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ABSTRACT 

The effects of organic fertilizer treatments on medicinal plants performance have not been adequately 

addressed. The main objectives of this study, which was conducted in a semi-arid region of Iran during 

the 2011 growing seasons, were to determine the effects of different vermicompost rates and mycorrhizal 

treatments on cumin quantity and quality yield. The experiment was carried out using a randomized 

complete-block design with a factorial arrangement of treatments in three replications. The first factor 

included three vermicompost rates (0, 5 and 10 t ha-1), and the second factor included four mycorrhizal 

fungus treatments (no application, Glomus mosseae species application, Glomus intraradices species 

application and integrated application of both species). We observed that the maximum grain and 

essential oil yield was achieved with the highest vermicompost rate, while their minimum was observed 

in the control treatment. The results indicated that irrespective of the mycorrhizal species, inoculated 

plants produced more heavier and greater grain than did non-inoculated plants. Interestingly, the grain 

yields of plants inoculated with G.mosseae + G. intraradices under each vermicompost rate were higher 

than those of plants inoculated with G. mosseae, or G. intraradices individually. Overall, our results show 

that integrated application vermicompost and both fungi species is more efficient compared with other 

treatments, and better supports cumin plants. The application of these organic resources could be critical 

in the cultivation of medicinal plants under arid and semi-arid conditions, where water and nutrient 

availability are the most important factors in determining plant growth and yield. 
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INTRODUCTION 

Application of chemical inputs especially chemical fertilizers, plowing and monocropping are 

conventional agricultural activities. The obvious results of these activities has been a decline in soil 

productivity, an imbalance in soil nutrients, and long-term decreasing crop yields (Khodaei et al., 2012). 

So, research has focused on management options for reducing these destructive effects. Alternative 

management system, such as organic or sustainable agriculture, are being promoted because they are 

perceived to be more environmentally benign and to enhance soil and water quality relative to 

conventional agriculture practices (Gholamhoseini et al., 2013a). Sustainable agriculture is an integrated 

system based on the ecological principles. Instead of external input application  such as chemical 

fertilizers, pesticides and herbicides; organic and biological fertilizers and pest-weed biological control 

are used in this system for crop fertilization and pest-weed control (Elsen, 2000; Griffe et al., 2003).  

Biofertilizer application improves physical, chemical and biological properties of soil and increases soil 

fertility without environmental destructive effects. One of the ways to achieve sustainable agriculture is 

the use of microorganisms, such as mycorrhiza, which have an important role in nutrient supply for plants 

in organic agriculture system (Ishizuka, 1992). The symbiotic interactions of plants with mycorrhizal 
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fungi are agriculturally and ecologically important (Indrasumunar, 2007). Over 90% of plants will engage 

in arbuscular mycorrhizal symbiosis, which mainly improves the nutrient uptake of phosphorus (P), and 

several other nutrients (Bonfante, 2003; Brundrett, 2002). The fungi form hyphae outside of the plant, 

extending the root–soil interface to facilitate the uptake of nutrients and water (Kistner and Parniske, 

2002). So, mycorrhizal fungi can improve growth of host plants by increasing nutrient uptake, enhancing 

water absorption and increasing resistance to biotic and abiotic stresses in sustainable agricultural systems 

(Porcel and Ruiz-Lozano, 2004). Results of some researches have showed that P flux speed to 

mycorrhizal plants is 3 to 6 times more than non mycorrhizal plants (Shahhosseini et al., 2012; Wu and 

Xia, 2006). Also, it has been shown that associations between roots and arbuscular mycorrhizal fungi 

enhance the amount of nitrogen (N) taken up by mycorrhizal plant roots (Alizadeh et al., 2007). In 

addition of common crop plants, Kapoor et al., (2001) reported that mycorrhizal fungus caused an 

increase in biological yield, essential oil percentage and essential oil yield of a medicinal plant such as 

coriander (Coriandrum sativum).  

