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Abstract. The vibrationassisted lifting of sugar beet roots from the soil has been gaining
increasingly wide use worldwide and the majority of sugar beet harvesting machinery
manufacturers produce beet harvesters equipped with just such kind of lifting unitsh kmngs

the priorities are low tractive resistance, the high quality of harvesting in terms of undamaged
side surfaces of beet root bodies and intact tail parts as well as the high degree of their initial
cleaning from the stuck soil. However, the parterseof the oscillatory processes generated by

the vibrational lifting units used on the majority of sugar beet harvesting machinery in the market
have rather average values appropriate for relatively favourable harvesting conditions (soft loose
soil, beetroot sizes close to the average, properly lined up planting rows etc.). But when the
harvesting conditions deviate from th&wrourable values (especially in case of dry and strong
soil), the vibrating lifters start performing the digging process withitant damage to the beet

roots (breaking and tearing off the tail parts), their power consumption rises excessively sharply,
the unit vibration drives prove to be unreliable. The literature source analysis has shown that any
sufficiently detailed, comghensive and dependable theory of direct beet root lifting from the
soil is virtually absent. Thus, the aim of this research study has been to work out such a theoretical
basis for the process of vibratiassisted beet root lifting, which will allow talculate, in
accordance with the harvesting parameters, the optimal design and kinematic parameters of the
process ensuring the high quality of harvesting. A new theory has been developed, which
describes the process of direct vibratamsisted beet rodtifting performed under the effect of

the vertical disturbing force and the pulling force, imparted to the root blftihg unit. The
obtained system of differential equations has made it possible to establish the law of motion of
the beet root in therpcess of its direct vibratieassisted lifting and perform Pi@ased numerical
calculations, which provide the basis for determining optimal kinematic modes of operation and
design parameters sfbrational lifting units subject to the condition of maimiaig sugar beet

roots intact when harvesting them.

Key words: harvesting machinery, sugar beet root, vibration, lifting unit, modelling, elastic
medium, differential equations.

INTRODUCTION
The harvesting of sugar beet roots with the use of vibratidhag units has a

number of advantages in comparison with other methods of digging them out (Sarec
et. al., 2009; Lammers, 2011; Lammers & Schmittmann, 2013; Gu et al., 2014). For
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example, this way of retrieving sugar beet roots from the soil exhikdtsar extent of
root body damage and loss, a relatively low draught resistance and the more intensive
cleanup of the root side surfaces from the adhering soil already at the lifting stage.

However, the said advantages of the vibrational method of beetiiting are
observed only under relatively favourable harvesting conditions, when the soil in the
beet plantation is medium strong and not dry (especially at the depth of unit running in
the soil). In addition, the beet root planting rows need begktrand the root body sizes
T close to the average values (Vermeulen & Koolen, 2002).

Hence, the further research into the work process of the vibrasisiated lifting of
beet rootsrom the soil and the development of improved lifting units basing on the
results of such research is one of the topical challenges in the sugar beet growing industry
(Gruber, 2005).

Problem. Fundamental theoretical research into the vibrassisted bet root
lifting enables the scientific substantiation of the design and kinematic parameters of
vibrational lifting units. Such research is needed first of all for the theoretical analysis of
the operation of vibrational lifting units specifically in faourable harvesting
conditions, on heavy, strong and dry soils, when sugar beet harvesting becomes
associated with increased power consumption and the reduced durability of beet
harvesting machinery.

In its turn, sound theoretical analysis of any work process (including a vibrational
one) is possible only after developing appropriate mathematical models representing that
process. Moreover, numerical modelling with the use of the developed mathematical
models (numerical experiment) allows to reduce significantly the time and resources
spent for the experimental study and &dhle testing of new units (Bulgakov, 2005;
Bulgakov, 2011).

A fundamental theoretical and experimental study of the vibraissated sugar
beet root lifting was presented in the work (Vasilenko et al., 1970). In that study the
sugar beet root was modelled as a body with elastic properties approximated by a rod
with a variable crossection and one end fixed, which was under tliecefof the
perturbing force applied in the vertical and transverse plane. But the process of direct
sugar beet root lifting from the soil was virtually left aside in that work, it only stated
that, using additionally generated kinetostatic equations, ppssible to find out the
terms of the complete lifting of a beet root from the soil.

The effectively first monograph on the theory of sugar beet harvesting machinery
(Pogorely et el., 1983), regrettably, also does not examine theoretically the dicestspro
of root lifting from the soil with the use of vibrating lifting units.

A significant amount of the results of scientific (mostly experimental) research into
the lifting units of beet harvesters has been published for the recent years, but no results
has appeared on the vibratiassisted root lifting.

The further development of the theory of vibratessisted sugar beet root lifting
can be found in the works (Bulgakov, 2005; Bulgakov et al., 2005; Bulgakov et al., 2014;
Bulgakov et al., 2015a). For ample, the paper (Bulgakov, 2005) formulates a new
theory of the natural and forced longitudinal oscillations of the beet root body induced
by the action of the vertical perturbing force. The said theory was developed in order to
assess the effect the mentked oscillations had on the process of breaking the bonds
between the beet root and the soil and find the terms of maintaining the beet root intact
during its lifting from the soil.
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The same aim was pursued in the works (Bulgakov, 2005), which exarhimed t
transverse natural and forced oscillations of the beet root body occurring under the effect
of a perturbing force acting along the line of motion of the lifting unit.

The paper (Bulgakov & Ivanovs, 2010) considers the process of lifting the beet root
from the soil in the most general casehen the vibrational lifting unit grips the root
nortsymmetrically. The process is described using kinematic and dynamic Euler
equations. The differential equation system obtained in the study characterizes the
proces of the threalimensional oscillations of the root fixed in the soil, placed in elastic
medium with one fixed point.

Meanwhile, the process of vibrati@assisted beet root lifting from the soil is
studied in the said work presuming the symmetrical grgph the root by both
vibrational lifting unit shares, since the rReymmetrical gripping of the root by one
share goes on only for a short while. As a consequence of the translational movement of
the vibrational lifting unit and the tapering of the woxkipassage, the unit will further
grip the root on both sides. But i f the
symmetry axis, then the root is gripped on both sides straight from the beginning. And
that is just the mode of beet root gripgiby the digging shares, which enables the
process of direct vibratieassisted lifting of the root from the soil.

The aim of this study is toedelop the fundamentals of a theory of thigect
vibration-assisted beet root lifting from the soil undereiffect of thevertical perturbing
force imparted to the root by the vibrational lifting unit and the pulling force generated
by the unitds transl ational movement .

MATERIALS AND METHODS

To make an analytical description of the abawentioned work processf beet
root lifting from the soil it is necessary first to define the equivalent schematic
representation and choose the required systems of coordinates (Vasilenko, 1996).

For that purpose, we represent the vibrational lifting unit by two wedges (digging
shares or planes):1B:C; and AB,C,, each of them being inclined at the andleb, o
and positioned relative to each other so as to form a working passage tapering rearwards
(Fig. 1). The said wedges:B:C: and AB,C; oscillate in thdongitudinal vertical plane
(the digging share oscillation drive mechanism is not shown). The direction of the lifting
uni tdés transl ational movement i s shown
and B on the axis @ are designated by the poiri?s and D respectively.

It is assumed thahe beet root approximated by a cataped bodinteracts at the
respective points with the surfaces of the wedfed:C, and AB>C, and also the
vibrating lifter grips the root on two sides. Further we supplosiethe working surface
of the wedge AB:C; makes direct contact with the cesleaped beet root body at the
point K; the surface of the wedgeByC, i at the point K. Following that, the right lines
drawn through the beet root contact pointsaid K, ard the points Band B, when
crossing the sides of the wedgeg&CAand AC,, generate the corresponding points M
and M.
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Hence/liis the dihedral angld (B:M1D:) between the lower basa®C, and the
wedge working surface #8,C: or the same dihedral angle between the lower base
A2D2C; and the second wedge working surfac8#£,.

Figure 1. Equivalent schematic model of interaction between vibrational lifting unit and sugar
beet root during its lifting from the soil.

Now we are going to associate with the vibrational lifting unit the orthogonal
Cartesian coordinate systenOxy:z;, the centre ©of which is placed in the middle of
t he watkedinbpassage, the axist@i s in | ine with the di
translaional movement the axis @Qz; is vertically pointing up, andhe axis Qy: is
pointing to the right.

Thus, the displacement of the beet root during its direct lifting from the soil shall
be viewed with reference to the fixed system of coordinat€syxz;. Further, we
introduce the moving system of coordinate®yz. rigidly bound to the beet root, its
origin being placed at the rcbeingidlpevate nt r e
the beet root symmetry axis, the axes &d Cy lying in the pane that is perpendicular
to the axis Cz
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Letbs examine the process of beet roo-t
vibration method in detail from the physical point of view. As the process of oscillation
of the beet root itself in the soil as @lastic medium progresses, the bonds between the
root and the soil break at a high rate and, accordingly, the restoring forces start sharply
decreasing. Following that, the oscillatory process transforms into the process of
continuous displacement of theet root along &; and Qz; as well as the continuous
angular displacement (turning) of the root around its centre of mass (point C) through
some angleywithout the root returning to its initial position.

Accordingly, we arrive to the stage of diredtitig of the beet root from the soil.
The process of transition from the beet root oscillatory motion to its continuous
displacement in the soil can be described in more detail as follows. Under the effect of
the vertical perturbing force the beet rootfpems translational oscillations together
with the surrounding soil, and also the closer the sail is to the beet root, the more these
soil oscillations are synchronized with the beet root oscillations. And vice vehea
further the soil is away from thieeet root, the less its oscillations copy the beet root
oscillations, due to the elastoplastic properties of the soil. Finally, there exists such a
distance from the beet root, at which the soil does not oscillate at all, but the limits of the
soil areahat can oscillate together with the beet root are not outlined quite exactly (all
depends on t h eandplwysidal@repenies)cltisanost lkelylthat smooth
transition from the soil area oscillating together with the root to the area with no
oscillation takes place, and therefore the breaking of the soil at the interface of these
areas is unlikely. Supposedly, the most probable scenario is the soil breaking in
immediate proximity to the root body surface or even on the beet root body stadifce i
This provides the most believable explanation to the fact that during the vibration
assisted sugar beet root lifting a considerably smaller amount of soil remains stuck to the
rootods sides than in case ofonddhae(@dsoi | ar
lifting units. As the lifting of the root from the soil can take place, as it was shown earlier,
only in case the vibrational lifting unit grips the beet root symmetrically, so,
simultaneousl y with t hdiong gsescillatioosothraugh at r a n
certain angle about the conditional point of its fixation O take place.

At the first stage of the beet root lifting from the soil, especially during the first
oscillations, the restoring force that acts during the anggatlations and, of course,
its moment about the fixation point O are maximal. Therefore, it is most likely that the
beet root tilt angl e wil/l be insignific:
position or partial restoration of such a pasitdue to the translational movement of the
vibrational lifting unit can be expected. But, under the effect of the translational
oscillations of the beet root itself together with the surrounding soil the density of the
surrounding soil will decrease, sbe restoring force during the angular oscillations will
decrease as well. Thus, with each new oscillation the beet root tilt angle will increase,
while its restoration to the initial position will decrease. In practice, the beet root will get
looser anddoser swinging about its conditional fixation point O with the gradual growth
of the angle of its tilt forward along t
the breaking of bonds between the beet root and the soil along thegxistarting
from the upper part of its conical surface situated in unbroken soil and gradually
proceeding towards the fixation point O. Thereby, the alsaig implies that the
breakup of bonds between the beet root and the soil occurs simultaneously in two
directiors: along the axes: and Qz. In such a case, the forces binding the beet root
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with the soil and the elastic forces in the soil will be gradually decreasing until they reach
such a minimum level that the oscillatory (vibration) processes will transfaarthe
process of continuous displacement of the beet root upwards along theiax@én®
forward along the axis & and continuous rotation of the root body around the centre
of mass (point C) through certain angfeup to the complete lifting from & soil.
Meanwhile, the elastic forces will just transform into the loosened soil resistance force
during the beet rootds movement in the wi
In order to represent the described physical process of the beldtirapfrom the
soil we show in the equivalent schematic model the forces generated by the interaction
between the beet root and the inside surface of the lifting unit working passage.
Now we assume that the vibrational lifting unit exerts, as it wasateti earlier,
thevertical perturbing forcé ,, which varies according to the following harmonic law:

Qo = Hsin(x }, 1)

whereH i amplitude of perturbing force; T frequency of perturbing forcej time.

Thisforce plays the main role in the process of loosening the soil in the vibrational
lifting unit working passage area and lifting the beet root from the soil.

The denoted perturbing forde, is applied to the beet root on both sides of it,
therefore, it igepresented in the equivalent schematic model by its two compangnts
andU p2. These forces are applied at the pointsid K, respectively, at a distancelof
from the conditional fixation point O and they are exactly the forces inducing the beet
root 6 s o0 s ci lbngitadinal amd verticahplanehag well as breaking the bonds
between the beet root and the soil and providing the conditions needed for lifting the root
completely from the soil.

