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Abstract. The purpose of this research was to investigate the effects of applying vermicompost, Nitroxin
and cow manure on the growth characteristics of Asparagus officinalis L. Significant differences in
germination percentage were observed between fertilizer treatments with control. Vermicompost was
more efficient at lower concentrations and in non-combined treatment, but higher effects were resulted
from the mixture of cow manure with Nitroxin and also higher concentrations. The maximum means of
germination time and germination rate were related to the treatments of 15% and 30% vermicompost, and
cow manure mixed with Nitroxin. The higher effects and significant differences of root and shoot length
were related to treatment of 15% vermicompost, however the comparison of the combined and non-
combined treatments of vermicompost showed higher effect by the mixture of 30%, moreover, these
treatments enhanced the length of root and shoot. Significant differences and higher effects on root fresh
weight were induced by treatment with 15% vermicompost, but the dry weight of root and fresh and dry
weight of shoot showed significant differences and higher effects by the treatment with 30%
vermicompost mixed with Nitroxin. All treatments have affected positively the dry weight of root and
fresh and dry weight of shoot.
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Introduction

Intensive farming practices, that warrant high yield and quality, require the extensive
use of chemical fertilizers, which are costly and create environmental problems.
Therefore, more recently there has been a resurgence of interest in environmental
friendly, sustainable and organic agricultural practices (Esitken et al., 2005). Organic
agriculture is a production system, which avoids or largely excludes the use of
synthetically compounded fertilizers, and, as far as possible, organic agricultural
systems rely upon bio-fertilization, however yield reduction is an important problem in
organic production system (Lind et al., 2003). Using biofertilizers containing beneficial
microorganisms instead of synthetic chemical improve plant growth through supplying
plant nutrients and may help to sustain environmental health and soil productivity
(O’Connell, 1992). So far considerable number of bacterial species, mostly associated
with the plant rhizosphere, were tested and found to be beneficial for plant growth, yield
and crop quality. They have been called ‘plant growth promoting rhizobacteria (PGPR)’
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including the strains in the genera Azospirillium, Azotobacter, (Rodriguez and Fraga,
1999; Sturz and Nowak, 2000; Sudhakar., et al., 2000). PGPR participates in many key
ecosystem processes, such as those involved in the biological control of plant
pathogens, N fixation, solubilisation of nutrients and phytohormone synthesis (Vessey,
2003). Vermicomposts, which are stabilized organic materials produced by interactions
between earthworms and microorganisms in a non-thermophilic process, have been
reported to enhance plant germination growth and yields in greenhouse crops (Edwards
and Burrows, 1988; Buckerfield et al., 1999; Atiyeh et al., 2000, 2001; Edwards et al.,
2004). Such increasing productivity of crops, in response to vermicomposts
amendments, have been attributed to the greater availability of mineral nutrients, than in
commercial plant growth media containing only inorganic nutrients (Edwards and
Burrows, 1988; Werner and Cuevas, 1996), as well as their rich microbial populations
(Edwards, 1983; Tomati et al., 1987). The presence of plant growth-influencing
substances, such as plant growth hormones and humic acids in vermicomposts has also
been suggested as a possible factor contributing to increased plant growth and yields
(Arancon et al., 2003). Gupta et al. (2014) showed that the addition of vermicompost, in
appropriate quantities, to potting media had significantly positive effects on growth and
flowering of marigold seedlings including plant biomass, plant height, the number of
buds and flowers. Subler et al. (1998) reported that optimum plant growth responses
occurred when 10-20% vermicompost was amended with potting media which may be
due to enhanced micronutrient availability, the presence of plant growth regulators, or
the activity of beneficial microorganisms in the vermicompost, however when the
vermicompost concentration was >40% in the potting media then the number and
diameter of the flowers reduced than control. These antagonistic effects at higher
vermicomposts dosage may be due to reduction in aeration and porosity and increased
salt concentrations (Tucker, 2005). Yadav and Garg (2015) stated that the seed
germination is an important and decisive phase in growth cycle of a plant since it
determines plant establishment and yield, while the several authors have reported
moderate or no effect of vermicompost on seed germination (Singh et al., 2013; Roy et
al., 2010; Alves and Passoni, 1997). In contrast, levinsh (2011) has reported that
vermicompost addition inhibits seed germination depending on crop species and cultivar
tested even at moderate concentrations.

