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Tablel. Physico-chemical characteristic of soil in the experiment.
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Table 2. Comparison of the average effect of experimental treatments on the characteristics measured in the
experiment.
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In each column, the numbers that have at least one letter in common do not have a significant difference at 5%
probability level based on the LSD test.
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Table 4. Correlation table between traits measured in the experiment.

=TT SN = T RN~ TP & ST sl O sAbCAS e s
a b 5 eswst Fe o gl gz s | PP
chl.a Chl-b Tota) <SGl Fv/Fm Pn The & Tr
chl. <5y appttareg:nce Relative
Ci ualit water
qually  content

b s, 0.8554™
Chl.b
U5 s 0.9851™  0.9248"
Total Chl.
‘5:
RELE=Y
&g, SSSLI
Ci
&, oaT 0.8701™ 0.8419™ 0.8903”  0.8498™

Fe
by ol 0.7833 0.7595 0.7998 0.6969 0.7628

0.8044™ 07979  0.8307™

S 3 Ol e 0.8170"™ 0.7915™ 0.8405™ 0.7497™  0.8116™ 0.7229"
Pn
caboLs " - " - - - -

0.6067" 0.5997™ 0.6182™ 0.5953 0.6264™  0.6082”  0.5630

[WSESSES
The
appearance
tree
quality
(s (S goms
&0
Relative
water
content

0.4460"  0.4342™ 0.4580™ 0.4077™  0.5070™ 0.3636™ 0.4279™ 0.3999™

G 0.4222" 0.5056™ 0.4672™ 0.5149™  0.5648™ 0.4128™ 0.5244™ 0.4308™ 0.2496™

Tr

o S 0.6332 0.5427 0.6285 0.4883 0.5285 0.5256 0.7699 0.3222 0.3143

0.1349
‘-.)T ns

WUE

**

NS: og Hlo cixe pas, *: IOz 15 Hog s gixe, TN mhaw j0 og Sl Sae

ns: non-significant; *: significant at P<0.05; **: significant at P<0.01.

YA


https://journal-irshs.ir/article-1-647-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-19 ]

(V1) FoF b YAV (slodmio V¥ o)las TP als 5l UL (538 5 aple alxe

S0 62l codss
e 1 2 oI5 L aS ol oLt g0 (5,nll CorksS asls 4 b e cilihe sl Lot il eSilie dunslio gl
anlie )0 ol Gialol 1o Lz (30 6 0l cudsS Sil> ojlac b cuS 5 0 b ol @ 4 3,5 pls ool Galise
o LD lad b anglie ol (g s (S 05 Grizran 055 T Rl 5l g ok 4 wall Jles L
Cod 030 (650l kS TR bl e a8, IS 4 sla e i )0 00 (LS 0 (650l CudS s Se e
onl ool les b awolie j0 a5 apw, el w0 2Y obye Sl ojlac 9 1F ol O gl oS 5 4l 5,5 e b

