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ABSTRACT

Pot marigold (Calendula officinalis L.) as an impamt medicinal plant is used to treat skin illnessés bio-
stimulators containing amino acids can directlyidirectly influence the physiological activitiestbe plants, this
study was done to effects evaluation of bio-stibbmaon seed germination and early growth stagegatf
marigold. A factorial experiment was conducted lo@ hasis ofandomized complete design with three replicates at
Institute of Medicinal Plants, ACECR. Bio-stimulatan four commercial formulations of Aminolfortéadostim,
Fosnutren and Humiforte, and also their concentmasi in six levels (0, 0.2, 0.4, 0.6, 0.8, and 1%jenthe two
studied factors. The studied parameters were: geation percent, germination rate, length of radicahd
hypocotyl, hypocotyl/radicle length ratio, freshdaary weight of radicle, hypocotyl and seedling atgb content of
nutrient elements in seedlings including N, P andrKe results showed that bio-stimulators had ficgmt effect
(P<0.01) on all parameters. Of course, the concatidn of bio-stimulators hadn't significant effemh hypocotyl
length, fresh weight of radical, hypocotyls and diieg, radical dry weight and germination percerithe
interaction effect had significant effect (P<0.0dn) the studied parameters except the germinationeme, and
fresh and dry weight of radical. Also, content eédlings nutrient elements including N, P and Kréased with
application of bio-stimulators. In conclusion, ajgaition of bio-stimulators has promoted seedlingwgth of pot
marigold and so it is suggested that these comppbhage positive effects on seedling establishmefatins.

Key words: Calendula officinalid_., Bio-stimulators, Germination, Seedling.

INTRODUCTION

Pot marigold Calendula officinalisL.) is a member of Asteraceae family. British nanod this plant are Pot
Marigold, Marygold, Garden Marigold, Marigold fldse[1]. In landscape design, we can cultivate patigold

with short plants in front of the tall plants andan lawn. Some of these plants that have specaltpaear pot
marigold are as follows: Titonia, Cosmos, Lupin.n@abete capitula or separated florets from floratemtacle
compose the medicinal part of the plant. Floreesfeagrant and yellow to orange and there is ngtsamale among
them. Width of the capitula is 4-7 cm. Lateral @ty are linguiform and pistillate. Length of thesnaibout 2 cm.
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Central florets are tubular and staminate and tlegigth is limited in 5 mm. This plant has meditipeoperties
especially it is used for treatment of skin illnes§2].

The amino acids are essential constituents inefi.dn addition to their role in protein synthgdhey participate in
both primary and secondary metabolic processesiassd with plant development and in responsesréss. For
example, glutamine, glutamate, aspartate, and agip&s serve as pools and transport forms of mtrpgs well as
in balancing the carbon/nitrogen ratio. Other ama@wids such as tryptophan, methionine, proline arginine
contribute to the tolerance of plants against biatnd abiotic stresses either directly or indisetty serving as
precursors to secondary compounds and hormonest #pm their biological roles in plant growth, senamino
acids, termed “essential amino acids,” are alspartant for the nutritional quality of plants amofls and feeds.
This is because humans, as well as most livestmsiqot synthesize all amino acids and thereforemtpn their
diets for obtaining them. Among the essential amawids, lysine, methionine, threonine, and tryptoplare
considered especially important because they amerghly present in low or extremely low amountshe major
plant foods. Studies on amino acid metabolism iang@ have always benefited from the more advanced
understanding of amino acid metabolism in microoigias. Combined genetic, biochemical, moleculad, more
recently genomics approaches coupled with admatistr and metabolism of various precursors as ndgjaors of
carbon, nitrogen, and sulfur, have provided dedaitéentification of flux controls of amino acid naéblism in
microorganisms [3]. So far, bio-stimulators canabsubgroup of bio-regulators, that is, preparatieitha a much
wider action, which regulate life processes witplants in various ways, not only through stimulatid]. Bio-
stimulators made of plants natural extracts arenipatomposed of amino acids and poly peptides wath
molecular weight, vitamins, enzymes and hormonsxifaucytokinin and giberlins), carbohydrates, betai
antioxidants and other substances and also anirti@ces like mainly amino acids and peptides, atithidator
compounds of enzyme activity in plant tissues T#le positive effect of bio-stimulators on produntiguality and
growth of vegetables, Camellia species and foragpscis reported [18, 29]. However, some main ¢tuesits of
bio-stimulators are amino acids and organic comptmevhich can play main role in plant growth amg chater
accumulation. Because plant biomass is compospdotéins, 20-40%, and free amino acids, 0.1-1% 33(, The
aim of this study is to investigate the effectbio-stimulators on seed germination of pot marigold

