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The Effect of Ectomycorrhizae ans Nitrogen Levels
on the Growth of Quercus serrata Seedlings’

Kwang In Oh? and Moon Su Park®
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ABSTRACT

This study was carried out to examine the mycorrhizal development, growth, and nutrient uptake of
Quercus serrata seedlings while they were grown for 120 days in a pot medium with and without Pisolithus
tinctorius, and also with applications of nitrogen levels. The results were summerized as follows ! 1}
Inoculated seedlings showed ectomycorrhizal formation of 61.75%. 2) In the root development, the best
nitrogen level was 300ug/ml for inoculated seedlings, and the number of short roots, the number of
primary lateral roots and total length of lateral roots were 34.3, 30.7, and 17.2% greater, respectively,
than noninoculated seedlings. 3) Growth of shoot, leaf area, total dry weight, and volume of inoculated
seedlings were increased 26.9, 52.3, 31.7, and 85.7% greater respectively, than noninoculated seedlings.
4) Inoculated seedlings were more enhanced in the uptake of N, P, K, and Ca than noninoculated

seedlings, and the enhanced uptake was best shown .at 300ug N/ml treatment.
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Table 1. Physico-chemical properties of soil used
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Table 2. Nutrient solution applied to the growth
medium of Quercus serrata seedlings.

Concentration

Element Source
(ug/ml)
N NH,NO, 0, 100, 200. 300,
400, 500, 600
P Na,HPO, 60
K KCl 40
Ca CaCl, 40
Mg MgSO, - 7TH,O 20
Ze Ferric Citrate 10
Mo Na,MoO, - 2H, 0  0.001
Cu CuS0, - 5H.0 0.006
B0 H,BO, 0.09
Zn ZnS0O, - 4H,0 0.1
Mn MnCl, - 4H,O 0.7

WERH e HARE HHEY JpEEe] 2R
o} WEL THIEAKECT S & KM T3 3JE
o2 FErshdo.

Bhiol FHx MIEY B Ko Zow
e % 100S fEeR 258vtet #5E
gHEstdch, oejn o EMMS & pot¥ 60ml
B4rl2 destges HER o=

5. FEKIAE
BrEet BEEES Sdde wilsk BB
BE, BRIEAEHS fHsted S 10Msh 148l

o——o Mean air temperature

FEstd 2 HELE Quantun meter (CAT No,
150) & @lEskd el w2 el EiARS BN
oz gmsldon HERES H£HEREC #lEH
B S-S 80ColM 48217 #4412 % MEets]
o},

% REH BoRilke] ZREELS N4 ik
2 Rl A BB A A 20meshA) & @B LS
SirH FRE #ERse e 80CHA
4885R #5941 70 #% desiccatorell o] Fifio
HWFFA 2L 1% wiEslel fEMpRES otTH HEE &
Matget. pHe MTEER Y g2
Tyuringk, 2%%E Kjeldahli:, <Al Bray
No.2#%, 28z EfM BEEY E&2 BEFRL
FeEHo 2 st et

BR U ER

1. BIRGRA
HEUMhe @Ee PARS 23 13 ok
FERRAMETY FHERS 29CHd o MHER
EE 62.9%%c. 18ln PARS z7lele ®l
A moker} 4AK Llikols EXMS MAZR &
KRz 24 Fohsigy] il Aoz B
o},

2. mREE

o—--0 Growth medium temperature
. 4320
o—-=0 (Op 1 soil temperature
35r
q240 =
- »
1 ~
" 251 5
3 =M @
g 1160 2
& ~
: 2
S s | L
- 80
5L
t | { 1 L 1 i 1 } 1 L 0
Mar .30 Apr.30 May 30 Jun. 30 Jul.30 Aug .30

Fig. 1. Seasonal change in temperature and photosynthetically active radiation (PAR) during

the experiment period
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Fig. 2. Seasonal variation in numbers of short
roots and mycorrhizae of Quercus serrata
seedlings grown in peat-sandy loam
inoculated by Pisolithus tinctorius and at
various levels of nitrogen
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Table 3. Means of root variables of Quercus

serrata seedlings between the treatments
with Pt-inoculation and uninoculation

Bt el

variables Pt-inoculation  Uninoculation
No. of short roots 31.30°* 23.31°
N f pri

