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Fig. 1. Comparison of the height of pear rootstocks at zero (beginning of experiment), 30 and 60 days after application of deficient irrigation
treatments. Deficient irrigation treatments were applied at two levels; 75 and 50 percent of the field capacity and compared with non- deficient
irrigation (100% of filed capacity irrigation) as control. Similar letters on the top of bars of each particular rootstock, show not significant
differences at the 1% probability level- using Duncan’s Multiple Range Tests. The vertical lines on the bars show the means * standard errors
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Table 1. Comparison of the hydrogen peroxide generation and electrolyte leakage in the

tissues pear rootstocks at 30 and 60 days after application of deficient irrigation at two levels;
75% and 50% of field capacity with non-deficit irrigation treatment (100% of field capacity)

ST S O3 soden denST
(&,y@}@,:)(:)t&\gr;ﬁd}a)ﬁf) xS oy
4l Deficit Irrigation Hydrogen Peroxide Electrolyte leakage
Rootstock (FC%) (uM g* fresh weight) (%)
30 days 60days 30days 60 days
100 25.2¢ 32.5¢ 15.0c 17.9c
Pyrus betulifolia Bunge 75 30.8b 51.5b 19.2b 21.4b
50 54.7a 80.3a 23.5a 27.8a
100 28.0c 29.1c 16.5c 13.9c
Dargazi seedling 75 34.0b 43.4b 24.3b  23.7b
50 49.2a 74.3a 31.3a 32.0a
100 30.7¢ 30.3¢c 15.8c 15.4c
OHxF69 (Daynir) 75 41.8b 45.9b 23.1b 20.2b
50 59.7a 77.5a 27.7a 27.5a
100 31.8c 32.0c 18.0c 18.6c
Pyrodwarf 75 42.6b 51.6b 21.4b 24.7b
50 60.1a 81.3a 27.8a 29.6a
100 23.7¢c 28.6c  176¢C 15.8¢c
OHxF87 (Daytor) 75 31.4b  410b  255b 22.7b
50 46.5a 72.4a 30.2a 30.5a

.JJ’J‘-»\J‘)‘J&Q}wwjéédw‘cb.u‘))ﬁ‘.ﬁ Shaals Lo 35031 ulasl s 0Bl o S a5 Lgbl:»\f@}:w,aju‘_du@ij
Means, in each column, followed by similar letter are not significantly different at the 1% probability

level-using Duncan’s Multiple Range Test.
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Table 2. Comparison of anti-oxidative enzymes activities in tissues of pear rootstocks at

30 and 60 days after application of deficient irrigation at two levels; 75% and 50% of

field capacity with non-deficit irrigation treatment (100% of field capacity)

ST Sl ST
6 gy 3 e SYeE S ST ol I pn5 S)
ST S (850 8 he ol 55,0 8 o pimls) (S5 085,08 e
bl Deficit Irrigation Superoxide dismutase Catalase Ascorbate Peroxidase
Rootstocks (FC%) (units mg? leaf protein) (units mg* leaf protein) (umol asamg™ leaf protein)
30days 60days 30days 60 days 30 days 60 days
100 149.8c  250.1c 0.17c 0.18c 1.35¢ 2.07c
Pyrus betulifolia Bunge. 75 264.5h  302.3b 0.26b 0.38b 2.97b 3.01b
50 390.3a  342.0a 0.32a 0.53a 4.22a 4.60a
100 1540c  284.1c 0.19c 0.16¢c 1.22c 1.36¢
Dargazi seedling 75 251.3b  319.8b 0.25b 0.31b 2.07b 2.37b
50 384.0a  359.2a 0.31a 047a 3.08a 33la
100 165.8c  231.8c 0.17c 0.16¢ 1.50c 1.65¢
OHxF69 (Daynir) 75 346.4b  279.9b 0.24b 0.30b 2.01b 2.11b
50 404.2a  305.4a 0.31a 0.50a 4.45a 5.03a
100 168.9c  248.8c 0.19b 0.16¢ 1.65¢c 1.56¢
Pyrodwarf 75 303.0b0  295.3b 0.34a 0.31b 2.57b 2.61b
50 4192a  339.0a 0.35 0.51a 4.84a 5.01a
100 1345¢c  215.5b 0.19c 0.16¢ 1.27c 1.35¢
OHxF87 (Daytor) 75 264.8b  252.6a 0.26b 0.30b 2.07b 2.21b
50 3453a  286.3a 0.31a 047a 3.07a 3.20a

O35 o 3 &S5 Joz! o 53 (SSls (glatels i O ga3T ol Ly iy oo &5 e O3 (5115 4 gt 2 3 oo Sl

