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ABSTRACT

Two field experiments were carried out during the
winter seasons of 2000/2001 and 2001/2002 at the Agricultural
Experimental Station (at Abeis) Alexandria University, to
investigate the response of globe artichoke plants cv. French, to
the inoculation with Halex, and Microbein b|ofert|I|zers under
varying N levels (0, 45, 90 and 135 kg N fed™). The results
indicated that increasing N applied rate was accompanied with
significant mcreases in plant height, number of off-shoots and
leaves plant?, and leaf dry matter content. Moreover, leaf’s
mineral contents (N, P and K) were positively and significantly
responded to N application. It was also notlced that yield
characters (hnumber and weight of heads plant Y increased as a
result of N application up to 90 kg N fed™ Application of 135 kg
N fed™ improved most head quality characteristics (head’s
weight, length, diameter, dry matter, TSS and K content)
However, the differences between 90 and 135 kg N fed™ were
not found significant in terms of total carbohydrates of head
and receptacle weight. Inoculation of globe artichoke stumps
with the biofertilizer Halex, or Microbein led to significant
increases in vegetative growth characters, leaf’s mineral
contents and yield potential (early and total heads yield). Head
guality characteristics were greatly improved due to the
biofertilizer treatments. Microbein appeared to be more
effectlve than Halex; in this respect. The application of 90 kg N
fed™, combined with Microbein biofertilizer, seemed to be the
most efficient treatment combination, which gave a balanced
vegetative growth, a higher early and total heads yield as well
as a good quality. Moreover, this particular treatment
combination was more beneficial in changing yield pattern
distribution of globe artichoke heads compared to all other
treatments.
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INTRODUCTION

Globe artichoke is considered as one of the most important vegetable
crops in Egypt, for local consumption and exportation, either fresh or
processed. It gained an important nutritional value due to its high contents
of phenolic compounds, flavonoids, inulin, heparaxal, fibers and many
minerals (Lattanzio and Sumere, 1987).Its extracts contain also cynarin,
which has effects on hepatobitary diseases, hyperlipidaemia, dropsy,
rheumatism and cholesterol metabolism (Adzet et al., 1987 ; Hammouda et
al., 1993a). In addition, leaves, stems and industry residues are used for
cattle feed (Hammouda et al., 1993b). Egypt has the potential to develop
an excellent export industry in artichoke (Schrader, 2001). The production
areas around Alexandria, Behira and Giza Governorates have favorable
climatic conditions to grow good quality artichoke for export marketing.
The major production of globe artichoke in Egypt is obtainable usually
during the months of March and April, but the optimum export window to
European countries is the period from November up to February (Abdel-Al
and Moustafa, 1973 ; Abd El-Fattah et al., 1998). The early production
through this period represents a vital importance, since the demand for
either export or local market is great and the prices are high which affects
the net income of globe artichoke production (Okasha et al., 1997).
Nowadays, in Egypt, a great attention is given in Egypt for promoting
globe artichoke production to satisfy the increased demands of local fresh
market, developing processing industry and rapidly growing exportation.
Therefore, the modification or redistribution of the yield pattern of
artichoke coupled with increasing yield potential, by any way, would be of
a great interest. Globe artichoke is a sensitive plant to nutritional balance
due to its huge vegetative growth and high productivity; besides, it is a
perennial crop with a long life cycle (Rubatzky and Yamaguchi, 1997).

Nitrogen nutrition is one of the paramount factors influencing
growth and reproductive development of globe artichoke. The effects of
N fertilizer on vegetative growth and yield potential were extensively
studied by several investigators and reflected much confliction on N rates
(60-150 kg N fed™) required for optimum head production and quality
(Gerakis and Honoma, 1969; El-Shal et al., 1993a; Pomares et al., 1993;
Pedreno et al., 1996; El-Seifi et al., 1997; Schrader and Mayberry, 1997;
Abd El-Fattah et al., 1998; Feleafel, 2005). Gerakis and Honoma (1969)
found a marked response to N application which increased the foliage
fresh weight of globe artichoke and accelerated the appearance of bolters
when applied up to 200 Ib N / acre. However, El-Shal et al. (1993b)