©- @b primary 217.39* 166.36"
lateral roots
Total length of lat-

. 479.30° 408.30"

eral roots(cm)
Percentage of
mycorrhizal short 61.75" 0.0°

roots

* The same letters are not significantly different
between different treatments at the 0.05 level by
Duncan’s Multiple Range Test

1. BRER

WARERS &4 ol HEAER o] HIRE
i WoRe) JERE WoRkel el 26.9% Eskd
of., MRIGRR, ZEW EEHE ol s HRE B
of we} FEMEe]l vEbutc. WRE BERE &

HEaol] QoA iR M EgERS
3%, FEHES 50%, REEL 24.1% o BEmst
Table 4. Means of growth characteristics of
container-grown Quercus serrata seed-

lings 120 days after treatments with Pt
-inoculation and uninoculation

Growth characteristics  Pt-inoculation Uninoculation

Shoot length (cm) 16.00** 12.61°
Root collar diameter (mm) 2.65° 2.21°
No. of leaves 7.86° 5.85°
Leaf area (cm)?) 84.88° 55.75°
Stem dry weight (g) 0.172* 0.133°
leaf dry weight(g) 0.45" 0.30°
Root dry weight (g) 1.03* 0.83°
Total dry weight{(b) 1.66° 1.26°
Shoot/root ratio 0.58° 0.52°
Seedling volume (cm?) 1.17° 0.64°

* The same letters are not significantly different
between different treatment at the .05 level by
Duncan’s Multiple Range Test
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Table 5. Growth of Quercus serrata seedlings inoculated with and without Pisolithus tinctorius and by
nitrogen levels in peat-sandy loam medium

Inoculation, and No.of Shoot Leaf Root Total Shoot Seedling
N -concentration leaves length area collar dry /Root volume?
(peg/ml) (cm) {cm?) diameter weight ratio (cm?®)
(cm) (g)
Pt-inoculated
0 4.40" 11.27" 50.96' 0.216* 1.24" 0.48°® 0.53'
100 5.30° 14.76' 65.99" 0.231°° 1.40" 0.49°" 0.78"¢
200 7.30° 17.30 88.47¢ 0.281° 1.74% 0.54¢ 1.38°
300 9.63° 18.05° 114 447 0.295° 2.07° 0.63° 1.57%
400 9.91% 17.64" 113.25° 0.290° 1.78° 0.63° 1.49°
500 9.71° 17.02° 95.25° 0.276° 1.69% 0.68° 1.30°
600 9.12¢ 16.18° 90.18° 0.265° 1.65% 0.72% 1.14¢
Uninoculated
0° 3.62' 9.31 35.24" 0.188' 1.02% 0.43" 0.34'
100 4.20° 10.18' 37.02' 0.197 1.1% 0.41" 0.43
200 4.4¢4 11.58" 42.15% 0.215¢% 1.20' 0.47¢ 0.54'
300 6.00" 13.23% 47 .84’ 0.221% 1.27" 0.50° 0.65"
400 7.05% 14.42° 67.46% 0.230° 1.35% 0.54¢ 0.76%
500 8.11¢ 15.01° 82.69° 0.246° 1.52°¢ 0.63¢ 0.91°
600 7.53° 14.59° 77.85¢ 0.238¢ 1.34% 0.66 0.83

' All values within a givin column and within a givin inoculation follow by the same letter do not differ
significantly at the 0.05 level by Duncan’s Multiple Range Test.

2 Square of diameter times x height (D*H)

® Control
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Table 6. Soil chemical properties of peat-sandy loam growing medium inoculated with and without
Pisolithus tinctorius and by nitrogen application.

