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ANALYSES OF STA TI STI CAL TRAN SFOR MA TI ONS
OF ROW DA TA DE SCRI BING FREE PRO LI NE

CON CEN TRA TION IN SU GAR BE ET
EXPOSED TO DRO UGHT

AB STRACT: Ele ven su gar be et ge notypes were te sted for the ir ca pa city to to le ra te

dro ught. Plants were grown in se mi-con trol led con di ti ons, in the gre en ho u se, and watered

daily. Af ter 90 days, water de fi cit was im po sed by the ces sa tion of watering, while the con -

trol plants con ti nued to be watered up to 80% of FWC. Fi ve days la ter con cen tra tion of free 

pro li ne in le a ves was de ter mi ned. Analysis was do ne in three re pli ca ti ons. Sta ti sti cal

analysis was per for med using STA TI STI CA 9.0, Mi ni tab 15, and R2.11.1. Dif fe ren ces

between ge notypes were sta ti sti cally pro ces sed by Dun can test. Be ca u se of no nor ma lity of

the da ta di stri bu tion and he te ro ge ne ity of va ri an ces in dif fe rent gro ups, two types of tran s -

for ma ti ons of row da ta were ap plied. For this type of da ta mo re ap pro pri a te in eli mi na ting

no nor ma lity was Johnson tran sfor ma tion, as op po sed to Box-Cox. Ba sed on the both tran s -

for ma ti ons it may be con clu ded that in all ge notypes except for 10, con cen tra tion of free

pro li ne dif fers sig ni fi cantly between tre at ment (dro ught) and the con trol.

KEY WORDS: to le ran ce, water de fi ci ency, su gar be et, pro li ne, sta ti sti cal tran sfor -

mation, Box-Cox tran sfor ma tion, Johnson tran sfor ma tion

IN TRO DUC TION

Ac cor ding to most aut hors, for the suc cessful pro duc tion of su gar be et to -
tal an nual amo unt of pre ci pi ta tion sho uld be aro und 600 mm (S p a  s i ã, 1989). 
Approximately 10—20% of the to tal water requirements of su gar be et are co -
ming from re ser ves of water in the soil and the rest is pro vi ded by ra in fall and 
ir ri ga tion. The amo unt of eva po ra ted water is 392 mm on ave ra ge and ran ges
from 198 mm in dry years to 542 mm in rainy years (M a k  s i  m o  v i ã  and
D r a  g o  v i ã, 2001).
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Lack of water has a very complex ef fect on physi o lo gi cal pro ces ses in
plants. Re se arch on the physi o lo gi cal ba sis of dro ught to le ran ce in many ca ses 
was the first step in the se lec tion for to le ran ce to dro ught. It was fo und that
the re is va ri a bi lity in re spon ses to water stress in su gar be et (Sa d e g  h i a n  et 
al., 2000,  O b e r  and  L u  t e r  b a c  h e r, 2002,  M a k  s i  m o  v i ã  et al., 2004 
and 2006,  P e r  å i ã  et al., 2005, 2006, 2007) and in so me pu ta ti ve struc tu ral
and morp ho lo gi cal adap ti ve fe a tu res of su gar be et to the lack of water (L u  -
k o  v i ã  et al., 2009). If stress oc curs du ring the early sta ges of growth and
de ve lop ment, it slows down the growth of ro ots, which can re du ce yield by
46% (N o g  h a  b i  and  W i l l i a m s, 2000).

The first ef fects of water stress are expressed in le a ves, one of which is
ac cu mu la tion of osmo re gu la tion sub stan ces in su gar be et such as glyci ne be -
taine, pro li ne, and fruc tans. This phe no me non is cor re la ted with dec re a sing of
water po ten tial of cells. It is not cle ar if plants, which in terms of lack of water 
bu ild up the se sub stan ces, bet ter to le ra te the lack of water or not (G h o  u  l a m  et 
al., 2002;  M a k  s i  m o  v i ã  et al., 2004 and 2006;  P e r  å i ã  et al., 2005).

When in ho mo ge ne o us re sults are ob ta i ned du ring the me a su re ment of
cer tain pa ra me ters, it is dif fi cult to draw re li a ble con clu si ons abo ut the ef fect
of ap plied tre at ments without ad di ti o nal sta ti sti cal analyses of row da ta. Such
example of sta ti sti cal tran sfor ma tion of co re va lu es using Box-Cox and John -
son tran sfor ma ti ons will be shown in this pa per. The ef fect of tho se tran sfor -
ma ti ons on the fi nal con clu sion on the ef fect of water de fi ci ency on free pro -
line con cen tra tion in su gar be et le a ves is di scus sed.

MA TE RIAL AND MET HODS

Ele ven su gar be et ge notypes (1—11), pre-se lec ted for the ir dif fe rent abi -
lity to ma in tain tur gor in the fi eld, were grown in se mi-con trol led con di ti ons
in the gre en ho u se. Sub stra te was a mixture of soil and sand, and plants were
watered daily. Af ter 90 days, water de fi cit was im po sed by the ces sa tion of
watering, while the con trol plants con ti nued to be watered up to 80% of FWC. 
Fi ve days la ter the con cen tra tion of free pro li ne in le a ves was de ter mi ned
following the pro ce du re of  B a  t e s  (1973). Analyses were car ried out in three 
re pli ca ti ons.

In or der to examine di stri bu tion of experimental re sults ba sic sta ti sti cal
exploratory met hods box-whisker di a gram and plot (Q-Q plot) were ap plied.
Box-whisker di a gram was ob ta i ned on the ba se of me dian (Me) up per (Q3) and 
lower quartiles (Q1) and interquartile ran ge that is a me a su re of dis per sion of
the cen tral por tion of a di stri bu tion (IQ = Q3 – Q1). This di a gram is very use ful 
in esta blis hing skewness of the di stri bu tion and pre sen ce of ou tli er and ex -
treme va lu es. The ou tli er is de fi ned as the va lue out si de the ran ge of (Q1 – 1.5 ·
· IQ, Q3 + 1.5 · IQ), and the extreme va lue is the va lue out si de the ran ge of (Q1 –
– 3 · IQ, Q3 + 3 · IQ).

In the Q-Q plot, the ob ser ved va lu es of the va ri a ble are or de red (x1 < …
< xn), and then the se va lu es (xi) are plot ted aga inst the in ver se pro ba bi lity di s -
tri bu tion fun ction (the o re ti cal quantiles). If the ob ser ved va lu es fall on the re -
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gres sion li ne, then it can be con clu ded that the ob ser ved va lu es follow the spe -
ci fied di stri bu tion. In our ca se, spe ci fied di stri bu tion is nor mal. The lack of
nor ma lity was esta blis hed by me ans of exploratory analysis and se ve ral nor -
ma lity tests ba sed on dif fe rent ap pro ac hes. An der son-Dar ling and Lil li e fors
tests are em pi ri cal den sity fun ction (EDF) om ni bus tests. Sha pi ro-Wilk test is
ba sed on the squared cor re la tion between the or de red sam ple va lu es and the
(approximated) expected or de red quantiles from the stan dard nor mal di stri -
bution. Jarque-Be ra and D'Ago sti no om ni bus tests me a su re de vi a tion of em pi -
ri cal skewness and kur to sis from ze ro.

Ap plied tran sfor ma ti ons are pre pro ces sing techniques used to sta bi li ze va -
ri an ce and ma ke the da ta mo re nor mal di stri bu tion li ke. Pa ra me tric analysis of
tran sfor med da ta is con si de red a bet ter stra tegy than non-pa ra me tric analysis
be ca u se the for mer ap pe ars to be mo re powerful than the lat ter (R a  s m u s  -
s e n  &  D u n  l a p, 1991).

The Box-Cox tran sfor ma tion, in tro du ced by sta ti sti ci ans Ge or ge E. P.
Box and Da vid Cox in 1964, is a fa mily of a power tran sfor ma ti ons that might 
be used to con vert a ge ne ral set of n ob ser va tion ob ser va ti ons in to a set of n
in de pen dent ob ser va ti ons from a nor mal di stri bu tion with con stant va ri an ce.
The tran sfor ma tion in vol ves a pa ra me ter l that can be esti ma ted from the da ta
using the met hod of maximum li ke li hood:

Y
X

n X

=
-

¹

¹

ì

í
ï

îï

l

l
l

l

1
0

1 0

,

, .

Spe cial ca ses of Box-Cox tran sfor ma tion are log, square ro ot and in ver se
tran sfor ma tion. The Johnson system (J o h n s o n, 1949) is a very flexible
system for de scri bing sta ti sti cal di stri bu ti ons as it in clu des fo ur pa ra me ters. It
is de fi ned by, 

z = g + d log[f(u)], with u
x xi

=
-

l

and where fun ction f( ) has fo ur pos si ble forms de pen ding on ori gi nal da ta di s -
tri bu tion:

SL: f(u) = u for the log nor mal di stri bu tion,

SU: f(u) = u + u2 1+  for an un bo un ded di stri bu tion,

SB: f(u) = u/(1-u) for a bo un ded di stri bu tion,

SN: f(u) = for eu the nor mal di stri bu tion.

Three pro grams Sta ti sti ca 9, Mi ni tab 15 and R2.11.1 were used to per -
form sta ti sti cal analysis.

Exploratory da ta analysis and nor ma lity tests were do ne by R2.11.1.
Johnson tran sfor ma tion was do ne by Mi ni tab 15 pro gram, and Box-Cox tran s -
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for ma tion and ANO VA and Dun can test using Sta ti sti ca 9. Dun can test was
ap plied on ori gi nal da ta, and on the both sets of tran sfor med re sults.

RE SULTS AND DI SCUS SION

The con cen tra tion of free pro li ne showed he te ro ge ne ity of va ri an ces in
ge notype and tre at ment gro ups ac cor ding to the tests of ho mo ge ne ity of va ri -
an ces (Har tley, Coc hran, Bar tlett, Le ve ne).

On the ba se of the hi sto gram of row da ta (mg pro li ne/g DW), it can be
con clu ded that di stri bu tion is highly skewed. Nor mal Q-Q plot and box-plot
show de vi a tion from nor ma lity, as the right tail of the em pi ri cal di stri bu tion is
he a vi er than the right tail of nor mal di stri bu tion (first li ne of Fig. 1). Highly
sig ni fi cant de vi a tion from nor ma lity was al so con fir med by sta ti sti cal tests
(Ta ble 1).

10

Fig. 1. — Hi sto gram, nor mal Q-Q plot and box-whisker di a gram for the ori gi nal
and tran sfor med da ta



Tab. 1. — Re sults of nor ma lity tests ap plied on the raw and tran sfor med da ta

Normality test Original data
Box-Cox

transformation
Johnson

transformation

Anderson-Darling
p-value

14.2153
< 2.2e-16

0.8372
 0.02932

0.3697
0.4164

Lilliefors (Kolmogorov-Smirnov)
p-value

0.3634
< 2.2e-16

0.1349
  0.004512

0.0882
0.2292

Shapiro-Wilk
p-value

0.4555
3.444e-12

0.9689
 0.09585

0.976 
0.2290

Jarque-Bera
p-value

374.3926
< 2.2e-16

0.2723
0.8727

1.2122
0.5455

D'Agostino
p-value

68.0175
1.665e-15

0.1243
0.9397

1.5037
0.4715

In or der to apply pa ra me tric analysis of va ri an ce and tre at ment com pa -
rison, tran sfor ma tion of da ta was ne ces sary.

The di stri bu tion of Box-Cox tran sfor med da ta with maximum li ke li hood
esti ma te l = –0.321864, is much clo ser to nor mal di stri bu tion. It may be no -
ticed that its left tail is he a vi er com pa ring with nor mal di stri bu tion be ca u se of
pre sen ce of se ve ral ou tli ers (se cond li ne of Fig. 2). The de vi a tion from nor -
mality was con fir med by re sults of An der son-Dar ling and Lil li e fors test (Ta ble 
1). The tran sfor ma tion eli mi na ted he te ro ge ne ity of va ri an ces in tre at ment gro ups
and dec re a sed it in ge notype gro ups.

The best Johnson tran sfor ma tion was SU type and tran sfor ma tion fun c -
tion equals

f u
x

( ) . . sinh
.

.
,= - +

-æ

è
ç

ö

ø
÷

-0911 03754
82 2085

151082

1  where sinh ( ) log ( ).- = + +1 21u u u

The Johnson tran sfor ma tion was ef fec ti ve in eli mi na ting no nor ma lity and
va ri an ce sta bi li za tion (third li ne of Fig. 3, Tab. 1).

Da ta tran sfor ma tion did not af fect the ove rall F test and F test for in ter -
action ge notype x tre at ment (im po sed dro ught) but it af fec ted pairwise com pa -
ri sons (Fig. 2, 3, 4).

Fi gu res were all ma de for a = 0.05, be ca u se the re sult was exactly the
same at a = 0.01. Grap hi cal pre sen ta tion of the sam ple mean va lu es of free
pro li ne in su gar be et le a ves and cor re spon ding 95% in ter vals sug gest that in
the ca se of tran sfor med da ta, the re is gre a ter num ber of sig ni fi cant com pa -
risons.
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Fig. 2. — The re sult of analysis of va ri an ce for the con cen tra tion of free pro li ne
in ele ven ge notypes of su gar be et — the row da ta

Fig. 3. — The re sult of analysis of va ri an ce for the con cen tra tion of free pro li ne
in ele ven ge notypes of su gar be et af ter Box-Cox tran sfor ma tion of row da ta



Tab. 2. — Re sults of Dun can's test for free pro li ne con cen tra tion in su gar be et le a ves, row and
tran sfor med da ta. “c" stands for con trol, “d" for dro ught (water de fi cit in se mi con trol con di ti ons)

 ̈ — row da ta

· — Box-Cox tran sfor ma tion
D — Johnson tran sfor ma tion

13

Fig. 4. — The re sult of analysis of va ri an ce for the con cen tra tion of free pro li ne
in ele ven ge notypes of su gar be et af ter Johnson tran sfor ma tion of row da ta



The sta ti sti cally sig ni fi cant pairwise com pa ri sons ba sed on post-hoc Dun -

can's test, do ne on row and on tran sfor med da ta, are pre sen ted in Ta ble 2. The 

re sults in di ca te that in all ge notypes except 1, 9, 10 and 11 the re was sta ti sti -

cally sig ni fi cant dif fe ren ces in free pro li ne con cen tra tion between tre at ment

(dro ught) and con trol if the analysis is do ne on the ori gi nal da ta. In the ca se of 

tran sfor med da ta, the dif fe ren ce is sig ni fi cant in all ge notypes except for 10. If 

we con si der all 231 com pa ri sons pre sen ted in Ta ble 2, the 123 com pa ri sons

ba sed on ori gi nal da ta are sig ni fi cant. For tran sfor med da ta, the re is a gre a ter

num ber of sig ni fi cant com pa ri sons: 173 in the ca se of Box-Cox and 182 for

Johnson tran sfor ma tion.

CON CLU SI ONS

The Box-Cox tran sfor ma tion is usu ally ap plied in bi o me trics to eli mi na te
de vi a tion from nor ma lity and to sta bi li ze va ri an ce. Alt ho ugh this tran sfor -
mation is easy to un der stand and apply, it of ten do es not find a su i ta ble so -
lution. The Johnson tran sfor ma tion, im ple men ted in sta ti sti cal software (Mi ni -
tab, R), may be a good al ter na ti ve. In this re se arch, re sults ob ta i ned with both, 
tran sfor ma ti ons con cer ning com pa ri son of free pro li ne con cen tra tion between
tre at ment (dro ught) and con trol are con si stent.
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PRI ME NA STA TI STIÅ KIH TRAN SFOR MA CI JA
NA IZ ME RE NE KON CEN TRA CI JE PRO LI NA U LI STU

ŠE ÃER NE RE PE U USLO VI MA SU ŠE

Ma ri na I. Put nik-De liã1, Iva na V. Mak si mo viã1,
Emi li ja B. Ni ko liã-Ðo riã1, Ne ve na M. Nagl2

1 Po qo pri ved ni fa kul tet, De part man za ra tar stvo i po vr tar stvo,
Trg Do si te ja Ob ra do vi ãa 8, 21000 No vi Sad, Sr bi ja

2 In sti tut za ra tar stvo i po vr tar stvo No vi Sad, Mak si ma Gor kog 30,
21000 No vi Sad, Sr bi ja

Re zi me

Ana li zi ra na je to le rant nost 11 ge no ti po va še ãer ne re pe pre ma ne do stat ku 
vo de. Biqke su ga je ne u po lu kon tro li sa nim uslo vi ma, u sta kle ni ku, na sup stra tu 
ko ji je bio me ša vi na ze mqe i pe ska, pri åe mu su biqke sva ko dnev no za li va ne.
Po sle 90 da na, vod ni de fi cit je iza zvan pre stan kom za li va wa, dok su biqke
kon trol ne gru pe i da qe za li va ne, do 80% PVK. Pet da na ka sni je utvr ðe na je, u
tri po na vqa wa, kon cen tra ci ja slo bod nog pro li na u li sto vi ma. Sta ti stiå ka
ana li za je iz vr še na ko ri šãe wem pro gra ma Sta ti sti ca 9.0, Mi ni tab 15 i R2.11.1.
Zbog ve li ke va ri ja bil no sti po da ta ka i od stu pa wa od nor mal ne ras po de le ana li -
zi ran je uti caj raz li åi tih tran sfor ma ci ja eks pe ri men tal nih po da ta ka na ko -
naåan za kqu åak. Raz li ke iz me ðu arit me tiå kih sre di na po re ðe ne su pri me nom
Dan ka no vog te sta. Na osno vu obe pri me we ne tran sfor ma ci je mo ÿe se za kqu åi ti 
da se kod svih ge no ti po va, iz u zev ge no ti pa 10, kon cen tra ci ja slo bod nog pro li -
na u li sto vi ma zna åaj no raz li ku je iz me ðu bi qa ka iz lo ÿe nih su ši i kon tro le.
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NIC KEL TRAN SLO CA TION FROM SEED
DU RING GER MI NA TION AND GROWTH

OF YOUNG MA I ZE PLANTS

AB STRACT: Ef fect of dif fe rent con cen tra ti ons of nic kel (0, 10–5, 10–4, 10–3 and 10–2

mol Ni/dm3) pre sent at the ti me of ma i ze seed im bi bi tion, on con cen tra tion, di stri bu tion and 
nic kel ac cu mu la tion co ef fi ci ent in the ro ot and the sho ot, bi o lo gi cal va lue of the seed and
growth of young plants was in ve sti ga ted. It was fo und that du ring ger mi na tion the nic kel
from the seed is in ten si vely tran slo ca ted to the ro ot and sho ot of young plants. With in -
crease of ap plied con cen tra ti ons of nic kel, its con cen tra tion in the ro ot and sho ot in cre a sed
as well. Nic kel con cen tra tion and ac cu mu la tion co ef fi ci ent were hig her in the ro ot than in
the sho ot except at the hig hest ap plied con cen tra tion when the re sult was op po si te. The
highest ap plied con cen tra tion of nic kel in cre a sed per cen ta ge of atypi cal se e dlings and
non-ger mi na ted se eds and dec re a sed per cen ta ge of typi cal se e dlings, ger mi na tion energy
and seed ger mi na tion abi lity. Nic kel im ple men ta tion did not af fect the growth and mass of
the sho ot. Ro ot mass and length of the pri mary ro ot dec re a sed at the hig hest con cen tra tion
of nic kel, which led to chan ge in sho ot and ro ot mass ra tio.

Ba sed on the ob ta i ned re sults it can be con clu ded that only the hig hest ap plied nic kel 
con cen tra tion af fec ted the bi o lo gi cal va lue of the seed and the growth of young ma i ze
plants, re gar dless of its in ten si ve ac cu mu la tion in the ro ot and the sho ot, which in di ca tes a
sig ni fi cant to le ran ce of ma i ze in ini tial pha ses of growth to pre sen ce of high nic kel con cen -
tra tion. In ten si ve tran slo ca tion of nic kel du ring ger mi na tion in to newly for med or gans
points to its good mo bi lity and po ten tial pos si bi lity to en ter the food chain from a con ta mi -
na ted seed.

KEY WORDS: ma i ze, nic kel im bi bi tion of grain, ger mi na tion, growth, tran slo ca tion,
di stri bu tion

IN TRO DUC TION

Nic kel (Ni) is widespread in the bi osp he re (K a  b a  t a - P e n  d i  a s  and
P e n  d i a s, 2000). Di sco very of nic kel be ing the me tal com po nent of the
enzyme ure a se (D i x o n  et al., 1975) and widespread in the plant world
(W e l c h, 1981,  P o  l a c c o, 1997), that bac te ria require Ni for the synthe sis
of nic kel hydro ge na se(s), of nic kel-con ta i ning car bon monoxide dehygro ge na -
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se(s), of methyl-CoM re duc ta se and ure a se (A n  k e l - F u c h s  and  T h a  u e r, 
1988,  M a  i  e r  et al., 1990), in ten si fied re se arch re la ted to the ro le of Ni in
life pro ces ses of hig her plants. In the 1970's but al so ear li er, nu me ro us pa pers
were pu blis hed that pro ve fa vo ra ble ef fect of Ni on plant growth and me ta -
bolism (K a  s t o  r i  and  P e  t r o  v i ã, 1976). However, it was only re cently
that its ne ces sity for nu me ro us or ga nisms was con fir med, which led to in clu -
ding Ni in es sen tial, bi o ge ne mic ro e le ments (E s k e w  et al., 1983,  C h e c  -
k a i  et al., 1986, Brown et al., 1987,  A n  k e l - F u c h s  and  T h a  u r e, 1988,
M a r s c h n e r, 1995).

Hig her con cen tra ti ons of Ni, li ke ot her he avy me tals, ha ve toxic ef fect on 
plants (A s  h e r  1991,  S e  r e  g i n  and  K o z  h e v  n i  k o v a, 2006). Nic kel
be ca me a sig ni fi cant pol lu tant. In crop plants the re is much mo re con cern
about Ni con ta mi na tion and toxicity. The ap pli ca tion of sewage slud ge which
is of ten high in Ni (B r o w n  et al., 1989) and cer tain phosp ha te fer ti li zers
also may by im por tant so ur ces of Ni. An thro po ge nic so ur ces of Ni, in du strial
ac ti vity (me tal pro ces sing ope ra ti ons, com bu stion of coal and oil) in par ti cu lar, 
ha ve re sul ted in sig ni fi cant in cre a se of Ni con tent in so ils (K a  b a  t a - P e n  -
d i  a s  and  P e n  d i a s, 2000). In na tu ral con di ti ons, Ni toxicity ap pe ars in
soils rich in Ni that ori gi na ted on ser pen ti ne as pa rent rock. Nic kel is re a dily
mo bi le in the xylem and phlo em (K o c  h i a n, 1991) and so me plant spe ci es
sig ni fi cantly tran slo ca te Ni in to the seed (P e  t r o  v i ã  and  K a  s t o r i, 1979,
P e  t r o  v i ã  and  K a  s t o r i, 1994). Many en vi ron men tal stres ses (e.g. mi ne -
ral toxicities, soil aci dity, nu tri ent de fi ci en ci es etc.) can di rectly or in di rectly
in flu en ce seed de ve lop ment in clu ding seed vi gor and vi a bi lity (W e l c h, 1999).
The aim of this re se arch was to in ve sti ga te the in flu en ce of Ni con ta mi na tion
of the seed on bi o lo gi cal pro per ti es of the seed, as well as tran slo ca tion of Ni
from the seed du ring ger mi na tion in to the ro ot and the sho ot of young ma i ze
plants.

MA TE RI ALS AND MET HODS

The experiment was car ried out on a ma i ze hybrid NS 7016 seed. Nic kel
tre at ment was per for med by so a king the ma i ze seed in Ni SO4 so lu tion. It was
pre vi o usly de ter mi ned that at the tem pe ra tu re of 22°C a seed so a ked du ring
24 h con ta ins 37% of water and that af ter that pe riod the re is no sta ti sti cally sig -
ni fi cant in cre a se of water con tent in the seed. In or der to ger mi na te, the seed
ne eds abo ut 30% of water. In the co ur se of the experiment, ef fect of fi ve tre at -
ments was in ve sti ga ted, the seed was so a ked in: 0 (con trol, de i o ni zed water),
10–5, 10–4, 10–3 and 10–2 mol Ni/dm3. The experiment was set up in fi ve re pli -
ca ti ons. Af ter the tre at ment, the seed was rin sed with de i o ni zed water. Than it
was de ter mi ned the bi o lo gi cal va lue of the seed ac cor ding to stan dard pro ce -
dure pu blis hed in Slu ÿbe ni list SFRJ 47/87 (Of fi cial Ga zet te of SFRY). It was
in ve sti ga ted: ger mi na tion energy, seed ger mi na tion abi lity, re pre sen ta tion of
typi cal and atypi cal se e dlings and the per cen ta ge of non-ger mi na ted se eds. Af ter
se ven days it was me a su red the length of the sho ot, of the pri mary ro ot and
the me so co ti le ro ot at 20 plants. It was de ter mi ned the mass of the dry mat ter
of the ro ot and the sho ot af ter drying the plant ma te rial to con stant mass.
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In the ho mo ge ni zed dry plant ma te rial of the sho ot and the ro ot it was
de ter mi ned the con cen tra tion of Ni and ot her mi ne ral mat ter af ter di ge stion in
cc HNO3 + cc H2O2. Ele ment con cen tra tion was de ter mi ned using ICP. Ba sed
on re sults of che mi cal analysis the re were de ter mi ned the con cen tra tion, di stri -
bu tion and ac cu mu la tion co ef fi ci ent of Ni, as well as con cen tra tion of so me
mac ro- and mic ro e le ments in the sho ot and the ro ot. Ac cu mu la tion co ef fi ci ent
of Ni was cal cu la ted from the dif fe ren ce in Ni con cen tra tion between the tre at -
ment and the con trol.

The re sults were sta ti sti cally pro ces sed by cal cu la ting the smal lest sig ni fi -
cant dif fe ren ce between arit hme tic me ans.

RE SULTS AND DI SCUS SION

Re sults on Ni con cen tra tion in the seed in di ca te that Ni ions pass with,
mo re or less, no ob struc tion thro ugh the te sta and the se mi per me a ble cell
mem bra ne of the seed and that in re la ti vely short ti me they are in all parts of
the seed, to which po ints the ir in ten si ve ac cu mu la tion in young plants (Tab. 1).
Cer tain parts of the seed do not ab sorb water, which is pro bably why they do
not ab sorb Ni at the sa me in ten sity. The germ ab sorbs water 2—3 ti mes mo re
in ten si vely than the en do sperm (K a  s t o  r i, 1984), which pro bably con tri bu ted 
to sig ni fi cant Ni ac cu mu la tion in the ro ot and the sho ot of young plants. At
lower ap plied con cen tra ti ons, the Ni con cen tra tion was hig her in the ro ot than
in the sho ot, while at the hig hest ap plied con cen tra tion it was vi ce ver sa. Du -
ring ger mi na tion, pro ducts of or ga nic mat ter de com po si tion of the seed, as
well as mi ne ral mat ter, partly de fund in to the en vi ron ment. Pro bably a part of
Ni ta ken up by the seed got in to the en vi ron ment which ena bled the ro ot to
up ta ke it, which re flec ted on its hig her con cen tra tion at lower ap plied con cen -
tra ti ons of Ni. With ap pe a ran ce of sho ot and tran spi ra tion with it, the ascen -
ding tran sport of Ni was pro bably in du ced, espe ci ally at the hig hest ap plied
con cen tra tion of Ni, which par ti ally explains its hig her con cen tra tion in the
sho ot than in the ro ot. Ac cu mu la tion co ef fi ci ent which in di ca tes the in ten sity
of in cre a se of Ni con cen tra tion with the in cre a se of ap plied Ni con cen tra tion
was hig her in the sho ot than in the ro ot only when applying the hig hest con -
cen tra tion of Ni. Ac cor ding to  C i  e  s l i n  s k i  et al. (1996) at a hig her con -
cen tra tion of cad mi um in the soil, out of the to tal up ta ken quantity of cad mi -
um a re la ti vely smal ler quantity is be ing tran slo ca ted in to abo ve-gro und or gans 
than at lower con cen tra ti ons, which they explain as a cer tain form of pro tec -
tion mec ha nism. On the con trary, our re se arch re sults po int to a re la ti vely
more in ten si ve tran slo ca tion of Ni to the sho ot at a hig her ap plied con cen tra -
tion. In ten si ve mo bi li za tion of Ni from the seed du ring ger mi na tion and de ve -
lop ment of a young plant in to newly-for med or gans con firms ear li er fin dings
abo ut good mo bi lity of Ni in the plant phlo em and xylem (P e  t r o  v i ã  and
K a  s t o  r i, 1979,  N e  u  m a n n  and  C h a  m e l, 1986,  Y a n g  et al., 1996,
P a  g e  and  F e l  l e r, 2005).
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Tab. 1 — Con cen tra tion, di stri bu tion and ac cu mu la tion co ef fi ci ent of Ni in young ma i ze plants

tre a ted with Ni

Organ
Treatment (mol Ni/dm3)

0 10–5 10–4 10–3 10–2

Concentration (mg/g DM)

Shoot 4.89  6.90** 10.09** 41.36** 148.85**
Root 4.17 46.35** 52.77** 70.74** 110.29**

Distribution (%)

Shoot 46.88 10.43 12.71 32.04 54.83
Root 53.12 89.57 87.29 67.96 46.17

Accumulation coefficient

Shoot 0.00 1.41 2.06  8.45** 30.43**
Root 0.00 11.11** 12.65** 16.69** 26.45**

Seed quality, vi gor and vi a bi lity are im por tant cha rac te ri stics in flu en cing
se e dling esta blis hment, crop growth, and pro duc ti vity (T e  K r o n y  and  E g l i,
1991). Only the hig hest ap plied con cen tra tion of Ni af fec ted bi o lo gi cal va lue
of the seed (Tab. 2), which con firms fin dings of  S e  r e  g i n  and  K o z  h e v  -
n i  k o  v a  (2005) of gre at plant to le ran ce to high Ni con cen tra tion in the ger -
mi na tion pha se. Ap pli an ce of the hig hest Ni con cen tra tion has sig ni fi cantly
dec re a sed ger mi na tion abi lity, ger mi na tion energy and per cen ta ge of typi cal
se e dlings and in cre a sed per cen ta ge of atypi cal se e dlings and non-ger mi na ted
seed.  N i  e t  h a m  m e r  (1930) was one of the first to ob ser ve that Ni af fects
the seed ger mi na tion. He esta blis hed that lower con cen tra ti ons (0.1% so lu -
tions) had sti mu lant ef fect, and hig her (0.5 to 1.0%) had in hi bi tory ef fect.
Among the in ve sti ga ted salts, the lowest toxicity was shown by Ni SO4 and the 
hig hest by Ni (NO3)2. Ef fect of Ni on ger mi na tion thus de pen ded on con cen -
tra tion and type of the salt. It was al so ob ser ved that a young seed, with well
pre ser ved vi a bi lity, re acts dif fe rently to Ni than an old seed ha ving par ti ally
da ma ged ger mi na tion abi lity. Na mely, Ni con cen tra ti ons that in du ced in hi bi -
tion at a young, vi tal seed had no ef fect on an old seed or they even in cre a sed
ger mi na tion abi lity. Al so la ter, a lar ge num ber of aut hors in ve sti ga ted the in -
flu en ce of Ni on ger mi na tion and seed ger mi na tion abi lity, and the ob ta i ned
re sults were of ten con tra dic tory (K a  s t o  r i  and  P e  t r o  v i ã, 1976).  B r o w n
et al. (1987) sta te that im bi bi tion with 1 mM Ni SO4 did not im pro ve the per -
cent ger mi na tion of bar ley grain, sug ge sting that the ava i la bi lity of Ni for es -
sen tial pro ces ses in the grain is not li mi ting ger mi na tion. However, the re is the 
pos si bi lity that Ni in the im bi bi tion tre at ment was not ava i la ble for up ta ke by
the em bryo. The men ti o ned aut hors ha ve con clu ded, ba sed on re sults of the ir
own re se arch which showed that plants grown with l mM Ni and nu tri ent so -
lu tion pro du ced grain with bet ter ger mi na tion, vi gor and vi a bi lity, and ot her
aut hors' re sults, con clu ded that Ni is required for nor mal grain de ve lop ment,
ma tu ra tion and plant se ne scen ce.  B r o w n  et al. (1987) sta te that without
adequate Ni supply, ma ter nal bar ley plants de ve lo ped non vi a ble grain that did
not ger mi na te upon im bi bi tion. The exact me ta bo lic ro le of Ni in seed ger mi -
na tion is not known. It can be as su med that Ni af fects the uti li za tion of ni tro -
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gen sto red in com po unds in the seed du ring the ir ca ta bo lism upon ger mi na tion 
be ca u se Ni is an es sen tial com po nent of the enzyme ure a se (W e l c h, 1999).
Consequently a question ari ses at which extent is the ni tro gen in the seed of
small gra ins pre sent in the form of ure i des. It is ob vi o us that the ef fect of Ni
on seed ger mi na tion de pends on a lar ger num ber of fac tors: con cen tra tion,
met hod of use and Ni en ric hment of the seed, plant spe ci es, seed ma tu rity etc.
which co uld explain of ten con trary re sults abo ut this ele ment's ef fect on bi o lo -
gi cal pro per ti es of the seed.

