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ABSTRACT

Two field experiment were carried out during two seasens of 2002/03 and
2003/04 at the Agricultural Research Station, Fac. Agric., Mansoura Univ. to study the
effect of phosphorus fertilization levels (0, 15.5 and 31 kg / fed P20s} and active dry
yeast as a foliar spray at the rates of 0, 0.1, 0.2 and 0.3 g/ L on vegetative growth and
essential oil content as well as chemical composition of sage.

Results revealed that providing sage plants with different phosphorus levels
exerted significant differences in the vegetative growth characters expressed as plant
height, number of branches, herb fresh and dry weights per plant, herb yield, essential
oil content and chemical composition compared with control. The highest vegetative
growth characters resulted from feriilized plants with the highest level of phesphorus
(31 kg P20s / fed). Also, it is evident that the application of active dry yeast treatments
as a foliar spray improved the growth of plants. The data showed that the growth
characters of sage were significantly increased when the plant received the three dry
yeast applications. The highest concentration of dry yeast (0.3 %) induced significant
improvement in the all growth characters compared with unsprayed plant. The
treatment of the combination between the highest level of phosphorus fertilizer and
active dry yeast induced considerable increments with regard to growth, herb yield,
essential oil content and chemical composition.

These findings clearly indicate that phosphorus fertilizer and active dry yeast
could be used as effective too's instead of chemica! nitrogen ferlilization and may
consequently minimize pollution of agricultural environments.

INTRODUCTION

Medicinal and aromatic plants occupy a prominent position in the
Egyptian cultivation because of increasing interest demand of local industry
and export.

Sage (Salvia officinalis, L.) is a member of Fam. Lamiaceae, and it has
been used as a herb of the brain and memory since ancient times to retard
the processes of declining facullies and failing memory, the name Salvia is
from the Latin Salvo, ™! am well” a reassertion of the health-giving qualities
(Keville, 1999).

Sage is an evergreen perennial shrubby piant cultivated in central
Europe and found now in mild temperature climaie regions. It approximately
grows 60 cm height with an erect woody stalk and straight branches and has
pale blue or purplish flowers. The leaves are elonyated with spear shaped
soft velvety texture (Greenhalgh, 1979). Essential oil components are
thujone, a, B-pinene, camphor and cinecle (Holla and Vaverkova, 1993). In
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folk medicine dried herb is taken for bloating, diarrhea, and intestinal
inflarmmation. In Asia, it's considered a remedy for hemorrhoids, blood in the
urine, bloody phiegm and it may be prescribed for excessive flow of breast
milk (Furuhata et al, 2000). The exiract solution of common sage had a
strong antioxidant and antibacterial activity for nervous and physical
exhaustion and increasing mean serum iron (Lipmann and Wagner, 2001).

Phosphorus is considered as second nutrient element in both plants
and microorganisms, respectively. Under phosphorus deficiency shoot growth
is more depressed and various parameters or photosynthesis are impaired
(Laver ot al, 1988). The finely tuned homeostasis of phosphorus on
chloroplasts is reason for a higher various enzyrnes activity of carbohydrate
metabolism (Rao et al,, 1990). Mohamed and Abd El-Hafez (1982) reported
that after fertilization with calcium super phosphate, the level of available
phosphorus decreases sharply after a short period from application. They
added that this case is widespread in alkaline soils, since the available P in
the added fertilizer is rapidly transformed to tricalcium phosphate, thus,
becomes unavailable to the plant. In spite of considerable phosphorus
addition to soil, the available amount for plant is usually low. The promotive
effect of P-fertilizer on growth of plants may be due to the phosphate
regulates enzymatic processes, the phosphorylation of adenosin diphosphate
(ADP) to adenosine triphosphate (ATP). Also, phosphate acts as an activator
for some enzymes, leading to enhancement of the metabolism processes and
formation of new cells (Dhillon,1978). Mousa (1990) reported that phosphorus
is necessary for protopiasm formation and considerably influences the
guantity of plant available nitrogen. Treated fenugreek plants with calcium
super phosphate (200 kg / fed) gave the highest values of plant height,
number of branches, plant fresh and dry weights {Ahmed and Zayed, 1994).

Yeast as a natural biostimutator is very safe to human, animals and
environments (El-Araby, 2004). It is a natural source of many growth
substances (thiamine, riboflavin, cholin, niacin, pyridoxine, folic acid and
vitamin Byz) and most of nutrient elements (Na, Ca, Fe, K, P, 8, Zn and Si),
as well as, organic compounds i.e. protein, carbohydrate, nucleic acids and
lipids (Nagodawithana, 1981). The various positive effects of applying dry
yeast were attributed to its content of different nutrients, higher percentage of
proteins, large amount of vitamin B and natural growth hormones, namely,
cytokinins. In addition, application of yeast is very effective in releasing CO,
which improved photosynthesis (ldso et al, 1995). The plant height; number
of branches and N, P and K contents, as well as, the volatile oil composition
of black cumin were highest as affected by the treatment of 2mg yeast
(Naguib and Khalil, 2002). The vegetative growth, essential oil content and
composition were increased in the sprayed plants with dry yeast (El-Hindi and
El-Boraie, 2004 on marigold and Heikal,- 2005 on thyme). Bio-fertilization with
active dry yeast at 1 g /L and calcium super phosphate at 150 kg / fed gave
highest percentage of volatile oit of coriander seeds (Eid, 2001).

