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Pe3stome

MpunoxeHWeTo Ha XxepbuLnan B OBOLLHWTE pa3CafHNLM KaTo enemMeHT oT fobpata arpoTexHuka Y4ecTo Kpue puck
OT NposiBABaHE Ha (YUTOTOKCUYHI CUMNTOMM NPU pacTeHusTa. 3atosa ca HeobXoAMMU NpeaBapuUTENHN U3cneaBaHns 3a
Bb3AENCTBUETO Ha pasnuuHuTe Xepbuunanm BbPXY BeretaTuBHUTE MPOsSBM Ha Noanoxkute. Llenta Ha HacTosAwoTo
nscnensaHe 6e Aa ce npocrneau BIMSHUETO Ha NOYBEHUTE Xepbuumau Tepbauun, NeHAMMETanNUH U Hanponamug BbLpXy
n3onupaHun eMBpuoHu oT Prunus cerasifera n HAKOU MUKPOPa3MHOXEHU KITOHOBM NOAMNOXKYW 3a OBOLHW Buaoee - GF677,
MM106 u Prunus domestica “Wangenheims” npu in vitro ycnosusa. Cnep TepTupaHe ¢ NEHAUMETAmNUH € YCTaHOBEHO
NHXMBUpaHe Ha KOPEHOBUTE MEPUCTEMM M NOKadheHsBaHe Ha KOTUNELOHUTE Ha eMOPUOHM OT Prunus cerasifera ¢ AbmxuHa
Ha eMBpUoHanHNs KopeH, no-manka ot 5 mm. MouseHuTe Xepbuuuamn Tepbauun, NeHAUMETanuH U HanponaMug NpUYNHSBaT
(PMTOTOKCUYHOCT, N3passBalla ce B NOTUCKAHE Ha pacTexa Ha KOPEHWUTe Ha BKOPEHEHW pacteHust ot GF677 npwm in vitro
ycnosus. BusyanHn cumnToMm Ha PUTOTOKCMYHOCT NO nucTaTta u cTbbnata He ca HabniogasaHu. [eHaumeTanuH w
Hanponamug Aenpecupar pactexa Ha cTbonara n KOpeHUTe Ha MUKpopacTeHus oT sdbnkosaTa nognoxka MM106.

Cnep TpeTtupare ¢ Tepbauun Ha in vitro BKOpeHeHU pacTeHus oT nognoxkara “Wangenheims” He ca OTYeTeHM
CUMMTOMM Ha (OUTOTOKCUMYHOCT — XNOPO3a, HEKPO3a Uk 3abaBsiHe Ha pacTexa. TPETUPaHETO C NEHANMETANH U Hanponamug
noTucka opMMpPaHETO Ha KOPEHW U pacTexa Ha HEeBKOPEHeHU MUKpopacTeHus. Tesu asa xepbuumaa Gnokupat
BKOpEHSIBAHETO Ha nognoxkata Prunus domestica “Wangenheims” npu in vitro ycnosus.

Abstract

Herbicide application in the fruit tree nursery as an element of good agrotechnical practice quite often might be
risky for the appearance of phytotoxic symptoms in plants. That is why preliminary studies are needed to estimate the effect
of different herbicides on the vegetative habits of the rootstocks. The aim of the present research was to study the effect of
the soil herbicides Terbacil, Pendimethalin and Napropamide on isolated Prunus cerasifera embryos and some
micropropagated rootstocks for fruit species - GF677, MM106 and Prunus domestica “WWangenheims” under in vitro condi-
tions. Inhibition of root meristem growth and browning of cotyledons were established after the treatment with pendimethalin
of Prunus embryos with embryonic roots shorter than 5mm. The soil herbicides terbacil, pendimethalin and napropamid
caused phytotoxicity expressed in suppression of the root growth of rooted plants of GF677 under in vitro conditions. Visual
symptoms of phytotoxicity in the leaves and stems were not established. Pendimethalin and napropamid depressed the
stem and root growth of the apple rootstock MM106 plantlets. After treatment with terbacil of in vitro rooted “Wangenheims”
plants no external symptoms of phytotoxicity — chlorosis, necrosis and depressing effect were observed. After treatment
with pendimethalin and napropamide, a depressing effect on the root formation and growth of microplants without roots
were established. The applied herbicides blocked rooting of Prunus domestica “Wangenheims” under in vitro conditions.

