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ABSTRACT

Nowadays compelition for the available water supply, for irrigation, is
increasing. This study which carried out for two seasons aimed to investigate the
effect of vesicular-arbuscular mycorrhizae (VAM) and Azofobacter inoculation on
growth and essential oil production of the aromatic plant Achillea millefolium, which
has different usage as a medicinal aromatic plant. Plants were transplanted in sandy
saoil, which maintained at 50, 75 or 100% of field capacity. In addition to the control
treatment, plants were inoculated with A. chroococcum and/or VAM. Field capacity
significantly affected plant growth measured parameters; plant height, herb fresh and
dry weight, flower fresh and dry weight as well as volatile oil yield. Microbial
inoculation, significantly improved plant growth as well as its volatile oil yield
compared with the control pfants. The highest essential oil yield of flower tops (0.185
mi/plant) has been estimated when soi! inoculated with both of the microorganism and
maintained in 50% FC. Azotobacter inoculation significantly increased N% but not P%
of yarrow herb however, VAM significantly increased P% of the herb, Inoculation with
both of microorganisms had a beneficial effect in plant growth especially under lower
levels of FC. Moreover inoculation with both of microorganisms had more pronounced
effect than single inoculation.

INTRODUCTION

Achillea milfefolium L, plant which known as yarrow is a perennial
plant belongs to family Asteraccae. Armitage (1992) emphasis the
importance of A. millefolium as an ornamental plant, cut flower as well as a
dried material. Essential oils of yarrow have several physiological active
substances, mainly the sesquiterpens guaiazulen. Yarrow has been known
for a long time as a medicinal plant and used in the folk medicine. It has a
beneficial remedy in diseases of the mucous surfaces, relieving irritation and
profuse secretion. It smoothes intestinal irritation and overcomes mild forms
of diarrhea. It is of benefit in improving the fone of the urinary apparatus,
relieving irritation, overcoming suppression of the urine. The drug stimulates
the flow of gasteric secretions; it has relieved effect in the obstructed
perspiration and commencement of fevers (Stary and Jirasck, 1975).

Competition for the limited water supply, which is available for
irrigation, is increasing. An adequate supply of waler is just essential to the
successful growth of plants, photosynthesis and other biochemical
processes. The unpredictable nature of drought and depletion of underground
water supply sources increase the uncertainty about the feature of irrigation
and water supply. Water stress, in general, reduces nutrient uptake by roots
and transport from roots to shoots (Goicoechea et al, 1997). Different
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agricultural treatment has been used to overcome water shortage by
enhancing drought resistance mechanisms, water-use efficiency and plant
growth. Nitrogen fertilization, which might be as a result of Azotobacter
inoculation, has been found to improve the growth of different plant species
under water stress (Shangguan, 1997 and Shangguan et al., 2000). VAM
presumably increases the efficiency of water and mineral absorption, chiefly
because the hyphae extend out into the soil and increase the absorption
surface. VAM maintains an active water absorption of older roots after they
have become suberized (Bowen, 1973). The enhancement of mineral uplake
by VAM colonized plants has been e xtensively r eviewed { Smith and R ead,
1997). VAM fungi colonize plant roots and often enhance host plant growth
and mineral nutrient acquisition, particularly for plants grown under infertile
soil conditions. These influences in plant water status could be due to
increasing the absorption surface, hydrolyzing certain nutrients in the soil
such as organic and inorganic phosphate (Faber et al., 1991). Therefore, the
present investigation aimed to find-out the potentiality of VAM and A
chroococcum on growth of yarrow plants under water regime conditions.

MATERIAL AND METHODS

This experiment had been carried out in 2001/2002 and repeated in
2002/2003 at the experimental nursery, Hort. Dept., Fac. of Agric., Minia
Univ. Stock plants were divided into single uniform plants in 1% Oct. then,
plants were transplanted in plastic pots each filled with 7 kg of air-dried sandy
soil. Filed capacity (FC) of container was estimated before fransplanting as
described by Tuomela (1997). After one month of transplanting, uniform
plants were arranged in 3 x 4 factorial experiment in a compiete randomized
block arrangement design. Se, the treatment was 3 walter treatments (100, 75
and 50% of FC every week) and 4 soil inoculations {control, A. chroococcum,
VAM and A. chroococcum + VAM). Therefore for each treatment there was
20 plants divided into 4 replicates.

