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 Background: To study the morphological and yield related parameters of Fenugreek 
(Trigonella foenum graecum L.) to irrigation regimes and plant growth promoting 

bacteria (PGPR) application methods, an investigation was carried out in a split plot 

arrangement with randomized complete block design in three replications. 
Experimental factors were included irrigation regimes as the main plot in three levels 

including, 40, 70 and 10 mm evaporation from A class pan, and PGPR application 

methods in four levels including, without application, seed inoculation, application in 
irrigation water, and seed inoculation+application in irrigation water methods as the 

subplot. Our results showed that the plots treated with PGPR, especially in form of seed 

inoculation+application in irrigation water when compared to those of non-treated 
plants had more tolerance to drought stress with respect to yield and morphological 

parameters, under drought stress. Therefore, application of SA in form of seed 

inoculation+foliar spray may be most useful methods to overcome adverse effects of 
water deficit stress in fenugreek plants. 
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INTRODUCTION 

 

 Water deficit stress limits plant growth and productivity particularly in arid and semi-arid areas of the 

world. The stressed plants suffers from drought varying intensity and duration. As far as we know, drought 

adversely affect many physiological processes including photosynthesis and enzyme activities. Inoculation of 

plants with beneficial microbes may enhance water deficit stress tolerance of plants growing in arid or semiarid 

regions [20, 10]. These beneficial microorganisms colonize the rhizosphere of plants and promote growth of the 

plants through various direct and indirect processes [13]. A number of studies have shown the importance of 

plant growth promoting bacteria (PGPB) application as amelioration practice for tolerance to environmental 

stresses, such as drought, salinity and heavy metal toxicity in plants and raising possibility for application of 

these useful microbes around plant root system [3, 29]. Microbial communities offer a potentially powerful 

opportunity for understanding these beneficial interactions. As a result, changes in the structure or function of 

microbial communities may have a major impact on root rhizosphere. In Iran, where large population depend on 

agriculture for their livelihoods, water shortage is the major problem. Thus, the identification of beneficial 

microorganisms which mitigate adverse effect of water deficit on plants assumes greater importance [25]. 

 Fenugreek (Trigonella foenum graecum L.) is an annual legume plant which its chemical composition 

related to seeds [6, 16]. Fenugreek seed was reported to have anti-diabetic [17], anti-fertility, anticancer, anti-

microbial, anti-parasitic, lactation stimulant and hypocholesterolaemic effects [2]. Also, it was reported that this 

species showed an insecticidal activity, antifungal activity [9, 14, 23]. It was also observed that fenugreek seeds 

is rich to allelochemicals. As far as we know, the effects of drought stress on growth and yield parameters are 

genotype and growth stage-dependent [10, 13, 21]. In Iran water is a major limiting factor due to the high 

variability of rainfall. Fenugreek plant is sensitive to drought during the vegetative growth stages, since a soil 

matric potential lower than –0.3 MPa led to decrease in growth aspects such as plant height and dry weight [11, 
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17, 25]. It has been reported that fenugreek is a semiarid region crop, but responds completely to application of 

water [14]. 

 In the current study, the plant growth-promoting bacteria (PGPB) were tested to enhance water deficit 

tolerance in fenugreek (Trigonella foenum-graecum). Most of the Trigonella species are distributed in the dry 

[14]. PGPB are free-living soil bacteria that can either directly or indirectly facilitate the growth of plants [13]. 

Of these, the nitrogen-fixing rhizosphere bacteria belonging to the genera Azotobacter and Azospirillum have 

received particular attention throughout the global science because of their beneficial effects such as involving 

in the production of phytohormones, organic acid and siderophores, and dissolving poorly soluble nutrients by 

improving their availability to the plants [21, 24, 25].  

 The effect of PGPB on several plants has already been studied, but little work has been carried out to 

elucidate the effect of biofertilizer on fenugreek plants. Due to the economic repercussions that used as an 

effective medicinal plant and as fodder and the limited knowledge available regarding the effects of biofertilizer 

under water shortage conditions on morphological and physiological characteristics of this plant, this research 

was carried out to find out the best method for PGPB application under water deficit stress conditions in a field 

study. 

 

MATERIALS AND METHODS 

 

 A field experiment was conducted at the research farm of Islamic Azad University, Yadegar-e-Emam 

Branch, Tehran, Iran, during the spring and summer of 2013 growing season. One week before sowing, soil 

samples were taken to determine soil characteristics. Physiochemical soil characteristics are presented in Table 

1.  

 The experimental design was a randomized complete block design with a split plot arrangement in three 

replications. Experimental factors were (a) irrigation level in three levels including 40, 70 and 100 mm 

evaporation from a class A pan, and PGPB application method (b) in four levels including without PGPB, seed 

inoculation with PGPB, application of PGPB in irrigation water and seed inoculation+ PGPB in irrigation water. 

