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Abstract

Introduction

The use of medicinal plants in traditional medicine has a long and rich history, deeply rooted in
various cultures around the world. Madagascar periwinkle (Catharanthus roseus L.) is a
prominent medicinal plant belonging to the Apocynaceae family, recognized for its rich alkaloid
content, which is distributed throughout all parts of the plant. This plant has been traditionally
used for various therapeutic purposes, including the treatment of several diseases. Effective
management of environmental conditions is crucial in the production of medicinal plants. By
utilizing nutritional sources such as humic acid, nano-zinc chelate, and nano-iron chelate, both
the quantitative and qualitative yields of these plants can be maximized, thereby enhancing their
medicinal properties.

Materials and Methods

To assess the effects of humic acid, nano-iron chelate, and nano-zinc chelate on the
characteristics of Madagascar periwinkle, a factorial experiment was conducted using a
randomized complete block design with three replications at the municipal flower and plant
production farm in Ardabil, located in the village of Soumea during the 2016 growing season.
The experimental factors included three levels of humic acid (0, 100, and 300 mg. 1), three
levels of nano-iron chelate (0, 2.5, and 3%), and three levels of nano-zinc chelate (0, 1.5, and
3%). For seedling preparation, seven seeds were planted in each pot measuring 10 cm in height
and 12 cm in diameter on March 13, 2016. The soil mixture consisted of two parts soil and one
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part sand to ensure proper drainage and nutrient availability. The seedlings were transferred to
the main field upon reaching the 10-leaf stage on June 9, 2016. Treatments were applied through
foliar spraying in two stages: first during the vegetative growth stage (12 leaves) on July 6, 2016,
and second during the reproductive growth stage (early flowering) on August 17, 2016. Distilled
water served as the control treatment. Key traits evaluated included chlorophyll index, relative
water content, stomatal conductance, plant height, number of branches per plant, pods per plant,
number of seed per pod, thousand-seed weight, seed yield, and biological yield.

Results and Discussion

The results indicated that foliar application of each substance significantly increased all measured
traits compared to the control treatment. This enhancement is attributed to their positive effects
on nutrient absorption efficiency, osmotic regulation improvement, increased chlorophyll
synthesis, and enhanced photosynthesis processes. Notably, simultaneous application of humic
acid, nano-iron chelate, and nano-zinc chelate demonstrated a greater impact than individual
applications and showed significant effects on all traits except for the number of seeds per pod.
The highest values for chlorophyll index, number of lateral branches per plant, number of pods
per plant, and biological yield were achieved with the simultaneous application treatment
comprising 300 mg. I humic acid + 3% nano-iron chelate + 3% nano-zinc chelate.

Conclusion

Given that the highest biological yield resulted from the simultaneous foliar application of 300
mg/L humic acid along with both 3% nano-iron chelate and nano-zinc chelate, it is recommended
to utilize this combination to enhance vegetative growth as well as yield and yield components in
Madagascar periwinkle cultivation.

Keywords: Chlorophyll Index, Medicinal plant, Micronutrient, Stomatal conductance
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Table 1. Physical and chemical characteristics of the soil at the depth of 0-30 cm

Sand Clay Silt

Soil texture %) %) %)

P N EC

(mgkgl) (mgkgl) (mgkghH P @smh

Loam-clay 22 46 32

136 7.07 0.6 7.82 0.686
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Table 2. Meteorological characteristics during growing period at experimental site (2016)

Average daily Average minimum Average maximum Monthly
temperature temperature temperature rainfall
Month
“C “C “C (mm)
June 15.5 9 22 25
July 18.2 11.1 25.4 10.0
August 19.2 13.6 24.8 3.3
September 204 12.7 28.2 0.0
October 12.2 6.1 18.4 9.88
November 7.1 1.7 12.5 40.3
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Table 3. Analysis of variance for the effect of humic acid, nano-Fe and Zn chelate treatments on evaluated traits of Periwinkle

VPP Oliss F ol FA Al alS Sl 5

Mean of squares

sov df  Chlorophyll Relative Stomatal Plant Number of ~ Numberof — Numberof  1000-seed Seedvielq  Biological
index water conductance height branches IOO(iS per seeds '3 pre weight y yield
content plant po