Interaction between phosphorus fertilizer and active dry yeast bio-
fertilizer Increased greatly the vegetative growth parameters and
carbohydrates content as well as N, P and K percentages of Vigna radiate, L.
(Fouda, 2005).
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The objective of this work was to investigate the effect of different
levels of phosphorus and active dry yeast on growth, essential oil productivity
and chemical components of sage. -

MATEIRAL AND MOTHEDS

The current research was conducted during two successive seasons of
2002/03 and 2003/04, at Experimental Station and Laboratory of Veget. and
Flaric. Dept., Fac. Agric. Mansoura Univ., aiming to study the effect of
difterent levels of phosphorus fertilizer, active dry yeast bio-fertilizer and their
interaction on vegetative growth, herb yield, essential oil productivity and
chemical composition of sage.

Seeds of sage were sown in prepared nursery beds on October 15" in
both seasons. The growing seedlings were transpianted after 80 days from
sowing at 20 cm apart on the eastern side of row in an irrigated soil. The soil
of the experimental location was of clay texture; the physical and chemical
soil properties are presented in Table (A).

The experiment included 12 treatments, which were three levels of
phosphorus (0, 15.5 and 31 kg P;O;s / fed), and four levels of spraying with
active dry yeast (0, 0.1, 0.2 and 0.3 g / L), as well as their interaction. Yeast
was mixed with sugar at a ratio of 1:1 per liter water and was left for 3 hours
at room temperature (El-Ghamriny et al., 1999).

The phosphorus fertilizer levels were randomly located in the main plot,
whereas, the sub-plots were devoted for the foliar sprays with active dry
yeast. The sub-plot area was 4.5 m?, which consisted of 5 ridges. Every ridge
was 1.5 m length containing 5 plants at distance of 30 cm.

Phosphorus was added during the field preparation. Active dry yeast
was sprayed three times after 15, 30 and 40 days from transplanting during
the two seasons.

In both seasons, the planits were harvested twice yearly by cutting the
aerial parts of each plant (10 cm) above the soil surface. The first cut was
May 15™ (at commencement of flowering), while the second one was done on
September 15" (four months after the first cut). Five plants were randomly
chosen from each experimental unit at two cuts, respectively in both seasons.
The vegetative growth parameters [plant height {(cm), number of branches,
fresh and dry weights of plants (g) and herb yield (kg)] were recorded and
statistically analyzed.

The essential oil obtained from fresh herb in the first cut of the second
season using 100 g samples per plant. The distillation of essential oil and the
determination were described in the Egyptian Pharmacopoeia (1984). The oi!
content (mi/plant) and oil yield (ton/fed.) were calculated by multiplying the
essential ofl percentage by plant weight and by number of plants per'fed. The
essential oil was analyzed using Gas Liquid Chromatography equipped with a
flame ionization detector for separation of volatile oil constituents. The
quantitative determination of main components of oil samples were subjected
to GLC analysis and calculated following the methods of Guenther and
Joseph (1978), the G.L.C. analysis was carried out at the Central Laboratory
of Cairo University.
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Phenolic compounds of fresh leaves were determinated due to the
method reported by Swain and Hillis {1959).

Herb was dried in an electric oven at 70°C for 24 hours according to
A.O.A.C. (1970), then finely ground for chemical determination of total
carbohydrates according to method of Herbert et al. (1971).

Nitrogen percentage was determined according to micro-kjeldahl
method of Jackson (1967). Phosphorus percentage was determined
colorimetrically according to method of Murphy and Reily {1962). Potassium
percentage was determined using the Atomic Absorption Spectrophotometer
{3300) according to Wilde et al. {(1985),

The split-plot design in a completely randomized block with 3 replicates
was used in both growing seasons. Obtained data were subjected to the
statistical analysis of variance (ANOVA) in split plot design as mentioned by
Gomez and Gomez, (1984).

Table (A): Physical and chemical properties of the experimental soil
in the two seasons (2002/03 and 2003/04).

Characters 1 season 2" season
Soil texture Clay Clay
pH 8.1 8.0
Organic matter (%) 1.96 1.87
Physical (%)

Sand 21.42 21.82
Sitt 30.97 31.90
Clay 46.61 46.28
Chemlcal nutrients (ppm)

N 91.12 85.92
P 15.9 271
K 536 - 524
Fe 5.21 5.15
Mn 3.42 3.61

RESULTS AND DISCUSSIONS

1- Piant growth characters

Data presented in Tables (1 and 2} indicated that providing sage plants
with different phosphorus levels exerted significant differences in the
vegetative growth characters expressed as plant height, number of branches,
herb fresh and dry weights compared with control. The highest vegetative
growth characters resulted from fertilized plants with the highest level of
phosphorus (31 kg P;0s / fed). Such increases may be due to the essential
and vital role of this element in the different metabolic processes.
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Table (1): Plant height {cm) and number of branches / plant of sage
as affected by phosphorus levels, yeast spraying and thelr
interaction during 2003 and 2004 seasons for two cuts.