J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.4 (2)2005

mentioned that N application at 60 kg fed™ exerted some increases on
leaf area, leaves fresh and dry weights, heads productivity and
accelerated earliness of artichoke. Salamah (1997) found that the growth
characters of globe artlchoke were markedly increased due to the
application of 114 kg N fed™. Abd El-Fattah et al. (1998) reported that
the application of N fertilizer up to 80 kg N fed™ increased leaf dry
matter content, mineral contents, early and total y|eId Recently, Feleafel
(2005) showed that the addition of 150 kg fed™ reflected positive
influences on number of basal shoots, plant height, early and total yield
of globe artichoke plants. Unlikely, Foti et al. (2000) demonstrated that
earliness and total yield were better by the additional of 80 kg N fed™. On
the other extreme, Schrader and Mayberry (1997) reported that artichokes
require less fertilizer than most other vegetable crops to produce top
yields. For maximum Iylelds in most circumstances, growers in USA
apply 45-90 kg N fed™. Many other investigators concluded that there
was no yield response to N application above 80 kg N fed™ (El-Adgham,
1974; Pomares et al., 1993; Pedreno et al., 1996; Abd El-Fattah et al.,

1998 ; Foti et al., 2000). Therefore, judicious application of N fertilizer is
an important cultural practice to improve the yielding ability of globe
artichoke crop. Furthermore, the excessive use of N fertilizer increases
generally the total cost of crop production and creates pollution of agro-
ecosystem (Fisher and Richter, 1984). Under these circumstances,
supplementing or substituting the inorganic fertilizers with organic
sources, especially those of microbial origin, is of great interest and so
urgent. Little information on the effect of biofertilzer application or the
interaction between the bio-and-chemical fertilization on globe artichoke
plants is available (Abd El-Fattah, 1998; Sorial et al., 1998). Sorial et al.
(1998) reported that the application of biofertilizer (Promote) stimulated
the vegetative growth, raised leaf’s mineral contents as well as increased
early and total yield of artichoke heads. They added that the biofertilizer
improved some head quality characteristics and changed the yield pattern
distribution of globe artichoke plants.

The present study was conducted to investigate the effect of
biofertilizer types under varying levels of N on vegetative growth, head
yield and quality characteristics of globe artichoke plants under the
prevailing conditions of Alexandria Governorate.

MATERIALS AND METHODS
The main effects of nitrogen fertilizer levels and biofertilizer types

as well as their interactions on the vegetative growth, mineral contents,
yield and quality of globe artichoke cv. French were investigated
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throughout two field experiments; executed at the Experimental Station
Farm (at Abeis), Fac. Of Agric., Alex. Univ.; during the two winter
seasons of 2000/2001 and 2001/2002. Preceding the initiation of each
experiment, soil samples at 25cm depth were collected from each
experimental site and analyzed, according to Page et al. (1982). The
results of the analyses are given in Table (1).

Table (1): Some important physical and chemical properties of the
experimental sites in 2000/2001 and 2001/2002 winter

seasons
Physical Chemical properties
properties
Seasons ol sitt [Clay EC. |[PH|oM| N | P K  |CaCos| So,
(%) (%) | (96) | T @smh)| | (%) | (%) |(ppm)|(meaL )| (%) | (%)

2000/2001|22.1(37.8|40.1| Clay | 3.18 [8.02|0.72|0.12| 141 | 0.082 | 1.6 |074
loam

2001/2002|22.4|36.4|41.2| Clay | 3.12 |7.90/0.76]0.10| 152 | 0.085 | 1.4 |0.68
loam

Nitrogen fertilizer treatments contained three different levels;
45, 90 and 135 kg N fed as well as the unfertilized control.
Biofertilizer treatments included seed inoculation with two variant
types of biofertilizers; Halex-2 and Microbein; as well as the
uninoculated control. There were twelve treatment combinations in
total. The biofertilizer Halex-2; a mixture of non-symbiotic N-fixing
bacteria of genera Azotobacter, Azospirllum and klebsiella; was
obtained from the Biofertilization Unit, Plant Pathology Department,
Fac. of Agric., Alex. Univ.; whereas, the biofertilizer Microbein; a
mixture of non-symbiotic N-fixing bacteria of genera Azotobacter,
Azospirillum and klebsiella as well as the phosphate dissolving
bacteria Baccillus; was obtained from the Biofertilization Unit,
Ministry of Agriculture, Egypt. Seed pieces (stumps) of globe
artichoke plants were planted in 4 ridges of 1.2 m width and 6 m
length at 0.75 m plant distances on July 16, 2000 and July 18, 2001.
The area of the smallest experimental unit was 28.8 m% Two guard
rows were left between each two adjacent main plots and one guard
row was left between each two adjacent sub-plots to protect against
side effects. Each nitrogen rate was equally divided and side dressed




