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exact interpretation of his results may be obtained only after getting his
light exposure data. Seedling growth and mycorrhizal colonization was slightly
increased at half normal (1/2P) dose of phosphorus than the normal dose
of phosphorus under moderate intensity which suggested that better carbon
supply to mycobionts at a threshold level of phosphorus may be most suitable
for maintaining the phosphorus uptake. Low phosphorus uptake by mycorrhizal
seédlings under low light intensity has been reported by some workers (Bhat",

1982; Tester et al., 1985 Smith et al., 1986).

Mycorrhizal fungi enhanced the survival and growth rates of seedlings
under different climatic conditions (Fakuara, 1988). In the present study,
seedlings with P. tinctorius produced marked growth compared to others.
Similar superiority of the mycobiont has also been noticed elsewhere (Valdes,
1985). Marx (1977) supported the findings that certain species of fungal
symbionts exert more beneficial effects than others. C. radicata and R.
luteolus inoculated seedlings survived better than L. laccata inoculated ones.

It may, therefore, be suggested that P. tinctorius, C. radicata and L. laccata

can be exploited in reforestation programme, however, few more trials regard-
ing their field performance are required as they may show some variability
in inducing growth and nutrient uptake in pine seedlings in different field

condition.



Table 4.1 : Effect of different intensities of light on the growth of shoot and root length (cm) of pine seedlings
after 180 days

L. laccata C. radicata R. luteolus P. tinctorius
Intensity Control
1P 2P 1/2P | 1P 2P 1/2P | 1P 2P 1/2P | 1P 2P 1/2p

SL 18 18 13 15 15 14 13 16 14 14 14 13 13
High

RL 53 60 50 43 53 46 45 55 49 43 51 51 4a

SL 30 37 30 29 36 28 31 38 30 33 41 36 26
Moderate

RL 20 20 14 16 17 14 14 18 16 16 21 20 15

SL 6 7 6 g 10 7 7 9 10 6 9 8 6
Low

RL 5 6 6 7 7 6 6 8 9 6 6 7 5

1P, 2P and 1/2P are the different doses of phosphorus (SSP); SL = Shoot Length; RL = Root Length



Table 4.2 : Effect of high light intensity on the production of fresh and dry weight (mg) of shoots of pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Days R — Control
1P 2P | 1/2P 1P 2P | 1/2P 1P 2P | 1/2P 1P 2P | 1/2P

FW 182 263 150 131 123 125 151 156 136 145 260 16l 125
30

DW 91 88 9 93 81 88 95 46 90 91 68 97 26

FwW 171 428 217 266 268 140 168 474 152 282 327 208 161
60

DW 108 120 70 112 106 38 98 102 105 91 118 104 98

FW 554 792 433 283 425 353 295 668 505 656 527 375 308
90

DW 112 361 119 30 120 106 77 223 147 141 121 128 108

FW 864 905 812 525 791 e44 519 879 735 875 788 5938 517
120

DW 335 363 341 168 315 301 170 355 305 361 317 188 165

FW 985 1221 995 816 1091 874 822 1123 915 1020 979 865 816
150

DW 411 562 441 338 511 328 312 521 371 490 488 327 314

FW 1150 2025 1520 1325 1810 1412 1440 1885 1561 1710 1665 1460 395
180

DW 623 792 613 621 755 576 711 78 662 710 650 721 720

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight; DW = Dry Weight



Table 4.3 :

Effect of high light intensity on the production of fresh and dry weight (mg) of roots of pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Days e —— el —— Control
1P 2P | 1/2P 1p 2P | 1/2P 1P 2P | 1/2pP 1P 2P | 1/2P

FW 17 52 18 11 19 12 18 23 19 19 27 20 15
30

DW 10 39 9 8 9 8 9 18 9 10 16 13 2

FW 23 495 28 24 13 23 24 439 32 32 260 35 19
60 .

DW 12 80 16 18 32 12 13 57 22 20 37 14 10

FW 192 612 150 180 195 104 98 543 207 219 378 252 160
20

DW 44 123 34 43 45 26 23 111 52 50 101 89 38

FwW 300 714 311 312 340 214 224 665 367 405 567 379 315
120

DW 99 215 iz 112 115 99 100 133 134 122 129 125 101

FW 417 825 443 411 1534 372 365 871 600 427 732 585 525
150

DW 127 235 130 119 13l 109 125 231 187 127 212 178 129

Fw 716 979 665 688 750 623 577 995 871 625 950 368 612
180

DW 214 232 212 141 152 142 157 242 214 141 205 188 165

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight; DW = Dry Weight



Table 4.4 : Effect of moderate light intensity on the production of fresh and dry weight (mg) of shoots of

pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Days Control
IP 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2p

FW 92 261 125 62 162 101 109 211 141 82 122 102 90
30 .

DW 11 43 12 22 31 92 115 55 95 16 75 101 10

FW 126 448 310 112 290 222 224 317 272 142 253 195 167
60

DW 23 75 81 52 62 104 101 116 121 33 124 109 28

Fw 254 562 367 322 405 221 259 467 248 267 392 137 256
90

DW 57 120 122 69 110 120 122 231 156 53 130 115 56

FwW 764 915 822 525 805 652 520 880 755 880 790 612 520
120

DW 95 220 351 123 210 310 181 448 392 160 371 238 168

FW 995 1320 1012 882 1190 882 835 1223 927 1100 992 870 812
150 '

DW 235 364  4el 169 314 342 374 554 396 360 518 389 301

FW 1750 2220 1720 1420 1921 1512 1620 1995 1661 1825 1720 1660 1405
180

DwW 401 562 640 339 512 638 774 825 689 499 689 835 340

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight; DW = Dry Weight



Table 4.5 : Effect of moderate light intensity on the production of fresh and dry weight (mg) of roots of pine

seedlings
L. laccata C. radicata R. luteolus P. tinctorius
Days - Control
IP 2P 1/2p | 1P 2P 1/2Pp | 1P 2P 1/2P | 1P 2P 1/2P

FW 22 58 12 18 43 15 13 62 21 12 66 11 19
30

DW 2 9 2 3 9 | 2 11 10 4 6 4 2

FwW 54 147 36 43 91 31 41 103 87 26 112 41 43
60

DW 4 14 3 9 15 4 5 23 21 8 12 11 5

FW 81 192 75 103 143 89 83 163 63 96 182 59 97
90

DW 8 21 5 12 20 7 10 36 10 9 23 9 10

FW 132 412 152 180 242 104 162 541 113 169 378 152 160
120

DW 14 20 9 22 41 12 18 56 19 16 6l 13 9

FW 300 612 312 301 320 212 221 615 347 492 527 349 312
150

DW 44 123 34 41 49 25 24 101 55 51 111 90 41

FW 407 799 433 401 522 3el 325 821 585 412 722 525 515
180

DW 99 225 122 115 125 101 101 132 120 124 141 125 120

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight;

DW = Dry Weight



Table 4.6:Effect of low light intensity on the production of fresh and dry weight(mg)of shoots of pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Days Control
IP 2P I/2p | IP 2P /2P | 1P 2P 1/2p | 1P 2P 1/2pP

FW 18 22 20 15 21 22 15 18 18 19 17 17 14
30

DW 9 9 10 9 11 11 9 9 9 9 9 10 9

FW 20 21 24 21 20 23 22 21 20 22 18 25 15
60

DW 9 10 10 10 9 10 11 9 9 10 9 10 9
: FW 22 30 30 22 25 25 21 28 27 28 27 26 22
90

DW 10 12 13 11 11 12 10 13 15 14 13 14 11

FW 23 31 30 20 25 29 27 31 32 34 37 32 26
120

DW 11 13 14 11 12 13 13 14 14 15 i6 15 12

FW 35 41 51 40 38 41 39 42 44 44 46 39
150 :

DW 16 18 21 19 18 17 17 20 21 19 21 20 lée

FW 56 61 62 52 66 62 70 67 68 71 72 78 49
180

DW 20 28 27 22 30 29 28 27 30 31 37 30 21

35 .

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight; DW = Dry Weight



Table 4.7:Effect of low light intensity on the production of fresh and dry weight(mg)of roots of pine seedlings

L. laccata C. radicata R, luteolus P. tinctorius
Days Control
iP 2P { 1/2P | 1P 2P | 1/2P | 1P 2P | 1/2P | 1P 2P | 1/2P

FW 9 9 8 5 8 8 6 5 6 8 9 6 5

30
' DW 3 3 3 2 3 3 2 2 2 3 3 2 2
FW 9 9 10 8 8 9 5 8 7 10 11 8 4

60
DW 4 3 4 2 2 3 1 2 2 4 4 2 1
FW 12 14 10 12 15 12 11 17 11 14 12 14 11

90
DW 5 b 3 b4 4 4 3 5 3 4 3 b4 3
FW 15 15 11 16 15 10 15 18 18 18 17 15 13

120
DW. 5 4 3 5 b 5 > 6 6 6 5 5 4
FW 17 18 18 18 21 23 24 23 22 32 20 27 15

150
DW 8 8 9 9 9 10 8 9 8 9 8 8 8
Fw 21 22 22 22 22 25 29 25 23 31 31 34 24

180
DW 10 9 10 10 9 10 12 12 11 12 12 12 9

1P, 2P and 1/2P are the different doses of phosphorus (SSP);

FW = Fresh Weight;

DW = Dry Weight



Table 4.8 : Effect of different light intensities on colonization (%) of ectomycorrhizae of
pine after 180 days by different ectomycorrhizal fungi
L. Laccata C. radicata R. luteolus P. tincterius
Intensity 1P ’ 2P |1/2P 1P I 2P ll/P 1P I 2P | l/2zp | IP | 2P ] 1/2P
High 85 99 80 80 85 82 84 90 81 72 75 73
Moderate 69 80 71 65 75 66 60 70 62 73 85 71
Low 0 0 0 0 0 0 0 0 0 0 0 0

iP, 2P and 1/2P are the different doses of phosphorus (SSP)



