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Possibilities of Applying Soil Herbicides in Fruit 
Nurseries – Phytotoxicity and Selectivity 

Zarya Rankova 
Fruit-Growing Institute, Plovdiv 4004, 12, Ostromila Str. 

Bulgaria 

1. Introduction 

Fruit-growing is one of the major sub-branches of agriculture in Bulgaria and its 
development is enhanced by a number of positive prerequisites – favourable soil and 
climatic conditions, a rich genetic fund of local and introduced cultivars, production 
experience and national traditions. Production of grafted fruit tree planting material is an 
important starting point in developing modern fruit-growing. Requirements set by 
integrated fruit production and the needs of producing certified fruit planting material 
impose the development of ecologically sound integrated approaches for plant protection, 
including an efficient control of weed infestation in the fruit nursery, based on selective 
herbicides without any residual effects, as an element of high agrotechnical practice. In 1991 
the European Plant Protection Organization (EPPO) published a scheme for production of 
certified virus-free fruit trees and rootstocks. The recommendations complying with the 
scheme of EPPO were included in Directive 92/34 of the Council of the European Economic 
Community of 28 April 1992 on the marketing of fruit plant propagating materials and fruit 
plants intended for fruit production. The aim of the Directive was to guarantee the quality 
of propagating material in the European Union countries after the borders have come down. 
Certified virus-free fruit planting material could only be produced under the conditions of 
very high agrotechnical background, including an efficient and ecologically sound control of 
weed infestation in the fruit nursery. 
Weed vegetation is a serious problem in fruit crop nurseries. Weeds strongly suppress the 
growth of rootstocks and grafted trees in the process of planting material production. A 
direct damage caused by weed infestation is markedly expressed (weed-crop competition 
for moisture, light and nutrients from soil and introduced with fertilizers). Under the effect 
of weeds, growth and development of young trees is delayed, wood does not mature and 
the planting material obtained is non-standard. The indirect damage caused by weeds 
(dissemination of pests and diseases, including viral ones) in that case is quite strongly 
expressed, keeping in mind the modern issues to the production of certified, free of viral 
diseases fruit planting material. 
In scientific literature there are data that a number of weed species could be also attacked by 
diseases, including viral ones, and thus weeds become the reason for their spread to the 
cultivated plants. It was established that PPV (plum pox potty virus) casing the 
economically most important Sharka disease in stone fruit species, could be hosted by a 
number of weed species contained in the weed association in the fruit nursery (Oosten, 1971; 
Rankova & Milusheva, 2001; Milusheva & Rankova, 2002; Milusheva & Rankova, 2006) 
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Under the conditions of modern fruit production, an efficient and ecologically sound weed 
control in the fruit nursery could hardly be carried out without a developed scientific 
chemical control system based on soil-applied and leaf herbicides with proven selectivity for 
fruit species. 
There are data in literature about the different effects of some soil and leaf herbicides on 
growth of fruit species used as rootstocks – from lack of phytotoxicity and ability to produce 
good quality rootstocks suitable for grafting, to very strong toxicity after applying some active 
substances contained in herbicides, causing plant death. The effect of applying some soil 
herbicides in yellow plum seedling rootstocks was studied  (Porterfield et al., 1993; Wazbinska, 
1997; Kaufman & Libek, 2000 a; Kaufman & Libek, 2000 b; Rankova, 2004), in peach seedling 
rootstocks (Arenstein, 1980; Kuhns L., 1981; Lange, 1987; Lourens et al., 1989; Jankovic, et al., 
1995; Abdul et al., 1998; Rankova, 2002; Rankova, 2004), in wild cherry seedling rootstocks 
(Crisp et al., 1984;Clay, 1984; Porterfield et al., 1993),in mahaleb (Rankova, 2006); in apricot 
seedling rootstocks (Arenstein, 1980; Mitchell & Abernethy, 1989).  
The present work provides summarized data from studies carried out in the period 2001-
2009 at the Fruit-Growing Institute – Plovdiv and it has set the aim of presenting the 
incidence of phytotoxicity and selectivity in some major seedling rootstocks after application 
of soil herbicides. The effect of a number of soil herbicides (napropamide, pendimethalin, 
metolachlor, oxyfluorofen, terbacil, linuron, oxadiargyl, etc.) on weed infestation, growth 
habits and physiological status of different seedling rootstocks for fruit species (yellow plum 
(Prunus cerasifera, Ehrh., Myrobolan), peach seedling rootstock (Prunus persica L., Batsch), 
wild cherry (Prunus avium L.), Mahaleb (Prunus mahaleb L.), apricot seedling rootstock 
(Prunus armeniaca L.), walnut (Juglans regia L.) was studied under the conditions of model 
pot experiments and field studies. Those seedling rootstocks have been widely used as 
rootstocks for plum, peach, sweet cherry, apricot, nectarine and walnut fruit cultivars, 
thanks to their good adaptability to the soil and climatic conditions and their excellent 
affinity to the range of cultivars grown in Bulgaria. 
Probably, the use of the active substance terbacil in the studies will make an impression. After 
the accession of Bulgaria to the EU, its application was prohibited, despite the results of its 
excellent herbicide efficiency against a large number of annual grassy and broad-leaved weeds 
and its use in fruit-bearing orchards and in some nurseries (in rootstocks for apple cultivars 
and forest species). Although treatment with that soil herbicide is prohibited at present, the 
results of the carried out investigations showed that it could be applied in fruit tree nurseries 
for some fruit species (yellow plum, peach), because a depressing effect on the growth of the 
rootstocks was not reported. The other herbicides included in the study also have a 
comparatively broad spectrum of herbicide efficiency and persistence in soil for 2-3 months 
after the date of treatment. Their selection was made with the aim of providing herbicide 
efficiency during the first months after emergence of the seedlings, when the competition and 
the suppressing effect of the weed vegetation are most strongly expressed. Only preliminary 
stratified seeds (stones) were used during the implementation of the experiments for the 
reliable reporting of the soil herbicide effect on the process of plant emergency. 

2. Model (pot experiments) for studying the effect of the soil herbicides on 
the vegetative habits of seedling rootstocks 

2.1 Material and methods 
Stratified seeds (stones) of yellow plum, peach, wild cherry, walnut of Kuklenski cultivar 
and apricot were planted (by 5 seeds) in pots of volume 1 kg sand and alluvial-meadow soil 
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(Fluvisol), pH 7,2 and content of mobile phosphorus P2O5 – 21,6 mg/100g of soil. Treatment 
with soil herbicides was applied immediately after seeding. Ten variants in five replications 
were set. 
Variants: 1. Control (untreated); 2. Napropamide – Devrinol 4 F – 4,0 l/ha; 3. Pendimethalin 

– Stomp 33 ЕC – 4,0 l/ha; 4. Terbacil – Sinbar 80 WP – 1,0 kg/ha; 5. Oxadiargyl – Raft 800 

WDG – 250 g/ha; 6. Metolachlor – Dual Gold 960 ЕC – 1,0 l/ha; 7. Isoxaflutole – Merlin 750 

WG – 50 g/ha; 8. Linuron – Afalon 45 SC – 3,0 l/ha; 9. Acetochlor- Trophy- 3,0 l/ha; 10. 

