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The Impact of Elicitors on Growth and
Photosynthetic Traits of Sour Orange Rootstock Under Waterlogging Stress
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Table 1- Variance analysis of the effect of water treatment and elicitors on growth the traits of sour orange.
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sx - o . - Tl
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Water treatment
** **k * * Kk /wl
0.23 0.026 0.35 0.0001 0.0011 6 ’5
Elicitor
SWx ol ks
0.15° 0.004" 0.28"™ 0.00004"™ 0.0002"™ 6 Elicitorx Water
treatment
o
0.06 0.001 0.12 0.00002 0.0002 28
Erorr
Ol it o
7.08 5.46 11.73 3.57 4.59 - T e
CV (%)
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** *: Significant difference at 1 and 5% probability level, respectively. ns: no significant difference.
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Table 2- The simple effect of water treatment and elicitors on growth traits of sour orange.

@) a2y 505 @) S, Kes a3 @) S, 5 oss
Root fresh weight (g)  Leaf dry weight (g)  Leaf fresh weight (g)

P<0.001 P<0.001 P<0.001 ol s

[y b b Water treatment
3.68a 0.126 a 0.32a R

Field capacity

2.12b 0.119b 0.27b wEs
Wterlogging stress

P=0.020 P=0.039 P<0.001
2.59d 0.120b 0.279 ¢ Control Lz
3.14 ab 0.124ab 0.298b GABAS o L8
3.21a 0.128a 0.322a GABAL0 . L& A
O 55 Elicitor
2.64cd 0.120b 0.297 b i
Melatonin 50
Voo ke
2.79bcd 0.123 ab 0.297 b o
Melatonin 100
2.91 a-d 0.121b 0.287 bc Kphi 2 ¥ by cois
3.03 abc 0.122b 0.301b Kphi 3 v wly coind

s e 0L 1, (LSD o ez o 53) s e sl s g (g G 51 e 8 s

In each treatment of a column, different letters indicate significant difference (at 5% probability level, LSD).
Abbreviations: GABA (Gamma-aminobutyric acid), Kphi (Potassium phosphite).
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Fig 1- Interaction effect of water treatment and elicitor on root dry weight (a) and crown diameter (b) of sour

orange. Different letters indicate significant difference (at 5% probability level, LSD). Abbreviations: GABA
(Gamma-aminobutyric acid), Kphi (Potassium phosphite).
DByt L5 oS g5 lerban 5 655 YOS «g gl Olio b SWI 51
Olges @iias bl oS of b jlas Ol 53 SWI 5 T Sl esle I (7 Jsd) Luibyls ases = b sl
A slsgme Ao ) e 53 3lanST 3y BT Cld 5 e B LIS (O G IS (S ASTss ol

.>ﬁj|>‘5@ovuﬁocbd).s;ﬂjswlésg.lzolﬂﬁjwﬁ\ C"‘“J’J‘J‘:'*S‘J;&;‘iﬁPT

BN e 5 38 DVl (R Dlio 5 b S5 ol Sl ST uilsls 4 Y g

Table 3- Variance analysis of the effect of water treatment and elicitors on the photosynthetic, gas exchanges
and biochemical traits of sour orange.

MS Sile o S5k
S b eyl el =l Gpms oL p S aSles Gl &ias bl b lad Odetl (gol3las s CIJL
51| (e 53 ol Cco2 Stomatal ol df S.0vV
Polyphenol oxidase Fv/Fm  Water use assm:l\atlon rate conguctance Vapor pressure
activity efficiency (Aco2) (Grzo2) deficit
. L n N L " sl ol
0.015 0.49 412 26.31 171821.06 908.15 1 Water
teartment
*k Kk Kk Kk Kk *k ﬁw‘
0.005 0.03 1.12 1.74 7676.35 87.07 6 .
Elicitor
X&T )L;:S
0.008” 0.03” 1257 0.55" 9749.85" 38.46" 6 S
Water



treatment x

Elicitor
Lo
0.001 0.0016 0.02 0.22 73.05 7.11 28
Erorr
Ol s o
18.14 6.37 15.32 19.67 9.37 476 - S
CV (%)
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**,*: Significant difference at 1 and 5% probability level, respectively. ns: no significant difference.
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Table 4- The interaction effect of water treatment and elicitor on the photosynthetic and gas exchanges traits
of sour orange.