Characters Plant helght (em) Nurmnber of branches / plant
™ 1"season 2™ season 1% season 2™ season

Treatments 1" cut] 2¥cut | 1% cut | 2% cut | 1% cut | 2 cut | 1% cut | 2 cut
P (kg)
- 0.0

36.25 | 32.67 | 36.83 | 36.59 | 2042 | 28.84 | 19.83 | 28.92

15.5 42,00 | 44.50 | 43.92 | 45.67 | 25.17 | 32.00 | 25.75 | 32.42
31 5284 | 54.00 | 56.25 | 53.50 | 30.25 | 35.42 | 30.83 | 35.58
LSD at 5% 584 1 078 | 140 | 124 | 140 | 1.03 | 1.74 | 0.92
Yeast (%)
0.0 37.74 | 38.66 | 39.33 { 39.78 | 22.89 | 30.00 | 22.67 | 30.00
0.1 43.11 | 43.22 | 45.55 | 45.00 | 2467 | 32.00 | 24.66 | 32.33
0.2 46.11 | 45,78 | 48.55 | 47.67 | 26.44 | 32.89 | 27.00 | 33.11
0.3 4778 | 47.22 | 49.22 | 48.56 | 27.11 | 33.44 | 27,55 | 33.78

LSD at 5% 175 | 1.02 | 086 | 0.80 | 169 | 050 | 0.76 | 0.78
Interaction
0.0 |33.33]30.33 | 3467 | 33.67 | 19.67 | 27.67 | 18.33 | 27.67
0.1 35.33 | 31.67 | 36.33 | 35.67 | 20,00 { 28.00 | 19.33 | 28.33
0.0 0.2 | 37.00] 33.00 ) 37.33 | 38.00 { 20.67 | 29.67 | 20.67 | 28.33
0.3 | 39333567 | 39.00 | 39.00 | 21.33 | 30.00 § 21.00 | 30.33
00 | 383313367 ] 37.33 ] 38.00 [ 21.00 | 28.67 | 21.00 | 28.67
0.1 | 40.33 | 43.33 | 43.00 | 46.33 | 24.00 | 32.33 | 24.33 | 33.33
155 ] 02 | 4400] 4533 | 47.33 | 48.67 | 27.33 | 3267 | 28.33 | 3367
0.3 | 45.33 | 46.00 | 48.00 | 49.67 | 28.33 | 33.33 | 29.33 | 34.00
00 | 4167 | 4233 | 46.00 | 47.67 | 28.00 | 32.67 | 28.67 | 33.67
0.1 53.87 | 4567 | 57.33 | 53.00 j 30.00 { 35.67 | 30.33 | 35.33
a 0.2 | 5733|5900 | 61.00 | 56.33 | 31.33 | 36,33 | 32.00 { 36.33
0.3 | 5867 | 60.0C | 60.67 | 57.00 | 31.67 | 37.00 | 32.33 | 37.00
LSD at 5% 3.49 | 2.04 1.72 160 | 3.38-] 1.00 | 1.52 1.56 |

It is evident from the data presented in the same Tables that the
application of yeast treatments as a foliar spray improved the growth of
plants. The highest concentration of dry yeast (0.3 %) induced significant
improvement in the previous growth characters compared with unsprayed
plant. The growth characters of sage were significantly increased when the
plant received the three dry yeast applications. The increases in vegetative
growth characters by spraying yeast might be due to its content of tryptophan
(Abd E!-Latif, 1987) and precursor of 1AA (Moor, 1979).

The interaction between the rates of phosphorus fertilizer and spraying
active dry yeast treatments showed that there were significant differences as
plant growth characters were concerned. These results were similar in the
two seasons.
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Table (2): Fresh and dry welght / plant (g) of sage as affected by
phosphorus levels, yeast spraying and their interactlon
during 2003 and 2004 seasons for two cuts.

haracter: 1ermSh herb / plant (g) | Dry herb / plant

season 2™ season 1 season 2™ season

rreatme 1* cut {2™ cut{1* cut|2™ cut| 1* cut (2™ cut{ 1* cut |2 cut
P (ka)
0.0 191.7 | 196.0 | 1944 | 1985 | 39.73 { 41,28 | 40.28 | 41.28
15.5 2604 | 2654 | 266.5 | 271.7 | 56.97 | 59.45 | 56.48 | 59.04
31 303.1 308.0 | 301.8 ) 3135 | €8.94 | 73.11 | 67.64 | 71.62
LLSD at 5% 9.56 7.16 | 21.84 | 10.71 6.33 1.74 1.02 2.04
Yeast (%)
0.0 221.7 | 2257 | 223.3 | 225.2 | 4593 | 48.81 { 47.11 | 45.14
0.1 250.4 | 2595 | 252.6 | 2656.6 | 54,53 | 58.38 | 54,65 | 57.95
0.2 264.5 | 269.1 | 267.6 | 273.4 | 58.67 | 61.55 | 57.76 | 60.12
0.3 2707 | 2716 | 273.3 | 276.7 | 61.72 | 63.05 | 59.78 | 62.03

