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H3MEHYHBOCTb AHATOMHYECKHX IIAPAMETPOB 
3KTOMHKOPH3HbIX O K O H Y A H H ~ ~  PA3HOrO CTPOEHHB 

V E S E L K  I N  D. V. VARIABILITY OF ANATOMICAL PARAMETERS 
IN ECTOMYCORRHIZAL TIPS OF DIFFERENT STRUCTURE 

npeBeCHbIX pac~e~kifi .  B P a H H U X  K J ~ ~ c c U @ U K ~ ~ U H X  6bmu BbIneneHbI rpynnb1 M U K O ~ U ~ ~  H a  

OCHOBaHUH OrPaHHYeHHOrO Y U C n a  I Ie rKO pa3JIUYHMbIX M O ~ @ O J ~ O ~ U Y ~ C K U X  U n U  aHaTOMU- 

YeCKUX n p U 3 H a K O B  (HOMHHHK, 1963; XapnH, 1963; C ~ M ~ H O B ~ ,  1980). n 0 ~ 0 6 ~ b l e  CUC- 

TeMbI He IIBnSIIOTCR eCTeCTBeHHbIMU, M BbIneJlHeMbIe B COOTBeTCTBUU C H U M U  K J I ~ c c M @ M -  

uenblo onucb1BamTca ~ o p @ o n o r u ~ e c ~ u e ,  ~ H ~ T O M M ~ ~ C K ~ H ~  M ~ H O X U M M Y ~ C K M ~  ~ P U ~ H ~ K U  

MUKOPU3HbIX O K O H Y ~ H H ~ ~ ,  C @ O P M N P O B ~ H H ~ ~ X  Pa3HbIMU BHnaMU ~ ~ 1 . 1 6 0 ~  (Godbout, Fortin, 
1984; Gronbach, Agerer, 1986; Pritsch et al., 1987; Agerer, Weiss, 1989; Agerer, 1996; 
Dames et a]., 1999). Mccnenosa~us B na60pa~op~blx YCnOBURX nOnOnH%IOTCX HJIeHTM- 

- - 

@ U ~ a U U e f i  T ~ H ~ O B  B npUpOne C UCnOnb3OBaHUeM MeTOAOB, OCHOBaHHbIX H a  aHaJlU3e 

HHK (Kernaghan, 2001). B pe3ynb~a~e onucatio s ~ a l i u ~ e n b ~ o e  pa3~006pa3ue ~ K T O M H -  

K O P U ~ ,  H a  OcHoBaHuu sero nocTpoeHb1 ~a6nuub1 ma ux onpeneneHua (Gronbach, Agerer, 
1986; Jansen, Vries, 1989). Hau6onee non~oi i  c ~ o n ~ o i i  onuca~u i i  S K T O M H K O ~ U ~  HBnH- 

eTca AeenTuToMHoe u3na~ue c<Colour atlas of ectomycorrhizaen P. Arepepa. 
npU3HaBaH, 'iTO aHaTOMU'leCKUe O C O ~ ~ H H O C T N  CTPOeHUH 3KTOMMKOPH3HbIX OKOHYB- 

HUG (Tpu6~0m sexna, ceTu r ap~u ra ,  C T P ~ K T Y P ~ I  U ~ T O K  napeHxuMb1 K O ~ H X )  onpenena- 
IOTCII BAAOM rpu6a, c@op~npoaaaruero M U K O P U ~ Y ,  M ~ I  U C ~ O ~ ~ ~ O B ~ U  W ~ ~ C C U @ M K ~ ~ M H )  

T. HOMUHUK~.  9Ta CUCTeMa 6a3upye~ca H a  YeTe aHaTOMMYeCKMX O C O ~ ~ H H O C T ~ ~ ~  T ~ H ~ H ~ I X  
YeXnOB U, H a  HaIlI B3mXn, YAaYHa no YHUBepCUlbHOCTU U COOTHOllIeHUIO npOCTOTb1 U 

S@@~KTUBHOCTH. Bb160p K J I ~ c c u @ u K ~ U U U  T. H O M U H H K ~  CAenaH C y.leTOM TOrO, YTO 

B UccnenoBaHuax ~ K O ~ O ~ H Y ~ C K O ~  nnatia, rne ~ e o 6 x o n u ~  ~ H ~ J I U ~  6onburom o6'be~a 
t 

MaTepuana, ucnonb3o~a~ue ecTecTBeHHbrx, HO ~pe3sbrsaii~o npo6~brx ~ a c c u @ u ~ a q u -  

OHHbIX CHCTeM 3aTPYAHeHO U MOXeT YCnOXtIUTb UHTepnpeTaUUIO pe3ynbTaTOB. 

C T O ~ K H ~ B I ~ I U C ~  C H ~ O ~ X O ~ U M O C T ~ I O  MaCCOBOlV aHUlU3a atiaTOMUYeCKUX napaMeTpOB 
3KTOMUKOPU3, MbI BbIHYXQeHbI 6b1nu H ~ G T U  OTBeTbI H a  CnenyIOWUe BOnpOCbI: 1) Ha- 

CKOnbKO C ~ ~ ~ U @ U Y ~ C K U M H  KOJIUYeCTBeHHbIMU ( C Y ~ T H ~ I M U  U P ~ ~ M ~ P H ~ I M H )  aHaTOMU'le- 

CKUMU nPU3HaKaMU 06naxam~ MUKOpU3bI C YeXJIaMU pa3HOrO CTpOeHUR; 2) eCnU 3Ta 



ycJl0~kifi ~ e o 6 x o n n ~ o  BbIRCHNTb, MOXHO JlM PaCCMaTpMBaTb MHKOPH3Hble  OKOHYaHMH 

C Y e X n a M M  p a 3 H O r O  CTPOeHHR B KaYeCTBe OnHOPOAHblX C O B O K Y ~ H O C T ~ ~ ~  n 0  T e M  MIlH MHblM 

n p N 3 H a K a M .  ,&IN PeI l leHMR IIOCTaBJleHHblX 3Waq H 3 P e H  X a p a K T e p  BaPbHPOBaHHR BOCbMM 

KOJlNYeCTBeHHbIX aHaTOMMYeCKHX I I a p a M e T p O B  CTpOeHMR SKTOMHKOPH3HblX O K O H S ~ H H ~ ~  

B 3aBMCMMOCTM OT CTpYKTYPbl HX ~ H ~ H ~ I X  qeXJlOB. 