Another important organic resource in sustainable agriculture is vermicompost. Vermicomposting is a 

simple biotechnological process of composting, in which certain species of earthworms (especially red 

worms of warm and humid areas named Eisienia foetida and Eudrilus eugenae) are used to enhance the 

process of waste conversion and produce a better end product. Vermicomposting differs from composting 

in several ways (Gandhi et al., 1997).  It is amesophilic process, utilizing microorganisms and 

earthworms that are active at 10–32°C (not ambient temperature but temperature within the pile of moist 

organic material). The process is faster than composting; because the material passes through the 

earthworm gut, a significant but not yet fully understood transformation takes place, whereby the 

resulting earthworm castings (worm manure) are rich in microbial activity and plant growth regulators.  In 

short, earthworms, through a type of biological alchemy, are capable of transforming garbage into gold 

(Subler et al., 1998). From earlier studies also it is evident that vermicompost provides all nutrients in 

readily available form and also enhances uptake of nutrients by plants (Karmegam and Daniel, 2000; 

Marinari et al., 2000). Sreenivas et al., (2000) studied the integrated effect of application of fertilizer and 

vermicompost on soil available N and uptake of ridge gourd  (Luffa  acutangula)  at  India.  Results 

showed that soil  available  N  increased significantly with increasing levels of vermicompost and highest 

N uptake was obtained at 50% of the recommended fertilizer rate plus 10 t ha-1  vermicompost. Similarly, 

the uptake of N, P, potassium (K) and magnesium (Mg) by rice (Oryza sativa) plant was highest when 

fertilizer was applied in combination with vermicompost (Jadhav et al., 1997).  

Generally, vermicompost plays a major role in improving growth and yield of different field crops, 

vegetables, flower and fruit crops. The efficiency of vermicompost was evaluated in a study by Desai et 

al., (1999). They stated that the application of vermicompost along with fertilizer N gave higher dry 

matter and grain yield of wheat (Triticum aestivum) and higher dry matter yield of the following coriander 

crop in sequential cropping system. Likewise, in another experiment, the dry matter yields and essential 

oil yield of basil plants (Ocimum basilicum L.) were higher when soil was amended with vermicompost 

than with other amendments (Anwar et al., 2005). Summary, it can be concluded that vermicompost is 

nature’s gift to produce humus, which is the most important material in sustainable agriculture to fulfill 

the nutritional needs of crops.  

Cumin (Cuminum cyminum L.) is a flowering plant in the Apiaceae family, native from the east 

Mediterranean to India. Its seeds are used in the cuisines of many different cultures, in both whole and 

ground form. It also has many uses as a traditional medicinal plant. It belongs to the adapted plants to arid 

climate like Iran because of its short growth duration and low water necessity (Kafi, 2002). Attention to 

this plant in the world has recently been increased and its subculture area in comparison with the past 20 

years has been about four times larger. According to our literature review, there is no actual information 

on the effects of different treatments of vermicompost and mycorrhiza fungi on yield, yield components 

and essential oil of cumin. Because these crucial traits have never been measured in a single experiment, 

especially in farm, this experiment was conducted to evaluate the quantity and quality yield of cumin 

affected by organic fertilization treatments. 



Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online) 

An Open Access, Online International Journal Available at http://www.cibtech.org/jls.htm 

2015 Vol. 5 (3) July-September, pp.127-137/Salehi et al. 

Research Article 

© Copyright 2014 | Centre for Info Bio Technology (CIBTech)  129 

 

MATERIALS AND METHODS 

Field experiment was conducted at the Faculty of Agriculture, Yasouj university, Iran (30° 38' N and, 51° 

32' E, altitude 1832 m), during the spring of 2011. The average yearly precipitation (over a 30 year 

period), during the experiment period, is 186 mm for the site. The annual mean temperature is 27◦ C. The 

average precipitation and temperature in 2011 was similar to the long-term meteorological data trend. The 

field was kept fallow during the previous year to reduce the endogenous mycorrhizal fungi and eliminate 

their propagules, and to allow for the decomposition of the root debris from the previous crop. Prior to the 

beginning of the experiment, a composite soil sample was collected at depths of 0–30 cm, air-dried, 

crushed and tested for various physical and chemical properties. The research field had a clay loam soil. 

Details of the soil and vermicompost properties are shown in Table 1. In addition, the soil was evaluated 

biologically. A wet-sieving technique was used to extract spores, and the most probable number (MPN) 

test was used to determine the number of propagules (kg−1) in the soil. Because the number of extracted 

propagules from the soil was extremely low (2–3 kg−1), based on the wet-sieving technique and the MPN 

test no attempt was made to fumigate the soil before applying the treatments. 