LIl e

Means, in each column, followed by similar letter are not significantly different at the 1%
probability level-using Duncan’s Multiple Range Test.
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Table 3. Pearson correlation coefficients between rootstock height, physiological
characteristics and activities of antioxidative enzymes in the tissues of pear rootstocks at
30 and 60 days after deficient irrigation stress application at 75% and 50% of field
capacity (FC) non-deficit irrigation treatment (100% of field capacity)

Hydrogen Electrolyte Superoxide Catalase Ascorbate
Trait o Peroxide Leakage Dismutase Activity Peroxidase
30days 60days 30days 60 days 30 days 60 days 30 days 60days 30days 60 days
Height #lis -0.153 -0.153 -0.276 -0.213 -0.236 0.172 -0.263 -0.117 -0.142 -0.085
. 30 days 0.884™ 0.734™ 0.777" 0.892™ 0.602™ 0.740™ 0.851™ 0.880" 0.875™
Hydrogen Peroxide 3590 ST, - - - " " - - -
60 days 0.778™ 0.882" 0.924™ 0.705" 0.768" 0.957" 0.923™ 0.916
30 days 0.873™ 0.8177 0531 0.725™ 0.812" 0.685™ 0.660™
Electrolyte Leakage o S e - - - . - -
60 days 0.859™ 0.630™ 0.767" 0.989™ 0.805~ 0.791
L 30 days 0.679™ 0.816™ 0.929" 0.880™ 0.867™
Superoxide disSmutase ;b yews 3487, s . . - o
~ 60days 0.541" 0.704™ 0.604™ 0.608
. 30 days 0.785™ 0.744™ 0.723"
Catalase activity B g - "
60 days 0.921™ 0.919

Ao y3 68§ g o3 gy Jlal o )3 13 me 5 5 4 e g%
*and **: Significant at the 5% and 1% probability levels, respectively.

3B LL sl ol s O slael s Sl L e (Ser 5
= 48 <l (Niuet al., 2021) ol ) Kas 6 gomm3 AT g (sl 5T b alas
5,15 clke P.xbretschneideri Rehd. S8 a5 GlaeaST, Sl ST 5 YU
0l e g0l loa AT a ey o SRR RGPS PERTPR I g JURY E
LKl A5 5l ems 5 an ALS slac ol 3mr 013 (ma d )3 S il e
ey 4 Sl o) b5 (027) ST 5 5 o (Sen ol ol (F sit)
e ISl sl Sl 55 5 590 23 S i 5 05 a0hn LS | b 68
Coms s 35 Lol 5 55 (OHY) oS s b O gme (1= VYF™) i35 & Sz o
Lol smen  (Bhattacharjee, 2011) 4S™ A8y A 5 e 3 SOl 4S5
o Tl ol g sl s s 5 Sl 3 P i R Bes 2 05

YA



YoO-YYY VP (e 5 (65 5eb o p 53 HLSTAS e 5T (gla 1875

CPR

e 45 215 QLS ra g5 ol S
o Y- B R G g e
55 53 oo sl Jals oy 15, 5
o5 ~Sen sLaasl 5 Pyrus betulifolia
Ll s OHXF87 5 OHXF69 (s ,1555
4SS s yleds m anbias by sl b,
sl pa L b5l i sl Sl S L
2Ll pl g 5 K5 8 (sl
Cils Sl 2 Lo 3

OeSTIb as8 i 5 ol
R R BV PR W WO g
Slasl s Jlsb 5SS £ ol a5
I3 S0 YWY G gty 25 50 SLp 4l
YY/0 U OHXFB7 il s 03U ool p S s
THR PP | N UM (T U g P DS W
5 Odd Ll s 5 P betulifolia Bunge
0581 b 4.5 5l W 5 Ol jae (A5 Soke
055 33 s S AV (6 S Ol e 4y
RO AT R

Sl b 05 gpdeadenS T 5l Ol s S5 )
CL»NJJJ‘J@MM‘S‘)‘J@‘,J“
comen 3 (= VFF™) Uy ¢S Jle|
il 48 o Ol Soar b (2
el 53 b8 as gl 5T b
S el S R s 5
Laasls 53 SYUK e 9 50 g s LS| g
S5l Sl side JBla= 457 sls Ol zl o

;,yéqu&,.stg,grsuwg&wa

AARY

ERCE PR adSSsly ol otias j2alS”
Cr—omat 9 bl (3Ll e lbs sl , 85
D s s LSl ol g )
(Azarabadi et al., 2017) <l

