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Effects of slope position on soil nitrogen mineralization in
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Summary

The aim of this study was to investigate the effects of slope position on nitrogen mineralization properties in
Cryptomeria japonica plantations on Volcanogenous Regosol. We measured net nitrogen mineralization and nitrification
using in situ incubation both on lower and upper slope positions along three slopes in Kagoshima University Takakuma
Experimental Forest located on Osumi Peninsula, southern Kyushu, Japan. The soils of the site are Volcanogenous
Regosols derived from the recent eruption of the volcano, Mt. Sakurajima, in 1914. Many previous studies on black soils
and brown forest soils reported that nitrogen mineralization and nitrification were different between upper and lower slope
positions. However, at this study site, there were no significant differences in nitrogen mineralization between upper and
lower slope positions. Soil carbon and nitrogen accumulation, soil carbon to nitrogen ratio and soil pH were significantly
different between upper and lower slope positions, however the differences might be not large enough to make differ-
ences in soil nitrogen mineralization patterns. As soil formation proceeded, differences in the environmental conditions
such as soil water content among slope positions may affect soil-plant interactions including nutrient uptake of forest
trees, decomposition processes, organic matter accumulation pattern, composition of soil fauna and microbes, which
may eventually make differences in nitrogen mineralization patterns along a slope. However, in immature soils like our
study site, there were no significant differences in nitrogen mineralization patterns among slope positions probably due
the early stage of soil formation.

Key words : topography, slope position, nitrogen mineralization rate, nitrification rate, soil CN ratio
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1. EHOPE
0000000000000000000000000
00000000000 00000000000000O0,
00000000000000000000000000
0000000000000000191400000000
00000000000000000000000000
0000140 (199902004), 0O 00 0O O 3410mm
(199901 2004) 0 OO0
0000000 000000, 0160000, 0160000
00000000000000000000000000
000000003400 (TKL), 460 0 (TK2), 560 O
(TK3)00000000000000000 000000
0, 00000000000015mx 15m0000000
000 0000000000000
000000000, 0000000000000,
TKIO0OOODO020050 00020060 000000000
0000, TKOOOOO001978000000, 20040 O

00 O0oOoooo
Site characteristics.

0o O 0o 0 oooo 0o 0 0o 0 oooo ooood O0o0boooo oooo ooooooo
(Stand No.) (Stand age) (Slope position) (Altitude) (Incline) ~ (Slope direction)  (Density)  (Mean DBH) (Mean height)  (Total BA)
m degrees trees ha"" cm m m* ha"’
TK1 34 Upper 565 26 o () 978 29.4% 3.8 16.2¢ 1.1 67.3
TK1 34 Lower 540 21 o () 889 28.5% 3.8 19.8+ 1.2 57.6
TK2 46 Upper 620 25 goag (Sssw) 1644 218+ 3.5 139+ 14 62.8
TK2 46 Lower 580 40 goag (Sssw) 1911 223+ 3.5 4.1+ 14 76.6
TK3 56 Upper 640 22 Ooo (WSW) 1600 259 5.1 149¢ 1.7 87.8
TK3 56 Lower 590 26 o w) 1822 26.6% 4.6 19.6+ 14 104.2
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2. TIEOAE
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O000O000000000000 (Eno, 1960)0 20070
gboioooooobobooboo-eemboooooonOd
o0, 1m000000000000D0OC0O00O0D0OO0
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oooooooobooooooboo, booooooboo
goboooooooooooooooboooooooog,
ooooooboobooOooooboobozoo7dlo012000
U, odboboobooboooboooocobooboooa
ooooooooboo0ooooboobooOoooooDon
08000200000, 20080001200 00000000
oooooooboobboOo12400, OoO0O0O1LB100, 0o
ob112000, oO00O03e700ooonOn

ooooooo0ob0oooo0oob0oDbO00df mmO
gbooooooboooooooboooooobOgd
ooog, 4omIO0ONIKCIOOOODOOOODODOODOO
gbooooboooboobooooooobo, boooo
obbotdba- ODOODOODOOOOODOODOOOO
gboooboooboooboooobooobooboooo
ooo, 000k ODOODOOOOODOOODOOOO
gboooooobooboooooboooboo, oooo
ooooooooo

gooooo, spgooooorzbooboooooon
oooooo0odpHOODOODOODOCDODOODOO

O,000000NCOOODOOO (SUMIGRAPH NC-22F,
Oooooooo0O, 00) 000000 D0OO0O00pHOO
goo, 1ogdboooNokCclIOOOooOoooddnsomld
0000000000000 O0pHOOOO (HORIBA
D-51, 00000, O00) O0o0oO0Oooooo

gooooobooooboo, ooooO0obO000-10emO
gboooooooboo, ictmobooobocoobooog
oo OmmOOO00O0O0O0COO, 8OODO0O0O0O
rooooooooooboooboooboooboooooon
ooooooboooooooo, ooooo, ooooo
oboooboooboooobooo

