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Effects of Inoculation with Mycorrhizal Fungi, Pisolithus
tinctorius and Glomus sp. on the Rooting of Quercus
acutissima Carr_ Cuttings at Various Ortet Ages'*
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SUMMARY

This study was conducted to determine the effects of mycorrhizal inoculation and ortet ages on the rooting of
Quercus acutissima cuttings, The cuttings taken from 12-week-, 2-year-, 4-year-, and 20-year-old plants were
rooted in mid summer in the rooting medium {vermiculite 2 ; peatmoss 1 by volume} with or without Pisolithus
tinctorins Pty and Glomus sp. inocula and IBA under intermittent misting system in an open shed.

The average percentages of rooting were about 82%, 49%, 29%, and 13% for cuttings taken from 12-week-,
2-vear-, 4-vear-, and 20-vear-old seedlings, respectively. Pt inoculation enhanced rooting of cuttings at all age
classes, except 12-week-old seedlings, with the highest enhancement(22%) observed in cuttings taken from
20-vear-old trees. The highest percentage of rooting in each age group was 88.9% in 12-week-old seedlings
treated with Pt plus 3, 000ppm [BA, 75% in 2-year-old plants with 1, 000ppm IBA, 58.3% in 4-year-old plants
with 3. 000ppm IBA and 22% in 20-vear-old plants,

The addition of Glomus sp. fungus inoculum failed to enhance rooting. Pt mycorrhizal inoculation enhanced
root dry weight, length, and diamter of adventitious roots at cuttings taken from 12-week- and 20-year-old
trees, except the cuttings taken from 4-year-old seedlings. Rooted cuttings had more total nitrogen content in the
leaves than unrooted cuttings, and the greater rooting response was associated with the higher phosphorus content

in the leaves.

Kev words : Rooting of cuttings, mycorrhizal inoculation, age effect, Pisolithus tinctorius, Glomus sp., Quercus

acutissima.
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INTRODUCTION

Daks are dominant species in Korean forest eco-
system, but have been recognized as minor broad
-leaved species. Today, much interest in the develop-
ment and utilization of oak resources has stimulated
research on better management and improvements of
their potential use in Korea (Lee et al..1089). How-
ever, works on the vegetative propagation of oaks by
cutting have been rather limited because they are
di*ficult-to-root speciesiSkinner, 1952 ; Flemer.
1952, although successful adventitious root forma-
tion from the cuttings of young Quercus acutissima
sezdlings has heen reported Moon et al., 1987 .
1988 .

Recently, potential use of mycorrhizal fungi has
received much attention in agriculture i Menge, 1983: .
The idea of mycorrhizal stimulation of plant growth
was based on tie observation that mycorrhizal fungi
could enhance the plant growth by releasing plant
growth substances, auxins, into the culture medium
ard some times in the absence of actual root infection
(Levisohn, 1955'. and protect the roots from the soil
-borne pathogens:Dehn, 1982). Survival and early
leaf development of the rooted cuttings might be also
improved by mycorrhizal infection on roots{Lee and
Koo, 19855 .

The objectives of this study were to determine the
effects of mycorrhizal fungus inoculations and ortet

agees on the rooting of Q. acutissima Carr, cuttings.
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MATERIALS AND METHODS

Mycorrhizal Inocula

Pisolithus tinctorius #1392 (Pt) was introduced from
Institute for Mycorrhizal Research and Development
in Athens, Georgia, U.S A, and was used in this
experiment . Mycelium of the Pt was mass cultured
for 6 months in the mixture of vermiculite and peat
mossi77 03 by volume! moistened with MMN
tModified Melin and Norkrans: liquid medium as
described by Koo et a!/ (1982 and Marx and Bryan
(19751 .

Large resting spores of VAM fungus were collected
from the soils in the rhizosphere of Fraxinus amer-
icana L. growing in Seoul Nat'l Univ. Arboretum
located in Suwon, Kyonggi-do, Korea. The wet
-sieving and decanting method described by Ger-
demann and Nicolson(1963) was used for collecting
VA fungal spores. The fungal spores used was
putatively identified as Glomus sp. by the keys de-
scribed by Trappe(1982) and Schenck and Perez
11987} . They were surface-sterilized with 2% Chlor-
amin T solution for 10 minutes and cultured in open
pots in greenhouse for 6 months as Gilmore(1968}
described.

