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ABSTRACT: The experiment was conducted during two successive
seasons (2012/2013 and 2013/2014) in the nursery of ornamental
plants and the Laboratory of Floriculture, Fac. of Agric., Minia Univ.
The aim of this work is to study the effect of bio-mineral nitrogen and
ascorbic acid (50, 100 and 150 ppm) on growth and essential oil
production of geranium plants. Results showed that non-significant
differences between mineral N (100%) and mineral N (75%) + Minia
Azotein (Azotobacter strain) on growth and essential oil production of
plants. The effect of high concentration (150 ppm) of ascorbic acid
was superior to that other two concentrations (medium and low) on
increasing plant growth and essential oil productivity.

The plants fertilized with mineral N (75%) plus Minia Azotein
(Azotobacter strain) and spraying with 150 ppm ascorbic were equal
(growth and essential oil production) with plants received 100% N plus
150 ppm ascorbic acid.
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INTRODUCTION

Pelargonium graveolens, L. belongs to
family Geraniaceae. It is not to be confused
with the household variety of geranium,
which is a completely different species.
There are over 700 varieties of cultivated
geranium, however, most are grown for
ornamental purposes. The plants of
Pelargonium are native to South Africa
(Shawi et al., 2006). In warmer climates like
that of Egypt, the plants are growing as a
perennial, lasting on the average from four to
six years (Kaul ef al., 1996).

Geranium oil can range from very sweet

and rosy to musty, minty and green
(Rejeshwara Rao, 2002). Its action include
analgestic, antidepressant, antiseptic,
astringent, cicatrisant, cytophylactic,
deodorant,  styptic,  tonic,  vulnerary

(Qinghua, 1993).

acid, vegetative growth, essential oil.

Chemical nutrients especially nitrogen is
very important for plants, because N partake
in structure of several components of the
whole plant. Application of mineral
fertilization have been reported to enhance
plant growth and to increase the active
ingredient content in several medicinal
plants such as geranium (Ram et al., 2003),
Ocimum basilicum (Golcz et al, 2006),
lemon Balm (Aziz and El-Ashry, 2009) and
peppermint (Zheljazkov and Cerven, 2009).

Biofertilizers are considered to be low
cost, eco-friendly and renewable sources of
plant nutrients supplementing chemical
fertilizers in sustainable agricultural system.
This refer to microorganism, which increase
crop growth through different mechanisms,
i.e. biological nitrogen fixation, growth
promoting or  hormonal  substances,
increasing availability of soil nutrients (Galal
and Aly, 2004). Application Minia Azotein
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as biofertilizer increased plant growth and
essential oil production in several plants such
as anise (Hemdan, 2008), black cumin
(Helmy, 2008), borage plant (Abdou et al.,
2009) and sweet basil (Abdou et al., 2014).

Ascorbic acid (vit. C) had many
stimulating effects on growth and some
physiological activities of different plant
(Dewick, 2000; Ismail, 2008 and Abdou et
al., 2009).

This object of this study is to investigate
the response of geranium plants to different
levels of mineral nitrogen with biofertilizer
(Minia Azotein) and ascorbic acid, as well
as, their interaction on vegetative growth and
essential oil yield in order to figure out the
possibility of decreasing the amount of
mineral nitrogen by the substitution with
biofertilizers.

MATERIALS AND METHODS

A field experiment was conducted
during the two successive growing seasons
of 2012/2013 and 2013/2014 at the nursery
of ornamental plants and the Laboratory of
Floriculture, Fac. of Agric., Minia Univ. to
investigate  the effect of different
concentrations of mineral nitrogen with
Minia Azotein (Azotobacter strain) and
ascorbic acid, as well as, their interaction
treatments on vegetative growth traits and
essential oil productivity of Pelargonium
graveolens, L.

The uniform terminal cuttings of
geranium were taken yearly from the mother
plants in uniform size and length (18 cm)

long. The cuttings were immediately planted
in polyethylene bags in a mixture of clay:
sand (1:1 v/v) on November 24™ 2012 and
2013, respectively. The seedlings were
transplanted in the Experimental filed on
February 20™ for each season.