Since the beet root gripping is symmetrical, obeglg, the following relation is
going to be observed:

1., .
Qpl = QpZ = E H S|n(’/’/t) : (2)

We resolve thesperturbing forcednto the normal componentsl, and N, and

tangential component§, and T,, as shown in Figl. The compositions of the forces
will be as follows:

I
Zl
o
+
R

épl (3)

I
Z|
N
+
N

Qe (4)

Apparently, the lines of the force vectofs and T, will be parallel to the right
lines BBIM1 and BM, respectively.
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As the vibrational lifting unit advances linearly along the axis @ith respect to
the beet root fixed in the soil, so at the moment, when the unit grips the rootarthere

alsomoving forcesP, and P, acting along the axis ®. As we did earlier, we resolve
the moving forcesP, and P, into the normal components, and L, and tangential

componentsS, and S, with reference tdhe planes\1B1C: andA:B:C, respectively,
ie.:

P,

I
-

S (5)

[y
=

I
I

,t

921

N

P, (6)
The force vectorsS, and S, act along the vector lines of speed of the shares

relative to the root surface during the translational motion of the vibrational lifting unit.
Thus, the lifting wedges #:C; and A2B2C; exert on the sugarelet root the
following forces at the contact points Knd K:

N =N, +L,, ()
N.,=N,+L,, (8)
which act along the normal to the plana84C; andA:B.C,, respectively

Obviously, the magnitudes of these forces arelésvs:

NKl = Nl + Ll' (9)
N,,=N,+L,. (10)
Besides that, at the contact points &d K. the friction forcesF,, and F,,,
respectively,are applied, which counteract the slipping of the beet root body on the
working surfaces of the wedgesBAC: andA;B>C,, when the lifting unit grips the root.
The vectors of these forces have the directions that are opposite to the directions of the
vecbrs of the relative speed of the beet root slipping on the surfaces of the said wedges.
At the r oot 0 <poiat€)ntherrodt weidht fgoSa is applied The

forces of resistance exerted by the loosenedisoihg thebee r oot 6 s mov e me
working passage of the vibrational lifting unit along the axeg; @nd Qz; are

designatedR , and R, respectively.

During thedirect beet roolifting from the soil, the rotation of the root around its
centreofmase t akes place under the effect of
by the loosened soil. The moment of the couple of forces will be desigviated
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Now we are going to find #h magnitudes of the forces shown in Hig.The
tangential component, and T, of the perturbing forceSp; ando pz, respectively, and

the tangential componen§, and S, of the moving forcesP, and P,, respectively,

do not have any direct effect on the beet root, they only produce loosening of the soil
around the root.

It should be noted, taking into account the symmetry of therbeegripping by
the vibrational lifting unit, that the same name forces generated on the two share working
surfaces during their interaction with the beet root will have equal magnitudes and
symmetrical lines of action with respect to the symmetry plaj@zx (Fig. 1).
Accordingly, from the schematic model of forces we derive the formulae for finding the

normal componentN, and N, and the tangential componerTs and T, of the

perturbing forcesﬁpl and 6pz . They have the following values:
¥ ¥ 0y, OEl (12)

From the same schematic force model the formulae for finding the normal
components, and L, and tangential componeng and S, of the moving forces

F_>l and |52 respectively, can be derived:
L, =L, = Psing, (13)
S =S, = P,cosg. (14)

The magnitudes of the forcé_fi;<1 and NKZ are as follows, taking into account the
expressions (9), (11) and (13):

Ny, = Ny, =Q, cosd+ R sing, (15)

or, considering the expression (2), e@ne to the following:
Ny, =Ny, = % H cosd'sin(ut) + P, sing. (16)
Hence, the magnitudes of the friction fordes and F,, are:
Foio =Fe, = TN = f(Qpl cosd + Plsing), (17)
or, considering the expression (2), we come to:
Fei = Feo :% f H cosdsin(wt) + f B sing, (18)
wheref 1 coefficient of friction.
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Apparently, during the immediate contact between the wedgg<AandA,B.C;
and the beet root surface, the friction force veci@isand Q. always lie in the wedge
planes AB1C; andA2B,C,, respectively. Besides that, due to the soil resistance forces,
the slipping of the beet root on the surfaces of the wedges along the lines of action of the
forces™Y, ¥ (parallel to the lines B4, and BM>) and in the direction opposite to the
forces™Yand"Yis possible.

Therefore, the vector of the relative speed of the beet root slipping on the surfaces
of the wedges can be resolved into components in the above said directions. Thus, the
friction force "Qi can also be resolved into tweomponents’Q i in the direction
opposite to the vectdl, andO; i in the direction of the vectd, i.e.:

Fa=F+E. (19)

Similarly, the friction forcéQ. can as well be resolved into two componen:i
in the directionopposite to the veot ¥, and' G i in the direction of the vector

¥ i.e.:

F. =F,+E,. (20)

Kz

Obviously,F1 = F, E; = Ea.

Now | etds find the magnitu@eaadOpdéndt he
consequently@Q and Q.. Basing onthe above considerations and expression (16), a
deduction can be drawn that in the intervals [2 kH 21 k= ]Q, 1, 2, é, p
in the interval [ O, "1 Qi {Qr)eshalibe deteimineddne o f

accordance with theofmula (18), moreover, in the intervait- it rises from its
minimum value:

F.,. = = fPRsing, (21)

Kimin — K2m|n

to the maximum value;:

F -F f H cosd + f Psing, (22)

K1max K 2max

While in the interval - it decreases froMQumax (Qzmay) t0 "Qimin (Rzmin).

Besides that, the direction of the friction force vector in the interdal also changes.

The vectorQumin (Q2min) has the same direction as the friction force vector of a usual
share lifter (in the absence of any perturbing force), i.e. pataltée right lines AO;'
(AzOz'), Whl|e| O/AM; = .|' O,)’)AM>=9 (Bulgakov, 2005) The vecté‘@lmax ("QZmaQ
deflects from the vectoQimin (Q2min) through a certain angle | , while

| |

So, in the intervalmih- the force vectoiQu ('Qz) changes from the vectdRimin

("Qamin) to the vectoFQimax (Qzmay, and in the interva-H 1 from the vectoFQimax

("Qzmay to the vectofQumin (Q2min). Hence, the angle | of the deflection of the
vector "Qu (Q2) from the vectofQumin (Qzmin) changes in the interval [0] under the
following law:
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Ay = 8xq = Aamax SINML) . (23)

Apparently, the valuea (a ) depends first oéll on the ratic— — and

the greater the ratio is, the greater the value grows. Therefore, in the intefJahf®,
magnitude of the friction force vect@®: ("Q2) changes according to the law (18), while
its directioni according to the law (23).
So, in the interval [0;] we have the following values of the component fofces
"Q) andOy( Oy):

Klmax K2max

Fl = FZ = FKlSin(g+aKl)’ (24)

E, =E, =F,codg+a,), (25)
then, taking into account (18) and (23), we obtain:

F=F, :S‘% f H cosdsin(t) + f P, singsin(g+ @, sin@t)),  (26)
g -

E =E, = S% f H cosdsin(ut) + f Plsing8cos(g+aK1maX sin(wt)). (27)
(; -

The formulae (26) and (27) are effective in any of the intervdds 2k 21 ) " ] ,
k=0, 1, 2, ¢é&
Obviously, within the intervals [+ 12X ]k= O, 1, 2, €, t he
"Q1 ("Q2) are as follows:
F.,=F

K1 K2

= I:Klmin = f H.Slng (28)

Hence, the following is observed in the denoted intervals:
F =F =F_,.sing= f Bsingsing= f Psin’g, (29)

E =E =F.,,,cosg=f F;singcosg:% f Psin2g. (30)

It can be assumed that the loosened soil resistance forces during the direct beet root
liting from the soil are a function of the speed, with which the beet root travels in the
loosened soil. However, as a first approximation, the magnitudes of these darcbe
regarded constant. Hence, overall, in order to simplify the mathematical model, we
consider the force¥, 'Y and the moment of coupfe to be constant.
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THEORY AND MODELLING

Taking into account the equivalent schematic model (moddbrokes) drawn

above, the differential equations of mot
direct lifting from the soil in the vectorial form will be as follows:
ma=N+N+[+L+R+E+E+E+G+R,+R., @)

wherenxis the beetroot masg ist he accel eration of the b

Further, we are going to derive the dif
centre of mass (point C) during its translational movement along the axesn@ Qz;.
As the process obeet root lifting from the soil occurs in case of the lifting unit
symmetrically gripping the root body, so
effectively takes place in tHengitudinal and vertical planglane %0,z;), therefore,
the vectorequation (31) is reduced to differential equations in the projections on the axes
Ox: and Oz of the following form:

n]k;# = lel + N2>(1 + lel + L2x1 + lel + F2x1 + Elxl + Ele - R(l’g
rnk# = lel + N2zl + L1z1 + L2zl - Flzl - FZZl - Gk - Rzl' Y

Letbs determine the val ues ;anflOztudeckin f or c
the system of equations (32). Taking into account the formulae derived in (Bulgakov et
al., 2015b), the projections of the normal componéntand( , on the axis &, are
determined as follows:

(32)

— — N, tang
Nyq = Npy = - >, (33)
Jtar? g+1+tar’ b
or, taking intoaccount the expression (11), we obtain:
_ _ Q. cosdtang
a = (34)

> Jtatg+l+ta’ b

The projections of the normal componefisand 0, on the axis @ have the
following values:

L, tang
Lyg = Lo = = —, (35)
Jtar? g+1+tar b
or, taking into account the expression (13), we obtain:
P, singtang
lel = I‘2x1 - : > : (36)
Jtar? g+1+tar? b
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For the projections of the friction force componeiissand "Q the following
expressions are obtained:

F.=F,, =F.cosdsing, (37)
or, taking into account the expression (26), we have:
o o  COdl®BTe B OEI
OFET | OBIo Al1O@E (38)
il [2k , kH 21 k=0} 1, 2,...
Taking into consideration the formula (29), we come to:

F.=F,, =fPsin’gcos d

mi g2k -) p X pg k #,2,.. (39)

The projections of the friction force compone@®sandG; on the axis &x; will be
as follows:

Elxl = E2X1 = El Cosg’ (40)

or, taking into account (27), we have the following expression:

o 0 g'n"cz\h@aio "G OBT
AlTT10 | OETOoAITG (41)

i [2k , kH 21 k=01, 2,...

Taking into account the expression (30), we obtain:

=

« = E,, = fBsinZ2gcos g
E:ll 2x1 2 1 (42)

mi g2k -) p %k pg k %2,

The projections of the friction force compone@sandG; on the axis @ are
equal to zero in any interval, i Biz1 = Ex;1= 0.

The projections of the normal componetitsand( > on the axis @, according
to (Bulgakov et al., 2015b), are as follows:

N, tanb

= N2 = 1
“ Jtar? g+1+tar? b

(43)
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or, taking into account the expression (11), we come to:
Q.. cosd tanb

N,,=N,, = .
. Jtar? g+1+tar’ b

(44)

The projections of the normal componeiit&nd0, on the axis @: will be equal

to:
L, tanb
Ly =Ln = - , (45)
Jtar? g+1+tar’ b
or, taking into account the expression (13), we have:
P, singtanb
L, =L L (46)

e Jtatg+l+ta’ b

The projections of the friction force componei@sand’Q on the axis @, will be
equal to:

F,.=F

271

=Fsind, (47)

71 =
or, taking into account the expression (26), we have:

0 0 gndﬁ@am B OR1
OET | OEBTo OEh (48)
vt [2k , kH 21 k=0] 1, 2,...
Taking into consideration the formula (29), we obtain:

F,=F,, =fPsin"gsin ¢
(49)
mi g2k -) p % pg k %2,
By substituting the expressions (34), (36), (38) or (39), (41) or (42), (44), (46), (48)

or (49) into the system of differential equations (32),obv&in the following system of
differential equations:
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P 0 AlT@AI 0 OEOAT .
— — = — — 1P
Al p OAI OAl p OAI I’y
Ponvi 14 68 = 1 i
CEQ@\H@EHO I
® OBTORBT | OBTo AlT@EI ::
Pk 2o e 2 (4
-"QaA | | -
¢ C ahoato Ly

D ORTATIO | OBTo AlrO Y b (50)
: 0 ANM@AIT 0 OBEIOAT ':"
a o — —— —— —— 1'p
OAl p OAl OAl p OAl I’p
P+ o a b
CEQ(AI‘]GDEIO p
®» OBRTOEBT | OBTo OET O 'Y h ::
10 ¢Qh¢Q p“h Q phkB o

or:

, U OEIOAI .
a — — 'y
OAI pﬂ OAT|~ 5 . . Y
¢®» OEfATIO "D OKiIAITOY h 4

0 OBRIOAI e e s s . . (51)
a « AC,UA i 'f(,A ¢®W OEMOEI O Y h Ly
OAI1 p OAI1 |:v
Ly
1o R prRRAR pilB cf

In the systems of equations (50), (51) the magnitudes of the loosened soil resistance
forcesYaandYasacting during the beet rootédés mov
vibrational lifting unit are regarded constant.

Now we are going to establish the initial conditions for the differential equations
(50), (51). Since the beet root prior to Hiart of its direct lifting from the soil performs
oscillations about the equilibrium position, the following can be taken as the initial
conditions for the coordinates of the r o

att=0:

_ _1
Xl_X10’ - 3hk’

Wherexio is the distance from the vertical centreline of the beet root to the origin of
coordinates (point ) at the time point= 0.

An error, if any, can arise only within the limits of the beet rostillation
amplitude, which is very insignificant as compared with the length of the lifting unit
working passage and the running depth in soil, where the root lifting is done. Considering
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further that during each oscillation, within the whole period,itistants exist, when the
beet root displacement velocity is equal to zero, we take as the initial time point exactly
such an instance during the last oscillation followed further by direct beet root lifting
from the soil.

