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ABSTRACT

Two field experiments were camied out during the two successive winter
seasons of 1999/2000 and 2000/2001 at the experimental farm. Faculty of Agriculture,
Alexandria University in Damnanhour, El-Behira governorate. The objectives of this
investigation was to study the main effects of Six N fertilizer levels (0, 18, 36, 54, 72
and 90 kg N fed") and three different biofertilizer types Microbein (a mixture of
Azolobacler , Azospiriltum , Pseudomonas , Rhizobium and Bacilfus), Rhizobacterin (
a mixture of Azofobacter and Azospinflum) and Halex-2 (a rnixture of Azotobacter,
Azospiillum and Kebsiella} as well as their interaction on vegetative growth characters
Jeaf chlorophyll contents and N content of storage leaves of onion (Alfium cepa L.) cv.
Giza 20. The obtained results indicated that application of mineral N significantly
increased plant length, plant fresh weight, leaves fresh weight plant’, leaves dry
weight plant’ and leaves d ry matter p ercentage o ver the untreated plants inboth
seasons. Meanwhile appllcatlon of N fertilizer irrespective of the level used, dld not
affect number of leaves plant”. The highest two N rates 72 and 80 kg N fed’ were
remarkable and associated with the highest mean values for the most studied
characters, but the differences between them were not found significant. Mean values
of all the studied growth characters except leaves number, showed significant
increments with the inoculated plants comparing with untreated ones. Moreover,
Halex-2 application of the biofertilizer reflected the highest m ean values for all the
studied growth parameters leaves chlorophytl content and storage leaves N content.
Fertilization of onion plants with 72 or 90 kg N fed” combined with Halex-2 was the
best interaction treatment for all the growth parameters.

INTRODUCTION

Onion {Allium cepa L.) has been grown since before recorded history.
it is one of the most important vegetables due to high income and its great
consumption popularity. It has enormous nutritional and medical values
because of its contents of carbohydrates, proteins, vitamins, minerals and
antioxidant substances (Paul and Southgate, 1987).

Nitrogen is an element required for plant growth. It is an fertilizers in
a balance and rational way to keep high and stable yield in important
component of proteins, enzymes and vitamins in plant and is a central part of
the chlorophyll, thae essential photosynthetic molecule. Application of high
rates of N to the shallow-rooted onion crop is a common practice by onion
growers to insure high yieids and bulb quality {(Randie, 2000). The excessive
application of chemical fertilizers led to increasing production cost and
diminishing soil fertility. The residual of chemical fertilizers has seriously
affected the quality of agricultural products and people’s health, caused
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environmental pollution; therefore a great interest has been generated to
apply bioorganic and inorganic addition to establishment a good eco-
environment.

Biofertilizers are living microorganisms involved in symbiotic and
associative microbial activities with higher plants. They are used for
increasing agricultural productivity and improving soil ferlility. The use of
biofertilizers have been recommended by several investigators to substitute
partially chemical fertilizers (Sabr, 1993 and Gomma et af. 1989} through its
positive influence on plant growth as illustrated by Nieto and Frankenberger
(1990); Chauhan et al. (1996} and Sundaravelu and Muthukrishinan (1993).
Hence, present investigation undertaken to examine the effect of different
commercial biofertilizers on vegetative growth characters of onion plants
{(Allium cepa L.) with graded levels of nitrogen.

MATERIALS AND METHODS

Two field experiments were conducted at the experimental station
farm, at El. Bostan region, Faculty of Agriculture Alexandria University in
Damanhour, Behira Governorate during the two winter seasons of 1995/2000
and 2000/2001.

The physical and chemical analyses of the soil (Table 1) were carried
out before planting according to the methods of Black {1965).

Table (1): Physical and chemical characteristics of the
experimental site in 1999/2000 and 2000/2001 seasons.
Soil Properties \

Physical:

Sand 84.24 (%)
Silt 11.00 (%)
Clay 4.76 (%)
Soil texdure Sandy

Chemical: 1999 2000

E.C. 216 2.34 (dsm’"}
PH 8.11 8.16

Tatal N 0.22 0.30 gkg”’
Total P 0.80 0.90 gkg™’
Total K 0.90 0.11 gkg
Organic matter 14 19 gkg”

The experimental layout was split plot in a randomized complete
blocks d esign with four replicates contained 24 treatments, which were the
combination between six mineral nitrogen fertilizers levels (0, 18, 36, 54, 72
and 90 kg N fed™.) arranged at random in the main plots and four biofertilizer
treatments: uninoculated, microbein{a mixture of Azotobacter , Azospirillum |
Pseudomonas , Rhizobium and Bacillus), Rhizobacterin ( a mixture of
Azotobacter and Azospirifflum ) and Halex-2 (a mixture of Azotobacter ,
Azospiiflum and Klebsiella ) assigned at random in subplots. Onion
transplants cv. Giza 20 (60 days old) were dipped into the biofertilizer
prepared solution of a single biofertilizer at a rate of 400g fed.” (according to
the Agricultural Ministry Lab. recommendations) just before transplanting
whereas, uninoculated seedlings were soaked in distilled water.
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Plots (14m2) were fertilized with calcium super-phosphate (15.5%
P,Os) at the rate of 300 kg fed’ added as one dose during soil preparation.
Potassium sulfate (48% K,Q) was added at the rate of 150 kg fed™ . Nitrogen
fertilizer levels as ammonium nitrate (33.3% N) were added at four equal
doses 15, 35, 55 and 75 days after transplanting. Onion {ransplantation was
carried out on the 9" and 14™ of December in 1999/2000 and 2000/2001
respectively.

For measuring growth parameters, five plant samples were harvested
(90 days after transplanting) from each plot and the obtained data were
recorded for plant length, number of leaves plant ', leaves fresh weight plant
-, plant fresh weight (Leaves and bulb), leaves dry matter percentage (a
percentage of leaves dry weight / leaves fresh weight) and total chiorophyll
content of leaves{measured by a digital chiorophyll meter SPAD-502 }.Total
nitrogen was determined in storage leaves as outlined in FAC (1980).

