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Summary

Several technological elements aiming to reduce the pest attacks associated with the
bioinoculants based on bacteria selected for biological control, biological nitrogen fixation
and other beneficial capabilities for plants have been investigated in the last years, in order to
develop an integrated system for sunflower crop.
The emphasis has been put on the study of the efficacy and compatibility between
bioinoculants with control  abilities and the newly recommended pesticides, applied at normal
and reduced doses, as single and mixed treatments. Also, the interaction between
bioinoculants based on diazotrophic bacteria and nitrogen  fertilizers has been studied .
This paper presents some aspects regarding the influence exerted on the phytosanitary state,
growth, development and sunflower yield level by the interaction between chemical
treatments represented by single and mixed fungicides applied at the half of the recommended
doses and seed inoculation with bacterial preparates including a diazotroph associated or not
with a rhizobacterium. The field experiment was conducted in natural contamination
conditions, following the optimal management practices for sunflower crop with the exception
of the use of a reduced level of nitrogen fertilization.
The results demonstrate the compatibility between chemical treatments and seed inoculation
and also the efficacy of this complex treatment in controlling the soil pathogen complex as
well as Plasmopara helianthi and Phomopsis helianthi attacks. The crop yield level was
increased significantly under the influence of the complex treatment.



Introduction
In the past decade, an increasing interest has been shown to the developing sunflower crop
systems that could be considered as improved ecological technologies. These technologies
aim, currently, to obtain healthy and productive crops, to reduce environmental pollution
risks, to diminish the use of non-renewable energy sources and to preserve the soil fertility.
In order to attain these objectives, a large spectrum of measures, such as plant breeding,
agrotechnical and biological means have been integrated in these technologies. The important
role played by some management sequences in reducing, even eradicating the main pathogen
attacks is well known (Carlos Alonso, 1988; Iliescu and Ionita, 1988; Kanyion and Friedt,
1993; Penaud, 1993; Siddique and Aslam, 1993). In Romania, the influence exerted by crop
rotation, sowing time, plant density, genotype characteristics and the response to the chemical
treatments on the phytosanitary state and sunflower yield level has been demonstrated (Iliescu
et al.,1996, Ionita et al., 1996). To some of the most favourable agrotechnical measures,
special devised bioinoculants based on bacteria able to induce complex beneficial effects have
been associated for improving the plant growth and development and the control of main
pathogens in sunflower crops (Iliescu et al., 1996, Ionita et al., 1997).
Based on these studies, an integrated system for plant nutrition and control of pests has been
designed. Some other elements of this system have been investigated: the efficacy and the
compatibility between bioinoculants with control abilities of pathogens and the newly
recommended pesticides applied at normal and reduced doses, as single and mixed treatments.
Also, the interactions between bioinoculants containing diazotrophic bacteria, nitrogen
fertilizer rates and chemical treatments have been studied.
In this paper, the influence exerted on sunflower plants by the interaction between chemical
treatments (single and mixed fungicides applied at half of the recommended doses, including
an insecticide) and seed inoculation with biopreparates (composed by a diazotroph and a
rhizobacterium) is presented.

Materials and Methods
The field experiment was conducted on a chernozem soil type located in the southern part of
the country, the analysed variables being chemical treatments and seed inoculation with
biopreparates. The experiment was carried out following randomized block designs, each
treatment in three replications, with plot area of  33,6 m². The fungicides applied as single and
mixed treatments, at reduced doses (half of the recommended rates) were: Apron 35 SD
(metalaxyl) 2 kg/t and Ronilan 50 WP (vinclozolin) 1 kg/t. Each fungicide treatment was
associated with the insecticide Furadan 35 ST (carbofuran) 28 l/t. The bioinoculants were
produced based on Azospirillum brasilense strain SP 001 (107 ufc/g) alone or associated with
Pseudomonas fluorescens – putida strain 10 TC (109 ufc/g) absorbed on sterilized neutral
peat. The dose of the product applied was of 250 g per 100 kg seeds. The experiment was
conducted in natural contamination conditions. The optimal management practices for
sunflower crop were followed excepting a reduced level of nitrogen fertilization (50 kg N/ha).
The analyzed parameters were: the percentage of plant emergence, stem height at maturity,
sunflower head diameter, the percentage of diseased plants and crop yield.

Results
The beneficial effect exerted by the interaction between chemical treatments and seed inocula-
tion with bacterial preparates could be observed right from the plant emergence (Table 1). The
highest percentages of the raised plants, statistically assured as compared with the other
treatments, were noted under the bifactorial combination to treatments with Apron 35 SD (2
kg/t) + Ronilan 50 WP (1 kg/t) + Furadan 35 ST (28 l/t) and inoculation with both
biopreparates including SP 001 and SP 001 + 10 TC.



