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Abstract

Two field experiments were conducted at the Experimental Farm of EL-Kassasin Horticultural Research
Station, Ismaillia Governorate during two successive seasons of 2010 and 2011 to study the effect of irrigation
rate, biofertilizer and chemical fertilizers on vegetative growth and chemical composition of stevia (Stevia
rebuadiana Bertoni). The experiment was laid out in split plot design with main plot having four drip irrigation
rates (1248, 1632, 2016 and 2304 m’/fed) and sub-plot treatments included seven biofertilizer and chemical
fertilizers treatments [control (no fertilizer), biofertilizer, NPK 100% (24:12:18 kg/fed), biofertilizer + NPK 25
%, biofertilizer + NPK 50 %, biofertilizer + NPK 75 %, and biofertilizer + NPK 100 %].

The irrigation rates had an enhancing effect on vegetative growth characters and stevioside content in the
leaves especially with the high rate. Concerning biofertilizer. and chemical fertilizers, plant height, number of
branches/plant, dry weight of the herb, content of N, P, K in leaves and total sugar contents as well as stevioside
content were increased by using all treatments, particularly the treatment of biofertilizer.+ NPK 75 % in both
seasons. On the other side, water use efficiency was increased with decreasing irrigation rates in both seasons
but increased with increasing biofertilizer. and chemical fertilizers treatments. Generally, the greatest values of
the vegetative growth characters, stevoside, N, P, K and total sugar contents in the leaves in both seasons were
gained by those plants which received the highest irrigation rate as 2304 m’/fed and supplemented with

biofertilizer and chemical fertilizers as biofertilizer. + NPK 75 %.
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Introduction

In Egypt, the needs for medicinal and aromatic
plants have great attention because of the possibility
of their export. Stevia (Stevia rebaudiana Bertoni.) is
a herbaceous perennial small bush belonging to the
family Asteraceae with carbohydrates based
compounds in its leaves, which are many times
sweeter than cane sugar and sugar beet. Dry leaves
are the economic part in stevia plant. Stevia leaves
have a sweet taste which is 20-30 times most than
that of cane sugar but importantly without any
calories. Hence, stevia is a potential natural source of
no calorie sweetener, alternative to the synthetic
sweetening agents viz., saccharine, aspartame,
asulfam-K, sucralose that are available in the market
to the diet conscious consumers and diabetics. In the
recent years, the safe agriculture is one of the main
attitudes in the world (El-Kouny, 2002). There is a
great attention to increase the cultivated area of
sandy soils. These soils suffer from lack of water
resource and poor fertility. Many workers have
reported  the  nutritional  requirements  of
macronutrients for some medicinal plants, as El-
Sakov, et al. (2001) on some medicinal and aromatic
plants, Xie-Youchao, et al. (2000) on Girkgo biloba,
Al-Fayyad, et al. (2002) on Colchicum spp, Thomas
et al. (2002) on Curcuma longa, Kozera and Nowalk
(2004) on Silybum marianum, Ashorabadi, et al.,

(2003) on Foeniculum vulgare, Lee et al., (2005) on
Chrysanthemum boreale and Niakan et al. (2004) on
Mentha piperita. They concluded that NPK fertilizers
had important physiological and biochemical
functions on structure of photosynthetic pigments,
metabolism of carbohydrates and proteins. These
effects were observed with significant increase in
vegetative growth, seed yield and essential oil
content of the different plant species.

Bio-fertilizers are reasonably safer to the
environment than chemical fertilizers and play an
important role in decreasing the use of chemical
fertilizers. Consequently, it causes a reduction in
environmental pollution. Soil inoculation with micro
organisms may lead to increase soil available
nitrogen and consequently increase formation of
metabolites which encourage the plant vegetative
growth and enhance the meristematic activity of
tissues to produce more branches. Also, N-fixers
synthesize  stimulatory compounds such as
gibberellins, cytokinins and IAA that act as growth
regulators (Sperenat, 1990 and Dadarwal, et. al.,
1997).

This study was carried out to evaluate the effect
of NPK mineral fertilizers, bio-fertilization and the
optimum irrigation schedule applications as well as
their combinations on vegetative growth and
chemical composition of stevia plants (Stevia
rebuadiana Bert.).
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Materials and methods

Two field experiments were carried out at the
Experimental Farm of EL-Kassasin Horticultural
Research Station, Ismaillia Governorate during two
successive seasons 2010 and 2011.