The objectives of this research were the comparison of the effects of fertilizers such
as vermicompost, cow manure and Nitroxin on the growing characteristics of asparagus
and the effects of Nitroxin, 15% and 30% cow manure, 15% and 30% vermicompost,
the combination of 15% and 30% vermicompost with Nitroxin and the combination of
15% and 30% cow manure with Nitroxin on the characteristics of germination
percentage, length of root and shoot, and fresh and dry weight of root and shoot, and the
mean time of germination and germination rate.

Methods
Experimental site and material

This experiment was done on 2013-2014 crops by randomized complete block design
with 10 treatments and four replications conducted in pots with the mouth diameter of
15 and height of 19 cm in the greenhouse of Isfahan (Khorasgan) Branch, Azad
University located in Isfahan, Iran. The maximum temperature of day and night were
35°C and 10°C and the average temperature of day and night were 14°C and 25°C,
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respectively. When the experiment was being conducted in the greenhouse with the
conditions listed above, the effects of vermicompost, Nitroxin and cow manure on the
herb asparagus (Asparagus officinalis L.) were evaluated. Asparagus officinalis L. is a
perennial monocotyledon, a member of the Liliaceae family. It grows in temperate
climates and under subtropical conditions. Asparagus requires well-drained loam or
sandy-loam soils, or heavier soils where there is good drainage. The soil used in potting
media was collected from the agricultural research fields of University of Azad Islamic
Khorasgan, Isfahan. The soil was sandy-loam in nature.

Experimental treatments

At first 40 pots were used for 10 treatments (4 pots per each treatment). The pots 1 to
4 were filled with the sand-soil mixture as control sample (T1), 5 to 8 with 15%
vermicompost and 85% sand and soil(T2), 9 to 12 with 15% vermicompost mixed with
Nitroxin and 85% sand and soil (T3), 13 to 16 with 30% vermicompost and 70% sand
and soil(T4), 17 to 20 with 30% vermicompost mixed with Nitroxin and 70% sand and
s0i(T5), 21 to 24 with Nitroxin and sand and soil(T6), 25 to 28 with 15% cow manure
and 85% sand and soil (T7), 29 to 32 with 15% cow manure mixed with Nitroxin and
sand and soil (T8), 33 to 36 with 30% cow manure and 70% sand and soil(T9), 37 to 40
with 30% cow manure mixed with Nitroxin and 85% sand and soil(T10). A certain
proportion of sand-soil mixture was used in all substrates. The seeds of asparagus have
purchased from Pakan seed Company in Isfahan. The biofertilizer, comprising
Azospirillum and Azotobacter, was developed by the soil and water Research Institute
(SWRI) in Tehran and now is manufactured under the brand name "Nitroxin™ by the
private company in Semnan, Iran. The Nitroxin solution was purchased from
Agricultural Products Distribution Company. The half of seeds has placed in Nitroxin
solution. After filling the pots in the mentioned order, 25 seeds of asparagus were
planted in each pot and covered with 1.5cm soil. The seeds which were in Nitroxin
solution have infused on the soil of all pots. The vermicompost used in potting media
were prepared in the research institute of organic waste recycling in the Islamic Azad
University of Khorasgan, Isfahan using (a) cow dung and (b) agriculture residue spiked
cow dung. The cow manure used in the study was obtained from a local cowshed
located about 10 km North West of the Islamic Azad University of Khorasgan, Isfahan.
The Nitroxin was sprayed on the verrmicompost, cow manure and soil of the T3, T5,
T6, T8 and T10.