Plant Materials and Rooting Medium

Information on ortets used in this study is shown in
Table 1. Q. acutissima shoots were prepared as fol-
lows : they were cut into about 7cm in length and two
leaves on the upper part of cuttings were also cut in a
half size, and other leaves were removed. The root-
ing media was a mixture of vermiculite and peatmoss

in the ratio of 2 ! 1iv/v),
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Table 1. Ages and origins of @. acutissima ortets
used in this study.

Ages Origins

12-week-old seedlings
2-year-old seedlings
4-year-old seedlings

20-yvear-old tree

Univ, Forest!
Univ, Nursery?
Univ. Nursery?
Arboretum?

Seeds were collected at Interior station, Univ.
Forests located in Kwangju-gun, Kvonggi-do.

. University nursery in Suwon.

University Arboretum located in Suwon,

“

IBA Application and Inoculation

The lower cut end of cuttings were dipped in vari-
ous concentrations of IBA solutions for 5 sec. and
planted into rooting medium .

The Pt inoculum was washed thoroughly with tab
water, layered on the rooting medium, and covered
with additional 3cm thick of the rooting medium.
VAM inocula were also placed at 3em depth of the
rooting substrates.

Culture Condition of Cuttings & Experimental
Designs

Cuttings were cultured for 10 weeks during mid
summer in a misting bed roofed with semitransparent
plastic slates intercepting 78 percent of full sun light.
An intermittent misting system was operated during
the day, from 07 : 00 to 20 : 00, and the water misted
for 20 seconds every two minutes. Air temperature
was about 25°C during the day and around 18C at
night

A completely randomized design with three replica-
tions per treatment was used. Two sets of experi-
ments were designed in this study. One set of experi-
ment consisted of following treatments of 3, 000ppm
IBA, Pt, Glomus, 3,000ppm IBA plus Pt, 3, 000ppm
IBA plus Glomus, and control for cuttings taken from
12-week-, 4-year-, 20-year-old plants. Another set
of experiment used cuttings taken from 2-year-old
seedlings with the treatments of 500ppm IBA, 1, 000
ppm IBA, 3, 000ppm IBA, 5,000ppm IBA., Pt, and
control. A treatment had 36 cuttings and total cut-
tings used in the experiment were 864 .

Measurements

All of the cuttings harvested in early October 1989,

and the number and the length of all the adventitious

1
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roots longer than 2mm in length were recorded.
Cuttings with one or more roots were classified as the
rooted. Number of cuttings survied, diameter of
adventitious roots, and root dry weight were mea-
sured.

Total nitrogen and phosphorus contents in the
leaves were determined with micro-Kjeldahl method
(Bremner and Mulvaney, 1984) and molybdovanado
-phosphoric acid method (Kitson and Mellon, 1944},
respectively, The results were compared by Duncan’s

new multiple range test and the Chi-square test.

RESULTS AND DISCUSSION

Rooting of Cuttings

Figure 1 shows the rooting of IBA-treated or
nontreated cuttings of Q. acutissima inoculated with
Pt or Glomus sp. in the rooting medium. The overall
percentages of rooting were 82.4%, 29.2%, and 12.
59, for cuttings taken from 12-week-old, 4-year-old,
and 20-vear-old trees, respectively.

In cuttings taken from 12-week-old seedhngs, there
was no significant effect of mycorrhizal inoculation
on the rooting. However, the highest rooting188.9%}
was observed in the treatment of Pt with 3, 000ppm

100
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4-vear-old
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W Glonnes -1BA Pr-1BA 3,000ppm [BA
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Fig. 1. Rooting of Q. acutissima cuttings treated
with mycorrhizal inocutum andior 3, 000
ppm IBA

12-week-old
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IBA . In cuttings taken from 4-vear-old seedlings, 58,
3% of the cuttings treated with 3, 000ppm IBA were
rooted, and 41.7% rooted in Glomus sp. inoculum
plus 3, 000ppm IBA, compared to 16.7% of cuttings
rooted in the control. The Chi-square and Duncan’s
new multiple range test indicated that the differences
among or between the treatments at rooting of cut-
tings taken from 4-year-old seedlings were significant
at the 59; leveliTable 2} .

Table 2. Effects of mycorrhizal inoculations and
auxin on rooting of cuttings taken from
12-week-, 4-year-, and 20-year-old
trees.

