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2.2 MEEFE
2.2.1 AEMEOBE

ARFFEIL, dbfEEREICFEWE Y + — L PR
vy —HBHRBAT— ¥ a v BN D212 & 409
AIE (Jbf42° 40, HAE141° 41, ER70m) BT,
19824EICHER SN Py e BB KRR E LTERL

Photosynthetic capacity

Amount of resources (Light, CO,, Nutrients)

B

Photosynthetic capacity

Passage of time

Photosynthetic productivity for a leaf of lifetime a<b
a: Fast growing species, distributed on fertile habitat
b: Slow growing species, distributed on infertile habitat

Fig. 1. Difference of photosynthetic capacity for two growth
types of species.
A: The relationship between amount of resources and
photosynthetic capacity
B: The relationship between passage of time and
photosynthetic capacity
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72o RUTF PR TIS cmkBBEL . Mok
CHBLTLARRENVIEREZR L (p<005) .
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HOSEOEENMH T 5 DII0H P LETH -
720 1999fE108 WA BIT 5 by v BHARSH O RR
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FH, V=Y, G—guy Xt eBIUSISIA by
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100
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o O
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Age of needles (year)

-t P. jezoensis ¥ P. ables
—o— P. mariana

@ P. glehnii
—0- P. glauca

Fig. 2. Survival of needles at different ages for five spruce
species (Mean + SE, n =9).
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2. 3. 3 NXEHUFE

199 D6 H 25118 FTRE L ZE RIS, WT
NOBHEIZB T HRAEREEIRE L TV 7219994
IHDHEHRICEL T, My e EBBASHED2EAS
ELWELAERZHCCTE- a2 ER L2
(Figd) » HBMBEICBIT 2 HREREE (Psat) i

Shoot growth (cm 5year'1)
-y
[=3

Needle half-life (year)

P. glehnii  P. jezoensis  P. abies P. glauca P. mariana

Fig. 3.Shoot growth for five yearsand a year of half of needle
shedding for five spruce species (Mean + SE, n = 10).
Different letters indicate significant differences among
values of five spruce species (p<0.05, Tukey test)
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Fig. 4. Light photosynthetic curve for two-year-old needles of
five spruce species (September 1999, Mean + SE,n=3).
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7, HBEICE 58RO REOWERERH
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Fig. 5. Seasonal change of photosynthetic rate at light saturation
(Psat) for two-year-old needles of five spruce species
(1999, Mean £ SE, n = 3).
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Fig. 6. Photosynthetic rate at light saturation (Psat) for each
age of needles of five spruce species
(1999, Mean + SE, n = 3).
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(September 1999, Mean+SE, n = 3). Different letters
indicate significant differences among values of five
spruce species (p<0.05, Tukey test)
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BAEOH 7Y Y ZICEALTEREMBIZST. T
EoMEFo70 8HHOY YLz D
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HouTa8EL, #R (HE =20mm) B XL UHIR
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NERERIKILZIT V. Nik Mg ET o7,
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TEO(LFE S HROFLER, FHSE, %
BAAE, NERREOREE, ERJIORILEIAE
BEBLUrony 4 VRE, $HESIUTHOLHETE
BEOEHEICHL X, -2 2tRELTHVTEHE
BEEMEZERL (Stat View 50; SAS Institute
Inc) o SHHEDF—FiXWTFhdifeELER
HHEOMEEE B, R L, ThEhoRFKIC
BF s oL, 5%, 1%, 0.1%O P THE
RCEBENHL L ERL TS,
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Table. 1. Chemical properties of soils from the two types of nurseries, sampled at depth of
0-10 cm (Mean + SD, n=16). *=p<0.05, **=p<0.01, ***=p<0.001

pH C N P Ca
(g kg") (mg 100g™)
Serpentine 6.73+0.09 27.4+5.1 1.85+0.25 1.11£0.12 25.543.1
Brown forest 5.18+0.06 35.3%9.3 2.43+0.39 0.94+0.34 32.2+79
Statistical test *kx ns. * n.s. n.s.
Mg K Na Mn Fe
(mg 100g")
Serpentine 135435 6.44+0.89 7.25+1.06 0.09:+0.04 0.06+0.03
Brown forest T+ 2 5.24+1.03 4.89+0.44 1.33+0.01 4.68+2.94
Statistical test okk ns. *x ns. *
Cu Zn Ni Cr
(mg 100g")
Serpentine 0.051+£0.015  0.350+0.041 8.61+1.52 0.342+0.035
Brown forest 0.070+£0.021  0.163+0.018 0.11+£0.04 0.137+0.016
Statistical test ns. *hk *okk ¥k
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Fig. 10. Survival rate of seedlings of three spruce
species planted on two types of soil

(28th month).
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Fig. 11. Total dry mass for seedlings of three spruce
species plantedon two types of soil
(Mean + SD, n=16).
*=p<0.05, **=p<0.01 and ***=p<0.001
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Fig. 12. Dry mass of needle, stem and branch, and root for seedlings of three spruce species
planted on two types of soil (Mean + SD, n=16) V. Copyright Oxford University Press.

