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L1at ot ot.tl tu.re media lid 4uring tbe a ourem or 1nvea»p~1on. 

1. fiRioA• DII5Eil' ~oge ,$0§§1 \i•£ {Martin, 1~50) 

A&&r, 20 &I KHeP04, 1 &f ~g so4 ?H2o, 0.6 gJ Peptone, 

0 il Dextrose, 10 &I Roae B-al (1 .) , 1.8 mJ., 

41stille4 water, 1000 al Streptomrcin, JO mg. 

a. lpMi.tat Apr (.Jitoo -llfll, 1515J). 

Acar, 15; Beer extract, & il Pep~ne, I g1 Nail• 8 If 

dist1ll~d iVa ter·, 1000 ml. After aatoclavill& pH aclJuate4 

to 7.3 

A6ar, 18 g; !;taron, 10 &1 Oaaein (V1J.aUlin tree), 0.3 &I 

xao3 , 2 gJ Ba~l 2 J; K2HP04t 2 &I Mg so4 • 7H2o, 0.5 &I 

C&CoJ' 0~ .'2 ..;; ie.:w._. 7H2 o, 0.01 g; c11attlle4 water, 

1000 ml., Nya ta tin an\i ao tidi one, 50 1.1g/ml. of each. 

After au.toclavtns pH wae adJlletecl to 7-7.2 

•• Btfta 4M' ( llodi.t't tel ttJ llod!l!, 1H 1~ 

Apr, 20 g, Gluoo ae, 8 if Jfal t extract, 5 ga Kl12Pc '*, o. 5 Cl 

Jl& so4 ?Hlr!O' Oe5 g; Nri4Cl, 0.5 g; PeC13 , 0.1 ml (1.J)J 

41at1lled Water 1000 mle pH aduusted to De5 - 6 after 

au toe laving. 

I ... ltD-Rorkrane' n~tri~nt solation (~ud1f1elt larx,1~6~a) 

&gar, 15 ~~ ~ac12 , o.oe g; NaCl, o.o~a• KH2Po4, o.5 '' 
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S'able a. Aaal.Jaia ot Yarianoe ot total Ai&he.r fUD&al apeoiea in ditte.ren~ 
planta,1ona (1977). 

:Jouroe ot varia 'ioa ' .DF ' us • iiSS , Calc alalia table value 
- -~------~--~-~-~- ---~------ -~ __ V_al\1• • -· Af,_ -- _1 . 
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D1f.ferea' age plaatati- 2 106.91 62.8 3.N 3 ••• 6.11•• 

E~.ror 11 176.33 14 •• 

fo~al 20 
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ta~e G. .M81Ta1• ot nr1aaoe tor toul lUper 11111&1 la 41fter•t ac• gra.pa 
ot piae plaatati.ou (19?a). 
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Explanation of Pl ate 4 . 

Showing the pattern of mycorrhizal fungi (per pine 

tree) in pine pl antati uns of different age gr oups in 

1977 ( = 1970 , = 1965 and = 1955) . 
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Expl ana tion of Pl ate 5 . 

Showing the pa~t ern of l'I\YCor rhi 2:al fung i (per pine 

t r ee) i n pine pl anta t ions of dif fer ent age groups i n 

. 1 978 ( = 1970 , = 1 965 and = 1 955) . 
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Explanation of Pl ate 6 • 

.Pl ate 6 is showing the distribution pattern of 

hi6her f ungal species in pi'~.e ~· plantat ions of 

d i fferen t age groups ( 1977 and 1 J 78 ) 

( = 1970, 

of pl anta tiona; 

in 1977 a nd 

in 1978 ) . 

= 1965 , 

= ominan~, 

= Dominant and 

= 1955 year 

= Common 

= Common 
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A;;xplaaa tion of Plate ?a. 

Seasonal variation 1A occl.lrr·en:: e of b.1~1er !angi 

formin~ mycorrhizal association with ;>ine (1J77 ). 
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xpl a tion of Pl ate 8 . 