Table 1. Emergence percentage of sunflower plants under the influence of the interaction between
chemical treatments and seed inoculation with bioinoculants (21 days after seeding)

Chemical treatments
(A)

Seed treatment with bioinoculants
(B)

Emergence
(%)

non-inoculated 87.3 g
non - treated inoculated with SP001 90.0 f

inoculated with SP001 + 10 TC 90.3 f
treated with Apron non-inoculated 93.3 d
35 SD (2 kg/t) + inoculated with SP001 95.0 c

Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC         95.3 bc
treated with Ronilan non-inoculated 92.0 e

50 WP (1 kg/t) + inoculated with SP001         93.0 de
Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC 93.6 d

treated with Apron 35 SD non-inoculated 96.3 b
 (2 kg/t) + Ronilan 50 WP inoculated with SP001 97.6 a

(1 kg/t)+ Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC 98.6 a

Means A Means B
non-treated 89.2 d non-inoculated 92.2 c
Apron 35 SD + Furadan 35 ST 94.6 b inoculated with SP001 93.9 b
Ronilan 50 WP + Furadan 35 ST 92.9 c inoculated with SP001 94.5 a
Apron 35 SD + Ronilan 50 WP + Furadan 35 ST 97.6 a + 10 TC

The values followed by the same letter are not significantly different for DS 5% (DS A 5% = 0.582
DS B 5%  = 0.489   DS AB 5% = 1.008)
The A factor  (chemical treatments), independent of the B factor (seed inoculation) influenced
significantly the plant emergence, the highest value being observed when the combination of
the two fungicides was used. The B factor, independent of the first variable, exerted the
highest positive influence on the plant raising, statistically ensured, in the case of inoculation
with the mixture of A. brasilense SP 001 and P. fluorescens-putida 10 TC. The effect of the
bioinoculant containing only A. brasilense strain was lower, but significantly different from
non-inoculated control.
At the physiological maturity, the stem height (Table 2) reached the greatest values,
significantly different of the others, under the same previous bifactorial combination:
treatments with Apron 35 SD + Ronilan 50 WP + Furadan 35 ST together with each of the
two bioinoculants. Independent of the inoculation treatments gave the highest significant
value of the stem height. Separate of the chemical treatment, the bioinoculants SP 001 + 10
TC influenced mostly the plant height increase, followed by the bioinoculant SP 001 which
favoured a statistically ensured plant increase as compared with non-inoculated control.
The largest sunflower head diameter (Table 3) was attained under the influence of the
combined chemical treatment associated with the bioinoculants SP 001 + 10 TC. Lower but
statistical similar head diameter was registered under the treatment with Apron 35 SD +
Furadan 35 ST. The first analyzed variable, separate of the second one, confirmed the efficacy
of the combined chemical treatment and of the singled one (Apron 35 SD + Furadan 35 ST).
The highest value of the sunflower  head  diameter, significantly different of the others, was
noted in the case of inoculation with SP 001 + 10 TC when it was analyzed independently of
the chemical applications.



Table 2. Sunflower stem height (cm) reached under the influence of the interaction between chemical
treatments and seed inoculation with bioinoculants

Chemical treatments
(A)

Seed treatment with bioinoculants
(B)

Height
(cm)

non-inoculated 53.3 h
non – treated inoculated with SP001 56.4 g

inoculated with SP001 + 10 TC 58.6 f
treated with Apron non-inoculated 60.4 e
35 SD (2 kg/t) + inoculated with SP001 63.7 c

Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC 65.4 b
treated with Ronilan non-inoculated 58.9 f

50 WP (1 kg/t) + inoculated with SP001          61.2 de
Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC 62.3 d

treated with Apron 35 SD non-inoculated 65.7 b
 (2 kg/t) + Ronilan 50 WP inoculated with SP001 67.1 a

(1 kg/t)+ Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC 67.8 a

Means A Means B
non-treated 56.1d non-inoculated 59.6 c
Apron 35 SD + Furadan 35 ST 63.2 c inoculated with SP001 62.1 b
Ronilan 50 WP + Furadan 35 ST 60.9 b inoculated with SP001 + 10 TC 63.5 a
Apron 35 SD + Ronilan 50 WP + Furadan 35 ST 66.8 a

DS A 5% = 0.735     DS B 5%  = 0.633        DS AB 5% = 1.305

Table 3. Sunflower head diameter (cm) under the influence of the interaction between chemical
treatments and seed inoculation with bioinoculants

Chemical treatments
(A)