MATERIALSAND METHODS

To investigate the effect of bio-stimulators onrgeration seed and seedling growthcalendula officinalisL., a
factorial experiment was conducted on the basisoaipletely randomized blocks design with 3 repisan 2011
year. First factor, solution types (four commercfatrmulations of Aminolforte, Kadostim, Fosnutremda
Humiforte) and second factor, concentrations inlsizels (0, 0.2, 0.4, 0.6, 0.8 and 1%) were tharagement of
treatments. The investigated parameters were gatioimpercent, germination rate, radicle lengtipdoptyl length
and hypocotyl/radicle length ratio, and fresh andwieight of radicle, hypocotyl and seedling.

Quantity and kind of free amino acids applied ia formulation of bio-stimulators in this experimdémased on the
percent of total amino acids are as follows: Glykln2% , Valine 5.1%, Proline 8.3%, Alanin 13.2%pArtic acid
4.4%, Arginine 8.3%, Glutamic acid 0.9%, Lysine5,1%icine 16.4%, Isolucine 4.4%, Phenylalanin 5.1%,
Methionine 4.2%, Serin3.9%, Treonine 0.3%, Histdif.3%, Tyrosin 1.5%, Glutamine 0.9%, Systein 0.3%,
Aspargine 0.4%, Tryptophan 0.4%.

Formulation of the bio-stimulator s used in experimental treatments.

Biostimulator$ Formulation of compounds

Aminolforte Free amino acids 3750 mg/L, organic poments 2% and total N 1.1% (Urea 0.8%, and orgdrtic3%).
Free amino acids 3750 mg/L, organic components 284atal N 5% (Ammonia 0.8%, Nitric 3.1% and organi 0.3%) and

Kadostim .
potassium (KO) 6%.

Humiforte Free amino acids 3750 mg/L, organic components 2ddatal N 6% (Ammonia 1.4%, Urea 3.7%, Nitric 0,586d organic
N 0.3%), potassium (¥O) 5% and phosphorous,(®) 3%.

Fosnutren Free amino acids 3750 mg/L, organic components B&atatal N 3.8% (Ammonia 2.1%, Nitric 1.4%, and amg N 0.3%)

and phosphorous £8s) 6%.

*Bio-stimulators supplied by Inagrosa Industries &@iological are compatible to the climate of Iran.

Pot marigold seeds were obtained from Seed Tecgpdlaboratory of Medicinal Plants Institute, ACE@Rd this
study was conducted here. The seeds were surfadézetd by 5 min exposure to 3% calcium hypochéri
thoroughly rinsed with sterile distilled water aindnsferred to plates [6]. Twenty seeds were plageélter paper
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(Whatman #. 2) in every disinfected 9 cm diametetriRlish. Filter papers were moistened with 9 mtistilled

water or test solution. After moistening, the Pdishes were sealed to prevent desiccation witlastip film (Para
film, American National Can, 101 Merntt, Greenwi€i 06836). Each treatment was applied to threg &ishes.
Then Petri dishes were kept in controlled environohambers (plant growth chamber, Model GC-30(H, DEIO
Tech Co., Ltd., Seoul, South Korea) for 10 day24nC and photoperiod of 16 hours light and 8 halarkness.
The regularly counting of germinated seeds was ucted every 2 days and the seeds were consideretngged
when the radicle was 1 mm or longer [7]. At the ed0" day, radicle and hypocotyl length and total fresfight
of seedlings were measured and then they were takewen with 72°c for 48 hours to measure dry Weigf

seedlings. For the measurement of germination pe(&P), formula (1) and for germination rate (Reymula (2)
was used:

(1) GP=100(NG/NT), where NT is total number of seadd NG is number of germinated seeds.
(2) Rs> "1 (S / D), where Sis number of germinated seeds in every day, Diisber of days to n measuring day
and n determines the number of days for measu8hg [

Nitrogen, phosphorus and potassium were deternimdded leaves according to Wahing et al., 1989 @hapman
and Pratt, 1961. Statistical analysis was condulsle8AS software. Also comparison of means was aated! by
LSD (p< 0.01).