Table 4.9 : Survival (%) of the pine seedlings under different intensities of light

Inten- 30 Days 60 Days 90 Days 120 Days 150 Days 180 Days
Sity
IP | 2P |1/2P{ 1P | 2P |1/2P| 1P | 2P |i/2P| 1P | 2P j1/2P| 1P | 2P {1/2P]| IP | 2P [1/2P
A 100 100 95 95 95 9 8 90 8 8 8 75 8 8 75 75 75 70
High B 100 100 95 8 9 9 8 8 8 75 8 75 75 8 70 70 75 70
C 100 100 95 8 95 8 8 8 75 75 8 70 70 75 70 65 70 60
D 100 100 100 95 100 95 90 95 90 90 90 8 8 90 8 8 35 380
Co. 90 95 90 8 8 8 8 8 70 65 70 65 60 65 55 50 60 45
A 100 100 100 95 100 90 9 90 8 8 8 8 8 8 8 8 8 &0
Mode- B 100 100 100 9% 9 8 8 8 8 8 8 & 75 8 75 75 75 75
rate C 100 100 100 8 90 8 8 8 8 75 8 8 75 8 70 70 75 65
D 100 100 100 100 100 100 95 100 95 90 100 90 8 95 90 8 90 8N
Co. 100 100 100 90 9 8 8 8 8 70 75 75 60 70 60 50 60 50
A 90 100 9 8 8 8 65 70 60 60 50 60 S50 50 55 20 20 10
Low B 100 100 100 8 90 8 70 8 60 50 60 45 35 45 30 10 20 10
C 90 100 100 8 8 90 75 75 8 55 70 60 40 50 40 15 25 15
D 100 100 90 8 100 8 70 70 60 60 50 50 55 45 40 25 20 20
Co. 60 65 65 40 40 35 20 20 20 15 15 10 15 10 5 10 10 5

1P, 2P and 1/2P are different doses of phosphorus (SSP)

A = L. Laccata; B = C. radicata; C = R. luteolus; D = P. tinctorius and Co. = Control.




Table 4.10 : Analysis of variance for the dry matter production of pine roots at high light intensity

Source of variance SS DF MSS Ca{/cal.itaeted F vajlgée at
Effect of days 0.25892 5 0.05178 o 126.41263% 2.71
Effect of species 0.00382 3 0.00127 3.11237 3.39
Effect of P levels 0.00210 2 0.00105 2.5638] 3.49
-Effect of days x species 0.01430 | 15 0.00095 2.32771* 2.21
Effect of days x P levels 0.02263 10 0.00226 5.5251 5% 2.37
Effect of species x P levels 0.00262 6 0.00044 1.06656 2.68
Error 0.02908 30 0.00041 0 -
Total 10.33349 71 0.00470 0 -

* Significant at P = 0.05



Table 4.11 : Analysis of variance for the dry matter production of pine shoots at high light intensity

. Calculated F value at

Sourc? qf variance SS DF MSS value 5%
Effect of days 2.06221 5 0.41244 136.56989* 2.71
.Effect of species 0.09710 3 0.03237 10.71711* 3.39
Effect of P levels 0.01604 2 0.00802 . 2.65609 3.49
Effect of days x species 0.21318 15 0.01421 4.70584* 2.21
Effect of days x P levels 0.08873 10 0.00887 2.93816* 2.37
Effect of species x P levels 0.02054 6 0.00342 1.13337 2.68
Error 0.21442 30 0.00302 0 -
Total 2.71222 71 0.03820 0 -

* Significant at P = 0.05

P level = Phosphorus level



Table 4.12 : Analysis of variance for the dry matter production of pine roots at moderate light intensity

Source of variance SS DF MSS Ca{/ilfited F vajlgée at
Effect of days 133878.609 5 26775.722 280.210* 2.71
Effect of species 1317.054 3 439.018 4,594 3.39
Effect of P levels 10562.859 2 8281.430 55.271* 3.49
Effect of days x species 4994.280 15 . 332.952 3.484% 2.21
Effect of days x P levels 5174.641 10 517.464 S.415* 2.37
Effect of species x P levels  2356.695 6 392.783 4oll1* 2.68
Error 6784.470 30 95.556 0 -
Total 165068.609 71 2324910 0 -

* Significant at P = 0.05
P level = Phosphorus level



Table 4.13 Analysis of variance for the dry matter production of pine shoots at moderate light intensity
. Calculated F value at

Source of variance SS DF MSS value 5%
Effect of days 2797320.417 5 559464.083 u71.458* 2.71
Effect of species 156444.667 3 52148.222 43.945% 3.39
Effect of P levels 166945.333 2 83472.667 70.342% 3.49
Effect of days x species 85115.583 15 5674.372 4.782% 2.21
Effect of days x P levels 70674.250 10 7067.425 5.956* 2.37
Effect of species x P levels 39720.333 6 6620.056 5.579% 2.68
Error 84253.417 30 1186.668 0 -
Total 3400474.000 71 47894.000 0 -

* Significant at P = 0.05
P level = Phosphorus level



Table 4.14

after 90 days

: Effect of different temperatures on the growth of shoot and root length (cm) of pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Temp.(°C) Control
IP 2P | 1/2P | 1P 2P 1/2P | 1P 2P 1/2P | 1P 2P 1/2p

SL 4 3 5 5 4 6 3 4 5 4 4 5 3
25

RL 8 8 14 13 12 11 15 9 9 10 8 14 10

SL 4 4 5 5 6 5 5 4 4 5 b 6 b4
10

RL 14 9 14 10 12 23 11 12 16 13 10 14 17

1P, 2P and 1/2P are the different doses of phosphorus (SSP); SL = Shoot Length; RL = Root Length



Table 4. I5:Effect of temperature (25°C) on the production of fresh and dry weight (mg) of shoots of pine

53

seedlings
L. laccata C. radicata R. luteolus P. tinctorius
Days Control
IP 2P 1/2p | 1P 2P 1/2P | 1P 2P 1/2P | 1P 2P 1/2P
Fw 150 105 165 146 130 160 185 95 142 15 85 160 115
30 :
DW 29 22 43 30 19 47 42 25 22 22 23 24 20
Fw 255 162 265 246 139 237 250 120 260 198 lie 236 210
60 :
DW 49 29 53 47 42 68 50 33 41 36 32 42 53
Fw 370 273 391 410 296 397 360 238 425 303 218 328 26l
90
DW 75 33 88 49 by 76 59 40 53 39 52 79

IP, 2P and [/2P are the different doses of phosphorus (SSP);

FW = Fresh Weight;

DW = Dry Weight



Table 4.16 : Effect of temperature (25°C) on the production of fresh and dry weight (mg) of roots of pine

seedlings
L. laccata C. radicata R. luteolus P. tinctorius
Days Control
1P 2p 1/2p | 1P 2P | 1/2P | 1P 2P [ 1/2P | 1P 2P | 1/2P
FW 40 52 92 93 65 60 65 40 30 86 70 80 10
30
DW 2 9 10 3 3 11 9 3 3 3 2 2 1
FwW 113 61 152 127 75 123 97 63 152 136 81 199 78
60
DW 7 10 20 18 7 15 14 7 15 13 8 15 8
FW 268 152 194 196 144 183 197 109 255 262 133 258 102
90
DW 16 9 26 26 9 30 17 16 22 20 9 18 10

1P, 2P and !/2P are the different doses of phosphorus (SSP); FW = Fresh Weight; DW = Dry Weight



Table #.17 : Effect of temperature (10°C) on the production of fresh and dry weight (mg) of shoots of pine

seedlings
L. laccata C. radicata R. luteolus P, tinctorius
Days Control
IP 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2P | 1P A 1/2p
FW 145 72 86 149 93 136 84 130 113 109 80 132 74
30
bw 25 26 42 26 18 35 25 34 30 28 15 40 35
FW 230 152 186 150 196 165 150 136 170 235 180 230 108
60
DW 48 24 53 49 97 45 28 43 37 36 26 44 23
FW 310 297 341 322 280 375 321 215 397 300 200 301 210
90
DW 74 50 54 50 62 54 55 74 53 54 42 65 57

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight;

DW = Dry Weight



Table 4.18 : Effect of temperature (10°C) on the production of fresh and dry weight (mg) of roots of pine

seedlings
L. laccata C. radicata R. luteolus P. tinctorius
Days Control
1P 2P | 1/2P | 1P 2P 1/2p | IP 2P | 1/2P | 1P 2P | 1/2P
FwW 89 18 95 81 22 77 36 23 81 68 34 72 31
30 .
DW b4 2 9 2 2 21 2 9 9 14 5 14 4
FwW 115 65 110 99 60 100 60 55 110 103 65 88 71
60
DW 16 16 24 12 3 24 34 16 17 18 8 20 25
Fw 271 190 232 135 107 180 193 95 211 188 96 126 111
90
DW 35 18 30 17 18 33 23 25 35 20 22 26 24

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight;

DW = Dry Weight



Table 4.19 : Effect of different temperatures on colonization (%) of ectomycorrhizae of pine

after 90 days by different ectomycorrhizal fungi

L. Laccata C. radicata R. luteolus P. tinctorius

Temp.(°C) - A R —_—
IP ‘ 2P l 1/2p | 1P i 2P ‘ 1/P 1P ‘ 2P 1/2p } 1p , 2P ‘ 1/2p
25°C 55 31 62 42 32 45 38 30 32 43 41 53
10°C 41 29 50 42 24 4y 28 22 30 43 30 51

IP, 2P and 1/2P are the different doses of phosphorus (SSP)
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Table #.21 : Analysis of variance for the dry matter production of pine roots at 25°C temperature

