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INTRODUCTION

ABSTRACT- Cultivation of globe artichoke (Cynara cardunculus var. scolymusL.), as
a multipurpose species of vegetable, medicine and green forage, along with using
biological fertilizers and reduced rates of chemical fertilizers is arranged within
sustainable cropping systems. In order to study the effects of chemical and biological
fertilizers and integrated plant nutrient systems on some traits of globe artichoke, a
factorial experiment was conducted on the basis of randomized complete block design
with three replications in Isfahan, Iran in 2014. Factors included chemical fertilizers at
the levels of control (no fertilizer), 100 and 50 % of the recommended amounts, and bio-
fertilizers at levels of control (no bio-fertilizer), Nitroxin (Azotobacter, Azospirillium and
Pseudomonas), Barvar 2 (Pseudomonas putida-p13 and Pantoea agglomerans-p5) and
NitroxintBarvar 2. Morphological traits, chemical composition, metabolizable energy
and net energy for lactation were determined at the vegetative rosette stage. Results
indicated that using bio-fertilizer and chemical fertilizer significantly improved effective
parameters in increasing forage quality. Inoculation with two bio-fertilizers increased
more forage quality than those of single application of them. However, Nitroxin had
more positive effects than Barvar 2. In general, it was concluded that integrated plant
nutrient treatments are more beneficial effects on the growth and quality of globe
artichoke forage.

Globe artichoke (Cynara cardunculus var. scolymuslL.)
from the Asteraceae family is a perennia plant native to
the Mediterranean Basin (Sonnante et al., 2007). This
plant is cultivated as a vegetable (Ceccarelli et al., 2010;
Piston et al., 2014), medicine (Pandino et al., 2011;
Rondanelli et al., 2011; Aksu and Altinterim, 2013) and
green forage for ruminant feeding (Meneses et al., 2007,
Sallam et a., 2008). Globe Artichoke can be nourished
fresh or ensilaged for livestock feeding (Meneses et al.,
2007). Italy was the main world producer of globe
artichoke in 2018, with a production of 389813 tons,
followed by Egypt, Spain and Argentina (FAO, 2018).
Although applying chemical fertilizers help to overcome
nutrient  deficiency and enhancing crop yield,
indiscriminate use of them has many disadvantages.
These fertilizers are not only costly but may also bring
environmental pollutions to the soil, water and air.
Chemical residues in food resources negatively

influence the health of humans and livestock (Savci,
2012).

With the continuous growth of the world’s
population and the demand for high-quality forage for
livestock feed, there is a need to increase agricultural
production. One of the ways to approach this goal is to
investigate the effect of various environmental factors
on plants. The nutritional requirements of the plants are
the most important factors among various factors that
affect plant growth (Singh et al., 1989). Nitrogen and
phosphorus are the two major essential plant nutrients
and key inputs to increase the yield of plant products,
including globe artichoke. The deficiency of these
nutrient elements could be supplied using integrated
plant nutrition management (IPNM). IPNM maintains
or emends soil fertility and the optimum supply of
nutrients to sustain the plant productivity through the
optimization of the benefits from all possible sources of
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crop nutrients in an integrated manner (FAO, 1995). It
comprises an appropriate combination of mineral
fertilizers, bio-fertilizers, organic manures, etc.

Bio-fertilizers are different microbial populations.
They convert the unavailable form of nutrition elements
to available form in biological ways (Rajendran and
Devaraj, 2004). Phosphate solubilizing bacteria (PSB)
and nitrogen-fixing bacteria which are provided in the
form of bio-fertilizer have an important role in the
nutrient supply of plants. Bacteria that work as a solver
of phosphate include microorganisms belonging to
Pseudomonas and Bacillus (Tilak et a., 2005).
Azotobacter and Azospirillum make and leak different
materials such as vitamin B, nicotinic acid, pentoterik
acid, biotin, auxins, gibberellins, etc in the root’s
environment, so they have an important role in
increasing root absorbance (Kader et a., 2002). In a
glasshouse experiment, Fateh et a. (2012) who studied
the effect of organic and chemical fertilizers on yield,
quality and some growth characteristics of globe
artichoke plants, stated that the positive effect of
Pseudomonas fluorescens on most traits was significant
and that such bacteria could be used as a
complementary fertilizer with manure and chemical
fertilizer in sustainable agricultural practices. Van
Oosterom et al. (2010) reported that the application of
bio-fertilizers such as Azotobacter and Azospirillum
bacteria significantly improved sorghum yield. Yadav et
a. (2011) found that al the PSB treatments were
considerably effective in increasing seed wheat yield,
compared to control. The integrated nutrition system not
only improved forage quality in annual medics but also
declined chemical fertilizer application (Shabani et al.,
2011). In other studies, integrated fertilizers applications
remarkably enhanced leaf areaindex, plant height, grain
production, biomass, oil yield, and protein content in
sunflower  (Shoghi-Kalkhoran et a., 2013).
Ahilandeswari and Maheswari (2016) suggested that the
co-inoculation of Azospirillum lipoferum and phosphate
solubilizing microorganisms could improve some
growth indices of rice (Oryza sativa L.) in terms of root
and shoot length. Thus the fundamental aims of the
current research were to evaluate the effects of bio-
fertilizer and chemical fertilizers on some important
traits of globe artichoke, to analyze the integrated plant
nutrient systems for minimizing chemicals application,
and to study synergic effects between nitrogen (Nitroxin)
and phosphorus (Barvar 2) bio-fertilizers.