Pl ate is exhiting t he monthly varia i on in total 

number of mycorrhizal fungal species in pi ne 

pl antations of different age grou ps ( 1977) . 
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Expl anation of Plate 9 

Pl ate 9 i s exhibiting the monthly variation in total 

number of mycorrhizal fungal species i n pi n 

pl a ntations of di fferent e gr oups (1978 ) . 
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~ l ana t1on of Pl 10 • 

•Y o r i zal i io in un t l condi i o • 

1 . 1 = "" = p., - 1 • 

vern ' .Fi •· itn in s dli ' 
i • 1 t 1th in root , 

i • = i myc t u hypha ( • }. 



PLATE -lOA 



·xplanati n f 1 10 • 

i f f r ,yp f 0 rb. z of in in n tur • 

. 1 = Di e o 0 0 1 1 1 ( 

1 , 2 = 1 t r c in t r 

tu type P) ' 

1 • lar dich to X Ox) , 1 • c: u rculat 

cor.r iz nolo in f 1 myo lliu (_. ) , 

F i • r 1 oid wi rhizo or h rdon 

) ' Fi t.-. 6 = 1 1 D 11 die \J t y ) 

1 . 7 = Corralloi nycorrhizae nclos in f al c -

llium n o1 roti of uni ntifie fun 1 1 p rf c \iii . 
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•• pl n t i on of Pl 11 • 

1 on in int r 1 t uo ure of · ye orrhiz • 

F . 1 = L o ) , 

.. , a t ) , - v 

i . 3 = r 1 i s ar.td 

1 . - an o. nLl tri n 1 ch r e v rn~) · 

1a if'i ti nx oo. 





x l a tion J? l a 1 • 

Var ti on t r 1 lo ,. of corr i za • 

1 . 1 o _pa ' uCJ tu ( uno impe 1, 

u.ni n ) , .E i c) • . = mantl Hart n t , 

F:J. ·• 0 n p) t 1 ~ . = Loo ely 

arran d m tl ) ' Fi • ... ick 1 c · , 

co ct ith ext nin a i omyc t c l l1 p) 

1 • = Loo ely oov n 1 b idiomy-

c tou c l l i ) . 1 t i on x 400 . 
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rable 15. AM17•1a ot varuaoe te ate• height ot piae ae.tlillga. 

Source oi' variatioa : .UF : ss i MSS :~alcu.lateu : l!able value 
_ _1 _ _ i ! : Yalue : .t;;., 1 :, 

-- -- - --- .. --- -- ----

S..pling period v d0.4.6 lo.og 94ci 2.10 3.81' ~ 
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tlallle 11. Allal7aia ot war1at1oa fozt 1170orrh1sa:l · clevelo~at 1 n pine aeed.l1JI&•• 

• • ~ ' I Source of variation : l>P : JS 1 lASS l Calculated , !a.ble vnlue 
! ; _ ; j value : 5 : 1.: 

SampllJa& per1M 6 

tr•ta••• 6 

Brror 25 

fotal J5 
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Expl anation of Pl ate 12. 

Effect of mycorrhi zal fUngi on growt h of pine 

see dlings i n pot cult~res . (A= Amanita sp , 

B = Boletus edulis , L = La ctarius deliciosus , 

R = Sussula lutea , S = Scleroderma aurentium 

and C = Con trol) . 





Explana tion of Plate 13 . 

Showing the eff ect of myc orrhi zal fungi i noculation 

on root produc tion. (Abbreviations are explained i n 

Fi g . 12) . 



-. _...,_ - ~-

J 



xplanation of Pl a e 14 . 

Showing t e root morphology cause by different 

fun a l symbi ont inoculation in pot culture 

studies (Aobrevati ons are explained in Fi g : 12) . 
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xpl a ion of P l a e 15. 

Showing different mycorrhizal roots produce by 

differen fungal symbi nts in pots . (Abbrewa tions 

a re explained in Pla te 12 ) . 





89 

c 0 1 • b 

• 
1 1 8 r ' 

A • 
c 1 l 1 ) . 

• • 

1 l r • 
• 

0 r 

r 

1 

• 

1 

r 0 h .,. 
r • l 1 ) . 

0 • It 

0 • 
1 a 



1n 

1 r~.,. ...... 

• 1 

•• • ry 

GJ:&•r.~ ....... .ur.r. oc r 

• 
). 

0 

• 
r 

t • 

W1 

ro 1 ay c 

90 

in 1 

• 

c 0 

1 1 

• 

, 

r o 6 

rr za 

0 

0 

r t 

r 

t 

loLlre 



91 

• r • , r l 

l • ~ 

l u l 

1 8 • • r • 
1 ot h~ 

1 1 1 • ' l 17 ) . 