ILSsly s (S 5 i
A o o357 Sl 5 055508 ST
2 PT (#os e ol Ol s 4 56 e
23 g 3sn I8 Sl (LS
odalive )bl oS A5 Jlast 5 ey 55, ¥
£33 Ol e a0 YU 0 3T o Jleb Ll
O3ssp Sy falS )5 late 4y olbs
o e i dlesl 5l e 55570 3 g5
O3 0555 1euS Ty IS, L1y (Semnen
Y Jeds) sls

=

Nt 5 eS| D) ST o 5T

Cils 55 48T Ly mte 5 YL
Lyl s 534S ol ol Sl &8 o Ju)
L =8 Lol «0jaoka ST 1531
(o 3l ST Sy ST Sl 253
OT Jos 5 0581l 687l o Sl
STy b 53 JeS soken O e I, 4
Jlss o al 542> ;345 (Fenton) o,
(Bhattacharjee, 2011; 3,8 )y
o ST e 5,8 ol Maleki et al., 2022)
L s (e (Soes bag 5T Lo b
P sl a8 s s gl (gme sl
Ol 5 A 4 e s LT Sialen
bl st sl 0 5ST Jlnb LIS s,

.Jj.:



ALCANS| WA oyl YA .u?").}\g 9 Jlé 41@0"

Lately 5o s o Ol iy Bl cis
=035 30 (Bl CiS lal g
ot S ot O Rl a5
S5 oo slanl ol bl o 080,
55 @3l - 5IP. betulifolia Bunge
LU e 8 Ol 3 5135 oL
Sz (Florsilva  Italiana  Co., LTD)

S

i S|y g JLSSy o S (5L o
e 3 0330a Sy 058 e 15 5
A8y A Sl ey e 5 (6,8
4 OT s 3l 58 s 1= 550

5 JenS g on i o e GBI

Sl Rl
Ol s )LSKan I s st 08 1,

References

Abdollahi, H. 2010. Pear: Botany, cultivars and rootstocks. lIranian Agricultural
Ministry Publications. Tehran, Iran. 210 pp. (in Persian).

Abdollahi, H., and Salehi, Z. 2018. Histology of oxidative stress and generation of
reactive oxygen species against progress of fire blight causal agent in pear cultivars.
Seed and Plant Production Journal 33: 139-162 (in Persian).

Abdollahi, H., Ghahremani, Z., and Erfani Nia, K. 2015. Role of electron transport
chain of chloroplasts in oxidative burst of interaction between Erwinia amylovora
and host cells. Photosynthesis Research 124: 231-242.

Abdollahi, H., Ghasemi, A., and Mehrabi Pour, S. 2008. Evaluation of fire blight
resistance in some quince (Cydonia oblonga Mill.) genotypes. Il. Resistance of
genotypes to the disease. Seed and Plant 24: 529-541 (in Persian).

Abdollahi, H., Muleo, R., and Rugini, E. 2005. Study of basal growth media, growth
regulators and pectin effects on micropropagation of pear (Pyrus communis L.)
cultivars. Seed and Plant Journal 21: 373-384 (in Persian).

Aebi, H. 1984. Catalase in vitro. Methods in Enzymology 105: 121-126.

Alexieva, V., Sergiev, I., Mapelli, S., and Karanov, E. 2001. The effect of drought
and ultraviolet radiation on growth and stress markers in pea and wheat. Plant, Cell
and Environment 24: 1337- 1344.

Alscher, R. G,, Erturk, N., and Heath, L. S. 2002. Role of superoxide dismutases in
controlling oxidative stress in plants. Journal of Experimental Botany 53: 1331-1341.

Azarabadi, S., Abdollahi, H., Torabi, M., Salehi, Z., and Nasiri, J. 2017. ROS

generation, oxidative burst and dynamic expression profiles of ROS-scavenging

YY.



YeO-YYY \F) gdg,uu.a E) QS)}GL G 203 L;&.LL«{‘M LS"'LJ"T LsLh)lf)Lw

enzymes of superoxide dismutase (SOD), catalase (CAT) and ascorbate peroxidase
(APX) in response to Erwinia amylovora in pear (Pyrus communis L). European
Journal of Plant Pathology 147: 279-294.

Beauchamp, C., and Fridovich, 1. 1971. Superoxide dismutase: improved assays and
an assay applicable to acrylamide gels. Analytical Biochemistry 44: 276-287.

Bell, R. L. 1991. Pears (Pyrus). Acta Horticulturae 290: 657-700.

Bhattacharjee, S. 2011. Sites of generation and physicochemical basis of formation of
reactive oxygen species in plant cell. pp. 1-30. In: Dutta Gupta, S. (ed.) Reactive
Oxygen Species and Antioxidants in Higher Plants. CRC Press. Boca Raton, FL.