Thus, the initial conditions fahe systems of differential equations (50), (51)
will be as follows:
att=0:

% =0, 4=0, X, = Xy, zs-%,,hk- (52)

After substituting the expression (2) into the system of equations (50) and making
certain transformations, wabtain the following system of differential equations:

. o AlT@AIT \
W —_— - - 1P
a OAl p OAI1 U'¥
"AT OOET | OETo ORI l:f
I’
"ATNATTO | OB16 AlrO It
A I’F
OOElo I
4 GAT p OAJ .
"MOEAOET | OETo Al10O ::
e ... . Y oo ,
"MOEFEAITAITO | OElIOo v é(_h ¥
W
5 p AlT@AT . (53)
‘ a OAl p OA1 Ut
U
ATNOET | OEBTo OFE1 b
A I'F
. ORIOAI .
"00E1 6 — A,AE AAM L¥
OAl p OAI1 LY
o o o Ne) I'F
MOEIOE! | OBlIo OBEI0 — W
~ o I'F
—h Ut
a I'F
. .. .o ¥
1T o ¢QheQ p“h Q phB &

The system of differential equations (53) is nonlinear. It can be integnalyedith
the use of approximate numerical methods on a PC. First, we are going to make certain
assumptions. As a first approximation, we assume that the friction force véQiand
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"Q2 maintain a constant direction, i.e. the angle between therse®@amn and Q. is
constant and equal te——, similarly, the angle between the vect®@®smi» and™ Qs is

also constant and equalte—, while =

Taking into account these assumptions, the systednffefentlal equations (53)
acquires the following form:

‘ p ATT@AT .
w o - - v
a OAl p OAI I'F
AT VOE( Ol i
e e A I’F
‘R Ei O | —— AlTG00ET o e
OBIOAIT o
OAl p OAT 't
A0 o
F] |'“|»'(54)
I’F

S
a

"MWEAOER

OERAITAT O — 0

1 i

— 1 _ | OET ¥
OAl p OAI S b
oo C OFRIOAI i
. =~ ¥

i

“Qﬁ |:|:
¥

¥

whereg 1 gravitational acceleration.

The system of differential equations (54) is a system of linear sexded
differential equations. It can be solved by using the integration method.

To reduce the expression of the system of differential equations @Mireduce
the following designations.

P AlT@AIT

@ TOAT p OAI
"R OOET 'q OB (55)
"ANAT O | AlrO « h



ORIOAI
OAl p OAT1

"OEAOEN c Al10O (56)
"WERITET O '—c R
P __ANO®Al G oEf | OET « R (57)
O OAfl p OAT
S __OFPAl _ peivEi | Okl [ ()
a OAl p OA

Taking into consideration the expressions (588), the system of differential
equations (54) assumes the daling form:

@ + O0BITOo 1 0

C

Y
‘ i (59)
59
, o m Y
a « 00gIloOo T -—
a

QUvD

Now we are going to integrate the system of differential equations (59). The first
integral will be as follows:

o . . - Y
w rAI}Ob [ DO —O0 O h
(60)

whereC; andL; are arbitrary constants.

The second integral of the system of differential equations (59) will be as follows:

. e O, ... [T VO YO . .. s
W OoEBlo - 00 0 h 'y
q ca P
" 5 w, s 61
) e O, ... T LO Y O D T (61)
Q OEIlO - DO LI pp
1 q ca S o

whereC; andL; are arbitrary constants.
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The arbitrary constanis, Li, C; andL, are determined by the initial conditions
(52). These arbitrary constants are equal to:

" H H 1
C1=/17’ L =/2_W’ B, Fo e ::3|Z' (62)

By substituting the values of the arbitrary const&itandL; into the system of
differential equations (60), we obtain:

e O.. .. - Y o « O
Al100 T

C
o-

&)

(63)

(1}

C
o-

a

a
« O, . .. ~., Y O ¢« 0O
Al1700 T - ~
a 1 o

By substituting the values of the derived arbitrary const@nt€,, L, andL. into
the system of equations (61), we obtain:

C

. e O, ... T VO YO =+ 00 ., . N
W OEBlo - w h

C ca ] I’y
 e0... [ Do YO "B .00 p._ oY
a OEglo - Q¢

S ca S 1 o -

v

The systems of equations (63) and (64), respectively, characterize the laws of
variation of the speed and displacement
of its direct lifting from the soil. From the second atjon of the system (64) the tire
of the direct beet root lifting from the soil can be found. For that purpose we have to
substitute the valum = 0 into the left member of the said equation and solve the resulting
equation fort;. Since the equatiors itranscendental, it is impossible to derive any
analytic expression for findingg. However, it can be solved with the use of a PC
applying the known methods. The computed valug o&n be subsequently used for
determining the productivity of the sugaeet root harvesting machine equipped with
vibrational lifting units.

Next we are going to give consideration to the system of differential equations (51).
To reduce the expression of this system of equations, we again introduce the following
designations:

P __CSOFOAT _ pEfANO DEG ATTO [ (65)
a OAl p OAI1
OEOAI PPN
,ﬂ ¢ OFOA = CQOENTOEIOEI T e (66)

a  OAl p OA1
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Taking into account the expressions (65), (66), the system of differential equations

(51) will take the followingiorm:

0 O 0 O
%‘Q"c& N@ETe "D OET .
OET | OBTOATTO @ 10 a OB
1 O ¢CQhcQ p“h Q mphhs
After the first integration of the system of differential equations (67), we obtain:
a
% =y Rt- &HQ, 1
m, .
6. R u (68)
#=yjPt- —t- =t+l,
m- m Y

whereC; andL; are arbitrary constants,
wti g2k -1) b 2k pgk %, 2,.
After the second integration of the system of differential equations (67), we obtain:

(69)

2 t2
x=yRL- S scec,
2 2m
2 2 t2
Z=yR- 20 R,
2 2m_ 2m

) =) i O

whereC; andL; are arbitrary constants,
wti g2k -1) o 2k pgk % 2,.
The arbitrary constaniS;, L;, C; andL, are determined by the initial conditions

(52). These arbitrary constants are equal to:
C, =0, L, =0, o, = X, (70)

By substituting the values of the arbitrary const&itandL; into the system of

_ 1
L=-3h.

equations (68), we obtain:
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% =y jRt % L

’ ﬁn (71)
m

. _ G
ZFJ/iFit‘Ht

D il s e )

mi g2k -1) p 2%k pgk % 2,.

By substituting the values of the arbitrary const&nts, C, andL: into the system
of equations (69), we obtain:

2 R 0

x=yiR- Xo 1
1 2 2”1( 0 L

Z=yj PE _GLJ[Z Rz_ltz l-m 1 (72)
‘2 2m 2m 3%

mi g2k -) p %k p gk 4,2,.

The systems of equations (71) and (72), respectively, characterize the laws of
variation of the speed and displacement
of its direct lifting from the soil in the absence of the perturbing force action.

Nowwe are going to derive the different

around its centre of mass (around the axi
of mass (point C) paralleltotheaxisy) . According to (Dreizle
said equation will have the following form:
Q— .
02— 0 K 73
5 (73)

where g is the angular displacement of the beet root around the axis&ys t he r oo
moment of inertia with reference to the axis;dy is the moment of rotation around

the axis Cy(total moment of all external forces applied to the beet root with reference

to the axis Cy).

Further, letds find the moments of al/l
in accordance with the schematic model of forces presented ih. Ag.the movement
of the beet rootbdés centre of mass is con
x101y121, SO we will determine the positions of &nd K> i the points of contadietween
the root and the | if t:B:0 andrsBhG with eféreneecto K i n g

the same coordinate system. As we can see in the schematic modelinlegrdinate
of the contact points Kand K in the assumed coordinate system wilkelogial to:
4 =4, = hk +h,
whereh is the distance from the conditional fixation point O to the plane that extends
through the contact points and is perpendicular to the beet root symmetry axis.
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Since the movement of the vibrational lifting unit shares takes place at a certain
depth, the valué for the specific beet root can vary only within the share oscillation
amplitude, which is considerably smaller in comparison with the Vallieereforethe
value h for any specific beet root can be regarded constant. The ordinate of the beet
rootdébs centre of mass (point C) at a rani

Zc = Zl’
wherez; is determined by the second equation of the system (64).

Thus, the ordiate of the points Kand K varies from the ordinate of the point C
by the value:

-h +h-1z.
. o4 _ ha .
So, for example, from the very beginning of the direct liftggg = - Eo we have:
g _—
pehelion 20
3 3

Then the moments of all external forces applied to the beet root at a random instant
will be equal to:

0 0 0 0 6 @ Qa Ok (74)
since the force vector® , andQ_, are parallel to the plangOiz.

o0 0 0 0 0 Q Q a Ai-© (75)
since the force vector‘g and IS2 are parallel to the plana@uz;.
b O 0 o A0 0 0 & OEh (76)
or, taking into account thexpression (26), we have:

b O 0 O

Pod i1 OF
o o2 77
B OBTOBT | youoOBI0ATTO @ o 7
@ OEh i .
1 0 ¢QhcQ p“h Q miphgB

Then, taking into consideration the expression (29), we obtain:

b 0 0 o @ OEAAITO 0 0 & OEH (78)
100 ¢Q p“RKQ*h Q phfB

0 O 0 O ©VAIT6OQ 0 a Al-@ (79)
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Considering the expression (27), we obtain:

b O 0 ©

Py@dii®eie "d 0BT

S o e .~ o (80)
AlTO | OBFIOAITO Q Q a Al-@9
1 o ¢Qh¢Q p“h Q miphhB
And after using the expression (30), we will come to:
5 o o o P OKIATTOQ 0 a Al-O
S o o (81)
100 ¢Q p“Qhh Q phtB
For the remaining forces:
0 & mh (82)
O Y mth (83)
o Y mth (84)

since the vector<s, , R, and R, intersect the axis Gy

Hence, basing on the expressions (74), (75), (77) or (78), (80) or (81), (82), (83),
(84) and the momerft of t he couple of forces of the

rotation of the beet root, we find the value of the rotation morietof all external
forces with reference to the axis Cy as follows:

0 c0 N Q & OEF ¢c0AT-O0Q Q &
QAT ®ETO ¢ OEI (85)
OBl | [ Q¢o
AT10 | OET160 AITO Q Q & Al-G

or, after somdaransformations:

0 O AT-06Q Q &
CQUOETAITO QO Q a OEF (86)

100 ¢Q p“RKQ*h Q phfB

The moment of inertiauof the beet root with reference to the axisc @y
determined with the use of the expression stated in (Bulgakov, 2011):

‘0 moymp OA[ 8 (87)
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By substituting the expressions (2), (87), (85) or (86) into the differential equation
(73) we obtain the diff eatatontarouadtheexisilCrt i on
during its direct lifting from the soil, which has the following form:

o Q—

oy OAT 6 Qi
‘00 Q & OEOEIO
HDAI-OQ Q&

QAN @EBTO
¢® OETORT | OEBI6 ATT0 Q (88)
Q a OB+ Q@alT®EI0
¢® OETAT O] oglo AlrG Q@
a Al-obh o
1 O ¢CQhc¢Q p“h Q mphhB
or:
oy OAT & QE_
A0 Q a B OEfAAITO 1
Q (89)

a OEF
@ OEG AITOQ Q & AT-© 0 h
100 ¢Q p“KQ*h Q phiB

The initial conditions for the obtained differential equation (89) are established
basing on the same considerations as for the differential equation (52) and they will have
the following form:

Att=0:

g=0, g=0. (90)

The differential equation (88) is nonlinear. It can be solved only with the use of
numerical techniques and a PC. With this approach, the zaloeeach cycle of using
the numerical algorithm has to be obtaifiesin the second equation of the system (64)
for the respective instati

The differential equation (89) is also nonlinear, since it includes the xakhich
is a variable, and for any instaftthis valuez; has to be obtained from the second
equaion of the system (72).

Thus, the obtained analytic expressions, essentially, constitute the theory of direct
sugar beet root lifting from the soil with the use of vibrational lifting units. The reached
analytic expressions make it possible to define iherkatic modes of vibraticassisted
beet root lifting basing on the requirement of keeping the roots intact and the design
parameters of the vibrational lifting unit.

1187



RESULTS AND DISCUSSION

No w, appmytthe schieved results of the developed theory and construct an
algorithm for computing the kinematic parameters of the work process under
consideration. Here are its main provisions:

1. First we specify the required initial data for the calculation.

2. Then we find the valuefi, y1, U, Y2 in accordance with the expressions (55),
(56), (57) and (58), respectively.

3. Next, we find the sugar beet root motion law during its direct lifting from the
soil, according to the expression (64).

4. Now we move to drawing the diagrams for various values of the initial
parameters, from those diagrams we find the time of duration of the direct beet root
lifting from the soil.

5. In order to carry out the numerical calculations, we have to specify theegqui
parameters. Thus, according to Pogorely & Tatyanko, (2004) and Bulgakov, (2011), the
specified parameters have the following values:

T (average) mass of a sugar beet rount= 0.9 kg;

' (average) length of a sugar beet rdwt: 0.25 m;

friction coefficient of steel on the sugar beet root surfased.45;

[
I anglesoftheir at i onal i fting=Wknbi=6B,s tri he
i
[

resistance force exerted by the soil, when a sugar beet root moves in it:
R«=100 N,R; =100 N;

T amplitude of perturbing forcéi = 500N;

T transverse moving forc®; = 400N;

I angle of deflection of the friction force vector from the vector of its minimal

value:a,,, =3 0 A;
T initial position of the eaxsgg@®r beet
x10=0.2m.