*=p<0.05, **=p<0.01 and ***=p<0.001
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Fig. 13. Weakness index (Tree height per dry mass of
aboveground organ) for seedlings of three spruce
species planted on two types of soil
(Mean = SD, n=16).

*=p<0.05, **=p<0.01 and ***=p<0.001

Fig. 14. Survival of needles of three spruce species
planted on two types of soil
(28th month, Mean + SD, n=16) 6.
Copyright Oxford University Press.
*=p<0.05, **=p<0.01 and ***=p<0.001
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Fig. 15. Ectomycorrhiza infection percentage for short roots
of seedlings of three sprucespecies planted on two
types of soil (17th month; Mean + SD, n=16) 1.
Copyright Oxford University Press.
*=p<0.05, and **=p<0.01
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Photosynthetic rate at light saturation (Psat) of each
age of needles for seedlings of three spruce species
planted on two types of soil (September 2001, n=12).

*=p<0.05,**=p<0.01 and ***=p<0.001
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Fig. 18. Concentration of chlorophyll (a+b, b) in each age
of needles for seedlings of three spruce species
planted on two types of soil and ***=p<0.001
(September 2001, n=16). *=p<0.05,**=p<0.01
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Fig. 20. Concentration of magnesium and nickel in two classes

of roots for seedlings of three spruce species planted on
two types of soil (September 2001, n=16). Different
letters indicate significant differences between values
(p<0.05, Tukey test).
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species plantedon twotypes of soil (September 2001,
p=12). Different letters indicate significant differences
between values (p<0.05, Tukey test).
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Fig. 22.Schematic representation of damaged leaves (white part)
and healthy leaves of dwarf bamboo3?. Copyright Japan
Bamboo Society.
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Fig. 23. Seasonal change of air and soil temperatures in
12:00 for S and NW slopes.

55

HIYW2BHBEBNRTEHICASTRL LR L, F77,
wiAE E EERMEOSH 5118 F TORAFE
X, FhZh4400MJm? 3790MJm*Td b . JLEIH
HHETIIHEISmEEBL CHHEI314% V%27,
FEMTIX, HIEITROEBEAS VEEE TRV

Twiz (Fig24) o BHEICB L Cidml s moE %I
<, FHEGEIZTm sec!. BABBEMIX12m sec?
ERL7

BERICHEL L. mrastmoESRIZ1A» 538
23 C80ecm%E R LA (Fig25) « —F. dtwimst
HAOEFFRIIF U2 BWT160cm% R L. Bt
AL YARICEL Bo7: (p<0001) . F#tHE & H3A
TH»SEENET . 4HOBREFRILARAET
60cm. FMAHE T10cm% R L7,

Fig. 24. Frequency distribution of wind directions at the top
of the study site (From December 1998 to March1999) 2.
Copyright Japan Bamboo Society.
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Fig. 25. Seasonal change of depth of snow cover for S and NW
slop (Mean + SD, n=40). **+=p<0.001
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Fig. 26.Growth characteristics of dwarf bamboo (culm height,
concentrationof chlorophyll in leaf, anddamage rate of
leaf)grown on Sand NW slopes(Mean + SD, culm height:
n=120, chlorophyll: n=6, damage rate: n=6) 5.
Copyright JapanBamboo Society. **=p<0.01***=p<0.001

Table 2. Chemical properties of soils sampled two kinds of depth at the S-and the NW-
slopes (Mean + SD, n=4). Different letters indicate significant differences among

values of the S and NW slopes, and A and B horizons (p<0.05, Tukey test).