J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.4 (2)2005

at 60, 90 and 120 days after planting. The first N application, in all
treatments, was in the form of ammonium sulphate (20.6% N);
whereas, the later ones were in the form of ammonium nitrate (33.5%
N). Halex-2 biofertilizer was utilized at the rate of 200 g, according to
recommendations of the Biofertilization Unit, Plant Pathology
Department, Fac. of Agric., Alex. Univ.; whereas, Microbein
biofertilizer was utilized at the rate of 20 kg fed™, according to the
recommendations of the Ministry of Agriculture, Egypt. The
inoculation process was performed by immersing the stumps
(previously treated with the fungicide Topsin M-70 at the rate of 2g
per liter for 20 minute) in a Halex-2 or Microbein cells suspension
(4x10" cells ml™) containing 5% Arabic gum, for 30 minutes just
before planting. The inoculation process was again repeated three
weeks later as a side dressing beside the seed pieces. Stumps of the
uninoculated control were dipped in distilled water containing 5%
Arabic gum. The experimental layout was a split-plots system in a
randomized complete blocks design, with three replications. Nitrogen
fertilizer levels were arranged as the main plots, while the biofertilizer
types were randomly distributed in the sub-plots. All experimental
units received identical levels of potassium and phosphorus fertilizers.
Calcium super phosphate at the rate of 200 Kg fed™ (15.5% P, Os)
was base dressed before planting and potassium sulphate (48% K,0)
at the rate of 150 Kg fed™. was equally divided and side dressed at the
same times of N application. All other agricultural practices were
adopted whenever they were necessary and as commonly
recommended for the commercial production of globe artichoke.
Harvesting started in the first season on November 22 and continued
until May24, 2001. Meanwhile; in the second season, the harvesting
extended from November 24 to May 27, 2002.

Data Recorded

1-Vegetative growth characters

Measurements of morphological characters were taken using
five randomly selected plants from the outer ridges in each sub-plot at
the blooming stage. The measurements of plant height, number of off-
shoots and leaves plant™ and leaf dry matter content were recorded.
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2-Leaf’s mineral contents

Leaf samples for chemical determinations were collected from
the youngest fully expanded mature leaves of 10 randomly selected
plants at blooming stage. Contents of N, P and K were determined
using Microkjeldahal procedure for N, ammonium stannous chloride
method for P (A.0.A.C., 1992) and flame photometer for K (Black,
1965).

3-Early and total heads yield

Early yield plant™ was estimated as the number and weight of
all harvested heads during the four months of Nov., Dec., Jan. and
Feb. Total yield plant™ was determined as number and weight of all
harvested heads throughout the entire harvesting period.

4- Yield pattern distribution

Yield pattern distribution was determined and expressed as
percentage of monthly produced heads per plant relative to the total
number of harvested heads throughout the entire harvesting period.

5- Heads quality characteristics

At the peak of harvesting period (March), head quality
characters were considered and the following measurements and
determinations were achieved; average head weight, length and
diameter, receptacle weight, head dry matter content, total soluble
solids (TSS) in the edible portions, using a hand refractometer, total
carbohydrates and K content in the edible portions, as outlined by
Malik and Singh (1980) and Black (1965), respectively.

Appropriate analyses of variance on data of each experiment
were performed using Costat Software (1985). Comparisons among
the means of the various treatment combinations were carried out,
using the revised least significant difference test at p=0.05, illustrated
by ElI-Rawy and Khalf- Allah (1980).

RESULTS AND DISCUSSION

Vegetative growth characters

Data presented in Table (2) showed that the application of N
fertilizer, irrespective of the used level, significantly, increased plant
height, number of off-shoots plant®, number of leaves plant® and
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leaves dry matter content, relative to the unfertilized control, in both
seasons of 2000/2001 and 2001/2002. It was noticed that increasing N
application up to 135 Kg fed™® progressively and significantly
increased No. of off-shoots plant® and leaf dry matter content.
However, plant height and No. of leaves plant™ recorded the highest.

with the application of 90 kg N fed™. Such a positive response
of N applied levels on all studied vegetative characters could be due to
that the available amount of N to plants in the soil was relatively low
(Table, 1). The enhancing effect of N on plant growth might be
attributed to its vital contribution to several biochemical processes
related to growth, in the plants, and to its active role on assimilating
the photosynthetic reaction (Marschner, 1994). The present results
matched well with those obtained by EI-Shal et al. (1993a), Salamah
(1997) and El-Seifi et al. (1997), who reported that increasing the
applied N rate from 40 up to 120 kg fed™ exerted increases on the
vegetative growth characters of globe artichoke plants grown under
the condition of newly reclaimed soils.