One-week-irrigation cycle had been applied throughout the
experiment commencement after a month of transplanting. Loosing water
was calculated every week by weighting 5-randomized-selected pots from the
control (100% FC) plants. Loosing water was compensated to 100, 75 or 50%
of FC. This was expected to result in different levels of water stress in plant in
the 3 watering treatments.

Water treatment was commenced after a week of inoculation. Plants
were fertilized with 4 g/plant ammonium sulphate (20.5% N), 2 g/plant
calcium superphosphate (156.5% P,0s} and 1 g/piant potassium sulphate
{48% K;0). Phosphorus fertilizer was added as a one dose during the
transplanting while the nitrogen and potassium fertilizers were divided into 3
doses. First dose had been added after 45 days from transplanting and the
other 2 doses after 1 and 2 months of the first one.

In addition to the 4 replicates 30 plants were treated as the control.
These plants had been used to calculate the required amount of water,
needed for irrigation. To eliminate the plant weight, which could, affect the
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caicuiated required amount of water to achieve the FC., five randomiy
selected plants were used to calculate the required amount of water at 1 st of
each month during the experiment period. The amount of lossing water was
calculated as {container weight at 100 % FC - container weight excluding the
plant weight). ‘

Flowering tops were collected 4 times every 2 weeks during the
flowering seascn. Fresh and air-dried yield of the 4-cuttings flowering tops of
individual plants was estimated. Air-dried fiower tops of the 5 plants in each
raplicate was carefully hand crushed to measure the percentage of EO
content (Guenther, 1961). At the end of growth seson, plant heights were
measlred, also herb of individual plants were cut above the soil surface and
weighted thereafter the air-dried weights were estimated. Then herh of the 5
niants in each replicate was hand crushed to measure the % of EQ. Nitrogen
sontent of A. millefolium plants was determined using microkjeldanl method
(Zastn, 1978). Phosphorus conients had been coicorimetricaity determined
zccording to Wilde et al., (1879).

Frzoaraiion of microorganism inocula

A chroococeurn from the stock culture collection, depariment of
Agric. Microbiology, Fac., Agric., Minia University, Egypt was used. Two VAM
species, (Glomus fasiculatum and G. mosseas) were kindly supplied by
Sotany Dept., Fac. of Agric., Kafer-Ei-Sheikh, Tanta University, Egypt.

A. chroococcum was grown for 7 days at 30 °C in 250-mi Erlenmeyer
flask containing 100 ml of modified liquid Ashby's medium (Abdel Malek and
Ishac, 1968). The suspension that had 18-23 x 10° cel/m| viable cell had
been used as inocula. For preparing VAM inoculum, fired clay pots of 30 cm
in diameter were filled with autoclaved sandy loam soil. Soil in each pot was
inoculated with the two species of these e ndomyeorrhizal fungi. F ive o nion
seedlings were transplanied in each potas a host piant. At the end of the
growih stage roots of onion plants were mixed together and VAM spores
were counted in 135-152 g soil as described by Musandu and Giller (1994},
The mixture of VAM spores, mycefia and chopped roots were used as VAM
inoculum.

Determinations of microbial density

Samples from rhizosphere were taken at 15 days interval up to 120
days cf_inoculation to follow counts of Azofobacter. The rhizosphere was
coilected by mechanical removal of the tightly adhering soil left after shaking
the roots together. The basic dilution was made by adding 10 g of the
rhizosphere soil tc 90 ml of sterilized water and stirring for 5 min. Serai
dilutions for rhizosphere samples were prepared and number of Azotobacter
was determined by the dilution frequency method in Ashbys liquid medium
using most-probable number tables (Cochran, 1950). Percentage of
.mycorrhizal root colonization was assessed microscopically by the slide
method {Mosse and Giavanetti, 19803,

Resuits of plant growth characters, EC, N and P content were
sunmitted to an analysis of variance (ANOVA} Means were compared using
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LSD'test {p<0.05) between any pair of data (Clewer, and Scarisbrick, 2001}.
The analysis was-performed using MSTATC for DOS.