The dihedral angléb et ween t he wedgebs working
the lifting share can be derived from the expression stated in (Bulgakov, 2011):
cosb

sindcosg

Calculations have been carried ¢t several values of the vibrational lifting unit
oscillation frequency.

Basing on the obtained | aw of moti on
system of coordinates®:z1, we draw the graphs = xi(t), z = z(t) in the MathCAD
environment (Fig2) in order to determine the lifting time.

As may be inferred from the graphs, the duration of the beet root lifting from the
soil (zz = 0) reaches only 0.032

d=arctg
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tl tl

a) b)

Figure2.Gr aphs of t h enass displacénent aleng theraxez:@af and Gz;
(b) as a function ofime during the direct beet root lifting from the sail £ 500N; P; = 400N;
R«= 100N; R, = 100N; 3 = 10Hz).

InFig.3, the motion tr ag¢este bfonasg duonf the direct b e e
beet root lifting from the soil is shown.

0.2

0.1

zI(tl)

=0.1
0.15 0.2 0.25 0.3 0.35 0.4

xI(tl)

Figure 3. Beet root motion trajectory in the coordinate syste®nwz during the direct lifting of
the root from the soil:H{ = 500N, P1 = 400N, R, = 100N, R, = 100N, 3 = 10Hz).

It becomes evident from the presented graph that within the interval of lifting the
beet root from the soit§ . 0 &® s kentre of mass moves effectively on a straight
line.

Obviously, thismotion trajectory represents the actual thjey of motion of the
beet rootés centre of mass only as a cert
during the beet root displacemétt andR;; are assumed to have constant magnitudes.

Also, calculations have been carried out forthe s pl ac e ment of th
centre of mass along the axigzQuntil its complete lifting from the soil as a function of
the changing perturbing force amplitude amd=z(H,t) at P:=const and
z = z(P,Y) atP = consthave been obtained
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In Fig. 4, the surface and profile graphzaf z(H,t) subject to the perturbing force
amplitude variation within a range 6f=1 0 0 é N(Qfor a transverse moving force
value ofP; = 400N and an oscillation frequency valueast 10Hz) are presented.

| |

HKk1

b)

Figure 4. Surface (a) and profile graph (b) of functian= z(H,t) for the perturbing force
amplitudedbds varikdti D00 &POI-MOON,3510HA.Nge of

As one may see in the shown graph, when the perturbingdorpbtude changes
wi t hin a r anrmgtle tirnefof bidd roct liftibgdrom the soil changes within
an interval of 0.053é0.028 s.

In Fig.5, the surface and profile graph of the functior z(P1,t) subject to the
transverse moving force variatiovithin a range oP;= 1 0 0 & {dy & perturbing
force amplitude value dfl = 500N and an oscillation frequency valuessf 10Hz) are

presented.
‘-\_H T~ .\ »
L_\\\ \ . \

/
|

z\
I
/
1

a) Bk b) Pkl

Figure 5. Surface (a) and profile graph (b) of functizn= z1(P4,t) for the transverse moving
force variation withinarange = 1 0 0 & (HO=GOON, 3 = 10Hz).
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As may be inferred from the shown graph, when the transverse moving force
changes withi n N thetiamedad ket mdt liftih@f@or tickGhanges
within a range of 0.043é0.026

CONCLUSIONS

A new theory of lifting sugar beet roots from the soil with vibrational lifting units
has been worked out. This includes the analytic description of the work process at all
stages of lifting, startinffom the instant, when the vibrational lifting unit grips the root,
and up to the complete lifting of the root out of soil.

The system of differential equations for the motions of the root during its direct
lifting from the soil has been obtained. Solvthg obtained differential equation system
allows to find the | aw of motion of the
form.

The calculations in the MathCAD environment performed on a PC have made it
possible to find the duration of directdieoot lifting from the soil and analyse the effect
that the vibrational lifting unit design parameters and the kinematic modes of performing
the work process have on the lifting time.

Thus, at a perturbing force amplitudetbf= 500N, a transverse mowinforce of
P1 = 400N, soil resistance forces: along the axis, O« = 100N and along the axis
Oz i 100N, a perturbing force frequency ®& 10 Hz the time of root lifting from the
soil is 0.032. When the perturbing force amplitude varies withinan ge o fN 100¢é 7
(at a transverse moving force Bt = 400N and a perturbing force frequency of
3 = 10Hz), the time of beet root lifting from the soil varies within a range of
0.053¢é9.028

When the transverse moving force varies withinarandg ef 1 0 0 & {abDa0
perturbing force amplitude ¢f = 500N and a perturbing force frequency of H8) the
ti me of beet root Ilifting fromsthe soil

The achieved results of the theoretical research provide a posgibitigtermine
the optimal kinematic modes of operation and vibrational lifting unit design parameters,
proceeding from the requirement of keeping sugar beet roots intact when harvesting
them.
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Abstract. Fi el d trials with the potato cul earlpars 6.
were carried out on the experimental fields of the Department of Field Crops and Grassland
Husbandry | ocated at Eerika (58A22Nj N, 26A40I
and 2011. The yield of tubers and starch, marketable yieldtafqg number of tubers per plant

and tuber weight were studied. We used the following treatments: untreated cog)treeéti
tubers were planted directly from storsage ho
seed tubers were keptbeforeplanng 5 days in a room with temp
t emper at ur espraufing (B2bkf6re plaptingthe seed tubers were kept 26 days in a
room with temperature of 15AC and 10 days wi't
asthe averages of studied years.

According to the average results of two experimental years, thplgnrgng treatment with

t her mal shock increased the number of tubers
control treatment. None of theeatments had any effect on the number of tubers of cultivar
6Laur aod. The t her mal treat ment increased t h

compared to the control treatment (thermal shock by 14.7%spoaiting by 20.7%), but for
cultivad ©AR weight of tubers was decreased

t her mal shock treat ment increased the -tuber
sprouting increased the total tuberkingrégagetl d of
significantly the starch content of cultivar

Key words: number of tubers per plant, tuber weight, tuber yield, starch yield, starch content.
INTRODUCTION

One of the main components for stable, economically sustainable potato yield is
healthy, biologically active highielding seed tubers that are being -peated
according to the end of use (Struik, 2006). In Estonia the growing area and total yield of
potato has steadily decreased while the yield has increased (Statistics Estonia Database,
2013). In order to maintain the high yield potential of potato it is important to apply all
the necessary measures for it.

Potato cultivars, which are able to providghguality yields as early as possible
in order to be market competitive are vital. Accumulated temperature, precipitation and
radiation during the vegetation period favour the growth of early cultivars rather than
late cultivars. One such measure is thegprouting of seed tubers. The fg@routing
of seed tubers of early as well as late potato cultivars is, among théngieddsing pre
planting measures, widely used in the Netherlands (Struik & Wiersema, 1999). Late
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cultivars are beneficidbecause ofheir higher yield potential and also their ability to
maintain nutritional quality during storage (Struik, 2006). Another technigue also used
for obtaining earlier yield, besides psprouting, is thermal treatment (otherwise known

as thermal shock), wth increases the physiological age of seed tubers and shortens the
chronological time needed for the formation of harvestable tubers (Struik & Wiersema,
1999; Struik, 2007).

Increase the physiological age of seed tubers is a suitable alternative option for
increasing the yield, stimulating earlier formation of tubers and enhancing their quality
(M1l | er & Reent s, 2007) . The physiol ogi
physiological status of tubers that will have an impact on its productivity.

A physblogically young seed tuber has preconditions to develop better and stronger
roots as well as all aboxground parts of the plant, and the largest assimilation surface
possible, leading to formation of a high tuber yield (Eremeev et al., 2008a; b; Hagman,
2012a; b). The drawback is that the late sprouting and canopy closure decreases the
ability of potato plants to compete with weeds. The delayed development of the
assimilation surface puts much of the assimilation potential past the time of maximum
photosythetically active radiation (Boyet al, 2002), thus the maturation of tubers is
delayed.

The seed tubers may be treated before planting in various ways. There are methods
where tubers are heated for a short period but at higher temperatures like wlgen us
thermal shock and also where heating period is longer but the temperatures used are
lower like when using preprouting. Temperatures higher thaii3® AC ar e r ar el
in thermal shock, even for a shorlB97)t i me,
While thermal shock is recognized as a good alternative tegoeiting there is scant
in-depth information regarding the treatment in the literatissgh & Honeycutt, 2004

Relatively few studies have addressed the complex research on ths effec
different methods of prplanting treatments on some aspects of the development of
different parts of potato plant and finally on the tuber yield.

Previous preplanting treatment methods need some modifications to prevent the
mechanical damaging sprouts. The effectiveness of differentgprouting methods
is depending also on the particular climate conditions.

The objective of our experiment was to study the effect ofpfamsting thermal
treatments (thermal shock and fsmrouting) on the tubdotal and marketable yields,
and on the starch content and yield of <c
shock period (5 days at 30AC) is a novel

MATERIALS AND METHODS

Field trials were carried ouihahe experimental fields of the Department of Field
Crops and Grassland Husbandry | ocated a
University of Life Sciences in 2010 and
(medium | at e) aeady)were asadh raniomjzedeampleterblock in
4 replications was uséHiills & Little, 1972). The area of a plot was 16.8 the distance
between rows was &n and between seed tubers planted 273med tubers with a
diameter of 3655 mm were used ithe experimentotato was planted at the beginning
of May and harvested in AuguSeptemberThe total and marketable yield was
determined right before the harvest by collecting tubers from 15 consecutive Phents.
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soil of the experimental fieltl Stagnic Luvisol(LVj) according to the World Reference

Base classification (FAO, 2006), and the texture of the soil is sandy loam with a humus
layer of 2630c m ( Reintam & K°ster, 2006). The ¢
specific to potato cultivation.

We wsed the following treatments: 1), Tuntreated (control): 2 days before
planting the seed tubers were brought fr
in order to raise their temperature to the level of soil temperature;i Zh€&rmal shock:
theseed tubers were kept before planting
temperature for 2 days; 3} P pre-sprouting: before planting the seed tubers were kept
26 days at 15AC and 10 days at 12A®D. Af't
reach the temperature similar to soil conditions. The light and moisture conditions of the
treatment rooms were in accordance to the physiological needs of the seed tubers.

The precrop was wheatComposted manure (4ta?) before autumn ploughing
was used as organic fertilizen average, the composted cattle manure contained
9.7gkg? total N, 4.6g kg total P, 8.6g kg total K, 138g kg total C and 44.8% dry
matter Mineral fertilizers were applied locally at the same time with plantinpptdtoes
in spring. The mineral fertilizer was applied in spring during planting at a rate of
275kg ha' (Yara 1311-21). The potato was planted on thd' ®8 May each year.

In present article, the yield results of 2010 (samples collected on'tlué RGgust,

106 days after planting) and 2011 (samples collected on thef3®ugust, 110 days

after planting) are used. According article authors the cultivars are at different vegetation
peri od: potato cultivars O0AnNnt gy Do(botledi um
cultivars where harvested at the same time and than tubers where analyzed?

From each plot 15 consecutive plants were collected for structural analysis. The
marketable yield was determined as the round tubers with diametenwhamid higher
for cultivar 6ANnt s6 and nowand higheo forecultvar wi t h
6Laur aéb. After the potato was harvested,
measure starch concentrations. Tuber starch concentrations were found through tuber
specif ¢ gravity f or wh a tViléhearg, b986) Bhe staech yeldt wa
was calculated based on the starch content and tuber yield.

The weather during the experiment period was monitored with a Metos Compact
(Pessl Instruments) electronic weathéatisn, which automatically calculates the
average daily temperatures and the sum of precipitation. To obtain the decade average
of daily average temperatures at the weather station, the daily temperatures were
averaged over each decade. The precipitatid?010 and 2011 differed considerably
from the longterm average (1962011) as follows: 2011 was arid with 74rbn less
rainfall than the longerm average; and 2010 was unusually wet with 46?2 of
rainfall. Average temperatures showed the expectedression from low in May to
high in August with a decrease in September. For the month of May the temperatures
were lowest in 2011 and highest in 2010. Over the entire season, 2010 was generally the
warmest (Tein et al., 2014).

The results were analyzedthv Statistica 11, using ANOVA and Fisher LSD test.
Statistically significant differencep  0.05 between variants are denoted with letters.
The strength of correlative relationship (coeffici®)t if the correlation coefficient is
denoted as *** the relationship is si
means the probability of Bhefésultsardprésentdd t
as averages of two years (202011).

gn
he
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RESULTS AND DISCUSSION

The thermal treatment of seed tubers o
The number of tuber set by a plant is determined by stem density, spatial
arrangement, cultivar and season (\airal, 2001). The best way of manipulating tuber
number is by maniglating seed rate, size of the seed tubers and their physiological age.
Storage conditions and psprouting treatments strongly influence the number of tubers
per plant (Johansen & Nilsen, 2004; Johansen & Molteberg, 2012). Wurr (1979)
suggested that tub@umber for different genotypes do not result from a difference in
number of potential tuber sites, but from some control over tuber initiation. Straik
(1990) claimed that tuber set, rather than tuber initiation, determined total tuber number.
After the tubers have been set, the growth into various size grades is the result of
competition among the tuber settings and growth rate of the individual tubers (Struik
et al, 1990; 1991)Our results indicated that the gsianting thermal shock treatment
significantly increased the number of tubers per plant compared to control by 3.7 tubers
(30.6%) and to prsprouting by 2.6 tubers (19.7%< 0.05). The average weight of a
tuber of cultivar 6Antsdé was tr eapaed by t
to the other variants (land R), 6.8 g (16.9%) and 5.1 g (12.7%0< 0.05) respectively
(Tablel).

