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Articles and Statements
UDC 634.11(574.3)

Indicators Terms of Maturing and Storage of the Introduced Apple Cultivar Fruits
in the Conditions of the Arid Zone of Central Kazakhstan

1Natalya G. Andrianova
2Tatyana O. Sirotina

1Zhezkazgan botanical garden branch of Institute of botany and phytointroduction, Kazakhstan
100600, Karaganda region, Zhezkazgan, 100600

PhD (Biology), leading scientific researcher

E-mail: plodovodik@yandex.ru

2Zhezkazgan botanical garden branch of Institute of botany and phytointroduction, Kazakhstan
100600, Karaganda region, Zhezkazgan, 100600

Master of biology, scientific researcher

E-mail: tina-mir@mail.ru

Abstract

The article presents the results of studying of ripening and storage of the introduced apple
cultivar fruits in terms of arid zone of Central Kazakhstan (Zhezkazgan Botanical garden).
The results showed that apple cultivars considerably differ on ripening and storage terms.
The dispersive and correlation analyses of data have shown that the weight of fruits depends on
conditions of the vegetative period. The weight loss fruits of late ripening are significantly higher
than the grade of the early period with a probability of 99 %.

Keywords: introduction; apple cultivars; fruit weight; maturing terms; storage time; weight
loss.

BBeaenue

3HaHUEe CPOKOB XpaHEHUs IUIOZ0B HrpaeT Ba)KHYI0 POJIb B YBEJIHMYEHHU ILIOJOBOU
mpoayKnuu [1]. B cBA3M ¢ 3TUM, IOUCK IPHEMOB, CHUIKAIOIIMX ITOTEPU IOJIYYEHHOTO YypOrKasd,
SIBJIAETCS aKTyaJibHeWIerd mpobsiemoit [2, 3, 4, 5]. [Ipogo/KUTETbHOCTh COXPAHHOCTU ILJIOZOB
3aBUCHUT OT T€HETHYECKOrO0 KO/ia COPTa, YCJIOBHI BBIPAIIIUBAHUs, CTEIIEHH 3PEJOCTH BO BpeM:
cheMa | yCJIOBUH XpaHeHus [ 6, 7, 8].

[lestb JAHHOTO HCCIIEIOBAHUS 3aK/II0YAIACH B BBISBJIEHHU CPOKOB CO3DEBAHUS U XpaHEHUS
COPTOB, II0 TIPEBAPUTEIbHBIM HCCJIEJIOBAHUAM YCTOMUYUBBIX K OCHOBHBIM aOMOTHUYECKUM CTPECC-
dakTopam apuaHoi 30HbI IlenTpanbHoro Kazaxcrana (MKeskasraHckuii pernoH KaparanawmHckou
ob6sactn) [9, 10, 11].

B nmpupoHOM OTHOIIIEHWH PETHOH COYETaeT B cebe Bce OTPUIIATEIbHBIE CTOPOHBI XOJIOHOTO
xiuMarta Cubupu u 3acynuiuBoro kimmara CpemHed Asum [12, 13]. Jyis moJiydeHUs MOJTHOU
KapTUHBl KJIMMaTa peruoHa Ha OCHOBAaHMU KJIUMATHYECKUX JAHHBIX, IIOJIyUYEHHBIX Ha
JKe3ka3raHCKOM METEOCTAHIIMHU, PACIIOJIO}KEHHOH B 5,7 KM OT SKCIEPUMEHTAJIbHOTO ydJacTKa

4



http://www.ejournal23.com/

Russian Journal of Biological Research, 2015, Vol. (3), Is. 1

Otiesia MHTPOYKITMH TIO/TIOBO-ATOMHBIX KyIbTyp 2KBC, Ob1a cocraBieHa auarpamma (puc. 1) u
MIO/ICUMTAHbl OCHOBHBIE METEOIIOKa3aTeIn 3a JeCATh MOCIeAHUX JIeT (2005—2014). AGCOTIOTHBINA
MHHUMYM TeMIIEpaTypbl cOocTaBWI -39,2° C; abCOMIOTHBIA MakcuMyM — 42° C; cpeaHerozoBoe
KOJIMUECTBO OCAAKOB — 174 mMm; cpellHAA TeMIleparypa sHBaps — -15,1° C; cpefHsAsa TeMIlepaTypa
uioyd — 24,2° C.
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Puc. 1. CpeguemecsiuHas TemMiieparypa B rpagycax C (a) u cymma ocazkoB B MM (0) B
’Keskasrane (2005 - 2014 IT.)

Cymma Temneparyp Baiie 10° C paBHa 3466; cpefHasa cymMMa TeMIlepaTyp Huke Hyssa —1402;
CpeHerozioBasi TeMiieparypa Boszayxa — 6,4° C; koHer 663MOPO3HOTO EPHO/IA OT 15 CEHTAOPS 0
11 OKTAOps; HadYay0 6GE3MOPO3HOTO MEPHO/IA OT 1 ampesis A0 8 Mas; YHciIo JHed 6e3MOpPO3HOTo
nepuoja — 133-186; cpe/iH1 ypOBEHb CHETOBOTO TTIOKpoBa — 17,3 cm.

MarepuaJjibl 1 METOAbI

OObeKTaMH HCC/IeIOBAHUS SIBJISUIICh 10 COPTOB SIOJIOHW, NMPUBUTBHIX HA CeAHIBI AHuca
ano20”: ‘Cunan cesepHwiil’ (Poccust, Muuypunck), ‘boposunka’ (CTapuHHBIN pycCKU copT), Zloub
ITanuposxu’, ‘Cnapmax’ (Poccusi, Camapa), ‘bpam Yyoduozo’ (Poccus, Yensabuuck), ‘Aamaiickoe
pymsaHoe’, ‘Hexcenxa’ (Poccusi, bapuayn), ‘Bauautickoe’ (Kazaxcran, Asmarsl), ‘Hopaano’ (Kanana,
CackatueBaH) u ‘Xasen’ (CIIIA, CepepHas /lakoTa).

M3yuyeHre CPOKOB CO3PEBAHMS U XpaHEHUs IUIOZI0B M HEKOTOPBIX ITOKa3aTesiell Nx KauecTna (Bec,
BKYyC, IPHBJIEKATEIbHOCTh BHEIITHETO0 BH/IA, IIOTEPH Beca MPH XPaHEHUH) IIPOBOAKIOCH C 2012 II0
2014 TT. HAa OCHOBAaHMM IIOJIEBBIX HAOJIIOZIEHUN U JIaOOPAaTOPHBIX AHAJIM30B B COOTBETCTBUU C
«IIporpammoii 1 METOANKOM COPTOU3YUEHHUS IJIOJIOBBIX, ATO/IHBIX U OPEXOILIO/IHBIX KYJIbTyp» [17].

I[Ipu cratucrtuueckod  00pabOTKe  JJaHHBIX  HCHOJIB30BAJId  JUCIEPCHOHHBIM U
KOPPEJISIMMOHHBIN aHaiau3bl. [locsie BBIABJIEHUS Pa3IddMi MeKIy copTamu 1o tecty dwuiiepa,
HaXO/IWJTH HANMEHBIIIYIO CPETHIOI0 PA3HUILy MEKAY COPTaMHU U MPOBOWIA PAHKUPOBAHUE COPTOB
1o Tecty J[yHKaHa: copTa OTMeUeHHbIe OJTUHAKOBBIMU OYKBaMH HE UMEJIH JIOCTOBEPHBIX Pa3IUUUI
C BEPOATHOCTHIO 99 %. 3HaueHus K03 PupeHTa Koppessanuu () olleHuBasIu 1o miaie Yemmoka,
rzie r 6osbliie 0,9 ¥ MEHBIIIE 1 COOTBETCTBYET OU€Hb BHICOKOUW KOPPEJIAIIHH.

OO6cy:kneHue

ITo mansabiM [Ipuuko T.I. [18], [Ipuuko T.T'. u Yasnoi JI.JI. [10] u36BITOK Temia B IEPUOJ,
BereTanyy IPUBOAUT K HETaTUBHBIM IOCJIeACTBUAM. [Ipy n3ydyeHun Macchl IUIOZ0B B TEUEHUH 3-X
set B JKBC myTeM IucIepCHOHHOTO aHaan3a OBLIO BBIABJIEHO, YTO CYIIECTBYET CTATHUCTUYECKU
MOATBEP:KAEHHAA Pa3HUIIA C BEPOATHOCTHIO 99 % MeX/ly CyMMapHBIM CPEJHUM BECOM IUIOAOB B
2012 T. B 2014 T. (puc. 2). IIpu MpoBe/IeHNN KOPPEJSIMOHHOTO aHAIM3a MEXIY CyMMapHBIM
CPEeTHUM BECOM ILJIO/IOB TI0 TO/IaM M CyMMaMU T'OJIOBBIX TemItepartyp Baiire 10° C (2012 — 3815° C,
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2013 — 3477° C, 2014 — 3278° C) okazajioch, YTO MEXKAY STUMH IOKA3aTEJIIMHU C BEPOATHOCTHIO
95 % cyiecTByeT O4eHb BBbICOKas obOparHas koppessanusa (-0,99), T.e. YeM BBIIIE ObLIA CymMMa
TOJIOBBIX TeMIIEpaTyp Bbille 10° C, TeM HUKe ObLJI CyMMapHBIA CPEIHUI BeC IJIOZ0B COPTOB.

120 o 9765 g 102,132
100 - : T I
i I

80 - i

60 -

40 A

20 1

0 . : ,

2012 r. 2013 . 2014r.

Puc. 2. CymmapHBIl cpefHUH BeC IJIO0B COPTOB IO roZilaM. 3HAUEHUs C Pa3HBIMHU OYKBaMU UMEIOT
JIOCTOBEPHBIE PA3JINYUA C BEPOATHOCTBIO 99 % B COOTBETCTBUU C TecToM JlyHKaHa

JlucriepcHOHHBIM aHAINM3 TIOKa3aTeJiel CpeaHEro Beca COPTOB C BEPOATHOCTBIO 99 %
IIOKa3aJl, YTO MKy COpTaMH S0JIOHHU CYIIECTBYIOT pasiauuus (Tabi. 1, puc. 3). CaMbIii BBICOKUI
Bec ObUT OTMeueH y ‘BoposuHku’, caMbli HH3KUH — Yy Aamaiickozo pymsaHoz20'.
[Tpu paHXKUPOBAaHUKM COPTOB IO pa3Mepy IUIONOB OKazajaoch, uTo ‘boposunka’ vMeeT O4YeHb
KpYIIHbIE TI0 pa3Mepy wioAsl, ‘Cnapmax’, ‘Xasewn’, ‘Bauauiickoe’ — kpynHble, ‘Cunan cegepHblil’ —
BBIIIIE cpeaHero pasmepa, ‘Hop.aand’, ‘bBpam Yyownozo’ — cpennue, /loub Ilanuposxu’ — HUKe
cpenHero pasmepa, ‘Hedxcenrxa’ — mesnkue u ‘Aamaiickoe pymsaHoe — OUeHb MeJIKHE.

160 -
130,28 a
140 - .
s 109,97b
120 1 97,54 be T
91,19¢ T
100 1 1 I
T
80 1
60 - 46,93 d
40 1
20 1
0 T T T T 1
'Anmaiickoe 'bopoeunka’  'Bpam 'Hopaano' 'Cunan
pymsatoe’ Yyonozo' cegephoiit’
Puc. 3. CpeiHuii Bec IJIOZIOB IO COPTaM 3a 3 roja
Tabsmna 1
Bec m10/10B cOpTOB SI0JI0HU IIPU 3aKJIaJIKe HA XpaHeHue (T)
HawmmenoBanue copTta 2012T. 2013 T. 2014T.
‘Aamatickoe pymsHoe’ 475¢ 453¢ 48,1g
‘boposunka’ 123,8 a 126,5a 140,6 a
‘bpam Yyouoeo’ 80,8b 95,5¢ 97,2d
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Jlouv I[Tanuposxu’ - 70,4 d 855e
‘Bauauiicxoe’ — 118,7a 1239b
‘Hexcenxa’ — 58,2 de 64,4 f
‘Hopaand’ 90,3 b 97,3 bc 105,0d
‘Cunan cesepHblil’ 95,0b 1151 b 119,8 ¢
‘Cnapmax’ — 119,3 a 126,8 b
XazeH’ — 121,7a 129,0b

B KoHIle XpaHeHUs HU3y4a/ld TaKWe KauyecTBa ILIO/OB, KaK IPHUBJIEKATEIHBHOCTh BHEIIHETO
BHU/Ia U BKYC IUIOZIOB. Pe3ysibTaThl UCIIEPCUOHHOTO aHAIN3a C BEPOSITHOCTBIO 99 % MOKa3aJlu, YTO
MEKy COPTaMU SI0JIOHH IO MIOKAa3aTeJIsIM KauecTBa ILJI0/IOB CYIEeCTBYIOT 3HAYNTEIbHbBIE PA3TAYMS
(Tabi. 2).
Ha ocHOBaHMU COBOKYITHOCTH BeCa, BHEIIIHErO BH/Ia ¥ BKyca ObL/I BRIBE/IEH TAKOI ITOKa3aTeh
KaK >KeJIaTeJIbHOCTD ILIOIOB ISl ITIOTPEOUTEIS, HO CTATUCTHYECKH JOCTOBEPHBIX PAa3/IMUYUN MEXKIY
COPTaMH 10 3TOMY ITOKa3aTeJII0 BhISABJIEHO He ObLIO (TabJI. 2).
Tabauma 2
HekoTophble mokasarejix KauyecTBa ILJIO/I0B IIPU ITOTPEOUTETHCKOM 3PEIOCTH

Cpenuuit IIpuseka- Cpenuuit KenarenpHOCTD
BKYC TOTEHOCTE BeC ILIOJIOB ot
HauMmeHoBaHMe copTa | ILIOZOB 3a 3 32 2013 T. 6
rona BHeI_I_I6HeI‘O BHUA (s HOT%e UTEJIS
(B bastax) (8 6anax) rpaMMax) (8 6anax)
‘Aamatickoe pymsHoe’ 4,1e 4,1 ef 453 e 3,3
‘boposunka’ 43¢ 4,3d 126,5a 4,5
‘bpam Yyodnozo’ 4,03 e 39¢ 95,5¢ 3,8
Jlous Ilanuposku’ 4.2d 4,2 de 70,4 d 3,8
‘Bauwautickoe’ 4,6a 4 fg 118,7a 4,3
‘Heoxcenxa’ 4,2d 47b 58,2 de 3,7
‘Hopaaud’ 4,6a 5a 97,3 bc 4,5
‘Cunan cesepHblil’ 4,6a 45c 115,1b 4,5
‘Cnapmax’ 4,2d 4,1 ef 119,3a 4,3
XaszeH’ 45b 4,2 de 1217 a 4.4

Pe3ysbTaThl 1Ta00PATOPHBIX UCCIEA0BAHUIN €CTECTBEHHOU YObLITHA MACChI IUIO/IOB TIOKA3aJTH,
YTO MOTEPS MACCHI 3HAYUTEIHLHO BBIIIIE y COPTOB H0JIee pAHHUX CPOKOB cOo3peBaHuUs (puc. 4, TabI. 3).

3,0 1
235a
254 |
2,0 1 J 1,58 ab
1,31ab |
1.5 - T 1,L17b l
L ] 0,80b
1,0 4
I
|
0,5 1
D,U T T T T 1
'Anmaiickoe 'Bopoeunka'  'bpam 'Hopnano' ‘Cunan
pymsnoe' Yyonozo' cesephbiil’

Puc. 4. Cpenusas noTteps Beca 3a 1MecAI XpaHEeHUA IJI0/IaMU COPTOB 3a 3 Toia
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HOTepH Beca B % OT Macchl IJIOAOB 3a HepBBIﬁ MeCALl XpaHEHUA

HaunmeHnoBanue copra 2012 2013 2014
‘Aamaiickoe pymsivoe’ 393a | 1,39ab | 1,72a
‘boposunka’ 1,57bc | 1,0cd | 1,28 bc
‘bpam YyoHoz0’ 1,45bc | 0,78 d | 1,26 bc
Jlouw Ilanuposxu’ — 0,79d | 1,25 bc
‘Bauauiicxoe’ — 0,72de | 1,06 c
‘Heoxcenxa’ — 1,17bc | 1,36 b
‘Hopaand’ 2,17b | 1,23bc | 1,38b
‘Cunan cesepHblil’ 1,21c | 0,39e | 0,80d
‘Cnapmax’ — 159a | 1,76 a
Xazen’ — 0,70de | 1,08 ¢

Tabsuna 3

Ha ocHoBanuu I/ICCIIe,Z[OBaHI/Iﬁ copTa ObLIN CIPYIIIMPOBAHBI I10 PA3HBIM CPOKAM XpAaHEHUA U
CO3p€EBAHHUA, a TAKXE€ IMMOACUHUTAHBbI CYMMbl TEMIIEPATYP BbIIIEC 10° C paa pgat HaCTyIlJICHUA

ChEMHOU 3pesiocTH (Tabir. 4).

Tabsuna 4
CpoKku XpaHeHUs U CO3PEBaHMUA IIJIOIOB COPTOB S0JIOHU
CyMMa aKTUBHBIX
Haumenos Hacryruienme TeMIIepaTyp, Cpoxku Cpoku
aHue Y HEOOXOAUMBIX /I XpaHeHU
CHEMHOU 3PEJIOCTU CO3peBaHUsA
coprta HACTYTLJIEHUS (B MecsIax)
ChEMHOMU 3PEI0CTU
‘Aamatick
oe ¢ 10 0o 25 aBTycTa 2537-2907 J1eTO 2
pymsiHoe’
f’op O6UHI | ¢ 110 25 CEeHTAOPA 3046-3416 OCeHb 4
bpam s ¢ 25 ceHT6ps 1o 10 3416-3502 MO3IHAA OCEHb 2
YyoHozo OKTSOps
Touw
Ianuposk | €10 00 25 aBrycTa 2537-2907 JIETO 2
u’
Sauauticx | ¢ 25 CeHTAOPA 110 10 3416-3502 TO3/HAS OCEHb 3-4
oe OKTA0pA
‘Hexcenxa’ | €20 HOMATOL0 2153-2537 J1eTo 1-2
aBrycra
‘Hopaamd’ € 20 MIOJIA TIO 5 2029-2396 paHHee JIETO 1
aBrycra
Cunan 1 16 1160 20 oxTa6Gps 3502-3528 3uMa 5
cesepHblil
‘Cnapmax’ | c¢ 10 o 25 aBrycra 2537-2907 JIETO 1
Xazen’ € 25 ceHTAOPA 110 10 3416-3502 II03/IHAA OCEHb 3
OKTSOps




Russian Journal of Biological Research, 2015, Vol. (3), Is. 1

Pe3yibTaThl U BHIBOJBI

ITpoBenieHHBIE HCCIEOBAHNSA MIOKA3AJIU, UTO MEXK/y CyMMapHBIM CPeJHUM BECOM ILIOZIOB 110
rozaM M CyMMaMH TOJIOBBIX TeMIlepaTyp BbIlle 10° C ¢ BepOATHOCTBIO 95 % CYIIeCTBYET OUYEHb
BbICOKasA oOpaTHasA Koppesanus (-0,99), T.e. YeM BbllIe ObIa CyMMa T'O/IOBBIX TeMIIepaTyp BBbIIIEe
10° C, TeM HUKe OB CyMMapHBIH CpeIHHUI BeC ILUIOZOB COPTOB siOyioHU. [losyueHHBbIE AaHHbIE
MO3BOJIAIOT CZleJIaTh BBIBOABL O TOM, YTO BBICOKAs JIETHSS TeMIEpaTypa apUAHON 30HbI
Ientpansuoro Kazaxcrana HeGJIArONPUATHO BJIMSET HA pa3Mephl IUIOOB sA00HU. Pe3yabTaThl
WICCJIEZIOBAaHUM ITOKA3JIH, YTO caMble KPYIHbIE IUIOABI ¥ ‘boposunku’, kpynHble — y ‘Cnapmaka’,
Xasena’ m ‘Baunuiickozo’, caMmble BBICOKHE BKYCOBblE KauecTBa y 3auauiickoeo’, ‘Hopaanod’,
‘Cunana cesepHo2o’ n Xasena'. Ilo mpuBIEKaTeLHOCTH IUIONOB BbyAemwInch ‘Hopaand u
‘Hexcenxa'. CopTa s0JI0HM 3HAUHUTENIBHO PAa3JIMYaIOTCA IO CPOKaM co3peBaHUs (5 TpyII) U
xpaHeHus (6 rpynm). JyimTenbHOCTH XpaHeHus Boime y ‘Cunana ceseprozo’, ‘Boposunku’ wu
‘Bauauiickozo’.

Pe3yspTaThl JIAaHHOTO WCCIEAOBAHUS CPOKOB XpAaHEHUs U CO3PEBAHUs, YCTOMYUBBIX K
HeOJIATONPUATHBIM 3UMHHM  YCJIOBUSM COPTOB SIOJIOHW, HEOOXOJUMBI IS JaJIbHEUIIero
BHEJIPEHUSI 3TUX COPTOB B IIPAKTUYECKOE CaZI0BO/ICTBO PETHOHA.
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!Haranbsa 'enHaibeBHA AHZIpaHOBA
2Tarpana OneroBHa CupotuHa

1’Ke3kasranckuii borannyeckuii caa punnan MHcTUTyTa 60TAHUKH U (PUTOUHTPOAYKITUH,
Kazaxcran
Kaparauanuckas 06:1., JKeskasraH, 100600

10




Russian Journal of Biological Research, 2015, Vol. (3), Is. 1

KanauaaT 6nosiornueckux HayK, BeAYIIUNA HAyIHBIH COTPYAHUK

E-mail: plodovodik@yandex.ru

2)Ke3kasraHckui boranuyeckuii caa puran MHcTuTyTa 60TaHUKH U PUTOUHTPOAYKITUH,
Kazaxcran

Kaparauauuckas 061., 2Keskasran, 100600

Maructp 610JI0THH, HAYYHBIH COTPY/THUK

E-mail: tina-mir@mail.ru

AnHOTamusAa. B crarbe mpescTaBieHbl Pe3yJIbTAThl H3YYEHUS CPOKOB CO3PEBAHUA U
XpaHeHUs1 IUIOZI0B HWHTPOJYIIMPOBAHHBIX COPTOB SIOJIOHM B YCJIOBUAX AapUJHON 30HBI
HenTpaspuoro Kazaxcrana (PKeskasraHckuii OOTaHUYECKHU caf). Pe3ysbTaThl HCC/IEOBAaHUU
MOKAa3aJId, YTO COpTa s0JIOHU 3HAYUTEIPHO Pa3jMYaloTCs II0 CPOKaM CO3PEBaHHSA M XPaHEHHUS.
JIMCcTIepCUOHHBIN ¥ KOPPEJIAIUOHHBIA aHAJIN3 JJAHHBIX MOKa3asl, YTO Macca IUIOJIOB 3aBHUCHUT OT
YCJIOBUHM BeETETAllMOHHOTO TIepuoga. IloTepu Beca IIogaMHM TO3JHUX CPOKOB CO3pDEBaHUs
JIOCTOBEPHO BBIIIIE, Y€M y COPTOB PAHHHUX CPOKOB C BEPOSATHOCTHIO 99 %.