Treating the globe artichoke seed pieces before planting with the
Halex, or Microbein biofertilizers was responsible for significant
increases on plant height, No. off-shoots and leaves plant™ and leaf
dry matter content over the unionculated control, in both seasons
(Table, 2). The inoculation with the biofertilizer Microbein gave
significantly longer plants, more No. off-shoots and higher content of
leaf dry matter than Halexy, in both seasons. However, the differences
between Halex, and Microbein in terms of number of leaves plant™
were not significant. The beneficial effects of the two investigated
biofertilizers on the studied vegetative growth traits of globe artichoke
might be related to the promoting effects of the non-symbiotic N,-
fixing bacteria on morphology and / or physiology of the root system;
resulting in a more efficient utilization of available nutrients in the soil
and favoring the vegetative growth to go more forward. Jagnow et al.
(1991) and Noel et al. (1996) pointed out that the non-symbiotic N-
fixing bacteria, Azotobacter and Azospirillum, produced adequate
amounts of IAA, gibberellins and cytokinins, and synthesized some
vitamins. Moreover, they increased the surface area per unit root
length and enhanced the root hair branching with an eventual increase
on the wuptake of nutrients and water from the soil.
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Treatment 2000/2001 2001/2002
N levels Biofertilizer | Plant height | No. off-shoots | No. leaves Leaf dry Plant height | No. off-shoots | No. leaves Leaf dry
(KgN/fed) types (cm) plant” plant” matter content| (cm) plant” plant” matter content|
(%) (%)
0 75.8C 7.9D 64.57D 13.51D 86.0C 8.2D 65.16D 14.27D
45 79.1B 8.4C 70.28C 14.40C 89.6B 8.6C 69.75C 15.03C
90 87.2A 9.4B 78.93A 15.45B 94.8A 9.5B 83.89A 15.86B
135 87.6A 9.8A 75.16B 16.24A 96.6A 10.0A 77.90B 16.77A
Control 77.6C 1.1C 66.22B 13.3C 87.0C 8.0C 68.03B 13.88C
Halex2 81.8B 8.2B 76.42A 14.48B 91.7B 8.6B 78.38A 15.18B
— Microbein 87.7A 10.6A 74.08A 16.90A 97.6A 10.6A 76.14A 17.38A
W 0 Control 7331 7.1d 60.85f 11.93¢g 81.99 7.49 60.45g 12.63g
(@] Halex2 76.0gh 7.3d 67.04de 13.60f 87.9¢ 7.6g 68.86¢f 14.40f
_.E.s Microbein 78.0fg 9.4b 65.88¢f 15.00d 88.2de 9.6cd 66.16f 15.77d
= 45 Control 75.1gh 7.3d 68.42cde 12.67¢ 86.2f 1.7¢ 66.45f 13.43¢
m Halex2 79.3¢f 7.8¢d 71.86¢ 14.13¢f 89.5d 8.4ef 70.73de 14.80ef
5 Microbein 83.0cd 10.0b 70.58cd 16.40¢ 93.2be 9.7¢ 72.09d 16.87¢
<@ 90 Control 81.0de 8.1c 67.21de 14.27¢f 87.9de 8.5¢ 72.22d 14.37f
A. Halex2 85.0bc 8.3¢ 88.90a 14.67cd 94.5b 8.9de 94.60a 15.40de
) Microbein 95.0a 11.8a 80.68b 17.40b 101.9a 11.1b 84.86b 17.80b
v 135 Control 81.0de 8.1c 68.43cde 14.43¢f 91.9¢ 8.5¢ 73.00d 15.07def
W Halex2 87.0b 9.6b 717.86b 15.50cd 94.9 9.5d 79.34c 16.13¢
% Microbein 94.7a 11.8a 79.19 18.80a 103.2a 12.0a 81.46¢ 19.10a
Plu Values marked with the same alphabetical letter(s), within a comparable group of means, do not significantly differ, using revised L.S.D. test at 0.05 level.
)
<
)
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Carletti et al. (1996) demonstrated that the plants, inoculated with
Azospirillum, displayed an increase on total root length by 150%,
compared to the uninoculated control. Furthermore, Apte and Shende
(1981) reported that the inoculation substances might change the
microflora in the rhizosphere and affect the balance between harmful
and beneficial organisms. Similar findings were recorded by Sorial et
al. (1998), who indicated that the application of Promote biofertilizer;
mixtures of fungus and yeast; stimulated significantly plant height,
number of leaves plant™ and leaf dry matter content of globe artichoke
plants.

