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ABSTRACT

This study investigated the possibility of cultivation Lavender plant
in soilless culture (perlite), rrigation rates ( 10 or 15 times /day (each time
was 10 minutes)), effect of nicotinammde (NA) (vit.Bs) m micro
concentrations (75 or 100 ppm), and two methods of NA application (fohar
spray and addition m wmrigation waler (nutricnt solution)). Two cuts of
lavender (Lavendula officinalis) were oblaincd with 6 months ntcrvals
between cach cut. The mvestigated vegetative growth paramcters were plant
height (cm), number of branches/plant, fresh weight (g/herb), and dry matter
percentage. The determined chemical parameters m first and second cuts
were crude protein and total carbohydrates, N, P, K percentage (/100 g
DW), total phenols (mg/100 FW), photosynthetic pigments mcluding ch a, b
and carotenes (g/100 FW).

Data clcarly rcvcaled that irrigation level at 10 times/ day was
completely sufficient for obtaining the maximal significant values of plant
height and fresh weight/herb, and less number of branches/plants compared
with 15 times/day 1n both cuts. In first cut, treatment of 75 ppm NA resulted
in the highest value of fresh weight compared with other NA treatments,
plant height sigmificantly decreased due to NA concentrations, whilst
numbcers of branches significantly incrcascd comparcd with conirol. In
second cut significant increase in fresh weight were obtained due to
application of both concentrations of NA. Adding NA to nutrient solution
(75 ppm, for 10 times/ day) led to sigmificant mmcreases in fresh weight of
first cut compared with foliar spray. However, m second cut only plant
height sigmificantly mcreased due to foliar spray with NA compared with
addition method.

Protein, N, and P, increased significantly by increasing irrigation
frequencies up to 15 times / day in both cuts. In first cut, irrigation with 135
times/day caused insignificant variation in total carbohydrates, total
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polyphenols, and chlorophylls a & b, significant decrement in K levels, and
carotenes increment. However, total carbohydrates, total polyphenols,
decreased significantly while K and all photosynthetic pigments did not alter
significantly m second cul with 15 times/day wrigation rate. NA (reatiments
causcd significant mmcrecment m P o both cuts, while K significantly
mcrcased with 100 ppm NA 1n first cut only. All photosynthclic pigments
deercascd significantly m first cut duc to NA applications while, in sccond
cut, chlorophylls a & b showed insignificant variations and only carotenes
increased significantly using 100 ppm NA in the same cut.

Keywords: Nicotinamide, Lavendula officinalis, growth parameters, chemical
paramcicrs

INTRODUCTION

Soilless culture 1s a technology for growing plants in nutrient
solution (water and nutrients) with or without the use of artificial
medmm (e.g. Sand, Grael, Vermiculite, Rock woo, Peat moss,
Sawdust, Perlit, etc.) to provide mechanical support . Soilless culture
techniques elimmate the use of soil fumigants as methyl bromude,
which can destroy the ozone layer. The effect of different substrates
usimg different mrrigation levels on production and quality of carnation
was studied to select the best substrate and wrrigation level suitable for
this substrate (Ttizel ef a/., 2001; and Mmuto & Garibaldi, 20035). The
sollless culture system (SCS) allows controllng growth factors and
cleaning leaf production (it means free chemical leafy vegetables),
easmg and shortenmg post harvest handlng i process mdustries
(Nicola, 2005).

Water stress aftected on chlorophyll and carotenoids content n
several plants, contents of chlorophyll a and b on leat area basis were
not significantly altered but the content of 3-carotene was mcreased by
about 25% (Stuhlfauth ez a/., 1990).

Plant height, number of branches, fresh and dry weight of
Lavandula officinalis L. plants was sigmficantly promoted as a result
of fohar apphcation of kmetin and brassmostriod (Youssef and Iman,
1998). Most criteria of vegetative growth were significantly affected
by application of the vitamins of nicotinamide to rosemary plants
significantly promoted plant height, number ot branches, fresh and dry
weights of herb. Increasing nicotinamide concentration to 75 mg/l
caused mcrease m the growth of the two cuttings (Youssef and Iman,
2003). The stimulatory effects of nicotinamide may be attributed to its
role m increasmg pigments, total nitrogen and total carbohydrate of
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Lavendula officinalis (Hathout, 1993). The Folar applcation of
nicotmamide to lemongrass plants significantly promoted vegetative
growth increasing total carbohydrates and crude protems (Tarraf ar
el., 1999). The use of vitammns enhances vegetative growth of
Rosmarinus  officinalis  beside thewr effects on carbohydrate
metabolism (Youssef and Iman, 2003).