RESULTSAND DISCUSSION

The results showed that the effect of bio-stimukaton germination rate was significant (P<0.01lpimvay that
maximum germination rate with Humiforte and thestegermination rate with Kadostim was obtained (@ali &
2). Effect of the solution concentration on gerntiorarate was significant (P<0.01) and the higett occurred in
control (9.98) and 0.2% (9.84) and the lowest nat@.8% (8.94) (Tables 1 & 3). Germination rate rdased with
increase in solution concentration. The interactffiect on germination rate was significant (P<(.0aximum
rate of germination with 0.2% Fosnutren and minimrate with 0.6% Kadostim was obtained (Tables 1)& 4
Effect of solution kind on germination percent wsignificant (P<0.01) in a way that maximum perceift
germination with Aminolforte and minimum percentthviFosnutren occurred (Tables 1 & 2). Effect ofusioh
concentration on germination percent was insigaiftqTable 1). The interaction effect on germinati@rcent was
statistically insignificant (Table 1).

The arginine amino acid was the main compound irinafforte and Humiforte (11.7%). Increasing gerntioa
percent in response to arginine could be attribtddtie enhancement of polyamines synthesis whiah stimulate
activity of hydrolytic enzymes [9]. Also applicatioof fertilizers including ammonium nitrate, triplguper
phosphate, and potassium chloride increased seaedrgdion rate and percent [10]. Increase in geatidm rate
and percent in Humiforte and Aminolforte can be doesxistence of arginine in both compounds andraac
elements of NPK in Humiforte and N in Aminolforte.

Effect of bio-stimulator on radicle length was stitally significant (P<0.01) in a way that higheadicle length in
treatment of Aminolforte and the least length irsiatren was obtained (Tables 1 & 2). The effeatavfcentration
was significant (P<0.01) on radicle length in a whgt the highest radicle length with concentratbér® and the
least length with concentration of 1% was obserdédtkerefore, a decreasing trend in radicle lengts wlaserved
with increasing concentration (Tables 1 & 3). Theeraction effect on radicle length was significéPt0.01) and
the maximum radicle length with the treatment @&®0.Aminolforte and the minimum length with 0.6% Hifonte
was obtained (Tables 1 & 4). Bio-stimulators sushAainolforte had positive effect on root growth ibgreasing
the absorption rate of nutrients and existence ofddro-element in this compound [11]. Existencglofamic acid
(especially in Aminolforte) had positive effect apnot length of Codiaeum variegatuni. [12]. Exogenous
application of polyamine (end product of arginirte) several plant species have been shown to proggite
division, cell differentiation and general growttomotion [13, 14].

Kind of bio-stimulators had significant effect (P€@) on hypocotyl length and also, maximum and mimn
hypocotyl length was observed in Kadosanmd Fosnutren, respectively (Tables 1 &2). The bgpg length wasn't
significantly affected by the bio-stimulators contration (Table 1). The interaction effect of sauatkind and its
concentration on hypocotyl length was statisticalgnificant (P<0.01) and maximum hypocotyl lengtiith
treatment of 0.6% Kadostim and minimum length viith% Humiforte occurred (Tables 1 & 4). Tyrosinee(tmost
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amount of this amino acid in Kadostim) is hydroxyepyl amino acid that is used to build neurotrattems and
hormones. Biosyntheses of cinamic acids (whichtlaeestarting materials for the synthesis of phénaie derived
from phenylalanine and tyrosine. The positive dffgfcamino acids on yield may be due to the vifééa of these
amino acids stimulation on the growth of plant£¢ll5]. The positive effect of amino acids on ghowhowed that
amino acids can serve as a source of carbon amgyeWghen carbohydrates become deficient in thatplaamino
acids are determinate, releasing the ammonia agahir acid from which the amino acid was origindtblymed.
The organic acids then enter the Krebs cycle, tdbtmken down to release energy through respirafidj.
According to conducted experiments positive effeftbio-stimulators on stem growth of perennialnpéais due to
existence of nitrogen and potassium in Kadostin}.[17

Solution kind had significant (P<0.01) effect orpbygotyl/radicle length ratio and maximum ratio witbsnutren
solution and minimum ratio with Aminolforte was abited (Tables 1 & 2). Solution concentration hadistically
significant (P<0.01) effect on hypycotyl/radicletgh ratio in a way that maximum ratio with congatibn of 0.6%
and minimum ratio with control was obtained (Takle& 3). The interaction effect was significant (p&1) on this
ratio and maximum effect with 0.6% Humiforte anchimium ratio with 0.8% Fosnutren was obtained (Tadl&
4). The positive effect of bio-stimulators applioat on growth parameters of canola and sunflowedléegs was
proved [18].

