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ABSTRACT

Performance of the seedlings of Cedrus deodara artificially inoculated with Rhizopogon himalayensis was evaluated in three sets of soils viz.:
forest soil, wasteland soil, and mixed soil. It was observed that the growth and development of inoculated and uninoculated seedlings were
almost similar till the age of 2’2 months except that the seedling height and root length were significantly higher in the inoculated seedlings. The
inoculated seedlings attained a height of 25-30 cm within 6 months whereas the seedlings with natural inoculum attained the same in 18-24
months, exhibiting an incredibly significant difference. Similarly, the inoculated seedlings excelled the seedlings with natural inoculum in collar
diameter, fresh and dry weight of shoot and root. Concerning soils, the wasteland soil when used in mixture with natural zone soil produced
better seedlings with quality growth characteristics. Therefore, it can be concluded that seedlings inoculated with R. himalayensis performed

better in growth and development than those with natural inoculum.
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INTRODUCTION

It is well established that mycorrhizal colonization enhances
the seedling establishment and survival (Dickie ef al., 2002;
Kumar and Atri, 2017). Researchers have discussed from
time to time different inoculation methods and types of
inocula for nursery practices (Molina, 1977; Trappe, 1977,
Marx, 1980; Marx et al., 1991; Rincon et al., 2001;
Kaewgrajang et al., 2019). Cedrus deodara (Roxb. ex D.
Don) G. Don is an economically important tree of North West
Himalaya. It shows extremely poor regeneration and growth
in nature. Rhizopogon himalayensis (Castellano et al.) Mujic
& Sm., a hypogeous edible fungus has been observed to form
ectomycorrhiza with C. deodara. In vitro synthesis of
mycorrhiza between C. deodara and R. himalayensis has
been successfully achieved (Singh, 1992; Singh ef al. 2020).
Therefore, nursery trials of C. deodara were established by
inoculating with R. himalayensis and the growth and
development of the seedlings was recorded.

The use of pure mycelia cultures of ectomycorrhizal fungi is a
biologically sound method of inoculation (Bowen, 1965;
Mikola, 1970, 1973; Trappe, 1977). Originally developed by
Moser (1958), it was later used in other countries to prove
experimentally better field survival and growth of inoculated
tree seedlings with specific ectomycorrhizae (Tackacs, 1967;
Theodorou and Bowen, 1970; Vazzo and Hacskaylo, 1971).
Hence the mycorrhizal inoculations improve the growth,
survival, and establishment of seedling after out planting
(Berry, 1982; Valdes, 1986; Marx and Cordell, 1989; Parladé
etal.,2004; Holusaetal.,2015).

Mycorrhizal plants absorb many minerals from the soil much
more efficiently than non-mycorrhizal plants (Hatch, 1937;
Mejstrik, 1970; Bowen et al., 1974; Kumar and Atri, 2017,

Arteaga-Leon et al., 2018). Among the various major and
minor elements, the uptake of phosphorus (P) has been
documented substantially (Hatch, 1937; Melin, 1953; Harley,
1959). Mejstrick and Krause (1973) and Herrera et al. (1978)
provided direct evidence for utilization of organic P sources
using mycorrhizae by employing the radio transfer technique.

MATERIAL AND METHODS

Mass inoculum production: Fourteen”™ combinations of
vermiculite and peat moss, saturated with Pridham Yeast Malt
Dextrose Agar (PYMDA), and Melin Modified Norkrans
medium (MMN) were used in test tubes to observe the
colonization of mycobiont. Different substrate combinations
were thoroughly mixed, autoclaved, and then inoculated with
8 mm culture disc and later incubated at 30°C for 10 days. In
addition to the above, mass inoculum production was also
tried on wheat grains following the method of Stoller (1962).

Seed sowing and artificial inoculation: Uniform seeds of C.
deodara were collected from a healthy forest during October-
November 1989. Two types of soils, i.e. forest soil (from the
natural zone of C. deodara) and wasteland soil (degraded
area) were used individually as well as in mixture (1:1 v/v).
The soils were sieved and fumigated with 2% formaldehyde.
The polybags (9x5™) were initially filled to 2/3 of their filling
capacity and the upper 1/3 portion was then filled with
autoclaved soil mixed with grain spawn in the ratio 1:10. Two
surface sterilized seeds were sown in each polybag.

Observations on growth and development of seedlings:
Three seedlings were randomly lifted from each soil
treatment and the control set, every fortnight till three months
for recording shoot height, root length, fresh weight of root
and shoot, root collar diameter, total number of short roots,
and number of mycorrhizal roots. Thereafter, observations

Hox 1. Vermiculite (Pure), 2. Vermiculite (Pure) MMN, 3. Vermiculite (Pure) PDYDA, 4.Vermiculite (Pure)MMN+PMYDA (1:1), 5. Peat Moss (Pure), 6.
Peat Moss (Pure) MMN, 7. Peat Moss (Pure) PMYDA, 8. Pest Moss (Pure) MMN + PMYDA (1:1), 9. Vermiculite + Peat Moss (1:1), 10.Vermiculite +
Peat Moss (1:1) MMN, 11.Vermiculite + Peat Moss (1:1) PYMDA, 12.Vermiculite + Peat Moss (1:1) MMN + PYMDA (1:1), 13. Vermiculite + Peat
Moss (3/4:1/4) MMN +PYMDA (1: 1), 14.Vermiculite + Peat Moss (1/4:3/4) MMN + PMYDA (1:1)
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were recorded at one-month interval till the seedlings attained
the age of six months and final observations were recorded in
one-year old seedlings.