Measuring growth

Germinated seeds were counted from day 8 in the intervals of 4 day until the end of
the experiment (lasted 90 days). At the end, the shoots and roots length (cm) were
measured using a transparent ruler. To determine the dry weight, roots and shoots of
samples were placed in the oven at 72 °C for 48 hours, and then the dry weight was
measured by a digital scale with a precision of one ten-thousandth of a gram.

Germination percentage was obtained from the ratio of the number of seeds
germinated (after 14 days) to the total number of seeds planted in each pot. Germination
rate and the mean time to germination were calculated based on Equations 1 and 2,
respectively.

n  Si

RS =2, (Eq.1)
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RS is the germination rate, Si is the number of germinated seeds of each Counted; Di
is days to the counting the n-th and n is the number of the counting.

Germination percentage (GP) and mean germination time (MGT) for each species
and each treatment was calculated according to Equations 2 and 3:

GP (%) =Z—— (Eq.2)
MGT (days) = E':;‘f"} (Eq.3)

N; is the number of germinated seeds, N is the total number of seeds per Petri dish
and ti is the number of days since the start of the experiment (Eliss and Robert, 1981).

Data analyses

The effect of different treatments on the characteristics of germination percentage,
length of root and shoot, and fresh and dry weight of root and shoot, and the mean time
of germination and germination rate were measured in all substrates (in a biological
reaction). The data set was obtained from four replicates in ten treatments. ANOVA was
used to evaluate the effect of different treatments on the germination percentage and
mean germination time. The means of measured data set were compared by Duncan
test. All statistical analyses and the drawing of charts were performed by software SPSS
19. The outcomes were presented as tables and figures.

Results and discussion
Germination percentage

The results of all treatments showed significant differences in germination percentage
compared with the control one. The highest and lowest effects on the germination were
related to the control sample and 15% cow manure, respectively. Therefore, the used
organic fertilizers and biofertilizers inhibited the seed germination of the Asparagus
officinalis L. This is in agreement with the findings of levinsh (2011). Organic substances
needed for seed germination have been isolated from various sources of animal waste
composts and identified as phenolic acids (Garraway and Ramirez, 1982; Marambe and
Ando, 1992). Marambe et al. (1993), isolated and identified some long-chain fatty acids as
strong inhibitory substances for sorghum seed germination in animal-waste compost and
reported the mode of action. The germination percentage significantly differed in 15% and
30% vermicompost treatments but there was no significant difference when the mixture of
vermicompost with Nitroxin was used, however both of them had higher effects on the level
of 15%. In this regard, Warman and AngLopez (2010) showed that the percentage of
germination increased with the maturation of vermicompost but the addition of
vermicompost to the soil or water often resulted in poorer germination compared with the
soil or water (only) controls. Nitroxin treatment showed no significant difference compared
with treatments by 30% cow manure and 30% vermicompost mixed with Nitroxin howbeit,
the improved effectiveness of the mixture. Significant differences were observed in the
treatments of cow manure and its mix with Nitroxin and greater effect found when the cow
manure was mixed with Nitroxin, moreover germination at higher concentrations showed
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an increase (Fig. 1). Zaller (2007), also showed a stimulatory effect on germination when
the growth medium was composed of varying proportions of vermicompost mixed with
soil. Several studies have related the immaturity of composts to phytotoxic reactions which
inhibit or retard seed germination and plant growth (Jimenez and Garcia, 1989; Baca et al.,
1990; Warman, 1999b). Warman and AngLopez (2002) reported although little or no work
has described such toxic components in vermicompost but surface crusts that were observed
on soils containing the greatest amounts of vermicompost could explain the consistently
poor germination of all three test species in these soils. The crusting may have limited water
infiltration and created anaerobic conditions in the growth mix, which can result in the
production of phytotoxic substances. They hypothesize that the organic substances in the
vermicomposts may have contributed to phytotoxicity rather than soluble salts in addition;
they showed the germination percent reduction of all three test plants with all the
vermicomposts in % 25 V compared to %12.5 V signified greater sensitivity to phytotoxic
substances in the vermicompost.
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Figure 1. The average of Germination percentage in four replications
NOTE: Control =T1, 15% Vermi=T2, 15% Vermi. Nitroxin=T3, 30% Vermi=T4, 30% Vermi.
Nitroxin=T5, Nitroxin=T6, 15% Cow Manure=T7, 15% Cow Manure. Nitroxin=T8, 30% Cow
Manure=T9, 30% Cow Manure. Nitroxin=T10.

