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Abstract. Bitter almond rootstock is considered one of the most vital rootstocks for stone fruit species
but it is classified as a plant sensitive to salinity. This experiment was carried out to study the effect of salt
stress on vegetative growth and photosynthetic pigments of bitter almond rootstock as an attempt to sustain
growth and increase its tolerance to high salt concentrations. However, the seeds were soaked in salt solution
of NaCl as 1, 3, and 5 dsm™' for 48 hours before stratification. After that, nuts were sown in perlite and
treated with different saline solutions subsequently stratified at 6 °C for eight weeks. Sprouted seeds were
cultivated in pots with a mixture of peat and perlite and treated only with the highest salt concentration
5 dsm™. The treatments were arranged in a complete randomized block design with three replications.
Vegetative traits and photosynthetic pigments content were estimated. The results revealed that soaking and
pre-treating seed of bitter almond rootstock by means of high salt concentration Sdsm ™ during the germi-
nation period and subsequently after planting produced stronger transplants that had hardening, adaptation
and could avoid the hyperosmotic shock of salt stress after planting. It is obvious throughout; increment
of stem diameter, plant height, total number of leaves\plant, fresh and dry weight of leaves, photosynthetic
pigments and total carbohydrate content of such transplants. While other coming seedlings from low salt
concentrations were exposed to hyperosmotic shock and salt injury therefore inhibit growth rate of such
plants, increased falling of leaves and finally reduced photosynthetic pigments content in the resulting seedlings.
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Introduction

Salinity is one of the oldest environmental problems affecting approximately 30%
of irrigation land. Salinity affects almost all stages of plant growth, involving emergence,
vegetative growth and reproductive development [1]. NaCl is the most of the soluble salts
in saline soil. Na ions are among the predominant exchangeable bases [2]. However, soil
salinity causes ion toxicity, osmotic stress, nutrient (nitrogen, calcium, potassium,
phosphorus, ferrous, and zinc) reduction and oxidative stress on plants. Moreover,
the ions Na" and CI penetrate into cells of plants and may be accumulated in the vacuole
for the tolerant plants or in the cytoplasm which in turn are known to be very toxic
to the plant cell by injuring the cytoplasmic enzymes in sensitive cultivars [3]. Thus,
salinity is considered to be one of major factors limiting sustainable agriculture.

The possibility of employing saline water in irrigation, as well as underground
water, well water, or diluted sea water are taken into consideration as limiting factors
for sustainability of agriculture in newly reclaimed lands. Regarding bitter almond
(Prunus amygdalus) rootstock, Family: Rosaceae is counted as one of the most vital
rootstock species for stone fruits. Whereas, it is mentioned to be drought resistant,
the tolerance of almond rootstock to water stress is probably attributed to adaptive
mechanisms that founded in their leaves or roots. These mechanisms involve osmotic
adjustment, stomatal conductance reduce of transpiration water loss, leaf shedding
acceleration, and root depth and density increase [4]. Added to that, almonds may be
employed in semi-arid lands to control soil erosion and desertification because of their
high adaptation to undesirable environmental conditions [5]. Although it is a vigorous
and long-lived plant, almond trees are considered as a sensitive plant to salinity. Today,
the preparation of fruit trees to tolerate salt stress is required to sustain agricultural
production. This study aimed to elevate resistance and tolerance of bitter almond root-
stock to salt stress in the soil and irrigation water.

Material and Methods

The present investigation was carried out in 2016—2017 to study the effect of salt
stress on vegetative growth and photosynthetic pigments content of bitter almond root-
stock. Therefore, almond nuts require a cold stratification under humid conditions
to emergence from dormancy and enhance germination. Hence, temperatures between 2
and 7 °C are markedly the most efficient [6].