The interaction effects between the various levels of N fertilizer
and biofertilizer types on vegetative growth characters were found
significant, in both seasons (Table, 2). At any level of N, inoculation
artichoke seeds (stumps) with the biofertilizer Halex, or Microbein
increased plant height, No. off-shoots and leaves plant™ and leaf dry
matter content compared to the uninoculated ones. Nevertheless, the
Microbein was superior in this respect. The combined treatment of 90
Kg N fed™ and the inoculation with the Microbein biofertilizer was
the most beneficial treatment combination for all vegetative growth
characters and leaf dry matter content except for No. leaves plant™ as
it recorded significantly higher mean values than those of the highest
N rate (135 kg N fed™) alone. However, the highest significant No.
leaves plant® was gained from the application of 90 kg N fed™
combined with Halex; biofertilzer.

Leaf's mineral contents

Results of Table (3) illustrated a progressive significant increase
on leaf N content with the application of N up to 135 kg N fed™;
whereas, gradual increases in leaf P and K contents occurred when N
applied rate reached up to 90 kg fed.Raising N level over 90 kg fed™
did not significantly reflect any effect on leaf’s K content; but it,
significantly, deceased leaf’s P content. The obtained results seemed
to agree with those of Salamah (1997), who reported that leaf N, P and
K contents of globe artichoke increased gradually with increasing the
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level of N application from 95 to 285 kg N ha™. Sorial et al. (1998),
working on globe artichoke, indicated that application of N fertilizer
up to 80 kg N fed™, significantly, increased the leaf mineral content of
N, P and K.

Data arranged in Table (3) indicated that the inoculation with
the biofertilizer Halex, or Microbein, significantly increased the leaf
contents of N, P and K compared to the uninoculated control, in both
seasons. The exception was for leaf’s P content, where, the effect of
inoculation with the biofertilizer Halex, did not differ from the
uninoculated one. Biofertilization with leaf’s K content was
significantly more effective than Halex, on leaf’s mineral contents,
except leaf’s N content, where their effects were similar. The
promoting effects of the biofertilizers, Halex, and leaf’s K content on
the nutritional status of the leaves could be related to the role of
biofertilizer on improving the availability of nutrients and to the
modification of root growth, morphology and physiology, through
hormonal exudates of biofertilizers bacteria, resulting in a more
efficient absorption of available nutrients (Jagnow et al., 1991).The
adequate influence of Microbein rather than Halex, on leaf P content
probably due to the presence of phosphate dissolving bacteria as a
component of Microbein ,which perhaps devoted a more efficient
absorption of P. Similar findings on the effect of biofertilization on
leaf mineral content of globe artichoke were reported by Sorial et al.
(1998).

The interaction effects between N application levels and
biofertilizer types exhibited some significant differences on leaf’s N
and K content, in both seasons (Table, 3). Leaf’s P content, however,
was not significantly affected. At any N level, inoculation with either
Halex, or Microbein, increased leaf’s N and K contents relative to the
uninoculated ones, but with different rates.
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Early and total heads yield

Data in Table (4) exhibited that the application of N, irrespective
of the level used, increased significantly the early and total heads yield
plant™ expressed as number and weight of heads, compared to the
unfertilized control treatments, in both seasons. Application of 90 kg
N fed™ out-yielded the low N level (45 kg N fed™). Raising N
applied rate from 90 to 135 kg N fed.” did not appear to improve
number and weight of early and total heads vyield plant™ in both
seasons. The positive effects of N application on globe artichoke yield
might be attributed to its role on activating the vegetative growth
(Table, 2) and to the accumulation of mineral contents in leaves;
which, in turn enhanced the production of more photosynthetic
substances required for head formation and development. Similar
findings were recorded by Gerakis and Honoma (1969), who found a
marked response to N application which accelerated the appearance of
bolters (heads). El-Seifi et al. (1997) reported that soil dressing with
120 kg N/fed is recommended for increasing globe artichoke
productivity and earliness under newly reclaimed soil conditions.
Salamah (1997) and Foti et al. (2000) demonstrated that earliness and
total heads yield were better by 200 kg ha™ (80 kg fed™). Pomares et
al. (1993) and Pedreno et al. (1996), also, showed that there was no
yield response to N application above 200 kg ha™.