The average germination time

The average germination time showed significant differences between the treatment
of 15% vermicompost and the mixture of 15% vermicompost with Nitroxin, 15% cow
manure with Nitroxin, and 30% cow manure. The comparison of treatments showed that
only 15% vermicompost and mixture of 30% cow manure with Nitroxin treatments
increased the mean germination time compared with the control (Fig. 2). This occurred
due to the gradual reduction of germination barrier and the release of the germination-
promoting substances.
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Figure 2. The average of Germination time
NOTE: Control =T1, 15% Vermi=T2, 15% Vermi. Nitroxin=T3, 30% Vermi=T4, 30% Vermi.
Nitroxin=T5, Nitroxin=T6, 15% Cow Manure=T7, 15% Cow Manure. Nitroxin=T8, 30% Cow
Manure=T9, 30% Cow Manure. Nitroxin=T10.

The rate of germination

The germination rate of fertilizer treatments (Fig. 3) showed that 30% cow manure
mixed with Nitroxin in all time periods had the highest rate of germination and the
lowest rate of germination was related to treatment of 15% cow manure.
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Figure 3. The comparison of Germination rate in different fertilizer treatments
NOTE: Control =T1, 15% Vermi=T2, 15%Vermi. Nitroxin=T3, 30% Vermi=T4, 30%Vermi.
Nitroxin=T5, Nitroxin=T6, 15% Cow Manure=T7, 15% Cow Manure. Nitroxin=T8, 30%Cow
Manure=T9, 30%Cow Manure. Nitroxin=T10.
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Root and stem length (cm)

Root length in treatments with 15% vermicompost and two levels of the 30% and 15%
vermicompost mixed with Nitroxin made a significant difference to the control and other
treatements. 15% vermicompost and control treatments showed highest and lowest effect on
root elongation, respectively. Significant differences were found between using 15% and
30%vermicompost as well as between each level with the same level that had been mixed
with Nitroxin. The greatest effect on root elongation caused by 15% vermicompost but its
combination with Nitroxin reduced the length of the root while at 30% level the effect was
stronger by mixing. The treatments of Nitroxin, cow manure and cow manure mixed with
Nitroxin although were not significantly different compared with the control, but their
impact were improved compared with the control (Fig. 4). The results showed significant
difference in shoot length between the plants treated with 15% vermicompost and 30%
vermicompost. The plants treated with 15% vermicompost and the mixture of 30%
vermicompost with Nitroxin showed significant difference in shoot length with the Control
sample. Nitroxin had the lowest effect on shoot length among the other fertilizers and
control. The shoot length in the plants treated with Nitroxin showed significant difference
with the plants treated with 15% and 30% cow manure, cow manure mixed with Nitroxin,
15% vermicompost, 15% and 30% vermicompost mixed with Nitroxin. The stem length
increased in the treatments with the 15% and 30% vermicompost. While 15%
vermicompost mixed with Nitroxin caused the negative effect on stem elongation compared
with non-mixed at this level, at level of the 30% higher impact was observed by mixed
treatment. There was no significant difference between the Nitroxin and control, although
Nitroxin made reduction in stem length. Cow manure and its combination with Nitroxin
showed more effect compared with the control (Fig. 5).
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Figure 4. The average of root elongation in four replications
NOTE: Control =T1, 15% Vermi=T2, 15%Vermi. Nitroxin=T3, 30% Vermi=T4, 30%Vermi.
Nitroxin=T5, Nitroxin=T6, 15% Cow Manure=T7, 15% Cow Manure. Nitroxin=T8, 30%Cow
Manure=T9, 30%Cow Manure. Nitroxin=T10.
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Figure 5. The average of stem elongation in four replications
NOTE: Control =T1, 15% Vermi=T2, 15%Vermi. Nitroxin=T3, 30% Vermi=T4, 30%Vermi.
Nitroxin=T5, Nitroxin=T6, 15% Cow Manure=T7, 15% Cow Manure. Nitroxin=T8, 30%Cow
Manure=T9, 30%Cow Manure. Nitroxin=T10.

