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Response of Citrus Rootstocks and Transplants to Biofertilizers
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Abstract: This experiment was carried out during 2006/2007 and 2007/2008 seasons at the mursery of the faculty
of agriculture Cairo University Giza Egypt. The study was arranged in two experiments the first aimed at
evaluate the effect of biofertilizers namely phosphorine, nitrobine and microbine on growth of sour orange and
volkamer lemon citrus rootstocks. The second experiment was conducted to studying the effect of these
biofertilizers on growth of Valencia orange budded on these rootstocks. Single or combined applications of
Phosphorine, microbine or nitrobine were used at 5, 10 or 20 g per seedling of Sour orange and Volkamer lemon
rootstocks. Biofertilizer treatments were carried out on one month old seedling in the first experiment and repeat
again 1n the second experiment on one year old of Sour orange and Volkamer lemon seedling budded with
Valencia orange. Combined application of the three biofertilizers at 20 g per seedling from each biofertilizer
recorded the best results for seedling height, thickness, number of leaves per seedling, leaf area, root length,
root dry weight, seedling dry weight, leaf N, P and K content of Sour orange and Vollkamer lemon rootstocks.
Also this treatment recorded the highest budding success percentage, scion length, number of leaves per
scion, leaf chlorophyll content, leaf N, P and K content of Valencia orange budded on both Sour orange and
Volkamer lemon rootstocks. Microbine and nitrobine treatments improved vegetative growth, leaf N and K
content while phosphorine mduced root growth and leaf P content. All studied growth parameters were higher

with Volkamer lemon than sour orange rootstock.
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INTRODUCTION

For producing good citrus transplants we need to get
a good growth for seedling rootstocks this commonly by
giving them the optimum cultural practices such as
fertilization. Also, supplying the rootstocks with their
nutrient requirements help to shortage the period for
getting the transplant. Bio-fertilization is considered an
important factor in reducing the used rates of chemical
fertilizers which appear to be safely for enviromment,
improving soil fertility and increasing soil productivity
[1-3]. The most inportant sweet orange grown in such
area is the Late Valencia which had higher demand for
marketing a nd export. The used rootstocks in Egypt
are very limited in range Sour orange rootstock has
been extensively used as it compatible with most the
commonly-grown commercial cultivars [4]. Also, Volkamer
lemon is one of the promising citrus rootstock. Tt has
significant effective characters that reflected positively on
the scions budded on it regarding their rate of growth
and its suitability for the unfavorable environmental
conditions [5]. Phosphorine 15 a biofertilizer which

containg a phosphate dissolving bacteria "Bacillus
megaterium” which hydrolyze the insoluble phosphorus
into soluble one [6]. Nitrobine i1s a biofertilizer which
contains nitrogen fixing bacteria "Azospirillum sp" they
are known to fix atmospheric nitrogen and benefit host
plants by supplying growth hormones and vitamins.
Microbine biofertilizer contains mtrogen fixing bacteria
" Azotobacter sp, Azospirillum sp, and FPseudomonas sp"
phosphate dissolving bacteria "Bacillus megaterium'
and "Vesicular Arbuscular Mycorrhiza"VAM" [7]. The
benefit of using bio-fertilization as chemical fertilizer
substitution 18 due to the activities of Azospirillum and
Azotobacter to fix N, gas from soil atmosphere (non-
symbictic N fixer) to become ammonium N, and due
to the effect of Phosphorylase as an enzyme produced
by Aeromonas to dissolve fixed-P in the soil and
also due to the mcrease in Particle soil aggregation
and soil aeration done by Aspergillus [8]. Azospirillum
15 one of the non-symbiotic N fixer which increases
root number 15-20% [9] enzyme activities at root zone,
of TAA, and soil aeration [10].

Azotobacter, a non-symbiotic N fixer mcreased crop yield

concentrations
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up to 30%, and produced plant growth promoting
substances such as IAA, gibberellins, and cytokinms
[8, 11]. Thus, the objective of this study was to induce
the growth of sour orange and Volkamer lemon citrus
rootstocks by using different rates of Phosphorine,
Also, to
comparative effect of these bio-fertilizers on growth of
Valencia orange scions budded on both Sour orange and

microbine and nitrobine. evaluate the

Volkamer lemon citrus rootstocks.
MATERIALS AND METHODS

The present experiment was carried out during
2006/2007 and 2007/2008 seasons at the nursery of the
faculty of agriculture Cairo University Giza Egypt. The
study amranged m two experiments the first aimed at
studying the response of sour orange and volkamer lemon
citrus rootstocks to phosphorine, nitrobine and microbine
biofertilizers. Seeds of both sour orange and volkamer
lemon rootstocks were sowing in seedbed contained
mixture of sand plus peat moss (3:1) in glass house during
the first week of February (2006 and 2007). After seed
germination (two month from sowing date in April 2006
and 2007) the healthy seedling from each rootstock
were planted individually in plastic bags (20X35 cm)
contaimng sand: peat moss (3:1). The three biofertilizers
(phosphorine, nitrobine and microbine) which used in this
study were produced by the General Organization for
Agricultural Equalization found (GOAEF), ministry of
Agriculture Egypt.

The seedlings of Sour orange and Volkamer lemon
rootstocks received the illustrated thirteen biofertilizers
treatments in Table 1.

The experiment was arranged in a randomized
complete blocks design with tlree replicates and each
replicate was represented by 15 seedlings.

