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Table 1. Analysis of variance the effect of pre-treatments, times and their interaction effect on
Ziziphus spina-christi seeds storage

Sl e Silex doys azady,; Jsb azails Job amalS Job o Sh 4 el azdililazasy; Jsb oLl as s
Source of variation ~df Germination Radicle Shoot lengthSeedling Length ~ Vigor  Radicle length/ Establishment
percentage length mm mm mm Index shoot length percent
W
5’% o7 2 13.78 3.92 0.65 3.96 6.08 0.061* 10.75
Incubation period
Syl oS
Pre-Cryopreservation 3 537.7%* 133.81%* 7.43%* 193.84%* 227.57%%* 0.825%** 175.59%*
Treatment
0 e 2 0 6 10.81 3.60 0.42 4.34 4.17 0.041%* 3.68
Time*Pre-Treatment
\L> Error 24 113.64 3.90 0.65 6.92 15.36 0.016 11.11
Oy pd 2oy
17.14 11.79 8.37 9.98 21.73 7.279 19.42
CV%

o, ) 50 Jleoxl mhaw o o sixe BT 0gzs  Slis (i i 4y e g %
*and ** show significant differences at levels of 5% and 1% respectively

liso Glio (125ke 2 @b 03950 59 ) GHINSS GLaplo) F1-Y Jeua
Table 2. The effect of seed storage times in liquid nitrogen on average of different characteristics

SIS ol Silsz aeys azady; Job o azdle Job o aelS Job o jhan el azdlifazan,, b Ll ao)s
Incubation Germination Radicle Shoot lengthSeedling Length ~ Vigor  Radicle length/ Establishment
period percentage length mm mm mm Index shoot length percent
ancs, 1week 68.67 a* 17.36 a 9.67 a 27.03 a 18.86 a 1.77 a 18.25a
wings 2week 67.00 a 1622 a 9.82a 26.04 a 17.65 a 1.65b 16.50 a
atis 4 3week 66.67 a 16.67a 936a 26.03 a 17.61 a 1.77 a 16.75 a

Al S sire do )3 ) mhaw o il g S e By b By )b a5 Sl Sils (gt jo 00
Means with the same letter are not significantly different (p< 1%)

cilizeo Glho (1ke 2 @ lo (59 50 4 53 9955 51 Ju8 (b Lo Gl F1-F Jgux
Table 3. Effect of seed pre-treatments before entering to liquid nitrogen on means of different

characteristics
oyl 8 (sl o oy Sitler days azady; Jobo ozl b azelS b b 4 et apadlafazaty, Job T o)
Pre-cryopreservation ~ Germination Radicle Shoot lengthSeedling Length  Vigor ~ Radicle length/ Establishment

treatments percentage length mm mm mm Index shoot length percent
s Control 7722 a 1949 a 10.78 a 3027 a 23.58a 1.81a 23.56 a
¥+ s prls 30%Glycerol 66.67 ab 17.71a 9.27 be 26.98b 17.88b 191a 1344 b
%1 Desiccation 67.56 ab 18.73 a 9.78 b 28.51 ab 19.27b 192a 1544 b
58.33b 11.07b 8.63 ¢ 19.70 ¢ 11.44c 1.28b 16.22b

PVS2

Al S gire S )3 ) w0 il g S e By b By )b a5 Sl Sils (gt o 00
Means with the same letter are not significantly different (p< 1%)
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Figure 1. Germination of treated seeds with different pre-cryopreserved that are stored in liquid
nitrogen for a year with control seeds
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Figure 2. Establishment and growth of one week, one month and one year seedlings of
cryopreserved in liquid nitrogen with various pre-treatment and control in greenhouse condition

)O 9 4.......»‘..\.’ ‘5)510‘) wo)B ol.:f LOﬁ.é 9 p.?r.m ‘|).‘> )LA.M\S 90 )‘ (_g),u.we)f 4.'; UJ‘ W o)L..u‘ :)Lﬁ as ‘L’;QLQ.Q