Development of mycorrhiza: Morpho-anatomical details of
mycorrhizae have been worked out according to Zak (1971).
Mycorrhizal roots were fixed in Formalin Acetic Acid (FAA)™
for 24 hours, then thoroughly rinsed in running water and
preserved in 70% alcohol. Anatomical details were recorded
by both hand and microtome sections (Johansen, 1940). The
colour of the Hartig net and mantle was observed in unstained
sections. For cellular details, the sections were stained in
cotton blue and safranin-fast green combinations.

RESULTS

Mass inoculum production: The colonization pattern of the
mycobiont revealed wheat grains to be the best substrate. In
vermiculite peat moss mixture, the pure vermiculite saturated
with PYMDA (Pridham Yeast Malt Dextrose Agar) solution
supported less fungal growth, than wheat grains. Hence wheat
grains were used for mass inoculum production. During mass
culturing, the mycobiont completely colonized 100-200g
wheat grains in 15-18 days (Table-1).

Seed sowing and artificial inoculation: Artificial
inoculation with mycobiont ensures mycorrhization of the
root as soon as it emerges from the radicle. In the customary
nursery practices, rhizosphere soil is used for raising deodar
seedlings assuming that it contains propagules of some
mycobiont. But in wasteland soil or in degraded lands
possibility of the propagules of mycobiont is very remote,
hence in such cases artificial inoculation becomes essential.
Therefore, in the present study the two soil types, viz.
wasteland soil and the forest soil and their mixture was used.
Seed sowing and artificial inoculation were carried out in
December.

Growth and development of inoculated and uninoculated
seedlings: One-way analysis of variance (ANOVA) was
performed for different samplings to test the significance
between means of different parameters and treatments. The F-
ratios for different parameters in inoculated and uninoculated
treatments in sampling done at 15 days, one month and two-
month intervals were non-significant. The F-ratios for
different parameters at 2/, 3,4, 5, 6, and 12 months sampling
stages were significant (Table-5). The growth and
development of seedlings was recorded at 15 days, 1,2,2%, 3,
4,5, 6 and 12 months. However, observations for 3, 6, and 12
months are presented here.

Effect of mycorrhizal inoculations on seedling height: At
three months sampling stage, the seedlings grown in
inoculated mixture of soils attained maximum height (16.22
cm) and least in uninoculated forest soil (9.66 cm). Similarly,
at six months sampling stage, maximum seedling height was
recorded in inoculated mixture of soils (29.16 cm) and least in
uninoculated wasteland soil (12.13 cm). Likewise, maximum
seedling height at one year was recorded in seedlings grown
in an inoculated mixture of soils (30.46 c¢cm) and least in

Table 1: Growth of Rhizopogon himalayensis on different
substrate combinations

S. Substrate Substrate  Nutrient Medium Growth of
No. ratio mycelium
1. Vermiculite Pure - -k

2. Vermiculite Pure MMN ¥

3. Vermiculite Pure PYMDA +++++
4, Vermiculite Pure MMN+PYMDA +++

5. Peat Moss Pure - -

6. Peat Moss Pure MMN +

7. Peat Moss Pure PYMDA ++

8. Peat Moss Pure MMN+PMYDA 1:1  ++

9. Vermiculite + Peat Moss ~ 1:1 - -

10.  Vermiculite + Peat Moss ~ 1:1 PYMDA ++

11.  Vermiculite + Peat Moss  1:1 MMN +

12. Vermiculite + Peat Moss ~ 1:1 MMN+PMYDA I:1  ++

13. Vermiculite + Peat Moss ~ 3/4:1/4 MMN+PMYDA I:1  +++

14.  Vermiculite + Peat Moss ~ 1/4:3/4 MMN+PMYDA 1:1  +

15.  Wheat Grains - ++++4+

*- Represent no growth of mycelium
** Each + represents 20% colonization of substrate

uninoculated wasteland soil (13.16 cm) (Table-2,3,4; Fig i-
iii). F-ratios for height of seedlings at 3 months (3.98, df=
5/12,P<0.01), 6 month (6.09 df=5/12, P<0.01) and one year
(38.36 df= 5/12 P< 0.01) sampling intervals of samplings
were significant. Data analysis by t-test revealed that the
seedling height in the inoculated mixture of soils was
significantly higher than their respective uninoculated
treatments.

Effect of mycorrhizal inoculations on root length: In three-
month-old seedlings, the maximum root length was recorded
in seedlings grown in inoculated forest soil (18.50 cm) and
least in uninoculated mixture soil (14.33 cm). At six-month
sampling stage, the maximum root length was recorded in
seedlings grown in inoculated mixture of soils (37.66 cm) and
least in uninoculated wasteland soil (20.00 cm). Similarly,
the maximum seedling root length at one-year sampling stage
was recorded in inoculated mixture of soils (32.16 cm) and
least in inoculated wasteland soil (17.00 cm) (Table-2,3,4;
Fig. i-iii). The F-ratios for root length at 3, 6, 12 months were
recorded 1.10, 10.11, 10.78 (df=5/12), respectively. The F-
ratios for seedling root length at three-month sampling was
non-significant suggesting that there were no significant
differences between seedling root lengths in different
treatments. The data analysis based on t-test revealed that the
root length of six-month-old seedlings in inoculated forest
soil and inoculated mixture of soils, and one year old
seedlings in inoculated forest soil, was significantly higher
than their respective uninoculated treatments.

