIMAHMUA nudppepesH-
IIMPOBAHHBLIX OYBEHHBIX YCJOBMI Ha M3MEHYMBOCTH HEKOTOPBLIX bu3nyecKmnx CBONCTB
3epHa ¥ cTebJd 3€pHOBBIX pacTeHmit. ViccrenyeMmblil MaTepyuas MNPOMCXOAMJ C ydacT-
KOB, IPEeNCTaBIABILIMX COGO 9 Pa3IMYHBIX CHCTEMaTUHeCKUX eAMHMI[ I104B, pasMe-
LJeHHBIX APYT PAXOM C APYTOM.

Ha ocHOBaHMM IOJYYEHHBLIX pPe3yJbTaToB OOHAPYIKMJIOCH O4YeHb KPYyNHOe BJIN-
AHME MOYB Ha (POPMMPOBAHME MCCIENYEeMbIX CBOVICTB.

KosddunmeHtsl ynopyrocty crebisa Kosedamnch B IIpefesnax: 1084-3576 N/mMMm?
IS 03uMON mureHmub! (pox 500/69), 1234-1892 N/mm2 pnsa pxu (pox AR 3) m 879-
-1331 N/mm? nna tpurukane (pog TCL 5/69).

Hayspiciye cpegHue BeIMYMHBI CUJIbI CBA3BIBAHMA 3€pHa C KOJOCOM ObINN
oOHapyKeHbl y IIIEeHUIIbI (1,32-2,10 N), caMmble 2Ke HU3KMNE — Y DPXKU (0,78-1,22 N),
a IIocpeacTBeHHbIe — Y TPUTUKAJIE (1,03-1,80).

Bausae OYB BbLI3LIBAJO TakKxKe AucdepeHmanmio YCTOMYMBOCTM OTHAEIBHBIX
3epHOBOK K CTATMYECKMM HAarpyskaM, ¥ [JId IILIeHVLBl CPeAHNMe BeJMH/HBI 3aKJII0-
yamuch B Iperpenax 47,08-61,01 N, ana pxu 87,99-98,01 N, a gna Tputukaae 68,57-
-82,30 N.

Benuuyubl BpeMEHHBIX Aecdopmanyit 3epHa (8,4-14,0%0) m BBI3BIBAIOLIEN MX SHEDP-
runu (5,66-17,32 mMaxK) Ob B 3HAYUTEJBHO Mepe CKOpPEeIMPOBaHbI C TIIpeAesIbHLIMU

BeJMYMHAMM, COOTBETCTBYIOLIMMM Harpy3KaM.
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