Block 2 22.93 0.003 14.01 13.37 26.1 46.93 257 0.002 2.66 25.2
Humic acid (HA) 2 1078.87" 0.032™ 43.70™ 77.49" 1359.86™ 17543 41.83™ 2.84™ 1347 1423™
Nano-Fe chelate 2 319.25™ 0.025™ 40.19™ 48.62" 1274.6™ 69491 182.86™ 0.1 1045.6™ 4655
Nano-Zn chelate 2 590.20™ 0.024™ 27.36" 141.78™ 356.93" 38715 91.35™ 0.065™ 6345 2701
Nano-Fe xHA 4 128.17" 0.008™ 2.38"™ 35.78™ 84.23™ 1205™ 2.94" 0.16™ 142.12™ 7777
Nano-Zn x HA 4 40.08™ 0.003"™ 4.79"™ 26.35" 66.56" 386.7™ 3.09™ 0.032" 87.49™ 78.3"
Nano-Zn x Nano-Fe 4 48.65™ 0.003"™ 9.36™ 112.9™ 391.8™ 2820™ 0.96™ 0.003" 105.18™ 67.3"
Nano-Zn xNano-Fex HA 8 57.76 ™ 0.002" 4.32"™ 16.49" 147.99" 367.9™ 3.84™ 0.028" 31.26™ 57.7"
Error 52 32.41 0.001 2.39 18.44 15.67 182.7 6.31 0.01 2.17 10.72

CV% _ 7.71 4.92 4.28 8.32 11.72 8.76 14.17 11.1 10.72 5.25

™, * and **: Non-significant and significant at 5% and 1% probability level, respectively.
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Figure 1. Effect of foliar application of nano-Zn chelate (A) and nano-Fe chelate x humic acid (B) on

chlorophyll index in Periwinkle. Means with similar letters in each column are not significantly different at 5%
level of probability using Duncan's multiple range test.
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Figure 2. Effects of foliar application of humic acid (A), nano-Fe chelate (B), nano-Zn chelate (C) and on

RWC in Periwinkle. Means with similar letters in each column are not significantly different at 5% level of
probability using Duncan's multiple range test.

355 I3 gne Lo pl 2 eGas 5 AT (Siesp Aol Sl439) caln
KUNNPRES) A8 25 0T 5 (Sl baesls (il a5 s
Yoo s GLhle b eSie s donl (3L gons 5650 5 AT I G S sn dewl (3L o
w%ﬁ@ﬁj‘;‘:&m&;@@‘kj)é(:;ég Olje 5 S35 5 AT OIS sL (2Kan s poman
Slais) Sulda Ol doys VIAY 5 FAY S5l Lol Sl g 1 Jﬁ g ls g laey Calds

(AT JSK8) s 5 aals 4 s 5 Ll e S5 65 b S sen el 5 T L G0



Y0

VEF Olins ) oF ol FA > ¢ alS Sl

355 Slagme by gyl 5 oy 5 AT IS L
(¥ Jsus)

Gy plil RISl e e gl 5,8
Ly 63 gyl oSl o 5eS S5y sba s 8
Lo 3 FNA L OT (p 5t 5 (AL slows pie e @
Chle b Shdslee 53 ctald Sl 4 Cod 153
mt 3 8 odalin oS g ol 2 53 08 e ¥
$Soazer Lol A 93 8 e ¥or 5V (gl
(A-F S) A sdalie (613 sine oslis

23 &5 g, RIS g m S L Glas
Sorkhi, ) sl 53 ¢S gpdenl ELdglowe
5+ (Capsicum annum L.) ;.3 Jas , (2020
Qanetal., 2020) coul oz 3,15

S5 Shdse 5 G gl i
Sy IS SL L i 55 ¥/0 Shle b T OS5
Y/ il Eel oS W S edslie a5 VD
JSK8) w3 8 dals [l 4 S w5 Pl (sl
Oeopad 5 s )3 S5y g Sk arg L .(BY
Raeesi Sadati et al., ) oo, Sle Job il 3!
Oshodi ) Lss 1S e 55 ol Cute 3155 5 (2020
soble abdses b sy, e ezl (et al, 1993
EULl i gs 03 b I 4y p sl s, 5 T
sleg s (Sorghum bicolor L) 8,4 55
(AT Sbddes 515 oS e e sl VA cdals
PV AV o O TSR B BT SRS
Soleymani and Hesam ) a., e sla\4%
Aoy ¥ ald g pman (Shahrajabian, 2012
YOIFO il Eel pmjoms 53 @l AlST S
Pourahmadi ) is dali 4 S 652 ¢ 5,1 gulo 55
(etal., 2023