Effect of mycorrhizal inoculations on the number of short
roots: Observations on the number of short roots were
initiated at an age of 4 months and results are presented for six
months and one-year-old seedlings. At the age of six months,
the number of short roots was maximum in seedlings raised in
an inoculated mixture of soils (490.33), and least in
uninoculated wasteland soil (112.00). Similarly, at one-year
sampling stage, the maximum number of short roots were
recorded in seedlings raised in inoculated mixture of soils

Ak Formaldehyde 40% =5.00 mL, Ethyl Alcohol 70% =90 mL, Acetic Acid=5.00 mL
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Table-2: Growth and development of 3 month old containerized seedlings of Cedrus deodara

Investigation on the performance of Cedrus deodara seedlings artificially inoculated with the mycorrhizal associate Rhizopogon himalayensis

S. Treatments Height  Root Shoot Root Shoot Root dry Total Total Root/ Root / shoot
No. (cms) length  fresh fresh dry weight fresh dry shoot ratio ratio
(cms)  weight wEight weight (mgs) weight weight (fresh (dry weight
(mgs) (mgs) (mgs) (mgs) (mgs) weight basis)
basis)
L. Wasteland soil 10.33 15.20 442.00 135.00 222.66 57.00 577.13 279.66 0.30 0.25
(Uninoculated ) ~ (0.57)  (2.09) (17.80) (0.00) (32.75) (3.00) (17.80) (29.75) 0.01) (0.05)
2. Forest soil 9.66 15.50 474.16 117.66 209.40 42.33 591.06 251.80 0.25 0.20
(Uninoculated )~ (1.15)  (3.50) (74.94) (6.80) (5.91) (2.08) (78.82) (3.92) (0.03) 0.01)
3. Mixture of soils ~ 14.16 14.33 526.00 201.00 32533 95.80 761.00 421.13 0.35 0.29
(Uninoculated ) (1.75)  (1.52) (35.11) (18.52) (56.43) (1.04) (41.86) (55.89) (0.03) (0.04)
4. Wasteland soil 10.75 15.26 496.66 173.33 218.23 72.53 669.96 290.76¢ 0.34 0.33
(Inoculated ) (0.75)  (1.06) (4.16) (14.30) (32.68) (2.50) (16.66) (33.85) (0.02) (0.04)
5. Forest soil 13.83 18.50 703.33 265.00 266.66 86.56 968.33 353.253 0.37 0.33
(Inoculated ) (5.000 (3.27)  (310.05)  (125.59)  (70.94) (3.18) (434.75)  (72.56) (0.11) (0.09)
6. Mixture of soils ~ 16.22 15.83 1250.20 448.38 530.96 193.05 1695.58 719.65 0.36 0.36
(Inoculated ) (0.75)  (1.60)  (264.85) (50.58) (4247  (11.72) (307.27)  (45.62) (0.04) 0.01)

Figures in parenthesis are standard deviations.

(562.33) and least in uninoculated wasteland soil (119.00)
(Table-3, 4). The F-ratios for number of short roots at 6-
month (232.58, df=5/12, P<0.01) and one year (151.69, df=
5/12, P<0.01) stages of sampling were significant. The data
analysis revealed that the number of short roots in six months
and one-year sampling stages was significantly higher in
inoculated wasteland soil, inoculated forest soil, and
inoculated mixture of soils than that in their respective
uninoculated treatments.

Effect of mycorrhizal inoculations on number of
mycorrhizal roots: Mycorrhizal short roots were counted in
seedlings at 5" month, 6" month, and one-year growth stages.
In six-month-old seedlings, the number of mycorrhizal short
roots was highest in seedlings raised in inoculated mixture of
soils (448.33, 91.43%) and least in uninoculated wasteland
soil (44.33,39.58%). Similarly, in one-year-old seedlings, the
mycorrhizal short roots in seedlings grown in inoculated
mixture of soils were maximum (552.33, 98.22%) and least in
uninoculated wasteland soil (38.66, 32.48%) (Table-3, 4).
The F-ratios for mycorrhizal short root numbers at 6" month
(280.96, df=5/12, P< 0.01) and one-year stage (518.71, df=
5/12, P< 0.01) were significant. The data analysis revealed
that in six month and one-year sampling stages, the number of

mycorrhizal short roots in inoculated wasteland soil,
inoculated forest soil, and inoculated mixture of soils was
significantly higher than their respective uninoculated
treatments.

Effect of mycorrhizal inoculations on shoot fresh and dry
weight: At three month sampling stage, the fresh and dry
weights of shoot was maximum in seedlings raised in
inoculated mixture of soils (1250.20, 530.96 mg), and least in
uninoculated wasteland soil (442.00, 222.66 mg). Similarly,
in six-month-old seedlings the fresh and dry weight of shoot
was maximum in seedlings grown in an inoculated mixture of
soils (4753.93, 2129.10 mg) and minimum in uninoculated
wasteland soil (890.13,369.60 mg). Likewise in one-year-old
seedlings, the fresh, dry weight of shoot was highest in
seedlings raised in an inoculated mixture of soils (11396.33,
3607.07 mg) and lowest in uninoculated wasteland soil
(1646.43, 700.70 mg) (Table- 2,3,4). F-ratios for fresh, dry
weight of shoot at 3 month (9.87, 22.38, df =5/12, P<0.01), 6
month (219.18, 152.20, df 5/12, P< 0.01) and one year
(403.04, 551.73, df=5/12,P<0.01) intervals were significant
(Table-5). The data analysis revealed that the fresh and dry
weight of shoot was significantly higher in inoculated
seedlings in comparison to their respective control.