MATERIALSAND METHODS

This research was conducted at the Research Station of
Agricultural and Natural Resources of Isfahan (32° 37'
N, 51° 28E and an altitude of 1612 m), Iran in 2014.
The experimental site had a semi-arid climate. The

mean of annual precipitation and temperature were 140
mm and 16 °C, respectively (Yaghmaei et a., 2009). At
first, farm soil was analyzed to determine the physical
and chemical properties (Table 1). Samples of soils
were collected from agricultural soils. Sampling depth
was 0-30 cm from the surface. The soils were air-dried
and put through a 2-mm sieve. The particle-size
distribution was assessed by the hydrometry method.
Soil electrical conductivity was obtained by the
extraction method. The soil pH meter PCE-228S was
used to measure the soil pH value. Organic carbon was
evaluated by the Walkley-Black procedure.
Total nitrogen  of soil wasmeasured by the semi-
micro Kjeldahl method. Available phosphorus was
assessed by a spectrophotometer according to Olsen
method.  Available  potassumwas  determined
by atomic absorption spectrometry (Ali  Ehyaei  and
Behbahanizadeh, 1993).

A factoria set of treatments (3 chemical fertilizers
x4 bio-fertilizers) was arranged within Randomized
Complete Block Design (RCBD) with three
replications. The experiment consisted of two factors:
chemical fertilizers at levels of 100 % recommended
rates of chemical fertilizers (200 kg N ha* and 100 kg
P,0sha?), 50 % chemical fertilizers (100 kg N ha* and
50 kg P,Os ha') and control (no chemical fertilizers),
and biofertilizers at levels of 1 L ha' Nitroxin
(including Azotobacter, Azospirillium and
Pseudomonas), 100 g ha® Barvar 2 (including
Pseudomonas putida-p13 and Pantoea agglomerans-p5),
1 L ha' Nitroxin+100 g ha' Barvar 2 and control (no
bio-fertilizers). Sources of nitrogen and phosphorus
chemical fertilizer were urea (46 % pure nitrogen) and
triple superphosphate (46 % phosphorus as P,Os),
respectively. Before sowing (26 April 2014), globe
artichoke seeds were immediately inoculated with bio-
fertilizer (Nitroxin and Barvar 2) according to the
manufacturer's instructions. Phosphorus and half of the
urea fertilizers were added to soil at sowing time and the
rest was used at the 7-8 leaf stage. Each plot size was 5
m (length) x3.5 m (width). Plant density was 4 plants/
m’. Seeds were planted in 5 rows in 60 cm apart and
with 30 cm spacing intra rows. Then, al plots were
immediately irrigated. Weed control was carried out by
hand during the growing season. Some properties of
each plant sample, such as the leaf number per plant and
leaf length were determined at harvesting time. At the
vegetative rosette stage (November 2014), plants were
harvested and samples were dried at room temperature.
Then 100 g of each was transferred to the laboratory.

Samples were then ground to pass through a 2 mm
sieve and then were used for chemica anaysis and in
vitro gas production technique. Crude fat (CF), crude
protein (CP) and total ash were determined by
procedures of AOAC (2005). Neutral detergent fiber
(NDF) was measured using the methods of Van Soest et
al. (1991).
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Table 1. Some physical and chemical characteristics of the experimental soil

Texture Sand Silt (%) Clay (%) K P TN OC (%) pH ECse
(%0) (mg/kg)  (mg/kg) (%0) (dsm?)
Clay loam 45 24 31 250 12 0.04 0.065 7.7 2.8

Non-fiber carbohydrates (NFC) was calculated
according to the following equation described by Van
Soest et al. (1991):

NFC=100-(CP+CF+NDF+ASH) 1)

where CP, CF, NDF, and ASH are crude protein, crude
fat, neutral detergent fiber and crude ash, respectively.
The amount of in vitro gas production from the
fermentation of feed was measured using a water
displacement technique for each incubation time (2, 4, 6,
8, 12, 24, 36, 48, 72 and 96 h) (Fedorak and Hrudey,
1983). According to this method, rumen liquor was
obtained from the 3 adult male sheep. Three replicate 50
mL serum vials were prepared for each of 12 treatments
and blank (only contains rumen liquor and buffer
solution). Samples loaded (200 mg) into serum vials and
buffered rumen liquor solution (2:1, buffer: liquor) was
added (20 mL) to each vial. All vials were purged with
oxygen-free CO, and then placed on a rotary incubator-
shaker at 39°C. The obtained data from gas production
a 24 h of incubation were used according to the
following equations adapted from Menke and Steingass
(1988) to estimate metabolizable energy (ME) and net
energy for lactation (NE,).

ME (MJkg DM) = 1.06+0.1570 GP + 0.0084 CP+ 0.0220 CF
—0.0081 CA (n =200, r*= 0.94) )
NE, (MJkg DM) = -0.36 + 0.1149 GP + 0.0054 CP + 0.0139
CF — 0.0054 CA (n=200, r?= 0.93) ©)
GP: gas production at 24 h after incubation (mL), CP:
crude protein, CF: crude fat and CA: crude ash

The ANOVA test was done by using SAS (Ver 9.1).
The means of treatments were compared by Duncan's
Multiple Range Test.

RESULTSand DISCUSSION

Number of Leaves Per Plant

The presented results in Table 2 have demonstrated that
only the main effects of chemical and biological

fertilizers on the number of leaves per plant were
significant. Compared with control, different levels of
chemical and biological fertilizers significantly
increased the number of |eaves per plant.

Regarding chemicd fertilizers, the maximum number
of leaves per plant (44.91) was observed in the treatment of
100 % chemical fertilizers (Table 3). For bio-fertilizers, the
highest number of leaves per plant (39, 38.77) was
obtained in co-inoculation with Nitroxin + Barvar 2 and
Nitroxin treatments, respectively (Table 4).

However, plants treated with chemical fertilizers had
the higher number of leaves per plant than that of plants
treated with bio-fertilizers. The importance of nitrogen
in leaf production is well known in plants (Hopkins,
1999) and it can improve the vegetative growth of
plants (Sharma et al., 2002). Some researchers showed
that the use of fertilizers containing elements such as
nitrogen (Longnecker and Robson, 1994) and
phosphorus (Peadee, 1978), increased the number of
leaves per plant due to an increase in leaf appearance
rate. Bio-fertilizers can improve the vegetative
parameters of plants (Rahimi et a., 2013).

