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AnHoranus. Kiimmarudeckue n3MeHeHus TpeOyloT yIeauTh BHUIMAHUE MEXaHH3-
MaM IOBBIIICHUS [UIACTUYHOCTH KYJIBTYP, IIOMUMO [IPOYEro, aJJalITHBHOCTH K 3acyXe.
B pab6ote uzydensl 3¢ dextsl 3amerieHns xpoMocom 4B 1 4D y Msrkoil sipoBoi mie-
HUILBI 3acyxoycroiuuBoro copra CaparoBckas 29 (S29) xpomocomoii 4Th meipes
(Thinopyrum ponticum (Podp.)). V 3aMel€HHbIX TUHUH MOAU(ULIMPOBAHO ONYIICHUE
JIUCTA, YTO CKA3bIBACTCS HA MapaMeTpax ypOKaiHOCTH B YCIOBHSAX ONTHMAJIbHOTO U
Je(DUIUMTHOTO PEKMMOB YBIIQKHEHHUS, A TAKKe Ha IapamMerpax (pOoTOCHHTE3a U TPaHC-
nupanun. Ha xpomocome 4B miuenuisl HaxoauTcest reH H I, onpeaensonmii poct Ha
JIUCTOBBIX IUIACTHHKAX OOJBIIOTO YMCIa HEAIMHHBIX TPUXOM, (OPMHUPYIOIIUX ILIOT-
HBIA cioii onymenus. Ha xpomocome 4Th mbipest pacroiioykeH roMeooruuHblil reH
HII™ popMupyrommuii ormyleH e THCTa W3 ITMHHBIX PA3PEKEHHBIX TPUXOM. 3aMele-
Hue napsl xpomocom 4B Ha 4Th ¢peHoTunuyuecky MPUBOAUT K CMEHE IUIOTHOIO [0JI0ra
TPHUXOM PEIKUMH JTMHHBIMU TPUXOMaMU. 3amelieHue napbl xpomocoM 4D va 4Th no-
GaBJIsieT pPe/IKUe IJIMHHBIE TPUXOMBI K INIOTHOMY CJIOI0 KOPOTKUX TpuxoM. Moauduxka-
LMY OIYIICHUS JIUCTA NPUBOAAT K M3MEHEHHIO YPOBHS MCHAPEHMS BOABI U IOIJIOLIE-
HMS YIJIEKUCIIOrO ra3a, NOoBbIIIaeT 3G GeKTUBHOCTh NCHOIb30BAHMUS BOIBI, YTO B UTOT'E
CKa3bIBAETCs HA YPO)KaiHOM MOTEHIMAJIe PACTCHUH.
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Summary. Plants adapt to drought using various mechanisms, such as a developed
root system and a biochemical system of antioxidant protection. Also, leaf hairiness
affects the air surface stability and affects the work of the photosynthetic apparatus,
transpiration and assimilation of carbon. The spring variety of common wheat Sara-
tovskaya 29 (S29) is drought-tolerant varieties due to dense leaf pubescence and an
active system of antioxidant protection from stress. In chromosome 4B of this variety
carries a dominant gene for leaf hairiness H//, which forms a dense layer of short tri-
chomes. In this work, S29 lines with a substitution of chromosomes 4B and 4D for
chromosome 4Th from Thinopyrum ponticum (Podp.) were studied for drought adapt-
ability. Cultivation was carried out under controlled normal growing and drought con-
ditions in greenhouses and in vegetation chambers. The leaf hairiness contrastingly
changed in the substitution lines compared to recipient. In the line S29 4Th(4B) the
dense layer of short trichomes was replaced by sparse long trichomes. In the line
S29 4Th(4D), rare long trichomes are located among the trichomes characteristic of
the recipient. As can be seen from Table 1, the substitution line S29 4Th(4B) formed
significantly more productive ears, and the line S29 4Th(4D) formed significantly
more grains per plant that the recipient. This effect is observed both under conditions
of normal watering and drought. The weight of 1000 grains was about 32 g in both lines
under normal watering; this was similar to S29 with sufficient moisture. However, when
grown in drought conditions, the grain size dropped significantly. The total grain weight
from the plant did not decrease compared to S29 in line S29 4Th(4D) under drought
conditions. In the normal watering it was greater. The line S29 4Th(4B) did not change
the grain yield under irrigation, it was like in S29, but under drought, the grain weight
from the plant slightly decreased due to a decrease in the grain size. The parameters of
photosynthesis are given in Table 2. Under drought, the S29 4Th(4B) line used water
more efficiently compared to S29 due to a strong decrease in transpiration and a less
decrease in the rate of carbon dioxide assimilation. This property may preserve moisture
in the soil and can be useful for the plant population when grown in the field under
water deficit conditions. The line S29 4Th(4D) under drought practically did not re-
duce CO: assimilation, but significantly increased transpiration. Therefore, the
S29 _4Th(4D) line will be more productive under optimal water supply conditions.