Oxyfluorofen – Galigan 240 ЕC – 1,5 l/ha;.  

The herbicide treatment rates were calculated according to the area of the cultivation vessel. 
The experimental plants were grown for 60 days under controlled conditions (temperature 
of 20-250С and relative air humidity 65-70%) in a glass-and-steel green house. During that 
period observations were made on seedling emergence, development and external 
symptoms of phytotoxicity. At the end of the period the following biometric indices were 
reported: stem height (сm) and above-ground mass (stem + leaves) – in average per plant 
(g). The results obtained were statistically processed following the standard methods. 

2.2 Results and discussion 
2.2.1 Effect of soil herbicides on the vegetative habits of yellow plum seedlings 
The applied soil herbicides had a different effect on the emergence and development of 

yellow plum seedlings. No differences in the rate of seedling emergence were observed after 

treatment with napropamide (Devrinol 4 F – 4,0 l/ha) and terbacil (Sinbar 80 WP – 1,0 

kg/ha). When treated with oxadiargyl (Raft 800 WG – 250 g/ha), the plants emerged at the 

same time with those of the control, however shortly after that symptoms of necrosis 

appeared on the cotyledons and the plants died about 10 days after emergence. Only single 

plants survived but white chlorosis developed on their leaves – the tissues around the 

central vein, and slight necrosis appeared at the leaf margins. Plant growth was suppressed. 

The last to emerge (up to the 20th day after the emergence of the control seeds) were the 
plants treated with pendimethalin (Stomp 33 EC – 4,0 l/ha), (Var. 3). Their development 
was delayed and they had much shorter stems (rosettes) and smaller leaves (Fig. 1). 
 

 

Fig. 1. Inhibiting effect of pendimethalin in yellow plum seedlings under sand culture 
conditions.  
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External symptoms of toxicity and growth suppression were not reported for the seedlings 
of the variants treated with napropamide and terbacil. 
The plants treated with isoxaflutole (Merlin 750 WG – 50 g/ha) emerged at the same time 
with those of the control. Later their development was delayed, strongly expressed chlorosis 
appeared, the tissues about the central vein whitened (white chlorosis), a large number of 
the plants withered (Fig. 2). Again only single plants continued to develop in that variant.  
 

 

Fig. 2. White chlorosis on the leaves of yellow plum after treatment with isoxaflutole (Merlin 
750 WG). 

  The seedlings treated with metolachlor, linuron, acetochlor and oxyfluorofen emerged at 
the same time with the control plants but later their development was delayed and until the 
20th day after emergence withering and dying of the plants was observed. 
The least depressing effect on growth was exerted by the active substances napropamide 
and terbacil – Variants 2 and 4 (Fig. 3 and 4). After treatment of the seedlings with 
oxadiargyl – Raft 800 WG – 250 g/ha (Var. 5) a suppression of stem development was 
observed. The lowest values of both biometric characteristics were established after 
treatment with pendimethalin – Stomp 33 EC – 4,0 l/ha (Var. 3). The differences to the 
controlled variant were statistically highly significant. 
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Fig. 3. Stem height of yellow plum seedlings after treatment with soil herbicides (h-cm). 
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Fig. 4. Effect of soil herbicides on the above-ground mass of yellow plum seedlings (g). 

The strong inhibiting effect of pendimethalin under sand culture conditions could be 

explained by the physical basis of the herbicide selectivity and the possibility to induce 

phytotoxicity on light soils (sand) and in direct contact with the germinating seeds (stones).  

The results obtained about the effect of the studied soil-applied herbicides on the vegetative 

habits of yellow plum seedlings under sand culture conditions gave the grounds to draw the 

following conclusions: 1. After treatment with napropamide and terbacil, toxicity was not 

observed and the growth habits of the plants were close to the untreated control; 2. Strongly 

suppressing effect was established after treatment with pendimethalin under sand culture 

conditions; 3. Strong phytotoxicity expressed in dying of the plants was reported after 

treatment with metolachlor, linuron, acetochlor and oxyfluorofen. 

2.2.2 Effect of soil herbicides on the vegetative habits of peach seedlings 
The obtained results showed that the applied herbicide active substances had a different 

effect on seedling development compared to sand culture. The plants of the variants treated 

with napropamide (Var. 2), pendimethalin (Var. 3), terbacil (Var. 4), oxadiargyl (Var. 8) and 

isoxaflutole (Var. 9) emerged at the same time as those of the control. They grew well 

without external symptoms of phytotoxicity. Later, in Variant 7 (Merlin 750 WG – 5 g/da) 

white chlorosis emerged along the leaf vein.  The plants of the variants treated with 

metolachlor (Dual Gold 960 EC 1,0 l/ha), linuron (Afalon 50 WP – 3,0 l/ha), acetochlor 

(Trophy – 3,0 l/ha) and oxyfluorofen (Galigan 240 ЕC – 3,0 l/ha) emerged later than those of 

the control. When applying metolachlor (Var. 6) only single plants emerged and their 

growth was suppressed. Leaf withering and plant dying was observed until the 20th day 

after emergence. Analogous habits were established in the seedlings of Variant 8 (linuron – 

Afalon 50 WP – 3,0 l/ha), Variant 9 (acetochlor – Trophy – 3,0 l/ha) and Variant 10 

(oxyfluorofen – Galigan 240 ЕC – 3,0 l/ha). 

Single seeds emerged in the variants treated with linuron and acetochlor and their growth 
was strongly suppressed. Withering from the leaf tip was observed and the plants died until 
the 20th day after emergence. Phytotoxicity was also established in the plants treated with 
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oxyfluorofen (Var. 10). The seedlings emerged later than those of the control. Later their 
growth was delayed, chlorosis appeared at the leaf margins, turning into necrosis and 
causing plant death in 20 – 25 days after emergence. 
The slightest effect on the experimental plants was exerted by the active substances terbacil 

and pendimethalin (Fig. 5). Out of all the reported biometric characteristics, values closest to 

the control plants were established in the plants of Variant 4 – terbacil – Sinbar 80 WP – 1,0 

kg/ha, followed by Variant 3 – pendimethalin – Stomp 33 EC – 3,0 l/ha. 
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Fig. 5. Effect of soil herbicides on stem height of peach seedlings (h-cm) 

0

0,5

1

1,5

2

2,5

3

3,5

ab
o

v
e-

g
ro

u
n

d
 m

as
s 

(g
)