• 
tic 1 • 

• 

1 

1£ • 

x r1 n • 10 • 1 1 ) . 

1c at 
t 



92 

• • 

1 ' 

• 
O't a • • 

17) . 

• (J ~ ~~t:!!S~.wl ....... -.....:: ..... • 

fi r 

0 1 • • 0 

• 
11 • 

• 

k ¥ 1 . ' 
1 7) . 

• 

I . 



93 

0 1 • 1 1 t o >· 
0 l it 

• 
•• er 

70 • • 1 • 

t • • • • l 1 ) . 

c r 

fi 

• 

' 

1 

• 

8 a ' 
1 h 

or 

r1 1 

or 1o 1 1 l 



1 r 0 

a 

( • • 

1 • 

t 

1 

• 1t 

0 

94 

• 

t 

1 

c rr 

a 

• 

1 

0 

l 

ro 

1 

1 

). 

1 " 10 

• 

1 

1 v 8 

• 

a 

t 

10 . • 

a 

• 

• 

0 1. 

• 

ple 



l 

t ) . 

( 

t 

• 

t • 

o! r 

1 t 

. ' 1 

95 

1 

tro r 

t 0 

1 ) . 

t 

1n o ti 

t 

I 
I 
I 

• 

is 

I 
I 

v 

f 

• 

• 

o io 

rt 



96 

' 
r 

( 0) . 

t t l 

t 

r • · a 1 r 

• cor 1 v 

1 0 

• • 

c r 

• 

1 1 .. 



97 

8 e ro e • 

b w1 

( • 

1 • 

l 

t 1 • 

e not1 

t 0 

ot 

• l 00 't 

8 ' 1 0 0 

• 
1 ( t ). 0 11 

1 r le • c r o ~1• 

o r 



... 
0 

• 

• .... 

98 

t t t t t I I t t I I 1 I I I I I 

+ • • t • • + • I + I t I t t I 

+ 
' + + • + t + + • + + + + 

+ t 
+ + I + + + t i + + ~ + + + + I 

t 

• 

t t ~ 

+ + 
+ 

+ + 
+ + 

' 
• 

... + 
+ 

+ i 

+ t .... + + 

+ 

t + t + + t ~ + + + 

• 

+ 

+ + 



• 

• 

• • 

+ + + + 

... 
• • 

+ 
+ 

99 

t t + + t 

0 
• 

0 
• • • • • • • • • • • • • • • • :') ... 

+ + ++++ It + • + + ' • 

• + t + t + + + + 



xpl ana t i on of Pl ate 16. 

Fi g . 1 : Ectamyc orrhiza of Pinus ~siya wit Aeanita sp . 

in!!!£- a bove the subs tra te - monopodial 

branch with swollen tip . 

Fi g . 2 . . ' tomycorr hi za of ~· kesiya with A· mapps in 

11!2 - f ollowing preserva t ion. 

Fi o• 3 : Ectomycorr hiza of~· kesiya with A verna i n 

!1!2 - my c el ium enclosed dichotomous bra ncaes 

and al s o mother branch - fol lowi preserva t ion. 





Expl a nat i on of Pl a te 17. 

Fi g . 1 · : Ectomyc orrhiza e of 

vivo - followin 

inus kesiya wi h ~· l u teus 

preserva tion. 

Fi g . 2 Ectomycorrhizae of~· .k:esiyJ! with enococc um 

graniforme in Viv o - following~. preserva tion 

surrounded with bl ack cb.aracter i stic mycelium. 

Fi J . j s bctomycorrhi zae of~· £esiya with Cli tocybe 

Y!!.£. - t'-'>llowing preservatio n 

monopodi a l branchi ng. 

Fi g . 4 : ctomycorrhizae of!· kes iya with Cor inarius 

mucosu i n 1!!Q - followi g preservati on. 





Explanatio of Pl ate 1 • 

Fi g . 1 & ·2 : .l!:c tomycorrhi zae of Pi nus kesiya with 

above the 

sub trate (1) and f ollowing the 

preservation (2) , mycelium attached 

to dichotomy . 

