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Abstract

In order to investigate the effect of foliar application of humic acid and silicon on some quantitative and
qualitative characteristics of Matricaria chamomilla L. under salt stress, an experiment was conducted as a
factorial based on a completely randomized design with three replications in research greenhouse of
Nahavand Higher Education Complex during 2024. Experimental factors included salinity stress at three
levels (0, 50, 100 mM), foliar application of humic acid at three levels (0, 0.5 and 1.5 g.L"!) and silicon foliar
application at three levels (0, 1.5 and 3 mM). Chlorophyll a, b content, fresh and dry weight of flower, height
of the plant, capitulum diameter, total phenol and flavonoid contents were measured traits in this
experiment. The results indicated a positive effect of the application of humic acid and silicon on most of
the studied traits, so that the highest amount of chlorophyll a (1.04 mg.g™!) and chlorophyll 5 (0.55 mg.g™")
was observed at 50 mM salinity and using 0.5 g.L"! humic acid and without the use of silicon. The highest
values of plant height (41 cm) and capitulum diameter (8.28 mm) were obtained by applying 50 mM salinity
and the simultaneous use of 0.5 g.L"! humic acid and 3 mM silicon. The increase percentage of these traits
compared to the absence of humic acid and silicon at the same salinity level were 24.39 and 23.55%,
respectively. The highest levels of total phenols (13.07 mg gallic acid.g™! extract) and total flavonoids (26.66
mg rutin.g”! extract) were obtained at a salinity level of 100 mM, 1.5 mM silicon, and without the use of
humic acid. With simultaneous application of humic acid and silicon, the adverse effects of salt stress on
some traits such as plant height and capitulum diameter were reduced. Therefore, the use of humic acid

and silicon can be suggested as an effective method to reduce the destructive effects of salinity stress.

Keywords: Chlorophyll a and b content, Matricaria chamomilla L., Salinity, Total phenol and flavonoid
contents.
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Table 2- Variance analysis of humic acid and silicon foliar application effect on some quantitative and
qualitative traits of Matricaria chamomilla L. under salinity stress
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Figure 1- Effect of humic acid and silicon foliar application on chlorophyll a of Matricaria chamomilla L.
under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 2- Effect of humic acid and silicon foliar application on chlorophyll b of Matricaria chamomilla L.
under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM



of )9 Ao P2 893 OFFbw 9 Saogad sl (bl Jolxo i1

5 055k 9 Soaged Sl s (VL 3 (0,5 NT) S 5 059 o SYL s o0 onmline T ISE 55 a5 S Lo

oaliial aizyp (F JS8) ol Cows 4y jlasd (aa 40 525 (p)5 +1+9) U5 a3 (55 a3Vl i slml ()9 (A5 g
Gl (e a5 59k 4 1S adgh (cnlin 5 (59 Sl 5 Ve e 00 (6598 v 50 (Sl 5 Seegen a5
S5 gl (VL 50 4z 5109 90,0 VIITA Ll (550 (g Lo & Comnd Vg oo 80 (598 mhaw )3 I 5 059
Mohammed e oS 5 Sl JS St 5 5 (59 (20l ) el ek 9 Snged sl 5,8 (Ygo oo 1+ 0)
2 I Sas g 5 G5 sl del (S o 2 ) Sased sl o (5 5VL 0 )5 4 oS 3155 (2019) al
55k 31 oolaiwl a8 Wlesls ylis wlalllas (Mohammed et al., 2019) w,o 5 (Matricaria chamomilla L.) &0
o o 4y (Liang et al., 2005; Yan et al., 2018) sas zals |; 5,58 51 cob ol 4555 LB b 4 wlgs o
ol Caz aol38l e dws Li> alS (Zhu et al., 2019) wow sl o,y diile oloemaslSe 1o fsSidiw Code
oyl Caz o sSdew 0,5 (Kim ef al., 2017) mow 4 Cas gl ol iul38l  (Liang et al., 2005)
27 D90 penlSle 38 By 5l Wlgii g siha polie JUml g iz 3 (Sl 5l el 00 oloriig (5,98 4 Joos
5l Jil Gmals” g atyy By 5l polis 5l (S (el i Wil o oS (oo 0020 53 (5Nebms gy o5l puncilSe
) Fobw slie S LSS 5 0 Soe wilgs o 585 90 puunilSe ;o (Mali and Aery, 2008) aas zals'|; 25 b,
Gals oS glis) oy iiogs ol anlllas ,o (Zhu ef al., 2019) 05 lié yolie JEnl 5 wie ialidl Cely o aisy Ssme
IS el s 4 Vo oo 00 )55 3 5k Vsailoo ¥ 5 Snged sl 1 po 05 410 9,57k (e il )
oLS el )| alS .axtilo i (5590 e BT GmalS 50 (6090 b ey9Salim § Snga dnsl 5l oolitusl cus 5 s 0
Triticum aestivum ) »35  (Gengmao et al., 2015) (Carthamus tinctorius L.) 05 15 5,50 (a5 o
eyl g 0,8 ol 1) (5)ed i st Ol 1 el 5l ooliiwl (Jl> cpl b el sl )58 (Bybordi, 2014) (L.
WBlo 0B (53 (Seoged Slge (SIS @y H1 8L 35 cosdjlod GlalS b analie )3 (eSilw ale 2l L oS
255 50 Olsl 4 e g3 Ay 4y 4T ey ABlu 4o ady, OIS w9 g ade, H'-ATPase clss , ),ul.» ade 4
—Cews 4 gl bl (Rubio et al., 2009) o,ls 3l a8l o) 59, ool plo 098 0 ATP g lagal L dop S gl
ek ¥ g Soged dpsl yid ;50,5 410 55,5 L g Yoo oo 00 (595 13 (oo MYA) Joinl8 jlad oy iy coskel
! 50 Jsnls a8 Gl ) (cotee GBS (9l 9 Scrage sl 098 g odalie S Lz (P JSD) 0B a5 G9Sale
-G f“'l" oo Voo (650 a0 (5w § Scogun Sl ol an 0 IS iz o aisily (5,9 o