The experiment was arranged in a split-
plot design with three replicates. The main
plots included three levels of mineral N plus
Minia Azotein (A), while, four treatments of
ascorbic acid (B) occupied the sub plots.
Therefore, the interaction treatments (AXB)
were 16 treatments. The experimental unit
(plot) was 3x3 m and containing 4 rows, 60
cm apart and seedlings were cultivated in
hills, 32 plants. The physical and chemical
analysis of the soil are shown in Table (a):

Treatments:

1- Main plots were mineral N 25% +
Minia Azotein (M.A.), mineral N 50% +
Minia Azotein, mineral N 75% + Minia
Azotein and mineral N 100% (recommended
dose). Mineral (full dose) was added at the
rate of 400 kg/fed/year of ammonium nitrate
(33.5% N). So the mineral N at 25, 50 and
75% were 100, 200 and 300 kg/fed/year.

All plants received mineral PK as
calcium superphosphate (15.5% P,0s) at 300
kg/fed/year and potassium sulphate (48%
K,0) at 100 kg/fed/year, respectively.

All P amounts were added during
preparing the soil to cultivation, while the
mineral NK fertilizers were divided into four
batches, two batches (the first and second

Table a. Physical and chemical analysis of the experimental soil.

Soil Characters Values Soil Characters Values
Sand % 28.20 Available P % 15.12
Silt % 30.70 Exch. K (mg/100 g) 2.11
Clay % 41.10 Exch. Ca™ (mg/100 g) 31.74
Soil type Clayey loam Exch. Na" (mg/100 g) 2.40
Organic matter % 1.62 Fe 8.54
CaCO; % 2.09 Cu 2.06
E.C. (mmhos/cm) 1.04 g:tp A - Zn 2.75
pH (1:2.5) 7.82 - PP Mn 8.26
Total N % 0.08
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doses) were added at three weeks interval,
starting from March 21% (for first cutting),
and the other two batches (the third and
fourth doses) were added at three weeks
interval, starting from June 2nd (after 7 days
of the first cutting time).

Minia Azotein (Azotobacter strain) as a
biofertilizer was added (50 cm’/plant) four
times around the plants after one week from
each addition of mineral N and K. All other
agricultural practices were carried out as
usual in the region in the two experimental
seasons.

2- Sub plots were control (spraying with
a distilled water) and ascorbic acid at 50, 100
and 150 ppm as a foliar spray four times for
each season at the same schedule of mineral
NK.

During each experimental season the
plants were cut twice, the first cut was done
on 25" May, while, the second cut was done
on 25" September in the two growth seasons.

Data recorded:

Plant height (cm), number of main
branches/plant, herb fresh weight/plant
(g/cut and kg/season) and herb fresh
weight/fed (ton/fed).

Essential oil determination:

Determination of essential oil % in
random samples obtained from the fresh herb
of each treatment (after 48 hours from each
cut) was carried out in each cut during the
two seasons according to the method
described by British Pharmacopoeia (1963).

The essential oil percentage = Essential oil in
the graduated tube in ml / Weight of sample
(g) x 100.

Essential oil yield/plant was calculated by
multiplying oil percentage by herb
yield/plant and expressed as ml/plant.

Essential oil yield/fed was calculated by

essential oil yield/plant x number of
plants/fed (14222.22 plants).

The data of the two cuts during two
seasons were subjected to statistical analysis

of variance MSTAT-C (1986). L.S.D. test at
0.05 was found to compare the average
means of treatments.

RESULTS AND DISCUSSION
1- Vegetative growth parameters:

Data presented in Tables (1, 2, 3 and 4)
show that the vegetative growth traits (plant
height, number of main branches/plant, herb
fresh weight/plant/cut and /plant/season, as
well as, herb fresh weight/fed) were
increased by increasing mineral N in the
presence of Minia Azotein till 75% N. The
fertilization with 100% mineral nitrogen
gave the highest values in comparison with
other treatments of bio-mineral nitrogen
fertilization without significant differences
detected between mineral N (100%) and
Minia Azotein + mineral N (75%) in the two
cuts during both seasons. The response of
plant growth in the present investigation as a
result of application of mineral N
fertilization was also found by Ram et al.
(2003) and Ibrahim (2010) on geranium,
Golcz et al. (2006) on sweet basil and Aziz
and El-Ashry (2009) on lemon Balm. The
beneficial effects of Minia Azotein (N-
biofertilizer treatments) on plant growth
were obtained by Hemdan (2008) on anise,
Helmy (2008) on black cumin and Abdou et
al. (2014) on sweet basil.