Fig. 3 & 4 : Ectomyc orrhi zae of t · kesiy~ with 

Lactarius sp . i n !!!£ - in substrate (3) 

and fo llowing to preseiVation (4 ) . 



I 

·t 
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xplanation of Pl ate 19. 

Fi g. 1 

F i g . 2 

Fi g . 6 

Ec tomycorr hizae of P inus _!e s i.y§ with 

Lac tarius del~cios~s i n Vi vo - dicnot omous 

branches wi th myc eli um a t tachment following 
• 

pr eservati on. 

tomycorrhizae of t • kesi~a with .1.thizopog,2!! 

l uteolus in~ - following to preserva t ion , 

both mono ani bipodial branches. 

1ctomyco r r hizae of _ . ~es ixa with Udsula sp . 

iri Vivo - above the substrate . -
Fi g . 4 : ~c tomycorrhiz ae of t • kesix~ with _ . delica 

in ~ - l a r ge end youn g dichotomy . 



• 



Expl anation of Pl a e 20 . 

i g.l : Ectomyc orrhi zae of Pinis kesiya with 

Fi g. 2 

Fi g . 3 

Scleroderma aurentium i n !!Y2- repeated 

dicho omous branching . 

·· tomyco.c.chizae of f · kesiya with Suillus 

ovinus in lli£. - young di cho t omy with long 

mycelium ss . 

Ectomycorrhizae of E_: • .kesiya·· with Tricholoma. sp . 

in 11r£ - Coral like form eDOlosed in myc elium. 

Fi g. 4 a 5 : Bctomycorrhiza e of£!,. kesiya with an 

uni uentified fungi i mp erfectii in l!r£ - Coral 

like form (1) and monopodial branch (2) in 

l a t er case (2) mother branch transforming 

into mycbrrhizal branch. 
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aYaUule pota•la wu o1NteJ:"Ye4 (table JJ). aac 
AUtr1ut oontenta of .,.oorrb1&al roo w, li1 \rogen, 

Potaaa1ua aacl allgar oontente of roote a1p1t1oan tlJ 

1A!l~eaoe4 \be m1oroo1al populat1oa (r..le J3). 



!able 22. D1atr1bLltiOJl ot total azonoalc grou_t1s ot fWl61 in aoarhlaoeplaere (A) 
rb.izoal)nere (as) and. rhizoplane (RP}, (19?6-78). 

~--~ I ~-~.-

laxonom1 c 6J:'OU.pa i aH I liti ! RP " • • 
-------------------~------------_.-~------------~--------------

P hyooaycete• 2:i{43) J.;j(32) 1o(15) 

AaOOit¥08 .. e8 6(d) 10(14) - (1) 

Baaidioayoetea - - - (1) 

Deu teroawoet .. 97(73) i4(94) 45(33) 

;:.yoelia aterila 1(6) 4{4) J(l) 

!otal 129\130) 141(1·.t4) 64(51) 

. Pls•• outside the bracKet !or 1~76-77 ana lnaide tae brackets ro£ 1977-7~. 

..... 
a 
en 
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.U1str1bl1,1un ot .I.'Wlg1 of c11!feren1 
'axonom1c 6t'OUpa 1n nonrhizoapnere, 
rhizoa1)here and rhizoplaAe regio!'UJ. 

I 
t I ruonomio &roupa IH t 1:LS 
' ' I -

i! A'9 ogc t 5U 

A9•141• a,pp. J J 

i·Jll9°£ SPP• 3 .. 
g8n.nwbl•lla app. 2 3 

o.nar .Pr.,ooapetee a 6 

-)12Rf1Utltl I 

D eu ieroJQ'Oetea 

i£1oho4flll IPP • • • 
Atptr,}ilJ.!II 8LJP• i • 
i!ta&oU;).ill IPP• 20 81 

2~tR•29£ill •PP• 3 0 

biR£iil epp • a & 

Other Deuterom,oetee 18 16 

Mycelia ster111a I 

Baa141om.voetee - -
?d 82 

BP 

a 
I 

I 

a 

I 

3 

• 
12 

I 

I 

• 
1 

1 
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- • r ,- - ' hngal ept:oiee BH ' HS • r{!J 