KaroueBble cj10Ba: UHTPOJIYKIHUS; copTa SI0JIOHH; BeC IJIOZIOB; CPOKU CO3PEBAHUS; CPOKHU
XpaHEeHU; IOTePs Beca.
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Abstract

Immune interferon (interferon-y) is induced in leukocytes as a result of the influence of
specific bacterial or viral antigens. The addition of oestrogen preparations to interferon
biosynthesis growth media is considered to be a very important factor for the intensification of
interferon synthesis. In order to study the influence of synthetic oestrogens on the synthesis of
interferon-y (IFN-y) in human blood leukocytes, diethylstilbestrol (in the form of the soluble
sodium salt of a diphosphoric acid ether, cf. Honvan) was used. There was a twofold increase of
interferon titre in comparison with control tests.

Keywords: immune interferon; leukocytes; synthetic oestrogens; T-lymphocytes; interferon
biosynthesis.

Introduction

The main characteristic of interferon (IFN) is its ability to suppress the reproduction of
viruses and thereby hinder the process of viral infection. Interferon also acts on other intercellular
parasites (Chlamydiales and the protozodns) and on the products of bacteria (toxins).

As opposed to cultured cells that grow up outside an organism (e.g., laboratory-reared cells),
leukocytes appear to have the ability to produce interferon with non-viral inducing agents such as
phytohaemagglutinin (PHA) and other mitogens, bacterial and viral antigens, endotoxins and other
substances of microbial origin [1, 2].

Because the interferon induced in mitogen-stimulated leukocyte cultures differs with respect
to some properties from classical interferon (type 1), and hence is called type Il interferon [3].
Interferon of type Il is induced only with immune-competent cells; the name immune interferon
(interferon-y) was introduced by Falcoff [4]. The properties of virus-induced leukocyte interferon
as distinct from those of immune interferon are: instability in strong acids (pH < 2.0) or alkalis
(pH > 10.0); and thermolability (complete inactivation by keeping for one hour at 56 °C) [5].

Immune interferon is distinguished by its special activity as one of the mediators of cell
immunity. Immune interferon possesses much more anticellular and immune modulation activity
than interferons o and B (Type I), and may be much more effective as an anticancer treatment than
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other interferons [6, 7]. Interferon-y has a direct cytological action on some tumour cells, and
intensifies the actions of interferons o and  when used jointly [8, 9].

Usually immune interferon production is induced in proliferating lymphocytes in leukocyte
cultures that are activated by mitogens of organisms possessing an immune system responding to
particular viral or bacterial antigens [10]. Which type of interferon (I or Il) will be produced by
lymphocytes in response to a given inducer depends on the method of preparing the cells for
cultivation [11], the immune status of the blood donors [12] and on the nature of those cells that
help lymphocytes. Although interferon is synthesized by lymphocytes and not macrophages,
macrophages are necessary for the stimulation of interferon production, the amount of type
Il interferon (interferon-y) produced in the system of lymphocytes plus macrophages is three to
five times more than its production by lymphocytes alone [13, 14].

It was asserted by Epstein that T-lymphocytes are the main producer of interferon, mainly
because of the observation that anti-T-cellular serum containing complement helping to exclude T-
lymphocytes restrained the synthesis of type Il interferon [15]. However, Stewart (1979) considers
that B-lymphocytes produce immune interferon as well as T-lymphocytes and the production
efficiency of both depends on the existence of macrophages. The interferon produced in a mouse by
T- and B-cells is only differentiated by the amount [16].

The addition of oestrogen preparations to interferon biosynthesis growth media is considered
to be a very important factor for the intensification of interferon synthesis [17]. The purpose of this
work was to further investigate this.

Material and methods

Immune interferon was prepared from human blood lymphocytes, leukocytes and leucomass.
The material was received from a haemotransfusion station.

The Newcastle disease virus was used as interferon inducer (interferonogen). The titre
infected by this virus equalled 101°—10% CPAso [The cytopathogenic action (CPAso) is the virus dose
that engenders cytopathogenic changes in 50% of the tissue culture tubes] on hen embryos.
The indicator virus was vesicular stomatitis with the 105> CPAs titre on the cell culture [18, 19].

Culture growth media in the experiments were: medium 199, Eagle's medium, lactalbumin
hydrolysate added to Hanks solution, 0.25 % trypsin solution, sugar broth, 1% agar, thioglycol
medium, pH buffer and stabilizing solutions.

Blood lymphocytes were isolated from blood newly taken from the donor with a ficoll-
verografin density gradient. After washing out the ficoll, cells were diluted to 2x108 or 4x108
cells/mL. Interferon-y was induced by adding clean phytohaemoglutinin (PHA, Difco) at 10—
100 g/mL. During induction, cells were placed in a thermostat at 37°C for 72—96 h. The collected liquid
containing interferon was obtained after centrifuging for 5—10 min at 1500—2000 rpm. Our test criterion
for interferon-y is its stability in acid solution (pH 2.0 for 24 h) and while warming to 56 °C (for
30 min) [20].

Induction of immune interferon took place in the total fraction of leucocytes that was isolated
with a 0.83 % aqueous solution of ammonium chloride and then further fractionated with
haemolysis.

To define the interferon titre 1 mL of the preparation was added to a series of tubes
containing cell culture medium. At the same time we made the titration of vesicular stomatitis virus
(the indicator). The next day 100 CPAsq vesicular stomatitis virus (0.1 mL) was placed in each tube.
Simultaneously, a dose titration of the indicator virus was made. After cultivation in a thermostat
for 24—48 h the tubes were examined under the microscope. For the interferon titre, the final
dilution ensured 50 % cells cultural protection from the stomatitis 100 CPAso virus [20].

Results and conclusion

It is known that female sex hormones (notably the oestrogens: oestrodial, oestrone and
oestriol) effect changes of carbohydrate, protein and purine substances. They act as activators to
enzyme deoxyribonuclease through the Krebs cycle; i.e.,, they promote oxidation of organic
substances to the final product (carbon dioxide and water). This is especially important, because
anaerobic glycolysis appears to be the basic energy resource for leucocytes. Because of
inefficiencies of the early stages of the fermenting system associated with the Krebs cycle, the
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oxidation of glucose in the cells ends in the lactate stage and only a small amount (less than 5 %) is
subjected to further fission [21, 22]. That is why the addition of oestrogen preparations to
interferon biosynthesis growth media is considered to be a very important factor for the
intensification of interferon synthesis. However, the extremely low aqueous solubilities of female
sex hormones necessitates that production preparations use oil solutions, which complicates use of
the preparations. We chose a synthetic preparation of diethylstilbestrol soluble in water as the
diphosphoric ether, tetrasodium salt (Honvan) [23] (Scheme).

0 CoH; 0
I | ||
NaO-P-0 @ C= C‘—@—O—P—ONa
| | |
ONa CH: ONa

Scheme

We carried out experiments adding 1 mg Honvan to 107 and 2x107 leucocytes in 10 mL.
The concentration of the preparation in the culture medium was 0.1 mg/mL. We also carried out
experiments to receive human immune interferon, also by adding the glucose and Honvan to the
culture medium. The concentration of glucose (the purpose of which was to provide a carbon
source for sell growth) in the culture medium was 1%. The results of titration of interferon-y tests
are shown in Table.

Table. The influence of diethylstilbestrol diphosphoric ether tetrasodium salt (Honvan)
on interferon-y production by blood leucocytes

Interferon-y titre in 1 mL
Stimulator Concentration of Leucocyte concentration = Leucocyte
stimulator in preparation 107 cells/mL concentration =
/10 mg/mL 2 x 107 cells/mL

Honvan 0.1 80 100
Honvan + 1% 0.1 40-80 160
glucose
Control 0.0 40 40-80

In all variants of the experiment compared with the control test, double growth of the
interferon titre is observed.
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AnHoTamua. VMvmyHHBIH uHTEphepoH (y-MHTEP(EPOH) HHIYNHUPYETCA B JIEHKOITATAX
MMMYHHOTO OpraHHM3Ma IpH BO3JEeUCTBUU cHeludUUecKUx OaKTepHaJIbHBIX WM BUPYCHBIX
aQHTUTEHOB. [I11 u3y4yeHUs BJIMAHUA CHHTETUUYECKHX SCTPOTEHOB HA MPOJAYKIHIO y-UHTepdepoHa
YeJI0BEYECKUMU JIEMKOIIUTaAMU KPOBU MBI HCIIOJIB30BAIM TETPAHATPUEBYIO COJIb AUGOCHOPHOTO
s¢upa — AusTUWICTUIB03CTpOJb (HOV). Zlo6aBKa 3CTPOTeHHBIX IIPENapaToB B MUTATEIbHYIO CPeIy
JUia  OumocuHTe3a uHTepdepoHAa pacMaTpuBaeTcsi HaMHM Kak BecbMa BaXKHBIM (akTop
nHTeHcuuKanuu wuHTepepoHoreHe3a. Bo Bcex BapuaHTaXx ONBITOB B CPAaBHEHHUU C
KOHTPOJIBHBIMU ITpoOaMu HaOJTI0aI0Ch IByXKPATHOE YBEJIMUeHNE TUTPOB HHTEP(dEPOHA.

KiroueBsbie ciaoBa: VIMMyHHBIH WHTeP(hEPOH; JIEMKOIUTHI; CHHTETUYECKHE 3CTPOTEHBI;
T-umdoruTel; 6rocuHTe3 HHTEPDEPOHA.
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Abstract

The article gives the results of researches of intensity of transpiration, water holding
indicator, the maintenance of a chlorophyll and heat resistance of wood plants in arid terms of
Mangistau in seasonal and daily dynamics and in communication by humidity of the soil and the
main meteo factors. The article states the materials of the correlation and regression analysis with
graphical representation in the form of schedules.

Keywords: intensity of transpiration; water holding indicator; maintenance of chlorophyill;
heat resistance; adaptation; correlation; regression.

BBenenue

Manrucray pacIosio’keH B IIyCTHIHHOW 30HE, KJIMMAaT perduoHa OT/INYaeTcs Pe3KOH
KOHTHHEHTAJIbHOCThI0 — KOPOTKON MAaJIOCHEXKHOHM, HO JIOBOJIBHO XOJIOJIHOM 3WMOUN U KapKUM
MPOAOJIKUTELHBIM JIETOM. BBICOKME JieTHHE TeMmepaTypsl Bozayxa (mo 43—45°C), ocTpbrit
nepunut atMochepHOH Bjaru (KOJMYECTBO OCaIKOB 107—180 mMm B roji), 3aCOJIEHHOCTh II0YB,
CUJIbHBIE BETPa U BBICOKAsS COJIHEUHAs: aKTUBHOCTb — BCE BTO CO3/Ia€T OIpe/ieIEHHbIE TPYAHOCTH
npu  (urouHTpOAYKIUH. IIpupoanble ycyoBus MaHTHIIIIaKa OOYC/IOBJIUBAIOT ITYCTHIHHBIN
XapakTep €ero pacTUTeJIbHOCTH. B coctaBe mnpupoaHou (GJopsl mpeobJafaloT OJHOJIETHHUE
TPaBSIHUCTBIE pAaCTEHUA — 268 BUJIOB WIH 43,1 %, 247 BUsIOB (40 %) mpuUHAIeKaT K MHOTOJIETHUM
TPaBAHUCTBIM pacTeHusiM. /[peBecHble pacTeHUs MpeJicTaBJIeHbl Bcero 100 Buaamu (16,2 %) ot
00I11ero KoIu4uecTBo. /lepeBbs, Kak KM3HeHHas (hpopMa eCTeCTBEHHOH PaCTUTEIbHOCTH, B PETHOHE
OTCYTCTBYIOT [1].

[TosToMy BaskHasi POJib B KOMILIEKCE MEPOIPHUATHs IO OCBOEHUIO ITyCTHIHHBIX PErrMOHa
Manrucray OTBOJUTCSA UHTPOAYKIIUU JAPEBECHBIX pacTeHuil. Kak mokasaau mpoBeieHHbIE OIbITHI,
CO3/IaHUE JIPEBECHBIX HACAKAEHUU IYCTBIHHON 30HE OKa3aIMCh BeChbMa TPYAHOU 3a7auel, 4acTo
HAOJIIOTUTHCh TIOBPEXKZEHWe U Tubenb B HauboJiee Kapkue U cyxue rojpl [2—4]. OxHout w3
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OCHOBHBIX IIPUYMH IIOBPEXJAaeMOCTH U Tubenu pacTeHud sABJAeTcd HeJ0CTATOYHAS
000CHOBAHHOCTH ACCOPTUMEHTA JIPEBECHBIX ITOPO/I,.

B o6sacTu TeopuM WHTPOJAYKIIUM PACTEHUM CYIIECTBYIOT HECKOJIBKO METOJIOB, U3 KOTOPBIX
HauOOJIBIIIYyI0 HM3BECTHOCTh M paclpocTpaHeHHe B XX BeKe MOJIYIUIN METOJ| KJIMMATUIECKUX
aHAJIOTOB [5], MeTOJZi POJIOBBIX KOMILIEKCOB [6], SKOJIOrO-UCTOPUYECKHI MeTof [7], MeTop c
HCIIOJIb30BaHUEM, IIPU MOJ00pe MHTPOAYIIEHTOB, reHeTUYecKoro pozicTea ¢uiop [8, 9], boTaHUKO-
reorpadpuueckuii  metosi [10], 5Kosioro-¢pusNoJOTHUECKUN MeToZ [11], MeToxuUecKue
PEKOMEH/IaIMK TI0 TOADOPY /JEePEeBbEB U KYCTAPDHHUKOB JJII MHTPOAYKIMH pacTeHuil — 1981 T.,
PEKOMEH/IALINY IIEePCIEKTHBHOTO IIPOTHO3UPOBAHUSA Ppe3yJIbTaTOB HMHTPOAYKIMH HAa OCHOBE
HAaKOIIEHHOTO ONbITa — 1986 T. ¥ 00 MHTPOAYKIIMOHHOM pailoHupoBanuu [6—9, 12—16], skoJioro-
SKCTPAIOJISAIMOHHBIN MeTO/] T0100pa accopTuMeHTa [17].

Ucnonb3ysa 6osbpiioil o6beM (aKTUUECKOTO MaTepuayia M0 HWHTPOJAYKIIMH PACTEeHUH, B
OCHOBHOM BBIJIeJIEHHE TEPCHEKTHUBHBIX BHUJIOB JPEBECHBIX PACTEHUI IIPOBOJIUTCS HA OCHOBE
n3ydeHus HEeHOJIOTUH, PUTMOB POCTA W PA3BUTHUSA MHTPOJIYIIEHTOB B KOJUIEKIHUAX OOTAHMYECKHX
cazoB. Tako#l mojxop mpeoOsafaeT M AaeT HEIJIOXHWE Pe3yJIbTaThl, OJHAKO OH HE I03BOJISAET
BBISIBUTh MEXaHU3MBI IPUCIIOCOOJIEHUS] PACTEHUUA K HeOJIArONMPUATHBIM YCJIOBUAM CPEJIbI.
[TpoBoAMBIIIIECS] PAHEE OIBITHI 0 U3YYEHUIO BOJTHOTO OOMEHA U KapOCTOMKOCTH UHTPOYIIEHTOB
BBISIBIJIM HEKOTOPBIE OCOOEHHOCTH UX a[alITAIlNN, OJTHAKO B I[€JIOM 3aKJII0UYEHUA 00 YCTOUUHNBOCTH
pPacTeHHUH K TeM WU UHBIM (PaKTOpaM Cpesibl OCHOBAHBI HA JIUTEPATYPHBIX TAHHBIX.

[lenpI0 HACTOSAIIETO MCCIIEAOBAHUSA SBJISJIOCHh — U3yYeHUEe (DU3UOIOTHUECKIe ToKa3aTesei
ZIPEBECHBIX WHTPOJYLIEHTOB CYTOYHON M CE30HHON JUHAMUKHU U IIPOBEJIEHUE KOPPEJIAIMOHHOTO
aHayu3a /Ul BBIABJIEHUS MeXaHHM3Ma HX IpUcIocobyieHus K OCHOBHBIM crpecc ¢akTopam
IIyCTHIHU MaHTBICTAY.

MaTepuaJbl 1 METOAbI HCIET0BAHUI

B xauecTBe 0OBEKTOB HCCJIEIOBAaHUN OBLTM BHIOPAHBI 22 KOJUJIEKIIMOHHBIX BUJIA JIEPEBHEB U
KYCTapDHUKOB Pa3JIMYHOTO Teorpauyeckoro MIPOUCXOXKAEHUs, CTENeHH OHOJOTUYECKOHN
YCTOMUYMBOCTH, TPeOOBATEJIbHOCTH K Bjare M (QopmaM pocTa, B TOM YHUCIE 5 — XBOUHBIX:
Platycladus orientalis (L.) Franco, Juniperus virginiana L., Pinus pallasi-ana Lamb., Pinus
silvestris L., Juniperus sabina L., 13 — auctBennbix: Quercus robur L., Crataegus ambigua C.
A. Mey, Fraxinus sogdiana Bunge, Berberis vernae Schneid., Betula verrucosa Ehrh., Populus
diversifolia Schrenk., Populus bolleana Lauche., Robinia pseudoacacia L., Elaesagnus oxycarpa
Schlecht., Gleditsia triacanthos L., Maclura aurantiaca Nutt., Ulmus pumila L., Syringa josikae
Jacg., u 3 — minopoBeix: Amygdalus nana L., Malus sieversii (Ldb.), Armeniaca vulgaris Lam.

HpI/I IIpOBE€ACHUU (I)I/ISI/IO.TIOI‘I/I‘{eCKI/IX I/ICCJIeJ_'[OBaHI/Iﬁ IIPUMEHAJINUCh ClIeaAyrlnue METO/bI:
OBOAHEHHOCTb — IIYT€M BbICYIIHMBAHUA JIMCTBEB 0 IIOCTOAHHOTO B€Ca IIpU TEMIIEpaType 100—
105°C; WHTEHCHUBHOCTh TPAHCHUPAIUM II0 YMEHbIIEeHHe MAacChl CPE3aHHBIX JIMCTbEB BECOBBIM
MetozioM [18]; comeprkanue xjaopodusia B JUCThAX Ha criekTpodoTtomerpe PD -303 UV [19-21];
’KapOCTOMKOCTh — II0 METOJIUKe B TEPMOCHBIX Kosibax [19]. IIpu m3ydyeHUH WHTEHCUBHOCTH
TPaHCIIMPALUU YYUTHIBAJIUCh TaKWe OCHOBHBbIE MeTeO(hAKTOPHl KaK OCBELIeHHOCTb, TeMIlepaTypa
U BJIQXKHOCTh BO3JAyXa. lI3MepeHUE OCBEIEHHOCTH BBINOJHAIOCH C IOMOIIBIO JIFIOKCMETPA
«TKA — JIiokc», mapajuleJibHO OIpelesisalach Tak:Ke BJIAKHOCTh IOYBBI TEPMOCTATHO-BECOBBIM
crrocoboM.

Cratuctuyeckyro 00pabOTKy TIOJIyUeHHBIX pe3yJIbTaTOB IPOBOJAWIA 10 METOHUKE
I.®.JlakuHa [22] ¢ ucHONB30BaHMEM TaKKe IMAKeTa CTAaTUCTUYECKUX mporpamm Statgraphics
Centurion XVI.1 (2011).

Pe3yapTaThl MICC/IEOBAHUI U UX O0CY:KAEHUE

3HauuTesIbHAsA POJIb B KOMIUJIEKCE MEPONPUATUH NPU UHTPOAYKIIUU PACTeHUN OTBOJUTHCS
U3YJYEHUIO aJJalITAllHOHHON CIIOCOOHOCTH UHTPO/IYIIEHTOB B paliOHE MHTPOAYKIMHU. B uacTHOCTH, B
YCJIOBHUSIX TIYCTBIHU MaHTHCTay BaKHBIMH WHJIMKATOPAMHU MPHUCIHOCOOUTESTPHON PpeaKInu
ABJIAIOTCA: HWHTEHCUBHOCTb TpAHCOUpAIUM, KAaK IIOKa3aTeJlb ONTUMU3ALUU IOTJIONIEeHUA
COJITHEUHOU paZialluil M PacXO[0BAHUA BOJbI; KOHIEHTpaUusA XJI0poduia, KaK BaKHEUIIETro
KOMIIOHEHTa (POTOCHHTETUYECKOTO ammapara JIMCTbeB ¢ KapPOCTOMKOCTh, OTPaKAIoIIas
CIIOCOOHOCTh PACTEHHI IEPEHOCHUTHh JIEHCTBHE BBICOKUX TeMIeparyp u meperpeB. [lostomy B
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HaIlINX HCCIEAOBAaHUAX JaHHbIE (PU3HOJIOTHYECKHE IapaMeTPhl PacCMaTPUBAIUCh B KadecTBe
OCHOBHBIX MapKEPOB HHTPOYKITHOHHOH IIEHHOCTH JPEBECHO-IEKOPAaTUBBIX HHTPO/IYIIEHTOB.

