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THE DETERMINATION OF THE YOUNG’'S MODULUS OF A STALK
OF WINTER WHEAT ON THE BASIS OF FIELD
AND LABORATORY MEASUREMENTS

Grazyna Skubisz

The resistance of cereals to lodging depends on many factors, parti-
cularly on the properties of the plants, on agrotechnology and the soil-
-climatic conditions. In order to investigate this range of problems many
research works were undertaken and many various methods were pre-
sented [6]. Apart from the anatomical and chemical composition analyses
of stalk, also biometrical measurements of the inflexibility coefficient of
straw [5] and its resistance to lodging [2, 3] or measurements of the for-
ce bending a stalk [1] and its particular internods [4, 7] were made.

The mechanical parameters of stalk, although difficult to determine
exactly because of the heterogeneity of the investigated material, can
serve to build a picture of lodged cereal.

METHODOLOGY OF INVESTIGATIONS

The purpose of the present research was to work out a method of
measuring the force bending particular sections of stalk and a whole
stalk, leading to the determination of the Young’s modulus for the stalk
of winter wheat. The measurements were made with the help of proto-
type apparatus of the Institute of Agrophysics of Polish Academy of
Sciences in Lublin. The apparatus consisted of

1) a field electrodynamometer, with the help of which the values of
force bending whole stalk are measured in field conditions,

2) an electromagnetic micro-picker, with the help of which the va-
lues of force bending sections of stalk are measured in laboratory con-
ditions,

3) a device for measuring the intersection of stalk, on which the
outer and inner diameters of stalk are measured.
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The field measurements were restricted to measuring the values of
force bending whole stalk to the angle of 20, 30, 40, 50, 60 and 70 de-
grees. At the same time the arrow of bending and the angle of the force
action — parameters necessary for the determination of the Young’s mo-
dulus — were measured. The measurements were made for three varie-
ties of winter wheat (Aurora, Grana, Helenka) with the application of
the principle of thirty repetitions for each variety in the successive phe-
nological periods, from earing, through milk and wax maturity, to full
maturity. At the same time field measurements were made on the Aurora
variety with the application of the root system blockade in order to eli-
minate the root lodging in the process of artificially caused bending of
stalk.

In laboratory conditions the value of force bending a 6 cm long sec-
tion of stalk by a fixed value — 5 mm (the arrow of bending) and the
geometrical features were measured. In order to determine the Young’s

modulus also the inertia momentum was calculated according to the for-
mula

T
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where:
¢. — outer diameter,
7w — inner diameter.

The Young's modulus was calculated according to the formula

P
E= 48y]’ (2)
where:
P — force bending a sample of stalk,
Il — length of the bent rod,
y — arrow of bending,
J — inertia momentum.

In this way the Young’'s mcdulus was calculated for particular sec-
tions, and in further considerations it was related to the whole stalk
(from the distribution of this parameter on the whole length of stalk
statistical mean value was calculated for the whole stalk). .

For the calculation of the Young’s modulus of stalk in field conditions
the mean value of the inertia momentum obtained through laboratory
measurements made for a section of stalk was applied.

On the basis of data from foeld measurements the Young’s modulus
was determined with the application of the theory from the resistance
of rods subjected to bending to small angles
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where:

P = P’cos p,
P — force deforming the stalk,
I  — length of stalk,
y — arrow of bending,
J — inertia momentum calculated statistically from results obtained

from laboratory investigations.

RESULTS OF INVESTIGATIONS

The Young’s modulus obtained on the basis of laboratory investiga-
tions takes various values on the length of stalk (from ear to nodium) in
different stages of maturity. The variability of the values of this para-
meter is presented by the curves shown in the Figures.