Germination under saline conditions may be a rabid test to explore salt tolerant
plants [7]. So, the seeds were collected from a vitality genotype at North Sinai Gover-
norate, Egypt. Uniformly sized and vitality nuts were soaked in salt solutions as follows:
1,3 and 5 dSm™" in two days, where ppm = Ec (ds/m) x 640, for Ec between 0.1 and
5 ds/m™" [8]. Salt solutions 1, 3 and 5 dSm™" were chosen in the consideration of general
specifics of plant resistance for salinity [9].

Nuts were then cultivated in perlite and treated with different saline concentrations
subsequently stratified at 6 °C for two months (15 October — 13 December, 2016).
After cold treatment, non-germinated seeds were treated by 22 °C for 3 weeks (13 De-
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cember, 2016 — 5 January, 2017) to enhance emergence. Three seedlings/replicate were
obtained and cultivated in pots (15 x 20 cm) which had a mixture of peat and perlite,
then treated with the highest salt concentration 5 dSm™' once/week at the end of Feb-
ruary up to the end of august.

Measurements:

1.

W

6.

Stem diameter increment / plant (mm) was estimated using venire caliper
as a following: The increment in stem diameter = stem diameter (at the end
of August) — stem diameter (at the end of February).

. The increment in plant height (cm) was measured as follows: The increment
in plant height = plant height (at the end of August) — plant height (at the end
of February).

. Number of leaves / plants was counted.

. The fresh and dry weight of leaves / plant (g) was measured.

. Chlorophyll a, band carotenoids (mg-g ") concentrations were determined

as described by [10].

Total carbohydrate (mg-g”' DW) was determined as described in [11].

The experiment was designed in a randomized complete block design with three
replicates, and three plants for each. The obtained results were submitted to analysis
of variance (ANOVA)-MSTAT software.

Results and Discussion

Results obtained respecting the effect of nuts soaked and irrigated by different
salinity concentrations on vegetative content and pigments content of bitter almond
rootstock were presented in figures 1—6.
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Fig. 1. Effect of salt stress on increment of stem diameter (mm)
of bitter almond rootstock
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Concerning the seedlings that germinated under low salt concentrations 1 and 3
dsm™ (Figure 1), it was found that irrigated such seedlings with height salt concentration
5 dsm™' after germination period caused a subsequent decrease in growth rate of stem
diameter compared to the seedlings that already have been germinated under salt stress
5 dsm™ which gained the adaptation case in germination period and its ability to tolerate
salt stress after planting was improved. The gained data in this study in the line with
these mentioned early [12]. The data reported that using of NaCl in germination period
would be applied as an adaptation method to promote salt tolerance of germinated plants.
However, salinity inhibit the cell cycle transiently by reducing the expression and activity
of cyclins and cyclin-dependent kinases, thus produce a fewer cells in the meristem,
so limiting growth [13]. Additionally the previous research [14] demonstrated, that
the growth reduction was attributed to sever changes in the ion relationships of plants
as a result of the contrary effect of Na and ClI ions on metabolism or from deranged
water relations.