I[Io cpemHUM 3-7I€THUM JaHHBIM BCE€ HWHTPOAYIEHTHI II0 BeJIMYMHAM HWHTEHCHUBHOCTH
Tpancnupanuu (nanee MT) Obuiu pasziesieHbl Ha TpU rpymnsl (Tabsr.1):

1) ciabo-TpaHcnupupymwIue (MeHee 250 MT/T Beca ChIPHIX JIUCTHEB B Yac) — BCE XBOUWHBIE
nepeBbsi (Ororta BocrouHass — Platycladus orientalis (L.) Franco, Mox:KeBeJbHUK BUPTUHCKUN —
Juniperus virginiana L. u cocHa kpeiMckas — Pinus pallasi-ana Lamb.;

2) cpegHeTpaHcnupupyomue (250—500 Mr/T Beca ChIPBIX JINCThEB B 4Yac) - IJIeIUYUA
TpexkooukoBaa (Gleditsia triacanthos L.), makimopa opanxkeBas (Maclura aurantiaca Nutt.),
Jiox octporutonubiii — (Elaeagnus oxycarpa Schlecht.), Tomoss Bosiee (Populus bolleana Lauche),
Typanra pasHosuctHas (Populus diversifolia Schrenk.), mungans Huskuii (Amygdalus nana L.),
Oepesa 6opomaBuatas (Betula verrucosa Ehrh.), 6ap6apuc Becennuti (Berberis vernae Schneid.),
siceHb corguiickuii (Fraxinus sogdiana Bunge), abpukoc oO0bIKHOBeHHBIN (Armeniaca vulgaris
Lam.);

3) BeICOKOTpaHcnupupymoinue (6osee 500 Mr/T Beca ChIPBIX JUCTHEB B Yac) — OOSPBIITHUK
comuutenbHbIN (Crataegus ambigua C. A. Mey), ny6 uepermruatsiii (Quercus robur L.), sa6yoHs
Cusepca (Malus sieversii (Ldb.) M.Roem.).

Abcomorabeii MakcumyM UT (1578 mr/T B yac) oTMeueH y BiarowbuBoro gepea Populus
bolleana Lauche., a Tak)e ApPyrux JpeBeCHBIX pacTeHUN Me30(UTHOTO U Me30TUTPOGUTHOTO
pana: Betula verrucosa Ehrh. (1115), Crataegus ambigua C. A. Mey (1546), Berberis vernae
Schneid. (1011), Gleditsia triacanthos L. (1428) 1 Quercus robur L. (1313 mr/r B 4ac).

Tabsmna 1
VHT€HCUBHOCTH TPAHCIUPAIIUK U OBOHEHHOCTD JINCTHEB JIPEBECHBIX PACTEHUH, 2012—2014 TT.
B MT/T Beca ChIPHIX JINCTHEB B Yac

M HTEeHCUBHOCTD Copepsxanue BOJbI B
HazBanus pacreHui TpaHCHUPAIUH JINCTBAX, %
min. max. | cpemHsas | min. max. | cpenHee
XBOWHBIE IePEBbA
Platycladus orientalis (L.) Franco 62 559 215 38 80 57,0
Juniperus virginiana L. 54 501 204 35 85 59,5
Pinus pallasi-ana Lamb. 69 590 199 37 85 60,5
Cpennee: 54 591 206 35 85 59,0
JIucTBEHHBIE ePEBbS U
KyCTapHHUKH
Betula verrucosa Ehrh. 151 1115 478 40 85 64,0
Crataegus ambigua C. A. Mey 78 1546 520 48 78 67,5
Berberis vernae Schneid. 180 1011 480 46 93 67,0
Gleditsia triacanthos L. 72 1428 353 45 87 61,5
Quercus robur L. 34 1313 533 61 85 70,0
Maclura aurantiaca Nutt. 14 980 404 44 80 60,0
Elaeagnus oxycarpa Schlecht. 91 838 367 44 85 64,0
Populus bolleana Lauche. 20 1578 459 34 80 60,0
Populus diversifolia Schrenk. 165 1023 417 45 92 64,5
Fraxinus sogdiana Bunge. 122 822 441 40 84 64,5
Cpennee: 14 1578 445 34 93 64,3
IlnoxoBbIe nepeBbs U
KyCTapHHUKH
Armeniaca vulgaris Lam. 162 1292 465 43 96 69,5
Amygdalus nana L. 153 1134 401 43 94 71,5
Malus sieversii (Ldb.) M.Roem. 115 969 571 47 96 72,5
Cpennee: 115 1292 479 43 96 71,2
CpeJniHee 17151 BceX pacTeHUI: 14 1578 407 34 96 64,6

19




Russian Journal of Biological Research, 2015, Vol. (3), Is. 1

TpaHcnimpanusi ©MeeT CYTOYHYI0 M CE30HHYI0 AWHAMUKY. K HHTEpIpeTanny Ce30HHOU
JUHAMHUKH TPAHCIIUPAIMU CYIIEeCTBYeT HECKOJIBKO IIOAXO/M0B. BOJIBIIMHCTBO HCCIen0BaTeNeH,
CBSA3bIBasA X0/ (PU3UOJIOTHYECKON BOJIOOT/IAYN C COBOKYITHOCThIO MeTeO(aKTOPOB, YKAa3bIBAIOT Ha
TECHYIO0 KOPPEJAIUI0 TOJIBKO IPH JOCTaTOYHOH BJIar000ECIIeYeHHOCTH [APEBECHBIX PaCTeHUU
[18, 23-25]. [To Hab/IOAEHUAM aBTOPOB MHTEHCHBHOCTh TPAHCIIMPAIIUU MOBBINIAETCS OT BECHBI K
cepeslHE JieTa W 3aTeM IaJlaeT K OceHHU. J[pyro¥l moaxoj OCHOBaH Ha IOCTENIEHHOM CTapeHUHU
OMOKOJUIOWIOB MPOTOIUIa3Mbl JIUCTHEB, YTO OOYCJIOBJIMBAaE€T 3aKOHOMEDHOE IIOHHKEHUE
TPAHCIIUPAIIMIOHHOTO PACX0/Ia B TEUEHUE BCETO MIEPHO/Ia BereTanuu [26, 27]. [Ioo0Hy0 THHAMUKY
Tpancnmpanuu Habsmoman WM.W. CynaunsiH [28], HO 0OBICHS €ro HEYKJIOHHBIM HCTOIEHUEM
BJIAr03aIacoB MOYBBLI. B HaIIMX ONBITAX HOYBEHHAS BJIAYKHOCTb B KaKABIH Mecsl] BereTanuu
BapbHUpOBAJIa B CTPOTO OIpPeEeJIEHHOM HHTEPBAJIE — OT MPEJ-TIOJIMBHOTO YPOBHS (70-75) 10 100 %
IIOJTHOW TI0JIEBOH BJIATOEMKOCTH, TaK KaK BCE KOJUIEKIIMOHHBIE BHA JIPEBECHBIX PACTeHUU
BBIPAIIUBAIOTCSA TOJBKO B YCJIOBUAX PETYJIAPHOTO OPOIIEHUS W OTOOP 0OpasmoB IPOBOIWIICS B
cepefiliHe MEXKIIOJMBHOIO Iepuoja. M3MeHWInch TOJIBKO MeTeo(daKTOpbhl U (PU3UOJIOTHYECKOE
COCTOSTHHE JIPEBECHOTO PaCTEeHUsI.

[TosiyueHHasd B cpefjHeM 3a TpU rojia KapTtuHa ce3oHHOU auHamuku UT y mozasisioiiero
OOJIBIITMHCTBA UHTPOAYIIEHTOB UMEET BU/T OTHOBEPIITMHHON KPHUBOU C TMKOM B HIOHE (TabJ1. 2), 4TO
0o0ycJIOBJIEHO Jenipeccredl  (DU3MOJIOTUYECKOM BOJIOOTAAQYM B HIOJIE-aBTyCT€ OT BBICOKOU
TeMIIEpaTypbl U COJTHEYHOH WHCOJISAIUKM, B CEHTAOpe — OT CTapeHWs JIMCTOBOTO alllapara,
YXYAIIeHUs TEMIIEPATYPHOTO PEKHUMa U IMOBBIIIEHUs BJIAXKHOCTH Bo3/yxa (puc. 1).

Tabsuna 2
Ce3oHHas JUHAMHKA MHTEHCUBHOCTH TPAHCIIMPAIINH JIPEBECHBIX pacTeHuit, 2012—2014 IT.
B MT/T Beca ChIPBIX JINCTHEB B Uac

< MereodaxTopst CpenHe/iHEBHAS UHTEHCUBHOCTD
§ » TPAHCIHPALHI
= E S 5 ) 2 © ©
Mecsn il go g S K = @ <
nepuoza =5 5 < 55 0 | B S © - = 3G
I~ ) S | B, Qe T c 2] Fug o)
3 =<} e S Z | 8= 2 @ c c c Q© D
BereTanuu S & o 2 S = S ® S 8.© = £ o= )
= o S2 | 85 | g | 28| €EE | 88 | 2§ |R2=2
o X s 2 oS |1 8S5L| S© o~ oo = 0
Q8 [ H g 1< = - > O E
% o, © Q o > £ D @©
T 2 ° o -
Maii 2 25 57 39 266 230 225 429 352
Hrionp 3 27 53 56 251 288 209 484 517
Hrosp 4 28 68 65 288 277 254 511 365
ABrycr 5 27 60 54 251 254 219 441 359
Cents6pn 6 26 34 36 152 96 123 369 308
Cpensee: 4 27 54 50 242 229 206 447 380
CpenHeHeBHAS MHTEHCUBHOCTD TPAHCIIMPALTUH
. S
i S
Q 8 3 S © . 8 ®©
28 | ¢ |£8,| §4 |E22E |88 28¥ |25
25 | g, |2E5| S | 988|285 3%E |SS¢
Mecs 23 3 S8z | 28 | 55 | 853|855 |83
nepuoza O & § Eg EC méc‘/") a g D—%m r g9
BereTaluu = o
Maii 510 279 483 396 466 429 361 398
Hronb 282 439 372 390 413 424 435 398
Wb 266 374 420 311 334 629 386 329
ABryct 253 318 299 313 273 474 353 344
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CeHTsAGDB 239 340 306 310 355 374 321 304
Cpenuee: 310 350 376 344 368 466 371 355
I'paduk 3aBucumoctu T or OOB I'padux 3aBucumoctu UT o TB
WT = 1/(0,00207375 + 1,90061 E-7*O0B"2) UT = 1/(0,0047967 - 0,00040319*sqrt(TB))
650 F : S50 F
: . ] 500 | -
550 I ] o 0o
T~ . ] 450 . : .
= [ o i 1 = E :
= 450 o o ] £ 400F E—
a0 | :lebwsj,\?\ ] e — {/ e g
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OOB B

Puc. 1. Ce3oHHass JuUHAMHKA HWHTEHCHUBHOCTH
tpaucnmpanuu (1T)

Puc. 2. I'padpuk 3aBucumoctu UT oT kosimyecTsa
MecsAIeB C Hauasla IepUo/ia BereTauu,
1 = 0,96; Nipo; = 0,88

OueHb HEOOBIYHO BBIIVIAIUT Ce30HHass auHaMuka T y ogHOTO uM3 cambIX OHOJIOTHYECKH
YCTOMUYMBBIX BHJIOB — JIOXa OCTpoOIUiofHOro (prc.1). Ee BeanuyunHA CTPOTO COOTBETCTBYET XOZY
TEMIIEpATypbl M TO3TOMY MaKCHUMyM HaOJII0/IaeTcs B HIOJIe, MUHUMyM — B Mae W CeHTsOpe.
ITO MOATBEPKIAAET U KOPPEIAIMOHHBIN aHAIN3, 10 Pe3yJIbTaTaM KOTOPOTo JJaHHasi II0PO/ia UMEET
caMyI0 BBICOKYIO OTPHIIATEIbHYIO CBsI3B (T = -0,64) ¢ TeMIepaTtypou Bo3ayxa (Tabi. 3).

ITo cpemHuM JaHHBIM TecHOTa CBA3H WT CTaTHCTHYECKH JOCTOBEPHA TOJIBKO C HOMEPOM
MecsiIja ¢ Hayajia BEreTaliiOHHOTOo nepuoa (r=-0,91), 4To a0 BO3MOKHOCTh BHIBECTH YPaBHEHUE

perpeccun (puc. 2) C Temmeparypou (r=0,13)

U BJAXKHOCTBIO (r=0,49) BO3/yxXa, a TaKKe

OCBEIIEHHOCTBIO (I'=-0,37) KOppesAnusa HecyllleCTBeHHA 110 3HAUUMOCTH — 5 %.

Tabsuna 3

Koppesnanua HHTeHCUBHOCTH TPaHCIIMPAIMK ¢ HOMEPOM MecsAIla IIepro/ia BereTaluu
Y OCHOBHBIMU MeTeo(daKTOpaMu NpU U3YyUeHUH Ce30HHON TMHAMUKU

Homep MeteodakTopsl
Pacrenue MecAna
Teproza TeMHepaTy%a OTHOCI/ITeJIbH(;aH OCBEILIEHHOCTD,

BereTaym BO3Ayxa, C BJIAXKHOCTB, % KJIK
Platycladus orientalis (L.) -0.69 0,37 0.97 0,70
Franco
Juniperus virginiana L. -0,62 0,51 0,87 0,80
Pinus pallasi-ana Lamb. -0,62 0,41 0,99 0,72
Betula verrucosa Ehrh. -0,47 0,71 0,84 0,92
E/Irgtaegus ambigua C. A. -0.49 0.31 0,22 0.47
Gleditsia triacanthos L. -0,80 -0,72 0,19 -0,41
Quercus robur L. 0,00 0,64 0,01 0,57
Maclura aurantiaca Nutt. -0,87 -0,28 0,48 0,03
Amygdalus nana L. -0,88 -0,50 0,06 -0,20
Elaeagnus oxycarpa ) ) ) )
Schlecht. 0,77 0,64 0,14 0,42
Populus bolleana Lauche. -0,10 0,74 0,83 0,82
Populus diversifolia
Schrenk. -0,60 0,44 0,47 0,65
Fraxinus sogdiana Bunge. -0,91 -0,32 0,32 0,03

21




Russian Journal of Biological Research, 2015, Vol. (3), Is. 1

Homep MeTeobakToph
MecsIa
Pacrerie rnepuoja TeMIleparypa | OTHOCUTEJIbHAA | OCBEIEHHOCTD,
BereTanuu BO3/yxa, CO BJIAYKHOCTb, % KJIK
Cpennee 71 Beex 001 0.13 049 087

pacTeHui:

Ilpumeuarue — Kputnueckoe 3HaueHue K03 duUIeHTa KOPPeAIuyd Ha 5-TIPOLIEHTHOM yPOBHE
3HaynMoctu — 0,88

B ce3onHHO-BpeMeHHOM acmiekTe Koppessanusa WMT wMexay BbIOpaHHBIME TaKCOHAMH
OIIEHUBAETCA BBICOKON TOJIBKO MeK/ly IIPeJICTABUTEIAMH OAHON MOPQOIOTro-CUCTeMaTHYeCKOU
TPYNIBI WIN IIPU CXO/ICTBE YCTOWYUBOCTH U NMPUYPOYEHHOCTH €CTECTBEHHOIO apeajia OOUTAHUA.
K nmpumepy, Buasl xBolHBIX - I = 0,91-0,92, Elaeagnus oxycarpa Schlecht. u Populus diversifolia
Schrenk. - 0,70. B ocTasbHBIX CIy4asgx OHA HEJIOCTOBEPHA M0 3HAYUMOCTHU (I<ripos).

I[To BapuabempHOocT WT B TeueHme mepuoAAa BereTalliy JpEBeCHble PACTEHUS
pacnpefeTInch caeayomuM oopasom (Tabs. 4): 1) Huskas udMmeHunBocTh (Cy< 10 %): Betula
verrucosa Ehrh.; 2) cpenusaa (Cv> 10-20%): Amygdalus nana L., Quercus robur L., Populus
diversifolia Schrenk., Fraxinus sogdiana Bunge. u 3) Bbicokas (Cv,> 20 %): Platycladus orientalis
(L.) Franco., Juniperus virginiana L., Pinus pallasi-ana Lamb., Crataegus ambigua C. A. Mey,
Gleditsia triacanthos L., Maclura aurantiaca Nutt., Elaeagnus oxycarpa Schlecht., Populus
bolleana Lauche. Hau6oJiee pacripocTpaHeHHbIe B 03eleHeHUN MaHTHcTay TaKCOHBI IOMAJIAl0T B
rpynmbsl ¢ 6osiee BbICOKOU BapuabesbHOCThIO WT Osaromaps Jydieid IPUCIOCOOJEHHOCTH K
IIyCTBIHHBIM YCJIOBHUAM IIPOU3PACTaHUA.

B oriuuumm OT Cce30HHOTO Pa3BUTHA TpaHCIOHUpAOWK CYTOUYHAA AWHAMHKA HCIIBITbBIBAET
BJIMAHHE MEHDbIIEro 4YHucjaa O9HJ0- H JOK30I'€HHbIX (l)aKTopOB. OILHaKO, €€ XapaKTEp OYE€Hb
HEOTHOPOJIEH U 3aBHUCHUT KaK OT U3MEHEHUS METEOYCJIOBUH, TaK ¥ OMOJIOTUH BUIOB (TabJI. 5).

Tabauia 4
OCHOBHBIE CTATUCTUKU METEO(DAKTOPOB U UHTEHCUBHOCTU TPAHCIIMPAIINHU 10 MaTepuaiaM
U3yYeHUs Ce30HHOI JUHAMUKHU B MT/T Beca ChIPBIX JILCTHEB B Uac

HazBanue pacTeHui X Sx Cv Pacrenue X Sx Cv
Platycladus orientalis (L.) 242 | 234 | 217 Maclura aurantiaca 376 | 34.8 | 207
Franco Nutt.

Juniperus virginiana L. 229 | 34,7 | 33,9 | Amygdalus nana L. 344 |1 20,0 | 13,0

Pinus pallasi-ana Lamb. Elaeagnus oxycarpa

206 | 22,1 | 23,9 368 | 33,2 | 20,1

Schlecht.
Betula verrucosa Ehrh. 447 | 121 958 Populus bolleana 466 | 43,7 | 21,0
Lauche.
Crataegus ambigua C. A. 380 | 356 | 21.0 Populus diversifolia 371 | 19.0 | 11.5
Mey Schrenk.
Gleditsia triacanthos L. 310 | 505 | 364 Elrjerl]zlgus sogdiana 355 | 18.8 | 11.9
Quercus robur L. 350 | 27,1 17,3 | Cpennee: 342 | 19,2 | 12,5

IIpumeuanue — X - cpeHee 3HaUeHUE [TIEPEMEHHO; Sy - omnbOka cpexHelt u Cy - koadduipeHT
Bapuanuu, %

Tabsuna 5
JlHeBHasA UHAMUKA UHTEHCUBHOCTU TPAHCIIMPAIIUU JPEBECHBIX PACTEHUH
(cpennue naHHble), 2012—2014 IT. B MT'/T Beca ChIPHIX JIICTHEB B UacC
MerteodakTopsl, Bpems
HaSBaHI/I%) paCTEHI/Iﬁ 0930 1180 1430 1630 Cpepmee
Platycladus orientalis (L.) Franco 254 300 251 249 264
Juniperus virginiana L. 270 289 261 260 270

22




Russian Journal of Biological Research, 2015, Vol. (3), Is. 1

MeTteodakTophl, Bpemsa C
Ha3BaHHUeE PACTeHUH 0930 1130 1430 1630 peaHee
Pinus pallasi-ana Lamb. 281 277 235 274 267
Betula verrucosa Ehrh. 583 509 535 445 518
Crataegus ambigua C. A. Mey 344 392 413 448 399
Gleditsia triacanthos L. 347 332 277 346 325
Quercus robur L. 375 370 369 480 399
Maclura aurantiaca Nutt. 383 407 464 345 400
Amygdalus nana L. 312 359 396 355 355
Elaeagnus oxycarpa Schlecht. 330 365 514 442 413
Populus bolleana Lauche. 445 502 529 460 484
Populus diversifolia Schrenk. 337 422 422 549 432
Fraxinus sogdiana Bunge. 424 347 378 395 386
Cpennee: 360 375 388 388 378

I[To ycpenHeHHBIM [JaHHBIM BBIZIEJIEHBI TPH THUIIA JHEBHOTO PUTMA TPaHCIIMPAIUH:
1) «mapacraromuii» (0T yrpeHHuUX 4dacoB K BeuepHmM) — Platycladus orientalis (L.) Franco,
Juniperus virginiana L., Betula verrucosa Ehrh.; 2) «magaromuii» (OT yTpEeHHHUX YacoB K
BeuepuuM) — Gleditsia triacanthos L. u 3) «nmepeMeHHbIN» (¢ MAKCHMyMOM B TOJIZIEHB) — Pinus
pallasi-ana Lamb., Crataegus ambigua C. A. Mey, Quercus robur L., Maclura aurantiaca Nutt.,
Amygdalus nana L., Elaesagnus oxycarpa Schlecht., Populus bolleana Lauche., Populus
diversifolia Schrenk., Fraxinus sogdiana Bunge.

