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Abstract The goal of this study was to identify lentil-

specific rhizobial strains with the ability to tolerate fungi-

cide and synthesize plant growth regulators even in soils

contaminated with fungicides. A fungicide-tolerant and

plant-growth-promoting rhizobial strain was used to assess

its impact on lentil grown in fungicide-treated soils. The

tebuconazole-tolerant Rhizobium sp. strain MRL3 pro-

duced plant-growth-promoting substances when grown in

the presence and the absence of tebuconazole. Tebuco-

nazole at the recommended and two and three times the

recommended doses decreased consistently the dry bio-

mass, symbiotic properties, nutrient uptake, and seed yields

of lentil plants. In contrast, the fungicide-tolerant strain

MRL3 significantly increased the measured parameters

when lentil was grown in soils treated with varying con-

centrations of tebuconazole compared to uninoculated

plants. As an example, strain MRL3 with 100 lg tebuco-

nazole/kg soil significantly increased the root nitrogen,

shoot nitrogen, root phosphorus, shoot phosphorus, and

seed yield by 31, 10, 41, 21, and 117%, respectively,

compared to the uninoculated plants grown in soil treated

solely with 100 lg tebuconazole/kg soil. In conclusion, the

Rhizobium strain MRL3 may be applied as biofertilizer to

enhance the performance of lentil plants in fungicide-

applied soils.
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Introduction

In contemporary agronomic practices, rhizobial cultures

exhibiting various plant-growth-promoting (PGP) activities

are commonly applied to legume seeds (Khan and others

2010). These bio-inoculants are often used in combination

with fungicides that are applied to protect crops from the

deleterious effect of soil-borne pathogens. Many of these

fungicides, however, inhibit the nodulating competence of

rhizobia and subsequently their N2-fixing ability (Revellin

and others 1993; Dunfield and others 2000). Reports on the

impact of fungicides on rhizobia establishment, nodulation,

and crop yields are, however, variable (Graham and others

1980; Kyei-Boahen and others 2001). Hence, understand-

ing the effect of fungicides on rhizobia, their PGP activi-

ties, and ability to form symbioses with legumes in varied

soil and climatic conditions is important for achieving

optimum production. On the other hand, constancy and

productive efficiency of a soil ecosystem are decidedly

governed by soil microorganisms and their associated

activities. Moreover, microbial activities of other soil

microflora are equally vital for decomposition processes in

soils. In many soils, however, the structure, composition,

and activities of microbial populations are undesirably

affected by fungicides, used frequently in high-input

cultivation practices (Cernohlavkova and others 2009). In a

manner similar to the effect of fungicides on microbial

populations, legumes have also been found to be adversely

affected by fungicide application. For example, Aamil and

others (2004) have shown that carbendazim, captan, thi-

ram, and mancozeb, applied at 2 g.a.i./kg soil, significantly

reduced plant vitality, chlorophyll content, N uptake, pro-

tein content, nodulation, and seed yield of chickpea (Cicer

arietinun). Taking these facts into consideration, it is per-

tinent to identify microbes that could alleviate the toxic
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effects of agrochemicals so that crops can be grown in

contaminated soils.

An alternative to overcoming the deleterious effects of

fungicides could be the treatment of seeds with rhizobia as

a bio-inoculant which displays a wide range of tolerance to

fungicides, that is, exhibits PGP activities other than their

inherent N2-fixing attribute. Tebuconazole [(RS)-1-p-chlo-

rophenyl-4,4-dimethyl-3-(1H-1,2,4-triazol-1-ylmethyl)

pentan-3-ol] (Fig. 1) is a systemic triazole fungicide that is

used widely in agricultural practices to manage phyto-

pathogenic fungi such as Curvularia spp. and Fusarium

spp. Tebuconazole disrupts the membrane functions of the

target organism leading to the inhibition of sterol biosyn-

thesis. Although tebuconazole is extensively applied,

comprehensive data on its biological impact on rhizobia-

legume symbiosis, specifically lentil plants, are very

limited.

The present study was designed to (1) identify fungi-

cide-tolerant Rhizobium species with multiple PGP traits

and (2) determine the impact of PGP fungicide-tolerant

Rhizobium on the performance of lentil plants grown in

alluvial soils treated with the fungicide tebuconazole.

Materials and Methods

Fungicide Tolerance and PGP Activities

Rhizobial isolates were recovered from the nodules of

lentil plants grown in the experimental fields of the

Faculty of Agricultural Sciences, Aligarh Muslim Univer-

sity, Aligarh, India, using yeast extract mannitol (YEM)

medium (Vincent 1970). The rhizobial isolates were

maintained on the same medium until use. The rhizobial

isolates were identified on the basis of host specificity

(Somasegaran and Hoben 1994) and morphological and

biochemical tests (Holt and others 1994). The rhizobial

isolates were tested for their sensitivity/resistance to

technical-grade tebuconazole [active ingredient 100%;

CAS No. 107534-96; Parijat Agrochemicals, New Delhi,

India] by the agar plate dilution method using minimal salt

agar medium (g/L: KH2PO4, 1; K2HPO4, 1; NH4NO3, 1;

MgSO4�7H2O, 0.2; CaCl2�2H2O, 0.02; FeSO4�7H2O, 0.01;

agar, 15; pH 6.5). To prevent pesticide degradation, stock

solutions of tebuconazole were prepared just prior to each

experiment by dissolving the fungicide in double-distilled

water. The freshly prepared agar plates were amended

separately with increasing concentrations of tebuconazole

(0, 100, 200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800,

2000, 2200, 2400, 2600, 2800, 3000, and 3200 lg ml-1).