Effect of solution kind on fresh and dry weightraflicle was significant in a way that the most chlfresh weight
with Kadostim and the most radicle dry weight witminolforte, Kadostimand Fosnutremwere obtained. Also, the
least fresh and dry weight occurred with Fosnuted Humiforte, respectively (Tables 1 & 2). Effetsolution
concentration on fresh and dry weight of radiclesvegtatistically insignificant. Also, the interacticeffect of
solution kind and concentration on fresh and drygiveof radicle was insignificanfTable 1). The same results
were obtained by application of bio-stimulatorstea plant [19]. Kadostim is supposed to enhanceufiteke of
other applied nutrients, as well as to help the aeercome periods of stress. This is because Bith8sized Free
Amino Acids (SFAAS) in this product is readily regtzed by the plant cell messenger RNA, leadingrimverall
increase in plant metabolic activities, includindhanced photosynthesis [20].

The solution kind had significant (P<0.01) effentfoesh and dry weight of hypocotyls. The maximuesh weight
was observed in Humiforte and the maximum dry weighs obtained in Aminolforte, Kadostim and Humiiéor
Also, the minimum fresh and dry weight was relai®the treatment of Fosnutren (Tables 1&2). Effefcsolution
concentration on dry weight of hypocotyl was stat#ly significant (P<0.01) and maximum dry weighas related
to concentration of 0, 0.2, and 0.8%. The minimusnwleight was occurred in concentration of 1% (€ald & 3)
.The interaction effect of solution and concentmatbn fresh and dry weight of hypocotyl was sigrifit (P<0.01)
in a way that the most fresh and dry weight of fogigl was obtained with 0.8% and 0.6% Fosnutrespectively
(Tables 1 & 4). Also the least both parameters wasgserved in Fosnutren 1%. Humiforte contains copees
which can join macro- and micro-nutrients with #imino acid chains and transform polysaccharides stdble
humic and folic acid molecules. Such humic substaritave been reported to have direct and indiféatte on
plant growth and productivity: direct effects are plant metabolism through root uptake, and indiefects
through alterations to the chemical and physicaperties of the soil [21]. Kadostim contains poitasswhich
incorporated into the amino acid chains. In thizabtivity form, potassium is rapidly absorbed tlglouhe leaves.
Positive effects from using this bio-fertilizer lea@lso been observed in watermelon (yield incregskt.5%), in 1-
year-old seedlings dfiopea ordorataof chengal hardwood group (82% more new shootymton) and in starfruit
(97% fruits falling into Grade C or higher, as cargyd to the control with 29% of fruits lower thare@e E) [22].
Bio-stimulators had a significant effect (P<0.0h)foesh and dry weight of seedling in a way that thost fresh
weight in Humiforte and on dry weight in Aminolferand Kadostim and also, the minimum fresh andaeight in
Fosnutren was obtained (Tables 1 & 2). The solutioncentration had significant effect (P<0.01) on @eight.
The highest dry weight was observed in concentnatiof O and 0.2% and the minimum in concentratibi%
(Tables 1 & 3). The interaction effect of solutiand concentration on fresh and dry weight of thedbeg was
significant (P<0.01) that the most fresh weight welated to Fosnutren with concentration of 0.8% #re highest
dry weight was observed in 0.2% Aminolforte. Thenimum fresh and dry weight was obtained in 0.6% Haoirte
and 1% Fosnutren, respectively (Tables 1 & 4). Aggpion of Humiforte stimulated the growth of Norywspruce
[11]. Humiforte is a high-tech soluble liquid netnt, with rapidly absorption via leaves or rootad a high
concentration of free amino acids and biologicaltyive oligopeptides especially recommended focklieatment
[23]. The assimilation of ammonium usually occumsthe roots, whereas nitrate assimilation, dependim the
species and environmental conditions, occurs eithéire roots or in the leaves, after transporttheaxylem [25].
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Bio-stimulators had significant effect (P<0.01) ssedling nitrogen content in a way that the higleesitent was
obtained in Kadostim and the lowest in Fosnutreab(@s 1 & 2). Effect of concentration on seedlirigogen
content was significant (P<0.01) in a way that thest percent of nitrogen was occurred in conceaotradf 1%
(Tables 1 & 3). Interaction effect of solution kindd concentration was significant (P<0.01) on Ktent in a way
that the most nitrogen percent was observed in Bdoktim and the least in 1% Fosnutren (Tables4). &

