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Ecological Study of Regenerations in Experimental
Canopy Gaps of a Fagus Sylvatica Forest in

Germany?’
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= —‘:— EY ¥ (solling) 299 2H43d Y=guF ¢ #o 484 (group cutting, A& < 30m)
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ABSTRACT

The purpose of this study was to investigate the effects of lime fertilization and light
intensity on beech regeneration strategy in a mature beech forest(ca. 150 years old) gaps,
which was located in the solling areas Germany, where the soil is an acid brown earth. For the
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experiment canopy gaps of 30m diameter were cut, and one canopy gap remained as untreated
while the other was limed(3t dolomite ha). Soil chemistry, soil water potential, light
intensity(PAR), ground vegetation, beech seedlings and mycorrhiza were investigated along
transect from the stands into gaps to the north. The results of this study are followings: 1) In
the limed gap, soil chemistry was greatly improved and a vigorous herb layer developed as
compared to the unlimed gap. 2) Development and growth of the beech seedlings in the
unlimed gap were generally deficient. Specially, developments of lateral roots were very lack.
3) Through the lime fertilization, the minerals contents of beech leaves such as calcium(Ca)
and magnesium(Mg) were increased, while manganese(Mn) was decreased. There was
antagonism between potassium(K) and calcium(Ca) or magnesium(Mg). 4) The relative
mycorrhiza frequency(RM) in beech seedlings of the southern edge was very higher than that
of the middle part, and through the lime fertilization extension of the species Laccaria
amethystina appeared clearly. The results of this study showed that lime fertilize in forest,
where the soil is acid, will be necessary.
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A E AAstn Uz A FE AF e
Ao JBEMN FER LI T4 1M (F
JKA, dolomite 3t hal; CaMg(CO3)) ET& A
H)3td T 4 dBEA Y FELZ transectE A3
] 247} oF 6m E9o JH/EA-G7HRAE (s,
edge), YHEAN-EH(s. gap), HBEA-FIH
(m. gap)® ABFEA-E713AE (n. edge) & A#
P2 FRIIATG. ol AFEAA Zg 1m?
A7)e AFLI T 30/M4S FASHAHFig. 1).
T3z JTREN NN EFY o] - 3etE BN E 4
Alet L (Meiwes et al., 1984), AR YAEE 7|
A715E g A8 AFSPEH, FFH(PAR)
27 94 EY5E(soil water potential)7I71&
Axstct. z Al el 1991d € A
A4 2 A dGFeE AL HSAHE
7123, A4 ¥HEL Braun-
Blanquet(1964)8] #=¢ fzo g Y ZAHY
dA 45 FE&dx de +, 1, 2, 5, 10,
15-.-85, 90, 95, 100% 59 5%-9 =AY & A}
25t tH(Dierschke, 1994). 89 %l dArHgalel
(s. edge)®t Y% (m. gap)old 3072} AR

~ stand age: ca. 145 years

~ stand area: 8.2ha

~ stand hight(hg}: 29.7m
~ stand DBH: 45.6cm

- stand density: 199/ha
O%) =

Figure 1. Plane figure of the experimental canopy
gap and some mensuration data of the
study stand

C@ o O 1{8 Stand mensuration data

~ stand basal area:. 32.5 sq.m/ha

- stand volume: 488.2 cu.m/ha

F& AFHsl 74 Aapd HEFSH T 5 HH
A BARAE AR, E=3 B wdde g
27 (Mycorrhiza) & dv3-& E3 st &
A ZFE Agerer(1988)9 28 A&, 73
AA 59 Bao] ZAEE F Mycorrhiza)?l A
Rl =(RM)< Blasius et al.(1985)d] <3 4%
3ot 9 GHAS FFT ¥ A:AA 3y
AEEANE AAsGT. B4 oz A E E
% 2 gAML B ELAHA UL Wilcoxond] &4
F2F S AANsA D, dAE HEHFAFL
Tukey-Test9] FAHEH-E AHE-319] 29 (Sachs,
1984), BAZ2¥%& SAS-package® T-E3IH
123