Later, plates were spot inoculated with 10 ll of 108 cells

ml-1 of rhizobial isolates. Each experiment was replicated

three times. Plates were incubated at 28 ± 2�C for 72 h.

The highest concentration of tebuconazole supporting

rhizobial growth was defined as the maximum tolerance

level (MTL).

Indole-3-acetic acid (IAA) was quantitatively deter-

mined following the method of Gordon and Weber (1951),

later modified by Brick and others (1991). For IAA

quantification, rhizobial isolates exhibiting the highest

MTL values were grown in Luria–Bertani (LB) broth

(g l-1: tryptone, 10; yeast extract, 5; NaCl, 10; pH 7.5)

supplemented with 0 (control), 100 (recommended dose),

200, and 300 lg l-1 tebuconazole. A 100-ml sample of

LB broth supplemented with 100 lg ml-1 tryptophan was

inoculated with 1 ml Rhizobium culture (108 cells ml-1)

grown in yeast-extract-mannitol (YEM) broth. The inoc-

ulated LB broth was incubated at 28 ± 2�C for 7 days

with shaking at 125 rpm. An aliquot of 2 ml supernatant

was mixed with 100 ll orthophosphoric acid, and 4 ml

Salkowsky reagent (2% 0.5 M FeCl3 in 35% perchloric

acid) was added to it and incubated at 28 ± 2�C in

darkness for 1 h. The absorbance of pink color developed

was read at 530 nm. The IAA concentration in the

supernatant was determined using a calibration curve of

pure IAA as a standard. The experiments were repeated

three times.

The siderophore-producing ability of rhizobial isolates

was evaluated using chrome azurol S (CAS) agar medium

(Alexander and Zuberer 1991). CAS agar plates supple-

mented with 0, 100, 200, and 300 lg l-1 tebuconazole

were prepared separately and spot inoculated with 10 ll of

108 cells ml-1. Plates were incubated at 28 ± 2�C for 96 h.

Development of a yellow to orange halo around the growth

indicated siderophore production. Each individual experi-

ment was repeated three times. The siderophores produced

by the test isolates were also quantitatively assayed using

Modi medium (K2HPO4, 0.05%; MgSO4, 0.04%; NaCl,

0.01%; mannitol, 1%; glutamine, 0.1%; NH4NO3, 0.1%).

Modi medium containing 0, 100, 200, and 300 lg L-1

tebuconazole were inoculated with 100 ll of 108 cells ml-1

of rhizobial isolates and incubated at 28 ± 2�C for 5 days.

Cultures were centrifuged and the catechol-type pheno-

lates [salicylic acid (SA) and 2,3-dihydroxybenzoic acid

(DHBA)] in the supernatant were measured (Reeves andFig. 1 Structure of the triazole fungicide tebuconazole
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others 1983). The exopolysaccharide (EPS) produced by

the rhizobial isolates was evaluated under in vitro condi-

tions by growing rhizobial cultures in 100-ml capacity

flasks containing basal medium supplemented with 5%

sucrose. Cultures were incubated for 120 h at 28 ± 2�C on

a rotary shaker (100 rpm). Culture broth was centrifuged at

5433g for 30 min. and EPS was extracted by adding three

volumes of chilled acetone to one volume of supernatant.

The precipitated EPS was washed three times alternately

with distilled water and acetone, transferred to a filter

paper, and weighed after overnight drying (Mody and

others 1989).

Rhizobial isolates were also probed for the synthesis of

hydrogen cyanide (HCN) by the method of Bakker and

Schipper (1987). Briefly, rhizobial isolates were grown

in HCN induction medium (g l-1: tryptic soy broth, 30;

glycine, 4.4; agar, 15) supplemented with 0, 100, 200, and

300 lg l-1 tebuconazole and incubated at 28 ± 2�C for

4 days. Rhizobial isolates were streaked on HCN induction

plates. A Whatman filter paper No. 1 soaked in 2% sodium

carbonate prepared in 0.5% picric acid solution was placed

on top of the plate. The plate and paper were sealed with

parafilm and incubated at 28 ± 2�C for 4 days. Develop-

ment of orange to red color indicated HCN production.

Rhizobial isolates were also tested for the excretion of

ammonia in peptone water supplemented separately with 0,

100, 200, and 300 lg L-1 tebuconazole. Freshly grown

rhizobial isolates (200 ll of 108 cells ml-1) were inocu-

lated in 20 ml peptone water in tubes and incubated at

28 ± 2�C for 4 days. One milliliter of Nessler reagent was

added to each tube. Development of yellow color indicated

a positive test for ammonia (Dye 1962).