LSDat5% | 12.08 | 263 | 18.71 | 2.84 5.14 0.59 1.46 0.78
Interaction
0.0 1712 | 1860 | 175.8 | 187.2 ] 34.30 | 37.90 | 37.27 | 38.23 |
0.1 1867 | 196.3 | 189.9 | 198.4 | 38.00 | 40.93 | 38.53 | 40.93 |
00 1021 1988 | 199.5 | 202.5 | 203.6 | 41.33 | 42.43 | 41.70 | 42.53 |
0.3 | 2101 | 202.1 | 200.4 | 204.7 | 45.30 | 43.86 | 43.60 | 43.43 |
0.0 201.1 | 199.8 | 203.3 | 203.1 | 41.40 | 42.40 | 42.13 | 42.67 |
0.1 | 2622 | 272.0 | 274.3 | 283.1 | 56.87 | 60.37 | 57.70 | 60.93
155 02 ] 286.9 | 292.9 | 290.0 | 295.7 | 63.20 | 66.50 | 61.60 | 64.20
Q.3 | 292.7 | 297.1 | 298.4 | 304.9 | 66.43 | 68.53 | 64.50 | 68.37
0.0 { 2927 | 2914 | 2008 | 297.3 { 62.10 | 66.13 | 61.93 | 66.53
0.1} 302.4 | 3102 | 2037 | 315.2 | 68.73 | 73.83 | 67.43 | 72.00
31 0.2 | 3078 | 3149 | 3104 | 3208 | 71.47 | 75,73 | 69.97 | 73.63
0.3 | 309.3 { 315.7 | 3123 [ 3206 | 73.44 | 76.77 | 71.23 | 74.30
LSDat5% | 2415 { 5068 { 3743 | 568 | 10.28 | 1.18 2.92 1.55

2 - Essential oil productivity

The essential oil percentage in the dried herb of sage was varied due
to phosphorug fertilizer treatments (Table, 3). All levels of phosphorus
fertilization increased the essential oil percentage in sage herb when
compared with untreated ones. Highest oil percentages were 1.10 and 1.18
% in the first cut and 1.08 and1.14 % in second one, respectively, of the first
and the second growing season. These values were obtained from plants
fertilized with highest phosphorus level (31 kg P;0Os / ted) as compared with
control. ‘While the least cil percentages were 0.94, 0.95 % and 0.95, 0.96 %,
respectively produced from control plants,

Data illustrated in (Table 3) reveal that application of 0.3 % active dry
yeast caused an increase in the essential oil percentage 1.04, 1.07 % and
1.07, 1.09 %, respectively, of the two cuts in both seasons.

It is clear from data that there was non significant effect of the
interaction except the treatment combination of high level of phosphorus
fertilization (31 kg P,Os / fed) and foliar spray with 0.03 % active dry yeast
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1.20, 1.27 % and 1.17, 1.27 %, respectively, in the two cuts during both
seasons. These Increases of essential oil percentage might be attributed to
their enhancing effect on vegetative growth, in terms of fresh yield and
increased uptake of nutrients by root of plant especially phosphorus element,
which is a main constituent of phosphoproteins, phospholipids, and nucleic
acids. However, the most important compound in phosphate group which
linked by pyrophosphate bonds is adenosine triphosphate (ATP). The energy
absarbed during photosynthesis or released during respiration is utilized in
the synthesis of the pyrophosphate bounds in ATP. In this form, the energy
can be conveyed to various undergoing processes such as uptake activation
and the synthesis of various organic compounds such as essential oil.
( heikal, 2005)

Table (3): Essential oll percentage {%) and oil content/plant {cc) of sage
as affected by phosphorus levels, yeast spraying and their
interaction during 2003 and 2004 seasons for two cuts.

Characters| Oil percentage (%) Qil content / plant (cc)
1" season 2™ season L_':ﬁseason 2™ geason
1 eut]2™ cut| 1" cut [2™ cut| 1™ cut[2™ cut| 1™ cut] 2 cut
Treatments
P (k:

0.0 0.94 | 095 0.95 0.96 0.37 .39 0.38 0.40

15.5 0.97 | 0.97 1.01 0.99 0.56 0.58 0.57 0.59

3 1.10 1.18 1.08 1.14 0.76 0.87 0.74 0.82

LSDat5% | 0.12 | Q.17 0.04 0.07 0.10 0.13 0.03 0.08
Yeast (%)

L 0.0 0.97 | 0.97 0.96 0.98 0.45 0.48 0.44 0.48

0.1 0.88 | 1.02 0.98 1.00 0.54 0.61 0.54 0.59

0.2 1.02 1.05 1.02 1.05 0.61 0.67 0.60 Q.64

0.3 1.04 | 1.07 1.07 1.09 0.65 0.69 0.66 0.69

1LSDat5% | 0.02 | 0.04 | 0.03 0.03 0.02 0.03 0.02 0.05
Interaction
0.0 092 | 093 | 094 | 094 0.32 0.35 0.33 0.36
0.1 093 | 0.93 | 0.94 0.95 0.35 0.38 | 0.38 0.40
0.0 0.2 0.94 | 0.96 0.95 0.97 0.39 0.41 0.40 0.41
0.3 095 ) 096 | 0.97 0.87 0.43 0.42 0.42 0.42
0.0 0.96 | 0.86 | 0.95 0.97 0.40 0.42 0.40 0.41
0.1 Q.96 | 0.97 0.98 0.98 0.55 0.58 0.56 0.60
155 | 0.2 0.98 | 0.97 | 0.99 0.99 0.62 0.65 0.61 0.64
0.3 098 | 098 | 1.09 1.03 0.65 0.67 0.71 0.70
0.0 1.02 | 1.03 | 0.99 1.02 0.63 0.68 0.61 0.68
0.1 1.06 | 1.17 | 1.03 1.07 0.73 0.86- | 0.70 0.77
31 0.2 1.13 | 1.23 | 1.13 1.20 0.81 0.94 0.79 0.88
0.3 1.20 | 1.27 | 1147 1.27 0.88 0.98 0.84 0.94
LSDat5% | 0.04 | 0.08 | 0.06 0.06 0.04 0.06 0.04 0.10

Data in Table (3) showed significant differences due to all levels of
phosphorus fertilization if compared with control. The maximum essential oil
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yields were 0.76 and 0.87 cc / plant respectively, produced from fertilized
plant with the highest level, and the least oil contents were 0.37 and 0.39 cc /
plant respectively, produced from control plants of the two cuts during first
season. A similar effect was obtained as the second season was concerned.