Inoculation globe artichoke stumps with the two biofertilizer
types; Halex, and Microbein exerted positive remarkable influences
on number and weight of early and total heads yield plant™ compared
to the uninoculated ones, in both growing seasons (Table, 4). Number
and weight of early heads yield plant® as well as number of total
heads yield plant™ were similar whether the inoculation process was
performed either with Halex, or Microbein, in both seasons. However,
Microbein-treated stumps produced significantly heavier weight of
total heads yield plant’than Halex,- treated ones, in both seasons.
The more promoting influences of Microbein than Halex, might be
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Table (4): Early and total heads yield of globe artichoke plants as affected by N fertilizer levels and biofertilizer types
during the winter seasons of 2000/2001 and 2001/2002

Vol.4 (2)2005

Treatment 2000/2001 2001/2002
N levels Biofertilizer Early yield heads plant™ Total heads yield plant* Early heads yield plant™ Total heads yield plant”
(Kg Nffed) QYpes Number | Weight(z) | Number | Weight(kg) | Number | Weight(g) | Number | Weight (kg)

0 2.49C 500.7C 14.83C 279 2.81C 564.8C 12.42C 3.01C

45 4.18B 611.0B 20.41B 3.05B 4.60B 661.2B 17.40B 3.46B

90 5.29A 736.0A 23.18A 3.38A 6.07A 778.8A 19.78A 3.71A

135 5.74A 728.5A 23.24A 3.54A 6.28A 785.3A 20.54A 3.61A

Control 2.96B 559.6B 17.29B 2.76B 3.04B 596.3B 14.06B 2.96B
Halex2 5.23A 683.5A 21.75A 3.32A 5.89A 745.4A 19.43A 3.69A

- Microbein 5.10A 689.2A 2221A 3.49A 5.90A 751.0A 19.09A 3.70A
W 0 Control 1.65¢ 419.8f 13.94¢ 2.16f 1.34b 471.3f 11.18b 2.32f
o Halex2 2.89bc 534.1¢ 15.42¢ 2.96de 3.73a 601.6d 13.43a 3.26cd
E., Microbein 2.94be 548.1¢ 15.12¢ 3.24bc 3.37a 621.6d 12.66ab 3.46cd
N 45 Control 3.45bc 537.5¢ 19.09b 2.71e 3.88a 574.6e 15.57cd 2.81e
< Halex2 4.78b 628.8d 21.83ab 3.29cd 4.98a 697.3b 18.27b 3.6%c¢
w Microbein 4.32bc 666.8¢ 20.31b 3.15¢ 4.93a 711.6b 17.22bed 3.87ab
@ 90 Control 3.44bc 631.1d 18.63b 2.96de 3.52¢ 664.6¢ 15.11bcd 3.20d
< Halex2 6.37a 792.5a 25.63a 3.47bc 7.28b 841.3a 22.09a 3.86ab
u Microbein 6.06a 784.5a 25.28a 3.70ab 7.42a 830.6a 22.15a 4.07a
w 135 Control 3.29bc 649.8cd 17.48b 3.22c¢d 3.40¢ 674.6¢ 14.39d 3.52¢
W Halex2 6.88a 778.1ab 24.10a 3.55be 7.55b 841.3a 22.81a 3.93ab
% Microbein 7.06a 757.5b 28.14a 3.85a 7.88a 840.0a 24.33a 3.39%d
Plu Values marked with the same alphabetical letter(s), within a comparable group of means, do not significantly differ, using revised L.S.D. test at 0.05 level.
)
<
)



14

J.Agric.&Env.Sci.Alex.Univ.,Egypt Vol.4 (2)2005

explained on the basis that Microbein is a multi-inoculation containing
three different genera of non-symboitic N-fixing bacteria;
Azotobacter, Azospirillum, Klebsiella as well as one genera of
phosphate dissolved bacteria; Baccillus; while, Halex, contained the
three different genera of non-symbiotic N-fixing bacteria;
Azotobacter, Azospirillum and Klebsiella. The obtained results
confirmed the previous findings of Sorial et al. (1998), who found that
application of a biofertilizer caused some significant increases on
earliness, early and total yield of globe artichoke. Moreover; Abd El-
Fattah (1998) reported that soil inoculation with the biofertilizer
Phosphorien increased early and total yield of artichoke.