O 5 g asS (60ab (pme slaasly 8 o 5l O eo -4565 5l W Glgredy Cads abl o Cooanl shls sBass
Pyl 0559 b (Byb 5l Hlassl 51 90 elKing, (28, (S e LS (gl &S joiS o 3ble 5l o
BU B o LR L TR COWER | PRV S P VO PR R W ) (W S lareds pao .l el lls £)150 510 5 oliwg,
Sloaigs i g oud ol B uil Sl (jgaS 3 ol b slolKisy, ads Lo i a5 b sl
B8 ol il i (08 g gL I s Slao,e 51 0ai K wosl o il ks oy
Iy Syl 38 cpl (SG55 ialw 3 (2,5 pBI L JS1s Jedoas a8 ol samlice (yliwg jo ol bt 2845,

\Y



VFR0 13l oybes fpgms Jlo [l iy lios 5 psle S 5 leds ol

&l Sl @b 5l S sl arog 1N Clls alys o j0
ohloel a5 ;545 &0 5 lSmr Clided dwie )| 2l s Qlaiss )0 srmb bolling) 10 0szge slaasly
Ol (o) 2" Cgan gyl B o 1) Gados onl L 890 Od9ed padne 5 lelid @ Ced lal HeiS gblie
"spuld bls o SR slaaieS 5l solass a5l LB (g9 p Slaike g0 boolS pllisy, sleacye
£l 8 5550 BT Cliz 5l g pe ,SAT el (el oy, 5, S g 6yglan b e g 2LS A
Jdoas glpl b il gl o5 iy ) OBl Gl oyl bl o Ll )l 5 b slo

Rghse SiS Glid e slatasle de 9790 slaaly 1By w5l Djge 0 B ogh el

..\....:Lu sl Sg>9 Lholiw)s) 9 4;; 6L._>|

&L

Assareh, M. A. and Sabaghzadeh, F. 2002. Asexual proppagation of Christ's Thorn Jujube Ziziphus spina-
christi (L.) Desf. by tissue culture. Pajohesh and Sazandegi, 55: 19-22. (In Persian) (Journal)

Abdul-Baki, A.A. and Anderson, J.D. 1973. Vigour determination in soybean seed by multiple criteria.
Crop Science, 13: 630-633. (Journal)

Chang, Y. and Reed, B.M. 1999. Extended cold acclimation and recovery medium alteration improve
regrowth of Rubus shoot tips following cryopreservation. CryoLetters, 20(6): 371-376. (Journal)

Cho, E.G., Noor, N.M., Kim, H.H., Rao, V.R. and Engelmann, F. 2002. Cryopreservation of Citrus
aurantifolia seeds and embryonic axes using a desication protocol. CryoLetters, 23(5): 309-316.
(Journal)

De Carlo, A., Benelli, C. and Lambardi, M. 2000. Development of a shoot-tip vitrification protocol and
comparison with encapsulation-based procedures for plum (Prunus domestica L.) cryopreservation.
CryoLetters, 21: 215-222. (Journal)

Dinarvand, M. and Zarinkamar, F. 2006. Anatomy-taxonomy of the genus Ziziphus in Iran. Iranian
Journal of Botany, 12(1): 36-41. (In Persian)(Journal)

Dixit, S., Mandal, B.B., Sangeeta, A. and Srivastava, P.S. 2003. Genetic stability assessment of plants
regenerated from cryopreserved embryogenic tissues of Dioscorea bulbifera L. using RAPD,
biochemical and morphological analysis. CryoLetters, 24 (2): 77-84. (Journal)

Jebelli, M., Naderishahab, M.A. and Jafari, A.A. 2014. Cryopreservation of seeds of some of the forest
species (Acacia tortilis (Forssk.) Hayne) and Acacia nilotica (L.) Delile. Iranian Journal of Rangelands
and Forests Plant Breeding and Genetic Research, 23 (1): 1103-111. (In Persian)(Journal)