M a ~ e p n a n o ~  AIIR a H W I H 3 a  I I O C J I ~ M J I H  MHKOPH3HbIe OKOHYaHMH ( L W I e e  AJIR KpaTKO- 

CTki - M H K O P M ~ ~ I )  nHXTbl  C H ~ H P C K O ~ ~  (Abies sibirica Ledeb.), enn cn6npc~ofi (Picea 
obovata Ledeb.) M COCHbl O ~ ~ I K H O B ~ H H O ~ ~  (Pinus sylvestris L.), ~ 0 6 p a ~ ~ b l e  B IOXHOTa-  

e x ~ b ~ x  necax Cpen~ero Ypana. n p o 6 ~ b l e  nnoqann, H a  K O T O ~ ~ I X  nposonunn nccneno- 
BaHHR, B pa3~0fi C T e n e H M  I I O n B e p X e H b l  B O ~ ~ ~ ~ ~ C T B H H )  IIPOMbILLIJIeHHblX 3arpI I3HRFOUHX 

B e U e C T B  ( S 0 2 ,  CU, ZN, Cd, Pb, AS, Fe), B CMny Y e r O  OHH CJ'lUeCTBeHHO pa3nHYafOTCR 

no IIOYBeHHblM l4 O ~ U I M M  SKOnOTMYeCKHM YCJlOBHRM ( B o p 0 6 e i ~ n ~  M np., 1994), a T a K X e  

IIO COCTOHHHIO SKTOMHKOPM3 X B O ~ ~ H ~ I X  ( B e c e n ~ n ~ ,  1997, 1999). 
C6op M a T e p M a J I a  IIpOBOnMJIll B COOTBeTCTBUM C PeKOMeHAaUHRMH H. A. C ~ J ~ H B ~ H O B ~  

(1981) ecerna B K o H u e  B e r e T a u n o H H o r o  nepnona. 0 6 p a 3 u b 1  @ n ~ c n p o ~ a n n  B 4 %-M 
$ o ~ M ~ J I H H ~ .  M H K O P M ~ ~ I  I I O n p O C T a  eJlM H nUXTbl O T O ~ P ~ H ~ I  B 1995 r. B eCTeCTBeHHblX 

nMXTOB0-eJlOBblX J leCaX C pa3~0fi C T e n e H b H ,  HaPYUIeHHOCTM 6 e 3  ~ M @ @ ~ P ~ H U H ~ U H H  MM- 

KOPH3 no nPMYPOqeHHOCTM K IIOYBeHHbIM TOPU3OHTaM. KOPHU COCHbI 0 ~ 0 6 p a ~ b l  B 1997 r. 
B MCKYCCTBeHHblX ApeBOCTORX B T O P O m  K n a C C a  BO3paCTa H 3  r y M y C O B O r 0  m P M 3 O H T a  IIOYB. 

B 1998 r. 0 ~ 0 6 p a ~ b l  KOPHH ABYXJIeTHHX CeRHUeB nUXTb1 H e n M ,  n P O H 3 P a C T a I O l 4 H X  H a  

n O Y B e  C pa3~0fi CTeIIeHbH,  3aTpR3HeHHR MJIH YKOpeHRIOUMXCR H a  B ~ I J I ~ x H o ~ ~  A p e B e C H H e  

C AeCTPYKTHBHbIM M KOPP03MOHHbIM T H n a M H  r ~ ~ n e f i .  T ~ K H M  06pa30~, ~ 0 6 p a ~ ~ b l e  M a -  

T e p n U I b I  P a 3 H O P O n H b I  IIO B N ~ O B O ~ ~  H B O ~ P ~ C T H O ~ ~  I I p H H ~ e X H O C T M  P ~ C T ~ H H ~ ,  a T a K X e  

no KnUMaTHYeCKMM M IIOZIBeHHblM YCJIOBHRM, B KOTOPbIX I IpOXOnMnO HX pa3BkiTMe. 

n o I I e p e q ~ b 1 e  C p e 3 b I  MUKOPH3HbIX O K O H ~ ~ H H ~ ~  T O ~ U H H O ~ ~  10-15 MKM rOTOBHIIM H a  

3 a M O p a X H B a I O q e M  POTaUNOHHOM MHKPOTOMe, nOMeU&UIH B m H U e p H H ,  I IpOCMaTpHBUIH 

H H 3 M e p R n H  6 e 3  OKpaUlMBaHNH. Bcem IIpOaHaJIH3HpOBaHO OKOJIO 2000 Cpe3OB.  y K a X n O r O  

o K o H Y a H n s  @ H K C H ~ O B U I H  nnn p a c c Y n T b l s a n n  cnenymqne n a p a u e - r p b l .  

1.  H a n n ~ n e  nnn o T c y T c T B n e  rpn6~0ro yexna; B cnyvae em n p n c y T c T B n s  onpenenxnn 
I I O n T H n  q e X J l a ,  IIPMHMMZUr BO BHHMaHHe O n p e n e n H T W I b H Y K l  ~ a 6 n n u y  H. A. C W I H B ~ H O B ~  

(1973, 1981); ~ e x n b ~  S n R o ~ ~ o c n n n c b  K on~ofi rpynne ~ ~ C C T ~ Y K T Y ~ H ~ I X  qexnos (SR). 
2 . 0 6 ~ n f i  P a n H y C  OKOHqaHHR (rl) nOJIyYi3JIH B p e 3 y J l b T a T e  n B y X  I I p O M e p O B  BO B3aHMHO 

n e p n e H n n K y n s p H b r x  H a n p a e n e H n s x  OT c e p e n n H b r  u e H T p a n b H o r o  u n n n H n p a  no ~ a p y x ~ o i  
KPOMKM Y e x n a  (pnc. 1). 

