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Effects of Humic Acid and Mycorrhizal Fungus on Some Morphological
and Physiological Characteristics of Gerbera Jamesonii ‘Dune’
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Fig. 1. Effects of mycorrhiza and different concentrations of humic acid (HA) on the number of gerbera ‘Dune’
leaves. Dissimilar letters indicate a significant difference based on Tukey's test at P<1%.
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Fig. 2. Effect of different concentrations of humic acid (A) and mycorrhiza (B) on rosette diameter of gerbera
‘Dune’. Dissimilar letters indicate a significant difference with Tukey's test at P< 1%.
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Fig. 3. Effects of mycorrhiza and different concentrations of humic acid (HA) on root fresh weight of gerbera
‘Dune’. Dissimilar letters indicate a significant difference with Tukey's test at P<1%.
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Fig. 4. Effects of mycorrhiza and different concentrations of humic acid (HA) on root dry weight of gerbera ‘Dune’.
Dissimilar letters indicate a significant difference with Tukey's test at P<1%.
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Fig. 5. Effects of mycorrhiza and different concentrations of humic acid (HA) on flower diameter of gerbera
‘Dune’. Dissimilar letters indicate a significant difference with Tukey's test at P<1%.
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Fig. 6. Effects of mycorrhiza and different concentrations of humic acid (HA) on flower stem diameter of gerbera
‘Dune’. Dissimilar letters indicate a significant difference with Tukey's test at P<5%.
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Fig. 7. Effect of different concentrations of humic acid (A) and mycorrhiza (B) on number of flower stems (per
plant) of gerbera ‘Dune’. Dissimilar letters indicate a significant difference with Tukey's test at P< 1%.
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Fig. 8. Effects of mycorrhiza and different concentrations of humic acid (HA) on time from bud emergence to
anthesis of gerbera ‘Dune’. Dissimilar letters indicate a significant difference with Tukey's test at P<1%.
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Fig. 9. Effect of different concentrations of humic acid (A) and mycorrhiza (B) on total phenol contents of
gerbera ‘Dune’. Dissimilar letters indicate a significant difference with Tukey's test at P< 1%.
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Fig. 10. Effects of mycorrhiza and different concentrations of humic acid (HA) on colonization of gerbera ‘Dune’.
Dissimilar letters indicate a significant difference with Tukey's test at P<5%.
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of gerbera ‘Dune’. Dissimilar letters indicate a significant difference with Tukey's test at P<5%.

085 15 Sl 5l G al>pe 3 (59,008 aenSTh (e 2 Olej g el g cilide latlale (o yeSile @)1 S0 VY JSs
aile S5 o9el b sl o doyo & Jlais mla 1o I e S 52 saimoslis dslice i Lig,> DUNE
-

Spasets o1y 3,15 45 ol g (St i2,55ele )5 5 ol Krapes il (slaclé il 5| ol ol
Ot oSLeeST JS25 0,18 lasyg 5had g S olaad )3 Sgll p vl 4 Connd (ol 236 1055 00 )05k B 5 al
ORZ a8y 1028 ST (63 D32 Sl Bl o) Sl pigtd sl Siegad (09 Sge (Some SOm 5 el Sagee
Clld rizmen 5 Sl gionn] el Sepm () e jiwsid slacdl jee I (g 0T ge S 4
o ol Jlaal cwl onis Spo 095 a4 olse Glaplail wly 5 (Sogud dlge 13U mucilSe joi ¢l 3529 L
A 50 g dday 4o H-ATPase vy cudled 5 180 Lo 4 gl aloyo j0 Slep slaplail a5 (Sogud dlge SousS
0998 Oliee )0 2ot 4 e 2lse slaplal o Sl i ms Ak 2lee slaplal jo Ol a8
Sloplail o5 5 0, ol ol 5l Wlgiige Sl S 4 ol Jlaio I8 oo cams ) 09 o0 laialily 5 S gl
(VR 0)) sl fgn ool o oloe

g edly arde o] (5503 5 by alizee slaaiz 50wl oo HlalS b i jen alasl slml ol 51 5550k slag B

o Jgbo el dgi5 dibate ol iy «ode zhaw ol ales 5l pailSe diz b SO wilg oo 5550k 7,8 diedgas LT



g3l ) 5 sl oz o o

5 sys5ake (Sl B s a0 () clb 050 b L33 bl giika Slgo 51 sy ool § i wdy s
g JUSI » 536 dadsyg; (ol 5k Gazmen (alge ol 5l fwgid (S gulo oag 4 dayge 90 (nl Gl L conl oud
5% 0095 Cemmj Gl o ey S o0 b il oo Fegtd 5 ol 0k O F) v9doe yiie JB9)l (e it
bl o plmil gy 50 S S (59 GRIB s ol Jlasl (nlple 09d 6350500 lals

