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Introduction

Fennel (Foeniculumvulgare), a valuable medicinal plant belonging to the Apiaceae family, has been widely
recognized for its medicinal and culinary uses. Its essential oils and bioactive compounds, such as anethole,
fenchone, and estragole, have made it a significant crop in the pharmaceutical, food, and cosmetic industries.
Fennel is not only prized for its aromatic seeds and leaves but also for its therapeutic properties, including anti-
inflammatory, antimicrobial, and antioxidant effects. Given the increasing global demand for high-quality
medicinal plants, optimizing cultivation practices to enhance growth, yield, and essential oil production is
crucial. Traditional agricultural practices often face challenges such as nutrient inefficiency, environmental
degradation, and resource depletion, which can limit the productivity and sustainability of medicinal plant
cultivation. In this context, nanotechnology, particularly the use of nanofertilizers, has emerged as a promising
approach to improve nutrient efficiency and plant performance. Nanofertilizers offer several advantages over
conventional fertilizers, including enhanced nutrient uptake, reduced application rates, and minimized
environmental impact. This study aimed to investigate the effects of foliar application timing and varying
concentrations of potassium nanoparticles on the growth characteristics and essential oil yield of fennel over two
cropping years (2021-2022 and 2022-2023). By exploring the potential of nanotechnology in fennel cultivation,
this research seeks to contribute to the development of sustainable agricultural practices that can meet the
growing demand for medicinal plants while preserving environmental health.

Materials and Methods
The experiment was conducted as a factorial design in a randomized complete block design with three
replications. The factors included foliar application timing at three growth stages: stem formation, flowering, and
fruiting; and nano potassium oxide concentrations at five levels: 0 (control), 2, 3, 4, and 5 parts per thousand
(ppt). The measured parameters included plant height, biomass yield, seed yield, 1000-seed weight, number of
umbels per plant, seed carbohydrate content, chlorophyll a, b, and total chlorophyll levels, as well as essential oil
percentage and yield.

Authors retain the copyright. This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jhs.2025.92581.1420



https://jhs.um.ac.ir/
mailto:n.gharebaghli@areeo.ac.ir
https://doi.org/10.22067/jhs.2025.92581.1420
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2025.92581.1420
https://orcid.org/0000-0003-4166-2484

VFed 5l o) ojlous Fe o (((55,9liS @boo g pale) LSl pole @yl VN Y

Result and Discussion

The results demonstrated that foliar application of potassium nanoparticles significantly influenced the
growth and essential oil production of fennel. The application of 3 ppt potassium nanoparticles had the most
pronounced positive effects on plant height, biomass yield, seed yield, 1000-seed weight, number of umbels per
plant, seed carbohydrate content, and chlorophyll levels (a, b, and total). This concentration was found to
optimize nutrient uptake and utilization, leading to enhanced photosynthetic efficiency and overall plant vigor. In
terms of essential oil production, the highest essential oil percentage (4.37%) was observed in plants treated with
5 ppt potassium nanoparticles. However, the maximum essential oil yield (5.69 kg.ha*) was achieved with 4 ppt
potassium nanoparticles applied during the fruiting stage. This indicates that while higher concentrations of
potassium nanoparticles may increase the essential oil percentage, the optimal concentration for maximizing
essential oil yield is 4 ppt during the fruiting stage. The fruiting stage was identified as the most critical period
for foliar application, as it coincides with the peak demand for nutrients to support seed and essential oil
developmentThe findings of this study highlight the importance of precise nutrient management in fennel
cultivation. Potassium, as a vital macronutrient, plays a key role in various physiological processes, including
enzyme activation, osmoregulation, and stress tolerance. The use of potassium nanoparticles enhances nutrient
use efficiency by providing a controlled and sustained release of potassium, thereby improving plant growth and
essential oil production. Furthermore, the application of nanotechnology in agriculture offers an environmentally
friendly alternative to conventional fertilizers, reducing the risk of groundwater contamination and soil salinity.
From an agronomic perspective, the results suggest that foliar application of 4 ppt potassium nanoparticles
during the fruiting stage is the most effective strategy for maximizing essential oil yield in fennel. This approach
not only improves the economic viability of fennel cultivation but also aligns with sustainable agricultural
practices by minimizing input waste and environmental impact.