Plant materials

Stevia seedlings were purchased from the
Institute of Sugar Crops at Agricultural Research
Center, Ministry of Agriculture, Egypt. The seedlings
were approximately 16-18 cm in length with 5-6
pairs \leaves.

Method of culture

The seedlings were planted in the first of May for
the two seasons. The seedlings were planted on rows,
60 cm apart at 35 cm between plants in the row
(20000 seedling per feddan), in a sandy soil, the
physical and chemical properties were shown in
Table (1).

I. Irrigation treatments

Drip irrigation system was used, the dropper gave
4 l/hour, discharge for each at 2 bar. All treatments
of irrigation with drip irrigation were carried out
twice a week.

The amount of applied irrigation water as
liter/plant and m®/feddan for irrigation treatments
was determined during the cut period and shown in
Table (2). Whereas the chemical analysis of the
irrigation water is shown in Table ( 3)

IL. Biofertilizer practices:

These microorganisms are Bacillus polymyxa as
a nitrongen fixer , Bacillus  megaterium as
phosphorus dissolver and potassium releasing
Bacillus  pasteurii used in mixtures as- 1:1:] ina
liquid form. The amounts of biofertilizer were
divided into two equal portions as side drench at two
dates on mid May and June of both seasons,
respectivly.

'

H1. Chemical and biofertilizer treatments:

Chemical fertilizer used was NPK at "24:12:18
kg/fed." (ammonium nitrate 33.5 % N), (calcium
super phosphate 15.5 % P,0Os) and (potassium
sulphate 48.5 % K,0) as recommended dose by
Chalapathi et a/.,1999.

Table 1. The physical and chemical properties of
the used soil.

Properties First second

1- Physical analyses

Saturation (capacity) 25 25

Field capacity % I 11

Wilting coefficient 6 6

Available water % 5 5
2- mechanical analyses :

Sand (%) 87.13 87.02

Silt (%) 7.24 7.42

Clay (%) 5.63 5.56

Soil texture Sandy Sandy

3- Chemical properties :
3-1- Salt analysis :

EC dS," 1.6 L5
pH 7.08 7.09
Cations (meq/l) :
Ca”’ 5.7 5.4
Mg** 2.6 2.6
Na’ 7.0 7.02
K* 0.8 0.7
Anions (meq/l) :
Cr 7.6 7.4
COy* 0 0
HCO, 2.8 29
SO~ 5.6 5.1
3-2- Available
Nitrogen 7.1 7.3
Phosphorus 2.1 2.8
Potassium 134 13.9
3-3- Organic matter 0.01 0.03

Table 2. Irrigation treatments and water amount added per plant and per feddan during the cut period 84days.

The irrigation The amount of
Irrigation treatments  period irrigation water
(minute)/ time (liter)/time/plant

The amount of  Water quantity = Water quantity
irrigation water  (liter)/plant/cut  (m®)/feddan/cut
(liter)/ week/plant period 84 day period 84 day

50% Field capacity 19 minute 1.3 liter/plant

70% Field capacity 26 minute 1.7 liters/plant
85% Field capacity 31 minute 2.1 liters/plant
100% Field capacity 37 minute 2.4 liters/plant

2.6 liters/plant  31.2 liters/plant 624 m*/fed.
3.4 liters/plant 40.8 liters/plant 816 m/fed.
4.2 liters/plant  50.4 liters/plant  1008m?/fed.
4.8 liters/plant 57.6 liters/plant 1152 m*/fed.

Table 3.The chemical analysis of the used irrigation water.

) Cations ( meq/l) Anions (meq/l)

! H
Characters  ECdS."  pH —cr Mg® Na° K  CO;” HCO; CI SO7
Value 0.387 835 1.8 1.0 086 0.17  0.00 270 1.00  0.14

Experiment layout:
This experiment was set up in a split plot design
with three replicates. The main plots were occupied

by four irrigation rates (50, 70, 85 and 100% field
capacity).

The sub plots were entitled to seven fertilization
treatments i.e. (0.0 % NPK, 100 % NPK, biofertilizer
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+ NPK 25%, biofertilizer + NPK 50%, biofertilizer +
NPK 75 % and biofertilizer + NPK 100%) where the
recommended dose were NPK as "24:12:18 kg/fed."
as recommended dose by Chalapathi ez al.,1999.

The amont of calcium super phosphate was added
during preparing the soil.

The amount of N and K fertilizers were divided
into two equal portions as side dressing at two dates
on mid May and June of both seasons.