Lavender honeys contamed gallic acid, Thyme honey was
characterized by the presence of rosmarinic acid, heather honey by
ellagic acid, citrus honey by hesperetm and lavender honey by
naringenin (Andrade ef al., 1997).

19 phenohc compounds (flavonoids, phenolic acids and
coumarms) fund m Lavandula officinalis [L. angustifolial, Lippia
citriodora, Mentha piperita and Salvia officinalis (Andrade el al.,
1998).  Lavandula angustifolia 1s a good source of phenolic
metabolites for food, medicne and cosmetic applications. (Al-Amier
et al ., 1999)

8 phenolic compounds (2-O-glucosilcoumaric acid, o-
coumaric acid, rosmarmic acid, apigenin-7-()-glucoside, coumarin,
herniarin, luteolin, and apigenin) i Lavandula flowers (Areias, 2000).

Species belonging to the famuly Lamiaceae (Salvia officinalis,
Melissa officinalis, Mentha piperita, Thymus vulgaris, Lavandula
officinalis (Lavandula angustifolia), Rosmarinus officinalis, and
Satureja hortensis) and representing the most popular medicmal plants
used m Polish phytotheraphy were exammed for the content of
phenolic acids (PhAs). Two depsides, rosmarmic and chlorogenic
acids, as well as eight simple PhAs, protocatechuic, gentisic, p-
hydroxybenzoic, caffeic, vanillic, syrmgic, p-coumaric and ferulic
acids, m different qualitative and quantitative proportions depending
on the plant exammmed were determmed (Zgorka and G. Gowniak,
2001).

Total phenols of Lavander (Lavandula stoechas L.) have
compared our attention, because of therr antiocidant activity (Cossu ef
al., 2003), as well as high reduction power (Heilerova and Culakova,
2005). Gulcme ef al., 2004 concluded that, the extracts of lavender
had effective reductive potential, free radical scavenging, superoxide
anion radical scavengmg, and metal chelating activities.

The amm of this work was to study the effect of wrigation
schedule and nicotmamide application, on the production and quality
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of lavender plant under soilless culturing condition and to visualize
the followmg aspects:

1- The possibility of cultivation Lavender plant m soilless
culture (SCS) using perlite as solid support. The irrigation rate or
levels were 10 or 15 times /day (each time was 10 mmutes).

2- Applymmg nicotmamide (vit.Bs) m micro concentrations 75
or 100 ppm; as natural growth regulator; through foliar spray or
addition to rrrigation water (nutrient solution),

MATERIALS AND METHODS

The experiment was conducted at Central Laboratory for
Agricultural Climate Research Centre (CLAC), Dokki, Giza
governorate, Egypt, under unheated plastic house (9 x 60 x 3.25 m).
Seedlings of Lavendula officinalis were sown m black polyethylene
bags filled with perlite ( physical properties of perlite were ;- 0-5mm
particles size, 89.2 bulk density (mg/L.DW), 90.1% pore space of
volume, 32.0% air space of volume and 24.6% easily available water).
One plant was sown in each bag which has holes on 5 cm from the
bottom to allow the drainage. The dramed nutrient solution was
collected and returned to the catchment tank with submersible pump
to distribute the desired amounts of water to the different treatments.
Each five pumps were connected with digital timer to determine the
wrigation schedule tor each treatment. Nutrient solution was circulated
by submersible pump 32-watt capacity. The solution was mtroduced
to the top of the gullies through a small flexible pipe. The nutrient
solution was delivered to each bag via dripper two litters / hour. For
each bag, fertilization was apphed from plantmg.

The used nutrient solution was adapted from Cooper solution
Cooper (1979) (Table A). The solution volume was adjusted twice a
week. Electrical conductivity (EC) was mamtamed between (2.2-2)
m.mhos ~and pH maintained between (6-6.5).

This study investigated the effect of three nicotmamide
concentrations (0, 75 and 100 mg/L), two methods of nicotinamide
application; fohiar spray and addition m nutrient solution and two
irrigation scheduling (10, 15 times/day) to perform twelve treatments.
Two cuts of lavender (Lavendula officinalis) were obtamed with 6
months intervals between each cut from transplantng time (three
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replicates of each treatment) and then directed for determination of
plant chemical composition.
Table (A): Elements concentration in
the nutrient solution

Element Concantration Element Loncentration

(Ppm} (PRM)

N 200 M 1.0

P 70 Cu 0.039

K 300 Zn 0.044

Ca 190 B 0.17

Mo 50 Mo 0.1

Fe 5.0

The chemical composition of herbage

Moisture percentage was calculated according to A.O.A.C,
(1990).
Percentage of total carbohydrates