Also, soaking and treating seeds of bitter almond by low salt concentration 1 and
3 dsm™ before planting positively increased the stem length of bitter almond seedlings
compared to the highest salt concentration 5 dsm™'. Nevertheless, these seedlings when
irrigated with high saline solution 5 dsm™ during the growth period, the growth rate was
aggressively decreased as a result of the adverse effects of salt stress 5 dsm™ (Figure 2).
In this respect, the highest growth and the best length of plant was obtained when
the seeds were irrigated with 5 dsm™ during the germination period and later after plant-
ing. Generally, the reduction in stem length and diameter means a depression in plant
growth. This depression could be attributed to inhibit cell division and cell elongation
under conditions of increasing salinity at high salt concentration. This explanation agrees
with that reported in [15] on peach seedlings. Salinity promoted abscisic acid which
may inhibit cell cycle regulation [16]. The studies demonstrated, that increasing salt stress
caused reduction in shoot length of bitter almond [17].
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Fig. 2. Effect of salt stress on (the) increment of plat height (cm)
of bitter almond rootstock
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Regarding the seedlings that germinated under low salt concentrations 1 and 3 dsm™,
it was found that irrigation of those seedlings in high salt solution 5 dsm™' during
the growth period caused the increase in leaf falling as a result of the hyper osmotic shock
of salt stress which in turn marked the decrease in the total number of leaves/plant of bitter
almond rootstock (Figure 3). In this respect, the highest number of leaves/plant was
obtained when the seeds were irrigated with 5 dsm™' during the germination period
and subsequently irrigated with the same concentration during the growth period. It can
be concluded from the previous results, that soaking seeds of bitter almond rootstock
in high saline solutions before planting lead to adaptation the coming seedlings to salt
stress in irrigation water and having more number of leaves compared to those plants
which did not/or received low concentrations of salinity. Additionally, salinity accelerates
plant senescence and fallen of leaves as a result of the excessive toxic levels of Na*
and/or Cl™ ions. This can be an adaptive way to translocate accumulated amount
of Na* and/or CI” out of juvenile to the older leaves, reserving them away from the phy-
siologically active tissue which in turn resulted in fallen of older leaves [18].
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Fig. 3. Effect of salt stress on number of leaves/plant of bitter
almond rootstock

The data in Figures 4 and 5 demonstrated that, soaking and treating the seeds of bitter
almond with salt concentrations reduced both fresh and dry weight of leaves/plant due to
changing salt concentration from 1 and 3 dsm™' in germination period to only 5 dsm™
after germination. This reduction was proportional to the salt level. Additionally, irrigating
by 5 dsm™' in germination period and later during the vegetative growth period produced
the highest increment in both of fresh and dry weight of leaves/plant. In this regard,
the previous researches [19] found that the deleterious consequences of high salt concen-
trations caused in hyper osmotic shock and ionic imbalance effect in plant cells.
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Fig. 5. Effect of salt stress on photosynthetic pigments content (mg/g)
of bitter almond rootstock

The results presented in Fig. 5 show the effect of pre-treating seed by means
of various salt concentrations during the germination period subsequently by 5 dsm™
after planting on photosynthetic pigments content of bitter almond rootstock. It was
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found that, the resulting seedlings from high salt concentration 5 dsm™' had hardening
and adaptation and could avoid the hyper osmotic shock of salt stress and thus positively
reflected on vegetative growth and chlorophyll a, band carotenoids content in the leaves
of plants. While other coming seedlings from low salt concentrations were exposed
to hyper osmotic shock and salt injury which in turn inhibited growth rate of plants,
increased falling of leaves and finally reduced photosynthetic pigments content
in the plants. Researchers noted that excess ions of Cl” or Na" in the plant leaves influ-
enced stomatal closure, causing excessive water evaporate and leaf injury symptoms
as happened in drought damage [20]. In this regard, salinity promotes the synthesis
of abscisic acid which in turn closes stomata when translocated to guard cells. As a result
of stomatal closure, photosynthesis decline and oxidative stress conducted. Additionally,
the reduction of photosynthetic pigments in stressed transplants can be attributed
to the decrease in the uptake of elements required for chlorophyll biosynthesis (i.e., iron
and magnesium) [21], or throughout inhibition of chlorophyll synthesis [22].
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Fig. 6. Effect of salt stress on total carbohydrate content (mg/g)
of bitter almond rootstock

Concerning the effect of nuts soaking in saline solutions at the stratification period
and before planting, it increased the total carbohydrate content of bitter almond rootstock.
It is therefore clear that the germinated seeds under high concentration of salinity 3 and
5 dsm™' produced seedlings which had adaptated to salinity in irrigation water 5 dsm™
after planting. It resulted in enhanced vegetative growth, increased number of leaves,
leaf area and total chlorophyll content which in turn increased the rate of photosynthesis
process, subsequently accumulation of total carbohydrate in the plants. While, the other
seeds that germinated under control treatment showed less resistance and significantly
gave the lowest value of total carbohydrate content in the plants.
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Conclusion