56 5255500k 5B 5 sl Sogep ety 4 bgrye sloasli jo a5 wisls (i jol> el 5l esel Cussds b
yolie Cdo ill cel anwl Sagad a5 Conl ouls asice baslas 3l (g ke ;o (IS jobay ails glaki>de L
el Seagep 05 ST 50 SAS g 5 059 Gl V) 0gd e dta) SiS g 5 (59 GRIB] g ada; Job 6o Sae
4 e GeeSTLY0) ik slge (ol (ST SlocaS 5 dlos 5l (Scogad Slgo (Sgoy9m and Clad Jdo 4 el (See
Al 5 ol Gheghy )0 ddy SiS g 5 (039 Gl Clde (Jloxol 4y a5 05 oo laaiy; (3T 5 Gl e o33
) ot Sgugs 5 1 Sl Seooged il TGV o (FV) LS 5 ZhaNg 5 Lestibzd 5o (F) oSes 5 olely
SLiger98 ddg sy bl len s JyS Jo @ GuysSole @8 ie,S (155 Al Jsb g SiS 9 5 s
Sy Sged Ll b Sl g (39555 slaoaisS Coti b 2li¥lee 13U s o o 15 il 00 it Ul alS
) ade, Sas s psSale g, 0 )l wes e plis ady ) 4 bgy e (Slo (2 Sls aslie a5 jolailen (V) 05800 (laLS
2 g polie Cix Goli8l 4 ioie 00 1S segulins A0S sl b 5590l slag, B aS ols Jlei (g oo wols (ial8l 50
B od Ay, iS5 3 (59 Gl s

31 sl Ty sgnte Sl yoNele B 5 sl Sger Olojon 3,15 595 0 cdaline Lo JSB 5o a5 jshailes
S SRy » Sl Seeged Sole 1ol aall 4 Ced 15 ol )0 oaiaalS Al slaas 5 oaiaals Sl 5 IS b ales
i ot 1L O] (9098 4 meiins S ot lgs oo QLS ;5 (malS 4 by pe sloasls (ralidl ohag a4 503
OlFsn ple bwg sl Seoged ;50 L (oa0lS @ Loy o lapasls Ll B1L.(VF) a3k (laé jolie Clo (2l 50 ()]
S w3,S 5155 el 5o (1) oSen 5 oleler 5 Tgosls U5 50 (@) el s 5 03Vl ol ond 5155 58
wals lalS 4 S | 5 slass 9 J5 SaS g 5 (9 o J5 k8 abex 5l (a0l sl at s Wl oo sl Sagar 0 )
D20 ol il

g @y ahe o] (gged g 0 calise sladiz o atilgi oo (LS b (o abl sloml ol 5l 52,50k (slag )8
o Jsb ey, 3988 ailate (ud i (ol e Gl aler Sl el wiz b Sy Wlg o 52ysSele @8 g T
e @ldé olie Qi 5, 3l 5 sl slaz B ojls Jlezal .(VF) il (gdse olge 5 ige oolal § s iy, iy
il ool ol iegh 0 eauals 4Bl slawd rizres g coiealS aBll ¢ J5 l5dl a