3. HEEtAEMT

goboooboooooooooboooboo, boooa, O
oooo, ooooo, ooceNg, pH, OO0D0OO0O0DOO,
ugoog, oooooo, booboooobooooooobog
oooooboooooooooboboooono, booo
gospSSODOOOOOO (SPSS Inc., Chicago, IL, USA)

& R

1. TEBRFR - ZERBLPpHOMAMEIZ & HE L
0000000000, 00000, 00000, 00
000, OOCNODOOOpHOOOOOOOD 000000
00oO00, 1632021.86g kg'" D OO OO0, 00O
19.62¢ kg’’00 00 (UO)I ODOOOOOOOOOO,
0.9501.50g kg’ 000000, 000 118g kg?"0 00
0 (00)I 00000000000, 00000000
0000000000000000000000 (0O0)0
000000000000, 0000000000000
0o (@QO)o
00000000000, 1339019.27t ha”’0 000
00, 0001593 ha”"0000 (0O0)I 000000
00000,07801.10t ha®°000000, 00 00.96t ha”
0000 (0O0)I 00000000000, 000000

00 0000 (0-10em) 0000 D
Chemical properties of surface soils (0-10cm).

0oooo 0oooo CN  OH(KC) OH(H.0)

(C accumulation) (N accumulation)

t ha”” t ha””

0o 0 0o 0 oooo oono ooo
(Stand No.)  (Stand age) (Slope position) (Total C)  (Total N)
n_ gke g kg
TK1 34 Upper 21.86% 2.82 1.50% 0.28
TK1 34 Lower 20.72+ 4.79  1.21% 0.25
TK2 46 Upper 2101+ 3.21 119+ 0.21

TK2

TK3
TK3

46

56
56

Lower

Upper
Lower

16.85% 3.30

2097+ 5.11
16.32+ 2.54

0.98+ 0.17

1.26+ 0.28
0.95% 0.15

15.24+ 3.70
15.31% 4.17

19.27+ 3.20
13.39 2.66

17.55% 4.29
14.84% 3.07

1.05% 0.31
0.89% 0.22

1.10£ 0.22
0.78+ 0.13

1.05% 0.24
0.87+ 0.17

14.7+ 1.3
17.0+ 0.4

17.7£ 0.8
16.7£ 0.8

16.7 0.8
17.1£ 0.3

6.0+ 0.2
6.3 0.1

o —
+ I+
o o

.
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00 00oO0oOooOooOoO0U0OoOoDOCOOOUU0OODOCOOOUOU0OOOOOOOUOUOODODOOOOOOO
The results of 2-way ANOVAs.

oooo O O oooOoxoo
(Slopeposition) (Stand) (Slopepositionx Stand)

F P F p F p
oood (Total C) 4.68 0.04 1.19 0.32 0.51 0.61
oood (Total N) 8.15 0.01 3.44 0.05 0.10 091
ooood (C accumulation) 3.82 0.06 0.21 0.81 1.40 0.27
ooood (N accumulation) 5.89 0.02 0.05 0.95 0.30 0.75
C/IN (CN) 4.88 0.04 7.74 0.003 7.27 0.003
pH(KCI) (pH(KCD)) 18.51  0.0002  1.44 0.26 1.22 0.31
pH(H-O) (pH(H:0)) 6.19 0.02 0.19 0.83 0.52 0.60
goooooo (N mineralization rate)
oood (Periodl) 0.14 0.71 0.29 0.75 0.36 0.70
oood (Period?2) 0.18 0.68 1.61 0.22 0.55 0.58
oood (Period3) 2.73 0.11 1.78 0.19 1.35 0.28
oooo (Nitrification rate)
oood (Periodl) 0.21 0.65 0.36 0.70 0.53 0.60
oood (Period?2) 0.95 0.34 1.05 0.37 0.73 0.49
oood (Period3) 1.27 0.27 2.31 0.13 1.00 0.39
gooooo (N mineralization)
oood (Periodl) 0.33 0.57 0.01 0.99 0.75 0.48
oood (Period?2) 0.14 0.71 0.80 0.46 0.48 0.63
oood (Period3) 2.27 0.15 0.55 0.58 1.92 0.17
ooo (Nitrification)
oood (Periodl) 0.42 0.52 0.06 0.94 1.01 0.38
oood (Period?2) 0.98 0.33 0.41 0.67 0.80 0.46
0ood (Period3) 0.75 0.40 0.50 0.62 1.20 0.32

000000000000000000000000 (0
0)l 00000CNOO, 1470177000000, OO
01670000 (0D0O)I 00000OODOO0O0O0O, OO
000000O00CNOOOOOODO0000(@O)d 0
OO000pHO, KCIOODODOODO540570, 000060
0063000000, 000KCIOOODODOO5.3, OO
00620000 (00)I 00000000000, OO
0, KCOODOOODODOO0D0DO000000000000
(0 O)o

2. ZREHEEFHOMEAEIZK DEL
0000000000000000000000000
000000 2007000100001001200000000
0000, 0.1900.35mgN kg’ day’" 000000, OO
0000000.30meN kg’ day?®0 000 (O0)D 2007
0100120 002008000200 00000000000,
0.0400.11mgN kg’ day’"0 00000, OOOOOOO
0 0.06mgN kg"” day””0 0 0 O (0 O )020080 O O 200 O
00012000000000000, 0.100 0.32mgN kg”®
day-10 00000, 00000000 0.20mgN kg’ day’”
0000 (UO)I 00000000000, 00000