= % o

1. Z®AM (Canopy gap)e] OjM| &HR0!

Table 12 AFEANY d=2F(FO) & Alv
(FK) 23z g8y RZ27(FS)9 =¥ a3 &
vehd otk U=ihF Jd&#AEA nyEd
AN E YA grjedoz gstd YR
AA9 BFE 433 MY B A& Ve
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FolggEd ol A3 glojy kit e] ¢33
o g olE3ta &l Ueldti(Beese, 1985:
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QEY NE % 30m 27 YEEA M F24
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BGEAJAE 71Fez YA ¢ vig Bk
(relative light intensity) & 233 ]c}. o A=

Table 1. Chemical properties of the surface mineral soil in the unlimed(FO), the limed(FK) canopy gaps

and the unlimed stand(FS)
pH C N H K Ca Mg Al CEC
(CaCly) (%) (%) (¢emolIEg™)
FO 3.17 ab 3.4 0.2 10.1 1.8a 2.2a 1.1b 98.5 120.2
FK 3.30a 3.0 0.2 7.0 12b 32a 2.8a 87.7 106.7
FS 3.15b 31 0.2 7.6 14b 1.2b 1.0b 96.9 112.6

a,b; Wilcoxon-Test among FO, FK and FS at ¢=0.05 (n= 4 mix samples from 24 samples)
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Figure 2. Weekly soil water suction[hPa] at 15cm
soil depth in the beech stand gap

o 9% wob AAAE W o 200~700 hPad
oo 49 2340 o 2oiA1 &S
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2. X|m|A4o] dret

60%, YBENZYR 85%, YBENEIFAE
10% & d33 98g9 718 BAFATY. 29
F5o QoM ® dzFAM e 1'd Hd 0.5~
1.8%9) EFHAA T AU FA & HE 2.5~6.6%
o] ¥¥std GAAAT T FTrIELel FHIH
vebytch T3 A EdR| o mE vmde AR
Fo] & JHEAN FUHAAN A8 2¥EFS
oA A8 wA Jdehtn glolAM xmAAe T
o] FFo 2Ax LHIA FAV 9IS AN
o B $HREAYCZE BRE MESIA
A Epilobium angustifolium°]1t}.

3. HEHLIF WAIX|(regeneration) ]
SH % 4%

1) HEELER HAXo| et

B 5de FHF7E Ze VIR (Fagus
sylvatica)= WS¢l vlw3d 7% S42 ¢4 A
A tH Rohrig et al., 1978). Y=dE 13X 7
ANFE 19913 FFRAEe] o QJREA] AT
o] WtgAte, 4%, E7RAEAM 42 1m’E
B 25, 3, 1970A1& Aglen, ole =7 vl3
1.7~2.64< @3ttt 88 AEEZAMM = AlH|
TFAA 71~88%F Vebd widd] g2FoM e B
# 9~25%9] E#31H Tt (Table 3). Wetd EXA
23 A AA G DI EDAN = JBEN A T
AX o] Do} wede) g 9 nAan S
< ¢ F AT o8& I Gehrmann(1984)
¥} Dohrenbusch(1990)8] EYANES Hxuhyy
AAedr AP Koss(1989)9] Y =ghiF 784l
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Table 2. Mean coverage(%)/ny’ and mean number/ny of vegetation species in the fine parts of the unlimd
(FO) and limed(FK) canopy gaps (August, 1991)

s. edge S. gap m. gap n. edge
FO FK FO FK FO FK FO FK
Coverage(%) 2D 30 a 2b 60 a 5b 85 a 2b 10 a
Species No. 05b 4.1 a 0.7b 58a 1.8b 6.6 a 05b 25a

a,b: Tukey-Test between FO and FK at a=0.05
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Table 3. Mean number/n and survival rate(%) of Fagus sylvatica seedlings on May and August(1991)
in the fine parts of the unlimed(FO) and limed(FK) canopy gaps

s. edge m. gap n. edge
survival survival survival

May  Aug. rate(%) May  Aug. rate(%) May  Avg. rate(%)