Conclusion

In conclusion, this study underscores the potential of nanotechnology, particularly potassium nanoparticles,
in enhancing the growth and essential oil production of fennel. By optimizing foliar application timing and
concentration, farmers can achieve higher yields and better-quality essential oils, thereby increasing the
profitability of fennel cultivation. The findings of this research provide valuable insights into the role of
nanotechnology in sustainable agriculture and its potential to address global challenges in food and medicinal
plant production. Future research should explore the long-term effects of nanofertilizers on soil health and plant
physiology, as well as their applicability to other medicinal plants. Additionally, studies on the economic
feasibility and scalability of nanofertilizer use in different agricultural systems would be beneficial. This work
contributes to the growing body of knowledge on sustainable agricultural practices and highlights the importance
of integrating innovative technologies into traditional farming systems to ensure food security and environmental
sustainability in the face of a changing climate and growing population.
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Table 3- Combined ANOVA for the fennel traits affected by stages and levels of nanopotassium foliar application

Ol kS gl 4?)-" Qg gl )l o355 3, Slas ol 3,Shos aild I 59 Aige yd ,So o8 4_\.6!:
SOV &Ml Plant Biomass vield Seed vield Thousand-  Umbles in Seed in
= df height y y seed weight plant umbles
b 1 322.89™ 639983.74" 461003.84™ 1.61" 193.98™ 373.21”
Year (Y)
(.“JL”.) ol 2 15.20 120000.45 85000.32 0.05 18.45 25.12
Replication (year)
o LJ’L’” Sl 2 49.72" 1239066.25™ 424826.42™ 0.17m 149.62** 62.06*
Spraying steps (SS)
2 35.79" 991260.57* 230074.40" 0.08™ 121.86™ 37.62™
Y x SS
eyl “hlp 4 141.91™ 1655105.9™ 5559097.67" 0.29 55.81™ 262.86™
Spray concentration (SC)
Y x SC 4 32.62" 171991.61" 1013189.66™ 0.06™ 8.54"™ 68.98™
SS x SC 8 52.43™ 670012.52" 516494.33" 0.22 63.92™ 82.64™
8 38.47™ 559752.25™ 572354.83" 0.17" 39.70™ 27.07™
Y x SSx SC
uiuLo)-l LSU°5
Errar 58 11.30 157504.38 58490.77 0.08 13.49 14.06
St e 4.64 10.24 16.13 6.27 11.10 2.88
C.V (%)

2o y> S5 g gy Jlei] zglaw 53 5l gime i a7 o ne et
"s: non- significant, “and **: significant at p<0.05 and p<0.01, respectively
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Table 4- The fennel traits affected by stages and levels of potassium nanoparticles foliar spraying

csbalojl (oo Lo
Experimental treatments g g5 0395 Cannnt j 3 Sl 4ild 5, Slos &> 4152 (39 gy g
byl clile Plant height Biomassyield (kg.h~  Seedyield  Thousandseed  Umblesin
Jl sl Jal e (cm) 1) (kg.h) weight (g) lant
Year Spraying steps Spray g gt P
concentration
Ls Y )
Coﬁtrol 68.02¢ 3468.9¢1 783.3m 4.247¢f 30.53%9
(K .
5;; 6:):) 72.20¢0 3770.3" 1283.6% 4,231¢f 32.43d9
343! I
St;; m;g é;; 6:); 76.41bd 4113.2>f 2798.8" 4.635%" 34.94%%
i;"i 6:) ‘; 72,520 3954.1¢ 1728.2¢ 4.548%f 32.69¢9
(K ) .
Efi 6:)3 70.58¢ 3880.7¢ 1244.5 4.4730f 31.90d9
c;ﬁol 71.25¢%h 3137.01 588.2M 4.163" 29.55¢f
(K ) .
é;; (’;OB 68.57¢ 3668.9% 1468.68" 4,273 32.12¢49
Jgl J NS Ja Y c-e a-c i - def
Firetyour Flowering 311000 74.66 4254.6 136187 45522 34.58¢%
R .
:1;; 6’0‘8 70.97¢ 4080.7">9 1559¢f 4,564 31.43%9
‘.
g;; 6’03 72.59¢9 3937.0¢h 2379.1°¢ 4.601% 30.70%9
Aol ; ;
Control 64.591 2934.9) 576.3™ 3.9059 25.729
(K - .
27; 6’08 66.4491 3504, 2ad 952.1)m 4.273¢f 27.491
(K )
Fﬁ::::g éﬁ 6’0‘; 70.00¢%+ 4313224 1476.8¢f0 4.407"9 34.03¢%f
(K ¥ : :
:17; 6’0 0 66.56 3651.7% 1145.8¢" 4,469 31.64%9
(K . .
é;“i (’)’Og 71.28%h 3495,5¢ 1351.4¢7 4.443¢9 27.24f
CoAr::sol 69.63¢ 3308.197 1111.9¢ 4,497 31.80%¢
I .
5;; (’)’OB 69.53¢ 415410 1228.8 4,693 32.53%9
St:;::;g é‘;‘; 6’0‘; 84.59° 4931.3° 3311.1° 5.099° 45,972
s ¥
:1;; 6°0 0 81.58% 4773.9% 2080.9¢d 4.6572f 42.89%
py3 o éﬁ ())Jog 78.31P¢ 4561.8%¢ 1451.4¢ 448101 42.293¢
Second Lo
year Control 67.74H 3177.5Ni 987.9+m 4,278 32.10%9
5‘/}; (’;OB 72.97¢9 4102.0°f 998.1"m 4.719%f 33.93¢f
I3 Y
o (;;;;fng ;j‘; 6’0 0 74.59¢¢ 4928.7° 2602.8 5.0282 36.09¢de
s o ¥ i
:1;‘1 6’0 0 76.5504 3704.8%1 1576.8¢10 4,859 37.430
S 28 77.93 3481.4% 1245.8 4.947%4 32.01%¢