Experimental plots were included four lines with 30 cm row spacing and within row spacing. The central lines 

were selected for sampling and study the morphological and physiological characteristics of fenugreek. 
 

Table 1: Soil physical and chemical properties. 
depth Clay 

(%) 
Silt 
(%) 

Sand 
(%) 

texture EC 
(dS/m) 

CEC 
(meq/100g) 

O.C 
(%) 

Total N 
(%) 

Available 
P (ppm) 

Available 
K (ppm) 

0 - 30 12 23 65 Sandy 

Loam 

1.50 6.4 0.8 0.09 7 120 

 

 Seeds were sown at 3 cm depth in the middle of rows, with 30 cm between rows and 4 cm between seed 

groups. The area of each plot was 10.5 m2. Before planting, the soil surface of the cultivated area was 

thoroughly irrigated using a solid-set movable sprinkler system. At the 3-4 leaf stage, plants were selected for 

uniformity and thinned out to the recommended plant density. Weed control was performed manually without 

any herbicide application.  

 Nitroxin biofertilizer used in this study for different application methods consists of the most effective 

species of nitrogen stabilizing bacteria including the genus Azotobacter and Azospirillum. Seed inoculation 

involved placement of the seeds in the biofertilizer suspensions at 108 CFU ML-1 for 1 h before planting. On 

the other hand, PGPR application in irrigation water was done with the same amount of PGPRs in irrigation 

water. 

 Weather conditions during the plant growth was monitored with meteorological stations located less than 

500 m away from the research plot. At flowering (50% of flowers open) stage, two square meter samples of 

fenugreek plants were randomly harvested from each plot, divided to root and shoot, weighed, and dried for 48 h 

at 60◦C to determine the dry weight. Growth aspects and yield related parameters such as plant height, number 

of branches, fresh weight, dry weight, number of seeds per fruit, number of fruits per plant, thousand seed 

weight and seed yield were determined.  

 

Results: 

Plant height: 

 As shown in Table. 2, plant height decreased in response to drought stress. On the other hand, treatment 

with different PGPR methods increased chlorophyll levels as compared to their respective control plants (Table. 

2). The combination of drought and PGPR enhanced the plant height in comparison to the levels in drought-

stressed plants alone (Table. 2). Among different PGPR application methods, seed inoculation + PGPR in 

irrigation water notably increased plant height in the leaves of fenugreek plants (Table. 2). It was also obvious 

that application of PGPR was more effective under normal conditions compared to drought stress conditions. 
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Table 2: Responses of plant height, number of branches per plant, plant fresh weight, plant dry weight, number of seeds per fruit and  

number of fruits per plant of marigold plants under different irrigation regimes and PGPR application methods. 
Fruits per plant Seeds per fruit Dry weight (g) Fresh weight (g) Branches per plant Height (cm) PGPR 

application 

Drought levels 

13.93 c 13.43 d 4.83c 19.02 c 3.06 bc 33.6 c No PGPR 40 

mm 
 

16.7 ab 16.50 b 7.85a 26.06 b 3.60 b 40.53 b SI 

15.10 b 14.66 c 6.57b 25.05 b 3.70 a 38.66 b IW 

17.56 a 17.23 a 7.86a 29.03 a 3.43 b 43.86 a SI+IW 

7.50 d 11.9 e 2.72d 9.83 e 2.00 d 26.3 d No PGPR 70 

mm 

 
10.70 c 14.43 c 3.80cd 13.66 d 2.43 c 28.56 d SI 

11.43 cd 14.03 e 3.03d 12.61 d 2.13 d 25.73 de IW 

14.43 b 15.70 b 3.69cd 15.3 d 2.86 bc 35.66 b SI+IW 

5.16 ef 8.40 f 1.36f 6.15 g 1.23 e 21.43 e No PGPR 100 
mm 

 
6.60 e 11.40 e 2.07e 8.87 f 2.26 cd 24.43 de SI 

5.06 e 10.86 e 1.71f 5.19 h 2.13 d 23.16 e IW 

7.63 d 12.56 d 2.05e 9.03 e 2.50 c 26.3 d SI+IW 

No PGPR: without PGPR, SI: seed inoculation PGPR, IW: PGPR in irrigation water. Values are means (n=3) and differences between means 

were compared by Fisher’s least significance test. Different letters indicate significant differences at P< 0.05. 

 

Number of branches per plant: 

 Number of branches per plant under higher levels of drought treatments was significantly decreased as 

compared to control (40 mm evaporation) plants (Table. 2). However, PGPR application also increased number 

of branches per plant in non-stressed (40 mm evaporation) plants (Table. 2). Applying drought treatments and 

PGPR in combination significantly enhanced branches per plant as compared to the branches in drought stressed 

plants alone. Among PGPR application methods, seed inoculation+ PGPR in irrigation water had strongest 

effect on the branches per plant under stress conditions, compared with other PGPR application methods (Table. 