Total carbohydrates were extracted according to A.O.A.C.,
(1990), hydrolyzed with 1IN HCI1 by refluxing 6 hr i boiling water
bath. The resultant solution was filtered, neutralized and the total
volume was made up to 100 ml with distilled water. The resultant total
reducing sugars were determuned calorimetrically using alkaline
potassmum ferricyanide reagent.
Determination of total phenols

Extraction has been carried out according to the procedure
described by Daniel ef al., (1972). Known weight (1g)of fresh samples
were macerated in 10-20ml 80% ethanol for at least 20 hours at 0C”,
the alcohol was clarified, the remained tissue re-extracted with 10-
20ml 80% ethanol for three times. At the end, the clarthied extract was
completed to 100 ml using 80% ethanol. Total polyphenols have been
determmed accordmg to A.O.A.C. (1970). One ml of the previous
extract and 0.5ml of Folin—Denis reagent mixed m dry test tube. The
tube was thoroughly shaken for 3 min., then 1.0 ml of saturated
Na>CO; solution was added and mixed followed by the addition of 3
ml distilled water and left for one hour .The Phenolic compounds were
determmed as catechol usmg spectrophotometer (Unico-2100.Uv-Vis)
system. Developed blue color was measured at 725 nm. For blank, one
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ml 80% ethanol solution and reagent 0.5ml of Folin—Denis were used
only. The corresponding amount of phenolic compounds was
calculated based on a standard solution prepared with pure catechol.
Determination of nitrogen, crude protein, phosphorus, and
potassium percentage

A dried sample of 0.1 g was taken mn 500 ml kejldahl flash,
then added 10 ml of H>,SO4 conc. and digested till colorless solution
appeared. The contents cool down and diluted to about 25 ml with
distilled water (solution 1). Total nitrogen and Crude protein were
determined m solution (1) according to kejldahl method (A.O.A.C.
1990). Total phosphorus was determmed calorimetrically according to
Watanabe and Olsen, (1965). Total potassium was determimed using
flame photometer as described by Chapman and Pratt (1961).
Determination of plant pigments percentage

Chlorophyll a, b and carotenoids were extracted as described
by A.O.A.C., (1990), and estimated according to Wettstemn, (1957).
Accordmg to the following procedure:-

Fresh leaf samples (0.5g) were homogenized in a mortar with
85% acetone 1 the presence of washed dried sand and a hittle amount
of CaCOs; (0.1g). The homogenate was filtered through sintered glass
funnel. The residue was washed several times with acetone until the
filtrate became colorless. The combined extract was completed up to
50ml. The optical density of this extract was determmed using a
spectrophotometer (3000 spectoronic) at 662, 644 and 440.5 nm for
chl. a, chl. b and carotenoids respectively.
Calculation:

The concentrations of chlorophyll a, b and carotenoids were
calculated by means of formula (Wettstein, 1957):-

Chla=9.784 x E 662 - 0.99 x E 644 mg/L

Chlb=21.462x E 644 - 4.65 x E 662 mg/L

Carotenoid =4.695 x E 4405 - 0268 x c (a + b) mg/L

Where: ¢ (a + b) 1s the sum of chlorophyll a and b
concentration m mg/L. The results were calculated as g/100g fresh
weilght.
Statistical analysis

The obtamed data were statistically analyzed using the general
linear model procedure described m SAS User's Guide (SAS, 1998),
acc-ording to the ﬁ}"DWiﬂg model: Yijkl =g Lpt Cj +M+ LCMijk g3
Eia , where Y = Observed trait, u = The overall mean, L; = The
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effect of wrrigation (1= 1, 2), C; = The effect of concentration (=1, 2,
3), My = The effect of methods (k = [, 2), LCM;jx = Interactions
between 1 the rrigation, j the concentration and the k methods and Esjg
= Random error. Mean differences were tested by Duncan's multiple
range test (Duncan, 1955).

RESULTS AND DISCUSSION

The mvestigated vegetative growth parameter obtamed from
two cuts were, plant height (cm), number of branches/plant, fresh
weight (g/herb), and dry matter percentage.

The determined chemical parameters m first and second cuts
were crude protein and total carbohydrates, N, P, K percentage (g/100
g DW), total phenols (mg/100 FW), photosynthetic pigments
mcludmg ch a, b and carotenes (g/100 FW).

Vegetative Growth Parameters

The mean of some vegetative growth parameters as mfluenced
by times of wrigation /day, concentrations of nicotmmamide and
methods of application are listed in table (1) for the first cut, and table
(2) m case of the second cut. These parameters mclude plant height,
number of branches, fresh weight, dry matter and moisture percentage.

As general pomt of view one can conclude the following main
aspects.