Rhizobial Inoculation and Fungicide Treatment

Seeds of lentil (var. K75) were surface sterilized with 70%

ethanol for 3 min, followed by 3% sodium hypochlorite for

3 min, washed six times with sterile water, and dried.

The sterilized seeds were soaked for 2 h in the Rhizobium

strain MRL3-inoculated YEM broth (g l-1: mannitol, 10;

K2HPO4, 0.5; MgSO4�7H2O, 0.2; NaCl, 0.1; yeast extract,

1; CaCO3, 1; pH 6.5) (incubated for 7 days), using 10%

gum arabic as adhesive, to deliver approximately 108 cells

per seed. The noncoated sterilized seeds were soaked in

sterile water only and served as control. The uninoculated

and inoculated seeds were sown in clay pots (25 cm high

and 22 cm internal diameter; 10 seeds per pot) using

3 kg unsterilized soil (alluvial sandy clay loam: sand,

667 g kg-1; silt, 190 g kg-1; clay, 143 g kg-1; organic

matter, 6.2 g kg-1; Kjeldahl N, 0.75 g kg-1; Olsen P,

16 mg kg-1; pH 7.2; water-holding capacity, 0.44 ml g-1;

cation exchange capacity, 11.7 cmol kg-1; and anion

exchange capacity, 5.1 cmol kg-1) with control (without

tebuconazole) and three treatments with 100 (recom-

mended), 200, and 300 lg tebuconazole/kg soil. For each

treatment, six pots were used and arranged in a completely

randomized design. Three plants were maintained in each

pot 1 week after emergence. The pots were watered with

tap water when required and were maintained in open field

conditions. The experiments were conducted for two suc-

cessive years to ensure the reproducibility of the results.

All plants in three pots for each treatment were removed

90 days after seeding (DAS) and were observed for

growth and symbiotic properties. The roots were carefully

washed and nodules were removed, counted, oven-dried at

80�C, and weighed. The leghemoglobin (Lb) content in fresh

nodules removed at 90 DAS was quantified (Sadasivam and

Manikam 1992). The Lb was extracted with sodium

phosphate buffer (pH 7.4). The extract was divided equally

into two glass tubes (5 ml/tube) and an equal amount of

alkaline pyridine reagent was added to each tube. The

hemochrome formed was read at 556 and 539 nm after

adding a few crystals of potassium hexacyanoferrate and

sodium dithionite, respectively. Total N content in plant

organs (roots and shoots) was measured at 120 DAS by

micro-Kjeldahl (Iswaran and Marwah 1980). Phosphorus

(P) content in roots and shoots was assayed at 120 DAS

(Jackson 1967). The remaining three pots for each treat-

ment, containing three plants per pot, were maintained until

harvest (120 DAS). Seed yield and grain protein (Sadasi-

vam and Manikam 1992) were determined at 120 DAS.

Plants uprooted at 120 DAS were oven-dried (at 80�C) and

the dry matter accumulated was measured.

Statistical Analysis

In vitro experiments were carried out in three replicates and

statistical analysis was performed using the Tukey test at

the 5% probability level. The pot experiments were con-

ducted for two consecutive years under identical environ-

mental conditions using the same treatments. Because the

data of the measured parameters obtained were homoge-

neous, they were pooled together and subjected to analysis

of variance (ANOVA). The difference among treatment

means was compared by high-range statistical domain

(HSD) using the Tukey test for in vitro experiments and

both Tukey test and two-way ANOVA for pot trials at the

5% probability level.

Results

Characterization of Fungicide-Tolerant Rhizobium

In this study, a total of 50 rhizobial strains were isolated

from the nodules of lentil plants grown in the experimental
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fields of the Faculty of Agricultural Sciences, A.M.U.,

Aligarh. Each rhizobial strain was tested for sensitivity or

tolerance to tebuconazole on minimal salt agar medium. Of

the 50 isolates, 8 rhizobial strains, namely, MRL1, MRL2,

MRL3, MRL4, MRL5, MRL6, MRL7, and MRL8, that

demonstrated higher tolerance to triazole fungicide were

selected and their PGP traits were determined. In general,

the rhizobial strain with the maximum fungicide tolerance

exhibited the highest number of PGP traits and produced

the maximum amount of PGP substances (Fig. 2). Among

these 8 strains, Rhizobium strain MRL3 was preferably

selected due to its ability to (1) tolerate tebuconazole up to

1600 lg ml-1 on minimal salt agar medium (Table 1); (2)

grow well in minimal salts medium supplemented with

tebuconazole at the recommended and two and three times

the recommended rate (Fig. 3); (3) synthesize maximum

amounts of PGP substances like IAA and siderophores; and

(4) release EPS, HCN, and ammonia. The tebuconazole-

tolerant strain MRL3 was further identified following

biochemical and nodulation tests (Table 1). Strain MRL3

produced a significant amount of PGP substances in the

presence of the recommended and two and three times the

recommended field rate of tebuconazole; however, a

tebuconazole-concentration-dependent progressive decline

in the production of PGP substances (except HCN and

ammonia) by the strain MRL3 was manifested (Table 2).