Tab. 2 — Ef fect of dif fe rent Ni tre at ments on bi o lo gi cal pro per ti es of ma i ze se eds and se e dlings

Parameters
Treatment (mol Ni/dm3)

0 10–5 10–4 10–3 10–2

Typical seedlings (%) 83.50 83.75 84.00 83.25 27.50**
Atypical seedlings (%) 10.75  9.50 10.75 13.00 25.25**
Non-germinated seed (%)  5.75  6.75  5.25  3.75 47.25**
Germination energy (%) 81.75 82.25 82.50 80.75 20.00**
Germination ability (%) 83.50 83.75 84.00 83.25 27.50**

Usa ge of dif fe rent Ni con cen tra ti ons did not sig ni fi cantly af fect the growth
and mass of the sho ot (Tab. 3). Hig her Ni con cen tra ti ons dec re a sed growth of
the pri mary ro ot, ro ot mass and in cre a sed sho ot/ro ot dry mass ra tio, which
sug gests that the un fa vo ra ble ef fect of hig her Ni con cen tra ti ons af fec ted mo re
growth and de ve lop ment of the ro ot system than of the sho ot, even the Ni
con cen tra tion be ing hig her in the sho ot than in the ro ot at the hig hest ap plied
Ni con cen tra tion. This con tra dicts the sta te ment of  S e  r e  g i n  et al. (2003)
who po int out that the growth of or gans where Ni is mo re ac cu mu la ted is
being mo re in ten si vely in hi bi ted than the growth of or gans where the ac cu mu -
la tion of Ni is lower. It is re a so na ble to as su me that the ef fect of toxic con cen -
tra ti ons of an ele ment on growth de pends al so on the length of the tre at ment.
In our ca se it was short, which can pro bably par ti ally explain no in hi bi tion of
the sho ot growth. Sig ni fi cant dec re a se in the ro ot growth at young ma i ze
plants in the pre sen ce of Ni was al so esta blis hed by  M a k  s i  m o  v i ã  et al.
(2007).

The cri ti cal toxic le vel of Ni in sen si ti ve cul ti va ted spe ci es is 10 mg/g of
dry mat ter and 50 mg/g of dry mat ter in mo de ra tely sen si ti ve spe ci es (A s  h e r, 
1991). Ni con cen tra tion in the sho ot and the ro ot when applying the hig hest
in ve sti ga ted con cen tra tion of Ni was sig ni fi cantly abo ve men ti o ned va lu es,
which con firm the fin dings of  S e  r e  g i n  (2005) abo ut in cre a sed to le ran ce of 
plants to sur plus of Ni du ring ger mi na tion. Toxic con cen tra ti ons of Ni af fect
pho tosynthe sis (S i n g h  et al., 1989), as well as the fun ction of cell mem bra -
nes and the water re gi me (L l a  m a s  et al., 2008), they dec re a se the chlo -
rophyll con tent, water po ten tial and tran spi ra tion (P a n  d e y  and  S h a r m a,
2002) and they af fect the con cen tra tion and di stri bu tion of ele ments (P e  t r o  -
v i ã  et al., 1998,  I l i n  and  K a  s t o r i, 1999).  K a o  and  L i n  (2005) sta te
that the toxic con cen tra tion of Ni in cre a ses peroxidase ac ti vity, which ca u ses
in hi bi tion of synthe sis of cel lu lo se and lig nin, com po nents of the cell wall, and 
thus dec re a ses its thic kness or even di sa bles nor mal for ming of the cell wall
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which pre vents cell elon ga tion.  L'H u  i l  l e r  et al. (1996) sta te that un fa vo -
rable ef fect of hig her Ni con cen tra ti ons on the plant growth can, among ot her,
be at tri bu ted to its in flu en ce on cell di vi sion. Fin dings of the se aut hors can
explain in hi bi tion of the ro ot growth and, par ti ally, of the sho ot at the hig hest
con cen tra tion Ni tre at ment.

Tab. 3 — Ef fect of dif fe rent Ni tre at ments on growth and dry mass of young ma i ze plants

Parameters
Treatment Ni (mol/dm3)

0 10–5 10–4 10–3 10–2

Shoot length (cm)  6.89  6.42  6.75  7.08  6.19

Primary root length (cm) 11.84 10.88 11.63  10.29*  10.42*

Mesocotile root length (cm)  8.97  8.86  9.08  9.13  8.46

Shoot dry mass (mg/plant) 24.00 22.70 22.90 25.80 23.96

Root dry mass (mg/plant) 31.70 30.10 29.70 32.10 26.63

Shoot dry mass / root dry mass  0.75  0.75  0.77  0.80  0.90

Tran slo ca tion of so me mac ro- and mic ro ele ments was in ve sti ga ted, from
the seed to the sho ot and the ro ot, du ring the growth of young plants at a
non-tre a ted seed (Tab. 4). Tran slo ca tion of the in ve sti ga ted ele ments from the
seed du ring ger mi na tion in to the sho ot and the ro ot va ried. In the sho ots, P, K
and B ac cu mu la ted mo re in ten si vely, S, Mg, Ca, Fe, Mn, Mo and Al in the
root, while ac cu mu la tion of Zn and Cu was approximately even. Ge ne rally, it
can be said that tran slo ca tion of mi ne ral mat ter du ring ma i ze seed ger mi na tion 
is mo re in ten se in to the ro ot than in to the sho ot.

Tab. 4 — Tran slo ca tion of mac ro- and mic ro e le ments du ring ma i ze seed ger mi na tion

Organ
Macronutrients (mg/100 g DM)

P K S Mg Ca

Shoot 672.25 1062.50  47.22 159.10 176.50
Root 451.31  885.28 112.83 245.23 987.95

Micronutrients (mg/g DM)

Fe Zn Cu Mn Mo Al B

Shoot  29.33 7.27 0.50 2.54 0.05  9.19 1.05
Root 247.30 7.24 0.46 6.84 0.10 99.49 0.64

Ob ta i ned re sults show that due to in ten si ve mo bi li za tion of Ni in the seed 
du ring ger mi na tion and its tran slo ca tion in to the ro ot and the sho ot, the re is a
gre at pos si bi lity of Ni en te ring the food chain from the con ta mi na ted seed,
which espe ci ally has to be ta ken in to ac co unt when pro du cing or ga nic food.
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TRAN SLO KA CI JA NI KLA IZ SE ME NA U TO KU KLI JA WA
I RAST MLA DIH BI QA KA KU KU RU ZA

Oto T. Do rog ha zi, Ru dolf R. Ka sto ri, Iva na V. Mak si mo viã

Po qo pri vred ni fa kul tet, Trg D. Ob ra do vi ãa 8, 21000 No vi Sad, Sr bi ja

Re zi me

Is pi ti va no je dej stvo bu bre wa se me na ku ku ru za u ras tvo ri ma raz li åi tih
kon cen tra ci ja ni kla (0, 10–5, 10–4, 10–3 i 10–2 mol Ni/dm3) na sa dr ÿaj, di stri bu -
ci ju i ko e fi ci jent aku mu la ci je ni kla u ko re nu i iz dan ku, bi o lo šku vred nost
se me na i rast mla dih bi qa ka. Utvr ðe no je da se ni kal iz se me na u to ku kli ja wa
in ten ziv no tran slo ci ra u ko ren i iz da nak mla dih bi qa ka. Sa po ve ãa wem pri -
me we ne kon cen tra ci je ni kla zna åaj no se po ve ãao we gov sa dr ÿaj u iz dan ku i ko -
re nu. Sa dr ÿaj ni kla i ko e fi ci jent aku mu la ci je bi li su ve ãi u ko re nu ne go u
iz dan ku, iz u zev kod naj ve ãe pri me we ne kon cen tra ci je, gde je bi lo obr nu to. Naj -
ve ãa pri me we na kon cen tra ci ja ni kla po ve ãa la je udeo ati piå nih po ni ka i ne -
pro kli ja log se me na i sma wi la udeo ti piå nih po ni ka, ener gi ju kli ja wa i kli ja -
vost se me na. Na rast i ma su iz dan ka pri me na ni kla ni je uti ca la. Ma sa ko re na i 
du ÿi na pri mar nog ko re na se sma wi la pri upo tre bi naj ve ãe kon cen tra ci je ni -
kla, što je do ve lo do pro me ne od no sa ma se iz dan ka i ko re na.

Na osno vu do bi je nih re zul ta ta mo ÿe se za kqu åi ti da je sa mo naj ve ãa pri -
me we na kon cen tra ci ja ni kla uti ca la na bi lo šku vred nost se me na i rast mla -
dih bi qa ka ku ku ru za i po red we go vog in ten ziv nog na ku pqa wa u ko re nu i iz dan -
ku, što uka zu je na zna åaj nu to le rant nost ku ku ru za u po ået nim fa za ma ra sta na
pri su stvo vi so ke kon cen tra ci je ni kla. In ten ziv na tran slo ka ci ja ni kla u to ku
kli ja wa u no vo for mi ra ne or ga ne uka zu je na we go vu do bru po kre tqi vost i po ten -
ci jal nu mo guã nost da iz kon ta mi ni ra nog se me na ula zi u la nac is hra ne.
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AM MI ANALYSIS OF NI TRO GEN HAR VEST INDEX
IN BREAD WHEAT

AB STRACT: Ni tro gen har vest index — NHI is a me a su re of ef fi ci ency of ni tro gen

tran slo ca tion from ve ge ta ti ve or gans to grain. The goal of this pa per is to in ve sti ga te va ri a -

bi lity and sta bi lity of ni tro gen har vest index of twelve bread wheat ge notypes, on three ni -

tro gen le vels. ANO VA showed that ni tro gen har vest index was mostly un der in flu en ce of

the year x ge notype in ter ac tion, year of in ve sti ga tion and ge notype, and in the smal lest

amo unt of the ni tro gen ra te. In cre a sing do ses of ni tro gen did not lead to in cre a sed ni tro gen

har vest index. AM MI analysis showed that most ge notypes dif fe red in both the main ef fect

and in GxE in ter ac tion. The hig hest sta bi lity i.e. the smal lest in ter ac tion ef fect, was fo und

in va ri e ti es Axis, Ilo na, So na ta and Re nan on N0 ra te, and in va ri e ti es Malyska, Pe tra na,

Axis and Evro pa 90 on N100 ra te. Cul ti var Po be da with the high ave ra ge va lu es for ni tro gen 

har vest index, al so had small in ter ac tion ef fect, i.e. it pro ved to be a sta ble va ri ety.

KEY WORDS: AM MI analysis, ni tro gen har vest index, wheat

IN TRO DUC TION

Nu me ro us stu di es in di ca te that ni tro gen is the key fac tor of yield and
quality in the wheat. Ni tro gen har vest index (the ra tio of ni tro gen con tent in
grain and whole plant) is a me a su re of ef fi ci ency of ni tro gen tran slo ca tion
from ve ge ta ti ve or gans to grain (A u  s t i n  et al., 1977,  M c M u l  l a n  et al.,
1988;  S i n  c l a i r, 1998). Ni tro gen har vest index for wheat usu ally ran ges
from 0.70 to 0.80 (C a l  d e  r i  n i  et al., 1995;  B r a n  c o  u r t - H u m  m e l,
2003,  A n  d e r  s s o n, 2005).  V a n  S a n  f o r d  and  M a c K o w n  (1987)
no ted the extreme va lu es of 0.51 to 0.91.  O r  t i z - M o  n a  s t e  r i o  et al.
(1997) ha ve stu died the ni tro gen har vest index of ge notypes re cog ni zed bet -
ween 1950 and 1985 and re cor ded a sig ni fi cant in cre a se in the newer va ri e ties.
S l a  f e r  et al. (1990) re cor ded si mi lar re sults.

L ö f f l e r  et al. (1985),  O r  t i z - M o  n a  s t e  r i o  et al. (1997), and
A n  d e r  s o n  (2005) no ted po si ti ve cor re la ti ons between NHI and HI, as well
as between NHI and grain yield (L ö f f l e r  et al., 1985).  M c K e n  d r y  et
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al. (1995) and  M c M u l  l a n  et al. (1988) did not find sig ni fi cant cor re la ti ons 
between NHI and grain yield.

The goal of this pa per is to in ve sti ga te va ri a bi lity and sta bi lity of ni tro gen 
har vest index of twelve bread wheat ge notypes, on three ni tro gen le vels.

MA TE RIAL AND MET HODS

The 12 bread wheat cul ti vars were stu died in the three-year (2004—05,
2005—06 and 2006—07 growing se a sons) fi eld trial with three ni tro gen ra tes
(0, 75, 100 kg/ha N). Fi ve cul ti vars ori gi na ted from Ser bia (Evro pa 90, Ne ve -
sinj ka, Po be da, Zlat ka, and So na ta), fi ve from Slo va kia (Ilo na, Malyska, Van -
da, Pe tra na, and Axis), one from Fran ce (Re nan), and one from Switzerland
(Ta ma ro). The experiment was con duc ted at the experimental fi eld of the In -
stitu te of Fi eld and Ve ge ta ble Crops, No vi Sad. The sowing ra te was 600
grains/m2. Plot si ze was 5 m2. In all three years 45 kg/ha of each N, P and K
be fo re plowing were ap plied. In spring three N le vels were ap plied (0, 75, 100 
kg/ha N). Stan dard agro no mic prac ti ces were used to ke ep the plots free of di -
se a ses.

At ma tu rity, ten plants were cut at gro und le vel and they re pre sen ted one
sam ple/re pli ca tion in the analysis. At ma tu rity, sam ples were se pa ra ted in to ve -
ge ta ti ve (le af + culm + chaff) and re pro duc ti ve parts (gra ins). Af ter drying, all
sam ples were gro und in a mill to ge ne ra te 1-mm par tic les. The ni tro gen con -
cen tra tion was de ter mi ned by the stan dard Kjel dahl pro ce du re. Ni tro gen har -
vest index was cal cu la ted as the ra tio of grain ni tro gen con tent over to tal ni -
trogen con tent. AM MI (Ad di ti ve main ef fects and mul ti pli ca ti ve in ter ac tion)
mo del was used to analyze the ge notype x en vi ron ment in ter ac tion (Z o  b e l
et al., 1988). The analysis was per for med in Gen Stat 9 pro gram (trial ver sion).

RE SULTS AND DI SCUS SION

ANO VA showed that ni tro gen har vest index was mostly un der in flu en ce
of the year x ge notype in ter ac tion (52.70%), year of in ve sti ga tion (33.58%)
and ge notype (10.55%), and in the smal lest amo unt of the ni tro gen ra te
(1.56%) (Ta ble 1)  B a l  d e l  l i  et al. (1990) sta te that they ha ve not re cor ded
a sig ni fi cant dif fe ren ce between ge notypes, but the dif fe ren ce between years
was sig ni fi cant.

Sig ni fi cant dif fe ren ces were fo und between N0 and N75 ra te, N0 and N100

ra te, while the re were no sig ni fi cant dif fe ren ces between N75 and N100 ra tes
(table 1). In cre a sing do ses of ni tro gen did not lead to in cre a sed ni tro gen har -
vest index; mo re o ver, the ma jo rity of ge notypes had the hig hest va lue in the
con trol, which is in agre e ment with the re sults of  L e  G o  u  i s  et al. (2000).
Ð o  k i ã  and  L o  m o  v i ã  (1990) sta tes that the ni tro gen har vest index was
not sig ni fi cantly chan ged with in cre a sing do ses of ni tro gen up to 120 kg N/ha, 
af ter which it be gan to dec li ne.
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Tab. 1. — ANO VA for ni tro gen har vest index

Source of variation DF MS F %

Year  2 0.28 219.63** 33.58
Genotype 11 0.016  12.18** 10.55
Nitrogen rate  2 0.013  10.14**  1.56
Replication  1  0.0004 0.28  0.02
Year ´ Genotype 22 0.04   2.84** 52.70
Year ´ N rate  4  0.0008 0.66  0.19
Genotype ´ N rate 22 0.001 1.08  1.32
Error 151 0.001

Total 216 

Significance of differences between N rates

N rate Differences

N0
N75
N100

 0.019**
 0.026**

N75
N0

N100

–0.019**
0.006 

* p < 0.05; ** p < 0.01

AM MI analysis was per for med for all three ni tro gen le vels, but the prin -
ci pal com po nent analysis for the N75 ra te did not show any sig ni fi cant prin ci -
pal com po nent, so in this pa per it will be pre sen ted only AM MI analysis for
N0 and N100 le vels of nu tri tion.

AM MI analysis of va ri an ce for N0 ra te showed that both ad di ti ve so ur ces
of va ri a tion were highly sig ni fi cant, as well as the year x ge notype in ter ac tion. 
De ta i led se pa ra tion of GE in ter ac tion va ri a tion re ve a led that explainable agro -
no mic va ri a tion had been car ried out by the first PC axis in the pro por tion of
74% of to tal GE in ter ac tion va ri an ce (ta ble 2).

Tab. 2. — AM MI analysis of va ri an ce for ni tro gen har vest index in wheat — N0

Source of variation SS % DF MS F

Treatments 0.319 36 0.0089 11.626**

Replications  0.0008  1 0.0008 1.049 

Years 0.221  2 0.111 144.92**  

Genotypes 0.063 11 0.0057  7.477**

GxE 0.035 100    22 0.0016 2.058*

PCA 1 0.026 73.96 12 0.0021  2.791**

Residual 0.009 26.04 10 0.0009 1.179 

Error 0.027 35 0.0008

Total 0.346 71

* p < 0.05; ** p < 0.01

By analyzing the AM MI1 bi plot, it was con clu ded that most ge notypes
dif fe red in both the main ef fect and in in ter ac tion. The smal lest GxE in ter -
action ef fect was ma ni fe sted in the va ri ety Axis, which had a low ave ra ge
value for ni tro gen har vest index, as well as in va ri e ti es Ilo na, So na ta, and Re -
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nan with va lu es for the main ef fect hig her than ave ra ge. Cul ti vars Zlat ko and
Po be da with the hig hest ave ra ge va lu es for ni tro gen har vest index, al so had
small in ter ac tion ef fects, i.e. they pro ved to be sta ble va ri e ti es. The lar gest in -
ter ac tion ef fect was re cor ded in cul ti vars Ne ve sinj ka and Van da (Fi gu re 1).

Smal lest in ter ac tion ef fect was re cor ded in year 2006, which is cha rac te ri -
zed by ave ra ge va lu es for ni tro gen har vest index. A lar ge in ter ac tion ef fect
was re cor ded in year 2005, in which the va ri e ti es had the hig hest mean va lu es
for ni tro gen har vest index. The lar gest in ter ac tion ef fect was ac hi e ved in year
2007, which is cha rac te ri zed by the lowest va lu es for the main ef fect, i.e. for
ni tro gen har vest index (Fi gu re 1).

Cul ti vars Ta ma ro, Axis, Ne ve sinj ka, Evro pa 90, Zlat ko, and Po be da were 
in po si ti ve in ter ac tion with the years 2006 and 2005, while the cul ti vars Van -
da, Malyska, Ilo na, So na ta, Re nan and Pe tra na were in po si ti ve in ter ac tion
with the year 2007 (Fi gu re 1).

AM MI analysis of va ri an ce for N100 ra te showed that both ad di ti ve so ur -
ces of va ri a tion were highly sig ni fi cant, as well as the year x ge notype in ter ac -
tion. De ta i led se pa ra tion of GE in ter ac tion va ri a tion re ve a led that explainable
agro no mic va ri a tion had been car ried out by the first PC axis in the pro por tion 
of 80% of to tal GE in ter ac tion va ri an ce (Ta ble 3).
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Tab. 3. — AM MI analysis of va ri an ce for ni tro gen har vest index in wheat — N100

Source of variation SS % DF MS F

Treatments 0.341 36 0.009 6.840**
Replications  0.0019  1 0.0019 1.374  
Years 0.179  2 0.089 64.64**  
Genotypes 0.085 11 0.0077 5.552**
GxE 0.075 100    22 0.0034 2.477**
PCA 1 0.060 79.66 12 0.0051 3.618**
Residual 0.015 20.34 10 0.0016 1.109  
Error 0.048 35 0.0014

Total 0.389 71

* p < 0.05; ** p < 0.01

By analyzing the bi plot, it was con clu ded that most ge notypes dif fe red in
both the main ef fect and in in ter ac tion. The hig hest sta bi lity i.e. the smal lest
ef fect of the in ter ac tion, was fo und in va ri e ti es Malyska, Pe tra na, Axis and
Evro pa 90, whereby the first three va ri e ti es had a low ave ra ge ni tro gen har vest 
index, while Eu ro pe 90 had a ni tro gen har vest index gre a ter than the ave ra ge.
Va ri e ti es Re nan, Po be da and Van da al so showed the low in ter ac tion ef fect,
with Po be da and Re nan had the hig hest ave ra ge va lu es for ni tro gen har vest
index. The lar gest in ter ac tion ef fect was ac hi e ved by cul ti var Zlat ko, which
had a high ave ra ge ni tro gen har vest index, and cul ti var Ta ma ro, which is the
va ri ety with the lowest ave ra ge ni tro gen har vest index (Fi gu re 2).
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The year 2007, in which ge notypes ac hi e ved the lowest ni tro gen har vest
index, is cha rac te ri zed by the lowest in ter ac tion ef fect. Year 2006 had high in -
ter ac tion ef fects, with ave ra ge va lu es for the main ef fect, while the year 2005
was cha rac te ri zed by the lar gest in ter ac tion ef fect and the hig hest va lu es for
ni tro gen har vest index. Cul ti vars So na ta, Ne ve sinj ka, Zlat ko, Re nan, and Po be -
da were in po si ti ve in ter ac tion with the year 2005, while the va ri e ti es Ta ma ro,
Van da, Malyska, Pe tra na, Axis, Evro pa 90 and Ilo na were in po si ti ve in ter -
action with the years 2006 and 2007 (Fi gu re 2).
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AM MI ANA LI ZA ŸE TVE NOG IN DEK SA AZO TA
KOD HLEB NE PŠE NI CE

Bi qa na M. Gor ja no viã, Ma ri ja M. Kra qe viã-Ba la liã

Po qo pri vred ni fa kul tet, Trg D. Ob ra do vi ãa 8, 21000 No vi Sad, Sr bi ja

Re zi me

Ÿe tve ni in deks azo ta je me ra efi ka sno sti tran slo ka ci je azo ta iz ve ge ta -
tiv nih or ga na u zr no. Ciq ovog ra da je da se is pi ta ju va ri ja bil nost i sta bil -
nost ÿe tve nog in dek sa azo ta dva na est ge no ti po va hleb ne pše ni ce, na tri ni voa 
is hra ne azo tom. Ana li za va ri jan se je po ka za la da je ÿe tve ni in deks azo ta u naj -
ve ãoj me ri bio pod uti ca jem in ter ak ci je go di ne i ge no ti pa, go di ne is pi ti va wa 
i ge no ti pa, a u naj ma woj me ri pri me we ne do ze azo ta. Po ve ãa we do ze azo ta ni je
do ve lo do po ve ãa wa ÿe tve nog in dek sa azo ta. AM MI ana li za je po ka za la da su se
ge no ti po vi raz li ko va li ka ko u glav nom efek tu ta ko i u GxE in ter ak ci ji. Naj ve -
ãa sta bil nost je za be le ÿe na kod sor ti Axis, Ilo na, So na ta i Re nan na N0 do zi, i
kod sor ti Malyska, Pe tra na, Axis i Evro pa 90 na N100 do zi. Sor ta Po be da, sa vi so -
kim pro seå nim vred no sti ma za ÿe tve ni in deks azo ta, ta ko ðe je ima la ma li efe -
kat in ter ak ci je, tj. po ka za la se kao sta bil na sor ta.
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SIG NI FI CANT BI OPHYSI CAL AND GE NE TIC PRO PER TI ES 
OF MA I ZE IN BRED LI NES AND HYBRIDS

WITH ERECT TOP LE A VES

AB STRACT: This study con firms the hypot he sis that the re are eli te ma i ze in bred
lines and hybrids with erect top le a ves, which ha ve a do mi nant pro perty of an ef fi ci ent pho to -
synthe tic and flu o re scent mo del that is suc cessfully used in mo dern bre e ding pro gram mes
and the pro duc tion hybrid seed and com mer cial ma i ze. This sta te ment is sup por ted by the
dis played re sults on the erect top le a ves, the dyna mics of grain dry-down du ring the ma tu -
ra tion pe riod and pho tosynthe tic and flo re scen ce pa ra me ters: the tem pe ra tu re de pen den ce of 
the de layed chlo rophyll flu o re scen ce in ten sity, the Arr he ni us cri te rion for the de ter mi na tion
of cri ti cal tem pe ra tu res (pha se tran si tion tem pe ra tu res) and the ac ti va tion ener gi es. The pre -
sen ted re sults show that pro per ti es of ob ser ved ma i ze in breds and the ir hybrids are ba sed on 
the na tu re of con for ma ti o nal and fun cti o nal chan ges that oc cur in the ir thyla koid mem -
branes and ot her che mi cal tis su es struc tu res of grain and in tact le a ves, as well as, on po si -
tive ef fects in ma i ze bre e ding. Mo re o ver, ot her re le vant sig ni fi cant bre e ding and seed pro -
duc tion pro per ti es (com mer cial ma i ze quality over grain struc tu re, physi cal and che mi cal
pa ra me ters) of ma i ze in bred li nes and the ir hybrids were analysed in the pre sent study.

KEY WORDS: Zea mays L., in bred, hybrid, erect top le af, thyla koid mem bra ne, pho to -
synthe tic and flu o re scent mo del, de layed chlo rophyll flu o re scen ce

IN TRO DUC TION

The per for man ce of nu me ro us stu di es requires a con nec tion of complex
and in ter re la ted pro ces ses in fun da men tal, mul ti di sci pli nary and ap plied sci en -
ces. The pre sent ma nu script pre sents the re sults of in ter re la ted stu di es car ried
out within bre e ding, pho tosynthe sis, flu o re scen ce, bi ophysi cal che mi stry and
seed pro duc tion in ma i ze in bred li nes with erect le a ves and sig ni fi cant bre e d -
ing pro per ti es.
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Ma i ze bre e ding and seed pro duc tion ha ve been in ten si vely de ve lo ped du -
ring the last 60 years and be ca u se of such ac ti vity mo re than 1300 grain and
si la ge hybrids were de ri ved. Mo dern equipment and tec hni cal and tec hno lo -
gical prerequisites were pro vi ded for ca rrying out the pro cess of bre e ding and
hybrid ma i ze seed pro duc tion (D u  v i c k, 1984,  S p r a  g u e, 1984,  T r i  f u  -
n o  v i ã, 1986,  D u  m a  n o  v i ã, 1986,  H a l  l a  u e r, 1988,  I v a  n o  v i ã  et
al., 1995,  R a  d e  n o  v i ã  et al., 2000).

Sin ce 1978, the num ber of plants per area unit (plant den sity) has been
sig ni fi cantly in cre a sing, which mostly af fec ted the in cre a se in grain yields of
both, ma i ze hybrids and com mer cial ma i ze (R a  d e  n o  v i ã  et al., 1978,  K o  -
j i ã  and  I v a  n o  v i ã, 1986,  K o  j i ã, 1993). At the sa me ti me, a pro gram me
on bre e ding and the seed pro duc tion of ma i ze hybrids with erect le a ves has
been per for med (R a  d e  n o  v i ã  et al., 1978, 2003a, 2003b, 2004a, 2004b,
2007, 2008,  F e l  n e r  et al., 2006). Ac cor ding to our hypot he sis, it se ems that 
the se ob ser ved ma i ze in bred li nes with erect le a ves are the clo sest to the
assump ti ve ma i ze pho tosynthe tic and flu o re scent mo del (R a  d e  n o  v i ã  and
G r o d  z i n  s k i j, 1998).

The stu di es on ma i ze pho tosynthe sis car ried out in the pre vi o us pe riod
did not ha ve a mo re im por tant ap pli ca tion in bre e ding and the pro duc tion of
ma i ze hybrid seed. It was al most im pos si ble to pre sent a cle ar and di rect in -
terre la ti on ship among pho tosynthe sis, bre e ding and the pro duc tion of ma i ze
hybrid seed. On the one hand, such a sta te is pro bably a re sult of the exi -
stence of se ve ral fun cti o nal in ter re la ti ons that uni te con for ma ti o nal and dyna -
mic chan ges within chlo ro plasts and the ir thyla koid mem bra nes, but on the
other hand, it is a re sult of ef fects of nu me ro us en vi ron men tal fac tors (R a  d e  -
n o  v i ã  et al., 2000, 2004a, 2004b, 2007).

Du ring the last 35 years, new and im por tant stu di es within the fi eld of
bio lu mi ne scen ce and flu o re scen ce phe no me na and pro ces ses within the plant
systems, in clu ding ma i ze, ha ve been car ried out. (G o  v i n  d j e e  and  P a  p a  -
g e  o r  g i o u, 1971,  B a r  b e r  and  N e  u  m a n n, 1974,  H o l  z a p  f e l  and
H a u g, 1974,  H i p  k i n s  and  B a r  b e r  1974,  P a  p a  g e  o r  g i o u, 1975,
H a  v e  m a n  and  L a  v o  r e l, 1975,  B u k  h o v  et al., 1979,  M c c a  u  l e y
and  R u b b y, 1981,  J u  r i  s n i ã  and  G o  v i n  d j e e, 1982,  J u  r i  s n i ã,
1986,  M a r  k o  v i ã  et al., 1987, 1993, 1996, 1999,  D z h i  b l a d z e, 1988,
L i c  h t e n t  h a  l e r  and  R i n  d e r l e, 1988,  G o  v i n  d j e e  et al., 1990,
V e  s e  l o v  s k i  and  V e  s e  l o v a, 1990,  K r a  u  s e  and  W e i s, 1991,  R a  -
d e  n o  v i ã, 1992, 1994, 1997, 1998,  R a  d e  n o  v i ã  et al., 1994a, 1994b,
R a  d e  n o  v i ã  and  J e  r e  m i ã, 1996). The di rect de pen den ce of the de layed
chlo rophyll flu o re scen ce (DF) in ten sity on chan ges of pho tosynthe tic pro ces ses 
in thyla koid mem bra nes of ma i ze in tact le a ves was de ter mi ned (R a  d e  n o  v i ã,
1994, 1997,  R a  d e  n o  v i ã  and  J e  r e  m i ã, 1996). Con di ti ons that pro vi ded
mo ni to ring of complex pho tosynthe tic pro ces ses in the ma i ze in tact le af by a
pho tosynthe tic and flu o re scen ce mo del in the form of DF were de ve lo ped
(R a  d e  n o  v i ã  et al., 2000,  R a  d e  n o  v i ã  et al., 2001a, 2001b). Du ring the 
last 20 years, a gro up of re se ar chers from the Ma i ze Re se arch In sti tu te, Ze mun 
Po lje, ha ve been de ve lo ping a no vel se mi-non-in va si ve pho tosynthe tic-flu o re -
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scen ce met hod that fun cti o nally binds pro ces ses of pho tosynthe sis, flu o re -
scence and ma i ze bre e ding (R a  d e  n o  v i ã  et al., 2002,  R a  d e  n o  v i ã  et
al., 2003a,  R a  d e  n o  v i ã  et al., 2004a, 2004b,  M a r  k o  v i ã  et al., 1996).

Re se arch met hods within the fi eld of bi ophysi cal che mi stry con tri bu ted to 
di ver si fied con nec ti ons of stu di es on pho tosynthe tic and tran sport pro ces ses in
the thyla koid mem bra ne and dif fe rent che mi cal struc tu res of grain with pro ces -
ses of flu o re scen ce spec tro scopy, che mi cal ki ne tics and dyna mics of grain
dry-down in the pe riod of grain ma tu ra tion (R a  d e  n o  v i ã, 1994, 1998,  R a  -
d e  n o  v i ã  et al., 2007, 2008,  R u  b i n  et al., 1988).

The ob jec ti ve of the pre sent study was to show that in bred li nes with
erect top le a ves, sig ni fi cant bre e ding pro per ti es and high yiel ding ma i ze hy -
brids de ri ved from them, can be an ef fi ci ent pho tosynthe tic mo del, me a ning
that they can con tri bu te to the fun cti o nal con nec tion of bre e ding, pho tosyn -
thesis and flo re scen ce, and the reby to the to tal pro gress of bre e ding and the
pro duc tion of hybrid seed and com mer cial ma i ze of high quality.

MA TE RIAL AND MET HODS

Plant ma te rial

The stu di es were per for med with fo ur eli te ma i ze in bred li nes with erect
top le a ves, ZPPL 16, ZPPL 218, ZPPL 62 and ZPPL 233, be lon ging to the
col lec tion of the Ma i ze Re se arch In sti tu te, Ze mun Po lje. Only ba sic pro per ti es
of the se in breds are pre sen ted.

The in bred li ne ZPPL 16 was de ri ved from the BSSS po pu la tion and it
be longs to the FAO 700 ma tu rity gro up. The ker nel is clas si fied as a dent
type, while the cob is pink. This in bred has been in clu ded in to the de ve lop -
ment of mo re than 20 ma i ze hybrids. Hybrids ZP 578 and ZP 684 ha ve been
the most widely grown hybrids in this me di um-term pe riod.

The in bred li ne ZPPL 218 be longs to the Lan ca ster he te ro tic gro up and
the FAO 650 ma tu rity gro up. The ker nel is clas si fied as a dent type, while the
cob is red. This in bred has been in clu ded in to the de ve lop ment of over 10
mai ze hybrids in clu ding the hybrid ZP 684.