Effect of irrigation frequencies

Data clearly reveal that rrigation level at 10 times/ day was
completely sufficient for obtammng the maximal sigmificant values of
plant height and fresh weight/herb, and less number of branches/plants
compared with 15 tunes/day, in case of first cut (Table 1).

Dealng with the second cut (Table 2), also decreasing
wrigation level enhanced significantly all vegetative growth
parameters than 15 times/day did.

From economical pomt of view, fresh weight/herb 1s the most
interesting parameter which may affect the yield of essential oil
(ml/herb). 1.e. m case of 10 times/day, fresh weigh values in first and
second cuts were 230.05 and 205.4 g/herb respectively , but by
increasing urigation level to 15 tmmes /day, these values dramatically
decreased to 151.6 and 188.3 g/herb respectively .
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Effect of nicotinamide application

The mteractive statistical analyses reveal the superiority of
nicotinamide application at 75 ppm m comparison with the other
treatment, especially m case of the first cut (Table 1). Treating with
low concentration of nicotmamide resulted in the highest value of
fresh weight (228.7 g/herb) compared with control (176.4) and 100
ppm (167.3). Plant height decreased mn significant manner due to both
concentration of nicotmamde, whilst numbers of branches
significantly mcreased compared with control. In case of the second
cut (Table 2), significant increase in fresh weight was obtained due to
application of both concentrations of nicotmamide (215.1 and 211.4 g/
herb) compared with control (164.1). No significant changes m fresh
weight were achieved by increasing nicotmamide concentration from
75 to 100 mg/L.. Nicotmamide application resulted m significant
mcrease m both plant heights (39.6 and 40.9 cm.) And number of
branches (45.3 and 48.5/ plant) compared with control (37.9 and
38.6/plant) respectively.

Effect of method of nicotinamide application

In case of first cut (Tablel) , data reveal significant mcreases
in fresh weight values due to adding nicotinamide to nutrient solution,
compared with foliar spray, as fresh weight values were 203.1 and
only 178.6 g/herb respectively. The other growth parameter showed
msignificant variation.

Regarding to the second cut (Table 2), only plant height
significantly increased due to foliar spray (41.2 ¢cm) compared with
addition method (37.8 ¢cm), On the other hand parameters mcluding
fresh weight showed non-significant difference between addition and
fohar spray method of nicotmamide application.

Dry matter of first cut showed significant mcrease m case of
75 ppm nicotmamide treatment only, regardless to the mrrigation level
or method of application. Concerning with the second cut, dry matter
increased significantly (26.28%) with decreasing wrrigation level to 10
times/ day. On the other hand, 1t showed the significant lowest value
(24.08%) in case of 100 ppm nicotinamide application.

Dealing with the mdividual treatments: The comparison
between 10 and 15 times /day (irrigation level) showed that fresh
welght mcreased with the decreasmg of wrigation level. Such
observation 1s clearly noticed m control, as fresh weight decreased
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from 239.11 to 113.7 ¢/ herb (first cut) and from 182.46 to 145.75
g/herb (second cut).

Table (1): Effect of nicotmamide on some vegetative growth
parameters of Lavender herbage (first cut)

NA M.of branches Fresh
rrigation | concentration | Methods | Height{om) | fplant [ weightigherd) | % Dryweight | % Moisture
L | Addtion | 4149+ 048 5150 & 214" 23041+ 078 | 2032 4 240 | 7867 + 24D
Spray | 4120 £ 048 © 5100 & 291 | 280912 076 | 2133 £ 240 | 7867 £ 240
ety | ol Addition | 35,67 + 036 5716 % G48 W20+ B12 | F567 4120 | TAR £ 120
Spray | 23558073 | 24683 180 | 29TST £ 1211 | MO5 £ 152 | 7A00: 152
Addition | 3833 4 069 | 2586 £ G08 | 20795 £ 230 | 2167 063 | 7830 & 058
Imgt oy | 344 2 050 3223+ 266 | 19655 & 454 | 2400 £ 057 | 76.00 £ 057
Lo | Additon | 3516 ¢ 020 2666 ¢ 0.77 1373 £ 820 | 2400 £ 067 | 7800 + 058
Spray | 35164 029 | 25662 077 | 13373 £ 88 | 2400 4 067 | 7600 £ 058
—— ?Emg: Addftion | 3547 4 078 4583 + 508 AR08t 445 | 30002 145 | 7000 ¢ 115
Spray | 477+ 043 | SBST £ 208 | 200514 1172 | 2000z 115 | 8000 ¢ 115
mm;nmgmw Addition | 3141 4 059 | 3346 ¢ 1.73 LT SA1 | 2423 £ 068 | 7567 2 0468 |
Spray | 311% £ 067 | 50884 135 § 17547 £ 496 | 23232 088 | 7667 & D53
Main effects ;
Effect of imigation j
10 timesiday 384" 31,90 330,057 75" 16 5
15 timesiday 337" 35.08" 151 Y 24 7 555 7
Effact of concentration
s m——— g ————— e s
hmgll, 3592 B L S287 Picks 748"
$00maiL 95 05 374 875 233 7562
Bifect of Methods
A 38.8” CyRe) poch 245 755’
§ 956" o Ech TTAE 1) 0 767
Probability
L 06001 GL0ES FRES 03224 03224
¢ & {.C001 C.O002 ! 4.Co01 0.C102 g 0102
Y 01825 03727 0,000 04254 | 01254
L2 0.0001 (0000 3.G001 $RELY] (.02