Statistical analysis were carried out using C ostat s oftware p rogram
(1985) and treatment means were compared at 0.05 level using the revised
L.S.D test as illustrated by Snedecor and Cochran (1980).

RESULTS AND DISSCUSSION

Effect of mineral nitrogen

Data presented in Tables 2 and 3 clearly showed that the main
effects of mineral N fertilizer rates on plant length, leaves fresh weight plant™,
leaves dry matter percentage and plant fresh weight were significant, in both
seasons.

Table (2): The main effects of nitrogen fertilizer rates and biofertilizer
types on the growth characters of onlon plants during the
winter season of 1999/2000.

Leaves
Plant* |No. leaves |Plant fresh Leaves dry
Treatments |\ ngth (cm)| plant” | welght (g) [TeSh welght oo o (%)
plant-1(g)

N rate (kg fed™)
0. 37.54D 715 113.05D | 38.82C 14.10D
18 4280 C 7.27 122.02C 42.15B 15.40C
36 43.05C 747 128.22 AB| 42508 15.97C
54 4395C 7.72 128.10B | 43.378B 16.02BC
72 47.95 A 8.50 133.52 A 42.02B 16.62AB
90 45758 8.02 133.52 A 48.85A 16.87 A
Biofertilizer type
Uninoculated 39.26 D 6.68 11958 C 3793 C 15.03C
Microbein 4236C 7.80 12590B | 4337B 15.73B
Rhizobacterin 4543 B 7.97 12915AB | 46.17 A 16.18 AB
Halex-2 46.90 A 8.32 13100 A | 4768 A 16.38A

* Values marked with the different alphabetical letter(s) within a particular comparable
group of means, are statistically different using revised L.S.D. test at p=0.05 absence of
the alphabetical letter(s) Indicate a non-significant difference.

. _However. number of leaves plant’ was not significantly, affected.
Application of N fertilizer up to 90 kg fed.” significantly increased plant growth
characters, compared with the control in both seasons. Moreover, the higher
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values were obtained from the treatments received either 72 or 90 kg N fed™.
These favorable influences may be explained on the basis of the
physiological fact that N is known as an essential element for vegetative
growth and plays a major role in nucleic acids and protein synthesis, cell
division and elongation and protoplasm formation (Marchner, 1986). Similar
findings were supported by several researchers as Ei-Sayed et al {1987),
Koriem and Farag (1990), El-Gamili (1996) , Abd El-Maksoud and El-Swaff
(2000) working on onio and Abd El-Fattah and Sorial {1998) working on
lettuce. On the other hand, the application of various rates of N, in the
present study, did not appear to affect number of leaves plant™. This result is
in line with those of EI-Oksh et al. (1993) and El-Gizawy et al. (1993} who
reported that N application did not affect number of leaves of onion plants.

Table (3): The main effects of nitrogen fertilizer rates and biofertilizer
types on the growth characters of onion plants during the
winter season of 2000/2001.

Treatments Plant length* | No. Iea\:es Plant fresh ;:?;:ts;lr:rs‘: Leaves dry
- 9,
{cm) plant weight (g) 1(g) matter (%)
N rate (kg fed™) 2
o 3835E | 7.42 . 12245¢C 38650 15.17C
18 41.420D 7.65 12435C 4077C 15.52C
36 4370C 7.90 13315AB |. 4242C . 16.50 AB
54 4525 BC 8.72 13045 B 48.278B 16.278
72 47.47 AB 9.07 137.75 A 48.82 A 18.82 AB
0 4775 A 9.27 135.00 A 49,07 A 16.97 A
Biofertilizer type
tIninoculated 40,30 C 7.48 12338 C 38.20C 15.16C
Microbein 44308 8.40 12508 B 43058 15.13B
Rhizobacterin 45.68 A 8.56 13388 A 48.71A 18558
Halex-2 48.35 A 8.62 138.55A 48.38 A 17.00 A

* Values marked with the different alphabetical letter(s) within a comparable group of
means, are statistically different using revised L.5.D. test at p=0.05 absence of the
alphabetical letter(s}) indicate a non-significant difference.

The effect of N fertilizer rates on leaf chlorophyll content was
significant and the trend was approximately similar in both seasons (Table 6).
The statistical comparison among the different N rates showed that, at 90 kg
N fed”’, leaf chlorophyll content, significantly, surpassed those of lower N
rates. This can be attributed to the sufficient N uptake, enhanced onion plants
to absorb more N and in turn to build more chlorophyll molecules, whereas N
is considered as the backbone of chlorophyl! structure, this results is
confirmed by that recorded by El-Beheidi ef al. (1996) and Tartoura and EI-
Saeid(2001) working on pea plants.

Effect of biofertilizers

Concerning the influence of different biofertilizer types on the various
vegetable growth parameters of onion plants, the recorded results (Table 2
and 3) clarified that the inoculation of cnion seedlings with any of the tested
biofertilizers, significantly, stimulated plant length, leaves fresh weight, plant
fresh weight and leaves dry matter percentage compared with the
uninoculated treatments, in both seasons. In addition, Halex-2 exhibited the
highest mean values for all the previously mentioned growth parameters
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followed by Rhizobacterin, whereas microbein produced the lowest values in
both seasons. The enhancing effect of the biofertilizers appfication have been
attributed to several mechanisms, including biological nitrogen fixation,
dissolving immobilized P and producing plant growth promoting substances
(Okon and Itzigsohn 1995 and Okan and Labandera-Gonzalez 1994)

Fallik et a/ {1994) indicated that the non-symbiotic N2- fixing
bacteria of genera Azospiriflium produced adequate amounts of IAA and
cytokinins which increased the number of lateral rools and root hairs causing
absorption of sufficient nutrients a nd foster | uxuriantly. O ur findings a greed
generally with those of Ali and Selim (1996), Barakat and Gabr (1998) and El
-Zeiny ef al. (2001) on tomato; Ghoneim and Abd El-Razik (1999) on potato;
Shibob (2000) on common bean; Ishaq (2002) and Solieman et al. (2003) on
pea; Musmade et &/, (1987) and Martinez et a/. {1994) on onion.