2 oadline sl Hlews Cos 5 Giolejl jo 350 (6,0l Gl e cp FeS owiidu g 1 FYEY e |y asls
cble b pal iz plie b a 6,5 oyl 5 aald jlad (ro <30 5,0l cudS msll jo el S5 LB s
0 Jgoz) i odaline (5 5 ime glis (g el ,Lai 51 Y7
w1y ] SUsSlS o ol SIS gl pols Liale)l b 5l i alie OF+)) ol 5es 5 Nikbakht iolej ml
O Oz (Nikbakht et al., 2022) 5,5 5,155 ool 31,5 o, g el oS wldl o ol 5, sl g
S5 50 Wl o0 45 Sy o 2l (S5ime g Fimwgid Glies (T Jede)lS Sl asla b s o ol coiS el
b egar o alie Sldllas (F Jaaz) ab csslice (6 )b goe 5 Cudie (Sar aiil ails 1 Sy g 2550 g 0lb
Olge 4 ol adlllas g Cusl sgazme )0 (6ol Lyl o9 jo (obye Sl o)las g ol ple oS5 a5 &)
boas Gay55 Ghsy b bS50 59,8 JyS b blyl jo (shde sbadilis 5 bl wls oo £9090 (nl o Lesal, 5 adgl axllas
ik (Gleys g0
g St (Saed Slio el o Jouz ol elol p aed o0 LS 1) Slao (n (Stacen & by o il ¥ Jgoo
o alayly 3925 0l sdaliv shin (Saed Ol god o5 Cho g 3,05 Cho o a5 by 0l 3925 o sine
Cute Jl Silis cs e gl CoiS g prugid i ool Jlade ( T Jdo)S ozmen (Slio (o ire 5 Cute
b Ol s o5 el jliz (LB )0 (pdugy ad) Coles 50 g ol iwgid sgae g dg kS Fiw jo Lalesl sla e
S el Syt 3 45 1,55 8 o8 s 3 ool b 3 Sl ot oS5 0] i 1 33 50105
756 LBl s gl slagom) 2 9w 3 Sl Gledal sl Slagbianl aos selawl Llys o L () (S x
Wb eyl b iy i adgl ace laie 4y Wilgh oo bawl gl (YL polie oS ol lid ol O gl cue
O Sdhe oy polie 5 (el e 5 (S ghle pila ol sleoasS ol elgil o Ll b (b js Sl o jlas oimen
Sasels 58 Laly; 99etr 9 Jedg 1Sl Gial33 (b 5ol Fe (Ll 0 obS T Laily) g Jedo IS 5w il oo 0]
33,5 wald 4 S (50ll Condg Ssrt e el 0 Wil oo lalad (S sl Jsh
S5 Ao
Olimdl yo )by cB 58 (S psy; o Dle pals 0 LY Sl Sl ojlac bS5 0 1F ol oS gl 4l 5,5 jles
Gl 5 03 S5e s 5 092 Jge ool (g sS85 wals b anglie o Gralel sl ey iy d5ie s
b ke Gls s gyl ColnS 5 Fiwsid Sgn 9 JedglS i
S ywlow
) ey 0378 L o8 i SISl 5 Slys] o Lol Eomil 5,5 S5 75 5 b 55 0 5,2 (gt
2oy Gl a8 g S oS winged eal$ ol ialejl el sl
References Y

.

Aalipour, H., Nikbakht, A., & Etemadi, N. (2019). Relationship between chlorosis, photosynthesis and the nutrient
content of plane trees in the presence of chemical and organic fertilizers. Advances in Horticultural Science,
33(2), 171-178.

Y44


https://journal-irshs.ir/article-1-647-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-19 ]

Ohlen 5 5 L5

Abo-Rady, M. D. K., Ahmed, H. S., & Ghanem, M. (1987). Response of date palm to iron fertilization by trunk
injection and soil application. Zeitschrift fur Pflanzenernédhrung und Bodenkunde, 150(4), 197-200.
Alipour Amraie, H., Nikbakht, A., Etemadi, N., Norbakhsh, F., & Rejali, F. (2016). Beneficial effects of
myecorrhizal fungi on growth characteristics and nutrients uptake by plane tree (Platanus orientalis L.),
subjected to deficit irrigation. Isfahan University of Technology-Journal of Crop Production and

Processing, 6(21), 81-90. In Persian.

Anderson, W. B. (1982). Diagnosis and correction of iron deficiency in field crops-an overview. Journal of Plant
Nutrition, 5(4-7), 785-795.

Arnon, D. I. (1949). Copper enzymes in isolated chloroplasts. Polyphenoloxidase in Beta vulgaris. Plant
Physiology, 24(1), 1-5.

Asadollahzade, M. J., Khoshgoftarmanesh, A. H., & Sepehri, M. (2018). The effect of Piriformospora Indica on
shoot and root dry matter yield and Zinc and Iron uptake by wheat in a calcareous soil. JWSS-Isfahan
University of Technology, 21(4), 271-281. In Persian.

Barker, A. V., & Pilbeam, D. J. (Eds.). (2015). Handbook of plant nutrition. CRC press.

Beykkhormizi, A., Abrishamchi, P., Ganjeali, A., & Parsa, M. (2016). Effect of vermicompost on some
morphological, physiological and biochemical traits of bean (Phaseolus vulgaris L.) under salinity stress.
Journal of Plant Nutrition, 39(6), 883-893.

Chen, L. S., Smith, B. R., & Cheng, L. (2004). CO- assimilation, photosynthetic enzymes, and carbohydrates of
Concord grape leaves in response to iron supply. Journal of the American Society for Horticultural Science,
129(5), 738-744.