The in bred li ne ZPPL 62 was de ri ved from the BSSS po pu la tion and it
be longs to the FAO 350 ma tu rity gro up. The ker nel of this in bred be longs to
the dent type and the cob is red. This in bred has been in clu ded in to over 20
hybrids, in clu ding, ZP 341and ZP 434.

The in bred ZPPL 233 be longs to the Lan ca ster he te ro tic gro up and to the 
FAO 500 ma tu rity gro up. The ker nel of this in bred be longs to the se mi -dent/
se mi-flint type and the cob is red. This in bred has been in clu ded in to over 10
hybrids out which the hybrid ZP 578 has been the most widely grown.

Ob ser ved ma i ze in bred li ne with top erect le a ves and sig ni fi cant bre e ding 
pro per ti es are cha rac te ri sed as an ef fi ci ent pho tosynthe tic mo del. In ad di tion,
the se ma i ze in bred li nes are cha rac te ri sed by gre a ter grain dry down ra tes in
the ma tu ra tion pe riod, as well as, by a sa tis fac tory to le ran ce, re si stan ce, flexi -
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bility and adap ta bi lity to high and very high tem pe ra tu res and dro ught. The
following hybrids were ta ken in to con si de ra tion: ZP 341, ZP 434, ZP 578, and 
ZP 684.

Met hods

Ove rall stu di es of the sta ted ma i ze in bred li nes with erect top le a ves en -
com pas sed se ve ral se ri es of experiments in which stan dard and ot her ap pro -
pria te met ho do lo gi cal pro ce du res were ap plied.
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Fig. 1. — Ac tual ap pe a ran ce of ma i ze in bred li nes with top erect le a ves and sig ni fi cant
bre e ding pro per ti es: ZPPL 16 (A), ZPPL 218 (B), ZPPL 62 (C) and ZPPL 233 (D)



1. The me a su re of an an gle and le af area

The first se ri es of experiments was re la ted to studying the erect po si tion
of top le a ves. A spe ci ally de sig ned pro trac tor was used to me a su re the an gle
between li nes of the po si tion of the abo ve-ear le af and the po si tion of the plant 
stalk of ma i ze in bred li nes. The le af area was me a su red using the por ta ble area 
me ter (mo del LI-3000). Me a su res of the an gle between the abo ve-ear le af and
the stalk and the le af are as were car ried out on 218 plants for each in bred li ne
du ring the three-year pe riod. The se met ho di cal pro ce du res were de scri bed in
pre vi o usly pu blis hed pa pers (R a  d e  n o  v i ã  et al., 2003a, 2004a, 2004b, 2007).

2. Pho tosynthe tic flu o re scen ce me a su re ments

The se cond se ri es of the experiments was re la ted to pho tosynthe tic-flu o -
re scen ce me a su re ments, in clu ding ther mal pro ces ses of DF, cri ti cal pha se tran -
si tion tem pe ra tu res and ac ti va tion ener gi es. The test ma i ze in breds grown in
the experimental fi eld of the Ma i ze Re se arch In sti tu te, Ze mun Po lje, were
brought to the la bo ra tory du ring mor ning ho urs (between 7 a.m. and 8 a.m.).
Plants sam pled in the fi eld were tran sver sally cut in the gro und in ter no de. In
the la bo ra tory, plants were in ter no de lengthwise pla ced in water. Pri or to the
flu o re scen ce experiment, the plants were kept un der the black ball glass for
two ho urs. A seg ment of in tact abo ve ear le a ves was ta ken from such plants
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Fig. 2. — Experimental se tup of the pho tosynthe tic flu o re scen ce met hod and the
me a su ring equipment for de layed chlo rophyll flu o re scen ce: ELS — excitation light
so ur ce; F — fil ters; ELB — excitation light be am, IS — in put dark cham ber slot, C
— dark cham ber with a sam ple stand; s — sam ple (in tact le af seg ment), OS —
out put dark cham ber slot, DF — lu mi ne scent light (de layed flu o re scen ce), PH —

pho to-mul ti pli er; O — oscil lo sco pe, R — prin ter



and pla ced in to a cham ber of the phosp ho ro sco pe. The in tact le af seg ments
were kept in the cham ber (in the dark) for at le ast 15 mi nu tes, and then ther -
mal pro ces ses of DF were me a su red. The se tests were per for med on 268
plants of each in bred li ne.

The im pro ved non-in va si ve pho tosynthe tic flu o re scen ce met hod used to
me a su re DF is sche ma ti cally pre sen ted in Fi gu re 2. This met hod, de ve lo ped at
the Ma i ze Re se arch In sti tu te, Ze mun Po lje, has been im pro ved se ve ral ti mes.
Pho tosynthe tic flu o re scen ce me a su re ments were per for med af ter a met hod that
had been de scri bed in the mo no graph (M a r  k o  v i ã  et al 1996) and our pre -
vi o us pa pers (R a  d e  n o  v i ã, 1994, 1997,  R a  d e  n o  v i ã  et al., 2001a, 2001b, 
2002, 2004a, 2004b, 2007, 2008).

3. Dyna mics of water sta tus chan ges in grain

The third se ri es of the experiments was re la ted to the water sta tus and the 
dyna mics of its grain dry-down ra te in the ma tu ra tion pe riod, which was
obser ved by the ap pli ca tion of the ther mal met hod of oven drying at 105°C to
the con stant weight.

An ave ra ge ker nel sam ple drawn from fi ve ears was used to per form
these me a su re ments. In or der to ob ser ve the water sta tus, the plants were
picked up at the black layer ma tu rity, i.e. at the physi o lo gi cal ma tu rity. Me a -
sure ments of the grain water sta tus chan ges were do ne se ven days la ter and
lasted for 35 days. The dyna mics of tran sport pro ces ses (grain dry down) du -
ring the grain ma tu ra tion was ob ser ved in the co ur se of fi ve years. The
long-term me a su re ments were do ne be ca u se of a gre at in sta bi lity of this tra it
in the ma jo rity of ma i ze in bred li nes (R a  d e  n o  v i ã  et al., 2008, 2009).

4. Grain che mi cal com po si tion, physi cal pro per ti es and struc tu re
of ma i ze hybrids with erect top le a ves

Ap plied stan dard met hods for the de ter mi na tion of the che mi cal com po si -
tion, physi cal pro per ti es and grain struc tu re of ma i ze hybrids with erect top
lea ves were fully de scri bed in pre vi o us pa pers (B e  k r i ã, 1997,  R a  d o  s a  -
v l j e  v i ã  et al., 2000, 2002).

RE SULTS

1. The me a su re of the an gle and the area of the abo ve-ear le af

Re sults on the me a su res of an gles between the abo ve-ear le af and the
stalk, as well as, the ave ra ge le af are as are pre sen ted in Ta ble 1. Ba sed on
obta i ned re sults on the me a su res of an gles it can be sta ted that the ob ser ved
ma i ze in bred li nes with sig ni fi cant bre e ding pro per ti es be long to the gro up of
in bred li nes with erect top le a ves.
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Tab. 1. — The an gle of the abo ve-ear le af and the le af area of ma i ze eli te in bred li nes with erect

top le a ves

Inbred
line*

FAO
maturity

group

Heterotic origin
of the inbred*

Angle of the above-ear
leaf in degrees

Area of the above-ear
leaf (x 103 cm2)

x s x S

ZPPL 16 700
Zemun Polje —

BSSS
18.3 1.12 3.63 328

ZPPL 218 650
Zemun Polje —

Lancaster
22.1 1.36 3.91 412

ZPPL 62 350
Zemun Polje —

BSSS
20.3 1.21 3.33 318

ZPPL 233 500
Zemun Polje —

Lancaster
24.5 1.34 5.66 613

* Stu died ma i ze in bred li nes re pre sent good he te ro tic pa irs, they are cha rac te ri sed as good ge ne ral 
com bi ners for grain yield, they in cre a se well and they are high yiel ding.

2. Em pi ri cal pro ce du re for pho tosynthe tic flu o re scen ce stu di es
on the abo ve-ear le af

The de ta i led stu di es on ther mal pro ces ses of DF of ob ser ved ma i ze in bred 
li nes with erect top le a ves were per for med. The ther mal cur ve is a cur ve that
shows the dyna mics of chan ges in the sta ti o nary DF le vel in ten sity in de pen -
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Fig. 3. — Sche ma tic pre sen ta tion of the em pi ri cal pro ce du re for typi cal chan ges in
DF in ten si ti es (Idf) on the in tact abo ve-ear le af of the ob ser ved ma i ze in bred li nes
with sig ni fi cant bre e ding pro per ti es (so lid li ne) and chan ges in tem pe ra tu res (das hed
li ne): cur ve A in di ca tes in duc tion pro ces ses of DF, while cur ve B en com pas ses
pho tosynthe tic flu o re scen ce ther mal pro ces ses of DF. Typi cal tem po ral seg ments (a,
b, c, d, e, f and g) on the ther mal cur ve B cor re spond to dyna mics of Idf chan ges at
the ti me of a DF for ma tion. Con for ma ti o nal and fun cti o nal chan ges in the thyla koid
mem bra ne of ob ser ved ma i ze in bred li nes with erect top le a ves oc cur at in ter cep tion

po ints of typi cal tem po ral seg ments



den ce on a tem pe ra tu re. The trend of its esta blis hment is usu ally ana lo go us to
chan ges in the du ra tion in se conds of seg ments mar ked with a, b, c, d, e, f and 
g (Fi gu re 3), which was de ter mi ned by the em pi ri cal pro ce du re (R a  d e  n o  -
v i ã  et al., 2008, 2009)

Mo ni to ring the co ur se of the ther mal cur ve and the analysis of the du ra -
tion of cer tain seg ments pro vi ded da ta on the existence of a gre a ter num ber of
cri ti cal tem pe ra tu res (pha se tran si tion tem pe ra tu res) at which gre a ter or smal ler 
struc tu ral and fun cti o nal chan ges oc cur red in the thyla koid mem bra ne of ob -
ser ved ma i ze in bred li nes with erect top le a ves.

3. The tem pe ra tu re de pen den ce of the de layed chlo rophyll flu o re scen ce
in ten sity for the thyla koid mem bra ne of the ma i ze in bred li nes

with erect top le a ves

Fi gu re 4 A, B, C and D, pre sents chan ges in the sta ti o nary DF le vel in a
fun ction of the tem pe ra tu re, ran ging from 25 to 60°C, in the thyla koid mem -
bra ne of the ma i ze in bred li nes with erect top le a ves: ZPPL 16, ZPPL 218,
ZPPL 62 and ZPPL 233. The tem pe ra tu re de pen den ce of ob ser ved in breds va -
ri es over dyna mics of in cre a sing and dec re a sing oc cur ren ce, as well as, over
the tem pe ra tu re pe aks.
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Fig. 4. — A, B, C and D Chan ges in the in ten sity of the de layed chlo rophyll flu o re scen ce (IDF) of 
ther mal pro ces ses  i n  d e  p e n  d e n  c e  o n  t h e  e f  f e c t s  o f  t e m  p e  r a  t u  r e s  i n  t h e
t h y l a  k o i d  m e m  b r a  n e  o f  t h e  i n  t a c t  a b o  v e - e a r  l e  a f  o f  t h e  m a  i  z e  i n  b r e d
l i  n e s  with sig ni fi cant bre e ding pro per ti es and erect top le a ves: ZPPL 16(A), ZPPL 218(B),

ZPPL 62(C) and ZPPL 233(D)



4. The Arr he ni us plot for the de ter mi na tion of cri ti cal tem pe ra tu res
and con for ma ti o nal chan ges in the thyla koid mem bra ne

of the ma i ze in bred li nes with erect top le a ves

The Arr he ni us plot is ba sed on the li ne a ri sa tion of the DF tem pe ra tu re
de pen den ce of ob ser ved ma i ze in bred li nes (Fi gu re 5, A, B, C and D). Cri ti cal 
tem pe ra tu res (pha se tran si tion tem pe ra tu res) at which con for ma ti o nal chan ges
oc cur in the thyla koid mem bra ne are de ter mi ned by the ap pli ca tion of the Arr -
he ni us plot. Re sults of the Arr he ni us plot ap pli ca tion to ma i ze in breds with
sig ni fi cant bre e ding pro per ti es and erect top le a ves are pre sen ted in Fi gu re 5
A, B C and D. The Arr he ni us plot shows the dyna mics and spots of cri ti cal
tem pe ra tu re oc cur ren ces of stu died in breds.
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Fig. 5. — A, B, C and D The Arr he ni us plot for the de ter mi na tion of cri ti cal tem pe ra tu res and
con for ma ti o nal chan ges in the thyla koid mem bra ne of the abo ve-ear le af of ma i ze in bred li nes
with sig ni fi cant bre e ding pro per ti es and erect top le a ves: ZPPL 16(A), ZPPL 218(B), ZPPL 62(C) 

Z and ZPPL 233(D)



5. Ac ti va tion energy and cri ti cal tem pe ra tu res in the thyla koid mem bra ne of 
the ob ser ved ma i ze in bred li nes with erect top le a ves

De ta i led stu di es on the ther mal pro ces ses of DF, and espe ci ally on the
analysis of ther mal cur ve, en com pas sed not only the tem pe ra tu re de pen den ce
and the Arr he ni us plot, but al so the esti ma tion of va lu es of ac ti va tion ener gi es
for cri ti cal tem pe ra tu res (pha se tran si tion tem pe ra tu res) in the thyla koid mem -
bra nes of the ob ser ved ma i ze in breds with sig ni fi cant bre e ding pro per ti es and
erect top le a ves: ZPPL 16, ZPPL 218, ZPPL 62 and ZPPL 233. Ob ta i ned re -
sults are shown in Ta ble II.

Tab. 2. — Chan ges in ac ti va tion ener gi es (Ea) and cri ti cal tem pe ra tu res (t °C) in the co ur se of
ther mal pro ces ses in the thyla koid mem bra ne of the in tact abo ve-ear le af of stu died ma i ze in bred
li nes with erect top le a ves

ZPPL 16 ZPPL 218 ZPPL 62 ZPPL 233

Ea, kJ/mol t, °C Ea, kJ/mol t, °C Ea, kJ/mol t, °C Ea, kJ/mol t, °C

— 29.5 — 27.0 — 28.0 — 25
48.4 45.9 43.1 29.0  45.0 36.0 32 30
84.3 48.0 27.3 36.9  91.8 41.0 100.3 38
46.7 53.0 37.0 43.5 119.7 46.9 176.7 42
49.2 54.8 42.5 47.8 132.0 49.0 259.9 47
— 60.0 51.1 49.9 — — — 50

6. Dyna mics of chan ges in the grain water sta tus in the ma tu ra tion pe riod
of the stu died ma i ze in bred li nes with erect top le a ves

Dyna mics of chan ges in the grain water sta tus and dry down du ring the
ma tu ra tion pe riod of the stu died ma i ze in bred li nes with erect top le a ves are
im por tant pro per ti es of the se in breds to which a gre at at ten tion is paid in the
pro ces ses of con tem po rary bre e ding and the pro duc tion of high-quality hybrid
ma i ze seed. Ob ta i ned re sults are pre sen ted in Ta ble III.

Tab. 3. — Water con tent (%) in ini tial and subsequent me a su re ments

Inbred
lines

I
initial

measure-
ment

II
measure-

ment after
7 days

III
measure-

ment after
14 days

IV
measure-

ment after
21 days

V
measure-

ment after
28 days

VI
measure-

ment after
35 days

Daily dry
down

ZPPL
16

31.40±3.22 28.11±3.11 24.82±3.05 21.53±2.98 18.24±2.81 14.95±2.41 0.47±0.06

ZPPL
218

29.44±3.06 26.29±2.91 23.14±2.77 19.99±2.51 16.84±2.31 14.20±1.76 0.45±0.08

ZPPL
62

28.09±3.28 25.29±3.09 22.49±2.88 19.69±2.56 16.89±2.04 14.09±1.94 0.40±0.07

ZPPL
233

27.44±3.80 24.36±3.51 21.28±3.33 18.20±3.07 15.12±2.81 12.04±2.24 0.44±0.09

44



7. Che mi cal com po si tion, physi cal pro per ti es and grain struc tu re
of ma i ze hybrids with erect top le a ves

Re sults on stu di es of grain struc tu re, physi cal pro per ti es and che mi cal
com po si tion of ma i ze hybrids with erect top le a ves are pre sen ted in Ta bles IV, 
V and VI.

Tab. 4. — Grain struc tu re of ma i ze hybrids with erect top le a ves

Hybrid Pericarp (%) Germ (%) Endosperm (%)

ZP 341 6.49 12.05 81.46
ZP 434 6.49 11.86 81.65
ZP 578 6.08 11.35 82.56
ZP 684 6.39 11.79 81.82

Tab. 5. — Physi cal pro per ti es of the grain of ma i ze hybrids with erect top le a ves*

Hybrid TKW TW D FI MR HEF SEF WAI

ZP 341 331.4 784 1.25 33.7 19.9 57.3 42.7 0.231
ZP 434 355.1 780 1.26 22.3 16.6 58.8 41.2 0.225
ZP 578 304.8 751 1.27 30.2 16.9 61.9 38.2 0.242
ZP 684 344.8 772 1.26 18.9 13.7 54.5 45.5 0.246

* TKW = 1000-ker nel weight (g), TW = test weight (kg m–3), D — den sity (g cm–3), FI — flo a -
ta tion index (%), MR — mil ling re spon se (s), HEF — hard en do sperm frac tion, (%), SEF — soft
en do sperm frac tion (%), WAI — water ab sorp tion index

Tab. 6. — Grain che mi cal com po si tion of ma i ze hybrids with erect top le a ves

Hybrid Starch (%) Protein (%) Oil (%) Fibre (%) Ash (%)

ZP 341 69.00 9.33 5.75 1.98 1.33
ZP 434 69.02 9.42 5.87 1.99 1.37
ZP 578 72.99 8.64 5.08 1.82 1.33
ZP 684 70.52 8.84 4.82 2.06 1.37

DI SCUS SION

The se cond half of the 20th and the first de ca de of the 21st cen tury are
cha rac te ri sed by a gre at suc cess ac hi e ved in ma i ze bre e ding and the pro duc tion 
of fun da men tal and hybrid ma i ze seed. The num ber of plants per area unit has 
been growing sin ce 1978. This pro gram me was re fer red to as a “plant den sity" 
pro gram me and it furt her di rectly af fec ted the yield in cre a se of high quality
fun da men tal and hybrid ma i ze seed (R a  d e  n o  v i ã  et al., 1978). In ad di tion,
a pro gram me on the de ve lop ment of ma i ze in bred li nes with erect top le a ves
was esta blis hed at the sa me ti me as the “plant den sity" pro gram me. It was
con si de red that in breds with the erect top le a ves were the clo sest to the pro po -
sed ef fi ci ent pho tosynthe tic mo del (R a  d e  n o  v i ã  et al., 1978, 2000, 2001a,
2003a, 2004a,  R a  d e  n o  v i ã  and  G r o d  z i n  s k i j, 1998). The com ple men -
tary and mass im ple men ta tion of the se pro gram mes led to very im por tant re -
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sults in both, ma i ze bre e ding and the hybrid seed pro duc tion (I v a  n o  v i ã  et
al., 1995,  T r i  f u  n o  v i ã, 1986,  T r i  f u  n o  v i ã  et al., 2000,  D u  m a  n o  v i ã,
1986,  K o  j i å, 1993). New and nu me ro us hybrids with high grain and si la ge
yields were de ve lo ped and grown on lar ge are as due to the ir high yiel ding po -
ten tial and the ap pro pri a te quality of the plant and the grain (D u  v i c k, 1984,
R u s  s e l l, 1986,  D u  m a  n o  v i ã, 1986,  H a l  l a  u e r, 1988,  K o  j i ã, 1993,
I v a  n o  v i ã  et al., 1995).

The spe cial con tem po rary stu di es ha ve been per for med on top ma i ze
leaves. The ear le a ves ha ve been par ti cu larly ob ser ved, but al so ot her top
leaves up to the tas sel. The most ef fi ci ent and the lon gest pho tosynthe tic pro -
ces ses ne ces sary for the ma i ze plant ha ve been ac hi e ved by the se le a ves (R a  -
d e  n o  v i ã  and  G r o d  z i n  s k i j, 1998). Ac cor ding to the sta ted, a new
hypot he sis that pre ci sely top le a ves (abo ve-ear le a ves) ac hi e ve the ef fi ci ent
pho tosynthe sis has been pro po sed.

This study was an at tempt to answer the following questions by using
dif fe rent tests and analyses: (1) are the re re li a ble and do mi nant tra its of ma i ze
in bred li nes with erect top le a ves by which plan ned and sa tis fac tory pro gress
in ma i ze bre e ding and the high-quality hybrid seed ma i ze pro duc tion can be
ac hi e ved?, and (2) which tra its sho uld ma i ze in bred li nes ha ve?

The ga i ned re sults of experimental stu di es can of fer at le ast a par tial
answer to asked questions. The first se ri es of experiments in clu ded the me a -
sure of the an gle and the le af area of ob ser ved ma i ze in bred li nes with sig ni fi -
cant bre e ding pro per ti es and erect top le a ves. The re sults ob ta i ned on the se
tra its clas sify them in to im por tant seed bre e ding and seed pro duc tion tra its 
(R a  d e  n o  v i ã  et al., 2003a, 2004a, 2004b, 2007, 2008). The se cond se ri es
of experiments en com pas sed pho tosynthe tic flu o re scen ce stu di es on con for ma -
ti o nal and fun cti o nal chan ges in the thyla koid mem bra ne of the in tact abo ve -
-ear le af of stu died ma i ze in bred li nes with sig ni fi cant bre e ding tra its. The
tem pe ra tu re de pen den ce of ther mal pro ces ses of DF for the stu died ma i ze in -
bred li nes is pre sen ted in a form of the em pi ri cal pro ce du re (Fi gu re 3). The
pre sen ted re sults show that the tem pe ra tu re de pen den ce of DF in each of the
fo ur ma i ze in bred li nes with erect top le a ves is cha rac te ri sed with typi cal in ter -
sec tion po ints of two seg ments on the ther mal cur ve (Fi gu res 3 and 4). The
first typi cal po int oc cur red on the in ter sec tion of the seg ment a and the seg -
ment b, and it re pre sen ted the lowest cri ti cal tem pe ra tu re at which the ini tial
chan ge in the DF in ten sity was ob ser ved. The se cond typi cal po int oc cur red on 
the in ter sec tion of the seg ment b and the seg ment c and it was re la ted to a li -
ne ar mo no tony with the an gle of the in cre a sing part of the DF in ten sity cur ve.
Evi dent chan ges in the struc tu re of the thyla koid mem bra ne oc cur red in this
re gion. The third typi cal po int re flec ted a smal ler or a gre a ter ro tun dity of DF
in ten sity pe aks. The “bre a king" con for ma ti o nal chan ges oc cur red in two in ter -
sec tion po ints of the seg ments c and d and the seg ments d and e. The fo urth
typi cal po int was re la ted to the li ne ar mo no tony and the in cli na tion an gle of
the dec li ning part of the DF in ten sity cur ve. This seg ment of the ther mal cur ve 
bo re the last con for ma ti o nal chan ges that had oc cur red in the thyla koid mem -
bra ne. The se chan ges can hardly be de scri bed as cha rac ters of fun cti o ning of a 
li ving le af. The typi cal in ter sec tion po ints de sig na ted as f and g al most had no
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physi o lo gi cal ro le. The analysed typi cal in ter sec tion po ints (Fi gu re 3 and Fi -
gure 4 A, B, C and D) can be con si de red the po ints cha rac te ri sing in bred li nes 
with erect top le a ves, as the se po ints are pre ci sely the po ints of con for ma ti o nal 
and fun cti o nal chan ges in the thyla koid (R a  d e  n o  v i ã  et al., 2003a, 2003b,
2004a, 2004b, 2007).

All cri ti cal tem pe ra tu res (pha se tran si tion tem pe ra tu res) at which even the 
slig htest con for ma ti o nal chan ges had oc cur red in the thyla koid mem bra nes of
stu died ma i ze in bred li nes with erect top le a ves were de ter mi ned by the Arr he -
ni us cri te rion and the li ne a ri sa tion of the DF tem pe ra tu re de pen den ce. The va -
lu es of cri ti cal tem pe ra tu res (°C), the ir frequency and in ter me di a te dis tan ce
cha rac te ri se ob ser ved ma i ze in bred li nes with erect top le a ves in re la tion to
the ir to le ran ce, re si stan ce, flexibility and adap ta bi lity not only to in cre a sed and 
high tem pe ra tu res, but al so to dro ught (R a  d e  n o  v i ã  et al., 2001a, 2001b,
2002, 2003a). The Arr he ni us cri te rion is ba sed on the existence of stra ight
lines. Each Arr he ni us stra ight li ne re pre sents its ac ti va tion energy (Ea). The
inter sec tion po int of two stra ight li nes is de ter mi ned by a cri ti cal tem pe ra tu re.
Re sults of the Ea va lu es in the in cli ning and dec li ning part of the ther mal
curve are explained by les ser or gre a ter con for ma ti o nal chan ges that oc cur in
the mo le cu les of pig ments (chlo rophyll) in the thyla koid mem bra ne with the
tem pe ra tu re in cre a se. Due to such chan ges, the se mo le cu les be co me mo re
reac ti ve and the reby gain the ad di ti o nal energy that is used in the re com bi ning 
pro cess of the DF oc cur ren ce (R a  d e  n o  v i ã, 1994, 1997,  R a  d e  n o  v i ã  et
al., 2003a, 2003b, 2004a, 2004b).

Pre sen ted pho tosynthe tic flu o re scen ce tra its of stu died ma i ze in bred li nes
with erect top le a ves can con tri bu te to mo re exact, ra ti o nal and expeditious
pro ce e dings of bre e ding pro ces ses and the pro duc tion of high-quality hybrid
ma i ze seed, which ma kes them exceptionally im por tant.

The third se ri es of experiments en com pas sed the ther mal stu di es of the
spe ci fic grain water sta tus and grain dry down ra tes in the ma tu ra tion pe riod.
Tran sport pro ces ses and dry down ra tes at grain ma tu ra tion are very im por tant
and sig ni fi cant pro per ti es to which a gre at eco no mic and sci en ti fic im por tan ce
is ascri bed, not only in the pro cess of studying and the de ve lop ment of ma i ze
in breds and hybrids with erect top le a ves, but al so in the or ga ni sa tion of the
hybrid ma i ze seed pro duc tion (R a  d e  n o  v i ã, 1998,  R a  d e  n o  v i ã  et al.,
2008, 2009). The grain dry down ra te in the ma tu ra tion pe riod is a very
complex pro cess and de pends on the following se ve ral pa ra me ters: a) the
osmo tic pres su re in the grain in the ma tu ra tion pe riod, which is pro ne to the
external at mosp he ric pres su re, as well as, to frequency and in ten sity of air cur -
rents and sig ni fi cant chan ges in re la ti ve air hu mi dity; furt her mo re, the osmo tic 
pres su re in the grain de pends on the struc tu ral pro per ti es of che mi cal com -
pounds and the na tu re of the ir che mi cal bonds with water; b) the pe ri carp
struc tu re and thic kness and its water per me a bi lity, that is water tran sport ca pa -
city thro ugh such a struc tu re; c) the con tent and struc tu re of starch gra ins and
pro tein bo di es, in clu ding the ir af fi nity to bind water; d) morp ho lo gi cal pro per -
ti es of the ear; e) morp ho lo gi cal pro per ti es of the grain; and f) ot her physi cal
and che mi cal pa ra me ters of a che mi cal struc tu re of the grain, which in ter act
with water.
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Ga i ned re sults pre sen ted in Ta bles IV, V and VI, po int out to struc tu ral
grain pa ra me ters (pe ri carp, germ and en do sperm), physi cal tra its and che mi cal
com po si tion that in di ca te exceptional quality of com mer cial ma i ze of ob ser ved 
hybrids with erect top le a ves. Com mer cial ma i ze is of ap pro pri a te quality that
pro vi des di ver si fied uti li sa tion (B e  k r i ã, 1997,  R a  d o  s a  v l j e  v i ã  et al.,
2000, 2002).

CON CLU SION

Ac cor ding to the ga i ned re sults it can be esta blis hed that se mi-non-in -
vasive pho tosynthe tic flu o re scen ce met hod can be ap plied in bre e ding and the
ma i ze hybrid seed pro duc tion and that the esti ma tion of ma i ze in bred li nes
with sig ni fi cant bre e ding tra its for the ir to le ran ce, re si stan ce, flexibility and
adap ta bi lity to in cre a sed and high tem pe ra tu res, as well as, to dro ught, can be
per for med. The ap pli ca tion of the sta ted met hod pro vi ded the de ter mi na tion of 
many pro per ti es and pa ra me ters of the pho tosynthe tic ap pa ra tus of ob ser ved
ma i ze in bred li nes with sig ni fi cant bre e ding pro per ti es and erect top le a ves:

— The tem pe ra tu re de pen den ce was mo ni to red within the ran ge of 24—
60°C,

— Dif fe rent mo no to ni es of the in cre a sing part of the ther mal cur ve,
which po ints out to une ven to le ran ce, re si stan ce, flexibility and adap ta bi lity of
ob ser ved ma i ze in bred li nes to in cre a sed and high tem pe ra tu res, as well as, to
dro ught, were esta blis hed,

— Va lu es of cri ti cal tem pe ra tu res at which smal ler or gre a ter struc tu ral
and fun cti o nal chan ges oc cur red in the thyla koid mem bra nes of ob ser ved ma i ze
in bred li nes with erect top le a ves were de ter mi ned,

— Va lu es of ac ti va tion ener gi es (Ea, kJ mol–1) were de ter mi ned be fo re
and af ter the oc cur ren ce of cri ti cal tem pe ra tu res in the ther mal pro cess of DF,

— It was shown that ob ser ved in bred li nes had a tra it of the erect po si -
tion of top le a ves and ef fi ci ent pho tosynthe sis mo del,

— A gre a ter dry down ra te in the grain ma tu ra tion pe riod was esti ma ted
and analysed in ma i ze in bred li nes with sig ni fi cant bre e ding pro per ti es and
erect top le a ves,

— Re le vant physi cal and che mi cal tra its of ma i ze hybrids de ve lo ped
from the sta ted in bred li nes with erect top le a ves were analysed; the se analyses 
po int out to good quality of com mer cial ma i ze and its di ver si fied uti li sa tion.
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BI O FI ZIÅ KA I GE NE TIÅ KA SVOJ STVA PRE STI ŸNIH IN BRED
LI NI JA I HI BRI DA KU KU RU ZA SA US PRAV NIM PO LO ŸA JEM

VR ŠNIH LI STO VA

Åe do mir N. Ra de no viã1,2, Mi lo mir R. Fi li po viã1,
Mi le D. Se åan ski1, Mi li ca M. Ra do sa vqe viã1, Zo ran F. Åam xi ja1,

Jo van M. Pa vlov1, Mi loš S. Cre var1

1 In sti tut za ku ku ruz „Ze mun Po qe", Slo bo da na Ba ji ãa 1,
11185 Be o grad—Ze mun, Sr bi ja

2 Fa kul tet za fi ziå ku he mi ju, Uni ver zi tet u Be o gra du,
Stu dent ski trg 12, 11000 Be o grad, Sr bi ja

Re zi me

Pro u åa va ne su åe ti ri pre sti ÿne in bred li ni je ku ku ru za sa us prav nim po -
lo ÿa jem vr šnih li sto va: ZPPL 16, ZPPL 218, ZPPL 62 i ZPPL 233. Ove li -
ni je su, kao maj ka ili otac, ukqu åe ne u stva ra we vi še od 50 hi bri da ku ku ru za. U 
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te ku ãem sred we roå nom pe ri o du ši ro ku ko mer ci jal nu pri me nu na šao je ve ãi
broj hi bri da ku ku ru za: ZP 341, ZP 360, ZP 434, ZP 578, ZP 606, ZP 677, ZP 684 
i dru gi. U ovom ra du ana li zi ra ni su sa mo re pre zen ta tiv ni hi bri di ku ku ru za:
ZP 341 (FAO 300), ZP 434 (FAO 400), ZP 578 (FAO 500) i ZP 684 (FAO 600).

Ovim ra dom po tvr ðu je se na ša hi po te za da po sto je elit ne in bred li ni je i
hi bri di ku ku ru za sa us prav nim po lo ÿa jem vr šnih li sto va, ko ji po se du ju do mi -
nant no svoj stvo efi ka snog fo to sin te tiå no-flu o re scent nog mo de la i uspe šno
se ko ri ste u sa vre me nim pro gra mi ma ople me wi va wa, pro iz vod wi hi brid nog se -
me na i mer kan til nog ku ku ru za. Ovaj za kqu åak do bi jen je uz pri me nu ne in va ziv -
nog fo to sin te tiå no-flu o re scent nog me to da po god nog za oce nu efi ka sno sti fo -
to mo de la. Do bi je ne fo to sin te tiå ne ka rak te ri sti ke pro u åa va nih pre sti ÿnih in -
bred li ni ja ku ku ru za sa us prav nim po lo ÿa jem vr šnih li sto va za sno va ne su na
efek ti ma i pri ro di pro me na za ka sne le flu o re scen ci je hlo ro fi la ko je se od i -
gra va ju u wi ho vim ti la ko id nim mem bra na ma, åi ji su po ka za te qi tem pe ra tur na
za vi snost in ten zi te ta za ka sne le flu o re scen ci je hlo ro fi la, Are ni ju sov kri te -
ri jum za utvr ði va we kri tiå nih tem pe ra tu ra (tem pe ra tu re fa znih pre la za) u ti -
la ko id nim mem bra na ma i ener gi je ak ti va ci je. Iz lo ÿe ni re zul ta ti o ve li åi ni
ugla iz me ðu prav ca pro sti ra wa pr vog li sta iz nad kli pa i prav ca pro sti ra wa
sta bqi ke, kao i re zul ta ti o di na mi ci oslo ba ða wa vo de iz zr na u pe ri o du we go -
vog sa zre va wa do dat no po ka zu ju da su svoj stva pro u åa va nih in bred li ni ja ku ku -
ru za sa us prav nim po lo ÿa jem vr šnih li sto va po god ni kri te ri ju mi za eg zakt ni -
ji, ra ci o nal ni ji i br ÿi pro ces ople me wi va wa.