Seed treatment with bioinoculants
(B)

Diameter
 (cm)

non-inoculated        20.6 g
non - treated inoculated with SP001 21.0 fg

inoculated with SP001 + 10 TC 22.0 ef
treated with Apron non-inoculated 22.3 de
35 SD (2 kg/t) + inoculated with SP001        24.0 abc

Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC 24.6 ab
treated with Ronilan non-inoculated 22.0 ef

50 WP (1 kg/t) + inoculated with SP001 22.0 ef
Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC 22.6 de

treated with Apron 35 SD non-inoculated 23.3 cd
 (2 kg/t) + Ronilan 50 WP inoculated with SP001 23.8 bc

(1 kg/t)+ Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC        24.8 a

Means A Means B
non-treated 21.2 c non-inoculated 22.1 c
Apron 35 SD + Furadan 35 ST 23.7 a inoculated with SP001 22.7 b
Ronilan 50 WP + Furadan 35 ST 22.2 b inoculated with SP001 + 10 TC 23.5 a
Apron 35 SD + Ronilan 50 WP + Furadan 35 ST 24.0 a

DS A 5% = 0.685      DS B 5%  = 0.576       DS AB 5% = 1.187

Also, the bioinoculant containing only the strain SP 001 exerted a positive effect on the head
development, statistically assured as compared with non-inoculated control.
The diseased plant percentages observed under the influence of the bifactorial combination
show different control aspects between Plasmopara helianthi and Phomopsis helianthi attacks
(Table 4). Under the application of Apron 35 SD and Apron 35 SD + Ronilan 50 WP
associated with the insecticide Furadan 35 ST, in combination with non inoculated and



inoculated treatment, the Plasmopara helianthi attack was reduced to nil. The influence
exerted by these chemical treatments on Plasmopara helianthi attack, independently of the
seed inoculation, is confirmed. The effect of the two bioinoculants analysed separately from
the chemical treatments, consisted in a slighter control of Plasmopara helianthi, but
significantly different as compared with the non-inoculated control. The attack of Phomopsis
helianthi was reduced significantly under the influence of the combined chemical treatment
and inoculation with SP 001 + 10 TC. The effect exerted by  A factor, observed independently
of the B factor, confirmed the control of Phomopsis helianthi attack by the combined
chemical treatment. Also, the effect of the inoculation with SP 001 + TC, substracted from the
bifactorial combination, consisted in a drastic reduction of the pathogen attack, statistically
ensured as compared with the control.

Table 4. Diseased sunflower plant percentages under the influence of the interaction between
chemical treatments and seed inoculation with bioinoculants

Chemical treatments
(A)

Seed treatment with bioinoculants
(B)

Plasmopara
helianthi

(%)

Phomopsis
 helianthi

(%)
non-inoculated   3.66 a        51.3 a

non - treated Inoculated with SP001     3.00 ab 50.3 ab
Inoculated with SP001 + 10 TC    2.33 c  49.0 abcd

treated with Apron non-inoculated 0 d 50.3 ab
35 SD (2 kg/t) + Inoculated with SP001 0 d   49.6 abc

Furadan 35 ST(28 l/t) Inoculated with SP001 + 10 TC 0 d        46.3 d
treated with Ronilan non-inoculated      2.66 bc 47.3 cd

50 WP (1 kg/t) + Inoculated with SP001     2.33 c 48.0 cd
Furadan 35 ST(28 l/t) Inoculated with SP001 + 10 TC      2.33 c 47.3 cd

treated with Apron 35 SD non-inoculated 0 d 48.3 ad
 (2 kg/t) + Ronilan 50 WP Inoculated with SP001 0 d        46.3 d

(1 kg/t)+ Furadan 35 ST(28 l/t) Inoculated with SP001 + 10 TC 0 d        41.6 e

Means A Means B Means A Means B
non-treated 3.00 a non-inoculated 1.58 a non-treated 50.2 a non-inoculated 49.3 a
Apron 35 SD +
Furadan 35 ST