Where: A= Addition, S= Spray, L; = effect of irrigation (i = 1, 2), C; = effect of
concentration (j = 1, 2, 3), M = effect of methods (k = 1, 2), LCM;y =
Intcractions between 1 irrigation, j concentration and k mcthods.
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Table (2): Effect of nicotmamude on some vegetative growth
parameters of Lavender herbage (second cut)

NA | M.of branches Fresh
irrigation concentration | Methods © Height {om) { piang wr;icght{giharh% % Dry weight | %Moistureg
o LAdditor | BG55 £ 080 ] 4433 ¢ 481 | IA247 £ 297 | 2733 £ 210 | 7267 + 210
Santrod : !
Spray (3056 £ 0801 4430 1 481 | 18247 1 287 [ 2754 £ 210 T287 1 219
._ Addiion {3767 & 467 9591 + 223 1R1T2 £ 145012500 £ 055 | TROD + OES
$Q timesiday 15mgll 5
Spray (46032 £ 405 3635 £ D86 {23020 2 M1 2 L33 A0 £ 0323
| Addition | 4156 + 5121 4655 4 327 1 16571 £ 525 1 2233 + 087 | 7657 4 057
100mgiL : ! =
Spray (G067 £ 2881 AVBT & 197 [ 26028 £ N721 2833 £ 087 | TAST £ OF7
e Addifion | 3353 £ 1351 3300 & 154 | 14575 ¢ 1804 | 26334 033 | 7587 4 333
LOTIG prees s o4 o i
Sgray (58383 + 1351 3300 4 154 {14575 & 1834 | 2633 1 033 | TAET + 033
Addiien | 3817 £ 1081 BAS0 4 570 | 20848 + 1293 2087 + DA | TOSY ¥ 048
15 timesiday g/l - _ —
Spray {3456 TSR 4 EIB {24297 4 4441 AT 4 145 TRRA 4 145
Addition 3372 £ 048] 3983 £ 536 | 23817 + 938 | 2467 £ 178 | 7533 + 178
10y, 27 5
Spray 9780 £ 318 5567 £ 589 | 15387 £ 598 | 2800 & 118 | TVH0 & 116
Main effects:
Effect of rrigation
16 timesiday 508 55° ¢ 5.2 3 98 505
15 timesidey & g 84 C 5 28 & 343 345
Effect of concentration
contro! g 750 25 54" 36 5 46
75mgl. 73 755 128 47 48 3
100mgfL 55 78 68 39 4.1 41
Efiect of Methods
A 8.01° 7.4 401" 4.4 50T £
3 575 77 a5 38" £04° £t
Probability
i £ 000 0,000 (0642 (000 GOY7ES | 0.0000
C £ 000 05438 (20004 (0001 GO0iS2 | 0.0
i & 000 05558 : 5001 iy, 003855 | O0MER3
i £ 000 0418 (¢ 3001 {1 6001 GOENS N EER

Where: A= Addition, S= Spray, L; = cllect of irrigation (i = 1, 2), C; = clTect of
concentration (j = L, 2, 3), My = effect of methods (k = 1, 2), LCMj;, =
Interactions between 1 irrigation, j concentration and k methods.

Irrigation lavender plant with nutrient solution contained 75
ppm nicotmamide for 10 tumes/ day resulted in the highest fresh
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welght (320 g/herb) m case of first cut (Table 1). Finally the
promotive effect of nicotmamide applhication on vegetative growth has
been proved by Hathout (1993) concerning with tomato plant, Youssef
and Iman (2003) dealing with rosemary plant.

Changes in some biochemical parameters

The present study has put stress on some biochemical
constituents to obtamm good idea about the suitable conditions for
cultivating Lavender plant mmto perhte soilless culture. The changes m
crude protem, total carbohydrates, and total polyphenols percentage
have been hsted m Table (3), whilst those of N, P, K m Table (4) and
photosynthetic pigments in Tables (5, 6).