The maximum number of leaves per plant in
marigold (Tagetes erecta L.) was obtained under
inoculation of seeds and roots with bio-fertilizer and
400 mg L™ chemical phosphorus (Hashemabadi et al.,
2012). Rahimi et a. (2013) reported that the highest
leaves number of basil (Ocimum bacilicum L.) was
recorded in treatment with Nitroxin and aminoflorte.
Makvandi et al. (2013) showed that the highest number
of leaves per plant in silage corn (Zea Mays L.) was
related to the treatment with 100 % urea and 100 %
Nitroxin. Abbas et a. (2013) found that the maximum
number of leaves in maize was obtained in plants in
which seeds were co-inoculated with plant growth-
promoting rhizobacteria (PGPR), PSB and reduced
doses of nitrogen and phosphorous along with
recommended K.

Table 2. Analysis of variance for qualitative traits of globe artichoke

Mean squares (MS)

Number of L eaf
sov df leaf per plant  length cP CF Ash NDF NFC ME  NE_
Replication 2 30.77" 290.79° 30" 028" 0.79™ 211™ 1849° 0.87 046
%‘Sﬂ’;? 875.19™ 2063.85" 2282 324" 38307 38287 12887 4.027 216"
Bio-fertilizer 3 16.398" 3253 478" 013" 122 54537 820" 423" 220"
Chemical
fertilizer* Bio- 6 3.12™ 0.82"™ 0.24"™ 0.01™ 0.66™ 4067" 816" 122" 065"
fertilizer
Error 22 017 3.23 0.24 0.02 0.29 1.66 0.40 0.05 0.02

CP: Crude protein, CF: Crude fat, NDF: Neutral detergent fiber, NFC: Non-fiber carbohydrates, ME: Metabolizable energy, NE, .
Net energy for lactation. ns: non-significant. * and ** significant at P < 0.05 and P < 0.01, respectively
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Table 3. Means comparison of qualitative traits of globe artichoke in three levels of chemical fertilizer

Chemical fertilizer Number of leaf per Leaf length CP CF Ash
plant (cm) (%) (%) (%)
Control 28.33¢c 78.58 ¢ 138c 2.80a 1257¢
50 % 40.16 b 97.33Db 1549b 2.16b 14.16b
100 % 4491a 103.84 a 16.53 a 176 c 16.13a

CP: Crude protein, CF: Crude fat. Means followed by a various letter (s) are significantly different at 5 % probability level, using

Duncan's Multiple Range Test (P < 0.05)

Table 4. Means comparison of qualitative traits of globe artichokein four levels of bio-fertilizer

Bio-fertilizer Number of leaf Leaf length CP CF Ash
per plant (cm) (%) (%) (%)
Control 36.11c 90.83¢c 14.61b 240a 13.97b
Nitroxin 38.77a 94.49 a 15.70a 219b 14.30 ab
Barvar 2 37.33b 92.66 b 14.70b 226 ab 14.07b
Nitroxin+ Barvar 2 3Va 95.01a 16.08 a 211b 14.80a

CP: Crude protein, CF: Crude fat. Means followed by a various letter (s) are significantly different at 5 % probability level, using

Duncan's Multiple Range Test (P < 0.05)

Leaf Length

Results showed that both chemicad and biologica
fertilizers significantly affected the leaf length of plants
(Table 2). As regards chemical fertilizer levels, maximum
(203.84 cm) and minimum (78.58 cm) leaf length were
observed in 100 % chemica fertilizer and control,
respectively (Table 3). Among bio-fertilizer levels, seed
inoculation with Nitroxin+ Barvar 2 had the longest |eaf
length (95.01 cm), and control (no fertilizer) had the lowest
leaf length (90.83 cm). Similar to the number of leaves per
plant, Nitroxin effect was more effective in enhancing |eaf
length than that of Barvar 2 (Table 4).

The beneficia effects of bio-fertilizer on leaf length
may have been due to an increase in the supply of
available N and P. These effects are mostly due to N,
because Bavar 2 only carries microorganisms related to
phosphorus. Some researchers stated that the inoculated
plants by bio-fertilizer absorb nutrients at faster rates
than non-inoculated plants which led to the
accumulation of more nitrogen, phosphorus and
potassium in plant tissues (Castagno et a., 2011;
Saharan and Nehra, 2011). Growth stimulating bacteria
such as Azospirillum, Azotobacter, and Pseudomonas
have the ability to biological fixation of nitrogen and
solubilizing the soil phosphate. Also, they notably
influence plant growth regulators (auxin, gibberellin and
cytokinin) and cause an improvement in plant growth
and performance (Subba Rao, 1979). Hejazi et a. (2013)
reported that the maximum length of leaf in globe
artichoke plants was obtained by the use of 250 kg urea
per hectare among different levels of nitrogen manure.
Also, using 14 tons of organic manure had the highest
leaf length. Pourhadi et al. (2012) reported that the
longest leaf length of peppermint (Mentha piperita L.)
was obtained in the combined use of Nitroxin (8 Kg ha™)
and urea fertilizer (100 Kg ha®). Omidi et al. (2009)
showed that the application of chemical and biological

fertilizers significantly increased the leaf
saffron (Crocus sativus L.).

length of

Crude Protein (CP)

Crude protein percentage was significantly improved as
chemical fertilizers application increased, with the
maximum value of 16.53 % (100 % chemical fertilizer,
Table 3). Among bio-fertilizer levels, co-inoculation
with Nitroxin and Barvar resulted in maximum CP %
with the value of 16.08 %. Nitroxin bio-fertilizer
increased CP as same as 50 % chemical fertilizer and
more than Barvar 2 (Table 4). Increasing of CP % under
mineral fertilization or inoculation with bio-fertilizers
may be attributed to the improvement of available
nitrogen in the soil. The increase of urea fertilizer has
enhanced the percentage of nitrogen because it contains
nitrogen which is an important element in the structure
of proteins and nucleic acids (Makvandi et a., 2013). It
was reported that application of PGPRs increased
both N and P uptakesin plants through stimulation of
root growth (Gala et a., 2000; Panwar and Singh,
2000). Inoculation with PGPR improved the crude
protein content of maize and wheat (Singh et al., 2010).
Chaichi et al. (2015) showed that the highest crude
protein content of berseem clover (Trifolium
alexandrinum) was obtained from the integrated use of
biological fertilizer (nitrogen-fixing bacteria +
phosphorus solubilizing bacteria treatment).