Ol jan 3,55 55 Gl Culds Oljee (0 5
S ¥ bl b ol SNSH e 5 Y/ shls
Sl & Cand Rl 31 o5 VPIYY L (55, S 5L
A 3 ¥ bl LS s S edalie dals
2 VL AT OUS 6L i ja ¥ (ol SIS 4L
a3 L T ST GG Sl5e 53 ¥ 5 (g5, S 5L
Ji;('f S gyl s Sl gy S gL
(hdslos pde) dals Sl s lass, Syl
3,205 Gyl Sl gl gme Hsba S waT Cusa
Ol b tagy mls (BYJSE) sy 28 (638
Sl RISy e das e
Alamer et ) s y5 o Sy 55 vl 5 ind (03555
oslial j1 )3 el Ol e 1131 @1, 2020
Olllae 5 Sure (S35 4 o S5y 255 $L
(Saini et al., 2021) cul suz )18 55 @il
Lol 4y Lol ladshe JisST5 )3 oly mod
Waai3a) O b 5 adshe cpl 53 (S jmml SL28 5153
Slgs il iomen (Outlaw, 1983) 558 s
5t Soen sy 4 a5 b oS OT
o 02T (el S 5 SIS 5y Sula o I3 Sne
Roshanfekr ) 53 & o s, Colin Ol ol 530
T o Slss i1 (dezfuli et al., 2012
Wl S5 3 AT IS U Bl o 153 5,
AaL Shaes cpl 5 laiey Sulds il LY
Y JS2)
g gyl

PRETSRCE L HPC SRR W TN PV
o Ga AT SV GL S s s e 5y i
OIS 5L 2iSan s (Y Jsda) 3505 s gme Cdeo
Sy gl 5 s gas Gy fS) p sss 5 AT
5 Seagadl Ll aw 1S, 5 Bl 5o ls



arg

éi.:ﬁ):.& u\.:w‘ g_g‘;’lidjl"-‘ j.:ﬂ."' Qb&.«.& E) cJU @.&

(mmolm-2s1)

Stomatal conductance

cotrol 100 (HA) 300 (HA)

Humic Acid (mg. IY)

@mcotrol B Zn 1.5/1000 | Zn 3/1000

:
7 B
7 o7
7 W7
7 W7
7/ 7
7 87
Y W R
cotrol Fe 2.5/1000 Fe 3/1000
Nano - Fe Chelate

Stomatal conductance

SI395 calad p () AT NGl 9 (L) 59 N9l Kuogad ! (b Jokmo F1 Sl duglio ¥ IS
&2 Jbio! zmhaw 33 5610 (S14kld Wi 09031 (ol 2 (Ogiw B 1 & yudo B9 o (S1H10 (S pSilio . siilg 5
NI (5518 Jxe IS o 52
Figure 3. Effect of foliar application of humic acid (A) and nano-Fe chelate x nano-Zn chelate (B) on

stomatal conductance in Periwinkle. Means with similar letters in each column are not significantly different at
5% level of probability using Duncan’s multiple range test.
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Figure 4. The effects of foliar application humic acid (A) and nano-Fe chelate x nano-Zn chelate (B) on plant

height in Periwinkle. Means with similar letters in each column are not significantly different at 5% level of
probability using Duncan’s multiple range test.

