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A bstra ct. In this study, the mechanical properties
of rape stalks are expressed by means of stalk rigidity de-
termined in bending, and by means of dynamic shearing
energy per unit of stalk cross section area. Experiments
were made using winter rape of the Jupiter variety, grown
at sowing densities of 20, 40, 60 and 80 plants/m” with ni-
trogen fertilizer applied at 240 kgha. The mechanical
properties of the stalks were affected by the conditions of
plant growth. Sowing density was observed both to have
significant effects on plant lodging and on the strength
characteristics of rape stalks. It was found that sparsely
sown plants had the best mechanical parameters of stalks
for resistance to lodging and were characterized by tripled
rigidity of the stems.

K ey w o r d s: rigidity, dynamic shearing energy,
stem cross section area

INTRODUCTION

Studies on the mechanical properties of
winter rape stalks have the object of providing
knowledge necessary for the assessment of
the susceptibility of plants to lodging. The re-
sistance of plants to lodging depends on their
mechanical properties. A review of numerous
methods and results of studies on the mechani-
cal properties of plant stalks indicates their
considerable variability, determined by the
current physical status of the plant and by a
variety of intemal and external factors [9,12).
Depending on the object of a given study, the
authors were concermned with the whole stalk
[2,5,12] or with its fragments [1,3,6,10,11].
A majority of those studies dealt only with an

assessment of the local variability of the me-
chanical properties, the growth phases of the
plant being taken into consideration only
sporadically. Therefore, it was difficult to
formulate conclusions which would not be
open to argument. The still-current problem
of plant lodging enforced further research
that would bring the researchers closer to in-
depth understanding of the complex and in-
volved questions related to the physical
properties of plants, as well as to the range of
variability of their strength parameters in the
course of their growth and development
[12,15]. The mechanical properties of plant
stalks as characterized by the mechanical pa-
rameters showed the heritability of charac-
teristics, and therefore provide valuable
information for bree-ders of new varieties.
This fact was shown by Dolinski et al. [2] and
by Jezowski et al. [5].

In the present study the rigidity of win-
ter rape stalks was determined by means of
bending tests and the shearing energy and the
shearing energy per unit stalk cross-sectional
area in dynamic tests. These measures were
used to characterize the mechanical properties
of the stalks. An assessment was also made of
the effect of various sowing densities on lodg-
ing and on the mechanical properties of rape
stalks.
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MATERIAL AND METHODS

The study was conducted on stalks of
winter rape (Jupiter variety) originating from a
sowing density experiment, sampled at the end
of the blooming phase and at the stage of full
grain fill in the siliques.

For the measurements, an experiment was
set up in which the plots had sowing densities
of 20, 40, 60, and 80 plants per m?, and a ni-
trogen fertilizer rate of 240 kg/ha was applied.
The plots for the experiment were prepared in
three replications. Samples of 25 plants were
taken from each of the plots. This experiment
was conducted on 75 stems of winter rape
grown under identical agrotechnical condi-
tions. The measurements were taken at a charac-
teristic spot on the stalk, at the first branching of
the plant. The mechanical parameters were de-
termined in static and dynamic tests. Static tests
were used to determine the stalk rigidity (E/) in
three-point bending, using an INSTRON strength
testing machine. The sample was freely sup-
ported at both ends, and the bending force was
applied centrally between the supports. The ri-
gidity of the stalk is expressed by the equation:

3
48y

where P is the load applied at the centre of the
stalk, / is the length of the stalk between the
supports (7 cm), y is the deflection at the cen-
tre of the stalk, E is the Young modulus of the
stalk, 7 is the second moment of area. The re-
sults were recorded in a computer system. The
dynamic tests were used to determine the
shearing energy (Ed) and the shearing energy
per unit of stalk cross-section area (wd). The
dynamic tests were conducted with the help of
a Dynstat apparatus. The apparatus operates
on the principle of a pendulum hammer (to
which a cutting edge is attached) moving at a
rate of 2.1 mm/s. Also determined was the value
of the stalk cross-section area (S), by means of a
AT-areometer, which uses a lens to record the
cross-section area, the image being displayed
on a monitor screen, and numeric calculations

per unit or surface area were performed ac-
cording to an adopted totally dark standard.

Assessment of plant lodging was per-
formed under field conditions, in the plots, in
visual determination of the angle of stalk de-
flection (close to the ground) from the vertical.
A 10-step scale was used, where 10 means no
lodging, and 1 corresponds to the most ad-
vanced lodging (the stalk virtually parallel to
the ground).