5/1000




WA b T e (Foeniculum vulgare Mill) aiby 31y i 5 (o8 ©lio oy o3l o 9 L 0,3

CoA:tL;ol 65.88"
3‘;’; S’OB 70.57%
e oo 836"
ij‘i 65‘; 73.25¢
é‘j‘i 653 72.00°

3414.3" 858.6KIm 4.265°7 26.319
3823.4% 1328.8° 4.504° 30.399
4199.1%f 2407.1% 4.9782bc 35.520¢
3841.9% 1701.9¢%f 4.764%¢ 35.30¢%
3664.797 1383.6°%7 4.781%*¢ 31.66%9

5 g3 dime gl Moy gy Jles] prdaw 55 5SSl (lasebiain geil oluly g b jd S i g b (sla pSile #
* Means with common letters in each column are not significantly different at the five percent probability level, based on Duncan's
multiple range test.

(@S5 Alsye ol gad g oy balys > a8 o ol
S 53 Gy kS M+ 3l b Sufglan 3o o 5V
ol Cowd a4 JiSe ;3 59 5u5055 95U p,SoLS FY

dila o ySlac
92 o Abjly a2 Sles (puib)ly 40 ) Job @i 4l
Cilisen zolaw 5 Jole ;b Cod (g )bgine st Ltaleil Jlo
)5 )8 dop S pled Jlasl b mawlyagS ol (8 ol
sdalis (F Joi2) bpSibe awlie Jod> & a2 L (¥ o)
S 55 £ )5k YNV L ol als 5 Slas oy pdin &S 3545 0
2 Aldgbre b ohan (23a8ls dose > Giloil pe> Jlo )
plo bled opl e el Cand 4 punlingSel Hlm o ¥ clale
@ Cams Ghalojl Sl Jls )3 (mdogee doye 53 mrlipdsSl
= Liolesl @ls by s Ll e 55 p,5 LS YYIF/A wals
Bakhshayesh & Sharafuddin) cpul GB,s 5 islice sla
a1 23,5 0o 0l pudgilie g jiiwgid dgm o oo
ol 1wl 5, Slas Wilg o 2gSsils Slo b a3g55ibg ) Suo
5l o= (Rameshaiah et al., 2015) ,ISen 5 oblinl, 2>
5 b Oloy ISPl dmdS el gs) 25 slaghlel
oinlel p sy bS5 Slee (il 1 550 Hln 1) el
(238l 5 G5y o ye 5 kiS5l (3 Jsbe o550
flos dog JB uli8l el (Triticum sativum) pus
J(Jafarzadeh et al., 2013) 15,5  s3laidl

as ol olis (Rezaie et al., 2019) 4, 5 Lo, pols
B al 5Shes sl 5 s (il Jgbre G en
oz 2oy VO e il 0 Slas g (bl (gl me
@5 b a3 Job sl Jise )3 pySokS ¥ + Jpbis