Leaf chlorophyll content was significantly higher with the inoculation
of seedlings with each of the three different biofertilizer types than the
uninoculated ones (Table 6) Furthermore, the biofertilizer Halex-2 was more
effective in enhancing chlorophyll formation than the other two biofertilizers .
Mineral nitrogen and blofertilizers interaction

The interaction between N levels and biofertilizers did significantly
affect all the studied growth parameters (Table 4 and 5) in both seasons.
Table (4): The interaction effects of nitrogen fertilizer rates and

biofertilizer types on the growth characters of onion plants
during the winter season of 1999/2000.

' N rate (kg fed™") *
Biofertitizer type | —5——T——53——T 38 7 S 7 T )
327m | 393Kk | 4041k | 396K | 433gh | W03K
3821 | 422h | 41.0+k | 41.7h | 47.2de | 45944

398k | 442fy | 445eqg | 482de | 506a | 47.3cd
4111k | 455d4 | 46.3de | 483bc | 507a | 495ab

=

No. Leaves plant

inoculated 64 6.2 6.4 7.0 7.0 7.1
in 7.0 75 74 7.7 9.1 8.1
i 74 7.6 8.0 7.9 8.6 8.3
Halex-2 7.8 7.8 8.1 a.3 9.3 8.6
Leaves fresh waig_hrt_(g)
Uninocutated 338k 3585k 37.34 3754 40.1gi | 43.1d-g
Microbein 384h§ | 449be | 4176 43.7cf 44.2 bt 47.3b
Rhizobacterin 40.2 g 41.06h 46.5 bc 46.8 be 54.3 a 51.1a
Haiex-2 429d-g | 469bc | 445be | 454b-d §525a 539a
Plant fresh weight {g)
Uninoculated 10841} 1120k | 122694 | 120.2h§ | 126.0%h | 128.3d-g
Microbein 109.9] 1M7.9kk | 1283d-g | 131.3bf | 1329af | 134026
Rhizobacterin 1203 h | 128.0cg | 127.0e-h | 128.24¢-g | 136.3a-c | 134.8 a4
Halex-2 113.2j1 | 129.2¢c-g | 135.0 a-d { 1327af | 1389a 137.0ab
Loaves dry matter (%)

Uninoculated 13.5j 14.7 hi 153fh [ 150gh 15.7 eg 16.0 cf
icrobein 137] 14.7 hi 16.0 cf 16.1 c-t 17.1 ab 16.8 a-¢
izobacterin 15.1 gh 161c¢cf | 158dg | 164be | 16.4b-¢ 173a
alex-2 14.11j 16.1 c-f 16.8 a-c 16.6 a-¢ 17.3a 174 a

* Values marked with the different alphabetical tetter(s), within a particular comparable
group of means, are statically different using revised L.S.D. test at P=0.05. Absence of
the alphabetical letter(s} Indicate a non-significant difference.
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Table (5): The interaction effects of nitrogen fertilizer rates and
biofertilizer types on the growth characters of onion plants
during the winter season of 2000/2001.

— N rate (kg fed™)"
Biofertilizer type 0 18 | 3 %54 1 72 ] 90

Plant length (cm)
Uninoculated 337k 36.5j 40.4 | 42 .4 g 439 e-h 44,8 d-g
Microbein 37.7) 40.61 455 ¢f 456 cf 489a 47.9 a-c
Rhizobacterin 41.9 hi 43.0 1 471 ad 446d-g 48.6 a 4892
Halex-2 4051 45.6 ¢f 45.8 be 48.4 ab 485a 49.3a
No. leaves plant”
Uninoculated 6.8 6.9 71 7.7 7.8 8.6
Microbein 75 7.6 7.7 9.0 9.1 9.5
Rhizobacterin 7.5 7.9 8.8 8.6 9.2 94
Halex-2 7.9 8.2 80 | 96 10.2 9.6
Leaves fresh weight
Uninoculated 334m M1m 36.5Im 39.5hi 41.9i 43.8hi
Microbein 38.31 393k 43.0h-j | 46.11h 49.6 b-e 48.0 o-f
Rhizobacterin 39.8 j-) 42.2i-k 443 g-l 51.4 a-c 51.6ab 51.0 ad
Halex-2 43.1h- .| 475eg | 4591fh 48.1 ¢f 52.2ab 53.5a |
Plant fresh weight
Uninocutated 1145k | 1154jk | 1259%h | 1229h | 131.4d-f | 130.2ef 1
Microbein 121.5hk | 1195ik | 1347 be | 1258fh | 137.7bc 135.3b
Rhizobacterin 124.0g1 | 1324ce | 1355b-0 | 1355bd | 136.9bd | 137.7bc
alex-2 129.8e-g | 130.1e-g | 1365bd | 1376bc 145.0a 140.4 ab
Leaves dry matter (%) _
“'IUninocutated 14.3} 144 15.4 gh 15.4 gh 15.2i 16.3d-f
icrobein 16.24 . 149 h- 16.9 b-e 15.7 +-h 17.2 ac 16.9 be
Ehizobacterin 15.1 h+j 165 f 16.6 c-e 16.9 b-e 17.1ad 17.1ad
alex-2 16.1e-g 16.3 d-f 17.1 a-d 17.1 a-d 179a 17.5ab

* Values marked with the different alphabetical letter(s), within a particular comparable
group of means, are statically different using revised L.5.D. test at P=0.05. Absence of the
alphabetical letter(s) indicate a non-significant

difference.