Increasing the salt concentrations from 1 and 3 dsm™' in soaking and stratification
periods up to 5 dsm™ after planting resulted in decrease of vegetative growth and photo-
synthetic pigments due to hyper osmotic shock and salt injury of salt stress. On the other
hand, pre-treating and irrigation of bitter almond transplants with high saline solution
5 dsm™ produced adapted and stronger seedling and thus positively reflected on vegeta-
tive traits and photosynthetic pigments. For growers and nurseries, this investigation can
recommend to cultivate bitter almond seedlings under saline conditions or in new
reclaimed soil; that’s soils which face desertification dangers or that will be irrigated with
diluted sea water or underground wells should be subjected to soaking and irrigation
with saline water during germination period and early stages of growth in nursery.

References

—_—

Gupta IC. Use of saline water in agriculture. Oxford and IBH Publishing Co. 1979; 2—28.

2. Tester M, Davenport RA. Na* tolerance and Na' transport in higher plants. Annals of Botany.
2003; 91(5):503—527. doi: 10.1093/a0b/mcg058

3. KefuZ, Hai F, San Z, Jie S. Study on the salt and drought tolerance of Suaeda salsa and Kalan-
choe claigremontiana under iso-osmotic salt and water stress. Plant Sci. 2003; 165(4):837—844.
doi: 10.1016/S0168-9452(03)00282-6

4. Castel JR, Fereres E. Responses of young almond trees to two drought periods in the field.
Journal of Horticultural Science. 1982; 57(2):175—187. doi: 10.1080/00221589.1982.11515038

5. Bernstein L, Francois LE, Clark RA. Salt tolerance in ornamental shrubs and ground covers.
Amer Soc Hort Sci. J. 1972; 97:550—556.

6. Lipe WN, Crane JC. Dormancy regulation in peach seeds. Science. 1966; 153(3735):541—542.
doi: 10.1126/science.153.3735.541

7. Miryam O, Moulay B, Narimane Z. Effect of salinity on seed germination of Abelmoschus
esculentus. Afir J Agric Res. 2015; 10(19):2014—2019. doi: 10.5897/AJAR2013.8341

8. Ayers RS, Westcot DW. Water quality for agriculture. Rome: Food and Agriculture Organiza-
tion of the United Nations; 1989.

9. Yiicedag C, Giiltekin HC. Effects of cold stratification and sowing time on germination
of almond (Amygdalus communis L.) and wild almond (Amygdalus orientalis L.) seeds. African
Journal of Agricultural Research. 2011; 6(15): 3522—3525.

10. Pochinok KN. Metody biokhimicheskogo analiza rastenii [Methods of biochemical plant ana-
lysis]. Kiev. Naukova Dumka Publ. 1976. (In Russ). Ilouunox X.-H. MeTopl OHOXUMHAYIECKOTO
aHanu3a pacteHuil. Kues: Haykosa Jlymka, 1976. 336 c.

11. Jain VM, Karibasappa GN, Dodamani AS, Mali GV. Estimating the carbohydrate content
of various forms of tobacco by phenol-sulfuric acid method. J Edu Health Promot. 2017; 6:90.
doi: 10.4103/jehp.jehp 41 17

12. Cano EA, Bolarin MC, Perez-Alfocea F, Caro M. Effect of NaCl priming on increased salt tole-
rance in tomato. J Hort Sci. 1991; 66(5): 621—628. doi: 10.1080/00221589.1991.11516192

13. West G, Inze D, Beemster GT. cell cycle modulation in the response of the primary root of Ara-
bidopsis to salt stress. Plant Physiol. 2004; 135(2):1050—1058. doi: 10.1104/pp.104.040022

14. Delane R, Greenway H, Munns R, Gibbs J. Ion concentration and carbohydrate status of the
elongation leaf tissue of Hordeum vulgare growing at high external NaCl: 1. Relationship
between solute concentration and growth. Jour of Exp Botany. 1982; 33(4):557—573. doi:
https://doi.org/10.1093/jxb/33.4.557-a

15. Bondok A, Ttawfic H, Shaltout AD, Abd-EI-Hamid N. Effect of salinized irrigation water

on chemical constituents of Flordaprince prince peach cultivar budded on different peach

rootstocks. Assiut J Agric Sci. 1995; 26(1):149—171.