04 9iCsuuy 3 ySlas
O Abjly 0395 0 ,Ses cuibly 25 5l Jols i 4l
Cilisen golaw 5 Jolye b o (oo gine ooty inlojl Sl 93
C)S )8 e S plad Jlisl b ealyagS ol (8b Jole
odalio (¥ Jiz) beShe anglie Jodo 4 d2g9 b (Y Jou2)
P eSS FANY L ply eogican) o,Sles oy b & D
hdslore b olyor (23a8ls abs o 1> Gialesl pgd Jls o )l
bobess cnl om el Cowd 4y maolipdgSgl Jlin o ¥ cdale
4 Comd &5 (gysbody b sdalie (gl gxe Colds ojles b
Jol Jlo 3 (p30gme dloyo )3 easlipdgS U (8L Jgloxe slos
GBS NAVIE (o395 oy 3Skos (5205) Lol
oo paewlndgS 6l ealaiwl &S cuily bl ol o ol lis
05w (Il Slige ol 5l )90 (2lAE polis @y (oo
2 bty maoly ol 03,9 o231y 03gicunss W5 g oty
2y Jbd laide ok jludeds 5 85 0 <8 0lS sl
) Fagid 5l Jols slge JUDI maasly (y2 215 3929 olS 03y Jl
(Patil, 2011) 355 o ol ying Ad) 4 poxie g LS oo oy
9 Sy gdaw il cel (g ) Jrwgd ) Sl 4B eely
Sp b 4 g dlge JEl Gl g () weSled G
Slp a8 i i ATP LSS Coge pawls Cullad 0od 0

Gardner et al., ) cal p3¥ (iS0T K5l 55 (¢ iwgid dlgo e
(2011

b ol 3 (Kazemi et al., 2019) ¢, Sen oL s

2 berd @3 g b gladgs g ol i (S ey &S
3,5 )b xe (SOorghum bicolor) poS ) ew olS s 3 Slas
335 + okl bulyd 53 e el g (s sl Shoe oYL
Cawd 2 355 5L 950 + 3555 Slo + Jgeme (5)ll 5 (pleond
Astaneh et al., ) ,Ken ¢ alinl Lislosl gt uioen Lol

C5gre Mgl 295 g 0)9l (i Jlite $l )y > (2020
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2 pelindeS ol Bl Jole a5 (5)sbay b samlie (5l s
s VY Loy ks 4 cond Gilol ol Jlo j3 ad0gme dls yo
Astaneh et al.,) o, Ken g slul islojl gl ol ol i3l
2 Olare OMPL 38 5 o9l (A5 Jlite S o)y ) (2020
doge 3 ool gl g Jloy bylyd 5 a5 o olis puiS oS
bals 3 )Slas g &l lia ()59 g)l dxty S oyt (23S
039355 5L p)S5kS ¥V g LS 3 ()35 £)S kS WV 2 )8
Harsini ) o, 1S 5 duw o zols pioren Aol s 4y,
3555k S sl Jsbee a5 by lis puiS (g5, (et al., 2014
Mawi yp doyd o Jlinl paw 3 (gbliae 5 axg JB @l
3 Sas bl yad bl > ails sl il Hlia y5e i
Bayati et ) l,\Ken g sl goli .cuib a5, Sles 5 SS55lam
a3 Shes ol 3686k sximdrgo il 5l Sk ;o (al., 2014
Mas denpy ey ami opl &S 54 (Brassica napus) I;ls

el Cawd 4 b 5 (59 9 95

RO dAly alaas

om AUl e 50wl slawy (il ly w50 3l ol bt 4l
Cilisen golaw 5 Jolpe 3l o (gl gtna sobes pinlajl Jlo 93
65 Y aop Ko s Jlais) b ueslidgS 5 il Jsbeo
oS 290 odnlie b Sile auslie Jodo 4 a2 b (Y Jgi2)
338 WY/-A Lyl iolojl pgs Jlo p3 g 53 4ild dlaw o i
~Jsore Lol o (23e8ls alsyo 3 (ioren (B Jgaz) Cusl 035,
22 WWYA L by eewlidgSel Hlia o ¥ oclale » b
ol sme gl bajlas plo b Hlews opl cpw 5 Joda) del o
b oae ¥ lo,d Giolosl Jol Jho dy Comd &S (55bay b st lice
doye 3 eslidsS 5 b Jslne b anls & a5 i
b obee Ylaasl cdl Ll s 55 4l sae YY adogwe
Js] 35 9 gy (g b s p b b | maslyss b
Ohi ) cudly dy b glay w4 (gt dlge
g by o) lSG cute Sllaaly ud g M ©pSol> by
abyolass Giol38l o olde las 5 039y dlgo JWES! 1D pawlis yids &
5 s by ey Gl b sy o 5y late (] B pmo I
Wby Jo 3 slayn 4 gptwgd 03y Slse plin (anass