Ly 5 Jels s 5L B aze LSas ploy Do (s pSeiar jsb 4y dpusl Staged 098 oo osaline gl )3 a5 jshailen
Saied S s 2 of el aile 63,10 4 s oo |y 6y LaSLE nl Sends 2 el Snged Caro 4l ols LalS
byrye (V1) ol (F9ey92 s Collad 5 (VV) (alS b (633585 ol )0 lie ol o) Gl (tal8l ccutS
Oley ol 50 s pSetinr Gl 4 e sl Sage i (3 p S (e Vov e clale 3 )5 (S 03, 15 5o el
S99 dd (S 9 4l Sonpr w1y oy Sbaatly (nl 5 )0 Sl Seoger U A5 Wl S5 eSS b s
ATV wilools Cand sl Sngurs

e 0D A8LE 4y Soend IS J988 Ol il B i 25050k @58 9 sl Seoger ol gl gl wlal
Lo b itz Jo1b SlaS 5 ol et 50 a8 ol LS 456 slacplie lo e (it | (So Adsilgn b
@y Il pacilSle (T0) wigd o a1l oLS 0 loigigisdls 5 e Sgtd (yuiS i cilideo elis slo ik
O350 oz 5l alS Glaoigeye0 Colucan; Sl )0 500k Glag,B Jely (s oS 5 ol RS
099 okl kS 4 o s ele GlalS o o Joxd (KLl (YY) wblios (liee obS )3 el oz 5 S o

Chrysanthemum morifolium -y Calathea -v Eustoma grandiflorum -



olan 5 0,57

S n 3 IS Jod Glpizme Glidl .ol onds (5155 53 (V) ol e g Yaseen slatagsy 5o (rysole g, 00,8
U g Sl il e pol g )0 Grysele 3B 95 (hg) wals GlalS 4 Cud 5 5950Le b ool =l (sl )5
Al 525580l Jawgs Loyl ags oaims (Lis 05 Sam Sl g (S e Sl )3 SLeS 5 Gl 5L

2 Rogsele slesd 33 5 32y5%ole B b oad les (lalS G (s)lo dre BN A5 oly las laesls gLl (5l5Ts
2955 Jsb 53 35 2o VEIFF dgu> 55 5,550ke ) L oad zedls (LS (g on 00 352 (S o B0y
dobbe (nl dhox 5l a8 055 0 S8 Gliee ol ada; 50 0,550k )8 bwgi plie sl jlle (S jon Sl e
Sl (ploply atugy Jobs aiejls i y9Sole 3B 5 Gl oS o) (oo Slodezn (Joko L3 )1arilios (9,0 slacina
iliSe (900 g 9 slaanl )0 (BLS slaoarsS wolais 3 co (liee oS )y p3 g ,Sole JolSS 9wy 4 poeie a5
2 gessn (nl Bamsse LS a5 )l ey uled Wiloe (Suien (nl Gln el 950U (nlple 5 Nl i
ol ABLl (goaaie O)lge (53 9%le (g zan )0 s B (lgee (LS 5 sl slag B (e (2opl slaslayg,
S0 g (ol ladda, Gl 4 e o)ls Jlaial g 0ad oade (2B I8 oy (ST (9090 0S5 (o0 Lo &S
(O F) 0l 0l

55 2ol & S ST T slam 5T colled S5 sl ;2 (gl 5 52ysSale @ 5 sl Singer 08
Sl 5l g alye 0 (oS T sla T dlad Gl 2 oo st Il sl Sagen 95 oad ol sy
ST AT Sl Ity 5932 Gt 51 81 (ST s o Jd ik o584 al38l cnl a5 calo )5 o S
ORI s il Sogen ,0)5 45 0,5 Gl (M) (b el (i sla a8l i J0l> g ol Cawl olS 5o
Sl Soge2 (53, hoe (15 4y bgy o il o oI T slo 3T ol Cellad 05 oo (ST BT gl 5T cdlad
a3l b )5S sloaisS (55l Jld ol o Sl sl Sngen Ul b () T (098 4 cllsd 5 oI 5T i &
o 9 d9hes Jod SlaS 5 Al 4 e sl Seegea WS Lo (V0) Lo 5 EIMONgy « sk 5o (V)
SRl @ e sl Sagem 0 )5 Sl gy 50 998 oe (ST T Slae 5T cllad S sl (J5id LS
9 (ST T slam 5l ollad (al33l sl anilys ol Gl 51 ol Sngen 45 sy o S5 dpg Sl 0l J5i8 50