KntoyoBu gymu: nouseHn xepbuuman, PUTOTOKCUYHOCT, BETETATUBHM NOAMOXKY, in Vitro, eMOpUoHN.
Key words: soil herbicides, phytotoxicity, vegetative rootstock, in vitro, embryos.
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INTRODUCTION

Herbicide application in the fruit tree nursery as
an element of good agrotechnical practice quite often might
be risky for the appearance of phytotoxic symptoms in plants
(Wazbinska, 1997; Kaufman and Libek, 2000; Rankova,
2004; Rankova, 2006). That is why preliminary studies are
needed to estimate the effect of different herbicides on the
vegetative habits of the rootstocks.

The in vitro plants are useful experimental model
system for evaluating the effect of different environmental
factors. They are grown under controlled conditions, they
are uniform, they can be reproduced quickly and easily in
great quantities and they enable precise experiments for
evaluation of different parameters — growth, biomass
accumulation, biochemical and biophysical indices about
the physiological status of the plants. Although observations
on growth characteristics and physiological status of the
treated plants have been carried out under field conditions,
the use of in vitro plants gives a new opinion about the
mechanism of action of the bioactive substances (Rankova
etal., 2004). A similar model system was used in studying
the physiological effect of heavy metals on agricultural crops
(Costa and Spitz, 1977; Sanita di Toppi et al., 1998).The
results obtained in in vitro screening were confirmed by in
vivo observations (Saladin et al., 2003).

The aim of the present research was to study the
effect of the soil herbicides Terbacil, Pendimethalin and
Napropamide on the isolated Prunus cerasifera embryos,
peach rootstock GF677, apple rootstock MM106, Rootstock
Prunus domestica “Wangenheims” under in vitro conditions.

MATHERIAL AND METHODS

The experiments were carried outin 2001-2009 in
the plant biotechnological lab of the Fruit Growing institute
— Plovdiv. In vitro isolated Prunus cerasifera embryos as
well as micropropagated plants without roots and with 10
mm long roots from vegetative peach rootstock GF677,
apple rootstock MM106 and rootstock Prunus domestica
“Wangenheims” were used in the studies. In vitro plants
were treated with the soil herbicides Terbacil (Sinbar 80
WP) - 100-150 g/da; Pendimethalin (Stomp 33 EC) — 400-
600 ml/da and Napropamide (Devrinol 4 F) — 400-600 ml/
da. The herbicide solution (5 ml/cultivation plate-
recalculated according to the surface of the in vitro used
cultural vessels) was laid as a film on the surface of the
nutrient medium. Distillated water was used as a control
(Rankova et al., 2006 a,b; 2009).

The in vitro plants were cultivated in a growth
chamber at a temperature of 22+2°C and a photoperiod of
16/8 hours (40 umol m2s™' PPFD).

Visual observations on the development and
manifestation of external symptoms of phytotoxicity
(chlorosis, necrosis, plant withering) were carried out in
dynamics on the 7" 14" and 21% day after the date of
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treatment. On the 21 day the following biometric indices
were reported — plant height (mm), mean number of roots
per plant, mean length of the roots (mm), and relative growth
rate per plant (RGR =(InFW__-InFW__)/21days), as well
as the content of plastid pigments.

RESULTS AND DISCUSSION

Prunus cerasifera L. embryos treated with
pendimethalin

Phytotoxicity (inhibition of root meristem growth
and browning of cotyledons) was established in the
treatment of embryos with embryonic roots< 5mm in length.
The embryos whose embryonic roots at the moment of
herbicide application were longer than 5 mm did not show
any symptoms of phytotoxicity (Gercheva et al., 2002).

Herbicide treatment of peach rootstock
GF677 in vitro

Visual characteristics of phytotoxicity in the leaves
and stems of rooted plants of GF677 under in vitro
conditions were not established after treatment with the
soil herbicides terbacil, pendimethalin and napropamid.
These herbicides did not exert an effect on rooting and stem
growth of plantlets but caused phytotoxicity expressed in
suppression of the root growth. It was most strongly
expressed after treatment with napropamid at the two
applied rates (Rankova et al., 2004).

Apple rootstock MM106

In both variants with napropamid applied the
appearance of necrosis in the root tips was observed on
the 7 day. It was established that pendimethalin and
napropamid depressed the stem and root growth of the
treated plants (Fig.1.). The inhibiting effect of napropamid
on those characteristics was expressed even more strongly.
Both soil herbicides did not exert any significant effect on
the mean number of roots per plant. The application of those
herbicides was the reason for the lower content of leaf
pigments (chlorophyll a, 8, (a+8) and carotenoids), the
strongest depressing effect being reported after treatment
with napropamid (Rankova et al., 2009).

Rootstock Prunus domestica “Wangenheims”
A. Treatment with soil herbicides Terbacil (Sinbar 80 WP)
After treatment with terbacil of in vitro rooted plants
no external symptoms of phytotoxicity — chlorosis, necrosis
and depressing effect were observed. No inhibiting influence
on growth of stem and roots were established (Rankova et
al., 2006b).