RESULTS AND DISCUSSIONS

Mumber of Azotobacier

Table (1) showd higher cell numbers of Azotobacter in the
rhizosphere of inoculated varrow than the uninoculated plents after 15 days
of inoculation with Azotobacter. The highest difference in cell number
between the rhizosphere of inoculated plants and those of uninoculated were
recorded after 80 days of inocuiation. Resuits showed a decline in
"rhizosphere surviving cell number of piants inoculated with Azotobacter at
120 days of inoculation in all treatments. These results may be explained by
the stimulation effect of plant roots and their exudaies until the age of 90 days
of inoculation. These exudates make rhizosphere zone a relatively nutrient
rich environment, in which inoculant can grow and multiply (Breland and
Bakken, 1991 and Attia and Saad, 2001). In addition, the results showed that
the number of Azofobacter depended on the FC at the same time after
inoculation. The highest cell number has been obtained when scil was
maintained at 75% FC and the lowest being when FC was 100%. For
example in the first season, after 90 dayes of inoculation, number of
Azotobacter celis were 91, 94 and 88 x 10°/g of dry soil under 50, 75 and
100% of FC respectively (Table 1). Moreover, the results showed that
inoculation with VAM plus Azotobacter led 1o an increase in the Azotobacter
cell number compared with incculation with mycorrhizae alone or
uninoculated ones. This may be due to the positive interaction between
Azatobacter and VAM.

¥AM colonization

The colonization of yarrow roots by endo VA-Mycorrhizal fungi was
assessed microscopically after 12¢ days of inocuiation. YAM root colonization
in both Azotobacter, inoculated and uninoculated plants were recorded in
Table {2). The highest number of VAM root colonization was observed when
plants inoculated with VAM plus Azofobacter. These results are in agreement
with those of Khalifa and Badr {1992); Saad (1995); Saad and Ahmed (2002).
This result may indicate that the presence of Azotobacter may facilitate the
mycorrhizal infection percentage. VAM root colonization was decreased with
increased FC% (Table 2). In additicn, in absence of VAM inoculum, low ratios
of VAM root colonization were detected in roots of A, millefolium plant
inoculated with Azotobacter. This may indicate the presence of low number of
native mycorrhizal fungi in the experimental soil location.
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Table 1: Cell number of Azotobacter (105) in rhizosphere soil inoculated and uninoculated A. millefolium L. plant.
under different soil field capacity at different growth stages during two seasons
% of soil field capacity
Treatments 100 75 50

Days after inoculation Days after inoculation Days after inoculation
0 15 30 60 90 120 0 15 30 60 90 120 ] 15 30 60 90 120
First season 2001

Unino. 123 234 308 415 563 428 123 272 386 501 622 486 123 258 354 463 B05 457
VAM 123 228 312 409 672 436 123 278 392 516 632 497 123 267 368 481 615 448
Azot. 123 534 668 774 886 729 123 617 734 853 0948 796 123 592 708 816 913 763
V+A 12.3 438 508 556 701 548 123 488 552 628 743 598 123 463 526 584 726 563
- Second season 2002

Lining. 11.7 212 312 408 556 432 117 268 392 524 619 463 11,7 245 362 477 583 442
VAM 1.7 224 328 412 567 448 11.7 283 424 541 635 482 117 259 394 502 6041 463
Azolt 117 546 652 789 878 703 117 606 758 867 939 778 117 588 712 837 923 758
V+A 117 426 513 588 682 531 117 458 552 634 762 606 117 438 536 59.2 V0.8 558

Unino.= uninocualated, VAM .= Myco, Azot= Azatobacter and V+A= VAM+Azotobacter

pooz ‘fienuer ‘(1) 62 “Mun esnosuey 19§ suby
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Table: 2:Percentage of mycosrhizae colonization in A. millefolium L.
_plant under different fieid capacity during two seasons

% of soil field capacity

Treatments 1001 st seasen 2001 = 1002nd seaTSin 07
Uninocuiated 4 6 65 5 8 7
VAM (V) 62 74 73 61 76 75
Azotobacter (A) 7 10 9 8 11 10
V+ A 65 78 76 64 77 68

Plant growth and oil production
Plant height

As shown in (Table 3) plant height of yarrow plants, in the first
season, decreased from 69.7 to 67.0 and 60.0 cm when soll FC maintained
at 100, 75 and 50 % respectively. There was a significant difference in plant
height only between plants grown in soil at 100 and 50% FC (p< 0.5).
Microbial inoculation significantly increased plant height over the control
piants (52.5 cm). The highest increment in ptant height over the control
plants; 48% was estimated when soil inoculated with VAM + A, chroococcum,
However, the difference between plants grown in soil was inoculated with
VAM and A. chroococcum (654 and 66.7 cm respectively) was not
significant. In addetion the interaction between the inoculation and water
treatment was not significant. Overall, contro! plant which has been grown in
soilat 50 % FC had the lowest plant height 58.7 cm whereas, the highest
plant height 81.3 cm was estimated when grown in soil at 100 % FC and
inoculated with VAM + A, chroococcum. Similar results have been
documented in the second season.