Concerning the effect of ascorbic acid
treatments, all previous studied characters
were significantly increased in the two cuts
during both seasons due to the use of the
three concentrations of ascorbic acid in
comparison with control. Among various
treatments, the high concentrations (150
ppm) gave the highest values comparing
with other two concentrations and control.
Similar results were obtained by Ismail
(2008) on black cumin and Abdou et al.
(2009) on borage plant.

Results showed a significant interaction
between Minia Azotein—mineral N and
ascorbic acid treatments. The highest values
over all were obtained due to fertilizing
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Table 1. Effect of nitrogen fertilization and ascorbic acid on plant height (cm) of
geranium (Pelargonium graveolens, 1L.) plants in the first and second cuts
during the two seasons (2012/2013 and 2013/2014).

N-fertilization 1% Season 2" Season

M.A. M.A. M.A. Mean M.A. M.A. M.A. Mean
. + + + 100% N + + + 100% N
Ascorbic aci (B) (B)
25% N 50% N 75% N 25% N 50% N 75% N
treatments
1* Cut
Control 514 55.6 59.8 60.1 56.7 57.1 62.5 65.5 66.6 62.9

AsA. at 50 ppm 55.1 59.3 62.2 63.2 60.0 61.2 67.0 69.3 70.2 66.9
AsA. at 100 ppm 59.0 63.3 66.1 67.0 63.9 65.3 71.4 73.5 74.0 71.1
AsA. at 150 ppm  60.8 65.4 68.1 69.0 65.8 67.5 73.5 75.5 76.0 73.1

Mean (A) 54.1 60.9 64.1 64.8 62.8 68.6 71.0 71.7

L.S.D. at 5% A=28 B=0.9 AB=1.8 A=22 B=0.8 AB=1.6
2™ Cut

Control 48.1 51.2 53.3 54.1 51.7 53.1 58.1 60.8 61.5 58.4

AsA. at 50 ppm 51.2 54.7 56.5 57.2 54.9 57.0 62.0 64.5 65.5 62.3
AsA. at 100 ppm 553 58.5 60.5 61.1 58.9 60.8 66.0 68.1 69.3 66.1
AsA. at 150 ppm 57.0 60.6 62.4 62.7 60.7 62.8 68.1 70.2 71.3 68.1

Mean (A) 52.9 56.3 58.2 58.8 58.4 63.6 65.9 66.9
L.S.D. at 5% A=1.7 B=0.7 AB=14 A=2.1 B=0.9 AB=1.8
AsA.= Ascorbic acid M.A.= Minia Azotein (Azotobacter strain)

Table 2. Effect of nitrogen fertilization and ascorbic acid on number of main
branches/plant of geranium (Pelargonium graveolens, L.) plants in the first
and second cuts during the two seasons (2012/2013 and 2013/2014).

N-fertilization 1% Season 2" Season

M.A. MA. M.A. Mean M.A. M.A. M.A. Mean
Ascorbic a0 + + + 100% N (B) + + + 100% N (B)
25% N 50% N 75 % N 25% N 50% N 75% N
treatments
1 Cut
Control 9.9 12.1 13.6 14.5 12.5 10.9 13.2 14.2 14.7 13.3

AsA. at 50 ppm 11.1 13.4 14.7 15.2 13.6 12.3 14.7 15.8 16.1 14.7
AsA. at 100 ppm 11.4 13.7 15.0 15.2 13.8 12.6 14.9 16.0 16.0 14.9
AsA. at 150 ppm 11.7 13.7 15.4 15.6 14.1 12.7 15.0 16.1 16.5 15.0