00000, 00000000000000000000
0000000000 (0O)0

000000000, 000000000000000
0000 (00)02007000100001001200000
000000, 0.4800.36meN kg'° day’’000000,
00000000029mgN kg’ day’”00 00 (00)0
20070100120 0020080 0 0200 0000000000,
0.050 0.11mgN kg° day’’000000, 0000000
00.07 mgN kg’° day’"0 000 (0 0)0 20080 O O 200
00001200000000000, 0.1200.35mgN kg”*
day’’000000,000000000.22mgN kg'” day””
0000 (00)l 00000000000, 00000
00000, 00000000000000000000
0000000 (00)I00000000000000
00000, 000000000100000000

00000000000000000000000000
00000000 0000000000, 36.3067.1kgN
ha”"000000, 0000000 051.8kgN ha’”0 00
0 (00)I 00000000000, 00000000
00,000000000000000000000000
00000(@O)IO0O0O0000000, 37.20 66.4kgN
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N mineralization rate and nitrification rate of surface soils (0-10cm) in each in sifu incubation period.
0o o 0O O oooo 00O (Periodl) 00 O (Period2) 00 O (Period3)
(Stand No.)  (Stand age)  (Slope position)  07/6/100 07/10/12  08/10/120 08/2/20 08/2/2001 08/6/12
mgN kg"“day”” mgN kg""day""” mgN kg"“day”"”
0000000 (N mineralization rate)
TK1 34 Upper 0.34% 0.32 0.07+ 0.07 0.32+ 0.23
TK1 34 Lower 0.35% 0.24 0.11% 0.06 0.21% 0.05
TK2 46 Upper 0.31% 0.17 0.05% 0.04 0.28+ 0.12
TK2 46 Lower 0.26x 0.20 0.04+ 0.05 0.10£ 0.05
TK3 56 Upper 0.19% 0.19 0.05% 0.04 0.13% 0.07
TK3 56 Lower 0.33% 0.17 0.04+ 0.05 0.16% 0.10
0000 (Nitrification rate)
TK1 34 Upper 0.33+ 0.29 0.07+ 0.06 0.35% 0.22
TK1 34 Lower 0.36+ 0.25 0.11+ 0.05 0.23+ 0.04
TK2 46 Upper 0.30% 0.16 0.06x 0.04 0.21% 0.07
TK2 46 Lower 0.23+ 0.18 0.05% 0.03 0.12+ 0.05
TK3 56 Upper 0.18+ 0.17 0.06x 0.03 0.17+ 0.09
TK3 56 Lower 0.34% 0.19 0.07+ 0.05 0.21% 0.09
00 0D000O000O00O0O0D0O0 (DOdoem) ODOODOODOODOO
The amounts of N mineralization and nitrification of surface soils (0-10cm)
0o o 0o o oooo 000 (Periodl) ~ OO0 (Period2) O OO (Period3) oooo
(Stand No.) (Stand age)  (Slope position)  07/6/1000 07/10/12 08/10/1200 08/2/20 08/2/200 08/6/12
kgN ha"" kgN ha""” kgN ha""” kgN ha""
000000 (N mineralization)
TK1 34 Upper 23.6x 21.4 6.1+ 7.1 26.5+ 21.0 56.1
TK1 34 Lower 30.1+ 21.2 10.0+ 5.5 18.3+ 5.1 58.4
TK2 46 Upper 30.0% 14.2 3 31.6x 13.1 67.1
TK2 46 Lower 21.9+ 16.2 + 5.5 10.2+ 6.1 36.3
TK3 56 Upper 18.1% 17.5 13.6x 7.8 36.8
TK3 56 Lower 32.6x 15.8 + 18.2+ 13.4 55.9
000 (Nitrification)
TK1 34 Upper 23.3% 19.1 6.0+ 5.7 28.6x 20.4 57.9
TK1 34 Lower 30.3% 22.5 10.7+ 4.4 20.6% 4.2 61.6
TK2 46 Upper 28.3+ 14.0 6.9 4.1 24.0+ 8.3 59.2
TK2 46 Lower 19.1+ 14.4 5.7 3.5 12.3£ 6.5 37.2
TK3 56 Upper 17.0% 15.6 .8 17.6x 9.7 41.4
TK3 56 Lower 33.4% 17.3 + 58 23.9% 12.5 66.4
ha""000000, 000000 D0O54.0kgN ha""000 = 52

O ((@oO)yooooooooooo, booobooooo
oo, Dooooboo0oooobobooboooooooon
(o) ooooooooooobooo, oooooeon b
50000, DOoOoooooOoooooobooboooooo
oooo
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Oo00O0, Oooooooooooooo (@, 19870
gbooobooooboooooooobooobooooooobog
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00000000 0D0O00000O00000 (Hirobe ef
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