Table 1. The number of tubers per plant and the average weight of a tuber average results of 2010
and 2011

Cultivar Variant Number of tubers peplant Weight of a tuber, g
Ants
Untreated 12.1aN0.4* 47.1bN1.6
Thermal shock 15.8bN0.4 40.3aN1.2
Pressprouting 13.2aN0.4 45.4bN 1.4
Laura
Untreated 16.8aN0.5 36.7aN1.1
Thermal shock 15.3aN0.6 42.1bN1.4
Presprouting 15.5aN 0.5 44.3bN 1.4

Note.Within the same column, values with different letters are significantly different (ANOVA,
FisherLSDtest); N denote the standard deviation.

Preplanting thermal shock treatment increased significantly the tuber vyield
compared to control by 10.7% (3.2 ttha < 0.05) (Table2). The tuber yield of cultivar
0Ant sd6 had the strongest correlation witdt
(R = 0.69***) (Fig. 1) and somewhat weaker correlation with thermal tneat i
correlation coefficients in case of pspouting wask = 0.58** and in case of thermal
shockR = 0.43*.
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Figure 1. The relationship between the tuber yield and the number of tubers per plant of cultivar
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due to the effect of prplanting thermal treatment, average results of 2010 and 2011 (n = 24).
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In the presprouted treatment the tuber yield did not vary statistically from the
control treatment. Also none of the thermal treatments had any effect on the tuber yield
(Table 2).

Table 2. The vyield of tubers and marketable tubers, due to the effegtegdlanting thermal
treatment, average results of 2010 and 2011

Cultivar Variant Tuber yield, t h& Marketable yield, t &
Ants
Untreated 30.0aN1.3* 26.7aN1.2
Thermal shock 33.2bN0.8 28.4aN0.9
Pre-sprouting 31.4abN1.1 28.1aN1.1
Laura
Untreated 32.3aN1.0 28.8aN1.0
Thermal shock 33.3abN0.9 30.4abN 0.9
Presprouting 35.5bN0.9 32.6bN0.8

Note.Within the same column, values with different letters are significantly different (ANOVA,
FisherLSDtest); TN denote the standard deviation.

Due to the effect of thermal treatment (thermal shock andgnauting) the starch
content ofsbécuwerievairncrhdenased by 1% on ave
(p < 0.05) and thermal shock also increased significantly the starch yield biad.7
(16.5%,p < 0.05) compared to the control treatment (Table 3), that was directly related
to higher total yéld (Table2). The average potato yield in Estonia is 1lifha* (includes
yields from organic farming) and it has been increasing over the past ten yadra4.0
(Statistics Estonia Database, 2013). The average yield results in this experiment are
much higher than Estonian average yields (Tahl®hysiological age is very important
for the development of the tuber yield (Struik & Wiersema, 1999). A physiolbgical
older seed accelerates the growth rhythm of potatoes, due to which the yield develops
earlier, while the yield formation ability decreases (Caldiz et al., 2001; Johansen et al.,
2008). The results also show that the earlier cultivar, the greater ¢ae @fftreatment
and that the yield develops evenly during the vegetation period in cultivars with longer
growth period. Thus, both psprouting and thermal shock increase the physiological
age of tubers to some extent.

Table 3. The content and yield dftarch, due to the effect of pptanting thermal treatment,
average results of 2010 and 2011

Cultivar Variant Starch content, %  Starch yield, t h&

Ants
Untreated 14.2aN0.2* 4.3aN0.2
Thermal shock 15.2bN0.1 5.0bN0.1
Pre-sprouting 15.1bN0.1 4.7abN0.2

Laura
Untreated 14.1bN0.1 4.6aN0.1
Thermal shock 13.7aN0.1 4.6abN0.1
Presprouting 14.0abN 0.1 5.0bN0.1

Note.Within the same column, values with different letters are significantly different (ANOVA,
FisherLSDtest); T N denote the standard deviation.
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The thermal treatment of tubers of cul’
The average weight of the tubers of a plant dependsynowsthe cultivar (Eremeev
et al., 2008c). The higher the number of tubers per plant, the lower the average weight
of tubers (Eremeev et al., 2008b; Margus et al., 2014). In our experiment the thermal
treatment increased the average weight of the tubersiof t | var @UaWs) ad by
in case of thermal shock and by §.620.7%) in case of prgprouting compared to the
control treatment f<0.05) (Tablel). The number of tubers per plant was not
significantly affected by thermal treatmentss,(1Ps). The presprouting increased
significantly the total tuber yield by 3tha? (9.9%) and the yield of marketable tubers
by 3.8t ha'! (13.2%) p < 0.05) compared to the control (TaBe As for the cultivar
0Ant sd6 the tuber yidedatboanthe numbertofitbesrperpldnt u r ¢
(Fig. 3). Although the relationship was not affected by the thermal treatments thsed
correlation between the yield and the number of tubers was sRen@.52**i 0.54**).
The starch content and the quality of tubers is influenced by several factors: properties
of the cultivar, agroecological and climatic conditions, agrotechnical measures,
fertilization and storage conditions of tubers (lerna, 2010).tDBtiee thermal shock the
starch content of the tubers was significantly reduced by 0.4% (6.8% increase compared
to the control treatment), but the g@prouting increased the starch content by O
(20.7%, p < 0.05) (Tabled). The use of preproued tubers provides good basis for
higher yield that has also been related to the increase in starch content.

S 95 Untreated: y = 0.316x + 6.6347R 0.32¢
e Thermal shock: y = 0.334x + 4.159? R0.272
()
o 22 1 Pre-sprouting: y = 0.342x + 3.303? R0.297
S 0
L 19
2
s 16 -
()
o 13-
S
=}
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15 20
Tuber yield, t hd
o Unterated A Thermal shock O Pre-sprouting

Untreated @ ------- Thermal shock

Pre-sprouting

Figure 3. The relationship between the tuber yield and the number of tubers per plant of cultivar
6Laur abd, d u e tplanting tleemaletrbatnent,taveade reputtseof 2010 and 2011
(n =24).

The thermal treatment of tubers did not have any significant impact on the nitrate
content of the -cultivars studied (7178.2mgkg? f or cultivar 0A
21.2289mgkg*f or culutriavwgr dha values melesured
properties of the cultivars.
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CONCLUSIONS

1. Theprepl anting ther mal shock treatment
the number of tubers per plant compared to the control treatment by 30.6%, but no
changes were observadthe presprouted treatment.

2ln case of c¢ ul planting therndaltraatneat of tubetstdid nop r e
have any significant effect on the number of tubers per plant, but increased the average
weight of tubers compared to thentrol variant (by 14.7% with thermal shockdaoy
20.7% with presprouting).

3.The weight of the tubers of cultiwvar
of thermal shock treatment compared to the control treatment.

4. The treatment with thermal shodkcreased significantly the tuber vyield of
Il tivar O0Antso, by 10. 7sprouting m@easecktide totab t h
ber yield of cultivar 6édLaurad by 9. 9%.
5,.Due to the thermal shock the starch c
that of cultivar o6éLaurad was decreased.
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Abstract. Remobilization of dry matter during the grain filling period in whisatapable of

helping the plant recover its grain yield under drought stress. In this study, the genotypic variation
of different traits related to dry matter remobilization were measured in seven genotypes of wheat
under the three different environment citioths of wellwatered, drought stress at heading stage

with application of extra nitrogen fertilizer (30%), and drought stress in Isfahan, Iran. Analysis
of variance showed that the genotypes were different not only in their dry matter remobilization
fromthe spike, the stem, the peduncle, and the leaf sheath but also in their current photosynthesis.
Different environmental conditions were found to affect dry matter remobilization from the
leaves and sheath, current photosynthesis, grain yield, andatieerebntributions by the stem

and the spike to grain yield. The highest values of spike and stem contribution to grain yield were
obtained under drought stress while current photosynthesis was found to be the sole supplier for
grain filling in normal coditions. Application of extra nitrogen fertilizer under drought stress
was found to reduce the loss of grain yield in some genotypes as a result of enhanced vegetative
growth, reserve accumulation, and dry matter remobilization to the grain.

Key words: nitrogen, photosynthesis, stem, spike, water deficit.
INTRODUCTION

Receiving only an average annual precipitation of i), Iran is located in a
semtarid region (Kardavani, 1988), where drought stress is the most serious
environmental factor affecting crop yield (Bradford 1994; Blum, 2011). Loss of yield is
the main conern of plant breeders in such regions and they, hence, seek to maintain
yield under drought stress conditions (Golabadi et al., 2006). Water deficit, particularly
during the posainthesis and seed filling stages, is one of the main limiting factors of
wheat production in most parts of the Middle Asia and the Middle East including Iran
(Kardavani, 1988). Although drought stress may occur in both-earty lateseasons,
the highest drougkihduced vyield loss is caused by that during the-posttesis stage
(Blum, 2011). Current photosynthesis, as an important carbon source for grain filling,
depends on the absorption of effective light by the green parts of plants such as the stem,
spikes, and awns (Borras et al., 2004) after the pollination stage (AuS88).1
Depending on environmental conditions, portions of these materials may be redistributed
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to developing grains during pggbllination stages. The redistribution of the substances
stored in transient sources to the sink organs is called remobilif&adner et al.,

2003). Under drought stress, the photosynthesis loss is compensated for by the
remobilization of material reserves to the grain (Yang & Zhang, 2006). Drought stress
leads to reduced grain weight, grain yield, and photosynthetic ratesisliaaf reduced
availability of assimilates for export to the sink organs (Kim et al., 2000; Blum, 2011).
The amount of dry matter accumulation in the source organs varies from 58 to 48 percent
in favorable and unfavorable conditions, respectively, wiilaelso depends on the
cultivar and environmental conditions (Ebadi et al., 2007). Studies have shown that
reserve remobilization could contri-bute
stress conditions, whi | e i tgrowimggdntitionsi s e
(Blum, 1998). On the whole, about 10% to 30% of the stem carbohydrates which are
extant before and after anthesis are sent to the-gesinng organ; this remobilization

can be more than 70% in some grain crops (Wang et al., 1995, Sette 1998).

Cereals, including wheat and barley, are of primary importance for the food security
in the 2% century Distelfeld et al., 2014)Globally, wheat is one of the most important
crops providing over 20% of the calories consumed by the Waxld popul ati on
similar proportion of protein by about 2.5 billion peodBrgunetal., 2010. Different
physiological processes are involved in grain development and wheat crop yield under
water stress conditions (Austin, 198rain filling period in most regions of wheat
cultivation is diminished by high temperature and low moisture (Schnyder, 1993).
Drought stress decreases grain yield of wheat due to reduced sink strength and source
capacity (Yang et al., 2001¢rain filling rate in wheat depends on the current photo
assimilate supply and the capacity of remobilizing carbohydrate reserves from the
vegdative organs to the grainmder drought streq®Vang et al., 1995)Ehdaie and
Waines(1996) found that about 50% of the grain yield in some of the wheat genotypes
was dependent on penthesis reservoirs under drought stresd detected genetic
differences in the photo assimilate contents of the vegetative organs and their
remobilization to the grain for yield recovery in wheat.

Wheat genotypesthat are able to recover from p@sithesis stresses require
i mproved wunder standi npg and physielogical precess that k r «
determine the magnitude of multiple stresses on grain growth (Spiertz et al., 2006)

This studywas conducted to evaluate: 1) the role of stem, spike, peduncle, and
internode organs as material reserves on dry matter rikmadibin to grain in different
wheat genotypes under O6nor mal 6, 6drought
treatments; 2) the genotype diversity with regard to remobilization from different organs.

MATERIALS AND METHODS

Field experiment

This experiment was carried out at Research farm of Department of Agriculture,
Islamic Azad University in Khurasgan region of Isfahan (1,B1&bove sea level with
518 6 E | on gi Adildtiiride)aan centrd@ Zeographical region of Iran during
November 20140 June 2015. This region had arid and hot climates. The means of
annual precipitation and daily temperature were (b2®) and 16C, respectively.

The soil was loansilt (30% clay, 53% silt and 17% sand ) with 1.1% organic
matter,0.11% N, 4fgkg? phosplorous, 415ngkg? potassium, EG.9dSm* and
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pH 7.8. This study was conducted as a split plot based in a completely randomized block
design with three replications. Three various regimes of drought stress and different
genotypes of wheat were consideasdmain and sub plots, respectively. The genotypes
including: Kavir, Ghods, Pishtaz, Rowshan, Sepahan, LineONmd Line Noll.
Different irrigation treatments were normal irrigation (no stress), stop irrigation at 50%
of heading stage (Zadoks 55) andgsirrigation at 50% of heading stage (Zadoks 55)
plus application of 30% of extra nitrogen (N) fertilizer. Based on soil analysis, required
fertilizers were used as follows: %@ ha' phosphorus as triple super phosphate
(Ca(bPQu)2l bD), 50kg ha' potassium as potassium chloride [KCI] and Rfhat
nitrogen as urea. Phosphorus, potassium and half of nitrogen fertilizers were added
before sowing and the rest of nitrogen divided to two equal sections including at tillering
and before heading stagdsach experimental sulplots consisted of five rows with
length of 5m and inter rows distance of 2&. The sowing was done in midovember.