 

Table 1: Soil and vermicompost properties 

Properties Soil Vermicompost 

Soil texture Clay loamy - 

pH 5.6 7.2 

EC (ds/m) 0.6 5.4 

Organic matter (%) 1.0 10.2 

Nitrogen (%) 0.10 1.2 

Phosphate (%) 0.9 1.5 

Potash (%) 0.7 1.1 

 

Plots were prepared after plowing and disk-harrowing. The plots were 5 m long and consisted of eight 

rows, 50 cm apart. The mycorrhizal fungal inoculants consisted of spores and hyphal root fragments from 

stock cultures of Glomus mosseae, Glomus intraradices and mixture of both species. The dose of inocula 

was 80 kg ha-1.  

The G. mosseae and G. intraradices inocula were selected because of their commercial availability in Iran 

and in the world. Before planting, vermicompost treatments were applied by hand and incorporated into 

the top 15 cm of the soil of the each plot. Cumin seeds were inoculated with the inoculants, soaked in 

water for 24-30 hours before sowing in order to increase germination performance and then sown during 

the first week of March. The distance between the plants in the rows was 3.3 cm; thus, the plant density 

was approximately 120 plants per m2. Immediately after sowing, the soil was irrigated. The irrigation 

cycle of each plot waclosed to avoid run off. Irrigation was applied as required during the growing season 

(approximately every 7 days). There was no application of chemical fertilizer, herbicide, pesticide and 

fungicide during field preparing and plant growth period from sowing to harvesting. 

The experiment was conducted using a randomized complete-block design with a factorial arrangement of 

treatments throught three replications.  

The first factor included three vermicompost rates (0, 5 and 10 t ha-1), and the second factor included four 

mycorrhizal fungus treatments (no application, Glomus mosseae species application, Glomus intraradices 

species application and integrated application of both species in soil). Weed control, during the vegetative 

growth period was carried out by hand weeding. To determine the dry matter weight, morphological 

traits, yield components and seed yield for the Cumin, 10 plants of each plot was hand-harvested at the 

physiological maturity stage. In order to determine essential oil 30 gr of harvested samples from each plot 

were randomly used, each with 300 ml water. For essential oil extraction of samples, distillation method 

with water vapor is used by Clevengerapparatus for 3 hours of boiling time and essential oil of each 

sample was indicated (Ahmadi,  2000). The obtained data were subjected to an analysis of variance 

(ANOVA) with SAS 8.1 software. Probabilities of significance (p≤ 0.01 or 0.05) were used to test the 
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significance among the main treatment effects and interactions. In addition, the LSD test at a 0.05 

probability level was used to compare the means. 

 

RESULTS AND DISCUSSION 

Plant Height 

The effect of vermicompost rates on the plant height was significant (p≤ 0.05) (Table 2). In vermicompost 

treatments the highest and lowest plant height (19 and 16 cm, respectively) were generated using the 10 

and 0 t ha-1  vermicompost rates, respectively (Table 3). On the other hand, the enhanced vermicompost 

application from 0 to 5 t ha-1 and from 5 to 10 t ha-1 resulted in a 3 and 15% rise in cumin height, 

respectively. It seems that vermicompost had a positive effect on photosynthesis rate and biomass 

production of cumin by increasing water absorption ability and improving macro and micro nutrient 

supply so it has caused plant height enhancement and this result is consistent with result of Rezvani 

Moghaddam and Saeidnejad (2010). This positive effect of vermicompost has been related to its ability to 

promote microbial activity in soil, increase plant nutrient absorption and improve photosynthesis 

following by that. Also the main effects of mycorrhizal treatments showed that, firstly, mycorrhizal 

inoculation significantly increased the plant height, when compared with the control treatment. Secondly, 

integrated application of both mycorrhizal inoculation species performed more favorably at improving 

plant height than did G.mosseae or G.intraradices individually (Table 3). Positive effects from 

mycorrhizal inoculation, especially in integrated application of both fungi species, are attributed to 

improvements in the uptake of nutrients (Bethlenfalvay et al., 1988) and greater water absorption by 

hyphae (Faber et al., 1991). Morever, mycorrhizal symbiosis enhances the photosynthetic source of plants 

through the increase in the leaf area index (Gholamhoseini et al., 2013 b), so that plants with higher 

production capacities can produce a greater plant height. 