It was found that plant lodging caused by
heavy rain and wind was parabolic in charac-
ter - the stalks were bent into shapes similar
to the parabola, the maxima of which got
closer to the ground as the degree of rape
lodging increased.

RESULTS

The study allowed for determination of
the strength characteristics of the stalks of
winter rape, and all the parameters under
analysis showed a considerable variability in
the course of plant development (Fig. 1).

It was found that the sowing density had a
significant effect on the mean values of stalk
rigidity EI (Table 1). The study showed that
the stalk rigidity decreased with increasing
number of plants per m?. The series of values
of this strength parameter obtained in the
study had a direct relation to the morphologi-
cal properties of stalks expressed here by
means of the stalk cross-section area. This
regularity was observed during the blooming
phase (0.008-0.037 N m?) as well as during
the stage of full grain fill in the siliques
(0.0227-0.0526 N m?). Significant values of
the coefficient of correlation between the stalk
rigidity and sowing density were obtained for
both the sparsely sown plots (20 and 40
plants/m?) and the plots with high sowing den-
sity (60 and 80 plants/m?) - r=0.43 to r=0.56.

It was also found that the other mechanical
parameters, i.e., the dynamic shearing energy
(Ed) and the shearing energy per unit of stalk
cross-section area (wa) displayed a strong corre-
lation with the sowing density (plants/m~). The
study showed that the shearing energy of rape
stalks decreases systematically with increasing
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Fig. 1. Variation of rigidity (a), shearing energy (b) and shearing energy per cross-sectional area (c) of Jupiter winter
rape stalk with sowing density.
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T able 1. Mean values, median and coefficient of variation of parameters determining structural-mechanical proper-

ties of winter rape stems of the Jupiter variety

Sowing density (planls/mz)

Pa-
rame-  Units 20 40 60 80
ters ave- median w (%) ave- median w(%) ave- median w (%) ave- median w (%)
rage rage rage rage
End of the blooming phase
2
EI  Nm® 00371 00252 5S4 0.0200 0.0193 80 00107 0.0088 72 0.0078 0.0109 67
Ea J 06456 06312 32 04165 03458 34 02885 02704 48 0.1411 0.0914 80
wa  Jm® 7401 6993 35 3853 3261 49 4102 3587 62 2631 2074 82
S mm? 9080 8263 34 9256 8393 35 8417 7927 34 5318 5060 35
" Stage of complete filling of siliquaes
2
EI Nm® 0536 00521 SO 0.0381 0.0345 64 00254 00184 85 00227 0.0177 72
Ea J 08191 07221 44 07137 0.5534 73 03768 03018 S6 0.2752 02319 67
wa  Jm® 7912 331 35  TI13 6417 48 6212 6307 48 4153 3777 50O
S  mm?: 10771 9696 41 9724 ‘8357 46 5657 47.23 37 6308 5761 4l

sowing density, the differences in the value of
this parameter being much greater during the
blooming phase (0.14-0.65 J) than during the
full grain fill stage (0.28-0.82 J). The above
monotonicity of the variability of the me-
chanical properties was obtained also on the
basis of values of the shearing energy per a
unit of stalk cross-section area (wd). A consi-
derable differentiation of the mean values of
wd was observed, caused by the various levcls
of sowing density per m> (2631 -7401 J/m? in
blooming and 4153-7312 Jm? in full grain
fill). High values were noted for the coeffi-
cients of correlation between the average va-
lues of shearing energy per unit of stalk
cross-section area, especially in the case of
plants wnth very low sowing density of 20
plants/m and for 40, 60 and 80 plants/m

(=0.64 - r=0.89) at the end of the blooming
phase, and a somewhat lower correlation be-
tween the mean wd values for plants sown at
20 and 40 plants/m and 60 and 80 plants/m

(r=0.41 - r=0.67) in the phase of full grain fill
in the siliques.

The study showed an interdependence be-
tween the variability of the mechanical pa-
rameters of the stalks and the changes in the
value of the stalk cross-section area S, espe-

cially in the case of plants grown in plots with
the lowest and the highest sowing density
(Table 1), while the ranges of variability of
the garameter under dnscussnon were 53.2-90.9
mm? and 63.1-107.7 mm? in blooming and at
full grain fill phases, respectively.