Interestingly, HCN and ammonia production remained

unaffected when the strain MRL3 was exposed to tebuco-

nazole. Thus, the most promising Rhizobium strain MRL3

was used as a bio-inoculant in pot trials.

Fig. 2 Tolerance levels and plant-growth-promoting activities of

rhizobial strains recovered from nodules of lentil plants. Vertical bars
represent means of three replicates ± standard error. MTL maximum

tolerance level, IAA indole acetic acid, SA salicylic acid, DHBA 2,3-

dihydroxybenzoic acid, EPS exopolysaccharides

Table 1 Morphological and biochemical characteristics of Rhizo-
bium sp. strain MRL3

Characteristics Strain MRL3

Morphology

Gram reaction -

Shape Rods

Biochemical reactions

Citrate utilization -

Indole ?

Methyl red ?

Nitrate reduction ?

Oxidase -

Voges Proskaur ?

Carbohydrate utilization

Dextrose -

Lactose -

Mannitol ?

Sucrose -

Hydrolysis

Starch ?

Gelatin -

Maximum tolerance level (MTL) to tebuconazole 1600 lg ml-1

? indicates positive and - indicates negative reactions

Tebuconazole

Time (h)

0 6 12 18 24 30 36 42 48 54

O
pt
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54

0 
nm
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Fig. 3 Impact of the recommended (open circle), double (filled
inverted triangle), and three times (open triangle) the recommended

rate of tebuconazole on Rhizobium strain MRL3 (in terms of optical

density) grown in minimal salt agar medium (devoid of carbon and

nitrogen sources)
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Growth of Uninoculated Lentil Plants in Fungicide-

Applied Soils

The effect of three concentrations of tebuconazole on

the performance of lentil plants differed considerably.

In the presence of the three concentrations of tebuconazole,

the dry biomass, nodulation, nutrient-uptake, and yield of

uninoculated lentil plants declined significantly (p B 0.05).

In general, the measured parameters decreased progres-

sively as the concentration of tebuconazole was increased

from 100 lg/kg soil (recommended dose) to 300 lg/kg soil

(three times the recommended rate) in soils. Moreover, 200

and 300 lg tebuconazole/kg soil completely abolished

nodulation of lentil plants. For example, tebuconazole at

100 lg/kg soil decreased the total dry biomass, nodule

numbers, nodule dry biomass, and Lb significantly

(p B 0.05) by 26, 21, 53, and 33%, respectively, which at

300 lg/kg soil were 54, 100, 100, and 100%, respectively,

relative to uninoculated controls (Table 3). The recom-

mended dose of tebuconazole also reduced the root N,

shoot N, root P, shoot P, seed yield, and grain protein by

24, 13, 19, 14, 60, and 4%, respectively, whereas three

times the recommended dose of tebuconazole reduced the

same parameters by 47, 22, 38, 32, 70, and 7%, respec-

tively, compared to uninoculated controls (Table 4).

Inoculation Effects of Rhizobium sp. Strain MRL3

on Lentil in Fungicide Stress

The effect of tebuconazole-tolerant and PGP Rhizobium sp.

strain MRL3 on the growth and symbiotic attributes of

lentil grown in tebuconazole-applied sandy clay loam soils

varied considerably. Like uninoculated plants, a significant

(p B 0.05) and tebuconazole-concentration-dependent and

consistent decline in all biological and chemical charac-

teristics of Rhizobium sp. strain MRL3-inoculated lentil

plants was also observed when lentil was grown in soils

treated with varying concentrations of tebuconazole.

However, the reduction in plant growth parameters was

less severe when Rhizobium sp. strain MRL3 was used with

tebuconazole.

In the presence of the bio-inoculant Rhizobium sp. strain

MRL3, tebuconazole at 100 lg/kg soil decreased the total

dry biomass, nodule numbers, nodule dry mass, and Lb by

22, 14, 54, and 27%, respectively. At 300 lg/kg soil, the

decrease in the total dry biomass, nodule numbers, nodule

dry mass, and Lb was 43, 31, 67, and 53% over inoculated

control. Interestingly, strain MRL3 significantly (p B 0.05)

increased the total dry biomass, nodule numbers, nodule

dry mass, and Lb with all tested doses of tebuconazole

when compared to the uninoculated plants grown with the

same concentration of tebuconazole. For example, when

Rhizobium sp. strain MRL3 was applied with 100 lg

tebuconazole/kg soil, the total dry biomass, nodule num-

bers, nodule dry mass, and Lb increased significantly

(p B 0.05) by 72, 60, 135, and 38%, respectively, relative

to the uninoculated plants grown in soil treated solely with

100 lg tebuconazole/kg soil (Table 3).

Correspondingly, in the presence of the bio-inoculant

Rhizobium sp. strain MRL3, tebuconazole at 100 lg/kg soil

decreased the root N, shoot N, root P, shoot P, seed yield,

and grain protein by 19, 12, 17, 15, 37, and 4%, respec-

tively, whereas 300 lg tebuconazole/kg soil reduced the

same parameters by 43, 22, 28, 29, 54, and 7%, respec-

tively, above the inoculated controls. Interestingly, the

bio-inoculant with the recommended dose of tebuconazole

significantly (p B 0.05) increased the root N, shoot N, root

P, shoot P, seed yield, and grain protein by 31, 10, 41, 21,

117, and 6%, respectively, compared to the plants treated

with 100 lg tebuconazole/kg soil but lacking inoculant.