The sowing rate was 400 seeds per square meter. The three meter distance was
considered between main plots tma water exchange. The final harvest was done at a
square meter and using its was as obtained grain yldid. plots were treated
periodically, pre and postmergence, with herbicides, to promote weabslelopment.

Measurement of studied traits

Remobilzation traits were measured ten days a#iathesis on30 randomly
selected stems from each plot at the stages of anthesis and physiological maturity. At
anthesis stage, selected plants transported to the laboratory. In the lab, spike, peduncle,
other inernodes and the leaves and sheath were separated from stems and then placed
inside a paper bag. These samples were dried for 72 houris724Z0after drying, the
leaf sheath was separated from the stems and then each part was weighed. The same
procedurenas repeated at maturity stage (Zadoks 92). Then using the relations 1, 2, 3
and 4 the attributes associated with remobilization from vegetative organs to grain was
calculated.

Dry matter remobilization (mg per plantere calculated by difference of tothly
matter (TDM) at different parts of plagtem, spike, peduncle, other internodes, leaves
and sheathat anthesis by total dry matter at maturity in the same ofgapakosta &
Gagianas, 199Ehdaie & Waines1996, according to following formulae:

Dry matter remobilizatiofDMR) = (TDM anthesit TDM mawri) | 1 0 0 .
Current photosynthesis (CP) = Grain yigléhikei DMR30 spike(Rawson and Evans,
1971).

Relative portion of spike reserves on grain yield (RPSP) %= RRNgrain yield.
Relative pation of stem reserves on grain yield (RPST) %= DRM grain yield.

Analysis of variance carried out by SAS (9.1) and MSTATC soft wares. The mean

comparisons were done by using least significant difference (LSD) test at 5% of
probability.
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RESULTS

Water deficit stress treatments were found to have significant effects on current
photosynthesi§CP), proportion ratio of spike on stem (PRST), proportion ratio of stem
on spike (PRSP), grain yield and remobilization of dry matter from the leaves atid shea
(RDLS) (Table 1). Different genotypes of wheat showed significant differences in CP,
grain yield and remobilization from different organs except for the internodes (Table 1).
The effect of genotype [ envir oibaienot i nt
remobilization from spike, peduncle, leaves and sheath to grain vyield, current
photosynthesis and proportion ratio of spike on grain yield (Table 1). The highest (28.8)
and the lowest (3.6) coefficients of variation (CV) % among the evaluatentypes
belonged to remobilization of dry matter from stem (RDST) and remobilization of dry
matter from peduncle (RDP), respectively (Table 1).

Table 1. The analysis of variance for current photosynthesis, proportion ratio of spike and stem
on grain yieldand remobilization from different organs to grain in wheat under drought stress

S.0v df CP PRSP PRST GY RDI RDLS RDP RDST RDSP

Rep. 2 247 008 0.04 004 006 0.02 001 0.07 0.02
Environ. 2 964.5° 044 026 095 006 02° 006 0.08 0.01
E 4 121 008 0.09 005 0.1 0.1 0.1 0.1 0.07

Genotype 6 185 0.09 0.08 0.17 003 01" 00Z 0.05 0.05
GI E 12 186 0.2 0.06 0.1 0.04 01" 0.1I" 004 01

Ep 36 6.9 0.08 0.07v 0.07 0.05 0.03 0.07 0.04 0.04
CV% 155 231 287 195 84 6.7 3.6 8.1 7.6
R? 091 061 049 062 055 078 058 054 0.65
O: 2 ERep. T Environ; Eb: Resi dual? Coefficienvof Coef

determination; CP: Current photosynthesis; PRSP: Proportion ratio of spike on grain yield; PRST:
Proportion ratio of stem on grain yield; RDSP: Remobilization of dry matter from spike; RDST:
Remobilization of dry matter from stem; GY: Grain yield; RDP: Remobilization of dry matter
from peduncle; RDI: Remobilization of dry matter from other internod&4;S: Remobilization

of dry matter from leaves and sheath.

Current photosynthesis, proportion of stem and spike on grain yield and
remobilization of dry matter in different environments

Current photosynthesis and the relative contributions of stem ékel tepgrain
yield revealed significant differences among the different test environments gjable
The mean value of currephotosynthesisvas higher in the normal treatment, but the
contribution stem remobilization to grain yield was greater in the treatments of
drought/N fertilizer and drought than normal (TaBJe The contribution stem
remobilization to grain yield was greater in droughdl drought/ N fertilizer than normal
condition (Table?). No significant differences were observed among the means for
remobilization from different organs under different water deficits, except for that from
the leaves and sheath (TaB)e The highes{0.39) and the least (0.17) of remobilization
of dry matter from leaves and sheath (RDLS) were denoted to normal and drought/N
fertilizer treatments, respectively (Taldg
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Table 2. Effect of water deficit treatments on current photosynthesis, propawitio of spike
and stem on grain yield and remobilization (mg pket dry matter from several shoot organs

CP° PRSP PRST GY RDSP RDST RDP RDI RDLS
Environment

Normal 9.9 168 235 638.F 02F 0F  00F 023 03F
Drought/N 5 1 253 352 1859 022 028 006 022 017
Fertilizer ' ’ ' ’ ’ ’ ’ ) )

Drought 3.3 2495 31.° 1625 018 023 003 017 0.2P

Means followed by the same letter was not significantly different at 0.05 level using LSD test.

* ** significant at P<0.05and P<0.01, respectively; ns: not significant.

O: CP: current photosynthesis; PRST: proporti
ratio of spike on grain yield; GY: Grain yield; RDSP: Remobilization of dry matter from spike;
RDST: Remobilizatio of dry matter from stem; RDP: Remobilization of dry matter from
peduncle; RDI: Remobilization of dry matter from other internodes; RDLS: Remobilization of

dry matter from leaves and sheath.

Table 3. The mean comparison of current photosynthegsigportion ratio of spike and stem on
grain yield and remobilization (mg plahtof dry matter from several shoot organs in different
genotypes of wheat

CP° PRSP PRST GY RDSP RDST RDP RDI RDLS
Genotype (gnT?)
Kavir 6.9 13.2 243 329.2¢ 0.1% 0.2 0.0 0.2 0417

Ghods 4.8° 2812 31.P 293¢ 0.2% 027 0.0% 028 0.23"
Pishtaz 3.2 26.3 41.P7 386.% 0.2 0.32 0.0 0.268 0.32
Rowshan 3.4 23.% 29.9¢ 231.9 0.17 022 007 015 029
Sepahan 7.7 23.8 23.9¢ 3727 026 028 009 023 029
Line-9 6.6 187 256 3822 0.18& 022 0.03 019 0.18
Line-11 53° 252 33.3 298.9g* 022 038 0.1 028 03P

Means followed by the same letter was not significantly different at 0.05 level using LSD test.

* ** significant at P<0.05 and P<0.01, respectively; ns: not significant.

O: CP: current photosynthesis; PRST: proporti
ratio of spike on grain yield, GY: Grain yield; RDSP: Remobilization of dry matter frone spik

RDST: Remobilization of dry matter from stem, RDP: Remobilization of dry matter from
peduncle, RDI: Remobilization of dry matter from other internodes, RDLS: Remobilization of

dry matter from leaves and sheath.

Current photosynthesis, proportion of ste and spike on grain yield and
remobilization of dry matter in different genotypes

Mean comparisons of dry matter remobilization from different organs of the shoot
to the grain alongith CP, PRSP and PRST and grain yield values in different genotypes
are presented in Table. Among the studied genotypes, the highest current
photosynthesis was obtained with Sepahan (7.7) whereas Pishtaz recorded the
lowest(3.2) (Table 3). The highest grain yield (386.9%mwas observed at Pishtaz that
showed significant difference with Rowshan and Ghods genotypes @ablde
highest remobilization of dry matter from spike (RDSP) and peduncle (RDP) were
observed at Sepahan (0.26) and Elrde(0.11), respectively (Table).3Clearly, the
Pishtaz genotype showed superiority among the genotypes evaluated with respect to its
remobilization of dry matter from stem (0.32), but showed no significant difference with
Line-11 (Table3). The remobilization of dry matter from othetamodes (RDI) showed
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no significant difference among evaluated genotypes (T3blélso, the highest
remobilization of dry matter from leaves and sheath was denoted to Pishtaz genotype
(0.32), and it was significant with the genotypes of Kavir and-Ri(iEable 3).

Genotype I environment interaction of

The genotypel environment interaction reveal
remobilization from the peduncle had different reactions to stress treatments in different
genotypes (Figl). The RDP in drought/ N fertilizer was significantly more than drought
in Line-11 (Fig.1), vise verathe RDP was more in normal than drought treatments in
Rowshan genotype (Fid). Dry matter remobilization from the peduncle recorded its
highest value withil n e 117 (0.16) wunder the drought/
compared to other treatments (Fiy. It was concluded that these genotypes were
capable of exploiting their peduncle reserves in a dresigessed environment,
especially when extril fertilizer was applied.

S Mormal
= Btress/ Nitrogen
M 3tress

0.08 -

o
(g}
!

0.06 -

2
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mmmmm
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Remobilization of dry matter from peduncle to
grain

W///////////(///////////////////////////////////////é qe

s e Bl
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i, 29

Kavir hods Fishtaz Rowshan Line-9 Sepahan Line- 11

Figuel.Genotype I environment interaction for re

The effects of genotype I environment
from the spike to the grain are presented in Eiglearly, the highest rate of RDSP was
observed in Sepahan (0.51) under the drought/N fertilizer treatment that was
significantly different with other genotypes, except for Libe(Fig. 2).
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The effects of genotype I environment

from leaves andsheath are presented in F&y. The genotypes of Ghods, Kavir,
Rowshan, Lin€ and Linell showed higher rates of remobilization from leaves and
sheath in normal condition, rather than drought/N fertilizer treatment (Fig. 3).

Remobilizatiorfrom leaves andheath in the Pishtaz and Sepahan genotypes under
the drought/N fertilizer treatment were higher than those under drought stress (Fig. 3),
which explains the benefits of using extra nitrogen in these genotypkes drought
stress conditions. The Rowshgenotype, however, recorded the highest rate (0.41) for
RDLS and RDST under drought stress treatment, that showed significant different from
Kavir and Line9 genotypes (Fig. 3). Also, this genotype had more RDLS at drought
stress rather than drought/ Ntikzer.
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Figure3.Genot ype I environments interaction for
grain.
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The genotypel environment interaction
grain yield for genotypes under normal condition, but tsbpwed no significant
difference under drought stress (. According to Fig4, the spike had the highest
contribution to grain yield at the genotypes of Sepahan, Line 11 and Ghods under the
stress/extra N fertilizer treatment (F#).rather than nanal treatment.
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Figure4.Genotype I environments interaction for 1
DISCUSSION

Before the anthesis stage, the amount of photosynthetic assimilates exceeds the
pl antds demand,; t hassimdates aceumulate hnethe shodt tode p h ¢
eventually stored in such secondary sources as stem, peduncle, and leaf sheath (Ebadi
etal., 2007). Environmental stresses such as drought, especially during grain filling, lead
to declining photosynthesis when the importance of secondary sources in grain filling
becomes more pronounced. The highest dry matter remobilization values frommthe ste
the peduncle, the internodes, and the leaf sheath observed under normal irrigation
implied the greater vegetative growth of various plant organs including the leaf sheath
in the nonstress environment, which naturally explained the decreasing effectef
deficit on the dry matter translocation to sink (grain) organs (Blum, 2011). The relative
contributions of dry matter remobilization from the spike and the stem to final grain yield
depending on the genotype and environmental conditions (Blum, Eb@&t et al.,

2007). Similar to our findings, Ehdaei et al. (2006) reported higher values of the
peduncle's mobile reserves under normal conditions than under stress conditions.
Contrary to the present results, however, increased values of remobilizatioe rext
internode (11%) and for other internodes (5%) have been reported under drought
stressed conditions (Yang et al.,, 2001; Ehdaei et al., 2006). The superiority of the
Sepahan genotype for dry matter remobilization from the spike under drought/N
fertilizer conditions explains the good adaptability of this genotype to drought stress as
a result of consuming the spike assimilate reserves for grain filling. The Kavir, Ghods,
and Rowshan cultivars were not capable of using the extra nitrogen preseme&se
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ear reserves and to redistribute them to the grain. These genotypes showed higher
remobilization rates under drought stress conditions than in the drought/ N fertilizer
treatment. The higher rate emobilizationfrom the spike observed in the dght/N
fertilizer treatment compared to the Rstness treatment is in good agreement with the
findings of Ehdaei et al. (2006). The contribution of spike to grain yield was found to be
significantly influenced by the drought stress conditions; Ahmadi €2@04) reported
different results in their study. It may be concluded that the quantity of spike assimilate
reserve and its remobilization efficiency are related to the sensitivity or the tolerance of
genotypes to drought stresses, a finding that fereifit from those reported previously
(Ahmadi et al., 2004).