The values of the Young’s modulus for winter wheat of the Aurora
variety in full earing form the range from 368 to 1045N/mm?, in milk
maturity they form the range from 818 to 1762 N/mm?, and in full ma-
turity the range from 562 to 1114 N/mm? (Fig. 1).
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Fig. 1. Distribution of the values of elasticity coefficients on the length of stalk

of winter wheat (Aurora variety) in the successive phenological periods (o — point

of measurement, o0 — nodium, a — after earing, b — milk maturity, d — full
maturity)
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Fig. 2. Distribution of the values of elasticity coefficients on the length of stalk

of winter wheat (Grana variety) in the successive phenological periods (o — point

of measurement, o! — nodium, a — after earing, b — milk maturity, ¢ — wax
maturity, d — full maturity)

In the same periods the values for the Grana variety form the ranges:
431—1460 N/mm?, 699—1559 N/mm? and 659—1813 N/mm? in wax
maturity (Fig. 2), and for the Helenka variety 431—1033 N/mm?,
759—2293 N/mm?, and 691—2067 N/mm?2 796—2381 N/mm? in wax
maturity (Fig. 3).

On the basis of these results it was established that stalk as a hetero-
geneous material shows a very high variability of the Young’s modulus
on its whole length. ; .

The mean values of the Young’s modulus characterizing the varieties
on the basis of field and laboratory investigations are presented in Tables
1 and 2, and the results of statistical calculations are presented in Tables
3—6 (variation analysis, Duncan’s halfranges of credibility). Concluding
was done with the significance level o = 0.05. _

The mean values of the Young’s modulus for the three varieties of
winter wheat obtained from field investigations are presented in Table 1
and their statistical analysis in Tables 3 and 4. The obtained values
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Fig. 3. Distribution of the values of elasticity coefficients on the length of stalk

of winter wheat (Helenka variety) in the successive phenological periods (o — point

of measurement, o! — nodium, a — after earing, b — milk maturity, ¢ — wax
maturity, d — full maturity)

indicate a certain differentiation of the values of the Young’s modulus.
The maximum value of the Young’s modulus occurs for the Aurora
variety (1680 N/mm?) in the period of milk maturity, while for the Grana
(2681 N/mm?) and Helenka (2905 N/mm?) varieties in full maturity.

The occurence of significant differences between the investigated
varieties and stages of maturity was established for the majority of the
compared values. Only in the case of the Aurora variety in full earing,
and between the Grana and Helenka varieties in this period and in full
maturity no significant differences were noted.

Additional investigations were carried out for the Aurora variety
with the application of artifficial blockade, so as to create a possibility of
eliminating the unsettling of the root system that usually accompanies
the bending of stalk. Generally higher values of the Young’s modulus
were obtained for stalks with roots blocked in the ground than for stalks

investigated in natural conditions.
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Significant differences were established for the Aurora variety (Table
3) in the periods of milk and full maturity, while in the period of full
earing there were no significant differences.

The mean values of the Young’s modulus for the three varieties of
winter wheat obtained from laboratory investigations are presented in
Table 2, and their statistical interpretation in Tables 5 and 6. In the
case of the Grana variety an increase of the value of the Young’s
modulus with the increase of maturity is noted, while in the case of
the Aurora and Helenka varieties the maximum values occur in the
milk maturity: 1356 N/mm? and 1351 N/mm? respectively.

The laboratory investigations,- apart from creating a possibility of
determining the variability of the Young’s modulus on the length of stalk,
allowed to obtain information about the wvalue of this parameter

Table 1

Mean values of the Young;s modulus (N/m2) at various angles of
bending of a stalk of winter wheat in field conditions

Periods of maturit
.. Angle? of - ¥ Mean
Varieties . bending after milk £ill vile
in degrees earing maturity maturity
20 1292 1773 1496
30 1192 1809 1439
40 1115 1750 1334
Aurora 50 1099 1625 1259
60 1094 1596 1178
70 1213 1663 1140
Mean value 1167 1680 1328 1393
20 2008 1070 2861
30 1826 1067 2851
40 1667 990 2625
Grana 50 1473 897 2529
60 1437 788 2659
70 1643 737 2178
Mean value 1677 1169 2681 1837 ,
20 1587 1506 2196
30 1587 1797 2459
40 1578 - 2100 2813
Helenka 50 1613 2065 3214
60 1729 92571 3612
70 2293 3506 3213
Mean value 1729 2233 2905 2959

' Mean value 1524 1161 1871
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Table 2

Mean values of the Young’s modulus (N/m?) of a stalk of winter
'wheat on the basis of laboratory measurements