2). Under normal conditions, application of PGPR in irrigation water resulted to highest number of branches per 

plant (Table. 2).  

 

Plant fresh weight: 

 The plant fresh weight notably decreased in the fenugreek plants under drought stress as compared to 

control (40 mm evaporation) plants (Table. 2). However, the PGPR treatment especially in the form of seed 

inoculation+ PGPR in irrigation water significantly increased the plant fresh weight in comparison to untreated 

plants. Combining drought stress and PGPR also increased the plant fresh weight as compared to drought 

stressed plants alone (Table. 2). Among different PGPR application methods, seed inoculation + PGPR in 

irrigation water was more effective for increasing the plant fresh weight compared to other levels of PGPR 

(Table. 2).  

 

Plant dry weight: 

 The plant dry weight also significantly decreased in the fenugreek plants in response to drought stress when 

compared to control (40 mm evaporation) plants (Table. 2). However, the PGPR treatment especially in the 

form of seed inoculation significantly increased the plant dry weight in comparison to PGPR-untreated plants. 

Combining water deficit stress and PGPR also increased the plant dry weight as compared to drought stressed 

plants alone (Table. 2). Among different PGPR application methods, seed inoculation in irrigation water was 

more effective for increasing the plant fresh weight compared to other levels of PGPR, while PGPR application 

in irrigation water has less pronounced effects. 

 Number of seeds per fruits and fruits per plant  

 These two characters were also significantly decreased under drought conditions as compared to control 

plants (Table. 2). The decrease in these two trait was relatively in a dose dependent manner to drought severity. 

However, PGPR application also increased number of seeds per fruits and number of fruits per plant in non-

stressed (40 mm evaporation) plants (Table. 2). Combined application of drought treatments and PGPR 

significantly enhanced number of seeds per fruits and number of fruits per plant in drought stressed plants alone. 

Among PGPR application methods, seed inoculation+ PGPR in irrigation water had more pronounced effect on 

these two traits under stress conditions, compared with other PGPR application methods (Table. 2).  

 

Seed yield: 

 The seed yield notably decreased in the fenugreek plants under drought stress as compared to control plants 

(Table. 3). While, the PGPR treatment especially in the form of seed inoculation+ PGPR in irrigation water 

significantly increased the seed yield in comparison to untreated plants. Combining drought stress and PGPR 

also increased the seed yield as compared to drought stressed plants alone (Table. 3). Amongst different PGPR 

application methods, seed inoculation + PGPR in irrigation water was more effective for increasing the seed 

yield in comparison to other levels of PGPR. 
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Biological yield: 

 The biological yield significantly reduced in response to drought stress when compared to control plants 

(Table. 3). On the other hand, the PGPR treatment especially in the form of seed inoculation + PGPR in 

irrigation water significantly increased biological yield in comparison to PGPR-untreated plants. Combining 

water deficit stress and PGPR also increased the biological yield as compared to drought stressed plants alone 

(Table. 3). It must be mentioned that PGPR application in irrigation water has more pronounced effects under 

moderate water stress.  

 

Thousand seed weight: 

 Thousand seed weight also decreased by increasing drought severity (Table. 3). In a similar trend with 

above traits, thousand seed weight also improved by application of PGPR, in which application of PGPR in 

form of seed inoculation + PGPR in irrigation water was the best method for increasing thousand seed weight. 

After this PGPR application method, seed inoculation alone showed more pronounced effect on improving 

thousand seed weight (Table. 3).  

 

Harvest index and leaf area index: 

 These two traits also considerably decreased by drought stress treatments (Table. 3). On the other hand, the 

PGPR treatment especially in the form of seed inoculation + PGPR in irrigation water significantly enhanced 

harvest index and leaf area index in comparison to PGPR-untreated plants (Table. 3). Amongst different PGPR 

application methods, seed inoculation + PGPR in irrigation water was more effective for increasing the harvest 

index and leaf area index in comparison to other methods of PGPR application (Table. 3).  
 