Voo Olojen 2,087 lajled b (golasmn opls 5 S
Y 5 AT NS 56 5 ¥ b eSasn dl 1 530 5 o
sl cble L .csl ggy OIS SE e s
G fpS b e Bl 5 Gy 50 o Slaeli Slis
SilE S g e ple b 4 bape 4
2 Y 69y IS 5L 5 53 VO (slajlas b (g )ls gme
Jgdem) il J:TQ)K}JUJUAFT/D)LQJ S b
(f
e pote Clder (1B G b Sl eSasa
b ) sy «Dalvand et al., 2018) o3 2 ales

P bl slus

5 AT TG Shpn dol e ol (sla I
Al (AT X Sapr s Bl 53 STer, (S
e 3 S0 X (AT 5 6oy IS HL X Kapn
o ol 5355 AT LSS o Al 4 1S
(¥ Jgder) 55 5ls gne

308 4 by 6y 55 (25 aetlh sl 5
Y bl b eSCa gl 1 53 p 8 ke ¥er LI Olojen
5963y IS byl oW bile 5 AT OIS 66 58 s

AALE Lo &) S o p 5L 315 Ol F/0 sl o7



7YV

VEF Olins ) oF ol FA > ¢ alS Sl

v «(Hosny et al., 2019) [ 8wl 2l 51 L 5
D sl 5l B s e 4 5> DA sl ] 3
e b 53 695 5 T D3 6 Olejen 5,58 Jl s &g
" A sy b b Gl o (l s 21
(Fatollahpour Grangah et al., 2021) .\
OUE 5o s dlow

ol (sl 51 Lo dlaesls il yls 42 s el
05 dls s 63}}&5 S gk cdiz.axa o th.,«
 Jsdr) 555 s gme D

Sagn ol 2 30 8 a¥er 5V hiles )
2313 3 2T Com e al a S o gire Sosli5 b
—5 S8) ds o3 VAN 5 4/AF Ol 4 5 4 DG
Camge o gme Sls b T OIS U clle i3l (A
D) Qi;i’; S Gosba s & OMe s als sluw ) B
sdald g (S 4wy g O sl o 5 A
bd s i ol AT CMSTGL e o ¥ Cbie
O 3 il sl )yl oW s VO CLle L aT SIS 4L
Slagd 4 o Aeops YF/FY 5 YYAY Oe 6 s a0 )
CLle 53 0 8 ol oy e (B-FJS) ol (L1 el
99 cv\izfdﬁ&): ls sl ol 3l (69 WS 5L
03 by sl i odalin (g ls gae Dogld jled 95 pl s
4 oy IS Gb m o ¥ 5 VO bl 5,8 L e
Wald Jled 4 S o3 YWY 5 WOA Ol 4 O 5
(C-# JS2) b )l

dsb 5 (S x5 Rl L () (Ahd sl
i S5 5 Gl 035 1B 4 e @38 e
b L ks (Wang and Jin, 2007) s 52 41> s i
SU3,8 s Ce s als sl ol Bl ol iags
Fatollahpour Grangah ) zo- L s 55 55, 5 T 3
alzs 5 (Tousi et al., 2014) L, et al., 2021
1% (Mohammadzadeh and Amirinia, 2016)
ibdsloe 1 ys O s als sl Rl .l ol
5 (Lens culinaris Medic) _pie 3 ¢S gr Al

(Dogan etal., 2014) ol ot i) 5

5 5 a7 s Flores et al., 2023) Lol s g 2l 53l
5 T ol M5 Gl o (5 )8 O3 SHlB G b
s sl e 1 olS (slapltl i) I s s
NI

23 YNV 2ol 3 Sia st ol (34 gome 31 50
Guizotia abyssinica ) sbwils ol 53 e ls sl
Tadayyon and Beheshti, ) cul sas )% (L.
P ges Site Sl ok Ol da ey s (2016
A 55 S sssba el 38 5 e eslinad & Cod Al
Sla slm w3 5 AT S 55 6o (AT (S sk
4 < 5 « (Hyssopus officinalis L.) ks olS ;5
b s &7 Sl @Bl 5ol 51 Ao y3 VY2 5 ¥V WPA O e
(Amini etal., 2019) usb s ;b as3 b
Gg 30 I Sl

2> O Sl ko &5l Ol byl 4 s
AT (S gp ol (il - o & (Sl e 5k 4 4y
AT NS5 5 6Snn ol 3San 5 iomat 5 (53 5
(I Jgd) das oo Ol 2S5 595 9 0T OS50 50 5