Each biofertilizer treatment (the dose of
biofertilizer per seedling) was divided mto two equal
doses; the first dose was mixed with the media (sand and
peat moss) in the plastic bags before planting the seedling
in it. The second dose was added to the seedling one
month later (first week of May 2006 and 2007). The
seedling received their normal agricultural practices
including their mineral nutrition (50, 20 and 8 g/seedling/
season of NPK respectively). After one year from growing
the seedling the following parameters were measured in
April 2007 and 2008: seedling height (cm) from the surface
of the soil to highest growing point. Seedling thickness
(cm) above the soil surface with 5 cm. Number of leaves
per seedling was counted and leaf area (cm®) was
measured by using leaf area meter (Model CI-203, TUSA).
Also, root length (cm) of seedlings was measured. Dry
matter of seedling (vegetative growth) and root system (g)
fresh weight of foliage and roots was oven dried at 65 C
and weighted. Leaf mineral contents of nitrogen (N),
phosphorus (P) and potassium (K) were estimated in
mature leaves of sour orange and volkamer lemon
rootstocks. Ten mature leaves were collected from
the middle part of one year old of sour orange and
volkamer lemon rootstocks in April 2007 and 2008.
Leaves samples were washed with water then oven dried
at 70 C till constant weight. After that 0.3 g of dried leaves
was taken for determine nitrogen phosphorus according
to A.0.A.C[12] and potassium was determined by flame
photometry.

Experiment II: This expenment was done to studying
the effects of phosphorine, nitrobine and microbine
biofertilizers on enhancing growth of Valencia orange
budded on Sour orange and Volkamer lemon rootstocks
and shorted the period for producing healthy budded
plants.

Table 1: Biofertilizer treatments which were used in the two experiments in this study

Treatments Phosphorine (P)

Nitrobine (N)

Microbine (M) PHN+M

(1)Control

2 5 g/ plant
10 g/ plant
20 g/ plant

5 g/ plant
10 g/ plant.
20 gf plant

Q0 | =1 O A |

5 g/ plant

9 10 g/ plant

10 20 g/ plant

11 5+5+5 gf plant

12 10+10+10 g/ plant
13 20+20+20 g/ plant
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The budded plants received the same biofertilizers
treatments which were added to the seedling rootstocks
i 2006 and 2007 seasons as shown in Table 1. Each
biofertilizer treatment (the dose of biofertilizer per budded
seedling) was divided mto two equal doses; the first dose
was added just before budding operation and the second
dose was added to the budded seedling one month later
(first week of May 2007 and 2008). Buds of Valencia
orange were budded on one year old seedlings of sour
orange and volkamer lemon rootstocks in the first week of
April in 2007 and 2008 seasons by using T budding
method. Budding success percentage of Valencia orange
was recorded at 45 days from budding date. Scion length
(cm), number of leaves per scicn and leaf area (cm”) was
measured six month after grafting. Leaf chlorophyll
content was determined by using samples of six leaves
per replicate from the middle part of scion shoots by using
chlorophyll meter (Model SPAD - 502). Also, leaf mineral
contents of mtrogen (N), phosphorus (P) and potassium
(K) were estimated in mature leaves of Valencia orange
scions which were budded on both rootstocks.
mature leaves were collected from the middle part of six
month old of Valencia scions in October 2007 and 2008.
Leaves samples were washed with water then oven dried
at 70 C till constant weight. After that 0.3 g of dried leaves
was taken for determme mtrogen and phosphorus
according to A.O.A C [12] and potassium was determined
by flame photometry.

Data were tabulated and statistically analyzed
according to Snedecor and Cochran [13] and mean values
were compared by Duncan's multiple range test at 5% [14].

Ten

RESULTS AND DISCUSSION

Experiment I: Response of Sour Orange and Volkamer
Lemon Seedlings to Biofertilizers

Rootstock Growth: Data presented in Tables 2, 3, 4 and 5
show the effect of phosphorine, nitrobine and microbine
on seedling height tluckness, mumber of leaves per
seedling, leaf area, seedling dry weight, root length and
root dry weight of Sour orange and Volkamer lemon
Regardless of biofertilizers treatments,
Volkamer lemon recorded higher significant values for all
studied growth parameters than sour orange rootstock.
Concerning the effect of biofertilizers treatments,
combined application of the three biofertilizers at high
level or medium level (20 or 10 g per seedling from each
biofertilizer) significantly stimulated all growth parameters
compared with the control which recorded the lowest

rootstocks.

significant values i tlus respect. Interaction effect

between reootstocks and biofertilizers showed that,

41

combined application of the three biofertilizers at high
level proved to be the best treatment for improving
growth parameters of Sour orange and Volkamer lemon
rootstocks. Also, single application at high level of 20 g
per seedling of any biofertilizer recorded higher values
than mid or low level. All vegetative growth parameters
were improved with application of microbine or mitrobine
rather than phosphorine. On the other hand, phosphorine
treatments produced longer root length and higher root
dry weight comparing with microbine or nitrobine. In
general, the lowest values of all studied growth
parameters of sour orange and Volkamer lemon rootstocks
were recorded with the control. From the above mentioned
result it could be concluded that combined application of
the three biofertilizers at lugh level of 20 or 10 g per
seedling from each biofertilizer was favorable for
improving growth than single application. So, using these
biofertilizers treatments accelerated growth of rootstocks,
shorted the period required for reaching the budding
stage, increased percentage of seedlings ready for
budding as well as producing healthy budded plants.
Improving of vegetative growth with microbine and
nitrobine may be due to containing hese biofertilizers on
nitrogen fixing bacteria Azospirillun: sp, Azotobacter sp.
and pseudomonas sp., which are known to fix atmospheric
nitrogen and benefit host plants by supplying growth
hormones and vitamins. The enhancement of root growth
by phosphorine may be related to the role of phosphorus
1n root growth, this biofertilizer containing on phosphate
dissolving bacteria "Beillus megaterium”  wlhich
hydrolyze the insoluble phosphorus into soluble one
which involved in root growth. Results of this study are
1n agreement with Haggag and Azzazy [15] who reported
a significant positive effect of microbine on growth of
mango seedlings. Moreover, inoculation of citrus,
mango, banana, guava, grape, papaya, pineapple and
pomegranate with Azospirillum sp increased vegetative
growth parameters [16]. Combination of phosphorine,
nitrobine and potassine increased vegetative growth of
Eggazi and Koroneiki olive cultivars [17]. Yousif and
Marzouk [18] reported that inoculation of one year old of
Guava trees with phosphorine at 5g per pot showed
significant increase in dry mater. Also, the effect of
microbine on growth of Avocado and Mango seedlings
was cleared by Abd-Rabou [19].