In general, data reveal that, these constituents showed variable
responses according to, wrrigation frequencies, as well as, methods of
application and concentrations of nicotinamide and due to plant age
(first or second cut). However, one can conclude the mam following
statements:

Effect of irrigation frequencies

In case of first cut, only crude protemn, N, P, carotenes increased
in significant manner with mcreasing wrigation frequencies from 10
times to 15 times / day. On the other hand total carbohydrates, total
polyphenols, chlorophyll a and b showed msignificant variations
(Mahmoud ef al., 1992), potassium (K) showed an opposite trend and
decreases significantly due to increasing wrrigation rate to 15 times /
day.

Dealing with the second cut (advance i plant age) crude
protem, N, and P mcreased significantly m case of higher irrigation
rate (15 times / day) than the lower one did. On the other hand total
carbohydrates, total polyphenols, behaved the opposite trend as they
decreased significantly m case of wrrigation with the nutrient solution
for 15 times/day compared the lower rrigation rate. Potassium and all
photosynthetic pigments did not alter significantly due to increasing
wrigation rate (Ram e/ al., 1995).

The comparison between first and second harvest (cut) showed
n case of 10 times/day, such mcrement m crude protem, N, total
polyphenols, K; and such decrement m total carbohydrates, all
photosynthetic pigments. The most pronounced mcrement has been
observed in case of potassium followed by total polyphenols. In case
of 15 times/day, crude protein, total carbohydrates, total polyphenols,
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N, P. Chlorophyll a, and carotenes showed variable decreases with
advancing plant age, 1.e. m second cut compared with the first one.
The most dramatic mcrease has been observed m case of potassmuum
regardless the wrrigation frequencies applied (10 or 15 times / day).
The increases 1n nitrogen and consequently crude protem and
phosphorous with mcreasing 1rrigation rate with the nutrient solution
may be reasonable as 1t allow higher absorption rate of both N and

phosphorous compared with lower irrigation rate (10 times / day )
(Ram et al., 1995).

Effect of nicotinamide application

Total nitrogen and i turn crude protemn decreased significantly
with mcreasing nicotmamide concentration e.g. crude protem values
were 92 7.3 and 5.5% m control, 75,100 ppm nicotmanude
treatments respectively i first cut. On the other hand they did not
show significant differences n second cut.
Total polyphenols showed significant mcreases n first cut, whilst they
decreased in significant manner m second cut compared with control
treatment. Phosphorous showed significant mcrement by treating
Lavander plants with nicotmammde and this hold true for both first and
second cut. Potassium; increased significantly by treating with 100
ppm nicotmamide m first cut. On the other hand no significant
differences were obtained between nicotmamide treatments i the
second cut. Photosynthetic pigments: their response differed from one
cut to another. In case of first cut, all photosynthetic pigments
decreased significantly due to nicotmamide application compared with
control treatment. Also increasmg nicotmamide concentration from 75
to 100 ppm did not alter therr values m significant manner. On the
other hand, in second cut, both chlorophyll a and b showed non
significant variations due to application of nicotmamide compared
with control. Only carotenes mcreased significantly and reached therr
maximal value usmg 100 ppm.
Eftect of method of application

Neither foliar spray or addition of nicotinamide to the nutrient
solution resulted m any significant differences mn all photosynthetic
pigments in both first and second cut, with only one exception m case
of carotenes of the second cut, as therr values was significantly higher
in addition technique than foliar spray did.
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Lavender herbage (first and second cut).