1 2 3 4 5 6 7 8 9 10

variants  
LSD 5%-0,22, 1%-0,30, 0.1%-0,40 

Fig. 6. Effect of soil herbicides on the above-ground mass of peach seedlings (g). 
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After application of napropamide (Var. 2), the strongest expression of the stem growth 
reduction in the seedlings was reported in comparison with the control. The differences 
were of high statistical significance. 
There are data in literature about the response of some fruit species to soil herbicides when 
applying the sand culture method (Clay, 1984; Lourens, et al., 1989). Analogous results 
about the habits of peach seedlings after treatment with soil herbicides under sand culture 
conditions were obtained by Lourens, (1989). A slight phytotoxic effect was established after 
treatment of the experimental plants with pendimethalin, napropamide, oryzalin. The 
authors reported that even stronger phytotoxicity was observed after treatment with 
oxadiazon, alachlor, simazine.  
The results obtained about the effect of the studied soil-applied herbicides on the vegetative 
habits of peach seedlings under sand culture conditions gave the grounds to draw the 
following conclusions: 1. Growth habits closest to those in the control, were established in 
the plants treated with terbacil (Var. 4) and pendimethalin (Var. 3);  
2. Strong phytotoxic effect on peach seedlings expressed in dying of the plants, was exerted 
by linuron, metolachlor, acetochlor and oxyfluorofen. 

2.2.3 Effect of soil-applied herbicides on the vegetative habits of wild cherry 
seedlings 
Strong phytotoxicity under sand culture conditions was established after treatment with all 
the tested herbicides, expressed in blocking of seed germination or dying of the emerged 
plants. That was the reason to conclude that wild cherry as a species is strongly susceptible 
to the effect of soil-applied herbicides under sand culture conditions. 
  In the model pot experiment on alluvial-meadow soil (Fluvisol), the plants of the variants 
tested with napropamide (Var. 2), pendimethalin (Var. 3) and isoxaflutole (Var. 7) emerged 
at the same time with those of the control. External symptoms of phytotoxicity were not 
observed in the seedlings treated with napropamide and pendimethalin. 
 

 

Fig. 7.  White chlorosis in wild cherry seedlings after treatment with isoxaflutole (Var. 7) 

After treatment with isoxaflutole (Var. 9), white chlorosis appeared in the leaves of the 
plants both along the leaf vein and between the leaf nerves. In those areas the chlorosis 
developed as white spots. Later (about a month) necrosis appeared in the white spots.   

7
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At a later stage (about 40 days after plant emergence), those symptoms were not observed in 
the newly formed leaves. The leaves were fresh, green, without obvious suppression of 
plant growth. That was the reason to accept that the phytotoxicity of isoxaflutole in wild 
cherry seedlings was overcome in 40-60 days after emergence. 
The seeds of the other variants treated with herbicides (Var. 4, 5, 6, 7 and 8) did not emerge 
or only single plants developed. Withering of the plant tip was observed, followed by dying 
of the plants in about 20 days after emergence. Consequently, the active substances terbacil, 
metolachlor, linuron, oxyfluorofen and oxadiargyl have a strong phytotoxic effect on wild 
cherry seedlings, causing the plant death. 
 

 

 

Fig. 8. Wild cherry seedlings with suppressed growth after treatment with terbacil (Var. 4) 
and metolachlor (Var. 6) 

6 
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The results of the biometric analysis showed different effects of the soil herbicides on the 
vegetative habits of the plants. The least inhibiting effect on stem growth in height was 
observed in the variants treated with napropamide (Var. 2) and isoxaflutole (Var. 9), (Fig. 9). 
The lowest height was reported for the plants treated with pendimethalin (Var. 3). The 
differences to the control were statistically significant. After the application of isoxaflutole 
(Var. 7) the values of plant height were close to those in the control. 
The results about the effect of the applied herbicides on the above-ground mass of the plants 
were analogous with those of plant height (Fig. 10). The results obtained after treatment of 
the seedlings with napropamide and isoxaflutole again showed values close to the control. 
Again a depressing effect on that characteristic was reported in the variant with application 
of pendimethalin (Var. 3). The differences were statistically significant. 
The results obtained about the effect of the soil-applied herbicides on the vegetative habits 
of wild cherry seedlings gave the grounds to draw the following conclusions: 
1. Strong phytotoxicity expressed in blocking the seed germination and dying of the 

emerged plants was exhibited after applying the soil herbicides napropamide, 
pendimethalin, terbacil, metolachlor, linuron, acetochlor, oxyfluorofen, oxadiargyl and 
isoxaflutole at the tested rates under sand culture conditions. 

2. Under the conditions of alluvial-meadow soil (Fluvisol), external symptoms of 
phytotoxicity and growth depression was not observed in seedlings after treatment 
with napropamide (Devrinol 4 F – 400 ml/da). 

3. Application of isoxaflutole led to incidence of white chlorosis in the plant leaves, 
however phytotoxicity was overcome in about 40 days after treatment with the 
herbicide and no suppression of the vegetative habits were observed. 
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Fig. 9. Effect of soil herbicides on stem height (сm)  
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Fig. 10. Effect of soil herbicides on the above-ground plant mass (g) 

4. Depressing effect on growth of wild cherry seedlings was established after treatment 

with pendimethalin – Stomp 33 ЕC – 4,0 l/ha. 

5. Under the conditions of a model pot experiment on alluvial-meadow soil (Fluvisol) the 

active substances terbacil, metolachlor, linuron, acetochlor, oxyfluorofen and oxadiargyl 

had a strong phytotoxic effect on the seedlings, leading to plant death. 

2.3 Effect of the soil-applied herbicides on the vegetative habits of walnut seedlings 
2.3.1 Under sand culture conditions 
The seeds treated with napropamide (Var. 2), pendimethalin (Var. 3) and terbacil (Var. 4) 
emerged at the same time with those of the control. External symptoms of phytotoxicity 
were not observed. Later, delayed development of the seedlings was reported for the plants 
of the Variants 2 and 3. 
Delayed emergence compared to the control was established for the plants treated with 

metolachlor (Var. 6), linuron (Var. 8) and oxyfluorofen (Var. 10). In Variant 6 only single 

plants emerged. An incidence of necrosis in their leaves was reported. The seedlings of the 

variants treated with metolachlor and oxyfluorofen died until the 20th day after emergence. 

Similar symptoms of phytotoxicity were observed in the plants of Variant 8 – only single 

plants emerged and they had a seriously delayed development with necrosis at the margins 

of the apical leaves. 