3. TonLLtn~y qexna (m) nonyvann B p e 3 y n b ~ a ~ e  neyx n p o M e p o a  no O ~ L L ~ H M  p a n n y c a M  

OKOH'-laHUR (Y Y e X n O B  n O n T M n a  A T O J l q H H Y  H e  0 n p e ~ e n R n N ) .  

4. P~UIMYC KOPHR B MNKOPH3HOM OKOHYaHHM ( r ~ )  PaCCYHTblBaJIH K a K  p a 3 H O C T b  M m. 
5. Honm Y e x n a  B o 6 . b e u e  M H K O P H ~ H O ~ O  O K o H Y a H n n  (4 onpenenxnn no @op~yne  

6. K O J I H ~ ~ C T B O  C n O e B  K n e T O K  n a p e H X M M b 1  KOpbI  KOPHR IIOnCYMTblBtUM, H e  YqMTbIBaR 

T a H H H H O B b l e  KneTKH.  

7. rny6ki~y P a C n p O C T p a H e H N H  r'U@ CeTH rap~kira IIO M e X K n e T H H K a M  KOpbl  KOPHR 

O n p e A e n R J l H  K a K  OTHOIl leHHe '4NCJla C n O e B  K n e T O K  KOPbI  KOPHR, O n n e T e H H b l X  ~ H @ B M H  

c e T n  r ap~n ra ,  K o 6 q e ~ y  qncny cnoes K n e T o K  ~ o p b r  KOPHR. 

8. H a n n ~ n e  HnM OTCyTCTBMe B 3 K 3 0 A e p M e  KOPHR HIlM H e n O C p e n C T B e H H O  B COCTaBe 

rpki6~01-0 Y e X J l a  TaHHHHOBblX K n e T O K  - y n J I 0 q e H H b I X  K n e T O K  KOPbl  C T e M H O O K p a W e H -  

HbIM C O n e p X H M b I M .  

9. Hannsne H n H  OTCYTCTBHe T y p r O p a  K n e T O K  I IapeHXMMbI  KOPbI  KOPHR @ M K C M P O B ~ L T I M  

no n o T e p e  o~py rno i  ncxon~ofi @ o p ~ a ~  K n e T o s ,  nx ynnoqe~nm.  
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P H C .  1. C X ~ M ~  C T p O e H H X  M H K O P H 3 H O r O  O K O H q a H H R  H e r O  OCHOBHblX n P O M e P O B .  

1 - o 6 m ~ B  PaJIHyC OKOHWHHX: 2 - TOJlUUHa r p H 6 ~ 0 r U  'ieXna: 3 - rpw6~08 W X O n  nIleKTeHXHMaTH'leCKOrU CTpOeHHa,  n0n- 
T w n  B; 4 - n a T b  cnoes w n e T o l c  K O P ~ I  KOPHX. OnneTeHHbrx r n @ a ~ w  c e T w  r a p ~ ~ r a ;  5 - nsa cnoa w n e T o K  ~ o p i . 1  KOPH., H e  onne- 

TeHHblX M@WH CeTH ~ P T H T ~ ;  6 - TaHHHHOBaill YneTKa,  H e  BYnKNeHHaJI B rpn6~08 s e x o n .  

l l a p a ~ e ~ p b ~  1-5 onpenensnu B 21 c @ o p ~ u p o e a ~ ~ o i i  s b 1 6 0 p ~ e  ( s b 1 6 o p ~ a  - c o ~ o -  
K y n H O C T b  M U K O P U 3  O A H O M  B U n a  PaCTeHUX O n H O M  B O 3 p a C T a  B OnHOM M ~ C T O O ~ U T ~ H U U ) ,  

n a p a M e T p b l  6-9 - B 10 B b 1 6 0 p K a x .  &IHHble 0 6 p a 6 a ~ b r e a . n ~  C T a H n a p T H b l M U  M e T O n a M U  

B ~ ~ U ~ ~ U O H H O ~ ~  CTaTUCTUKU U n U C n e P C U O H H O r 0  a H U l k i 3 a .  C p a B H e H k i e  n p U 3 H a K O B  M U K O P U 3  

c Y e x n a M u  p a 3 ~ 0 1 - o  c T p o e H u s  npoaonunu o T n e n b H o  B npenenax ~ a w o i i  s b l 6 0 p ~ u .  T a ~ o i  
T ~ O M O ~ ~ K U ~ ~  cnoc06 0 6 p a 6 o ~ ~ u  AaHHbIX 06ycnornea 3aBUCUMOCTblO HeKOTOpblX B a X H b l X  

P a C C M a T p U B a e M b l X  n p U 3 H a K O B  MUKOPU3 O T  ~ c J I o B u ~ ~  M ~ C T O O ~ U T ~ H U ~  ( B e c e n ~ u ~ ,  1999). 
Uanee B T e K c T e ,  ecnu p e q b  u n e T  o c y u e c T B o e a H u u  ~ a ~ u x - n u 6 o  pa3nu~uii c q e T H b 1 x  unu 
p a 3 M e p H b l X  n p U 3 H a K O B ,  3 T O  0 3 H a s a e T ,  YTO p a 3 n U Y U s  nOCTOBepHb1 MUHUMYM H a  YPOBHe 

3 H a s U M O C T U  P < 0.05. 

y U3YqeHHblX P ~ C T ~ H U ~  0 6 H a p y m e H b l  3 y M U U e T H b I e  x U I b ~ o @ a r ~ B b l e  BKTOMUKOPU3bI 

T u n u q H o r o  C T p o e H u x ,  conepmaune 6onee unu M e H e e  p a s e u ~ b ~ i i  rpu6aoii sexon u c e T b  

r a p ~ ~ r a .  M 3 Y q e H ~ e  C p e 3 O B  6e3 O K p a W U B a H U X  H e  nO3BOJlUJlO O U e H U T b  C T e I I e H b  p a 3 B U T U X  

MUUeJIUX BH)'TPU K n e T O K  n a p e H X U M b 1  KOpHX U BHJTPU U e H T p U I b H O r O  U l m U H n p a ,  n O 3 T O M y  

CYlUeCTBOBaHUX K~KUX-nu60 UHblX T U n O B  MUKOPU3 ( B K T O ~ H A O M U K O P U ~ ,  I I C ~ B ~ O M U K O P U ~ )  

H e  YCTaHOBJIeHO. B o6ueii CnOXHOCTU 0 6 H a p y X C e ~ b 1  MUKOPU3bl C s e X n a M U  A, B, C, D, 
E , B F , F , G , H , I , K , N , O , P , Q u S R .  