The interaction of N levels by biofertilizer types had significant
effects on early and total heads yield plant™ of globe artichoke plants,
in both seasons (Table, 4). At the different N levels, the inoculation
with Halex, or Microbein biofertilizers led to some significant
increases, but with variable rates, in both early and total yield plant™,
either as number or weight of heads. The treatment combination of 90
kg N fed™ with the inoculation by Halex, or Microbein biofertilizers
gave higher mean values for early and total heads yield plant™ than
those attained at the highest N rate (135 kg N fed™) alone. The results
mean that 90 kg N fed™ was sufficient to meet the requirements of
globe artichoke when the seeds were inoculated either with the
biofertilizers Halex, or Microbein.

Yield pattern distribution

The vyield pattern distribution of globe artichoke heads
throughout the entire harvesting period (November to May), expressed
as percentage of number of monthly produced heads relative to the
total number of heads yield is given in Table (5) and Fig (1). The
unfertilized (control) produced a low percentage till the end of
February. At 0, 45, 90 and 135 kg N fed™, percentages of the produced
heads yield plant™ throughout Nov. — Feb. (early heads yield) were
16.79, 20.48, 22.82 and 24.69% in 2000/2001 season, while averaged



Table (5): Yield pattern distribution of globe artichoke heads throughout the harvesting period, expressed in terms
of percentage to total heads yield as affected by N fertilizer levels and biofertilizer types during the
winter seasons of 2000/2001 and 2001/2002
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,////.ﬁ.:_:_ 2000/2001 2001/2002
Treatment ——_| Nov. Dec. Jan. Feb. Mar. Apr. May Nov. Dec. Jan. Feb. Mar. Apr. May
N levels Biofertilizer
types

018 2:21 4.81 9.59 34.83 |45.03 [3.36 0.22 2.54 5:59 14.27 13341 [39.25 |4.72

0.35 4.15 6.46 9.52 3575 139.24 [453 0.41 4.60 7:37. 14.65 | 32.00 |36.27 |[4.70

0.45 4.77 7.82 9.78 36.23 | 38.67 |[2.28 0.41 4.92 8.44 16.91 |31.72 [35.74 |[1.86

0.47 5.65 8.34 10.23 | 36.63 [ 36.59 | 2.09 0.45 4.92 8.71 1649 |31.64 |[34.46 |3.33

BF, 0.29 3.30 5.19 8.35 36.67 | 41.98 |4.22 0.32 3.82 6.16 11.32 | 36.23 |38.55 |3.60

BF, 0.37 4.63 7.91 11.14 3532 [37.87 |2.76 037 4.08 7.91 18.39 |30.27 [35.10 |3.88

BEF, 0.49 4.66 7.45 10.36 | 35.58 |[38.49 |297 0.50 4.84 8.68 16.89 |30.52 |35.18 [3.39

0 BF, 0.00 1.13 2:22 8.49 36.67 | 48.08 |3.41 0.00 1.22 2.98 1.9 38.80 | 44.28 | 4.87
BF, 0.22 2.46 6.18 9.88 33.66 | 4435 |[3.25 0.30 3.18 6.22 18.07 | 31.16 |36.25 |[4.82

BF, 0.32 3.04 6.02 10.06 | 34.12 [43.35 | 3.09 0.36 3.22 6.34 16.70 | 31.69 |[37.22 | 4.47

45 BF, 0.24 3.98 4.57 9.28 3491 |40.83 |[6.19 0.26 4.08 5.18 15.40 |36.14 |34.28 | 4.66
BF, 0.34 4.20 7.12 10.24 [36.78 [38.41 |291 0.28 3.28 6.12 17.58 129.96 |38.12 | 4.66

BE, 0.48 4.28 7.46 9.05 36.26 | 37.37 | 4.06 0.68 6.44 10.82 | 10.69 |[30.17 | 36.42 |4.78

90 BF, 0.36 3.98 5.78 8.34 37.38 | 40.68 |[3.48 0.38 5.21 7.98 9.73 35.03 [37.44 |4.23
BF, 0.47 5.00 8.70 10.68 |35.62 [36.85 |2.68 0.42 4.72 8.68 19.13 [ 30.02 |34.67 [235

BEF, 0.52 5.32 8.98 9.15 35.68 | 38.35 [2.00 0.44 4.82 8.64 19.60 | 30.11 |[35.12 [1.27

135 BF, 0.33 4.10 8.08 6.31 38.43 |40.88 |[1.87 0.36 4.76 8.48 10.03 | 34.88 |38.21 [3.28
BF, 0.46 6.86 9.62 11.61 [3522 [34.05 |2.18 0.48 5.12 8.72 18.78 |29.94 |33.62 |3.70