Herb fresh and dry weight

Both of water treatment as well as microbial inoculaton had a
significant effect on herb fresh and dry weight (FW and DW, respectively) of
yarrow plants in both seasons. In the first season, FW of plants grown in soil
at 100, 75 and 50 % of FC were 299.9, 314.5 and 252.9 g/plant, respectively.
However, there was only significant difference b etween the third value and
any of the other two values. Microbial inoculation significantly increased herb
FW over the control plants (212.2 gfpiant). This increment was 36, 44 and
59% when soil inoculated with VAM, A. chroococcum or VAM + A
chroococcum, respectively. Control plants which grown in soil at 100% FC
had FW higher than those of plants grown in soil with 75% FC. However,
plants inocuiated with A. chroococcum, VAM or A. ¢chroococcum + VAM and
grown in soil with 75% FC had FW higher than those of inocuiated p lants
grown in soil at 100% FC. Results showed that the interaction between the
studied factors was not significant. Qverail, control plants grown in scil at 50
% FC had the minimum FW 167 g/plant. Whereas plants grown in soif at the
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same water content but inoculated with A. chroococcum + VAM had a FW
312 g/plant. ’

Table (3) :Effect of soil FC, VAM and Azotobacter inoculation on plant
height and herb fresh and dry weight of A. millefolium in two

seasons
% of soil field capacity (A)
Treatments | 551 75 s_t[sea:: " Tiean Bl 100 ] 5 T 50 [Wean®
: Plant height (cm
Control 58.7 | 52.62 46.3 52.5 58.9 562 429 527
VAM 67.1 | 684 60.7 65.4 69.6 73.1 64.1 68.9
Azot 71.8 | 69.1 59.2 66.7 734 68.3 37.6 66.4
(VA 813 | 780 75.0 78.1 814 80.4 73.8 78.6
Mean A 69.7 | 67.0 60.3 70.8 69.5 59.6
LSD 5% AS57) BB5 | ABns A78 B9.0 AB ns
Herb fresh weight (g/plant)

ontrof 2259 2437 | 167.0 | 212.2 242.3 217 179.1 217.7
VAM 313.9{ 3001 | 252.3 288.7 304.4 310.3 256.8 290.5
Azot 333.7( 3034 § 2795 305.5 317.9 335.0 201.7 314.9
VA 35221 3843 | 3127 349.7 402.8 353.6 3226 359.7
Mean A 306.4 | 307.8 | 2529 316.8 3077 262.5

SD 5% A 28158 32.72] ABns AJ5.6 | B411 ABns

Herb dry weight {g/plant)

Control 71.2 | 6840 80.7 85.3 68.4 64.7 62.7 65.3

AM 848 | 895 76.0 834 8s8.0 91.9 77.3 85.8
Azot 914 | 843 73.2 83.0 93.0 86.4 738 844
V+A 107.5 | 83.¢9 74.7 920 | 109.7 93.8 82.8 954
Mean A 88.7 82.9 7 89.8 842 741
LSD 5% A72)| B83 | AB14.35 A8.7 B10.0 | ABns

V+A =VAM + Azotobazter, ns= not signficant

In the first season, plant DW decreased with decreasing soil FC. The
obtained DW values were 88.7, 82.9 and 71.1 g/plant when soil had 100, 75
and 50 % FC, respectively. However, there was no significant differences
{P>0.05) between piants grown in soil at 100 % FC and 75% FC. Soil
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inoculation significantly increased herb DW over the control plants. Recorded
values were 65.3 giplant and 83 g/fplant for the control and inoculated plants,
respectively. There was no significant difference in herb DW between plants
incculated with VAM or A, chroococcum since, both prodced similar herb DW
83 gfplant (Table 3). This value was significantly higher than that of
uninoculated planis. it should be mentioned that plants inoculated with VAM
+ A. chroococcum had significantly the highest herb DW 92 g/plant.