Inocalation, and N O.M. P K Ca Mg Na Mn
N-concentration pH —
(ug/ml} % ppm me/100g
Pt-inoculated
0 4.6"™  0.049° 3.41*  41.01° 1.369*  15.16®  4.631° 1.924f 2.580°
100 4.5 0.049° 3.05° 33.68" 1.003°  14.31°  4.476° 2.266 1.706°
200 4.6  0.072° 2.97°  32.18° 0.758 12.09°  5.156" 2.358" 1.588™
300 4.5 0.069° 2.63  25.66° 0.756 11.67°  4.259° 2.496" 1.566
400 4.6 0.043° 2.29¢  27.56° 0.725¢ 11.56° 4.213% 1.999¢ 1.628"
500  4.4° 0.034° 2.04"  34.49° 0.713*  13.21°  3.984f 2.280° 1.475¢
600 4.7° 0.028° 2.14"  45.49° 0.803° 12.87¢ 4.123° 2.100% 1.702°
Unincculated
0* 5.2° 0.042° 3.34* 35.93% 1.677% 12.84>  4.432° 1.800¢ 1.872¢
106 5.0  0.042° 3.24>  33.52° 1.498°  13.20°  4.327° 2.393° 1.870°
200 4.8 0.039° 3.04° 31.27° 1.041°  12.87°  4.430° 2.356° 1.905¢
300 5.1° 0.041%° 2.54%  31.37° 1.127¢ 12.46° 4.231% 1.198° 2.212°
400 4.8 0.041%° 2.05°  29.46° 0.957°  12.82"  4.486° 2.821° 2.213°
500 4.6° 0.042° 1.95"  25.26° 0.902° 11.30*  5.150° 2.781% 2.710°
600 4.7 0.025¢ 1.53¢ 19.96° 0.721*% 12.64%  4.152° 2.073° 2.540°

' Means with a common letter do not differ significantly between treatments a2t the (.05 level by
Duancan’s Multiple Range Test

2 Control
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Table 7. Foliar nutrients in Quercus serrata seedlings inoculated with and without Pisolithus linctorius
and by nitrogen applications in peat-sandy loam medium

Inoculation, and N P K Ca Mg Na Mn Cu
N-CONCeNITALION  rcvrerrrerai it raas % ........................................................ PP creeeeens
(ug/ml)
Pt-inoculated
0 0.202°° 0.312¢% 1.633° 1.910¢ 0.527¢ 0.466° 42.2¢ 11.2°
100 0.230° 0.344" 1.620° 2.086" 0.560° 0.430% 47.2° 9.0°
200 0.247¢ 0.618° 1.417° 2.111% 0.606° 0.441 56.2° 6.9°
300 0.250" 0.666* 1.297% 2.518* 0.633° 0.544* 58.0° 10.8°
400 0.262° 0.582¢ 1.288« 2.018«¢ 0.608" 0.409° 38.4° 10.8%°
500 0.288* 0.495¢ 1.250¢ 2.588%° 0.438° 0.464° 34.9 11.0%°
600 0.281° 0.427¢ 1.370° 1.953¢ 0.427°¢ 0.423° 47.6° 9.4°
Uninoculated
0*  0.165° 0.267¢ 1.605° 1.980° 0.461° 0.491%° 43.3¢ 4.4°
100 0.178°¢ 0.328¢ 1.464° 1.910* 0.484° 0.401° 50.2¢ 5.0°
200 0.206° 0.340° 1.304¢ 1.785°¢ 0.610° 0.415% 57.0% 5.5°
300 0.216¢ 0.474% 1.351¢ 1.577° 0.673° 0.411° 49.4° 4.1¢
400 0.237° 0.440° 1.205% 1.868° 0.811° 0.452°¢ 47 .4¢ 5.7°
500 0.254° 0.462° 1.141° 1.993¢ 0.606° 0.525% 52.8° 5.9°
600 0.271° 0.474 1.267¢ 1.627¢ 0.523¢ 0.423 42.1¢ 7.5%

! Means with a common letter do not differ significantly between treatment at the 0.05 level by Duncan’s

Multiple Range Test.
2 Control
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