Treatments 12-week 4-yvear 20-vear

GI. —1BA 77.8a*  41.7ab  8.3b
of 80.1a  22.2bc 11.1b
Pr-1IBA 88.9a 13.9c  22.2a
bt 80.1a 22 2bc  16.7ab
IBA 8.la  58.3a  16.7ab
Control 80.1a 13.9¢ 0.0c
Gl -1BA 7.7he 7.8ab 2.7a
£ Gl 3.8b 51b  6.2a
§ - Pt-1BA 10.6a 10.3a 7.2a
:' 5 Pt 7.5h¢ 7.6ab 7.8a
& IBA T.0bc  5.9b  6.7a
) Control 7.1c 9.1ab 0.0b
N Gl ~IBA 0.91bc  1.87a  1.53ab
g Gl 0.93b  1.5la  1.42ap
£ Pr-IBA 1.06a 1.70a  1.6la
ZE P 0.82¢ 1.87a  1.53ah
3 IBA 0.83bc  1.56a  1.35b
& Control 0.83b¢  1.53a  0.0c
! —1BA 2.8ab 1.7a 1.8a
= Gl 1.9b 1.2a  1.7a
& Pt -1BA 2.0ab 0.8a 2.1a
E: op 2.0ab  1.7a  1.2ab
= 1BA 2 9a 1.8a  2.4a
Control 1.9b 1.4a 0.0b
G1. - IBA 2%6ab  201a 18be
Gl 231ab 83b  35hc
S E  p-IBA 348a 101b  90a
25 M 2070 1732 65ab
2T IBA 297ab  228a  43abc
Control 186b 94b 0.0c

1BA : 3, 000ppm Indolebutyric acid solution.

GL. . Glomus sp. fungus inoculation,

Bt Pisolithus tinctorius fungus inoculation

. The same letters in a column are not signifi-
cantly different at 3% level by Duncan's new
multiple range test

In cuttings taken from 20-year-old trees, cuttings
treated with Pt inoculum plus 3, 000ppm IBA showed
22.2% of rooting response. However, controlled cut-
tings produced no roots at all .| Significant differences
in rooting of cuttings were noted among the treat-
ments at 5% level by Duncan’s new multiple range test
(Table 2V

On another set of experiment, with the cuttings
taken from 2-year-old seedlings, the addition of Pt
inoculum alone to the rooting medium also stimulated
rooting of cuttings(55.6%), when compared to the
control i36.1%) as shown in Figure 2 and Table 3,
The cuttings treated with 1,000ppm IBA had the
highest percent of rooting :75%". while 3, 000ppm IBA
showed lower percent than control, suggesting that
optimum concentration of IBA for rooting of Q.
acutissima cuttings was around 1, 000ppmMoon et
al ., 1987,

Lee and Koo(1985. working with hybrid poplar in
Korea demonstrated that inoculation of cuttings of
hybrid poplar with Pisolithus tinctorius markedly en-
hanced rooting and survival in a nursery bed.
Navratil and Rochon(1981) also reported enhanced
root and shoot development of poplar cuttings induced

by Pt inoculation, even though cultivar variation was

100

80

Survival
WA 5. 000ppm 3,000ppm T3 1. 000ppm

500pPm  ET3 Control {1 Pisolithus
Figure 2. Rooting and survival of cuttings taken
from 2-year-old seedlings treated with
Pisolithus  tinctorius inoculum and(or}
various concentration of [BA .

Rooting
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noticed in response o the Pt inoculation,

In our study, the occurrence of mycorrhizal infec-
tion in the newly formed roots and occurrence of
hyphae at the cut end of cuttings were not confirmed,
though a moist propagation bed could encourage the
spore germination in case of Glomus inoculation as
observed by Hepper:1984; .

Survival of Cuttings

Average survival rates of cuttings taken from
12-week- and 4-vear-old seedlings were 96.8% and
84.9%,. respectivelyiFigure 3. In cuttings taken

from 20-vear-old trees, differences in survival rates
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were markedly evident between the cuttings inoculat-
ed with Ptr:77.8%) and the controlled cuttings:49.
1% .

Length. Diameter, and Number of Adventitious
Roots

In cuttings taken from 12-week-old and 4-vear- old
seedlings, length of adventitious roots was significant-
Iy longer in the Pt inoculation plus 3,000ppm IBA
treated cuttings than in the controlled:Table 2'.
Effects of Glomus inoculation on rooting was not as
apparent as those of Pt.