5 okS £l Glacdlad ;o 15,0 lays Ol pelad 50 peiiiens Hsb 4y ()59 0up00nS T oS ol ool (LaS b rmgs
0 oLl a5 jslailan (V) )5 i (6,15, a%es ot 5 5185 6lbyatig o oS 5T sl 3T atile Lai yo (glo ppnns
argi by od wals @ o SlanS| 5T slap 5T cllad az s BB (aldl @y oo 50)550le @8 5 el Sagen 008
Ciloyy 5l o slogasla Glie Bk Cal 5 ool as o oSt Slam 5T Gliee 536 55 O35 oSy GHE &
ot BB by 535 (b ST JSsly e Gl eadlge ST LB 2é 5 smeb el (5 057 5 Sl 0332 S5
B ol JBooly oliae 25950k 028 5 dpl Seogen bale (20331 L cams go (Li Lo Silee dmslie o5 jolailes adl o
sl sl BB g (a5 el sy o0 S5 @ a5 sl oo Gl T Oliee ey S35 L Lel s ls ol sy, (so99>

(S 5 o
Cawd 4 @S 510 8 gy g Glalesl G10 03, 125 IS (59, 3255%0le @B 5 sl Sogeds 56 ol gy 5o
G0, sl S B See o 12,50k 7B g ol Scoged sla Lo 1 osliinl 45T 85 Al g8 e (i o]
Sl Sagep lides Glaclle (e )0 Wisd o LS el g lordise «Sisln5ed «Suislsd se sl ST abex
Sgete 50y 23U e ay0%ale B b el ol jem ay el Semgen 2o o p S e Ve 2Bl G ysSole 568 e s

Al edds (6 S eIl Slaw

References &bw

.

1. Abbas, N.A. and H.S. Hammad. 2017. The effect of vernalization and sprayed gibberellins and humic acid on
the growth and production of cabbage (Brassica oleracea var. capitata). J. Environ. Sci. Pollut. Res. 3:181-
185.

YoY



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

g3l ) 5 sl oz o o

. Agarwal, S., R.K. Sairam, G.C. Srivastava, A. Tyagi and R.C. Meena. 2005. Role of ABA, salicylic acid,

calcium and hydrogen peroxide on antioxidant enzymes induction in wheat seedlings. Plant. Sci. 169:559-
570.

. Bagyaraj, D.J. 2014. Mycorrhizal fungi (Review Atrticle). Proc. India. Natl. Sci. Acad. 80 (2):415-428.
. Bahaloo, Z., S. Reezi, G. Rabiei and K. Saeedi. 2018. The positive effects of vermicompost and humic acid on

quantitative and qualitative traits of lisianthus (Eustoma grandiflorum) after transplanting. J. Soil. Plant.
Inter. 8(4):17-25. (In Persian).

. Balazadeh, S. and M. Hassanpour Asil. 2015. Effect of humic acid and calcium nano-chelate on growth and

development of Chrysanthemum morifolium. International Conference of Sustainable Development,
Strategies and Challenges with a Focus on Agriculture, Natural Resources, Environment and Tourism.
Tabriz, Iran. (In Persian).

. Bhat. R.A., M.A. Dervash, M.A. Mehmood, B.M. Skinder, A. Rashid, J.I.A. Bhat, D.V. Singh and R. Lone.

2017. Mycorrhizae: A Sustainable Industry for Plant and Soil Environment. Springer International
Publishing, Chapter 25.

. Canellas, L.P., F.L. Olivares, N.O. Aguiar, D.L. Jones, A. Nebbioso, P. Mazzei and A. Piccolo. 2015. Humic

and fulvic acids as biostimulants in horticulture. Sci. Hort. 196:15-27.

. Cordeiro, F.C., C. Santa-Catarina, V. Silveira and S.R. De Souza. 2011. Humic acid effect on catalase activity

and the generation of reactive oxygen species in corn (Zea mays). Biosci. Biotechnol. Biochem. 75:70-74.

. Dhanapal, S., D. Sathish Sekar and P. Manasa. 2014. Enhancement of antioxidant potential in Musa

accuminata using humic acid. Intl. J. Agric. Innov. Res. 2(4):429-435.