Martens et al. (1992) and Hendrix et al. (1994) revealed that the higher yields in
plants may be due to the fact that vermicompost supplies direct available nutrients such
as nitrogen for the plants and improves the proportion of water table of the soil.
Channabasanagowda et al. (2008), have also shown that the differential action of
vermicompost may be because of the fact that the vermicompost has the slow release of
nitrogen due to slow mineralization which helps in availability of nutrients to the plants
throughout the growth of the plant and thus resulting in higher yields. Ismail (1995)
reported higher yield in bhendi, chillies, watermelon and paddy and number of canes
per hill, internodes distance, stem length, shoot length, cane yield and quality were
observed when they were exposed to different concentration of vermicompost than the
farm yard manure. Arancon et al. (2004) reported that the differential response of plants
to different doses of vermicompost might be due to the production of growth-promoting
substances in lesser quantity by lower doses of vermicompost than higher doses. Singh
et al. (2008), showed that increasing in vermicompost dose from 2.5 to 7.5 t ha™
increased all growth characteristics significantly, but vermicompost dose beyond 7.5 t
ha® could not influence these characteristics significantly. However, the growth of
plants with vermicompost at 7.5 t ha™ was significantly at par with that of 10 t ha™
indicating that this dose of VC (7.5 t ha™) was enough for supplying the desirable
amount of growth-promoting substances for higher growth and fruit yield of strawberry.
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The fresh and dry weight of root and shoot (gr)

The comparison of the root and shoot mean weight using the Duncan test at 5%
(Table 1) indicated that the fresh weight of roots in the treatments with 15%
vermicompost and two levels of the 30 and 15% vermicompost mixed with Nitroxin
made a significant difference to the control and other treatments, so that these
treatments caused the greatest positive impact on the fresh weight of roots. The
comparison of treatments showed significant difference in root dry weight just by the
treatment of 30% vermicompost mixed with Nitroxin compared to all other treatments.
It was also observed positive effect on the root dry weight by all treatments compared to
the control. Moreover, the treatment of 30% vermicompost mixed with Nitroxin showed
the greatest positive impact. Significant difference was observed for shoot fresh weight
by the treatment of 30% vermicompost mixed with Nitroxin with all other treatments. It
showed that the most positive effects were related to this treatment.

Table 1. The effect of fertilizer treatments on the growth characteristics of Asparagus

Treatment  fresh weight(gr) Root dry Stem  fresh Stem dry
weight(gr) weight(gr) weight(gr)
Control 0.37b 0.24c 0.02bc 0.03c
15% Vermi 4.42a 1.002bc 1.4b 0.12ab
15%WVermi. Nitroxin 3.2a 0.82bc 0.25bc 0.11ab
30% Vermi 1.035b 0.8c 0.7bc 0.09bc
30%Vermi. Nitroxin 4.2a 1.025a 2.7a 0.17a
Nitroxin 0.39b 0.31bc 0.42hc 0.03c
15% Cow Manure 0.15b 0.52bc 0.8 bc 0.07bc
15% Cow Manure. Nitroxin 0.16b 0.39b 0.6 bc 0.07 bc
30%Cow Manure 0.23b 0.23bc 0.6 bc 0.08 bc
30%Cow Manure. Nitroxin 0.55b 0.69c¢ 0.17 bc 0.1bc

Means within the column with the same letter are not significantly different by Duncan multiple range
test at p < 0.05.