P9 M (S yida g SR sl

Gl sl S i 3 as (Bbgbe ol St
la.,] (Ghahremani et al., 2014) .5 (Ocimum basilicum)
by (lié polie Gl g0 pipan 5 it d9ate |y of i
5 S oalj] amasly ol > wy Ll ol Jlda ¢ oS
Sl )y b (Aghazadeh-Khalkhali et al., 2015) l,\Son
o3hal 3,Skas 5 48, ks 5 o] S 35 2 Jolons
w355 90 (pl (0,8 ol as s, (5158 (Plantago ovata)

W3, 0yl olS cpl il 5 Sas cold jo g Ay Ay iul38l

RS IRT)

53 o wbjly ab e s (eib)ly 4 5l Jols @ls by
Gilis s g ol b o5 gfasine ssbar Ginlef] JLs
85 )5 sy g s Jll b eeslidsSylb 3L sbce
sdnlis (F Jou) bpSibe awlie Jod> & a2 L (¥ o)
P> Jlo 3 )5 014 b ply &l Jlia g (ppidi o 3580
P Y cble 3 b e boolyen addile dbsyo > Liolesl
gl bnjla plo b jled ol o el Cawd 4 uawlondgS'gil ljm
JRRPOURLISE 2% CRI ) NECgp A M ERE S AN E RS
£S5 W wals a4 cuws Gislejl Jgl Jlo > mdogee dls e
039 363} Blgee GBS 2 prelty 5B 350 31l s il
D5 o mawly 355 Byae 1Y (Tavan et al., 2014) sas .
Selva-Preetha & ) 5o ), SKimsh sl i)li5 50 pewlt
Oj9 uwlsél > (Balakrishnam, 2017; Tavan et al., 2014
Amirnia) o) Kes Lol (6,55 Gimgd ;3 03,5 [il55 ab
0359 oD sixe yobods oyl 395 63l &S Widges 3,15 (et al., 2014
ool sledgS b auwslis jo 1) (Crocus sativus) olyac; |5 5
Sl isliel sl

g ya o olasd
Om Sl Gy ol bl el el mls aly
lises golaw 5 Jolpe 3l Coni 3 sine yebar Gialel Jlo 3
S 8 sy S plas Jlaol b prslpdgSgil (ol Jalre
sdalio (¥ Joio) bpSile auwglio Joi> & g b (Y Jou>)
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Table 5- The number of seeds in fennel umbrellas in different years

Jw S > &l dlaxy
Year Number of seed per umbel
Jsl 128.015"
First
ps> 132.088°
Second

L5056l xe oglis sy gy Jlain] gaw ) (SOl glatelsniy (yg0il (bl (gt y8 33 S e Bg o b (slo 5 Silee 3
* Means with common letters in each column are not significantly different at the five percent probability level, based on Duncan's

multiple range test.
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Table 6- The number of seeds in the umbrella under the interaction effects of stages xlevels of nano potassium foliar

application
winlojl (o jlows Fo g0 &y slasy
Experimental treatments Number of seed per umbel
gl Uy gl il Jol Jo ©93 Jlw
Spraying steps Spray concentration First year Second year
Jals .
a’ a
Control 137.57 143.08
Mo ¥ b
129.90°° 127.48°
2/1000 990 8
2l Jsa 2T 126.47 130,91t
Stemming 3/1000 ' '
e ¥ cd cd
411000 124.86 126.21
I o0 d d
5/1000 120.89 120.45
Aol
cd a
Control 125.43 141.99
)‘)‘h’ 2 Y bc a
) 21000 130.45 140.64
» I Y
H ab bc
Flowering 3/1000 136.26 132.09
¥ d b
126.37°¢ 131.44°¢
4/1000
0 d
124.24°¢ 127.25°¢
5/1000
L
- 126.91¢ 136.97%
Control
)‘}"’ »Y cd bc
21000 128.09 131.85
ENIYS JUtE A "
127.44°¢ 129.25°¢
Fruiting 3/1000
JUtErA d b
127.85°¢ 131.507¢
4/1000
N3 30 cd bc
5/1000 127.50 130.22

5 gl re glas Moy iy Jleis] o 53 Sl (sl 03l (bl (gt by S yidie Ligys b (sla 1y Sibe %
* Means with common letters in each column are not significantly different at the five percent probability level, based on Duncan's
multiple range test.