Data recorded:

I. Vegetative growth characters:
1- Plant height (cm)
2- Number of main branches per plant

3- Dry weight of yield of herb in both seasons
(kg/fed.).

4- Water use efficiency in both seasons according to
the following equation

Water use efficiency =

Dry weight of herb (kg/fed.).
Total amount of applied water (m3/fed.)

= (kg/m3)

II. Chemical components:

Stevioside: stvioside content in leaves was
determined according to the procedure described by
Kolb ez al (2001) while, leaves nitrogen, phosphorus,
potassium and total sugars contents were determined
according to the procedure described by Mazumdar
and Majumder (2003).

Results and discussion

- Vegetative growth
1- Plant height

Data in Table (4) show that plant height of Stevia
rebaudiana Bertoni was genetally increased by
increasing the irrigation rates in the two seasons
(regardless the biofertilizer and chemical fertilizers).

The reduction in plant growth under condition of
low soil moisture level may be due to that water
stress causes losses in tissue water which reduce
turger pressure in the cell, thereby inhibition of
enlargement and division of cells as concluded by
Hsiao and Acevedo (1974)

Concerning the effect of biofertilizer and
chemical fertilizers on plant height it was
significantly increased gradually by increasing
chemical fertilizers percentage from biofertilizer. +
NPK 25 % to biofertilizer. + NPK 100 % in both

seasons as presented in Table (4). This trend was true -

in the first cut, while in the second cut the treatment
of biofertilizer + NPK 75% gave the tallest plants in
both seasons.

The increasing in plant growth due to biofertilizer
was found to have not only the ability to fixing
nitrogen but also to release certain phytohormones of
gibberlic and indolic nature compounds which could

stimulate plant growth , absorption of nutrients and
photosynthesis process (Fayez et al,1985) and
Leithy et al, (2006) on rosemary plant.

In general, all tested combinations between
irrigation rate and two kinds of fertilizer treatments
increased plant height, especially those received the
highest irrigation rate and fertilized with the
treatments of biofertilizer + NPK 75 % and
biofertilizer + NPK 100% as compared with control
in both seasons of this study. This trend was true in
the first and second cuts.

2- Number of main branches per plant

Data in Table (5) indicated that the irrigation
rates had an increasing effects on number of
branches/plant, in both seasons, regardless the effects
of , biofertilizer and chemical fertilizers. The
treatment which received irrigation rate of 2304
m3/fed.  Produced the largest number of
branches/plant (16.57 and 25.76) in first and second
cuts, respectively of the first season and 18.43 and
26.14 in first and second cuts respectively in second
one. However, the irrigation rate of 1248 m’*/fed.
Produced the least number of branches/plant in the
first and second seasons, respectively.

In both seasons, data in Table (5) indicate that the
average number of branches/plant was significantly
increased by applying all fertilizer treatments with
superiority for the treatments of biofertilizer + NPK
75% and biofertilizer + NPK 100% in the first and
second cuts in both seasons.

These results agree with those of Mahfouz and
Shams-Eldin (2007) on fennel and, Attia and
Abdel-Azeem (2005) on henna

Generally, the largest number of branches/plant
was obtained by the treatment of irrigation rate at
2304.m*/fed and biofertilizer and chemical fertilizers
as biofertilizer. + NPK 100 % in the two seasons.
This trend was true in the first and second cuts in
both seasons.

3- Dry weight of herb per feddean (kg/fed.).

It is clear from Table (6) that dry weight of herb
in both seasons was gradually increased as the
irrigation rates going upward from 1248 to 2304
m’/fed with significant differences between any
successive applications of irrigation rates in both
experimental seasons.,

These results are in agreement with those
revealed by El-Leithy ef al., (2007) on rosemary and
El-Mogy et al., (2008) on basil plants.

Concerning biofertilizer and chemical fertilizers,
dry weight of herb became significantly heaviest in
both seasons, due to the use of biofertilizer and
chemical fertilizers, especially the treatment of
biofertilizer.+ NPK 75 % (Table, 3). Significant
reduction was occurred with control.
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Table 4. Effect of irrigation rates, biofertilizer and chemical fertilizers and their combination on plant height (cm) of stevia plants for two cuts during 2010 and 2011 seasons.