The article contains 2 Tables, 10 References.
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BBeneunne

TprxoMBI, MOKPBIBAIOIINE OPTAHBI PACTEHH, UTPAIOT POJIb MEXAHUIECKOM 3a-
IIUTHI OT TOBPEKICHHUI HACEKOMBIMH HJIH TBUTFHBIMU BETPAMH, PACCEHBAIOT COJI-
HEYHYIO paJuanudio, U3MEHSIOT XapaKTep TCUCHHH BO3IyXa (JaMUHApHEIC HIIH
TypOyJIeHTHBIE) B IPUTPAHAYHOM CIIO€, YTO CKa3bIBaeTCs Ha TEMIIEpaType IIo-
BEPXHOCTH, paboTe YCTBUYHOTO ammapaTa, TpaHCIHpalud W Ta3000MeHEe U B
WTOTE Ha ypoxkaitHoM moTerruane [ 1-3]. ApoBoii copt msrkoi mmeHusr Capa-
ToBcKas 29 (S29) oTHOCHTCS K 3aCyXOYCTOHYMBBIM. DTO OIUH W3 MOAEIHHBIX
COPTOB, Ha KOTOPOM CO3JJaHO MHOYKECTBO KOJUIEKIINH ¢ HHTPOTPECCHSMHU T€HETH-
YEeCKOro Marepuaia OT JPYIHX COPTOB M POICTBEHHBIX BHUIOB. JIMCTBSI 3TOTO
COpTa UMEIOT TYCTOE OMYIIEHUE U3 MPOCTHIX TPUXOM JUTMHOHN mopsaka 150 MM
[4], koHTpOJIMpYeMoOe TIaBHBIM TeHoM HII B xpomocome 4B [5]. B mponuisix mc-
CJIEAOBAHUAX OMMCAHBI M3MEHEHUS aJalTallMOHHBIX CBOWMCTB JIMHUHA S29 Kak ¢
JOTIOJTHUTEIHHBIMA JOMUHAHTHRIMY T€HAMHU ONYIICHUS, TaK U Oe3 omymeHus [6,
7]. B naHHO# paboTe MPOAOIKEHBI HCCIICIOBAHNS MEXaHU3MOB 3aCyX0YyCTOWYH-
BOCTH TIICHUIIBI, CBSI3aHHBIX C 3aMmernieHnemM xpomocoM 4B u 4D copra S29 Ha
xpomocomy 4Th mieipest (Thinopyrum ponticum (Podp.)). IlepBoHayanbHO naH-
HBIE 3aMCMIEHHBIC JIMHAH CO3JaBalIICh KaK JOHOPHI CHHEH OKPAcKH 3epHa UL
MTOBBINIICHNS TTUTATEIBHBIX CBOWCTB IMIICHHUIBI [8], OJHAKO y HUX OOHAPYKEHBI
KOHTPACTHOE M3MEHEHHWE OIYIICHUS JINCTa B CPAaBHEHUHU C pEIUIIUEHTOM [9], a
TaKKe BUAUMBIC H3MEHEHUSI KOJMMYECCTBEHHBIX ITOKA3aTelleil ypoKaifHOCTH, YTO
MOCITY>KIJIO IPUINHON MX MIPUBIICUCHNUS B TAaHHYIO PadOTy.