Table 3: Growth and development of 6 month old containerized seedlings of Cedrus deodara

S.  Treatments Height Root No.of No.of Perce Shoot Root Shoot Root Total Total Root/ Root / Root  Seedl
No- (cms) length short mycor ntage fresh fresh dry dry fresh dry shoot Shoot collar ing
(cms)  roots rhizal  of weight  weight  weight  weight weight weight  ratio ratio dia.  volu
short mycor (mgs) (mgs) (mgs) (mgs) (mgs) (mgs) (fresh  (dry (mm) me
roots rhizal weight  weight (em®)
short basis) basis)
roots
1. Wasteland soil 12.13  20.00 112.00 4433  39.58 890.13  407.00  369.60 182.00 1297.13  551.60 0.45 0.49 333 134
(Uninoculated ) (1.10)  (5.00) (8.18) (6.02) (6.90) (67.17) (9.05) (22.89) (11.34) (75.15)  (25.53)  (0.02) (0.04) (0.57) (0.62)
2. Forest soil 19.66  21.00 16733 8533  50.99 2039.53 62243 965.53 27230  2661.96 1237.83 0.30 0.28 5.00 491
(Uninoculated ) (4.04) (3.00) (13.57) (5.03) (1.14) (81.06) 9.72) (14.03) (10.40)  (90.17)  (24.06)  (0.01) (0.00)  (1.00) (0.96)
3. Mixture of soils 19.66 2490 173.37 9433 5440 2718.76 831.16 109846 254.83  3549.92 1353.79 0.30 0.23 6.00 7.09
(Uninoculated ) (4.04) (1.57) (16.25) (17.78) (5.40) (200.80)  (9.58)  (199.13) (7.68)  (209.29) (198.37) (0.02) (0.40)  (1.00) (0.92)
4. Wasteland soil 16.00  27.00 280.66 138.00 49.16 2750.16 73695  445.16 259.96  3487.11 705.12 0.26 0.58 3.66 2.14
(Inoculated ) (1.52)  (2.64) (10.69) (28.93) (8.97) (62.94) (4.80) (15.00) (51.24) (67.03)  (55.84)  (0.00) 0.11) ~ (1.15) (1.60)
5. Forest soil 20.13 2850 420.00 363.00 86.42 4269.60 1428.60 1908.20 48540  5698.20 2393.60 0.33 0.25 6.00 724
(Inoculated ) (1.20) (1.45) (27.83) (20.66) (0.94) (329.80) (98.67) (80.05) (9.61) (423.72) (88.41) (0.01) (0.00) (1.73) (4.48)
6. Mixture of soils 29.16  37.66 490.33 448.33 91.43 475393 1460.83 2129.10 491.80 6214.76  2620.90 0.30 0.23 7.66 17.10
(Inoculated ) (1.20)  (5.20) (10.01) (12.58) (3.83) (45.42) (25.53) (127.60) (13.16) (69.48) (122.97) (0.02) (0.02) (0.57) (1.98)

Figures in parenthesis are standard deviations.
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Table 4: Growth and development of one year old containerized seedlings of Cedrus deodara
S.  Treatments Height Root No. of No.of  %Myc Shoot Root Shoot Root Total Total Root/ Root/ Root  Seedling
No. (cms)  length  short mycor orrhiza fresh fresh dry dry fresh dry shoot  shoot collar  yolume
(cms)  roots rhizal 1 short weight weight  weight  weight  weight weight  ratio  ratio dia (em®)
short roots (mgs) (mgs) (mgs) (mgs) (mgs) (mgs) (FW (bw (mm)
roots basis) basis)
1.  Wasteland soil ~ 13.16 20.00 119.00 38.66 3248 1646.43 1088.26  700.70 391.93 2734.70 1092.60 0.66 0.55 10.06 1331
(Uninoculated ) (1.25)  (4.00) (17.69) (3.51) (2.69) (149.93) (130.89) (70.52) (56.21) (244.10)  (12536) (0.07) (0.03)  (0.05) (1.25)
2. Forest soil 19.83 20.83 201.66 88.33 43.80 4860.56 213220 1387.56  932.92 6992.76 2320.48 0.43 0.67 10.16  20.14
(Uninoculated )  (0.76)  (1.04)  (10.40)  (2.08)  (3.00)  (148.93) (105.94) (967.69) (38.14) (254.34)  (104.94) (0.01) (0.01) (0.04) (0.74)
3. Mixture of soils 21.00 2475  304.66  194.00 63.67  4062.12  2132.13 1639.10 76320  6194.25 2402.30  0.52 0.46 10.14  21.29
(Uninoculated )  (1.32)  (2.64)  (24.50) (12.28) (1.83)  (131.84) (34.61) (90.19) (60.40) (166.56)  (150.51) (0.01) (0.01) (0.02) (1.27)
4. Wasteland soil ~ 17.00 17.00 29233 144.66 4948 326343 176143 1420.63 667.73  5024.86 2088.36  0.53 0.47 10.07  17.11
(Inoculated ) (2.64) (2.64) (1553) (17.61) (3.48)  (62.23) (136.54) (44.78)  (24.03)  (184.22)  (41.42) (0.05) (0.02) (0.06) 2.53)
5. Forest soil 21.16  27.73 44633 31633 70.87  8833.73  3832.70 3024.00 1403.86 12666.43  4427.86 0.43 0.46 1020 21.58
(Inoculated ) (1.60)  (1.52)  (18.03) (18.03) (1.17)  (87.91) (66.72)  (94.84) (12.53) (132.23)  (105.75) (0.00) (0.01)  (0.01) (1.63)
6. Mixture of soils  30.46  32.16 56233 55233 98.22 11396.33  4096.36  3607.07 1365.68 15492.69 497295 0.35 0.37 1023 31.16
(Inoculated ) (145)  (4.19) (21.59) (37.23) (0.48) (73029) (62.22) (107.12) (59.65) (729.44)  (165.24) (0.01) (0.00) (0.02) (1.64)