Table (6): The main effects of nitrogen fertilizer rates and biofertilizer
types on total chiorophyll content of onion plants
during the winter seasons of 1999/2000 and 2000/2000.

Total chlorophyll content* (SPAD)*™
Treatments 1999/2000 [ 3000/2001
N rate (kg fed")
0 | 60.02C 60.92 C
18 60.52C 61.47C
36 60.22C 61.30C
54 ] 62.07 B 62.27 BC
72 63328 63.77 AB
90 65.40 A | _64.60A
Biofertilizer types
Uninoculated 59.33C 58.52C
Microbein 61408 62258
Rhizobacterin 62.288 63.75 AB
Halex -2 64.78 A 64,74 A ]

* Values marked with the different alphabetical letter({s), within a particular comparable
group of means, are statistically different using revised L..S.D test at p= 0.05.
“* SPAD “ Specialty Products Agricuitural Division “ = 10 mg chlorophyll g-1 fresh weight.
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On the other hand the average number of leaves per plant was not
significantly affected by such an interaction in both seasons. Moreover,
inoculation onion plants with the biofertilizer Halex-2 or Rhizobacterin along
with N application of 72 or 90 kg N fed-1 was pronounced and exhibited an
enhancement in growth characters. These results are confirmed with those of
Ghoneim and Abd EI-Razik (1999) on potato, Abd El-Fattah and Sorial (2000)
on summer squash and Gabr et al. (2001) on sweet pepper.

The interaction effects between N fertilizer rates and biofertilizer
types on the total chlorophyil content of leaves in 1599/2000 and 2000/2001
(Table 7) revealed that, at higher N rates, 72 and 80 kg N fed™' the inoculation
of onion seedlings attained the highest Chlorophyll content of leaves. These
results are in line with those of Dawa et al. (2000), El-Zeiny et al. (2001)
working on tomato and Gabr ef al. (2001) working on sweet pepper.

Table (7): The interaction effects of nitrogen fertilizer rates and
biofertilizer types on total chlorophyll content (SPAD) of
onion plants during the winter seasons of 1999/2000 and

2000/2001.
Biofertilizer "~ Nrate (kg fed)
types 0 | 18 | 36 [ sS4 | 2 ] 90
1999/2000 - i '
Uninoculated 58.90%k 58.70j41 | 57.00kl | 58.60H | 60.80g4 | 62.20 e-h
Microbein 59.60 ij 61.60 f- 56.301 61101 | 63.40¢cf | 6590a-c
IRhizobacterin 59.80 h+ 5860} | 63.10dg | 63.00ep | 63.10d-g | 66.10ab
Halex-2 61.80fi | 63.20d-f | 64.50be | 65.60a-d | 66.20ab [ 67403
2000/2001 ]
Unincculated 57.40 &l 59.30 i-l 56.80 | 58500 | 58.60§4 | 60.50 h-k
Microbein 62.30ei | 61.801 57201 | 63.90b-f | 66.4.ab | 63.70¢c-g
Rhizobacterin 60.70g] | 63.60bf | 6530a-¢ | 62.90d-h | 62.80d-h | 66.90 ab
Halex-2 63.30c-h | 60.90f | 6590ad | 63.80b-g | 67.30a 67.80a

* Values marked with the different alphabetical letter(s), within a particular comparable
group of means, are statistically different using revised L.S.D test at p = 0,05.

The correlation coefficients between Leaves chlorophyll content -and
plant fresh weight of onion in Table (8) indicate that s tatistical significance
does exist only in the presence of biofertilizer Halex-2 and they were 0.807
and 0.856 in 1999/2000 and 2000/2001 seasons respectively. Therefore, It is
indicated that halex-2 was the most effective biofertilizer in mcreasmg plant
fresh weight.

Table (8} : Correlation between leaves chlorophyll content and plant
fresh weight of onion as affected by mtrogen rates and
biofertilizers inoculation.

Blofertilizer types Correlation Cosfficient {R)
1999/ 2000 2000/ 2601
Uninoculated 0.496 0.283
Microbein 0.402 0.124
Rhizobacterin 0.612 0.729
Halex-2 0.867* 0.856"

*Significant at P< 0.05 [evel

Nitrogen content of storage leaves
The effect of N fertilization rates on storage leaves N content was
significant in both seasons (Table 9). Tissue N concentration increased

351



Barakat ,M.A. et al.

significantly with increasing N level up to 72 kg N fed.” in the first season and
54 kg N fed.” in the second season. Obtained results and in harmony with
those obtained by Oukal (1999) and Patel ef al. (1992) who reported that, the
addition of N to the soil increased its level in the soil solution and
consequently increased its uptake by the plants.

Nitrogen content data in onion tissue as affected by different
commercial biofertilizer treatments are presented in Table (9). All biofertilizer
treatments resulted in significant increase in total nitrogen concentration in
onion’s storage leaves as compared to the uninoculated treatment in both
seasons. In this respect Halex-2 was the most pronounced biofertilizer and
associated with the highest mean value for nitrogen concentration in both
seasons, this superior effect may be due to Halex-2 is the only biofertilizer
has three different genera of non ~ symbiotic nitrogen fixing bacteria. Similar
results were reported by Sanaratne and Rafnsinghe (1995) and James
{2000) .

Table (9): The main effect of nitrogen fertilizer rate and biofertilizer
types on total nitrogen content of storage leaves during the
winter seasons of 1999/2000 and 2000/2001.

Total N content of storage leaves (%)

r Treatment 199972000 | 2000/2001
N rate (kg fed™)
0 2.02C* 1.80C
18 2.15 BC 2278
36 217 BC 2.31B
54 2.59 ABC 2.87 A

2 299 A 3.03A
S0 2.86 AB 3.02 A
Biofertilizer type
Uninoculated 2158 221D

icrobein 2328 245C
Rhizobacterin 2.56 AB 2.59B
Halex-2 279 A 296 A

* Values marked with the different alphabetical letter(s}), within particutar comparable
group of means, are statistically different using revised L.S.D. test at P=0.05.