Effect of bio-stimulators on content of phosphorgupot marigold seedling was significant (P<0.01a way that
the most P content was Fosnutren (Tables 1 & ZpcEDf concentration was significant (P<0.01) eedling P
content in a way that the most content of P wasinbd in concentration of 1% and the lowest coniterontrol

(Tables 1 & 3). Interaction effect of solution kindd concentration was significant (P<0.01) in § theat the most
effective treatment on seedling P content was 1%n&wen (Tables 1 & 4). With consideration to fofation of

compounds, it can be mentioned that the most cowofeR in treatment of Fosnutren is due to existeochigher
concentration of this nutrient in this compoundK{ea3).

Bio-stimulators had significant effect (P< 0.01) motassium content of seedling in a way that thetmontent was
obtained by Kadostim and the least with Fosnuteasbles 1 & 2). Effect of the concentration was #igant
(P<0.01) in a way that the most content of thigient was observed in concentration of 1% (Tablés 3). The
interaction effect was significant in a way thag thost content of potassium was obtained by 1% &tadqtables
1 & 4). The most content of potassium in treatmeihKadostim can be due K concentration of formolatof
compounds (Table 3).

CONCLUSION
In this study, commercial formulations of bio-stilators (biologically amino acid compounds) had Bigantly
positive effect on seed germination and seedlingvgr of pot marigold. The effectiveness of bio-stlators can be
due to existence of amino acid compounds and migriguch as N, P and K which can promote metabgligities
like photosynthesis and absorption and transfewtfients from root and leaves.

Tablel. Analysisof variancefor effectsof bio-stimulatorson germination parametersof Calendula officinalisL.

SOV df Mean square
T Germination percent  Germination rate  Radicle lengtHypocotyl length  Hypocotyl/ radicle ratio
Bio-stimulators(a) 3 1176.273** 15.608 8493.710 220.610 7.444
Concentration(b) 5 142.847ns 9.561 1720.815 19.133¢ 2177
axb 15 74.884ns 3.566 521.858 52.730° 0.781
error 48 64.583 1.245 156.167 12.526 0.157
cv 9.02 12.42 24.81 11.24 29.5
* ** ns shows significant in 5%, 1% and insigeéfnt ,respectively.
Table 1- Continued.
Mean squares
S.0.V gf Radicle Hypocotyl seediing  Radicle Hypocotyl seedling P(mg.gt K(mg.g*
fresh fresh weight fresh dry dry weight  dry weight N% DW) DW)
weight weight weight
_ Bio- 0.026** 0.428* 0.603" 0.0010* 0.001* 0.001*  0.050  0.001" 1128
stimulators(e
Concentration (b) 5 0.006 0.055¢ 0.077¢ 0.0002¢ 0.0005* 0.0005**  0.029  0.001** 0.050**
axb 15 0.005 0.118** 0.127** 0.0008 0.001** 0.001** 0.034  0.001** 0.131*
errol 48 0.00: 0.027 0.04( 0.000: 0.000: 0.0000¢ 0.007  0.00004: 0.00¢
cv 23.53 20.25 18.1 35.28 18.75 12.37 4.49 1.85 89 4.

* ** ns shows significant in 5%, 1% and insigoé#nt, respectively.

Table 2-M ean comparisonsof bio-stimulators effects on measur ed par ameter s*

treatment Germination percent  Germination rate  &adiéngth (mm) Hypocotyl length (mm)  Hypocotyl/ied length ratio

Aminolforte 96.39 9.1?P 72.2F 32.34 0.46
Kadostim 88.33 7.99 62.02 35.74 0.59
Humiforte 93.61 10.10 44,63 30.4% 1.082
Fosnutre 78.05¢ 8.611° 22.68 27.3% 1.87

*Values in a column bearing different superscripg aignificantly different at 0.01 lev.