95

fect of nicotinamude on some chemical parameters of

N % Protein® % Carbohydrate® %Fhenols {mgilldg FW)
iregation | concentration | Methods | Fisiou Secong cut Frits cut Secand cut First cut Second cut
o LAGdon | 564007 | B304 | 685004 | S 400 |247+05) 851400
conto :
Spray | 3EE+ 002 ) B3+ G4 05 &+ O 531 £ 000 | 247 2056 651 20 (8:
Audion | 6782 027 | 7008 6437 | 1566 2 020 | 2067 £ DA77 [ 355 2 0328 3572010
10 timesiday Tomgil = . ——
Spray J 48+ 014 S8 G | 9622011 | GV £ 00U 441 2027 4162 0% |
e I Addition | S8 + U205 ] A £ £BM | MAZ £ 05 ¢ 3395 £ 0053 (421 2005 247 :0.08
My :
: Spray {62+ 004 | 5857 ¢ G283 | 470020 | TEI 025 (47520201 8% 20
i Addiion {1001 2 003] 875 1 G254 | {010 =028 | 548 + 047 [ 481 208681 4424008
ceniio
Spray (1501 003] BV5 10204 | 1010+ 026 | 548 £ 047 [ 481 2 0661 442 0 0
Atddidion (1109 2 0261 6833 + G2ad | 1125 2 08 | G807 £ 0580 | 444 £058 § 245+ 0 07
18 timesiday Temail : 5 ,
Spray | 873 1 0D {10457 £ 18508 | MB2 005 1 1332001 4172027 2810 2%
Afiditlon 1 614 £ 4UZ | 7832 £ 1.3 3 =017 P 2N3 £ 0048 (415204 5832001
100myiL _
Spray | 4341008 | S04 102 | 557 £ 032 1 2147 £ 0177 1383+ 024 29 =010
iflain effects:
Effact of irrigation
10 times/day 08 | 8% 9.2° 52 308 | 500
15 timasiday 85 §&° 95" cls 4,34 345
Effect of concentration
zontrol g7 750 85 56 ke 5,46
5mgik i 756 28 47 45 22
H00mglL 55 75" 53 39 443 41
Effect of Methods
& 3 £ i 3 G
A ¢ 74 g 44 4.27 42
§ 8.75 ir 86 48 404" 43
Prohability
. (0671 {.C00 0.0042 000 G798 G000
& (.0601 09438 0,060 3.0001 CO0152 1 00000
It 0.0601 {15556 £ OG0 3.6082 CO%a5s ¢+ Q0583
LM (.00 0.418 .00 HERH GO0 1 D000

Where:* Fresh weight bases, A= Addition, S= Spray, L; = ellect of irrigation (i =
1, 2), C; = effect of concentration (J = 1, 2, 3), My = effect of methods (k = 1, 2),
LCM;;, = Interactions between 1 irrigation, ] concentration and k methods.
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Table (4): Effect of nicotmamide on NPK of Lavender herbage (first

__and second cut)

i

N

4 Nitrogen *

% Fhosphores *

6 Potssium *

iTigation concentration | Methods Firsteut Saoond cut First ot Sacond cut Firstout Second zut
: - Addition | G580 + 0005 | 100+ 0054 | GA07 3 D025 | 0877 3 0006 § 1720032 | 4265 ¢ 0565
contref
Spray | Coa0 £ Q006 1 100z GO0 | Co07 2 0023 | G377 z 030 £ 1722 Q052 | 4235 £ 0263

- addition | 1307 4 0

14 timesiday
: Spray

CO97 & Q5

(.75 & §029

033 = LY
G423 000 |

4007 & DU

| Addition | G220 3 0000

CS87 £ 0.025

0487 £ D% | 42

{180mart

: Soray 1 L0 £ 9052

(985 % 0028

L 384 & 0075

- Addition | 2170 £ 0137

1.000 £ 0023

1190 £ 00)

control

spray | 270 i 01T

020 & G

1902 D007

. fddition | 1957 ¢ 009

C.56% & S

0477 5 000

125 ¢ 2014

1Shmesliay | TSmoh

Spray | 133 4 0158

10353 + 032

G505 £ 007 |

123 + G068

1437 1 00

RS7 + 0947
167 + 0.256
1,253 = 021

CA/G & 07

07 = 0130 |

7

3 r J0CS

L Adition

100mygik.
Spray

C7a7 ¢ NGB

1447 £ T80

(137 & 025

.
A

0.433 £ 0078 ¢

128+ QUCE

Main efferts:

Effect of irrigation

10 tmesiday

el
il

0.35°

e
oy | oo

15 timesiday 4 85 1 97 i 0 407 T?;:: £ 87
Fifact of concenfration

Control 13 0 281 0.4 18 45
TemelL 7 BT BT N VA BT B3
100yt 168 088 | 04 25 1 4¢

effect of Methods

A 13" 119" 030" 047 ) 7"
2 P 3 it i =
S 11 (N 0,86 04 13 47

Frobamisty

L LN

3000

{30007

RUIAL

ALy

0.2845

C 0001

K e

0.8436

40001

0,048

i

060007

0.4022

£ 0 0

1.6051

40781

LY

Q00001

07485

L0 G300

06418

0,0894

IEEE

03155

Where:* Fresh weight bases, A= Addition, S= Spray, L, = effect of irrigation (i =
1, 2), C; = cfleet of concentration (j = 1, 2, 3), My = cllcet of methods (k = 1, 2),
LCM; = Interactions between 1 irrigation, j concentration and k methods.
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Table (5): Effect of nicotmamude on photosynthetic pigments of
Lavender herbage (first cut)