' • . ~ 

liyryy.laria 1MR•ta '+ - -
6llKM£il UiltMM + + -''1xnw: Iii aa1ra1ll + - -
fjlfliKI IAI'111iil + + -
l• a.thrQI~iEiii'll - - + 
l• · Eli.1;3Js.!:&:ll + + -
.l• WI2Kll8 ... + -
l.• IOlQ1 + + -
l• .,. + + + 
~ 2AiO ~!WBU ap, + - -
ltotri~ btii''R92RSA - - + 
IIMI•GI RA•Iiaa - + -
~Q,S!OCSMi ~~'iii£1 ... - + -
M_ycelie. .et,tr111a 
Sterile 4~·,1aoeo~a 

Sterile ••P'-'' (white) + + + 
Sterile {Jell ow) + - -
Baa1d10JDTOetea - - + 

+++ Dominan' 
++ Su.b \lOIIlinallt 

+ :-iare 

• Ab••' 
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'!able 25. Dis tr1 bu. tion ot to tal nwaber o t fllll&1 in 

t.be AOArhizoap.bere (IR) rniso•phen (RS) 

aa4 rbiaoplaae (RP) ot PIUI illkl 
(1976-78). 

,. 

1 ' I • A:ontha BR f RS I BP 
' 

OCtober 1976 8 11 •• 
loveaber 1976 • 14 ' Deoellber 1~76 ' 7 • 
January 1~77 11 • I 
PebruarJ 1877 8 t I 
Maroh 1~77 ' 11 .. 
AprU 1977 8 7 • ••J' 1~'17 Jl 11 .. 
JUDe 19'7'1 '' 10 " Jul.Y 1977 11 17 • 
Aagwst 1~1'1 12 14 I 
sep,•ber 1~77 12 14 .. 
oo tober 19'1'1 ~ 11 .. 
Bov•b•r 1977 11 15 .. 
Deo•ber 1977 13 14 D 
l uuaq 19?8 11 14 • 
februa17 1978 12 • • 
Maron 19'18 11 13 .. 
AprU 1978 u 12 3 

• .,. 1:178 12 10 3 

Juae 1976 11 11 • 
Jal,y 1~76 18 I I 

AU& .. ' 19'18 11 10 ' Sept•ber 19?8 11 11 3 



table 26. Araal7aia of YU'iaaoe tor fuapl popt.Jlat1on ill nunrblaoepbere (llll) 

rb.1•aphere (RS) dll rbizoplaae (R.P) regiou (1~7d-1i77). 

souce ot Yariation l JlP l 3:3 i MSS i Calculated i lable Walue 
- I ' : ' val&.l8 ! 51 1f 

.i>Wt to {JR, RS & RP) 
tr•taenta 

.Dae to _.pliag 
ler1o4 

.irrozt 

!o'al 

a 286.00 

11 129.d9 

22 141.18 

35 

143.~ ~.27 3 ... ~ 0.71 

11.80 1.~ 2.27• 3.20•• 

.... 

-----------------------------------------------~.-...................................................................... ... 

• and •• ~oaat •• 6 and 1 Pft'Oed l_.el napeot1Ye~. 

~ ,_ 
N 
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fable ;.;o. Anal.Jaia ot va.d.aaoe tor act1AoJ17Cetea population 111 nou-hizoa {ilere (D), 
rhizoa..,here (RS) alll m1soplaae (HP) reg1oaa aJJi aampliac ptr1o4 

(197'1-76). 

~- -~-- -f- ,ca1cw.ated 1 Table ••1• 
Source of variation 1 ~~F I SS I filSS \ value t 5,.. ~ 

' t t 
_________________________________________ _. __________________ ·~----------------

D11e to (BS. ItS & RP) 
tr•taeata 

Dae R aaiiPllaa perio• 

Error 

Total 

2 2312._,8 11N.1i 

11 218.72 19.9? 

22 .)98.88 17.a& 

. Zi5 

* and. •• a1ga1f1oaat at 5 " aACl 1 .... level reepectiYel,J. 

a..n 3 ••• 5.72 

l.U 2.27• 3.20•• 

........ 
)-\ 

Oj 
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table aa. Anal.Ya1e of YariaJaDe tor bao'&er1a 111 noarilie.:.spb.ere (NR), rld.PeJMa-e (RS) 
aJd rnizoplaae (siP) regione &Dei attpliaa period. (197'1-78). 