MarepuaJibl U METOABI

B uccnenoBanuy yyacTBOBaJ M pacTeHHS MATKOW MImeHUIB! (17iticum aes-
tivum L) spoBoro copra CapaToBckas 29 ¥ ABYX JITHHH C 3aMeIIeHHEM Tapbl XPo-
MocoM 4B u 4D Ha mapy xpomocom 4Th nwipes Thinopyrum ponticum (Podp.)
Barkworth & D.R. Dewey. Xpomocoma 4Th mbIpest, mepeHecEHHAsA B TCHOM MSIT-
KOH TIIIIEHUIIBI, COACPIKAT TOMEOAJUICIBHBIN TeH omyineHus Hll ¢ HEeCKOJBbKO
HUHBIM 3 PeKTOM — OH QOpPMHUPYET eNMHUYHBIE TPUXOMBI ITHHOK 300—700 MKM
u 6onee [10]. CooTBeTcTBeHHO, y 3ameménHor TuHUA S29 4Th(4B) mutoTHBII
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CJIOM KOPOTKHUX TpUXoM S29 3aMeHEH Ha pelKue [UTMHHBIC, a y 3aMEMIEHHON JIH-
Huu S29 4Th(4D) otnenbHbIC JITHHHBIE TPUXOMBI (POPMUPYIOTCS ITOMUMO OO0JTh-
mroro yuciia koporkux [ 10].

JI71s1 o1ieHKH 3aCyXO0YCTOWYNBOCTH M3YYaIHCh KOMIIOHEHTHI YPOXKaifHOCTH, a
TaKXKe IapaMeTpsl (OTOCHHTE3a PACTEHUH, BRIPAIICHHBIX B KOHTPACTHBIX yCIIO-
BHsIX yBnaxxHeHMs. Cpeu mapaMeTpoB YPOXKAWHOCTH — YHCIO MPOTYKTHBHBIX
mo0eroB, 4ucio 3épeH, Macca 3epHa u Macca 1 000 3épeH 11 MIaBHOTO KoJjloca,
BTOPHYHBIX KOJIOCKEB M BCEro ¢ pacteHus. Cpeau mapaMeTpoB (pOTOCHHTE3a —
ckopocts Tpancrmpamun (E, MMomb/(M%c)), ycThHYHAS MPOBOIMMOCTH (gs,
MMoits/(M2c)), ckopocTh accumunsimn CO; (A, MkMoTB/(M*c)), 3 deKTHBHOCTD
rcnonb3oBanus BoasI (A/E). JIns nu3ydeHus mapaMeTpoB ypOXKaHHOCTH PacTeHUS
BEIPAIIBAIIICE B THAPONOHHON Terutuile LIeHTpa KOMIEKTHBHOTO MOIh30BAHUS
penponykiuu pacteauit Ullul' CO PAH no panee onncannoit meronuke [6]. Ba-
PHAHT C ONTHMAJIBHBIM PEKUMOM MTUTAHUS — TI0/Ia¥4a PACTBOpPa TPHIKIBI B CYTKH,
ocTaToYHas BIAXKHOCTH cyOcTparta 30-35% mepen odepenHoit mogadeid. B Bapu-
aHTe C 3aCyXOH PEKUM NMUTAHUS M3MCEHSUICS C MEepHoAa KyIIeHHUs, II0ava pac-
TBOpa OrpaHUYMBAjIAch 0 1—2 pa3 B HEMIEIO 110 MEPE CHIDKEHUS BIIAKHOCTH Cy0-
crparta 1o 20—15%. Beero BeIpamuBanoch mo a8€ TOBTOPHOCTH Ha MOJIMBE U 3a-
cyxe, 1o 10 pacrenuit kaxmoro reHoTuna. [lapamerpsl GoTocHHTE3a H3YIAITUCh
B KIUMaTW4yeckoi kamepe Plant Master, ycraHOBIIGHHOH Ha (UTOTPOHE
CUDUBP CO PAH cormacuo metoauke [6]. Kaxxapiit reHOTHIT BRIpaInBaics Ha
IBYX PEKHUMax BOIOOOECIIEUCHUS] — ONTHMAIBHOM M BopoaeuuuTHOM. OnTH-
MaJIbHBIM peXUM coOTBETCTBYET 60%-HOMY COIEpKaHUIO BOABI OT MOJHOMN Bia-
TOEMKOCTH TI0YBHI, BogoaepumTHbI — 30%-HOMY COIEpyKaHUIO BOJIBI OT IMOJI-
HOH BIaroeMKocTd. B olleHKe TOCTOBEPHOCTH Pa3iIiHii MapaMeTpOB UCIOIb30-
BaH t-kputepuil CThIOJCHTA.