Conceming the interaction effects on nitrogen content between N
rates and biofertilizer types data in Table (10) reflected significant effects on
nitrogen content in both seasons. The application of mineral nitrogen at the
rate of 72 kg N fed." combined with the biofertilizer Halex-2 exhibited the
highest nitrogen content in the second season whereas in the first s eason
both of Halex-2 and Rhizobacterin combined with 72 kg N fed.™ reflected the
higher mean values. The increase in nitrogen content was expected since the
biofertilizer application was nitrogen-fixing bacteria which enhance nitrogen
uptake as reported, by Pandy and Kumar (1989) and Abd El-Azeem (1998).
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Table {10): The interaction effects of nitrogen fertilizer rates and
biofertilizer types on nitrogen content of storage leaves
during 1999/2000 and 2000/2001 seasons.

N rate (kg fed")
0 | 18 | 3 | 54 T 72 | 90
1999/2000
N (%)
Uninoculated 1.47n 1931 [ 166m | 1901 | 212}k | 1.96kl
Microbein 222h-j | 2.28h-j | 217ij | 2.30hi 2.48e-g|2.66 b-d
Rhizobacterin 180Im | 229h+ | 2.11jk | 231g-i| 285a |[2.62c-e
Halex-2 182Im | 240fh | 2.80ab | 252d-f) 27ac | 280ab
2009072001
N {%)
Uninoculated 147m | 2.37f-h{229gh 248e-g| 224 hi | 2.39fh
Microbein 1.95kl | 257 ef | 238fh |252eg| 299¢c | 2.32gh
Rhizobacterin 1.78n! [ 219h-j| 2.24hi | 357b |271de | 3.03¢
Halex-2 2021k | 1.96j-1 | 233Fh | 291cd | 4243 | 434 a

* Values marked with the different alphabetical letter(s), within a particular comparable
group of means, are statically different using revised L.S.D. test at P=0,05.
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STATISTICAL MODELS FOR PREDICTING YIELD
RESPONSE OF ONION (Allium Cepa L.) TO APPLIED

NITROGEN AND BIOFERTILIZERS

Elkhatib,H. A'; S.M.Gabr', M.A. Barakat’ and E.A.Bedawy’
Hortlculturo Dept., Faculty of Agric., Damanhour, Alex. University
’Horticulture Dept., Faculty of Agric., Elfayom, Cairo University
*Experts Dept., Ministry of Justice, Damanhour, El-Behira

ABSTRACT

Two field experiments were conducted during the two successive winter
seasons of 1999/2000 and 2000/2001 to evaluated the effect of three commercial
biofertilizers: microbein(a mixture of Azofobacter , Azospirillum , Pseudomonas ,
Rhizobium and Bacillus), Rhizobacterin ( a mixture of Azotobacter and Azospirilfum)
and Halex-2 {a mixture of Azotobacter, Azospiillum and Kebsiella) with different
nitrogen fertilizer levels (0,18,36,54,72 and 90 kg N fed.”) on bulbs yneld of onion
{Allium cepa L.) cv. giza 20 and its component ( total bulb yield ton fed”, marketable
bulb weight (g), Average bulb weight (g), and average bulb diameter (cm)

Generally, addition of 72 kg N fed. ' combined with Halex-2 biofertilizer was
sufficient and adequate to produce maximum and economic yield in both seasons.
Four polynomial quadratic equations were established to express the response of
onion bulbs yield to N fertilization and biofertilizers incculation. The experimental yield
values and the corresponding calculated values were not significantly different as
tested by the standard error of estimates SE and high values of correlation coefficient
(R). Nog, 'and corresponding Yep were calculated for both years and the data revealed
that the N fertilization application was more profitable when applied to onion seedlings
with the biofertilizer Halex-2 as indicated by highest values of net returns compared
with the other treatment combinations.

INTRODUCTION

Onion {Aflium cepa. L.) is one of the oldest vegetable crops. It has
been cultivated for thousands of years for its religious significance, medical
properties and for its pungency and characteristic flavor (Hanly and Fanwick,
1985). It is considered one of the most important vegetable crops in Egypt for
local consumption and export.

Nitrogen is an important element, which affect yield and quality of
onion bulbs. Nitrogen nutrition can also influence onion bulb development
and flavor, (Brewster and Butler, 1989; EI-Oksh et al. 1993; Khalil et al. 1988
and E I-Gamili and Abd El-Hadi 1996) and m aximize m arketable y ields and
percentage of large-sized onion bulbs (Vachhani and Patel, 19986; EI-Gamili,
1996 and EI-Gamili ef al. 2000).

Recently, mineral fertilization became a target of criticism because of
heavy use in the developing countries, where, it was suspected of having an
adverse impact on the environment through nitrate leaching, and heavy metal
uptakes by plants. This has led to a call for rational use of chemical fertilizers
combined with organic and bio-sources to increase productivity and protect
environment.
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Biofertilizers are natural mini fertilizer factories that are economical
and safer source of plant nutrition and they can be used as alternatives for
chemical fertilizers. Remarkable effects of biofertilizers on yield of some
crops have been reported by several investigators {Mishustin and Shilinkeva,
1996; Iman and Badawy, 1978; Azad and Aslam, 1984 and Ashour et al,
1997} working on Potato, and Barakat , Gabr, 1998 on Tomato and Elkhatib
2003 on peas.

The objectives of this study were:(1) to evaluate the effect of N
fertilization with different levels and inoculation with various biofertilizer types
on the bulbs yield and its components in order to explore the possibility of
reducing amount of artificial N fertilizer by adding biofertilizers for the purpose
of reducing the environmental polfution and production cost and (2} to
quantify onion yield response to nitrogen fertilization with different types of
biofertilizers using polynomial quadratic equations.