Source of variance SS DF MSS Cai/c;l;ta:ed F vash;: at
Effect of days 1945.722 2 522.861 145.753% 4.87
Effect of species 57 3 19.213 5.356* 3.86
Effect of P levels 380.056 2 190.028 52.972* 4.87
Eifect of days x species 40.278 6 6.713 1.871 2.51
Effect of days x P levels 137.778 4 34,444 9.602* 2.87
Effect of species x P levels 167.278 6 27.880 7.772% 2.51
Error 125.556 12 3.587 0 -
Total : 1954.306 35 35.837 0 -

* Significant at P = 0.05
P level = Phosphorus level



Table 4.22 : Analysis of variance for the dry matter production of pine shoots at 25°C temperature

Source of variance SS DF MSS Calculated F value at
value 5%
Effect of days 4792.388 2 2396.194 154,593% 4.87
Effect of species 442,082 3 147.361 9.507% . 3.86
Effect of P levels 2527.055 2 1263.527 81.518* 4.87
Effect of days x species 377.834 6 62.972 4.063% 2.51
Effect of days x P levels 466,612 4 116.653 7.526% 2.87
Effect of species x P levels 1551.834 6 258.638 16.686* 2.51
Error 542.499 12 15.500 0 -
Total 10700.305 35 305.723 0 -

* Significant at P = 0.05
P level = Phosphorus level



Table 4.23 : Analysis of variance for the dry matter production of pine roots at 10°C temperature

Source of variance SS ~ DF MSS Calculated F value at
value 5%
Effect of days 2056.222 2 1028.111 116.578% 4.87
Effect of species . 72.750 3 24,250 2.750 3.86
Effect of P levels  495.389 2 247.694 28.086* 4.87
Effect of days x species 174.000 6 29.000 3.288* 2.51
Effect of days x P levels 9444y 4 23.611 2.677 2.87
Effect of species x P levels 298.833 6 49.806 5.647% 2.51
Error 508.667 12 8.817 0 ‘ -
Total 3500.306 35 ' 100.009 0 -

* Significant at P = 0.05
P level = Phosphorus level



Table 4.24 : Analysis of variance for the dry matter production of pine shoots at 10°C temperature

Source of variance SS DF MSS Calculated F value at
value 5%
Effect of days 4334.389 2 2167.195 45.637% 4.87
Effect of species 741.639 3 247.213 5.206* 3.86
Effect of P levels 376.223 2 188.111 3.961 4.87
Effect of days x species 1639.611 6 273.268 5.755* 2.51
Effect of days x P levels 252.611 4 63.153 1.330 2.87
Effect of species x P levels  1264.444 6 210.741 4.438* 2.51
Error 1662.056 12 47.487 ' 0 -
Total ' 102.973 35 293.456 0 -

* Significant at P = 0.05
P level = Phosphorus level



Table #.25 : Effect of different levels of humidity on the growth of shoot and root length (cm) of pine seedlings

after 90 days

L. laccata C. radicata R. luteolus P. tinctorius
RH (%) Control
IP 2P 1/2P | 1P 2P 1/2P | 1P 2P 1/2P | 1P 2P 1/2p

SL 4 3 5 6 4 5 3 4 6 5 5 6 6
High

RL 9 8 11 12 11 12 15 8 12 10 17 15 13

SL 5 5 5 4 5 5 6 4 5 5 6 5 4
Low .

RL 10 11 15 8 9 17 12 10 11 11 8 13 8

1P, 2P and 1/2P are the different doses of phosphorus (SSP); SL = Shoot Length; RL = Root Length
RH = Relative Humidity



Table 4.26 : Effect of high relative humidity (%) on the production of fresh and dry weight (mg) of shoots

of pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Days Control
IP 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2p
FW 145 95 160 146 131 151 175 98 140 105 75 150 120
30
DW 28 22 42 28 20 45 41 26 21 20 24 24 21
FW 235 152 235 244 140 241 248 120 254 201 126 234 205
60 .
DW 50 30 51 42 42 67 51 34 40 40 35 41 42
Fw 310 289 335 312 370 365 309 225 394 310 192 300 201
90
DW 73 49 50 51 61 52 53 68 53 55 41 66 52

IP, 2P and (/2P are the different doses of phosphorus (SSP); FW = Fresh Weight;

DW = Dry Weight



Table 4.27 : Effect of high relative humidity (%) on the production of fresh and dry weight (mg) of roots of

pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Days Control
IP 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2p
Fw 42 52 91 90 66 61 65 42 78 79 65 % 77 12
30
DwW 2 9 10 3 3 11 9 3 3 3 2 2 1
' FwW 115 62 150 130 71 120 92 60 147 135 82 182 75
60
DW 7 10 20 18 7 15 14 7 15 13 8 15 8
FwW 270 180 233 140 112 175 188 92 202 172 89 119 102
90
DW 35 18 30 17 18 33 28 25 35 20 22 26 24

{P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight; DW = Dry Weight



Table 4.28 : Effect of low relative humidity (%) on the production of fresh and dry weight (mg) of shoots

of pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Days Control
1P 2P | 1/2Pp | 1P 2P | 1/2P | IP 2P | /2P | 1P 2P 1/2P
FW 145 72 86 140 95 132 85 131 112 110 83 131 75
30
DW 25 26 42 26 18 35 25 34 30 28 15 35 40
Fw 225 150 18 155 192 165 150 131 168 233 175 231 110
60
DW 48 24 53 49 97 45 28 43 37 36 26 44 23
FW 370 265 390 411 295 399 350 241 420 300 220 319 252
920
DW 75 33 88 49 44 76 59 40 53 39 52 79 40

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight;

DW = Dry Weight



Table 4.29 : Effect of low relative humidity (%) on the production of fresh and dry weight (mg) of roots

of pine seedlings

L. laccata C. radicata R. luteolus P. tinctorius
Days Control
1P 2p 1/2Pp | 1P 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2p
FwW 88 20 91 80 25 67 35 22 82 64 34 71 29
30
DW 4 2 9 2 2 21 2 8 8 13 5 14 4
FW 110 68 109 95 62 102 63 51 101 112 68 87 70
60
DW 16 16 24 12 12 22 32 16 17 18 8 20 25
FW 260 150 195 188 151 178 201 110 249 265 135 260 100
90
DW 16 9 26 26 9 30 17 16 22 20 9 18 10

1P, 2P and 1/2P are the different doses of phosphorus (SSP); FW = Fresh Weight;

DW = Dry Weight



Table 4.31 :

Effect of different levels of humidity on colonization (%) of ectomycorrhizae

of pine after 90 days by diiferent ectomycorrhizal fungi

L. Laccata C. radicata R. luteolus P. tinctorius
RH (%) '
1P l 2p I 1/2p | 1P ’ 2P , 1/P 1P } 2P | 1/2P | 1P l 2P l 1/2p
High 45 31 50 38 28 45 35 25 40 51 32 55
Low 38 24 43 32 27 39 29 22 32 49 28 52

1P, 2P and 1/2P are the different doses of phosphorus (SSP)
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Table 4.33 : Analysis of variance for the dry matter production of pine roots at high level of relative

humidity
Source of variance SS DF MSS Calculated F value at
value . 5%
Effect of days 2608.167 2 1304.083 157.088* 4.87
Effect of species 64.8389 3 21.630 2.605 3.86
Effect of P levels 288.167 2 144.083 17.356* 4.87
Effect of days x species 79.611 6 13.269 1.598 2.51
Effect of days x P levels 75.667 4 18.917 2.279 2.87
Effect of species x P levels 56.944 6 9.491 1.143 2.51
Error 290.556 12 8.302 0 -
Total 3464.000 35 98.971 0 -

* Significant at P = 0.05

F level = Phosphorus level



Table 4.34 : Analysis of variance for the dry matter production of pine shoots at high level of relative

humidity

Source of variance SS DF MSS Calvcalfte;ted F vajh;: at
Effect of days 5675.724 2 2837.862 90.694* 4.87
Effect of species 510.085 3 170.028 5.434* 3.86
Effect of P levels 322.724 2 161.362 5.157% 4.87
Effect of days x species 427.832 6 71.305 2.279 2.51
Effect of days x P levels 777.943 4 194,486 6.215% 2.87
Effect of species x P levels 604.165 6 100.694 3.218* 2.51
Error 1095.168 12 31.291 0 -

Total 9413.641 35 268.961 0 -

* Significant at P = 0.05

P level = Phosphorus level



Table #.35 : Analysis of variance for the dry matter production of pine roots at low level of relative

humidity
Source of variance SS DE MSS Calculated F value at
value 5%
Effect of days 862.167 2 431.083 60.770% 4.87
Effect of species 26.778 3 8.926 1.258 3.86
Effect of P levels 582.167 2 291.083 C 41.034* 4.87
Effect of days x species 196.722 6 32.787 4.622% 2.51
Effect of days x P levels 128.167 4 32.042 4.517% 2.87
Effect of species x P levels 264.722 6 44.120 6.220* 2.51
Error 248.278 12 7.094 0 -
Total 2309.000 35 65.971 0 -

* Significant at P = 0.05

P level = Phosphorus level



Table #.36 : Analysis of variance for the dry matter production of pine shoots at low level of relative

humidity

Source of variance SS DF MSS Calculated F value at
_ value 5%
Effect of days 4910.724 2 2455.362 37.723* 4.87
Effect of species 638.530 3 212.843 3.270 3.86
Effect of P levels 366.057 2 683.029 10.494* 4.87
Effect of days x species 1359.720 6 226,620 3.482* 2.51
Effect of days x P levels 1170.109 4 292.527 4,494 2.87
Effect of species x P levels 1604.387 6 267.398 4.108* 2.51
Error 2278.113 12 65.089 0 -
Total 13327.641 35 380.790 0 -

* Significant at P = 0.05

P level = Phosphorus level



Plate - 4 : Morphology of ectomycorrhizae formed by A - L. laccata,
B - C. radicata (white arrow indicates the fungal mycelia
around the ectomycorrhizae), C - R. luteolus and

D - P. tinctorius.