Cheng, S.R., Li,S.S., Liang, Z. W., Huang, F. C., Wu, X. Q.,Han, Z. Y., ... & Ren, Y. (2022). Effect of application
of iron (Fe) and a-ketoglutaric acid on growth, photosynthesis, and Fe content in fragrant rice seedlings.
Photosynthetica, 60(2), 293-303.

Correia, S., Queirds, F., Ferreira, H., Morais, M. C., Afonso, S., Silva, A. P., & Gongalves, B. (2020). Foliar
application of calcium and growth regulators modulate sweet cherry (Prunus avium L.) tree performance.
Plants, 9(4), 410.

De laGuardia, M. D., & Alcéntara, E. (2002). Bicarbonate and low iron level increase root to total plant weight
ratio in olive and peach rootstock. Journal of Plant Nutrition, 25(5), 1021-1032.

Dehnavi, M. M., & Sheshbahre, M. J. (2017). Soybean leaf physiological responses to drought stress improved
via enhanced seed zinc and iron concentrations. Journal of Plant Process and Function, 5(18), 13-21.

Elkins, R., & Fichtner, E. (2016). Causes and Control of Lime-induced Fe Deficiency in California Fruit and Nut
Crops. University of California Agriculture and Natural Resources Publication, 21637.

Fernandez-Escobar, R., Barranco, D., & Benlloch, M. A. N. U. E. L. (1993). Overcoming iron chlorosis in olive
and peach trees using a low-pressure trunk-injection method. HortScience, 28(3), 192-194.

Frioni, T., VanderWeide, J., Palliotti, A., Tombesi, S., Poni, S., & Sabbatini, P. (2021). Foliar vs. soil application
of Ascophyllum nodosum extracts to improve grapevine water stress tolerance. Scientia Horticulturae, 277,
109807.

Ghoulam, C., Foursy, A., & Fares, K. (2002). Effects of salt stress on growth, inorganic ions and proline
accumulation in relation to osmotic adjustment in five sugar beet cultivars. Environmental and
Experimental Botany, 47(1), 39-50.


https://journal-irshs.ir/article-1-647-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-19 ]

(V1) FoF b YAV (slodmio V¥ o)las TP als 5l UL (538 5 aple alxe

Goodarzian Ghahfarokhi, M., Mansurifar, S., Taghizadeh-Mehrjardi, R., Saeidi, M., Jamshidi, A. M., & Ghasemi,
E. (2015). Effects of drought stress and rewatering on antioxidant systems and relative water content in
different growth stages of maize (Zea mays L.) hybrids. Archives of Agronomy and Soil Science, 61(4),
493-506.

Hosseinifarahi, M., Goodarzi, K., & Kavoosi, B. (2010). Correction of Zn Deficiency and Increasing of Yield via
Trunk Injection Method on Grapevine (Vitis vinifera L) cv, Askari. Journal Of Horticultural Science, 23(2):
108-118. In Persian.

Hurley, A. K., Valser, R. H., & Davis, T. D. (1986). Net photosynthesis and chlorophyll content in silver maple
after trunk injection of ferrous sulfate. Journal of Plant Nutrition, 9(3-7), 683-693.

Khoshgoftarmanesh, A. H., Eshghizadeh, H. R., Ostovar, A. S., & Taban, M. (2016). Assessment of iron (Fe)
chlorosis in plane trees (Plantanus orintalis L.) grown in green space of Isfahan city, I: leaf mineral
concentration. Journal of Water and Soil Science, 20(76). In Persian.

Lakzian, A., Feiziasl, V., Tehranifar, A., Halajnia, A., Rahmani, H., Pakdel, P., ... & Talebi, A. (2013). Evaluation
of dieback and early yellowing of sycamore trees (Platanus sp.) in Mashhad by using GGE biplot analysis.
Journal of Horticultural Science, 27, 259-274. In Persian.

Mengel, K. (1994). Iron availability in plant tissues-iron chlorosis on calcareous soils. Plant and Soil, 165, 275-
283.

Mirsoleimani, A., & Tafazoli, E. (2006). Effect of nutrient solution ph on the absorption of iron in four cultivars
of grape. Pajouhesh Sazandegi, 71, 12-18. In Persian.

Mortvedt, J. J. (1991). Correcting iron deficiencies in annual and perennial plants: Present technologies and future
prospects. Plant and Soil, 130, 273-279.