FB 5590 zolaw (B0 50 LS (eSbiw g Sogun il isu Bl aST C8 )5 A g oo bl JeiolS el g

5O st g (Gl i dalid 0 eSdw 0 )15 aS ol lis (2018) Hussain ef al asllae gl cwl sanliv



A oY @La.g‘ 0ylouis) VP F yliuo oF ojylos V0490 ‘sblaf e gln jo dpgh alxo

¥ 5,,I5 (Hussain et al., 2018) ws,5 Gubo ,had gaws,0 Yo B YY ioljél cel (Helianthus annus L.) ol bl

(Helianthus annus) ;s Sotsl jo gl jhad Jls cxe (ialydl el o B 59,00 bl i 0 Seagud sl JiSa o i)

(Tadayyon et al., 2021) s

0/15
355
D=3 /1
"\gs
)
B2 £ o/os
v
\2¢
KOS 0
O 1 N O 1 N O 1 N O 1 N O A N O A NO A NO-H NOH N
OVLOUOLVLLUOLLOODULOLLUOULLOLODLULLOLOLLOOLO
* OO X X X X KX KX KX X X X X X K K KX X X X ¥ ¥ ¥ ¥ % % *
O O 0O 0O 00000 Hd ™ ™o ™o ™A o " " N AN AN N AN AN N N N
IITIIIIIIIIIIIIIIIIIIIIIIIIICI
L I R . RS R R R N R R R R B U R R I R N R B D
O OO0 d d =1 AN AN N O OO dd 1 N AN N OOO d+dH AN N N
VN VN VL VD VL L VL VD VN VL VD VLY KL VKL VLD VD VD LB UL I K !n LN 1N
SlojT gl Lo

Experimental treatments

Sag o S gl 5 5 (939 2 09l 9 Seogad sl (bl Jglxe 1Y S
ol LSD (39037 31 oolisw! b sy & gbaw y8 jlo sxe BB pas susd syl cdsline B g >

H2 ¢ 50 0,5 +/0 Seogad sl (HT ¢ oo Sogud sl (HO €5 g0 Lo Yo+ (55940 :S2 ¢ ¥ g0 Lo O+ (5940 ST ¢ yoo (55940 : SO
Yaashn ¥ (595akows :C2 £ ¥ g0 o /B (y95knw 1O £ 5o (595ns 100 £ i 3 0,51/ Songads sl

Figure 3- Effect of humic acid and silicon foliar application on flower fresh weight of Matricaria chamomilla L. under
salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 4- Effect of humic acid and silicon foliar application on flower dry weight of Matricaria chamomilla L.
under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.

S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 5- Effect of humic acid and silicon foliar application on height of Matricaria chamomilla L. under
salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.

S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 6- Effect of humic acid and silicon foliar application on capitulum diameter of Matricaria chamomilla
L. under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.

S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 7- Effect of humic acid and silicon foliar application on total phenol content of Matricaria chamomilla L. under
salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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Figure 8- Effect of humic acid and silicon foliar application on total flavonoid content of Matricaria
chamomilla L. under salinity stress
Similar letters indicate no significant difference at the 5% level using the LSD test.
S0: Salinity 0; S1 (Salinity 50 mM); S2 (Salinity 100 mM); HO: Humic acid 0; H1: Humic acid 0.5 g/L; H2: Humic acid
1.5 g/L; CO: Silicon 0; C1: Silicon 1.5 mM; C2: Silicon 3 mM
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