In the variants with application of oxadiargyl (Var. 10) and isoxaflutole (Var. 7) the seeds 

emerged at the same time as those of the control variant. External symptoms of 

phytotoxicity – chlorosis, necrosis, white chlorosis – typical of the species susceptible to 

isoxaflutole, were not observed. 
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The results of the biometric analysis showed that the soil-applied herbicides had an effect 
expressed in different ways on growth and development of walnut seedlings. The plants of 
the variants treated with oxadiargyl and isoxaflutole (Var. 5 and 7) had a bigger stem height 
compared to the control (Fig. 11). 
That was the reason to conclude that those two active substances do not exert a depressing 
effect on seedling growth. Values of the stem height, close to those in the control, were 
established in the plants treated with terbacil, napropamide and linuron (Var. 4, 2 and 8). 
Strong inhibiting effect under sand culture conditions was established in the plants treated 
with pendimethalin (Var. 3). The differences to the control were of high statistical significance. 
A similar effect of the soil-applied herbicides was observed on the other studied 
characteristic – the above-ground mass (Fig. 12). The plants treated with isoxaflutole (Var. 7) 
had a larger above-ground mass than those of the control variant. Consequently, the active 
substance isoxaflutole – Merlin 750 WG at the rate 50 g/ha did not suppress walnut seedling 
growth under sand culture conditions. A slighter depressing effect on that characteristic was 
established also in the plants treated with terbacil and linuron (Var. 4 and 8). The least 
above-ground mass was reported in the plants treated with pendimethalin (Var. 3) and 
napropamide (Var. 2). The differences to the control were again of high statistical 
significance. 
Application of pendimethalin had a depressing effect on walnut seedling development 
under sand culture conditions. A similar result was observed in the other analogous studies 
about the effect of the soil-applied herbicides on the habits of peach and yellow plum 
seedling rootstocks. 
The depressing effect of pendimethalin under sand culture conditions could be explained by 
the physical basis of the herbicide selectivity and the possibility to exhibit its phytotoxic effect 
on light soils (sand in the present case) and in a direct contact with the germinating seeds.  
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Fig. 11. Effect of soil herbicides on plant height (h- сm). 
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Fig. 12. Effect of soil herbicides on the above-ground mass (g). 

2.3.2 Under the conditions of a model pot experiment with alluvial-meadow soil 
(Fluvisol)   
Differences in the rate of emergence of the seedlings in the variants treated with herbicides 

and those in the control were not observed. External symptoms of toxicity (chlorosis, 

necrosis, withering of the stem or leaves) did not appear. Later a delayed development of 

the plants in the variants treated with pendimethalin (Var. 3), metolachlor (Var. 6) and 

oxyfluorofen (Var. 10) was established.  

The results of the biometric analyses showed that the applied soil herbicides had a different 

effect on growth and development of the walnut seedlings. Plants of the variants treated 

with napropamide, terbacil, linuron and isoxaflutole (Var. 2, 4, 8 and 7) had a closer to stem 

height compared to the control (Fig. 13). The differences were not statistically significant. 

A lower stem height was reported for the plants of the variants with applied pendimethalin, 

metolachlor, acetochlor and oxyfluorofen (Var. 3, 6, 9 and 10). That gave the grounds to 

accept that the application of those soil herbicides suppressed the stem growth of walnut 

seedlings. 

Lower above-ground mass was reported in the plants of all the variants treated with 

herbicides (Fig. 14). The values of the plants in the variants treated with terbacil and 

isoxaflutole (Var. 4 and Var. 7) were the closest to the control. 

The results about the depressing effect of the soil herbicides pendimethalin, metolachlor, 

and oxyfluorofen on that characteristic were analogous. 

Therefore, it could be admitted that those soil herbicides had a depressing effect on the 

growth of walnut seedlings. 
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Fig. 13. Effect of soil herbicides on stem height of walnut seedlings (h – сm). 
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Fig. 14. Effect of soil herbicides on the above-ground plant mass (g)  
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The following conclusions could be drawn from the results about the effect of the herbicides 
on the habits of walnut seedlings: 
1. A depressing effect on walnut seedling growth, expressed in growth suppression and a 

significant decrease of the above-ground plant mass, was exerted after treatment with 
pendimethalin, metolachlor and oxyfluorofen. 

2. After treatment with napropamide, terbacil, linuron and isoxaflutole no phytotoxic 
effect expressed in suppression of the vegetative habits of walnut seedlings was 
established. 

2.4 Effect of soil herbicides on the vegetative habits of apricot seedlings 
Plant habits under both conditions of the model experiment – under sand culture conditions 

and on alluvial-meadow soil (Fluvisol) were analogous at the initial stages of plant 

emergence and development. 

The plants of the variants treated with herbicides (Var. 2, 3 and 4) emerged at the same time 

with those of the control. External symptoms of phytotoxicity – chlorosis, necrosis, as well as 

obvious disturbance of plant development, were not observed. Strong phytotoxicity 

expressed in an inability of the seeds to germinate or withering and drying of the emerged 

plants was established after treatment with the other herbicides included in the study (Var. 

5-10). 

The results of the biometric analysis showed that after treatment with terbacil (Sinbar 80 WP 

– 1,0 kg/ha) the plants had a stem height close or bigger than those in the control variant. 

The differences to the control were statistically insignificant. Consequently, that active 

substance did not exert a depressing effect on stem growth (Fig. 15). 

An inhibiting effect on growth was established after applying napropamide and 

pendimethalin under sand culture conditions. That could be explained by the mechanism of 

action of the active substances. It is known that napropamide stops the growth of the 

susceptible plants and pendimethalin inhibits cell division and elongation in the 

meristematic tissues of the stem (Tonev, 2000). Under sand culture conditions, when the 

effect of soil as a factor is eliminated, those characteristics of phytotoxicity in result of the 

herbicide application were much more obviously expressed. Under the conditions of 

alluvial-meadow soil, stem growth suppression was much weaker after applying those 

active substances. In that case the differences were insignificant. 

The results obtained about the effect of the applied herbicides on stem weight were 

analogous (Fig. 16). A strong suppressing effect on that characteristic under sand culture 

conditions was established again after treatment with pendimethalin (Var. 3) and 

napropamide (Var. 2). That result could be explained by the effect of the active substances 

on seedling growth under the different conditions tested in the study. Under sand culture 

conditions the differences to the control were highly significant. Under the conditions of 

alluvial-meadow soil growth suppression of plant development was also reported after 

treatment with napropamide (Var. 2), however, in that case the inhibiting effect was much 

weaker. 

The plants treated with terbacil under both experimental conditions had stem weight values 

close to that in the control. The differences to the control variant were statistically 

insignificant. That confirmed the results about the lack of phytotoxicity in the plants after 

applying Sinbar 80 WP – 1,0 kg/ha. 
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The results obtained gave the grounds to conclude that the application of terbacil, and 
pendimethalin under the conditions of alluvial-meadow soil did not cause phytotoxicity on 
apricot seedlings resulting in plant growth suppression. A negative effect on growth was 
established after treatment with napropamide. Similar results of phytotoxicity caused by 
napropamide under sand culture conditions were established in analogous studies with 
peach seedlings.  
Under the conditions of alluvial-meadow soil, the effect of the herbicides was significantly 
weaker due to factors such as mechanical soil content, humus, pH, argillaceous (loamy) 
fraction, etc. The conclusion could be drawn that when the stones are planted shallow in 
soils of a light mechanical composition and there is a direct contact between the active 
substance napropamide and the germinating seeds, then the incidence of phytotoxicity 
expressed in growth suppression is quite probable. 