Elmongy, M.S., H. Zhou, Y. Cao, B. Liu and Y. Xia. 2018. The effect of humic acid on endogenous hormone
levels and antioxidant enzyme activity during in vitro rooting of evergreen azalea. Sci. Hort. 227:234-243.
El-Serafy, R.S. 2018. Growth and productivity of roselle (Hibiscus sabdariffa L.) as affected by yeast and
humic acid. Sci. J. Flower. Ornament. Plant. 5:195-203.

Eskandari, F., A. Nabigol and V. Abdusi. 2016. Increasing vase life and physiological characteristics of the
cut flowers of Rosa hybrida cv. Polar Star using vermicompost and humic acid. Flower Ornament. Plant.
1(1):38-44. (In Persian).

Fahramand, M., H. Moradi, M. Noori and A. Sobhkhizi. 2014. Influence of humic acid on increasing yield
of plants and soil properties. Intl. J. Food. Apl. Sci. 3:339-341.

Garg, N. and S. Chandel. 2010. Arbuscular mycorrhizal networks: Process and functions. A review. Agron.
Sustain. Dev. 30:581-599.

Grace, C. and D. Stribley. 1991. A Safer procedure for routine staining of vesicular- arbuscular mycorrhiza
fungi. Microl. Res. 95:1160-1162.

Kaldorf, M. and J. Ludwig- Muller. 2000. AM fungi might affect the root morphology of maize by increasing
indole 3-butyric acid biosynthesis. Physiol. Plant. 109:58-67.

Kang, H.M. and M.E. Saltveit. 2002. Chilling tolerance of maize, cucumber and rice seedling leaves and
roots and differentially affected by salicylic acid. Plant. Physiol. 115:571-576.

Maharshi, M., G. Kumar, A. Mukherjee, R. Raghuwanshi, H.B. Singh and B.K. Sarma. 2019. Arbuscular
Mycorrhizal Colonization and Activation of Plant Defense Responses Against. Phytopathogens. Springer
Nature Singapore. Pp. 219-240.

Marinova, D., F. Ribarova and M. Atanassova. 2005. Total phenolics and total flavonoids in Bulgarian fruits
and vegetables. J. Chem. Technol. Metall. 40:255-260.

Maroufpour, A., A. Mamrash and S. Khanchehrose. 2016. Effect of arbuscular mycorrhizal fungi on some
morphological indices of gerbera cut flower in hydroponic conditions. 9th Congress of Iranian Horticultural
Science. Ahvaz. Iran. 3218 p. (In Persian).

Mirzaei Esgandian, N., Z. Jabbarzadeh and M.H. Rasouli Sadaghiani. 2019. Investigation of some
morphological and biochemical characteristics and vase life of Gerbera jamesonii cv. Dune cut flower using
humic acid and nano calcium chelate. Irn. J. Hort. Sci. Technol. 20(2):157-170. (In Persian).

Mosse, B., A. Warner and C.A. Clarke. 1982. Plant growth responses to vesicular arbuscular mycorrhiza.
New phytol. 90:521-528.

Mullera, V., C. Lankesa, B.F. Zimmermannb, G. Nogaa and M. Hunschea. 2013. Centelloside accumulation
in leaves of Centella asiaticais determined by resource partitioning between primary and secondary
metabolism while influenced by supply levels of either nitrogen, phosphorus or potassium. J. Plant. Physiol.
170:1165-1175.

Nakano, Y. and K. Asada. 1981. Hydrogen peroxide is scavenged by ascorbate specific peroxidase in spinach
chloroplasts. J. Plant Cell Physiol. 22:867- 880.

Nazari Deljou, M.J. and M. Azizi. 2015. Postharvest assessment of lignifying enzymes activity, flower stem
lignification and bending disorder of gerbera cut flower. Int. J. Hort. Sci. Technol. 2:87-95.

Nikbakht, A., M. Kafi, M. Babalar, Y.P. Xia, A. Luo and N. Etemadi. 2008. Effect of humic acid on plant
growth, nutrient uptake and postharvest of gerbera. J. Plant Nutr. 31:2155-2167.

Yoy


https://www.tandfonline.com/loi/tbbb20
https://en.symposia.ir/BAGHBANI09
https://en.symposia.ir/BAGHBANI09

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

olan 5 0,57

Ohta, K., S. Morishita, K. Suda, N. Kobayashi and T. Hosoki. 2004. Effects of chitosan soil mixture treatment
in the seedling stage on the growth and flowering of several ornamental plants. J. Jpn. Soc. Hort. Sci. 73:66-
68.