Mean (A) 11.0 13.2 14.7 15.1 12.1 14.5 15.5 15.8

L.S.D. at 5% A=0.5 B=0.1 AB=0.2 A=04 B=0.2 AB=0.4
2" Cut

Control 10.5 12.6 14.0 14.5 12.9 11.4 13.8 14.7 15.1 13.8

AsA. at 50 ppm 11.9 13.8 15.0 15.4 14.0 12.7 15.1 16.0 16.4 15.1
AsA. at 100 ppm 12.4 14.4 15.7 16.1 14.7 133 15.8 16.8 17.0 15.7
AsA. at 150 ppm 12.8 14.9 16.3 16.7 15.2 13.4 15.9 17.2 17.4 16.0

Mean (A) 11.9 13.9 15.3 15.7 12.7 15.2 16.2 16.6
L.S.D. at 5% A=0.5 B=0.2 AB=0.4 A=0.6 B=0.1 AB=0.2
AsA.= Ascorbic acid M.A.= Minia Azotein (Azotobacter strain)
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Table 3. Effect of nitrogen fertilization and ascorbic acid on herb fresh weight/plant
(g/plant) of geranium (Pelargonium graveolens, L.) plants in the first and
second cuts during the two seasons (2012/2013 and 2013/2014).

N-fertilization 1% Season 2" Season

M.A. M.A. M.A. Mean ML.A. ML.A. ML.A. Mean
Ascorbic a0t + + + 100% N (B) + + + 100% N (B)
25% N 50% N 75% N 25% N 50% N 75% N
treatments
1% Cut
Control 490.1 588.2 687.0 697.5 6157 5519 6572 761.6 7683 684.8

AsA. at 50 ppm 593.1 7102 8258 841.8 7427 605.1 7193 8382 8509 7534
AsA.at100 ppm  620.0 741.1 868.5 900.5 7825 629.1 7532 879.5 910.0 793.0
AsA.at 150 ppm  641.1 7735 910.6 9358 8153 6482 780.1 918.8 9435 8227

Mean (A) 586.1 7033 8230 8439 608.6 7275 8495 8682

L.S.D. at 5% A=219 B=12.9 AB=25.8 A=19.7 B=124 AB=24.8
2" Cut

Control 532.1 6432 7615 768.0 6762 581.1 6721 7932 7975 711.1

AsA. at 50 ppm 617.1 7412 865.6 8713 7738 6262 750.1 8742 880.1 7827
AsA.at100 ppm  651.1 781.0 9302 9445 8267 6589 7903 937.5 952.6 834.8
AsA.at150 ppm 6720 817.0 9553 9713 8539 6832 826.1 964.8 980.1 863.6

Mean (A) 618.1 745.6 878.2 888.8 637.4  759.7 8925 902.6
L.S.D. at 5% A=13.6 B=9.0 AB=18.0 A=14.5 B=28.1 AB=16.2
AsA.= Ascorbic acid M.A.= Minia Azotein (Azotobacter strain)

Table 4. Effect of nitrogen fertilization and ascorbic acid on herb fresh
weight/plant/season (kg/plant) and herb fresh weight/fed/season (ton/fed) of
geranium (Pelargonium graveolens, L.) plants in the first and second cuts
during the two seasons (2012/2013 and 2013/2014).

N-fertilization 1% Season 2" Season

M.A. MA. M.A. Mean MA- MA. MA. Mean
Ascorbic o3 + + +  100%N (f;; + + +  100% N (}e;;
25%N 50% N 75% N 25%N 50%N 75% N

treatments

Herb fresh weight/plant/season (kg/plant)
Control 1.02 1.23 1.45 1.47 1.29 1.13 1.33 1.56 1.57 1.40
AsA. at 50 ppm 1.21 1.45 1.69 1.71 1.52 1.23 1.47 1.71 1.73 1.54
AsA. at 100 ppm 1.27 1.52 1.80 1.85 1.61 1.29 1.54 1.82 1.86 1.63
AsA. at 150 ppm 1.31 1.59 1.87 1.91 1.67 1.33 1.61 1.88 1.92 1.69