~ U C ~ O  n o n T u n o B  YeXJlOB B O ~ H O ~  B b 1 6 0 p ~ e  COCTaBJlXeT 4--10, B C p e A H e M  - 7-9. 
~ O B C ~ M ~ C T H O  n p e n C T a B n e H b 1  MUKOPU3bl  C nJ leKTeHXUMaTU. ieCKUMU U ~ ~ C C T P Y K T Y P H ~ I M U  

sexnauu. l l c e ~ n o n a p e ~ x u ~ a ~ u ~ e c ~ u e  q e x n b l  B H e K o T o p b r x  M ~ C T O O ~ U T ~ H U I I X  H e  0 6 ~ a -  
P y X e H b l  y T ~ M H O X B O ~ H ~ I X ,  a K O M ~ U H U P O B ~ H H ~ I ~  - Y T ~ M H O X B O ~ H ~ I X  U COCHb1. y COCHbI 

soo6ue H e  B c T p e s a n u c b  r e x n b l  BF. Hau6onee 0 6 ~ n b ~ b l  n n e K T e H x u M a T u s e c K u e  s e x n b l  

(B c p e n H e M  o K o n o  50 % M U K O P U ~ ) ,  nanee cnenyror nceBnonapetixuMaTusecKue (24 %) 
U 6 e c c ~ p y K ~ y p H b l e  (14 %), n 0 n X  n e p e x o n H b I x  U K O M ~ U H U P O B ~ H H ~ I X  'ieXJIOB COCTaBJlXeT 

8 U 5 % COOTBeTCTBeHHO. 

B npenenax pana n o n T u n o B  qexnoe B n l n e n e H b I  6onee M e n K u e  c o s o K y n H o c T u ,  6 o n b m e  

COOTBeTCTBYlOUUe ((Pa3HOBUnHOCTXM>, A. M. C ~ J I U B ~ H O B ~  (1973), a H e  ( (pOnaM>> T. no- 
M u H u K a .  H a n p u ~ e p ,  cpenu sexnos n o n T u n a  +F 0 6 ~ a p y m e ~ b 1  q e m b r  c p a 3 ~ e p o ~  a s e e K  

n c e B n o n a p e H x u M b 1  4-8 (F1) u 12-18 MKM (13). Y qexnos H u I T a K x e  0 6 ~ a p y m e ~ b 1  



~ U C ~ O  B b 1 6 0 p 0 ~  

O6mwil pannyc 
P ~ ~ N Y C  KOpHR 

Tonmn~a vexna 
lIonn 0 6 . b e h l a  vexna 
qncno cnoes K n e T o K  ~ o p b ~  KOPHR 

B c T ~ ~ ~ ~ ~ M o c T ~  T a H H H H O B b l X  K n e T O K  

r n y 6 n ~ a  p a c n p o c T p a H e H u a  c e T n  rap~ura 
n 0 n R  O K O H V ~ H H ~  C T Y P r O P O M  

n p U M e q  a H He. O ~ H O ~  ~ B ~ ~ ~ I O ' I K O U  0 6 0 3 ~ a q e ~ a  COBOKyIlHOCTb MMKOPH3 C YeXJIahlH p a 3 H O B U n H O -  

c ~ e u  o n H o r o  n T o r o  me n o n T u n a  B npenenax B ~ I ~ O P K H ;  nsyun - c o s o K y n H o c T b  M M K O P H ~  c q e x n a h t n  p a 3 -  

H b l X  IlO.!JTHIlOB O ~ H O ~  l p y n n b l  B n p e n e n a X  B ~ I ~ O P K H .  ~ P O Y ~ P K  - OTCYTCTBHe p a 3 n n v u R .  

. . 

~ ~ ~ H O B H ~ H O C T ~ ~ ~  B H Y P H  n O n T H n a  6 b m o  H U I H q U e  U n U  OTCYTCTBHe T a H H U H O B b I X  K n e T O K ,  

BKnIOYeHHblX B T H ~ H O ~ ~  q e X O J l .  no  H a l I I H M  ~ a 6 n m n e ~ u s ~ ,  T a K O e  B K n l o q e H U e ,  B 3 a B U -  

CUMOCTU O T  B ~ I ~ O P K U ,  M O X e T  H ~ ~ J I I O ~ ~ T ~ C ~  y 0-25 % q e X n 0 B  B, D, E, BF, F U 

y 15-80 % ~ ~ C C T P ~ K T Y P H ~ I X  q e x n o B .  H c n o n b s o ~ a ~ a  T a K m e  ~ a c c n + u ~ a u n o ~ ~ a r r  K a T e -  

ropus K p y n H e e  n o n T n n a  - rpynna n o n T n n o B .  B o n H y  rpynny 0 6 . b e n u ~ s n n  r e x n b 1  

C O ~ H H ~ K O B O ~ ~  ~ H ~ T O M H ~ ~ C K O ~ ~  CTPYKTYPO~~ ( C ~ O X ~ H H ~ M ) :  n n e K T e H X H M a T H q e C K H e  (A, B, 
C, D, E), n c e B ~ o n a p e H x u M a T n ~ e c K H e  (F, G, H, I), K O M ~ H H C I P O B ~ H H ~ I ~  HJIH A B O ~ ~ H ~ I ~  

(K, N, 0, P, Q).  B O T n e n b H b I e  r p y n n b l  O T H e C e H b I  q e X n b 1  BF U SR. 
B C X a T O M  B U n e  O C H O B H b l e  pe3YJIbTaTb1,  n O J l y q e H H b I e  n p U  C P a B H e H H U  n a p a M e T p O B  

a H a T O M U Y e C K O r 0  C T P O e H H I l  M H K O P H 3  C q e X n a M U  p a 3 n H . I H O r O  C T p O e H U s  ( ~ a  Y p O B H e  pas- 
~ o ~ u n t i o c ~ e f i ,  n o n T u n o B  u rpynn n o n ~ n n o ~ ) ,  n p e n c T a a n e H b 1  B ~ a 6 n .  1. 