Table 2- Continued.
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Radicle

Hypocotyl

seedling

Bio- ; ; . Radicle dry Hypocotyl dry  Total dry P(mg.gt K(mg.g*
stimulatos fres?g‘]’)ve'ght fresr}g;’e'gh‘ "esrzé’)ve'gh‘ weight (g)  weight (g)  weight(g) 7  Dw) DW)
Aminolforte 0.27 0.78° 1.13 0.02° 0.06 0.08 1.87 0.354 2.0?
Kadostim 0.28 0.8° 1.2F 0.02 0.06 0.08 1.9%  0.357 2.18
Humiforte 0.23 1.02 1.23 0.0r 0.06 0.0? 1.8%8° 0.359 1.96
Fosnutrer 0.2¢° 0.6 0.8 0.07 0.0 0.0€° 1.8 0.377 1.5¢
*Values in a column bearing different superscripg aignificantly different at 0.01 levels.
Table 3- Mean comparisonsfor effectsof different concentrations of bio-stimulators on measur ed parameter s*
Concentration Germination Germination Radicle length Hypocotyl length Hypocotyl/radicle length
(%) percent rate (mm) (mm) ratio
0 93.7% 9.98 70.72 29.85 0.47
0.2 92.5¢f 9.84 57.94 32.27 0.64°
0.4 87.92% 9.06* 49.1%F¢ 31.16 0.958¢
0.6 89.16 9.05¢t 4257 32.57 1.50
0.8 86.25° 7.64 42.63 32.96 1.08
1 85.00 8.30¢ 39.28 30.26 1.43
*Values in a column bearing different superscript aignificantly different at 0.01 levels.
Table 3- Continued.
Concentration i eiﬁ%'\g? ht frii?\ov(\:/g}ylht Total fresh Radicle dry Hypocotyl dry  Total dry N P(mg.g K(mgg
(%) © 9 © 9 \eight(g) weight(g)  weight(g)  weight (g) °  pw) 1pw)
0 0.27 073 1.00 0.0Z 0.06 0.08 18P 0354 1.89
0.2 0.27 0.84* 1.17 0.0Z 0.06 0.08 1.84 0.358° 1.9°
0.4 0.2% 0.84* 1.158 0.02 0.03 0.07* 1.8%  0.358° 1.92
0.6 0.24 0.80* 1.10 0.0Z 0.05 0.07* 1.86  0.359° 1.92
0.8 0.2% 0.90 1.19 0.0Z 0.06 0.07 1.86  0.3609 1.98
1 0.2P 0.7% 1.0F 0.02 0.04 0.08 197 0.378 2.07

*Values in a column bearing different superscripg aignificantly different at 0.01 levels.

Table 4- Mean comparisonsfor interaction effects of different bio-stimulatorsand their concentrations on measured par ameter s.*

Bio- concentration Germination Germination Radicle length Hypocotyl length Hypocotyl/radicle length
stimulators percent rate (mm) (mm) ratio
0 100 10 70.23™ 33.407°° 0.4733
0.2 100 8.9gett 73.50* 31.340%" 0.4267
Aminol forte 0.4 96.66F 9.333% 70.3F 32.84@ 0.4667
0.6 93.33% 9.220%! 75.32 34.510°% 0.4533
0.8 96.66% 8.773%H 72.68" 32/223ef 0.483%
1 91.66 7 8.386°" 71.258> 29.7279" 0.4433
0 95.000" 9.276% 75.90 33 500 0.4500
0.2 93.33% 9.000%f 62.12° 31.8430t 0.513%
) 0.4 80.00¢ 7.440 67.1F 37.803" 0.5567
Kadostim 0.6 P 7.2200 53700k 38.427 0.7167%0
0.8 83.33%* 7.44% 51.50% 37.050> 0.7313"
1 88.333" 7.610° 61.76" 35.827° 0.580%%
0 85.00(% 9.09(c 58.9¢eb 26.9979 0.4567
0.2 81.66% 9.660° 28.0% 30.903°9 1.1333¢
Humiforte 0.4 81.66% 10.330™ 9.559 19.53% 2.0780¢
0.6 85.00(°° 10.252 7.7¢ 24.873 3.253¢
0.8 68.33% 4.948 18.2¢ 28.957" 1.7467°
1 66.667 7.400 13.1% 33.013°c 2.6067"
0 95.000* 11.543 77.7€¢ 25.52(" 0.3239
0.2 95.006™ 11.716 68.14" 34.807° 0.510¢
Fosnutren 0.4 93.33% 9.160%! 49.48¢ 34.223bcd 0.6867"9
0.6 88.33% 9.520° 33.43' 32.31(°00k 1.6100°
0.8 96.66% 9.423% 28.06 33.400°% 1.2633¢
1 93.338> 9.8300™ 10.96 22.45% 2.1033

*Values in a column bearing different superscripg aignificantly different at 0.01 levels.
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Table4 continued.