Mean (A) 120 145 170 174 125 149 174 177

L.S.D. at 5% A=10.05 B=0.02 AB=0.04 A=10.04 B=0.02 AB=0.04
Herb fresh weight/fed/season (ton/fed)

Control 1451 1749 20.62 2091 1835 16.07 1892 22,19 2233 1991

AsA. at 50 ppm 1721  20.62 2404 2432 21.62 1749 2091 2432 2460 2190
AsA.at 100 ppm  18.06 21.62 2560 2631 2290 1835 2190 2588 2645 23.18
AsA.at 150 ppm  18.63 22.61 26.60 27.16 23.75 1892 2290 26.74 2731 24.04

Mean (A) 17.07 2062 24.18 2475 1778 21.19 2475 2517
L.S.D. at 5% A=10.59 B=10.30 AB=0.60 A=0.46 B=0.32 AB=0.64
AsA.= Ascorbic acid M.A.= Minia Azotein (Azotobacter strain)
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geranium plants with either mineral N
(100%) or Minia Azotein + mineral N (75%)
and spraying plants with ascorbic acid at 150

ppm.
2- Essential oil productivity:

The data presented in Tables (5, 6 and 7)
indicate that essential oil %, essential oil
yield/plant/cut, essential oil yield/plant and
/fed were significantly decreased as a result
of fertilizing plants with all used combined
fertilization treatments (mineral N + Minia
Azotein) comparing with mineral N (100%).
It is noticed that the least reduction of values
was obtained with mineral N (75%) + Minia
Azotein and there were non-significant
differences between 100% N and 75% N +
Minia Azotein for all previous parameters.

Data presented in Tables (5, 6 and 7)
indicated that the treatments of ascorbic acid
(50, 100 and 150 ppm) significantly
increased essential oil percentage, essential
oil yield (per plant/cut, per plant/season and
per fed) over the control. Ascorbic acid at

150 ppm was more effective than other
treatments. Ascorbic acid has been known as
an antioxidant and protects plants against
damage resulting from aerobic metabolism,
photosynthesis and a range of pollutants.
Also, it had promotive effects on essential oil
% (Tarraf et al., 1999).

The interaction between fertilization and
ascorbic acid treatments was significant for
essential oil % and essential oil yield (per
plant and per fed) in both seasons. The best
interaction in this study was obtained from
either fertilizing geranium plants with
mineral nitrogen (100%) or with Minia
Azotein + 75% N and spraying plants with
salicylic acid at 150 ppm.

Hence, it could be recommended that the
interaction treatments of Minia Azotein +
75% N (mineral) plus ascorbic acid at 150
ppm had a beneficial effect on growth and
essential oil production of geranium plants.

Table 5. Effect of nitrogen fertilization and ascorbic acid on essential oil % of geranium
(Pelargonium graveolens, L.) plants in the first and second cuts during the two

seasons (2012/2013 and 2013/2014).

N-fertilization 1 Season 2" Season
M.A. MA. MA. Mean MA- MA. MA. Mean
Ascorbic adh + + + 100%N (B) + + +  100%N (B)
treatments 25%N 50%N 75% N 25%N 50%N 75% N
1% Cut
Control 0331 0346 0374 0378 0357 0.333 0348 0377 0.380  0.360
AsA.at50 ppm 0351 0356 0387 0.388 0371 0353 0.368 0399 0401 0.380
AsA.at100 ppm 0357 0363 0394 0398 0378 0362 0378 0409 0413  0.391
AsA.at150 ppm 0365 0372 0401 0404 038 0369 0385 0416 0419 0.397
Mean (A) 0.351  0.359 0389 0.392 0.354 0370 0.400 0.403
L.S.D. at 5% A=0.004 B=0.002 AB=0.004  A=0.004 B=0.002 AB=0.004
2" Cut
Control 0319 0333 0363 0366 0545 0325 0337 0369 0372 0351
AsA.at50 ppm 0338 0.353 0.384 0387 0366 0348 0360 0395 0.397 0.375
AsA.at 100 ppm 0345 0360 0.391 0394 0373 0354 0367 0401 0404 0.382
AsA.at150 ppm 0351 0366 0398 0399 0379 0364 0377 0413 0416 0.393
Mean (A) 0.338 0.353 0384 0.387 0.348 0.360 0.395 0.397
L.S.D. at 5% A=0.003 B=0.002 AB=0.004  A=0.002 B=0.005 AB=10.010

ASA.= Ascorbic acid

M.A.= Minia Azotein (Azotobacter strain)
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Table 6. Effect of nitrogen fertilization and ascorbic acid on essential oil yield/plant/cut
(ml/plant) of geranium (Pelargonium graveolens, L.) plants in the first and
second cuts during the two seasons (2012/2013 and 2013/2014).