Crude Fat (CF)

The results presented in Table 2 revealed that chemical
and biological fertilizers had significant effects on CF %
(P < 0.01). An increase in chemical fertilizer rate
decreased the crude fat content of globe artichoke
forage (Table 3). For biological fertilizers, the highest
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CF % (2.4) was achieved in the control treatment. In
accordance with results, Nitroxin and Nitroxin +
Barvar2 could replace chemical fertilizer application
(Tables 4). Bakhoum et al. (2016) found that the
treatment of bio+organic +mineral fertilization (chicken
manure + nitrobine and phosphorine+ ammonium
sulfate) in clover berseem (Trifolium alexandrinum)
resulted in the highest CF %. Alexander et al. (1963)
studied the effect of two fertilizer rates including 62.76-
53.79-53.79 and 125.52-107.58-107.58 kg of N-P-K/ha
on corn silage. They noted that an increase in fertilizer
rate showed little effect on the crude fat of corn silage.
Archibald (1930) reported that the crude fat of grass in
plots without N fertilization was higher than that of the
completely fertilized plots because of the formation of
less nitrogenous. Thalooth et a. (2015) found that the
combination of bio, organic and mineral fertilization
produced higher CF content in the mixture of Egyptian
clover with ryegrass. Hasan et a. (2010) reported that
the different levels of nitrogen fertilizer had no
significant effect on the amount of crude fat in cowpea
forage.

Ash

The results of this study showed that bio-fertilizers and
chemical fertilizers had significant effects (P < 0.01) on
plant ash content. Ash percentage was accelerated as the
chemical fertilizers rate increased. 100 % urea + triple
superphosphate treatment had the highest (16.13 %) ash
content (Table 3). This is probably due to the rapid
uptake of chemical fertilizers by plants. Application of
Nitroxin + Barvar 2 and Nitroxin resulted in improving
ash plant content compared to control and Barvar 2
treatments (Table 4). Application of bio-fertilizers can
provide favorable conditions to uptake more nitrogen,
phosphorus and other elements due to more nutrients
uptake by these kinds of fertilizers. Ehteshami et al.

(2012) reported that barley seed inoculation with P.
fluorescens + 75 % triple superphosphate fertilizer
resulted in the highest percentage of total plant ash
content, whereas the minimum percentage of total plant
ash content was observed in the control treatment (no
fertilizer). In a study conducted by Bakhoum et al.
(2016), it was shown that the highest ash content of
clover berseem (Trifolium alexandrinum) was obtained
at bio-organic + mineral fertilization treatment (chicken
manure + nitrobine and phosphorene + ammonium
sulfate).

Neutral Detergent Fiber (NDF)

The main effects of chemical and biological fertilizers
and also interaction effects of them were significant on
neutral detergent fiber content (Table 2). The highest
NDF content (33.13 %) was obtained from control
treatment followed by Barvar 2 and Nitroxin. The
application of both kinds of fertilizers significantly
diminished NDF %. The sole application of Nitroxin
and Barvar 2 decreased NDF %, but co-inoculation of
seeds by these bio-fertilizers resulted in more reduction
in NDF % (Table 5).

It appears that co-application of bacterial strains
could provide more suitable conditions for decreasing
NDF percentage and increasing the quality of globe
artichoke forage. This phenomenon indicates the
synergic effects of these bacteria. Rhizosphere bacteria
produce plant growth-promoting compounds and uptake
nutrients from the soil. They can directly or indirectly
affect plant growth. For example, direct competitive
effects and the production of antimicrobial agents by
bacteria protect root surfaces from colonization by
pathogenic microbes (Mantelin and Touraine, 2004).

Table 5. Interaction effect of chemical fertilizers x biological fertilizers on qualitative traits of globe artichoke

Chemical fertilizer Bio-fertilizer NDF NFC ME NE_
% % (MJkg DM) (MJkg DM)
Control Control 3313a 34.01e 383e 165e
Nitroxin 25.70 bc 39.19 bed 6.58 b 3.67b
Barvar 2 26.50b 40.20 abc 5.88cd 3.16cd
Nitroxin+Barvar 2 2540c 38.99 cd 7.05a 4.02a
50 % Chemical fertilizer Control 22.83d 40.35ab 5.72d 3.04d
Nitroxin 2243 de 39.98 abc 6.33b 348b
Barvar 2 2243 de 40.50 a 6.19 bc 3.38 bc
Nitroxin+Barvar 2 22.03 def 39.75 abcd 6.42b 355b
100 % Chemical fertilizer Control 21.80 efg 39.55 abcd 6.52 b 3.62b
Nitroxin 21.03gh 39.13 bed 7.05a 40la
Barvar 2 21.13fgh 40.14 abc 6.97 a 3.9%5a
Nitroxin+Barvar 2 20.43h 38.74d 73la 421a
Nitroxin 21.03 gh 39.13 bed 7.05a 401 a

NDF: Neutral detergent fiber, NFC: Non-fiber carbohydrates, ME: Metabolizable energy, NE, . Net energy for lactation. Means
followed by a various |etter (s) are significantly different at 5 % probability level, using Duncan's Multiple Range Test (P < 0.05)
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Almodares et a. (2009) stated that increasing N
levels resulted in the reduction of raw fiber value in the
forage of corn and sweet sorghum. Chaichi et al. (2015)
indicated that different fertilizer types had significant
effects on NDF % in berseem clover as the highest NDF
was observed in nitrogen-fixing bacteria + triple
superphosphate treatment. In another study, the
application of Pseudomonas bacteria decreased NDF up
t050.4 % in barley (Mehrvarz and Chaichi, 2008).