pH C N P Ca
(g kg (mg 100g™)
A horizon S slope | 5.70£042a 70+3b 448+039b 2.344097b 77.5427.2 ab
NW slope | 5.71+0.73 a 121£10a 6.73x0.21 a 7.65£3.20a 88.4+49.6a
B horizon Sslope | 6.37+023a 24+4c 138+807c¢ 1.46+0.26b 314x6.1 b
NW slope | 635£0.27a 31x0c 1.73#2.75¢ 1.59+032b 262450 b
Mg K Na Ni Depth
(mg 100g") (cm)
A horizon S slope 66+13 b 10.1443a 547+l.14a 64+70a 105 b
NWslope | 125+ 6 a 143+5.6a 6.75+1.10a 74459 a  30+10b
B horizon S slope 8334 ab 2.5+09b 2.86+046b 14.0+81a 9020 a
NW slope | 77+35ab 24+0.8b 3.18+0.73b  8.8+2.8a 120+30a
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Fig. 27. Tree height of P. glehnii planted on S and NW
slopes (Mean + SD, n=120). ***=p<0.001
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Fig. 28. Transition of tree height of P. glehnii for the last six
years and muximum smow depth at S and NW slopes>?,
Copyright Japan Bamboo Society.
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Fig. 29. Survival of needles at different ages for P. glehnii
planted on S and NW slopes (Mean + SD, n=12).
*=p<0.05, ***=p<0.001



60 JeHgE R E AT e S

L. 4RSI BEOREXRIBI Likdh ot T2 4k
ERMEICHEE L7 A~ vk, 6EESEICR
WTHT0% A LS ESRELTBY., BREXLFHN
SE oML B L Th%bBmWEEZR L. —F.
HEMEICRBE LTy 0§ EIR, 248
EPOHEEIET Y. REROHEISEMTEEL,
BRI, LlESEICEE L2 7 b~y s
FOFELEDHETHTSRERAEL TV LD L. Bt
HIZHBE L TH LY OHBEIZCERTITEAY
DS ELSHEREL 2,

4.3.3.3 HEORFOWHBIRA

T H LY S EGOMN AR, W I
BLEBAL LESH EBOHEOFIEEICHESE
THOHEL Y EH -7z (Fig30, p<0.01) o F7-.
BRE@MEROSE MM EARE, WHEE L
ELITBA L, plETHhET AL, BERMLEROT
AL VSEOMMNEKEIR, YEAHEOALHE
MAEICB W TEEICKD? - 728% (p<0.05) . 244
HEVUFECTIAELEZBZO SN o7 750 W
FMEEOBEICEL T, SHEFOSKRIEELE
BROONL D o7 —F, BETHOBENMIEOH
HEKEIL, ERHICHDLTT3~78%D—E L7l %
AL, RlEMCTEELRERED SN0 BB,
S4E4P LOEH EMostEIL, malmE 37
YURRHI BT BRPA RN E KB TE T,

[o2]
o

Relative water content (%)

30

Age of needles (year)

-0— 8 slope (high)
——NW slope(high)

~e— S slope (low)
—— NW slope (low)

Fig. 30. Relative water content of two positions of needles at
different ages for P. glehnii planted on S and NW slopes
(Mean = SD, n=6). Needles were collected at high
position, which are exposed throughout the year, and at low
position, which are protected by snow cover. Different
letters indicate significant differences among values of

two positions of the Sand NW slopes (p<0.05, Tukey test).
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Fig. 31.Light photosynthetic curve of two-year-old needles for
P. glehnii planted on S and NW slopes
(September 2000, n=3).
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Fig. 32. Photosynthetic rate at light saturation(Psat)and stomatal
conductance (gs) of needles at different ages for
P.glehnii planted on S and NW slopes
(September 2000, Mean * SD, n=3).

*=p<0.05, ***=p<0.001
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Fig. 33. Concentration of chlorophyll (a+b, b) in needles
at different ages for P. glehnii planted on S and NW
slopes (Mean = SD,n=6).
*=p<0.05,**=p<0.01,***=p<0.001
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Summary

In a harsh field where large scaled disturbance occurred and restoration of vegetation is difficult,
establishment of reforestation technology is an urgent subject for environmental conservation and disaster
prevention. For example, forest fire is one of the factors causing large scaled forest destruction. After a forest
fire, restoration of vegetation is affected by edaphic factors, and its speed is quite slow, especially on
serpentine region. There is a similar region in the northern part of Japan, and in this region, forest vegetation
is not recovered yet because of several forest fire occurred. When reforestation is executed in this region,
native woody species that has high adaptation capacity against edaphic factors is desirable. Spruce is a
common woody species in the northern part of Japan, and it is expected that spruce is suitable species to
restore a harsh field.

Spruce species are distributed widely throughout the northern hemisphere, and seven spruce species have
been recorded in Japan. In the northern part of Japan, Picea glehnii and P, jezoensis are widely distributed. P,
Jjezoensis is found on fertile soils whereas P. glehnii is distributed in infertile soil conditions, such as serpentine
soil. However, little is known about growth characteristics of P. glehnii and P. jezoensis associated with their
habitats.