Likewise, the increase in the same plant growth parame-

ters by the rhizobial inoculant with three times the

Table 2 Plant-growth-promoting activities of Rhizobium sp. strain MRL3 in the presence and the absence of tebuconazole

Dose rate (lg l-1)

of tebuconazole

IAA (lg ml-1) Siderophores EPS (lg ml-1)

CAS agar (mm) Phenolates (lg ml-1)

SA 2,3-DHBA

0 (control) 37a (1.15) 12a (0.25) 29a (1.67) 21a (1.52) 18d (0.73)

100 21b (1.43) 10b (0.22) 20b (1.03) 14b (0.73) 20c (0.95)

200 17c (1.03) 10b (0.16) 16c (1.21) 12c (0.21) 23b (0.62)

300 15d (0.87) 9c (0.12) 14d (1.05) 10d (0.34) 27a (1.05)

F value 67.4 12.5 54.7 17.6 36.5

IAA indole acetic acid, CAS chrome azurol s agar, SA salicylic acid, DHBA dihydroxybenzoic acid, EPS exopolysaccharide

Values indicate the mean of three replicates. Mean values followed by different letters are significantly different within a row or column at

p B 0.05 according to the Tukey test. Values in parenthesis indicate standard errors

Rhizobium sp. strain MRL3 also produced hydrogen cyanide (HCN) and ammonia at all three concentrations of tebuconzole
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recommended dose of tebuconazole was 33, 9, 62, 26, 111,

and 6%, respectively, compared to the uninoculated treat-

ment with 300 lg tebuconazole/kg soil (Table 4).

Statistically, the two-factor ANOVA revealed that the

individual effects of inoculation and fungicide and their

interactive effect (inoculation 9 fungicide) were signifi-

cant (p B 0.05) for plant dry biomass, nodulation, nutrient

uptake, seed yield, and grain protein, except the effect of

fungicide and its interaction with inoculant MRL3 for Lb

content (Tables 2, 3).

Discussion

In modern agricultural practices, organic fungicides

are used to protect seeds from fungal diseases and

Table 3 Effect of three concentrations of tebuconazole on growth and nodulation of lentil plants grown in soil inoculated with Rhizobium sp.

strain MRL3 and without bio-inoculant

Treatment Dose rate

(lg/kg soil)

Total dry biomass

(g/plant)

Nodulation

Nodule no./

plant

Nodule biomass

(mg/plant)

Leghemoglobin content

[mM (g f.m.)-1]

Uninoculated Control 2.57d (0.31) 19d (1.05) 30c (2.30) 0.12b (0.005)

100 1.91f (0.23) 15e (1.50) 14e (1.57) 0.08d (0.002)

200 1.55 g (0.21) – – –

300 1.18 h (0.07) – – –

Inoculated Control 4.23a (0.12) 28a (1.14) 72a (2.12) 0.15a (0.002)

100 3.29b (0.14) 24b (1.05) 33b (1.25) 0.11c (0.004)

200 2.85c (0.22) 22c (1.35) 30c (0.95) 0.08d (0.003)

300 2.41e (0.05) 19d (0.65) 24d (1.07) 0.07e (0.004)

LSD 1.7 1.6 0.95 0.006

F value Inoculation (df = 1) 423* 234* 163* 43.6*

Fungicide (df = 3) 14.5* 45.4* 41.4* 1.5

Inoculation 9 fungicide (df = 3) 27.9* 73* 19.2* 1.2

Values are mean of three replicates where each replicate constituted three plants per pot. Mean values followed by different letters are

significantly different within a row or column at p B 0.05 according to the Tukey test. Values in parenthesis indicate standard errors

* Significantly different from the control at p B 0.05

Table 4 Effect of three concentrations of tebuconazole on N and P content, seed yield, and grain protein of lentil plants grown in soil inoculated

with Rhizobium sp. strain MRL3 and without bio-inoculant

Treatment Dose rate

(lg/kg soil)

N content (mg/g) P content(mg/g) Seed yield

(g/plant)

Grain protein

(mg/g)
Root Shoot Root Shoot

Uninoculated Control 17b (1.05) 45b (1.65) 0.21d (0.004) 0.28 cd (0.004) 3.0b (0.10) 232 cd (1.21)

100 13d (0.74) 39e (1.25) 0.17e (0.006) 0.24e (0.003) 1.2f (0.05) 223f (1.05)

200 11f (0.85) 37 fg (1.32) 0.15f (0.002) 0.22f (0.004) 1.0 g (0.01) 219 g (1.15)

300 9 g (0.57) 35 g (1.05) 0.13 g (0.002) 0.19 g (0.005) 0.9 h (0.02) 216 h (1.25)

Inoculated Control 21a (1.63) 49a (2.05) 0.29a (0.005) 0.34a (0.003) 4.1a (0.14) 245a (1.07)

100 17b (0.78) 43c (1.46) 0.24b (0.003) 0.29bc (0.008) 2.6c (0.08) 236b (1.15)