Plate - 5 : Effect of light intensities on the growth of pine (P. kesiya)
shoots.  Growth of shoots under moderate light intensity
infected by R. luteolus (Fig. 1) and P. tinctorius (Fig. 2).
Growth of pine shoots under high light intensity infected
by L. laccata (Fig. 3), C. radicata (Fig. 4), R. luteolus
(Fig. 5) and P. tinctorius (Fig. 6). MLI and HLI are the
abbreviations for Moderate and High Light Intensities

respectively. SSP (2N) is the 2P level of phosphorus (SSP).
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Plate - 6 : Comparative study on the effect of different light intensities
on shoot growth of pine seedlings infected by L. laccata
(Fig. 1), C. radicata (Fig. 2), R. luteolus (Fig. 3) and
P. tinctorius (Fig. 4). HLI, MLI and LLI are used for High,
Moderate and Low Light Intensities respectively. SSP (2N)
is the 2P level of phosphorus (SSP).
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Plate - 7

.
.

Comparative study on the effect of different light intensities
on shoot growth of pine seedlings infected by L. laccata
(Figs. 1 and 2) and R. luteolus (Fig. 3 and 4). HLI, MLI
and LLI are used for High, Moderate and Low Light Intensi-
ties respectively. SSP(N) and SSP(N/2) are the IP and 1/2P
levels of phosphorus (SSP).
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Plate - 8

Comparative study on the effect of different doses  of

phosphorus on the growth of pine shoots infected by L.

L. laccata (Fig. 1), C. radicata (Fig. 2), R. luteolus

(Fig. 3) and P. tinctorius (Fig. #4) at 25°C. Figs. 5 and 6
show the comparative study on the effect of different

temperatures (10°, 25° and 30°C) on the shoot growth of

_pine seedlings infected by R. luteolus and P. tinctorius

respectively.  SSP(N/2), SSP(N) and SSP (2N) are used for
1/2P, 1P and 2P levels of phosphorus (SSP). '






CHAPTER - V



NUTRIENT STATUS (N AND P) OF PINE SEEDLINGS AND PHOSPHATASE
ACTIVITY OF ECTOMYCORRHIZAL ROOTS OF PINE UNDER DIFFERENT
CLIMATIC CONDITIONS

Introduction

One of the most commonly held hypothesis concerning the effect of mycor-
rhizas upon nutrient uptake and growth has been that they facilitate the absorption
of nitrogen and phosphorus compbunds from the soil (Harley, 1969). Although,
there have been several reviews in recent years on the enhanced absorption of
nitrogen (Raven et al., 1978; Bowen and Smith, 1981; Sharma, 1981; Alexander,
1982) and phosphorus (Theodorou and Bowen, 1970; Harley and McCready, 1981;
Sharma, 1981) by the ectomycorrhizal plants. However, informations on the
effect of climatic conditions on the uptake of nitrogen and phosphorus are meagre.
Son and Smith (1988) have the opinion that uptake of nutrients are influenced
by the interactions between ectomycorrhizal symbionts and the environment.
Addition of {fertilizers above moderate level at high light intensity may reduce
the rate of P uptake by mycorrhiza (Hacskaylo and Snow, 1959). Phosphorus
uptake may also be reduced at low light intensity (Hayman, 1974 Smith et al.,

1986; Son and Smith, 1988).

Temperature is another factor that influenced the absorption of nutrients

(Bowen, 1970). Although, informations about the suitable temperature for better
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absorption of nutrients are not énough, however, few studiés indicate their impor-
tance in the nutrient uptake by the plants (Son and Singh, 19838).

Root surface phosphatase activity of the ectomycorrhizal roots may provide
some clues to understand the interaction between the climatic factors and mycor-
rhiza to assess the nutrient uptake. Ridge and Rovira (1971) indicated that root
surface phosphatase may be more important in the organic phosphorus mobili-
zation, Several workers (Bartlett and Lewis, 1975; Gianinazzi-Pearson and
Gianinazzi, 1976; Alexander and Harley, 1981; Antibus et al., 1981; Dighton,
1983; Dodd _ei al., 1987) tried to relate the root surface phosphatase activity
to the phosphorus mobilization but none of them correated this relationship with
the climatic factors. Although, some fragmentary informations in the nutrient
uptake under different light intensities are avaiiable, but a detailed study is
lacking. Therefore, it was planned to study the effect of climatic factors like
light, -temperature and relative humdity on root surface phosphatase activity

and the nutrient uptake by the ectomycorrhizal pine seedlings.

Materials and Methods

Details about the raising of seedlings, transplanting them into the experi-
‘mental pots, inoculating them by four ectomycorrhizal fungi, setting them at
diffeent light intensities, temperatures and humidity levels and harvesting of
pine seedlings are described in chapter IV of this thesis. Garden soil with soil
properties as follows: pH, 5.5, Organic carbon, 2.27(%), total nitrogen, 0.12 (%)
and available phosphorus, 3-7 (ppm) was mixed with the sand in l:1 ratio and
sterilized in the autoclave. Root surface phosphatase activity was measured
immediately after harvesting the seedlings. The dry matter of the root and
shoot was determined by drying them at 60°C in a hot air oven for 48 hrs. The
dried shoot and root tissue were powdered and sieved through .4 mm mesh and

nutrient analysis was done according to.the following methods and relative absorp-
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tion of nutrients was determined comparing the infected seedlings with controlled

ones.

Determination of total nitrogen :

Micro-Kjeldahl distillation procedure (outiined by Misra, 1968) was followed
to determine the total nitrogen in plant tissue. 0.25 g powdered and sieved plant
tissue through .4 mm mesh was rapped in a qualitative Whatman filter paper

and dropped in 100 ml Kjeldahl digestion flask. Five ml of H SO, (Conc.) and

2
-1 g of catalyst mixture (mixture of copper sulphate, potassium sulphate and
selenium dioxide in 1:8:1 ratio) were added and kept for digestion for 1 to 1.30
hour. On completion of digestion Kjeldahl flask was left for cooling for 15-20
minutres and thereafter 20 ml of distilled water (NH4 free) was added. Again

the flask was cooled and the contents were transferred into 50 ml volumetric

flask and the volume was made up by adding distilled water.

Distilled water was boiled in the flask of distillation unit letting the inlet
and outlet be closed and open respectively. When steam passed through the
steam jacket 10 ml of aliquot was pipetted out and poured into the digestion
chamber with the help of glass funnel. The glass funnel was washed twice wtih
1 ml distilled water. Now ground glass stopper was replaced and 5 ml of 40 per
cent NaOH was added. Lower end of the condenser was kept dipped into 5 ml
of 2 per cent boric acid in a 50 ml conical flask. When steam issued freely
through the tube outlet was clipped and NaOH was allowed to run into the digest
and stopper was replaced immediately. Distillation wés continued for 30 minutes
and the distillate was collected. Four dréps of mixed indicator (6 ml vmethyle
red solution, 0.16% in 95% alcohol + 12 ml brown-cresol green, 0.04% in water

+ 6 ml 95% alcohol) was added to about 50 ml distillate and titrated with

N

1z HCl. Percent of total nitrogen was calculated from the following formula
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1.4

N(%) = (T-B) x 10 N x 3

where T = Sample titration, ml standard acid

B

Blank titration; mi standard acid

N

t

Normality of HC! and

S = Weight of plant material (g).

The difference T-B was multiplied by 10 because only 10 ml out of 100 ml digest

was distilled.

Determination of Phosphorus :

Phosphorus in plant tissue was determined by molybdenum blue method
outlined by Misra (1968). 0.2g dried and sieved (through 0.05 mm mesh) plant
matter was ashed by mixing 0.IN Mg (N03)2 in a silica basin. The mixture was
ignited at 500°C for 30 minutes and dissolved the residue in 10 ml 10N HZSO4
and warmed for 15-20 minutes. After that 20 ml distilled water was added and

filtered through Whatman No.l filter paper into a 100 ml volumetric flask.

Filter paper was washed several times and the volume was made up.

Ten ml of aliqguot of ash solution was pipetted out and transferred to
50 ml volumetric flask. 2 mi of 10N H2504 was added and volume was made
45 ml by addition of distilled water. One 'ml ammonium molybdate solution was
added and shaken. Then 1 ml of stannous chloride solution was added and shaken
immediately. The volume was diluted and after 10 minutes percentage transmis-

sion was calculated in colorimeter at 660 nm. Percentage of phosphorus was

calculated from the formula ¢

Phosphorus {%) = Amount of phosphorus in the aliquot (g) x aliquot factor x 100/wt.

of sample (g) and converted into ppm.
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Assay of phosphatase activity :

Phosphatase activity of the intact mycorrhizal roots was measured by
determining the amount of P-nitrophenol released when 1 ml of 50 mM PNP
and 4 ml of 0.1M sodium acetate buffer, pH-5.2 was incubated with 100 mg of
fresh root tissue as outlined by Dodd et al. (1987). The p-nitrophenol product

was developed with NaoH and determined spectro-photometrically at 400 nm.

Results

Nutrient status (Nitrogen and Phosphorus) of pine seedlings :

(i) Effect of light intensities

Light intensities affected greatly the uptake of nitrogen and phosphorus.
It was favoured by high and moderate light intensities but suppressed by low

light intensity (Tables 5.1 and 5.2).

More nitrogen concentration was found in the shoots of pine seedlings
infected with different ectomycorrhizal fungi under high light intensity compared
to modern light intensity. Little less concentration of nitrogen was observed .
in control set. No variation in nitrogen content in pine seedlings infected with

different mycorrhizal fungi was obtained (Table 5.2).