Ta ko ðe su ana li zi ra na i dru ga re le vant na se lek ci o na i se me nar ska svoj -
stva pro u åa va nih pre sti ÿnih in bred li ni ja i hi bri da ku ku ru za (kva li tet mer -
kan til nog ku ku ru za pre ko struk tu re zr na, fi ziå kih i he mij skih pa ra me ta ra).
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THE IN FLU EN CE OF THE RUN NER OR DE RING
OF THE PLANTS ON THE IR QUALITY,

RO O TING AND YIELD OF STRAWBERRIES

AB STRACT: In this work, we pre sen ted the in flu en ce of the run ner or de ring of the
plants on the ir quality, per cen ta ge of ro ot ha ir for ma tion, and yield of two va ri e ti es of
strawberries: Sen ga Sen ga na and Po ca hon tas de pen ding on the ti me of plan ting. The run ner
or de ring of plants and ti me of the ir plan ting ha ve in flu en ce on the quality of plants, the per -
cen ta ge of ro ot ha ir for ma tion af ter the plan ting, and the yield. The re has been esta blis hed
strong cor re la tion among the di a me ter of the crown and the ro o ting when plan ted and the
yield. Pri mary plants ha ve hig her quality, with big ger di a me ter of the crown, they ta ke ro ot
bet ter, and they ha ve hig her yield than se con dary plants. Ro set tes plan ted in Au gust ha ve
hig her yield than the ones plan ted la ter.

KEY WORDS: pri mary, se con dary, plants, quality, ro ot ha ir for ma tion, yield

IN TRO DUC TION

De pen ding on the met hod of pro duc tion and the sto ring of the plan ting
ma te rial, and the de ve lop ment of the plants, they can be clas si fied in se ve ral
ca te go ri es: green, fri go, waiting bed and con ta i ner. No mat ter the way the
plan ting ma te rial is ob ta i ned, it ne eds to be of good quality, with de ve lo ped
ro ot, with va ri ety, and he althy. High quality plan ting ma te rial is prerequisite
for ob ta i ning high yield and high quality fru its. When eva lu a ting the quality of 
the plants, be si des the de ve lop ment of the ro ot system, the thic kness of the
crown is ta ken in to ac co unt. Plants of first and se cond class ha ve been used
most frequently in the pro duc tion. The num ber of ob ta i ned high quality plants, 
by the plant and by the square unit is a cha rac te ri stic of the cul ti var (B u  l a  -
t o  v i ã, 1970), de pen ding on the cul ti va tion met hod (M i  ã i ã  et. al., 1983,
R i  s t e v  s k i  et. al. 1986,  S e  l a  m o v s k a, 2006,  M r a  t i  n i ã, 2000), the
cul ti var and run ner or de ring of the plants (L o  o t c h o  o  m u n, 1999,  S e  l a  -
m o v s k a, 2006), the age of the plant (P o  p o v  et. al., 1963,  R i  s t e v  s k i
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et. al., 1986,  M i  ã i ã  et. al., 1983), the ti me of the plan ting (O z d e  m i r  et.
al., 2002,  R i  s t e v  s k i  et. al., 1986), the used agrotechniques (P a  u  n o  v i ã
et. al., 1974,  M i  ã i ã  et. al., 2003,), the pro tec tion (R i  s t e v  s k i  et. al.,
1986), etc.

For the pro duc tion of plants, ori gi nal plants sho uld be used only. A small 
num ber of plants is ob ta i ned from the pro duc tion plant, with po orly de ve lo ped 
ro ot system, smal ler ve ge ta ti ve po ten tial, and po or he alth con di tion. The plants 
with the hig hest quality are ob ta i ned in the first year af ter the plan ting. The
first class plants ha ve the hig hest quality. Du ring age ing of the plant, its ve ge -
ta ti ve po ten tial re du ces, as well as, the quality and quantity of ob ta i ned plants.

The yield is in flu en ced by se ve ral fac tors: ge notype, ti me of plan ting,
cul ti va tion met hod, age of the plant, he alth con di tion of the plant, etc. Due to
its bi o lo gi cal cha rac te ri stics, strawberry can be plan ted du ring whole year, but
if spe a king of high in ten sity pro duc tion, the ti me of plan ting, on which de -
pends the ro o ting and la ter pro fi ta bi lity of growing strawberries, ne eds to be
con si de red. When growing strawberries on an open fi eld, the most ap pro pri a te
ti me for plan ting sho uld be de ter mi ned ha ving in mind that the plant ne eds to
be as much de ve lo ped as pos si ble be fo re the be gin ning of the winter, in or der
to ob tain hig her yield next year. If the strawberries are plan ted ear li er, in July
and Au gust they ob tain 30% hig her yield. In Sep tem ber and Oc to ber, the yield 
consequently dec re a ses. The plants plan ted in July and in the first half of
August, in the next year they pro vi de fi ve to ten ti mes hig her yield com pa red
to tho se plants that are plan ted la ter, in the au tumn or spring. When plan ted in 
the spring the yield co uld be left out (H r i  s t o v  et al., 1967,  Š o  š k i ã,
1 998,  M r a  t i  n i ã, 2000,  T e  š i ã, 1970,  S t a n  å e  v i ã  et al., 1986,  O z d e  -
m i r  et al., 2002,  P a  s i  n i  et al., 1982).

MA TE RIAL AND MET HODS

The examinations were do ne on the experimental strawberry plan ta tion,
lo ca ted in Dol no Li si åe vil la ge ne ar Sko pje, Re pu blic of Ma ce do nia. The plan -
ted soil was flu vi sol, with ma i ze as a pre vi o usly plan ted cul tu re, low car bo -
nate, easy to cul ti va te, mo de ra tely to well sup plied with phosp hor and po tas -
sium, but con si de ring that it con ta i ned low con tent of hu mus and it was mo de -
ra tely al ka li ne, it was ne ces sary to do so me cor rec ti ons.

To examine the in flu en ce of the run ner or de ring of the plants on the ir
quality, ro ot for ma tion, and the yield de pen ding on the ti me of plan ting, green
plants of first and se cond class of two strawberry cul ti vars Sen ga Sen ga na and 
Po ca hon tas were plan ted in dif fe rent ti me pe ri ods: every 15 days from Au gust
15 to No vem ber 15 and in March next year. Strawberry cul ti vars were plan ted 
in black foil, dis tan ced at 80 x 25 cm.

The di a me ter of the neck of the plant, the ro o ting, and the yield, in years
of 2001 and 2002, were examined. For every pe riod of pla ting the re has been
de ter mi ned an ave ra ge va lue for the required pa ra me ters.

Re gar ding the cli ma te indexes (da ta ob ta i ned from Hydro Me te o ro lo gi cal
In sti tu te — Sko pje, me a su ring sta tion Pe tro vec) in re gion of Sko pje, Re pu blic
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of Ma ce do nia, the ave ra ge va lu es of air tem pe ra tu re du ring the ve ge ta tion are
fa vo ra ble for growing strawberries except for the high tem pe ra tu res du ring the 
sum mer, espe ci ally in Au gust, which ha ve ne ga ti ve im pact on ro o ting of the
plants. All the va lu es of hydrot her mal indexes in di ca te that the cli ma te is se -
mi a rid. The re la ti ve air hu mi dity is low and un fa vo ra ble for growth of straw -
berries. The an nual and ve ge ta ti ve sum of ra in falls is in suf fi ci ent for de ve lop -
ment and fru it ful ness of the strawberries in this re gion and be ca u se of that, it
is ne ces sary the strawberries to be cul ti va ted in ir ri ga ted con di ti ons. The re -
sults of the examination ha ve been sta ti sti cally pro ces sed, using cor re la ti ve
analysis, analysis of the va ri an ce, and t — test.

RE SULTS AND DI SCUS SION

Da ta on in flu en ce of the run ner or de ring of the plants on the di a me ter of
the crown, the ro o ting, and the yield, in dif fe rent pe ri ods of the plan ting, are
pre sen ted in Ta ble 1.

Tab. 1. — The in flu en ce of run ner or de ring of the plants on di a me ter of crown, ro o ting per cent
and yield

Date of
planting

Primary rosettes Secondary rosettes

Crown
diameter

mm

Rooting
%

Yield
g/plant

Yield
kg/ha

Crown
diameter

mm

Rooting
%

Yield
g/plant

Yield
kg/ha

15.08  9.0 55.6 693.1 19268  7.6 55.9 591.0 16518
30.08  9.7 65.0 575.8 18694  8.1 56.2 503.0 14135
15.09 11.3 56.2 567.2 15939  8.9 41.2 410.5  8456
30.09 12.4 88.7 529.9 23501 10.2 67.2 468.6 15745
15.10 12.7 95.0 425.0 20187 10.3 78.7 486.6 19148
30.10 12.6 83.7 375.9 15731 10.6 60.0 376.0 11280
15.11 12.6 90.0 447.6 20141 11.1 91.2 397.4 18121
15.03 13.1 92.5 381.6 17649 11.0 90.0 364.3 16393

X 11.8 79.0 498.9 19706 9.7 69.6 449.6 15645

r 0.903 0.821 0.903 0.971 0.707 0.712

LSD 0.05 2.29 24.10 1.89 23.89
LSD 0.01 3.11 32.67 2.56 32.73

We ma de com pa ri son between pri mary and se con dary plants re la ted to
the se pa ra me ters. Ac cor ding to the da ta, the run ner or de ring of the plants had
im pact on the ir quality, the ro ot for ma tion af ter the plan ting, and the ir yield.
Plants of the first class had hig her quality, they had 17.8% big ger di a me ter of
the crown, 12% bet ter ro o ting, and 10% hig her yield, mo re exactly 21% hig -
her yield by square unit com pa red to the plants of se cond class, which is sup -
por ted by con si de ra ble sta ti sti cal dif fe ren ces (Ta ble 2).
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Tab. 2. — Com pa ri son between pri mary and se con dary ro set tes

Parameters
Primary
rosettes

Secondary
rosettes

Difference between primary
and secondary rosettes %

t

Diameter of the crown mm 11.8  9.7 +17.8 1.3 +
Rooting % 79.0 69.6 +12.0 1.2 +
Yield/plant g 498.9 449.6 +10.0  1.03 +
Yield kg/ha   19.706   15.645 +21.0  1.13 +

We de ter mi ned po si ti ve cor re la tion between the di a me ter of the crown
and the ro ot de ve lop ment and the yield (plants of the first class r = 0.872,
plants of the se cond class r = 0.752). Plants with big ger di a me ter of the crown 
had bet ter ro o ting when plan ted, and they had hig her yield. In the sa me pe riod 
of plan ting, pri mary plants had hig her va lu es for the di a me ter of the crown,
the ro o ting de ve lop ment, and the yield, than se con dary plants. Be ca u se of the
ear li er or ga no ge ne sis pri mary plants were mo re de ve lo ped, they star ted to
form ear li er, af ter the plan ting they adap ted quicker and bet ter, and they had
bet ter ro o ting (S e  l a  m o v s k a, 2006, 2007). Re la ted to this, when pro du cing
the plan ting ma te rial it is im por tant to le a ve 1 to 3 plants on a plant, and in
that way a smal ler quantity of plants will be ob ta i ned, but with hig her quality
and with big ger di a me ter of the crown (M i  ã i ã  et al., 2000).

Be si des the run ner or de ring of the plants, the di a me ter of the crown and
ro ot de ve lop ment was al so in flu en ced by the ti me of plan ting, on which the re
are cor re la ti ve va lu es. We de ter mi ned con si de ra ble sta ti sti cal dif fe ren ces in the 
di a me ter of the crown, ro o ting, and yield, between ear li er and la ter plan ted
plants (Ta ble 1). Plants plan ted in Au gust had smal ler di a me ter of the crown
and po o rer ro o ting, but they had hig her yield, com pa red to la ter plan ted plants.

Pri mary and se con dary plants, plan ted on the 15th of Au gust, in ave ra ge
had 17.5% smal ler di a me ter of the crown, than plants plan ted on the 15th of
Sep tem ber, 27.5% than ro set tes plan ted on the 15th of Oc to ber and 31.0% than 
plants plan ted on the 15th of March (Ta ble 3).

Tab. 3. — Com pa ra ti ve va lu es of the pa ra me ters in dif fe rent plan ting pe ri ods

Parameters

Difference %

15.08/15.09 15.08/15.10 15.08/15.03

I II X I II X I II X

Crown diameter –20.0 –15.0 –17.5 –29.1 –26.0 –27.5 –31.0 –31.0 –31.0
Rooting  –1.0 +26.0 +12.5 –41.0 –29.0 –35.0 –40.0 –38.0 –39.0
Yield/plant +18.0 +31.0 +24.5 +39.0 +18.0 +28.5 +45.0 +38.0 +41.5
Yield kg/ha +17.0 +49.0 +33.0  –5.0 –14.0  –9.5  +8.0  +1.0  +4.5

Re gar ding the ro o ting, plants plan ted on the 15th of Au gust had 12.5%
bet ter ro o ting, than plants plan ted on the 15th of Sep tem ber, but 35% — 39%
po o rer ro o ting than plants plan ted on the 15th of Oc to ber and 15th of March.
Re gar ding the yield, plants plan ted on the 15th of Au gust ha ve 24.5%, 28.5%
to 41.5% hig her yield than the plants plan ted on the 15th of Sep tem ber, 15th of
Au gust, and 15th of March. In every pe riod of plan ting, se pa ra tely, pri mary
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plants had hig her va lu es of every index com pa red to tho se of the se con dary
plants.

Be ca u se of the hig her yield of the plants plan ted in sum mer months, hig -
her va lu es of the yield by square unit were expected in tho se months. How -
ever, it did not hap pen. Plants plan ted on the 15th of Au gust had lower yield
by square unit com pa red to la ter plan ted plants, from Oc to ber to March. The
re a son for the po or yield was the extremely high air tem pe ra tu re. In Au gust
and Sep tem ber 2001, in the ti me of plan ting and af ter plan ting, the re were
mea su red extremely high air tem pe ra tu res, mo re exactly ab so lu te maximums
of 38.7°C in Au gust, and 32.8°C in Sep tem ber. In the year 2002, high mid day 
air tem pe ra tu res were me a su red in Sep tem ber with ab so lu te maximum of
27.9°C. Extremely high air tem pe ra tu res in the sum mer months, ha ve ca u sed
dehydra tion of the plants, which had ne ga ti ve ef fect on the ro o ting, which
have been re du ced to 50%. In ad di tion, po or ro o ting of the plants in Au gust
had ne ga ti ve ef fect on the to tal yield by square unit.

CON CLU SION

Ba sed on the per for med experiments we con clu de:
— The run ner or de ring of the plants has in flu en ce on the ir quality, ro o t -

ing af ter pla ting, and yield.
— Pri mary plants ha ve hig her quality, big ger di a me ter of the crown, they 

form bet ter ro ot, and pro vi de hig her yield than se con dary plants.
— The yield of the strawberries de pends on the quality and run ner or de -

ring of the plants, the ro o ting af ter plan ting, and the ti me of plan ting. To
obtain hig her yield they sho uld be plan ted in sum mer, but ir ri ga tion is required.
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UTI CAJ RE DO SLE DA RO ZE TA NA KVA LI TET, UKO RE WA VA WE
I PRI NOS JA GO DE

Ol ga V. Naj de nov ska, Ana T. Se li mov ska

Fa kul tet za ze mjo del ski na u ki i hra na, Sko pje, R. Ma ke do ni ja

Re zi me

U ra du je pri ka zan uti caj re do sle da ro ze ta na kva li tet, pro ce nat for mi ra -
wa iz da na ka i pri nos dve sor te ja go de: zen ga zen ga na i po ka hon tas u za vi sno sti
od vre me na sad we. Re do sled ro ze ta i vre me sad we uti åe na kva li tet ro ze te, pro -
ce nat uko re wa va wa po sle sad we i na pri nos. Utvr ðe na ja ka ko re la ci ja iz me ðu
preå ni ka ko re no vog vra ta, i uko re wa va wa na kon sad we i pri no sa. Pri mar ne
ro ze te ima ju vi sok kva li tet, sa ve ãim preå ni kom ko re no vog vra ta, bo qe se uko -
re wa va ju i ima ju ve ãi pri nos ne go se kun dar ne ro ze te. Ro ze te za sa ðe ne u av gu stu
ima ju ve ãi pri nos u od no su na ro ze te ko je se sa de ka sni je.
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MIC RO BI O LO GI CAL IN VE STI GA TION OF PEP PER MINT
AND PUMP KIN SEED KER NELS DRYING

IN BATCH DRYER

AB STRACT: The goal of this re se arch was to in ve sti ga te im pro ve ment of drying
met hod of pep per mint and pump kin ker nels (hull-less pump kin seed) with the aim to get as
best mic ro bi o lo gi cal quality of pro ducts as pos si ble. Small and me di um sca le pro du cers of
me di ci nal plants in most ca ses per form it in batch dryers, which of fer op ti mal out put ra te.
Di sa dvan ta ges of this dryer type are slower thro ugh-he a ting of up per layers, with the re sul -
ting in cre a se of mic ro bial co unt. In this pa per, re sults of in ve sti ga tion of drying cha rac te ri -
stics in batch dryer expressed thro ugh the chan ges of co unt of bac te ria and mic ro fun gi are
pre sen ted. The drying re gi me was ap plied in three dif fe rent pha ses, and dif fe rent ma te rial
batch he ights.

Ob ta i ned re sults show that mic ro bial co unt has in cre a sed in the up per layer du ring
pro cess of pep per mint drying, while the tem pe ra tu re was less than 45°C for a long pe riod.
However, du ring the fi nal drying pha se in this layer, the tem pe ra tu re was al so over 45°C,
and the fi nal mic ro bial co unt was al most the sa me for up per and lower le vels. Du ring the
tre at ment of pump kin ker nels in all of ca ses num ber of mic ro or ga nisms in di ca ted that the
tre a ted pump kin gra ins be lon ged to the 3B qualitative gro up or to the 4B for pha se drying
re spec ti vely, and to the 4A for con trol gro up ac cor ding to the Eu ro pa ean Phar ma co po e ia.
The re sults ob ta i ned sug gest that the tre at ment of hull-less pump kin seed with even hig her
tem pe ra tu res of drying agents, for example 70°C or 80°C, in the first pha se sho uld be in ve -
sti ga ted. Af ter that pha se, the se cond pha se would follow, using tem pe ra tu re of 60°C, and
the met hod with shif ting mo de sho uld be ap plied.

KEY WORDS: Drying, mic ro bi o lo gi cal quality, pep per mint, pump kin seed ker nel

IN TRO DUC TION

Pro duc tion of me di ci nal plants and oil pump kin ker nels (hull-less pump -
kin seed) is eco no mi cally pro fi ta ble and the mar ket is as su red. Com pli an ce
with the mic ro bial co unt li mits in the se pro ducts, ba sed on Eu ro pean Phar ma -
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co po e ia (A n o n y m o u s, 2002, 2005) is man da tory in many co un tri es. The
most of ten, drying is be ing per for med in batch dryers and in prac ti ce va ri o us
pa ra me ters are be ing ap plied. In de ve lo ping co un tri es, the use of batch dryers
pre sents a com pro mi se between in vest ments and ef fects. The con trol of drying 
pro cess is very po or in con ven ti o nal batch dryers, re sul ting in lower quality
and hig her in put of energy. New de ve lop ment of con trol equipment ena bles
con trol in batch dryers, which is not only sa tis fac tory but is al most com pa ra ble 
to that in big band dryers.

Quick eva po ra tion of physi cally bond mo i stu re ta kes pla ce at the be gin -
ning of the drying pro cess. For the re mo val of mo i stu re lo ca ted in si de of ma -
te rial is, be si de the energy for eva po ra tion, the energy for mo i stu re tran sport to 
the sur fa ce al so ne e ded (B r u i n  and  L u y b e n, 1980,  M ü h l b a  u e r, 1989). 
This pro cess lar gely de pends on ma te rial struc tu re and it dif fers. Es sen tial oils
are ac ti ve in gre di ents of many me di ci nal and aro ma tic plants, and the ir ther -
mal sen si ti vity is a li mi ting fac tor for set ting up of drying tem pe ra tu re (M i  -
m i  c a - D u  k i ã  et al., 2003).

Ri se of tem pe ra tu re over 45°C re sults in con si de ra ble re duc tion of mic ro -
bial co unt. Con tem po rary pro ce du res for re duc tion of mic ro bial co unt, tre at -
ment with ste am or microwaves, are used only in big band dryers (H e  i n d l,
2005). As a con clu sion, too high tem pe ra tu res ca u se los ses of es sen tial oils,
while too low in cre a se the mic ro bial co unt. Due to this con tra dic tory re quire -
ment the ran ge of au spi ci o us drying agent tem pe ra tu res is very narrow, espe -
cially for fi nal drying pha se, e.g. for mo i stu re con tent ran ge from 18—20% to
the fi nal ones, e.g. 11%. The up per li mit, due to es sen tial oil los ses is abo ut
50°C, while the lower li mit, due to de si red re duc tion of mic ro bial co unt, is
45°C. Tem pe ra tu re con trol can be per for med re la ti vely easy in con tem po rary
band dryers (M ü l l e r, 2004,  M a r  t i  n o v  et al., 2007b,  M a r  t i  n o v  et
al., 2008), as op po sed to batch dryers. The thro ugh-he a ting of whole ma te rial
layer, up per le vels, is very slow, ca u sing in cre a se of mic ro bial co unt (G r a f
et al., 2002,  M a r  t i  n o v  et al., 2006a, b).

The goal of this re se arch was to in ve sti ga te the pos si bi li ti es of im pro ve -
ment of drying met hod with the aim to get as best mic ro bi o lo gi cal quality of
pro ducts as pos si ble.

MA TE RI ALS AND MET HODS

Experiment of drying of mint and pump kin grain was per for med in the
De part ment of hops sorg hum and me di ci nal plants in Baå ki Pe tro vac (of the
In sti tu te for Fi eld and Ve ge ta ble Crops, No vi Sad), and mic ro bi o lo gi cal ana -
lyses in La bo ra tory of mic ro bi o logy of the Fa culty of Sci en ces of No vi Sad.

Cul ti var of Ment ha x pi pe ri ta L. Da ni ca in first year of ve ge ta tion, first
and se cond har vest, Au gust and Oc to ber, was used. Whole plant, i.e. herb, was 
dried in two he ights of fresh ma te rial batch: 80, and 100 cm. The tests without 
tur ning and with tur ning of ma te rial layer, af ter fi nis hing of se cond drying
pha se, were per for med. Ma te rial was weighted by in te gra ted ba lan ce, ac cu racy 
± 0.2 kg. Ma te rial sam ples for de ter mi na tion of mo i stu re con tent and mic ro bial 
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co unt were ta ken be fo re drying. In the co ur se of drying, chan ges of mo i stu re
con tent in the up per and lower le vels, 10 cm abo ve the gra te, and 10 cm
below sur fa ce were ta ken for analysis of mo i stu re con tent and mic ro bial co unt.

Oil pump kin seed ker nel of the sort Olin ka was used. Af ter har ve sting
and washing, sam ples, were col lec ted from dif fe rent sam pling si tes where they 
were grown, and pe riod of ti me from washing to the be gin ning of drying did
not exceed three ho urs. Sam ples of un tre a ted plant ma te rial ha ve been al so
sam pled for de ter mi na tion of mic ro bial con ta mi na tion of fresh ma te rial.

Experimental dryer and drying pro ce du res

The experimental batch dryer, SD-16 MGA, pro du ced by Ter mo plin,
Mla de no vac was de scri bed ear li er in  M a r  t i  n o v  et al. (2006a, 2006b), but
for this experiments was pla ced on the fra me car ri er-17 and fo ur weighing
SG sen sors, po si tion-18. This ena bles con ti nu o us me a su ring of dried ma te rial
weight with ac cu racy 2 N. The bur ner ca pa city was 15 kW, and ven ti la tor
engi ne 0.78 kW. The drying agent flow thro ugh ma te rial layer was adju sted to 
0.2 m/s, and me a su ring was per for med with ane mo me ter at over pres su re vents 
ope ning. The sur fa ce of drying gra te was 1.6 m2.

Du ring the co ur se of drying, three working re gi mes, com bi na tion of
maximum tem pe ra tu re and working mo de, open or cir cu la ted, were pro gram -
med. In com pa ri son with pre li mi nary te sting,  M a r  t i  n o v  et al. (2006a,
2006b, 2008), where the ti me of chan ging the pha se was pre dic ted, in te gra ted
ba lan ce ena bles chan ge of drying re gi me ac cor ding to me a su red ma te rial mass
and cal cu la ted mo i stu re con tent.

Re la ti ve hu mi dity of air af ter pas sing thro ugh pep per mint ma te rial layer
was cal cu la ted ba sed on tem pe ra tu res me a su red by “wet" –9 and “dry" –10
bulbs. The chan ge from open to cir cu la ting mo de was per for med, af ter re a -
ching the pro gram med up per va lue of the re la ti ve hu mi dity of the agent, by
ope ning si de flaps-4 and clo sing cir cu la tion ope ning flap-8 using a ser vo-mo -
tors. For the drying agent tem pe ra tu re was used ther mo stat of the bur ner and
au to ma tic con trol of drying mo de, switching from cir cu la ting to open mo de
was used com mon PLC for to bac co dryers.

Ma te rial tem pe ra tu re was me a su red by Ni-Cr Ni ther mo co u ples in fo ur
po ints at dif fe rent le vels. For all pep per mint layer he ight was always me a su red 
the tem pe ra tu re at 10 cm abo ve the gra te and 10 cm below ma te rial layer sur -
fa ce in fresh ma te rial. The ac cu racy of tem pe ra tu re me a su re ment was ± 1 K.
For tem pe ra tu re re cor ding, da ta acquisition de vi ce Acurex Au to da ta Ni ne was
used. Spe ci ally de ve lo ped software was used for da ta pro ces sing.

Sam ples from the up per le vel, 10 cm below sur fa ce, and lower le vel, 10
cm abo ve the gra te, were ta ken every two ho urs and used for mo i stu re con tent 
de ter mi na tion. Microwave oven was used for quick de ter mi na tion of mo i stu re
con tent. Ac cor ding to the pre vi o usly pro vi ded te sting and com pa ri son with the 
com mon met hod, the ac cu racy was as ses sed to be ± 2% (M a r  t i  n o v  et al.,
2007a).

63



The re se arch of oil pump kin ker nels has been per for med in dryer cor re -
spon ding to tho se ap plied in ro u ti ne prac ti ce. As a con trol, the sam ples su bjec -
ted to the con stant 50°C and per ma nently open mo de, when the drying agent
pas ses thro ugh the grain layer and le a ves the dryer, as the most of ten met hod
per for med in prac ti ce, ha ve been used. For com pa ri son, the mul ti-pha se drying 
met hod was per for med, when the open mo de has been used in or der to re du ce
the mo i stu re con tent to 32%, and furt her on, for next two pha ses of drying,
lower tem pe ra tu res were used, as well as anot her, open — re cir cu la ting mo de
was ap plied.

Tab. 1. — Ap plied tem pe ra tu res for pha ses of drying of pump kin ker nels

Sample
1. phase 2. phase 3. phase

t [°C] W [%] t [°C] W [%] t [°C] W [%]

A 65 32 60 18 55 8
B 65 32 55 18 50 8
C 60 32 55 18 45 8

For in ve sti ga tion, two con trol gro ups were analyzed too: a) drying in
open mo de, in one sin gle pha se, with agent (air) tem pe ra tu re of 50°C, as a
pro ce du re the most of ten ap plied in prac ti ce, and b) “na tu ral" drying in
shadowed drafty pla ce, as the pro ce du re al so of ten used in prac ti ce.

De ter mi na tion of mic ro bial co unt

Sam ples for de ter mi na tion of mic ro bial co unt were ta ken from the fresh
ma te rial be fo re drying and af ter chan ging of drying pha se. The mic ro bial
count was de ter mi ned by stan dard met hods. The num ber of par tic les of mic ro -
fun gi (molds and yeasts) on Sa bo u raud agar was co un ted. The to tal num ber of 
ae ro bic me sophyllic bac te ria on nu tri ent agar was co un ted. Co a gu la se po si ti ve
strep to coc ci, sulp hi te-re du cing clo stri dia, E. co li, Sal mo nel la and Pro te us spe -
ci es were de ter mi ned ac cor ding to the na ti o nal re gu la ti ons (Pra vil nik o mi kro -
bi o lo škoj is prav no sti na mir ni ca u pro me tu, Sl. list SRJ, br. 26/93, 53/95. and
46/2002; Pra vil nik o mi kro bi o lo škoj is prav no sti na mir ni ca u pro me tu, Sl. list
SRJ br. 26, 1993).

De ter mi na tion of mic ro bial me ta bo lic ac ti vity

Sin ce the le vel of phosp ha ta se ac ti vity of he te ro trop hic part of mic ro bi ce -
no sis pre sent in har ve sted or col lec ted plant ma te rial in di ca te the ir bi oc he mi -
cal, me ta bo lic ac ti vity, the acid, ne u tral and al ka li ne phosp ho mo no e ster-hydro -
la se ac ti vity of sam ples were me a su red si mul ta ne o usly with the de ter mi na tion
of mic ro bial co unt. Re sults were shown as phosp ha ta se ac ti vity index (PAI),
the ave ra ge va lue of acid, ne u tral, and al ka li ne phosp ha ta se ac ti vity (M a  t a  -
v u l j  et al, 1990), as a good in di ca tor of the le vel of mic ro bial con ta mi na tion 
of plant ma te rial.
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RE SULTS AND DI SCUS SI ONS

Tem pe ra tu re co ur se in layers

Examples of me a su red ma te rial tem pe ra tu re co ur ses in three layers are
shown in Fig. 1. It is evi dent that ma te rial in the up per layers re ach tem pe ra -
ture over 45°C af ter a sig ni fi cant pe riod of drying. Un til this ti me, the re exist
fa vo ra ble con di ti ons for in cre a se of mic ro bial co unt. The hig her the ma te rial
batch, the lon ger the ti me for warming up to 45°C of up per layers. Sup po sed
re duc tion of warming up of up per layers as re sult of tur ning of pep per mint has 
not been con fir med. No sig ni fi cant re duc tion has been re cor ded.

Mo i stu re con tent co ur se

Fig. 2 pre sent examples of co ur ses of ma te rial mo i stu re con tent of pep -
per mint. The re duc tion of drying ti me is as expected, whereby the re la ti ve
drying du ra tion is lower for hig her batch he ight.
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Fig. 1. — Examples of re cor ded tem pe ra tu re chan ges in ma te rial layers for pep per mint
a) 80 cm and, b) 100 cm batch he ight

Fig. 2. — Co ur se of ma te rial mo i stu re con tent of pep per mint, batch he ight 1 m:
a) without tur ning b) with tur ning of batch af ter first drying pha se



The drying ti me of pep per mint without (a) and with (b) tur ning of batch
af ter first drying pha se shows con si de ra ble dif fe ren ce, alt ho ugh he re are gi ven
extreme examples. The start mo i stu re con tent of tur ned batch was al so abo ut
4% lower. Spe ci fic drying ra te was for tur ning of batch abo ut 4.45, and for no 
tur ning 2.80 kg/h. Due to re la ti vely small num ber, only two, one for each
batch he ight, experiments with tur ning the batch it can not be con clu ded that
co uld so hu ge re duc tion of drying ti me can be expected. This ef fect sho uld be
pro ved in fu tu re in ve sti ga ti ons.

The ot her po si ti ve ef fects of batch tur ning are al so equalization of mo i s -
tu re con tent of ma te rial layers. Fig. 3 shows me a su red mo i stu re con tent in up -
per and lower layers. It is cle ar that in the ca se of ma te rial batch tur ning fi nal
mo i stu re con tent of pep per mint is mo re equalized, Fig. 3b). This ef fect sho uld
be al so mo re ap pro ved in fu tu re in ve sti ga ti ons.