Figures in parenthesis are standard deviations.

Effect of mycorrhizal inoculations on root fresh and dry
weight: At three-month sampling stage, the highest fresh, dry
weight of roots was recorded for the seedlings grown in
inoculated mixture of soils (448.38, 193.05 mg) and lowest in
uninoculated forest soil (117.66, 42.30 mg). While at six-
month old samplings, the fresh, dry weight of roots of
seedlings was maximum in the inoculated mixture of soils
(1460.83, 491.80 mg) and minimum in uninoculated
wasteland soil (407.00, 182.00 mg). In one year, sampling,
the fresh, dry weight was highest in the inoculated mixture of
soils (4096.36, 1365.68 mg) and minimum in uninoculated
wasteland soil (1088.26, 391.93 mg) (Table-2,3,4). F-ratios
fresh, dry weight of roots at three month (14.13, 306.46 df=
5/17, P< 0.01), 6 month (318.26, 97.03, df= 5/12, P< 0.01)
and one year (454.30, 229.39, df= 5/12, P< 0.01) were
significant (Table-5). The data analysis revealed that fresh
and dry weight of roots was significantly higher in the
seedlings inoculated with mycorrhizal fungi as compared to
respective uninoculated treatments.

Effect of mycorrhizal inoculations on total fresh and dry
weight of seedling: At three-month sampling, the total
fresh, dry weight of seedlings was highest in inoculated
mixture of soils (1695.58, 719.65mg) and lowest in
uninoculated wasteland soil (577.13, 279.66 mg).
Similarly, total fresh and dry weight of six-month-old
seedlings was maximum in the inoculated mixture of soils
(6214.93, 2620.90 mg) and minimum in uninoculated
wasteland soil (1297.13, 551.60 mg). At one-year sampling,
the total fresh, dry weight of seedlings was highest in
inoculated mixture of soils (15492.69, 4972.95 mg) and

minimum in uninoculated wasteland soil (2734.70, 1092.60
mg) (Table-2,3,4). F-ratios for total fresh and dry weight of
the seedlings at 3 month (11.17,43.71, df=5/12,P<0.01), 6
month (250.56, 198.41, df= 5/12, P< 0.01) and one year
(60.32,447.72,df=5/12,P<0.01) stages and were found to
be significant (Table-5). Data analysis revealed that total
fresh and dry weight of seedlings at three-month sampling
stage in inoculated wasteland soil and an inoculated mixture
of soils, six month and one-year sampling stages in
inoculated wasteland soil, inoculated forest soil, and
inoculated mixture of soils was significantly higher than
that in their respective uninoculated treatments.

Effect of mycorrhizal inoculations on the root to shoot
ratio: The root/ shoot ratio was determined based on fresh
and dry weight. The observations revealed that at three-month
sampling, the root/shoot ratio on the fresh weight basis was
lowest in uninoculated forest soil (0.25) and highest in
inoculated forest soil (0.37). The root/shoot ratio on the dry
weight basis was minimum in uninoculated forest soil (0.20)
and maximum in mixture of inoculated soils (0.36). At six
month sampling, the root/shoot ratio on fresh weight basis
was lowest in inoculated wasteland soil (0.26) and maximum
in uninoculated wasteland soil (0.45), while on dry weight
basis it was lowest in uninoculated and inoculated mixture of
soils (0.23) and highest in inoculated wasteland soil (0.58).
Root/shoot ratio on fresh weight at one-year sampling was
lowest in inoculated mixture of soils (0.35) and highest in
uninoculated wasteland soil (0.66). Similarly, on dry weight
basis it was lowest in inoculated mixture of soils (0.37) and
highest in uninoculated forest soil (0.67) (Table-2,3,4).