BE, 0.62 5.98 7.32 11.17 ] 36.24 [36.52 | 2.15 0.52 4.88 8.92 18.07 |30.11 |[34.48 |3.02

*BF, : Uninoculated (control)

BF, : Halex,

BF, : Microbein
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Fig. (1): Yield pattern of globe artichoke heads throughout the harvesting period as affected by N fertilizer levels
and biofertilizer types during the winter seasons of 2000/2001 and 2001/2002
Treatment: 1- Nitrogen levels 0, 45, 90 and 135 kg N fed™. 2- Bifertilizer types: BFy: Uninoculated, BF, : Halex,, BF,: Microbein
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22.62, 26.44, 30.68 and 30.57% in 2001/2002 season, respectively.
Meanwhile, percentages of the produced heads yield plant™ throughout
the same period (Nov. — Feb. ) due to uninoculated and Halex, and
Microbein treated plants were 17.13, 24.05 and 22.96% in 2000/2001
season and 21.62, 30.75 and 30.91% in 2001/2002 season, respectively.
These findings mean that both nitrogen fertilization levels and
biofertilizer types changed the yield pattern distribution to be more
earlier in which high prices are offered.

It is worthy to mention that the application of N at 90 or 135 kg
N fed accompanied with Halex, or Microbein biofertilizer caused a
good shifting in the yield pattern of globe artichoke towards
November to February and redistributed the yield pattern to meet
somewhat the requirements of exportation demands. Results obtained
by El-Abagy (1993), Abd El-Fattah et al. (1998), Sorial et al. (1998)
and Feleafel (2005) seemed to confirm the obtained results.

Head quality characteristics

Data recorded in Table (6) showed that the application of N was
responsible  for significant improvements on head quality
characteristics, expressed as head’s weight, length, diameter, dry
matter content, total soluble solids (TSS), total carbohydrate (COH),
K content and receptacle weight, compared to the unfertilized control,
in both growing seasons. Increasing N level from 0 to 90 and furtherly
to 135 kg N fed™ reflected significant and successive increases on
most head quality characteristics with the exception in heads
receptacle weight and total carbohydrates, ;where the differences
between 90 and 135 kg N fed™ were insignificant. The positive effects
of N application on head quality characteristics seemed to be expected
on the ground that nitrogen enhanced vegetative growth, as previously
mentioned (Table, 2), and caused the accumulation of minerals (N, P
and K) in leaves (Table, 3);which, in turn, increased carbohydrate
assimilation and their translocation to the reproductive tissues (heads)
resulting in improving their quality. Similar results were recorded by
Abd El-Fattah et al. (1998), who indicated that increasing the application
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of N from 40 to 120 kg N fed™ resulted in producing heavier head
weight, larger head diameter and more contents of TSS and dry matter,
over those of the control plants. Salamah (1997) reported that increasing
N fertilization up to 95 kg N ha™ (38.5 kg fed™) was associated with
improvements on head quality, expressed as head weight and length as
well as receptacle diameter. However, raising N rate from 190 to 380 kg
N ha™ (77 to 154 kg N fed™) did not reflect any further improvement on
these traits.

Inoculation of seed pieces of globe artichoke either with Halex;
or Microbein recorded significantly the higher mean values for head’s
weight, length, diameter, dry matter, TSS, total carbohydrates, K and
receptacle weight, than those of the uninoculated control (Table, 6).
Biofertilization with Microbein was significantly more effective than
Halex, on all head quality characteristics; except the head weight in
the first season, where their effects were insignificant. The obtained
results agreed, in general, with those of Sorial et al. (1998), who
reported some enhancing effects on some head quality characteristics
;i.e., head weight, head diameter, TSS and dry matter content as a
result of inoculation with a biofertilizer.

Some interaction effects between N levels and biofertilizer types
on most head quality characteristics were found significant (Table, 6).
Head weight and total carbohydrates, however, were not affected. The
comparisons among the various treatment combinations, in general
exhibited that the treatment combination of 90 kg N fed™? and
inoculation with Microbein was the most economical and beneficial
treatment in most head quality characteristics especially in the first
season. An exception was not1ced for head’s K content; whereas, the
application of 135 kg N fed™ coupled with Microbein biofertilizer
recorded the highest mean values.

Conclusively, it is recommended to use biofertilizer Microbein
or Halexz with a moderate supply level of nitrogen fertilizer (90 kg N
fed?) in order to increase early and total heads yield of globe
artichoke plants as well as to improve head quality characteristics.
Moreover, such a treatment combination can modify the production
pattern of artichoke head to meet the demands for the export markets.
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