Periods of maturity

. Mean
Varieties after milk full value
earing maturity maturity
Aurora 704 1356 872 977
Grana 859 1005 1270 1045
Helenka 898 1351 1279 1176
Meen value 820 1237 1140
Table 3

Significance of differences between the mean values of the Young'’s
modulus of a stalk of winter wheat for the successive periods of
maturity (on the basis of data from field measurements)

Periods of maturity

Varieties N ) ) -
after earing milk maturity full maturity
Aurora — Aurora B* 0 — —
Aurora — Grana — BS —

Aurora — Helenka — —_— _

Grana — Helenka 0 —_ 0

+ Significant difference to the advantage of the first period
(or variety).

— Significant difference to the advantage of the second pe-
riod (or variety).

O No differences statistically confirmed.

x Aurora — measurements made with the application of a
blockade of the root system.

Table 4

Significance of differences between the mean values of Young’s modulus
of a stalk of winter wheat for the successive periods of maturity (on
the basis of data from field measurements)

Vatieties

Periods of m~turit
¥ Aurora B* Aurora Grana Helenka

After earing — milk maturity — — + —
After earing — full maturity ot 0 — —
Milk maturity — full maturity . 0 —+ — _—

Markings as in Table 3.
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Table 5

Significance of differences between the mean values of

Young’s modulus of a stalk of winter wheat for the

successive periods of maturity (on the basis of laboratory
data)

Periods of maturity

Varieties after milk full
earing maturity maturity
Aurora— Grana — + —
Aurora — Helenka ' — 0 —
Grana — Helenka 0 — 0

Markings as in Table 3.

Table 6

Significance of differences between the mean values of
Young’s modulus of a stalk of winter wheat for the
successive periods of maturity (on the basis of laboratory

data)
: Varieties
Periods of maturity
Aurora  Grana Helenka
After earing — milk maturity — Tt —
After earing — full maturity = — —
Milk maturity — full maturity ~p= — 0

Markings as in Table 3.

characterizing the whole stalk. The occurence of significant differences
between the investigated varieties and maturity periods was established
for the majority of investigated varieties. Only between the Aurora and
Helenka wvarieties in the milk maturity and between the Grana and
Helenka varieties in the other periods no significant differences were
noted.

CONCLUSIONS

1. The results obtained from the field and laboratory investigations
allow for making comparisons between the varieties and for the
characterization of the variability course of the Young’s modulus in the
successive maturity periods. '

" 2. On the basis of analyzing the obtained results it is possible to state
that {he accepted methodology of investigations allows to grasp the
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significance of differences between the investigated varieties, considering
also the stages of maturity.

3. The accepted methodology allowed to determine the ranges of the
values of Young’s modulus for the particular varieties and stages of
maturity.

Considering the heterogeneity of the investigated material it seems
necessary to repeat the above measurements in the following years in
order to confirm the obtained information.

\
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G. Skubisz

WYZNACZENIE MODULU YOUNGA ZDZBLA PSZENICY OZIMEJ
NA PODSTAWIE POMIAROW POLOWYCH I LABORATORYJNYCH

Streszczenie

Przedstawiono metode wyznaczania modulu Younga Zdzbla pszenicy ozimej na
podstawie pomiaréw cech mechanicznych w warunkach polowych i laboratoryj-
nych. .

W warunkach polowych okre§lano wartosci sily zginajgcej cale Zdzblo dla
trzech odmian pszenicy ozimej, poczagwszy od pelni kloszenia poprzez dojrzaloéé
mleczng i woskowa do pelnej.

Nastepnie na tym samym materiale badawczym przeprowadzano pomiary la-
boratoryjne, ktore obejmowaly okre$lenie wartoSci sily zginajacej odcinek 2zdzbla
o stalg wielko§¢é oraz cechy geometryczne.

Srednie warto$ci modulu Younga obliczone na podstawie badan polowych wy-
kazaly istnienie znacznych zmienno$ci determinowanych zarowno cechami odmia-

nowymi, jak i fazami fenologicznymi.
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Na podstawie badan laboratoryjnych stwierdzono, ze Zdzblo jako materiat nie-
jednorodny wykazuje duzg zmienno$¢ wspoOlczynnika sprezystosci na calej dtugosci
lodygi. Ponadto podjeto probe zastosowania réznych teorii z wytrzymato$ci ma-
terialéw dla scharakteryzowania cech fizycznych zdzbta.