200 15c (0.83) 41d (1.02) 0.22c (0.002) 0.27d (0.005) 2.2d (0.02) 231d (1.36)

300 12e (0.58) 38ef (0.56) 0.21d (0.004) 0.24e (0.003) 1.9e (0.04) 228e (1.12)

LSD 1.3 1.4 0.06 0.008 0.07 1.4

F value Inoculation (df = 1) 416.3* 620* 318.7* 217.4* 327.4* 219.7*

Fungicides (df = 3) 87.4* 163* 33.7* 127.2* 112.5* 144.2*

Inoculation 9 fungicide (df = 3) 37.5* 82* 79.5* 32.4* 38.6* 63.5*

Values are mean of three replicates where each replicate constituted three plants per pot. Mean values followed by different letters are

significantly different within a row or column at p B 0.05 according to the Tukey test. Values in parenthesis indicate standard errors

Significantly different from the control at P B 0.05
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consequently to enhance crop production. However, some

organic fungicides like carbendazim are toxic to rhizobia

whereas others like captan have been found to be com-

patible with nodule bacteria (Kaur and others 2007). It is

reported that the viability of rhizobia exposed to fungicides

is adversely affected and their nodulating and N2-fixing

abilities vanish (Zahran 1999; Guene and others 2003).

Despite these conflicting reports, many studies have doc-

umented the benefit of rhizobia to legume production

(McKenzie and others 2001; Zaidi and others 2003). In

agreement with these findings, application of Rhizobium,

which showed multiple plant-growth-promoting activities

in the presence and the absence of fungicide, was generally

beneficial. As reported by others (Tesfai and Mallik 1986),

a significant reduction in the growth of lentil plants

following fungicide application was observed in this study;

it was probably due to the adverse effects of tebuconazole

on plant organs, especially the function of nodules, which

consequently diminishes the N2 fixation (Fox and others

2007). Such inhibitory effects after fungicide application

may also be due to the inhibition of nitrogenase activity or

chlorophyll contents, as observed for soybean (Glycine

max) when grown with varying concentrations of thiram

(Bikrol and others 2005). Statistically significant interac-

tions between fungicide and lentil were detected for nod-

ulation and seed yield. The pattern of the interactions

observed for nodulation and seed yield was a consistent

poor nodulation and yield in the absence of rhizobial

inoculants when tebuconazole was applied alone. In similar

studies, recommended and higher rates of fungicide, for

example, captan, reduced nodulation and N2 fixation by

Trifolium repens (Fisher and Hayes 1981). Fungicides like

thiram and captan have also been reported to be harmful to

nodulation and N2 fixation of several grain and forage

legumes (Heinonen-Taski and others 1982; Rennie and

others 1985; Aamil and others 2004). In another study,

Kyei-Boahen and others (2001) reported decreased nodu-

lation, percent N derived from the atmosphere (%Ndfa),

and plant growth in chickpea in response to a presowing

seed treatment with commercial fungicides. In addition,

our study showed that the toxicity of two and three times

the recommended dose of the fungicide tebuconazole to

lentil growth was more severe than that of the recom-

mended dose. Fungicides at lower rates are not toxic pos-

sibly because the soil environment acts as a buffer and thus

reduces the potentially toxic effects of the fungicides by

dilution of the chemicals. However, at higher concentra-

tions, fungicides cause a depressive effect on both micro-

organisms and plants (Ayansina 2009).

Interestingly, the growth of lentil plants was stimulated

when the PGP Rhizobium strain MRL3, which is tolerant to

tebuconazole up to 1600 lg ml-1, was applied as seed

inoculant in fungicide-treated soil. In general, the measured

parameters were increased following inoculant application

with tebuconazole compared to plants grown in soils

treated solely with tebuconazole. Plant-growth-promoting

rhizobacteria, including symbiotic N2 fixers, can facilitate

plant development either indirectly by circumventing the

toxic effects of pesticides (Yang and Lee 2008) or directly

by synthesizing the plant-growth-regulating substances

(Wani and others 2008). This fact is further shown in that

the rhizobial strains that showed higher tolerance to te-

buconazole were also found to exhibit better PGP activities

(Fig. 2). In addition, the most tolerant rhizobial strain,

MRL3, also grew well in carbon (C) and nitrogen

(N) source-deficient minimal salt medium amended even

with three times the recommended dose of tebuconazole

(Fig. 3). Consequently, MRL3 as a bio-inoculant not only

protected lentil plants from fungicide toxicity but also

increased their growth and symbiotic attributes substan-

tially in fungicide-amended soils. Such an increase in plant

growth may be due to the fact that the introduced com-

pound might have acted as a new source of C, N, P, and S,

which if utilized by one microbial community allows them

to proliferate and out-compete other microbial communi-

ties (Ayansina 2009).