OnxHako, B caMOM KapKOM U CyXOM MecsIle — Uiojie OOJIBIIMHCTBO PACTEHUH, 110 THEBHOU
nuHamuke HWT, coemyer OTHECTM K «IEPEMEHHOMY» THUIIy € MUHHMYMOM B IIOJIJIEHb.
TpaHcnupaMOHHbIE KPUBBIE KaK ObI yIUIOmaloTCsA. MI3MeHeHrne MHTEHCUBHOCTH TPaHCITUPAITUH
IepecTaeT COOTBETCTBOBAaTh JIHEBHOMY Xoay MeTeodakTopoB. OTMedaeTcsi aCHMMETPHU
TPAHCIIMPAIIUOHHBIX KPUBBIX B CTOPOHY JIOIIOJIY/IGHHBIX WJIA IIOCJIENOJIy/IEHHBIX YacoB.
Ha nosio6Hyt0 ocobennocts ykaspianu JI.H. Asekceenko [29] u .M. Xamrec [30]. IlepBsriit aBTOp
OOBSICHSET CABUT MaKCHMAJIbHOW WHTEHCHUBHOCTU TPAHCIUPAIIAA SHJIOT€HHBIMH MPUYHHAMU.
be3 pery/siiTOpHON  JI€ATEIBHOCTA CaMUX PpPacTEHUH TPAHCIUPAIMOHHBIM pacxof] I0JIKEH
MOCTENeHHO HapacTaTh K 14 yacaM M 3aTeM TaK Ke ITOCTENeHHO YMeHbIIaThesA. OTHAaKO B KAaKOU-TO
IIepHOJT JHSA pacTeHWe HauynHaeT He YycleBaTh O0eCHeYuBaTh JINCTbSI HEOOXOAUMBIM IS
HCIIapeHUs] KOJIMYECTBOM BOJIBI B COOTBETCTBUHU C IIPUTOKOM 3HEPTHU. B 3TO BpeMs u HabJ10/1aeTcs
MaKCHMyM TpPAaHCIUpAIMU, IIOCJe Yero oOHa ocaabeBaeT U yiKe HEe COOTBETCTBYET XOMIY
METEOYCJIOBUH, a OIpesiesisieTcss PU3NOJIOTUUECKUM COCTOsTHHEM [29, 31]. Takum o6pasom, /1aske B
YCJIOBUSIX BBICOKOM OTHOCHTEJIBHON BOI00OECIIEUEHHOCTH ITyCTHIHHBIA KJIMMAT 3acTaBJIseT
pacTeHUsI aKTUBHO PETYJIMPOBATh CBOU BOJI00OMEH. B cpesHEM /11 BceX OIBITHBIX PACTEHUH JJIA
Masl, MIOHS, aBTycTa U CEeHTAOps 3apUKCUPOBAaH MAaKCUMYyM WHTEHCUBHOCTU TPAHCIIUPAITUH B 1430
MIOCJIETIOJY/IEHHOTO BPEMEHU C YMEHBIIIEHHEM U YBeJIMUYEHUEM B CTOPOHY YTPEHHUX M BEUEPHUX
4vacoB. B sxapkuii uronbckuit Mmecsan T nocrenenHo najiaeT B TeueHue JHsA — Ha 5—12 %.

Pa3 TpaHcnmparus — 3aKJIIOUYUTEbHBIA 3TAall KPYroBOPOTa IOJHMBHOU BOJBI B IIOYBE H
pacTeHHUH, TO CONPSDKEHHOCTh €€ C IIOYBEHHOW BJIAJKHOCTBIO M TECHO CBA3AHHOU ¢ HeU
OBO/THEHHOCTBIO JINCTheB HECOMHEHHA Ja)ke C JIoruyeckol Touku 3peHus [18, 30-38].
C ymMeHbIIIEHMEM BJIQJKHOCTH TIOYBBI YPOBEHb TPAHCIHUPAIIUM CHIDKaeTcs. YeM MeHbIE BOJbI B
IOYBe, TeM cyiabee BO00OecIIEueHO pacTeHre. YMEHbBIIIEHHE COIEPIKAHUS BOJIBI aBTOMATUUECKU
CHI’KAET IPOIIECC TPAHCIHUPAIIUH B CHJTY YCTBUYHON U BHEYCTbUUYHOMN PETYIUPOBKH.

B mHammx uccreoBaHUAX JlasKe MPU UCIOJIb30BAHUM CJIOJKHON CTENEHHOU cBsA3u (puc. 3)
KOPpEJANUsA HWHTEHCUBHOCTA TPAHCIHPAIUM W OBOJHEHHOCTH JIUCTHEB CTATHUCTUYECKU
JIOCTOBEPHA Ha 5-IIPOIIEHTHOM YpoBHe 3HaunMoctu (n=0,79).

BnaxkHOCTh TOUBHI oOIpesiesisieT Bcero 11,6 % usmenenuin UT (r=0,34), 4TO MeHbIIe
O0KU/IAEMOTO U OOYCJIOBJIEHO, B TIEPBYIO OUYepenb, €e 3aBUCHMOCTBIO OT JIpyruX (aKTOpPOB, B
0COOEHHOCTH MeTeoposiornueckux (tabs. 6). Ilpuuem 11 pa3jIUYHBIX JPEBECHBIX PaCTEHUH
K03(pPULEeHT KOppeAuU BapbUpPYyeT B OUeHb IIUPOKUX Mpeziesiax — oT 0,17 10 0,56. B cpennem
JUIsl BCeX TAaKCOHOB HauboJiee JIOCTOBEPHOE M0 3HAYMMOCTH ypaBHeHHe perpeccuu mexay UT u
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BJIQYKHOCTBIO TIOYBBI HOCHUT KBa/IPATHO-CTEIIEHHOH BuU7, (pHUC. 4), a KOPPEIAIMOHHOE OTHOIIEHUE
() cocrassisier 0,66.

I'paduxk 3aBucumoctu UT or OB I'pacuk 3aBucumoctu UT OT BIaXKHOCTH MOYBEI
UT=(-15,4389 + 4,38191 *sqrt(OB))"2 UT = sqrt(-337889 + 73,8845*BI1"2)
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Puc. 3. TIpadpux 3aBucumoctu UT wu | Puc. 4. I'padux 3aBucumoctu UT u BiaxHOCTU
oBOJIHEHHOCTH JIUCTHEB (OB), N1 = 0,79; Nipos = | mouBkI (BII), 1 = 0,66; Nipos = 0,42
0,42

Ta6mz1ua 6. 3aBCHUMOCTb UHTEHCUBHOCTH TpaHCIIUpAIUU OT BJIA?KHOCTU IIOYBbI
(B cpeaHeM 3a TpH JIETHHUX Mec;{ua) B MI‘/I‘ BeEcCa CbhIPBIX JINCTHEB B 4acC

BaaskHOCTH OYBHI Komrecrso aneit
2 HOCJIe TIOJIUBA Cpen- Koadpdu-
Ha3BaHUE PACTEHUH IHeHT
1 3 5 8 Hee KOppeJAIuu
Cojiep:kaHue BJIaTH B cJIoe 1 M:
- Bcel, M3/ra 1433 | 1356 | 1227 | 1116 | 1283 -
-B % or HB 95,8 | 90,6 | 819 74,5 85,7 -
JpeBecHble pacTeHHs
Platycladus orientalis (L.) Franco 185 224 155 161 181 0,23
Juniperus virginiana L. 180 157 160 170 167 0,21
Pinus pallasi-ana Lamb. 162 214 184 208 192 0,31
Betula verrucosa Ehrh. 484 545 476 484 497 0,56
Crataegus ambigua C. A. Mey 659 799 601 577 659 0,46
Gleditsia triacanthos L. 392 308 371 347 354 0,29
Quercus robur L. 838 784 876 705 801 0,32
Maclura aurantiaca Nutt. 607 650 582 502 585 0,17
Amygdalus nana L. 598 553 518 457 531 0,35
Elaeagnus oxycarpa Schlecht. 461 276 442 410 397 0,31
Populus bolleana Lauche. 405 600 528 514 512 0,25
Populus diversifolia Schrenk. 446 392 367 356 390 0,31
Fraxinus sogdiana Bunge. 712 700 536 473 605 0,50
Cpennee: 471 510 474 437 483 0,34

IIpumeuanue — Kputnueckoe 3HaueHrEe K03hdUIlimeHTa KOPPeIAIUN Ha 5-IPOIEHTHOM YPOBHE
3HauumMmoctu — 0,47

Kpome mmouyBeHHBIX BJIaro3amnacoB, K OCHOBHBIM (DaKTOPOM BHEIIHEH CpeZbl, BJIUSIONIUX Ha
TpaHCIIHPAIUI0, OTHOCATCS: WHTEHCUBHOCTb CBETa, OTHOCHUTEJIbHAS BJIAXKHOCTb U TeMIIEpaTypa
BO3/[yXa, CKOPOCTb BeTpa. BHyTpeHHHUMH (aKTOpaMH SIBJIAIOTCA: ILIOIIA/b, PACIOJIOKEHUE U
CTPYKTYpa JIUCThEB, MOBEIEHNE YCTHUIL U 9(D(HEKTUBHOCTD JEUCTBUS HOTJIOMIAIOIIEH TOBEPXHOCTH
kopHei. CyIIecTBYIOT TaK)Ke CJIOJKHbBIE B3aNMO/IEHCTBUA MEXKIY Pa3/IMIHBIMU (PaKTOPaMHU.

Uem Oospllle AeUIUT BIAKHOCTH BO3/yXa, TeM HIKe (OoJsiee OoTpUIlaTENIEH) €ro BOJHBIN
MOTEHITUAI U TeM ObICTpee HJIeT UcIapeHre. JTO B IEJIOM CIPABEIJIUBO M JIJIsI TPAHCITMPAITUH.
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BOJAbI B JIKUCTE€ BCTYIIA€T B CHJIy YCTbUYHaAA U
BJINAHHE BHEIIHUX YCJIOBI/Iﬁ CKa3bIBA€TCA B

CMATYEHHOM BHAE€ HW TpaHCIIHPaAOWAd HA4YWHAET BO3pacCTaTb MEIJIEHHEE, 4YeM CJIEA0BAJIO OBI.
HeCMOTpH Ha 3ToO, O6HIaH 3aKOHOMEPHOCTDb 3aBUCHUMOCTHU TPAHCIIMPpAIINKX OT HACBIIIECHHOCTHU BOI[Oﬁ
aTMOC(l)epI)I OCTa€eTCA cnpaBemeoﬁ: YEM MEHbBbIIIE OTHOCUTE/IbHAA BJIAXKHOCTDb BO3yXa, TEM BbIIIE

urT.

Ananu3 coOpaHHBIX MaTepUaIOB UCCJIEIOBAHUN MMOKA3aJl HAINYNE CYIeCTBEHHOU TeCHOTHI
cBsa3u UT ¢ oTHOCUTENIBHOU BJIQXKHOCTBIO BO3ZyXa (1) > Nwpos) MPAKTHIECKU JJI BCEX BBIOPAHHBIX

JUIsT OTIBITOB JIPEBECHBIX pacTeHud (Tabs1.7). Ha

rpaduke mynpTuukaTuBHOU cBsas3u UT u OOB

MO>KHO IIPOCMOTPETH SIBHO BBIPAKEHHYIO TE€HJIEHITUIO YMEHbBIIIEHU TPAHCIUPAOHHOTO pacxoia
C YBeJIMUEHUEM COZIEP>KaHUSA BO/IbI B BO3/Ayxe (pUc.5).

Tabsuna 7.

KOppe]IHIII/IH HMHTEHCHUBHOCTHU TPpAHCIIMPpAIIKNU CO BpEMEHEM CYTOK 1 OCHOBHbIMHU
MeTeO(I)aKTOpaMI/I IIpU U3YyYECHUHN CYTO‘{HOfI AUHaAMHUKHN

MeTeodaKTOphI
Pacrenue Bpems TeMIlepaTypa | OTHOCUTEJIbHASI | OCBEIEHHOCTbD,
CYTOK

Bo3ayxa, C° | BmakHOCTbH, % KJIK
Platycladus orientalis (L.)
Eranco -0,07 0,21 -0,51 0,44
Juniperus virginiana L. -0,06 0,08 -0,42 0,62
Pinus pallasi-ana Lamb. -0,06 0,11 -0,51 0,62
Betula verrucosa Ehrh. -0,26 0,05 -0,37 0,59
Crataegus ambigua C. A. Mey 0,23 0,18 -0,57 0,19
Gleditsia triacanthos L. -0,06 0,61 -0,21 -0,23
Quercus robur L. 0,18 0,20 -0,69 0,14
Maclura aurantiaca Nutt. -0,02 0,43 0,05 -0,31
Amygdalus nana L. 0,21 0,30 -0,50 0,05
Elaeagnus oxycarpa Schlecht. 0,32 0,36 0,09 -0,29
Populus bolleana Lauche. 0,06 0,31 -0,06 -0,02
Populus diversifolia Schrenk. 0,30 0,32 -0,70 0,02
Fraxinus sogdiana Bunge. -0,05 0,52 -0,33 0,07
CpentHee 1715 BceX paCTEHHH: 0,12 0,46 -0,59 0,19

ITpumeuanue — Kputndeckoe 3HaueHre K03hIUINEHTA KOPPEIAIUHA HA 5-IIPOIEHTHOM YPOBHE

3HauuMoctu — 0,39

I'paduk 3aBucumoctu UT or OOB I'paduk 3aBucumoctu UT o TB
UT = 1/(0,00207375 + 1,90061E-7*O0B"2) UT = 1/(0,0047967 - 0,00040319*sqrt(TB))
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Puc. 5. TIpadpux 3aBucumoctm UWT wu|Puc. 6. Ipadpux 3aBucumoctu UT wu
OTHOCUTEJIbHOU BjIa’KHOCTH Bo3zyxa (OOB), n = | remnepatypsl Bosayxa (TB), n = 0,40; Nepos =
0,59; Nipos = 0,39 0,39
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Crenyroniyum, uccyieZJoBaHHBIM HaMU (paKTOPOM CpeJIbl, OKa3bIBAIOIINM BJIMSHIE HA IIPOIECC
TpaHCIIUpaNWH, fABJSAETCA TeMIlepaTypa Bo3jyxa. Kak W3BecTHO, ¢ MOBBIIIEHHEM TeMIIEpaTypPhI
3HAYUTEJIbHO YBEJTMYNBAETCA KOJINYECTBO IAPOB BOJBI, KOTOPOE HACKIIIAET JAHHOE IPOCTPAHCTBO.
Bospacranue ynpyrocty HapoB BOJIbI IPUBOJIUT K IOBHIIIEHUIO AeUINTA BIAAKHOCTH, YTO B CBOIO
ouepe/ib YBEJIMUUBAET KOJUYECTBO TPaHCIHUPHUPyeMOW Biaru. Kak ocpegHEHHO MO BeIUYMHAM
ko3 dunmenTa koppessauu - r = 0,46 (tabJ1. 7), Tak U 10 KOPPETAIIUOHHOMY OTHOIIEHHIO (0,40)
CJIOKHOM MYJIBTUILIUKATUBHO-CTeIeHHON dopMmysbl (puc. 6) mexay UT u Temnepatypoii Bo3zayxa
CYIIECTBYET CTaTUCTUYECKU JIOCTOBEPHAS CBA3b.

B mepuop uccienoBaHuil BrepBble JJiA ycsIOoBUM MaHrucray Obljla BBIBEJIEHO YpaBHEHUE
perpeccun u nocrpoeH rpaduk ceasu UT ¢ ocBelleHHOCTHIO (pHUC. 7), IO KOTOPOMY BUJIHO, UTO B
HM3y4YeHHOM HHTepBajie OT 29,1 JI0 75,6 KJIK yBeJU4YeHUe WHTEHCUBHOCTU CBeTa He IPUBOJUT K
JIeTIPECCUU TPAHCIHUPAIMOHHOTO IIpoIlecca M3-3a 3aKPBITUS YCTHUI[ OT CHJIBHOH COJTHEYHOU
pasiuaIyu u reperpesa.

VHTEHCUBHOCTh TPAHCIIUPAIUH 3aBUCHUT U OT $asnl pazButus. C yBeJIWUeHHEM BO3pacTa
pacTeHWi TpaHCIHUpPALKA, KaK MPaBWIO, MalaeT. BrICOKOe HcapeHre Y MOJIOABIX JINCTHEB MOKET
IIPOUCXO/IUTH 32 CUET YCUJIEHUs KyTHUKYJISIPHOW TPAHCIIUPALINHU, KOTOPAs B 3TOT IEPUOJ eIlle ¢1abo
passuta. Tak, mo ganHeiM II.JI. TeHkena [39], y MoJyoAbIX JIHCThEB Oepe3bl KyTUKYJISApHas
TPAHCIIUPAIHMsA COCTABJISIET OKOJIO 50 %, a Y CTapbIX TOJIBKO 20 % OT obiero ucnapeHus. Hesp3s
TaK)Ke He yYUTHIBATh, UTO MOJIOZbIE JIUCThsI Oojiee OBOAHEHBIL. IIpM 3TOM WMHTEpecHO, YTO Ha
WHTEHCUBHOCTH HCIIAPEHUS CKa3bIBAETCS HE TOJIBKO COOCTBEHHBIM BO3PACT JIMCTA, HO U OOIIMI
BO3PACT BCErO PACTUTEIHLHOTO OPraHU3Ma.

I'pachuk 3aBucumoctu UT or OC I'padux 3aBucumoctu UT ot A
WT = 1/(0,00189614 + 0,041024/0C) UT = exp(5,7974 + 0,260849/A)
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Puc. 7. TIpadux 3aBucumoctm UT wu | Puc. 8. I'paduk 3aBucumoctu perpeccun UT u
ocsenteHHocTH (OC), N = 0,38; Nipos = 0,39 Bo3pacra pacreHui (A), 1 = 0,48; Nipos = 0,88

I1.JI. Tenkesns [39] cunTator, 4YTO IMOCTENEHHOE CHUKEHE MHTEHCUBHOCTUA TPAHCIIUPAIINHU B
IpoIjecce OHTOreHe3a KaK OpPraHa, TaK U PAacTeHUA B I1€JIOM MOKET CJIY>KUTh IOJATBEpP:KJAeHUEM
OHMOreHeTUYEeCKOr0 3akoHa (OHTOreHe3 IIOBTOpsieT ¢uoreHe3). JleHCTBUTEIbHO, HMEETCS
COOTBETCTBUE MEXKIY TEM, KaK IIUI0 MPHUCIOocobieHre PacTeHUH K Ha3zeMHOMY 00pasy »KU3HU B
(uoreHese u K JIydIieMy COXpaHEHHIO BJIard B OHTOTEHE3E.

B ycioBusix Manrucray, fake B HHTepBajie — 2—20 JIeT JUIsI OOJIBIITMHCTBA TaKCOHOB
HaOJIoZjaeTcss 3aKOHOMEpPHOCTh cHibkeHus WT ¢  Bodpacrom (tabn. 8), HO TmoOKa B
cnaboBbIpakeHHON ¢opMme. B cpegHem i BceX MHTPOAYILIEHTOB JlasKe IMPHU HCIIOJIb30BaHUU
S-KpHUBOH 3aBUCUMOCTH (pHC. 8) KOPPEIAIMOHHOE OTHOIIIEHHE cocTaBsgeT 0,38 Mpu KpUTHUECKOM
3HA4YEeHUHU 0,47.
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Tabsuna 8
3aBHUCUMOCTb HHTEHCUBHOCTH TPAHCITUPAI[AU OT BO3PACTa PEBECHBIX PACTEHHUI
B MT/T Beca ChIPBIX JIUCTHEB B Yac
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2-5 264 | 229 | - - | 367 | 301 | 354 | 386 | 357 - - - 355 | 347
3-8 - - 219 | 454 | - - - - - 361 (484 | 362 - | 376
6-10 226 | 225 | - - 337 | 320 | 344 | 369 | 356 - - - 352 | 316
11-20 218 1222|188 | 418 | 376 | 330 [ 328 | 401 | 409 | 352|463 | 380 | 355 | 332
Cpennee: | 236 | 225 | 204 | 436 | 360 | 317 | 342 | 385 | 374 | 357 | 473 | 371 |354 | 311

BapurabesbHOCTh 1 MHOTO(AKTOPHOCTHh TPAHCIIMPAIIMOHHOTO IPOIecca IMOKa He MO3BOJISAI0T
OTHECTH €r0 MHTEHCHUBHOCTH K UHCJIy MapKEPOB OMOJIOTHYECKOHN YCTOUUMBOCTH pacTeHui. OaHAKO
BBISIBJIEHA OIIpe/ieIEHHAsI COMPSKEHHOCTh MX PE3UCTEHTHOCTH K 3aCYILIMBBIM YCJIOBUSAM CPEbI
npouspacTanus ¢ koadduirenTom Bapuanuu UT. Yem oH 60JIbIlE, TEM YCTOHYNBEE HHTPOIYIIEHT
3a CUeT aBTOPETYJSIIWU BOAHOTO pexuMa. K mpumepy, B COCTaB pacTEHUH € HAUOOJIBIITUM
BapbUpOBaHHEM (U3HOJIOTUUECKOTO HcmapeHusa (38,2 — 47,2 %) BOILIN Takue YCTOMYHBBIE B
MECTHBIX yCJIOBUAX BuABI Kak Platycladus orientalis (L.) Franco, Elaesagnus oxycarpa Schlecht.,
Populus bolleana Lauche., Populus diversifolia Schrenk. (tabs. 9). W Haobopor, MeHee
pesucteHTHbIE - Betula verrucosa Ehrh., Crataegus ambigua C. A. Mey, Gleditsia triacanthos L. u
Fraxinus sogdiana Bunge. umeroT koaddunueHT Bapuanuu Ha 5 — 15 % MeHbI1Ie.

Tabauia 9
OCHOBHBIE CTATUCTUKU UHTEHCUBHOCTU TPAHCIIUPAIIUH 10 MaTeprajiaM U3ydeHus1 CyTOUHON
nuHaMUKH, 2012—2014 IT. B MT'/T Beca ChIPBIX JIUCTHEB B UacC

Pacrenue X Sx Cv Pacrenue X Sx Cv

Platycladus orientalis (L.) Maclura aurantiaca

Eranco 264 | 20,4 | 39,4 NUtt. 400 | 33,8 | 43,0
Juniperus virginiana L. 270 | 21,0 | 39,6 | Amygdalus nana L. 356 | 16,1 | 23,1
Pinus pallasi-ana Lamb. 267 | 221 | 42.2 Elaeagnus oxycarpa 413 | 30,9 | 38,2

Schlecht.