Jebelli, M., Naderishahab, M.A., Feizi, H. and Jafari, A A. 2015. Cryopreservation of Populus Euphratica
Oliv. seeds and establishment of the cryopreserved seeds under laboratory and green house conditions.
Iranian Journal of Horticaltural, 46(2): 313-322. (In Persian)(Journal)

Jebelli, M., Naderishahab, M.A., Jafari, A.A. and Hatami, F. 2014 Seed cryopreservation of Robinia
pseudoacacia L. Iranian Journal of Forest, 6(2): 245-254. (In Persian)(Journal)

Hao, Y., Cheng, Y. and Deng, X. 2003. Gus gene remains stable in transgenic citrus callus recovered
from cryopreservation. CryoLetters, 24(6): 375-380. (In Persian)(Journal)

Kuleshova, L.L., MacFarlane, D.R., Trounson, A.O. and Shaw, J.M. 1999. Sugars exert a major influence
on the vitrification properties of ethylene glycol-based solutions and have low toxicity to embryos and
oocytes. Cryobiology, 38 (2): 119-130. (In Persian)(Journal)

Kushnarenko, S.V., Romadanova, N.V. and Reed, B.M. 2009. Cold acclimation improves regrowth of
cryopreserved apple shoot tips. CryoLetters, 30(1): 47-54. (In Persian)(Journal)

Mandal, B.B. and Dixit-Sharma, S. 2007. Cryopreservation of in vitro shoot tips of dioscorea deltoidea
Wall., an endangered medicinal plant: effect of cryogenic procedure and storage duration. CryoLetters,
28(6): 461-470. (In Persian)(Journal)

A



VA8 [ gl 05led [pg Jloo Iyl pl 5oy liiiod g pole o IS Gl (o) 2

Matsumoto, T., Sakai, A. and Yamada, K. 1994. Cryopreservation of in vitro-grown apical meristems of
wasabi (Wasabia japonica) by vitrification and subsequent high plant. Plant Cell Report, 13: 442-446.
(Journal)

Mix-Wagner, G., Schumacher, H.M. and Cross, R.J. 2003. Recovery of potato apices after several years
of storage in liquid nitrogen. CryoLetters, 24 (1): 33-42. (Journal)

Motamedi, H., Safary, A., Maleki, S. and Seyyednejad, S.M. 2009. Ziziphus spina-christi, a native plant
from Khuzestan, Iran, as a potential source for discovery new antimicrobial agents. Asian Journal of
Plant Sciences, 8(2): 187-190. (Journal)

Moustafa, A.E.A., El-Wahab, R.H.A., Helmy, M.A. and Batanouny, K.H. 1998. Phenology, germination
and propagation of some wild trees and shrubs in south Sinai, Egypt. Egyptian Journal of Botany, 36:
91-107. (Journal)

Mozaffarian, V. 2004. Trees and shrubs of Iran. Farhang Moaser Publication, Tehran, Iran. (In Persian)
(Book)

Ozden-Tokatli, Y., Ozudogru, E.A., Gumusel, F. and Lambardi, M. 2007. Cryopreservation of Pistacia
spp. seeds by dehydration and one-step freezing. CryoLetters, 28(2): 83-94. (Journal)

Sabeti, H. 2004. Forests trees and shrubs of Iran. Yazd University Publication. pp:536. (In Persian)
(Book)

Sakai A., Kobayashi, S. and Oiyama, 1. 1991. Survival by vitrification of nucellar cells of navel orange
(Citrus sinensis Osb. var. brasiliensis Tanaka) cooled to —196°C. Journal of Plant Physiology, 137:
465-470. (Journal)

Sanayaima, R.K., Kaur, A., Agrawal, A. and Babbar, S.B. 2006. Cryopreservation of in vitro—grown
shoot tips of Crateva nurvala Buch. Ham, and important medicinal tree. CryoLetters, 27(6): 375-386.
(Journal)

Sanchez, C., Martinez, M.T., Vidal, N., San-José, M.C., Valladares, S. and Vieitez, A.M. 2008.
Preservation of Quercus robur germplasm by cryostorage of embryogenic cultures derived from
mature trees and RAPD analysis of genetic stability. CryoLetters, 29 (6): 493—504. (Journal)