Phosphorus was found readily absorbed by infected seedlings than the
controlled one. Phosphorus content was found more in the shoots compared to
roots under high light intensity. Reverse trend was observed at moderate light
intensity (Table 5.1). Different levels of phosphorus did not affect their absorption
at high light intensity except in the case of P. tinctorius infected seedling where
highest concentration of root phosphorus was obtained in 2P treated set, but
at moderate light intensity root phosphorus of all the infected seedlings was

high in 2P treated set. P. tinctorius and L. laccata infected seedlings had the
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maximum P content in their roots at 2P level under moderate light intensity.

Root and shoot phosphorus was minimum under low light intensity.

Variation in phosphorus content in shoots and roots was found significant
at different intensities of light and P levels (Table 5.7 and 5.8) but variation
in phosphorus content due to different species of ectomycorrhizal fungi was

obtained in roots only (Table 5.7).

(ii) Effect of temperature :

Effect of temperature on the absorption of nitrogen and phosphorus was
not significant among different sets at any one temperature but it was considera-

bly high at 25°C than 10°C (Tables 5.3 and 5.4).

Concentrations of nitrogen and phosphorus at 25°C was little more than
their control set but no such difference in concentration of nitrogen and phospho-

rus was observed at 10°C (Table 5.3 and 5.4).

(ii1) Effect of humidity

At both the humidity levels little difference in concentrations of phosphorus
and nitrogen content was observed between infected seedlings and control seed-
lings. Though there was little variation in concentrations in the seedlings infected

with different mycobionts, but it was not significant (Table 5.5 and 5.6).

Eifect of two levels of humidity was not found affecting the uptake of

nitrogen and phosphorus.

Phosphatase activity of the pine roots :

Acid and alkaline phosphatase activities was high under high light and

moderate light intensities and low under low light intensity.

Alkaline phosphatase activity was reduced than the acid phosphatase acti-
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vity. No significant difference either between control and infected or among

the infected roots were observed (Table 5.9).

Alkaline phosphatase activity was quite Jow than acid phosphatase activity
at 25°C but no such difference was found at 10°C (Table 5.10). Enhanced activity
of acid phosphatase was noticed at 25°C compared to 10°C but alkaline phospha-
tase activity was more at 10°C (Table 5.10). Low level of humidity was found
more suitable to produce acid phosphatase activity of roots compared to high
level. Variation in alkaline phosphatase activity was not observed at these two

levels (Table 5.11).

Discussion

Increased absorption of phosphorus and nitrogen by the mycorrhizal plants
than non-mycorrhizal ones under high and moderate light intensities is in confor-
mity with the view of Bjorkmann (1942) who advocated that higher light intensity
increased the quantity of sugar in tissue and so encouraged the growth af the
~ fungi when the intensity of infection was also increased. Increased intensity
of infection suggested the increased uptake of nitrogen and phosphorus as Hatch
(1937) had reported that internal nutrient status was the prime factor in deter-

mining the intensity of infection.

Maximum uptake of phosphorus at 2P level under high as well as moderate
light intensity contradicted the findings of Bjorkman (1942), who explained that
under high light intensity addition of phosphate decreased the mycorrhizal infec-
tion, and Son and Smith (1988), who showed positive mycorrhizal response at
high irradiance without additional phosphorus. The present finding suggests that

2P level was quite low than that of Bjokman's toxic level.

Phosphorus and nitrogen contents in the seedlings were not significantly

increased than controls under low light intensity which could be correlated to
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the Hayman's (1974) view who suggested reduced phosphorus uptake at low irra-

diance (Bhat, 1982; Tester et al., 1985; Smith et al., 1986).

Slight increased amount of phosphorus and nitrogen at 25°C was observed
that strengthened the view of Harley (1969) who observed slow uptake of nitrogen
and phosphorus at 0°C which subsequently increased upto 15°C to 20°C. Uptake
was not influenced at 10°C by the symbiotic association which again is in agree-

ment with the above view.

Increased rate of uptake at two levels of humidity could be attributed
to the Harley's (1969) view, who found increased rate upto 15° to 20°C as both
the levels of humidity were set at a constant temperature (25°C) in the present

study.

Higher rate of acid phosphatase activity in different mycorrhizal fungi
under different light intensities could be attributed to their capacity to hydrolyse

phosphate ions better and more efficiently at an optimum temperature.

The present study suggests the use of 2P level of phosphorus for better

growth of seedlings and use of P. tinctorius, L. laccata and R. luteolus under

high and moderate light intensities for better growth of the seedlings at 25°C.



Table 5.1 : Phosphorus contents (ppm) in the root and shoot tissuesof pine seedlings under different light intensities

[ L. laccata h C. radicata | R. luteolus I P. tinctorius |
ll;ittevn- — — — Control
’ 1P 2P 1/2P 1P 2P 1/2pP 1P 2P 1/2P iP 2P 1/2pP

Root 6.1 5.3 4.3 5.3 6.2 5.1 8.1 7.8 6.1 .4 14.9 6.1 8.8
High

Shoot .8 10.7 4.7 6.6 9.3 6.1 7.5 5.9 5.5 5.2 5.7 7.1 3.4
Mode- Root 10.1 12.4 9.8 6.7 3.8 5.2 6.4 11.2 8.1 6.7 12.5 8.5 9.1
rate  shoot 7.6 5.3 6.8 4.8 6.6 6.1 52" 6. b6 7.1 10.1 7.2 4.2

Root 5.2 7.1 3.3 4.3 5.2 3.7 5.1 10.4 4.2 5.5 11.2 6.2 3.1
Low

Shoot . 3.1 4.1 3.4 3.1 3.2 3.1 3.4 b 3.7 2.1 3.2 2.3 3.2

1P, 2P and 1/2P are different doses of phosphorus (SSP)



Table 5.2 :

Nitrogen contents (%) in the root and shoot tissuesof pine seedlings under different light intensities

Inten- 1 L. laccata i C. radicata | R. luteolus | P. tinctorius |
i Control

sity 1P 2P 1/2P 1P 2P 1/2P 1P 2P 1/2P 1P 2P 1/2P

Root 1.4 1.3 1.3 1.2 1.3 1.2 1.12 1.2 1.1 1.6 1.7 1.2 1.0
High

Shoot 1.5 1.4 1.6 1.1 1.0 1.0 1.1 0.90 0.88 1.6 2.0 1.6 0.64
Vlode. ROOt 0.9 1.1 1.1 1.08 1.0 0.70 0.91 1.1 1.0 0.91 0.85 1.0 1.1
rat¢  qhoot  0.98 1.2 1.3 1.0 0.78 0.71 1.0 0.9 0.8 1.2 1.3 1.1 0.5

Root 0.6 0.5 0.5 0.50 0.34 0.40 0.3 0.23 0.32 0.5 0.6 0.6 0.4
Low

Shoot 0.5 0.6 0.4 0.3 0.28 0.22 0.3 04 0.27 0.6 0.4 0.5 0.4

1P, 2P and 1/2P are different doses of phosphorus (SSP)



Table 5.3 Phosphorus contents (ppm) in the root and shoot tissues of pine seedlings under different temperatures
Tem | L. laccata | C. radicata | R. luteolus | P. tinctorius |
(oc)p " Control
IP 2P 1/2p 1P 2P 1/2p 1P 2P 1/2p IP 2P 1/2P
Root 3.4 3.2 7.4 4.4 3.5 5.5 5.4 4.2 9.5 6.6 4.5 10.3 2.6
10
Shoot 3.8 3.4 4.5 3.2 3.1 3.4 3.6 4.1 5.6 3.8 3.2 6.3 3.2
Root 5.9 3.4 8.8 5.1 3.6 6.2 5.6 3.4 9.2 8.5 4.7 12.2 4.2
25
Shoot 5.8 3.5 7.6 4.2 3.8 6.1 4.2 4.} 8.6 9.2 3.8 11.1 6.5

1P, 2P and 1/2P are different doses of phosphorus (SSP)



Table 5.4 : Nitrogen contents (%) in the root and shoot tissues of pine seedlings under different temperatures

Tem L. laccata C. radicata R. luteolus P. tinctorius
(°C§). Control
1P 2P 1/2P 1P iy 1/2P IP 2p 1/2p 1P 2P 1/2P L
0.90 0.85 0.80 0.70 0.75 0.90 0.82 0.95 0.65 0.80 0.71 0.68 0.40
10
0.70 0.80 0.75 0.30 0.65 0.90 0.90 1.05 0.60 0.95 1.10 0.60 0.50
0.95 0.90 0.60 0.30 0.82 0.75 0.75 0.82 0.90 0.90 0.85 0.90 0.70
25
1.00 1.10 0.90 0.65 0.92 0.83 0.85 0.91 1.10 1.10 1.20 0.85

0.95

1P, 2P and 1/2P are different doses of phosphorus (SSP)



Table 5.5 : Phosphorus contents (ppm) in the root and shoot tissues of pine seedlings at different humidity levels

| L. laccata | C. radicata | R. luteolus | P. tinctorius
(I;Z; —— S — L S ——— Control
1P 2P 1/2p 1P 2P 1/2P 1P 2P 1/2P iP 2P 1/2F -

Root 5.6 3.3 8.5 5.2 3.5 6.6 5.4 4.1 8.8 7.8 3.8 11.6 3.1
High

Shoot 5.8 3.6 9.2 4.9 3.7 6.5 5.3 4.5 9.2 8.5 4.1 12.2 4.2

Root 5.5 3.4 6.4 5.0 2.8 6.4 4.4 3.2 6.7 7.9 3.5 10.1 3.4
Low

Shoot 4.8 2.8 6.1 U 3.1 5.7 3.3 3.6 5.8 6.3 3.0 8.6 3.2

RH = Relative Humidity

1P, 2P and 1/2P are different doses of phosphorus (SSP)