2.5 Conclusions 
1. External symptoms of phytotoxicity were not established in apricot seedlings after 

treatment with napropamide, pendimethalin and terbacil. 
2. Application of terbacil (Sinbar 80 WP – 1,0 kg/ha) did not cause suppression of growth 

habits in the seedlings. 
3. Suppression of plant growth and development was established after treatment with 

napropamide – Devrinol 4 F – 4,0 l/ha under sand culture conditions. 
The results obtained in the model studies showed that the sand culture method could be 
applied as a rapid model system for testing the habits of fruit species in response to the soil-
applied herbicides. Under sand culture conditions the soil type (mechanical composition, 
humus) is eliminated as a factor affecting the plant habits and the soil herbicides and it is 
possible to obtain information about the response of the cultural fruit species to the different 
active substances. 

3. Field experiments for establishing the effect of some soil-applied 
herbicides on the vegetative habits of seedling rootstocks of yellow plum, 
peach and Mahaleb.  

3.1 Material and methods 
The field studies were carried out on the experimental site on the territory of the Fruit-
Growing Institute – Plovdiv. The soil in the experimental plot was alluvial-meadow 
(Fluvisol), pH 7,4, with a good supply of phosphorus and potassium (Rankova, 2004,). 
Stratified seeds (stones) of yellow plum, peach and Mahaleb were planted in the period 15 – 
25 March on an experimental plot of a size 1 m2 for each variant (10 seeds per 1 m2) at 3-5 cm 
depth and 5-7 cm distance within the row. Immediately after planting the seeds, treatment 
with soil-applied herbicides was carried out. Four active substances of soil herbicides were 
used – napropamide, pendimethalin, terbacil and metolachlor, each of them used at three 
rates. The following variants were set: 1. Control (untreated); 2. Napropamide – Devrinol 4 F 
– 3,0 l/ha; 3. Napropamide – Devrinol 4 F – 4,0 l/ha; 4. Napropamide - Devrinol 4 F – 5,0 
l/ha; 5. Pendimethalin – Stomp 33 EC – 3,0 l/ha; 6. Pendimethalin – Stomp 33 EC – 4,0 l/ha; 
7. Pendimethalin – Stomp 33 EC – 5,0 l/ha; 8. Terbacil – Sinbar 80 WP – 750 g/ha; 9. Terbacil 
– Sinbar 80 WP – 1,0 kg/ha; 10. Terbacil – Sinbar 80 WP – 1,25 kg/ha; 11. Metolachlor – Dual 
Gold 960 EC – 1,125 l/ha; 12.  Metolachlor – Dual Gold 960 EC – 1,5 l/ha; 13. Metolachlor – 
Dual Gold 960 EC – 1,875 l/ha. 
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The experiment was set by the standard chess-board method in 4 replications, the reporting 
area being 4 m2. The control was maintained free of weeds by three weedings out by hand 
by 30-day intervals. During vegetation the rootstocks were grown following the standard 
technology.   
Observations were made on plant growth and development during vegetation – emergence, 
external symptoms of phytotoxicity (chlorosis, necrosis, deformations of the plantlets).  
In August (15-20 August) the rootstocks were qualified and the biometric characteristics 
stem height (h-cm) and thickness at the place of grafting (mm), were reported. Plant 
qualifying at that period coincided with the time of grafting, determined as the most 
suitable for grafting in Bulgarian fruit-growing practice. 

3.2 Results and discussion 
3.2.1 Effect of soil-applied herbicides on the vegetative habits of yellow plum seedling 
rootstocks 
The plants of all the variants treated with herbicides emerged at the same time as those of 

the control. External symptoms of phytotoxicity (chlorosis, necrosis, deformations of the 

plantlets) were not observed. Later a slight delay of growth was reported in all the three 

variants treated with different rates of metolachlor /Dual Gold 960 EC/. Growth depression 

was more obviously expressed in the variants of the medium and the high rates of 

metolachlor – Dual Gold 960 EC – 1,5 l/ha and 1,875 l/ha (Var. 12 and Var. 13). 

The measured biometric characteristics – thickness at the place of grafting and plant height 

during vegetation showed the different effect of the herbicides applied to soil at the 

respective rates on growth and development of the yellow plum seedling rootstocks. The 

results obtained in the different years showed the same tendency and they were discussed 

as averaged values. 

The results obtained about the thickness at the place of grafting showed that the plants 

treated with the herbicides napropamide, pendimethalin and terbacil applied at the three 

studied rates, had a larger thickness compared to the rootstocks in the control variant (Fig. 

17). That could be explained by the efficient control on weed vegetation exerted by the 

applied rates of herbicides during the first three months of seedling vegetation and the 

eliminated competition of weeds for moisture, nutrient substances and light. It created 

suitable conditions for the successful emergence, growth and maturing of the rootstocks. 

Thus they reached the thickness at the place of grafting permitting their inoculation in the 

same year of their planting. 

After treatment with the mentioned herbicides, values closest to the control were reported in 

the variant with the low rate of napropamide – Devrinol 4 F – 3,0 l/ha (Var. 2) in all the 

three years of the study, which could be explained by the lower herbicide activity and 

efficiency against the weed vegetation. The differences were statistically insignificant –  

LSD 5% = 0,19 (2001); 0,39 (2002); 0,32 (2003). 

During the three study years the largest thickness at the place of grafting was reported in 

the rootstocks of Variant 9 (terbacil – Sinbar 80 WP – 1,0 kg/ha) – 7,3 mm, of Variant 6 

(pendimethalin – Stomp 33 EC – 4,0 l/ha) – 7,3 mm  and of Variant 3 (napropamide – 

Devrinol 4 F – 4,0 l/ha) – 7,2 mm, versus 5,1 mm – the average thickness at the grafting zone 

in the control plants. Therefore, it could be admitted that the active substances 

napropamide, pendimethalin and terbacil applied at the tested rates, did not have a 

suppressing effect on growth and development of the seedlings. 
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Fig. 17. Thickness at the place of grafting (mm) of the yellow plum seedling rootstocks in 
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With the increase of metolachlor rate, a tendency to a decrease of the thickness was 
observed (Var. 12-13). 
That was also quite obviously expressed by the results about the effect of metolachlor on 
plant height, although the depressing effect of metolachlor on that characteristic was more 
weakly expressed. The obtained values were higher or close to those in the control (Fig. 18). 
In the three experimental years the highest values were obtained after applying the medium 
rate of: terbacil – Sinbar 80 WP – 1,0 kg/ha – 52,5 cm (Var. 9); pendimethalin – Stomp 33 EC 
– 4,0 l/ha – 46,5 cm (Var. 6) and the medium and the high rates of napropamide – Devrinol 4 
F – 4,0 and 5,0 l/ha – 40,0 cm and 40,3 cm (Var. 3 and Var. 4),  the plant height in the control 
being 34,5 cm. 
In the experimental 2003, a variant with an unweeded and untreated control (К0) was 
included in the study. Only single plants emerged in that variant, which were characterized 
by rather delayed development in result of the suppressing effect of the weed vegetation. 
When assessing their quality by reporting the stem height and thickness at the place of 
grafting, the advantages of the plants treated with herbicides were obvious – both 
concerning the quality of rootstocks and the number of the emerged seedlings (Fig. 19). 
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Fig. 19. Yellow plum seedling rootstocks – comparison between unweeded (К0) and weeded  
control (К) in August: а/thickness at the place of grafting (mm); b/ plant height (cm)  
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a) 