Non-fiber Carbohydrates (NFC)

Non-fiber carbohydrates (NFC) are made up of starch,
simple sugars, and soluble fiber (NRC, 1985). Analysis
of forage quality in this study indicated that NFC % was
statistically affected by the main and interaction effects
of chemical and biological fertilizers (P < 0.01) (Table
2). For the integrated system, the highest NFC values
belonged to Barvar 2 + 50 % chemical fertilizers,
Barvar 2 + 100 % chemica fertilizers, Nitroxin +50 %
chemical fertilizers, and 50 % chemical fertilizers+
Nitroxin + Barvar 2, respectively (Table 5).

It was excellent to confirm that Nitroxin bio-
fertilizer could be substituted for NFC %, instead of
whole chemical fertilizers. Forage carbohydrates can
vary widely due to the interaction of plants and
environment (Buxton and Fales, 1994). Environmental
factors such as the availability of nutrients affect
carbohydrate content of forage during plant growth.
Digestibility and nutritional value of forage increase
with an enhancement in non-fiber carbohydrates content
of forage. Campos et al. (2013) studied the effects of N
fertilization doses (0, 150, 300, or 450 kg N ha™) on the
chemical composition of Milenio grass (Panicum
maximum). They mentioned that the N application led to
an increase in CP content, which occurred
concomitantly with a reduction in the NFC amounts.
The NFC concentrations were decreased, mainly due to
the synthesis of a cell wal, which drained the
cytoplasmic nutrients. There was an inverse relationship
between N rates and NFC content. It was reported that
the NFC reserves are mostly consumed for fiber
synthesis under intense growth (Schmidt and Blaser
1969; Trenholm et al., 1998).

Metabolizable Energy (ME) and Net Energy for
Lactation (NE,)

The energy in forage that is not lost in feces, urine, or
rumen gases is called metabolizable energy (Robinson
et a., 1998). Net energy for lactation is defined as an

REFERENCES

Abbas, Z., Zia, M. A., Ali, S. H., Abbas, Z., Waheed, A.,
Bahadur, A., Hameed, T., Igba, A., Muhammad, I.,
Roomil, S., Zulfigar Ahmad, M., & Sultan, T. (2013).
Integrated effect of plant growth promoting rhizobacteria,
phosphate solubilizing bacteria and chemical fertilizers on
growth of maize origina research article. International
Journal of Agriculture and Crop Sciences, 6(13), 913-921.

estimate of the energy value of forage used for
maintenance plus milk production for maintenance plus
the last two months of gestation for pregnant cows (Van
Alfen, 2014). In the integrated system of the current
study, the highest ME and NE_ have obtained at
Nitroxint Barvar 2 + 100 % chemical fertilizers,
Nitroxin+ 100 % chemica fertilizers, Nitroxin+ Barvar
2, and Barvar 2 + 100 % chemica fertilizers,
respectively (Table 5). It has been noted that is a
positive correlation between metabolizable energy and
protein content (Makkar et a., 1995). It has been
however noted that NDF and metabolizable energy have
a negative correlation (Kamalak et a., 2005). So, the
main reason for increasing the metabolizable energy in
plants by applying fertilizers probably is a reduction in
NDF percentage and enhancing crude protein content.
Khan et a. (1992), Sultana (2003) and Hasan et dl.
(2010) found no significant effect of nitrogen fertilizer
application on ME content of cowpea forage (Vigna
unguiculata). Tarcdu et al. (2012) indicated that net
energy for lactation of Nardus stricta L. was
significantly increased with the application of organic
and mineral input variants.

CONCLUSIONS

In accordance with the results of this research,
increasing chemical fertilizer application from O to 100 %
significantly enhanced the number of leaves per plant,
leaf length, CP and ash content of globe artichoke. Both
seed inoculation with bio-fertilizer and usage of
chemical fertilizers diminished crude fat content
compared to control. Co-inoculation with two fertilizers
resulted in more values of most traits in comparison
with single bio-fertilizers use. It can be attributed to the
synergic effects of bio-fertilizers Nitroxin and Barvar 2.
The maximum number of leaves per plant, leaf length,
CP and ash content were obtained by application of
Nitroxin + Barvar 2 and sole Nitroxin followed by
Barvar 2. The lowest NDF and the highest NFC, ME
and NE, were recorded in the integrated plant nutrition
system. According to the findings of this study,
biological fertilizers along with chemical fertilizers led
to increasing some of the important qualitative and
quantitative traits of globe artichoke. By using hio-
fertilizer such as Nitroxin and Barvar 2, the utilization
of chemica fertilizers can be reduced, which is an
efficient step in achieving the objectives of kindly
environmental agricultural systems.

Ahilandeswari, K., & Maheswari, N. U. (2016). Co-
inoculation of Azospirillum lipoferum and phosphate
solubilizing microorganisms on the growth of rice (Oryza
sativa L.). International Journal of Pure Applied
Bioscience, 4(2), 317-320.

52



Allahdadi et al. / Iran Agricultural Research (2020) 39(2) 47-56

Aksu, 0., & Altinterim, B. (2013). Hepatoprotective effects of
artichoke (Cynara scolymus L.). Australian Journal of
Crop Science, 12, 44-49.

Alexander, R. A., Hentges, J. F., Robertson, W. K., Barden, G.
A., & McCall, J. T. (1963). Composition and digestibility
of corn silage as affected by fertilizer rate and plant
population. Journal of Animal Science, 22 (1), 5-8.

Ali Ehyaei, M., & Behbahanizadeh, A. (1993). Descriptions of
soil chemical analysis methods. Soil and Water Research
Institute, Technical Report No. 893, 129 p. (In Persian)

Almodares, A., Jafarinia, M., & Hadi, M. R. (2009). The
effects of nitrogen fertilizer on chemical compositions in
corn and sweet sorghum. American-Eurasian Journal of
Agricultural and Environmental Science, 6, 441-446.

AOAC. (2005). Official methods of analysis of AOAC
international (18" Ed.). Gaithersburg, Maryland, USA:
AOAC International.

Archibald, J. G. (1930). The chemical composition of grass
from plots fertilized and grazed intensively in
1929. Journal of Agricultural Research, 41(6), 491-501.