Fertilization

First season

Second season

(A) Mean of (A) Mean of
(B) 1 ) 3 4 5 6 7 Irrigation 1 ) 3 4 5 6 7 Irrigation
Irrigation (A) First cut First cut
1248 m®/fed. 34.00 4233 51.00 47.33 50.67 55.67 56.00 48.14 41.00 44,00 54.33 48.33 54.67 58.33 57.67 51.19
1632 m*/fed. 41.67 49.33 57.00 52.67 57.33 61.67 61.00 54.38 43.00 47.67 57.67 52.67 59.33 61.00 60.67 54.57
2016 m®/fed. 44.00 53.33 60.00 57.33 60.67 66.33 66.67 58.33 46.00 50.67 59.67 55.67 61.67 63.33 66.00 57.57
2304 m’/fed 45.33 56.33 63.33 58.33 64.67 69.67 70.00 61.10 48.67 53.33 61.67 58.00 62.00 67.00 69.67 60.05
(B Mean of 4125 5033  57.83 5392 5833 6333  63.42 4467 4892 5833 5367 5942 6242  63.50
A B AB A B AB
New L.S.D. at 5% 1.53 1.37 2.43 1.03 1.13 2.25
New L.S.D. at1% 2.22 1.95 3.24 147 1.51 3.01
Second cut Second cut
1248 m’/fed. 30.67 33.00 37.33 35.00 37.33 40.33 38.67 36.05 32.67 34.00 43.00 36.67 4533 49.33 45.67 40.95
1632 m*/fed. ‘ 33.33 35.33 40.33 38.67 41.67 43.33 41.67 39.19 32.67 3733 49.67 40.00 52.00 52.33 51.00 45.00
2016 m’/fed. 37.33 40.33 49.00 45.67 50.00 53.00 51.67 46.71 35.00 38.00 55.33 45.67 57.33 59.33 56.33 49.57
2304 m®/fed 42.33 45.33 51.67 47.67 52.67 54.67 54.67 49.86 36.33 41.00 57.67 46.67 57.00 62.33 59.33 51.48
(B) Mean of Fertilization 35.92 38.50 44.58 41.75 45.42 ~47.83 46.67 34.17 37.58 51.42 4225 52.92 55.83 53.08
A B AB A B AB
New L.S.D. at 5% 0.91 1.00 2.73 0.54 1.04 2.84
New L.S.D.at1% 1.30 1.34 3.79 0.76 1.39 3.94
Fertilizations (B)
1= Control 2= biofertilizer 3=100% NPK 4= biofertilizer. + 25 % NPK

5= biofertilizer. + 50 % NPK

6= biofertilizer. + 75 % NPK 7= biofertilizer. + 100 % NPK
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Table 5. Effect of irTigation rates, biofertilizer and chemical fertilizers and their combination on number of branches/plant of stevia plants for two cuts during 2010 and 2011

“

seasons.
irst
Fertilization First season (A) Mean of Second season (A) Mean of
\erigati oAl
(B) 1 2 3 4 5 P . rrigation \ 5 3 4 5 p . Irrigation
Irrigation (A) First cut First cut
1248 m’/fed. 7.33 10.67 12.67 12.67 14.33 16.00 15.67 12.76 933 10.00 12.33 12.33 13.00 15.00 14.67 12.38
1632 m*/fed. 8.33 12.33 14.33 13.00 14.67 17.33 16.67 13.81 10.67 12.67 13.67 12.67 14.33 18.33 17.33 14.24
2016 m*/fed. 10.67 13.67 15.33 14.33 16.33 18.33 18.00 15.24 12.00 14.00 15.00 16.33 16.67 20.33 19.67 16.29
2304 m’/fed 11.060 14.33 17.00 14.67 17.00 - 20.67 2133 16.57 12.67 15.33 18.33 17.33 19.33 23.33 22.67 18.43
(B) Mean of o6, 4347 1517 1383 1600 1825 1833 1L17 1300 1483 1467 1583 1925 1858
Fertilization
A B AB A B AB
New L.S.D. at 5% 043 3.50 e 0.56 0.65 1.77
New L.S.D. at 1% 0.62 4.37 —— 0.80 0.86 2.46
Second cut Second cut
1248 m’/fed. 12.33 14.33 20.33 16.67 21.67 23.67 22.67 18.81 12.67 15.67 19.33 20.67 19.00 24.67 2433 19.48
1632 m*/fed. 13.67 16.33 2433 19.33 25.67 28.00 26.67 22.00 13.67 18.00 22.33 19.67 22.67 26.67 25.33 21.19
2016 m*/fed. 16.00 19.00 25.67 23.33 26.67 30.33 29.00 24.29 16.33 20.33 24.67 24.67 26.00 28.33 27.33 23.&5
2304 m®/fed 18.00 21.67 27.33 24.33 29.00 30.67 29.33 25.76 19.00 22.67 27.67 24.33 28.67 31.00 29.67 26.14
(B) Mean of 5450 1983 2442 2092 2575 2817 2692 1542 1907 2350 2233 2408  27.67  26.67
Fertilization
A B AB A B AB
New L.S.D. at 5% 0.61 0.91 3.45 0.59 1.38 5.20
New L.S.D. at 1% , 0.87 1.20 — 0.84 1.82 ——
Fertilizations (B)
1= Control 2= biofertilizer 3=100% NPK 4= biofertilizer. + 25 % NPK