Movahhedi Dehnavi, M., & Jalil Sheshbahre, M. (2016). Improving soybean leaf physiological responses under
drought stress by increasing seed zinc and iron concentration. Journal of Plant Process and Function, 5(18),
13-22. In Persian.

Nikbakht, A., Sheykhan, A., & Akhbarfar, G. (2022). The effect of different sources of iron on improving the
growth and condition of plantain leaf chlorosis (Platanus orientalis L.) by trunk injection in urban
landscape. Journal of Plant Process and Function, 11(50), 213-230. In Persian.

Niu, G., Rodriguez, D. S., & Aguiniga, L. (2007). Growth and landscape performance of ten herbaceous species
in response to saline water irrigation. Journal of Environmental Horticulture, 25(4), 204-210.

Oncel, 1., Keles, Y., & Ustiin, A. S. (2000). Interactive effects of temperature and heavy metal stress on the growth
and some biochemical compounds in wheat seedlings. Environmental Pollution, 107(3), 315-320.

Page, A.L., Miller, R.H., Keeney, D.R. (1986). Methods of Soil Analysis. Part IlI: Chemical and Microbial
Properties. 2nd Edition. ASA (American Society of Agronomy and Soil Science Society of America), ASA,
SSSA, Madison, Wisconsin USA, p. 1159.

Peryea, F. J., & Kammereck, R. (1997). Use of Minolta SPAD-502 chlorophyll meter to quantify the effectiveness
of mid-summer trunk injection of iron on chlorotic pear trees. Journal of Plant Nutrition, 20(11), 1457-
1463.

Saleh, J. (2008). Yield and chemical composition of'Piarom'date palm as affected by levels and methods of iron
fertilization. International Journal of Plant Production, 2(3), 207-214.


https://journal-irshs.ir/article-1-647-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-19 ]

Ohlen 5 5 L5

Spinelli, F., Fiori, G., Noferini, M., Sprocatti, M., & Costa, G. (2009). Perspectives on the use of a seaweed extract
to moderate the negative effects of alternate bearing in apple trees. The Journal of Horticultural Science
and Biotechnology, 84(6), 131-137.

Torab Ahmadi, S., Abedy, B., & Saber Ali, S. F. (2019). Evaluation of some quantitative and qualitative
characteristics of Pistachio plant in Response to amino acid compounds and seaweed extract. Journal of
Agriculture Science and Sustainable Production, 29(4), 189-204. In Persian.

Wallace, G. A., & Wallace, A. (1986). Correction of iron deficiency in trees by injection with ferric ammonium
citrate solution. Journal of Plant Nutrition, 9(3-7), 981-986.

foy


https://journal-irshs.ir/article-1-647-fa.html

[ Downloaded from journal-irshs.ir on 2026-05-19 ]

Iranian Journal of Horticultural Science and Technology 24 (3): 387-402 (2023)
Research article

The Physiological and Photosynthetic Responses of Plane Trees (Platanus
orientalis L.) to Trunk Injection with lron Compounds and Seaweed
Extract (Ascophyllum nodosum) Under Summer Stressful Conditions in
Isfahan
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Leaf chlorosis and early leaf loss disturb the growth of plane trees in the urban landscape of
Iranian cities. The present experiment was conducted to study the effect of trunk injection using
the low-pressure Fertinyect endotherapy system with iron sources and seaweed extract for
reducing leaf chlorosis of plane trees compared to soil application of iron sequestrone in the
randomized complete block design with 3 replications. The experimental treatments included
the injection of iron amino chelate, iron gluconate, iron citrate, and iron sulfate in combination
with seaweed extract compared to the soil application of iron sequestrone and the control.
Chlorophyll content, leaf iron, Fv/Fm ratio, leaf relative water content, stomatal carbon dioxide,
photosynthesis, transpiration rate, water use efficiency and tree visual quality were evaluated.
The iron amino chelate 4% + seaweed extract 2% and iron gluconate 4% + seaweed extract 2%
compared to other treatments led to the most significant increase in leaf chlorophyll, iron
content, leaf relative water content, Fv/Fm ratio, tree visual quality, and the improvement of
the photosynthetic parameters. In general, trunk injection with iron in combination with
seaweed extract was beneficial due to the effect of iron on chlorophyll synthesis, and growth
stimulation by seaweed extract.

Keywords: Iron, Trunk injection, Seaweed extract, Leaf chlorosis.
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