Umbel Number Per Plant (UNPP) 

Data analysis showed that vermicompost and mycorrhizal fungi main effects were significant on UNPP 

(p≤ 0.01), but their interaction had no significant effect on this trait (Table 2). Means comparison showed 

that UNPP in 10 t ha-1  vermicompost  treatment (19) was significantly more than 5 t ha-1 vermicompost 

application (16) and control treatments (14) (Table 3). Regarding to this fact that vermicompost could 

supply necessary nutrients like N, P, K and some microelements for plant thus, it is to be expected that 

vermicompost application treatment will increase plant growth and morphological traits like UNPP. 

Pandey (2005) in his research on Sagebrush (Artemisia pallens) showed that vermivompost application 

can improve flowering rate comparing with control treatment.  

Data analysis also illustrated that there was a significant variation between different mycorrhizal 

treatments, so that in G.mosseae treatment UNPP  maximum (18) and in control treatment UNPP  

minimum (14) was obtained (Table 3). It can be inducted that mycorrhizal symbiosis causes flowering 

acceleration and UNPP improvement by making better plant nourishment and increasing cumin biomass. 

Our results are in line with finding of Kapoor et al., (2004). They related the higher UNPP in Fennel plant 

to more mineral nutrient availability specially P and more biological yield in mycorrhizal inoculated 

plants than non-inoculated plants.  Subramanian et al., (2006) observed that tomato root symbiosis with a 

species of mycorrhizal fungus caused a sensible increase in flower number per plant in compared with 

control treatment. Flowering enhancement was related to water uptake and plant nourishment 

improvement resulted by mycorrhizal symbiosis. 

 Grain Number Per Umbel (GNPN) 

An analysis of variance showed that only mycorrhizal fungus treatments, significantly affected GNPN (p≤ 

0.01) (Table 2). Although there was no significant difference between the vermicompost treatments as far 

as their GNPN, the hieghest amount of vermicompost application showed a little higher GNPN than did 

the non-application ones. Means comparison showed that GNPN of integrated application of both fungi 

(G.mosseae + G.intraradics) treatment (11) was more than control treatment (8). The two fungal species 

varied in their potential with regard to various parameters, however, there was no significant difference 

between G.mosseae and G.intraradics (Table 3). Of the two mycorrhizal species, integrated application of 
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both fungi responded more effectively, as it resulted in a significant increase in GNPN compared with 

non-mycorrhizal plants, while application of each fungus singly responded less effectively (Table 3). In 

general, GNPN is dependent on plant density, UNPP and also on environmental conditions at pollination 

time (Kafi, 2002). Our results indicate that GNPN significantly and positively correlates with UNPP (r2 = 

0.88**). Morever, since integrated application of mycorrhizal species significantly increased plant N and 

P uptake (data not shown), enhanced GNPN from mixture treatment of mycorrhizal species is reasonable.  

Grain Number Per Plant (GNPP) 

According to the data analysis, the effects from the vermicompost and mycorrhizal treatments on the 

GNPP were significant (p≤ 0.01) (Table 2). Enhanced vermicompost application increased the  GNPP 

such that, the highest GNPP (203) was from the 10 t vermicompost ha-1 and the lowest GNPP was from 

the non-vermicompost treatment (138) (Table 3). On the basis of the physical properties of the soil, it 

seems that, in those plots that received vermicompost, high availability of N was the most important 

reason for GNPP enhancement. Moreover, apart from increasing the N content of soil, vermicompost has 

a favorable effect through decreasing the acidity of soil because of the significant proportion of H2CO3, 

which reacts with the soil adsorption complex (Glisic et al., 2009). Thus, the content of microelements 

(Zn, Fe, and Mn) increased with vermicompost treatments. 

Integrated application of two fungi (G.mosseae + G.intraradices) compared with other mycorrhizal 

treatments produced more GNPP. The maximum GNPP (11) was obtained from those plots that received 

both species of fungi, and the minimum GNPP (8) was observed from control treatment (Table 3). 

Generally, mycorrhizally inoculated plants developed under normal conditions displayed significantly 

increased growth when compared with non-inoculated plants. The different effectiveness of mycorrhizal 

treatments might be due to the different behaviors of each mycorrhizal fungal species and synergic effects 

when both species of fungi are applied. Positive effects from mycorrhizal inoculation are attributed to 

improvements in the uptake of nutrients (Bethlenfalvay et al., 1988), greater water absorption by hyphae 

(Faber et al., 1991) and changes in plant stomatal sensitivity, perhaps by increasing abscisic acid 

production (Ruiz-Lozano et al., 1995).  