Ol G pme i8S oS ASlgs wds €335, bl Sl Hlis Gl S ol oles

Water use ~ CO2 assimilation rate  Stomatal conductance  Vapor pressure Elicitor Water treatment
efficiency(umol (Aco?) (Lzlm?l CO, M (Goz) (Mmol m?s?)  deficit (Pa kPa™)

CO,/mmol H,0)

P<0.001 P=0.043 P<0.001 P<0.001

0.57 ef 3.14 abc 106.47 d 51.97 cde Control wsls el e b
0.30 gh 3.34ab 228.8b 47.97 ef 0 LK GABAS5  Field capacity
0.43 fg 3.88a 185.58 ¢ 52.40cde )+ W GABAID
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0.22 h 1.99 ef 178.64 ¢ 50.52 def _
Melatonin 50
Vor s
0.68 de 3.31 abc 87.05e 55.84 bc =
Melatonin 100
Y L Coand
0.96 bc 2.77 bed 51.30 f 54.15 cd s =
Kphi 2
Pl e
0.35 gh 3.74a 248.28 a 46.44 S
Kphi 3
0.34 gh 091g 48.15fg 55.98 bc Control = sl e
1.04 b 2.56 cd 22.02hi 59.43 b 0 LK GABA5  Wterlogging
stress
2.26a 1.86 ef 9.95i 64.23 a \+ LS GABALO
. O s
0.80 cd 0.98g 18.69 i 65.89 a o
Melatonin 50
Voo oo
2.37a 2.04 def 11.08 68.51 a =
Melatonin 100
Y L Coand
0.31 gh 1.29 fg 44.97 fg 55.32 bc s
Kphi 2
\y L coand
0.76 cde 1.43 fg 35.80 gh 55.02 bc e
Kphi 3

om0 0L 5 (LSD 0 Jlel o 3) Jls ione 5l s oy (D52 58 53

In each column, different letters indicate significant difference (at 5% probability level, LSD). Abbreviations: GABA
(Gamma-aminobutyric acid), Kphi (Potassium phosphite).
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Fig 2- The interaction effect of water treatment and elicitor on the photosystem efficiency of sour orange.

Different letters indicate significant difference (at 5% probability level, LSD). Abbreviations: GABA
(Gamma-aminobutyric acid), Kphi (Potassium phosphite).
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sour orange leaves. Different letters indicate significant difference (at 5% probability level, LSD).
Abbreviations: GABA (Gamma-aminobutyric acid), Kphi (Potassium phosphite).
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The Impact of Elicitors on Growth and Photosynthetic Traits of Sour Orange Rootstock

Under Waterlogging Stress

Abstract

Background and objectives: Waterlogging stress is a major factor limiting plant growth, primarily due to
oxygen deficiency, which disrupts physiological processes, impairs aerobic respiration, and ultimately
reduces plant performance. Due to the oxidative nature of waterlogging stress, which is caused by the
production of free radicals in the plant. In this study, to deal with this stress, some compounds with
antioxidant properties were used as a way to control the harmful effects of stress.

Materials and methods: This study was conducted as a factorial experiment based on a completely
randomized design, incorporating two factors and three replications three in the year 2021 at the Genetics
and Biotechnology Research Institute of Tabarestan, Mazandaran. The first factor was water treatment at
two levels: waterlogging stress and field capacity. The second factor involved three elicitors, each tested at
two concentrations. The elicitors were melatonin (50 and 100 uM), gamma-aminobutyric acid (GABA) (5
and 10 mM), and potassium phosphite (Kphi) (2 and 3 g L™ ). Distilled water was also used for control
plants. Waterlogging stress was applied to the plants for four weeks, and the elicitors were sprayed
weekly. At the end of the experiment, various growth, biochemical, and photosynthetic traits of sour
orange were evaluated.

Results: Waterlogging stress significantly reduced both the fresh and dry weights of roots and leaves
compared to control plants. However, the application of 10 MM GABA led to an increase in the fresh 15%
and dry weight 6% of leaves, as well as an increase in the dry weight of roots 23% compared to controls.
In field capacity conditions, both concentrations of GABA significantly increased root dry weight. The
lowest crown diameter (2.98 mm) was observed in the waterlogged control, while the largest was recorded
in plants treated with 2 g L™ * Kphi under stress. Waterlogging stress also caused a marked increase in
leaves vapor pressure deficit, with the highest values observed in plants treated with melatonin 100 uM
(68.51 Pa kPa™ 1), melatonin 50 uM (65.89 Pa kPa™ 1), and GABA 10 mM (64.23 Pa kPa™ 1),
accompanied by a significant reduction in stomatal conductance. Under field capacity conditions, the
highest CO, assimilation rates were observed in plants treated with Kphi 3 g L™ tand GABA 10 mM
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(3.74 and 3.88 umolCO, m™ 2 s~ 1, respectively), while the lowest rate was found in the waterlogged
control. The highest water use efficiency under waterlogging stress was observed in plants treated with

100 uM melatonin and GABA 10 mM (2.37 and 2.26 ymol CO,/mmol H,0, respectively). Additionally,

the highest photosystem efficiency under field capacity was recorded in plants treated with GABA 10 mM
and melatonin100 uM.

Conclusion: This study demonstrates that waterlogging stress significantly reduces plant biomass.
However, the use of GABA 10 Mm as an elicitor improved several growth traits. The results suggest that
elicitors can enhance plant tolerance to stress by modulating stomatal behavior and increasing
photosynthetic capacity. Improved stomatal water use efficiency helps prevent water loss, thereby
enhancing plant resilience under stress conditions.

Keywords: Field capacity, Gamma-aminobutyric acid, Melatonin, Oxidative stress, Potassium phosphite
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