The interaction between soil FC and piant inoculation was significant.
Herb DW under any water regime gradually increased in the following
incculated order A. chroococcum > VAM > A, chroococcum + VAM. DW of
control plants decreased gradually with decreasing FC of the soil {Table 3).
However, plant DW increased when soil was inoculated with the tested
microorganism and when FC was reduced from 100 to 75 %. The reduction in
DW of control plants when soil had 50% FC rather than 100% was 40%
{which was significant) but, when scil inoculated with A. chroococcum, VAM
or A. chroococcum + VAM this reduction was 10, 13 and 20%, respectively
{these reductions were significant in all cases). Herb DW of plants grown in
soil at 50% FC and inoculated with any type of evaluated microorganisms
was higher than those of uninocuiated glanis grown in soii at 100% FC. When
soil was maintained at 78% FC, herb DW cof plants freated with A
chroococcum, VAM and A, chroococcum + VAM increased over the control
piants by 39.8, 42.8 and 67 .9% respectively but when soit maintained at 50%
FC these increment was 26, 21.6 and 21.6 % respectively. These results
indicated that tested microorganisms were more effective in plant growih
when soil had 75% FC than 100 or 50 % FC. Similar results were observed in
the second seascn for both herb fresh and dry weights.

Flower teps fresh and dry weight

Table (4) showed that FW of yarrow flower tops insignificantly
increased from 65.4 to 71.7 gfplant when soil FC decreased from 100% to
75%. Thereafter, this value significantly decreased to 54.5 g/plant when FC
being 50%. Microbial inoculation significantly increased fiower tops FW over
the control plants, which had the minimum weight (51.7 g/plant). When sail
had 100% FC, there was no significant difference between A. chroococcum-
and VAM-inoculated plants {62.8 and 65.4 g/plant respectively]. Whereas,
under 50 and 75% FC the highest values were achieved in plants inoculated
with A. chropococcum + VAM. Qverall, the highest weight of flower tops (91.5
g/plant) recorded when plants were gown in scil at 75 % FC and inoculated
with A, chroococcum + VAM. This value was 50 % higher than the weight of
control plants grown in soit at 100% FC.

Flower tops DW significantly varied according to FC and inoculation
treatment. Flower tops DW insignificantly increased from 23.98 to 25.22
glplant when FC of the soil reduced to 75%. Thereafter, this value
insignificantly reduced to 22.15 g/plant when FC was 50%. Both of A
chroococcum or VAM significantly increased the DW of the flower tops {23.28
and 24.48 g/plant respectively) compared to the control plants, which had
18.67 g/plant. But, when soil was inoculated with both of the microorganisms
this value was 27.38 g/plant. There was insignificant interaction between solil
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FC and soil inoculation in the first season however this interaction was
significant in the second season. Under any inoculation treatment the highest
value of flower tops DW was recorded in plants grown in soil at 75% FC.
Moreover, under any FC level the highest values of flower tops DW were
achieved when plants were inoculated with the combined A. chroococcum +
VAM. Data of the second season was similar to those recorded in the first
one as shown in (Table 4},

Table {4): Effect of soil FC, VAM and Azotobacter inoculation on flower
tops fresh and dry weight of A. millefolium in two seasons
% of soil field capacity (A}

1 st season 2 nd season
Treatments) 409 | 75 | 50 M(‘;a)'" 100 | 75 | s0 Mé";“
Flower fresh weight (g/plant)

Control 484 | 66.5 451 53.3 50.9 67.1 44.9 542
JAM 613 | 718 55.2 628 74.3 73.8 60.5 69.5
ﬁzot 7551 750 55.6 68.7 74.9 74.83 526 67.4
iV+A 484 | 915 §7.0 81.0 7.4 93.6 67.4 82.8
Mean A 674 76.2 55.72 71.9 77.3 56.3

L3S0 5% A78| Bg.D |AB1586 AB7 1 B11.3 | ABns

Flower dry weight {(g/plant)

Control 17651 21.52 | 18.83 | 19.67 | 18.80 | 21.38 | 2165 | 20.61

VAM 2218 2528 | 2238 | 23.28 | 23.20 | 2690 | 22.70 | 24.27
Azot 2260) 2528 | 23.55 | 2395 | 2288 | 2708 | 2575 | 25.23
V+A 25.60| 26.80 | 2585 | 2607 | 2518 | 29.28 | 2512 { 26.52
Mean A 22.00| 24.82 | 2290 2251 | 2617 | 23.81