P~~HOBAAHOCTA. M H K O P M ~ ~ I  C q e X n a M U ,  O T H O C s U U M U C s  K pa3HOBUAHOCTIIM OJlHOrO 

n O n T U n a ,  R B H O  ( B  63 % n o J I ~ b l 6 0 p 0 ~ )  ~ U ! $ ~ @ ~ P ~ H ~ M P Y H ) T C I I  npyr O T  npyra T O n b K O  n 0  
n p H 3 H a K y  B C T p e q a e M O C T U  M H K O P U 3  C T a H H U H O B b I M H  K n e T K a M U ,  q T O  0 6 y c n o ~ n e f 1 0 ,  HeCOM- 

H e H H O ,  U C n O n b 3 0 B a H H b I M  C ~ O C O ~ O M  B b l n e n e H H I l  ~ ~ ~ H O B H ~ H O C T ~ ~ ~ .  ~ O J I ~ ~ I I M H C T B O  npOL1HX 

CTPyKTYPHblX O C O ~ ~ H H O C T ~ ~ ~  M U K O p U 3  H a  3 T O M  Y P O ~ ~ e  T a K X e  O ~ ~ C ~ O B ~ ~ H O  n P ~ ~ Y r ~ ~ ~ ~ e ~  
UJIU O T C Y C T B U e M  T a H H H H O B b I X  K n e T O K  B ' 4 e X n e .  H a n p u ~ e p ,  ~ a 6 n I O n a e ~ b I e  B q e T B e p T U  

n o n ~ b 1 6 o p o ~  p a 3 n U q U H  M e X n y  p a 3 H O B U n H O C T s M U  no T O n U U H e  q e X n 0 B  0 6 y c n o ~ n e ~ b 1  T e M ,  

YTO n P U C Y T C T B H e  B q e X n a X  n 0 n T U n O B  B, BF, F U SR T a H H U H O B b I X  KJIeTOK 0 6 6 1 9 ~ 0  

x a p a K T e p 1 i o  H e  ~ o n b ~ o  ~ o s p a c ~ a ~ ~ e  T O J I ~ U H ~ I ,  HO H ~ o s p a c ~ a ~ u e  ero o614ux nonepes- 
HblX p a 3 M e p O B .  

M H K O P U ~ ~ I  C q e x n a M H  F1 n F2, H1 H H2, 11 U 12 O n H O p O n H b I  no q a C T 0 T e  B C T p e -  

Y a e M O C T H  T a H H U H O B b I X  KJIeTOK,  H O  q e X O J I  F2, K a K  n p a B U n 0 ,  B 1.5-2.5 pa3a T O J I U e ,  

q e M  F1. T ~ K M M  06pa30~ ,  MUKOpU3b1  C q e X J I a M U  OAHOUMeHHbIX n O A T U n O B  H e  B C e r n a  U 

H e  no BCeM n a p a M e T p a M  s B n R H ) T C s  O n H O p O n H b l M U  r p y n n a M U ,  H O  B ~ O ~ ~ U U H C T B ~  C J I y q a e B  

pa3nuqus M e m n y  ~ ~ ~ H O B U ~ H O C T ~ M H  p e n l c n .  

l l o n ~ n n b ~  sexno8 B npenenax rpynnL.1 n o n T n n o B .  M U K O P M ~ ~ I  c Y e x n a M u  p a 3 J I U q H b I X  

n O n T U n O B ,  H O  C O ~ ~ H H ~ K O B O ~ ~  ~ H ~ T O M M ~ ~ C K O ~ ~  C T P ~ K T Y P O ~ ~  q e X n a  (C O A H H a K O B b l M  C n O -  

X ~ H H ~ M )  T O n b K O  no Y U C n y  c n o e B  KJleTOK K O P b I  KOPHI l  U rny6w~e P a C n p O C T P a H e I i U s  C e T U  

r a p ~ ~ r a  p a s n ~ q a m ~ c s  6onee Y e M  B 30 % ~ O A B ~ I ~ O ~ O K .  n o  K o n u s e c T B y  c n o e B  K n e T o K  



~ o p b ~  KOPHR Y a u e  acero pa3nu~a lo~cs  M H K O P U ~ ~ I  c r e x n a M u  A u B, n p u l i e M  B A-MUKO- 
p U 3 a X  K O n U Y e C T B O  C n O e B  KJ leTOK K O P b I  KOPHR,  H e  n O T e P R B U I U X  U C X O n H Y l o  (POPMY, BbIUIe.  

no B c e f i  BePORTHOCTU,  3 T 0  C B R 3 a H O  C T e M ,  ZIT0 B OKOHZIaHURX C YeXJ lOM B B T a H H U H O B b I e  

KJ leTKU I l P e B p a L U a e T C R  6 0 n b u r a s  ZIaCTb KJ leTOK K O P b I  KOPHR ( B C T ~ ~ Z I ~ ~ M O C T ~  T a H H H H O B b I X  

KJ leTOK - 58 %), no C p a B H e H U l o  C M U K O P U 3 a M U  C ZIeXnOM A (14 %). H a ~ e Z I a ~ u u e c R  

no n a H H O M y  n p U 3 H a K y  p a 3 J l U Y U R  M e X n y  3 T U M U  M U K O P U 3 a M U  M O X H O  O ~ R C H H T ~ ,  P a C -  