Concerning the effect of active dry yeast, data indicated that in the first
season, plants treated with yeast bio-fertilizer resulted in significant increase
compared with control. The highest values were produced from the highest
level of yeast (0.65 and 0.69 cc / plant in the two cuts, respectively). The data
recorded in the second season confirmed those of the first one. Also, the
highest level of foliar spray with yeast gave the highest values of oil content
{0.66 and 0.69 cc / plant in the two cuts, respectively).

Results in Table (3) revealed the effect of interaction between
phosphorus and yeast levels on essential oil content. It was observed that
interaction treatments increased the essential cil content. The highest values
were recorded due to the treatment of high level of phosphorus combined
with 0.3 % dry yeast in the two cuts, during the two seasons if compared with
control. These results may be a consequent of the increase in plant fresh and
dry weights as a result of bio-fertilization, as well as, the increase in the
essential oil percentage.

3 - Essentlal oil components

Data presented in Table (4) and illustrated in Figure (1) identified 12
compounds formed from 61.35 to 88.34% of the essential oil indicating the
oftect ot different treatments with phosphorus tertilizer, foliar spray of active
dry yeast and their interactions. Thujone was the major constituent forming
from 35.51 to 46.66 %, followed by B-pinene (6.32 - 11.96 %), linalool (6.20 -
8.46 %), a-pinene (2.30 - 5.29 %), camphen (2.03-4.84 %), methyl chavicol
(2.89 - 3.72 %), camphar (2.22 - 3.36 %), borneol {1.89 - 3.37 %), eugenol
{1.76 -2.77 % ), linalyl acetate {1.25 - 3.03 %), terpinen (0.96 - 1.27 %) and
cineol (0.78 ~ 0.96 %).

It is evident from results that phosphorus fertilization increased the
percentages of a-pinene, carmphen, B-pinene, thujone, cineol and linaloo!
components in sage oil. The highest percentage of thujone was obtained
from the highest levels of phosphorus (37.92 %) and yeast (44.19 %).

Concerning the effect of interagtion on the compoenents of sage oil,
corresponding data in Table {4) and Figure {1) showed that all levels of
phosphorus fertilizer and foliar spray of active dry yeast increased the g-and
B-pinene, camphen, thujone, cineol, and linalool percentages when
compared to control. On the other hand, the terpinen, methyl chavicol, linalyl
acetate, camphar, borneol and eugenol were decreased if compared with
control.

The highest value of thujone (46.68 %) was produced from the highest
level of phosphorus fertilizer and spraying of 0.3 % yeast. The constructive
effect may be due to improving mineral nutrition in addition to release plant
promoting substances such as IAA, gibrillin and cytokinins, especially of
yeast which could encourage plant growth, absorption of nutrients (N, P, K,
Mn, Zn, Fe and Cu), efficiency of nutrient and the metabolism of
photosynthesis (Reynders and Viassak, 1982). The increment in- thujone
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(bicyclic monoterpens) content in sage oil was due to improving mineral
nutrients absorption and to be accompanied with a decrease in the other
components such as cineole, terpinen, methyl chavicol, linaiyl acetate,
camphar, borneol and eugenol. These results agreed with those obtained by
Clark and Mematy (1981) on peppermint which indicated that factors
affected, apparently, photosynthesis which is an important determinate of oil
composition. Also, they came to the conclusion that, physiological factors
may. significantly affect the composition of terpenss produced in any given
environment,

Table (4) : GLC of sage plants oil as affected by phosphorus levels,
yeast spraying and their interaction during 2003 season.

omponents] © e g
glelglol-|21%|[xClze 8|8 ©
21512 5 F E|g|BelFneE gl
‘B - =] - b o gl E ba
S| 5|&|E[C | E|S|25°8 8 |a|a|5|°

Treatmen

P (kaffed)

0.0 2.30}2.03]6.6235.51[0.78]1.27 |7..38| 3.52{ 2.98 [ 2.22 [ 1.89 [ 2.23 [38.6561