FO 14.0 3.5 25 1.6 0.3 19 7.7 0.7 9
FK 248 176 71 2.6 2.3 88 186 144 77

FO 3.1 2.1 68 3.5 2.0 57 0.9 0.8 89
FK 16.9 14.9 88 146 132 90 1.9 1.9 100

ly. seedling

2y. seedling

Reinecke(1982)& Y Eyh}R 7JA R4 dg 2) =g AIX|=o| ME
oA Epilobium spp.2 FE¥ 2 FA M 4 st Aol AsAu] = BAIRIGe] A
@A QA HFE aeAFoE FHY A T & &S v 2 YH(Table 4). UEHIF 7
T etz 2astn gloh. Aol F8 2EY YFAAE AuEH, JBE

Table 4. Growth characteristics of Fagus sylvatica seedlings in the unlimed(FO) and the limed(FK)

canopy gaps
ly. seedling 2y. seedling
s. edge m. gap s. edge m. gap

FO FK FO FK FO FK FO FK
Stem length (cm) 8.1 9.2" 8.6 9.7 12.3  15.3" 11.5 14.6*
Diameter at root collar {mm) 2.1 2.2 2.0 2.2 2.2 3.0* 25 3.3*
Root length (cm) 8.3 7.9 6.9 8.5 106 13.8* 94 10.6*
Biomass(total) (mg) 257 258 284 280 584 785* 517 824*
- leaf 74 84 87 80 88 147* 86 142*
- stem 89 96 98 113 191 313* 232 371"
- root{main) 66 54 80 64 183 243 216 246
- root(lateral) 24 29 18 24* 54 82* 50 65
- T/R-ratio (mg/mg) 1.8 2.6* 1.8 2.5 1.3 1.5* 1.3 1.7*

* Tukey-Test between FO and FK at ¢=0.05

Figure 3. Root morphology of Fagus sylvatica seedlings in the unlimed(left) and the limed(right) canopy gap
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Aol HET e o FASATHTable
4). =3 H3Au)e FH R A JFEYGE
Z71850 4Fd o dxde Aoz e
a4y 229 Fe B HIAu| L5 X ¢7F
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YR AT A3|Al]o] #E AFAE A5t
ach 8 Ux|FaFe] 12%9 38 JuEA
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R (E), 297394 YR BF 53%° 2= %
FEN Y5 (m. gap)9 AFE H& 3o
A3 QoA ESE ¢ F UYL (Table 4), °ol=
Gehrmann(1984), Koss(1989), Dohrenbusch
(1990)9] d+Zdze 2ol UEHUTI} 43 S5
gL A BFAE = ATt

3) HEMLIR sy

AP520] JdEL AFAEA Y BEFETAAN
8% AL IFsta glon, B o] - 33y
QA AR A gt olgEl F5o 4% 4
He Avd & Yx A9 A9 HEAes B
ofgl & glon T AuE AAINE 29F &
Ztto] o} (Ulrich, 1988). & Aol m3N &
Ao 23 GAES] el Alu Tl dxT
o) Wlal Z4(Ca), PFulFMg)e Takol #2914
3 A =4 Jehten, 9z (Mn)e AHRos

A dehd Au)e) o Edxe] MM 48
o] @3 FAI UL FUAsAT. ol AR
Gehrmann(1984)3 Koss(1989)9 v =44
AN AFANME & deldz gl 9 Z
(R)2 Au)zd vl 2744 2% 54 v
24 (Ca) E vlavlg(Mg)oHe] 43 283
o] 9lLo] &Y AAZE AP 5(1994)
#E3 Zg - vt gAleld 2gREo] S
12 et

fo o £ o 4 ro

-]
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4. EEHIS BARS 228

a3 A A g AREANA Y AT BT wE
ARYJA & BAR o RHed FAste <
(Mycorrhiza)e % = (RM, Relative
mycorrhiza frequency)$t 2@ FEXNE IS
Zzoch TFANUE(RM) e 29 T¥EY ¢
2 (fungal mantle)d & ZT5%(100mg)9) ¥
2 A3 259 73S (Blasius et al., 1985)
2 Yeidith. dBEAY @A e 95 v
3 BAZ w2 ZTAMNEE Jellz UK
ol& olu] Z#EE B AYHoz 7L A
G7gAEl e BEAA vAEE ¥z wdd
o} ARl EHe vmdM e JBEN FEFAAR
AR F7F 2Tl 8 Fides g2 2Edd
N E eyt d7lHe Auld) g ok g
g2 walhtie a2 s & UEd A4l
RERZY 857 4B S HaA Ho| 2dstE
o 43g FUvtn BoET FH 2T FEX
A drrAARE A e Lactarius subdulsis$