Slas oy By (63 ime 3l paiS LS (5 il 3,Sles o a8 ol olis (Rezaie et al., 2019) ,Ken 5 Lo s
NS )0 £, 5ol ¥+ Joilie ez duo)d VO Hlaw I aliw jo &b aiw > ab ol p wlsdgSel 5 Jeilie (Bl Jolore i om
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Shdslre aald 4 Cond &S (g ysba W stalie (g e
2l ¥/08 isleil Jgl Jlo 55 a3a8lo als e 1 quulndgS il
Sy las iul3el
(2S00 dlo i 3 ;S5 ol cils > puly
scdplio g 1 550 Glaje Cosl cuw g )b LB
yolie ool (Hassanpour Aghdam, 2008) s¢i 0 44
P e (S ) dm ogada e Jalye )3 (5)905
PSS G g 0rd (g5tg 03jl (I8l g S paw cullad
[(Briat, Dubos & Gaymard, 2015) 5,5 yuilwl l5ee (iol58l
Dracocephalum kotschyi) Us 4 550,00 olS wilwl (i158]
Mentha ) ,leeedisy 5 (Khanizadeh et al., 2024) (Boiss
2sS'$il o0 o (EI-Naggar & Osman, 2024) (pulegium

a0 3|5

oW )38l ds > FY wald 4 Cod oS 0 Jols oliyagSsil
5 ua (Jafarzadeh et al., 2013) ., Ken 5 o,z b
23,5 bl cute |y pAiS alius > aild slaws iol58l 13 el ol

A paiS il 0 Slas ioli8l 4 oie colps o oS

Al il wis 4o
o bl al uilel 22> puibly 4325 5l ol mls by
alis g 5 oo 38l 2 (g o gne ooty slefl Jlo 53
o 5 nops gy b Jlain] U el sSyls (il o
(¥ Jg2)

Sgde odalie (A Jgio) lapSile duglie Joio & 2295 L
ped Jhw 0 dopd FIYY L ply aby ulel asyd iy oS
3w 3 0 cdale )3 b sl b olyen mogee Al po 53 iolo]]
Gold jlos plo b jles opl o el Cund 4 pawldsSeil
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Table 7- Combined ANOVA for the fennel quality traits affected by stages and levels of nano-potassium foliar

spraying
a 2 o= =3 5 = = =
- §. BT dZ: %R, wE wl i,
o & -5 = 5= :‘EE g:og %Em e NSRS %eg
SOV = 3% 3gs s e oS w S 2
) 88 L83 1 8 o o 3)
o 1 4394™  6037.01" 0.2060"  0.1106° 0.0508™  49.03"
Year (Y)
L) )5
()l 2 0305 150.32 0.052 0025 00032 0045
Replication (year)
5l | * * ok wx
thbstee Jolye 2 0.319% 70.86™ 0.0923 0.0555°  0.0118™  0.1046
Spraying steps (SS)
| . : .
G”EJ*;‘XJ; . b 2 1.068 42.93" 0.0428" 00356 0.0075°  0.0864
lsbre L 4 6517 1051.02 0.5956 0.2852"  0.0363™  0.3506
Spray concentration (SC)
Yx SC 4 0.468™ 310.61° 0.0897" 00399 0.0028™ 0.1273"
liglone B x oo 8  0.683" 208.18" 0.1336™  0.0901 0.0106™ 0.1123"
SSx SC
Yx SSx SC 8 0519 213.38" 01151 00723 0.0081  0.0926™
Fo 58 0.229 91.071 0.0207 0.0173  0.0019  0.0202
o 16.53 26.06 5.57 5.56 10.63 6.77