15.5 5.05(2.96[6.38 36.57]0.80 | 1.17 [11.133.89| 3.00 | 2.66 [ 1.91 | 2.20 [22.28/77.7.
3 5.01(3.0616.32[37.9210.79(1.15[11.22{3.83 | 3.03 | 2.26 [ 1.94 | 2.77 [20.58 79.4
Yeast (%)
0.3 5.034.70[10.96143.89/0.93[1.15 | 8.40 | 2.8911.33[2.84 [ 2.02] 2.11 [13.7286.28
0.2 5.05]3.96 [11,82144,1210.96]1.176.21 | 3.40 1.86 [ 3.36 3.37 | 1.88 [12.8487.16
0.3 5.06]4.75 11.0444.1510,93]1.168.46 | 3.41 [ 1.443.00 [ 2.04 [ 1.96 [12.56/87.44)
Interaction
15.5kg| 0.1 [4.89]4.18 [11.56145.21/0.93]1.07 | 6.27 | 3.13] 1.88[3.20 | 2.89 | 1.91 [12.4887.52]
P;0s /| 0.2 [4.88|4.84 [10.9245.53/0.15[1.15| 8.382.89[1.43]|2.762.27 [ 2.12 |12.6987.31
fed [0.34.884.10[11.85/45.91[0.13[1.17[6.20|3.40[1.85]2.96 | 3.20 | 1.88 [12.46l87 54
31kg | 0.1 |5.20]4.23 [11.02145.64)0.94|1.03[6.95[3.72[1.25[2.82 | 2.05[1.76 [12.3987.61
PO/ | 0.2 |5.21 4.23 [11.03146.27]10.94 | 1.03 |6.96(3.72{1.35(3.14|2.18 | 2.28 [11.6688
fed | 0.3 [5.29|4.27 10.56/46.65{ 0.88 |0.96 | 7.193.48(1.363.11/2.33 ] 1.89]12.02187.98

4 - Herb and oll yield

Data reported in Table (5) revealed significant differences in dried herb
yield due to different levels of phosphorus fertilizer (0, 15.5 and 31 kg P,Os /
fed). In the first season, herb yield ranged from 0.879 to 1.533 and 0.917 to
1.625 ton / fed respectively, in the two cuts. Fertilization with the highest level
produced the heaviest herb yield compared with control plants. In the second
season, the greatest dried herb yield was 1.503 and 1.591 tcn / fed as a total
of both cuts due to the highest level of phosphorus. The least herb yield was
0.881 and 0.918 ton / fed of both cuts, obtained from control plant.

Concerning the effect of foliar spray with active dry yeast, data in Table
{5) revealed that the highest leve! of yeast gave the heaviest herb yield which
were 1.372 and 1.400 ton / fed for two cuts in the first seascn. In the second
season, dry herb yield was 1.325 and 1.378 ton / fed in two cuts when plants
were sprayed with high level of yeast.
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Figure (1) : GLC of sage essentlal oll as affected by phosphorus levels,
" yeast spraying and their Interaction during 2003 season.
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The combination between the different phosphorus levels and foliar
spray with active dry yeast were significant in the two seasons.
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Data presented in Table (5) show that there was a considerable effect
due to the interaction between phosphorus levels and yeast compared with
control in two cuts during both seasons. The heaviest values (1.633 and
1.706 ton / fed, respectively) produced from plants ferlilized with high
phosphorus level and sprayed with the highest level of yeast in the first cut in
both seasons. This treatment combination surpassed the phosphorus
fertilization or spraying dry yeast alone as dry herb yield was concerned.

Tabl‘e (5): Herb yield (ton / fed) and essentlal ol yield (liter / fed) of sage
as affected by phosphorus levels, yeast spraying and their
thelr Interaction during 2003 and 2004 seasons for two cuts.

Characters Herb yield (ton / fed) Oll yield (liter / ted)
1"season | 2 season | 1" season | 2 season |
Treatments T cut]2™ cut|[1" cut|2™ cut[1™ cut2™ cut|1™ cutﬂ 2™ cut
P (kg) )
0. 0879 | 0817 10881 | 0918 | 828 | 8.99 [ 8.41 8.80
15.5 1.264 [ 1.321 | 1.255 | 1.312 | 12.26 | 12.82 | 12.67 | 13.06
AN 1.533 | 1.625 | 1.503 | 1.591 | 16.93 | 19.20 | 16.33 | 18.17
LSD at 5% 007 | 0.03 | 002 | 005 | 232 | 356 | 065 | 1.41
Yeast (%)
0.0 1.017 1 1.085 | 1.032 | 1.092 | 9.97 | 12.08 | 9.92 | 10.74
0.1 1.212 | 1.297 [ 1.212 | 1.288 | 12.10 | 13.56 | 12.02 | 13.01
0.2 1.299 | 1.368 | 1.283 [ 1.336 | 13.43 | 14.74 | 13.33 | 14.30
03 1.372 [ 1.400 | 1.325 | 1.378 | 14.45 | 15.33 | 14.60 | 15.31
LSD at 5% 006 | 0.01 | 0.03 | 0.01 | 044 | 113 | 063 | 0.45
Interaction
00 |0762 ) 0.842 | 0.784 | 0.850 | 7.04 | 7.85 | 7.33 | 8.00
01 0844 | 0910 | 0856 | 0.910 | 7.85 | 852 | 8.07 | B.67
0.0 0.2 |0902|09844 0926 | 0.945 | 867 | 9.04 | 8.81 9.1
0.3 [1.007 | 0970, 0959 1 0.965 | 9.55 | 9.41 | 9.41 9.41

0.0 | 0.910 | 0.942 | 0.936 | 0.948 | 8.81 | 9.04 | 889 | 9.10
[ 01 [1.264 | 1.341 | 1.282 | 1.354 | 12.15 | 12.96 | 12.52 | 13.26
155 [ 02 | 1.406 [ 1.478 | 1.369 | 1.427 | 13.63 | 14.37 | 13.56 | 14.15
0.3 | 1.476 | 1,523 | 1.433 | 1.519 | 14.45 | 14.89 | 15.71 | 15.63
0.0 | 1.380 | 1.470 | 1.376 | 1.478 | 14.07 | 15.11 | 13.65 | 15.04