5= biofertilizer. + 50 % NPK

6= biofertilizer. + 75 % NPK

7= biofertilizer. + 100 % NPK
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These results are in agreement with those
revealed by Soliman et al,(2009) on Ocimim
bacilicum, Ahmad et al, (2010) on Majorana
hortensis. and Veerendra et al., (2011) on stevia
plants.

In regard to the combination between irrigation
rates, biofertilizer and chemical fertilizers, -the
heaviest dry weights of herb were obtained from
stevia plants which received irrigation rate at 1248
m*/fed and treated with two treatments either the
biofertilizer. + NPK 75 % or biofertilizer. + NPK 100
% in both seasons (Table 6).

4- Water use efficiency (WUE)

Tables (7) showed water use efficiency of Stevia
rebaudiana Bertoni. Asb was significantly increased
with decreasing water quantity in both seasons. This
means that irrigation rate at 1248 m®/fed recorded
maximum water use efficiency, while 2304m°/fed
recorded the lowest value in both seasons.

The effectiveness of water use efficiency was
reported by Koriem et al. (1994) that the values of
water use efficiency of onion plants increased with
increasing soil moisture stress (irrigation after the
depletion of 75 % of available soil moisture). Also
Glala (1997) showed that increasing irrigation rat8s
of onion plants reduced the water use efficiency
(kg/m®), where the highest WUE value was obtained
with the lowest irrigation rate (60 % Penman). El-
Mansi et al., (1999b), under sandy soil conditions,
reported that the maximum value of water use
efficiency of garlic plants was recorded with
reducing water quantity to the lowest level ; i.e.,
600m”/feddan.

Concerning fertilizer treatments, water use
efficiency was significantly increased by using all
fertilizers  treatments, with  superiority  for
biofertilizer.+ NPK 25 % treatment, followed in a
descending order by using the treatment of
biofertilizer+ NPK 100 % in both seasons as
indicated in Table (7). )

In general, the highest water use efficiency value
was obtained from the treatment of irrigation rate at
1248 m’/fed and fertilized with the biofertilizer. +
NPK 75 % in the two seasons.

IL. Chemical components:
1- Leaves stevioside content:

Data in Table (8) show that leaf content of
stevioside was significantly increased due to the use
of biofertilizers and chemical fertilizers with superior
for the treatment of biofertilizer.+ NPK 50 % in
comparison with those of plants received NPK 100
% and control treatment .

A similar trend was obtained by Vijaya and

Ramkrishnaiah (2006) on Stevia rebaundiana. ,
Kuntal et al, (2007) on Stevia rebaundiana, and
Kuntal Das Raman Dang (2010)) who stated that
biofertilization of stevia plants, led to the
significantly highest content compared to control.
2 -Leaves N, P and K content in both seasons:

Nitrogen, phosphorus and potassium percentages
as effected by different biofertilizer and chemical
fertilizers and irrigation rates applications showed
that NPK percentage was gradually increased by
increasing irrigation rate up to 2304 m¥/fed. A
significant difference was detected by all irrigation
rates treatment in the two seasons as indicated in
Tables (9,10,11).

In harmony with these results were those revealed
by Attia (2003) on guar , and Yousef ef al, (2008)
on Majorana hortensis.

Regarding biofertilizer and chemical fertilizers,
leaf content of nitrogen, phosphorus and potassium
were significantly increased due to the use of
biofertilizer and chemical fertilizers, with superiority
for the treatment of biofertilizer.+ NPK 75 % in
comparison with those plants received NPK 100 %
and control.

Such results are in harmony with the findings of
Earanna (2007) on Stevia rebaudiana , Khalil and
Yousef (2005) on caraway. And Vijaya and
Ramkrishnaiah (2006) on Stevia rebaundiana.

