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BIOLOGICAL EFFECTS OF STATIC LOADING OF WHEAT
GRAIN IN MASS

Stanistaw Grundas, Bogustaw Szot

The mechanical damage of grain caused by the various loadings to
which it is subjected during harvesting, transportation, cleaning, drying
and storing plays an important role in the formation of the qualitative
features of the sowing material. Damages of grain are often connected
with damaging the germ, which causes the loss or lowering of the ger-
minating ability and the deterioration of the ability to last through the
winter, and of the growth and development of the plant [2]. This in turn
entails difficult to evaluate losses expressed in the final effect in a con-
siderable deterioration of crops.

The resistance of grain to loading comprises a rather wide range of
measurable physical values and depends on many factors, and first of
all on its moisture, size, shape and variety features [1, 4—T7]. Thus the
knowledge of these parameters is particularly important with the repro-
duction of cereals.

This paper is to present the methodology and the results of intro-
ductory investigations of the biological effects of static loading of wheat
grain in mass, to which it can be subjected at mechanized technology
of harvesting and storage.

MATERIAL AND METODOLOGY

Material for the investigation was constituted by representative sam-
ples of grain of two varieties of winter wheat (Dana and Helenka) ori-
ginating from the riegionalization experiments carried out in 1974—1975.
During the investigation the grain moisture was 11.9 to 12.5%. The
forced static loading of from 10° to 200 X 10° N/m? were obtained on
the resistance measuring apparatus “Instron® type 1253, at a constant
deformation rate — v = 10 mm/min. The measurements were made with
the help of a special cylinder of 100 cm? in volume, in which a mass of
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grain cf exactly the same volume was placed. The loading of the sample
was dcne with the help of a piston fixed to the measuring head of the
apparatus (Fig. 1). For grain samples of natural granulometric compo-
sition the following loading levels were applied: 1, 2, 3, 5, 10, 20 and so
on up to 200 X 10° N/m? at the intervals of every 20 X 105> N/ma2.
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Fig. 1. Influence of loading of grain layer on their ability of germination: I -—
Helenka variety, 2 — Dana variety

A part of the material was subjected to separation process on a sieve
system of Vogel’s type, obtaining grain thickness classes with the exact-
ness of 0.05 mm. Assuming that the resistance of grain to loading is re-
lated to its thickness, samples containing grains in particular classes of
average sizes 2.39, 2.59, 2.75 and 2.95 mm were subjected to loadings of
40 X< 105 and 80 X 10> N/maz.

Measurements of loadings were made in ‘three repetitions and in
turn each of them was examined from the point of germinating ability
on a bed prepared from sterilized sand [3], obtaining 9 repetitions for
each loading level. To preserve the optimum conditions of the experi-
ment the germination took place in an air conditioned room at the air
temperature of 20°C and a constant moisture of the bed, applying a
determined amount of distilled water. The germinating ability was de-
termined considering the number of healthy and normally germinating
grains after 8 days from the date of sowing. For comparative purposes

the germination ability was also tested on controlling samples of grain
(unloaded).
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RESULTS OF INVESTIGATIONS

The obtained results characterizing the germinating ability of winter
wheat grain subjected, in mass, to different static loadings, allowed for
the determination of a continuous relationship between the applied loa-
ding levels and the biological effects caused by the process. Forthe con-
trolling samples (not loaded mechanically) it was found that the ger-
minating ability was 94.2%0 (Dana) and 96.1% (Helenka). Grains loaded
within the range 1—40 X 10° N/m? lost up to 7.2%0 of their biological
value, probably because of the micro-damage of their fruit-seed cover,
the outer part of the endosperm and germ. The applied grain layer loa-
dings of over 40 X 105 N/m? caused a rapid deterioration of the ability
to germinate, which undoubtedly resulted from a large number of mi-
cro-damages causing, with many grains, complete loss of this most im-
portant feature of sowing material. In effect, at the loading of 200 X 105
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N/m? the germinating ability was only 13.2%0 for the Dana variety and
27.0%0 for the Helenka variety. Thus, there is a very close negative cor-
relation between loading and the biological value of the material. From
the two investigated varieties Helenka is characterized by a higher re-
sistance than Dana. This follows from the fact that the Dana variety has
a smaller grain (average thickness of 2.45 mm) than the Helenka variety
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(2.75 mm). Thus the previous investigations indicating that the thicker
the grains the greater their resistance to mechanical loading [6, 7] are
confirmed.

Analyzing the results of investigations of grain of a determined thick-
ness, it was found that there occurs a very clear lowering of the average
germinating ability at the loading of 40 X 105 N/m?® and a very rapid
increase of the process at the loading of 80 X 105 N/m? (Fig. 2 and 3)
in comparison with the results obtained for material of natural granu-
lometric composition at analogous loadings. On this basis we can suppose
that the grain mass obtained during harvesting is more resistant to me-
chanical loading than the separated thickness classes. This probably fol-
lows from the specific placement of grains against one another in the
measuring cylinder — creating different structures of the grain mass
at various granulometric compositions. This hypothesis is partly con-
firmed by the results characterizing the influence of indentical static
loadings on the germinating ability of grains of differentiated thickness
classes. The smaller grains showed a greater degree of damage than the
bigger ones. At the loading of 40 X 105 N/m? grains of the Helenka va-
riety of the average thickness in class of 2.35 mm germinated only in
49", while thicker grains (2.95 mm) in 76%. Also the intervariety diffe-
rences became more distinct. Grains of the Dana variety showed a consi-
derably greater resistance to damage, particularly in classes of smaller

average sizes. Hence their ability of germination was by 27%0 higher
than the Helenka variety.