Thousand Grain Weight (TGW) 

Acoording to the table 2, the effect of  vermicompost × mycorrhizal treatments interaction on TGW was 

significant (p≤ 0.05). The results showed that vermicompost application increases TGW and enhances the 

ability of mycorrhizal fungi (especially in mixture application of two fungi) to affect TGW. The increase 

in applied vermicompost (from 0 to 10 t ha-1) enhanced TGW by 7 and 5% in the mycorrhizal inoculated 

plants and non-inoculated plants, respectively (Figure 1).  
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Figure 1: Interaction effect of vermicompost rates × mycorrhizal treatments on thousand grain 

weight. Means followed by the same letter are not significantly different (p≤ 0.05) 
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On the other hand, the response of TGW to mycorrhizal treatments was more pronounced when high 

amount of vermicompost was applied. In the mycorrhizal inoculated plants, reduced vermicompost 

availability (10 to 5 t ha-1 ) led to a 0.16 unit decrease in TGW. In the non-inoculated plants reduced 

vermicompost availability (10 to 5 t ha-1 ) led to a 0.8 unit reduction in TGW (Figure 1). It is supposed 

that increase nutrient and photosynthetic assimilates availability especially in grain filing stage resulted in 

enhance biomass accumulation in grain so it increases TGW. The results herein indicate that there was a 

synergistic relation between vermicompost and micorrhiza fungi that induces more microorganism 

activities in soil, so it can increase grain weight by enhancing nutrient uptake and plant photosynthesis. 

Limited farm studies on interaction of vermicompost with soil microorganisms indicate that application of 

vermicompost favorably and progressivity affects microbial population and soil enzyme activities 

(Maheswarappa et al., 1999). 

Grain Yield (GY) 

Data analysis showed that cumin GY was significantly affected by vermicompost rates and mycorrhizal 

treatments (p≤ 0.01). An increases in the vermicompost rates from 0 to 5 and 5 to 10 t ha-1 enhanced the 

cumin GY by 5 and 14%, respectively. Also, in the mycorrhizal treatments, maximum GY (463.62 kg ha-

1) was obtained  after the integrated application of both mycorrhizal fungi. Compared with the non-

inoculated plots and inoculated plots by G.mosseae or G.intraradices, integrated application of both 

mycorrhizal fungi caused a 14, 5 and 15% increase in cumin GY, respectively (Table 3). Cumin grain 

yield components are included umbel number per plant (UNPP), grain number per umbel (GNPU), 

thousand grains weight (TGW) and plant number per unit area. As we showed in table 3 and explaned 

before, mycorrhiza and vermicompost treatments has had a significant effect on cumin yield components, 

so that the highest rate of vermicompost and integrated application of both mycorrhizal fungi had a 

significant effect on these traits. Increased yield components and subsequently enhanced cumin grain 

yield from vermicompost and mycorrhiza application could be attributed to the unique properties and 

function of these natural organic resource. Similarly, a positive response of crop yield was obtained with 

the application of different rates of vermicompost and different mycorrhizal fungi to other field crops 

such as sorghum (Sorghum bicolor), sunflower (Helianthus annuus), wheat (Triticum aestivum L.) , corn 

(Zea mays) and tomato (Solanum lycopersicum)  (Devi and Agarwal, 1998; Miransari et al., 2008; Patil 

and Sheelavantar, 2000; Shahhosseini et al., 2012; Subramanian et al., 2006). However, it should be 

noted that in most studies the effect of one of these factors (vermicompost or mycorrhizal fungi) is 

discussed but in our research simultaneous effect of vermicompost different rates and fungi species in 

farm conditions and on an important medicinal plant was studied.  

Biological Yield (BY) 

Cumin biological yield (BY) was significantly affected by vermicompost rates and mycorrhizal 

treatments (p≤ 0.01) (Table 2). The application of 10 t ha-1 vermicompost increased BY to the maximum 

level (1065.57 kg ha-1), which was 14 and 21% higher compared with the 5 t vermicompost ha-1  and 

control treatment, respectively (Table 3). Organic fertilizers, such as vermicompost, have beneficial 

effects on soil structure and nutrient availability, help maintain yield of crop, and interestingly, because 

residual effects of vermicompost on soil properties can improve soil quality for several years after 

application (Ginting et al., 2003), they are less costly than chemical fertilizers. 