Serpentine soils are characterized by an excess of elements (such as Ni and Mg) and low levels of several
essential plant nutrients. Excess Ni has a negative effect on plasma membrane polarisation and cell mitotic
activity. Consequently, root growth and photosynthetic capacity are inhibited by the uptake of Ni. A high Mg
concentration may lead to alter cell wall stability and plasma membrane. However, some plant species have
tolerance against edaphic factors in serpentine soils. On spruce species grown in serpentine soil, the
concentration of Ni in needles was lower than in other species. Therefore, spruce species may be a Ni
excluder that uptake and transpiration of toxic metals are inhibited; as a result, tolerance of them can be
obtained.

The final objective of this study is establishment of reforestation technology using spruce species in
serpentine region where natural and man-made disturbances occurred, and growth of woody species is poor.
Firstly, there are little data on ecophysiological characteristics of P. glehnii and P. jezoensis. Ecophysiological
characteristics of several spruce species were compared to determine traits of P. glehnii and P. jezoensis. in
whole of spruces. Secondly, seedlings of P. glehnii, P. jezoensis and P. abies (planted for timber production)
were planted on serpentine and brown forest soils, and growth and ecophysiological characteristics were
compared. Based on results of this experiment, we selected a spruce species that has high adaptation capacity
against serpentine soil, and is a useful material for rehabilitaing on harsh field of its soil. Furthermore, growth
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characteristics of spruce planted on serpentine harsh field was investigated to apply method of reforestation,
and selected poor growth site of introduced spruce. Moreover, we elucidate the cause of poor growth of
introduced spruce, and examined the improvement of its growth.

1. I compared ecophysiological characteristics of five species of spruce included American and European
species. I found that P. jezoensis had a long shoot growth, high photosynthetic capacity in younger needles,
and high concentration of nitrogen in needles. P. jezoensis was classified as fast-growing species. In contrast, P.
glehnii had a short shoot growth, low photosynthetic capacity, and low concentration of nitrogen in needles.
However, P. glehnii had long needle longevity, had high photosynthetic nitrogen use efficiency (PNUE), and
maintained high photosynthetic capacity in older needles. P. glehnii is classified as a slow-growing species.

2.1 established an experiment that seedlings of P. glehnii, P. jezoensis and P. abies were planted on serpentine
and brown forest soils. The total dry mass of P. glehnii planted on serpentine soil was almost the same as on
brown forest soil. By contrast, growth of P. jezoensis and P. abies in serpentine soil was significantly less than
in brown forest soil, and needle shedding was accelerated. Moreover, roots of seedlings of P. glehnii on
serpentine soil were infected at a high percentage with ectomycorrhiza, and its infection may cause positive
effect to exclude Ni and Mg. Furthermore, P. glehnii planted on serpentine soil had high photosynthetic
capacity and PNUE. Based on these results, we concluded that P. glehnii is the most suitable spruce species to
apply reforestation.

3. I made a case study in a plantation of serpentine soil with use of P. glehnii for a material of reforestation.
Moreover, I also investigated dwarf bamboo dominated in the research site to apply a biological indicator. The
research site was separated by the south-facing slope (S slope) and the northwest-facing slope (NW slope).
Calm height of dwarf bamboo was shorter for S slope than that for NW slope. Shallow snow depth and poor
nutrients condition were limited growth of dwarf bamboo on S slope. Also, tree height and needle longevity of
P. glehnii were shorter for S slope than those for NW slope. The limiting factor of P. glehnii planted on S slope
was not climatic condition, but poor nutrients condition. However, P. glehnii planted on S slope may remobilize
nutrients from old needles to young needles to adapt poor nutrients condition.

Key Words : spruce, serpetnine soil, needle longevity, photosynthetic capacity, nutrient physiology
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Photo 1. Harsh field of serpentine region in
Teshio Experimental Forest
(upper part: distant view, lower part:
aerial photograph).

Photo 2. Pure forest of P. glehnii in Teshio
Experimental Forest.

Serpentine soil Brown forest soil

Photo 3. Nurseries cultivated on serpentine and brown forest soils in Teshio Experimental Forest.
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Photo 4. Hypha of ectomycorrhiza Photo 6. Snow barrier established in Nakanomine region,
infected on roots of seedling of Teshio Experiemental Forest.
P. glehnii

(planted on serpentine soil).