MATERIALS AND METHODS

Two field experiments were carried out at the experimental station
farm, El-Bostan region, faculty of agriculture Alexandria university in
Damanhour, Behira Governorate in the two winter seasons of 1999/2000 and
2000/2001. The physical and chemical characteristics of the soil {Table 1)
were d etermined a ccording to the methods repeorted by Black (1965). The
experimental layout was split plot in a randemized complete blocks design
with four replicates. Six nitrogen rates (0,18,36,54,72 and S0 kg N Fed'1)
were occupied the main plots; whereas 4 biofertilizer treatments: microbein{a
mixture of Azofobacter , Azospirifum , Pseudomonas , Rhizobum and
Baciflus), Rhizobacterin { a mixture of Azotobacter and Azospirilfum) and
Halex-2 (a mixture of Azotobacter, Azospiilium and Kebsiella) with different
nitrogen fertilizer levels were assigned at random in the sub-plots. Each
experimental unit contained 5 ridges, 4m long and 70 cm wide. Calcium
super-phosphate (15.5% P,0s) at a rate of 300 kg fed” was broadcasted
during soil preparation. Potassium sulfate {(48% k,Q) was added at a rate of
150 kg fed.” at three equal parts 35, 55 and 75 days after transplanting.

Table (1): Physical and chemical characteristics of the
experimental site in 1999/2000 and 2000/2001
seasons.

oit Properties
Physical:
Sand 84.24 (%)
Silt 11.00 (%)
4.76 (%)
oil texture Sandy
i 1999 2000
216 2.34 {dsm™)
8.11 8.16
0.22 030 gkg'
0.80 0.90 gkg”
090 o.M gkg''
(Organic matter 1.4 18 gkg'
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Nitrogen fertilizer levels as ammonium nitrate (33.5% N ) were side
banded at four equal doses15, 35, 55 and 75 days after transplanting. Onion
transplants cv. Giza 20 (60 days old) were inoculated W|th the aqueous
solution of a single biofertilizer at a rate of 400g fed.” ‘(according to the
Agricultural Ministry Lab. recommendations) just before transplanting
whereas, uninoculated seedlings were soaked in distilled water. Uniform
onion transplants were transplanted 10 cm a part on both sides of the ridges
in the 8™ and 14™ of December of 1999 and 2000 respectively.

At harvesting time (170 days after transplanting) plants were
harvested and cured for 10 days under traditional field conditions, then data
were recorded for total yield (lton fed”'), marketable bulb yield (bulb diameter
more than 3.5 cm) ton fed”, Average bulb weight (g) and average bulb
diameter (cm). All obtained data were statistically analyzed using Costat
software program (1985) and the revised L.S.D. test was used to compare
the differences among treatment means as illustrated by Snedecor and
Cochran {1980).

RESULTS AND DISSCUSSION

Total bulb yield and its components:

Total bulb yield, marketable yield and average bulb weight reflected
significant differences among the different nitrogen levels used in both
seasons (Tables 2 and 3). Fertilizing onion plants significantly increased bulb
yield and its components in comparison with the unfertilized treatment. In
addition, increasing nitrogen levels caused a s:gmfcant increase in bulbs
yield and its component up to 72 kg N fed”. However the responses of
increasing nitrogen level up to 90 kg N fed appeared to be insufficient to
express a significant effect in both seasons. At 72 kg N fed™ the increments
in total bulb yield, marketable yield, average bulb yield and bulb diameter
over the control were 44.9, 41.4, 27.5 and 59.5% in 1999/2000, whereas the
corresponding values in 2000/2001were 35.9, 44.0, 18.6 and 45.9%
respectively. These increments may be related to the role of N in enhancing
vegetative growth, which lead to produce more photosynthetic material
required for bulb production. These results are in agreement with those of El-
Gamili et. al. (2000); and Abd El-Maksoud and Swaff 2000 and Batal et al.
1994,

Regarding the effects of biofertilizer on bulbs vyield and its
components, results in (Table 2) indicated high significant increments in total
yield, marketable yield, average bulb weight and bulb diameter as a result of
inoculation of onion plants with the tested biofertilizers in both seasons.
Moreover, Halex-2 gave significantly the highest values for marketable buibs
yield in both seasons (Table 2) whereas; there were no significant differences
between Halex-2 and Rhizobacterin on total yield and Avg. bulb diameter in
both seasons. The beneficial effect of biofertilizers was due to improving N
nutrition (Lazarovit and Nowsak 1997), producing phytohormones which
responsible for root hair branching and an eventual increase in nutrient
uptake, (Noel ef a/., 1996 and Jagnow et al. 19381) and/or biocontrol of plant
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disease through production of antibiotics, antibacterial and antifungal
compounds (Baker, 1987; Pandy and Kumar, 1989 and Ottow ef al. 1982).
These results agreed to a great extent with those reported by Iman and
Badawy (1978); Azad and Islam (1984); Barakat and Gabr (1998) and Gabr
et al. {2001),

Table {2): The main effect of nitrogen fertilizer rate and biofertilizer
types on total bulbs yield of onion plants and its component
during the winter seasons of 1999/2000 and 2000/2001.

r Total bulb )‘ie!d Marke;;lﬂje bulb Average bulb | Average bulb
Treatments (ton fed™) (ton fed") weight (9) diameter {(cm)
1999 | 2000 [ 1999 [ 2000 | 1999 | 2000 1999 | 2000
N rate (kg fed™)
0 535D 540D (447D | 432D 63.55E 69.42C (440D (490D
18 6.37C|652C [4.75C | 5.02C B6.90D[71.10BC|[ 532C |540C
5 6.97B|685B | 525B|5.30BC[71.02C| 73.27B | 5.70 C |5.76 BC
54 8.90B | 685B 5458 | 5428 [74.82B/ 80.95A | 8.30B |6.028B
72 775A | 795A |632A | 6.22A |B1.02A 8B232A ) 7.02A [7.02A
90 750A | 765A |645A | 6.30A |81.00A 82.35A | 7.22A |7.15A
Biofertilizer type
Unincculated | 6.28 C | 6.42B [488C | 4930 68.35D 70.38B | 5.30C |5.37C
Microbein |6.73B |6.56B 5458 | 535C 7163C| 78.01A | 6.058B |6.028B
Rhizobacterin| 6.98 A | 705A |5.60B [ 556 B [74.88 B[ 78.08 A | 6.13A [6.32 A
Halex-2 715A| 710A | 587 A S.86A 77.60A 79.72A [ 650A [64TA

* Values marked with the different alphabetical letter(s), within particular
comparable group of means, are statistically different using revised L.5.D. test at P=0.05.