Betula verrucosa Ehrh. 518 | 28.0 | 275 Egﬁgrlllés bolleana 485 | 253 | 26.6
Crataegus ambigua C. A. Populus diversifolia

Mey 399 | 28,2 | 36,0 Schrenk. 433 | 40,1 | 47,2
Gleditsia triacanthos L. 326 | 22,6 | 35,3 E[ﬁsgus sogdiana 386 | 19,0 | 25,0
Quercus robur L. 399 | 32,6 | 41,6 | CpenHee: 378 | 16,1 | 21,8

Ilpumeuarue — X - cpeHee 3HaUEHUE ITIePEMEHHOI; Sy - omnoOka cpeaHelt u Cy - KoaddueHT
Bapuanuu, %
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Codepiicarue xnopodunna B JUCTHSAX 3aBUCUT HE TOJIBKO OT YCJIOBUU >KU3HEIEATEIBHOCTH
OpraHM3Ma, HO U €ro reHeTH4YecKON Mpuponbl. IoaToMy oHa MoOkeT OBITH HCIIOJIB30BaHA B
KadecTBe GU3UOJIOTHIECKOTO ITOKA3aTeJd, XapaKTePU3YIOIIEr0 OHTOTeHeTUYeCcKIe, BO3PACTHhIE U
reHerudecknue ocobeHHOCTH pacreHui. KoamdyecTBO IIUTMEHTOB OTpa)kaeT U peakI[HIo
PaCTUTEIPHOTO OpraHu3Ma Ha (pakTopbl cpeibl oouTaHusA. CBA3b MeKAy (GOTOCHHTE30M U BOJHBIM
peXUMOM 00YCJIOBJIEHa, B OCHOBHOM, BJIMSIHHEM, KOTOPO€ BOJa OKAa3bIBAET HA BECh KOMILIEKC
IIPOIIECCOB JKUBHENEATETHPHOCTH PACTUTEJIBHOTO OpPraHW3Ma, HO B IEPBYIO OuYepelb — CHHTE3
3€JIEHBIX IUTMEHTOB. PacTeHusI C BBICOKOU YCTOMYHUBOCTHIO K 3aCyX€e TEPSAIOT MEHbIIIE BOJIbI U Y HUX
6oJtee crabuiieH xyiopoduii [40-42].

[To HAIIMM JAHHBIM CE30HHBIN XOJ cojlep:KaHUe XJIOpoduia y OGOJIBIINHCTBA TAKCOHOB
MMeT BUJ[ IBYXBEPIIMHHON KPUBOU C MAKCUMYMaMU B HIOHE U CceHTAOpe (Tabii. 10). [Ipuuem, 1o
CPEeTHUM JIJaHHBIM PAa3HUIIA B HACBHIIIEHHOCTU JIUCTA XJIOPODUIIOM MEXKIY HIOHEM U HIOJIEM B
OCHOBHOM MuHHMaJbHa (0,02—0,09 %). ¥ Haumbosiee OHMOJOTHMYECKH YCTOMYHUBBIX JPEBECHBIX
pacreHui (BA3 MPU3EMUCTBIHN, JIOX OCTPOILJIAZIHBIN) CO/iep:KaHue XJIOPOoGU/LIa B MEHBIIIEH CTENIEHHN
MO/IBEPIKEHO CE30HHBIM KoJiebaHusM. KpoMe TOro, y KyCTapHHKOB B IIEPHOJ] BereTauu
XJIOPOGUILTT COIEPKUTCS B JINCThSX HA 60JIee MOCTOSTHHOM YPOBHE, YeM Y JIEPEBHEB.

XBOUHBIE JIEPEBbsI B MEHBIIIEHN CTEIIEHN HACBIIIEHBI XJI0poGHLIoM (0,52 %) o cpaBHEHUIO C
suctBeHHBbIMU (0,75 %). Cyasa mo marepuasiaM HCCIeA0BaHUM, COZeprkaHue XJI0Opoduia moka
HeJIb3s NPU3HATh JIOCTOBEPHBIM IIOKA3aTeJIeM YCTOMYMBOCTH PACTEHUH, TaK KaK OHO CHJIBHO
3aBHUCHUT OT OHMO3KOJIOTHUECKUX CBOUCTB MHTPO/YIIEHTOB, 0COOEHHO B HEOIATONPHUATHBIX YCIOBHAX
IycThIHN MaHrucray.

Tabsuma 10
Ce3oHHas TUHAMHUKA COJIEPKAHUS XJIOPOGUILIIA B JIMCThAX IPEBECHBIX PACTEHUH
B IIPOIIEHTAX OT ChIPOTO Beca

Mecsan
HazBanue v
Mal | UIOHb | UIOJIb | aBIYCT | CEHTSIOPh | CcpeiHee
XBOWHBIE JIEPEBbS U KYCTAPHUKU
Platycladus orientalis (L.) Franco 0,58 | 0,58 | 0,48 0,41 0,58 0,53
Juniperus virginiana L. 0,82 | 0,23 | 0,15 0,12 0,23 0,31
Juniperus sabina L. 0,67 | 0,99 | 0,92 | 0,85 0,98 0,88
Pinus silvestris L. 0,84 | 0,27 | 0,19 0,16 0,29 0,35
Cpennee: 0,73 | 0,52 | 0,44 0,39 0,52 0,52
JIvicTBEeHHBIE JIepEBbs U KYCTADHUKU
Robinia pseudoacacia L. 0,63 | 0,92 | 0,93 0,85 0,98 0,86
Berberis vernae Schneid. 0,31 | 0,55 1,11 1,03 1,17 0,83
Betula verrucosa Ehrh. 0,31 | 1,01 | 0,92 0,84 1,01 0,82
Crataegus ambigua C. A. Mey 062 | 0,78 | 0,73 | 0,67 0,78 0,72
Ulmus pumila L. 0,47 | 0,77 | 0,75 | 0,66 0,78 0,69
Gleditsia triacanthos L. 0,42 | 0,63 | 0,58 0,49 0,61 0,55
Quercus robur L. 0,48 | 0,86 | 0,84 | 0,80 0,86 0,77
Elaeagnus oxycarpa Schlecht. 051 | 0,77 | 0,74 0,69 0,79 0,70
Maclura aurantiaca Nutt. 0,63 | 0,60 | 0,53 0,49 0,59 0,57
Syringa josikae Jacg. 058 | 0,74 | 0,69 | 0,63 0,74 0,68
Populus bolleana Lauche. 041 | 0,71 | 0,73 | 0,66 0,79 0,66
Populus diversifolia Schrenk. 041 | 0,71 | 0,73 | 0,66 0,79 0,66
Fraxinus sogdiana Bunge. 0,40 | 1,49 1,40 1,37 1,46 1,22
Cpennee: 0,48 | 0,81 | 0,82 0,76 0,87 0,75
I1nonoBbIE iepeBbs U KYCTADHUKU
Armeniaca vulgaris Lam. 0,33 ] 044 | 0,39 | 0,33 0,47 0,39
Amygdalus nana L. 0,97 | 0,23 | 0,13 0,24 0,24 0,36
Malus sieversii (Ldb.) M.Roem. 042 | 1,26 | 1,14 1,18 1,27 1,05
Cpennee: 0,57 | 0,64 | 0,55 0,58 0,66 0,60
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Mecsan
HazBanue v
Mal | UIOHb | UIOJIb | aBIYCT | CEHTSIOPh | CcpeiHee
CpejniHee /715 BceX HHTPOAYIIEHTOB: 0,54 | 0,73 | 0,70 0,66 0,77 0,68

ITo cremeHHW KapOCTOMKOCTH (KapOYCTOMYMBOCTH, KAPOBBIHOCIHMBOCTH) MEXKAY BHUAAMU
JIPEBECHO-KYCTAPHUKOBBIX WHTPOJIYIIEHTOB OTMEYAIOTCA CYIIECTBEHHbIE pasjandus [19, 40, 41].
BosIbIIMHCTBO pacTeHU HAaUYMHAIOT CTPA/IATh yiKe MpU TeMmueparype 35-40°C. Jlydlie nepeHocAT
MIOBBIIIIEHHYIO TEMIIEPATYPy 00€3BOKEHHBIE OpTaHbl: ceMeHa 10 120°C, mpuibIa 1o 70°C [19].

Bricokass TemIlepaTypa OKa3bIBaeT TyOWUTEJbHOE BJIMSHHE HA OPraHU3MbI, BBI3BIBAs
MOBpeXKJeHns1 MeMOpaH u OenkoB. Jlaxke dYacTHUUHas JeHATyparyds HEKOTOPBIX HauboJsiee
TepMOJIAOWIBHBIX (DEPMEHTOB MPUBOJUT K HAPYIIEHHIO COIJIACOBAHHOCTH IIPOIECCOB OOMEHa.
HaxkamimBaiorcss pacTBOpUMBIE A30THCTBIE COEIMHEHUS U JIpDYTUE SANOBUTHIE IPOMEKYTOUYHBIE
MPOAYKTHl OOMEHa, MPUBOASA K TruOenn KIeToK. OCOOEHHO UYBCTBUTENIEH K IIOBBIIIEHHBIM
TemnepaTtypaM (y:ke npu 35-40°C.) GoTocuHTE3. YMEHbBIIIaeTcsA TaKKe aKTUBHOCTb (PUTOTOPMOHOB
1 TUO0OEpesIINHOB, YTO ABJIAETCA OAHON U3 IPUYNH TOPMOKEHHS POCTOBBIX ITpolieccoB [40-43].

Pacrenus Beipabotanu cucreMy MOpPGOJIOTHYECKUX U (DU3UOJIOTHUECKUX TPUCIIOCOOIEHHT,
3AIUIIAIONIUX UX OT TEIJIOBBIX IOBPEXKJIEHUI: CBETJIYI0 OKPACKY, CKJIQ/IbIBAHNUE U CKpyUYUBaHUE
JINCThEB; OIYIIIEHWE WU 4YelIyHKH; TOHKWE CJIOM ITPOOKOBOM TKaHU, OOJIBIIYIO TOJIIIHHY
KYTUKYJIADHOTO CJIOfI; BBICOKOE COJlepKaHue YIJIEBOJIOB U Majioe — BO/BI B IIUTOIUIa3Me U JIp.
[20, 40, 41].

B mammx ombrtax (Tabs1. 11) y MHOTHX UHTPOZAYIIEHTOB cj1ab0e TOBPEXKEHUE JINCTHEB B BUZE
nobypeHus Habiroiaercs mpu Temmeparype Boasl 50°C. IIpu maHHON TeMnepaTypHOU Harpyske y
Betula verrucosa Ehrh., Syringa josikae Jacg. u Malus sieversii (Ldb.) M.Roem. 3adukcupoBano
moOypeHue 6osiee 50 % 1wiomaau Jmcra. CrutoniHoe moOypeHue OTMedaeTcss B OCHOBHOM IIpU
noctkeHun Temnepatrypel 70 — 80°C. Eciu B kadecTBe KpuUTepus NPUHATH 50-IPOIEHTHOE
MIOBPEXK/I€HHE JINCThEB, TO 110 CTEIIEHU KAPOCTOUKOCTH JIPEBECHBIE PACTEHUS MOXKHO Pa3/IeJIUTh HA
Tpu rpynmbl: 1) «Hu3Kass» (50°C) - Betula verrucosa Ehrh., Syringa josikae Jacg. u Malus sieversii
(Ldb.) M.Roem.; 2) «cpemusas» (60°C) - Berberis vernae Schneid., Betula verrucosa Ehrh.,
Crataegus ambigua C. A. Mey, Gleditsia triacanthos L., Ulmus pumila L., Quercus robur L.,
Elaeagnus oxycarpa Schlecht., Maclura aurantiaca Nutt. u 3) «Bbicokas» (70°C) - Platycladus
orientalis (L.) Franco, Juniperus virginiana L., Pinus pallasi-ana Lamb. B Teuenue nepuoza
BereTanyy CIOCOOHOCTb PACTEHHUI IePEHOCUTH JIeHCTBHE BBICOKHX TeMIIepaTyp IIPaKTHYECKU He
MeHseTcs, HECMOTpsA Ha CTapeHue JINCTOBOIO ammapaTa U U3MeHeHHe IOTOAHBIX YCJIOBUU, UTO
CBSI3AHO C ee HACJIEJICTBEHHOU 3aKPeIJIEHHOCTBIO JJ1 KaXKJ0T0 KOHKPETHOTO BHU/IA.

Tabauma 11
OrmpejiesieHUe }KapOCTOUKOCTU PACTeHUH, 2013—2014 TIT.

CrenieHb NOBpEXK/AEHUA JINCTHEB IIPU
Hazsanue TeMIeparype
40°C 50°C 60°C 70°C 80°C
XBOWHBIE IEPEBBS
Platycladus orientalis (L.) Franco - - + ++ +++
Juniperus virginiana L. - - + ++ T+
Pinus pallasi-ana Lamb. - - + ++ 4+
JInCTBEHHBIE IePEBbs U KYCTADHUKHI

Berberis vernae Schneid. - + ++ +++ +++
Betula verrucosa Ehrh. + ++ ++ +++ +++
Crataegus ambigua C. A. Mey - + ++ +++ +++
Gleditsia triacanthos L. + + ++ +++ 4+
Ulmus pumila L. - + ++ T+ ++
Quercus robur L. - + ++ 4+ T4+
Elaeagnus oxycarpa Schlecht. - + ++ +++ +++
Maclura aurantiaca Nutt. - + ++ +++ +++
Syringa josikae Jacg. + ++ +++ +++ +++
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CrernieHb NOBPEXKAEHUSA JIUCTHEB IIPU
HazBanue TeMIlepaType

40°C 50°C 60°C 70°C 80°C
Populus bolleana Lauche. - + ++ +++ +++
Populus diversifolia Schrenk. - + ++ +++ +++
Fraxinus sogdiana Bunge. - + ++ +++ +++

[Ty10710BbI€E IEpEBBS U KYCTADHUKU

Armeniaca vulgaris Lam. + + ++ +++ +++
Amygdalus nana L. + + ++ +++ +++
Malus sieversii (Ldb.) M.Roem. + ++ ++ +++ +++

BuiBOABI

Takum oOpa3oM, 1O pe3yJbTaTaM 3-JIETHUX HCCJIE€JOBAHUUA 10  BeJIMYUHAM
TPAHCIUPAIIMOHHOTO  pacxo/la  BJard  BbIJIEJIEHO  TPU  TPYOIbl  HUHTPOJYIEHTOB:
caboTpaHcnupupywoinue (3 BUAA JEPEBBEB), - CpeAHETPAHCIIUPUPYIONUEe (7 BUIOB JEPEBHEB U
KYCTapHUKOB) M BBICOKOTpaHCIHUpHUpYyIonue (3 Buaa nepeBbeB). 110 JaHHBIM KOPPEJISAIUOHHOTO
aHaIM3a yCTAaHOBJIEHA TecHas CBA3b VT ¢ OBOAHEHHOCTHIO JINCTHEB JAPEBECHBIX pacTeHUil (r =
0,79). BiaxkHOCTh TTOYBBI IpeAoIpesiesisieT OT 11,6 10 43,6 % M3MEeHEeHUU TPaHCIHPAIHOHHOTO
pacxona (r = 0,34; N = 0,66). JlocToBepHOU Ha YPOBHE 3HAUUMOCTH 5 % SIBJISIETCSA TECHOTA CBI3U
UT c¢ oTHOCH-TEJIPHOM BJIAXKHOCTBIO (I = -0,59) B TeEMIepaTypoH Bo3ayxa (r = 0,46). C BeTUUnHOU
OCBEII[EHHOCTH OHA COIPSKEHA CTATHUCTUYECKH HEJIOCTOBEPHO (T = 0,19). Ce3oHHasa quHamuka UT
y OOJIBIIMHCTBA MHTPOAYIIEHTOB BBIMJIAAUT B BHJIE OJIHOBEPIINHHON KPHBOM C MAaKCHMyMOM B
uroHe. J[JIs1 THEBHOTO PUTMa TPaHCIIUPAIIUH BbIZIEJIEHBI TPU THIIA: «HAapaCTAINUK» (OT YTPEHHHUX
YacoB K BEUEPHUM — TPH BHJIA JIEPEBBEB), «MAAAIONMIUI» (OT YTPEHHUX YaCOB K BEUEPHUM — OJIH
BHUJI JIEPEBbEB U «IIEPEMEHHBIH» (C MaKCUMyMOM B IIOJIZIEHb — JEBATh BHU/IOB JIEPEBHEB H
KycTapHUKOB). Cy/isi 110 HCC/IEIOBATEIbCKOMY MaTepUaly, HHTEHCUBHOCTh TPAHCITHPAIIIOHHOTO
mpolecca W3-3a 3HAYUTEJIPHOU BapHabeJbHOCTH M MHOTO(AKTOPHOCTH, HEJIb3sl MPUYUCTUTH K
YHCJTy KPUTEPUEB PE3UCTEHTHOCTHU JIPEBECHBIX pacTeHunil. OIHAKO, IPU 5TOM BBISIBJIEHA 3aMeTHAs
CBA3b OMOJIOTMYECKON YCTOMYMBOCTA HWHTPOAYIEHTOB ¢ Kodddunumentom Bapuaruu HUT.
C mOBBIIIIEHNEM €ro 3HAYeHUH OOBIYHO BO3PACTAET TOJEPAHTHOCTh PACTEHUH K 3aCYILINBHIM
YCJIOBHAAM cpeAbl obutaHus 6s1aro/iapsi MX MOBBIIMIEHHON CIIOCOOHOCTH K CaMOPETryJIUPOBAHUIO
BOZITHOTO OOMeEHa.

Ce30HHBIN XOJI COJlepKaHHEe XJI0pO(UIa XapaKTepHU3YeTCs ABYXBEPIIMHHOU KPUBOU C
MaKCUMyMaMH B HIOHE U ceHTsA0pe. Y Hambosiee OHOJIOTHYECKH YCTONYMBBIX BHUIOB (BA3
MIPU3EMUCTBIH, JIOX OCTPOILJIOAHBIN) cofiepiKaHue XJIOpOdUIIa B MEHbBIIEH CTEIIeH! MOIBEPKEHO
CE30HHBIM KOJIeOaHUSAM. Y KyCTADHUKOB B TEUEHHE TIEPHO/IA BETETAIIUU XJIOPODUILIT COAEPIKUTCS B
JINCThSIX HA 0o0Jiee TOCTOSSHHOM YpPOBHE, YeM Y JlepeBbeB. XBOWHBIE B MEHBINEH CTeleHU
HACHIIIEeHbI XJIOpodruIoM (0,52 %) 10 CpaBHEHUIO C JIUCTBEHHBIMU (0,75%).

ITo >xapoCTOMKOCTH pacTeHUs PAaH;KUPOBAHBI HA TPU TPYIIbI: «HU3KaA» (50°C) —3 BHA;
«cpenusiss» (60°C) —8 u «BbIcokas» (70°C) —3 TakcoHa.

Kak renernuecku 3akpelieHHBI OMO3KOJIOTMUECKHUM IOKa3aTesb, cJ1a00 IMO/BEPIKEHHBIHN
BHYTPUBH/IOBBIM H3MEHEHUSM, OH BIIOJIHE MOXeT OBITh HCIIOJIB30BAaH B  KayecTBe
JIMaTHOCTUYECKOTO ITPU3HAKA UHTPOIYKIIMOHHOM IIEHHOCTH PACTeHUH B apUHBIX YCIOBUAX.

[TonmyueHHble [aHHBle OYAYT HCIOJIB30BaHbI I Ppa3paboTKU U BHEAPEHUS HAYIHO-
000CHOBAHHOTO aCCOPTHUMEHTA JPEBECHBIX MHTPOAYIIEHTOB JJIsl CaJ0BO-IIAPKOBOTO CTPOUTEIHCTBA
u puToMeInOpanuy B apUAHBIX YCIOBUAX IIyCTHIHU MaHrucray.

baaromapHocTi

UccnepoBaHnua BBIMOJHEHBI B paMkax rpaHToBoro npoekta MOH PK «MHTpoaykums
pacTeHMi Kak HayYHas OCHOBA o0oralleHus U coxpaHeHus reHodona pacrenuii Kazaxcrana ex-
situ 1 in-situ, onTUMU3aIUA UHHOBAIIMOHHBIX TEXHOJIOTUH MO Pa3MHOKEHUIO, BBIPAIIMBAHUIO U
CaJI0BO-IIADKOBOMY CTPOMTENbCTBY J3amagHoro, lleHTpaspHOoro u BocToyHOro pervoHOB
pecyosuku Kazaxcran» (2012—2014 IT.).
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Abstract

This study was carried out at the research field of Tarbiat Modares University, Peykan Shahr,
Tehran to determine the changes in the chemical compositions of essential oil of thyme (Thymus
vulgaris L.) at full flowering stage. The essential oils of the aerial parts were extracted by
hydrodistillation method using Clevenger apparatus, and analyzed by GC and GC-MS. The main
constituents of the EO were thymol and -Cymene.

Keywords: Thymus vulgaris L.; Essential Oil; Thymol; B-Cymene.

Introduction

Thymus vulgaris L.(Thyme) is a little perpetual therapeutic botanical herb belongs to
lamiaceae family which is one of the biggest families and generally notable blossoming plants, with
around the range of 220 genera and practically 4000 species worldwide. Additionally it is known as
common thyme and it is indigenous to Mediterranean region, to the North Africa and several parts
of Asia along with carefully discriminating in areas of the entire world. Typically grow as a sub-
shrub from 5 to 30cm in height with fibrous ligneous root and small, greenish-grey leaves having
narrow edged (Al-Rawi, 1988). It has numerous hard, branched stems (10-20cm tall) and flowers
blooming from May to September having distinctive fragrance may white or purple in color. Due to
its strong aroma that is because of thymol, it is grown widely as culinary herb. Thyme has long
history of been used in traditional medicine for treatment of various diseases for instance to treat
respiratory diseases (whooping cough, bronchitis and asthma), in the form of tea, ointment,
tincture, syrup or by steam inhalation. It is also used to prevent hardening of the arteries,
treatment of toothache, urinary tract infection and dyspepsia (Hashim and Gamil, 1988). It also
expels fungus from stomach and intestine and it has ability to increase appetite because of its
important component thymol, which has ability to kill bacteria and parasites. Different studies
were carried out in last decades to reveal reported pharmacological activities of Thymus vulgaris L.
both of plant extracts and essential oil. In mice analgesic and antipyretic properties where reported
for thyme extracts (Mohsin et al., 1989). Thyme has changed from a traditional herb to a serious
drug rational phytotherapy. It is incredible wellspring of iron, calcium, manganese, vitamin K and
likewise upgrades blood flow and pushes an invigorating impact for the entire system. This herb
invigorated activity on anxious framework made it as a cure for physical and mental weakness and
additionally for diminishing insomnia. The remedial potential of Thymus vulgaris L. is due to the
presence of flavonoids, thymol, carvacrol, eugenol, phenols, luteolin and tetramethoxylated. Its
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controls numerous valuable effects, such as, antispasmodic, bactericides, antiseptics, antioxidants,
anthelmintic properties and has late been recommended as substitute as cancer prevention agent
(Moniraet al., 2012).