B. Treatment with Pendimethalin and Napropamide
Rooted plantlets
On the 14" day after the application of
napropamide on the rooted “Wangenheims” external
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due. 1. BnusHue Ha noyseHume xepbuyudu neHOUMemarnuH U Harnpornamud ebpXy omHocumenHama ckopocm Ha pacmex (RGR) u
Ob/mKUHama Ha KopeHume Ha in vitro ekopeHeHu pacmeHusi om sibbyikogama nodnoxka MM106. P4 — Pendimethalin — 4.0 I/ha;
P6 - Pendimethalin — 6.0 I/ha; N4 - Napropamid — 4.0 I/ha; N6 — Napropamid - 6.0 I/ha. PaznuyHume 6yKeu Ha 8Csika KOJIOHa
rokasgam cbuecmeeHa pasnuka no [JoHkaH (DMRT) (P<0.05)

Fig. 1. Effect of the soil herbicides Pendimethalin and Napropamid on the relative growth rate (RGR) and root length of in vitro
rooted apple rootstock MM106. P4 — Pendimethalin — 4.0 I/ha; P6 - Pendimethalin — 6.0 I/ha; N4 - Napropamid — 4.0 I/ha;

N6 — Napropamid - 6.0 I/ha. Different letters within each column indicates significant difference (P<0.05) by DMRT
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due. 2. BnusHue Ha nouyseHume xepbuyudu neHOUMemarnuH U Harnponamud 8bpXy 8UCOYUHama Ha pacmeHusima u Ob/mXKuHama Ha
KopeHume Ha in vitro ekopeHeHu pacmeHusi om Prunus domestica “Wangenheims”. Control (HempemupaHu);
P400 - Pendimethalin — 4 I/ha; P600 - Pendimethalin — 6 I/ha; N400 - Napropamid — 4.0 I/ha; 5. N600 — Napropamid - 6 I/ha.
Pasnu4yHume 6ykeu Ha 6csika KOOHa rokaseam cbuiecmeeHa pasnuka no JoHkaH (DMRT) (P<0.05)
Fig. 2. Effect of the soil herbicides Pendimethalin and Napropamid on the plant height (mm) and root length (mm) of in vitro rooted
Prunus domestica “Wangenheims”. Control (untreated);, P400 — Pendimethalin — 4 I/ha; P600 - Pendimethalin — 6 I/ha;
N400 - Napropamid — 4.0 I/ha; 5. N600 — Napropamid - 6 I/ha.
Different letters within each column indicates significant difference (P<0.05) by DMRT
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0 npupacma (mm) Ha HeeKOpeHeHU pacmeHusi om Prunus
domestica “Wangenheims”. Control (Hempemupatu); P400,
% P500, P600 — mpemupaHu ¢ neHOuMemanuH (CbomeemHo
30 400 mi/da, 500 mi/da u 600 mi/da); P400, P500, P600 —
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2 500 mi/da u 600 mi/da)
Fig. 3. Effect of the soil herbicides Pendimethalin and
15 Napropamid on the stem length (mm) and stem length
10 increase (mm) of Prunus domestica “Wangenheims” plantlets
5 (without roots). Control (untreated); P400, P500, P600 -
Jj NN BN E— treated with Pendimethalin (400 mi/da, 500 mi/da and 600
0+ ml/da respectively); P400, P500, P600 — treated with —
Control P40 P50 PG00 DD N0 N6 Napropamid (400 mi/da, 500 mi/da and 600 mi/da
respectively)
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symptoms of phytotoxicity and necrosis in the root formation
area were appeared. These symptoms were more
pronounced at the higher concentration of napropamide.
After treatment with pendimethalin, a chlorosis in the leaves
of the plantlets and obvious depression of stem and root
growth were reported (Fig. 2).

Plantlets without roots

The soil herbicides pendimethalin and
napropamide blocked rooting of Prunus domestica
“Wangenheims” under in vitro conditions. After treatment
external symptoms of phytotoxicity and depressing effect
on root formation and growth of microplants without roots
were established (Fig.3). On the 14" day after the
application of napropamide a necrosis in the root formation
area was appeared. After treatment with pendimethalin,
chlorosis in the leaves of the plantlets and obvious
depression of growth were reported (Rankova et al., 2006a).

CONCLUSIONS

The obtained results about influence of the soil
herbicides on the growth of rootstocks in vitro showed that
in vitro plants could be an useful model system for evaluation
of fruit plants stress responses to soil herbicide treatment.
Itis necessary an individual approach to different rootstocks
— seed and vegetative — depending on the mechanism of
phytotoxic action of the active substances.
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