01 | 1.528 | 1.641 [ 1.498 [ 1.600 | 16.29 | 19.18 | 15.48 | 17.11
31 | 0.2 [1.589 [ 1.683 | 1.555 | 1.636 | 18.00 | 20.81 | 17.63 | 19.63

[0.3 [1.633 | 1.706 | 1.583 | 1.651 | 19.36 | 21.70 | 18.67 | 20.69
LSDat5% | 042 | 0.02 | 006 | 002 | 089 | 2.96 | 1.06 | 0.08

Concerning the effect of different levels of phosphorus on essential
oil yield, data in Table (5) showed that different levels of phosphorus fertilizer
gave significant increases in the essential oil yield in both cuts as compared
with control. The highest values were obtained from the highest level of
phosphorus (31 kg P,Os / fed). It was also, clear that active dry yeast bio-
fertilizer at all levels, increased significantly essential oil yield in the two cuts,
during the both growing seasons.
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Such increments tended to correlate -with the increasing level.
Concerning the interaction effect between phosphorus and yeast, it was
obsarved that the highest increase in oil yieldfed was obtained from all
combinations of phosphorus and active dry yeast. The increase in essential
oil yield may be due to the increase in herb yield as previously mentioned in
this study, as well as the increment in the essential oil percentage as a resulit
of fertilizing plants with phosphorus and foliar spraying with yeast alone or
their combination. This increment may be due that the mineral nutrition
exerted some effects either directly on the enzyme system dealing with this
conversion or indirectly by its effects on photosynthetic process.

5- Chemlcal analysis

Data presented in Table (6) showed the phenoclic compounds
percentage in leaves of sage plants as affected by different levels of
phosphorus fertilization. 1t could be concluded that all treatments led to
increase phenolic compounds if compared with control. The highest values
were observed due to fertilization with 31 kg P05 / fed while the least values
were obtained from plants treated with 15.5 kg P;0s / fed, in both cuts, during
the two growing seasons.

Conceming the effect of bio-fertilizer, data indicated that treating plants
with all levels of active dry yeast caused an increase in the phenolic
compounds percentages at all cuts as compared with untreated ones. The
highest level (0.3 %) caused a considerable effect compared to other levels
during the two growing seasons.

Interaction between phosphorus and yeast gave increases in phenolic
compounds percentages. The highest values were observed in plants
fertiized with phosphorus at 31 kg P;Os / fed and sprayed by yeast bio-
‘artilizer at 0.3 % in comparison with control and other combinations. The
fav. -hle effect of phosphorus and yeast treatments on the phenolic
compounds percentage in the leaves may be due to improving mineral
nuttitan (NPK) in addition to release plant promoting substances such as
JAA. gibirillin and cytokinin-like substances. In this respect Haridi (1987)
mentioned that application of gibberellic acid (GA;) or Indot butyric acid (IBA)
increased phenolic compounds percentage, Also, Ahmad (1988) indicated
that rhenolic compounds were increased in geranium herb treated with N, P,
K and their mixtures.

Data in Table (6) showed that the total carbohydrates percentage in
dried herb of sage was Increased as a result of using different levels of
phosphorus treatments in comparison to the control plant. Plants treated with
the highest level of phosphorus resulted highest total carbohydrates
percentage, and the least increase in carbohydrate was produced from plants
treated with low-level.during -both-cuts-in-the-two seasons. These- resuits
might be due to that, phosphorus is raised in soil and plant tissues. It is
known that- phosphorus -is- a-constituent of nucleic acids, phospholipids the
coenzymes and is most important as a consistent of ATP, thereby, could
significantly altered plant carbohydrate contents (Devlin and Withan, 1983).

Also, it was obvious that the total carbohydrate percentage was
increased at all levels of yeast as compared to control in both seasons. The
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increment in carbohydrate metabolism may be due to that yeast is containing
manganese which is known that, in some way, is involved in the oxidation-
reduction processes in photosynthetic electron transport (Mengel and
Kirkaby, 1987). it is clear that there was positive effect of interaction between
phosphorus and yeast on total carbohydrates percentages compared to
control for four cuts. Also, it was clear that, plants fertilized by 31kg P05/ fed
combined with 0.3 % yeast produced the highest values of total
carbohydrates percentages in the first and second cuts, during both seasons,

Table (6): Tota!l carbohydrates and phenolic compounds percentage (%)
of sage as affected by phosphorus levels, yeast spraying and
their interaction during 2003 and 2004 seasons for two cuts.