Table 5: F-Value (ANOVA) for different parameters on growth and development of inoculated and uninoculated seedlings

S.  Sampling Height  Root No. of Mycorrhiz Percentage fresh Dry Dry Total Total dry  Root/ Root/  Root  Seedling
No. stages length  short al short of weight weight weight fresh weight shoot shoot collar  volume
roots roots mycorrhiz  shoot shoot root weight ratio ratio dia. (cm3)
al short (fresh (dry (mm)
roots weight  weight
basis) basis)

1. 2"2months  6.05%*  281* 9.15%* 10.10%*  4.15%* 276 12.74%%  3.11%* 736%*%  6.11%*
2. 3 months 3.98** 1.10 9.87%* 14.13%%  2238%*  306.46 ** 11.17*%  43.71%%  7.10%*  3.82%*
3. 4months 93.02%*  62.46%*  30.23** 18.31%%  27.24%  115.92%* 18.85%*  21.79%*  03.34%* 1.58**  6.55%*%  4.60%* 6.24%*
4. 5months 5.06* 25.43%*%  208.52*%* 365.73%%  21.03%* 87.27**  129.34%*  116.09%* 22532%%  161.74%* 132.86%*  58.84*%* 52.82%% 4.52%% 10.42%*
5. 6months 6.09%*  10.11%*  232.58%* 280.96**  48.105%*  219.80** 318.26%* 152.20%* 97.03**  250.56** 198.42%*  57.56%* 24.93%*  6.79%* 20.04**
6. One year 3836*  10.78**  151.69%* SI8.71**  302.04%*  403.42%* 454.30%* 551.73%* 229.39**  60.32%*  447.72%*  24.57** 85.17 7.70%*  45.34%*
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viii

Figs. (i-viii) i. Three months old uninoculated (UN) seedlings, ii. Six-month-old UN and inoculated (IN) seedlings, iii. One year
old UN and IN seedlings, iv. Mycorrhizal short and long roots, v. Hartig net (H), and mantle (M) on longroots, vi. L.S. of
mycorrhizal short root from uninoculated wasteland soil showing mantle on root tip, vii. T.S. of mycorrhizal short root,
viii. T.S. of mycorrhizal short root showing degenerating cortex (C)
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Effect of mycorrhizal inoculations on collar diameter:
Collar diameter was recorded at 4, 5, 6 month, and one-year
sampling stages. In six-month-old seedlings it was highest in
inoculated mixture of soils (7.66 mm) and lowest in
uninoculated wasteland soil (3.33 mm). Likewise, in one-
year-old seedlings, the root collar diameter was highest in
inoculated mixture of soils (10.23 mm) and lowest in
uninoculated wasteland soil (10.06 mm) (Table-3,4). F-ratios
for collar diameter at 6 month (6.79, df= 5/12, P<0.01) and
one year (7.70, df=5/12, P< 0.01) were significant. Data
analysis revealed that collar diameter was significantly higher
ininoculated soil as compared to uninoculated soil (Table-5).

Effect of mycorrhizal inoculations on seedling volume:
Seedling volume at six-month and one-year old seedlings was
highest in inoculated mixture of soils (17.10, 31.16cm’) and
lowest in uninoculated wasteland soil (1.34, 13.31cm’)
(Table-3,4). F-ratios for seedling volume at 6 month (20.04,
df=5/12, P< 0.01) and one year (45.34, df= 5/12, P< 0.01)
were significant. Data analysis revealed a significantly higher
volume of inoculated seedlings in comparison to control
(Table-5).

Mycorrhizal development in the seedlings of Cedrus
deodara

Mycorrhizal colonization in long roots: In 15 days old
seedlings, only tap root was visible and primary laterals
started appearing in 30-day old seedlings. In 45 day, old
seedlings, the secondary laterals had already formed on
primary laterals and were seen further branching in 60-day
old seedlings. Till this stage, seedlings grown in all the three
types of soils were similar in root morphology. Anatomically
it was observed that the fungus colonized the surface of long
laterals before cortex infection in 1-1%-month-old seedlings.
The long laterals, in 2-4-month-old seedlings showed a
typical Hartig net (Fig. v). The apices of long laterals were
pointed and creamish white to light yellow and without any
fungal infection. Anatomically the long laterals were similar
ininoculated and uninoculated treatments.

Mycorrhizal colonization of short roots in uninoculated
treatments: Mycorrhizal colonisation in short roots of
seedlings started almost at the age of 22 months and
differences in the extent of mycorrhization also became
apparent at this time in the three types of soils. In uninoculated
wasteland soil, the mycorrhizal roots in 2% - 4-month-old
seedlings were either monopodial or branched but not
coralloid. The short roots were 3-6 cm in length, light
coloured as compared to similar roots in other treatments.
However, with age, the roots became uniformly dark brown.
In morphology, they were like the uninfected roots except for
the absence of root hairs. Anatomically, in non-mycorrhizal
roots of 2'4 month seedlings, the cortex of parenchymatous
cells with large intercellular spaces was visible. While in roots
of seedlings of the same age, the whole cortex was seen to be
completely colonized by the mycorrhizal fungus. In 4-5-
month-old seedlings, the fungus was seen to penetrate
intracellular spaces and form a well-defined white 20-30 pm
thick mantle, composed of coarse hyphae. In six-month-old
seedlings the mantle sheath became 30-40 pm thick without

any colour change and still composed of coarse hyphae (Fig.
vii). At this stage, the fungal mantle covered the root tip
completely and the root appeared to be blunt consequently
(Fig. vi). The morphoanatomical characters suggest it to be
ectendornycorrhiza.

In uninoculated forest soil and mixture of soils, the
mycorrhiza was of ectendomyocrrhizal type. In the seedlings
raised in these two types of soils, the short roots were not
uniformly coloured as observed in uninoculated wasteland
soil. The root was white at the tip and brownish elsewhere. In
4-5-month-old seedlings, the entire root became uniformly
dark brown. In the transverse section of 2%-month-old
seedling roots, the cortex became colonized with fungal
hyphae. There is intense intercellular penetration and less
intracellular penetration by these hyphae. In a longitudinal
section, the intracellular hyphae run longitudinally and bear
clamp connections. In 5-6-month-old seedling roots, a thin
and irregular mantle was observed. Whereas mantle was
prominent in uninoculated wasteland soil at this stage.