The combination between biofertilizer and chemical
fertilizers and irrigation rates applications was
statistically significant for the nitrogen, phosphorus
and potassium percentage in the leaves in the two
seasons, with the highest values being obtained due
to the use of irrigation rate of 2304 m’/fed. and
biofertilizerfertilizers and chemical fertilizers as
biofertilizer.+ 75 % NPK ( Table 9,10,11).

3- Leaves total sugars content:

Total sugars content as affected by different
biofertilizer and chemical fertilizers and irrigation
rate applications showed that total sugars content was
gradually decreased by increasing irrigation rate up
to 2304 m’/fed.

Significant differences were detected by all
irrigation rates treatment in the two seasons as
indicated in Table (12).

Obtained results in this study were in harmony
with those reported by Kamel ez al, (2009) on
Spartina alterniflora.

Regarding biofertilizers and chemical fertilizers,
leaf content of total sugars was significantly
increased due to the use of biofertilizer and chemical
fertilizers particularly the treatment of biofertilizer.+
75 % NPK in comparison with those of plants which
received 100 % NPK and control .

These results were in agreement with those
revealed by Abdou and El-Sayed (2002) on Carum
carvi, Abd El-Ghani (2007)on Rosmarinus
officinalis, L. plants. and El-Leithy et al, (2007) on
rosemary plants.

The combination between biofertilizer and
chemical fertilizers and irrigation rates applications
was statistically significant for the total sugars
content in leaves in the two seasons, with the highest
values being obtained due to the use of irrigation rate
at 1248 m’/fed. with biofertilizer and chemical
fertilizers as biofertilizer.+ 75 % NPK Table (12).
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Table 6. Effect of irrigation rates, biofertilizer and chemical fertilizers and their combination on the yield of dry
herb (kg)/fed. of stevia plants during 2010 and 2011 seasons.

Fertilizati
ertilization 1 2 3 4 5 6 7 (A) Mean of
Irrigation First season Irrigation
1248 m*/fed. 342.67 502.53 1150.13 1123.20 1372.13 1591.40 1509.27 1084.48
1632 m’/fed. 436.60 547.40 1521.00 1409.20 1564.67 1827.20 1660.20 1280.90
2016 m*/fed. 503.87 625.07 1903.00 1730.27 1991.00 2187.33 2066.67 1572.46
2304 m*/fed 573.53 682.13 2062.87 1928.80 2150.07 2310.33 2264.27 1710.29
(B) Mean of
Fertilization 464.17 589.28 1659.25 1547.87 1769.47 1979.07 1875.10
A B AB
New L.S.D. at 5% 46.47 41.27 78.32
New L.S.D. at 1% 66.19 54.40 115.37
Second season
1248 m*/fed. 381.40 568.13 1312.53 1178.80 1427.80 1775.27 1607.87 1178.83
1632 m*/fed. 469.00 609.87 1613.60 1440.60 1684.87 1881.27 1789.00 1355.46
2016 m*/fed. 534.80 659.13 1948.40 1788.47 2071.20 2249.07 2123.13 1624.89
2304 m’/fed 663.60 738.67 2187.73 1984.67 2249.13 2419.80 2341.47 1797.87
(B) Mean of 512.20 64395 176557  1598.13 185825 208135  1965.37
Fertilization
A B AB
New L.S.D. at 5% 22.86 30.07 61.50
New L.S.D. at 1% 31.14 39.63 84.05
Fertilizations (B)
1= Control 2= Biofertilizer 3=100% NPK
4= Biofertilizer. + 25 % NPK 5= Biofertilizer. + 50 % NPK 6= Biofertilizer. + 75 % NPK

7= Biofertilizer. + 100 % NPK

Table 7. Effect of irrigation rates, biofertilizer and chemical fertilizers and their combination on the Water use
efficiency (kg dry weight/m’ water) of stevia plants during 2010 and 2011 seasons.