AS T Jsls Lo b o pn ol oy S5 4
o2 Sl Gy b 3l e Ol I 5 (AY JS)
Ll s (AY SK8) s, Cola 5 (A JK2) Lo JS°
s gl s a8 Oley 0ds SYsb el |y e
S (38 sy shaw nlpl S s oalp O
ol o BIE a8 i > $Siasn ol (S sl
Janetal., 2020)

EI b coslital 3550 o 53 3 (AT SN
BERE, NP S VY - RIS PRGE, (U g o
I a4 i il (slajlas b5 S 4
Sosb 4 lols O oo ol 53 L g0
Chle b aT CIS 56 a0 ¥ CBle Ol jen Sl gous
G g 33 33 I sl b i o ((59) IS 5L 5l 58 5o
50 B-0USE) wb il s aw cali Jled 4 S
@ dls 5 0z 5 U8 5 e S 555 s
AT 5 (Kobraee et al., 2011) 8 555k il 3! o



YA
di.:n):.ﬁ u\.:w‘ g_g‘:’lidjl"-‘ j.:ﬂ."' Qb&.«.& E) c:lj c_...&

W oo Gy 30 O glgw 5 ,Khos 9 A9y 30 418 3 SKhoe (1S 3138 (339 ( F 9 SBASLE R pilo duslio —£ g

P95 0L 38 (595 DTG x AT U9l x Ehagud ! (b Jokro
Table 4. Mean comparison for number of branches, 1000-seed weight, seed yield per plant and biological yield per
plant affected foliar application humic acid (HA) x nano-Fe chelate (Fe)x nano-Zn chelate (Zn) in Periwinkle

_ Trealt:r:ents . Number of branches 1000-3(9((;(; weight (Sge.egl ;lrllilg Bi(zlg(.)%li;\i:t}ii)eld
0 0 0 14.33¢ 0.46" 3.16 30.94'
0 0 15 19.33K 0.62"" 3,03 4632
0 0 3 2.0.33% 0.54%" 4.921 47.89™P

25 0 21k 0.65"" 4.859 45.4

25 15 32fh 0.56% 6.55%" 65.8™"
0 25 3 35.33 0.57% 8.1 66.84°"
0 3 0 22.33% 0.58% 4.891 50.19™°
0 3 15 299 0.520h 8.17™" 67.4%"
0 3 3 36.67°" 0.559" 9.07 67.9°"

100 0 0 30.33™ 0.78%" 4631 38.34¢

100 0 15 31" 0.67°9 5 14i 52.55"

100 0 3 2567 0.78%" 6.14" 57.23"

100 25 0 49™ 0.84% 9.39" 61.74"

100 25 15 36° 116 19.74¢ 68.54°

100 25 3 30.67° 1.11° 25.1° 72.87%

100 3 0 31.33" 1.09¢ 15.29¢ 64.02%

100 3 15 42.33°¢ 1.15% 27048° 80.24

100 3 3 50.67%° 1.12° 29.9° 84.71°

300 0 0 42.33%° 1.18% 8.69™" 43.05

300 0 15 25 1.32% 10.7f 55.56KM

300 0 3 26.33" 1.21% 14.85° 59.63"

300 25 0 29.67%" 1.21% 15.21¢ 62.8297

300 25 15 30.67° 1.41° 25.89° 69.6°"

300 25 3 41% 1.23% 25.42° 77.02%

300 3 0 32" 0.91¢ 8.81™" 65.22"

300 3 15 47.33"¢ 1.21% 30.37" 79.1%

300 3 3 62° 1.21% 35,552 103.3*

AL ;S?\: Q}»jT lel gty fo) Jlaz| c]e.ﬂ 03 )13 gme oMl (lyls O a3 Dol Loy o sl s 5u;m§;g»
The different letters in each column indicate a significant difference by the Duncan test at the 5%level.
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Figure 5. Effect of foliar application of humic acid (A) and nano-Fe chelate x nano-Zn chelate (B) on pod per

plant in Periwinkle. Means with similar letters in each column are not significantly different at 5% level of
probability using Duncan's multiple range test.
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Figure 6. Effect of foliar application of humic acid (A) and nano-Fe chelate x nano-Zn chelate (B) on

number of seed per pod in Periwinkle. Means with similar letters in each column are not significantly different
at 5% level of probability using Duncan's multiple range test.
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