The effects of different interactions among the various levels of the
nitrogen and different biofertilizers type on yielding ability of onion plants in
two seasons are shownin (Tables 3 and 4). The results revealed that the
highest mean values for total and marketable bulbs yield, average bulb
weight and bulb diameter in the two seasons were obtained from the plants
that were Dreviousl1y inoculated with the biofertilizer Halex-2 and given either
72 or 90 kg N fed ™. Therefore the treatment combination of Halex-2 plus 72
kg N fed™" appears to be sufficient and adequate to produce maximum and
economic bulb yield. These results might be explained on the basis that the
interactive effects of the two studied factors were additive. A large number of
reports emphasized the beneficial effects of the interaction between mineral
N fertilizer and inoculation with biofertilizer on productivity of different
vegetable crops as Ashour et al. (1997), Barakat and Gabr (1998), Abd EI-
Mouty {2000) and Elkhatib {2003).
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Table (3): The interaction effects of nitrogen fertilizer rates and
biofertilizer types on bulbs yield of onionplantsandits
components during the winter season of 1899/2000.

Biofertilizer | N rate (kg"}
type | o0 | 18 | 36 | s4 | 72 | 90

Total buib yield (ton fed™)
Uninoculated 5.00k* | 5.80g-k | 6.10fj | 6.40ae | 7.30a-e | 7.00b-f
Microbein 5.20ik 6.40e-i | 6.50d-1 | 6.90bg 8.00a 7.40a-e
Rhizobacterin 5.70h-k | 6.50d-i 7.10af | 7.10af 7.80ab 7.70a-c
Halex-2 5.501-k | 6.70c-h | 7.40a-e | 7.50ad | 7.90ab 7.90ab
Marketabie bulb yield (ton fed”)
Uninoculated 4.40ij 3.90k 4.70hi 4.30j 5.80ef Te.zob-d
Microbein 4.50ij 4.70hi 5.00h 5.70fg | 640Qa-c | 6.40a-c
Rhizobacterin 4.50i 5.00h 5.409 5.70fg 6.50ab 6.50ab
Halex-2 4.50i] 5.40g 5.90d-f | 6.10c-e 6.60a 6.70a
Average bulb weight {g)
Uninoculated 55.901 60.70k 67.50ij | 72.00e-h | 77.10d 76.90d
Microbein 61.00k 65.20] | 69.70f| | 75.10de | 77.30d | 81.50bc
Rhizobacterin 67.90ij ! 68.20h-j | 72.20eg | 75.50de | 84.50a-c | 81.00c
Halex-2 69.40g-i | 73.50d-f 74.70deJ 76.70d | 85.20ab | 85.50a
Average bulb diameter {cm)
Uninoculated .60 4.70jk 4.505k 5.40gh £.60cd 7.00a-c
Microbein 4.505k 4.80ij 6.10ef 6.50ce 7.10ab 7.20ab
Rhizobacterin 4.30k 5.60gh 5.80fg 6.50de 7.30a 7.30a
Halex-2 5.20hi 6.10ef 6.40de | 6.80bd | 7.10ab 7.40a

* Values marked with the same alphabetical letter(s), within a particular comparable group

of means, are statistically different using revised L.S.D. test at P=0.05.

Table (4): The interaction effects of nitrogen fertilizer rates and
biofertilizer types on bulbs yield of onion plants andits
components during the winter season of 2000/2001.

N rate (kg"]

( Biofertilizer type 0 T8 ] % | 1—5)4 T 72 ] %0
Total bulb yietd (ton fed™)

ninoculated 4.80k* 6.50h-j 6.20; | 6.40j 7.20d-f 7.40b-e
Microbein 4,80k 6.50h-j 6.70g-i 6.60h-j 7.30c-f 7.60ad
Rhizobacterin 6.00f-h 6.50h-j 7.30c-f 7.30¢-f 7.50a-¢ 7.70a-¢
Halex-2 6.00f-h 6.60h-] 7.20d-f 7.10e-g 7.80ab 7.90a
Marketable bulb yield (ton fed™)
Uninoculated 3.90j 4.70hi 4.30j) 4.80gh 6.00cd 5.90¢d
Microbein 4.00§ 5.10f-n 5.40ef 5.20fg 6.10bd 6.30a-c

hizobacterin 4.00j 5.10f-h 5.70de 6.00cd 6.30a¢ 6.30a-¢c
Halex-2 5.40ef 5.20fg 5.80de 5.70de 6.50ab 6.60a
Gverage bulb weight (g)

ninoculated 63.801 64.40! 66.90k! 71.40h- 77.10d-f 78.70c-e
Microbein 69.70jk 74.70f-h | 742015 | 84.90ab 83.90ab | 81.20bd
Rhizobacterin 70.40h-j | 72.30gj | 76.20eg | 83.30ab 81.60bc 84.70ab
Halex-2 73.80f 73.00fj | 75.80e-g | B84.20ab 86.702 84.80ab
Average bulb diameter {cm)
Uninoculated 3.90n 4.80m 5.00Im 5.10k-m 6.60e-g 6.80d-f
Microbein 5.30}- 5,30 5.305-1 5.90ni 6.90c-e 7.40ab
Rhizobacterin 5.50ik 5.801 6.30gh 6.30gh 6.90¢c-e 7.10b-d
Halex-2 4.90im 5.70if 6.40fg 6.80d-f 7.70a 7.30a-¢

* Values marked with the same alphabetical letter{s), within a particular comparabile group
of means, are statically different using revised L.S.D. test at P=0.05.
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Polynomial Quadratic Models:

Onion bulbs yield responded positively to N fertilizer application rate
and different biofertilizer types. The response {0 nitrogen increments was
expressed by polynomial quadratic equation:

Yi=B,+ B x +B; X; (1)
Where Y; is the predicted yield corresponding to nutrient rate x;
B, is the intercept, represents the yield without N fertilizer application, B; and
B; are the linear and quadratic coefficients respectively.
Four equations were established using the least squares methods described
in Snedecor and Cochran (1980), to express the response of onion bulbs
yield to nitrogen fertilizer at different biofertilizer types for each season.
(Table 5 and Figs 1& 2).