Nitrogen, Phosphorus and Potassium in Leaf of
Rootstocks as Affected by Biofertilizers: Effect of
biofertilizer treatments on leaf N, P and K contents of
Sour orange and Volkamer lemon rootstocks are
presented m Tables 5 and 6.
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Table 2: Effect of sorme biofertilizers on seedling height and thickness {cm) of sour orange and volkamer lemon roctstocks in 2006/2007 and 2007/2008 seasens

Seedling height (crm) Seedling thickness {crm)

2006/2007 season 2007/2008 seascn 2006/2007 season 2007/2008 season
Biofertilizers treatments
(g per seedling) 3o, V1 Ivean So. V1 MMean So. ki Mean So V1 MMean
Control 335n 43.6gh 385H 368n 45.0 h-j 409H 040] 0.40j 040G 0.41 hi 042 hi 041E
Phosphorme 5 g 338mn 44.0 f-h 399 GH 39.0 Im 46.0 425G 040 0.40] 040G 0401 043g-1 0HE
Phosphorine 10 g 3611 44.2eh 401 FG 40.1 kl 46.7 gh 434 FG 0.44 h 043y 043 FG 0.44 f1 044 f1 044 CE
Phosphorine 20 g 402 jk 463 de 432 CD 412k 481 fg MeF 046 g-i 0434 044F 0.45 f-i 045 e 045C-E
Nitrobine 5 g 3501n 43.5gh 392 F-H 40.0 ki 47.0gh 433 FG 0.48 f- 0434 045EF 0.44 f-i 045 e 044 C-E
Nitrobine 10 g 392k 46.0d-f 426 CD 4323 49.2 ef 46.2E 049 fh 045 g 047 EF 0.44 f1 046eh 045 CE
Nitrobine 20 g 4131k 46.0d-f 436C 47.0¢h 520¢c 493C 049 fh 048f1 048 DE 0.44 f1 0494d-f 046 CD
Microbine 5 g 36.01m 452e-g 40.6 EF 44.2 ij 50.9¢c-e 475D 0.48 f- 0.55 c-e 051CD 0.43 g-i 050¢-e 046 CD
Microbine 10 g 36.01m 480¢cd 42 0DE 48.0fg 520¢ 500C 050e-g 056b-d 0530C 0.46 e-h 050¢c-e 048C
Microbine 20 g 42.1h- 50.0be 4608 500 de 5700 335B 052d-f 058 ac 055 BC 048 d-g 051d-g 047 C
Combined application
atlow level (15 g) 3681 48 1cd 424 CD 38.0mn 463 gh 42,1 GH 0.57 b-d 059 a-c 058 AB 0.52 cd 0.55 be 0538
Combined application
atmid. level (30g) 497 be 516a 0.6 A 510¢ce 60.0a 555 A 05%a-c 0.61 ab 0.60 A 0.55bc 0.59ab 057B
Combined application
athigh level (60 g) 50.0 be 5550 522 A 51.2cd 60.0a 556 A 060a-c 063a 06l A 062a 062a 062 A
Iulean 392B 469 A 437 B 507 A 0488 0504 046 B 049 A

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are msignificantly
different at the 5% level So =sour crange V1= volkarner lernon

Table 3: Effect of some biofertilizers on nurnber of leaves per seedling and leaf area (cm2) of sour orange and volkamner lemon rootstocks 1 2006/2007 and 2007/2008 seasons

Number of leaves per seedling Leaf area {cm?2)

2006/2007 season 2007/2008 season 2006/2007 season 2007/2008 seascn
Biofertilizers treatrents
(g per seedling) S0 vl Mean So Ki! Mean So V1 Mean So Vi Mean
Control 40.5m 54.5 ef 475F 445 o 56.2] 505L 211 223gq 217 F 2121 232gk 222G
Phosphorine 5 g 40.8m 55.0 ef 471 9F 47.1mn 57.51j 52. 11K 2124 235d-g 223 EF 22.8h-l 237 fk 232FG
Phosphorine 10 g 451 jk 55.2 ef S501E 48.5 Im 583 hi 53411 23.1e 232e4 23.1DE 231 gk 236 fk 233FG
Phosphorine 20 g 486 57.84d 532CD 496 1 60.1gh 54.8H 232 e 236d-g 233CE 245 eg 252 de 24.9DE
Mitrobme 5 g 42.31m 54.3f 483F 484 Im 587 hi 535 HI 224 g 234 d-h 22 8EF 239 e 241eh 240DF
Nitrobine 10 g 47.21j 57.54d 523CD 522k 61.5fg 569G 23.6d-g 262 a-c 2498 24 e 262 cd 251CD
Nitrobine 20 g 49.6 gh 57.54d 5350 56.81j 65.04d G0.9FE 24.6 cf 27.0ab 25848 25.2d-f 27.1be 26.1BC
Microbme 5 g 435kl 56.5de 0.0 E 534k 63.5de 584F 21.4h4 2404t 227 EF 223 3 236 fk 229FG
Microbme 10 g 435kl 60.0c 517D 61.2fg 65.0d 63.1D 225 g 2404t 23.2DE 224 1 254 de 239EF
Microbine 20 g 509¢g 6250 567 B 620 e-g 681c 65.0C 232 e 263 a-c 247BC 235 gk 263 cd 24 9DE
Corribined application
at low level (15 g) 445k 60.0c 522CD 459 no 5789 518 EL 22511 263 a-c 245 B-D 221 kl 22351 222G
Cormbined application
atmid Level (30 g) 601 e 68.1a 41 A 617 e-g 73.0b 6138 253b-d 281a 267 A 25.2d-f 291 a 21 1AB
Corribined application
athigh level (60 g) 60.5 be 682a .3 A 630 ef T0a 69.0 A 25.1d-e 282a 256 A 262 cd 287 ab 214 A
Iulean 47.4B 59.0 A 534 B 6304 23.0B 250A 235B 252 A

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are nsignificantly
different at the 5% level .50 =sour crange V1= volkarmner lemon.