LSD 5% A246) B2.84 | ABns A2.72 | B3.15 |AB 544

V+A =VAM + Azotobazter, ns= not signficant

Obtained results showed that plant height, herb and flower tops FW
and DW have b een significantly affected by the level of FC. T hese results
ilustrated the requirement of an adequate FC for optimum vegetative and
flowering growth of yarrow plants. Generally, vegetative growth decreased by
decreasing FC to 50%. However, some growth parameters were significantly
higher at 7 5% FC than 100%. This indicates that growth, development cell
division and enlargement of different organ require different available water.
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Som : previous workers reviewed the reduction in plant growth due to
inadequate moisture supplies, which cause alteration in different
physiological p rocess. T hese results w hich have been reported on Thymus
by Letchamo et al, (1995), on fennel by Mohamed and Abdou, ( 2003) and
on wheat by Sivamani et al, (2000) are similar to these results. M oreaver
results showed that soil inoculation with microorganism significantly
stimulated yarrow plant height as well as herb and flower tops FW and DW.
The positive effect of Azotobacter might be due to the increment in nitrogen
availability (Attia and Saad '2001). Mycorrhizal fungi colonize plant roots and
often enhance host plant growth particularly for plants grown under infertile
soil conditions (Mathur and Vyas, 2000). Goicoechea et al., {1997) found that
VAM inoculation improved the growth of alfalfa under water stress condition
as VAM increases water and nutrients uptake under water stress conditions.

Volatile oil percentage and yield of herbage

Percentage of essential oil (EQ) of herb was significantly affected by
water treatment and microorganism inoculation in the first season. Whereas,
in the second season only microorganism inoculation had insignificant effect
in EQ%. There was a significant difference in EQO% only between plants
grown in soil at 100 and 50% FC {0.81 and 0.112 respectively). Percentage
of EQ and yieid {0.081% and 0.072 mi/plant respectively) increased (0.112 %
and 0.078 mi/plant respectively) by reducing soil FC from 100 to 50%.
However, this increment of EO yield was not significant.

In both seasons microbial inoculation had a significant effect in EQ
yield but insignificant increment in EO% of the second season. Percentage
and yield of EQ of herb increased due to inoculation in the following order
control, A. ¢ hroococcum, V AM and A. ¢ hroococcum + VAM. Control planis
had the lowest EQO % and yield (0.088% and 0.054 mil/plant, respectively)
while plants inoculated with A. chroococcum and VAM had the highest EQ %
and yieid (0.1% and 0.086 m l/plant, r espectively}). T here was n o significant
difference in EO yield among plants except when plants were inoculated with
A. chroococcum + VAM compared with the control plants (Table 5).
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Table (5): Effect of soil FC, VAM and Azotobacter inoculation on
essential ¢il (EQ) percentage of herb and flower tops of A.
millefolium in two seasons :

% of soil field capacity (A)
Treatments 1 st season o 2 nd season M
75 100 75 50
100 50 (B) (B)
EO% of herb
Control 0.080| 0.080 | 0.103 | 0.088 | 0.080 { 0.088 | 0.105 | 0.091
VAM 0.082) 0.095 | 0.115 | 0.098 | 0.088 | 0.098 | 0.117 | 0.101
Azot 0.078] 0.080 | 0.115 | 0.094 | 0.075 | 0.085 | 0.122 | 0.094
VA 0.085F 0.098 { 0.117 | 0.100 | 0.085 | 0.095 | 0.120 | 0.100
Mean A 0.081| 0.091 | 0.112 0.082 | 0.081 | 0.116
A AB
LSD 5% B 0.035 A0Q030;i Bns | ABns
0.030 0.061
EQ%.of flower tops
Controi 0.459| 0.494 | 0626 | 0.526 | 0.462 | 0.508 | 0.622 | 0.531
VAM 0.457§ 0.528 | 0.613 } 0.532 | 0.451 | 0.517 | 0.611 | 0.527
Azot 0481} 0535 | 0.648 | 0.555 | 0.480 | 0.538 { 0.646 | 0.555
V+A 0.437} 0.562 { 0.715 | 0.571 0454 | 0.565 | 0.711 0.577
Mean A 0.459( 0.530 { 0.651 0462 | 0.532 | 0.648
A
130 5% Bns | ABns A0051] Bns | ABns
0.053

V+A =VAM + Azotobazter, ns= not signficant

Overall, in the first season the lowest EQ yield were estimated when
control plants were grown in soil with 100 % FC, whereas, the highest values
were in soll with 100% FC inoculated with A. chroococcum +VAM. Results in
Table {5) showed that under any water treatment, any type of inoculation
increased EQ % and yield of yarrow over the control treatment. Control plants
had the highest EQO yield when grown in soit at 100 % FC. Whereas plants
inoculated with A. chroococcum had the highest EO yield when grown in soil
with 50% of FC. On the other hand, plants inoculated with VAM had the
highest EO yield when grown in soil with 75% FC.
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Volatile oil percentage and yield of flower tops

* In both seasons, percentage of EO of flower top has been
significantly affected with FC but not with microbial inoculation. While EO
yield was significantly affected with both of treatments. However, there was
insignificant interaction between both of the studied factor {Table B). In the
first season, percentage of EQ significantly increased (0.459, 0.530 and
0.651%) byreducing FC of the soil from 100to 75 and 50%, respectively.
There was no significant difference in EQ yield between plants grown in soil
with (100 and 75%) or {75 and 50%) FC. But plants grown in soif with 50%
FC had EO yield of 0.145 mi/plant which was significantly higher than these
of plants grown in soil with 100% FC.