Pe3yabTarhl ncciiefoBanns U 00Cy:KIeHUE

3amemenue xpomocoM 4B n 4D y S29 na xpomocomy 4Th mbeipes 3Hauun-
TEJIFHO MOBJIHSIIO Ha (DEHOTHII JINCTA pacTeHNH. 3aMeIIEHHbBIC IMHUN YHACIEIO-
BaJTM OT TBIPEs peIKKE JTTMHHBIC TPHXOMBI Ha JTHCThAX (Oonee 400 MKM), a TakxKe
OHH CHJIbHEE KYCTHIIUCh U UMEIT 03¢pHEHHOCTD BBIIIIE, UeM pelunueHT (Tadm. 1).
TeHmeHITNS K KYIIEHHI0 Y 00euX 3aMeIIEHHBIX JIMHUH TpeBbimana S29 B ycio-
BHSIX ITOJIMBA M 3aCyXH, IPH 3TOM Ha KyIIIEHUE CHUIIbHEe Bivsiia 3amMeHa 4B / 4Th,
rze pa3amdus JocToBepHbL. Ha obmem umcie 3€peH, 03epHEHHOCTH TIIABHOTO H
BTOPUYHBIX KOJIOCKEB JIydIlle cKa3ajach 3aMeHa 4D Ha 4Th, mpuuém Ha moymBe 1
Ha 3acyxe. [Ipu aTom obmas Macca 3epHa C pacTEHHs OKa3ajach BBIIIC Y JIMHUHM
S29 4Th(4D) TompKko Ha MONKBE, a 3aCyXa HHUBEIUpPOBAJIA Bech d(P(PEKT Ha Maccy
3epHa OT 3amemnieHns XpoMocoMbl 4D. McxomHbiil copT MeHee MOABEPKEH CHIXKE-
Huto Macchkl 1000 38peH B 3aCYNUIMBBIX YCIOBHSIX, TOTNAa KaKk 00¢ JIMHUW 3HAYH-
TEIFHO CHU3WIIN KPYITHOCT 3¢pHA Ha 3acyxe. B maHHOM IilaHe MOJKHO CIIeNaTh BBI-
BOJI, 4TO 3amMelneHue xpomocoM 4B 1 4D xpomocomoii 4Th meipest criocoOCcTByeT
TIOBBIIICHHUIO YPOKAIHOT O IIOTEHITHANA, HO TONBKO B OJIATOIPHATHBIX YCIOBHSX.

JpyruM acriekToM paboTHI CTaj0 H3ydeHe H3MEHEHUS MpoIeccoB (poTocuH-
Te3a W TpaHcmupanuu. Kak BumHO U3 Tabn. 2, yCIOBHS BBIpAIlUBaHUS TOCTO-
BEPHO BIMSIOT Ha CKOPOCTh TPAHCHHUPAINHN, aCCHMUILIIINN YTIICKUCIOTo Ta3a u
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YCTBUYHYIO IMPOBOAUMOCTE copTa S29. 3a cuét Goliee pe3KOro CHUKECHHUS Ha 3a-
CyX€ aCCHMIISIIINY B CPABHEHHH C TPaHCHHpannei nanaer u 3p¢GEeKTHBHOCTD HC-
moJib30BaHus Bojbl. 3aMemiéHHas auHusS S29 4Th(4B) Ha 3acyxe IOCTOBEPHO
CIUIbHEE CHHU3MJIA YCTHHYHYIO IPOBOIMMOCTD, OHA B OONBIICH CTENICHH CHIKAJa
TpaHcnupanuio, 4em noriomieane CO,, T03TOMY y 3TOW JTUHUH C PEAKUMU JITHH-
HBIMU PEIKAMH TPHXOMaMH Ha 3aCyXe JOCTOBEPHO BEIpOCia 3¢ (heKTHBHOCTH HC-
MOJIH30BaHISI BOJBI B CPABHEHHH C PEIIUTIHEHTOM.