In cuttings taken from 12-week-old seedlings and
20-vear -old trees, diameter of adventitious roots was
thicker in Pt plus IBA treatment than in control, as
shown in Table 2. And also the 3,000ppm IBA in-
duced more new roots than control in cuttings from
12-week- and 20-year-old trees,

Root Dry Weight

In cuttings taken from 12-week-old seedlings, the
addition of Pt inoculum plus 3. 600ppm IBA produced
879 more root dry weight per cuttings than the con-
trol i Table 2} . And in cuttings taken from 4-year-old
seedlings, the 3, 000ppm IBA, Glomus sp. plus 3, 000
ppm IBA, and Pt inoculation increased 143%. 114%,
and 84% more root dry weight, respectively, than
those of the control. In 2-vear-old seedlings, the 1.
000ppm of IBA produced more root dry weight than
other treatments: Table 3! .

Total Nitrogen and Phosphorus Contents

Total nitrogen content in the leaves was greater in
rooted cuttings than in unrooted onestTables 4 and

5° . This indicates that stored nitrogen in leaves de-

Table 3 Effects of mycorrhizal inoculation and auxin on rooting. length, diameter, number, and dry weight of

adventitious roots formed from cuttings taken from 2-vear-old seedlings.

Treatments Rooting Root Root Number Root dry
‘o length diameter of roots weight
L0 ‘em’ (mm) (mg:
5, 0C0ppm IBA 5Z.8b* 5.3a 1.97ab 1.8a 164a
3, 0¢0ppm IBA 25.0¢ 8.0a 2.02ab 2.0a 125a
1. 000ppm IBA 75.0a 3.5a 2.55a 1.8a 205a
500ppm IBA 44.4bc 4.3a 1.97ab 1.5a 167a
Pt 55.6ab 2.0a 1.99ab 1.6a 147a
Control 36.1c 4.3a 1.72b 1.6a 131a

IBA : Indolebutyric acid solution.

Pt Pisolithus tinctorius fungus inoculation,
*

test,

- The same letters in a column are not significantly different at 5% level by Duncan’s new multiple range
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Table 4. Total nitrogeni2;: and phosphorus con-
tents mg g n leaves of rooted and
unrooted cuttings from 12-week-old and

4-year-old plants.

Nitrogen Phosphorus

Treatments 12 week 4-vear 12-week 4-vear

Reoted cuttings
Glomus

2.1 1.8 1.75 1.77

Glomus ~1BA 2.0 2.5 1.12 1.13
Pr--1BA 1.9 1.9 3.16 1.76
Pt 1.9 2.2 0.90 1.12
1IBA 1.9 1.9 0.65 3.13
Control 1.9 2.1 0.26 (.78
Lnrooted 1.7 L6 1.2 110

cuttings

IBA 3, 000ppm IBA solution
Pt Pisolithus tinctorins fungus inoculation

Table 5. Total nitrogen(Y%: and phosphorus con-
tentsimg. g inleaves of rooted and unroot-

ed cuttings taken from 2-yvear-old seed-

lings.
Treatments Nitrogen !%\;gphnrns
kooted cuttings
3, 000ppm [BA 2.4 2.81
3,000 " 1.9 .65
1. 000 1.7 3.92
500 2.2 2.36
Pt 1.9 3.05
Control 2.1 0.91
Unrooted cuttings 1.7 0.90

Pt Pisolithus Unctorvins fungus inoculzitiurn

creased during the rooting process and recovered by
absorption of adventitious roots after root emer-
gence. The higher phosphorus content might be
related to high percentages in rooting response
Tables 4 and 5. Haun and Cornell: 1951 and Hart-
mann and Kester 1983, mentioned that the nitrogen
nutrition of the stock plants had a greater effect on

rooting response of the cuttings than did phosphorus.
CONCLUSIONS

The main point of interest of this study was to
determine the effect of mycorrhizal inoculation on
rooting of Q. acutissima cuttings. The enhancement
of root development by the addition of mycorrhizal
inoculum was observed, but there were some varia-

tions among the different ortet ages. Especially. the

addition of ectomycorrhizal inoculum of Pisolithus

tinctorins to rooting medium enhanced root initia-
tion, the rate of cuttings survived, and root develop-
ment of Q. acutissima cuttings taken from 20-year
-old trees. Those characteristics such as dry weight,
length, and diameter of adventitious roots might be
augmented by the Pt fungus inoculation. Therefore,
mycorrhizal application to cutting is recommendable
for the production of well rooted cuttings, particular-

lv when ortets are relatively old.
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