Mycorrhizal colonization of short roots in inoculated
treatments: Mycorrhization of short roots started after the
seedlings were 2% month old in the three different soils
inoculated artificially with wheat grain spawn.
Morphologically mycorrhizal short roots were monopodial or
branched racemosely (Fig. iv). The mycorrhizal short roots
were 3-6 cm in length. The short roots were white at the tip
and yellowish brown elsewhere. However, in 4-5-month-old
seedlings, the roots acquired uniformly dark brown
coloration. In morphology, the short roots were similar in all
the three inoculated soils except that these were slightly
thicker in inoculated wasteland soil. The anatomical details of
infected and uninfected roots observed in all the inoculated
soils revealed that in 2-month-old seedlings uninfected roots
possessed a cortex of parenchymatous cells with larger
intercellular spaces. In mycorrhizal short roots of the same
age, the whole cortex was colonized with mycorrhizal fungus.
In 3-4-month-old seedlings, fungal infection was further
intensified between cortical cells. No intracellular infection
of the cortex was observed except a few hyphae in roots of
inoculated seedlings grown in forest soil. In mycorrhizal roots
of 4-5 months, old seedlings were observed a thin fungal
sheath of about 10-15 pum thickness. In six-month-old
seedlings, some of the mycorrhizal roots were observed at the
senescent stage. They became dark brown in colour and
cortex cells collapsed (Fig. viii). The stelar region was free of
infection. Mycorrhiza in all the inoculated treatments was
ectomycorrhiza which resembles the one collected from the
field along with fruit bodies of Rhizopogon himalayensis.

DISCUSSION

In vitro synthesis of ectomycorrhiza between Cedrus deodara
and Rhizopogon himalayensis was reported recently (Singh et
al., 2020). They reported best colonisation of R. himalayensis
on wheat grains, followed by vermiculite peat moss mixture.
Similar observations with other mycobionts have been
reported by others. Park (1971) and Gobi (1975) recorded
best growth of ectomycorrhizal fungi on wheat grains. Marx
and Bryan (1970, 1975) and Marx (1980) observed
vermiculite peat moss mixture moistened with a modification



24 Investigation on the performance of Cedrus deodara seedlings artificially inoculated with the mycorrhizal associate Rhizopogon himalayensis

of Melin-Norkrans medium with glucose instead of sucrose to
be an excellent substrate for the production of mycelial
culture of Pisolithus tinctorius, Thelephora terrestris and
Cenococcum graniforme. Pure culture of Rhizopogon
himalayensis also colonized the best on vermiculite saturated
with Pridham Yeast Malt Dextrose solution but only when
raised in small test tubes and not in bulk perhaps due to poor
aeration.

In the present study, the inoculated seedlings of C. deodara in
three different soils were evaluated for performance under
glasshouse conditions. Initially, there were no significant
differences in growth of inoculated and uninoculated
seedlings of C. deodara. After two and a half months, the
inoculated seedlings showed a significant increase over
uninoculated ones and the height and root length were more in
inoculated seedlings than the uninoculated ones. These
observations are in conformity with some such other
investigations (Asifetal.,2013; Kaewgrajang et al.,2019).

Since the uninoculated soils were not sterilized there is a
likelihood of natural inoculum in them. So, a comparison was
also made among the three uninoculated soils for statistical
significance in seedling height as to which one of these soils
supports a better height of seedlings without inoculation. The
results support those obtained with the inoculated soils. It is
clear, therefore, that the wasteland soil if to be rehabilitated
will have to be mixed with soil either having natural inoculum
or supplemented with artificial inoculum. Further, it also
becomes clear that the seedlings raised in a mixture of soils
perform better than those raised in forest soil or wasteland
soil. This seems to be because mixture of soils has better
moisture-holding capacity and is well aerated than the other
two soil types. A mixture of soils and forest soil contains
sufficient natural inoculum of mycorrhizal fungi to initiate
mycorrhizal infection and consequently show increased
growth and development of seedlings.

It is clear from the study that artificial inoculation of C.
deodara seedlings with R. himalayensis can produce
seedlings of C. deodara of 25-30 cm height within 6 months.
In the nursery practices being presently followed, the same
height is attained with natural inoculum almost in 12 -2 years.
Therefore, artificial inoculation with a specific mycorrhizal
fungus is doubtlessly beneficial. Further, it is also clear from
the results obtained with different soils that wasteland soil if
used in mixture with 50% natural zone soil, produces better
results as far as the seedling growth is concerned. In fact, a
mixture of soil, whether inoculated or uninoculated gives a
better result than the other types of soil. Hence, in nursery
practices when a pure culture of fungus is not available for
inoculating the seedlings, a mixture of soils should be
preferred over other types of soils, even when natural
inoculumis used.

The number of short roots and mycorrhizal short roots was
more in inoculated seedlings than in uninoculated seedlings.
Statistical comparisons between the three inoculated soils
revealed that the number of short roots and mycorrhizal short
roots was significantly higher in a mixture of soils than
wasteland soil at almost all the sampling stages.