Ta6nauna 1 [Table 1]
CTpYKTYpPHBIH aHAJIN3 YPO:KAHOCTH 3aMeIEHHbIX JIHHUNA B CPABHEHUH

C peMIIUEHTOM HA MOJUBE U 3acyXxe
[The structure analysis of substitution lines compared to recipient]

o Bropuunsie
Pactenue B 001emMm I'maBHbI# KOITIOC KOITOC
[Parameters per plant] [Mein ear] JTOCEA
[Secondary ears]
Feno- | ducino | Yucno | Macca | Macca | Yucno | Macca | Macca | Yucio | Macca
— noberoB| 3épen |3epHa,r| 1 000 | 3&pen |3epua,r| 1000 | 3&pen |3epHa,
[Geno- [Number | [Grain [Grain 3épeH, [Grain [Grain 38peH, T [Grain r
types] of'tillers] | number] | weight, r number] | weight, | [Weight | number] | [Grain
gl |[Weight g] of 1000 weight,
0f 1000 grains, g] gl
grains,
gl
ITonuB [Irrigation]
3,7 90,4 £ | 2,89+ | 31,8+ 1,04+ | 35,6+ 614+ | 1,86+
§29 1,1 33,7 1,22 5,6 290+4,5 0,23 5,9 32,0 1,07
S29 4Th| 5,0 945 £ | 2,86+ |31,65+ 274499 0,8+ 30,0 + 67,1+ | 2,06+
(4B) 1,5% 35,3 0,86 8,5 ’ 1 0,29* 5,8% 31,8 0,82
S29 4Th| 42 + 110,7 £ | 3,59+ | 32,7+ 36,4+ 1,27+ | 35,1+ 744+ | 232+
(4D) 1,3 36,6 1,12 2,3 5,0%%* | (,]15%* 3,1 35,0 1,05
3acyxa [Drought]
2,8 + 70,1 £ | 2,13+ | 30,0+ 092+ | 312+ 40,8+ | 1,21+
829 0,7 16,6 0,68 4,9 29.4+4.3 0,21 5,3 16,4 0,60
S29 4Th| 3,8 + 83,8 + 1,98+ | 239+ 28,5+ 0,74+ | 26,0+ 553+ | 1,24+
(4B) 1,4* 36,1 0,90 5,7 12,4 0,35 7.4* 29,5 0,69
S29 4Th| 34 + 88,3 + | 2,14+ | 24,6+ 33,6 + 0,87+ | 263+ 548+ | 1,26+
(4D) 1,2 23,7* 0,50 3,3%* 5,6% 0,13 3,2%* 24,6 0,54

Ilpumeuanue. Pa3nuuus mapamMeTpoB MEXIy KOHTpOJeM U 3acyxoi (+ — p < 0,05; ++ —
p <0,01; +++—p <0,001); paznuuus napamerpoB Mexy coprom CaparoBckasi 29 v TMHUSAMH,

CO3/IaHHBIMU HA €€ FeHeTHYeckor ocHoBe. * — p < 0,05; ** — p <0,01; *** — p <0,001.

[Note. Reliability of parameter differences between irrigation and drought (+ - p < 0.05; ++ - p < 0.01;
+++ - p < 0.001). Reliability of parameter differences between the substitution lines and the recipient
*-p<0.05; ¥* - p<0.01; *** - p <0.001].

B ycnoBusix 3acyxu pacTeHUs C TUM T'€HOTHIIOM HHIUBHIYaIbHO c(hOpMHPO-
BaJIM HECKOJIHKO MEHBINYI0 MacCy 3€pHa B cpaBHEHHU C S29, XOTA KOimde-
CTBEHHO 3€peH ObLT0 Oombie (cM. Tabu. 1). Ho Gonee SKOHOMHBIH pacxo]| BIaru
MTOYBHI U MOBBINICHHAS 3()(PEKTUBHOCTL MCIIONL30BaHUS BOJBI (Ta0I. 2) B IoJIe-
BEIX YCIIOBHSAX TEOPETHUESCKH MOTIIH OBl TIOJIOKHUTENIHFHO CKa3aThesl Ha MPOXYyK-
TUBHOCTH TONYJALNWN pacTeHuid. MHade pearmpoBama Ha 3acyxXy JIHHHUS
S29 4Th(4D) ¢ koMOMHUPOBaHHBIM OITyIICHUEM. Y HE€ YPOBEHb aCCHMMUJIIAIINH
CO; ocTaBaJicsi CTAOMIIBHBIM Ha ITOJIMBE U 3aCyXe.
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Ta6nauna 2 [Table 2]
I[Mapamerps! ¢poTocuHTe3a 3aMeIEHHBIX JTUHUI B CPABHEHUH
C pelUNIUEHTOM Ha MOJIMBe U 3acyXe
[The photosynthesis parameters of substitution lines compared to recipient]