Table 4: Effect of some biofertilizers on root length (crm) and roct dry weight (g) of sour orange and vollkamer lemon rootstocks in 2006/2007 and 2007/2008 seasons

F.oot length {om) Root dry weight (g.)

2006/2007 season 2007/2008 seascn 2006/2007 season 2007/2008 season
Biofertilizers treatments
(g per seedling) 3o, V1 Ivean So. V1 MMean So. ki Iean So. V1 MMean
Control 1921 213 hi 202H 189 m 2221 205G 4381 53 hi 50F 47h 5.5 gh 51E
Phosphorme 5 g 272¢ 281 bc 276C 254 g1 2938e 27.6B 63 cf T1b-e §.9BC 63eg 74 a-d 63B
Phosphorine 10 g 280bc 320a 300B 301 de 33.0a-c 315 A 71b-e 8.0ab 75 AB 76a-c 82a T9A
Phosphorine 20 g 320a 33.0a 3254 31.8b-d 336a 326 A 8.0ab 83a 314 80a 84a 82 A
Nitrobine 5 g 21.0hi 22.0g4 216 GH 2101 22431 21.8F 5.2hi 55g4 53EF 5.5 ¢gh 5.6 gh 55DE
Nitrobine 10 g 23.2eh 24.0dh 236E-G 223kl 2401k 231E 58f1 61leh 5.9DE 57 fh 6leg 5.9CD
Nitrobine 20 g 23.0fh 23.4eh 232FG 22651 26.0fh 243DE 571 6.0eh 58DF 59eg 65d-g 62B-D
Microbine 5 g 250¢-g 250¢-g 250DF 24.11j 252 hi 246D 6.2 eh 62eh 6.2CD 6.0 eg 63 e-g 6.1B-D
Microbine 10 g 252¢f 262¢c-e 257 CE 24.8 hi 27.0fg 25.8C 63 eh 65e-g 6.4 CD 62 eg 67 ef 64 BC
Microbine 20 g 26 1cf 271 od 26.6 CD 246 h1 27.3f 59C 6.6d-g 67414 6.6CD 6.1leg 68b-e 64 BC
Cormbined application
at low level (15g) 23.4eh 24 d-h 237 E-G 2201 261 fh 240DE s5.8fi 62eh 6.0DE 5.5 ¢gh 65 d-g 6.0CD
Corribined application
atmid. Level (30 g) 31.0ab 328a 31L7AB 310ce 33.2ab 3224 77 a-d 82ab 7oA 7.8ab 83a S04
Cormbined application
athigh level (60 g) 31.6a 33.0a 323 A 313 c-e 334a 323 A 19a-c 83a 81A 19a 83a S1A
Iulean 25.8B 2704 254 B 27194 658 6.8 A 64 B 69 A

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are msignificantly
different at the 5% level o= sour orange V1=volkamer lemen
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Table 5: Effect of sorme biofertilizers on seedling dry weight (g) and nitrogen 4) in leaf of sour orange and vollamer lernon rootstocks in 2006/2007 and 2007/2008 seasons

Seedling dry weight (g)

Leaf nitrogen @&4)

2006/2007 season 2007/2008 seascn

2006/2007 season 2007/2008 season

Biofertilizers treatments

(g per seedling) 3o, V1 Ivean So. V1 MMean So. ki Mean 3o, V1 Mean
Control 16.1n 17.9¢gk 170F 17.2k 19.6 e-h 184E 1.4 ef 1.7bf 16DE 13¢g 13 g 13F
Phosphorine 5 g 163mn 1805 17.1 EF 17.8k 199dg 188E 13F 176 15E 13g 14fg 1.35EF
Phosphorine 10 g 165 1n 18114 173DF 1811k 0 2cg 191 DE 1.5d-f 1.7bf 16DE 14 fg 14fg 14 EF
Phosphorine 20 g 17.4 h-m 187 d-g 180CD 184 h-k 19.5 f-h 189E 1.5 d-f 1.7bf 16DE 15eg 1.6d-g 15D-F
Nitrobine 5 g 163 mn 17.9¢gk 17.1EF 1811k 202cg 191 DE 1.6 e-f 1.7bf 16DE 15eg 15eg 15D-F
Nitrobine 10 g 17.21n 186eh 179CE 19gq 20.9b-e 129CD 16ef 1.8a-f 1.7B-E 1.6dg 15eg 1.5D-F
Nitrobine 20 g 17.6¢g1 188cg 182BC 20d-g 21706 208BC 1.9af 2.1lad 20AD 17cg 18cf 17 CD
Microbine 5 g 16.7kn 184 f-i 17.5CF 192 g-i 214 be 203 BC 20a-e 20a-e 204D 15eg 1.8 ef 1.6 C-E
Microbine 10 g 17.1jn 19.2 ¢c-f 18.1B-D 203 c-g 2176 21.0B 20a-e 22a-c 21 A-C 1.8¢cf 208-d 1.9 A-C
Microbine 20 g 18214 19.8¢c-¢ 190B 208b-f 232a 2204 23ab 22a-e 21A-C 1.9b-e 20ad 19 4A-C
Cormbined application

atlow level (15 g) 17.21n 19.2 ¢c-f 182EC 175k 21b-d 192 DE 22a-c 20a-c 224 17cg 1.9b-e 18CD
Cormbined application

atmid. level (30g) 199b d 21.1ab 2054 211 b-d 24.0a 2254 24a 2.3ab 23 A 2.0 a-d 23ab 21AB
Cormbined application

athigh level (60 g) 20.0a-c 212a 2006 A 21.3b-d 243 a 227 A 24a 23ab 234 2 1a-c 24a 224
Iulean 17.4B 189 A 1918 213 A 188 19A 16A 174