To the best of our knowledge, no information is avail-

able in the literature regarding the relationship between

pesticide/fungicide tolerance (resistance) and PGP activi-

ties of rhizobia/soil bacteria. Moreover, it has been repor-

ted that exopolysaccharides (EPS) are known to influence

legume root infection and nodulation (Chen and others

1985; Leigh and others 1988). In the present study, strain

MRL3 produced a substantial amount of EPS even in the

presence of tested fungicide. It might be possible that the

production of EPS by the rhizobial strain resulted in more

nodulation in inoculated treatments, as the role of EPS in

legume–Rhizobium interaction is also reported by others

(Spaink 2000; Mithöfer 2002). Similarly, the N content in

plant organs (root and shoot) was also higher in bioprimed

plants, probably due to increased N2 fixation that led to a

considerable increase in N uptake (Joshi and others 1990).

In addition, the synthesis of iron-chelator siderophores and

IAA by the test strain MRL3 might also have enhanced

root growth and uptake of soil minerals by the host plant.

Moreover, the bio-inoculant significantly increased the

nodulation compared to uninoculated controls, confirming

the fact that MRL3 might have reduced the toxicity of

tebuconazole in sandy loam soil, as was evident by the

growth of this strain on minimal media using tebuconazole

as a source of C and N (Fig. 3).

In conclusion, we demonstrated the phytotoxic effects of

tebuconazole on the performance of lentil plants grown in

fungicide-treated sandy clay loam soils. Fungicide-tolerant

Rhizobium sp. strain MRL3, used as a seed inoculant,

protected the lentil plants from the toxic effects of
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tebuconazole and also increased the biological and chem-

ical characteristics of the test plants. The increased growth

of inoculated lentil plants in this study, even in the pres-

ence of fungicide, might have possibly been due to the

availability of plant-growth-promoting substances like

phytohormones, siderophores, and EPS to the lentil plants,

synthesized by Rhizobium strain MRL3, in addition to

providing N to plants through nitrogen fixation. The rhi-

zobial strain expressing such multiple physiological traits

can be used as a bio-inoculant to optimize the lentil

production in fungicide-treated soils.

Acknowledgments The authors thank Dr. N. A. Naqvi, Parijat

Agrochemicals, New Delhi, India, for providing technical-grade

fungicides. Financial assistance from the University Grants Com-

mission (UGC), New Delhi, India, during the Ph.D. program is also

gratefully acknowledged.

References

Aamil M, Zaidi A, Khan MS (2004) Fungicidal impact on chickpea–

Mesorhizobium symbiosis. J Environ Sci Health B 39:779–790

Alexander DB, Zuberer DA (1991) Use of chrome azurol S reagents

to evaluate siderophore production by rhizosphere bacteria.

Biol Fertil Soils 12:39–45

Ayansina ADV (2009) Pesticide use in agriculture and microorgan-

isms. In: Khan MS, Zaidi A, Musarrat J (eds) Microbes in

sustainable agriculture. Nova Science Publishers, Inc., New

York, pp 261–284

Bakker AW, Schipper B (1987) Microbial cyanide production in the

rhizosphere in relation to potato yield reduction and Pseudomo-
nas spp. mediated plant growth stimulation. Soil Biol Biochem

19:451–457

Bikrol A, Saxena N, Singh K (2005) Response of Glycine max in

relation to nitrogen fixation as influenced by fungicide seed

treatment. Afr J Biotechnol 4:667–671

Brick JM, Bostock RM, Silversone SE (1991) Rapid in situ assay for

indole acetic acid production by bacteria immobilized on

nitrocellulose membrane. Appl Environ Microbiol 57:535–538

Cernohlavkova J, Jarkovsky J, Hofman J (2009) Effects of fungicides

mancozeb and dinocap on carbon and nitrogen mineralization in

soils. Ecotoxicol Environ Saf 72:80–85

Chen YK, Batley M, Redmond JW, Rolfe BG (1985) Alteration of the

effective nodulation properties of a fast growing broad host

range Rhizobium due to change in exopolysaccharides synthesis.

J Plant Physiol 120:331–349

Dunfield KE, Siciliano SD, Germida JJ (2000) The fungicides thiram

and captan affect the phenotypic characteristics of Rhizobium
leguminosarum strain C1 as determined by FAME and Biolog

analyses. Biol Fertil Soils 31:303–309

Dye DW (1962) The inadequacy of the usual determinative tests for

the identification of Xanthomonas spp. Nat Sci 5:393–416

Fisher DJ, Hayes AL (1981) Effects of some surfactant fungicides on

Rhizobium trifolii and its symbiotic relationship with white

clover. Ann Appl Biol 98:101–107

Fox JE, Gulledge J, Engelhaupt E, Burow ME, McLachlan JA (2007)

Pesticides reduce symbiotic efficiency of nitrogen-fixing rhizo-

bia and host plants. Proc Natl Acad Sci USA 104:10282–10287

Gordon S, Weber RP (1951) The colorimetric estimation of IAA.

Plant Physiol 26:192–195

Graham PH, Ocampo G, Ruiz LD, Duque A (1980) Survival of

Rhizobium phaseoli in contact with chemical seed protectants.

Agron J 72:625–627

Guene NFD, Diouf A, Gueye M (2003) Nodulation and nitrogen

fixation of field grown common bean (Phaseolus vulgaris) as

influenced by fungicide seed treatment. Afr J Biotechnol

2:198–201

Heinonen-Taski H, Oros G, Keckes M (1982) The effect of soil

pesticides on the growth of red clover rhizobia. Acta Agric

Scand 32:283–288

Holt JG, Krieg NR, Sneath PHA, Staley JT, Willams ST (1994)

Bergey’s manual of determinative bacteriology, 9th edn.