I'. Cxybuw

ONPENEJEHUE MOAVYJSA IOHTA CTEBJIA O3MMOM MNMIIEHMIIBL
HA OCHOBAHUM IIOJEBBIX U JABOPATOPHBIX UM3MEPEHUM

Pe3toome

B pabore mpexncraBieH MeTon ompepenenma Moaynda IOHra crediid 03MMOM IuIe-
HMIBbI Ha OCHOBAHMM WM3MEPEeHMUI MeXaHM4YeCKMX CBOMCTB B IIOJIeBbIX ¥ NabopaTop-
HbIX YCJIOBMAX ITPU ITOMOLUM ITPOTOTUITHOM armapaTtypbkl M3 Arpodmsmyeckero MHCTU-
tyta IIAH B Jlio6auHe. B moJeBbIX YCIOBMUAX ONpPeReNANMch 3HAYEHUA CUIbI, cruda-
ol1eil Bech cTebesb B npepenax or 20° mo 70°, Ha Tpex copTrax O3MMOM IMILUEHMIIbI,
HauyyHad C IIOJHOTO KOJIOLUIEeHMs I10 MOJIOYHYIO, BOCKOBYI M IIOJIHYIO CIeJOoCTb. OIHO-
BPEeMEHHO WM3MepAJNnch CTpesKa Iporuda M Yroa JecTBMA CUJbl. 3aTeéM Ha TOM
JKe MCCIenyeMOoM MaTepiiajle ObLIM ITPOBENeHbI JabopaTopHble M3MEpPEeHMs, BKIIOYa-
ole B cedd omnpejelieHye 3HaAYeHMs CUJbI, crudaruiei 6-caHTMMETPOBBLI ydacTOK
cTebaAd Ha TIIOCTOAHHYIO BeJIMUYMHY 95 MM (cTpeJKa nporua), M TIeoMeTpUIecKux
CBOJICTB: BHELIHEro M BHYTPEHHEero amaMeTpoB. TakuMm o0pa3oMm Obla IIOJy4YeH MO-
aynb HOHra A7 OTAENbHBIX yYacTKOB, OTHECEHHBIN 3aTeM KO BceMy CcTebllo.

Cpenuue 3Hadenma moaynsa IOHra, noacyMTaHHbIE Ha OCHOBAaHMM ITOJICBBIX OIbI-
TOB, IOKa3ajyM HajJau4dMe 3HAYUTEJbHOM M3MEHUYMBOCTM, AETEPMMHMPOBAHHOM KaK Ka-
yecTBaMM COpTa, TakK M (enosormyeckumy paszamu (1167,15 H/mm>-1905,19 H/mm?).

Ha ocHoBaHuM J1abOpPaTOPHBIX MCCIENOBaHUN OODHAPYKMJIOChb, 4TO cTebesb, Kak
HEOJHOPONHBINI MaTepuas, OTJaudaerca OOJbIIOH WM3MEHYMBOCTBIO Ko03(bduiyeHTa
YIOPYTOCTM IO BCeil auuHe credidA. 3HadeHma Mmoaynsa FOHra ajis OTAENbHBIX COPTOS
pacronararpTcs B mpegenax 368-2439 H/mm2.

KpoMe TOro ObIIM IIOACUMTAHBbI KO3MMUIMEHTHI- KOPPEaAUMM MEXIy MCCIeRye-
MBIMM MEXaHMYEeCKMMMU U IeoMeTpudYecKMmy cBocTBaMy cTebida ¥ ObLia MPeanpuHATA
HOMBbITKA IIPMMEHEHUs Pa3JIMYHBbIX TEOpUi II0 MPOYHOCTM MaTepuaoB JJIA XapaKTe-
PUCTUKM CBOJCTB CTEeOJIA, Ba*KHbIX C TOYKM 3peHUA IMPAKTMKM M A II03HABATEJb-
HBIX LeJiel.
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