In the mycorrhizal treatments, there was no significant difference in BY from inoculation plants with 

G.mosseae or G.intraradices (Table 3). However, the BY significantly increased with the integration 

application of both fungi species (Table 3). Remarkably, plants inoculated with G.mosseae + 

G.intraradices produced higher BY in comparison with non-inoculated plants and plants inoculated with 

G.mosseae or G.intraradices individually. On the other hand, the integration of G.mosseae with 

G.intraradices application generated the highest BY (1043.80 kg ha-1), which was 17% higher compared 

with non-inoculated plots. Of the three mycorrhizal treatments, G.mosseae + G.intraradices treatment 

responded more effectively, as it resulted in a significant increase in cumin yield compared with other 

mycorrhizal treatments (Table 3). mycorrhizal fungi, especially when both species together were applied, 

enable the host plant to establish itself and grow more efficiently, through a series of complex 
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communications between the host and the fungus (Harrier, 2001). It has been shown that associations 

between roots and mycorrhizal fungi enhance the amount of nutrient taken up by plant roots (Ruiz-

Lozano et al., 1995). As a result of the increased uptake of nutrient, plants inoculated with mycorrhizae 

frequently produce higher yields than do those without mycorrhizal fungi (Smith and Read, 1997). A 

higher BY in plants inoculated with G.mosseae + G.intraradices rather than in those inoculated with one 

specie of mycorrhizal fungi might be due to a greater synergic effect of this treatment. The high 

effectiveness of G.mosseae + G.intraradices suggests that this treatment is the best adapted or the most 

aggressive colonizer, under farm conditions. 

Harvest Index (HI) 

Application of vermicompost and mycorrhizal treatments did not have a significant effect on cumin HI 

(Table 2). Gholamhoseini et al., (2013 c) reported that HI is a quasi-constant trait in different crops 

because any factor that changes grain yield should also influence the total dry weight of crops. Based on 

the HI formula (economic yield to aboveground total dry matter), HI is altered only when a factor affects 

grain yield more than dry matter yield. In this experiment, any treatment that increased BY subsequently 

enhanced GY so HI stayed constant (Table 3). There is insufficient information on cumin HI in farm; 

however, results showed that in our experiment cumin HI average was 44.72% which is in line with data 

of Kafi (2002).  

Essential Oil Percentage (EOP) and Essential Oil Yield (EOY) 

There was a significant vermicompost rates × mycorrhizal treatments interaction effect for EOP and 

significant main effects for EOY (Table 2). Among all treatments, minimum and maximum EOP obtained 

with non-application of vermicompost and mycorrhiza (V0M0, 2.51%) and 10 t vermicompost ha-1 + 

mixture application of both fungi species (V10Mm+i, 3.13%), respectively (Figure 2). As reported before, 

V0M0 treatment had the lowest EOP. This was expected, given the control treatment and absence of 

organic resources (vermicompost or mycorrhiza). In contrast, the integrated treatment (V10Mm+i) 

significantly enhanced EOP as compared to other treatments (Figure 2). Regarding significant difference 

of grain yield between different treatments and relative stability of EOY in main effects of treatments , 

there was a same trend within EOY and grain yield (Table 2).  
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Figure 2: Interaction effect of vermicompost rates × mycorrhizal treatments on essential oil 

percentage. Means followed by the same letter are not significantly different (p≤ 0.05) 

 

A main purpose of organic cultivation of medicinal plants such as cumin is making their essential oil 

quantity and quality to be better. According to the results, this can be explained that vermicompost 

application (especially in the highest rate) in soil not only increases availability of nutrients for plants but 

also accomplishes a good bed for root growth and increases dry matter production, flower yield, EOP and 

finally promotes EOY by improving physical conditions and biological processes in the soil.  
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Table 2: Analysis of variance (Mean squares) for the effects of different treatments ( vermicompost rates and mycorrhizal fungi) on the 

quantity and quality yield of cumin 
S.O.V df PH UNPP GNPN GNPP TGW GY BY HI EOP EOY 

Block 2 2.210 ns 5.190 ns 1.164 ns 1128.504 * 0.003 ns 2402.674 ns 10217.342 ns 4.834 ns 0.031 ns 0.933 ns 

mycorrhiza  2 19.183 ns 26.569 ** 17.881 ** 11128.166 ** 0.020 ns 7861.915 ** 37974.032 ** 11.044 ns 0.031 ns 5.860 * 

vermicompost  3 31.047 * 96.661 ** 0.811 ns 13267.855 ** 0.067 * 20330.948 ** 110365.152 ** 0.454 ns 0.128 * 18.923 ** 