 

b) 

Fig. 20. Yellow plum seedling rootstocks treated with: a) napropamid- Devrinol 4F-4.0 l/ha  
and  b) pendimethalin – Stomp 33 EC – 4,0 l/ha 

It is clear that a good quality planting material without agrotechnical practices for control of 
the weed vegetation (weeding by hand) or chemical substances (herbicides) would not be 
possible to be produced. However, comparing plants grown under the conditions of strong 
natural weed infestation to those treated with herbicides, makes it possible to evaluate the 
advantages of the chemical means of weed control. It is quite obviously expressed when 
comparing the qualitative characteristics of the plants grown under the conditions of 
different weed infestation background – unweeded control, weeded control and variants 
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with application of various rates of the respective soil herbicides . The measured thickness at 
the place of grafting in the rootstocks of the unweeded control (К0) in August was small – 
3,2 mm. It is obvious that planting material with such parameters of thickness at the place of 
grafting could not be inoculated in the year of seeding. Concerning the other characteristic – 
plant height, the depressing effect of weed infestation was less expressed. That was 
probably due to the attempts of the seedlings to overcome the weed competition for light. 
Significant changes in the content of leaf pigments (chlorophyll a, b and a+b) and mineral 
elements in the leaves of the yellow plum seedling rootstocks were not established after 
treatment with the soil herbicides included in the study. There was a tendency to an 
increased content in the plants having higher values of the biometric characteristics 
(Rankova , 2004). 
The following conclusions could be drawn from the results obtained about the effect of the 
soil-applied herbicides on the vegetative habits of yellow plum seedling rootstocks: 
1. The following herbicides are recommended for realizing an efficient weed control in the 

production of planting material from yellow plum seeds:  napropamide – Devrinol 4 F – 
4,0 l/ha, pendimethalin – Stomp 33 EC – 4,0 ml/ha and terbacil – Sinbar 80 WP – 1,0 
kg/ha. 

2. After treatment of the seedling rootstocks with metolachlor – Dual Gold 960 EC, plant 
growth is suppressed. Consequently, the application of the active substance 
metolachlor should not be recommended in the integrated system of weed control in 
the production of yellow plum seedling rootstocks.  

3.2.2 Effect of the soil-applied herbicides on the vegetative habits of peach seedlings 
The plants of all the variants emerged simultaneously. External symptoms of phytotoxicity 
were not observed. Later a certain delay in plant growth and development was reported in 
the three variants treated with metolachlor – Dual Gold 960 ЕC (Var. 11 – 13). Growth 
suppression was very strong in the variant with the high rate of metolachlor – Dual Gold 
960 EC – 1,875 l/ha (Var. 13), causing even the death of some plants. 
The measured biometric characteristics in the middle of August showed the same tendency 
throughout the years of the study and they were discussed as averaged values. The data 
showed different effects of the soil-applied herbicides on rootstock development.  
After treatment with the medium rates of napropamide – Devrinol 4 F – 4,0 l/ha (Var. 3), 
pendimethalin – Stomp 33 EC – 4,0 l/ha (Var. 6) and terbacil – Sinbar 80 WP – 1,0 kg/ha 
(Var. 9) the plants reached the highest values of thickness at the grafting zone – 7,0 mm, 7,2 
mm and 7,2 mm, respectively (Fig. 21). 
In all the three study years a lower value of thickness at the place of grafting was reported in 
the plants treated with metolachlor at the three applied rates (Var. 11 – 12) compared to that 
in the control. That was probably due to the depressing effect of metolachlor on plant 
development. It was most strongly expressed after applying the high rate of Dual Gold 960 
EC – 1,875 l/ha (Var. 13). Taking into consideration that rootstocks having a stem thickness 
of 4,0 – 4,2 mm are not suitable for inoculation, it can be concluded that the herbicide 
metolachlor has a depressing effect on the growth of peach seedlings. 
The results about the effect of the soil herbicides on plant height showed that the values 
were lower in the plants treated with the low rate of napropamide – Devrinol 4 F – 3,0 l/ha 
(Fig. 21). 
That was observed in all the three years of the study and it was probably due to the weaker 
herbicide effect of the low rate of napropamide and the incidence of competition between 
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Fig. 21. Thickness at the place of grafting (mm) of peach seedling rootstocks  
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Fig. 22. Stem height (cm) of peach seedling rootstocks.   
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the seedlings and the developing weed vegetation for moisture and nutrient substances. 
However, the differences were statistically insignificant. Lower plant height was also 
reported for the plants of the variants treated with metolachlor at the three rates of Dual 
Gold 960 EC (Var. 11-13). 
In average for the experimental period, it was most obviously expressed in the variant of the 

high rate of Dual Gold 960 EC – 1,875 l/ha (Var. 13) – 33,5 cm, the plant height in the control 

being 45,7 cm. Those differences were significant or highly significant by years.   

However, when discussing the average values of plant height for the whole period of study, 

the medium rates of the soil-applied herbicides proved to be optimal. The highest values of 

plant height were reported in the variants treated with pendimethalin – Stomp 33 EC – 4,0 

l/ha (Var. 6) – 52,2 cm, terbacil – Sinbar 80 WP – 1,0 kg/ha (Var. 9) – 51,7 cm  and 

napropamide – Devrinol 4 F – 4,0 l/ha (Var. 3) – 47,0 cm, the plant height of the control 

being – 45,7 cm (Fig. 32). 

On the basis of the obtained results about the effect of the soil herbicides on the biometric 

characteristics established at the moment of grafting, it could be concluded that the active 

substances napropamide, pendimethalin and terbacil at the three applied rates did not exert 

a negative influence on growth and development of peach seedlings. Eliminating weed – 

rootstock competition for moisture, nutrient substances and light in the first three months of 

seedling vegetation (the post-effect period of the applied herbicides) enables the production 

of plants suitable for grafting. 

Significant changes in the content of chlorophyll and mineral elements in the leaves of the 

peach seedling rootstocks were not established after treatment with the soil herbicides 

included in the experiment. A tendency was established, similar to that in the yellow plum 

seedling rootstocks, that the content of chlorophyll and mineral elements increased in the 

plants having higher values of the biometric characteristics (Rankova, 2004). 