C M a T p U B a R  p b ~ x n b l f i ,  H ~ C ( P O P M H P O B ~ H H ~ I ~ ~  ZIeXOn n O n T U n a  A B KaZIeCTBe  U H n U K a T O P a  

M O n O n O I V ,  H e  A 0  K O H U a  c ( P o ~ M u ~ o B ~ B U ~ ~ ~ O C R  OKOHYaHUR (EPO~KHH,  1977; C ~ M ~ H O B ~ ,  
1980). B T a K O M  C n y Y a e  6onee BbICOKOe o6unue TaHHHHOBbIX K n e T O K  B ZIeXJIaX B M O X e T  

6 6 1 ~ 6  C B R 3 a H O  C B 0 3 P a C T H b I M  H a K O n J l e H U e M  O T M N P a l o u U X  KJleTOZIHbIX 3 n e M e H T O B  ( C e M e -  

H o s a ,  1980; Ritter et al., 1989). 
M3 8 3 a p e r u c ~ p u p o e a ~ ~ b 1 x  pa3nu~ufi no r n y 6 u ~ e  p a c n p o c T p a H e H u s  c e T u  r a p ~ u r a  

5 o T H o c a T c s  K nape gexnoa A u B, n p u l i e M  ~ a u 6 o n b ~ 1 e e  p a c n p o c T p a H e H u e  r p u 6 ~ b l x  
- - 

ru(P B O ~ H U X  C u T y a U u R x  c o n p s m e H o  c . r e x n o M  A, a B npyrux - c g e x n o M  B. 
5 0 n b L L I a ~  ZIaCTb n P Y l U X  p a 3 n U Z I U f i ,  YCTaHOEUleHHblX H a  P O B H e  I I O n T U n O B ,  OTHOCUTCR 

K M U K O P U ~ ~ M  c z I e x n a M u  F u G u peme - c g e x n a M u  I u G. n o n ~ u n b ~  F u G 
O n H O B p e M e H H O  3 a p e r U C T p U p O B a H b I  B 14 ~ o , Q B ~ I ~ o ~ K ~ x ,  I I O n T H n b l  I U G - B 8. B 3 C n y -  

ZIaSIX M U K O P U 3 b l  C ZIeXJIOM G U M m U  M e ~ b U l U f i  06q~ f i  P w U y C  U ~ e ~ b L L I u f i  pZiL(UYC K O P H R ,  

ZIeM M U K O P U S b I  C ZIeXnOM F ( H a  20 U 16 % C O O T B ~ T C T B ~ H H O ) .  B OCTtUIbHbIX CJlyYaHX 

nonepey~ble p a s ~ e p b ~  G-MUKOPUS T a K m e  M e H b m e  (HO ~ e n o c ~ o s e p ~ o ) :  B c p e n H e M  pa3- 
J I U Y U s  n O C T U r a l o T  8-10 %. ,&Is G-MHKOPH~ I I 0  C p a B H e H U K l  C F- U I - M H K O P H ~ ~ M H  
X a p a K T e p H O  T a K X e  M e H b U I e e  ( ~ a  10-12 %) KOnUZIeCTBO CJ lOeB KJ leTOK K O P b I  K O P H R .  

B 5 C n y Y a R X  DJlR Y e X n a  G YCTaHOBJIeHa  MeHbLLIaR ( I ~ ~ H M ~ ~ H O  H a  40 %) T O J l U U H a  

no c p a B H e H u l o  c g e x n o M  n o n T u n a  F (B c p e n H e M  p a 3 ~ 0 c ~ b  C o c T a B n s e T  20 %). ki~orna 
C ZIeXJlOM G a C C O U U U p y e T C %  OTHOCUTeJIbHO 6onee my60~oe I l p O H U K H O B e H U e  TH(P rpu6a 
no M e X K n e T H U K a M  K O P b I  KOHR, Y e M  C F U I. G - M U K O P U ~ ~ I    PO^ Ga no ~ O M H H N K Y )  

n p e u M y u e c T s e H H o  06pa3ylo~cs r p u 6 0 ~  Cenococcurn graniforrne (Sow.) Fred et Winge. 
M H K O P H ~ ~ I ,  0 6 p a 3 0 ~ a ~ ~ b l e  3 T U M  ~ H ~ O M ,  P a C C M a T P U B a l o T C R  K a K  n a p a 3 U T U S e C K U e  U n U  

M ~ U I O J ( P ( P ~ K T U B H ~ I ~  C H M ~ H O ~ ~ I ,  I l O n O X U T e J l b H O  B J l U X l o U U e  H a  P a C T e H U R  T O n b K O  B 3 A a -  

(PuZI~CKU H ~ ~ J I ~ ~ o ~ ~ u x T H ~ I x  ycnosuax n p O U 3 p a C T a H U a  ( ~ I Y ~ U H ,  1988). B 3~0fi CBR3U 

y C T a H O W e H H b 1 e  C T P j ' K T Y P H b l e  O C O ~ ~ H H O C T U  G-MHKOPH~ ( O T H O C U T ~ ~ ~ H O  cna6o p a 3 B U ~ b l f i  

Z IeXOn,  MeHbLLIUe o6que I I O I l e p e Z I H b l e  p a 3 M e p b I  U M e H b l U e e  KOJlUZIeCTBO CJ lOeB K n e T O K  

K O P b I  KOPHX) M O X H O  P a C C M a T p U B a T b  K a K  C B U n e T e J l b C T B O  UX I I O H H X ~ H H O ~ ~  ( P u ~ u o ~ o ~ u -  
~ e c ~ o f i  a K T u a H o c T u  no c p a e H e H u l o  c n p y r u ~ u  nceBnonapeHxuMaTuZIecKuMu Y e x n a M u .  