2o y3 S5 g gy Jlein] ggbaw 53 gl gime iyt 7T g T o et 1S
"s: non- significant, “and **: significant at p<0.05 and p<0.01, respectively
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Table 8 - The fennel quality traits affected by the stages and levels of potassium nanopatrticles foliar spraying
inlojl (5l Lo - -
Experimental = o e S E
> ] c D o =
treatments a < =, = s2 =% 58
ve 3 . i3 42z iz aE: aife ui:
2 & z S - = n _ 3,:- ":Q_u) N -ﬂj£$
'A«\"J; % = .3g 3951 .,og) ‘%Ee %Smg Q O
38 = _,1?; ’}‘)E 53 B> 5€v c ©F o= w £
P "i S s g 2 E 2 ] T < E=RrN
= Y 8 4 73 O O 5 a 5 2
35 7 S L g g
S-S - £ g
aald i* i i ijk hi ij
Control 1.81 13.31 2.45% 2.09Y 0.337 1.317Y
2;26:)5 1.91Y 21.25" 2.56% 2.32¢ 0.363" 1.357"
o é‘/};(’)g; 2.38% 22.31" 2.87%¢ 2,470 0.463%¢ 14390
ing
i/ﬁ&)g 2404 29.01% 2.47% 2.28" 0.460+ 1.357
i T 24w 2.45% 231+ 04031 13270
comol 22" 20.16 2.27 2.03* 0.320/ 1.283i
5;;6;)5 2.339) 23.68hii 2 57d-i 2,15k 0.340h 1.347ii
Jot Jl lim s ¥ _ ) _
. 5 UL 2 84d-| 25 68h|] 2 77bcd 2. 470 0 42709 1.463!
First . . . . ) ) .
year Flowering 3‘/105)\(:)
:1/);())00 3099 35.91¢ 2.62%9 2.36%" 0.413%" 1.387
I; . . . ,
&)3/);62)8 3.51%¢ 29.23 2.56™" 2.28" 0.403% 1.3501
ch:];ol 2.2591 27.21% 2.08¢ 1.98 0.320i 11771
5;162); 2.249) 26.60Mi 2 .28k 2.25F 0.320' 1.300i
‘. j .
F@??ﬁ 3?1655 2.99° 29.25%) 2.62°9 2.55%¢ 0.427"9 1510
ruiting
i/’iéBE 3.32 48.28" 2.61°9 2.429 0.393¢% 1.423i
éﬁéég 3570 4621 2.37" 2.33¢ 0.3479" 1.3671
C;ﬁol 2.07" 24.13M 2.3691 2,231 0.387¢ 1.303"
5??1655 2.23¢ 34.21% 2.70¢d 2.32¢ 0.470%¢ 2.470%
5 I _
Sf“”‘”?‘“ é/);(;):) 2.77% 51.960< 3128 273 0.540° 3.273
emming
‘.
:1/’;6;); 3.88%¢ 41.16°" 2.88%¢ 2.56¢ 0.4832¢ 3.0572¢
P> Jl s 50
Second 00 362 41.30°" 2.69% 2.18%% 0.480% 2.5231"
year 5 1u
contol 212" 33.50* 2.32m 2.36% 0.407¢1 2753
I; _ _ _
Js 5/);()););) 2.58% 41.06°" 2.47% 2.36%" 0.377¢ 2.880cde
R
Floverng éf/’IéBB 2.379 65.40% 2.98% 2.65% 0.573 3.197°
s 2 ¥ 3.52ad 45.83%9 2.65%" 2.61%¢ 0.387¢ 3.0972¢

4/1000
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éﬁ&)g 3.81%° 36.25%" 2.65° 2.400" 0.4430 2.847¢de
ch:ﬁm 2.69 36.01° 2.14k 2.28" 0.337M 2.5009
;/}1655 2.78+ 49.87% 243 2.35¢M 0.363" 2 693¢10
Fﬁ;::g I)’J/}z(;:):) 3.96% 54.14%¢ 2.78™ 2.64% 0.537 3.177%
ifié:); 4.00 69.50° 2.98% 2,550 0.497% 2 ga7be
é/};(;:)g 437 47.80° 2.60°" 2.39°" 0.3479N 2.833¢%

5 g3 me aglds Mo yd iy Jles] prdaw 53 5SSl (lasebiin geil olul s g by S i g b (sla pSile %
* Means with common letters in each column are not significantly different at the five percent probability level, based on
Duncan's multiple range test.

Capns 855 ygbos b oamliie (61 sime gl ylass plo b lows
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