Sant, R., Taylor, M. and Tyagi, A. 2006. Cryopreservation of in vitro—grown shoot tips of tropical taro
(Colocasia esculenta var. esculenta) by vitrification. CryoLetters, 27(3): 133—-142. (Journal)

Schoenweiss, K., Meier—Dinkel, A. and Grotha, R. 2005. Comparison of cryopreservation techniques for
long—term storage of ash (Fraxinus excelsior L.). CryoLetters, 26(3): 201-212. (Journal)

Senula, A., Keller, E.R.J., Sanduijav, T. and Yohannes, T. 2007. Cryopreservation of cold—acclimated
mint (Mentha spp.) shoot tips using a simple vitrification protocol. Cryoletters, 28(1): 1-12. (Journal)

Seo, M.J., Shin, J.H. and Sohn, J.K. 2007. Cryopreservation of dormant herbaceous peony (Paeonia
lactiflora Pall.) shoot—tips by desiccation. CryoLetters, 28(3): 207-213. (Journal)

Sherlock, G., Block, W. and Benson, E.E. 2005. Thermal analysis of the plant encapsulation—dehydration
cryopreservation protocol using silica gel as the desiccant. CryoLetters, 26(1): 45-54. (Journal)

Stewart, P., Taylor, M. and Mycock, D. 2001. The sequence of the preparative procedures affects the
success of cryostorage of cassava somatic embryos. CryoLetters, 22(1): 35-42. (Journal)

Towill, L.E., Bonnart, R. and Volk, G.M. 2006. Cryopreservation of Arabidopsis thaliana shoot tips.
CryoLetters, 27(6): 352-360. (Journal)

Walters, C., Wheeler, L.J. and Stanwood, P.C. 2004. Longevity of cryogenically-stored seeds.
Cryobiology, 48: 229-244. (Journal)

Zhao, Y., Wu, Y., Engelmann, F. and Zhou, M. 2001. Cryopreservation of axillary buds of grape (Vitis
vinifera) in vitro plantlets. CryoLetters, 22(5): 321-328. (Journal)

e



Assesment of maintenance of... Iranian Journal of Seed Science and Research, Vol. 3, No. 1, 2016 (111-120)

Assesment of maintenance of Ziziphus spina-christi (L.) Desf. seed under
cryogenic conditions

Mohabbatali Naderi-Shahab!, Maryam Jebelli**, Ali Ashraf Jafari®

Received: January 12, 2015 Accepted: July 4, 2015

Abstract

Ziziphus spina-christi (L.) Desf. Is an arboreal species which grows in hot natuarl habitats of Southern
Iran. Regarding the genetic diversity of the species in the country, collection and long-term preservation
of seed germplasm in order to prevent genetic erosion and risk, have a great priority. To evaluate the
possibility of long-term preservation of the Ziziphus spina-christi seeds under cryogenic conditions, three
pre-cryopreservation methods including PVS2, Desiccation, and 30%Glycerol were applied before
incubation of the seeds under cryopreservation conditions (-196°C) or lipuid nitrogen (LN). The treated
seeds were incubated in LN for periods of 1 week, 1 month and 1 year. Subsequently, the cryopreserved
seeds were removed from cryogenic condition and evaluated under laboratory and greenhouse conditions.
The results showed that seeds of Ziziphus spina-christi are able to tolerate cryogenic conditions. Effects
of the cryopreservation pre-treatments including 30%Glycerol, Desiccation and PVS2 were significantly
different on seed attributes and, Desiccation showed the best effects on survival rates and other attributes
of the cryopreserved seeds. The interaction effects between cryogenic storage periods and pretreatments
were significant for some of the attributes. However some of the attributes did not show different means
in different incubation periods. In greenhouse conditions, the cryopreserved seeds were germinated and
established well and, Desiccation method showed better results compare to those of the 30%Glycerol and
PVS2.

Key words: Cryopreservation; Desiccation; Forest species; Ziziphus spina-christi (L.) Desf
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