Table (5): The polynomial quadratic equations expressing onion bulbs
yield as affected by N fertilization and different biofertilizer
types in 1999/2000 and 2000/2001 seasons.

s . Determination
Treatment b\e polynomial Quadratic Equations Coefficient R
Season 1999 / 2000
Uninoculated Y1 = -0.065x°+0.70X+5.06 (2) 0.92
Microbein Y, = -0.097x°+0.91X+5.28 (3) 0.88
Rhizobacterin | Y3=-0.065¢x"+0.76X+5.75 _(4) 0.96
Halex-2 [ ¥4 = -0.130x"+1.09X+5.64 (5) 0.97 ]
Season 2000 / 2001
Uninoculated Y = -0.065x°+0.715X+5.14 (6) 0.81
Microbein Yz = -0.097¢+0.913X+5.12 (7) 0.86
Rhizobacterin Y3 = -0.085x°+0.676X+6.0 (8) 0.96
Halex-2 Y, = -0.032x°+0 559X+6.05 (9) 095

Onion bulbs yield was quadratically retated to N rate in the two
seasons studied. The experimentat yield values and the corresponding
calculated values from equations 2-9 were not significantly different as tested
by the standard error of estimates SE, (Table 6) also both of the experimental
and predicted yield have shown highly significant values of correlation
coefficients (R) (Table 6).

The Economical Optimum Rate of N Fertilizer Application (N,.):

The optimum rates of N fertilizer applied (Now.) at each biofertilizer

type (Table 7} was calculated by differentiating “Y™ in egs. 2 - 9 with regard to
“x" (dy / dx) and equating with the ratio of price of fertilizer unit to price of crop
unit (Capurro and Voss 1981).
The local price of unit N fertilizer (18 kg / fed) was 45 Egyptian pound (EP)
and the local price of 1 ton of onion bulbs yield was 500 EP. The optimum N
application rates (Nqx) were 4.7, 4.2, 5.2, and 3.8 units of N fed” from the
eqs. 2 - 5 (1998) and 4.8, 4.2, 4.5 and 7.3 unit of N fed..from the polynomial
eqs. 6-9 (2000) for uninoculated, Microbein, Rhizobacterin and Halex-2
respectively.
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Total Butbs Yield (ton/ fed )

8.5

75

6.5

Fig (1): Total bulbs yield response curve of onion cultivar {giza 20 } as a function of nitrogen
application rate and different biofertilizer types during the season of 1999 / 2000
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Fig (2): Total bulbs yield response curve of onion cultivar (giza 20 ) as a function of nitrogen
application rate and different biofertilizer types during the season of 2000/ 2001
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The optimum yield (Yg.)

Substitution for “n” by the values of Ny in the egs. 2-9 (Table 7), the
corresponding optimum yields Y. of onion bulbs were 6.9 ,7.4 ,79and 7.9
Ton fed” in the first season at uninoculated, Microbein, Rhizobacterin and
Halex-2, respectively whereas the optimum vield in the second season were
7.1 ,7.2,7.7and 8.4 at uninoculated, Microbein, Rhizobacterin and Halex-2,
respectively.

Net Returns of Onion Bulbs Yield Under Nitrogen Application and
Biofertilization:

Net returns from optimum vyield of onion bulbs yield received optimum
levels of N fertilization in the two seasons were calculated and are presented
in Table 7.

Table (7}: Values of optimum rates of N fertilizer, optimum yields and
net returns for onion cultivar's (Giza 20) as affected by
different biofertilizer types in 1999/200 and 2000/2001

seasons.
N ont Yoot Net returns
Treatments | v fed”) | (ton fed”) EP fed

1999/2000

Uninoculated 47 6.9 3228
Microbein 4.2 7.4 3501
Rhizobacterin 52 7.9 3706
Halex-2 3.8 7.9 3769
2000/2001

Uninoculated 4.8 7.1 3324
Microbein 4.2 7.2 3401
Rhizobacterin 4.5 7.7 3637
Halex_, 7.3 8.4 3861
Avg. price of 1 ton of onion bulbs = 500 EP EP = Egyptian pounds

Avg. price of a unit of nitrogen fertilization {18 kg N) = 45 EP.
Avg. price of a package of biofertilizer inoculation for 1 fed =10 EP.

The results indicated that, the inocuiation of onion seedlings with any
of the biofertilizer used was associated wilh higher values of net returns than
the uninoculated seedlings in both seasons. The net returns were, 3228,
3501, 3706 and 3769 in the first season for uninoculated, microbein,
Rhizobacterin and Halex-2 treatments respectively, whereas, the
corresponding values in the second season were 3324, 3401, 3637 and 3861
at uninoculated, Microbein, Rhizobacterin and Halex-2, respectively. Thus, it
is clear that Halex-2 was the most effective biofertilizer and mineral N
application was more profitable when coupled with the Biofertilizer Halex-2
than to the other biofertilizers. These results are in agreement with those of
Ghoneim and Abd Ei-Razik (1999); Abd El-Fattah and Arisha (2000) and
Gabr et al. (2001).
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