0      c inoculated with
SP001

1.33 ab Apron 35 SD +
 Furadan 35 ST

48.8 ab inoculated with
SP001

48.5 a

Ronilan 50 WP +
Furadan 35 ST

2.44 b inoculated with
SP001 + 10 TC

1.17 b Ronilan 50 WP +
Furadan 35 ST

47.6 b inoculated with
SP001 + 10 TC

40.1 b

Apron 35 SD +
Ronilan 50 WP +
Furadan 35 ST

0      c Apron 35 SD +
Ronilan 50 WP +
Furadan 35 ST

45.3 c

DS A 5% = 0.0392    DS B 5%  =0.329   DS AB 5% =0.679    DS A 5% = 1.589    DS B 5% =1.335   DS AB 5% =2.753

The highest sunflower yield level was attained under the chemical treatment with Apron 35
SD + Ronilan 50 WP + Furadan 35 ST and seed inoculation with SP 001 + 10 TC, reflecting
the significant beneficial effect exerted by this combination along plant growth and
development and on the phytosanitary state (Table 5).The independent observation of each
experimental variable denotes the followings: 1) superior effect obtained under the application
of the both fungicides, as compared  with their separate use, even  if  all treatments gave
significant yield increases above non-treated control; 2) significant yield increases due to seed
inoculation with biopreparates based in SP 001 and, especially, on SP 001 + 10 TC as
compared with non-inoculated control.



Table 5. Sunflower yield (kg/ha) under the influence of the interaction between chemical treatments
and seed inoculation with bioinoculants

Chemical treatments
(A)

Seed treatment with bioinoculants
(B)

Yield
     kg/ha                Dif.

non-inoculated 2133 h -
non - treated inoculated with SP001 2217 g  84

inoculated with SP001 + 10 TC 2292 f 150
treated with Apron non-inoculated 2316 f 183
35 SD (2 kg/t) + inoculated with SP001 2392 e 259

Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC   2425 cd 292
treated with Ronilan non-inoculated 2290 f 157

50 WP (1 kg/t) + inoculated with SP001 2387 e 254
Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC  2420 de 287

treated with Apron 35 SD non-inoculated  2486 bc 352
 (2 kg/t) + Ronilan 50 WP inoculated with SP001 2523 b 390

(1 kg/t)+ Furadan 35 ST(28 l/t) inoculated with SP001 + 10 TC 2600 a 467

Means A Means B
non-treated 2214 c non-inoculated 2306 c
Apron 35 SD + Furadan 35 ST 2378 b inoculated with SP001 2380 b
Ronilan 50 WP + Furadan 35 ST 2366 b inoculated with SP001 2434 a
Apron 35 SD + Ronilan 50 WP + Furadan 35 ST 2356 a + 10 TC

DS A 5% = 36.782       DS B 5%  =30.907        DS AB 5% =63.709

Conclusions
The combination of two fungicides – Apron 35 SD and Ronilan 50 WP – applied at the
reduced doses, associated with the insecticide Furadan 35 ST and seed inoculation with
bacterial preparate based on A. brasilense  SP 001 + P. fluorescens-putida 10 TC exerted a
beneficial influence on the phytosanitary state and sunflower plant growth and  development,
reflected by the yield level. The data demonstrated not only the efficacy of this complex
treatment but, also, the compatibility between chemical treatment and seed inoculation with
bacterial preparate.

References
Also Carlos L., 1988. La mancha negra del dallo. In enfermedas y danos de herbicidas en el cultivo del girasol.
Koipesol, Madrid 97 – 99
Iliescu H., Ionita A., 1988. Nouvelles orientations dans la lutte integrée contre les principales maladies
cryptogamiques affectant les cultures oléagineuses. Atti Congresso su Stato Attualle Prospective delle Colture
Oleaginose Erbacee in Italia, 667 – 674
Kanyion P., Friedt W., 1993. Differential reaction of sunflower genotypes to infection by Botrytis cinerea Pers.
Helia 16(19): 77 – 84
Penaud A., 1993. Bilan phytosanitaire du tournesol: 1992, l’année des maladies. Phytoma 447: 34-36
Siddique M.M., Aslam M., 1993 – Helianthus tuberosus a new host of Sclerotium rolfsii in Pakistan. Helia
16(18): 85 – 88.
Iliescu H., Popescu A., Ionita A., Kupferberg S., Oancea F., 1996. Integrated System for Plant Nutrition and
Control of Pathogens in Sunflower Crop. In: Proceedings of 14th International Sunflower Conference II,
Beijing/Shenyang, China, 12 – 20 June, 724 – 728
Ionita A., H. Iliescu., S.Kupferberg, 1996 - Macrophomina phaseolina - one of the main pathogens of sunflower
crop in Romania. In: Proceedings of 14th International Sunflower Conference II, Beijing/Shenyang, China, 12 –
20 June, 718 – 723.
Ionita A., Iliescu H., Popescu A., Kupferberg S., Csep N., Prodan I., Lupas A., 1997 – Sistem integrat de
combatere a agentilor patogeni si nutritie biologica pentru cultura florii-soarelui. Proplant’97 – Chimia si
protectia plantelor – prezent si perspective, Vol. I, Calimanesti, 133 - 144.