Source of Yar1a.10il r ii.F ! SS ! MSS JCalculate4 ! Table value 
' • • ' • - .&. : t " ! value I 5 . 1 .. 

Dae to t~'tae.rau 2 196.27 98.13 32.71 3.-+& 6.72 
(U RS and .. ) 

v 

Dae 1D M8Plia& periM 11 .51.82 2.to 0.98 2.4o-2.2J• 3.45-3.11•• 

Error 21 aa.o a.o 

:rotal J5 

• and •• e1~t1can; at o. aaa l level reapd0'&1Yel,y. 

......... ,_ .. 
Q') 



~. orr t 
Ou a . 

- . 13 . 17 . 21 . 09 . 2B -. o~ -. 22 -. o .. .. 
1 976-77 I RS - . 98 - . 4 - . 24 . 0 1 . 69* . 09 . 18 -. 37 -· 

- . 10 - . 2 . 03 . 24 . 21 - . 18 - . 17 - . 47 - . 1 

- . 05 - . 558• - . 16 - . 62 - . 76• - . 3 -. 45 - . 42 - . 1 
1~'17-781 RS - . 14 .. 10 . 49 . oo• .Go• . 17 . 18 -. 0 15 I -· 

- . 38 - . 056* . 45 . 54 . 25 - . 05t3 . 18 - . 20 - . 1 

..... . • 41itf - . oO* . 10 - . 46 . ~., ... •"'""' - • . ., ... • a?• - . l ::t . ~..;) . -. .,. .. • ':t ., e i;..> . 0..;)""' -· • IU - . 12 . 1'1 . 2S . 75• -. ~4 - . 007 - . 32 - . 10 ·--- ~ . ,~• - . 4 1 . 42 . 66* . 58• . 58* . 53 . 64* ~~ 
• ., f - <0 

1 9'77- 'hll as .1'1 . 26 - . 52 -. oa . 32 . 42 . 48 . 22 • 
e 4WO . 51 - . 0 7 -. ~ . 34 . 0 1 - . 12 • 

.a2• . 68• -.45 - . 13 . 19 . 78* . 45 . 47 • '11~ · 

1976· 77i !13 . 67• . G9• - . 26 - . 20 - . 024 • 72* . 61* . so• -.05 . 
-. 28 . 15 . 24 . 58* . 0 12 . 11 . 25 . s3• -· 

e uv r • ..., # 
· ~ ...... • oo• - . 073• . . 045 .lu • 

1 0'7'7_ '7A ~ n., -... ., -.053 . 14 . 034 - . 20 - . 26 - . 009 . 03 . 1 



·1 • 1 'DO o::r r • r • 

1 976- 77 114"4 - . ~:.~ -, 1" ~. ,.,,. -•V"• -· 
. 10 - . 29 . 26 - . 27 -· 

- · u-• - . e.g • vO -. 28 - . 2 
1 97'1-78 J 

- . S7 -·" . 22 -. J7 - . 1 Ji. .. ,.. 

. 48 .o6 . 47 - . 11 • 
1 976-77 J 

. 27 . 27 . 39 - . 13 - . 01 
. _ .. ,..,. 

........ 
- . v.;r . 16 . 071 . 023 . 60• N 

0 1977- ?8 f ...... -.40 . 53 ~. 037 . 39 • 

. 67• . 0031 • 75• -• VVll;; • 
1 976- 77 'h ... . 068 - . 10 . 18 -. 12 -. 1· 

- . 07 - . 17 .• 46 . 33 • 
1977- 78 1 ........ . 063 -. 17 - .o - . o_, • 

- 1; erial 0 om.voet 1m1f'1oant. 
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~xplanation of Plate 21. 

Monthly variati on in f~l popula tion i n di ffer ent 

regi ons of pine ( 19'76-1977) , (NH = nonrhizosphere , 

RH = rhizosphere and RP = rhizopl ane) . 
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Explanation of Pla t e ~2 . 

onthly variation in funea l popula tion in differen t 

regions of pine (1977-1 978) , (HH = rhi zos ere, 

NR = nonrhizospher , and RP = rhizopl an ) • 
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~xplanation of Plate 2~. 

Monthly variation of actinumycetes popule:.tion in 

nonrhizosp.tlere (NR), rhizosphere (RH) and rhizoplane (RP) 

regionli of pine (1:176-1977). 