Fertilization 1 2 3 4 5 6 7 (A) Mean of
Irrigation First season Irrigation
1248 m’/fed. 0.27 0.40 0.92 0.90 1.10 1.28 1.21 0.87
1632 m*/fed. 0.27 0.34 0.93 0.86 0.96 1.12 1.02 0.78
2016 m*/fed. 0.25 0.31 0.94 0.86 0.99 1.08 1.03 0.78
2304 m*/fed 0.25 0.30 0.90 0.84 0.93 1.00 0.98 0.74
(B) Mean of 026 034 092 086 099 112 106
Fertilization '
A _ B AB
New L.S.D. at 5% 0.043 0.029 0.067
New L.S.D. at 1% 0.065 0.038 0.090
Second season
1248 m’/fed. 0.31 0.46 1.05 0.94 1.14 1.42 1.29 094
1632 m’/fed. 0.29 0.37 0.99 0.88 1.03 1.15 1.10 0.83
2016 m*/fed. 0.27 0.33 0.97 0.89 1.03 1.12 1.05 0.81
2304 m*/fed 0.29 0.32 0.95 0.86 0.98 1.05 1.02 0.78
(B) Mean of 029 037 099 089 105 119 Ll1
Fertilization
A B AB
New L.S.D. at 5% 0.017 0.019 0.037
New L.S.D. at 1% 0.024 0.025 0.054
Fertilizations (B) :
1= Control 2= Biofertilizer 3=100% NPK

4= Biofertilizer. + 25 % NPK 5= Biofertilizer. + 50 % NPK 6= Biofertilizer. + 75 % NPK
7= Biofertilizer. + 100 % NPK
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Table 8. Effect of, biofertilizer and chemical fertilizers on the stevioside (%) of stevia plants under the best
irrigation rates during the second cut the second seasons.

Treatment/ [V= 2304 m>/fed concentration
1= Control 8.98
2= Biofertilizer. 9.78
3=100% NPK 10.25
5= Biofertilizer. + 50 % NPK 11.74
6= Biofertilizer. + 75 % NPK 11.50

Table 9. Effect of irrigation rates, biofertilizer and chemical fertilizers and their combination on the nitrogen
(%) of stevia plants for two cuts during 2010 and 2011 seasons.

Fertilization 1 2 3 4 5 6
. (A) Mean of Irrigation

Irrigation First season
1248 m’/fed. 2.51 2.67 3.51 312 3.57 3.58 3.54 3.21
1632 m’/fed. 255 279 357 315 3.69 3.69 3.64 3.30
2016 m’/fed. 2.56 2.8 3.67 315 371 3.75 3.65 3.33
2304 m*/fed 268 2.8 364 317 371 3.74 3.69 3.35
(B) Mean of Fertilization 257 277 360 3.15 3.63 3.69 3.67

A B AB
New L.S.D. at 5% 0.03 0.03 0.05
New L.S.D. at 1% 0.05 0.04 0.06

Second season

1248 m*/fed. 2.54 2.61 348 3.02 350 3.54 3.52 3.17
1632 m*/fed. 2.50 273 356 3.1 3.61 3.66 3.58 3.25
2016 m’/fed. 251 2.80 3.61 3.14 364 3.72 3.61 3.29
2304 m*/fed 2.56 2.81 360 3.16 3.63 3.76 3.70 3.32
(B) Mean of Fertilization 2.53 274 356 311 3.60 3.67 3.60

A B AB
New L.S.D. at 5% 0.02 0.03 0.05
New L.S.D. at 1% 0.03 0.04 0.07

Fertilizations (B)

1= Control

2= Biofertilizer

3=100% NPK

4= Biofertilizer. + 25 % NPK

5= Biofertilizer. + 50 % NPK

6= Biofertilizer, + 75 % NPK

7= Biofertilizer. + 100 % NPK

Table 10. Effect of irrigation rates, biofertilizer and chemical fertilizers and their combination on the
phosphorus (%) of stevia plants for two cuts during 2010 and 2011 seasons.

Fertilization 1 2 3 4 5 6 7 (A) Mean of
Irrigation First season Irrigation
1248 m’/fed. 0.25 0.33 0.50 0.47 0.54 0.60 0.55 0.46
1632 m®/fed. - 0.28 0.36 0.54 0.50 0.57 0.65 0.56 0.49
2016 m®/fed. 0.30 0.35 0.56 0.51 0.58 0.65 0.59 0.51
2304 m*/fed 0.29 0.38 0.58 0.49 0.59 0.65 0.59 0.51
(B) ~ Mean  of .0 036 054 049 057 064 057
Fertilization
A B AB
New L.S.D. at 5% 0.010 0.017 0.029
New L.S.D. at 1% 0.014 0.024 0.039
Second season
1248 m’/fed. 0.26 0.28 0.49 0.46 0.51 0:57 0.52 0.44
1632 m®/fed. 0.29 0.35 0.51 0.47 0.56 0.62 0.54 0.48
2016 m*/fed. 0.29 0.36 0.53 0.49 0.57 0.64 0.58 0.49
2304 m*/fed 0.33 0.38 0.56 0.49 0.58 0.65 0.59 0.51
(B) ~ Mean  of 4,9 934 053 048 055 062  0.56
Fertilization
A B AB
New L.S.D. at 5% 0.010 0.013 0.024
New L.S.D. at 1% 0.015 0.019 0.032
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Fertilizations (B)
1= Control 2= Biofertilizer 3=100% NPK