Bhattacharjee, S., and Mukherjee. A. K. 2001. Abiotic stress induced membrane
damage in plants: A free radical phenomenon. pp. 16-36. In: Pandey, S. K. (ed.)
Advances of stress physiology of plants. Scientific Publisher, India.

Esmaeili, A., Abdollahi, H., Bazgir, M., and Abdossi, V. 2019. Effect of lime
concentration on pear's rootstock/scion combinations. Horticultural Science 46: 123-131.

FAO. 2018. World food and agriculture-statistical yearbook. Food and Agriculture
Organization Publication. Rome, Italy. 254 pp.

Hassani, M., Salami, S. A., Nasiri, J., Abdollahi, H., and Ghahremani, Z. 2016.
Phylogenetic analysis of PR genes in some pome fruit species with the emphasis
on transcriptional analysis and ROS response under Erwinia amylovora inoculation
in apple. Genetica 144: 9-22.

Henzler, T., and Steudle, E., 2004, Oxidative gating of water channels (aquaporins) in
Chara by hydroxyl radicals. Plant Cell and Environment 27: 1184-1195.

Herzog, V., and Fahimi, H. D. 1973. A new sensitive colorimetric assay for peroxidase
using 3, 3'-diaminobenzidine as hydrogen donor. Analytical Biochemistry 55: 554-62.

Li, K. Q., Xu, Z. Y., and Huang, X. S. 2016. Identification of differentially
expressed genes related to dehydration resistance in a highly drought-tolerant pear,
Pyrus betulaefolia, as through RNA-Seq. PLOS One 11 (2): e0149352. DOI:
10.1371/journal.pone.0149352.

Lombard, P. B., Westwood, M. N. 1987. Pear rootstocks. pp. 145-183. In. Rom R. C.,
and Carlson, R. F. (eds.) Rootstocks for fruit crops. Wiley. New York.

Maleki Asayesh, Z., Arzani, K., Mokhtassi-Bidgoli, A., and Abdollahi, H. 2022.
Physiological and gas exchange response of Dargazi seedling and Pyrodwarf clonal

pear (Pyrus communis) rootstocks to drought stress. (Under review-unpublished data).

YY)



ALCANS| WA oyl YA .u?").}\g 9 Jlé 41@0"

Maleki, R., Abdollahi, H., and Piri, S. 2022. Variation of active iron and ferritin
content in pear cultivars with different levels of pathogen resistance following
inoculation with Erwinia amylovora. Journal of Plant Pathology 104: 281-293.

Mansouryar, M., Erfani-Moghadam, J., Abdollahi, H., and Salami, S. A. 2016.
Optimization of in vitro micropropagation protocol for some vigorous rootstocks of
pear. Iranian Journal of Horticultural Science 47: 361-370 (in Persian).

Nakano, Y., and Asada, K. 1981. Hydrogen peroxide is scavenged by ascorbate-
specific peroxidase in spinach chloroplasts. Plant and Cell Physiology 22: 867-880.
Niu, T., Zhang, T., Qiao, Y., Wen, P., Zhai, G., Liu, E., Al-Bakre, D. A,
Al-Harbi, M. S., Gao, X., and Yang, X. 2021. Glycinebetaine mitigates
drought stress-induced oxidative damage in pears. PL0oS One. 16:

€0251389. https://doi.org/10.1371/journal.pone.0251389 pmid: 34793480.

Tamura, F. 2012. Recent advances in research on Japanese pear rootstocks. Journal of
the Japanese Society for Horticultural Science 81: 1-10.

Tukey, H. B. 1964. Dwarfed fruit trees. Cornell University Press. Ithaca, USA. 562 pp.

Wang, H., Wang, Z., Zhang, M., Jia, B., Heng, W., Ye, Z., Zhu, L., and Xu, X.
2018. Transcriptome sequencing analysis of two different genotypes of Asian pear
reveals potential drought stress genes. Tree Genetics and Genomes 14: 1-15.

Westwood, M. N. 1993. Temperate zone pomology: Physiology and culture. Timber
Press. Portland, Oregon. 523 pp.

Zohouri, M., Abdollahi, H., Arji, 1., and Abdossi, V. 2020. Variations in growth and
photosynthetic parameters of some clonal semi-dwarfing and vigorous seedling pear
(Pyrus spp.) rootstocks in response to deficit irrigation. Acta Scientiarum
Polonorum, Hortorum Cultus 19 (2): 105-121.

YyYy


https://doi.org/10.1371/journal.pone.0251389