The use of thyme oil is documented for medicinal purposes since 1589. From many decades,
the essential oil of Thymus vulgaris L. been published in pharmacopoeias and standard text books
of phytotherapy (Martindale, 1972). Volatile phenolic oil of thyme has been reported amongst the
top 10 essential oils (Letchamo and Gosselin, 1996).

Thyme oil contains 46 % phenols of which 44 % thymol and 3.6 % carvacrol and also
important components It is confirmed by various studies confirmed that thyme oil contains
polyphenolic acid (oleanic acid, rosmarinic acid, triterpene and caffeic acid). Thyme oil also
contains other components such as thymol, borneol, gerniol, pinen, linalool, cineol, sabinen,
myrcen limonene and cymene (Rizk, 1986; Javed et al., 2013).

Materials and Methods

The experiment was carried out at the research field of Tarbiat Modares University, Peykan
Shahr, Tehran. Average annual precipitation at the site is 122.2 mm, minimum air temperature
is -5° C and maximum air temperature is 40.4° C. The dominant winds at the area blow from
Northeast. Some chemical characteristics of the experimental soils are shown in Table 1.

Table 1: Some physical and chemical characteristics of the experimental soil

ECdsm!l pH OCa TNP P (mgkg?) K(mgkg?') Silt Sand Clay

(%) (%) ) () (%)
1.04 7.7 173  0.06 14 275 12 78 10

aQrganic matter (OC), PTotal Nitrogen (TN)

Aerial parts of flowering Thymus vulgaris L. grown in the open air were collected from May
to July 2014. Collected plant materials were dried in the shade; the leaves and flowers of the plants
were separated from the stem and ground in a grinder with a 2 mm in diameter mesh.

Essential Oils Preparation

All samples were shade-dried (during 15 days). EO was extracted by subjecting flowers and
leaves together (40 g) to hydrodistillation for 2 h using an all glass Clevenger-type apparatus,
according to the method outlined by the European pharmacopoeia (Anonymous, 1996). EO yield
was expressed as percentage w/w on dry matter basis. The oils were dried over anhydrous Na;SO4
and stored in sealed vials at low temperature (4°C) before gas chromatography (GC) and gas
chromatography/mass spectrometry (GC-MS) analysis.

Essential Oils Analysis by Gas Chromatography/Mass Spectrometry (GC/MS)

The EOs were analyzed by GC-MS (Agilent, USA). The analysis was carried out on a
Thermoquest-Finnigan Trace GC/MS instrument equipped with a DB-5 fused silica column (60 m
x 0.25 mm i.d., film thickness 0.25 mm). The oven temperature was programmed to increase from
60 to 250°C at a rate of 4°C/minute and finally held for 10 minutes; transfer line temperature was
250°C. Helium was used as the carrier gas at a flow rate of 1.1 mL/minute, with a split ratio equal
to 1:50. The quadrupole massspectrometer was scanned over the 35-465 amu with an ionizing
voltage of 70 eV and an ionization current of 150 mA.

GC-FID analysis of the oil was conducted using a Thermoquest-Finnigan instrument
equipped with a DB-5 fused silica column (60 m x 0.25 mm i.d., film thickness 0.25 mm). Nitrogen
was used as the carrier gas at the constant flow of 1.1 mL/minute; the split ratio was the same as
that of GC/MS. The oven temperature was raised from 60 to 250°C at a rate of 4°C/minute and
held for 10 minutes. The injector and detector (FID) temperatures were kept at 250 and 280°C,
respectively. Semi-quantitative data were obtained from FID area percentages without the use of
correction factors.
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Identification of EO Components

Retention indices (RI) were calculated by using retention times of n-alkanes (C6-C24) that
were injected after the oil at the same temperature and conditions. The compounds were identified
by comparison of their Rl with those reported in the literature and their mass spectrum was
compared with the Wiley Library.

Results and Discussion

The compositions of EOs might be affected by the developmental stage of the plant
(Saharkhiz et al., 2011, Saharkhiz et al., 2009). GC-MS was employed to identify the effective
compounds (Table.2). In the present study, Thymus vulgaris L. plant contained 49 % thymol,
19.99 % B-Cymene, 7.63 % carvacrol and 6.79 % trans-caryophyllene. The composition of the
essential oil of herbs and spices can vary greatly depending upon the geographical region, the
variety, the age of the plant, the method of drying and the method of extraction of the oil (Jerkovic
et al., 2001). It is recommended to use a synergistic combination of essential oils and their
compounds, e.g. carvacrol in combination with p-cymene (Ultee et al., 2000), thus enabling to
decrease their concentrations and minimize adverse sensorial effects.

Table 2: The major compounds in Thymus vulgaris L. at full flowering stage

Compound Peak area % in RI
thymus vulgaris
L.
a-Pinene 3.10 939
B-Pinene - 980
a-Myrcene 0.81 997
B-Cymene 19.99 1024
1,8-Cineol 1.22 1031
y-Terpinene 0.87 1068
Linalool 2.31 1098
Borneol 0.01 1165
4-Terpineol 0.07 1189
Anisole 0.89 1197
Carvacrol methyl ether 4.44 1244
Thymol 49 1290
Carvacrol 7.63 1298
Trans-caryophyllene 6.79 1349
Caryophyllene oxide 1.7 1581
Bisabolene - 1597
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Abstract

This study was carried out at the research field of Tarbiat Modares University, Peykan Shahr,
Tehran to determine the changes in the content and chemical compositions of essential oil of tulsi
(Ocimum. sanctum L.) at three different growth stages including vegetative, flower bud formation
and full flowering stages. The essential oils of the aerial parts were extracted by hydrodistillation
method using Clevenger apparatus, and analyzed by GC and GC-MS. The hydro-distillation of the
aerial parts of Ocimum. sanctum at the vegetative, flower bud formation, and full flowering stages
yielded 0.95%, 0.87% and 1.3% (w/w) EO, respectively. The main constituent of the EO from the
vegetative stage were 1, 8-Cineole and B-bisabolen, while eugenol was found as the main compound
of flower bud formation and full flowering developmental stages.

Keywords: Ocimum. sanctum L.; Essential Qil; 1, 8-Cineole; B-bisabolen; Eugenol.

Introduction

Ocimum sanctum L. (Tulsi in Sanskrit or Reyhan-e- Moghaddas in Farsi) belonging to
Lamiaceae family, is native to Asia, and Central and western parts of Africa. Tulsi is traditionally
used as a medicinal plant (Prakash and Gupta 2005). Pharmacological studies and clinical
practices have demonstrated that this species possesses anti-oxidative (Shah and Verma 2012,
Ahmad et al., 2012) and antimicrobial functions including antibacterial (Prakash and Gupta 2005,
Agarwal et al., 2012), antifungal (Kumar et al., 2010, Balakumar et al., 2011), antimalarial (Prakash
and Gupta 2005) and anti-helminthic (Asha et al., 2001). It has been also recommended to treat
diabetes, bronchitis, diarrhea, dysentery, dyslipidemia, hypertension and skin diseases (Prakash
and Gupta 2005, Pattanayak et al., 2010, Singh et al., 2001).

Chemical and biological diversity of the aromatic and medicinal plants differ significantly
depending on the factors such as cultivation area, climatic conditions, genetic modification,
different plant parts, developmental stages and collection time (Franz et al., 1993, Saharkhiz et al.,
2009). In the recent years, numerous publications have reported the chemical compositions of the
EOs of medicinal and aromatic plants demonstrating that the growth stage and harvesting time
have a major impact on the EO content and compositions (Saharkhiz et al., 2009, Ghani et al.,
2009). Therefore, it is necessary to determine the proper time and plant growth phase to harvest by
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analyzing the EO and its compositions at various growth and developmental stages. To the best of
authors™ knowledge, literature pertaining to the EO content and composition of Tulsi from Iran is
not available. Moreover, there is no report on EO compositions of Tulsi at different collection time
such as vegetative, flower bud formation and flowering stages. It is, therefore, imperative to
determine the appropriate harvesting time by analyzing the oil yield and composition of the plant.

The current study aimed to assess the EO content and chemical constituents of three dif-
ferent growth and developmental stages of Ocimum sanctum L.

Materials and Methods

Plant Material

The experiment was carried out at the research field of Tarbiat Modares University, Peykan
Shahr, Tehran. Average annual precipitation at the site is 122.2 mm, minimum air temperature is -
5° C and maximum air temperature is 40.4° C. The dominant winds at the area blow from
Northeast. Some chemical characteristics of the experimental soils are shown in Table 1. Ocimum
sanctum aerial parts were collected from the cultivated plants at three stages of growth and
development during June and July 2013. The samples were harvested at vegetative, flower bud
formation and full flowering stages.

Table 1: Some physical and chemical characteristics of the experimental soil

ECdsm! pH OCa TNP P (mg K(mgkg?') Silt Sand Clay
(%) (%) kg™) %) (%) (%)
1.04 7.7 173 0.06 14 275 12 78 10

aQrganic matter (OC), PTotal Nitrogen (TN)

Essential Oils Preparation

All samples were shade-dried (during 15 days). EO was extracted by subjecting flowers and
leaves together (50 g) to hydrodistillation for 2 h using an all glass Clevenger-type apparatus
(Goldis, Tehran, Iran), according to the method outlined by the European pharmacopoeia
(Anonymous 1996). EO vyield was expressed as percentage w/w on dry matter basis. The oils were
dried over anhydrous Na;SO. and stored in sealed vials at low temperature (4°C) before gas
chromatography (GC) and gas chromatography/mass spectrometry (GC-MS) analysis.

Essential Oils Analysis by Gas Chromatography/Mass Spectrometry (GC/MS)

The EOs were analyzed by GC-MS (Agilent, USA). The analysis was carried out on a
Thermogquest-Finnigan Trace GC/MS instrument equipped with a DB-5 fused silica column (60 m
x 0.25 mm i.d., film thickness 0.25 mm). The oven temperature was programmed to increase from
60 to 250°C at a rate of 4°C/minute and finally held for 10 minutes; transfer line temperature was
250°C. Helium was used as the carrier gas at a flow rate of 1.1 mL/minute, with a split ratio equal
to 1:50. The quadrupole massspectrometer was scanned over the 35-465 amu with an ionizing
voltage of 70 eV and an ionization current of 150 mA.

GC-FID analysis of the oil was conducted using a Thermoquest-Finnigan instrument
equipped with a DB-5 fused silica column (60 m x 0.25 mm i.d., film thickness 0.25 mm). Nitrogen
was used as the carrier gas at the constant flow of 1.1 mL/minute; the split ratio was the same as
that of GC/MS. The oven temperature was raised from 60 to 250°C at a rate of 4°C/minute and
held for 10 minutes. The injector and detector (FID) temperatures were kept at 250 and 280°C,
respectively. Semi-quantitative data were obtained from FID area percentages without the use of
correction factors.

Identification of EO Components

Retention indices (RI) were calculated by using retention times of n-alkanes (C6-C24) that
were injected after the oil at the same temperature and conditions. The compounds were identified
by comparison of their Rl with those reported in the literature and their mass spectrum was
compared with the Wiley Library.
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Results and Discussion

The hydro-distillation of the aerial parts of Ocimum. sanctum L. at the vegetative, flower bud
formation, and full flowering stages yielded 0.95%, 0.87% and 1.3% (w/w) EO, respectively.
The composition of EOs at different growth stages is shown in Table 2, in the order of their elution
from a DB-5 column. GC/MS analyses showed that the main constituents of the EO from the
vegetative stage were 1, 8-Cineole and -bisabolen, while eugenol was found as the main compound
of flower bud formation and full flowering developmental stages.

Table 2: Chemical Components of the Essential Oils Distilled From Three Developmental Stages
of Ocimum sanctum L.

No. Compound Rl  Vegetative Flower Bud Full
Formation Flowering
1  Ethyl Isovalerate 847 - - 0.79
2 a-Pinene 947 0.72 0.37 0.62
3 Sabinen 973 0.51 0.40 0.45
4  B-Pinene 1007 1.04 1.49 1.69
5 Myrcene 1050 0.49 1.124 0.89
6 1,8-Cineole 1056 20.74 19.37 20.41
7  Linalool 1101 0.18 0.15 0.11
8 Terpinen-4-ol 1176 - 0.24 -
9 a-Terpineol 1203 - 0.33 0.38
10 Estragol 1221 11.45 10.57 11.36
11 Eugenol 1374 15.66 37.11 24.59
12 a-Cis- 1460 3.09 1.26 2.65
13 Bergamotene 1475 2.30 1.25 1.23
14 a-Humlene 1537 20.95 13.25 18.72
15 pB-Bisabolen 1558 10.43 7.3 7.4
y-Elemene

abbreviation: RI, retention index.

EOs and their components are generally recognized as safe (GRAS) for human and animal
consumption under US Federal Regulations. The compositions of EOs might be affected by the
developmental stage of the plant (Saharkhiz et al., 2011, Saharkhiz et al., 2009). Although some
authors reported Methyl Chavicol (Khan et al., 2010, Amber et al., 2010) as the major compounds
of the EO, others reported eugenol as the main constituent of the EO (Kumar et al., 2010, Asha et
al., 2001). In the present study, (-bisabolen was the dominant compound of the oil at the
vegetative stage which declined gradually from 20.95% to 13.25% at the flower bud formation
stage. Eugenol which reached its maximum level at the flower bud formation stage was identified
as the main compounds of flower bud formation and full flowering stages. The lower concentration
of eugenol in this study, compared with that of some previous reports (Kumar et al., 2010, Asha et
al., 2001), may reflect variations due to geographical location. During the various developmental
stages of Ocimum sanctum L., the concentration of 1, 8-Cineole gradually declined from 20.74% to
20.41%.
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Abstract

The article provides geobotanical descriptions of Karakabinskay and Tarbagataiskay
populations of Elymus mutabilis in the territory of Kazakhstan Altai with the definition of
productivity of green mass and morphometric parameters of explored plants. Floristic composition
was determined and composed phytocenosis characteristic of Elymus mutabilis surveyed
populations. Morphometric parameters of explored plants were determined. Measurement
indicative commercial yields were held.

Keywords: Elymus mutabilis; Kazakhstan Altai; geobotanical descriptions; phytocenosis;
vitality; productivity.

BeeneHnue

Cpenu ceMelicTBa 371aKOBBIX BU/IBI PoJia Elymus mo cBoei mepCcreKTUBHOCTH /1J1s1 BBEJIEHUS B
KyJIbTYPy B KauecTBe KOPMOBBIX PacTeHUH 3aHUMAaT He mocienHee Mmecto [1]. ITo maHHBIM
uccinenoBanuii B.U. Bepemaruna, K.A. Co6oseBckoit, A.1. fAxy6oBoii [2] Elymus umeer 60bimoe
3HaUYEeHUe /1A YIIydIlleHUsA HENaXOTHOIIPUTOJHBIX 3aCOJIOHIIOBAHHBIX 3€MeJb.

[Teipeiinnk uamenunBbid — Elymus mutabilis (Drob.) Tzvel. (cem. Poaceae). MHorosieTHUI
JlepHOBUHHBIN 3i1ak [3]. IlepekpécTHoombLIsieMOoe aHeMOUJIBHOE pacTeHue. B mpegenax
Kazaxcranckoro Asrtast HIIMPOKO pacpocTpaHeHHbIN BUs [4]. 2n=28 [3].

Pacmnipocrpanenue:

B Kazaxcrane: Anraii, Tap6., J>xyHr. Anar., 3awi. Anar. [4], non. p.p. ¥6a, Byxrapma, Kapa-
Kaba [5].

OOmw1. pacnp.: ApkTuka, ceB. EBpomn. wactu CCCP, 3am. u Boct. Cubups, JJanpH. BocToK,
Mourosus, Ixxyarapus [4], Ckaug., [>x-Kamr. [6].

OKkosoruss OOWTAHUA BHJA IIMPOKA: CBETJIOXBOWHBIE U JIMCTBEHHBIE, OOJIBIIEH YaCTBHIO
pa3HOTpaBHbIE Jieca, JIeCHbIE JIyra, OIYIIKH, JOJWHHbIE JIyTa U IPUPYCJIOBBIE TAJIEUHUKH.
[TogaUMaeTcsT B BBICOKOTOPBE, Tle OOUTAET Ha JIECHBIX U CyOIBITUUCKUX JIyraX, OJIM3 KaMeHHbBIX
pocceinieil. B apkTuueckoll 1moJioce NMPUYPOYEH K HPUCHEXKHBIM JIyKaKaM, KaMeHHCTBIM U
rajledHpIM Oeperam pek, IpUpPYycIoBbIM Jiyram [7]. LlBeTreHme mpoucxoauT B wuione [5],
IUIOZIOHOIIIEHHE B aBrycTe. PactipocTpaH€éH /10 cpeHero ropHoro nosica [8].

[TpIpeiHUK SBJISIETCA I€HHBIM CEHOKOCHBIM W IACTOUIIHBIM KOPMOBBIM pPAaCTEHHUEM.
HNuaTpoaynupyeres ¢ 1965 1. [9] PacreHue m10BOIBHO cKopocnesoe [9]. 3aciy:KuBaeT BBeJEHUs B
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KyJIbTypy, HO B CMe€CH C JPYTMMHU TpaBaMH, TaK KaK IIOJIHOCTbIO COMKHYTOT'O TPaBOCTOSI He
obpasyer [10]. Buz ouens nonuMopdeH U 1esIuTes Ha eIl PAJl pAa3HOBUIHOCTEH U HOPM.

Kazaxcranckuii AnTail IIpeJicTaBjisieT cOOOHM cucTeMy XpeOTOB I0KHOM U IOr0-3allaiHOMN
yacTu AJITas Kak FOPHOM CTpaHbI, KOTOpas IMPOCTHUPAETCs C I0Ta Ha CeBep U C 3alajila Ha BOCTOK
MOYTU Ha 400 kM. BxoauT B cocTaB 1oro-3anazHou nepudepun Anrae-CasHCKOU TOPHOU CHUCTEMBI
U C TIPUCYIEd el CTPYKTYpOH JIaHAIMAMTHBIX U BBICOTHBIX 30H HACEJEH HETUITMYHBIMH JIJIA
rOpHOTo U paBHHHHOTO Kazaxcrana BU/jaMu pacTeHUH U JKUBOTHBIX [11].

PacruresnbabIl TOKpoB KazaxcraHCKOTo AsiTast MeeT IPKO BbIPAXKeHHBIN MOSICHON XapaKTep
pacrpocTpaHeHUs U CJjlaraeTcsi W3 COUYeTaHUs TPEX OCHOBHBIX THUIIOB: JIECHOW, CTEMHOH U
JiyroBo# [12].

B Kaszaxcranckom Asirae Elymus mutabilis pacrer mo ocrenHeHHBIM JIeCHBIM JIyTam,
KyCTaPHUKOBBIM CKJIOHAM B Pa3peKEHHBIX JIECHBIX COOOIIECTBAX U raJIeYHUKAX [4].

Pan  ropHO-yroBBIX (OPM  YCHENIHO WCHBITHIBAJIUCH B TOPHO-JIECHBIX  YCJIOBHUAX
Kaszaxcranckoro Anras (Asraiickuil OoTaHUUYeCKWU caf, Tr. Pupzep), mpu 3TOoM B paloHe
WHTPOAYKIIUH JaeT BbICOKHE YpOrKau 3eJleHOu macchl (98 11/ra). OTinuaercs BBICOKOH 3acyXo- U
MOPO30YCTOMYHUBOCTBIO. 3a BETETAIIMOHHBIM IEPUOJ JaeT OJIMH YKOC W OTaBy (40 CM BBIC.).
XUMHYECKHUH COCTAB 3€JIEHOM MaCChl HE U3YJ€EH.

Ilesp wcceoBaHUA: [1aTh OOTAHUUYECKYI0 XapaKTEPUCTUKY U PECYPCHYIO OIIEHKY
TIOITYJIAIUH.

OO6bekThl HccaefoBaHusA: momyssaiuu Elymus mutabilis Ha Tepputopuu KaszaxcraHCKOTO
Asrras.

OcHOBHBbIE 33/1a4N:

— OnpenenuTs GIOPUCTUYECKUIN COCTAB M COCTABUTH (QUTOIEHOTUUECKYIO XapaKTEPUCTHKY
obcnenoBaHHbBIX mommysisiui Elymus mutabilis;

— Onpenenuts MOpgoMeTpHUUeCcKUe TapaMeTPhl UCCIIETyeMbIX PACTEHUH;

— ITpoBecTn 3amMep OPUEHTHPOBOUYHOM MPOMBICIIOBOH yPOXKANHOCTH;

— ITpoBectn aHATU3 MOYIEHHBIX UTOTOBBIX PE3YJIbTATOB.