326 PACTEHMEBOJICTBO



Badran A.M., Savin LY. RUDN Journal of Agronomy and Animal Industries, 2019; 14(4):319—328

16. Wang H, Qi Q, Schorr P, Cutler AJ, Crosby WL, Fowke LC. ICK1, a cyclin-dependent protein
kinase inhibitor from Arabidopsis thaliana interacts with both Cdc2a and CycD3, and its
expression is induced by abscisic acid. Plant J. 1998; 15(4):501—510. doi: 10.1046/j.1365-
313X.1998.00231.x

17. Shibli RA, Shatanawi MA, Swaidat 1Q. Growth, osmotic adjustment and nutrient acquisition
of bitter almond under induced sodium chloride salinity in vitro. Communications in Soil Science
and Plant Analysis. 2003; 34(13—14):1969—1979. doi: 10.1081/CSS-120023231

18. Winter E. Salt tolerance of Trifolium alexandrinum L. II. Ion balance in relation to its salt tole-
rance. Australian Journal of Plant Physiology. 1982; 9(2):227—237. doi: 10.1071/PP9820227

19. Niu X, Bressan RA, Hasegawa PM, Pardo JM. Ion homeostasis in NaCl stress environments.
Plant Physiol. 1995; 109(3):735—742. doi: 10.1104/pp.109.3.735

20. Bernstein L, Francois LE, Clark RA. Salt tolerance in ornamental shrubs and ground covers.
Amer Soc Hort Sci J. 1972; 97:550—556.

21. Reddy MS. Metabolism of chloroplasts isolated from leaves of ground nut plant (Arachlshy-
pogaea) grown in normal salinized and alkalized soils. [Ph.D. Thesis] Tirupati; 1976.

22. Patil GP, Boswell MT, Ratnaparkhi MV. Dictionary and classified bibliography of statistical
distributions in scientific work, Vol. 2: Continuous univariate models. Burtonsville, MD: Inter-
national Cooperative Publishing House; 1984.

About authors:

Badran Antar Mahmud — Desert Research Center, 1 Mathaf Al-Matareya St., POB 11753, Cairo,
Egypt; PhD student, Agroengineering Department, Agrarian and Technological Institute, Peoples’
Friendship University of Russia, 8/2 Miklukho-Maklaya St., 117198, Moscow, Russian Federation;
e-mail: dr_antar mahmoud@yahoo.com

Savin Igor Yuryevich — Corresponding Member of the Russian Academy of Sciences, Doctor of Agri-
cultural Sciences, Deputy Director for Research, Dokuchaev Soil Science Institute, 7/2 Pyzhyovskiy St.,
119017, Moscow, Russian Federation; Professor, Agroengineering Department, Agrarian and Techno-
logical Institute, Peoples' Friendship University of Russia, 8/2 Miklukho-Maklaya St., 117198,
Moscow, Russian Federation; e-mail: savin_iyu@esoil.ru

DOI: 10.22363/2312-797X-2019-14-4-319-328

Hay4Has ctatbs

BnanaHue 3aconeHus Ha BeretatTuBHbIN POCT
N GOTOCUHTETUYECKME NMUIrMEHTbI FTOPbKOro MUHAaNs