RECAPITULATION

The investigations of the influence of static loading of wheat grain
In mass on the germinating ability indicated that the applied method
of measurement can be fully applicable for prediciting biological effects
resulting from mechanical damage of grain. It was also found that per-
manent deformations resulting from loadings exceeding the elasticity li-
mit caused irreversible negative effects manifest in the clear lowering
of the percentage of germinating grains with the increase of the applied
force loading the mass of grain. The changeability of this important pro-
perty of sowing material was also dependent on the sizes of grains, their
shapes and situation in mass. Smaller grains were more susceptible to
damage, which can be exemplified by the course of germination chan-
geability for the Dana variety. The separated thickness classes of grain

subjected to loading show much lower germinating ability than the ini-
tial non-classified mass.
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The obtained information, of mainly methodological character, sug-
gests the possibility of developing this type of investigations for the ful-
ler understanding of processes having influence on the formation of the
qualitative parameters of sowing material.
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BIOLOGICZNE SKUTKI OBCIAZEN STATYCZNYCH MASY ZIARNA PSZENICY

Streszczenie

Przeprowadzono badania wpiywu obcigzen statycznych warstwy ziarna na ich
zdolnoéé kietkowania. Probki ziarna pszenicy o znanej zdolnosci kielkowania pod-
dawano obcigzeniom statycznym i relaksacyjnym na aparaturze wytrzymato$§ciowej
,Intron” w zakresie od 0 do 2000 N/cm?>.

Uzyskane wyniki wskazuja jednoznacznie, ze w miare wzrostu obciazen war-
stwy ziarna zdolno$é¢ kielkowania zdecydowanie maleje. Gwaltowny spadek warto-
éci biologicznej ziarna nastgpuje juz przy obcigzeniach 200 N/cm?, a przy obcia-
seniach 1000 N/cm? zdolno§é kietkowania utrzymuje sig ponizej 40%. Wieksze ob-
cigzenia powodujg niemal zupeiny zanik wartoéci siewnej nasion. Obcigzenja rela-
ksacyjne (w czasie t =1 godz.) obnizaja dodatkowo zdolnoéé kielkowania o dalsze
10—30%b. .

Ujemne skutki biologiczne wywotane obcigzeniami statycznymi warstwy ziarna
pszenicy powstajg przede wszsytkim na skutek mechanicznych uszkodzen ziarnia-

k6w oraz ich zarodkow.
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C. I'pynoac, B. Llor

BUOJOIMYECKUE CJHEICTBUSA CTATUYECKHUX HATPY30K CJNOSA 3EPHA
IINITEHMITBI

Pe3sdwomMme

BbIIM IIPOBENEHbI MCCIENOBAaHUA BIMAHMA CTAaTMYECKMX HArpy30K CJ0s 3epHa
Ha €ero CImoCcOGHOCTH IIpopacTaHuaA. IIpoObl 3epHA MIIEHMIbI C M3BECTHOM CII0CO0-
HOCTBIO IIPOPACTaHMsA [IOABEprajy CTaTUMYECKMM Harpy3kKaM, a TakKiKe ¥ peylaKcalfoH-
HBIM, Ha ammaparype AJd MCCJIeJOBaHMA NPOYHOC™M ,,JIHCTPOH” B IIpefenax 0-2000
H/cm2.

IlonyyeHHbIEe Pe3yJbTaThl OAHO3HA4YEHHBIM 0Opa3oM yKasbIBalOT Ha TO, YTO C PO-
CTOM HAarpy30K CJIOS 3epPHa CIIOCOOHOCTH TPOPAaCTaHMA pPelIUTENbHO IIOHMKAETCH.
Pe3koe majeHMe OMOJOrMYECKUX KayecTB 3epHa OOHapyXmMBaeTcaA yiKe Ipy Harpy-
3kax 200 H/cm?, a mpu Harpy3kax 1000 H/cm? criocoOHOCTB IpOpacTaHUs yAepxuBa-=
ercd Ha ypoBHe HuKe 40°. Boable Harpy3Ky BbI3BIBAIOT TIOYTM IIOJIHYIO IIOTEPIO
TIIOCEBHBIX KadecTB 3€pHa. PejakcalMOHHble HAarpy3kKM (B TedeHue t = 1 uac) IoHU-
7KAIOT NOIIOJHUTENIbHBI 00pa30M CIIOCOOHOCTHL IIPOPACTaHMA Ha AAJLHEMIINX 10-30°/o.

OTpunarenbHble Omosnomryeckmue 5(0O@EKThI, BbI3bIBAHHBIE CTATUYECKVMMM Harpys-

KaMM CJIOA 3epHa IIIIeHUIbI, BO3HMKAIOT IpexKJe BCEero BCJEACTBME MEeXaHMYeCKMUX
HOBPEXKeHUI 3€PHOK M MX 3apOJbILIEH.
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