Table 5. Mean element concentrations in the leaves of Fagus sylvatica seedlings in the fine parts of the

unlimed(FO) and limed(FK) canopy gaps

C N C/N P K Ca Mg Mn
(%) (%) —_— —— (mg/lg) —

1 FO 47.3 202 235 1.17 519 6.76  1.56 3.13*
) §.edge FK 46.9 200 23.3 1.26 489  829* 374  1.07
y FO 48.0 186 258 1.20 468 6.05  1.36 2.37*
m.gap FK 47.4 1.78 265 1.08 3.17 810" 4.06* 195
4 FO 47.5 208 23.0 1.31 6.05 534 126 2.75*
) §.edge FK 48.0 208 22.8 1.24 529 844 396° 135
y. FO 49.1 1.88 258 0.84 377 393 112 1.76
m.gap FK 47.8 1.89 253 1.25 3.51  6.57* 3.84"  1.49

* Wilcoxon-Test between FO and FK at @=0.05 (n= 3 mix samples from 10 plants)
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Table 6. Mean relative mycorrhiza frequency(RM) in the Fagus sylvatica seedlings of the fine parts in
the unlimed(FO) and limed(FK) canopy gaps

ly. seedling 2y. seedling
s. edge m. gap s.edge m. gap
FO 598 A 13 B (b) 655 A 82 B (b)
FK 537 A 105 B (a) 443 - 326 - (a)

A,B or a,b: Tukey-Test between FO and FK(a,b) and between the fine parts(A,B) at =0.05

Figure 4. The mycorrhiza species Cenococcum graniforme(left) and Laccaria amethystina (right) in the
beech forest(Fagus sylvatica) gaps

Xerocomus chrysenteron®] F8 $HZTCE gy g9uAd"d 285 A% F7HE b
Elgn, dddez RE/ A2 “’J-‘*E'\H %“ P skt X, AAdsd L’li‘%}"} PRl A e Y
X & Cenococcum graniforme’} Ajaoez ¢ Az o] w2 Al of ¢ APIYn 53 &
A 8HA Vel 29| wedo] A=l ony, 2dA AgoA] A5
olo] thsld Flick® Lelley(1985), Kottkes<t A3 FAse] Alulel B2HrE F43] Jelgth Al
Oberwinkler(1988) —1&]aL Scherfose$®} Meyer A, GAREYAA AT T ¥ ZE
(1990) 5& Cenococcum graniforme?} ZAJ | (Ca), Plavl&(Mg) el &3] A ez, @43t
A 2FFoEN FAYRAH 2Ef 2o & Adn (Mn)2 ddzdez 7 Jelgen, #EXK)H}
538 dzd) 3T WAol Al‘ﬂrﬂ EL I = -1 2| Z4(Ca) - vt g (Mg)Ateldl 2% 23]
AR F e ErkgRle 2 $4FNM Laccaria A=At vlA, YR X $o e Fdida
amethystina® 347} F323HA e UA HNERME GHEAN F4F b8 @73l
o} ol MBAvld) 93 B Behd Hste o A 453 gA Ve, AHE8 Laccaria
& Z75A4A12A4, Rapp(1991)9 ZAztel ARtz amethystina® &3A7F Fal8A vehsieh. g4
Ut} A, dEYYRe] HdB4 Wy oz FAEA
' (group cutting) 20t AEHQ -?—’}l‘?—iiﬂ

(shelterwood cutting)Zgd¥e] EHdd A
a3 #eET. QAR ST & B9 oplg tﬂ?l
: Lgez g2 A3} AstH e e A3
E aA7dne B2 oen 22 488 48 BAE S 443 Ay EA Y o] Hesitt
F AU, AR, A7 Agd degus o B, @8 g Jdekd] fdaA AAste
(Fagus sylvatica) gEolAe] 13 BT H = 22% Yx¥h} T (Fagus crenata var. multi-
E3e 3etE A AR A g2Ae] ¥ nervis)9] E3Aoln A4AAQ BAELAE 93) 7
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