In the experimental 2003, a variant with an unweeded and untreated control (К0) was 

included in the study for establishing the effect of the soil-applied herbicides on growth 

habits of peach seedlings. In that variant only single plants emerged. They were 

characterized by a delayed growth and strongly suppressed development in result of the 

high competition of the weed vegetation for moisture, light and nutrients. 

In August the rootstocks of that variant had 3,8 mm thickness at the place of grafting. Those 

rootstocks could not be grafted at that time (Fig. 23). The depressing effect of weed 

infestation had an obvious impact on the other characteristic – stem height (Fig. 23). 

When comparing the qualitative characteristics of the rootstocks in that variant with the 

plants in the control weeded out by hand and the variants treated with herbicides, the 

results obtained in yellow plum rootstocks were confirmed. A good quality planting 

material suitable for grafting in the same year of seeding could not be produced without 

mechanical (weeding out by hand) or chemical methods of weed control. That shows the 

advantages of the chemical control of weeds in the production of peach seedling rootstocks. 

1. The application of the following herbicides is recommended for the production of peach 
seedling rootstocks: pendimethalin – Stomp 33 EC – 4,0 l/ha, terbacil – Sinbar 80 WP – 
1,0 g/da and napropamide – Devrinol 4 F – 4,0 l/ha. 

2. Treatment with metolachlor showed an inhibiting effect on the growth habits of peach 
seedlings. The active substance metolachlor should not be applied for weed control in 
the production of peach seedling rootstocks. 
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Fig. 23. Peach seedling rootstocks – a comparison between unweeded control (K0) and weeded 
out control (К) in August: а/ thickness at the grafting zone (mm); b/plant height (cm)  

3.2.3 Effect of soil-applied herbicides on the vegetative habits of Mahaleb seedlings 
Observations on the habits of Mahaleb seedlings treated with the soil-applied herbicides 

included in the study showed that they were highly susceptible to soil herbicides. Visual 

symptoms of phytotoxicity in the plants treated with napropamide, pendimethalin and 

metolachlor were not established. The seeds treated with those herbicides emerged at the 

same time as those in the control. Later, a certain delay in plant development was observed 

in the variant treated with the highest rate of metolachlor Dual Gold 960 EC – 1,875 l/ha 

(Var. 13). 

In the three study years the plants treated with terbacil (Var. 8, 9, 10) responded in the same 

way – only single plants emerged and they had a very delayed development. Later chlorosis 

was detected, followed by withering and plant dying. 

Consequently, it could be admitted that the soil herbicide terbacil was toxic for Mahaleb 

seedlings at all the three applied rates. 

Data of the biometric analysis showed the same tendency throughout the years of the study 

and they were discussed as average values. 
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a) 

 

b) 

 

c) 

Fig. 24. Peach seedling rootstocks treated with herbicides:  
a) Var. 3 - napropamide – Devrinol 4 F – 4,0 l/ha; b) Var. 6 - pendimethalin – Stomp 33 EC – 
4,0 l/ha; c) Var. 9-  terbacil – Sinbar 80 WP – 1,0  kg/ha. 
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The biggest value of stem thickness at the place of grafting was reported in the plants 
treated with pendimethalin – Stomp 33 EC – 4,0 l/ha (Var. 4 and 5) and metolachlor – Dual 
Gold 960 EC – 1,5 l/ha (Var. 12), (Fig. 25). The differences to the control were of high 
statistical significance. 
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LSD5 % (2001г.) =  0,45   ; LSD 1 %  =  0,60   ; LSD 0,1%  = 0,80 
LSD5 % (2002 г.)  = 0,31  ; LSD 1 %  =  0,42   ;  LSD 0,1%  = 0,55 
LSD5 %  (2003г.)= 0,55 ;   LSD 1 %  = 0,73 ;    LSD 0,1%  = 0,98 

Fig. 25. Effect of soil-applied herbicides on thickness at the place of grafting (mm) in 
Mahaleb seedling rootstocks 

Similar to the results in yellow plum and peach seedling rootstocks, values of thickness 

close to the control were also established in the plants of the variant treated with the low 

rate of napropamide (Var. 2). However, the differences were statistically insignificant. That 

could be explained by the poorer efficiency of the lower herbicide rate and the existing 

weed-rootstock competition for moisture, nutrients and light. Probably, due to the same 

reasons, a smaller thickness was established in the plants treated with the low rate of 

metolachlor (Var. 11). 

Values of that biometric characteristic were also lower in the plants of the variant treated 
with the highest rate of metolachlor – Dual Gold 960 EC – 1,875 l/ha (Var. 13). That was 
probably due to the depressing effect of the high rate of metolachlor on rootstock 
development. 
The results about the effect of the soil-applied herbicides on plant height were analogous 

(Fig. 26).  

The plants of the variants with applied napropamide (Var. 2 – 4), pendimethalin (Var. 5 – 7) 
and metolachlor (Var. 11 and 12) had a bigger height compared to those in the control. The 
differences were statistically significant. Values close to or lower than the control variant 
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were established again in the plants of variants 2 and 13. Probably that was due to the 
already mentioned poorer herbicide efficiency of the low rate of napropamide and the 
existing competition with the weeds (Var. 2) and the exerted depressing effect of the high 
rate of metolachlor (Var. 13). 
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Fig. 26. Effect of soil herbicides on the height of Mahaleb seedling rootstocks (cm)  

When including the variant with an unweeded control (K0), all Mahaleb seedlings in that 

variant died in result of the strong competition with the weed vegetation. 

Similar to the results obtained in the experiments with yellow plum and peach, significant 

changes in the content of chlorophyll and mineral elements in the leaves of Mahaleb 

seedling rootstocks were not established after treatment with the soil-applied herbicides 

included in the study. There was a tendency to an increase of their content in the plants 

having higher values of the biometric characteristics (Rankova, 2007). 

3.3 Conclusions 
1. The application of napropamide – Devrinol 4 F – 4,0-5,0 l/ha, pendimethalin – Stomp 33 

EC – 4,0 l/ha and metolachlor – Dual Gold 960 EC – 1,5 l/ha is recommended in the 
production of Mahaleb seedling rootstocks. 

2. The soil-applied herbicide terbacil (Sinbar 80 WP) had a strong toxic effect on Mahaleb 
seedling development and caused plant death. 