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are msignificantly

different at the 5% level So =sour crange V1= volkarner lernon

Table 6. Effect of some biofertilizers on leaf contents of Phospherous and potassium (%4) of sour crange and volkarmer lemon rootstocks m 20062007 and 2007/2008 seasons

Phosphorous %4)

Potassium (%)

2006/2007 season 2007/2008 seascn

Biofertilizers treatments

2006/2007 season 2007/2008 seascn

(g per seedling) S0 vl Mean So vl Mean B0 V1 Mean So. Vi Mean
Control 0llc 014 fg 012G 0.121 015 013D 1.0 gh 0.%h 0.95E 05a 0.%9a 091 F
Phosphorine 5 g 019¢e-f 022ed 0.20CDr 0.21d-g 027a-c 0248 1.0 gh 1.1fg 1L0O5DE 10a 10a 1L.OOEF
Phosphorine 10 g 021c-e 0.28ab 0.24 4B 0.22 c-f 0.29ab 0.25 4B 1.2 ef 1.1fg 1.15CD 1.0a 1.0a 1.00EF
Phosphorine 20 g 022cd 033a 027 A 0.26 b-d 032a 0294 1.2 ef 0%h 107D 1la 11a 1L10DE
Mitrobme 5 g 016eg 019cf 017 D-F 0.15h1 017 f1 016CD 1.3 de 1.2 ef 125BC 13a 10a L1 CD
Nitrobine 10 g 016e-g 019g 017 D-F 0.16 g1 018 f-h 017 CD 1.3 de 1.3de 1L30B 14a 12a 1L30C
Nitrobine 20 g 019¢e-f 021c-e 020 C-E 0.16 g1 018 f-h 017 CD 14 ed 1.3de 135B 15a 14a 145B
Microbme 5 g 015fg 018df 016 EF 0.18fh 0.20eh 01scC 1.6ab 1.5be 155 A 15a 14a 145B
Microbme 10 g 018df 022cd 020 CE 0.18fh 0.20eh 01scC 17a 1.6ab 165 A l6a 15a 155 AB
Microbine 20 g 021c-e 0.24 be 022BC 0.20 e-h 0.26b-d 0238 17a 1.6ab Le5 A léa léa 160 A
Corribined application

at low level (15 g) 016eg 019cf 017 D-F 0.17 1 019 fh 01scC 1.5be 1.6ab 155 A l2a 12a 125 ¢
Cormbined application

atmid. level (30g) 023 b-d 032a 027 A 0.26 b-d 032a 0294 1.6 ab 1.6ab 160 A 15a 14a 145B
Corribined application

athigh level (60 g) 022cd 031a 026 A 0.25b-e 032a 0234 17a 1.6ab 165 A 15a 15a 1L50AB
Iulean 018B 022 A 0198 023 A 140 A 1.33B 1.32 A 1.24B

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are msignificantly

different at the 5% level .50 =sour crange V1= volkarmner lemon.

Concerning N content, leaf of Volkamer lemon
contained higher N than Sour orange. The highest N
content was recorded with combined application of the
three biofertilizers at lugh level (20 g per seedling); this
was noticed for both two tested rootstocks. Single
application of microbine or nitrobine was more effective in
increasing leaf N content than phosphorine treatments.
Also, mereasing biofertilizer level from 5 to 20 g per
seedling improved leaf nutritional status. On the contrary,
the lowest values of leaf N content were detected with the
control and single application of phosphorme.

Regarding P content, it was noticed that leaf of
Volkamer lemon contained higher P than Sour orange and
the differences between them were significant. Combined
application of the three biofertilizers at high or mid
levels (20 or 10 g per seedling) or single application of

phosphorine at 20 g per seedling recorded higher leaf P
content than the other treatments. On the other side, the
lowest leaf P content of Sour orange and Volkamer lemon
was detected with the control.

In addition K content, it was noticed that leaf of
Volkamer lemon recorded higher sigmficant values of K
than Sour orange. Tn respect to the effect of biofertilizer
treatments on leaf K content of Sour crange and Volkamer
lemon, the highest values were recorded with mtrobme at
20 g per seedling followed by combined application of the
three biofertilizers at high level. In general, microbine
treatments recorded higher values of leaf K content than
nitrobine. On the other hand, the lowest values of leal K
content were observed with the control and phosphorine
treatments; this was noticed with both Sour orange and
Volkamer lemon Results of the mineral nutritional status
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Table 7: Effect of biofertilizers on budding suceess (%) and scion length (emb) of Valencia crange budded en sour orange and volkamer lemon roctstocks in 2007 and 2008 seasens

Budding success &4)

Scion length (e

2007 season 2008 season 2007 season 2008 season
Biofertilizers treatments
(g per seedling) Voo Vaivl Mean VolSo Vaivl Mean VolSo Vaivl IMean VolSo VoVl MMean
Control 80.0e 833d 816G 800e 833d 8lLeF 21.21 246 ik 2291 21%0 2611kl 24 0K
Phosphorme 5 g .0e 83.3d 816G 800e 83.3d 81L.6F 240k 2607y 25.0H 246m 263k 2547
Phosphorine 10 g 833d 6.6 ¢ 84 9E 866 ¢ 6.6 ¢ 86.6C 24.9 ik 28gh 264 FG 2521m 286 hi 269 HI
Phosphorine 20 g 6.6 ¢ 6.6 ¢ 866D 866 ¢ 6.6 ¢ e 2505k 31.0de 280E 260k 300fg 280FC
Nitrobine 5 g 80.0e 833d 816G 800e 833d 8lLeF 233k 28.5fh 259 GH 235n 29.0gh 2621
Nitrobine 10 g 83.3d 6.6 ¢ HMIE 866 ¢ 6.6 ¢ e 273 30.0ef 286E 28h-) 29.8fg 289E
Nitrobine 20 g 90.0b 90.0b Q00C 933b 933h 933B 300 ef 31.0de 305D 302 f 320e 311D
Microbme 5 g 83.3d 83.3d 833F 8334d 83.3d 83.3E 28.0gh 27.0 275 EF 2767 27.3) 275GH
Microbine 10 g 6.6 ¢ 6.6 ¢ 866D 8334 6.6 ¢ 848D 29.0f-h 326 od 306 CD 30.0fg 3284d 314D
Microbine 20 g 90.0b 933a 916B 933b 933h 933B 31.0de 33.0¢ 320C 320e 3344 327 C
Corribined application
at low level (15 g) 83.3d 83.3d 833F 8334d 83.3d 83.3E 283fh 295 eg 289E 280h 29.0gh 285 EF
Corribined application
atmid. level (30g) 933a 933a 933 A 933b 96.6a 4.9 4 321cd 3540 337B 330de 37.0b 350B
Corribined application
athigh level (60 g) 933a 933a 933 A 933b 96.6a 4.9 4 350b 386a 367 A 346c 39.2a 369 A
Idean 85.6B g11A 263 B 878 A 2i5B 303 A 280B 308 A