1% cut 2™ cut

P Yeast (%) Yeast (%)
(kgfed) | 0.0 [ 01 02 ] 03 [8 0.0 [ 01 ] 02 ] 03 [=83]
1% season ]

T

Tolal carbohydrates {%)
0.0 18.3 119311961199 19.3 | 1892 | 19.0 | 187 | 185 | 18.8
15.5 199 2011206206 204 | 198 | 202 | 208 | 210 | 205
31 214 |222 12256 ,227 | 222 208 | 21.2 | 224 | 228 | 216
Mean | 19.9 1 20.5 209 ] 211 198 | 20.1 | 20.6 | 20.8
Phenolic compounds (%)
0.0 063 {065]1067 1071071 | 054 | 0.55 ) 0.57 | 0.60 | 057
15.5 066 |0.73)080 (082 0.75 | 0.62 | 0.73 | 0.78 | 0.86 | 0.75
31 0.86 (09010931096 091 (069 | 085 | 092 | 095 | 0.85
Mean | 0.72 | 0.76 | 0.80 | 0.83 0.61 | 0.71 | 0.75 | 0.80
. 2% season |
Total carbohydrates {%)
0.0 184 |1 18.9 1192 1195( 180 | 179 | 184 | 187 | 18.1 | 185
15.5 19.9 (203 (2071208 | 204 | 19.2 | 195 | 19.9 | 20.2 | 19.7
31 210 |215|1221 1226 218 | 209 | 21.7 | 224 | 22.7 | 21.9
| Mean | 19.8 | 20.2 | 20.7 | 21,0 19.3 | 19.9 | 203 | 20.7
Phenclic compounds (%)
0.0 062 10681073 1081[ 071 (056 (060! 065|072 063
| 155 082 10860901095]| 088 1074 [ 076 | 0.86 ] 0.89 | 0.81
31 090 1093]095)098} 0904 1084 (089|093 | 095 0.90
. Mean | 0.78 | 0.82 | 0.86 | 0.91 071 | 0.75 | 0.81 | 0.85

Data in Table (7) showed that phosphorus fertilizer increased the
percent of N, P and K in treated sage herb compared with the untreated ones
during the two experimental seasons. The highest values of N, P and K
percentages were produced from treated plants with highest leve! of
phosphorus fertilization. .

Also, data in the same Table indicated that all levels of yeast caused
an increase in N, P and K percentages when compared with untreated ones.
The highest values of N, P and K % were found in plants sprayed with yeast
at the rate of 0.3 % in two cuts during both seasons.

Regarding the effect of interaction between treatments, results in the
same Table showed that there were clear differences in N, P and K
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percentages of sage herb by interaction between fertilization with phosphorus
plus yeast during both cuts of the twe seasons,. The highest vaiues were
produced due o fertilization with phosphorus at the rate of 31kg P.Os / fed
combined with active dry yeast at the rate of 0,3 %.

Table (7): Nitrogen, phosphor and potassium (%} In the herb of sage as
affected by phosphorus levels, yeast spraying and their
interaction during 2003 and 2004 seasons for two cuts.

) 1" cut 2™ cut
P Yeast (%) Yeast (%)
(kg/fed) | 0.0 | 01 [ 02 | 0.3 [Mean| 0.0 | 0.1 [ 0.2 | 0.3 [Mean
1% season

Nitrogen (%)
0.0 1.25 [1.34 [ 142 ] 150 [ 1.38 [ 1.30 | 1.35 | 1.46 | 1.52 | 1.41
15.5 1.36 [ 1.45 | 1.57 | 1.62 | 1.50 | 1.42 | 148 | 1.53 | 1.59 | 1.51

L3 1.40 [ 163 | 1601165 | 154 | 145 | 150 | 161 | 167 | 1.56

[ Mean | 1.34 | 1.44 | 1.53 | 1.59 1.39 | 1.44 | 1.53 | 1.59 ]

Phosphor (%

0.0 021 1023|029 ]028025]|022]025]0.28] 031027
165 10301034 10361037 1034033 | 035 ) 0.38 | 0.39 | 0.36
3 0.35 | 0.39 | 041 | 043 | 040 | 041 | 043 | 0.45 | 047 | 0.44
Mean | 0.29 | 0.32 | 0.35 | 0.36 032 | 0.34 | 0.37 | 0.39
potassium (%)
0.0 2351248 | 253 | 261 | 249 | 234 | 246 | 252 | 259 | 2.48
155 1265 (286294311 280 264 | 282 ] 291 | 310 | 2.87
31 279 | 321 13361348 13211280 | 318 | 340 | 3.46 | 3.24
Mean | 260|285 )]2.984; 3.07 259 | 282 | 2.94 | 3.05

2™ season

. Nitrogen (% |
0.0 127 | 138 [ 1.46 [ 1.51 | 141 [ 134 | 141 | 1.48 | 1.56 | 1.45
| 155 [1.36 ] 148|159 [1.64 | 152 ] 148 [ 151 [ 1.56 | 1.63 |- 1.55
T 141 /150 /161 [ 167155 1621158 [ 1.63 [ 1.68 | 1.60
[ Mean | 135 1.45[1.55 | 1.61 145 [ 150 | 1.56 | 1.62
Phosphor {%)
0.0 022 (024 1026 | 0.30 {026 [ 0.24 | 027 | 028 [ 0.29 | 0.27
155 |0.33 [ 035 0.36 (038 /036] 035 | 039 [ 0.40 [ 0.41 | 0.39
N 0.37 1039 {041 [ 049 (042 | 038 | 0.41 | 043 | 0.46 [ 0.42
Mean | 0.31]0.33 ] 0.35 | 0.39 032 1 036 | 0.37 | 0.38
- potassium (%)

[ 0.0 241 | 249 | 258 | 267 [ 254 | 239 [ 248 | 2.61 | 2.66 | 2.53
155 | 274 2911298 321 298|281 | 287 | 2.94 [ 3.25 [ 2.96
3 287 1332 (339|362 (33029233 | 342 | 3.69 | 3.34
Mean | 267 [291]298] 3.16 271 [ 2,80 | 2.99 | 3.20
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