Table( 6): Effect of soil FC, VAM and Azotobacter inoculation on
essential oil (EOQ} yield of herb and flower tops of A
millefolium in two seasons

% of soil field capacity (A)

1 st season 2 nd season
Treatments| 105 | 75 50 M(‘I’;;" 100 | 75 | 50 M{*’B";"
EO yield of herb (ml/plant)
Control 0.057) 0.051 | 0.055 | 0.054 0.100 | 0.0€6 | 0.152
VAM 0.073] 0.089 | 0.086 | 0.083 | 0.077 | 0.090 { 0.091 | C.0B6
Azot 0.071) 0078 | 0.084 | 0.077 | 0.070 0.07 | 0.089 | 0.076
V+A 0.089} 0.084 | 0.086 | 0.086 | 0.093 | 0.089 | 0.100 | 0.094
Mean A 0.072| 0.075 | 0.078 0.110 | 0.110 | 0.086
LSD 5% Ans |B0.035| ABns Ans |B0.035| ABns

EQ vield of flower tops (mi/plant)

Control 0.081§ 0.108 0.124 | 0.108 | 0.087 | 0.108 | 0.136 | 0.110

VAM 0.101] 0.134 | 0137 | 0.124 | 0.104 | 0.140 | 0.145 [ 0.130
Azot 0.109( 0.130 | 0.152 | 0.130 | 0.109 | 0.145 | 0.173 | 0.142
V+A 0.119] 0.150 | 0185 | 0.151 | 0.115 | 0171 | 0.153 | 0.146
Mean A 0.105} 0.130 | 0.151 0.104 | 0.141 | 0.152

A
LSD 5% 0.030 B0.035| ABns A0.030({B0.035] ABns

V+A =VAM + Azotobazter, ns= not signficant
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Microbial inoculation had no significant effect in EQ percentage which
ranged from 0.526%, of control plants to, 0.571% of plants inoculated with A.
chroococcum + VAM. While EO yield had been significantly affected due to
microbial inoculation. All types of microbial inoculation increased EO yield
over the control plants that had the lowest EO yield 0.098 ml/plant. There was
no significant difference in EO yield between plants inoculated with A.
chroococcum and VAM or between (VAM and VAM + A. chroococcum).
Plants inoculated with A. chroococcum + VAM had the highest EQ yieid
0.159 mifpiant. Results showed that there was no significant interaction
between water treatrment and inoculation. When soil had 100% FC there was
no significant difference among control piants and inoculated plants. Overall,
control plants grown in soil with 75% FC had the lowest EO vyield 0.081
mi/plant whereas planis grown in soil with 50% FC inoculated with A.
chreococcum + VAM had the highest EQ yield (0.185 mi/plant) which is 128%
higher than the previous vatue. EO of control plants increased 37 % when FC
reduced from 100 to 50% whereas these increments were 35, 39 and 55 %
when plants were inoculated with A. chroococcum, VAM and A. chroococcum
+ VAM respectively.

Resuits indicated that yarrow herbage and flower tops had a higher
percentage of volatile oil under low seil moisture content. However, unlike EG -
yieid of flower tops, EO vield of herbage did not affect due to water treatment.
The highest flower tops volatile oil vield has been obtained when plants were
grown in scil with 50% FC. The relationship between water stress and
percentage as well as EO yield of aromatic plants might be due to the
reductiocn of plant growth with no effect in EO biosynthesis. Reduciion in
biomass (plant growth} will increase percentage of EO due fo increase
intensity ¢f oil gland {Charles ef a/, 1990} The variation in EQ hy the alteration
of water supply in different aromatic plants had been observed by Fatima et
al., (2002) in Cymbopogon, Mchamed et al,, (2000) in Tagetes. Plant
incculation increased volatile oil percentage as well as yield of beth of
nerbage and flower tops especially under water stress condition. That could
be as a result of water uptake improvement as well as plant nutrition state.