V ×  M  6 2.948 ns 5.437 ns 2.110 ns 321.969 ns 0.058 * 1554.263 ns 7718.945 ns 5.368 ns 0.126 * 1.585 ns 

Error 22 6.421 4.032 0.953 326.951 0.017 1182.410 4988.119 7.923 0.036 1.427 

C.V(%)  14.43 12.28 9.66 10.91 4.33 8.02 7.36 6.29 6.78 9.93 

Plant height (PH); Umbel number per plant (UNPP); Grain number per umbel (GNPN); Grain number per plant (GNPP); Thousand grain weight 

(TGW); Grain yield (GY); Biological yield (BY); Harvest index (HI); Essential oil percentage (EOP); Essential oil yield (EOY). Ns: not significant; * 

and ** significant at the 0.05 and 0.01 probability level, respectively 

 

 

 

 

 

Table 3: Means comparison of vermicompost rates and mycorrhizal treatments main effect 
EOY  

(kg/h) 

EOP  

(%) 

HI 

(%) 

BY 

 (kg/h) 

GY 

 (kg/h) 

TGW  

 (g) 

GNPP GNPN UNPP PH (cm) Treatment 

          Mycorrhizal treatments 

10.48 c 2.59 a 45.52 a 890.28 c 404.82 b 3.08 a 117 c 8 c 14 c 16 b non-inoculated plots 

12.64 ab 2.86 a 45.58 a 969.47 b 442.08 a 3.02 a 184 a 10 b 18 a 18 a Inoculated with G.Mossae 

10.84 bc 2.69 a 43.21 a 933.77 bc 403.16 b 3.10 a 165 b 11 ab 15 bc 16 b Inoculated with G.Intradices 

13.54 a 2.92 a 44.58 a 1043.80 a 463.62 a 3.13 a 197 a 12 a 17 ab 19 a Inoculated with  G.Mossae + G.Intradices 

Vermicompost rates 

10.56 c 2.66 b 44.83 a 879.15 b 397.22 b 2.96 b 138 c 10 a 14 c 16 b control 

11.63 b 2.79 a 44.84 a 933.28 b 416.95 b 3.00 b 156 b 10 a 16 b 17 b 5 tons per hectare 

13.46 a 2.84 ab 44.50 a 1065.57 a 474.10 a 3.13 a 203 a 10 a 19 a 19 a 10 tons per hectare 

Plant height (PH); Umbel number per plant (UNPP); Grain number per umbel (GNPN); Grain number per plant (GNPP); Thousand grain weight 

(TGW); Grain yield (GY); Biological yield (BY); Harvest index (HI); Essential oil percentage (EOP); Essential oil yield (EOY).  Means within each 

column of each section followed by the same letter are not significantly differences (P≤ 0.05) 
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Additionally, essential oil in medicinal plants such as cumin is based on the terpenoid compounds 

(Ahmadi, 2000) and their composer units need the different elements especially P. So, improved P uptake 

due to the presence of vermicompost and mycorrhizal fungi (data not shown), especially in the treatment 

of 10 t vermicompost ha-1 + mixture application of both fungi species (V10Mm+i), has been postulated as a 

primary mechanism for the enhanced EOP and EOY in cumin. 

Conclusion 

This study compared the effects of vermicompost rates associated with different mycorrhizal treatments 

under semiarid climatic conditions on various aspects of cumin production. Vermicompost application not 

only led to optimum grain and biological yield but also caused an increase in essential oil percentage and 

oil yield. The results herein clearly indicate that the application of 10 t vermicompost ha-1 + mixture 

application of both fungi species was considerably more effective than the control treatment or the 

integrated treatments inoculated with one fungus specie for improving most quantitative and qualitative 

cumin traits. For organic cumin production in poor soil, a combined application of vermicompost and 

mixture of both fungi species is recommended to ensure an acceptable grain and essential oil yield (of 

agronomic importance) and for soil and water protection from excess nutrient leaching due to application 

of chemical fertilizers (of economical and environmental importance). Additionally, our results revealed 

that soil amending with vermicompost and bio-fertilizers can be a beneficial approach for deleting 

chemical fertilizer application and improving the sustainability of agricultural systems. 
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