l'pynnbr nonTnnoB. B o T n u r u e  OT pa3~osun~oc~ef i  u n o n T u n o B  gexnoa B npenenax 
on~ofi r p y n n b l  pamuqua M e x n y  M U K O P U ~ ~ M N  p a 3 ~ b 1 x  rpynn n o n T u n o B  no pxny napa- 
M e T p O B  B b I p a X e H b I  OZIeHb  3 a M e T H O .  n p e n c ~ a ~ n e ~ ~ b l e  B ~ a 6 n .  2 I I O n a p H b I e  ZIaCTOTbI 

p a 3 n U Z I U f i  M e X n y  M U K O P U 3 a M U  C YeXJIaMU p a 3 H b I X  rpynn IlOflTUIIOB n O 3 B O n R l o T  n e T t U I U -  

3 U P O B a T b  BbIBOnbI ,  K O T O P b I e  M O X H O  C n e n a T b  UCXOnfi  U 3  n a H H b 1 X  ~ a 6 n .  1. 
Hau6onee g e T K u e  pamurm 0 6 ~ a p y ~ u ~ a l o ~ c a  no n p u 3 ~ a ~ y  T o n u u H b I  z I e x n a  u ero 

O T H O C U T e n b H O I U  B K J l w a  B ( P O ~ M U ~ O B ~ H U ~  o6uero o 6 % e ~ a  M U K O P U 3 b l .  B C e r O  

OTJIHZIaloTCa O T  B C e X  A P Y r U X  rpynn ZIeXJIbl nneKTeHXUMaTUZIeCKOlX3 C n O X e H U R  (B 37- 
79 % cny~aea) u 6 e c c ~ p y ~ ~ y p ~ b 1 e  (19-67 %). Pasnurua M e m n y  g e x n a M u  c 3 n e ~ e ~ ~ a ~ u  
n c e ~ ~ o n a p e ~ x u ~ a ~ u ~ e c ~ o f i  C T P ~ K T Y P ~ I  ( n / e a t x o ~ ~ b ~ ~ u ,  C O ~ C T B ~ H H O  n c e B n o n a p e H x u M a -  

TUZIeCKUMU U K O M ~ H H H P O B ~ H H ~ I M H )  0 6 ~ a  Y X U B a l o T C R  PeXe (B 7-14 % c J I y Y a e B ) .  9eXJlb1 

p a 3 H O m  a H a T O M U Z I e C K O r 0  C n O X e H U a  o6n I$arap H e  n p O C T 0  p a 3 n U Z I H b I M U  ~ ~ C O J I I O T H ~ I M U  

n O K a 3 a T e n a M U  T O n q U H b I ,  H O  U X a p a K T e p U 3 Y l o T C R  P ~ $ H Z I H ~ I M  B K J l m O M  r p ~ 6 ~ 0 m  M p T -  

H e p a  B ( P O P M U P O B ~ H H ~  0 6 % e ~ a  MUKOPU3HOTO OKOHZIaHUII. ~ O C K O ~ ~ K Y  Pa3HOBUAHOCTU 

unu n o n T u n b 1  gexnoe on~ofi r p y n n b l  no T o n q u H e  nu(P(Pepe~uupylo~ca cna60, MOX- 

H O  ~ p e n n O J I O X U T b ,  ZIT0 3 T O T  n p U 3 H a K  6onee B C e r O  C B R 3 a H  U M e H H O  C 6a30~ofi a H a T O M U -  

Z I e c ~ o f i  c ~ p y ~ ~ y p o f i  Z I e x n a ,  a C K~KUMU-nu60 TOHKUMU a H a T O M U Y e C K U M U  O C O ~ ~ H H O -  

CTRMU U H e  C H a l I U z I U e M  U n U  OTCYTCTBUeM U H K O P ~ O P U P O B a H H b I X  B ZIeXOn O T M e p U l U X  

K n e T O K  K O P b I  KOPHII .  

Ha O C H O B a H U U  H a U I U X  n a H H b 1 X  M O X H O  I l O C T p O U T b  cnenylo~lifi pan B O 3 p a C T a H U R  

T o n q u H b I  Z I e x n o B  pa3~0fi C T P Y K T ~ ~ ~ I :  nne~~e~xuh'la~u~~ec~ue-nepexon~b~e-nce~nona-  



T a 6 n s u a  2 

%cTOT~ palne'lefi (%) MelUJ' MHKOPHJBMH C 'leXRaMH PalnH'lHbIX Ipynn nORTHnOB 
(no p e ~ y n b ~ a ~ a ~  cepee nonapebnr cpa~eeeefi) 

%cno nap I 10-2 1 I 8-1 0 

n p H M e r  ati ue: rpynnbr nonTenos rexnos: l l n e ~ ~ .  - nneKTenxHuaTerecKse rexnbl; BF - 
nepexomble; nces. - ncesnonapeHxeuaTnrecKne; Kou6. - K O M ~ B H N ~ O B ~ H H ~ ~ ~ .  nnn L I B O U H ~ I ~ ;  
6eccTp. - 6eccTp)'KTyp~ble. napa~eTpb1: 1 - 06111sii p?UIUyC, 2 - paneyc KOpHR, 3 - TOnUUHa 
rexna. 4 - nonn o 6 a e ~ a  rexna, 5 - rscno cnoes wreToK K O P ~ I  KOPHII, 6 - BcTperaeuocTb 
TaHHriHoeblx KneToK, 7 - rny6usa pacnpocTpaHeHua ceTw rap~era .  n p o r e p ~  - oTcyrcTsee pas- 
nernii. 