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are insignificantly

different at the 5% level Vo/So (Valencia crange budded on sour crange)

i1 relation to biofertilizer treatments indicated that, leaf
mineral contents of N, P and K were increased by
mcreasing level of the three biofertilizers and combined
them together. Microbine and nitrobine treatments were
more effective m mereasing N and K than phosphorine
which increased leaf P content. The improving of leaf
nutritional status by application of biofertilizers may be
due to the effect of biofertilizers on enhancing availability
of nutrients [20]. Moreover, Gaudry [21 ] mentioned that
bacteria of Azofobacter and Azospirillivm could produce
Indole acetic acid and cytokinin, which increase the
surface area per unit root length and were responsible for
roct hair branching with an eventual increase of nutrients
from soil. Also, using biofertilizers to improve nutritional

status of different fruit crops were reported by Izquierdo

et al. [22] on Volkamer lemon seedling; Singh and Sharma
[23] on sweet orange;; Abou Taleb ef al. [24] on Olive;
El-Sharkawy and Mehisen [25] on Guava; Abd-Rabou [19]
on Avocado and Mango.

Experiment TI: Response of Budded Seedlings to
Biofertilizers:

Budding Growth: Data presented in Table 7 revealed that
budded Valencia orange on Volkamer lemon gave a higher
significant percent of budding success percentage than
Sour orange rootstock. Combined application of the three
biofertilizers at mid and high levels gave the lghest
significantly budding success percentage;
noticed with both rootstocks. Interaction between
rootstocks and biofertilizers treatments indicated that,

this was

VoVl (Valencia crange budded on volkamer lernor)

Valencia orange budded on seedling of Volkamer lemon
which inoculated with combined application of the three
biofertilizers at high or mid levels had the lnghest budding
success percentage.

Concermuing the effect of biofertilizers on growth
behaviors of Valencia orange budded on sour orange and
Volkamer lemon data presented m Tables 7 and 8 revealed
that, budded Valencia orange on Volkamer lemon gave the
highest significantly values of scion length, number of
leaves per scion and leaf area in both studied seasons.

Combined application of the three biofertilizers at high
level (20 g per seedling) gave the highest significant
values of scion length and number of leaves per scion.
Meanwhile, the lowest values of scion length and number
of leaves per scion were detected with the control
Interaction between rootstocks and biofertilizers
treatments showed the highest values of scion length and
mumber of leaves per scion with combined application of
the three biofertilizers at high level (20 g per seedling);
this was noticed with both rootstocks. Concerning leaf
area, the highest values was observed with nitrobine at
20 g per seedling for scions growing on Sour orange.
Concerning leaf area of the scions growing on Volkamer
lemon, the highest values was detected with combined
application of the three biofertilizers at low level
(5 g per seedling) in both seasons. On the other hand the
lowest leaf area was recorded with single application of
phosphorine at 5 g per seedling. In general, single
application of microbine or nitrobine or combined
application of the three biofertilizers at high level were
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Table 8: Effect of biofertilizers on number of leaves per scion and leaf area (em2) of Valencia orange budded on sour orange and volkarner lernon roctstocks in 2007 and 2008 seasons

Number of leaves per scion

Leaf area (cm2)

2007 season 2008 season 2007 season 2008 season
Biofertilizers treatments
(g per seedling) Voo Vaivl Mean VolSo Vaivl Mean VolSo VoVl Mean VolSo VoVl Mean
Control 19.2n 23.01 211H 23.0h 251fg 24.0E 21.9kl 21.6a-c 247E-G 22gh 27.0ab 245DF
Phosphorine 5 g 12.1n 21.2m 2011 2001 220ijk 210G 168n 21.8kl 1931 17.05 21.9hi 194 G
Phosphorine 10 g 23.01 23.01 230G 243 fh 23.1hg 237E 250fh 236y 24.3GH 251b-e 234 eh 242 EF
Phosphorine 20 g 240k 278 de 259D 252 fg 270e 261D 23.2§ 2ica-c 254C-E 2301fh 271a 250CE
Mitrobme 5 g 21.0m 2251 217H 212kl 24.0g1 22.6F 26.3de 2251k 244F-H 267 ab 239d-g 2530B-E
Nitrobine 10 g 2281 250 hi 23 9EF 23.0h 24 1g4 23.5EF 24.6 hi 24.8¢gh 247E-G 251 b-e 24 5¢-f 248 CF
Nitrobine 20 g 27.0ef 281cd 275¢C 27.0e 29.0¢cd 2s0cC 27.1bd 28.2ab 276 A 272a 271a 271 A
Microbine 5 g 2301 240k 235FG 22.81j 246 fg 237E 234j 26.9¢c-e 25.1D-F 243 o-f 27.0ab 256B-D
Microbine 10 g 232kl 243 ij 237 EF 241 g1 245 fg 243E 21.21 26.5¢c-e 238H 222¢gh 269 ab 245 D-F
Microbine 20 g 260g 29.0¢ 215 270e 29.6 be 283C 26.3 de 259e-g 261 BC 27.0ab 262 a-c 26.6 AR
Cormbined application
atlow level(15 g) 2301 25.8gh 244E 23.0h 2561 243E 190m 283a 23¢6H 2001 272a 235F
Cormbined application
atmid. level(30 g) 251 fg 31.0b 285B 280 de 32.0a 30.0B 26.8c-e 24.7 hi 257 B-D 271a 243 o-f 257B-D
Cormbined application
athigh level(60 g) 31.0b 32.0a 315 A 308 ab 32.1a 314 A 26.0d-f 267 c-e 263B 262 a-c 258 a-d 260 A-C
IMean 237B 259 A 245B 263 A 23.6B 257 A 240B 2554