DdbeKTUBHOCTD
CKOpOCTh TpaHCIH- YcrbuuHas CKOpOCTb accUMH-
HCIIOb30BaHHS
Feno- pauuu MPOBOJMMOCTh msinun CO2 SOl
[Transpiration rate |[Stomatal conductivity| [CO, assimilation ABL
THIIBI (E)] mmol/(m?s) (g9)] mmol/(m?s) | rate (A)] wmol/(m?s) | [V ater use efficiency
[Geno- H (A/E)]
types] | Tlonus 3 Toms | 5 Homs | 5 Toms | 5
[Irriga- acyxa [Irriga- acyxa [Irriga- acyxa [Irriga- acyxa
tion] [Drought] tion] [Drought] tion] [Drought] tion] [Drought]
1,61+ 130+ 1255+ 96,1 + 3,74+ 2,63+ 2,38+ 2,06 +
S29 0,29 25,5 0,49 0,42
- 0,23 o 18,8 A 0,59 i 045
S29 4Th 1,59 £ 1,12+ 1203 + 82,5+ 3,54 + 274+ 226+ 248 +
4B) 0,18 0,20 15,0 15,9 0,53 043 039 0,38
( -+ * -+ * -+ ’ ’ ok
1,37 £ 1,88 £ 105,1 = 146,6 = 3,17+ 2,45+ 1,71 +
SBATh 500 | 023 19.1 196 | I 033 | oss | 023
(4D) B S Hkosk EEEE S Hkosk Hkosk +++ ek

Tpumeuanue. Cm. npumMeyanue Tadm. 1.
[Note. See notes in Table 1].

[Ipu aTOM B YCIIOBHSX ONTUMAIIFHOTO MTOJIMBA HCIIAPECHHUE BOABI M YCTHUIHAS
MIPOBOJMMOCThH OKa3aJIMCh CYIIECTBEHHO CHIIKEHBI B cpaBHEHWU ¢ 529, a Ha 3a-
CyX€ OTHU IapaMeTphl, HAIIPOTHB, OBLTH JOCTOBEPHO BHIIE. B ycrmoBusax 3acyxu
9TO TOCTOBEPHO CHUXKAJIO 3(p(hEeKTHBHOCTH MUCIIONB30BAHUS BOJIBI B CPABHEHHUH C
PEIUIIHEHTOM Ha 4YeTBepTh. Kak BuIHO U3 Ta0I. 1, Takast TAKTHKA JaET paCTCHISIM
MPEUMYIIECTBO B YCIOBHUSX JOCTATOUYHOTO YBIAXKHEHUS, TO3BOJISI TPOM3BOJUTH
OOJIBIIIE MTOJTHOBECHOTO 3epHAa.

3akioueHne

[IpoBenénHbIE HCCIEMOBAHUS TOKA3BIBAIOT, YTO 3aMENIeHne XpoMocoM 4B Ha
4Th y CapatoBckoit 29, 3aMeHsoIIee T'ycTOe KOPOTKOE ONMYIICHHE PEIKHMH
JUIMHHBIMHA TPUXOMAaMH, XOTS M yBeTHM4nBacT 3()()EKTUBHOCTh HCIOIH30BAHUS
BOJIBI, HO B IIEJIOM BEJIET K CHIDKEHHIO CKOPOCTH (DOTOCHHTE3a M yPOKANHOCTH Ha
3acyxe. 3amMernieHue xe xpomocoM 4D Ha 4Th, momonHsIOIIEe OMyIIEHUE PEIH-
MMACHTA CAMHWYHBIMH JUTMHHBIMHA TPUXOMaMH, OJIATONPHUATHO CKa3bIBacTCsA Ha
YPOXKaWHOCTH B YCIIOBHSIX ONTHMAJIbHON BIa)KHOCTH TOYBBI, HO HE ITO3BOJISET
pea30BaTh YpOXKAMHBIN TOTEHIMAI B YCIOBHSIX 3aCYXH H3-32 MeHee 3 deKTrB-
HOT'O UCITOIL30BaHMUSI BOJEI.
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