Marx et al. (1970) in loblolly pine seedlings, Graham and
Linderman (1980) in douglas fir seedlings and Yang and
Wilcox (1984) in Pinus resinosa seedlings reported an
increase in short roots of the inoculated seedlings. Slankis
(1973) explained the increase in the number of short roots in
the inoculated seedlings on the basis that mycorrhizal fungi
produce hormones and growth factors that alter root
physiology and morphology ofroots.

The mean values for fresh and dry weight of shoot, root, and
seedlings in all inoculated seedlings/soils were significantly
higher than that in uninoculated seedlings/soils. Among the
three inoculated soil types, fresh and dry weight of shoot,
root, and seedlings were more in the mixture of soil, followed
by that in forest soil and wasteland soil. Marx et al. (1976,
1977); Hung et al. (1982); Hung and Molina (1986); Ruchle
et al. (1981a); Asif et al. (2013); Holusa et al. (2015) also
reported a significant increase in the fresh weight of root and
shoot of different pines inoculated with P. tinctorius. There
are reports contrary to this observation also (Ruehle, 1980;
Riffle and Tinus, 1982).

Root/shoot ratio in inoculated soils/ seedlings was anticipated
to be less than the uninoculated seedlings. The results indicate
that during early samplings, i.e. at 2% and 3 months the
root/shootratio (on a fresh and dry weight basis) in inoculated
soils was more than the respective uninoculated soils. In the
later samplings, however, i.e. at 4, 5, 6 months and one-year
sampling, the root/shoot ratio (on a fresh and dry weight
basis) was observed to be less in the inoculated soils/seedlings
than the uninoculated soils, by the proposed hypothesis. In the
inoculated soils the root/shoot ratio was observed to be
maximum in wasteland soil followed by forest soil and the
mixture of soils at 4, 5, 6 months and one-year sampling.
Inverse root and shoot ratio, i.e. ratio between shoot/root has
been recorded by Molina (1982) in Western hemlock, douglas
fir, sitka spruce, and by Marx et al. (1976) in loblolly and
Virginia pine and Kumar (1989) in Pinus gerardiana.

The results for root collar diameter and seedling volume
indicate that inoculated seedlings attained greater root collar
diameter and seedling volume than uninoculated seedlings at
4, 5, 6 months, and one-year sampling stages. For the three
types of inoculated soils, the mean values for root collar
diameter and seedling volume were maximum in a mixture of
soils followed by forest soil and wasteland soil at all sampling
stages. But root collar diameter in all inoculated soils and
seedling volume in forest soil and wasteland soil was not
significantly higher than their respective uninoculated soils.
Marx and Bryan (1975); Marx and Artman (1978), Ruehle et
al. (1981b), and Holusa et al. (2015) also recorded higher
collar diameter in inoculated seedlings of loblolly pine and P
halepensis but Molina (1979) observed no significant
difference in root collar diameter of inoculated douglas fir and
lodge pole pine seedlings.

Root system in C. deodara is heterozoic, i.e. distinguished
into long and short roots. The inoculated and uninoculated
(with natural inoculum) long roots were observed to be
pointed and white to yellow at the tip morphologically.
Anatomically the fungus was seen to colonize the surface of
long roots before entering the cortical region. A typical Hartig
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net was present in long roots of 2-4-month-old seedlings
conforming the ectomycorrhizal type. The long roots in
nature were also observed to be ectomycorrhizal. However,
conflicting views on mycorrhiza of long roots have been
reported by Bakshi ez al. (1968).

The presence of Hartig net in the cortices of normal long roots
has been reported by many researchers (Laing, 1932; Moller,
1947; Robertson, 1954; Mausi, 1926). Harley and Smith
(1983) opined that ectomycorrhizal infection of the host is a
permanent feature of the fungus in or on long roots i.e.
associated with the permanent root axis often acts as a
reservoir of infectivity ensuring that most of the new laterals
become infected.

Mycorrhiza formation on short roots of C. deodara begins
when the seedlings are about 2% months old. There are no
significant differences in the morphology of short roots in two
treatments and three types of soils. The roots were
monopodial or branched racemosely, light coloured initially
and uniformly dark brown at 4-5-month age. Bakshi and
Thapar (1966) opined that the colour of fungal symbiont was
constant for a species and that the colour changes with the age
oftheroots.

Morpho-anatomical observations revealed the absence of
root hairs on the mycorrhizal short roots of C. deodara.
Thomson ef al. (1989) also reported a gradual loss of root
hairs in Picea mariana as the mantle develops. Anatomically
it was ectendomycorrhiza in the uninoculated seedlings and
ectomycorrhiza in inoculated seedlings.

These observations are also supported by Mikola (1965) who
reported that in uninoculated seedlings, the mycorrhiza was
of ectendotrophic type and in inoculated seedlings, it was of
ectotrophic type. He had also made similar observations for
mycorrhizae of nursery plants and those of natural forest
stand.

CONCLUSION

It can be concluded from the studies on growth and
development, that artificial inoculation of C. deodara
seedlings produced better seedling growth and development.
Artificial inoculation with a specific mycorrhizal fungus is,
therefore, doubtlessly beneficial. Further, it is also clear from
the results obtained that if wasteland soil and natural zone soil
are mixed in 1:1 ratio, it can produce better growth and
development of C. deodara seedlings. A mixture of soils,
whether inoculated or uninoculated, gives better results than
other types of soil. The inoculated seedlings acquire the
transplanting height of 25-30 cm in six-month time, which is
almost three times that achieved with natural inoculum. This
suggests a great economic benefit in terms of time, energy,
and money.
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