Nitrogen and phosphorus percentage

Results showed that both of water treatment and microorganism
inoculation significantly affect N% of yarrow plants in both season. in the first
season, there was no significant difference in N% between plants grown in
soil at 100 and 75% (4.131and 4.558% respectively). However, plants grown
in soil at 50% FC had N% (3.374%) significantly iower than the other two
values. There was no significant difference in N% of yarrow plants between
control and VAM-inoculated plants {3.158 and 3.488 % respectively) or
between A zotobacter and A zotobacter + V AM i noculated ¢ lants (4.456 and
4.977 % respectively) Table (7).

There was a significant interaction between the two studied
treatments. When plants, were grown in soil at 50% FC there was no
significant difference in N% between the controi and any inoculation
treatment. All plants grown in soil at 75% FC had N% higher than those
grown in soil at 100 or 50% FC. Similar results were recorded in the second
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seaspn. The lowest N% (2.721%) was estimated in uninoculated plants
grown in soil with 100% FC whereas, the highest N % (5.840%) was in plants
grown in soil with 75% FC and inocualted with Azotobacter + VAM. Nitrogen
% of plants inoculated with any microorganism treatment decreased with
reduction in FC%.

Table (7): Effect of soil FC, VAM and Azofobacter inoculation on
percentage of N and F of A, millefolium in two seasons
' i % of soll field capacity (A} :

i : 1 st season | Z nd season i
Treatments f _ Maan ! ; Mean |
100 75 50 , 00 | 75 | 50 ; :
B} I | 8l _)
: Nitrogen % ]
Controt 27247 3593 | 3.182 | 3.158 | 3.204 | 2.7C7 | 3.281 ‘ 1062 |
NMAM 34897 3856 | 3.321 I 3488 | 3.643 | 3221 | 3345 [ 2.504 |
: I I
Azot 47407 5143 | 3408 | 4459 | £523 | 4898 | 3407 | 4540 |
Y 5373 £340 | 3517 | 4877 1 £530 | 5510 | 5608 : 4083 .
i : i ;
earn A 4131 4.558 | C.374 . 455G | 4.033 | 3.410
i ! i ! { i
{. ! N : | |
A AB | i | AB f
LSD 5% B 0.679 1 AQ.408|B 0472
0.588 1.178 I 0.817
P %
Cantrol 0.284] 0.230 | 0181 ; 0.235 | 0.285 | 9.232 | 0.208 | 0.242 -
i |
VAM 0.351] 0.557 | 0.416 | 0.44%1 | 0.367 | 0572 { 0.432 0-457_5
Azot 0.252| G.274 | 0.266 | 0.264 | 0248 | 0.280 | 0.264 | 0.264
V+A 03731 0.622 | 0.569 | 0521 | 0.369 | 0.640 | 0.561 | 0.523
Mean A 0.315! 0.421 | 0.360 0310 | 0.431 | 0.386
A AB AB
LSD 5% B 0.035 A 0.030|8 0.031
6.030 0.060 0.040
l

V+A =VAM + Azotobazter, ns= not signficant

in the first season, P% in yarrow plants significantly increased from
0.360 to 0.421% when soit FC increased from 50 to 75%, respectively.
Thereafter P% significantly decreased to 0.315% when soil FC achieved at
160%. Azotobacter incculation had no significant effect on P% as compared
to the control piants. Whersas, V AM inoculation s ignificantly increased P %
{0.441%;) compared to conirol or Azctchacter treatment (0. 264%). inoculation
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with b oth microorganisms h ad the highest s ignificant e ffect in P% over the
other treatments. There was a significant interaction between the two studied
factors. Plants grown in soil at 75% FC and inoculated with both
microorganism had the highest P% (0.622%). VAM or VAM + Azofobacter-
inoculated plants had significantly higher P percentage when soil FC
decreased to 75%. Similar results were recorded in the second season.

The reduction in N and P % of yarrow plants grown in soill with low
water content i s similar to these results obtained by Mochamed and Abdou,
{2003}, in fennei. Low moisture content results in a decrease in the diffusion
rate of nutrients particulartty P from the soil matrix to the absorbing root
surface (Goicoechea et al, 1997). Azotobacter inoculation increased N% of
yarrow plants whereas, VAM inoculation increased P% of piants these resuits
are in agreement with Saad and Hammad, (1998).

So it is recommended to maintain soil FC of yarrow plants grown
under theses condition at 50% with Azofobacter and VAM inoculation to
obtain the highest EQ yield using the lowest quantity of water. Soil inoculation
with Azotobacter and/or VAM had a pronounced effect in yarrow growth and
EO yield especially under water shortage condition.
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