MaTrepuaJjibl 1 METOAbI

JI71s BBIIIOJTHEHUsI TOCTABJIEHHBIX 3a7lau B IIOJIEBBIX YCJIOBUAX ObLI BBIOpAH MapIIpPyTHO-
PEKOTHOCITUPOBOUHBIN MeTof; [13]. HMcciemyemble TOMy/IANAA H3YYaIUCh € HCIIOJIb30BAaHHEM
TPAJIUIIMOHHBIX METOJOB IIOJIEBBIX T'e0OOTAaHWYECKUX WcciaenoBaHuil [14]. /s cocraBieHUs
reo00OTaHUYECKON XapaKTEPUCTUKU ObLI IMPHUMEHEH METOJ] ¢ BHU3YaJIbHOM OIEHKOW KOJIMYEeCTBa
ocobeir 1o mKane obwnua Jpyae [15]. JlaTuHCKMe Ha3BaHUS  BBIBEPSUIMCH  TIO
C.K. Uepenanosy [16].

I BBIZIeJIEHUs] TEPCIEeKTUBHBIX KOPMOBBIX MHOMYJISAIMN OBLIN OMIpeAesIeHbl CIIeAYIOIIre
BEJIMYMHBI: BBICOTA T€HEPATHUBHBIX I100EroB, OOJIMCTBEHHOCTh, JJIMHA KOJIOCA, ILIOINAJIb
3aHUMaeMasi BUJIOM, IIPOEKTUBHOE IMOKPBITHE U3Yy4aeMOTro SKOTHIIA, YPOKAHHOCTh PACTUTEIHHOU
Macchl C TeKTapa.

OO0cy:xxneHue

B pesynbraTe NpPOBENEHHBIX SKCIIEIUITMOHHBIX BBIE3ZIOB OBLIO BBIZIEJIEHO 2 OCHOBHBIE
nomyssaiuu Elymus mutabilis.

KapakaGuHcCKasa HONMyJasuA TblpeiHnKa uaMeHuuBoro (Elymus mutabilis (Drob.)
Tzvel.) pazmernieHa B ro-zamagHou yactu KapakaOWHCKOW BHAWHBI, B IPEATOPHON 30HE XP.
CappIMCakTbhl, Ha 3aKpbITOM KOHyce BbIHOcCa p. Tayrekenu. I[lomynsamus 3aHUMAaeT ydYacCTOK
IUIOIAAbIO 5 2a, 1711 m Hax yp. mops. Koopawuater: 49° 04' 03" c. ., 85° 59' 55" B. 1. Mecra
obuTaHus BHJIA: OCTEHEHHBIE Pa3HOTPABHO-3JIaKOBbIe Jiyra. Pacrer Ha c1ab0 B3aKpPBITHIX
raJIeYHUKOBBIX BBIHOCAax p. TayTekeynuw. Y4UacTOK, 3aHUMAaeMbId TOMYJIsIUeN, BHIPOBHEHHBIH,
MeCTaMHM H3pe3aH PycjlaM{d BPEMEHHBIX M IMOCTOSTHHBIX KJIIOUEeH WJIM METKOKOYKAPDHUKOBBIH.
ITouBeHHBIN cJIOW cy1abo BbIpaskeH, 15—30 cM, B IIOHMJKEHUSX JI0 45 cm. IIOUBBI TOpHBIE
YepHO3€eMBI, JIETKO ApeHupyeMbie. [loicTrIaomui ¢10i — 00KaTaHHBIN raJIeYHUK.

YemoBusi oOUTaHUS BUJIA BecbMa JSKCTpeMasibHble. B 3UMHHMI HEpUOJA HEPEIKU MOPO3bI
0 — 45° C. be3aMOpo3HBIA NEPUOJ YKOPOUEHHBIN, HENPOJOJLKUTENIbHBIU, 45—55 JHEM.
KosimuecTBO roIoBBIX 0CaJIKOB He OoJsiee 1000 MM.
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B npenenax kapakaOWHCKOU TOMYJIAIUU BBIIEJIEHO JIBE IIEHOIOMYJIAINN, PA3IMYAIONIAeCs
II0 COCTaBy JIOMHHAHTOB M CyOJJOMHHAHTOB, HO CXOJHBIX IIO COCTaBy BTOPOCTENIEHHBIX BHUJOB.
PacturtesibHBIN TIOKPOB XOpOIIO ¢)OPMHUPOBAH; B BHIOBOM OTHOIIEHWU OOraT M pa3HOOOpas3eH.
Huke mpuBogUTCS MX XapaKTEPUCTUKMU.

[lenomomysiAnus MBIPEHHUKOBO-KpPoBoXJIeOkoBoro (Sanguisorba officinalis L., Elymus
mutabilis (Drob.) Tzvel.) duTonieno3a pasmenieHa Ha KOHyce BbIHOca p. Tayrekese, 1720 M Haz yp.
M. Penbed yuacTka CIJIOKHBIM, MeJIKOOYTPUCTBIN, IpOpe3aH HeIyOOKHMHU IIPOMOUHAMH,
KOUKapHUKOBBIN. [I0UBEHHBIN CJIOH YMepEeHHO Pa3BUT, OT 15 710 60 cm. IIouBbI — rOpPHO-JIyTOBBIE
yepHO3eMbl. HamouBeHHBIM INOKPOB IpEZCTaBJIEH ONaZioM. BepxHUU CJIOH IOYBBI XOPOIIO
rymycupoBad. Onaz choOpMUPOBaH BETOIIBIO 3JIAKOB M MEJIKOT'O Pa3HOTpaBbA. ToJIIMHA CJI0A
ora/ia KoJebJeTces OT 3 710 10 CM, PA3JI0KEHUE ero IPOUCXOAUT B TEUEHUE OHOTO BETeTAllIOHHOTO
ce30Ha.

PactutenpHbIH IIOKPOB XOpOIIO pa3BUT, CPAaBHUTEJIbHO oorar B BHUJOBOM OTHOIIEHUU —
30 BuzoB. OOIII€€ TPOEKTUBHOE MOKPHITHE 710 95 %. KycTapHUKOBBIH sipyc cy1abo chopMHUpOBaH,
60—70 cm BwIC., nomunupyet Pentaphilloides fruticosa (L.) O. Schwarz — sp, n3 moAYMHEHHBIX
BHI0B 00bIUHBI Sibiraea laevigata (L.) Maxim. — sol, Betula humilis Schrank — sol, Spiraea media
Franz Schmidt — s. COMKHYTOCTh KyCTapHUKOBOTO fIpyca 01 — 04. IIoKpbITHe He MpeBbILIAET 5—
12 %.

TpaBAHUCTHIM TIOKPOB MOJUAOMHUHAHTHBIN: Sanguisorba officinalis L. — cop, Elymus
mutabilis (Drob.) Tzvel. — copz, Artemisia virides Willd. — cop.. B TpaBocros 6orato
IIpe/ICTaBJIEHBI BUABI ceMelicTBa Poaceae (Bromopsis inermis (Leyss.) Holub — sp, Koeleria altaica
(Domin) Kryl. — sp, K. ledebouri Domin — sp, Festuca borissii Reverd. — sol, Elymus gmelinii
(Ledeb.) Tzvel. — sol, E. nevskii Tzvel. — sol, E. tianschanigenus Czer. — s, Poa pratensis L. — sp,
Helectotrichon pubescens (Huds.) Pilg. — sp, H. desertorum (Less.) Nevski — sol, Phleum phleoides
(L.) Karst. — sol, Deschampsia caespitosa (L.) Beauv. — s, Agrostis stolonifera L. — s), Ha ux [0J110
B IOKPBITUU IIPUXOAUTCA [0 45 %.

TpaBAHUCTBIN MOKPOB YETKO TpexbApycHbIU. [lepBoiii sspyc, 100—130 cm BBIC., COCTOUT U3
Artemisia virides Willd. — sol, Chamaeneriom angustifolium (L.) Scop. — s, Thalictrum minus L. —
sol, Dactylis glomerata L. — s, Elymus mutabilis (Drob.) Tzvel. — cop, E. gmelinii (Ledeb.) Tzvel. —
sol, E. nevskii Tzvel. — sol, E. tianschanigenus Czer. — s, Arctium lappa L. — s. fIpyc uspexeH,
IUIOTHOCTH He npessiinaeT 02, nokpeitue — 5 %.

Bropoii spyc, 50—70 cm, pasHooOpaszeH B Buj0BOM oTHoleHumn. CocrtaByieH Artemisia
sericea Web. — sp, Aconitum anthoroideum DC. — sol, Seseli condensatum (L.) Reichenb. — sp,
Ranunculus grandifolius C.A. Mey. — sol, Geranium pratense L. — sp, G. pseudosibiricum J.
Mayer — s, Galium verum L. — sol, Campanula glomerata L. — s, Bupleurum longifolium L. subsp.
aureum (Fisch. ex Hoffm.) So6 — s, Ligularia glauca (L.) O. Hoffm. — sol, Acanogonon alpinum
(All.) Schur — s, Potentilla chrysantha Trev. — s, Achillea millefolium L. — s, Veronica longifolia L.
— s, Calamagrostis epigeios (L.) Roth — sol, Bromopsis inermis (Leyss.) Holub — sp, Poa pratensis
L. — sp, Helectotrichon desertorum (Less.) Nevski — sol, Phleum phleoides (L.) Karst. — sol,
Deschampsia caespitosa (L.) Beauv. — s. fIpyc cpaBHUTEIbHO IOTHBIU — 03 — 04, MOKpHITHE — 10
30 %.

Tpertuii sipyc, 25—45 cm BbIC., cocTaBiieH caeayomumu Bugamu: Koeleria ledebouri Domin —
sp, K. altaica (Domin) Kryl. — sp, Agrostis stolonifera L. — s, Artemisia virides Willd. — sp, Iris
ruthenica Ker-Gawl. — sp, Gentiana decumbens L. — sol, Gentianopsis barbata (Froel.) Ma — sol,
Dracocephalum ruyschiana L. — s, D. nutans L. — sol, Astragalus danicus Retz. — sol, Lupinaster
pentaphyllus Moench — sol, Conyza canadensis (L.) Crong — sol, Draba sibirica (Pall.) Thell. — sol,
Callianthemum alatavicum Freyn — sol, Plantago media L. — s, Alchemilla xanthochlora Rothm.
— sol, Allium flavescens Bess. — s. COMKHYTOCTb fIpyca OUY€Hb BBICOKAs 3a CUET MacCCOBOTO
Pa3BUTHs BEreTaTUBHBIX IPUKOPHEBBIX M00OeroB, mocturaeTr o 07, mokpbeiTHe He Hike 70%.
OO0111e€ TPOEKTUBHOE TIOKPBITHE OT 70 710 100 % (cM. TabJ1.).

Elymus mutabilis (Drob.) Tzvel. mo miomaam pacrnpocrpaHeH paccesHHO. [IJTOTHOCTH €ro
KoJsiebsercst OT 1 10 14 (7) AepHuH Ha 1 M2, JKM3HEHHOCTh BUJIA XapaKTEPHU3YETCs CPAaBHUTEIHLHO
BBICOKMMU ITOKa3aTeJIsIMU: BbICOTA FeHEPATUBHBIX ITOOETOB KoJiebseTcss OT 99 70 116 (104,9) cm,
YUCJIO TeHEPAaTUBHBIX IMOOEroB Ha 0coOb BapwhupyeT OT 8 1m0 44 (15,7). Kojsoc mpsamocTosdui,
JUIHHA ero KoJjiebserca oT 14 mo 22 (17,6) cm. Yuceio KoJIocKoB B KoJjioce oT 18 1o 34 (21,5) IiT.
KosmmuectBo IOBETKOB B KOJIOCKE IIOYTHU IIOCTOAHHO HJIM C HE3HAYUTEJIBbHBIM HN3MEHEHUNEM 5—7
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(6,5). JIucTbs 10BOIBHO MIHHHBIE 20—32 (26,2) cm, mupokue — 0,9—1,4 (1,2) cm. OBJIUCTBEHHOCTD
BbIcOKast — 34 %. CeMeHollleHHe — B KOHIIe aBrycra. Koaddumnuent cemunudukarnuu — 68 % (1o
10 TIo/icueTam). YPOo:KalHOCTh 3eJIEHOH Macchl 60 — 260 (130) r/M2, B mepecueTe Ha ra — 13 17/ra.

Pexomengyo Elymus mutabilis (Drob.) Tzvel. gna panpHelniero HMHTPOAYKIIMOHHOTO
HUCHOBITAaHUA. XapaKTepPU3yeTCsl BBICOKMMU XO3SUCTBEHHBIMH ITOKA3aTeJIsIMU: YCTOUYMBOCTBIO K
He0JIaronpUATHBIM YCJIOBUAM, 60J1e3HAM, MI0JIETaHUIO. Otnuuaercsa BBICOKOU
BHYTPUIIOYJIANIMOHHON BapuabesnbHOCThI0. HeoO0xoamMO [ITaHHYI0 NOMYJAIUI0 OOBABUTH
reHeTUYeCKUM pPe3epBaTOM.

TapoOararaiickaa momyssamusa Elymus mutabilis (Drob.) Tzvel. pa3memena B HuKHEM
mpejiejie  I0TO-BOCTOYHOTO CKJIOHA Xp. HOkHoanraiickuii Tapbararaii, 1875 m Hax yp. M.
Koopaunater: 49° 05' 54" c. m1., 86° 14' 47" B. 1. Mecra obutaHusa Buja — €1ab0 OCTEITHEHHbBIE
syra. Penbed ydacTka, yCTYHMUUBBIH, ITOJIOTUI, OPUEHTHPOBAH C CEBEpPO-3amajZia Ha IOr0-BOCTOK.
Y4JacTok XOpOIIO OCBeleH W 00JyBaeM CeBEPO-BOCTOYHBIM BETPOM B TeUEeHUE BCEro Trojia.
ITouBeHHBIN TOPU30HT XOpolIo copmupoBaH. I10UBbl — rOpHO-CTENIHBIE YePHO3eMbl, 45—90 cm
ToUHOU. [ToACTHIIAIOIUN CJIOM — OGJIOMKH TOPHOH MOPOJbI. PacTUTENBHBIN MOKPOB XOPOIIIO
chopMHupoBaH, B BUJIOBOM OTHOIIEHHU OesieH. KycTapHHKOBBIA spyc He pas3BUT. B mpezenax
TapbaraTaiCKON TIOIYJIAIUY BBIZIEJIEH OAWH MOHOJAOMUHAHTHBIA ¢utoneHo3. Huke mpuBegeHa
€T0 9KOJIOTO-I[EHOTUYECKAS XapAKTEPHUCTHUKA.

Henonomyssinusa neiperHoro (Elymus mutabilis (Drob.) Tzvel.) durtonenosa pazmeliena B
HIDKHEM IIpeJiesie I0T0-BOCTOUHOTO CKJIoOHA Xp. FOxkHoanTavickuit Tapbararail, miaBHO CXOJISIIETO
B KapakabuHckyio BmasuHy, 1860 M Haj yp. M. Ilnomans ¢GUTOIEHO3a HEBEJIWKA, B OOIIEH
CJI0’KHOCTH 2000 MZ2. YUYacTOK, 3aHUMaeMbId II€HOIOMYJIAINel, pa3MelleH Ha BBIPOBHEHHOU
IIpeZITOPHOU Teppace, OPUEHTUPOBAH C CEBEPO-3amaZia Ha I0r0-BOCTOK. Pesibed yuacTka BBIpOBHEH
WK €200 BBIPAXKEHO YCTYMUUBBINA. [I0UBEHHBIN TOPU30HT XOPOIIIO Pa3BUT, /10 45 CM TOJIIIHMHOMH,
00pa3oBaH MaTepuagoM, HAHECEHHBIM TaJIbIMH BOJAMH U cOPOCOM 0OJIOMOYHOTO MaTepHasia IpU
pas3pylIeHuH TOPHBIX MOpoJi. [IoUBEHHBIN CJIOH — TOPHO-JIYTOBBIE UEPHO3€MBbI; MOZCTHIAOIIII
CJIOH CJI03KEH JIECCOBBIMHU CYTJIMHKAMH U I[eOHEM.

B 3uMHUII TepUOJ CHEXHBIM MOKPOB MOKET J0ocTUratb 100 cm. OT cHera ydacTok
0CBOOOJK/IaeTcsl TMO37HO, B KOHIE IEepBOH Jekaabl Mas. Hepeako oTMeuaercsa y pacTeHUU
MIO/ICHEXKHBIA POCT. PacTHTENbHBIA ITOKPOB XOPOIIO Pa3BUT, O0INee MPOEKTUBHOE IOKPHITHE
100 %. BumoBoii cocraB odeHb OemeH, KoJjebjercs OT 10 70 15 BuaoB. ODUTOLEHO3
MOHOAOMUHaHTeH. OOJIUK U CTPYKTYpPYy (puTOIEeHO3a OoIpeziesiseT JOMUHUPYIOUY By — Elymus
mutabilis (Drob.) Tzvel. — soc, Ha ero 7010 B IOKPBITUHM MPUXOAUTCA 10 95 %. IIporeHT
BcTpeuaeMocTd Buzia B dopmupoBanuu — 95 %. KycTapHUKOBBIA sIpyC He BBIpaKeH. Pemko
OT/IEJIbHBIMU pacTeHusMH BcTpedaroTcs: Pentaphilloides fruticosa (L.) O. Schwarz — s, Sibiraea
laevigata (L.) Maxim. — s. TpaBoctoii — co c¢jab0 BBIPAKEHHON ABYXBAPYCHOCTHIO.
BTopocrenenHble BUABI OOBIYHO MMEIOT HU3KOe OOWINe, Takue BUABI Kak: Poa pratensis L. — s,
Phleum pratense L. — sol, Alopecurus pratensis L. — sol, Helectotrichon pubescens (Huds.) Pilg. —
s, Rumex acetosella L. — s, Geranium pseudosibiricum J. Mayer — s, Lupinaster pentaphyllus
Moench — s, Dianthus superbus L. — s, Bistorta elliptica (Willd. ex Spreng.) Kom. — s, Tephroseris
integrifolia (L.) Holub. — s, Deschampsia caespitosa (L.) Beauv. — sol. (cM. Ta6J1.).

Elymus mutabilis (Drob.) Tzvel. mo miomaam ydactka pa3MelieH IUIOTHBIMH 3apOCISAMU
(comkHyTOCTh 07 — 1). PacTeHms XapakTepU3YIOTCSI BBICOKOH IKU3HEHHOCTHIO. I[IJIOTHOCTH
reHepaTUBHBIX M00OeroB — 147—178 mr/m2. Beicota pacrenuit 95—110 cm. IlobGerm mpouHkble,
ycroituuBble K mnosieranuio. ObsuctBeHHOCTh — 43 %. Kosocks KpynHble, IpsaMocTosdue, 13—20
(17) cm puHBL. Yposkall 3eJIeHOM Macchl B CpeZlHEM 750 Tp/M?, B mepecuere — 75 1i/Ta. Pacrenus
Elymus mutabilis (Drob.) Tzvel. meipeitHoro ¢uTorneH03a MpeACTaBIIAIOT UHTEPEC s 0TOOpa
YCTOMUYUBBIX U BBICOKOYPOKAUHBIX (DOPM /IJISI UCTIBITAHUA B KyJIbTYPE.
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Tabsmna 1
dopuctryeckuii cocras nomyssanui Elymus mutabilis (Drob.) Tzvel.
[Tomyanyu
HazBanue pacrenuit
KapakabuHckas Tapbararaiickas
obmue % BCTpeU. obuine % BCTpeU.

1 2 3 4 5
Elymus mutabilis cop2 100 soc 100
Pentaphilloides fruticosa sp 50 S 5
Sibiraea laevigata sol 25 S 5
Betula humilis sol 20
Spiraea media S 20
Sanguisorba officinalis cop 100
Artemisia virides cop2 100
A. sericea sp 55
Bromopsis inermis sp 75
Koeleria altaica sp 75
K. ledebouri sp 75
Festuca borissii sol 90
Elymus gmelinii sol 15
E. nevskii sol 15
E. tianschanigenus S 10
Poa pratensis sp 75 S 10
Helectotrichon pubescens sp 15 S 5
H. desertorum sol 10
Phleum phleoides sol 15
Ph. Pretense sol 15
Deschampsia caespitosa S 5 sol 10
Agrostis stolonifera S 10
Chamaeneriom

e 1 S 5

angustifolium
Thalictrum minus sol 10
Dactylis glomerata S 5
Arctium lappa S 5
Aconitum anthoroideum, sol 10
Seseli condensatum sp 55
Ranunculus grandifolius sol 10
Geranium pretense sp 10
G. pseudosibiricum S 5 S 5
Galium verum sol 10
Campanula glomerata S 5
Bupleurum longifolium L. S 5
subsp. aureum

Ligularia glauca sol 15
Acanogonon alpinum S 5
Potentilla chrysantha S 5
Achillea millefolium S 5
Veronica longifolia S 5
Calamagrostis epigeios sol 15
Iris ruthenica sp 40
Gentiana decumbens sol 15
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Gentianopsis barbata sol 15
Dracocephalum
. S 5
ruyschiana
D. nutans sol 5
Astragalus danicus sol 5
Lupinaster pentaphyllus sol 10 S 5
Conyza Canadensis sol 5
Draba sibirica sol 10
Callianthemum
. sol 15
alatavicum
Plantago media S 5
Alchemilla xanthochlora sol 10
Allium flavescens S 5
Alopecurus pratensis sol 10
Rumex acetosella S 5
Dianthus superbus S 5
Bistorta elliptica S 5
Tephroseris integrifolia S 5

3aximoueHue

Elymus mutabilis mpexncrasiisier 0coObIii IeHHBINH MaTepHas /ISl CO3/IaHUsI KOPMOBOI 6a3hl
Ha Tepputopun Kaszaxcranckoro Anras. B pesysbraram uccaenoBaHUS B PETHOHE BBIIEJIEHO
2 ocHOBHBIe momyasanuu Elymus mutabilis ¢ BbICOKMMH MoOKa3aTeassMH KU3HEHHOCTH:
Kapakabunckas u Tapbararaiickas.