N-fertilization 1% Season 2" Season

M.A. M.A. M.A. M.A. M.A. M.A.

Mean Mean
Y 0
Ascorbic aci + + +  100% N (B) + + +  100% N (B)
25% N 50% N 75% N 25% N 50% N 75% N
treatments
1% Cut
Control 1.62 2.04 2.57 2.64 2.20 1.84 2.29 2.87 2.92 2.47

AsA. at 50 ppm 2.08 2.3 320 327 276 214 265 334 341 2.86
AsA.at 100 ppm 221 269 342 358 296 228 2385 3.60  3.76  3.10
AsA. at 150 ppm 234 2.88 3.65 3.78 3.15 2.39 3.00 3.82 3.95 3.27

Mean (A) 2.06 2.52 3.20 3.31 2.15 2.69 3.40 3.50

L.S.D. at 5% A=0.13 B=0.07 AB=0.14 A=0.12 B=0.07 AB=0.14
2™ Cut

Control 1.70 2.14 2.76 2.81 3.69 1.89 2.26 2.93 2.97 2.50

AsA. at 50 ppm 209 262 332 337 283 218 270 345 349 294
AsA. at 100 ppm 225 2.81 3.64 3.72 3.08 2.33 2.90 3.76 3.85 3.19
AsA.at150 ppm 236 299 380 3.88 324 249 3.1 398 408  3.39

Mean (A) 209 263 3.37 3.44 222 273 3.53 3.58
L.S.D. at 5% A=0.11 B=0.06 AB=0.12 A=0.11 B=0.11 AB=0.22
AsA.= Ascorbic acid M.A.= Minia Azotein (Azotobacter strain)

Table 7. Effect of nitrogen fertilization and ascorbic acid on essential oil yield/plant
(ml/plant) and essential oil yield/fed (liter/fed) of geranium (Pelargonium
graveolens, L.) plants in the first and second cuts during the two seasons
(2012/2013 and 2013/2014).

N-fertilization 1% Season 2" Season

MA. MA. MA. Mean MA- MA. MA. Mean
+ + +  100%N + + +  100%N

25%N 50%N 75% N ®B) 250N 50%N 75% N (B)

Ascorbic aci
treatments

Essential oil yield/plant (ml/plant)
Control 332 418 533 545 588 373 455 580 589 496
AsA. at 50 ppm 417 514 652 664 559 432 535 680 691  5.80
AsA.at100 ppm 446 550 7.06 731 6.04 461 575 736 7.6l 6.29
AsA.at150 ppm 470 587 745 766 638 488  6.12 781 8.03  6.66

Mean (A) 415 516 657 6.5 437 543 692  7.08

L.S.D. at 5% A=0.20 B=0.11 AB=0.22 A=0.18 B=0.12 AB=0.24
Essential oil yield/fed (liter/fed)

Control 472 594 759 715 837 530 647 825 837 706

AsA. at 50 ppm 59.3 73.2 92.7 94 4 79.5 61.4 76.1 96.7 98.2 82.5
AsA. at 100 ppm  63.4 782 1004 1039 859 65.6 81.7 1046 1082  89.5
AsA. at 150 ppm 668 83.5 1060 1089 908 694 870 111.0 1142 947

Mean (A) 59.0 73.3 93.5 96.0 62.2 77.2 98.5 100.7
L.S.D. at 5% A=2.6 B=24 AB=4.8 A=24 B=2.8 AB=35.6
AsA.= Ascorbic acid M.A.= Minia Azotein (Azotobacter strain)
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