Bakhoum, G. H., Kabesh, M. O., El-Kramany, M. F., Thalooth,
T., & Tawfik, M. M. (2016). Utilization of bio-fertilizer in
field crop production 17- Effect of organic manuring,
mineral and bio-fertilizer on forage yield and nutritive
value of Egyptian clover (berseem) grown in new
reclaimed sandy soil. International Journal of Chem Ttech
Research, 9(3), 34-41.

Buxton, D. R., & Fales, S. L. (1994). Plant environment and
quality. In Fahey Jr, G. C., Collins, M., Mertens, D. R. and
Moser, L. E. (Eds) Forage quality, evaluation and
utilization (pp. 155-199). Madison, Wisc, USA: ASA,
CSSA, and SSA.

Campos, F. P., Sarmento, P., Nussio, L. G,, Lugéo, S. M.
B.,Lima C. G, & Danid, J L. P. (2013). Fiber
monosaccharides and digestibility of Milenio grass under
N fertilization. Animal Feed Science and Technology,
183(1), 17-21.

Castagno, L. N., Estrella, M. J., Sannazzaro, A. I., Grassano,
A. E., & Ruiz, O. A. (2011). Phosphate solubilization
mechanism and in vitro plant growth promotion activity
mediated by Pantoea eucalypti isolated from Lotus tenuis
rhizosphere in the Salado River Basin (Argentina). Journal
of Applied Microbiology, 11, 1151-1165.

Ceccarelli, N., Curadi, M., Picciarelli, P., Martelloni, L.,
Sbrana, C., & Giovannetti, M. (2010). Globe artichoke as
functional food. Mediterranean Journal of Nutrition and
Metabolism, 3, 197-201.

Chaichi, M. R., Shabani, G., & Noori, F. (2015). Response of
berseem clover (Trifolium alexandrinum L.) to chemical,
biologica and integrated use of fertilizers. Cercetdri
Agronomice in Moldova, 1(161), 77-87.

Ehteshami, M. R., Tehrani Aref, A., & Samadi, B. (2012).
Effect of planting date on yield physiology of different
rapeseed (Brassica napus L.) cultivars in Varamin region,
Iran. Journal of Plant Process and Function, 1(1), 71-87.

FAO (1995). Integrated plant nutrition systems? In FAO
fertilizer and plant nutrition Bulletin. No 12. PP 49-66.
Retrieved from: www.fao.org.

FAO (2018). The total world production of artichoke.
Retrieved from: www.fao.org.

Fateh, E., Rahimi, A., Karimmojeni, H., & Amini, R. (2012).
Effect of soil solubilizing bacteria, organic and chemical
fertilizers on forage quality and yield characteristic of
globe artichoke (Cynara scolymus L.) under greenhouse
conditions. Plant Production (Scientific Journal of
Agriculture), 35(1), 71-101.

Fedorak, P. M., & Hrudey, S. E. (1983). A simple apparatus
for measuring gas production by methanogenic culturesin
serum bottles. Environmental Technology Letters, 4, 425-
435.

Galdl, Y. G. M., El-Ghandour, I. A., Aly, S. S, Soliman, S., &
Gadalla, A. (2000). Non-isotopic method for the
quantification of biological nitrogen fixation and wheat
production under field conditions. Biological Fertilization
Soils, 32, 47-51.

Hasan, M. R., Akbar, M. A., Khandaker, Z. H., & Rahman, M.
M. (2010). Effect of nitrogen fertilizer on yield
contributing character, biomass yield and nutritive value of
cowpea forage. Bangladesh Journal of Animal Science,
39(12), 83-88.

Hashemabadi, D., Zaredost, F., Barari Ziyabari, M., Zarchini,
M., Kaviani, B., Jadid Solimandarabi, M., Mohammadi,
Torkashvand, A., & Zarchini, S. (2012). Influence of
phosphate bio-fertilizer on quantity and quality features of
marigold (Tagetes erecta L.). Australian Journal of Crop
Science, 6(6), 1101-1109.

Heazi, S, Mirhadi, M.J, Nourmohammadi, G., &
Dehghanzadeh, H. (2013). The effect of planting date,
organic and nitrogen manures on morphological traits and
chlorogenic acid of artichoke (Cynara scolymus L.).
International Journal of Agronomy and Plant Production,
4(1), 45-49.

Hopkins, W. G. (1999). Introduction to plant physiology. (2™
Ed.), New Y ork: John Wiley and Sons Co.

Kader, M. A., Mian, M. H., & Hoque, M. S. (2002). Effect of
Azotobacter inoculant on the yield and nitrogen uptake by
wheat. Journal of Biological Sciences, 4, 259-261.

Kamalak, A., Canbalat, O., Erol, A., Kilinc, C., Kizilsmsek,
M., Ozkan, C. O., & Ozkose, E. (2005). Effect of variety
on chemica composition, in vitro gas production,
metabolizable energy and organic matter digestibility of
afalfa hays. Livestock Research for Rural Development,
17(7), 1707-1712.

Khan, M. J,, Tareque, A. M. M., & Shajalal, M. (1992). Effect
of inoculation and nitrogen fertilizer on yield chemical
composition, in vitro organic matter digestibility and
energy content of cowpea (Vigna unguiculata) forage.
Indian Journal of Animal Nutrition, 9(3), 177-180.

Longnecker, N., & Robson, A. (1994). Leaf emergence of
spring wheat receiving varying nitrogen supply at different
stages of development. Annals of Botany, 74, 1-7.

Makkar, H. P. S, Blummel, M., & Becker, K. (1995).
Formation of complexes between polyvinyle pyrrolidones
or polyethylene glycols and tannins, and their implication
in gas production and true digestibility in in vitro
techniques. British Journal of Nutrition, 73, 897-913.

Makvandi, A., Alavi Fazel, M., & Lack, S. H. (2013). Effect
of biological and chemica nitrogen fertilizers and plant
density on quantitative and qualitative yield of silage corn.
Scientific Journal of Agronomy and Plant Breeding, 1(3),
51-63.