AM. Baapan"?, I.IO. Capun®**

'Tentp uccnenosanuii myctoeiub, Kaup, Eeunem
*Poccuiickuil yHUBEPCUTET JpY)Obl HApooB, Mockea, Poccuiickas Dedepayus
*Mousennblit uucTUTYT MMeHu B.B. JJokyuaesa, Mocksa, Poccuiickas Pedepayus

*savin_iyu@esoil.ru

AHHoTanus. ['oppkuit MEUHIANE ABIAETCS OJHHM M3 HaHOOIee HCIONB3YEMbIX B KA9ECTBE MOIBOS
COPTOB KOCTOYKOBBIX ILIOJIOBBIX KYJIBTYP, OJHAKO OTJIMYACTCs UYyBCTBUTENLHOCTBIO K COJIEBOMY CTPECCY.
IIpoBeneHsB! ONBITHI 10 U3Yy4YEHUIO BO3IEUCTBUS Pa3IMYHbIX YPOBHEH 3aCONEHHBIX IIOJIMBHBIX BOJ| HA BEreTa-
THBHBIH POCT ¥ ()OTOCHHTETHIECCKIE MTMEHTHI TOPHKOTO MIH/AI C 3a7adeli MOMCKa METO/1a YBEINICHHSL
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€ro yCTOHYHBOCTH K 3acoieHuto. Opexu 1o crpatudukanyuy 3amMadnBany B pactsope NaCl pasnuaHoit
crenenu: 1 dsm™, 3 dsm ™' u 5 dsm ' 3a 48 u. 3aTem ceMeHa MOCesIM B TEPIMT U B TedeHHE 8 Heleb
mpu Temreparype 6 °C nomBaiu pactBopoM NaCl pasnuynoii crerenu. [Ipopociie ceMeHa BbICAKHBAIH
B TOPIIIKH CO CMEChIO TOp(da U TIEPITHTA U MOJUBAA BOTHBIM PACTBOPOM C CAMOM BBICOKOH KOHIICHTpaIHeit
comu 5 dsm™'. TIpoBesieHBI MONHBIE GIOYHBIE PAHIOMH3HPOBAHHBIE UCCIIENOBAHMSA C TPOSKPATHBIM TTOBTO-
peHueM. Pe3ynbrarTel MoKasaim, 4To 3aMayiBaHKe U OPOLICHNE CeMSH TOPHKOTO MUHIAJS BOJIOH C BEICOKAM
KOHIIEHTPATOM COMU 5 dSm™ B epHOJI IPOpacTaHysl, a 3aTeM T0ciIe TIOCaIKH TIPUBOMIIO K GOJIBIIEH CHile
paccazpl ¢ HauIydIlei aganTaryeil K COJIeBOMY CTPecCy MOCIe TTOCaIKH, YTO YETKO BBEIBISIETCS IO TaKUM
rapaMeTpam, Kak IPUPOCT AuameTpa cTeOIsl, BRICOTa pacTeHHMsI, 00IIee KOJINIECTBO JHCThEB/PACTEHNH,
CBEXas U CyXas Macca JIMCThEB, KOJINYECTBO (POTOCHHTETHYECKHX MUTMEHTOB U 00IIee CoepiKaHue
yrieBonoB. [Ipy MeHbIIei KOHIEHTPAUU CONM CAKEHIIBI TOBEPTAUCH THIIEPOCMOTHIECKOMY ILOKY,
TIO3TOMY COJIEBBIE TPAaBMBI IPEISITCTBOBATIM POCTY TAaKHX PAcTeHHH, IPOMCXOAMIO YBEINICHUE TIaICHUS
JIMCTHEB M CHIKEHHE COJICPKaHUs POTOCHHTETHIECKUX MUTMEHTOB B MOJTYYEHHBIX CAXKCHIIAX.

KiroueBble cjioBa: NaCl, HWOHHaA TOKCUYHOCTD, 3aCOJICHHOCTbD, CTpaTI/I(bI/II(aI_[I/IH, ajanranus
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