The highest yields by the genotypes under normal conditions may be attributed to
the longer grain filling period and the enhanced grain filling ratio undestnegs
conditions (Ebadi et al., 20073 everal studies have indicated that grain yield in wheat
primarily originates as a result of translocation from the vegetative parts after anthesis
(Haberle et al., 2008)-athi (1997) found that increased nitrogen fertilizer had no
considerable effect on yield increase under drought stress, which is confiynoen b
results in this study. It had been previously reported that extra nitrogen would give rise
to only a slight influence on the reaction by the plant under drought stress and that
nitrogen consumption efficiency would increase if sufficient water wasenit (Palta
etal., 1994). However, average ranges of yield components have also been reported in
the Pishtaz genotype (Golabadi & Golkar, 2013). This finding indicates that the stress
tolerating mechanism had been really active in this cultivar so idgldtngduction was
prevented and grain yield increased under drought stress. The highest value of grain yield
observed in Pishtaz genotype also confirms the influence of the assimilate reserves on
preventing yield reduction under drought stress. Similasutoresults, Pheloung and
Siddique (1991) found that, compared to the potentially lower yielding cultivars, the
high yielding ones with lower reserve storage suffered greater reductions in grain yield
under drought stress during the grain filling perittds noteworthy that the superior
grain yield of Kavir to that of Rowshan could be compromised by its better reaction to
some yield components such as spike number per plant and some of its physiological
traits (Golabadi & Golkar, 2013). Blum (1998) alsaintained that it would be possible
to recover grain yield under stress by remobilization from the stem to the seed. No
significantdifferences were observed in dry matter remobilization from the stem in the
different drought treatments. Palta et al. @Q%owever, reported that stem reserve
remobilization is affected by water stress during grain filling and that the intensity of
water stress may affect shoot reserve remobilization. During the grain filling period,
stem weight begins to decrease, whinti¢ates the consumption of the stored materials
in the following growth stages (Rawson & Evans, 1971; Evans & Wardlow, 1996). The
higher contribution of the stem to grain yield observed in the drought stress treatment as
compared to the normal conditioissin agreement with the findings of previous studies
(Sabry et al., 1995; Niu et al., 1998). Stem reserve is an important source of carbon for
grain filling (Blum, 2011). LopeXastaneda and Richards (1994) reported an obvious
relationship between grairigfd and weight reduction of stem after anthesis in wheat,
barley, triticale, and oat. Ehdaie et al. (2006) reported that wheat gdeptimds more
on its stem reserves for grain filling than on current photosyntl@assidering the fact
that endospermetis start to be filled two weeks after anthesis, the extra photo
assimilates must then accumulate in the stem (Schnyder, 1993). In other words, cultivars
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with a higher stem dry matter content exhibit a higher potential for storing-photo
assimilates undédravorite conditions in the early growth stage (before the onset of the
dry season). This may be an advantage when the stored materials are transferred to the
grain at a higher efficiency. The reaction of Rowshan genotype, with its relative semi
dwarf trait was similar to that observed by Borretlal. (1993) who reported that wheat
dwarfness genes (Rhand Rhi) reduced the reserves in the stem (35%) and in the
internodes (39%), which amount to a reduction of 21% in stem height. Ehdaei et al.
(2006), incontrast, reported that there was no relationship between remobilization from
the stem and stem height. The genotypes of Pishtaz, Sepahan, atid leixiaibited

greater heights in the drought/N fertilizer treatment than in the drought stress condition
(da& not shown), indicating the complementary effect of nitrogen application on plant
height. Thesignificantdifferences observed among the genotypes in their rates of dry
matter remobilization from the peduncle imply their physiological and morphological
differences in terms of dry matter accumulation and remobilization of these assimilates
tothegrain(Ebaddt al ., 2007). I n the source sink
it is mainly the closest source that plays the more important role (Ebadi et al., 2007).
Peduncle serves as a carbon source close to the grain; its dry matter could, therefore, be
easily translocated to the grain when an environmental stress arises. Previous studies
reported that the peduncle before the internode and the leaf sheath are the major places
for dry matter accumulation and redistribution to the grain (Daniels & Alcock?)198

The reducing current photosynthesis during grain filling observed in the water deficit
treatments in this study has also been reported previously (Schnyder, 1993; Palta at al.,
1994; Ahmadi et al., 2004). Under these conditions, the enhanced steraseset their
remobilization serve as an important supporting process that can largely compensate for
the reducing grain yield (Budakli et al., 200Ehdaie et al. (2006) noted that wheat
crops grown in dry land areas would depend more on their steraggd$er grain filling

than on current photosynthesisd the efficiency of dry matter transfer depends on the
stem dry weight at anthesis and that higher dry matter contents give rise to great material
transfers. Rowshan exhibited a similar mechanismraindilling; however, it failed to
achieve a high grain yield under drought stress conditions because this genotype does
not have the genetic potential for high yield in all environments.

CONCLUSIONS

The results of the present study suggest that giald yn wheat cultivars under
water deficit conditions and photosynthetic inhibition of sources at the beginning of the
grain filling period are controlled more by the source than by the sink limitation. Stem
and spike were found to play important rolesupplying assimilate reserves for the
grain filling process under stress conditions. This is while in normal conditions it is
solely the current photosynthesis that supplies the materials required for grain filling
without any need to the vegetative grobweserves. Iseemghat tolerant cultivars have
a relatively higher capability for storing pheassimilates while they are also more
efficient in transferring their reserves under stress conditions.

In our study, leaf sheath dried quickly under drougtiess and showed no
considerable increase in remobilization. Other organs such as stem, spike, peduncle, and
other internodes, however, exhibited increased rates of remobilization in the drought/N
fertilizer treatment compared to the drougtiessed cdlitions. This indicates the
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higher photosynthetic assimilate reserves in these organs due to their higher vegetative
growths as a result of the greater amounts of nitrogen present. Also, the increased
remobilization by the peduncle in the drought/N fezél treatment compared to the
drought stress one implies the supplementary effects of nitrogen as a result of enhanced
peduncle assimilate reserves and their fast remobilization to the grain under stress
conditions. The highest value of remobilization frtime leaf sheath in the Rowshan
genotype under drought stress might have
under drought stress and also to the genetic properties of this genotype which produced
small amounts of reserves in the leaf sheatlcéonplete use under stress conditions.
This genotype can, therefore, be exploited in future breeding programs aimed at
identifying the mechanisms involved in remobilization improvement. At this study,
Among the different assimilate sources, the spike aadtem were found to have more
important contributions to grain filling, a potential that can be exploited in the production
of wheat cultivars with higher grain yields. Based on our findings, the evaluated
genotypes showed significant difference for reitipation of dry matter from spike,

stem, peduncldeaves and sheatfhe Pishtaz genotype in this study was found to have
the highest grain yield but the lowest current photosynthesis, which confirms the idea
that more efficient and greater use was nafdbe available reserves for grain filling in

the absence of high current photosynthesis. So, the Pishtaz genotype may be
recommended as the candid genotype for cultivation in drought regions because of its
higher spike contribution to grain yield; itffieient material remobilization from the

stem, the internodes, and the leaf sheath; and finally its grain yield.
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Abstract. Honey crystallization is considered to be a natural process during its maturing and an
indicator of natural honey composition. However, consumer evaluation of horsgllizgtion

is usually negativeCrystallization depends on honey composition and it is influenced by methods
and conditions of honey processing and storage (mechanical and thermal treatment). The aim of
this work was tddentify and evaluate general facs which can affect crystallization of blend
multi-flower honeys (a disparate set of samples). fdlewing qualitative parameters were
determined: a content of-Fyydroxymethylfurfural, furfural, glucose and fructose, water and
diastase activity, moistarand an absolute pollen count. A degree of honey sample crystallization
was assessed by a sensory analysis. Effects of the various qualitative parameters on the
crystallization degree were statistically evaluated. Admeey crystallization degree was faluto

be a qualitative parameter positively correlated with the absolute pollen count. Using-a multi
regression method (a cluster analysis) it was proven that -thagrdxymethylfurfural and
moisture parameters were suitable characters with certain exphlapawer to classify blend

honey samples according to their crystallization degrees.

Key words: honey crystallizationmulti-flower honey qualitative parameter.
INTRODUCTION

Honey crystallization is a natural occurrence in honey maturing and in some
respects it can be taken as an indicator of natural honey composition (Venir et al., 2010).
Unfortunately partial or entire crystallization of commercial honeys is often considered
a defect (by consumers), because liquid and transparent honeys are wegagled as
better quality honeys. Besides causing obvious changes in sensory, mainly visual,
properties, honey crystallization can have another unsatisfactory effects, such as
technological and processing problems (e.g. pourinfssaof honey homogerigj
hi gher water activity related to honey f e
(Tosi et al., 2002).

Tendency to crystallization of honeys depends mainly on the following factors:
chemical composition, a degree of supersaturation, viscositycto$e/glucose (F/G)
ratio, moisture (M) and a dextrine content, water activity),(aicro-crystals and
nucleation seeds (e.g. pollen grains) presence, age, storage temperature and thermal
history (Bogdanov, 1993; Tosi et al., 2002; Tosi et al., 20@&¥chak & Fortuna, 2006;
Sudzina et al., 2009; Venir et al., 2010). Duration of an entire crystallization process
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varies considerably for different honey types. In most honeys, crystallization begins
within weeks or months at room temperature (Townsendy;1855il et al., 1991).

Generally, blossom honeys crystallise faster due to a higher content of less soluble
glucose (aontent of approx. 40g 1009t in dry matter Gleiter et al., 2006; Laos et
al., 2011) and pollen grains. On the contrary, crystlthn proceeds more slowly in
honeydew honeys, which contain less glucoseotaent of approx. 359 100g'! in
dry matter Gleiter et al., 2006) and more fructose, but could under some circumstances
have a significantly higher content of crystatming melezitose and trehalose (Dobre
et al., 2012).

Honey maturing may be impaired by exposure to high temperatures or by filtration
(removal of pollen grains). Crystallization occurs more easily when honeys are disturbed
(e.qg. stirring, shaking and agitatinglybakChmielewska2004).

Crystallization can be controlled mainly by heating and proper temperature storage
conditions. If honey isheld at¥D1 AC during processing (bo
degree is reduced. Crystals can be dissolved by milthgezthoney and quick heating
at 6071 AC tends to dissolve crystals and
stimulate honey crystallization) (Townsend, 1975; Assil et al., 1991).

Diastase activity and a-BMF (5-hydroxymethylfurfural) content are used
guality indicators of freshness or indicator of extensive heating of honey during its
processing with limits given by the EU Honey Directive (Subramanian et al., 2007).

Tosi et al. (2004) determined the effect of htgimperature short time heating of
honey on the following qualitative parameters related to honey quality and
crystallization process: ®#HMF content, diastase activity and crystallization starting
time. Crystallization onset was proved to be delayed by 4 to 9 weeks for honeys treated
by hightemperature shott i me t r e at me sih thesransi@nOstage afid8d 6 0
in the isothermal stage-t3MF and DN modifications recorded after the heat treatment
were for example: a) thel3MF content increased to 7m8g kg'! and the DN decreased
to 14.4 in case of honey with a higher initial content ¢iNdF (7.5mgkg') and
DN (14.6); b) both values stayed the same in case of honey with a lower initial content
of 5-HMF (5.0 mgkg'!) and DN (9.0) (Tosi et al., 2004).

Crystallization is also affeed by presence and a number of crystallization centres,
mainly pollen grains. Therefore, qualitative and quantitative melissopalynological
analyses (Holdaway, 2004) of honeys mainly used to determine botanical and
geographical origin of honeys can be eoyeld (Louveaux et al., 1978; Song et al.,
2012). Pollen grains but also plant and animal admixtures, e.g. spores and hyphae of
fungi, algae, yeasts, chitin fragments, hairs, insects etc., can be removed by filtration
(PSidal, 200 3) .signficamtly lewerdeddercyto ceygtalliseaFltraton
also removes small crystals of glucose and contaminants that trigger crystallization
process.

As was already mentioned, honey crystallization can be influenced by many factors
and changes can be preditto a certain extent only in the case of monoflower honeys.
Since in the Czech Republic mainly blend honeys are processed, the aim of our study is
to verify whether it is possible to identify general factors affecting a disparate set of
multi-flower hong samples. The effects of various parameters on honey crystallization
have been statistically processed.
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MATERIALS AND METHOD S

Honey samples

The total of 16 samples of different honeys were analysed including blend multi
flower honeys (European (EU) and Czech honeys; 2012) (Table 1). Saropl&40
were sampled at different degrees of crystallization; they came from different batches
withknovn t her mal hi story (preheatingmmt abo
was the same for all the samples and var.i
were supplied directly by manufacturers. A set of samples ma61df different origin
and with unknown thermal history was purchased in the Czech market.

Table 1. Analysed samples

Sample Heating Period Manufacturer/Vendor Origin
Number in a Tank

1 0 min Medokomerc, CZ EU
2 0 min Medokomerc, CZ EU
3 0 min Medokomerc, CZ EU
4 0 min Medokomerc, CZ EU
5 0 min Medokomerc, CZ EU
6 360 min Medokomerc, CZ EU
7 360 min Medokomerc, CZ EU
8 180 min Medokomerc, CZ EU
9 240 min Medokomerc, CZ EU
10 420 min Medokomerc, CZ EU
11 unknown JSG med, CZ EU
12 unknown Kaufland, CZ EU
13 unknown Local Czech Beekeeper CZ
14 unknown Medokomerc, CZ EU
15 unknown Product Bohemia, CZ Ccz
16 unknown IS importexport, SK EU

Determination of qualitative parameters

The following physicechemical, qualitative parameters were determiaedntent
of 5-hydroxymethylfurfural, furfural, glucose and fructose, diastase activity, water
activity, moisture, presence and a number of crystallization centres (an absolute pollen
count).