Mantelin, S., & Touraine, B. (2004). Plant growth-promoting
bacteria and nitrate availability: Impacts on root
development and nitrate uptake. Journal of Experimental
Botany, 55, 27-34.

Mehrvarz, S., Chaichi, M. R., & Alikhani, H. A. (2008). Effect
of phosphate solubilizing microorganisms and phosphorus
chemical fertilizer on forage and grain quality of barley
(Hordeum vulgare L.). American-Eurasian Journal of
Agricultural and Environmental Sciences, 3(6), 855-860.

53



Allahdadi et al. / Iran Agricultural Research (2020) 39(2) 47-56

Meneses, M., Megias, M. D., Madrid, J., Martinez-Teruel, A.,
Fernandez, F., & Oliva, J. (2007). Evaluation of the
phytosanitary, fermentative and nutritive characteristics of
the silage made from crude artichoke (Cynara scolymus L)
by-product feeding for ruminants. Small Ruminant
Research, 70, 292-296.

Menke, K. H., & Steingass, H. (1988). Estimation of the
energetic feed value from chemical analysis and in vitro
gas production using rumen fluid. Animal Research
Development, 28, 7-55.

NRC (1985). Subcommittee on sheep nutrition: Nutrient
requirements of sheep. Washington: National Academies
Press.

Omidi, H., Naghdi Badi, H., Golzad, A., Torabi, H., &
Footoukian, M. (2009). The effect of chemical and bio-
fertilizer source of nitrogen on qualitative and quantitative
yield of saffron (Crocus sativus L.). Journal of Medicinal
Plants, 2(30), 98-109.

Pandino, G., Lombardo, S., Mauromicale, G., & Williamson,
G. (2011). Profile of polyphenols and phenolic acids in
bracts and receptacles of globe artichoke (Cynara
cardunculus var. scolymus) germplasm. Journal of Food
Composition and Analysis, 24, 148-153.

Panwar, J. D. S, & Singh, O. (2000). Response of
Azospirillum and Bacillus on growth and yield of wheat
under field conditions. Indian Journal of Plant Physiology,
5, 108-110.

Peaslee, D. E. (1978). Relationships between relative crop
yields, soil test phosphorus levels, and fertilizer
requirements for phosphorus. Communications in Soil
Science and Plant Analysis, 9, 429-442.

Pistéon, M., Machado, 1., Branco, C. S., Cesio, V., Heinzen, H.,
Ribeiro, D., Fernandes, E., Chisté, R. C., & Freitas, M.
(2014). Infusion, decoction and hydro acoholic extracts of
leaves from artichoke (Cynara cardunculus L. subsp.
cardunculus) are effective scavengers of physiologically
relevant ROS and RNS. Food Research, 64, 150-156.

Pourhadi, M. (2012). Effects of bio-fertilizers on yield and
essential oil of peppermint (Mentha piperita L.). Journal of
Herbal Drugs, 2(2), 137-148.

Rahimi, A., Mehrafarin, A., Naghdi Badi, H., & Khalighi-
Sigaroodi, F. (2013). Effects of bio-stimulators and bio-
fertilizers on morphological traits of basil (Ocimum
bacilicum L.). Annals of Biological Research, 4(5), 146-
151.

Rajendran, K., & Devargj, P. (2004). Biomass and nutrient
distribution and their return of Casuarina equisetifolia
inoculated with bio-fertilizers in farm land. Biomass and
Bioenergy, 26, 235-249.

Robinson, P., Putnam, D., & Muller, S. (1998). Interpreting
your forage test report. California Alfalfa and Forage
Review, 1(2). Retrieved from: http://www.foragetesting.
org/files/InterpretingFQReport.pdf; accessed July 29, 2016.

Rondanelli, M., Giacosa, A., Orsini, F., Opizzi, A., & Villani,
S. (2011). Appetite control and glycaemia reduction in
overweight subjects treated with a combination of two
highly standardized extracts from Phaseolus vulgaris and
Cynara scolymus. Phytotherapy Research, 25, 1275-1282.

Saharan, B. S, & Nehra. V. (2011). Plant growth promating
rhizobacteria: A critical review. Life Science Medicinal
Research, 60, 613-635.

Salam, S. M. A, Bueno, I. C. S., Godoy, P. B, Nozélla, E. F.,
Vitti, D. M. S, & Abdalla, A.L. (2008). Nutritive value
assessment of the artichoke (Cynara scolymus) by-product
as an alternative feed resource for ruminants. Tropical and
Subtropical Agroecosystems, 8, 181-189.

Savci, S. (2012). Investigation of effect of chemical fertilizers
on environment. Procedia PCBEE, 1, 287-292.

Schmidt, R. E., & Blaser, R. E. (1969). Effect of temperature,
light, and nitrogen on growth and metabolism of ‘Tifgreen’
bermudagrass (Cynadon spp.). Crop Science, 9, 5-9.

Shabani, G., Ardekani, M. R., Chaichi, M. R., Fridd, J,
Khavazi, K., & Eshghizadeh H. R. (2011). Effect of
different fertilizing systems on seed yield and phosphorus
uptake in annual medics under dryland farming conditions.
Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 39(1),
191-197.

Sharma, S. C., Vyas, A. K., & Shaktawat, M. S. (2002). Effect
of levels and sources of phosphorus under the influence of
faam yard manure on growth determinants and
productivity of soybean (Glycine max (L.) Merrill). Indian
Journal of Agricultural Research, 36(2), 123-127.

Shoghi-Kalkhoran, S., Ghalavand, A., Modarres-Sanavy, S. A.
M., Mokhtassi-Bidgoli, A., & Akbari, P. (2013). Integrated
fertilization systems enhance quality and vyield of
sunflower (Helianthus annuus L.). Journal of Agricultural
Science and Technology, 15, 1343-1352.

Singh, G., Biswas, D. R, & Mawaha, T. S. (2010).
Mobilization of potassium from waste mica by plant
growth promoting rhizobacteria and its assimilation by
maize (Zea mays) and wheat (Triticum aestivum L.): A
hydroponics study under phytotron growth chamber.
Journal of Plant Nutrition, 33, 1236-1251.