Table 5.6 : Nitrogen contents (%) in the root and shoot tissues of pine seedlings at different humidity levels

| L. laccata | C. radicata [ R. luteolus | P. tinctorius |
RH -accata L faclcata = Jteolus L. tinctorius Control
(%) ontro!
1P 2P 1/2P 1P 2P 1/2P 1P 2P 1/2P 1P 2P 1/2p
Root 0.80 0.82 0.78 0.82 0.75 0.70 0.65 0.85 0.70 0.80 0.76 0.70 0.45
High
Shoot  1.00 0.95 1.10 0.70 0.80 0.85 0.92 0.90 0.95 0.92 0.75 1.00 0.61
Root 0.81 0.75 0.80 0.60 0.70 0.75 0.80 0.68 0.70 0.80 0.70 0.95 0.40
Low
Shoot  0.65 0.55 0.65 0.71 0.65 0.82 0.92 0.60 0.95 0.85 0.68 0.87 0.65

RH = Relative Humidity

1P, 2P and 1/2P are different doses of phosphorus (SSP)



Table 5.7 : Analysis of variance for phosphorus content in pine roots under different light intensities

MSS Calculated F value at

Source of variance » SS DF value 59
Effect of intensities 35.744 2 27.872 39.422% 4.87
Effect of species 37.490 3 12.497 17.675% 3.86
Effect of P levels 92.707 2 46.354 65.563% 4.87
Effect of intensities x species  25.216 6 4.263 5.944* 2.51
Effect of intensities x P levels 2.701 4 0.675 0.955 2.87
Effect of species x P levels 38.206 6 6.368 9.006* 2.51
Error 24.745 12 0.707 0 -
Total 276.810 35 7.909 0 -

* Significant at P = 0.05
P level = Phosphorus level



Table 5.8 : Analysis of variance for phosphorus content in pine shoots under different light intensities

Source of variance ss DF MSS Calculated — F vajue at
Effect of intensities 96.161 2 48.080 07.150* 4.87
Effect of species 3.689 3 1.223 1.708 3.86
Effect of P levels 9.107 2 4.554 6.360* 4.87
Effect of intensities x species  20.299 6 3.383 4.725% 2.51
Effect of intensities x P levels 3.026 b 0.757 1.057 2.87
Effect of species x P levels 5.406 6 0.901 1.258 2.51
Error 25.061 12 0.716 0 -
Total ‘ 162.729 35 4.649 0 -

* Significant at P = 0.05

F level = Phosphorus level



Table 5.9 : Acid and alkaline phosphatase activity (u mol p-nitrophenol/100 mg root tissue h'1 after 180 days)

of ectomycorrhizal roots of pine at different intensities of light

L. laccata C. radicata R. luteolus P. tinctorius

Intensity Control
IP 2P 1/2p | 1P 2P 1/2p | 1P 2P 1/2P iP 2P 1/2p

AP 10.2 6.5 6.8 4.5 3.4 3.6 4.6 2.3 3.4 9.6 &5 12.5 10.1

High
ALP 2.9 1.6 1.1 2.2 1.6 1.6 1.2 0.8 1.4 1.2 3.5 1.1 i.8
AP 10.2 2.6 12.1 9.1 8.5 10,9 1L.5 8.5 6.5 9.2 3.5 4.6 2.6
Moderate
ALP 1.2 0.5 1.4 3.2 1.4 0.5 1.1 0.9 1.1 1.1 0.2 0.1 0.1
AP 3.3 2.5 4.8 6.7 3.0 4.7 4.4 3.7 4.1 7.8 5.2 5.9 2.8
Low

ALP 1.2 0.6 0.4 0.2 0.4 0.5 I.1 0.8 0.7 0.7 0.2 0.2 0.1

1P, 2P and 1/2P are the different doses of phosphorus (SSP);
AP = Acid Phosphatase; Al.P = Alkaline phosphatase



Table 5.10 : Acid and alkaline phosphatase activity ‘u mol p-nitrophenol/100 mg root tissue h-1 after 90 day‘s;)"i

of ectomycorrhizal roots of pine at different temperatures

L. laccata B C. radicata R. luteolus P. tinctorius
Temp.(°C) ' — Control
1P 2P | 1/2Pp | 1P 2P | 1/2P | 1P 2P | 1/2Pp | IP 2P | 1/2P

AP 1.9 1.9 1.9 1.9 2.0 1.9 1.9 2.0 2.1 1.9 1.8 1.9 1.8
25
ALP 0.04 0.02 0.0l 7.2 0.01 0.03 0.05 0.02 0.02 0.03 0.03 0.04 0.04

AP 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.2

10
ALP 0.l 0.2 0.1 0.2 0.1 0.8 0.2 0.9 0.2 0.2. 0.08 0.1 0.2

1P, 2P and !/2P are the different doses of phosphorus (SSP);
AP = Acid Phosphatase; Al.P = Alkaline phosphatase



Table 5.11 : Acid and alkaline phosphatase activity 9& mol p-nitrophenol/100 mg root tissue h'! after 90 days)“'_,{,i“ﬁ
of ectomycorrhizal roots of pine at different levels of humidity '

L. laccata C. radicata R. luteolus P. tinctorius

RH (%) Control
1P 2P 1/2P 1P 2P 1/2P 1P 2P 1/2pP IP 2P 1/2P

AP 0.9 1.2 1.9 1.8 2.1 1.8 1.0 1.9 2.1 0.2 1.1 2.3 2.0
High
ALP 0.05 0.04 0.04 0.05 0.1 0.03 0.05 0.02 0.03 0.04 0.03 0.05 0.02

AP 1.8 1.9 1.9 2.1 i.3 1.2 1.9 [.8 1.8 L.7 1.7 0.9 1.9

Low
ALP 0.02 0.03 0.02 0.03 0.03 0.12 0.05 0.04 0.03 0.03 0.12 0.02 0.05

RH = Relative Humidity; 1P, 2P and 1/2P are the different doses of phosphorus (SSP);
AP = Acid Phosphatase; Al.P = Alkaline phosphatase

i
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Inverse correlationship between the population of ectomycorrhizal fungi
and the altitudes of pine stands is attributed to the high precipitation rate
at the higher altitude, which might have leached out the nutrients from
the soil and washed out the mycorrhizal propagules resulting in the low popula-

tion of sporocarpic fungi (Deka et al., 1989).

Soil moisture content was also inversely proportional to the ectomycor-
rhizal population. Higher moisture content of the soil might have reduced
the concentration of available nutrients, hence, reduced the mycorrhizal

population.

Soil and atmospheric temperatures were directly proportional to the
mycorrhizae and mycorrhizal fungi which was supported by the views of
Theodorou and Bowen (1971 ) that reduction in colonization was due to

reduced metabolic activities of fungi.

Positive correlation between ectomycorrhizal fungi and the age of
pines has been attributed to the carbon demands of the array of fungi at
a time. The statement of Fleming (1983) supported the present findings
that young trees may not have excess photosynthate to support the growth

of fungi.
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Population of mycorrhizae and their sporocarps increased during rainy
season. Nitrogen (ammonium) was also higher during this season. Absence
of nitrate reductase from the majority of fungi can be attributed to increased

uptake of ammonium ions than nitrate ions (Harley, 1969).

Ectomycorrhizal fungi have been reported to be dependent on their
host for carbon supply (Snellgrove et al., 1982, 1986) and broad spectrum
of fungi utilize soluble and insoluble source of carbon (Palmer and Hacskaylo,
1970). However, the less number of fungi during winter could mainly be
assigned to lower temperature inspite of increased amount of organic carbon

in the soil.

Less number of fungi at the higher altitude was attributed to the
inhibition of phosphate uptake by the fungi due to low temperature (Harley,
1969). Similar correlation was obtained between mycorrhizal fungi and soil
potassium.

Among the tested nutrient media (appendix I) MMN’'s medium was
found to be most suitable to promote the growth of fungi at pH 5.5 which
was attributed to the easily available carbon source and vitamins in the
medium alongwith the acidophilic nature of the ectomycorrhizal fungi

(Melin, 1924; Theodorou and Bowen, 1969; Modess, 1941).

Pure mycelial inoculum was produced in large scale for inoculation
in experimental practices. Bowen (1965), Mikola (1973), Trappe (1977) and
Marx et al. (1980) have proved the pure mycelial inoculum as the most

effective method in afforestation programmes.

Several criteria have been used to select ectomycorrhizal fungi for
inoculating them in nursery soils (Trappe, 1977). Some of them are tempera-

ture, pH, light and relative humidity.
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Better gkowthr of most of the fungi at 25°C could be attributed to
their improved metabolic activity. The higher temperature may increase
the metabolic activity of the fungal mycelia. Better growth of P. tinctorius
at 30°C and moderate growth response of C. radicata at 10°C could be attri-
buted to the inter and intra-specific growth variation of mycorrhizal fungi

in response to temperature (Hacskaylo et al., 1965).

Improved growth of most of the fungi between 5 to 6 pH range con-
firmed the opinion of Melin (1924, 1925), Modess (1941), Theodorou and Bowen
(1969) and Harley (1969) that most of the fungi grew better on the acidic
nature of the liquid medium. Inter-specific growth variation among the
test fungi at the different pH levels could be correlated to their differences

in selective ion uptake.

In general, the pH of the liquid culture medium was reduced by the
mycorrhizal fungi, which suggested that the fungi might either have pro-
duced organic acids (Johnston, 1959 Johnston and Miller, 1959; Hung and

Trappe, 1983) or differed in selective ion uptake.

Affinity of P. tinctorius. for alkalinity confirmed the views of Hung
and Trappe (1983) which advocated the acidophilic nature of mycorrhizal

fungi with few exceptions.

Comparatively high relative humidity favoured the growth of mycor-
rhizal fungi which was related to the availability of water for longer period.

The study was confirmed by the earlier work of Bowen (1964).