Mic ro bial co unt dyna mics

The chan ge of mic ro bial co unt du ring drying pro cess, in layers is for se -
lec ted examples shown in Fig. 4 for pep per mint
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Fig. 3. — Me a su red (using microwave oven) mo i stu re con tent of dried pep per mint, 1 m batch
he ight, in lower and up per batch layers; a) pro ce du re without tur ning, b) pro ce du re with tur ning

Fig. 4. — Chan ge of mic ro bial co unt in up per and lower layers, pep per mint 0.8 m batch
he ight: a) Bac te ria (ae ro bic me sophylic he te ro trophs), b) Mic ro fun gi (mo ulds and yeasts,

mic ro fun gal par tic les)



Pre sen ted re sults of drying of batch tur ning, Fig. 4 show that the re is no
sig ni fi cant dif fe ren ce of up per and lower layer. This is one mo re be ne fit of
batch tur ning. Re ac hed mic ro bial co unt tur ned to be lower than that of fresh
ma te rial, and com pa ra ble of tho se of na tu rally dried ma te rial, and cor re sponds
to the le vel of 4A ca te gory ac cor ding to Eu ro pean Phar ma co po e ia (A n o  n y  -
m o u s, 2002).

Tab. 2. — Mic ro bial co unt and mic ro bial phosp ha ta se ac ti vity of pump kin ker nels

Sample

Number of particles
of microfungi

Bacterial count
Phosphatase activity

index (PAI)

g–1 g–1 mmol/s–1/g–1

A 0 33,600 0.76
B 0 40,700 0.88
C 23 69,200 0.93
K 0 142,000 0.94

In ac cor dan ce with Eu ro pa ean phar ma ko po e ia (A n o n y m o u s, 2002)
pump kin ker nel A and B sam ples, dried using met hod of pha se drying, ful fill
the cri te ria for be lon ging to the 3B quality gro up. Sam ples C and K (con trol
gro up) tre a ted in the sa me way, ful fil led cri te ria for 4B quality gro up.

Par tic les of mic ro fun gi were fo und only in sam ples C, when tem pe ra tu re
of drying in the third pha se was 45°C. Do mi na ted spe ci es re pre sen ted li po -
phyllic Mu cor and Rhi zo pus ge ne ra. Re pre sen ta ti ves of xerophyllic Pe ni cil -
lium, Cla do spo ri um, Asper gil lus and Fu sa ri um ge ne ra were re cor ded too.

Num ber of mic ro or ga nisms, as well as le vel of the ir me ta bo lic ac ti vity,
te stify that bac te ria, fo und as con ta mi nants on oil pump kin gra ins can not be
eli mi na ted by ap plied tem pe ra tu res hig her than 45°C. Furt her dec re a se of the ir 
num ber co uld be ac hi e ved only eit her by using ste am tre at ment or exposing
them to microwaves.

In all of ca ses num ber of mic ro or ga nisms in di ca ted that the tre a ted pump -
kin gra ins be lon ged to the 3B qualitative gro up or to the 4B for pha se drying
re spec ti vely, and to the 4A for con trol gro up ac cor ding to the Eu ro pa ean phar -
ma co po e ia.

The re sults ob ta i ned sug gest that in fu tu re re se arch the tre at ment with
even hig her tem pe ra tu res of drying agents, for example 70°C or 80°C, in the
first pha se sho uld be in ve sti ga ted. Af ter that pha se, the se cond pha se would
follow, using tem pe ra tu re of 60°C, and the met hod with mo de shif ting would
be ap plied.

CON CLU SI ONS

Po si ti ve ef fects of drying in three pha ses drying ha ve been con fir med.
Tur ning of pep per mint batch showed po si ti ve ef fects, and only the ne e ded ad -
di ti o nal la bor co uld be li mi ta tion fac tor for its ap pli ca tion. The mo re ac cu ra te
ef fects of this sho uld be ac hi e ved by fu tu re in ve sti ga tion.

Three pha ses drying can be re com men ded, whereby for pha ses ti ming ra -
pid mo i stu re con tent esti ma tion using microwave oven can be ap plied. Star ting 
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of drying without he a ting, use of am bi ent air, whereby is pro lon ga tion of

drying ti me expected.
Du ring the tre at ment of plant ma te rial in all of ca ses qualitative and

quantitative com po si tion of mic ro or ga nisms in di ca ted that drying pro cess re -

sul ted in sa tis fac tory re duc tion of mic ro bial co unt ac cor ding to the Eu ro pa ean

Phar ma co po e ia.
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MI KRO BI O LO ŠKA IS TRA ŸI VA WA SU ŠE WA PI TO ME NA NE
I SE MEN KI UQNE TI KVE U ŠARŸ NOJ SU ŠA RI

Mi lan N. Ma ta vuq1, Mi lan L. Mar ti nov2, Ma ja A. Ka ra man1,
Bra ni slav V. Ve se li nov2, Du šan S. Ada mo viã3

1 Pri rod no-ma te ma tiå ki fa kul tet, Trg D. Ob ra do vi ãa 2, No vi Sad
2 Fa kul tet Teh niå kih na u ka, No vi Sad, Sr bi ja

3 In sti tut za ra tar stvo i po vr tar stvo, Mak si ma Gor kog 30, No vi Sad, Sr bi ja

Re zi me

U ra du je po sta vqen ciq da se is tra ÿi mo guã nost po boqša wa po stup ka su -
še wa pi to me na ne i oqu šte nih se men ki uqne ti kve sa ci qem da se do bi je što
bo qi mi kro bi o lo ški kva li tet. Ma li i sred wi pro iz vo ða åi bi qe naj åe šãe su -
še u šarÿ nim su ša ra ma ko je da ju naj bo qe eko nom ske efek te. Lo ša stra na tih
su ša ra je spo ro pro gre ja va we gor wih slo je va, što stva ra uslo ve za po ået no po -
ve ãa we bro ja mi kro or ga ni za ma. U ovom ra du pri ka za ni su re zul ta ti is pi ti va wa 
oso bi na su še wa u šarÿ noj su ša ri in di ko va na pro me na ma bro ja bak te ri ja i mi -
kro gqi va. Re ÿim su še wa pri me wen je u tri raz li åi te fa ze. Do bi je ni re zul ta ti 
su še wa pi to me na ne uka zu ju na po rast bro ja mi kro or ga ni za ma u gor wim slo je vi -
ma bi o ma se, za re la tiv no dug pe riod vre me na ka da tem pe ra tu ra ni je pre la zi la
45°S. Me ðu tim, za vre me za vr šne fa ze su še wa tem pe ra tu ra ta ko ðe ni je pre la zi -
la 45°S i fi nal ni broj mi kro or ga ni za ma je bio sko ro iz jed na åen u gor wem i
do wem slo ju.

Is tra ÿi va we po stup ka su še wa oqu šte nih se men ki uq ne ti kve je spro ve -
de no u uslo vi ma ko ji od go va ra ju oni ma ko je se pri me wu ju u prak si. Rad sa kon -
stant nom tem pe ra tu rom 50°S i stal no otvo re nim mo dom, pri ko jem agens jed nom 
pro la zi kroz sloj zr na i na pu šta su ša ru, što se naj åe šãe ko ri sti u prak si,
ko ri šãen je kao kon trol na gru pa. Za po re ðe we je oba vqe no fa zno su še we, pri
åe mu je otvo re ni mod ko ri šãen do do sti za wa sa dr ÿa ja vla ge oko 32%, a na da qe
su, za dve fa ze su še wa, pri me we ne ni ÿe tem pe ra tu re, i pro me na mo da ra da:
otvo re ni — re cir ku la ci o ni. Po ka za no je da je tra ja we su še wa kra ãe i spe ci -
fiå na ener gi ja ni ÿa pri pri me ni vi ših tem pe ra tu ra i pro me ni mo da ra da u
dru goj i tre ãoj fa zi. Po stig nu ti kva li tet u po gle du sa dr ÿa ja bro ja mi kro or ga -
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ni za ma bio je ta kav da se zr no svr sta va u kva li tet nu gru pu 3B ili 4B za fa zno
su še we, a 4A za kon trol nu gru pu, pre ma Evrop skoj far ma ko pe ji.

U bu du ãem ra du tre ba da se is pi ta efe kat još vi ših tem pe ra tu ra agen sa
(va zdu ha) za su še we se men ki ti kve u pr voj fa zi (70 i 80°S), po sle åe ga bi sle -
di la dru ga fa za u ko joj bi tem pe ra tu ra bi la do 60°S, a pri me wi vao bi se rad sa
pro me nom mo da.
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BE NE FITS OF INO CU LA TION WITH AZO TO BAC TER
IN THE GROWTH AND PRO DUC TION OF TO MA TO

AND PEP PERS

AB STRACT: The aim of this re se arch was to in ve sti ga te the ef fects of Azo to bac ter
chro o coc cum in to ma to and pep per growth and pro duc tion by using two types of ino cu la -
tion — seed ino cu la tion and se e dling ino cu la tion. The ef fect of ino cu la tion was ob ser ved
thirty days af ter sowing, thirty days af ter tran splan ting, and in the pha se of tec hno lo gi cal
ma tu rity. The following were me a su red: he ight of the plants, dry mat ter of the plants and
num ber and the weight of the fru its. Ino cu la tion had a po si ti ve ef fect on the se in both
plants. With to ma to, bet ter re sults were ac hi e ved when se e dlings were ino cu la ted. With
pep per, the length of the plant and the dry mat ter were gre a ter with se e dling ino cu la tion,
whereas the num ber and the weight of the fru its were gre a ter with seed ino cu la tion.

KEY WORDS: ino cu la tion, azo to bac ter, to ma to, pep per

IN TRO DUC TION

Azo to bac ter strain is a free-li ving ni tro gen-fixer. It li ves freely in soil,
growing in abun dan ce in the rhi zosp he re with a hig her con cen tra tion of or ga -
nic mat ter sec re ted by plants (B e r  k u m  and  B o  h l o o l, 1980). So me ti mes
azo to bac ter li ves on the very sur fa ce of the ro ot, ma king a mu co us co ver and
thus cre a ting a stron ger bond with the plant (as so ci a tion). The amo unt of
atmosp he ric ni tro gen fixed by azo to bac ter ran ges from 50 to 80 kg/ha a year,
de pen ding on the con di ti ons in soil. Apart from fixing ele men tary ni tro gen,
azo to bac ter pro du ces bi o lo gi cally ac ti ve sub stan ces-auxins, gib be rel lin, pyri -
doxine, bi o tin, and ni co ti nic acid which can all con tri bu te to plant growth.
The re fo re, azo to bac ter can al so be used as a mic ro bi o lo gi cal fer ti li zer in the
pro duc tion of non-le gu mes (M i  l i ã  et al., 2004). Se ve ral ino cu la tion tre at -
ments can be ap plied: in tro duc tion of azo to bac ter in to soil be fo re sowing it,
seed ino cu la tion be fo re sowing, se e dling ino cu la tion, and in tro duc tion of azo to -
bac ter in to soil by me ans of ir ri ga tion du ring the ve ge ta tion pe riod.
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The aim of this re se arch was to ob ser ve the pos si bi li ti es of using Azo to -
bac ter chro o coc cum in the growth and pro duc tion of to ma to and pep per by
ino cu la ting the seed and the se e dling.

MA TE RIAL AND MET HODS

The experiment was con duc ted in cher no zem soil with two kinds of
plants: to ma to (No vo sad ski ja bu car va ri ety) and pep per (Ka li for nij sko åu do
va ri ety). In au tumn, ma nu re was in tro du ced in the soil. The va ri ants in the
experiment were seed ino cu la tion, se e dling ino cu la tion, and con trol (no ino cu -
la tion).

Seed ino cu la tion con si sted of im mer sing 50 g of to ma to and pep per se eds 
in 15 ml of an ino cu lum con ta i ning 108/ml of Azo to bac ter chro o coc cum cells.
The se eds were left in the ino cu lum for three ho urs.

Se e dling ino cu la tion was per for med by im mer sing the ro ot of se e dlings in 
an ino cu lum con ta i ning 108/ml of Azo to bac ter chro o coc cum cells.

The sowing of ino cu la ted and non-ino cu la ted seed was per for med in early 
April. The dis tan ce between se eds was 5 cm.

Thirty days af ter sowing, the plants were dug out and di vi ded in to three
gro ups of thirty plants. The gro up I con si sted of the plants whose seed was
ino cu la ted. The gro up II was the plants whose ro ots were ino cu la ted, and the
gro up III was the con trol plants that were not ino cu la ted at all. All the plants
were plan ted in to rows. The dis tan ce between each plant was 30cm.

The ef fect of ino cu la tion was ob ser ved thirty days af ter sowing, thirty
days af ter tran splan ting and in the pha se of tec hno lo gi cal ma tu rity. The length
and the dry mat ter of the plants were me a su red and the num ber and weight of
fru its of to ma to and pep per was de ter mi ned.

RE SULTS AND DI SCUS SION

Thirty days af ter sowing the re was no ef fect of Azo to bac ter chro o coc cum
on the length of the plant abo ve gro und, ro ot, or the whole plant of to ma to
(Ta ble 1).

Tab. 1. — The ef fect of ino cu la tion on the length of to ma to plants

Variants

30 days after seeding 30 days after transplanting

Above ground
(cm)

Root
(cm)

Above ground
(cm)

Root
(cm)

Control
Inoculation of seed

Inoculation of seedlings

6.820
6.800

1.540
2.060

29.300
35.000
39.233

13.233
20.033
27.267

LSD
1%
5%

2.523
1.521

0.937
0.565

0.814
0.491

0.928
0.560

Thirty days af ter tran splan ting, however, the ef fect of ino cu la tion was sta -
ti sti cally sig ni fi cant. The abo ve gro und part of the ino cu la ted plants was lon -
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ger by 6—10 cm than in the con trol plants, and the ro ot of the ino cu la ted
plants was lon ger by 7—14 cm than the ro ot of the con trol plants. A bet ter ef -
fect was ac hi e ved when the se e dlings were ino cu la ted (ta ble 1).

Thirty days af ter sowing the pep per, the length of the abo ve gro und part
of the ino cu la ted plants was smal ler than the length of the con trol plants. The
length of the ro ot was the sa me in both ino cu la ted and non-ino cu la ted plants.
However, thirty days af ter tran splan ting, the to tal length of the ino cu la ted
plants was gre a ter by abo ut 10—17 cm. As in to ma to, the bet ter ef fect was
achi e ved with se e dlings ino cu la tion.

Tab. 2. — The ef fect of ino cu la tion on the length of pep pers plants

Variants

30 days after seeding 30 days after transplanting

Above ground
(cm)

Root
(cm)

Above ground
(cm)

Root
(cm)

Control
Inoculation of seed

Inoculation of seedlings

4.360
2.580

2.520
2.540

19.133
27.200
32.233

5.553
7.433
9.267

LSD
1%
5%

2.358
1.422

2.358
1.422

1.243
0.750

2.497
1.505

Thirty days af ter tran splan ting, the dry mat ter mass of the ino cu la ted
plants, espe ci ally to ma to, was gre a ter than the dry mat ter mass of the non-ino cu -
la ted plants. Se e dlings ino cu la tion had a bet ter ef fect with both plants (ta ble 3).

Tab. 3. — The ef fect of ino cu la tion on dry mat ter mass of to ma to and pep pers plant

Variants

Dry matter mass of tomato
plant (g plant–1)

Dry matter mass of peppers
plant (g plant–1)

30 days
after seeding

30 days after
transplanting

30 days
after seeding

30 days after
transplanting

Control
Inoculation of seed

Inoculation of seedlings

0.11
0.11

12.25
25.37
52.43

0.069
0.033

7.17
8.24
9.45

LSD
1%
5%

0.001
0.000

1.93
1.16

0.003
0.001

0.112
0.067

Ino cu la tion with Azo to bac ter chro o coc cum had a sig ni fi cant ef fect on the
num ber and weight of pep per and to ma to fru its (Ta ble 4). With to ma to, the re -
sults were bet ter when se e dlings were ino cu la ted. With pep per, seed ino cu la -
tion was mo re ef fec ti ve.
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Tab. 4. — The ef fect of ino cu la tion on the num ber and weight of to ma to and pep pers fru its

Variants

Tomato Peppers

Number of
fruits per plant

Average weight
of one fruit (g)

Number of
fruits per plant

Average weight
of one fruit (g)

Control
Inoculation of seed

Inoculation of seedlings

 5.77
 7.72
10.20

 59.46
 78.50
105.56

5.33
6.36
5.83

188.36
231.53
211.50

LSD
1%
5%

1.35
0.81

0.788
0.475

1.42
0.86

15.12
 7.43

The use of Azo to bac ter chro o coc cum in plant pro duc tion was al so ju sti -
fied in many ear li er re se ar ches.  M i  l o  š e  v i ã  et al. (1994) con clu ded that
the sa me stra ins of Azo to bac ter chro o coc cum did not pro du ce the sa me ef fect
in dif fe rent va ri e ti es of pep per.  G o  v e  d a  r i  c a  et al. (1996) ac hi e ved fa ster
ger mi na tion when cu cum ber seed was ino cu la ted be fo re sowing.  G o  v e  d a  -
r i  c a  et al. (1997) ac hi e ved a po si ti ve ef fect of azo to bac ter on the growth of
pep per. The re se ar ches of  M r  k o  v a å  k i  and  M i  l i ã  (2001) showed that
this bac te ri um in cre a ses the su gar con tent of su gar be et. In the re se ar ches of
ma i ze pro duc tion by  G o  v e  d a  r i  c a  et al. (2002) and  H a j  n a l  et al.
(2004), an even ger mi na tion, a 3% hig her yield and an in cre a sed mic ro bi o lo gi -
cal ac ti vity were ac hi e ved when Azo to bac ter chro o coc cum was ap plied.  J a  -
r a k  et al. (2006) ac hi e ved a po si ti ve ef fect of azo to bac ter on yield of wheat
and on mic ro bi o lo gi cal ac ti vity in wheat rhi zosp he re. Azo to bac ter can be used
as an al ter na ti ve to con ven ti o nal ni tro gen fer ti li zers. The use of Azo to bac ter
chro o coc cum in to ma to and pep per pro duc tion co uld re du ce the need for ni tro -
gen mi ne ral fer ti li zers, which is im por tant both eco no mi cally and eco lo gi cally.

CON CLU SION

— Thirty days af ter sowing the re was no ef fect of Azo to bac ter chro o coc -
cum on the length and on the dry mat ter mass of to ma to and pep per plants.

— Ino cu la tion of to ma to and pep per with Azo to bac ter chro o coc cum had
a sta ti sti cally sig ni fi cant po si ti ve ef fect on the length and weight of the plants
thirty days af ter tran splan ting. A bet ter ef fect was ac hi e ved when se e dlings
were ino cu la ted.

— The num ber and weight of pep per and to ma to fru its were sig ni fi cantly 
hig her in ino cu la ted va ri ants. Se e dling ino cu la tion was mo re ef fec ti ve with to -
ma to. Seed ino cu la tion was mo re ef fec ti ve with pep per.
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KO RI SNOST INO KU LA CI JE S AZO TO BAK TE ROM NA RAS TE WE
I NA PRO DUK TIV NOST PA RA DAJ ZA I PA PRI KE

Mir ja na N. Ja rak, Si mo ni da S. Ðu riã, Bi qa na D. Ðor ðe viã

Po qo pri vred ni fa kul tet, No vi Sad, Trg D. Ob ra do vi ãa 8, Sr bi ja

Re zi me

Azo to bak ter spa da u slo bod ne azo to fik sa to re. U za vi sno sti od so ja i uslo -
va sre di ne, azo to bak ter mo ÿe fik si ra ti 50 do 80 kg azo ta po hek ta ru go di šwe.
Osim što usva ja ele men tar ni azot, on pro du ku je i ma te ri je ko je po spe šu ju rast
bi qa ka. Zbog tih svoj sta va azo to bak ter se pri me wu je kao bi o fer ti li za tor. Po -
sto je raz li åi ti na åi ni pri me ne azo to bak te ra — u ze mqi šte pre se tve, na se me
i na ra sad.

Ciq is tra ÿi va wa je bio da se is pi ta efe kat pri me ne Azo to bac ter chro o coc -
cum u pro iz vod wi pa ra daj za i pa pri ke ko ri šãe wem dva na åi na ino ku la ci je —
ino ku la ci ja se me na i ino ku la ci ja ra sa da. Uti caj ino ku la ci je is pi ti van je tri -
de set da na po sle se tve, tri de set da na po sle ra sa ði va wa i u fa zi teh no lo ške
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zre lo sti. Is pi ti va ni su vi si na bi qa ka, su va ma sa bi qa ka, broj plo do va i ma sa
sve ÿih plo do va.

Tri de set da na po sle se tve ni je bi lo uti ca ja Azo to bac ter chro o coc cum na du -
ÿi nu i su vu ma su bi qa ka. Ino ku la ci ja pa ra daj za i pa pri ke ima la je zna åa jan
uti caj tri de set da na na kon ra sa ði va wa. Bo qi efe kat ima la je ino ku la ci ja ra sa -
da. Broj i te ÿi na plo do va kod obe biqne vr ste bi li su zna åaj no ve ãi na ino ku -
li sa nim va ri jan ta ma. Ino ku la ci ja ra sa da ima la je bo qi efe kat kod pa ra daj za
dok je kod pa pri ke bo qi efe kat ima la ino ku la ci ja se me na.
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STUDY OF AQUATIC MAC ROPHYTES
IN THE WETLANDS ON THE TER RI TORY OF

VRAC HAN SKI BAL KAN NA TU RE PARK

AB STRACT: An ove rall study of the spe ci es com po si tion and abun dan ce of mac ro -
phytes in all open water bo di es of a lar ge pro tec ted ter ri tory was ma de for the first ti me in
Bul ga ria. Fo ur high-mo un tain eu trop hic la kes and the up per stretches of three ri vers within
the bo un da ri es of Vrac han ski Bal kan Na tu re Park were in ve sti ga ted. Thirty-ni ne mac ro -
phyte spe ci es (hig her plants and mos ses) were iden ti fied scat te red aro und, or for ming mo re
or less dis tinct ve ge ta tion gro ups. Three of the la kes are new for the co un try lo ca ti ons of
the spe ci es Ela ti ne al si na strum and Pe plis por tu la. The pro ces ses of eu trop hi ca tion are
more advan ced in the la kes. The ha bi tats for med aro und the in ve sti ga ted water bo di es ha ve
been de ter mi ned. They are three ha bi tats of Eu ro pean Com mu nity in te rest for Bul ga ria. The 
ma jor thre ats for the in ve sti ga ted wetlands on the ter ri tory of the Park are po in ted out.

KEY WORDS: Vrac han ski Bal kan Na tu re Park, mac rophytes, spe ci es com po si tion,
run ning waters, la kes

IN TRO DUC TION

This study of mac rophytes has been car ried out within the framework of
the pro ject Ob ser va ti ons on po pu la ti ons of con ser va ti o nally im por tant plant
and ani mal spe ci es on the ter ri tory of Vrac han ski Bal kan Na tu re Park and
data ba se com ple tion.

The main ob jec ti ve of the study was to in ve sti ga te mac rophyte di ver sity
(of spe ci es and in quantitative terms) in zo nes of high con ser va ti o nal va lue,
with pri o rity im por tan ce for pro tec tion of the her pe to fa u na. Such zo nes on the
ter ri tory of the Park are pre do mi nantly the na tu ral open water bo di es. The
mac rophytes ha ve been in ve sti ga ted in the se zo nes as a fun da men tal gro up
within the food cha ins and in ter re la ti ons in the ir ecosystems.

The ob jec ti ve was im ple men ted thanks to the ful fil lment of the following
tasks:
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— Study of the mac rophytes — spe ci es com po si tion, plant com mu ni ti es
for med by them and the de gree of the ir for ma tion

— Ha bi tats in which the se com mu ni ti es par ti ci pa te
— Sta tus of the in ve sti ga ted wetlands
— Thre ats to the wetlands

MA TE RIAL AND MET HODS

Vrac han ski Bal kan Na tu re Park is si tu a ted in Northwest Bul ga ria and it
co vers most of the Vrat sa Di vi de and the mas si ve of La kat nik Rocks. Vrat sa
Di vi de ri ses to the so uth of the Vrat sa Plain and bran ches off the Bal kan
Range. The Park co vers 28 803.0 ha. Ve ge ta tion of the Vrac han ski Bal kan
Natu re Park is do mi na ted by two belts: of mixed oak fo rests (700—1000 m
a.s.l.) and of be ech fo rests (700—800 m and up to 1200 m a.s.l.). Abo ve the
be ech fo rest belt a small, de fo re sted stretch is in ha bi ted by grassy com mu -
nities.

Two types of na tu ral open water bo di es oc cur ring on the ter ri tory of the
Park ha ve been ob ject of our study: stan ding eu trop hic la kes and the up per -
most stretches of the ri vers Le va, Cher na, and Zla tit sa. The ri ver cur rents ha ve 
been stu died abo ve the Zgo ri grad, Lyutadz hik, and Zve ri no vil la ges, in or der
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to avoid the ef fect of the an thro po ge nic load ca u sed by them. The la kes lie at
al ti tu des of abo ut 1200 m—1300 m and the in ve sti ga ted ri ver stretches some -
where between 320 m and 600 m a.s.l.

The la kes are si tu a ted abo ve the up per tim ber li ne, in an area westwards
of Par she vit sa cha let (Pho to 1). They are sun lit al most all day long. The water
mir ror area in three of them va ri es from 0.08 ha to abo ut 0.1 ha, while in the
fo urth it is abo ut 25—30 sq.m. The ir depth is between 25 cm and 150 cm.
The la kes ho res are ba re, co ve red only by her bal ve ge ta tion and oc ca si o nally
this grassy co ver is com ple tely de stroyed by the li ve stock herds re a red in this
re gion. The flo ors of the se water bo di es are co ve red with a thick layer of mud
and silt. The re is mass blo o ming of green and red al gae in two of the la kes,
which is a cle ar sign of a strongly advan ced pro cess of eu trop hi ca tion. The
rea son for over de ve lop ment of al gae in them is the ir small depth, ra pid warm -
ing of water and zo o ge nic pres su re by the li ve stock.

The in ve sti ga ted ri vers ha ve stony beds: abo ut 90% of sto nes and 10% of 
co ar se-gra i ned sand. They are lit up par ti ally by the sun du ring dif fe rent ho urs, 
or are com ple tely sha ded. The width of water cur rents va ri es from 1.5 m to
2.0 m and the ir depth is 30 cm. Small po ols form oc ca si o nally in them. The
cur rent is fast and the water is tran spa rent.

The tran sect met hod of study was ap plied, with fixed spots, as requested
by the “Water quality: Gu i dan ce stan dard for sur veying of aquatic mac ro -
phytes in run ning waters" EN 14184 CEN/01. 08. 2003 for run ning waters and 
“Water quality: Gu i dan ce stan dard for sur veying of mac rophytes in la kes —
com ple men tary ele ment", CEN TC 230/TG 3/N72 for stan ding water bo di es.

Mac rophytes (vas cu lar plants and mos ses) were de scri bed in each fixed
spot. Plant abun dan ce was as ses sed ac cor ding to the 5-po int Braun-Blanquet
sca le (G u  i  n o c  h e t, 1973). Mos ses in the de scrip ti ons were de sig na ted by
(+), without as ses sment of abun dan ce. Mac rophyte spe ci es com po si tion in the
fo ur la kes is pre sen ted in a ta ble, and the re is a ge ne ral ta ble for each ri ver,
with da ta on the mac rophytes from all fixed spots de sig na ted on the ir re s -
pective cur rents.

La tin na mes of the vas cu lar plants are gi ven ac cor ding to the Gu i de to
the Hig her Plants in Bul ga ria (1992), and of mos ses ac cor ding to  P e  t r o v
(1975) and  S m i t h  (1980).

The ha bi tats were de fi ned ac cor ding to the Gu i de for Iden ti fi ca tion of
Ha bi tats of Eu ro pean Com mu nity In te rest in Bul ga ria (2009).

RE SULTS AND DI SCUS SION

Mac rophyte spe ci es of hig her plants are re fer red to 22 spe ci es from 22
ge ne ra, be lon ging to 19 fa mi li es. The gro up of mos ses is re pre sen ted by 18
spe ci es, re fer red to 17 ge ne ra from 12 fa mi li es. The se da ta te stify to a re la ti -
vely gre at flo ri stic di ver sity, con si de ring the mo dest si ze of the water bo di es.

Of all 22 mac rophyte spe ci es, 20 are widely spread in Bul ga ria. Two spe -
ci es — Ela ti ne al si na strum and Pe plis por tu la — oc cur very sel dom and the
three la kes in which they were fo und re pre sent new lo ca ti ons of the se plants in 
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Bul ga ria. This fact en han ces the bo ta ni cal va lue of the water bo di es si tu a ted
on the ter ri tory of the Park. Ir re spec ti ve of the extremely high zo o ge nic pres -
su re on the water bo di es, the po pu la ti ons of both spe ci es (Ela ti ne al si na strum
and Pe plis por tu la) were nu me ro us (in all ca ses over 100 spe ci mens) and the
plants were in a very good con di tion. At the ti me of study, both spe ci es were
flowering (Pho tos 2 and 3).
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Tab. 1. — List of the mac rophytes

Higher plants Bryophytes

Alisma plantago-aquatica L. Aulacomnium palustre (Hedw.) Schwägr.
Butomus umbellatus L. Brachythecium rutabulum (Hedw.) Schimp.
Callitriche hamulata Kütz. Bryum argenteum Hedw.
Carex pendula Huds. Bryum dichotomum Hedw.
Elatine alsinastrum L. Chilosciphus polyanthos (L.) Corda
Eleocharis palustris (L.) R. Br. Cratoneuron filicinum (Hedw.) Spruce
Epilobium hirsutum L. Ctenidium molluscum (Hedw.) Mitt.
Equisetum palustre L. Didymodon sp.
Juncus effusus L. Fontinalis antipyretica Hedw.
Lycopus europaeus L. Funaria hygrometrica Hedw.
Lysimachia nummularia L. Hygroamblystegium tenax (Hedw.) Jenn.
Lythrum salicaria L. Isothecium alopecuroides (Lam. ex Dubois) Isov.
Mentha spicata L. Marchantia aquatica (Nees) Burgeff
Myosoton aqaticum (L.) Moench Palustriella commutata (Hedw.) Ochyra
Peplis portula L. Pellia sp.
Persicaria hydropiper (L.) Spach Platyhypnidium riparioides (Hedw.) Dixon
Potamogeton natans L. Pohlia nutans (Hedw.) Lindb.
Ranunculus sardous Crantz Schistidium rivulare (Brid.) Podp.
Rorippa sylvestris (L.) Bess.
Solanum dulcamara L.
Sparganium erectum L.
Veronica beccabunga gr.
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Phyto co e no ti cally, most in te re sting were the com mu ni ti es of Po ta mo ge ton 
na tans, for med in the water mir rors of two of the la kes. Ali sma plan ta go -
-aquatica was com pa ra ti vely abun dant in three of the la kes, but most of its
spe ci mens were strongly sup pres sed and did not flower (Ta ble 2, Pho to 4).

Tab. 2. — La kes

Species Abundance

Potamogeton natans L. 4
Alisma plantago-aquatica L. 1-3
Peplis portula L. 1-2
Juncus effusus L. 1-2
Callitriche hamulata Kütz. 1-2
Butomus umbellatus L. 2
Eleocharis palustris (L.) R. Br. 1
Sparganium erectum L. 1
Elatine alsinastrum L. 1
Persicaria hydropiper (L.) Spach 1
Mentha spicata L. 1

The spe ci es com po si tion of mac rophytes has shown rat her advan ced pro -
ces ses of eu trop hi ca tion of the fo ur la kes: the indexes of the se plants were 5,
or abo ve (V a l  c h e v, 2009). This was con fir med by the strong pre sen ce of
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Ali sma plan ta go-aquatica. Emer gen ce of Spar ga ni um erec tum in one of the la -
kes (index 5—7) con fir med the la ke as highly eu trop hic. The pro ces ses of ac -
cu mu la tion of or ga nic and inor ga nic sub stan ces in the water body of the smal -
lest la ke were most advan ced and this has led to in ten si ve blo o ming of the
green al gae in it. They did not allow ot her plant spe ci es to set tle the re.

The spe ci es com po si tion of mac rophytes in the ri vers was com pa ra ti vely
po or and the dif fe rent spe ci es had low abun dan ce (Ta bles 3—5, Pho to 5). The
low abun dan ce of mac rophytes was con di ti o ned by the stony ri ver beds and the 
high speed of the water cur rent. The se two fac tors did not allow mo re struc tu -
red mac rophyte gro ups to be for med and that is why the plants were mo re or
less scat te red. The abo ve-men ti o ned fac tors (ri ver beds and the speed of the
water flow) were al so the re a son for mac rophytes (hig her plants) to be re pre -
sen ted only by the gro up of He lophytes.