With the exception of water activity (Chirife et al., 2006)thl other analytical
parameters were determined according to the harmonized methods for the analysis of
honey (Bogdanov, 2009).

A content of BHMF and furfural was determined in a filtered, aqueous honey
solution using HPLC equipped with UV detection (Thestated Column Compartment
TCC-100: Dionex, Germany; HPLC Pump Dionex P680; HPLC Dionex Summit
ASI-100 Automated Sample Injector; UltiMate 3000, Photodiode Array Detector:
Dionex, Germany).
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A content ofsugars (glucose and fructoseas analysed (aftdiltration of the
solution) by HPLC with RI detection (Thermostated Column CompartmentIGDC
Dionex, Germany; HPLC Pump Dionex P680; HPLC Dionex Summit-108I
Automated Sample Injector; UltiMate 3000, RI Detector: Shodex Rl1, Japan).

Diastase actity expressed as a diastase number (DN) was analysed using
Phadebas tablets by a photometric method (Phadebas Amylase Test: Magle AB,
Sweden) using Spectrofotometer Genesys 20 (Thermo Spectronic, USA) and water
activity was determinedsing an electronidewpoint water activity meter, Aqua Lab
Series 3 (Decagon Devices, USA).

Moisture was analysed by automatic digital refractometry, Refractometer RFM 340
(Bellingham + Stanley, United Kingdom). The water content was determined from the
refractic index othe honey.

A quantitativemelissopalynologicahnalysis was performed using the modified
procedure described in PSidal (2003) . Po
and expressed as an absolute pollen count (APC, i.e. a number of pollen graihg per
of honey). Honey (1@) were dissolved and diluted in distilled water; solution was
centrifuged in a cuvette at®0rpm (3 times for 5 min). The sediment was filtered
through a microbiological filter and after drying it was illuminated by cedaPollen
grains were counted in 60 view fields g000x magnification A Digital Laboratory
Microscope was used, Model DMB210 (Motic Deutschland GmbH, Germany).

Sensory evaluation

Samples weralso sensorially assessed. Sensory evaluation was performed by 10
panellists from the Department of Food Preservation (University of Chemistry and
Technology, Prague) according to Piana et al. (2004). To evaluate crystallization, a
10-point scale was usdd = liquid; 10 = entirely crystallised).

Statistical analysis

The results were presented as mean values of three repetitions for each analysed
gualitative parameter. A degree of linear relationship between the parameters was
studied using the Pearsorriedation matrix. A cluster analysis was performed to group
the samples according to the studied variables. All statistical analyses were carried out
using STATISTICA 10.0 (StatSoft, USA) software.

RESULTS AND DISCUSSION
The set of honey samples at diffat levels of crystallization (all samples were

analysed approx. 18 month after productiand with different thermal history were
analysed. The results for all determined qualitative parameters are given in Table 2.
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Table 2. Comparison of the measured data

Sample Moisture Water  5-HMF Furfural  Glucose Fructose  Diastase F/G G/M Absolute Crystallizatior

number (M; %) Activity (mgkg!) (mgkg!) (g100g) (gl00gh Activity Pollen Count Degree
(aw) (DN) (APCT 10%)

1 1751 0596  25.06 0.00 28.80 38.30 11.64 1.33 1.64 11.56 9

2 17.44 0594 31.70 2.72 33.20 41.60 10.79 1.25 1.90 10.50 9

3 1752 0.605 29.90 2.65 29.60 40.40 10.93 1.36 1.69 10.18 9

4 17.75 0571 20.10 2.66 32.40 45.40 10.80 1.40 1.83 8.43 2

5 17.71 0574  45.40 2.40 31.10 43.80 10.55 141 1.75 6.96 1

6 17.10 0576  26.96 2.71 28.60 38.70 12.20 1.35 1.67 10.10 3

7 17.88 0577 36.18 2.54 31.00 39.70 10.56 1.28 1.78 8.10 2

8 17.82 0579 22.70 2.87 31.50 39.30 9.75 1.25 1.77 9.67 5

9 17.64 0576 34.48 2.70 29.30 42.20 11.66 144 1.66 9.90 5

10 17.81 0574  43.70 2.48 30.00 42.60 10.57 142 1.68 7.43 2

11 16.55 0.597 46.96 4.00 29.56 38.58 10.57 1.31 1.79 10.57 8

12 1790 0.639 45.00 2.60 22.20 40.03 9.50 1.43 1.15 7.40 2

13 17.18 0.577 19.90 0.00 23.59 24.09 10.80 1.02 1.69 5.97 3

14 1762 0.639 3293 3.18 3151 39.03 12.20 1.24 1.79 10.97 10

15 16.14 0594  32.60 3.39 24.38 36.96 9.70 1.52 151 9.13 5

16 1769 0.617 36.35 2.75 28.66 42.25 10.50 1.47 1.62 10.39 s5

DN = diastase activity expressed as diastase number; APC = number of pollen graing pehdfey; crystallization degre®0 point sensory scale
from 1 = liquid to 10 = entirely crystallised|l samples were analysed approx. 18 month after production.
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Crystallization degree varied considerably and ranged fronliqlid) to 10
(entirely crystallise§l points (Fig.1l). Given the nature of our studgualitative
assessment of the crystallization process was based on sensory evaluation. Because of
obvious differences between samples sensory analysis was chosen as an appropriate and
sufficient method and there was no need to apply strict quantitativeodsefor this
purpose, e.g. microscopy and calorimetry (Mazzobre et al., 2003; Venir et al., 2010).

y
“y

a) b) | C) |
Figure 1. Honeys in different stages of crystallization (Panasonix Lumix BRZ38; at 4x
magnification; 5y of blend multifiower honeyg on white antreflective surface) (a) natural liquid
honeyi crystallization degree 1, sample nq.t§ partially crystallized honely crystallization

degree 5, sample no, & entirely crystallized honeycrystallization degree 10, sample no).14

For all samples, the moistuoentent, water activity, diastase activity, ratios of F/G
and G/M were very balanced.

The content of 8AMF (from 19.9mgkg™ to 47.0mgkg?) and furfural (from not
detected levels to 41g kd?) couldpoint to heating ormproper longterm storage of
asample Thediastase activity (indicating heating and/or improper storage) expressed
as aDN ranged from 9.5 to 12.2. Quality of samples rid.QLtheatedina ank at 40,
for varying periods of time was not negatively infiged by these temperature and
storage conditions. Only in 2 samples, i.e. sample no. 5 and 10, the contdfal/iéf 5
was slightly higher than the 40gkg'* requirement European Parliament and Council
Directive, 2001), which could be caused by the raw mate

The glucose content was determined to range fromg2a0g™* to 33.2g 100g*
and the fructose content ranged from 24#100g™* to 45.4g 100g™. Botanical origin of
multi-flower honey samples and the associated sugar composition influeneg hon
crystallization (Escuredo et al., 2014). Honeys withigh glucose content and a low
F/G ratio crystallised more rapidly (rape and sunflower based honeys). Honeys with a
higher F/G ratio (more than 1.4) crystallised generally more slowly, e.g. bramble,
chestnut, eucalyptus, heather, acacia and honeydew honeys (Escuredo et al., 2014); from
the analyzed samples it was fulfilled by no. 5, 9, 10, 12, 15 and 16 with crystallization
degree ranged from 1 to 5 points.

Moisture, and hence a crystallization degrehould be closely linked to water
activity (aw) (Tosi et al., 2004). In accordance with literature (Tosi et al., 2004) the water
activity was determined in the range from 0.571 to 0.63p (&ater activity increases
with a moisture increase (Tosi et,&004). Moisture was determined in the range from
16.1% to 17.9% (M).
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Most of the samples met the legislative requiremeBtsopean Parliament and
Council Directive 2001) for followed physiceghemical parameters except for samples
no.5 (5HMF: 45.4mgkg?, limit max. 40 ), 10 (8HMF: 43.7mgkg?), 11 (5HMF:
47.0mg kgh), 12 (5HMF: 45.0mg kg') and 13 (G+F: 47.Weight %, limit min. 60)In
accordance with the literature (Od&8oRiro, 2004; Song et al., 2012), the results of the
guantitatve melissopalynological analysis, i.e. tf#solute pollen count (thumber of
pollen grainsper1@ of honey sample), vVvatrd edt . s6lghO
In the study by Song et al. (2012) 4 out of the 19 analysed samples (Chinese monoflower
honeys) <cont a*it me d 06f palleh Grains @rd 2 @amples contained
>1 0 . 6Odf dolen grains (an absolute pollen count). Pollen grains from, for example,
rape, black locust, sunflower and dandelion were identified in the samples; ldmg@se p
are typical for Central and Eastern European countries (&dBao, 2004) (Fig2).

Oddo& Piro (2004) determined mean absolute pollen cofonts a p e ), black L 1 0
|l ocusty) (O0s@OmfllOY wearn d( d.ahldjddneys.n ( 3. 4L 10

b)

c) d)

Figure 2. Examples of the found pollen grains (microscopy; at 1,000x magnification) (a) rape;
b) black locust; ¢) sunflower; d) dandelion).

The effects of various parameters on honey crystallization were statistically
evaluated. A correlation matrix and a cluster analysis were applied to evaluate
relationships between the qualitative parameters and the properties of honey samples
(Table 3; Figs 3, 4).
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Table 3. Correlation matrix

Moisture  ay,  5-HMF  Furfural Glucose Fructose DN  Fructose/ Glucose/ APC  Crystallization
Glucose Moisture
Moisture 1.00
aw 0.04 1.00

5-HMF 0.00 0.28  1.00
Furfural 10.21 0.20 0.48 1.00
Glucose 035 10.29 10.08 0.28 1.00
Fructose 0.40 0.01  0.37 0.54 0.59 1.00

DN 0.05 10.04 1i0.27 i 0.20 035 10.01 1.00
Fructose/Glucose 1 0.05  0.10 0.45 047 70.05 0.71 10.22 1.00
Glucose/Moisture 0.02 17048 1i0.30 0.07 0.83 0.11 040 1041 1.00

APC i0.18 033 170.13 0.26 0.39 0.28 0.45 0.15 0.25 1.00

Crystallization 025 047 10.14 0.07 0.25 10.05 0.37 10.20 0.28 0.82* 1.00

DN = diastase activity expressed as diastase number; APC = number of pollen graing pehd@ey; *the critical limit for correlation coefficient
r in the case of the 16 samples (confidence le\=D.05) = 0.497.
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The resllts of the crystallization degree evaluation were correlated with the other
determined qualitative parameters (Table 3). In accordance with the literature (Escuredo
et al., 2014), a statistically significant correlatidih=0.05) was demonstrated only in
the case of the absolute pollen court 0.82; critical value for correlation coefficient:
0.497) for the total disparate set of honey samples ({ri6)1On the contrary, in the
case of the samples with known thermal history and from the same pr@uoc&r10),

a statistically significant correlatioJ(= 0.05) was also demonstrated between the
crystallization degree and the water activity=0.92; critical value for correlation
coefficient; 0.632). In accordance with the literature (Gleiter et al., 2006; Zamora and
Chirife, 2006), it was proven thay, of crystallised honeys was higher thanohliquid
(re-dissolved) honeys, becausg iacrease during crystallization process is mainly
related to glucose crystallization.

Moisture

Water activity
Fructose/Glucose :|
Glucose/Moisture

Furfural

Diast: activity

Absolute pollen count

5-HMF

0 20 40 60 80 100 120

Standard connection Euclidean distances (L-Connection/L-Max)*100

Figure 3. Dendrogram of 8 qualitative parameters for honey samples characterisation.

Since the direct linear correlation (the correlation matrix) was not very
demonstrative due to the complexity of the honey crystallization process, a multivariate
statistical technique (@uster analysis) was applied to reveal deeper structures in the
data set. This method assesses similarity of the objects based on a comlhati
measured characters.
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The cluster analysis was applied to prove the ability to distinguish between honeys
of adifferent crystallization degree. For statistical evaluation, a data matrix of the 16
honey samples including the following qualitatparameters was used: moisture, water
activity, ratios of G/F and G/M, a content oHB/F and furfural, diastase activity and
an absolute pollen courifdsi et al., 2004; Escuredo et al., 2014)

Fig. 3 shows a dendrogram of the characters (for the 8 dixditparameters),
which expresses their reciprocal similarity. Six similar characters (alaster for the
F/G and G/M, furfural and water activity characters and actugier for the diastase
activity and the absolute pollen count) create a large cwdhiluster (reading from the
right to the left), to which &ss similar moisture character is connected. Th%
character is completely dissimilar to the others and it has been indicated as an outlying
character.

1 MAX

14 MaAX

2 MAX

3 MAX

@ MEAN

16 MEAN

7 MIN

15 MEAN

8 MEAN

13 MEAN

4 MEAN

8 MEAN |

12 MIN

20 30 40 50 &0 70 80 o0

Figure 4. Dendrogram of the 1®oney samples classification (samples indication: maximal,
mean and minimal crystallization degree).

A dendrogram of the objects (Fi4) allowed classifying the 16 honeys into several
expectable clusters. Fig. 4 also shows the samples that were sighjfaiierent from
the others. It is obvious (reading from the right to the left) that the samples are divided
into 3dominant clusters. The first cluster contains samples no. 1, 14, 2, 3, 9, 16, 7, 15
and 6. The second one contains honeys no. 13, 4 and &e third one includes honeys
no. 11, 10, 12 and 5. The first cluster contains maximally and mean crystallised honeys.
This group of honeys is characterised by high water and diastase activity and a low
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