4= Biofertilizer. + 25 % NPK 5= Biofertilizer. + 50 % NPK 6= Biofertilizer. + 75 % NPK
7= Biofertilizer. + 100 % NPK

Table 11. Effect of irrigation rates, biofertilizer and chemical fertilizers and their combination on the potassium
(%) of stevia plants for two cuts during 2010 and 2011 seasons.

Fertilization 1 2 3 4 5 6 7 (A) Mean of
Irrigation First season Irrigation
1248 m’/fed. 1.70 1.76 2.06 1.75 2.07 2.14 2.14 1.95
1632 m’/fed. 1.75 1.85 2.23 2,13 2.28 2.36 2.38 2.14
2016 m*/fed. 1.83 1.89 2.55 2.13 2.601 2.67 2.67 2.34
2304 m*/fed 1.83 1.88 2.58 2.19 2.61 2.66 2.65 2.34
(B) Mean of 178 1.85 236 205 239 2.46  2.46
Fertilization
A B AB
New L.S.D. at 5% 0.03 0.05 0.08
New L.S.D. at 1% 0.05 0.07 0.11
Second season
1248 m’/fed. 1.74 1.77 2.04 1.99 2.05 2.14 2.13 1.98
1632 m’/fed. 1.78 1.83 2.29 2.11 2.30 2.35 2.39 2.15
2016 m’/fed. 1.82 1.68 2.53 2.15 2.73 2.68 2.71 2.33
2304 m’/fed . 1.81 1.87 2.56 2.15 2.65 2.68 2.70 2.35
(B) Mean of 179 179 236 210 243 246 248
Fertilization
A B AB
New L.S.D. at 5% 0.05 0.06 0.11
New L.S.D. at 1% 0.07 0.09 0.14
. Fertilizations (B)
1= Control 2= Biofertilizer 3=100% NPK
4= Biofertilizer. + 25 % NPK 5= Biofertilizer. + 50 % NPK 6= Biofertilizer. + 75 % NPK

7= Biofertilizer. + 100 % NPK

Table 12. Effect of irrigation rates, biofertilizer and chemical fertilizers and their combination on the
total sugars (%) of stevia plants for two cuts during 2010 and 2011 seasons.

Fertilization 1 2 3 4 5 6 7 (A) Mean of
Irrigation ' First season Irrigation
1248 m’/fed. 12.76 13.89  18.40 1642 19.54 19.73 18.55 17.04
1632 m’/fed. 12.57 13.72 17.67 16.13 19.29 19.28 18.26 16.70
2016 m*/fed. 12.32 13.51 16.84 15.41 18.43 18.68 17.40 16.08
2304 m*/fed 12.02 12.35 15.56 14.18 16.41 16.66 16.18 14.76
(B) Mean of 1241 1337 17.12 1554 1842 1858  17.60
Fertilization
A B AB
New L.S.D. at 5% 0.12 0.11 0.19
New L.S.D. at 1% 0.17 0.15 0.25
Second season
1248 m’/fed. 12.63 13.74 18.04 16.27 19.63 19.92 18.78 17.00
1632 m’/fed. 12.34 13.62 17.80 16.19 19.34 19.69 18.45 16.78
2016 m’/fed. 12.23 13.39  16.77. 15.17 18.38 18.62 17.56 16.02
2304 m*/fed 11.76 12.73 15.41 15.05 1643 16.59 16.20 14.88
(B) Mean of 1224 1337 1700 1567 1844 1870  17.75
Fertilization
A B AB
New L.S.D. at 5% 0.08 0.13 0.22

New L.S.D. at 1% 0.11 0.18 0.30
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Fertilizations (B

1= Control 2= Biofertilizer

3=100% NPK

4= Biofertilizer. + 25 % NPK 5= Biofertilizer. + 50 % NPK 6= Biofertilizer. + 75 % NPK

7= Biofertilizer. + 100 % NPK
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