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are msignificantly

different at the 5% level Vo/So (Valencia orange budded on sour orange) VoVl (Valencia orange budded on volkarner lernon)

more effective in inducing growth of Valencia orange
budded on Sour orange and Volkamer lemon
rootstocks than control or phosphorine treatments.
The growth enhancement by biofertilizers may be due
the production of growth regulators as well as to N
fixation. In this concern, Bashan and Levanony [26]
reported that plant inoculation with mtrogen fixer
such as Azospirillum affected many foliage parameters.
These changes were dwrectly attributed to positive
bacterial effects on mineral uptake by the plants,
i uptake NO3, NH4, PO4 and K by
nitrogen fixing bacteria was proposed to cause an

enhancement

increase in foliar dry mater, accumulation of minerals in
stem and leaves, mcrease in root system and finally
resulted in higher growth. Abd El-Aziz [27] reported that
the vegetative growth of Williams banana were enhanced
by application of biogein, nitrobein and microbein
biofertilizers. Also, Hammam [ 28] indicated that fertilizing
Williams and Cavendish banana plants with microbein
produced the maximum height and girth of pseudostem
and total leaf area. Abd El-Samad et al. [29] revealed that,
growth of Sour orange, Volkamer lemon and Cleopatra
mandarin were improved by biofertilizers. Also, they
added that Valencia orange budded on Volkamer
lemon rootstock had higher values of stem length
and diameter than those on Sour orange. Moreover,
Aseri et al. [30] enhanced growth of pomegranate by
using biofertilizers.

Leaf chlorophyll: Data presented in Table 9 clearly show
that budded Valencia orange on Sour orange recorded
higher significant leaf chlorophyll content than those
budded on Volkamer lemen; this was noticed i both
seasons. Combined application of the three biofertilizers
at high level or single application of nitrobine at 20 g per
seedling recorded the highest leaf chlorophyll content of
Valencia orange budded on Sour orange or Volkamer
lemon rootstocks. Concerming the interaction between
rootstocks and biofertilizer treatments results showed
that, the application with nitrobine at 20 g per seedling or
combined application of the three biofertilizers at high or
mid levels (20 or 10 g per seedling) recorded the highest
values of leat chlorophyll content. Nitrobine was more
effective in increasing leaf chlorophyll content than
microbine. On the other hand, the lowest leaf chlorophyll
content was observed with the control and phosphorine
at 5 g per seedling. The important role of biofertilizers on
enhancing the formation of leaf chlorophyll might be
attributed to their action on increasing availability of
water and minerals. The results of Ahmed and El-Dawwey
[31]; El-Sayied [32] and Ragab [6] supported the
stimulating effect of biofertilizers on chlorophyll. Also,
Tiwary et al [33] recorded higher chlorophyll content in
leaves of Banana inoculated with N2-fixing bacteria.
Moreover, Kohler ef af. [34] reported that the high
chlorophyll content might have resulted from enhanced
plant growth.
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Table 9: Effect of biofertilizers on leaf chlerophyll {mg /100 g.fw) and nitrogen 34) contents of Valencia orange budded en sour orange and volkamer lemen rootstocks in 2007 and 2008 seasons

Leaf chlorophyll Leaf nitrogen @&4)

2007 season 2008 seascn 2007 season 2008 seascn
Biofertilizers treatments
(g per seedling) VaolSo Vol Ivean VaofSo Vol MMean VaolSo VolVl Iean Vollo VoVl MMean
Control 42.0fg 3801 40.0 GH 41.3j 37.01 3911 1.6b 1.84ab 1.7CD 17b 1.9ab 18B
Phosphorine 5 g 41.9fg 360k 3891 4201 3711 3951 1.6b 1.7 ab 16D 17b 1.9ab 18B
Phosphorine 10 g 421 fg 370ijk 395 HI 43.0h 39.0k 41.0H 1.6b 1.84ab 1.7CD 1.8ab 1.9ab 18B
Phosphorine 20 g 43.0 ef 37.9] 404 FGF 4501 41.0j 43.0E 1.7 ab 1.84ab 1.7CD 1.8ab 20ab 1.9AB
Nitrobine 5 g 461 ¢ 42.0fg 44 0DE 470e 4201 445D 1.8ab 1.84ab 1.8B-D 17b 1.9ab 18B
Nitrobine 10 g 49.2b 48.1b 436C 493b 453 e 47.8B 1.8ab 1.9ab 18 A-D 1.8ab 1.9ab 18B
Nitrobine 20 g 53.0a 49.0b 5104 532a 483 ¢cd 507 A 2.0ab 20ab 204D 1.9ab 20ab 1.9AB
Microbine 5 g 42.0fg 40.0h 410F 43.0h 41.0j 420G 2.0ab 21ab 204D 1.8ab 1.8ab 18B
Microbine 10 g 44 0de 43.0 ef 435E 433 gh 41.0j 421 FG 2.1ab 22ab 21A-C 1.9ab 20ab 1.9AB
Microbine 20 g 44 0de 450¢cd 445D 482d 440g 46.1C 22ab 23a 22 AB 2.0ab 21ab 20AB
Corribined application
atlow level(15 g) 413 ¢ 352 hi 402F-H 441 fg 4131 42.6EF 1.9ab 20ab 19 A-D 17b 1.9ab 18B
Corribined application
atmid. level(30 g) 53.0a 461 ¢ 4958 527 a 48.1d 50044 2.0ab 21ab 204D 2.1ab 22ab 21AB
Corribined application
athigh level(60 g) 53.0a 49.0b 5104 528a 49.2 be 5104 23a 24a 234 2.1ab 23a 234
Iulean 457 A 423B 465 A 427B 184 194 18A 194

