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CHARACTERIZATION OF THE VARIABILITY
OF THE STRENGTH AND ENERGY OF GRAIN-TO-EAR BINDING
FOR WHEAT AND RYE

Boguslaw Szot, Stanistaw Grundas, Jerzy Tys

A considerable improvement of the productivity of cereal crops can
be obtained no only by the introduction of intensive varieties and proper
agrotechnology, but also by the limitation to minimum the quantitative
losses occuring during harvesting and threshing. The main reason for
the losses — caused by different resistance of cereal plants to fall-out —
is often the imadequate harvesting technology for particular species and
varieties [3]. For these reasons valuable information determining indi-
rectly the tendency of cereals to fall-out can be constituted by knowled-
ge of the value of the grain-to-ear binding strength and energy. Parti-
cularly the value of the energy seems to be a very important physical
property that can have a wide application in agricultural technology [5].

The energy of grain-to-ear binding is the minimum work necessary
to break a grain off from the ear torus and to remove it completely from
the surrounding glumes (with the force directed along the longest axis of
the grain). The remaining of a grain in the ear depends on the strength
of binding the grain with the ear torus, the force of freeing a grain of
chaff (related to the degree of covering the grain by glumes), and by the
way that the grain must cover from the moment of breaking off from
the torus to the moment of getting out from among the glumes [1]. This
way will be longer, the longer the glumes surrounding the grain.

The knowledge of the value of the grain-to-ear binding strength and
energy can constitute valuable information complementing the charac-
terization of particular species and varieties from the point of mechani-
cal harvesting and the breeding of new varieties with favourable mecha-

nical properties.
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THE MATERIAL AND METHODOLOGY

Investigations leading to the determination of parameters characteri-
zing the strength of grain-to-ear binding were conducted in the Institute
of Agrophysics of Polish Academy of Sciences in Lublin in the period
1974—1976 on 7 varieties of winter wheat, 3 varieties of spring wheat
and 5 varieties of rye, cultivated in the same agro-ecological conditions.

Measurements covered 30 ears of each variety. The grain-to-ear bin-
ding strength and energy were determined on the Instron apparatus by
a direct method [2, 4, 6] consisting in the extraction of single grains from
different parts of an ear [7]. On each ear 9 measurements were made,
which means that for the evaluation of each variety 270 values were ob-
tained and subjected later to statistical analysis. The apparatus allowed
for the determination of the maximum strength binding a grain with an
ear torus, and the strength necessary to remove a grain from the surro-
unding glumes. The course of the process can be analyzed on the dia-
gram received from the recorder of the apparatus (Fig. 1). The removal
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Fig. 1. Diagram from the recorder of the Instron apparatus, presenting the course

of separating grain from ear: P, — maximum force of grain-to-ear torus binding,
P, — maximum force keeping grains in glumes after breaking off from tours,
] — total way a grain must cover for its complete separation from ear to occur,
S, — energy necessary to break grain off from ear torus, S, — energy necessary

to remove grain from among glumes (dechaffing)

of a grain from an ear was done with the velocity on 0.17 mm per sec.
On the basis of the obtained diagrams the surface areas S, and S, were
determined and the energy coresponding to these areas (S; — the brea-
king off of a grain from the torus, S; — the freeing of the grain of
chaffs) calculated. The sum of these values gives the total energy nece-
ssary to remove a grain from an ear.
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RESULTS OF INVESTIGATIONS

On the basis of analyzing the obtained results, a considerable varia-
bility of the grain-to-ear binding strength and energy for winter and

spring wheat and for rye was established (Table 1).