3. The inhibiting effect of the soil herbicide metolachlor was exerted after treatment with 
the highest rate of Dual Gold 960 EC – 1,875 l/ha. 
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a) 

 

b) 

 

c) 

Fig. 27. Mahaleb seedling rootstocks treated with: a) napropamide (Var. 5);  
b) pendimethalin (Var. 6) and c)  metolachlor (Var. 13) 
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4. Discussion 

The results obtained from the pot and field experiments confirmed the initial assumption 
that the stone fruit species are susceptible to the application of soil herbicides. In the 
production of seedling rootstocks risky for causing phytotoxicity proved to be the probable 
direct contact between the germ of the emerging plant and the soil herbicide. In parallel 
with those studies, model experiments under in vitro conditions were carried out for 
phytotoxicity caused by soil herbicides. Using the ebryoculture method, the different effect 
of the soil-applied herbicide pendimethalin on the development of the embryo root of 
yellow plum embryos was established, depending on its initial length at the time of 
treatment (Gercheva, et al., 2001). 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 (Fig.28). 
That allowed admitting that the selectivity of the active substance pendimethalin was of a 
physical character (a direct contact with the germinating seeds when they had been sown at 
a shallower depth) and of a physiological character (the type and the physiological stage of 
the plant development). Analogous results or results close to the model experiments with 
sand culture were obtained about the inhibiting effect or the lack of visual phytotoxicity of 
the soil herbicides napropamide, pendimethalin and terbacil under in vitro conditions in 
some vegetative rootstocks – GF-677, ММ 106 and Wangenheims (Prunus domestica), 
(Rankova, et al., 2004; Rankova, et al., 2006a; Rankova, et al. , 2006b; Rankova, et al., 2009). 
 

 

Fig. 28. Yellow plum embryos treated with pendimethalin 

The results obtained from the field experiments allowed to accept the medium rates of 
napropamide – Devrinol 4 F – 4,0 l/ha, pendimethalin – Stomp 33 EC – 4,0 l/ha and terbacil 
– Sinbar 80 WP – 1,0 kg/ha as suitable  rates for applying in fruit nurseries in yellow plum 
and peach seedling rootstocks, on the one hand, and, napropamide – Devrinol 4 F – 4,0-5,0 
l/ha, pendimethalin – Stomp 33 EC – 4,0 l/ha and metolachlor – Dual Gold 960 EC – 1,5 
l/ha – in Mahaleb seedlings. The highest values of biometric characteristics (thickness at the 
place of grafting and stem height) were reported in the plants of those variants. The major 
characteristic determining the planting material quality and its suitability for grafting is the 
thickness at the place of grafting. After treatment with herbicides applied at the rates 
mentioned, the highest values of the thickness at the place of grafting were obtained. That 
contributed to the production of high quality rootstocks suitable for inoculation in the year 
of seeding. The medium herbicide rates proved to be efficient against weed vegetation and 
they created good conditions for the development of the seedlings. It is known that 
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eliminating the weed competition during the first three months of seedling vegetation (the 
period of seed emergence and the beginning of plant development) is a very important 
precondition for the normal growth and development of the plants. The results about the 
effect on the characteristics stem height and above-ground vegetative mass confirmed the 
incidence or the lack of a depressing effect on plant growth.  
It is obvious that the low rates of the mentioned herbicides were less efficient against weed 
infestation. That was well expressed in the years of study under the conditions of higher 
weed density. The presence of weed plants in the plots of the variants treated with low rates 
created competition with the seedlings for moisture, light and nutrients. As a result of that 
lower values of the biometric characteristics were reported. Due to that only single cultural 
plants emerged with seriously delayed development in the variant of unweeded and 
untreated control. 
In the variants with the high rates of napropamide (Var. 4), pendimethalin (Var. 7) and 
terbacil (Var. 10) the herbicide efficiency was also very well expressed. The differences in the 
values of the rootstock biometric characteristics in those variants compared to the values in 
the variants with the medium rates were small and statistically insignificant in most cases. 
External symptoms of phytotoxicity were not observed.  
Metolachlor applied at the three rates had a suppressing effect on the growth habits of both 
the yellow plum and peach seedling rootstocks. That was quite obviously expressed when 
applying the high rate. 
The results reported about the effect of the studied herbicides on growth habits of seedling 
rootstocks confirmed the results about the effect of some active substances obtained by other 
authors- (Hogue, 1983) established that napropamide (4 kg/ha) and the herbicide mixture 
napropamide + terbacil (4 + 2 kg/ha) were not toxic and did not cause disturbances in the 
development of peach seedlings. After treatment with trifluralin (1 kg/ha) referring to the 
group of nitroanilines, to which pendimethalin also belongs, no toxic effect on peach 
seedlings was established, as well.  Strong toxicity of peach seedlings was observed after 
treatment with metolachlor (1,7 – 6,8 kg/ha) – suppression in seed emergence and growth 
disturbances were reported. 
When comparing the responses of the seedling rootstocks of the three species, it could be 
concluded that the herbicide effect was weaker when treating yellow plum seeds (stones). 
Probably the good germination capacity of the yellow plum seeds and their easier 
adaptability to the soil and climatic conditions contributed to their much easier overcoming 
of the herbicide stress effect. 
Comparing the bahaviour of Mahaleb seedlings to that of the seedling rootstocks of other fruit 
species allowed concluding that Prunus mahaleb L. species is more susceptible to the applied soil 
herbicides compared to yellow plum and peach. Similar habits were obtained after applying 
napropamide and pendimethalin at the studied rates, showing a lack of phytotoxicity in the 
rootstocks. A depressing effect of the active substance metolachlor in Mahaleb plants was 
established only after treatment with the highest rate of Dual Gold 960 EC (Var. 13). 
The economic analysis of the chemical control of weeds in fruit nurseries showed that the 
application of herbicides in the production of yellow plum and peach seedling rootstocks led 
to 16 – 36 times higher return on investment and the efficiency coefficient was from 14 to 43 
times higher compared to hand weeding out. Data about the economic effect of applying 
herbicides in the production of Mahaleb seedling rootstocks were similar – from 12 to 27 times 
higher return on investment and from 14 to 30 times higher efficiency coefficient in comparison 
with hand weeding out (Manolova & Rankova, 2005; Manolova & Rankova, 2007). 
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The recommended soil herbicides (with an exception of terbacil, which is prohibited for use 
nowadays) have about a three-month period of persistency, weak water solubility and they 
do not carry the risk of soil and ground water pollution with residues (Tonev, 2000). Due to 
the fact that usually soils of a light mechanical composition are used for establishing fruit 
nurseries – alluvial, alluvial-meadow, characterized by their weak absorption capacity – the 
risk of polluting such soils with residual amounts of herbicides was minimal (Bakalivanov, 1980). 
There are data that the herbicides recommended for application in fruit nurseries do not 
have an inhibiting effect on soil microflora (Bakalivanov, 1980). Consequently, their 
application does not have a negative effect on the biological activity of soil.  
In conclusion, it should be mentioned that weed control in fruit nurseries should be carried 
out on the basis of a sound knowledge about the response of the separate rootstock species 
to the applied soil herbicides, looking for the point of intersection of the herbicide rate, so 
that it is efficient enough against the weeds and selective to the cultural plant. Thus, a good 
quality planting material for establishing new fruit orchards will be produced. 
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