Maximum growth of fungi at 0 lux light intensity contradicted the
results of Bjorkman (1942) that the growth of fungi in natural condition
was encouraged by the increased light intensity together with the increased

quantity of sugar in the root tissue. Such contrasting results could be
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explained to the availability of simple carbohydrate in vitro conditions
compared to symbiotic system, which indicated that the fungi were not
directly influenced by the light conditions but were regulated indirectly

through the host.

Higher rate of acid phosphatase activity in different mycorrhizal
fungi at 30°C could be attributed to their capacity to hydrolyse phosphate

jons better and more efficiently at H{%hm" temperature (Harley, 1969).

Higher rate of mycorrhizal development at high light intensity than
moderate and low light intensity could be attributed to the increased amount
of photosynthate available ';o the mycobiont (Bjorkman, 1942). Regulation
of soluble sugars in the root tissue of the host plant might be influenced

by the light intensity which promoted better mycorrhizal development under

high light intensity than at lower light regimes in nature (Bjorkman, 1942).

Lack of mycorrhizae at low light intensity might be due to unavaila-
bility of the fungal auxins to induce the specific physiological and metabolic
changes in the roots which are required for the establishment of the symbiotic
relationship (Slankis, 1963, 1973). Lack of mycorrhizae at low light intensity
can, therefore, be coupled with deficiency of soluble sugars and auxins
required to induce the changes in morphology of roots (Slankis, 1951, 1973
Harley and Lewis, 1969; Kozlowski, 1971). Phosphorus levels could not induce
the development of mycorrhiza at low irradiance probably due to limited
supply of carbon to the mycobiont (Stribiey and Snellgrove, 1985 Smith

et al., 1986).

Maximum colonization of mycorrhizae by different symbionts was
correlated to their adaptability to different temperatures (Hacskaylo et
al., 1965 Harley, 1969). The enhanced root metabolism and exudation might

have been produced in sufficient quantity, required for the colonization of
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mycobiont at 25°C than other temperatures (Bowen, 1970).

Insignificant difference in colonization of pine seedlings at two levels
of relative humidity could be attributed to the less difference between the

high (70% - 100%) and low (50% - 65%) levels of relative humidity.

Slight increase in seedling growth and mycorrhizal development at
1/2P level under moderate light intensity suggested better carbon supply

to the mycobionts at a threshold level of phosphorus.

Enhanced rate of uptake of phosphorus and nitrogen by the mycorrhizal
plants than non-mycorrhizal ones under high and moderate light intensity
is in conformity with the view of Bjorkman (1942) who advocated that higher
light intensity increased the quantity of sugar in the tissue and so encouraged
the growth of the fungi that the intensity of infection was also increased.
Increased intensity of infection suggested the increased uptake of nitrogen
and phosphorus as Hatch (1937) had reported that internal nutrient status

was the prime factor in determining the intensity of infection.

Maximum uptake of phosphorus at 2P level under high as well as
moder-ate light intensity contradicted the findings of Bjorkman (1942), who
explained that under high light intensity addition of phosphate decreased
the mycorrhizal infection, and Son and Smith (1988), who showed positive
mycorrhizal response at high irradiance without additional phosphorus. The
present findi'ngs suggested that 2P level was probably quite low than that

of Bjorkman's toxic level.

Uptake of phosphorus and nitrogen was not significantly increased
than controls under low light intensity which could be correlated to the
Hayman's (1974) view who suggested the reduced phosphorus uptake at low

irradiance (Bhat, 1982; Tester et al., 1985 Smith et al., 1986).
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Slight increase»ﬁi‘n phosphorus and nitrogen uptake at 25°C was observed
which strengthened the view of Harley (1969) who observed slow uptake of
nitrogen and phosphorus at 0°C with subsequent increase upto 15°C to 20°C.
Uptake of these elements was not influenced at 10°C by the symbiotic associa-~

tion which again is in agreement with the above view.

Survey of fungal sporocarps revealed the dynamics of the sporocarp
occurrence at various altitudes. It is noteworthy that the groups of early
and late stage ectomycorrhizal fungi differed at different altitudes. This
result suggests that pine forests can be raised more successfully at a particular
altitude if those fungi are used as mycorrhizal inoculum which occur domi-

nantly at that particular altitude.

Study on the climatic factors and macro elements suggested that
fungal sporocarps can be produced under modefately high  temperature,
moderate precipitation, moderate humidity and moisture content and low
percentage of organic carbon, increased total nitrogen, évailable phosphorus

and potassium.

Study on the climatic factors on the growth behaviour of ectomycor-

rhizal fungi resulted in many important suggestions.

Optimum temperature for most of the ectomycorrhizal fungi was
recorded at 25°C. However, C. radicata and P. tinctorius could grow at

10°C and 30°C temperatures respectively.

High humidity leve! favoured the growth of L. laccata, C. radicata

and R. luteolus while P. tinctorius could grow well at low humidity level.

Dark condition favoured the growth of all the test fungi and increased

light intensity reduced the growth.

5-6 pH range was observed optimum for the growth of the ectomy-

corrhizal fungi, however, R. luteolus and P. tinctorius could grow considerably
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at pH-3 and pH-8 respectively.

This study suggested to draw a conclusion that under dark condition
and moderately. high -rélative humidity better growth of the ectomycorrhizal
funéi could be achieved at 25°C if the pH range of the substrate is 5-6.
C. radicata can be exploited in those regions where temperature remains
below the optimum range (25°C) and R. luteolus can be used in highly acidic
conditions. P. tinctorius can be exploited in diverse edaphic and climatic
conditions. Regions having moderately high temperature (around 30°C) and
low humidity can be introduced by P. tinctorius as ectomycorrhizal inoculum
in afforestation programmes. P. tinctorius can also be used in those areas

where soils are highly alkaline.

Study on the isolation, maintenance and mass culture of the ectomy-
con.'hizal funrgi showed that isolation of the fungi can be easier from fungal
sporocarps than mycorrhizal roots. Better growth of the fungi was obtained
on MMN and Hagem's nutrient media suggesting best media for their mainte-

nance and preparation of inoculum.

Study on the effect of light intensity on the dévelopment of mycor-
rhizae concluded that high and moderate light intensities favoured the coloni-
zation of mycorrhizae. Colonization of mycorrhiza was observed maximum
with P. tinctorius under moderate light intensity whereas under high light
intensity mycorrhizal colonization was least by this fungus.

Optimum temperature for mycorrhizal colonization was observed at

25°C, however, low colonization percentage was recorded at 10°C also.

Mycorrhizal colonization has not been found affected by two levels
of humidity, however, high percentage of colonization was recorded in seedlings

infected by P. tinctorius.

. This study suggested that better results in mycorrhizal colonization
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can be achieved under high and moderate light intensities at 25°C tempera-
ture. P, tinctorius and L. laccata can be exploited for better colonization
intensity under optimum range of temperature and light intensity except

at high light intensity where infectivity of P. tinctorius is reduced gréatly.

Better growth and colonization of pine seedling with C. radicata at
10°C suggests that this fungus can be used in those areas where temperature

remains low throughout the year.

Study on the effect of phosphorus fertilization showed that 2P level
of SSP can be supplied to those areas where average full day light intensity
corresponds to the high light and moderate light intensities, while those areas
where average full day light comes in the range of low light intensity, 1/2P
level of SSP should Be used for the optimum colonization and growth of pine
seedlings. Extremely low light intensity can inhibit the colonization of

mycorrhizae.

Uptake of phosphorus and nitrogen increased at high and moderate
light intensities suggesting that high and moderate light intensities having
areas should be chosen for afforestation programmes at an optimum tempera-

ture of 25°C and low relative humidity.
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SUMMARY

A study on the seasonal and spatial distribution of ectomycorrhizae and
the mycobionts situatéd at different altitudes of Khasi Hills was done.
Fifteen ectomycorrhizdl fungi were observed during the whole period of
investigation in the vicinity of 2, 7 and 12 years old pine plantations.
Maximum number of ectomycorrhizae and their sporocarps were observed

at the lower altitude and it decreased with the increase in altitude.

Age of pines influenced the population of sporocarps and ectomycor-
rhizae which was found to be directly proportional to the age of the stands.
Middle rainy season was most conducive for the development of sporocarps.

No sporocarp was observed during winter months.

Diversity index of the fl\mgal symbionts was maximum at the lower
altitude and minimum at the upper altitude. Boletus sp., Lactarius sp.,
Russala sp. and Amanita sp. were early successional species at the lower
altitude except Lactarius sp. Boletus sp. was found occurring through-

out the whole growing season at all the three altitudes.

Positive correlations were obtained between the ectomycorrhizal
population and the climatic as well as edpahic conditions in majority of
the pine stands at different altitudes. At the higher altitude a negative

correlation was obtained between the relative humidity and ectomycorrhizal
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population .in 12. years old pine stand in the second year of investigation
(1988). Similar result was observed between relative humidity and mycor-
rhizal population in 1988 at the middle altitude in 7 years old stand. Ecto-
mycorrhizae were found negatively correlated with the rainfall in 2 years

old stand at the lower altitude in 1988.

Isolation of mycorrhizal fungi, their maintenance, mass inoculum
preparation and pure culture synthesis of mycorrhizae with pine (Pinus

kesiya Royle ex. Gordon) were done. Pisolithus tinctorius, Scleroderma

aurantium, Cenococcum sp., Boletus edulis and Suillus sp. were isolated

in pure form and their mycorrhizae were synthesized using these fungi
on synthetic media which confirmed their symbiotic relationship with pine
roots. Cenococcum sp. was isolated- from the mycorrhizal roots while
other fungi were isolated from the fungal sporocarps. Digitate and black
mycorrhizae were formed by Cenococcum sp. while coralloid type of mycor-

rhizae were formed by Boletus edulis. Other fungi formed dichotomously

branched mycorrhizae.

Pure mycelial inoculum was prepared for their use in experimental

purpose.