Radicle Hypocotyl ;I;Zt;: Radicle Hypocotyl Total dry P K

treatment concentration fresh weight fresh weight dry dry weight  weight N% (mg.g* (mg.g*

(9) weight (g) ) weight (g) (9) (9) DW) DW)

0 0.2396°%  0.7903%  1.0347¢ 0.0133" 0.0656° 0.0820° 1.8P% 03527 2.08%

0.2 0.269%° 0.8083%  1.1926°*¢ 0.0166°"  0.0663™ 0.0860  1.88° 0.356* 1.86
Aminolforte 0.4 0.26568™" 0.7853%  1.2223°* 0.0143*  0.06760* 0.0833%" 1.90° 0.352° 1.9g%
0.€ 0.314¢* 0.7867%" 1,188 0.017F%  0.0602*  0.078E> 1.88°° (0.354° 2,11

0.8 0.2926> 0.6350°%  1.0583%  0.0163°°  0.0490° 0.0676 1.8%* 0.364° 2.13°

1 0.2688°"  0.7047%"  1.1087*  0.0270  0.0510% 0.0716> 193 0349 2.2¢

0 0.2858* 0.6860%*  1.05406% 0.0386  0.0586"°* 0.083%" 1.76° 0.354° 2.13°

0.2 0.3076> 0.7573%  1.1806°* 0.0166° 0.0583°°" 0.0733* 1.83%* 0.354° 1.87

Kadostim 0.4 0.3343 0.8200%  1.2503°* 0.0226°*  0.0566"°* 0.0796™ 1.92° 0.364° 1.90
0.6 0.273%« 0.8200%  1.2380°* 0.0153°* 0.0586"* 0.0770™ 1.89° 0.360* 2.13°

0.8 0.244¢° 0.8263%  1.2157°* 0.01906°¢  0.0540°¢ 0.0740™ 1.89° 0.35%% 227

1 0.2473%°*  0.9307° 1.3563>  0.0123%  0.0606° 0.0743* 237 0.354 2.60

0 0.264¢(%  0.7117%  0.9557%  0.022€*  0.053¢*  0.075¢™ 1.82* 0356  1.8€

0.2 0.224F%  0.6727%t  0.884(Y  0.024(% 0.042¢"  0.069¢¢ 1.8P* 0.357* 1.97

Humiforte 0.4 0.1526 0.5513% 0.685( 0.0116° 0.0306 0.0430¢ 1.80* 0.356* 1.93
0.6 0.219%4 0.4247 0.6320  0.0193°*  0.028( 0.0480 1.89° 0.364° 1.96"
0.8 0.183%' 0.7970%  0.9600° 0.0233°*  0.0546°* 0.0783>* 1.8%* 0.353% 1.9g%

1 0.1603 0.7847%"  0.9297°%¢  0.0283%" 0.0510% 0.0816™ 1.89° 0.368 2.10*

0 0.289¢* 0.717¢%"  0.992(%"  0.0162°%"  0.05(% 0.067¢ 1.8®* 035 1.4

0.2 0.2898" 1.16006" 1.443%  0.0163%"  0.0646° 0.0813>* 1.82% 0.364° 1.9

Fosnutren 0.4 0.2626P* 1.2137 1.4600°  0.0146%  0.0643° 0.0796> 1.78* 0.360% 1.85
0.6 0.1748 1.182¢" 1.3427 0.0103 0.0710 0.083¢" 1.82* 0.360% 149

0.8 0.2126* 1.3323 1.5300 0.0096 0.07068*  0.0826° 1.88° 0.368 1.42

1 0.177% 0.5207 0.663% 0.0110°¢ 0.0190 0.030 1.7  0.428 1.3¢

*Values in a column bearing different superscripg aignificantly different at 0.01 levels.
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