NA P % Tofal
Irrigation concentration | Methoss % ehla T LhLE s Cargtenes” Chbfsth)® | Chialh | Pigments
: el Addition | 0427 + 0003 { Q77 £ 9008 | Q083 + 0005 02437 4756 12867
GORIG :
Spray | 0337 £ 008 | 0O0VT £ 0003 | 0053 £ 0003 ¢ 0214 il J 87
N Addition | 0482 + 0007 | G0AT £ 0008 | OMD 20012 | 0F 2403 L3
10timasiday ¢ Thmgll — _
Spray | 023+ 0600 | 0057 + 3003 ) 0033+ 0015 : 01 e 0215
— Addition | 048C + 0006 | Q087 £ 9003 { 0060 £ 0006 G247 1830 0257
S F :
g Spray | O%5C + QB3 | 0070+ 0012 | D03+ 000 @ 02 2143 0.283
- Additian | 020C + 0000 { 9140+ 2005 | (133 ¢ Q000 031 1418 0,443
contre :
Spray | 0200z 0000 | Q10+ 5006 | 01330003 ¢ D3 1618 0.443
Addition | 0.06C £ 0005 | 0057 £ 0003 | QU8 0003 | 47 1578 1
1otimedday | Tomgll - — -
Spray | 047 £ OG0 | 0073 £ 0005 ¢ QOB 2 0000 ¢ O 2014 27
' ——— Additiors | €.06C £ 0000 ] 0050 £ 000 | 0030 £ 0000 | 0 1600 il
Spray | Q%30 £ 0000 | OO0 ¢ 0010 | 0083z 003 | 02 2000 K

Main effects

Effect of irrigatian

16 imesiday

kY

(557

. T T e Nt rroce P
15 tmeaziday 014 o 7 e
Effect of conceriration
0% i T (T
Tt 13 T 1044
190mgit 513 {050 A3
 Effct of Hothods
A 3id O 6"
. Probabiity

06393 07545 0,006

{.0001

030

0.0001

M 0351 100 0 5054
AR (:0001 O 0,000

Where:* Fresh weight bascs, A= Addition, S= Spray, L, = cllcct of

irrigation (1= 1, 2), C; = effect of concentration (J = 1, 2, 3),
M, = eftect of methods (k = 1, 2). LCM;;, = Interactions
between 1 irrigation, j concentration and k methods.
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Table (6): Effect of nicotinamide on photosynthetic pigments of

Lavender herbage (second cut)

Where:* Fresh weight bascs, A= Ac
irrigation (1= 1, 2), C; = cllcct of concentration (J =1, 2, 3),

M, = effect of methods (k = 1, 2), LCM;y. = Interactions
between 1 1rrigation, j concentration and k methods.

dition, S= Spray, L; = cffcct of

: y
irrigatian mncgiraﬁnn pethods % Chl.a® % Ghlb % Carctenes” Ohtéﬂa}” Chi aid Fizézftis*
o Addition ¢ 012 £ 0015 | 0077 & O0F | 0047 £ 000 3197 1558 Q.34
Spray ¢ 012 £ 0095 | 0077 ¢ Q0 | 0047 = 000 R tof 034
- Addition U.I1f§ ¥ ﬂiﬂiﬁ Q06 « G005 { 03¢+ CI08 {3230 1 875 (.25
Spray 1 0127 £ 003 | 0077 20032 | 404 ¢ COCG 0204 o0 ¢ 0244
o—— Addiion E A4 £ 001 GO = GO0 D057 £ Q000 3210 23 0257
Spray 1 043 £ 000 GO7 = Q00 | 0053 £ 0003 D200 185/ 0.253
Addition | 0117 £+ 0018 | 0077 £ 0022 { 005 ¢ COOB 0194 $.513 0.244
o Spray | 017 £ 001 | 0077 1 00 1 G405 £ LOOB {194 1 R19 0244
15 imesiday ?5ﬂ;gﬂ. | Addgien : 016 £ 0017 ¢ Q08 2 0012 e AL {3 240} 23 C.3 o
Spray | 0117 #0005 | 0067 4 Q69 1 005 ¢ GO D184 § 748 0.234
Addition | 015 £000 | 0093 & 0085 | 505 ¢ GOOS D243 1313 ¢ 033
1i0mg Spray | Q13 £ 0017 | G082 000 | Q003 1 0400 A0 1425 0283
Main effects
Effect of nrigation :
ot su | oo | sew |
1% tmesiday 1457 1078 35T
Effect of concandration
cantral (118 BT HERY
Thragit 0138 gy Vg
il 0157 507 SOEC
Fifect of Wethads
A 0150 it 2658
3 013 S074 Py
Pratabifity
L 09525 8318 00338
» 01807 1967 (153
i JEI £.5385 {13y
T 0.8057 5563 02K
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