~ ~ H X M M ~ T H Y ~ C K M ~ - K O M ~ M H M ~ O B ~ H H ~ I ~ .  B T ~  3aKOHOMePHOCTb C TOG MJlM M H O ~  CTeneHbK)  

nOCTOBepHOCTN BOCnpOM3BOnMTCH B 15 M3 2 1 I I ~ o ~ H & I I M ~ M ~ o B ~ H H o ~ ~  B ~ I ~ O P K M  M B C p e n H e M  

K O M ~ H H M P O B ~ H H ~ I ~  YeXnbI  B 2 pasa T o n w e ,  YeM n n e K T e H x n M a T n Y e c K n e .  B psne ~ b 1 6 0 p 0 ~  

( K ~ K  I IpaBMnO,  B YCnOBMIlX CMJlbHOrO ~ ~ T ~ H ~ H ~ H M I I )  Y l C a 3 a ~ ~ b l i  IIOPIlHOK MJIM C w e C T B e H H O  

H a p y u r a e T c s ,  nnn ~oo6ure H e  06~apy rnn~ae~cs  p a 3 n n ~ n i i  B T o n w n H e  M e x n y  p a 3 ~ b 1 ~ n  

r p y n n a M M .  &Is ~ ~ C C T P ) ' K T Y P H ~ I X  YeXnOB H e  YnaeTCIl O n p e A e n H T b  IlOCTOIIHHOrO M e C T a  

B 3TOM PHnY, T a K  KPK I IpMMepHO B PaBHOM KOnMYeCTBe C n y Y a e B  OHM OKa3bIBaK)TCII K a K  

H a M M e H e e ,  T a K  M ~an6onee pa3BMTbIMM. O ~ H ~ K O  MMKOPM3bl C ~ ~ C C T P Y K T Y P H ~ I M M  YeXnaMM 

Y e T K o  nn@@epe~unpyro~cs OT B c e x  O C T ~ ~ H ~ I X  rpynn 6naronaps ~ b r c o ~ o f i  B c T p e Y a e M o c T n  

TaHHUHOBbIX KJIeTOK (83 %), YTO B 1.5-2.8 p a 3  BbIUle,  YeM B n p y r M X  T p y n n a X  nOnTMnOB. 

~ ~ M ~ T H O  pa3JIMYaIOTCII no YaCTOTe BCTpeYaeMOCTM TaHHMHOBbIX KJIeTOK , M MMKOPM3bI 

C nneKTeHXMMaTMYeCKMMM, nCeBnOnapeHXMMaTMYeCKMMM M K O M ~ H H H P O B ~ H H ~ ~ M M  Y e X n a -  

MM - 53, 37 M 29 % COOTBeTCTBeHHO. 

no OCHOBHblM KOJlMYeCTBeHHbIM aHaTOMMYeCKMM n a p a M e T p a M  MMKOPM3bI C YeXnaMM 

~ ~ ~ H O B M ~ H O C T ~ ~ ~  OnHOMMeHHbIX IIOnTMnOB M MMKOPM3bI C YeXnaMM p a 3 H b l X  nOnTMnOB, 

HO c O n n H a K o B b I M  C n o x e H n e M  H O B O ~ ~ H O  p e n K O  pa3nn~a lo~cs  M e x n y  co6ofi (pnc. 2). 
& ) Y ~ M M W  CJlOBaMM, OHM IIBJIBIOTCII 6onee MnM M e H e e  OnHOpOnHbIMM r p y n n a M M .  M H K O P M ~ ~ I  
C YeXnaMM p a 3 H O I V  aHaTOMMYeCKOIV CJlOXeHMX B ~ O J I ~ U M H C T B ~  CJIyYaeB n M @ @ e p e ~ u M -  

PyIOTCH npyr OT npyra no n p M 3 H a K y  TOJIUMHbl T ~ M ~ H O I - 0  Y e X n a  M YaCTOTe BCTpeYaeMOCTM 

TaHHMHOBbIX KJIeTOK. 

Y Y M T ~ I B ~ U  BbIHWleHHylo HeOnHOpOnHOCTb MMKOPM3 C YeXnaMM pa3JIMYHOrO CTpOeHMX 

no M3YYeHHblM n p M 3 H a K a M ,  Henb3X IIpOBOnMTb aH&IIM3 3aBMCMMOCTM aHaTOMMYeCKOr0 

CTPOeHNIl MMKOPM3 OT BHeUlHMX ~ c J I o B M ~ ~ ,  OIIepMpyR CpenHHMM OUeHKaMM W H  ~cefi  MX 

COBOKynHOCTM, ~ O C K O J I ~ K Y  H ~ M ~ O J I ~ I I I M M  YMCJIOM C ~ ~ U M @ I I Y ~ C K M X  p a 3 M e p H b I X  oco6e~- 
H O C T ~ ~  XapaKTepM3yIOTCR T p y n n b I  MMKOPM3, BblnenHeMbIe  no I lpM3HaKy aHaTOMUYeCKOr0 

CJlOXeHNIl YeXnOB, MMeHHO H a  3TOM YpOBHe q e n e c o o 6 p a 3 ~ 0  M3YYaTb 3KOJlOrMYeCKM 

0 6 y c n o B J l e ~ ~ y I O  M3MeHYHBOCTb CTPOeHMIl ~ K T O M M K O P M ~ .  



PHC. 2. Cpen~m .racroTa pamu~uii no BceM npu3~a~ah1 B pamu.r~blx rpynnax MUKOPHS. JIMHRH - 95 %-ii 
nosepu~enb~brfi HHrepean. 

I - cpenw MNKOPWI c qexnaMn pasnoswn~oc~eii onnom nonTwna: 2 - cpenw ~ w ~ o p e s  c qexnmu palnb~x non~~tnos s npenenax 
rpynnbl nonTwnos; 3 - cpenw M W K O P U ~  c qexnmw pa~nblx rpynn nonTnnoa. 

Pa6o~a BbIflonHeHa npw flomepmKu POOM (01-04-96407), M U H U C T ~ ~ C T B ~  06pa30- 
BaHUX PO ( V ~ H T  E00-6.0-119) U VaHTa N 280 6-1-0 KOHKYPCa-3KCflePTM3bl IIpOeKTOB 
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S U M M A R Y  

The relation between eight quantitative anatomical parameters of ectomycorrhizal tips and 
structure of fungal mantles have been studied. Differences between mycorrhizas with mantles of the 
same subtype, and between mycorrhizas with mantles of different subtypes, but the same anatomical 
structure, have been shown to be rather rare. Mycorrhizas with mantles of different anatomical 
structure (plectenchymatouse, pseudoparenchymatouse, transitional, combined, and non-structural) 
have bright specific features. 