Table 3: Responses of seed yield, thousand seed weight biological yield, harvest index (HI) and leaf area index (LAI) of marigold plants  

under different irrigation regimes and PGPR application methods. 
LAI HI 

(%) 

Biological yield 

(kg hec-1) 

TSW 

(g) 

Seed yield 

(kg hec-1) 

PGPR 

application 

Drought levels 

2.41c 23.21c 3008.32ab 15.50b 898.61c No PGPR 40mm 

 2.93ab 27.13ab 2981.11ab 15.03 b 1102.59ab SI 

2.74b 27.35ab 2666.33c 14.70 bc 986.21b IW 

3.19a 28.11a 3080.80a 16.13 a 1198.81a SI+IW 

1.58de 22.39d 2667.92c 11.73 e 752.52d No PGPR 70mm 

 2.26c 25.48b 2435.74d 14.76 bc 811.93c SI 

2.07cd 25.14b 2829.61b 14.50 c 943.20b IW 

2.43c 26.32b 2576.62c 15.00 b 905.32bc SI+IW 

1.37e 21.18d 2222.13e 12.33 d 590.71e No PGPR 100mm 
 1.67d 23.31c 2103.74e 12.86d 628.40e SI 

1.62d 23.39c 2491.12d 12.66d 744.11d IW 

1.86d 24.11c 2718.23bc 13.26c 858.43c SI+IW 

No PGPR: without PGPR, SI: seed inoculation PGPR, IW: PGPR in irrigation water, TSW: thousand seed weight. Values are means 

(n=3) and differences between means were compared by Fisher’s least significance test. Different letters indicate significant differences 
at P< 0.05. 

 

Discussions: 

 Plant response to water deficit stress is a complex process which appears to involve the synthesis of primary 

and secondary metabolites and a new set of proteins whose function is largely unknown [25]. Drought reduces 

the availability of CO2 for photosynthesis, which can lead to the formation of free radicals from misdirecting 

electrons in the photosystems [25]. On the other hand, the concept of PGPR elicited ‘induced systemic 

tolerance’ to drought was suggested by Yang et al. [29]. They have suggested that PGPR might increase nutrient 

uptake from soils, and so decrease in the need for chemical fertilizers and preventing the accumulation of 

nitrates, phosphates and other required elements in agricultural soils. A decrease in chemical fertilizer use may 

be reduced the harmful effects of water contamination from fertilizer run-off and result to savings for plant 

growers [29]. 

 Plant growth promoting bacteria improved plant growth by decomposing mineral material and making 

availability of nutrients to plants [8, 10], synthesizing and liberating growth hormones [28] and reducing the 

susceptibility to pathogens [7]. Growth stimulating bacteria especially Rhizobia, Azosperillium and Azotobacter 

species have been reported to increase the yield and nitrogen concentrations in plant tissues [18]. Growth 

promoting bacteria induce direct plant promotion, biological control and systemic resistance in host plants [30]. 

In the present study two bacterial strains showed significant stimulation in plant growth, seed yield and 

biological yield in parallel with the improvement in early growth aspects studied and so increased the growth in 

majority of treatments when compared to control [10, 17].  

 According to Bashan and Levanony [4] Azospirillum strains could improve the water status of plants. 

Increased dry weights and plant height are also reported by Bashan et al. [5] when inoculated with mixtures of 

mangrove rhizosphere bacteria and halotolerant Azospirillum spp. Enhanced fresh and dry weights could be 

related to the accumulation of nutrients, enhanced ion uptake and increased level of organic solutes in plant cell 
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cytoplasm [27]. Growth stimulation by bacterial inoculations is showed by improved plant height accompanied 

by increased dry weight. Decrease in dry weight trait might be due to unavailability or uptake of ions and 

formation of ligands or organic complexes, therefore, limitation of the availability of these ions in the growth 

media [15, 22]. Alami et al. [1] reported that inoculation effects of Rhizobium strain (isolated from rhizoplane 

of sunflower roots) on sunflower seeds, which resulted in enhance in shoot and root dry weight under drought 

stress and non-stressed condition. Auxins, are an important class of phytohormones that play key roles in the 

coordination of plant growth and development. Therefore, increase in plant height and biological yield might be 

due to increase in auxin content which come from application of PGPR application [19, 22].  

 On the other hand, plant growth promoting bacteria also faced with same drought conditions as fenugreek 

plant [11, 12]. The viability of PGPRs may be susceptible to loss of water in the soil. To achieve low risky crop 

production to feed growing population, strategic estimations may be useful in management of water shortage 

conditions. One of the approach may be the selection and application of drought tolerant PGPR strains [15, 24].  

 Fulchieri and Frioni [11] also reported the increasing of grains per ear and grain yield when PGPR applied 

in the form of inoculation of grains with Azospirillum. Gholami et al. [12] reported that increase in number of 

grains per ear and dry weight of ear due to inoculation of Pseudomonas and Azospirillum bacterial strains. These 

results are in accordance with the results of this work. 

 The effect of water deficit stress and PGPR which was a blend of Azotobacter and Azospirillum bacteria 

and their interactions, apart from the interaction of Azotobacter and Azospirillum on seed and biological yield 

were significant. Besides, inoculation with each of PGPR application methods compared to control treatment 

was notably different and superior, the obtained results indicated that double PGPR application in form of seed 

inoculation + PGPR in irrigation water in contrast with single is more effective to increase plant height, seed 

yield and biological yield.  
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