Tab. 3. — Ri ver Le va, abo ve Zgo ri grad vil la ge

Species Abundance

Equisetum palustre L. 1
Persicaria hydropiper (L.) Spach 1
Mentha spicata L. +
Aulacomnium palustre (Hedw.) Schwägr. +
Chilosciphus polyanthos (L.) Corda +
Cratoneuron filicinum (Hedw.) Spruce +
Ctenidium molluscum (Hedw.) Mitt. +
Didymodon sp. +
Isothecium alopecuroides (Lam. ex Dubois) Isov. +
Palustriella commutata (Hedw.) Ochyra +
Pellia sp. +
Platyhypnidium riparioides (Hedw.) Dixon +

Tab. 4. — Ri ver Cher na, abo ve Lyutadz hik vil la ge

Species Abundance

Mentha spicata L. 3-1
Persicaria hydropiper (L.) Spach 2-1
Equisetum palustre L. 2-1
Rorippa sylvestris (L.) Bess. 1
Veronica beccabunga gr. 1
Lythrum salicaria L. 1
Juncus effusus L. 1
Ranunculus sardous Crantz 1
Epilobium hirsutum L. 1
Lysimachia nummularia L. 1
Lycopus europaeus L. 1
Carex pendula Huds. 1
Myosoton aqaticum (L.) Moench 1
Brachythecium rutabulum (Hedw.) Schimp. +
Hygroamblystegium tenax (Hedw.) Jenn. +
Cratoneuron filicinum (Hedw.) Spruce +
Platyhypnidium riparioides (Hedw.) Dixon +
Schistidium rivulare (Brid.) Podp. +
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Tab. 5. — Ri ver Zla tit sa, abo ve Zve ri no vil la ge

Species Abundance

Mentha spicata L. 4-2
Equisetum palustre L. 3-2
Ranunculus sardous Crantz 2-1
Epilobium hirsutum L. 3-1
Juncus effusus L. 2-1
Lythrum salicaria L. 2
Veronica beccabunga gr. 1
Persicaria hydropiper (L.) Spach 1
Solanum dulcamara L. 1
Rorippa sylvestris (L.) Bess. 1
Lycopus europaeus L. +
Fontinalis antipyretica Hedw. +
Funaria hygrometrica Hedw. +
Hygroamblystegium tenax (Hedw.) Jenn. +
Brachythecium rutabulum (Hedw.) Schimp. +
Bryum dichotomum Hedw. +
Marchantia aquatica (Nees) Burgeff +
Palustriella decipiens (De Not) Ochyra +
Pohlia nutans (Hedw.) Lindb. +
Bryum argenteum Hedw. +
Platyhypnidium riparioides (Hedw.) Dixon +
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In tho se parts of the ri ver val leys so me spe ci es of the mos ses gro up oc -
cur red: Bryophyta and Mar chan ti ophyta. Among the se, the most frequent were 
Platyhypni di um ri pa ri o i des and Cra to ne u ron com mu ta tum. The pre sen ce of
the se mos ses and the ir abun dan ce on the rocks and in the water has shown
that the pro ces ses of eu trop hi sa tion in the se water bo di es are still in the ir ini -
tial sta ge. The se ri vers on the ter ri tory of the Park were in a rat her good sta te
in terms of the trop hic cha rac ter of the ir water bo di es.

Ve ge ta tion in the in ve sti ga ted eu trop hic la kes and the com mu ni ti es of Po -
ta mo ge ton na tans allowed us to re fer it to ha bi tat 3150 — Na tu ral eu trop hic
la kes with Mag no po ta mion or Hydroc ha ri tion type ve ge ta tion. Spe ci es com -
po si tion of ve ge ta tion in that ha bi tat is cer ta inly by far ric her, as com pa red to
the con cre te ca se, owing to the fact that the la kes were su bjec ted to a strong
zo o ge nic pres su re from the li ve stock herds gra zing the re. The la kes them sel ves 
are si tu a ted in a re gion with a do mi na ting ha bi tat 6170 — Al pi ne and su b -
alpine cal ca re o us gras slands.

The spe ci es com po si tion of mac rophytes in the ri vers re fers them to ha bi -
tat 3260 — Water co ur ses of plain to mo un tain le vels with the Ra nun cu lion
flu i tan tis and Cal li tric ho-Ba trac hion ve ge ta tion. He re men tion de ser ves the
fact that in this ca se only the up per most stretches of the ri vers on the ter ri tory
of the Park are di scus sed. This explains the ab sen ce of many aquatic mac ro -
phyte spe ci es, eit her flo a ting or sub mer ged (per so nal ob ser va ti ons of Vla di mir
Val chev in Sep tem ber 2004): in the mid dle stretches of the sa me ri vers but
out si de the ter ri tory of the Park such spe ci es as Po ta mo ge ton no do sus, P. per -
fo li a tus, Myri ophyllum spi ca tum, Ce ra tophyllum de mer sum, etc. ha ve been en -
co un te red, which fall among the cha rac te ri stic plant taxa for ha bi tat 3260).

The ori gin and for ma tion of the la kes and con fi gu ra tion of the ter rain in
the re gion of stan ding water bo di es set a pre con di tion for the advan ced pro ces -
ses of eu trop hi ca tion in them. A com bi na tion with the strong zo o ge nic pres -
sure from the li ve stock herds in the re gion explains the de gra da tion of the
water bo di es: im po ve ris hment of the spe ci es com po si tion of mac rophytes and
pre sen ce of po orly struc tu red ve ge ta tion gro ups. The com mu ni ti es of Po ta mo -
ge ton na tans, which ha ve ma na ged to sur vi ve in two of them, are an excep -
tion. Gre a ter stretches of the la ke sho res were com ple tely de pri ved of any ve -
ge ta tion co ver un der the im pact of the exceptionally strong pa stu re de gra da tion 
ca u sed by the watering li ve stock herds. Mac rophyte ve ge ta tion in them has
sur vi ved only in tho se parts of the water bo di es that are inac ces si ble to the
live stock. All this prompts the con clu sion that the sta te of the se water bo di es
is clo se to cri ti cal.

In terms of the trop hic cha rac ter of water, the sta te of in ve sti ga ted ri vers
was much bet ter. This was due to the strong water cur rent, very stony ri ver -
beds and very ac ti ve pro ces ses of water ae ra tion.

The gre a test thre at to the nor mal existence of the in ve sti ga ted water bo -
dies is the pos si ble drying up of the cli ma te. It co uld ma ke so me of them (the
la kes) di sap pe ar, or lead to cri ti cal de ple tion of the water flow (the ri vers).
Gre at pro blem are al so the she ep herds gra zing in the la ke re gion du ring the
warm months of the year.
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CON CLU SION

The in ve sti ga ted water bo di es are an im por tant ele ment of the na tu ral re -
so ur ces of the Vrac han ski Bal kan Na tu re Park and en rich its lan dsca pe and ha -
bi tat di ver sity. In terms of spe ci es di ver sity and abun dan ce of mac rophytes, the 
in ve sti ga ted eu trop hic la kes (stan ding water bo di es) are mo re in te re sting. The ir 
bo ta nic va lue is al so en han ced by the fact that they are new lo ca ti ons of two
ra re for Bul ga rian mac rophyte spe ci es: Ela ti ne al si na strum and Pe plis por tu la.

Spe ci es di ver sity of the in ve sti ga ted si tes is re la ti vely gre at, while the ha -
bi tats to which they are re fer red by the ir ve ge ta tion are of Eu ro pean Com mu -
nity in te rest in Bul ga ria. Gra ver is the sta te of the la kes, be ca u se they are lo -
cated in a re gion su bjec ted to in ten si ve gra zing and zo o ge nic pres su re. The
main thre at for the la kes is zo o ge nic pres su re (gra zing and pa stu re de gra da -
tion), while for the ri vers is the ir pol lu tion by to u rists or lo cal in ha bi tants.
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IS TRA ŸI VA WA AKVA TIÅ NIH MA KRO FI TA U VLA ŸNIM ZO NA MA
NA POD RUÅ JU PAR KA PRI RO DE „VRA ÅAN SKI BAL KAN"

Vla di mir V. Val åev,1, Da ni je la I. Sto je va2

1 Bo ta niå ki in sti tut, BAS, ul. Akad. G. Bon åev, bl. 23,
1113 So fi ja, Bu gar ska

2 Ad mi ni stra ci ja Par ka pri ro de „Vra åan ski Bal kan",
ul. Ivan ka Bo te va 1, 3000 Vra ca, Bu gar ska

Re zi me

Po pr vi put je u Bu gar skoj spro ve de no ce lo vi to is tra ÿi va we flo ri stiå -
kog sa sta va i kvan ti ta tiv ne za stu pqe no sti akva tiå nih ma kro fi ta na svim otvo -
re nim vo de nim po vr ši na ma na ve li koj za šti ãe noj te ri to ri ji. Pro u åa va na su
åe ti ri vi so ko pla nin ska eu trof na je ze ra i to ko vi tri ju re ka u gra ni ca ma Par ka 
pri ro de „Vra åan ski Bal kan". Usta no vqe no je pri su stvo 39 vr sta akva tiå nih ma -
kro fi ta (vi ših bi qa ka i ma ho vi na), ko je ra stu me sti miå no ili obra zu ju ve ãe
ili ne što sla bi je, do bro for mi ra ne biqne za jed ni ce. Tri je ze ra pred sta vqa ju
no va na la zi šta na dr ÿav nom ni vou za vr ste Ela ti ne al si na strum i Pe plis por tu la.
Pro ce si eu tro fi za ci je su u je ze ri ma ve o ma iz ra ÿe ni. Od re ðe ni su ti po vi sta -
ni šta ko ji se for mi ra ju u oko li ni is tra ÿi va nih vo de nih obje ka ta. To su tri
ha bi ta ta evrop skog zna åa ja u Bu gar skoj. De fi ni sa ni su i osnov ni fak to ri ugro -
ÿa va wa za is tra ÿi va ne vla ÿne zo ne na pod ruå ju par ka.
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SCA RA BI DAE — IN TER ME DI A TE HOST FOR
MAC RA CANT HORHYNCHUS HI RU DI NA CE US

AB STRACT: Mac ra cant horhynchus hi ru di na ce us in fe sta tion is pa ra si to sis ca u sed by
Mac ra cant horhynchus hi ru di na ce us Adult forms pa ra si te in small in te sti ne of swine. De ve -
lop ment of pa ra si te is hap pe ning thro ugh in ter me di a te hosts — co le op te ras from Sca ra ba e i -
dae fa mily (Me lo lont ha vul ga ris, Ce to nia au ra ta, Polyphil la ful lo, Ano ma lia vi tis etc). In -
fec tion be gins when swines in gest in fec ted co le op te ras. Mac ra cant horhynchus hi ru di na ce us
in fe sta tion is en co un te red in swines in extensive bre e ding, as well as in wild bo ars.

KEY WORDS: Mac ra cant horhynchus hi ru di na ce us, co le op te ras, swine's, epyso o ti o -
logy

IN TRO DUC TION

Mac ra cant horhynchus hi ru di na ce us in fe sta tion is pa ra si to sis in du ced by
acant ho cep ha les be lon ging to gen der Mac ra cant horhynchus — Mac ra cant hor -
hynchus ca tu li nus (K o s t y l e v, 1927), M. in gens (L i n  s t o w, 1879) and
Mac ra cant horhynchus hi ru di na ce us (P a l  l a s, 1781) (C r o m p  t o n  and  N i  c  -
k o l, 1995,  P a  v l o  v i ã  et al., 2007b). Di se a se of swines is most frequently
ca u sed by Mac ra cant horhynchus hi ru di na ce us (E r  š o v  et al., 1963;  V u  j i ã, 
1976;  L i n d q u i s t, 1978;  L o n  å a  r e  v i ã  et al., 1997;  P a  v l o  v i ã  et al., 
1997;  K u  l i  š i ã, 2001). Mac ra cant horhynchus hi ru di na ce us are cylin der pa -
ra si tes of big growth and explicit expression of sexual di morp hism (C r o m p  -
t o n  and  N i c  k o l, 1995). Ma le is 5—10 cm long, 3—5 mm wide and usu ally
ben ded li ke com ma, with bell sha ped po ste ri or end. Fe ma les are 10—17 cm
long, (yet exemplars of 47—53 cm of length are re gi ste red, too), and 4—10
mm wide (E r  š o v  et al., 1963;  S o  u l s b y, 1977;  C r o m p  t o n  and  N i c  -
k o l, 1995). They ha ve dull po ste ri or end and usu ally are spi rally twisted
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(Š u l c  and  G r o  z d o v, 1972;  L i n d q u i s t, 1978). At the an te ri or end,
the re is ro un ded pro bo scis-fe e ler 1 mm long, up to 500 mic rons wide, ar med
with backwards twisted ho oks, pla ced by 6 in 5—6 tran sver sal rows, or by 3
in 12 lon gi tu di nal rows. Body of pa ra si te is pa in ted white with sha des of blue, 
cylin dri cal with big ger or les ser extensions in dif fe rent parts, with gro o ved
cutic le (D u  n a  g a n  and  M i l  l e r, 1987).

Mac ra cant horhynchus hi ru di na ce us pa ra si ti zes in do me stic and wild swi -
nes, and ra rely in dogs and mon keys (C o r w i n  and  S t e w a r t, 1992;
C r o m p  t o n  and  N i c  k o l, 1995; Mary  A q u i n, 2003). Hu man in fec ti ons
are re gi ste red in Asia and Au stra lia (P r a  d a t  s u n  d a  r a  s a r  and  P e c  h r a  -
n o n d, 1961;  P r o  c i v  et al., 1990).

IN TER ME DI A TE HOSTS OF Mac ra cant horhynchus hi ru di na ce us

Mac ra cant horhynchus hi ru di na ce us fe ma les lay oval eggs 60—100 mic ro -
me ters long and 50—56 mic rons wide, that co me to en vi ron ment excreted
with fe ces. They con tain em bryo sur ro un ded by 3 mem bra nes, ar med with se -
ve ral ho oks (ho o klets) (C r o m p  t o n  and  N i c  k o l, 1995). The ir furt her de -
ve lop ment ta kes pla ce in in ter me di a te hosts-co le op te ras be lon ging to Sca ra ba e -
i dae fa mily (S o  u l s b y, 1977;  L i n d q u i s t, 1978;  P a  v l o  v i ã  et al.,
2007b). Tho se are most frequently in sects Me lo lont ha me lo lont ha and Me lo -
lont ha vul ga ris, ro se ver min — Ce to nia au ra ta, mar ble in sect — Polyphylla
ful lo, May's ver min — Ano ma la vi tis, rol ling in sect — Sca ra be us (Ate uc hus)
sa cer, shaggy in sect — Tro pi no ta (Epi co me tis) hir ta Po da, grain-ver min —
Ani so plia se ge tum, Amp hi mal lon sol si ti ti a lis, Phylop ha ga ve he mens, etc. (O l  -
s e n, 1986;  C r o m p  t o n  and  N i c  k o l, 1995;  P a r  s h a d  and  C r o m p  -
t o n, 1997).

MORP HO LOGY OF Sca ra bi dae

Har da la ted in sects from Sca ra bi dae fa mily be long to class In sec ta, or der
Co le op te ra and sub or der Polypha ga. They are di stri bu ted worldwide, ran ging
in si ze from 0.4—11 cm. An te ri or wings (eli te re) are thic ke ned, while po ste -
rior wings (alae) are of use for flying. Head and al most en ti re body has grown 
strong — is har de ned. Fa cets of daily spe ci es are tiny, mo re flat te ned, while
spe ci es ac ti ve in twilight ha ve convex and mas si ve (B e i - B e n k o, 1968;
K r u  n i ã, 1981). An ten nas ha ve phalanxes, up to 11 ar tic les, all of dif fe rent
length.

Mo uth ap pa ra tus of ima ges and lar va's is adap ted for crun ching — man -
di ble and maxilla are well de ve lo ped and strong (C r o m p  t o n  and  N i c  k o l,
1995). It con ti nu es in to esop ha gus that is bro a de ning in craw, be hind which is
mu scu lar sto mach with cu ti cu lar thic ke ning. Mid dle in te sti ne is ca pa ci o us and
po ste ri or in te sti ne is twisted, while so me spe ci es ha ve ca e cum. Rec tum is li ke
broad cham ber (H i c  k m a n, 1973;  K r u  n i ã, 1981).

Blood system con sists of he art with dif fe rent num ber of cham bers with
ostia on it. Trac heal system is bran ching, a well de ve lo ped, and 10 pa ir of
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stig ma tic aper tu res is ar ran ged on thorax and ab do men. Brain, 3 pa irs of tho -
racic, and 6 to 8 pa irs of ab do mi nal gan glia con sti tu te ner ve system (H i c  k  -
m a n, 1973).

Out of three tho ra cic seg ments, prothorax is well de ve lo ped and mo bi le.
Me so- and metathorax are con nec ted for ming pterothorax, which is ca rrying
eli te ras (al most whole dor sal sur fa ce of pterothorax is co ve red with eli te ras)
and wings for flying. They fly with aid of po ste ri or wings that are well de ve -
lo ped, while eli te ras do not ha ve sig ni fi cant ro le in that. Po ste ri or wings are
lon ger from eli te ras, and when in sects are re sting, they are wrinkled below
elite ras (K r u  n i ã, 1981).

Extremities of Sca ra bi dae are adap ted for walking and run ning with
35-ar tic les tar sus. They ha ve pygi dial glands de ve lo ped for de fen se (K r u  n i ã, 
1981).

DE VE LOP MENT OF LAR VAE
Mac ra cant horhynchus hi ru di na ce us AT Sca ra bi dae

Mem bers of Sca ra bi dae fa mily ha ve com ple te me ta morp ho sis. They lay
eggs in dif fe rent pla ces, most of ten on le a ves or in plant's tis sue. Lar va
hatches from egg (B e i - B e n k o, 1968;  Š u l c  and  G r o  z d o v, 1972;  K r u  -
n i ã, 1981;  N i c  h o l s  et al., 2008). Sca ra bi dae lar vae ha ve tho ra cic extre -
mities without tar sus, but with lit tle claws on them. They do not ha ve ab do -
minal pro lon ga ti ons (H i c  k m a n, 1973;  K r u  n i ã, 1981). Stig mas are pla ced 
on tho ra cic and ab do mi nal seg ments. They drag out in to soil where li ve for
3—4 years and du ring that pe riod un der go com ple te me ta morp ho sis (lar va —
doll — adult form) (Š u l c  and  G r o  z d o v, 1972;  N i c  h o l s  et al., 2008).

In fec tion of Sca ra ba e i dae hap pens in lar val sta ge (Š u l c  and  G r o  z d o v,
1972). When lar vae of Sca ra bi dae eat mac ra cant horhynchus eggs excreted in to 
gro und with fe ces of swine, they re le a se lar vae (acan tor) that hitch on in te sti -
nal wall soon, with the ir ho o klets (Š u l c  and  G r o  z d o v, 1972;  P a r  s h a d
and  C r o m p  t o n, 1997). Acan tor is com ple tely de ve lo ped in 5—20 days,
be co ming evo lu ti ve form well known as acant he la (C r o m p  t o n  and N i c  -
k o l, 1995). In this sha pe, it be co mes pa ra si te of Sca ra ba e i dae lar va, feed ing,
growing, and de ve lo ping un til sta ge in fec ti o us for ori gi nal — real hosts (Z h a o
and  W a n g, 1992,  P a r  s h a d  and  C r o m p  t o n, 1997;  M a r y A q u i n,
2003). In this sta ge they stay du ring whole me ta morp ho sis of Sca ra ba e i dae
( M o  o r e, 1984;  C r o m p  t o n  and  N i c  k o l, 1995;  N i c  h o l s  et al.,
2008).

If in fec tion be gins be fo re Ju ne, acant he las are cre a ted in 3—4 months,
whilst with la ter be gin ning of in fec tion lar vae are cre a ted in 12—13 months
(D u  n a  g a n  and  M i l  l e r, 1987;  M a r y  A q u i n, 2003;  N i c  h o l s  et al., 
2008). Pre pa rent pe riod of pa ra si te lasts 2—3 months. Lar vae of Sca ra ba e i dae
li ve in soil 3—4 years crun ching ro ots of plants (B e i - B e n k o, 1968;  H i c  k  -
m a n, 1973;  K r u  n i ã, 1981). Af ter fi nis hing of de ve lop ment, they are go ing
out from the soil and li ve on the tre es li ke adult in sects, fe e ding with buds and 
le a ves (K r u  n i ã, 1981;  C r o m p  t o n  and  N i c  k o l, 1995). Mac ra cant hor -
hynchus lar vae — acant he las stay vi tal du ring whole li fe cycle of co le op te ras,
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so we can find them in lar val as well as in doll sta ge, and in adults of Sca ra -
bidae al so (Š u l c  and  G r o  z d o v, 1972;  C r o m p  t o n  and  N i c  k o l, 1995;
P a  v l o  v i ã  at al. 1997, 2007b).

Con si de ring ha bi tats where we can me et Sca ra bi dae — fi elds and pa stu re
gro unds, it is real to expect that big gest gra de of in fec tion is on fi elds ma nu re
with swine fe ces, or in gras sland with swineherd (V u  j i ã, 1976; L o n  å a  r e  -
v i ã  et al., 1997). In so me dis trict are as (Po sa vi na, Pod ri nje, up per parts of
Bac ka to Da nu be) where swine her ding is per ma nent and num ber of Sca ra bi -
dae big, pre va len ce of in fec tion with acant he las amo unts even 60% (P a  -
v l o  v i ã  et al., 2007b).

In so me lar val and doll examples, espe ci ally May's co le op te ras be lon ging 
to Me lo lont ha, Ce to nia and Polyphylla or der, up to 130 acant he las can be en -
co un te red (O l  s e n, 1986;  P a r  s h a d  and  C r o m p  t o n, 1997). High pre va -
len ce of in fec tion of Sca ra ba e i dae cer ta inly cor re la tes with lar ge extension of
swine in fec tion, length of pa ra si te li fe and gre at re si stan ce of pa ra si te eggs in
external en vi ron ment. Be si des, long li fe of Sca ra bi dae lar vae in soil (3—4
years) ma in ta ins per ma nent de gree of con ta mi na tion in abo ve-men ti o ned re -
gion (N i c  h o l s  et al., 2008).

SWINE IN FEC TION

Swine in fec tion ori gi na tes most frequently thro ugh lar val forms of Sca ra -
bi dae. Lar vae li ve in soil 12 — 5 cm de ep, whilst swines se ar ching for food
du ring dig ging co me to them (Š u l c  and  G r o  z d o v, 1972;  V u  j i ã, 1976;
P a  v l o  v i ã  et al. 1997). Swine co uld al so be co me in fec ted thro ugh adult
Sca ra ba e i dae forms that hap pen du ring the ir non-hygi e nic or pa stu ra ge way of
fe e ding (L i n d q u i s t, 1978;  O l  s e n, 1986;  N i c  h o l s  et al., 2008).

Adult pa ra si tes ta ke ri se from acant he las in di ge sti ve system of swine
during 2 months. They at tach with pro bo scis to in te sti nal wall of host. De ep
le si ons are be ing for med at tho se pla ces, so me ti mes re ac hing in te sti nal se ro sa
(se ro us layer) (L i n d q u i s t, 1978;  L o n  å a  r e  v i ã  et al., 1995;  P a  v l o  -
v i ã  et al., 1997;  I v e  t i ã  et al., 2000). On the exterior si de of in te sti ne,
convexes lit tle knots at the at tac hment po ints co uld be seen.

Swine with he avy de gree of in fe sta tion is agi ta ted — (anxious, ner vo us),
thin and skinny, has weaker ap pe ti te and so me ti mes even con vul si ons may be
pre sent (C o r w i n  and  S t e w a r t, 1992;  L i n d q u i s t, 1978). Young pigs
may die most of ten be ca u se of pe ri to ni tis, ca u sed by per fo ra tion of in te sti nal
wall in consequence of pa ra si te ac ti vity (L i n d q u i s t, 1978;  P a  v l o  v i ã  et 
al., 1997, 2007b).

PRE VEN TION OF IN FEC TION

In the aim of pre ven tion, it is re com men ded to avoid con ta mi na ted gras s -
land and pa stu re fi elds, in con si de ra tion of de ep ness of Sca ra bi dae lar va's
burying (12—15 cm) and the ir long li fe (3—4 years) (L o n  å a  r e  v i ã  et al.,
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1997). Pre-expulsion met hod PRE GON for le a ve out (si mi lar way li ke in

sheep) has full ju sti fi ca tion. Pre ven ti ve au tum nal de hel mint hi sa tion is al so re -

com men ded — be ing per for med 3—4 weeks af ter drag ging, drawing from pa -

stu re fi elds, and spring de hel mint hi sa tion be fo re expulsion, exile to pa stu ra ge,

when all ani mals are tre a ted (L o n  å a  r e  v i ã  et al., 1997;  P a  v l o  v i ã  et

al., 2007b). Af ter the tre at ment, cle a ning and mec ha ni cal re mo val of ma nu re

from bu il ding is ne ces sary, as well as washing with hot water (abo ve 60°C)

and di sin fec tion using 2% Na OH so lu tion as most ef fi ci ent (P a  v l o  v i ã  et

al., 2007a).
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SCA RA BI DAE — PRE LA ZNI DO MA ÃI NI ZA
MAC RA CANT HORHYNCHUS HI RU DI NA CE US

Ivan N. Pa vlo viã1, Zo ran B. Ku li šiã2,
Zo ran Ÿ. Tam bur3, Na da M. Pro tiã4

1 Na uå ni in sti tut za ve te ri nar stvo Sr bi je,
Voj vo de To ze 14, Be o grad, Sr bi ja

2 Fa kul tet ve te ri nar ske me di ci ne, Ka te dra za pa ra zi to lo gi ju,
Bul. oslo bo ðe wa 18, Be o grad, Sr bi ja

3 Voj no me di cin ska ak de mi ja, In sti tut za hi gi je nu,
Cr no trav ska 17, Be o grad, Sr bi ja

4 EKO-LAB ltd. Za kon tro lu kva li te ta, Be o grad, Sr bi ja

Re zi me

Ma kra kan to rin ho za je pa ra zi to za uzro ko va na akan to ce fa lom Mac ra cant hor -
hynchus hi ru di na ce us. Od ra sli pa ra zi ti pa ra zi ti ra ju u tan kim cre vi ma svi wa.
Raz voj pa ra zi ta se od vi ja pre ko pre la znih do ma ãi na — ko le op te ra iz fa mi li je
Sca ra bi dae (Me lo lont ha vul ga ris, Ce to nia au ra ta, Polyphil la ful lo, Ano ma lia vi tis i
dr). In fek ci ja na sta je ka da svi we po je du za ra ÿe ne ko le op te re. Ma kra kan to rin -
ho za se sre ãe kod svi wa u eks ten ziv nom dr ÿa wu, kao i kod di vqih svi wa.

95





Zbor nik Ma ti ce srp ske za pri rod ne na u ke / Proc. Nat. Sci, Ma ti ca Srp ska No vi Sad,
¥ 119, 97—104, 2010

UDC
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In sti tu te of Oc cu pa ti o nal Me di ci ne, Fu to ška 121, No vi Sad, Ser bia

SO ME LA BO RA TORY BLOOD IN DI CA TORS
IN TRAC TOR DRI VERS EXPOSED TO PE STI CI DES

AB STRACT: Pe sti ci des re pre sent gro up of extremely dif fe rent com po unds or mixed
com po unds. They are pro du ced in the form of powder for di rect ap pli ca tion, powder for su s -
pen sion, con cen tra ted su spen sion, con cen tra tion of emul sion, and in ot her forms as well.

In flu en ce of pe sti ci des to exposed workers ma inly de pends on tec hno logy of pe sti ci de 
ap pli ca tion use.

All po i sons, just li ke pe sti ci des that co me in or ga nism in so me way and re ach the lo -
ca tion of the ir me ta bo lism, ac cu mu la tion in the body or extraction must get the re thro ugh
blood.

Pe sti ci des in flu en ce stem cells in bo ne marrow, then ma tu ra tion pro cess of blood ele -
ments and can da ma ge ma tu re blood cells in blood cir cu la tion.

The sam ple en com pas sed 142 trac tor dri vers em ployed in sta te agri cul tu ral uni ons
who were exposed to pe sti ci des du ring the ir work.

Con cer ning an nual and daily exposure to pe sti ci des in examined per sons is de ter mi -
ned that daily extent ran ged from 3 to 12 ho urs and an nual from 5 to 125 days, 60.93 in
ave ra ge.

In the pa per are analyzed following blood co unt pa ra me ters: erythrocytes, he mo glo -
bin, le u cocytes and throm bocytes

The aim of the pa per is to in ve sti ga te whether pe sti ci des in flu en ce chan ged blood
count of trac tor dri vers exposed to pe sti ci des du ring the ir work.

Analysis of ob ta i ned re sults in di ca tes that exposure to pe sti ci des, li ke in examined
gro up of workers, has not in flu en ced da ma ge in any of in ve sti ga ted blood co unt pa ra me ter.

KEY WORDS: blood, blood ele ments, pe sti ci des, trac tor dri vers

IN TRO DUC TION

Pe sti ci des re pre sent gro up of extremely dif fe rent com po unds or mixed
com po unds. They are pro du ced in the form of powder for di rect use, powder
for su spen sion, con cen tra ted su spen sion and in ot her forms. They are dis sol ved 
in water be fo re use or in so me or ga nic sol vent. The re fo re, du ring analysis of
pos si ble ef fect of pe sti ci des to he alth of exposed workers it sho uld be al so
taken in to ac co unt analysis of pos si ble ef fects of com po unds used as dis sol -
vents or car ri ers and di lu tors of ac ti ve sub stan ces (ben ze ne, to lu e ne, xyle ne, al -
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co hols, ke to nes, chlo ri na ted hydro car bons etc.) (S a  v i ã, 1997;  R u  ÿ i ã  and
P o  z n a  n o  v i ã, 2009).

Apart from pre vi o usly men ti o ned facts, in flu en ce of pe sti ci des to exposed 
workers extremely de pends on tec hno logy of pe sti ci de ap pli ca tion. It is sig ni fi -
cant to emp ha si ze that tec hno logy of pe sti ci de ap pli ca tion in our co un try de ve -
lops mush slowly than ot her agro-tec hni cal me a su res. Tec hni cal so lu ti ons of
equipment for pe sti ci de ap pli ca tion very of ten lag be hind the new knowledge
in ac hi e ving ne ces sary ef fi ci ency of newly ma de com po unds/pre pa ra ti ons. Each
pre pa ra tion requires cer tain way of ap pli ca tion and in or der to in cre a se ef fi -
ciency con trol of the ir ap pli ca tion is ne ces sary to be ma de. Con trol led ap pli -
cation of pe sti ci des is ac hi e ved with mo dern equipment that is in cre a singly
im pro ved in de ve lo ped co un tri es day by day. However, in our cir cum stan ces
this im pro ving of pro tec ti ve equipment is very slow. We are now in the se -
cond pha se of de ve lop ment while de ve lo ped co un tri es are in the fifth pha se
(Ð u  k i ã  et al., 2001).

Pe sti ci des, li ke all po i sons, which re ach in hu man body at the lo ca tion of
the ir me ta bo lism, extraction or ac cu mu la tion, ha ve to co me the re thro ugh
blood. In ad di tion, cir cu la ting cells of pe rip he ral blood and bo ne marrow
except cells of so me lymphocyte li nes are re la ti vely short-li ving and quickly
renewed, so even slightly chan ged length of li ving or ra te of the ir pro duc tion
re sult in sig ni fi cant di sor ders in pe rip he ral blood (J o  c i ã  and  S a  v i ã, 2002).

Ha ving in mind the se facts, pe sti ci de in flu en ce to blood can be ma ni fe -
sted as follows:

— In the di rec tion of pro vo ked di sor ders in re pro duc ti ve cells that im pe -
ril re pro duc tion abi lity of tho se cells and re sults in dec re a sed num ber of red
blood cells, white blood cells and throm bocytes in pe rip he ral blood (car ba -
mates, or ga no-chlo ri ne com po unds, sub sti tu ted phe nols, and ro den ti ci des (S a  -
v i ã, 1997;  F a  i t  et al., 1994).

— In the di rec tion of di se a ses that are cha rac te ri zed by ab nor ma lity in
ma tu ra tion and pro duc tion of cer tain types of blood ele ments which con se -
quently re sult in the ir in cre a sed sen si ti vity (car bo ma tic her bi ci des, di pi ri di les
(paraquate), cop per-sulp ha te) (S a  v i ã, 1997;  F a  i t  et al., 1994), and

— In the di rec tion of di se a ses with main cha rac te ri stics of exceeded pro -
duc tion of cells of all or so me of blood li nes (S a  v i ã  1997;  F a  i t  et al.,
1994).

In ad di tion, of in flu en ce to re pro duc ti ve cells in bo ne marrow and ma tu -
ra tion pro cess of blood ele ments, pe sti ci des can al so im pe ril ma tu re blood
cells in pe rip he ral blood. Ac cor dingly, cop per-sulp ha te can ca u se in suf fi ci ency 
of one enzyme (glu co se-6-phosp ha te dehydro ge na se) which re sults in ra pid
decay and de com po si tion of red blood cells; due to pro duc tion of un na tu ral
blood co lor (met he mo glo bi ne) in red blood cells, di ni trop he nol and paraquat
can ca u se ane mia; or ga nic dis sol vent te trac hlo ri ne car bo ne and or ga nic ni tro
and ami no com po unds ca u se di se a se cal led porphyria etc.

The se are re a sons why ac cu ra te in ter pre ta tion even of a slight and/or
atypi cal di sor der in pe rip he ral blood can in di ca te to pro fes si o nal po i so ning
with pe sti ci des.
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MA TE RIAL AND MET HODS

The sam ple in clu ded 142 trac tor dri vers em ployed in go vern ment agri -
cultu ral or ga ni za ti ons who were exposed to pe sti ci des du ring the ir agri cul tu ral
ac ti vi ti es.

Blood for analysis of cer tain pa ra me ters of blood co unt was ta ken in the
pe riod from Oc to ber 2007 to the end of Ja nu ary 2008. Du ring this pe riod se -
lec ted trac tor dri vers had re gu lar pe ri o di cal check-ups.

Re gar ding to an nual and daily exposure to pe sti ci des of te sted per sons it
was de ter mi ned that daily length ran ged from 3—12 ho urs and an nual from
5—125 days, in ave ra ge 60.93 days.