, 
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Bxplanation of Plate 24 . 

onthly variation of actinomyc etes popula tion in 

nonrhizospnere (NR ) , rhizosphere (RH) and 

rhizo pl ane (RP) regions of pine ( 1977-1978 ),. 



Actinornyce1es population ( X10 5) per g dry wt. in N Rand RS reg ion 
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Expl a na ti on of Pl a te 25. 

Monthly var t ion in bacteri al popula tion in 

no.nrhiz s p ere (N ) , r hizospher e (RH ) and 

rhi zopl an e ) region~ of pi ne (1 976- 1977 ) . 



Bacterial poputatioo{X lo
6)per g dry wt. in NR CL RS region 
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Bacterial colonies per segment R P reg 1on 



Explanation of Pl a te 26 . 

onthly variation in bac teri 

nonrhizos here (N ) , rhizospns~ 

r i zopl ane (HP) r~gious f ine 

populati on in 

(RH) a nd 

( 1977-197 ) .-
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1 • 

t . 5 . 30 
ov . 4 . 95 

c . 4 . 3 0 

• ..,o 
b . 4 . 70 
r . 5 e10 
r . ~.40 

-
J une 5 . 90 
JUly 5 . 95 

• ..,o 
• v e"'O 

iUVI.iU.\,; al 

re;{10lli 

22 3 . 10 
20. 2 3 . 20 
22 3 . 10 
20 4 . 10 

18 3 . 6 
1~ .0 3 . 15 
15. 6 2 . 80 

• f 

28 3 . J2 
30 2 . 90 

29 2 . 60 
27 2 . 75 

c 
). 

0 .04 0.18 
0. 02 0.10 
0 . 04 0 . 24 
0 . 06 0 .. 23 

o.ot 0 . 21 
0. 03 0 . 34 

0. 04 0 '. 14 
0 . 06 0. 18 
0. 03 0 . 38 
0. 02 0 .27 

0. 02 0 . 25 
0 . 04 0 . 20 

1 ·.tUzo er 

f 
I 
t 
i' 

5• 25 21 3. 18 o.o'l 0. 17 
4 . 95 20 3. 47 0. 05 o. 
4 .40 21. 5 3 . 76 0 . 08 0. 1 
4 . 55 19. 0 4 . 06 0 . 03 0 . 32 

4. 75 17 3 . 12 0 . 02 o. 
5 . 10 14 2 . 65 0 . 04 0 . 45 ......... 
5 . 45 15 2 . 88 0 . 03 0 . 16 {\) 

5 .50 27 3. 53 0. 05 0 . .... ., a:; 

5 . 05 28 2 . 83 0 . 05 0 . 1 
5 . 90 24 2 . 47 0. 01 0.10 
5 . 75' vl 2 . 64 0 . 02 o. 
5. 55 28 2 . 95 0 . 04 0 . 20 
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Expl anati on of Plate 27 o 

Showing the t otal chlorophyl l a a d chlorophyll 

in pine seedlings inoculated wi t h d i ffer n t fungal 

symb i onts Abbre' i ons ar expla in d i n l a te 12 ) . 
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Expl anati on of Plat e 28. 

ffec t of mycorrhizal fun inoc~la tion i n pine on 

produc t ion of total chlorophyll in pot culture studies 

(Abbrevations are explained i n Pl a t e 12) . 
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Explanation of Plate 29. 

Effect of myc orr hiza l f ungi on produc t i on 1 af 

llumber s and size i n p ine seedlings i n pot cul t ure 

studi es (Abbrevhtions ar e expl ained in P l ate 12) . 
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Expl anation of Pla te 30 . 

T tal sugar and ami no a cid contents of above and 

below ground par t s of pine seedlings inoculated 

with different funJal symbionts ( Abbre~ations a re 

explained i n Plate 12) . 
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Expl a na i on of Plate 3 1 

[onthly varia t i on i n total s ar d amlkno a id 

produ i on 1 ~76-1978 ) i n mycorrhizal roots . 
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Explanation of Pl ate 32 . 

Bffect of myc orrhizal fungi i n differen t n~trient 

status of pi n e seedlin~ . Abbr evations a re explained 

i n P l a e 12) . 
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