Effect of climatic conditions i.e., temperature, relative humidity
and light intensity and pH were investigated on the growth of Laccaria

laccata, Collybia radicata, Rhizopogon luteolus and Pisolithus tinctorius.

Most of the fungi grew well at 25°C but R, luteolus and P. tinctorius

were found at 20°C and 30°C respectively.

High humidity level favoured the growth of most of the fungi on
solid medium, however, the growth of P. tinctorius was favoured by the

low level of humidity.
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~ Dark condition favoured the growth of all the ectomycorrhizal fungi
and it decreased with the increase in intensity of light. L. laccata attained
maximum  diameter followed by C. radicata and R. luteolus while

P, tinctorius produced minimum colony spread at lower light intensity.

Most of the fungi grew well between 5 to 6 pH range. R. luteolus
and P. tinctorius showed little affinity towards acidic and alkaline condi-

tions respectively.

Acid phosphatase activity of ectomycorrhizal fungi was maximum

at36°C, low humidity,(;s;,,’? condition and 3- pH,

Acid phosphatase activity was always more than alkaline phosphatase

activity.

Effect of temperature, light and humidity on the colonization of
mycorrhizae and uptake of phosphorus and nitrogen by pine seedlings were
also studied. High and moderate light intensities favoured the coloniza-
tion of ectomycorrhizae and efficiency of uptake of nitrogen and phosphorus.
However, at 10°C temperature uptake of nitrogen and phosphorus and coloni-

zation potential of mycorrhizal fungi were lower.

Relative humidity did not show significant variation in colonization
of mycorrhizae as well as uptake of nitrogen and phosphorus. Pine seedlings

infected with P. tinctorius attained maximum growth compared to others.

-Survival of the pine seedlings was higher under moderate light inten-
sity than high light intensity. Lowest survival of seedlings was observed
under low light intensity. P. tinctorius enhanced the survivorship of
seedlings more efficiently than other fungi. Uninoculated seedlings showed

minimum survival percentage at all the light regimes.

Percentage survival of the seedlings was lowest at 30°C and highest
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at 25°C.

Low level of humidity decreased the survivorship of the seedlings
compared to high level and it was noticed miminum with L. laccata and

maximum with P. tinctorius at low level of humidity.

Different doses of phosphorus affected the growth and mycorrhizal
colonization of the pine seedlings. Double dose of the phosphorus (2P)
favoured the growth of the seedlings in general at high and moderate light
intensities while there was no such effect of 2P level of phosphorus under
low light intensity, however, the growth of seedlings infected with
R. luteolus was more with IP level than other levels under high light

intensity.

1/2P level of phosphorus was found favourable for mycorrhizal coloni-
zation and the growth of pine seedlings at 25°C and 10°C. Insignificant
difference in colonization of mycorrhiza and seedling growth was observed
between IP and 2P levels of soil phosphorus. 1/2P level of phosphorus
also favoured the intensity of mycorrhizal colonization and growth of pine

seedlings at both the himidity levels (low and high).

Survival of the seedlings was also affected by the different levels
of phosphorus. Surival of seedlings was reported highest at 1/2P level
of soil phosphorus compared to 2P and IP levels at 25°C and 10°C tempera-
tures. - Similar result was observed at low and high levels of relative

humidity.

Concentrations of phosphorus and nitrogen were found different
in the shoots and roots of pine. Root phosphorus concentration was noticed
quite high in 2P supplied set at high light in.tensity. Seedlings with 2P level
were found more efficient in phosphorus absorption under moderate light

intensity compared to high light intensity. Uptake of nitrogen was also
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more at high and moderate light intensities. No significant difference
in the concentrations of phosphorus and nitrogen were observed between
the infected and uninfected seedlings at different levels of temperature

and humidity.

Alkaline phosphatase activity was found reduced in all the cases
than acid phosphatase activity. High and moderate light intensities increased
the root phosphatase activity. Similarly enhanced activity of root surface
phosphatase was found atr 25°C. Insignificant variation in the surface phos-
phatase activity of the mycorrhizal roots was observed at different levels

of humidity.
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APPENDIX



Appendix-1 a.
Distribution of pine forests with the year of raising in East Khasi Hills,

Meghalaya
Year of ) .
raising RKF SRF NB LK US Umkhuti Shywat Raitcng  Sumer
1954-55 + - - - - - - - -
1955-56 + - - - - - - - -
1956-57 + + - - - - - - -
1957-58 + - - - - - - - -
1958-59 - + - - - - - - +
1959-60 - + - - - - - - -
1960-61 + - - - - - - - -
1961-62 + + - - - - - - -
1962-63 + + - - - - - - -
1963-64 + - - - - - - - -
1964-65 + - - - - - - - -
1965-66 + - - - - - - - -
1966-67 + - - - - + - - +
1968-69 + - - - - - - - -
1969-70 + - - - - - - - -
1970-71 + - - - - - - - -
1971-72 + + - - - - - + -
1972-73 + - - + - - - - -
1973-74 + - - + - - - - -
1974-75 +* - +%* 4% - - - - -
1975-76 + - + - - - - - -
1976-77 + ~ + - - - - - -
1977-78 + - + + - - - - -
1978-79 - + + - - - + - -
1979-80 +* - +% 4% - + + - -
1980-81 + - + - - + - - -
1981-82 + - + - + + - - -
1982-83 - - + - + - - - -
1983-84 - - + - - + - - +
1984-85 +* - +% 0 4% - - - - +
1985-86 + - + - + - -~ - -
RKF = Riat Khwan Forest; SRF = Short Round Forest; NB = Naya Bunglow forest;

LK = Laitkor forest; US = Upper Shillong forest;
+ = Presence; - = Absence; +* = Selected sites for the present study.



Appendix

List of ectomycorrhizal fungi observed during the course of

investigation period

1b

Investigation period

3. No. 1987 1988
L Amanita sp. Amanita sp.
2. Boletus sp. Boletus sp.
3. Collybia sp. Clitocybe sp.
4. Elaphomyces sp. Cortinarius sp.
5. Gomphidium sp. Elaphomyces sp.
6. Hygrophorus sp. Gomphidium sp.
7. Lactarius sp. Hygrophorus sp.
8 Pisolithus sp. Lactarius sp.
9. Scleroderma sp. Pisolithus sp.
10. Suillus sp. Russala sp.
11. Tricholoma sp. Scleroderm sp.
12. - Suillus sp.
13. - Terferia sp.
14, - Tricholoma sp.




Different ectomycorrhizal fungi collected

investigation

G, Amanita sp.

G2 Boletus sp.

Gg Clitocybe sp.

G 4 Cortinarius sp.
G5 Elaphomyces sp.
G 6 Gomphidium sp.
G7 Hygrophorus sp.
G8 Lactarius sp.
G9 Pisolithus sp.
GlO Russula sp.

G1 | Scleroderma sp.
G, Suillus sp. '
G 13 Terfezia sp.

G 14 Tricholoma sp.
G

15 Collybia sp.

Appendix-lc

during the whole period of



Appendix II
LIST OF CULTURE MEDIA USED DURING THE COURSE OF INVESTIGATION

Peptone Dextrose Rose Bengal Agar (Martin, 1950)

Agar, 20 g; KH2P04, 1 g5 Mg SO# 7H20, 0.5 g; Peptone, 5 g; Dextroxe,

10 g; Rose Bengal (1%), 3.3 ml, distilled water, 1000 mi; Streptomycin, 30 mg.
Nutrient Agar (Difco Manual, 1953)

Agar, 15 Beef extract, 5 g; Peptone, 5 g; NaCl, 8 g; distilled water, 1000

ml. After autoclaving pH adjusted to 7.3.
Starch Casein Agar (Kuster and Williams, 1964)

Agar, 18 g; Starch, 10g; Casein (Vitamin free), 0.3g; KNOB, 2 g3 NaCl

2 g; KZHPOQ, 2g; Mg SOu.7H O, 0.5g; CaCO,, 0.02g; F6504 7H,0, 0.01g; distilled

2 3 2
water, 1000ml, Nystatin and actidione, 50 ug/ml of each. After autoclaving pH

was adjusted to 7-7.2.
Hagem Agar (Modified by Modess, 1941)

Agar, 20 g; Glucose, 5 g; Malt extract, 5 g; KHZPO#, 0.5 g;s Mg 50, 7H,0,

2

0.5 g3 NH,Cl, 0.5 g; FeCl,, 0.1 ml (1%); distilled water 1000 ml. pH adjusted

4

to 5.5-6 after autoclaving.

3,

Melin-Norkran's Nutrient Medium (Modifiéd, Marx, 1969a)

Agar, 15 g; CaCl,, 0.05g; NaCl, 0.02g; KH POq, 0.5g; (NHu) HPO,, 0.25

2’ 2 2 y

g Mg SOu 7H.0, 0.15 g; FeCl3 (19%) 1.2 ml; Thiamine HCl, 100 ug; Malt extract

2
(paste) 3g; distilled water, 1000 mi. After autoclaving pH was adjusted to 5.5-5.7.
Malt Extract Agar Medium (Raper and Thom, 1949)

Malt extract, 20 g; Dextrose, 20 g; Peptone, | g; Agar 20 g distilled water,

1000 ml. Medium autoclaved at 15 Ib/inch for 15 minutes.



Czapec's Dox Agar Medium (Raper and Thom, 1949)

Agar, 15 g3 NaNO,, 3 g; K,HPO,, 1 g; Mg SOQ7H 0, 0.5g; KCl, 0.5 g;

3 2 w 2
FeSOu, 0.01 g; Sucrose,30 g; Yeast powder, | g; distilled water, 1000 ml. After

sterilization pH was adjusted to 7.0.

AT Agar Medium (Pachlawska and Pachlewski, 1974)
Agar, 15 g; Thiamine, 100 ug; distilled water, 1000 ml. Following to auto-

clave the pH of medium amounted to 5.5-6.0.