NOTE: Control =T1, 15% Vermi=T2, 15%Vermi. Nitroxin=T3, 30% Vermi=T4, 30%Vermi.
Nitroxin=T5, Nitroxin=T6, 15% Cow Manure=T7, 15% Cow Manure. Nitroxin=T8, 30%Cow
Manure=T9, 30%Cow Manure. Nitroxin=T10.

Shoot dry weight showed similar results to shoot fresh weight. Rivera-Cruz et al.
(2008) showed that the shoot and root biomass of banana significantly increased by the
preparation of bio-fertilizers, using either poultry manure (PM) or banana waste (BW)
as the carrier for the bacterial (Azospirillum, Azotobacter) inoculant. They observed
positive effects on the growth of banana by the application of both biofertilizers. It
seemed to be due to the supply of nutrients to the crop and both biofertilizers can be
considered potentially useful as inoculant carriers of PGPR but the usefulness of BW
appears to be restricted to moderate doses of application. In this study, the seed
germination were not stopped in the organic fertilizer and biofertilizer treatments,
however a reduction was observed when these compared with the control. Nevertheless,
the vermicompost could improve the vegetable features of root and stem from a few
number seedlings. This may be due to a highly fertile, finely divided peat-like material
with high porosity, aeration, water-holding capacity and low C:N ratios. In fact, the
properties listed lead to the better water absorption and consequently the absorption and
transport of nutrients in the root zone. Therefore, the significant differences were
observed between some treatments of vermicompost regarding the elongation and root
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and shoot weight. These results can be supported by the finding of Edwards and
Burrows (1988), Werner and Cuevas (1996), Gupta et al. (2014), Subler et al. (1998)
and Tucker (2005).

Conclusions

There were significant differences between control treatment and the other fertilizer
treatments. The germination percentage was higher in control treatment compared with
the others. The highest germination percentage was related to the mixture of 30% cow
manure with Nitroxin and the lowest one was related to the 15% cow manure. The
effect of 15% vermicompost on the germination percentage was higher than 30%
vermicompost. Significant differences in mean germination time in comparison with the
control treatment were related to the fact that 15% vermicompost had the highest mean
germination time and the highest rate observed in the control of seed germination of the
asparagus. The comparison of fertilizer treatments showed 30% cow manure mixed with
Nitroxin treatment has the highest rate of germination and 15% cow manure resulted in
lower germination rate than other treatments. Significant differences of root length in
relation to other treatments were produced by treatments of 15% vermicompost and
30% vermicompost mixed with Nitroxin that caused the greatest impact on root length
also the effect was higher by 15% vermicompost treatment alone but at the level of 30%
was higher the effect of vermicompost mixed with Nitroxin. However, all fertilizer
treatments caused increasing the shoot length but the highest impact and significant
differences compared with the control have observed by treatments with
15%vermicompost, 30 and 15%vermicompost mixed with Nitroxin and 30% of cow
manure mixed with Nitroxin. At the level of 15% vermicompost and cow manure
treatments alone but at level of 30% the treatments of cow manure and vermicompost
mixed with Nitroxin showed the impact of higher elongation of stems. Significant
differences were observed in root fresh weight by the treatments of 15% vermicompost,
mixture of 30 and 15% vermicompost and Nitroxin than control and other treatments
and while fresh weight of roots was reduced by mixed treatment of 15% vermicompost
with Nitroxin, but at the level of 30% the mixed treatment showed higher impact.
Positive effect and significant difference was not observed for root fresh weight
between treatments of Nitroxin and cow dung alone or in combination, however, these
treatments caused greater influence on root dry weight than control. Significant
differences were observed at root dry weight by combined treatments of 30%
vermicompost also 15% cow manure with Nitroxin in general. Root dry weight
increased by fertilizer treatments similarly in the fresh and dry weight of shoot and the
maximum effect was obtained from 30% vermicompost mixed with Nitroxin and at the
level of 15% non-mixed treatment but at the level of 30% combined treatment a greater
impact was observed.
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