Du ring the year was ap plied gre at num ber of pre pa ra ti ons with mo re than 
20 va ri o us ac ti ve sub stan ces. Mostly were used or ga no-phosp ho ro us com -
pounds, then tri a zi nes and car ba ma tes and fewer phe no a ce tic acid and urea de -
ri va tes, pi re tro i des, ani li des, imi da zo li nes, phta li mi des etc. Or ga no-chlo ri ne
com po unds were ra rely used.

Du ring work with pe sti ci des each of te sted trac tor dri vers had cer tain per -
so nal pro tec ti ve de vi ces (in ac cor dan ce to in ter nal re gu la ti ons of the firm).

The con trol gro up en com pas sed 70 do or men and workers who were
exposed ne it her to pe sti ci des nor to any ot her sub stan ces with po i so ning ef fect 
to blood and blood ele ments.

All per sons in sam ple and con trol gro up were ma les.
In this pa per were mo ni to red the following pa ra me ters of blood co unt:

red blood cells (erythrocytes), blood co lor (he mo glo bin), white blood cells
(leu co cytes) and blood pla te lets (throm bocytes).

Co un ting of ob ser ved blood ele ments, con cen tra tion of blood co lor (he mo -
glo bin) is per for med by au to ma tic co un ter AVL AU TOLYZER AL 818 af ter
usual pro ce du re of pre pa ra tion of blood sam ples.

Bor der li ne va lu es of de scri bed met hod are erythrocytes from 3.90—6.50x 
1012/L, he mo glo bin from 120.00—175.00 g/L, le u cocytes from 4.00—11.00x
109/L and throm bocytes from 15.00—400.00x109/L.

Blood co unt and ot her la bo ra tory analyses are per for med 5—6 months
after exposure.

In sta ti sti cal da ta pro ces sing are used the following met hods: ave ra ge
value (x), mi ni mal va lue (Min) and maximal va lue (Max), stan dard de vi a tion
(SD), co ef fi ci ent of va ri a tion (CV) and Stu dent's t-test (p).

The aim of the pa per was to in ve sti ga te whether pe sti ci des in flu en ce
chan ged blood co unt of trac tor dri vers who were exposed to pe sti ci des du ring
the ir work.

RE SULTS

The sam ple en com pas sed 142 trac tor dri vers who were exposed to pe sti -
ci des du ring the ir work.

The ave ra ge age of trac tor dri vers was 38.16 and ave ra ge age in the con -
trol gro up was 39.98 years. Age of li ving in both gro ups was ho mo ge no us —
CV at trac tor dri vers and con trol gro up was iden ti cal: 18.14% (Ta ble 1).
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Tab. 1. — Age of trac tor dri vers and the con trol gro up

Statistics
Tractor drivers

(N = 142)
Control group

(N = 70)

Average (x) 38.16* 39.98*

Minimum 25    22    

Maximum 57    55    

Standard deviation 6.92 7.25

Coefficient of variation % 18.14 18.14 

* The re is no sta ti sti cally sig ni fi cant dif fe ren ce between gro ups (p > 0.05)

Dif fe ren ce of ave ra ge age of trac tor dri vers and con trol gro up was not
sta ti sti cally sig ni fi cant (p > 0.05) (Ta ble 1).

Ave ra ge length of ser vi ce spent at the post of trac tor dri ver (exposed
length of ser vi ce — ELS) was 11.18 years, while for con trol gro up this da ta
was not sta ti sti cally sig ni fi cant be ca u se they were se lec ted re gar ding to non -
-exposure to pe sti ci des.

Tab. 2. — He ma to lo gi cal pa ra me ters of the trac tor dri vers and the con trol gro up

Statistics

Red blood cells
(x1012/L)

Hemoglobin
(g/L)

White blood cells
(x109/L)

Platelets
(x109/L)

T C T C T C T C

Average (x) 4.94 4.99 154.1 154.4 7.12  7.29 246.1* 208.5

Minimum 4.16 4.11 133  112  2.80  4.10 107   116  

Maximum 6.94 5.79 182  178  14.50 17.70 440   335  

Standard deviation 0.4 0.32    8.56    9.92 1.88  2.01  56.35   41.11

Coefficient of
variation %

8.23 6.48    5.55    6.42 26.43 27.65  22.89   19.71

T = trac tor dri vers C = Con trol gro up * p < 0.05 (t-test)

Ave ra ge num ber of red blood cells re gi ste red at trac tor dri vers was
4.94x1012/L and at the ir con trol gro up it was 4.99x1012/L. In both gro ups was
re gi ste red very low co ef fi ci ent of va ri a tion (CV) of the num ber of red blood
cells. Dif fe ren ce of the ave ra ge num ber of red blood cells between trac tor dri -
vers and con trol gro up was not sta ti sti cally sig ni fi cant (p > 0.05) (Ta ble 2).

Ave ra ge con cen tra tion of blood co lor (he mo glo bin) at trac tor dri vers was
154.17 g/L while in the ir con trol gro up it was 154.40 g/L. In both gro ups was
al so re gi ste red very low co ef fi ci ent of va ri a tion (CV) of blood co lor (he mo glo -
bin) con cen tra tion in blood. Dif fe ren ce of ave ra ge blood co lor (he mo glo bin)
con cen tra tion between trac tor dri vers and con trol gro up was not sta ti sti cally
sig ni fi cant (p > 0.05) (Ta ble 2).

Ave ra ge num ber of white blood cells re gi ste red at trac tor dri vers was
7.12x109/L, while at the ir con trol gro up it was 7.29x109/L. In both gro ups was 
re gi ste red co ef fi ci ent of va ri a tion (CV) of the num ber of white blood cells
abo ve 20%. Dif fe ren ce of ave ra ge num ber of white blood cells between trac tor 
dri vers and con trol gro up was not sta ti sti cally sig ni fi cant (p < 0.05) (Ta ble 2).
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Ave ra ge num ber of blood pla te lets (throm bocytes) at trac tor dri vers (246.11x 
109/L) was hig her than at the ir con trol gro up (208.55x109/L). Co ef fi ci ent of
va ri a tion of the num ber of blood pla te lets (throm bocytes) in both examined
gro ups al so ran ged aro und 20%. Dif fe ren ce of the ave ra ge num ber of blood
pla te lets (throm bocytes) between trac tor dri vers and con trol gro up was sta ti sti -
cally sig ni fi cant (pœ(Ta ble 2).

Analysis of the ran ge of examined he ma to lo gi cal pa ra me ters at trac tor
dri vers was car ried out within the gro up, af ter the ir clas si fi ca tion ac cor ding to
age (6 sub-gro ups), length of ser vi ce with exposure to pe sti ci des (4 sub-gro ups)
and ac cor ding to the num ber of days of work with pe sti ci des du ring the year
(4 sub-gro ups).

Ob ta i ned sta ti sti cal analyses in di ca ted that the re is not any sta ti sti cally
sig ni fi cant dif fe ren ce of the ave ra ge va lu es of he ma to lo gi cal pa ra me ters bet -
ween gro ups clas si fied in this way. The re fo re men ti o ned analyses are not pre -
sen ted in this pa per.

DI SCUS SION

Be fo re analysis of the men ti o ned blood co unt pa ra me ters it was de ter mi -
ned that trac tor dri vers, alt ho ugh in ave ra ge youn ger, were not sta ti sti cally sig ni -
fi cantly dif fe rent from the ir con trol gro up.

Sta ti sti cal analysis of the length of ser vi ce of trac tor dri vers re gar ding to
the ir con trol gro up was not car ried out be ca u se they were se lec ted re gar ding to 
non-exposure to pe sti ci des or so me ot her blood po i sons.

Ave ra ge num ber of red blood cells re gi ste red at trac tor dri vers and the ir
con trol gro up was very si mi lar and within nor mal li mits. In both gro ups were
re gi ste red mi ni mal va lu es and they in di ca ted that in the gro up of trac tor dri -
vers was not no ti ced dec re a sed num ber of red blood cells un der the lowest
limit of nor mal va lu es in any of examinees.

In any of trac tor dri vers was not re gi ste red con cen tra tion of blood co lor
(he mo glo bin) un der the lowest allowed li mit, which is op po si te to the re sult of 
Par ron and col la bo ra tors (1996) who had con fir med dec re a sed con cen tra tion of 
blood co lor (he mo glo bin) at 38% of exposed trac tor dri vers.

Sta ti sti cal analysis of dif fe ren ce of ave ra ge num ber of red blood cells and 
ave ra ge con cen tra tion of blood co lor (he mo glo bin) between trac tor dri vers and 
the ir con trol gro up con fir med that, in this ca se, exposure of trac tor dri vers to
pe sti ci des ha ve not re sul ted in sig ni fi cant di sor der of the num ber of red blood
cells and quantity of blood co lor (he mo glo bin) in pe rip he ral blood of exa -
minees.

Ave ra ge num ber of white blood cells is re gi ste red in trac tor dri vers only
to so me extent lower (p0.05) than ave ra ge num ber of white blood cells in the ir 
con trol gro up. In the gro up of trac tor dri vers are re gi ste red just two ca ses of
the num ber of white blood cells un der nor mal li mit. In the first ca se the trac tor 
dri ver was exposed to pe sti ci des aro und 100 days per year, and in the se cond
ca se trac tor dri ver had the exposure of 30 days per year.
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Very in te re sting is da ta that ave ra ge num ber of blood pla te lets (throm -
bocytes) at trac tor dri vers is sta ti sti cally sig ni fi cant hig her (p,ically the ir con -
trol gro up. However, it is well known that toxic in flu en ce of pe sti ci des at
blood pla te lets (throm bocytes) is cha rac te ri zed by the ir dec re a sed but not in -
cre a sed num ber. In the gro up of trac tor dri vers are re gi ste red only fo ur ca ses
(2.82%) with va lu es lower than nor mal, which would in di ca te to toxic in flu -
ence of pe sti ci des to pro du ce blood pla te lets (throm bocytes). The se ca ses in -
clu de two examinees exposed to pe sti ci des aro und 30 days per year, one
around 70 days and one aro und 100 days per year.

The se da ta on the num ber of blood pla te lets (throm bocytes) at trac tor dri -
vers al so in di ca te that exposure to pe sti ci des ha ven't re sul ted in sig ni fi cant di s -
or der in fun ction of this blood li ne as Sa vic et al. ha ve de ter mi ned (1993).

Pre vi o us di scus sion in di ca tes that exposure to pe sti ci des which is re gi -
stered in analyzed gro up ha ve not re sul ted in di sor der of any of mo ni to red
blood co unt pa ra me ters.

Sta ti sti cal analyses of ave ra ge le vels of mo ni to red blood co unt pa ra me ters 
in the analyzed gro up of trac tor dri vers are clas si fied ac cor ding to exposed
length of ser vi ce to fo ur sub-gro ups and ac cor ding to the num ber of days of
exposure to pe sti ci des du ring the year (4 sub-gro ups). It in di ca tes that the re is
no sig ni fi cant dif fe ren ce in tho se le vels between men ti o ned gro ups esta blis hed
in de scri bed way.

Con cer ning the length of ti me pas sed from exposition and per for med la -
bo ra tory analyses, at the very end of di scus sion sho uld be al so men ti o ned
option that im me di a tely af ter exposition the re still hap pens cer tain aber ra ti ons
in so me pa ra me ters of blood co unt but al so that the se da ma ges are al ready re -
co ve red by the mo ment of ta king the blood sam ples. This hypot he sis co uld not 
be con fir med by the analysis of mo ni to red pa ra me ters of blood co unt.

In or der to exclude si mi lar con fu si ons in furt her re se ar ches, it is ne ces -
sary to examine pa ra me ters of blood co unt at exposed workers im me di a tely
after the ir exposure to pe sti ci des.

Ba sed on ob ta i ned re sults the following con clu si ons can be as su med:
— Alt ho ugh sta ti sti cally in sig ni fi cant, trac tor dri vers were youn ger than

the ir con trol gro up (x = 38.16 years and x = 39.98 re spec ti vely).
— Daily length of exposure to pe sti ci des ran ged from 3—12 ho urs and

from 5—125 days an nu ally, in ave ra ge 60.93 days.
— Within work of trac tor dri vers in the fi elds du ring the year gre at num -

ber of pre pa ra ti ons with mo re than 20 va ri o us ac ti ve sub stan ces are ap plied.
Mostly are used or ga nop hosp ho ro us com po unds, then tri a zi nes and car ba -
mates, in a smal ler amo unt de ri va tes of phenoxy-ace tic acid and urea, pyre tro i -
des, ani li des, imi da zo li nes, ta li lo i des etc. Or ga no-chlo ri ne com po unds are ra -
rely ap plied.

Analysis of mo ni to red pa ra me ters of blood co unt of trac tor dri vers re gar -
ding to con trol gro up as well as re gar ding to length of exposed years of ser -
vice and the num ber of days of exposition to pe sti ci des per year, in di ca tes that 
exposition to pe sti ci des, li ke that which is re gi ste red in analyzed gro up of trac -
tor dri vers, ha ve not re sul ted in sig ni fi cant di sor ders in the ir blood co unt.
Labo ra tory analyses of se lec ted blood co unt pa ra me ters at exposed per sons
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should be car ried out im me di a tely af ter the ir exposure to pe sti ci des. Use of all 
ava i la ble tec hni cal, tec hno lo gi cal, and or ga ni za ti o nal pro tec ti ve me a su res is ne -
ces sary, as well as ne ces sary use of adequate per so nal pro tec ti ve me a su res.
Re gu lar follow-up of he alth con di tion of exposed trac tor dri vers is al so ne ces -
sary thro ugh pe ri o di cal/syste ma tic chec kups ac cor ding to the pro gram in clu ded 
in the Re gu la ti ons on pre vi o us and pe ri o di cal check-ups of em ployed workers
at work pla ces with in cre a sed risk (2007).
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NE KI LA BO RA TO RIJ SKI PO KA ZA TE QI KRV NE SLI KE
KOD TRAK TO RI STA IZ LO ŸE NIH PE STI CI DI MA

Pro keš L. Be la

Za vod za zdrav stve nu za šti tu rad ni ka, Fu to ška 121, No vi Sad, Sr bi ja

Re zi me

Pe sti ci di pred sta vqa ju gru pu ve o ma raz li åi tih je di we wa ili sme ša je di -
we wa. Pro iz vo de se u vi du pra ha za di rekt nu upo tre bu, pra ha za pri pre ma we
suspen zi je, kon cen tro va ne su spen zi je, kon cen tra ta za emul zi ju i u dru gim ob li -
ci ma.

Uti caj pe sti ci da na iz lo ÿe ne za po sle ne rad ni ke umno go me za vi si od teh -
no lo gi je pri me ne pe sti ci da.

Svi otro vi, pa i pe sti ci di, ko ji na bi lo ko ji na åin do spe ju u or ga ni zam,
do me sta svog me ta bo li zma, iz lu åi va wa ili skla di šte wa u te lu, mo ra ju do ãi
pu tem kr vi.

103



Pe sti ci di de lu ju na ma tiå ne ãe li je u ko šta noj sr ÿi, pro ces sa zre va wa
krv nih ele me na ta, i mo gu da ošte ãu ju i zre le krv ne ãe li je u pe ri fer noj kr vi.

Za uzo rak je uze to 142 vo za åa trak to ra za po sle nih u dr ÿav nim po qo pri -
vred nim do bri ma ko ji su pri oba vqa wu po qo pri vred nih po slo va bi li iz lo ÿe -
ni pe sti ci di ma.

U po gle du go di šwe i dnev ne iz lo ÿe no sti pe sti ci di ma is pi ti va nih oso ba 
utvr ðe no je da se dnev na du ÿi na kre ta la od 3 do 12 åa so va, a go di šwa od 5 do
125 da na, pro seå no 60,93 da na.

U ra du su pra ãe ni sle de ãi pa ra me tri krv ne sli ke: cr ve na krv na zrn ca
(eri tro ci ti), krv na bo ja (he mo glo bin), be la krv na zrn ca (le u ko ci ti) i krv ne
plo åi ce (trom bo ci ti).

Ciq ra da je bio da se is pi ta da li pe sti ci di do vo de do pro me na u krv noj
sli ci trak to ri sta ko ji su pri li kom oba vqa wa svog po sla iz lo ÿe ni de lo va wu
pe sti ci da.

Ana li za do bi je nih re zul ta ta uka zu je da iz lo ÿe nost pe sti ci di ma ka kvu je
ima la is pi ti va na gru pa ni je do ve la do ošte ãe wa ni jed nog od po sma tra nih pa -
ra me ta ra krv ne sli ke.
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WILLOW WOOD PRO DUC TION
ON RA DI O NUC LI DE POL LU TED ARE AS

AB STRACT: One of the key en vi ron men tal pro blems in Be la rus is ef fec ti ve use of
agri cul tu ral lands con ta mi na ted by ra di o nuc li de due to the Cher nobyl di sa ster. The al ter -
native met hod to tra di ti o nal agri cul tu ral crops is fast growing willow cul ti va tion. It is pos -
sible to use bi o mass of willow as renewable energy so ur ce. The goal of our in ve sti ga tion
was the esti ma tion of en vi ron men tal aspects of willow wood pro duc tion on pol lu ted are as.
The fi eld study experiments (2007—2010) were con duc ted at Kric hev dis trict of Mo gi lev
re gion in ea stern Be la rus. This re gion cha rac te ri zed by high le vel of Cs-137 con ta mi na tion
as well as high le vel of he avy me tals pol lu tion. In the first sta ge of experiments, the con -
cen tra tion of ce si um-137 in dif fe rent parts of willow bi o mass had been me a su red and tran s -
fer fac tor cal cu la ted. The me a su ring had been do ne for le a ves, ro ots, and wood. To con trol
ce si um-137 ac cu mu la tion in willow bi o mass we apply dif fe rent types (ni tro gen N, phosp ho -
rus P and po tas si um K) and do se of fer ti li zer. The experiments show that po tas si um mi ne ral 
fer ti li zer is the key fac tor for ra di o nuc li de ac cu mu la tion con trol. The op ti mal do se of po tas -
si um is 90 kg per hec ta re. On the ba se of experimental re sults the mo del of ce si um-137 ac -
cu mu la tion in the wood for a 21 year has been de ve lo ped. In ac cor dan ce with cal cu la tion to 
the end of willow cul ti va tion (21 year) con cen tra tion of ce si um-137 in wood will not be
hig her than per mit ted even with the le vel of ce si um-137 con ta mi na tion in the soil 1480
kBq/m2 (maximum 140 kqB/m2 with per mit ted le vel for firewood is 740 Bq/kg.). The con -
cen tra tion of ce si um-137 in the ro ots in cre a ses gra du ally and get maximum in 21 year
(3000 kqB/m2).

Our re sults con firm that in the sum abo ut 0.8 mil lion hec ta res of ra di o nuc li de pol lu -
ted ara ble lands partly excluded from agri cul tu ral prac ti ce in Be la rus co uld be used for
willow bi o mass pro duc tion.

KEY WORDS: bi o mass, fer ti li zer, po tas si um, ra di o nuc li de-con ta mi na ted so ils, willow

IN TRO DUC TION

The Re pu blic of Be la rus do es not ha ve an adequate po ten tial of its own
fos sil fu els supplying and nowadays we use abo ut 5% of Be la rus de mand of
energy at the cost of lo cal renewable re co ur ses. The Na ti o nal Sta te Pro gram
was ap pro ved in or der to in cre a se this in put to 25% un til 2012. The most per s -
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pec ti ve re so ur ces of renewable energy in Be la rus are bi o e nergy, wind, and
hydro e nergy. Be la rus has abo ut 9.5 mil lion hec ta res of fo rests, 5.7 mil lion
hec ta res of ara ble lands, and 3 mil lion hec ta res of pa stu res. Part of lands may
be used for bi o mass pro duc tion on the ba se of cul ti va tion of fast-growing
crops li ke willow. The yield of willow bi o mass crops may ac hi e ve 10—15
tons of dried wood or 5—6 toe per hec ta re. The po ten tial area for willow bi o -
mass pro duc tion in Be la rus is esti ma ted in 0.5 mil li ons hec ta re. It me ans the
an nual energy po ten tial of willow bi o mass systems in Be la rus is 2.5—3 mil -
lions toe.

Willow bi o mass crop ping systems si mul ta ne o usly pro du ce not only po wer
and eco no mic, but al so en vi ron men tal and so cial be ne fits. The se in clu de re -
duced SO2 and NOx emis sion, less extraction of ad di ti o nal CO2 to the at mo -
sphe re, re du ced soil ero sion, and pol lu tion from non-po int so ur ce of agri cul tu -
ral lands, and en han ced agri cul tu ral lan dsca pe di ver sity. Willow plants may be 
suc cessfully grown on dif fe rent types of lands and ha ve the po ten tial in rec la -
ma tion of de gra ded and pol lu ted so ils.

Be ca u se of the Cher nobyl di sa ster the area of ra di o nuc li de con ta mi na ted
agri cul tu ral so ils in Be la rus is abo ut 1.3 mil lion ha, in clu ding 0.8 mil lion ha of 
ara ble lands. The op ti mal system of cul ti va tion of this type of so ils on con ta -
mi na ted area is a se ri o us pro blem, be ca u se tra di ti o nal crops such as grass and
ce re als may ac cu mu la te extra ra di o nuc li de (A b a g y a n  et al., 1996). The
willow do es not ac cu mu la te a lot of ra di o nuc li de and it can be used as wood
for bi o e nergy pur po se.

The re are so me pu bli ca ti ons con cer ning cul ti va tion of willow on ra di o -
acti ve pol lu ted so ils.

The experiments in Pa les se dis trict, a typi cal ru ral area lo ca ted clo se to
Cher nobyl, were ful fil led for mo de ling of SRC bi o mass pro duc tion and esti -
ma ti ons of Cs-137 soil-to-wood tran sfer. The re sults shown that from the ra -
dio-eco lo gi cal viewpoint, and ac cor ding to the lo cal le gi sla tion, the SRC bi o -
mass pro du ced on lo amy sand, sandy lo am and lo amy so ils is su i ta ble for
firewood. SRC bi o mass from the highly pro duc ti ve pe aty so ils (39.4% of the
land area of Pa les se) may al so be used but only if its con ver sion in to he at or
elec tri city is ca re fully ma na ged (G o  o r  et al., 2001).

G o m  m e r s, A., and ot hers (2000) get the sa me con clu sion in expe ri -
ments with ra di o ce si um up ta ke by one-year-old willows plan ted as short ro ta -
tion cop pi ce (G o m  m e r s  et al., 2000). Ra di o ce si um up ta ke and di stri bu tion
were me a su red in a willow (Salix vi mi na lis L. var. Orm) short ro ta tion cop pi ce 
(SRC) stand. This system allows pro duc tion of energy from the har ve sted bi o -
mass. Even at this high soil con ta mi na tion le vel, ra di o ce si um con cen tra ti ons in 
wood do not exceed ap pre ci ably the na tu rally oc cur ring K-40 con tent in the
wood (135 Bq/kg).

The Norway sci en tists com pa re the ac cu mu la tion of ra di o nuc li de by dif -
fe rent types of tre es. The re sults showed that willow ac cu mu la te ra di o nuc li de
not as in ten si ve as birch or al der (B r i t  t a i n  and  B j o  e r n  s t a d, 1996).

The se pu bli ca ti ons con firm that it is pos si ble to get com pa ra ti vely clean
bi o mass of willow on ra di o nuc li de-pol lu ted are as. The pro blem is the de ve lop -
ment of adequate tec hno logy of willow pro duc tion for pol lu ted so ils and esti -
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ma tion of pol lu tants ac cu mu la tion in the wood for fu tu re pe riod. The goal of
our in ve sti ga tion is the esti ma tion of ce si um-137 in willow bi o mass to mo del
op por tu nity of wood uti li za tion as a bi o e nergy.

MA TE RI ALS AND MET HODS

The fi eld study experiments (2007—2010) were con duc ted at Kric hev
dis trict of Mo gi lev re gion in ea stern Be la rus, clo se to the Rus sian bor der. This 
re gion cha rac te ri zed by high le vel of Cs-137 con ta mi na tion as well as high le -
vel of he avy me tals pol lu tion. The ra di o ac ti ve con ta mi na tion in the re gion has
been con di ti o ned by pre ci pi ta ting from clo uds af ter the Cher nobyl ac ci dent. As 
a re sult, lo cal ce si um “spots" ap pe a red. The le vel of con ta mi na tion in the
place of our experiment va ried from 185 to 370 kBq/m2 (Fi gu re 1).

The so ils of experimental plot were sandy and sandy lo ams with sin gle
grain struc tu re. It was excluded from agri cul tu ral prac ti ce af ter Cher nobyl di -
sa ster. Ava i la ble water ca pa city was mo de ra te to high.

The prac ti cal experiment in clu ded so me va ri ants with dif fe rent do se of
fer ti li zer ap pli ca tion:
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Fig. 1. — The map of Be la rus with Cs-137 con ta mi na ted ter ri to ri es (2000 year)



 1. Con trol (C).
 2. Va ri ant N30P60K90 (V-2)
 3. Va ri ant K30 (V-3)
 4. Va ri ant K60 (V-4)
 5. Va ri ant N30 (V-5)
 6. Va ri ant N60 (V-6)
 7. Va ri ant K90 (V-7)
 8. Va ri ant K120 (V-8)
 9. Va ri ant K90 (V-9)
10. Va ri ant K150 (V-10)

The dif fe rent ra tes of po tas si um fer ti li zer were used, as it is che mi cal
ana log of ce si um. In ac cor dan ce with our hypot he sis, the ad di ti o nal ap pli ca tion 
of po tas si um ena bles to dec re a se the le vel of ac cu mu la tion ce si um in willow
bi o mass.

The dif fe rent ra tes of ni tro gen fer ti li zer in experiment sho uld let us find
op ti mal ba lan ce of the ele ment. From one si de the ra tes of ni tro gen sho uld be
op ti mal for willow growing but not so high for extra weed de ve lop ment from
anot her si de.

The experimental de sign was ran do mi zed by com ple te blocks of fo ur
treat ment re pli ca ted fo ur or fi ve ti mes. Each ele men tary plot was 7 m long by
7.2 m wide (50 m2) and con ta i ned 4 do u ble rows of plants.

RE SULTS AND DI SCUS SION

In the first sta ge of our experiments, the con cen tra tion of ce si um-137 in
dif fe rent parts of willow bi o mass had been me a su red and tran sfer fac tor cal cu -
la ted (Ta ble 1). The me a su ring had been do ne for le a ves, ro ots, and wood. The 
sa me experiments ful fil led be ca u se of dif fe rent ways of uti li za ti ons the se com -
po nents. The le a ves go back to the soil every year, wood is using for energy
in every 3 year and ro ots le a ve in the so ils as far as plan ta tion of willow used. 
We ad mit ted it for 21 year.

To con trol ce si um-137 ac cu mu la tion in willow bi o mass we apply dif fe -
rent types (ni tro gen N, phosp ho rus P and po tas si um K) and do se of fer ti li zer.

Tab. 1. — The tran sfer fac tor of ce si um-137 from soil to willow bi o mass

Fertilizer
Transfer factor for roots

10–5m2/kg
Transfer factor for wood

10–5m2/kg
Transfer factor for leaves

10–5m2/kg

Control (C) 93.925 3.175 5.110
N30P60K90 33.712 1.315 2.999
K30 56.425 2.875 5.088
K60 39.325 1.5  4.105
K90 20.425 0.9  3.163
N60 54.375  2.6775 4.782
N80 55.911 2.8  5.139

108



The hig hest ra tes of tran sfer ring to ok pla ce in ro ots. The tran sfer fac tor
for le a ve was approximately twice as com pa red to wood.

Our experiments al so shown that ac cu mu la tion of ce si um-137 in willow
bi o mass the mostly de pends on po tas si um ap pli ca tion. This de pen den ce has li -
ne ar cha rac ter for ro ots and wood but not for le a ves.

It is ob vi o usly that po tas si um mi ne ral fer ti li zer is the key fac tor for ra di o -
nuc li de ac cu mu la tion con trol ling and for ce si um-137 mo de ling in willow bi o -
mass. The ap pli ca tion of do ze po tas si um abo ve 90 kg per hec ta re (120—150
kg/ha) not de layed ac cu mu la tion of ce si um-137.

It was ad mit ted that for mo de ling of ce si um-137 ac cu mu la ti ons for long
ti me it is ne ces sary to iden tify following fac tors:

— the le vel of ce si um-137 con ta mi na tion of the soil
— the pe riod of ce si um-137 half li fe
— yield of willow wood
— tran sfer fac tor

On the ba se of the se fac tors the mo del of ce si um-137 ac cu mu la tion in the 
wood for a 21 year has been de ve lo ped. The le vel of soil con ta mi na tion by ce -
si um-137 was cho o sing as for experimental plots (Fi gu re 2). The 3 year is the
pe riod between har ve sting ti me for bi o mass in willow in ac cor dan ce with tec h -
no logy.
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Fig. 2. — The dyna mic of ce si um-137 le vel in wood de pen ding on fer ti li zer ap pli ca tion;
the le vel of ce si um-137 con ta mi na tion in the soil is 294 kBq/m2



The re sults of mo de ling iden tify that for this le vel of the soil con ta mi na -
tion ce si um-137 ac ti vity in wood was se ve ral ti mes lower than Be la rus per mit -
ted le vel for firewood (740 Bq/kg).

The following task was con fir ming by op por tu nity of willow wood pro -
duc tion at the so ils with hig her le vel of ra di o nuc li de con ta mi na tion. The re -
sults of mo de ling for so ils con ta mi na ti ons from 185 to 1480 kBq/m2 pre sen ted 
in the Fi gu re 3.

It was fo und that it was pos si ble to get nor ma ti vely “clean" wood even
without ad di ti o nal fer ti li zer ap pli ca tion for the le vel of ce si um-137 con ta mi na -
tion of the soil as high as 1480 kBq/m2. The ap pli ca tion of the 90 kg of po tas -
si um let us dec re a se of ce si um-137 ac ti vity in the wood in 3 ti mes.

As it was shown, ear li er the ro ots ac cu mu la te bi o mass mo re ac ti vely than 
wood. As a re sult, to the end of willow plan ta tion existing (21 year) the le vel
of ce si um-137 in bi o mass of ro ot will be hig her than per mit ted le vel for
firewood. The ap pli ca tion of 90 kg of po tas si um dec re a se of ce si um ac cu mu la -
tion mo re than in 4 ti mes. Re sults of the mo de ling are shown on the Fi gu re 4.

The fu tu re pro blem will be ro ots uti li za tion. It is pos si ble to use two di -
rec ti ons. The first is to re cul ti va te the plan ta tion in 12—15 year, not af ter 21.
It will be pos si ble to use part of ro ots as firewood. The al ter na ti ve way is to
le a ve it in the soil to plo ugh the plot and do new plan ta tion willow or ot her
pe ren nial crop. The op ti mal de ci sion may be adop ted af ter eco nomy and eco -
logy cal cu la tion.
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Fig. 3. — The dyna mic of ce si um-137 le vel in wood without fer ti li zer ap pli ca tion



CON CLU SION

It was con fir med that po tas si um ap pli ca tion might con trol ac cu mu la tion
of ce si um-137 to bi o mass. It is pos si ble to get re la ti vely “clean" bi o mass espe -
ci ally with ap pli ca tion ad di ti o nal ra tes of K fer ti li zer on the si te with the extra
le vel of ce si um-137 con ta mi na tion. The op ti mal do se of K for de laying of ce -
si um-137 ac cu mu la tion to the willow bi o mass is 90 kg/ha. The hig her do se of
po tas si um ap pli ca tion not sti mu la te and adequate ac cu mu la tion of ce si um-137.

The re are so me dif fe ren ce in ac cu mu la tion of ce si um-137 in wood, lea ves,
and ro ots. The le vel of ce si um in wood bi o mass af ter three years of willow
cul ti va tion va ried from 5 (with high ra tes of fer ti li zer ap pli ca tion) to 25 (con -
trol plants) Bq/kg with the le vel of ce si um-137 con ta mi na tion in the soil 294
kBq/m2. In Re pu blic of Be la rus, the per mit ted le vel for firewood is 740 Bq/kg. 
On the ba se of fi eld experiments the mo del of ce si um-137 ac cu mu la tion for
long ti me has been de ve lo ped. In ac cor dan ce with cal cu la tion to the end of
willow cul ti va tion for firewood (21 year) con cen tra tion of ce si um-137 in wood 
will not be hig her than per mit ted even with the le vel of ce si um-137 con ta mi -
na tion in the soil 1480 kBq/m2 (maximum 140 kBq/m2).

The con cen tra tion of ce si um-137 in the ro ots in cre a ses gra du ally and get
maximum in 21 year (3000 kBq/m2). The fu tu re pro blem will be ro ots uti li za -
tion be ca u se it is not pos si ble to use ro ot's re si du es as energy bi o mass. We
beli e ve that two di rec ti ons may be ad mit ted. The first one is to re cul ti va te
the plan ta tion in 12—15 year, not af ter 21. It will be pos si ble to use part of
ro ots as firewood this way. The al ter na ti ve de ci sion is to le a ve it in the soil to
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Fig. 4. — The dyna mic of le vel of ce si um-137 in the ro ots of willow with 90 kg
of po tas si um ap pli ca tion



plo ugh the plot and do new plan ta tion willow or ot her pe ren nial crop. The
opti mal de ci sion may be adop ted af ter eco nomy and eco logy cal cu la tion.