There can be no doubt that the mechanical
properties of stalks are closely related to the
stalk cross-section area, which has been sug-
gested in earlier studies [13,14]. The study by
Skubisz [14], showed a significant effect of
the stalk cross-section area on the rigidity of
stalks in the course of the growth and develop-
ment of plants of three varieties of winter rape
(r-0.42-0.81). At the same time the stalk cross-
section area had a significant effect on the
shearing energy per unit of stalk cross-sec-
tional area [13]. It was found that the latter
value varied along the length of the stalk iden-
tically to S°/S, with a minimum close to the
first branching (S - stalk cross-sectional area
after the removal of the ground tissue). This
helped locate the characteristic point on the
length of the stalk, located close to the first
branching.

The assessment of the degree of plant lodg-
ing showed that the plants from plots of 20
plants/m were the most resistant to lodging
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(6 degrees), whxle the plants from plots with
80 plants/m were the least resistant (2 de-
grees) (Fig. 1). At the same time it was found
that the most resistant to lodging were those
plants which were characterized by high val-
ues of the mechanical parameters under analy-
sis. A direct proportion between the degree of
lodging of cereal plants and the stalk rigidity
was determined by Hess and Shands [4], Mul-
tamaki [7], and by Oda et al. [8].

CONCLUSIONS

1. The study showed a significant effect of
the sowing density on the variability of the me-
chanical properties of the stalks of rape, deter-
mined by the cross-section area of the stalks.

2. It was found that the plants that were
resistant to lodging were characterized by high
values of stalk rigidity EI, by larger stalk
cross-section areas S and by high values of dy-
namic shearing energy Ed.

3. Increasing the sowing density (number of
plants per square metre) increased the degree of
plant lodging and decreased the mean values of
the mechanical parameters under analysns

4. Plants from plots of 20 plants/m were
the most resistant to lodgmg, while plants from
plots with 80 plants/m were the least resistant.

REFERENCES

1. Ahlgrim H.J.: The strength properties of grass stalks
subjected to tensile-, shear- and bending forces. Zesz.
Probl. Post. Nauk Roln., 203, 123-144, 1978.

2. Dolisiski R., Tarkowski C., Bichta J.: Studies on the
heritability of selected physical properties of winter
wheat stalks (in Polish). Zesz. Probl. Post. Nauk
Roln,, 383, 133-142, 1989.

3.

10.

11

12.

13.

14.

15.

Dunca J., Supuka J.: Prispevok k studiu modulov
pruznosti v smyku G intemodii stebiel jacmena odrod
Dvoran a Sladar. Acta technol. Agric. Sb. vys. Sk.
pol.-hosp. Nitre, 11, 115-121, 1973.

Hess D.C., Shands H.L.: Lodging response of certain
selections of oats (Avena sativa L.) and their hybrid
progenies. Crop Sci., 6, 574-577, 1966.

Jezowski J., Surma M., Adamski T.: Diallel analy-
sis of characters determining lodging resistance of
barley (Hordeum vulgare L.) 111. A genetic analysis of
lodging and physical properties of the stem. Genet.
Pol., 29, 275-280, 1988.

Kalman L.: Morfological es statical parameterek
szerepe a kukurica szarerossegeben. Novenytermeles.
23, 4, 313-319, 1974.

Multamaki K.: On the factors affecting resistance to
lodging in some varieties of spring cereals. Valt.
Maatalouskoet. Julk. Publ., 195, 19, 1962.

Oda K., Suzuki M., Udagawa T.: Varietal Analysis
of Physical Characters in Wheat and Barley Plants
Relating to Lodging and Lodging Index. Bulletin of
the National Institute of Agricultural Sciences. Tokyo.
D, 15, 55-91, 1966.

Pinthus M.J.: Lodging in wheat, barley, and oats: the
phenomenon, its causes, and preventive measures.
Adv. Agron., 25, 209-263, 1973.

Sager D., Putz P.: Mechanical properties of flax fi-
bres. Int. Agrophysics, 8 (4), 681-684, 1994.
Schultzke D., Heyter F. Seidler K.H.: Eine
Methode zur Messung der Halmstabilitat. Saat. u. Pfl.
Gut., 15(5), 76-78, 1974.

Skubisz G.: The problem of elasticity of cereal stalks
(in Polish). Probl. Agrof., 38, 1-59, 1982.

Skubisz G., Tys J., Blahovec J.: Mechanical proper-
ties of the stems of winter rape. Int. Agrophysics, 5(3-
4), 205-220, 1989.

Skubisz G.: Determination of the rigidity of winter
rape stalks (in Polish). Ann. Univ. Mariae Curie-
Sklodowska, Lublin, 38, AAA, 391-398, 1991/1992.
Skubisz G.: Determination of the mechanical proper-
ties of winter rape stalks. Zesz. Probl. Post. Nauk
Roln., 399, 219-225, 1993.