S slope NW slope

Photo 5. P. glehnii planted S and NW slopes (Nakanomine region, Teshio Experiemental Forest).
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Appendix1. Concentrations of elements (N, P, K, Ca, Mg and Ni) in two-year-old needles for seedlings of three
spruce species planted on serpentine (S) and brown forest (B) soils (Mean = SD, n=16) ¢V. Copyright
Oxford University Press. *=P<0.05, **=P<0.01, ***=P<0.001
Months N 1 P : K ; Ca : Mg E Ni
(umol g'DM) ¢ (umol g'DM) ! (umolg'DM) ' (umolg'DM) ' (umolg'DM) '  (umol g' DM)
P. glehnii S B S B 8 B 1 S B . S B : S B
0 1387470 ' 62+14 ' 9911 : 20452 : 28+ 4 : 0.17+0.14
1 732445%%F 92941031 31+3 313 1 7312 7519 | S3EIFF 11461 | [12430%*% 2526 ¢ 122+0.51%%* 0.07:0.05
17 TIOLB2*HH 1242+ 40 | 255 2% 2055 | 76:8  B0RI3 [ SBE4%* [60£31 | 101£28%** 37+13 | 0.53+0.18%** 0.0420.01
28 464£36*** 983+ 82 | 4B+ 2¥** B6= 5 | BSEAVFX 4248 | GAEIS*** 0628 | BBE THX* [4+3 | 0.3320.04*** 0.02+0.01
P. jezoensis s B S B | 8 B | S B I S B . S B
0 1588+255 : 81+12 : 11412 , 309+24 . 37+ 6 ' 0.21+0.08
1 983+ 8O*** 1332+ 70 1 5911 5911 | 7312 7312 ¢ 13182 133423 | 111323%%% 3483 1 11740.25%%* 02320.22
17 TI2£115%** 11264147 1 39+ 6 3926 | 82+15%* 9811 ! 144473 179442 | 106+21%** 27+ 3 1 0.61+0.13%** 0.06£0.03
28 761k T9*** 15556150 ¢ O1+17*¥*143+43 | 93+ 7 97433 | SSEI3**¥175E57 | Q4+18*** 18+ 5 ! 0.58+0.11%** 0,05+0.01
P. abies S B IS B S B : S B S B . S B
0 732479 : 62410 : 130£13 ' 199:£42 ' 39+ 6 ' 0.77:0.31
11 68BLE5*** 132042551 32+ 5%%* 26+ 4 1 Ol:21%* [13£23 | GOALIS*** 105£30 | 86x20%* 30: 8 : 0,89+0.18%** 0.32+0.34
17 BOIE56*** 161423751 18 [*#% 20& | | 124323%** 9247 | 7T8:I8*** 17117 | 135£36%* 2628 | 1.04:0.40%** 0.490.42
28 814+354%%* 19864435 | 46 7H¥* 92421 | 92+18% 10717 | 35+ 6*** 131430 ! 130 7*** 64+17 | 0.7940.17*** 0.04+0.01
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Append ix2. Concentrations of elements in roots for seedlings of three spruce species planted on two types of soil

(N, P, K, n=16) *=P<0.05, **=P<0.01, ***=P<0.001
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Appendix3. Concentrations of elements in roots for seedlings of three spruce species planted on two types of soil
(Ca, Mg, Ni, n=16) *=pP<0.05, **=pP<0.01, ***=pP<0.001

Appendix4. Concentrations of nutrients and C/N ratio in leaf of dwarf bamboo grown on S and NW slopes (n=4).

C N C/N P K Ca Mg Ni
(mmol g'DM) (umol g'DM)

S slope 38.2240.26  1.024+0.004 37.33+0.36 6.180+0.241 39.20+4.94  5.304+0.550 8.55+1.15 0.111+0.043
NW slope 37.21+0.26  1.857+0.111  20.10+1.44 8.504+0.398  30.16+1.39  9.253+1.620 14.01+£2.99 0.062+0.020
Statistical test n.s. fulhd *hx ek * * * ns.

*=P<0.05, ***=P<0.001 (t -test)
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Appendix5.  Light-photosymthetic curve of dwarf bamboo grown on S and NW slopes
(n=3)
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Appendix6. Concentration of elements in needles at different ages for P. glehnii planted on S and NW slopes
(Mean £ SD, n=6). *=p<0.05
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Appendix7. Total nitrogen content in needles of seedlings three spruce species planted in
serpentine and brown forest soils (n=16).
Note. "S" means the serpentine soil, and "B" means the brown forest soil.