The ac cu mu la tion of ce si um-137 in the le a ves was not as ac ti ve as in
other parts of bi o mass.
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DRV NA PR O IZ VOD WA VR BA NA ZE MQI ŠTI MA ZA GA ÐE NIM
RA DI O NU KLI DI MA

Oleg I. Rod kin, Vla di mir A. Iva nu ko viå,
Sve tla na K. Pron ko, Ele na V. Kre so va

Me ðu na rod ni dr ÿav ni eko lo ški Uni ver zi tet „A.D. Sa ha ro va",
Dol go brod ska ja 23, 220009 Minsk, Re pu bli ka Be lo ru si ja

Re zi me

Je dan od kquå nih eko lo ških pro ble ma Be lo ru si je je ko ri šãe we po qo pri -
vred nog ze mqi šta kon ta mi ni ra nog ra di o nu kli di ma to kom ka ta stro fe u Åer no -
bi lu. Al ter na ti va tra di ci o nal nim po qo pri vred nim kul tu ra ma je sad wa br zo ra -
stu ãih bi qa ka, kao što je vr ba (Salix spp.), åi ja se bi o ma sa mo ÿe ko ri sti ti kao
ob no vqi vi iz vor ener gi je. Ciq is tra ÿi va wa bio je pro ce na uti ca ja ÿi vot ne
sre di ne na drv nu pro iz vod wu vr ba ga je nih na za ga ðe nim ze mqi šti ma. Poqski
ogle di po sta vqe ni su 2007—2010. go di ne u obla sti Kir chev, re gi o na Mo gi lev,
is toå na Be lo ru si ja. Ovaj re gion ka rak te ri šu vi sok ni vo kon ta mi na ci je Cs-137
i vi so ka kon ta mi ni ra nost te škim me ta li ma. U pr voj fa zi eks pe ri men ta me re na 
je kon cen tra ci ja ce zi ju ma — 137 u li stu, sta blu i ko re nu vr be i ra åu nat je tran -
s fer fak tor. Biq ka ma ga je nim na za ga ðe nom ze mqi štu do da va ne su raz li åi te
vr ste (N, P, K) i do ze ðu bri va. Re zul ta ti su po ka za li da je ka li ju mo vo mi ne ral -
no ðu bri vo kquå ni fak tor kon tro le aku mu la ci je ra di o nu kli da i da je op ti mal -
na do za ðu bre wa 90 kg/h. Na osno vu do bi je nih re zul ta ta na pra vqen je mo del aku -
mu la ci ja ce zi ju ma — 137 to kom 21 go di ne ko ji po ka zu je da bi po is te ku tog vre -
men skog ro ka vr be sa dr ÿa le ma we ce zi ju ma od do zvo qe ne gra ni ce, åak i na ze -
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mqi šti ma sa on ta mi na ci om od 1480 kBq/m2 (naj vi še 140 kBq/m2, a do zvo qe ni
ni vo je 740 kBq/m2). Kon cen tra ci ja Cs-137 u ko re nu ra sla bi i do sti gla mak si -
mum to kom 21. go di ne (3000 kBq/m2).

Re zul ta ti su po tvr di li da bi se oko 0.8 mi li o na hek ta ra po qo pri vred nog
ze mqi šta za ga ðe nog ra di o nu kli di ma, ko je se ne ko ri sti za po qo pri vred nu pro -
iz vod wu, mo glo ko ri sti ti za ga je we vr ba, kao iz vo ra ob no vqi ve ener gi je.
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PAR TI CU LA RI TI ES IN PHYSI CAL CHA RAC TE RI STICS
OF MO LE CU LAR CRYSTAL LI NE NA NO FILMS

AB STRACT: In this pa per, the al te ra ti ons and chan ges in di e lec tri cal pro per ti es of
dif fe rent na no film mo le cu lar crystals, ca u sed by the pre sen ce of bo un da ri es were the o re ti -
cally in ve sti ga ted and analyzed. By com bi ned analyti cal and nu me ri cal cal cu la ti ons, allowed 
exciton sta tes were fo und, and the ir spa tial di stri bu tion along the axis li mit (by layers of
film) and the sur fa ce lo ca li za tion was examined. The re la ti ve per mit ti vity of the ob ser ved
ul trat hin film was de ter mi ned, and the im pact of (fi ve) bo un dary pa ra me ters on re so nant ab -
sorp tion phe no me non: di scre te (by frequencies) and se lec ti ve (by layers of film) was
examined. The con di ti ons for the emer gen ce of sin gle-re so nant ab sorp tion li nes were fo und.

KEYWORDS: Excitons, Ul trat hin film, Green's fun ction, Per mit ti vity, Re so nant ab -
sorp tion

IN TRO DUC TION

It is very well known that na no struc tu re: ul trat hin films, quantum wires,
po ints, etc. owe the ir excellent pro per ti es to di men si o na lity of the ir con sti -
tuents. In or der to gain fun da men tal in for ma tion con cer ning extremely dif fe -
rent physi cal and che mi cal pro per ti es of the se low-di men si o nal crystal li ne
sam ples it is cru cial to in ten sify the ir experimental and the o re ti cal re se arch.
Such im por tant class of ma te ri als is experiencing extensive prac ti cal ap pli ca -
tion in na no-, op to- and bio-elec tro nics (W o o d, 2008). What is spe cial to
these “tiny" struc tu res is that pre sen ce of clo se bor der sur fa ces chan ges ge ne -
rally known pro per ti es of the se ma te ri als and even tu ally le ads to so me non -
-spe ci fic phe no me na (a consequence of ef fects of di men sion quantizing,  T r i n  -
g i  d e s, 2007) com pa ring to ana lo gu es in the lar ge sca le sam ples (D a  v i  s o n, 
1996). In te rest in studying exciton sub-system was bro ught abo ut by the fact
that the excitons are “re spon si ble" for di e lec tric, op ti cal (ab sorp tion, light dis -
per sion, lu mi ne scen ce), pho to e lec tri cal and ot her pro per ti es of crystals (A g r a  -
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n o  v i c h, 1979). In this pa per, we ob ser ved ul trat hin di e lec tric films (the thic k -
ness of which do es not exceed a do zen ato mic pla nes). Typi cal re pre sen ta ti ves 
of the se struc tu res in clu de mo le cu lar crystals in which ele men tary excitations
— excitons oc cur as a re sult of in ter ac tion of external elec tro mag ne tic fi eld
with elec trons of crystal. Using the law of exciton dis per sion and the ir den sity
of sta tes, we can de fi ne re la ti ve per mit ti vity (by me ans of the ory) and use it to 
analyze op ti cal pro per ti es of the ob ser ved system.

MO DEL AND MET HODS

Ef fec ti ve exciton Ha mil to nian in har mo nic approximation (A g r a  n o  -
v i c h, 1979;  M i r  j a  n i ã, 1982) is gi ven by stan dard expression in following 
form:

H B B X B B
n n n nm n m

n mn

= ++ +åå D r r r r r r r
r rr

,
,

(1)

where B
n
r
+  and B

n
r  re pre sent cre a tion and an ni hi la tion exciton ope ra tors on the

si te of crystal lat ti ce, D r
n
 re pre sents energy of iso la ted exciton on that si te, and 

X
nm
r r  are matrix ele ments of exciton tran sfer from si te 

r
n to si te 

r
m. The mo del

pre su mes that the energy of excitons on si te is ~102 ti mes hig her than the
energy of its tran sfer.

Mic rot he o re ti cal analysis will be con duc ted by using the met hod of two -
-ti me tem pe ra tu re Green fun cti ons (R i c  k a y z e n, 1980;  M a  h a n, 1990) due 
to the con ve ni en ce pro vi ded by this met hod. For that pur po se, let us ob ser ve
Green's fun ction

G t B t B
nm n m
r r r r( ) ( ) ( ) ,= + 0

which sa tis fi es the following equation of mo tion:
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A form of Green's fun ction in 
r
k — spa ce can be ob ta i ned by full ti me

and spa ce Fo u ri er tran sform, and la ter from its po le, wanted exciton dis per sion 
law:

ãw r
k x x x y y y z z zX a k X a k X a k= + + +D 2 ( cos cos cos ), (3)

which, if: X X X Xx y z= = º -  and a a a ax y z= = º , can be written in non-di men -
sional form:
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and which can be pre sen ted in a graph as in Fi gu re 1.
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Ge ne ral expression of re la ti ve di e lec tric per mit ti vity is gi ven by (D z i  a  -
l o s  h i n s k i, 1959;  P e  l e  m i š, 2008):

e w p w w- = - + -1 1 2( ) [ ( ) ( )],iF G G (5)

where F is a an in ter nal struc tu re pa ra me ter. Sub sti tu ting Green's fun cti ons in
this expression, we ob tain an expression for dyna mic per mit ti vity of bulk:

e
w

w w

-1 = +
-

1 2
2 2

F k

k

r

r

. (6)

De pen den ce of that per mit ti vity is shown in Fi gu re 2.
In the ca se of the bulk, we can see that ener gi es ta ke con ti nu o us va lu es,

within a cer tain ran ge of allowed ener gi es, which re sults in de pen den ce of
bulk per mit ti vity, i.e. di e lec tric re spon se. In ot her words, ab sorp tion zo ne/in ter -
val is for med in which bulk “swallows" all ener gi es (i.e. frequencies of elec -
tro mag ne tic fi eld) of exactly de ter mi ned ran ges.

UL TRAT HIN DI E LEC TRIC FILM

Films pre sent systems, which are bor de red/li mi ted by two pa ral lel sur fa ces
(C o t  t a m, 1989;  Š e  t r a j  å i ã, 2008). Di men si ons of crystal na no-film are
such that XY is un li mi ted, while in z-di rec tion it has fi nal and very small thic k -
ness L = Na (N < 10).

We will ob ser ve ul trat hin (na no) crystal film (Fi gu re 3), which can be
prac ti cally ma de by me ans of con trol led re ac hing of mas si ve di e lec tric sam ples 
(Š e  t r a j  å i ã, 2008). Due to the existence of bor der sur fa ces, the ener gi es of
excitons on no des and tran sfers of energy within bor ders (nz = 0; nz = N) and
the ir adja cent pla nes (nz = 1; nz = N — 1) are per tur bed, which can be pre sen -
ted in the following man ner (P e  l e  m i š, 2008;  Š e  t r a j  å i ã, 2008;  Š e  t r a j  -
å i ã, J. P., 2008;  Š e  t r a j  å i ã, 2005;  M a r  k o s k i, 2009).
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Fig. 1. — Dis per sion law of excitons
in bulk

Fig. 2. — Re la ti ve per mit ti vity
of bulk-crystal
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where pa ra me ter d de fi nes per tur ba tion on no de of bor der sur fa ces, and pa ra -
me ter x per tur ba tion of tran sfer in bor der layers along z — di rec tion.

Mic ro the o re ti cal analysis of exciton sub-system in ul trat hin (crystal) mo -
le cu le films can be con duc ted in the sa me man ner as it is for the bulk — by
applying Green's fun cti ons. We will ob ser ve the sa me Green's fun cti ons and
use the sa me pro ce du re for the ir de ter mi na tion. Ta king in to ac co unt the bor der 
con di ti ons (7) and the expressions for Ha mil to nian (1) as well as the equation
of mo tion (2) we de ri ve the equation for requested Green's fun cti ons (Š e  -
t r a j  å i ã, 2008;  Š e  t r a j  å i ã, J. P., 2008;  Š e  t r a j  å i ã, 2005;  M a r  k o  s k i,
2009). Af ter full ti me, and now only par tial spa tial Fo u ri er tran sform of the se
equations, we ob tain the following:
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where the next de no ta tion is in tro du ced:

r
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X
ak akx y2 (cos cos ).
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Fig. 3. — Mo del of di e lec tric na no film



An N + 1 non-ho mo ge no us al ge bra-dif fe ren tial equations for Green's fun c -
ti ons are pre sen ted by equation (8). The sa me as for de ri ving dis per sion laws
we need only the po les of the se fun cti ons, it is suf fi ci ent to find the de ter mi -
nant of the system (8) and equalize it with ze ro (Š e  t r a j  å i ã, 2008;  Š e  -
t r a j  å i ã, J. P., 2008;  Š e  t r a j  å i ã, 2005;  M a r  k o s k i, 2009). In this way,
we ob tain N + 1 so lu ti ons r rº v ; v N= +1 2 1, , ,K .

Non-di men si o nal form of exciton dis per sion law is cho sen again and
valu es of re du ced ener gi es are:

E
X

Rv xy v=
-

º -
ãw

r
D

,

de pen ding on the fun ction R ak akxy x yº +2 (cos cos ).

The dis per sion laws are pre sen ted in Fi gu res 4 and 5, mo re pre ci sely: in
Fi gu re 4 for non-per tur bed (ideal) fi ve-layer film, and in Fi gu res 5 for d- and
x- symme tri cal per tur bed fi ve-layer film, re spec ti vely. Full li nes pre sent energy 
le vels of excitons in the ob ser ved film, while dot ted li nes de ter mi ne the bor -
ders of con ti nual energy are as of excitons in the bulk. Im me di a tely, one can
see the ab sen ce of ze ro ener gi es and di scre et ness of exciton ener gi es in the
film.

The num ber of pos si ble exciton sta tes cor re sponds to the num ber of
crystal lo grap hic pla nes of this film along the z-axis. In cre a sed d pa ra me ter
expands energy area in a way that one or two energy le vels mo ve toward
higher ener gi es and le a ve bulk bor ders, which can be seen in Fi gu re 5. The se
energy con di ti ons are known as lo ca li zed or Tamm sta tes (A g r a  n o  v i c h,
1979). Ba sed on analysis of Fi gu re 6 it is cle ar that in cre a sed x pa ra me ter
expands the spec trum and two or fo ur energy le vels le a ve bulk bor ders, i.e.
the re is an emer gen ce of lo ca li zed con di ti ons. Sin ce ideal film struc tu re are
analyzed in this work it is cle ar that ap plied per tur ba tion is symme tri cal and
furt her analysis shows that lo ca li zed le vels over lap. This hap pens only for
d-per tur ba tion, which is de ci si ve/do mi nant in ot her ca ses too. This is il lu stra -
ted on Fi gu re 5.
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Fig. 4 — The law of dis per sion of ideal
(d = 0,0; x = 0,0) fi ve-layer film



Cal cu la ting of spec tral weights of in di vi dual Green's fun cti ons is es sen -
tial for fin ding the pro ba bi lity of oc cur ren ce and spa tial di stri bu tion of exciton 
sta tes in the film. The star ting po int is the system of equations for Green's
fun cti ons (8), written in matrix form:

$ ~ $ ,D G KN N N+ + +=1 1 1 (9)

where $DN +1  is a matrix which cor re sponds to the system de ter mi nant and 
~
GN +1

and $KN +1  are the vec tors of Green's fun ction and of Kro nec ker del tas, re spec ti -
vely. If we act with in ver se matrix $DN +

-
1

1  in (9) from the left si de, and knowing 
that in ver se matrix may be expressed in a way of adjunct matrix which mem -
bers Dik are co-fac tors of ele ments dik of di rect matrix, by furt her cal cu la ti ons
we can ob tain Green's fun cti ons, in which nu me ra tors fi gu ra te spec tral weights 
gn vz

( )r , i.e. pro ba bi li ti es to find exciton sta tes rv  (P e  l e  m i š, 2008;  Š e  -
t r a j  å i ã, 2008;  Š e  t r a j  å i ã, J. P., 2008;  Š e  t r a j  å i ã, 2005;  M a r  k o s k i,
2009):

G
i

X

g
n
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vv

N

z
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-=

+

å
ã

2 1

1

p

r

r r

( )
. (10)
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Fig. 5. — Dis per sion law of d- and x- per tur bed fi ve-layer film



For de ter mi ning dyna mic per mit ti vity of film we use ge ne ral expression
(5), but ta king strict ac co unt that Green's fun cti ons, as well as per mit ti vity, de -
pends on (the co unt, i.e. the po si tion) crystal lo grap hic pla nes of symme tric
film nz:

e w p w wn n nz z z
iF G G- = - + -1 1 2( ) [ ( ) ( )], (13)

where F is the sa me struc tu ral fac tor as in (5). By in cor po ra ting the expression 
for Green's fun cti ons (10), we ob tain:
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where: r
w

± =
-

+ +
m ã D

X
ak akx y2 (cos cos ), and when ar ran ged in analyti cal

way, the expression (14) is tran sfor med to:
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This expression re pre sents de pen den ce of re la ti ve dyna mic per mit ti vity on 
frequency of ini tial elec tro mag ne tic excitation, i.e. di e lec tric re spon se of the
ob ser ved symme tri cal mo le cu lar film to external elec tro mag ne tic fi eld. De pen -
den ces of re la ti ve dyna mic per mit ti vity on re du ced energy of external elec tro -
mag ne tic ra di a tion for fi ve-layer film are pre sen ted in Fi gu re 6.

All Fi gu res pre sent de pen den ci es of per mit ti vity on re du ced frequency of
external elec tro mag ne tic fi eld for external (bor der) sur fa ces, for the first in ter -
nal and cen tral crystal lo grap hic pla ne. Oc cur ren ce of re so nant pe aks is vi si ble,
the co unt and di stri bu tion of which is very much de pen dent upon bor der per -
tur ba tion pa ra me ters. De pen den ces of re la ti ve per mit ti vity on pa ra me ter D
chan ges by per tur ba tion of d0 (or dN) are gi ven in rows of Fi gu re 6. It is cle ar
that the num ber of re so nant pe aks (en su ing when e w( )r ® ± ¥) de pends on the 
num ber, i.e. po si tion, of ato mic pla nes nz (for which per mit ti vity is cal cu la ted), 
and on the va lue of pa ra me ter d0/N. Do mi nant re so nant pe ak can be seen only
at the bor der sur fa ce of the film (nz = 0 or nz º N = 4) when this pa ra me ter is
in cre a sed, i.e. when the expanding of the ab sorp tion area oc curs. This is an
expected re sult, be ca u se the analysis of spec tral weights of exciton con di ti ons
(Š e  t r a j  å i ã, J. P., 2008) shows that this is exactly the po int where pro ba -
bility of fin ding excitons in lo ca li zed sta te is the hig hest. It is in te re sting to
no ti ce that oc cur ren ce of se lec ti ve re so nan ce pe aks is asymme tric in com pa -
ring with chan ges of pa ra me ter D. That al so can be no ti ced from mir ror
symme try of first and last row (d0/N = – 0,2; d0/N = + 0,2), or se cond and
fourth (d0/N = – 0,1; d0/N = + 0,1) in Fi gu re 6.
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Analysis of re la ti ve per mit ti vity chan ges with chan ges of tran sfer fac tor X
was con duc ted in for mer pa per (Š e  t r a j  å i ã, J. P., 2009), where we showed
that in flu en ce of pa ra me ter d is evi dently much “stron ger" and that it al so
“shifts" the whole energy and, se lects, op ti cal pic tu re of ob ser ved film-struc tu -
res, while he re we fo cu sed on extreme ca se (x = 1,0).

This re sult may be explained by experimental facts re gar ding re so na ting
op ti cal pe aks in si mi lar mo le cu lar layered na no struc tu res (S c h u  s t e r, 2007;
C o m  b e  s c o t, 2008). In pa pers (F r i  e  d l e n, 2003;  R ö g e r, 2007) this was 
evi dent in peryle ne che mi cal com po unds (PTCDA, PTCS and PTFE) and
explained by re so na ting ef fects at spe ci fic unoc cu pied le vels (D i  e  n e l, 2008). 
The se ef fects are ma ni fe sted by narrow op tic ab sorp tion in clo se in fra red band. 
Com ple te review of op tic pro per tied of PBI in vi si ble band is gi ven in pa per
(H i p  p i u s, 2008).
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Fig. 6. — Re la ti ve per mit ti vity of per tur bed fi ve-layer film
de pen ding on re du ced frequency



In com pa ri son with our re sults, which be long in de e per in fra red band in
elec tro mag ne tic ra di a tion, it may be con clu ded that the se dif fe ren ces are ef fect 
of dif fe ren ces in crystal li ne (che mi cal and physi cal) struc tu re of sam ples in ve -
sti ga ted. Good agre e ment in re so na ting ab sorp tion may be at tri bu ted and ex -
plained by pre sen ce of bo un dary con di ti ons and quantum si ze ef fects. Dif fe -
ren ces in pro fi le of ab sorp tion li nes ap pe ar be ca u se in our work we ob ser ved
only elec tron li ne spec tra, dis re gar ding oscil la tory and ro ta ti o nal con tri bu ti ons. 
In this re gard, he re we de fi ned the po si tion of cen tral ab sorp tion pe ak as the
re so na ting li ne de pen ding on re la ti ve per mit ti vity, which de pends from ex ter -
nal elec tro mag ne tic fi eld.

CON CLU SION

Sig ni fi cant dif fe ren ces in dis per sion law (mic ro sco pic, i.e. quantum pro -
per ti es) and in di e lec tric re spon se (mac ro sco pic, and al so di men sion-quantum
pro per ti es) of excitons between bulk and ul trat hin film-struc tu res are pre sen ted 
by this analysis. The se dif fe ren ces are consequences of film li mi ta tion along
the z-di rec tion and existence of per tur ba tion pa ra me ters on bor der sur fa ces and 
bor der layers of the struc tu re. Re sults of our work can be gi ven in next few
terms:

— Di scre te ness of exciton energy spec tra in symme tri cal film — num ber 
of le vels that is equal to the num ber of film layers.

— In cre a se in the energy of excitons on bor der layers, i.e. no des mo ves
the spec trum toward hig her ener gi es, while the in cre a se in energy tran sfer
between bor der layers and the ir adja cent in ter nal layers expands the spec trum
symme tri cally toward hig her and lower ener gi es.

— Existence of lo ca li zed (Tamm's) con di ti ons is very pos si ble, and its
pro ba bi lity grows ra pidly with the in cre a se of bor der per tur ba tion pa ra me ters.

— Se lec ti vity of di e lec tric re spon se of the film, i.e. oc cur ren ce of di s -
crete re so nant ab sorp tion pe eks at exactly spe ci fied ener gi es, the co unt and
dis tri bu tion of which is di rectly de pen dant on the num ber of the layers in the
film and the num ber of per tur ba tion pa ra me ters. The se pro per ti es gi ve an
advan ta ge to the films com pa red to bulk struc tu res (di e lec tric re spon se of
which is con ti nual in cer tain energy spans), be ca u se in that ca se the films can
be used as cer tain fil ters of external ra di a tion.
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SPE CI FIÅ NO STI FI ZIÅ KIH SVOJ STA VA MO LE KUL SKIH
KRI STAL NIH NA NO FIL MO VA

Jo van P. Še traj åiã1, Qu bi ša D. Xam bas2, Ste van Ar ma ko viã1

1 De part man za fi zi ku, Pri rod no-ma te ma tiå ki fa kul tet,
Uni ver zi tet u No vom Sa du, Trg D. Ob ra do vi ãa 4,

21000 No vi Sad, Voj vo di na — Sr bi ja
2 Me di cin ski fa kul tet, De part man za sto ma to lo gi ju,

Uni ver zi tet u No vom Sa du, Haj duk Veqko va 3,
21000 No vi Sad, Voj vo di na — Sr bi ja

Re zi me

U ra du su te o rij ski is tra ÿe ne i ana li zi ra ne iz me ne i pro me ne di e lek -
triå nih svoj sta va, raz li åi tih na no film mo le kul skih kri sta la, iza zva ne pri su -
stvom gra ni ca. Do zvo qe na eks i ton ska sta wa su na ðe na ana li tiå ko-nu me riå kim
pro ra åu ni ma i is pi ta ne su wi ho va pro stor na ras po de la duÿ ose ogra ni åe wa
(po slo je vi ma) i po vr šin ska lo ka li za ci ja. Od re ðe na je re la tiv na per mi tiv nost 
po sma tra nog fil ma i uti caj (pet) gra niå nih pa ra me ta ra na fe no men re zo nant ne 
ap sorp ci je: dis kret ne (po fre kven ci ja ma) i se lek tiv ne (po slo je vi ma fil ma).
Pro na ðe ni su uslo vi za po ja vqi va we jed ne re zo nant ne ap sorp ci o ne li ni je.
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UDC

S v e  t l a  n a  T r i  f u n  s c h i*
D o  r i  n a  A r  d e  l e a n

Fa cul ta tea de Me di cinº, Far ma cie ¤i Me di cinº Den tarº,
Uni ver si ta tea de Vest “Va si le Gol di¤" din Arad,
Str. Fe le a cu lui nr. 1, Arad, Ro ma nia
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STU DI ES ON THE OP TI MAL EXTRACTION
OF FLA VO NO IDS FROM THE FRU IT OF

JU NI PE RUS VIR GI NI A NA L.

AB STRACT: The iso la tion and quantitative de ter mi na tion of fla vo noid com po unds in 
fru it of Ju ni pe rus vir gi ni a na L. (Cu pres sa ce ae) are de scri bed. A met hod for the de tec tion of 
tho se fla vo no ids was high per for man ce liquid chro ma to graphy (HPLC). Ru tin and ka emp fe -
rol were de ter mi ned in ac cor dingly extracts and quercetin only in hydrolysa ted extracts.

KEY WORDS: fla vo no ids, extract, Soxhlet extraction, Ju ni pe rus vir gi ni a na L.

IN TRO DUC TION

Ju ni pe rus vir gi ni a na L. (red ce dar, ju ni per) which be longs to ge nus Ju ni -
pe rus of fa mily to Cu pres sa ce ae, is a spe ci es of ju ni per na ti ve to ea stern North 
Ame ri ca, from so ut he a stern Ca na da to the Gulf of Mexico, east of the Gre at
Pla ins.

Ju ni per is used in the tre at ment of ar thri tis, asthma, colds, co ugh, cysti tis, 
di a be tes, di a rr hea, so re thro at, tu ber cu lo sis. The ber ri es are be ing stu died for
the ir an ti can cer and an ti-tu mor pro per ti es. To pi cal use is ap plied for ac ne,
burns, dan druff, he mo rr ho ids, her pes, rhe u ma tism, and warts. In food in du stry
the ber ri es are used in jams, pep per sub sti tu tes, be er and gin, and ma de in to a
cof fee sub sti tu te, an al so are used in com po si tion of bit ter and ot her ener -
getics.

Ju ni per fru it con ta ins vo la ti le oil (myrce ne, ci ne o le, ter pi neol, camp hen),
re sin, sac cha ri des, or ga nic acids, ascor bic acid, tan nins, vi ta mins and mi ne rals. 
Apart from the se, ju ni per fru it con tain fla vo no ids (L e  u n g  et al., 1996). It
was re por ted that fla vo no ids co uld re mo ve O2· in hu man bo di es, im pro ve
blood cir cu la tion, and lower blood pres su re (F a n g, 1998;  L i u  et al., 2002;
W a n g  at al., 1996).
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At pre sent, stu di es on the extraction of fla vo no ids from ju ni per fru its
have not been re por ted. In this study, op ti mum con di ti ons to extract fla vo no ids 
from red ce dar fru its were stu died in or der to ac hi e ve sci en ti fic evi den ce for
the pro ces sing and uti li zing of ju ni per fru its.

MA TE RIAL AND MET HODS

Plant Ma te rial: The ju ni per fru its were col lec ted from The Ma cea Bot ha -
ni cal Gar den of West Uni ver sity Va si le Gol di¤ (Arad, Ro ma nia) and were
dried at 20°C in dark pla ce.

Sol vents and re a gents: Quercetin, ru tin, and ka emp fe rol were pur cha sed
from Sig ma-Al drich and all HPLC-gra de sol vents were pur cha sed from Merck 
(Ger many). All ot her che mi cals were of analyti cal gra de and were pur cha sed
from Chi mo par Buc ha rest.

Extraction and pre pa ra tion of extracts: The dried and fi nely gro und sam p -
les of ju ni per fru its (10 g each) were extracted with 100 mL sol vent for 4 h in 
a Soxhlet ap pa ra tus (C a  c i g, 2007). The extracts were con cen tra ted at 15 mL
and then sto red at 4°C for furt her analysis. The sol vents used were met ha nol,
et ha nol, dic hlor met ha ne, te trac hlor met ha ne, ben ze ne, and to lu e ne.

HPLC analysis (C a  c i g  et al., 2006): Fla vo no ids were me a su red at 365
nm by a HPLC Agi lent 1100. Se pa ra tion was car ried out on a Lic hrosp her
100-RP-18 co lumn (5 mm, 250 x 4 mm). A gra di ent elu tion was per for med
with elu ent ace to ni tril: water = 1:1. The flow ra te was 1 mL/min and the
injec tion vo lu me was 20 mL. Iden ti fi ca tion of the fla vo no ids was car ried out
by com pa ring the ir re ten tion ti mes to tho se of stan dards.

Hydrolysis con di ti ons: The to tal amo unt of each fla vo noid in the extracts
was de ter mi ned af ter hydrolysis of its glyco si des by refluxing sam ples of
extract in HCl 25% for 30 min. Ac cor ding pro ce du res (H a  s l e r  et al., 1990)
and its injec tion in to the HPLC. The analyti cal da ta of each fla vo noid de tec ted 
were com pa red with da tum of an aut hen tic stan dard.

RE SULTS AND DI SCUS SION

Fi gu re 1 shows the struc tu res of the com po unds un der study.
The con tent of fla vo noid ac cor ding to HPLC met hod was cal cu la ted as

ru tin type com po und and ka emp fe rol. Re sults gi ven as ru tin va ried from
0.2364 mg/mL extract in te trac hlor me ta ne extract to 11.7365 mg/mL extract in 
met ha no lic extract of ju ni per fru it.

Fla vo noid con tent was the hig her for met ha no lic and et ha no lic extracts
(Ta ble 1).
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Tab. 1. — Sam ples and re sults of the de ter mi na tion of fla vo no ids in Ju ni pe rus vir gi ni a na L. by
using the HPLC met hod

Sample Solvent for extraction
Content mg/mL extract

Rutin Kaempferol

E1 Methanol 94% 11.7365 0.7892
E2 Ethanol 96% 9.0525 trace
E3 Dichlormethane 5.0885 trace
E4 Benzene 4.6880 trace
E5 Toluene 1.8335 trace
E6 Tetrachlormethane 0.2364 trace

At sa me ti me fla vo noid com po und was de ter mi ned af ter acid hydrolysis,
frequently ap plied to stan dar di ze fla vo noid ma te rial. Kamp fe rol, ru tin and
quercetin were used as stan dards.

Quercetin was fo und to do mi na te in al co ho lic extracts af ter acid hydro -
lysis (Ta ble 2).

Tab. 2. — Re sults of the quantitative de ter mi na tion of fla vo no ids in Ju ni pe rus vir gi ni a na L. by
using the HPLC met hod af ter acid hydrolysis

Sample
Content mg/mL extract

Rutin Quercetin

E7* 0.2460 5.2356
 E8** 0.0841 5.6630

 * met ha no lic extract af ter hydro li sis
** et ha no lic extract af ter hydro li sis
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Fig. 1. — The struc tu re of fla vo no ids analyzed in Ju ni pe rus vir gi ni a na extracts



The con tent of quercetin in ot her extracts is a much lower quantity than
fla vo nol type com po und.

HPLC chro ma to grams are pre sen ted in Fi gu res 2, 3, and 4.

130

Fig. 2. — Chro ma to grams of stan dards: ru tin (a), ka em fe rol (b) and quercetin (c)
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Fig. 3. — Chro ma to grams of al co ho lic extracts (E1, E2)
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Fig. 4. — Chro ma to grams of hydro li sa ted extracts (E7, E8)



CON CLU SION

The op ti mum pro cess to extract fla vo no ids from ju ni pers fru it were ob -
tained, na mely extracted for 4 h by using 94% met ha nol so lu tion in a Soxhlet
ap pa ra tus with the ma te rial ra tio of 1:10 (w:v).
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STU DI JA OP TI MAL NE EKS TRAK CI JE FLA VO NO I DA IZ PLO DA
Ju ni pe rus vir gi ni a na L.

Sve tla na Tri fun åi*, Do ri na Ar de lean

Me di cin ski fa kul tet, far ma ci ja i sto ma to lo gi ja,
Uni ver zi tet „Va si le Gol di¤", Arad, ul. Fe le a cu lui nr. 1, Arad, Ru mu ni ja

Re zi me

Ju ni pe rus vir gi ni a na L. ko ja pri pa da ge nu su Ju ni pe rus i fa mi li ji Cu pres sa -
ceae ko ri sti se vr lo åe sto u me di cin ske svr he kod raz li åi tih vr sta bo le sti, a
eks trak ti iz ove biqke ima ju i an ti kan ce ro ge no dej stvo. Ak tiv na sup stan ca u
ovoj biqci su fla vo no i di.

U ra du su iz u åa va ni izo la ci ja i kvan ti ta tiv no od re ði va we fla vo no i da iz
plo da Ju ni pe rus vir gi ni a na L. (Cu pre sa ce ae).

Me to da za od re ði va we flo vo no i da je hro ma to gra fi ja HPLC.
Kver cen tin, ko ji pre o vla da va u al ko hol nom eks trak tu, od re ðen je po sle hi -

dro li ze, a ru tin i ka emp fe rol su od re ðe ni u raz li åi tim eks trak ci o nim ras -
tva ra åi ma (me ta nol 94%, eta nol 96%, di hlor me ta ne, ben zen, to luen, te tra hlor -
me tan). Kao naj bo qi ras tva raå po ka zao se me ta nol 94%.
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