Table 1

Mean values of the grain-to-ear binding strength and energy for wheat and rye

Maximum Percentage
st.ren.gth En.ergy.of Maximum Energy of ofg;hjfe:ee-r-
bl_ndm,g grain with de-chaffing de-chaffing Sum of —chaffing

Variety grain with torus force grain energy in relation
the ear binding (N) (m]) (mJ) o Fotal
torus (m]) ’
s
/0
Winter wheat
Aria 0.92 0.07 0.10 0.27 0.35 79.12
Aurora 1.09 0.12 0.12 0.33 0.45 72.23
Grana 0.93 0.09 0.10 0.28 0.37 76.62
Hz=lenka 0.67 0.04 0.02 0.05 0.09 54.14
Kaukaz 1.14 0.11 0.08 0.31 0.42 73.65
Rod 338 0.76 0.08 0.07 0.18 0.26 67.40
Ré6d 500/69 1.47 0.23 0.08 0.49 0.49 52.32
Spring wheat
Kaspar 1.01 0.10 0.05 0.16 0.26 61.63
Kolibri 1.22 0.13 0.11 0.37 0.50 71.93
Urbanka 1.12 0.11 0.11 0.30 0.41 70.28
Rye
Dankowskie Nowe 0.69 0.05 0.01
Darikowskie Srebrne 0.77 0.05 0.01
Dankowskie Ztote 0.63 0.03 0.01
Pancerne 0.64 0.04 0.02
Rod AR 3 1.03 0.10 0.04
Mean value 0.94 0.09 0.08 0.25 0.36 67.93
The smallest significant
difference (P=0.05) 0.17 0.02 0.(2 0.06 0.07 7.13

The maximum strength binding grain with the ear torus for winter
wheat is within the range from 0.67 N (Helenka variety) to 1.47 N (va-
riety 500/69). The smallest variability range was found for spring wheat
(from 1.01 N — Kaspar to 1.22 N — Urbanka). The lowest average values
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were found for rye (from 0.63 N — Dankowskie Zlote to 1.03 N — AR
3 variety).

The maximum force necessary to remove grain from among the glu-
mes is relatively low for wheats and varies within the range from 0.02 N
(Helenka) to 0.12 N (Aurora). Minimal, or even unnoticeable values
occur for rye (0.01—0.04 N).

The energy necessary to break a grain off from the ear torus forms
for the investigated varieties of wheat the range from 0.04 mJ (Helen-
ka) to 0.23 mJ (variety 500/69) and is connected with the same varieties
that marked the variability range for the strength binding grain with
the torus. A similar analogy was found for rye, though the values of the
energy were considerably lower (0.03—0.10 mJ).

Strong chaffing of wheat grains undoubtedly results in the remaining
of a grain in the ear even after its breaking off from the torus.

On the basis of the measurements it was established that the minimum
of energy necessary to remove the grain from among the glumes forms
the range from 0.05 mJ (Helenka) to 0.37 mJ (Kolibri) with the average
of 0.23 mJ for wheats. Thus the process of removing grain from among
the glumes consumes over 2/3 of the total energy. Hence the percentage
of the energy of de-chaffing in relation to the total energy (necessary
to remove grain from the ear) varies from 52.32%0 to 76.62%0 for winter
wheats and from 61.63%0 to 71.93% for spring wheats. There is no such
phenomenon in the case of rye, which is understandable considering the
fact that a considerable part of grain is not chaffed at; all. In effect, to
remove grain from an ear of rye four times less energy is needed
(average 0.09 mf) than for the same process concerning wheat grain
(0.36 mJ). Characteristic examples are presented in Fig. 2—4.
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Fig. 2. The course of the process of se-
. parating grain from ear of strongly cha-
ffed wheat
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Fig. 3. The course of the process of separa-
ting grain from  ear of medium chatfed
wheat
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Fig. 4. The course of the pro-

cess of separating grain from
ear of rye

RECAPITULATION

Variability of the grain-to-ear binding strength and energy in cereals
has a very wide range, determined by the species and variety properties.
Such a considerable differentiation of values must have its reflection in
the productivity of cereals, because on the one hand even the mutual
collisions among ears or the work of the raker of a combined harvester
(in the case of e.g. rye) can cause the fall-out of grain before harvesting,
and on the other an improper choice of parameters of the threshing
systems (for some varieties of wheat) will cause the remaining of some
grain in the ears after threshing. In both cases there are losses that are
difficult to evaluate. That is why the knowledge of both the strength and
energy of grain-to-ear binding that is necessary for its release creates
a possibility of optimizing the processes connected with harvesting and
can constitute valuable information for breeders of new cereal varieties
of a narrowed index of the variability of their physical properties, that
is suitable for mechanical harvesting with a known resistance to fall-out.
It seems that a detailed examination of this problem should lead to

the minimization of the quantitative losses of grain.
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CHARAKTERYSTYKA ZMIENNOSCI SILY I ENERGII ZWIAZANIA ZIARNA
Z KLOSEM U PSZENICY I ZYTA