Rashidi, A. 2006. Growing and Production of Gerbera. Moalef Press. 208 p. (In Persian).

Rubio, V., R. Bustos, M.L. Irigoyen, X. Cardona-Lopez, M. Rojas-Triana and J. Paz-Ares. 2009. Plant
hormones and nutrient signaling. Plant. Mol. Biol. 69:361-373.

Shamshiri, M.H., V. Mozafari, E. Sedaghati and V. Bagheri. 2011. Response of petunia plants (Petunia
hybrida cv. Mix) inoculated with Glomus mosseae and Glomus intraradices to phosphorous and drought
stress. J. Agric. Sci. Tech. 13:929-942.

Talebi, P. 2016. Effect of salicylic acid and humic acid on some qualitative and quantitative characteristics
of Rosa chinensis minima var. baby masquerade. MSc thesis. Urmia University. 102 p. (In Persian).
Toussaint, J.P., M. St-Arnaud and C. Charest. 2004. Nitrogen transfer and assimilation between the
arbuscular mycorrhizal fungus Glomus intraradices Schenck & Smith and Ri TDNA roots of Daucus carota
L. inan in vitro compartmented system. Can. J. Microbiol. 50:251-260.

Velikova, V., I. Yordanov and A. Edreva. 2000. Oxidative stress and some antioxidant systems in acid rain-
treated bean plants: protective role of exogenous polyamines. Plant. Sci. 151:59-66.

Yaseen, T., A. Naseer and M. Shakeel. 2016. Investigating the association of arbuscular mycorrhizal fungi
with selected ornamental plants collected from district charsadda, KPK, Pakistan. Sci. Tech. Dev. J. 35:141-
147.

Youssef, A.A., M.H. Mahgoub and I.M. Talaat. 2004. Physiological and biochemical aspects of Matthiola
incana L. plants under the effect of putrescine and kinetin treatments. Egypt. J. Appl. Sci. 19:492-510.
Zareie, M., M. Merikhi and M.J. Saharkhiz. 2014. Influence of arbuscular mycorrhizal fungus and licorice
pulp on morphological and physiological characteristics of Calendula officinalis L. Irn. J. Medicin. Aromatic
Plant. 30(3):391-401.

Zhang, L., X.Y. Sun, Y. Tian and X.Q. Gong. 2014. Biochar and humic acid amendments improve the quality
composted green waste as a growth medium for the ornamental plant Calathea insignis. Sci. Hort. 176:70-
78.

Yof



Iranian Journal of Horticultural Science and Technology 23 (2): 191-204 (2022)
Research article

Effects of Humic Acid and Mycorrhizal Fungus on Some Morphological
and Physiological Characteristics of Gerbera Jamesonii ‘Dune’

H. Afarin, Z. Jabbarzadeh and M. Barin?

In order to investigate the effects of humic acid and mycorrhiza on gerbera cv. Dune, an
experiment was performed as a completely randomized design with two factors and three
replications in hydroponic conditions. First factor included humic acid at 4 concentrations (0,
500, 1000, and 2000 mg L as media drench). The second factor contained two levels of
mycorrhizal fungi (with and without mycorrhiza at root zone). Attributes such as leaf number,
rosette diameter, root fresh and dry weight, flower diameter, flower stalk diameter and number,
time from bud emergence to anthesis, total phenol content, colonization percent and the activity
of ascorbate peroxidase and hydrogen peroxide were measured. The results showed that humic
acid and mycorrhizal fungi treatments led to increase in the leaf number, rosette diameter, fresh
and dry weight of roots and antioxidant enzymes activity and decreased the time from bud
emergence to anthesis comparing untreated plants. Phenol content was significantly increased
compared to control plants by application of 1000 and 2000 mg L* of humic acid plus
mycorrhizal fungi. The combined use of humic acid and mycorrhiza was effective to improve
some morphological and physiological properties of gerbera and the concentration of 1000 mg
L't humic acid plus mycorrhiza application were the most effective treatment.

Keywords: Ascorbate peroxidase, Gerbera, Hydrogen peroxide, Root colonization, Total
phenol.
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