Lippincott Williams and Wilkins, Philadelphia

Iswaran V, Marwah TS (1980) A modified rapid Kjeldahl method for

determination of total nitrogen in agricultural and biological

materials. Geobios 7:281–282

Jackson ML (1967) Soil chemical analysis. New Delhi, Prentice-Hall

of India, pp 134–144

Joshi PK, Kulkarni JH, Bhatt DM (1990) Interaction between strains

of Bradyrhizobium and groundnut (Arachis hypogaea L.)

cultivars. Trop Agric 67:115–118

Kaur C, Maini P, Shukla NP (2007) Effect of captan and carbendazim

fungicides on nodulation and biological nitrogen fixation in

soybean. Asian J Exp Sci 2:385–388

Khan MS, Zaidi A, Ahemad M, Oves M, Wani PA (2010) Plant

growth promotion by phosphate solubilizing fungi-current

perspective. Arch Agron Soil Sci 56:73–98

Kyei-Boahen S, Slinkard AE, Walley FL (2001) Rhizobial survival

and nodulation of chickpea as influenced by fungicide seed

treatment. Can J Microbiol 47:585–589

Leigh JA, Singer ER, Walker GC (1988) Exopolysaccharide deficient

mutants of Rhizobium meliloti that form ineffective nodules.

Proc Natl Acad Sci USA 82:6231–6235

McKenzie RH, Middleton AB, Solberg ED, DeMulder J, Flore N,

Clayton GW, Bremer E (2001) Response of pea to rhizobia

inoculation and starter nitrogen in Alberta. Can J Plant Sci

81:637–643

Mithöfer A (2002) Suppression of plant defence in rhizobia-legume

symbiosis. Trends Plant Sci 7:440–444

Mody BR, Bindra MO, Modi VV (1989) Extracellular polysaccha-

rides of cowpea rhizobia: compositional and functional studies.

Arch Microbiol 1:2–5

Reeves MW, Pine L, Neilands JB, Balows A (1983) Absence of

siderophore activity in Legionella species grown in iron-deficient

media. J Bacteriol 154:324–329
Rennie RJ, Howard RJ, Swanson TA, Flores GHA (1985) The effect

of seed applied pesticides on growth and N2 fixation in pea, lentil

and faba bean. Can J Plant Sci 65:555–562

Revellin C, Leterme P, Catroux G (1993) Effect of some fungicide

treatments on the survival of some Bradyrhizobium japonicum
and on the nodulation and yield of soybean (Glycine max L.

Merr). Biol Fertil Soils 16:211–214

Sadasivam S, Manikam A (1992) Biochemical methods for agricul-

tural sciences. Wiley Eastern Limited, New Delhi

Somasegaran P, Hoben HJ (1994) Handbook for rhizobia: methods in

legume Rhizobium technology. Springer, New York

Spaink HP (2000) Root nodulation and infection factors produced by

rhizobial bacteria. Ann Rev Microbiol 54:257–288

Tesfai K, Mallik MAB (1986) Effect of fungicide application on

soybean-rhizobia symbiosis and isolation of fungicide-resistant

strains of Rhizobium japonicum. Bull Environ Contam Toxicol

36:819–826

Vincent JM (1970) A manual for the practical study of root nodule

bacteria. IBP Handbook No. 15. Blackwell Scientific Publica-

tions, Oxford

J Plant Growth Regul (2011) 30:334–342 341

123



Wani PA, Khan MS, Zaidi A (2008) Chromium-reducing and plant

growth-promoting Mesorhizobium improves chickpea growth in

chromium-amended soil. Biotechnol Lett 30:159–163

Yang C, Lee C (2008) Enrichment, isolation, and characterization of

4-chlorophenol-degrading bacterium Rhizobium sp. 4-CP-20.

Biodegradation 19:329–336

Zahran HH (1999) Rhizobium-legume symbiosis and nitrogen fixation

under severe conditions and in an arid climate. Microbiol Mol

Biol Rev 63:968–989

Zaidi A, Khan MS, Amil M (2003) Interactive effect of rhizotrophic

microorganisms on yield and nutrient uptake of chickpea (Cicer
arietinum L.). Eur J Agron 19:15–21

342 J Plant Growth Regul (2011) 30:334–342

123


	Plant-Growth-Promoting Fungicide-Tolerant Rhizobium Improves Growth and Symbiotic Characteristics of Lentil (Lens esculentus) in Fungicide-Applied Soil
	Abstract
	Introduction
	Materials and Methods
	Fungicide Tolerance and PGP Activities
	Rhizobial Inoculation and Fungicide Treatment
	Statistical Analysis

	Results
	Characterization of Fungicide-Tolerant Rhizobium
	Growth of Uninoculated Lentil Plants in Fungicide-Applied Soils
	Inoculation Effects of Rhizobium sp. Strain MRL3 on Lentil in Fungicide Stress

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