KapakaOuHckas MOMyJAIUA XapaKTepU3yeTcs YPO:KaWHOCTBIO 3eJIeHOM Macchl — 13 Ii/ra,
YCTOMUMBOCTPIO K  HEOJIATONPUATHBIM  IOTOAHO-KJIMMAaTUYECKUM  yCJIOBUAM, 0OJIe3HAM,
nosjieraHuo0. JlaHHasA TMOMYJIAIUA IPEACTABJAET UHTEpeC /i UHTPOAYKIMOHHOTO HCIBITAHUS.
PexomeH/1y10 JAHHYIO MOIYJIALNNIO O0BABUTH TeHETUYECKUM pe3epBaTOM.

TapbaraTaiickass  momyssAnus, Osarojapss  IUIOTHBIM — pa3MeIIeHUEeM  3apOCJIed,
XapaKTepU3yeTcs BHICOKOU yPOKaWHOCTHIO 3€JIEHOU Macchl — 75 11/Ta, UMeeT BBICOKHE ITOKAa3aTe U
’KU3HEHHOCTH, YCTOMYMBOCTHU K ITOJIeTaHUI0. PacTeHus 3TOU MOMyJIAIUY IIPE/CTABIAIOT MHTepec
JUUTs1 OTOOPA YCTOMUHMBBIX M BBICOKOYPOXKAMHBIX (DOPM /I UCIIBITAHUSA B KYJIBTYPE.

Obpaszupr  Elymus mutabilis »sTtux momynsamuii ObUTH  BBICESAHBI CceMeHAMU Ha
SKCIEPUMEHTAJIBHOM YYacTKe KODMOBBIX B3JIaKOB AJITACKOTO OOTaHWYECKOTO cafa JJIAd
JaJIbHEUIITNX HAOJIIOMEHUH U CeJIeKITI M.

Hayunoe wcciejoBaHre TPOBEAEHO B paMKaX BBHINIOJTHEHUS 33/IaHUS 110 IPOEKTY
«BoTannueckoe pazHooOpasue IUKUX COPOANYEN KyJIbTYPHBIX pacTeHnil Bocrounoro Kazaxcrana
KaK HMCTOYHUK O0OTalleHus U coxpaHeHUs reHodOHa arpoOMOpazHO00pasus Ui peaIn3aluu
MPOZIOBOJIbCTBEHHON  MPOrpaMMBbI», BXOJSAIIEMY B  HAay4YHO-TEXHHYECKYI0 IPOTpaAMMYy:
«BboTaHnueckoe pasHOOOpa3we MUKUX COpOAWYEH KyJIbTYPHBIX pacTeHnil KaszaxcraHa Kak
HCTOYHHUK O0OralleHus U coxpaHeHUs reHodoOHZA arpoOMopasHooOpa3usa /i peayn3aluu
IIPO/IOBOJIBCTBEHHON IIPOTPaMMBI».
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IlepcniekTuBHBIE KOPpMOBBIEe nomyaanuu Elymus mutabilis Ha TeppuTtopun
Ka3axXCTAaHCKOro AJitas
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AnHOTamuAa. B cratbe mnpuBOAUTCS TeO0OOTAaHMYECKOE ONHCAaHUE KapaKaOWHCKOU |
tapbaraTtalickoil mnomyssanuu Elymus mutabilis Ha Tepputropun Kaszaxcranckoro Anrasa ¢
ompesieJyIeHUEeM YPOXKaWHOCTU 3€JIEHOM Macchl 1 MOP(OMETPUUYECKUX ITapaMeTPOB HCCJIEyeMbIX
pacrenuii. Bpur ompenenéH (IIOPUCTHYECKUUA COCTaB U COCTaBJeHa (UTOIEHOTUYECKAS
XapaKTepUCTHUKA 00cy1e10BaHHBIX TIOIYJIAIAN Elymus mutabilis. OmnpeziesieHbl
MopdoMeTpruUYecKre IMapamMeTphl HccaeAyeMbIX pacTeHud. IIpoBefieH 3amep OpHEHTHPOBOUYHOU
IIPOMBICJIOBOH YPOKAUHOCTH.

KaroueBbie cioBa: Elymus mutabilis; xazaxcranckuii Astai; reob0TaHUUYECKOE
omnucaHue; GUTOLEHO3; JKU3HEHHOCTD; YPOKAHHOCTb.
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Abstract

Deoiled cakes of Neem and Jatropha served as source of diversified nutrition for
Pseudomonas flourescens when used as substrate for mass culturing of antagonist. The present
investigation were undertaken to test the suitability of neem and Jatropha cakes for liquid
Concentration and longevity of Pseudomonas flourescens in vitro. Increasing the dilution of stock
of initial inoculums resulted in decrease of total viable counts of Pseudomonas flourescens was
comparatively highest population (64.67x10%) and (201.67x105) lesser after 15 days than after
7 days of inoculation on Neem and Jatropha cake concentration respectively.

Keywords: Deoiled Neem cake; Jatropha cake concentration; moisture level; Pseudomonas
flourescens.

Introduction

Many agro-industrial bioproducts such as deoiled cakes of tree born oils seeds (TBOs) like
Neem and Jatropha which are either going waste or being used as a less profitable and usable
products since quite long time. The oils extracted from Neem and Jatropha, are either directly used
as bio-fuel or as raw material for industrial inputs in various manufacturing industries like
cosmetics, agrochemicals and pharmaceuticals (Tiwari, et. al. 2007). Deoiled cakes of these trees
remain either unexploited or poorly exploited. These deoiled cakes contains lot of carbohydrates,
proteins, fatty acids, minerals and many more biochemical constituents which are served as source
of nutrition for beneficial micro-organisms (growth promoting and biocontrol agents) in crop
cultivation, Patolia et al. (2007), hence might being exploited as substrate for mass multiplication
of bacterial bio-control agents such as Pseudomonas flourescens. Mass multiplication of
Pseudomonas flourescens on deoiled cakes of these TBOs may be a boon for popularization of bio-
control of plant diseases and thereby for crop cultivation, utilization and popularization of Neem
and Jatropha as well. Mass multiplication of Pseudomonas fluorescens will not only leads to value
added products development from deoiled cakes of Neem and Jatropha; rather it will prevent huge
wastage and misuse of these by-products.

Mass culture available in the market generally shows poor efficacy after application in the
crop field. This is probably due to long duration taken in transportation from manufacturing unit
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to the users (farmers). The mass cultures made at industrial scale are generally talc based, with no
nutritional background to support the life of BCAs during storage, transportation and other stress.
Deoiled cakes of TBOs may serve as source of diversified nutrition for BCAs when used as substrate
for mass culturing of antagonists.

Material and Methods

Collection of soil samples and isolation of biocontrol agent

To isolate the biocontrol agent i.e., Pseudomonas fluorescens from tomato crop rhizosphere,
soil samples were collected from crop research centre (CRC) of university. For isolation, one gm of
soil sample was placed in a 250 ml conical flask containing 100 ml of sterilized distilled water
(SDW) and mixed thoroughly. Different dilutions of working samples were prepared by serially
diluting the stock solution (10-8). 1 ml of last serial dilution i.e., 108 was spread on Pseudomonas
fluorescens Selective king’'s B Medium (King's et. al 1954) for isolation of Pseudomonas
fluorescens. The plates were incubated for 2 days at 37+2°C and after incubation, pure culture was
grown; colour of bacterial colony was initially yellow but turned yellow green as pigmentation were
produced (Bonds 1957).

Composition of Culture media:

Pseudomonas fluorescens (Selective) King's B Medium (King et, al, 1954)

Composition:

Peptone 20gm

Agar-agar 20gm

Potassium monophosphate 1.5gm

(k2Hpo4)

Magnesium sulphate (Mgso4) 1.5gm

Glycerol 10 ml
Distilled water 1000 ml

Preparation:

After mixing all the ingredients with distilled water, media was placed into a stainless steel
pan and steered with glass rod for proper mixing of all the ingredients. Now the medium was
filtered through a muslin cloth by squeezing out whole liquid. 200 ml medium was placed in each
500 ml capacity flasks. Flasks were tightly plugged with non-absorbent cotton plug and wrapped
with butter paper and rubber band. Medium was autoclaved at 1.1 kg/cm? pressure for 20 min at
121.6°C and cooled before pouring into Petri plates.

Maintenance of the culture

The Bacteria initially isolated in a pure culture on King’s B media and sub cultured on PDA
slants were allowed to grow at 28+2°C temperature. The culture thus obtained was stored in
refrigerator at 5°C for further studies and was sub cultured periodically.

Determination of effect of substrate concentration and dilution of inoculums on Population
dynamics of Pseudomonas fluorescens

Initially the Pseudomonas fluorescens cultures were grown in King's B broth medium at
28 +20C for 2 days. After 2 days of incubation, a serial dilution of 10-5, 106, 107 and 108 were
prepared by the method given at above.

Results and Discussion

Present studies entitled “Longevity and Survival of Pseudomonas fluorescens on neem and
jatropha cakes” were conducted under laboratory and pot conditions with the objectives to
determine the suitability of deoiled cakes of Neem and Jatropha for mass multiplication of
P. fluorescens in vitro and to determine the longevity of P. fluorescens grown on two deoiled cakes
in the rhizosphere of tomato at the Department of Plant Pathology, S.V.P. University of Agriculture
& Technology, Meerut.

Effect of substrates concentration on population of Pseudomonas fluorescens: Population of
Pseudomonas fluorescens on different concentration of Neem cake extract after 7 days:

The colony forming unit (CFUs) of Pseudomonas fluorescens showed variation in different
concentration of substrates i.e deoiled Neem cake extract and deoiled Jatropha cake extract after
7 days and 15 days interval as given in table 1, 2, 3 and 4 respectively. It is evident from table-1.1
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that with the inoculation of 10-5 dilution of Pseudomonas flourescens stock of initial inoculums,
recovery of Pseudomonas fluorescens CFUs were towards increasing with increasing concentration
of substrate which were 42.33x10°%, 72.00x10°%, 80.00x10°, 171.67x105, 193.67x105, and 201.67x10°
CFUs of P. fluorescens at 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration respectively of Neeem
cake extract after 7 days of inoculation. With the inoculation of 10° dilution of P. fluorescens cfus
stock of initial inoculums in the different concentration of Neem cake extract population of
Pseudomonas fluorescens recovered after 7 days of inoculatin also showed increasing trends which
were 39.00x108, 63.00x10¢6, 70.33x10¢6, 118.00x10¢, 156.00%x108 and 184.67x10°% at 5 %, 10 %, 15 %,
20 %, 25 % and 30 % concentration respectively of Neem cake extract.

Table 1: Longevity and survivability of Pseudomonas fluorescens in Neem cake extract of different
concentration at various dilution point with different moisture level for 7 and 15 days

Concentration 0% 5% 10% 15% 20% 25% 30%
Dilution
105 22.00 | 42.33 72.00 80.00 171.67 193.67 201.67
10° 21.00 | 39.00 63.00 70.33 118.00 156.00 184.67
107 20.00 | 30.67 48.00 54.00 96.33 145.00 175.00
108 19.00 | 23.33 34.33 41.00 76.00 133.67 165.00
CD @ 5% Dilution =1.3523
Concentration= 1.6563
DxC= 3.313

7 Days

With inoculation of 107 dilution of P. fluorescens CFUs stock into different concentration of
Neem cake extract, there was recovery of 30.67x107, 48.00x107, 54.00x107, 96.33x107, 145.00x107
and 175.00x107 CFUs at 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration respectively of Neem
cake extract after 7 days. With the inoculation at 10-8 dilution of Pseudomonas fluorescens CFUs
stock, recovery of P. flourescens population recorded were 23.33x10108, 34.33%108, 41.00x108,
76.00%x108, 133.67 x108 and 165.00%x108 at 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration
respectively of neem cake extract after 7 days of inoculation. It was observed that the level of CFUs,
get increased with increasing in substrates concentration i.e from 5 % to 30 %. Unless mentioned
otherwise level of CFUs recorded with different dilution of initial inoculums of P. flourescens i.e
10-5 to 10-8 and from different concentration of substrate i.e. from 5 % to 30 % at each 5 % interval
were significantly different from each other. In plain PDA (Check) no of cfus were quite less (24,
24, 24 and 23) than the PDA added with different concentration of substrate.

Table 2: Population of Pseudomonas fluorescens after 15 days:

As given in table 1, it was observed that level of P. flourescens population density was
comparatively less after 15 days of inoculation than after 7 days. However rest of the trends of
population dynamics were same as it was observed after 7 days. With the inoculation of 10-°
dilution of Pseudomonas flourescens stock of initial inoculum, recovery of CFUs, were, 27.00x105,
34.67x10°, 41.00x10%, 45.67 x105, 52.23x10° and 64.67x10° from 5 %, 10 %, 15 %, 20 %, 25 % and
30 % concentration respectively of Neem cake extract. With inoculation of 106 dilution of
P .fluorescens stock of initial inoculums, recovery of CFUs, were. 27.00x108, 21.67x%108, 33.67x108,
38.00x10¢, 44.00%108, and 56.00x10¢ from 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration
respectively of Neem cake extract after 15 days of inoculation.

Concentration 0% 5% 10% 15% 20% 25% 30%
Dilution

105 20.00 27.00 34.67 41.00 45.67 | 52.33 64.67

106 18.00 27.00 21.67 33.67 38.00 | 44.00 56.00

107 17.00 27.00 17.00 27.00 32.67 | 38.33 45.67
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108 | 16,00 | 2700 | 16.00 | 23.00 | 26.00 | 31.00 | 42.00
CD @ 5% Dilution = 0.9931
Concentration=1.2163
DxC= 2.433

15 days

With the inoculation of 10-7 dilution of P. fluorescens stock of initial inoculums, recovery of
CFUs were, 27.00x107, 17.00x107, 27.00%x107, 32.67x107, 38.33x107 and 45.67x107 from 5 %, 10 %,
15 %, 20 %, 25 % and 30 % concentration respectively of neem cake extract after 15 days of
inoculation.

With inoculation of 10-8 dilution of P. fluorescens stock of initial inoculum recovery of CFUs,
were 27.00x108, 16.00x108, 23.00x108, 26.00x108, 31.00x108 and 42.00x108 from 5 %, 10 %,
15 %, 20 %, 25 % and 30 % concentration respectively of Neem cake extract. Unless mentioned
otherwise level of CFUs recorded with different dilution of initial inoculums of P. flourescens i.e
10-5 to 10-8 and from different concentration of substrate i.e. from 5 % to 30 % at each 5 % interval
were significantly different from each other except at 5 % moisture after where all dilution resulted
in similar level of population density. In check plates the cfus of P. flourescens were 15, 15, 14 and
13 at all four dilutions respectively.

Population of Pseudomonas fluorescens on different concentration on Jatropha cake extract
after 7 days:

Inoculation of 10-° dilution of Pseudomonas fluorescens stock of initial inoculum in the
different concentration of Jatropha cake extract it resulted in increasing population density of
Pseudomonas fluorescens with increasing concentration of Jatropha cake extract (Table 3).
Population densities recovered were 74.67x105, 110.33x105, 138.33x105, 166.33x105, 214.67x10°
and 245.00x10° CFUs of P. fluorescens from 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration
respectively of Jatropha cake extract after 7 days of inoculation.

Table 3: Longevity and survivability of Pseudomonas fluorescens in Jatropha cake extract of
different concentration at various dilution point with different moisture level for 7 and 15 days

Concentration 0% 5% 10% 15% 20% 25% 30%
Dilution
105 40.00 74.67 110.33 138.33 166.33 214.67 | 245.00
10° 38.00 108.67 123.00 116.33 142.67 192.67 | 213.3
107 34.00 63.00 71.00 92.00 127.00 162.33 | 194.67
108 30.00 56.67 66.33 88.67 113.67 1
144.33 | 83.00
CD @ 5% Dilution =4.5911
Concentration=5.6229
DxC=11.246

7 days

With the inoculation of 10-6 dilution of P. fluorescens stock of initial inoculum into different
concentrations of Jatropha cake extract there was recovery of 108.67x106, 123.00x10¢, 116.33x106,
142.67x106, 192.67x106 and 213.33x10% CFUs of P. fluorescens from 5 %, 10 %, 15 %, 20 %, 25 %
and 30 % concentration respectively of Jatropha cake extract after 7 days of inoculation.With
inoculation of 107 dilution of P. fluorescens stock of initial inoculum to different concentration of
Jatropha cake there was recovery of 63.00x107, 71.00%x107, 92.00x107, 127.00x107, 162.33x107
and 194.67x107 CFUs of P. fluorescens from 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration
respectively of Jatropha cake extract after 7 days of inoculation.
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With inoculation of 10-8 dilution of P. fluorescens stock of initial inoculum into different
concentration of Jatropha cake extract, there was recovery of 56.67x108, 66.33x108, 88.67x108,
113.67x108, 144.33x108 and 183.00x108 CFUs of P. fluorescens from 5 %, 10 %, 15 %, 20 %, 25 %
and 30 % concentration respectively of Jatropha cake extract after 7 days of inoculation. In this
case also the level of population of P. fluorescens get increased with the increasing concentration of
substrates, whereas increasing the dilution of P. fluorescens for inoculation resulted in decreasing
level of population of P. fluorescens. Unless mentioned otherwise level of CFUs recorded with
different dilution of initial inoculums of P. flourescens i.e 10> to 108 and from different
concentration of substrate i.e. from 5 % to 30 % at each 5 % interval, were significantly different
from each other.

Table 4: Population of Pseudomonas fluorescens after 15 days:

As already observed in case of neem cake extract, here also level of P. flourescens population
density was comparatively less after 15 days of inoculation than after 7 days (Table-4). After 15 days
of inoculation of a stock dilution of 10-5 of initial inoculums resulted in increasing number of CFUs
of Pseudomonas fluorescens with increasing concentration of substrates. There was recovery of
31.33x10°, 42.67x10°, 52.67x105 59.00x10°% 73.33x10°> and 78.00x10°> number of CFUs of
Pseudomonas fluorescens from 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration respectively of
Jatropha cake extract after 15 days of inoculation.

Concentration 0% 5% 10% 15% 20% 25% 30%
Dilution
105 17.00 31.33 42.67 52.67 59.00 73.33 78.00
106 16.00 25.67 31.00 39.00 43.33 52.33 56.00
107 15.00 14.00 17.00 21.00 24.00 28.00 34.00
108 14.00 11.00 14.00 19.33 22.00 25.00 31.00
CD @ 5% Dilution =1.0600
Concentration=1.2982
DxC= 2.596

15 days

With inoculation of 10-¢ dilution of P. fluorescens stock of initial inoculum there was recovery
of 25.67x106, 31.00x106, 39.00x106, 43.33x106, 52.33x106 and 56.00x106 number of
P. fluorescens CFUs from 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration respectively of
Jatropha cake extract after 15 days of inoculation.

With inoculation of 107 dilution of P. fluorescens stock of initial inoculums, there was
recovery of 14.00x107, 17.00x107, 21.00 x107, 24.00x107, 28.00x107, and 34.00x107, number of
CFUs of P. fluorescens from 5 %, 10 %, 15 %, 20 %, 25 % and 30 % concentration respectively of
Jatropha cake extract after 15 days of inoculation. With the inoculation 10-8 dilution of
P. fluorescens stock of initial inoculums, there was recovery of 11.00 x108, 14.00x108, and
19.33x108, 22.00x108, 25.00x108 and 31.00x108 number of CFUs of P. fluorescens from 5 %,
10 %, 15 %, 20 %, 25 % and 30 % concentration respectively of Jatropha cake extract after 15 days
of inoculation. Unless mentioned otherwise level of CFUs recorded with different dilution of initial
inoculums of P. flourescens i.e 105 to 108 and from different concentration of substrate i.e. from
5% to 30 % at each 5 % interval were significantly different from each other. Level of cfus in plain
PDA were 15, 15, 14 and 13 with inoculation of different dilution of inoculums of P. fluorescens

Effect of substrates concentration on population of Pseudomonas fluorescens

Colony forming units of Pseudomonas fluorescens showed variation in different
concentration of two substrate i.e. neem cake and Jatropha cake. Total viable count was highest
(245.00) for the Jatropha cake at 30 % concentration after 7 days of inoculation. At the similar
concentration of neem cake the total viable count was comparatively less (201.67) after 7 days
.Increasing in substrate concentration was directly proportional to total viable count of
Pseudomonas fluorescens. Increasing in inoculums dilution was universally proportional to total
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viable count of Pseudomonas fluorescens. Total viable count of Pseudomonas fluorescens after
15 days were comparatively quite less at all concentration of two substrates and four dilution of
inoculums than total viable counts of Pseudomonas fluorescens recovered after 7 days. Abhinav et
al. (2011) evaluates PGPR strain of Pseudomonas fluorescens PS1 to formulate carrier based
bioformulations. The viability of Pseudomonas fluorescens PS1 was monitored at different time
intervals during the period of storage at room temperature in different carriers such as soil,
charcoal, sawdust and sawdust-soil. The substrate concentration and therefore medium viscosity
would influence the growth of Pseudomonas fluorescens Solomon (1983) has also reported that
substrate concentration affects the yield of Saccharomyces cerevisiae when grown on an
assimilable carbohydrate such as glucose or sucrose. Possibly richness of potassium, protein and
carbohydrate content in deoiled cakes of neem and jatrofa may be responsible for enhanced growth
of Pseudomonas fluorescens. Murugalakshmi and Sudha (2010) concluded that agricultural
residues rich in carbohydrates can be utilized in fermentation process to produce microbial protein
which in turn can be used to determine the factors influencing cell biomass production
Pseudomonas fluorescens was cultivated using banana peel out, watermelon skin, and Cane
molasses showed that the strain was capable of meeting its components required for growth.
The organism was capable of growth at 28° C, when supplemented with agricultural wastes in
different concentration mixed with agar. The number of colony forming unit were more when
compared with nutrient agar. Thus the present findings are well supported by the findings of these
workers.

Conclusion

Increasing the dilution of stock of initial inoculums resulted in decrease of total viable counts
of Pseudomonas flourescens. Population of Pseudomonas flourescens was comparatively lesser
after 15 days than after 7 days of inoculation.

To achieve comparatively higher population dynamics,of Pseudomonas fluorescens, it should
be initially grown in king’s B medium and transferred to a basal medium containing 30 %
concentration of either jatropha cake extract or 30 % concentration of neem cake extract.
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