Streszczenie

Badania sily i energii zwigzania ziarna z klosem obejmowaly 7 odmian psze-
nicy ozimej, 3 pszenicy jarej i 5 odmian zyta. Pomiary przeprowadzono na apara-
turze wytrzymato$ciowej ,Instron”, okres§lajgc maksymalnag sile zwigzania ziarna
z osadkg klosowg, maksymalng sile potrzebng do usuniecia ziarna z otaczajgcych go
plewek (tzw. wyplewienie ziarna), energie zwigzania ziarna z osadkg i energie nie-
zbedng do wyplewienia ziarna. *

Na podstawie uzyskanych wynikéw stwierdzono, ze sila zwigzania ziarna z klo-
sem u pszenicy ozimej zréznicowana jest w zalezno$ci od odmian i wahala sie od
0,72 N do 1,47 N, u pszenicy jarej od 1,04 N do 1,16 N, a u zyta od 0,62 N do
1,03 N.

Wartos$ci energii potrzebnej do oderwania ziarna od osadki ktosowej byly sto-
sunkowo niewielkie (0,04—0,23 mJ), lecz usuniecie ziarna z plewek u pszenic wy-
magalo znacznie wiecej pracy (0,16—0,32 mJ). Warto$ci te stanowia 55—85%0 energii
uzytej do calkowitego usuniecia ziarna z klosa.

B. Iilor, C. I'pynoac, E. Twic

XAPAKTEPUCTUKA M3MEHYMBOCTU CMJBbI U SHEPTUM CBA3BIBAHNA
3EPHA C KOJIOCOM V¥ IIIIEHMIIBI M1 P2KU

PezmwowMme

VlccleZOBaHMAM CMJIBI ¥ SHEPruMy CBA3BIBAHMA 3epHa C KOJOCOM noaeeprau 7
COPTOB O3MMOM IIIEeHMIBI, 3 copra ApOBOII MUEHMIbl M 5 COPTOB pPxKuU. VizMepeHuA
npoBeay Ha anmnaparype AJdf IIPOTHOCTHBIX yuccaenosaumit ,,JIHCTPOH’, oOnpenenan
MAKCUMAaJbLHYI CUIY CBA3BIBAHMA 3€pHA C KOJIOCOBBIM CTEPIXKHEM, MaKCUMATbHYIO
CIITy, HEOOXOAUMYIO IS YAQJUEHMA 3epHa U3 OKPYZKAOUMX €ro qem'yix (T.HA3. BbIUE-
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IIyMBaHMe 3epPHa), SHEePIVIO CBA3BIBAHMA 3€pHA C KOJOCOBLIM CTEP3KHEM M SHEPTHUIO,
HeoOXOoaVMyI0 AJIA BbIYEeUlyMBaHMUA 3€pHA.

Ha ocHOBaHMM ITOJy4YEHHBIX DE3yJbTAaTOB KOHCTATUPOBAJM, YTO CUja CBA3bIBa-
HMA 3€epHa C KOJOCOM Yy O03MMOi mueHunbl auddepeHUMpyeTcs B 3aBUCUMOCTU OT
copra u Koxaebmerca or 0,72 mo 1,47 H, y sapoBoy mumeHuusl — cor 1,04 go 1,16 H,
ay pxu — or 0,62 go 1,03 H.

3HavyeHMA SHepPrMyu, HeoOXOAMMOJ IJIA OTPhIBAa 3€pPHA OT KOJIOCOBOT'O CTEP3KHS,
Ob1In cpaBHUTENbHO HeBeauky (0,04-0,23 MIK), HO yAajleHye 2epHa M3 4Yellyil y TIie-
HuU1 TpeboBaso 3HauuTeJdbHO Ooabinte Tpyma (0,16-0,32 MaxK). DT BeaMYMHLI CO-
craBaA0T 55-85% sHeprym, ymoTpeGaeHHOM ANA HOJHOrOo yAaJeHMsa 3epHa M3 KoJoca.
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