Singh, K., Ramand, P., & Singh, J. P. (1989). Effect of
nitrogen and inter and intra row spacing on herb and oil
yield of transplanted Japanese mint (Mentha arvesis L.).
Annals of Agricultural Research, 10, 258-261.

Sonnante, G., Pignone, D., & Hammer, K. (2007). The
domestication of Artichoke and Cardoon: From roman
times to the genomic age. Annals of Botany, 100, 1095-
1100.

Subba, R., Tilak, K., Singh, C., & Lakshemi, M. (1979).
Graminaceous plant to inoculation with Azospirillium
Brasilense. Current Science, 48, 133-134.

Sultana, M. N. (2003). Effects of rhizobium inoculum and
nitrogen fertilizer on yield and nutrient quality of cowpea
(Vigna unguiculata) forage at different stages of maturity.
(Master’s thesis of Bangladesh Agricultural University,
Dept. of Animal Nutrition. Mymensingh).

Tarcdu, D., Cucu-Man, S., Stavarache, M., Samuil, C., &
Vintu, V. (2012). Mineral versus organic fertilization.
Effect on the quality of forages produced on a grassland of
Nardus stricta L. Seria Agronomie, 55, 49-54.

Thalooth, A. T., Sary, G. A. L., El-Nagar, H. M., El-Kramany,
M. F., Kabesh, M. O., & Bakhoum, G. S. H. (2015). Yield
and quality response of ryegrass, Egyptian clover and their
mixtures to different sources of fertilizers. Agricultural
Sciences, 6, 137-145.

Tilak, K. V. B. R,, Ranganayaki, N., Pd, K. K., De, R,
Saxena, A. K., Shekhar Nautiyal, C., Shilpi Mittal, A.,
Tripathi, K., & Johri, B. N. (2005). Diversity of plant
growth and soil health supporting bacteria. Current Science,
89, 136-150.

Trenholm, L. E., Dudeck, A. E., Sartain, J. B., & Cisar, J. L.
(1998). Bermudagrass growth, total nonstructura
carbohydrate concentration, and quality as influenced by
nitrogen and potassium. Crop Science, 38, 168-174.

Van Alfen, N. K. (2014). Encyclopedia of agriculture and
food systems. London, England; Waltham, Massachusetts:
Academic Press, Elsevier Science & Technology.

Van QOosterom, E. J., Borrell, A. K., Chapman, S. C, &
Hammer, G. L. (2010). Functional dynamics of the
nitrogen balance of Sorghum: I. N demand of vegetative
plant parts. Field Crop Research, 155, 19-28.



Allahdadi et al. / Iran Agricultural Research (2020) 39(2) 47-56

Van Soest, P. J.,, Robertson, J. B., & Lewvis, B. A. (1991). Yaghmaei, L., Soltani, S., & Khodagholi, M. (2009).
Methods for dietary fiber, neutral detergent fiber and non- Bioclimatic classification of Isfahan province using
starch polysaccharides in ration to animal nutrition. multivariate statistical methods. International Journal of
Journal of Animal Science, 74, 3583-3597. Climatology, 29, 1850-1861.

Yadav, J., Yadav, S, & Singh, S. G. (2011). Plant growth
promotion in wheat crop under environmental condition by
PSB as bio-fertilizer. Research Journal of Agricultural
Sciences, 2(1), 76-78.

55



BFEY (VIR (Y1) oyl (65,5088 Sliions

g3 — el Wl

Sluak 9 (Niglgd g0 Sluogas Sy g (S LSS Wiyl

w— W

;l/_;a )

Sish S

s <0013 (G ST SIS e UL o) gl T g0ls Al and e

| N .
by

Ol 1 5 5 oS3 (55,508 uStils o5 laLS (5351551 35"

Wl olejl el Gl ned gilie 5 (55,508 25T 5 SlaES 55 o prb e Sliks iy
Olpl g oledal (55,5L8S gy g sl

Ol Vg Gups u s oBsls (63,9LaS caSaily als pole 05 5V

Olnl i syl kool saoe olSsls (55,9LaS ouSisls ¢ als pole 05,5

J}i......c °'-\-3--€,5-“*

Sloslanul b (adsle 551 cs3mm) 0)5kain aiz (alS (lie @ (K58 55 CuiS —onSy
Sl 63,0leS Glaptunw ;o oliend laogS Bras flae (RalS g i sloogS
05 (Eil Slapian 5 (St 955 (b 055 SIS bl 6l S oo B
al p JyeSE gyb 5l eslital b gl 5o Giulesl (S S8 wlio (S p 2LS
ol Lo 5251 s alowl VYA Jlo 43 oleiol 4o S5 dus b b0l ol (glacSsly
drog jlaie jlas o B g Ve d((aliend 355 ) wald sk ;o olend slaosS
SN DS g ((Fm) slo2gS Gg) Sald polaw )3 (L slaogS g o
*Voosk 5 (ouilyoslST 15l 5 lasy ulgagogm) ¥ 595k d(ligagdgm 5 poals yrmsss]
o329 55 9 padplbio BB (65, (olord oS 5« So5gled 50 Dlao g STy 5
Shoslainl b as ol olias gl ol e (Ss)) (oiugy &5, dope 0 (29,00
Az B Ojgo ar adgle CoaS Gl 0 Fae sla el pleerd 5 ey soosS
Sy 25U Ll oyine 0l b aolie jo (Fians 395 90 b plojen il il Senge
9L & S (6t Sote SIS g i conl 92y L idls adgle CudsST I3 )0
oS g 08 (sl olS iils 4335 (sl )lasd 45 0b (605 s LIS job 4y ol ¥

A Faiedge (K58 55 adgle

alio wleMb!

flio azsis b
VWAAVITE 2l o o )b
WWAARNY 1 ds o)l

ARECVARYA 7 NPT

sl sloojly
) ssgS
SRS

3B g L,

e g2l L8 (555l

B pls 0509 (65 5]