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are msignificantly

different at the 5% level Vo/So (Valencia crange budded on sour crange)

Table 10: Effect of biofertilizers on leaf Phosphorous and potassium contents (%) of Valencia orange budded on sour crange and volkamner lermnon roctstocks n 2007 and 2008 seascns

VoVl (Valencia crange budded on volkarmner lemon)

Leaf Phosphorous %4)

Leaf potassium (%)

2007 season 2008 season 2007 season 2008 season
Biofertilizers treatments
(g per seedling) Voo Vaivl Mean VolSo Vaivl Mean VolSo Vaivl Mean VolSo VoVl Mean
Control 0121 041 013F 0.131 015g1 014E 110 121 eg 115G 1.05 gh 110eg 1LO07FG
Phosphorene 5 g 015 ght 016 f1 016EF 0.14 h1 018e-1 016 DE 121eg 1.15th 118E-G 1.02h 112 ef 1LO07FG
Phosphorene 10 g 018eh 0192d+h 019CE 0.19 e-1 021dh 0.20CD 1.22 ef 1.234d-f 1.22DE 1.06 gh 113 ef 1LO09FG
Phosphorene 20 g 0.25 abe 0.26ab 025 AB 0.25a-e 028ad 0.26 AB 1.31bd 1.22 ef 1.26CD 1.12 f 121¢ 116D
Nitrobiene 5 g 0192d+h 0192d+h 019CE 0.16 g1 018e-1 017 DE 1.021 1.021 1.02H 1.03h 1.02h Loz H
Nitrobiene 10¢g 020cg 020cg 020CD 0.17 1 01%9e-1 018CE 1.13gh 1.031 1.08H 1.03h 1.03h 103 H
Nitrobiene 20¢g 0192d+h 020cg 019CD 0.18 e-1 021dh 0.19CD 1.25¢c-e 1.24 c-e 1.25CD 1.15 de 1.22¢ 1.18CD
Microbiene 5 g 018eh 0192d+h 018CE 0.16 g1 018e-1 017 DE 1.031 1.13 gh 1.08H 1.06 gh 1.05 gh 1.05GH
Microbiene 10 g 018eh 021bf 019CD 0.17 1 01%9e-1 018CE 1.22 ef 1.22 ef 1.22D-F 1.20cd 1.24¢ Lz22¢
Microbiene 20 g 021bf 023b-e 022 BC 022cg 0.24bf 023 BC 1.25¢c-e 1.35ab 1.3BC 121¢c 1.32b 1.26B
Combined application
at low level (15 g) 016 f1 0192d+h 017 DE 0.19 e-1 021dh 0.20CD 112 1.234d-f 116 FG 1121fg 1.15 de L11E
Cormbined application
atmid. level (30g) 024ad 0.26ab 025 AB 0.27 a-d 02%a-c 0.28 AB 1.32be 1.35ab 133 AB 133b 14la 137 A
Cormbined application
athigh level (60 g) 025a-c 029a 027 A 0.31 ab 032a 031 A 1.36ab 143a 1394 135b 145 a 1404
IMean 019B 021 A 0.19B 021 A 1194 122 4 1.13B 118 A

Within the column for biofertilizers treatment means, the row for rootstocks means, or the means for combinations of the two factors, means sharing one or more letters are insignificantly

different at the 5% level Vo/So (Valencia crange budded on sour crange)

Leaf Mineral Contents of Valencia Orange Budded
on Sour Orange and Volkamer Lemon as Affected
by Biofertilizers: Leaf N, P and K contents of
Valencia orange scions budded on Sowr orange and

VoVl (Valencia orange budded on volkarmer lernorn)

level (20 g per plant). Single applications of microbine or
nitrobine were more effective in increasing leaf N content

than phosphorine treatments which recorded nearly the
similar result of the control. TLeaf of Valencia orange on

Volkamer lemon rootstocks are presented i Tables 9 Volkamer lemon contained higher P than those on Sour
orange and the differences were sigmficant i both
seasons. Regardless of rootstocks, the highest leaf P

and 10

Concerning leaf N content the Valencia orange on
Volkamer lemon recorded higher values than those on
Sour orange however the differences between them were
msignificant. The highest N content was recorded with
combined application of the three biofertilizers at high

content was observed with combined application of the
three biofertilizers at high level (20 g per plant) followed
by mid level (10 g per plant) then single application of
phosphorine at 20 g per plant. Interaction between

46
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rootstocks and biofertilizers showed the highest values of
leaf P content with combined application of the three
biofertilizers at high level (20 g per plant). Leaf of Valencia
orange on Volkamer lemon contained higher K than those
on Sour orange and the differences were significant in the
second season only. Combined application of the three
biofertilizers at high level (20 g per seedling) recorded the
highest values. From the above mentioned results it could
be concluded that leal nutritional status of Valencia
orange on Volkamer lemon or Sour orange were improved
with the combined application of three biofertilizers at
high level. Also, Volkamer lemon rootstock was more
effective in mcreasing leaf mineral contents than Sour
orange this may be related to the effect of Volkamer on
stimulating growth of Valencia orange than the Sour
orange rootstock. The great availability and release of N,
P and K due to the application of biofertilizers were
announced by Ahmed and El-Dawwey [31] on Olive
and Chokha and Sharma [35] on Sweet orange;
Abd El-Samad et al. [29] on Citrus and Al-Ashkar [36]
on Banana.

Results of this study cleared the importance role of
microbine, nitrobine and phosphorine in mproving
growth of Sour orange, Volkamer lemon rootstocks and
scions of Valencia orange budded on them.
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